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Abstract This article outlines what we learned from
the first year of the AI Settlement Generation Com-
petition in Minecraft, a competition about producing
AT programs that can generate interesting settlements
in Minecraft for an unseen map. This challenge seeks
to focus research into adaptive and holistic procedu-
ral content generation. Generating Minecraft towns and
villages given existing maps is a suitable task for this, as
it requires the generated content to be adaptive, func-
tional, evocative and aesthetic at the same time. Here,
we present the results from the first iteration of the
competition. We discuss the evaluation methodology,
present the different technical approaches by the com-
petitors, and outline the open problems.

Keywords competition - generative design - procedu-
ral content generation - Minecraft

1 Introduction

The Generative Design in Minecraft (GDMC) compe-
tition is an artificial intelligence (AI) competition open
to the general public. The GDMC competition is de-
signed to encourage people to make AI programs with
human-level performance in a computational creativity
domain. While creativity is a central element of human
intelligence, it is hard to tackle with most search or op-
timization based approaches, as it lacks a clear goal con-
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dition or utility function. The GDMC competition aims
to fill this gap, and hopes to provide a framework that
can help to address some of the fundamental challenges
in procedural content generation, such as adaptivity to
existing content.

In this article we report on the progress of the com-
petition after the first year, including the submitted
entries and their evaluation. We will also briefly review
the technical and organizational aspects of the competi-
tion, though for a detailed discussion of those we refer
the reader to our earlier paper [27]. Building on top
of this previous paper, these are the three new topics
covered in this paper:

First, we discuss the evaluation methodology and
present the numeric results of the first year. We take a
closer look on how well our evaluation based on human
judges works, and discuss our approach to grade entries
in four different categories. Second, based on written
accounts by the competitors of the first year’s compe-
tition, we outline the different technical approaches to
Al settlement generation in their submissions. We de-
scribe the algorithms used, and analyze the strength
and weaknesses of the different entries, with compar-
isons to the state of the art in academic literature. Fi-
nally, we outline some of the open problem that are yet
to be addressed. We also introduce and discuss the main
addition in the next iteration of the competition, the
optional bonus challenge of “Chronicle Generation.”

2 The GDMC Competition

The GDMC AI Settlement Generation Challenge is a
competition where competitors write an Al program
that can create an interesting settlement for an unseen
Minecraft [26] map. It was introduced [27] to encourage
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research into procedural content generation (PCG) [30,
9,8,28,22] in games.

Minecraft is a popular open-world survival game
where the player is dropped into a world consisting
of cubes. The play largely consists of mining existing
blocks and building tools and structures with them.
While the game has the actual goal of defeating the
Ender Dragon, many players rather focus on building
houses or settlements. This provides a rich baseline of
examples for what humans can do in terms of settle-
ment generation. Minecraft also contains a built-in set-
tlement generator that constructs simple villages, giv-
ing us a technical baseline for algorithmic village gen-
eration. These two properties, together with the popu-
larity of the game, led to us choosing it as the basis for
our competition.

We chose settlement generation as the first challenge
in the Generative Design for Minecraft competition, not
only because we want to see better village generation
in Minecraft, but because it also provides an interest-
ing scientific challenge in terms of adaptive and holistic
PCG. Unlike clean slate generation, the task is adap-
tive: the generated settlement has to fit or adapt to a
range of existing maps. This relates closely to the some-
what understudied concept of appositional reasoning in
AT design, i.e. creating a design appropriate to a given
scenario with ill defined goals [31, Chapt. 8.]. This con-
trasts our challenge with most of the existing challenges
in the Game AI domain, and moves it closer to the do-
main of computational creativity [8], while still keeping
the overall format of a competition. The GDMC chal-
lenge is also concerned with what is known as holistic
PCG, because it requires the algorithm to build one ar-
tifact that fulfills a range of very different requirements
at the same time. Most existing PCG [28], in contrast,
aims for a divide-and-conquer approach, where differ-
ent elements or aspects are generated independent from
each other. Orchestrating different kinds of content [21,
20] is an active research topic with several open ques-
tions that successful entries to this challenge could po-
tentially answer, or at least provide a test bed for.

We translated the different aspects of settlement
generation: adaptivity to the existing map, providing
functionality, evocative narrative, and basic aesthetics
into four scoring categories, and challenged our contes-
tants to create an Al program that can build a Mine-
craft settlement that addresses all of them at the same
time. The scoring categories are:

Adaptation: Settlements are shaped by their environ-
ment and shape it in return.

Functionality: Settlements provide functionality and af-
fordances to people, or in the case of games, to play-
ers and NPCs.

Evocative Narrative: Settlements tell stories about the
people who made them and the history that shaped
them.

Aesthetics: Settlements are intuitively designed in ac-
cordance with basic design principles, such as scale,
proportion, etc.

These four scoring categories form the basis for human
evaluation, which we will discuss in more detail in the
next section. More details about the challenge in gen-
eral can be found on our websitel and in our previ-
ous paper [27]. We also provided a framework based on
MCEdit [1] and an example AI program to get our par-
ticipants started. The framework itself provides func-
tionality for reading the Minecraft map format and
allows the competitors to treat the map as a 3D ar-
ray. Participants submit code that can interact with
the map via methods that read or write a blocks at a
specific 3d position.

3 Related Work

The earliest games that used procedural content gener-
ation date to the early eighties. Games such as Rogue
and Elite used algorithmic means to generate the game-
world during runtime, in order to save memory space
and developer effort. These early explorations were fol-
lowed by extended use of PCG in a large variety of
games for a number of reasons, including making new
types of gameplay possible and the aesthetics of par-
ticular content generation algorithms. Some games, in-
cluding large franchises such as Diablo and indie fa-
vorites such as Spelunky, are entirely dependent on the
procedural generation of game levels during runtime.

Research on procedural content generation has been
aided by the existence of a number of challenges, such
as competitions, which allow for a way of more or less
directly comparing content generation methods and so-
lutions. The first PCG competition in an academic set-
ting was most likely the level generation track of the
Mario Al competition; here, competitors procedurally
generated levels for a version of the classic platformer
Super Mario Bros [29]. These were evaluated by having
human players play pairs of levels and indicate which
one they liked best.

A similar setup is used for the level generation track
of the General Video Game AT competition [18]. Unlike
for the Mario Al level generation track, the generators
here are not supposed to generate levels for a particu-
lar game; instead, they have to generate levels for any
game that is given to them (as specified in a partic-
ular game description language). Another game-based

1 http://gendesignmc.engineering.nyu.edu/
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AT competition with a level generation track is the An-
gry Birds competition, where the level generation track
challenges competitors to submit generators that can
create interesting Angry Birds levels with an appropri-
ate level of difficulty [33].

Compared to these competitions, the Minecraft Set-
tlement Generation Competition is more open-ended.
Like the other PCG competitions, it is judged by hu-
mans. However, Minecraft is considerably more open-
ended than Super Mario Bros, Angry Birds or the GV-
GAI games, which are all linear and have straightfor-
ward win and loss conditions. Minecraft settlement gen-
erators do not start with a blank slate, but have to
adapt to the maps they are given. This makes it the
first competition for adaptive and holistic PCG.

4 Evaluation and Results
4.1 Map Selection

The first round of the competition ran until the end of
June, 2018, with a total of 4 submissions. This section
outlines how these entries were evaluated, present the
actual results, and discuss some issues surrounding our
evaluation methodology.

Three maps, unseen by any competitor, were cre-
ated specifically for evaluating the generators. Part of
the challenge was to see how the algorithms dealt with
these unseen maps. Each map was generated with the
standard world generator that comes packaged with
Minecraft (Version 1.12). Aerial views of the three maps
can be seen in Fig. 1 and downloads of the maps are
available on the website. 2

These maps were chosen based on several principles.
We wanted to have maps with increasing difficulty. Ev-
eryone should be able to build something reasonable for
the first map while the third map should be challeng-
ing for everyone. Collectively, the maps should provide
a range of different features so that the generators can
showcase adaptability to a range of biomes, terrains,
etc. Finally, we decided to only use maps generated by
the game’s built-in world generator, so the competitors
would have a rough idea of what to expect. This last re-
striction may be relaxed in the future to include maps
with hand-designed features, or maps generated with
alternative world generators, such as those provided by
mods.

The official competition maps can be seen in Fig. 1.
Map 1 is a relatively level map, with a river bisecting
the terrain. The interesting feature here is the presence

of two biomes, mesa on one side of the river and wood-
land on the other. Map 2 is a jungle biome map with
another river running through the middle, and a small
coastal section. The additional challenge of this map is
a very dense tree cover that forces the algorithm to re-
move trees to create space for buildings. The third map
is an island with the extreme hills biome, which pro-
vides extreme changes in elevation and is generally very
challenging to build on due to the lack of flat terrain. It
is also a terrain that is very hard for player to traverse,
which raises a challenge of providing structures, such
as stairs, train tracks, etc, that provide mobility and
access to the player.

4.2 Evaluation by Judges

The next step was to apply the 4 submitted algorithms
to each of the 3 competition maps, generating 12 maps
with settlement structures. These maps, along with the
algorithms that created them, are also available on our
website3. Those maps with settlements were then send
out to our team of expert judges for evaluation. The
judges were recruited mainly from our advisory board
and contained experts with various different backgrounds,
including game designers, AI and PCG-focused scien-
tists, urbanists, architects and Minecraft modders. See
section 9.2 in the appendix for details. We asked the
judges to walk through each of the maps from a player
perspective 4 and then score each entry based on four
criteria: adaptability, functionality, evocative narrative
and aesthetics. For each of the criteria, the judges were
given a non-exhaustive list of questions that should il-
lustrate the criteria. Note that we repeatedly empha-
sized, to both the judges and the competitors, that the
evaluation criteria are there as illustrating examples,
and that we would rely on the judges interpretation
and application of the overarching criteria to evaluate
the submission. Subsequently, the kept the instructions
relatively brief and generic, relying on the judges ex-
pertise to translate them as appropriate. The list can
be found in our previous paper [27] or the supporting
material. The judges were asked to score each category
between 0 and 10, with the following instructions:

0 the resulting design shows no consideration of
that particular criterion at all.

1 — 4 there are some aspects in which the criterion is
addressed.

3 http://gendesignmc.engineering.nyu.edu/
4 The maps were actually in creative mode, so our judges

2 http://gendesignmc.engineering.nyu.edu/files/testMaps.zip would not be blown up by enemies
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(a) Map 1

(b) Map 2

(c) Map 3

Fig. 1: The three maps used for the evaluation of the algorithms.

5 this is comparable to a naive human. At this
point, one would not be surprised if this was built
by a human.

6 — 9 an expert-level human performance, over a longer
time, possibly a group effort. So, we are talking
about a group of city planners and architects de-
signing a Minecraft settlement over the course of
a year. The higher end of the point scale here
should mean a work that would possibly win a
design prize.

10 superhuman performance - this is so good, it would
be surprising if this could be even generated by
a dedicated group of expert humans.

We provided this detailed list of what the differ-
ent scores mean to somewhat anchor the scores. This
should give us quantitative way to talk about a general
improvement in submission, if the overall or average
score of participants goes up in subsequent years.

4.3 Results

Table 1 shows the averaged scores from eight judges.
Entry 1 won the competition with an average score of
4.38. The judges also gave detailed comments on the
entries, which were sent to the participants. These in-
formed our descriptions of the strength and weakness
of the different entries in the next section. We can see
from the results that entry 1 outscores the competi-
tion mainly in the adaptability and functionality cate-
gory. This is not surprising, as communication with the
contestants about their entries indicated that the main
challenge they tried to address was the placement of
buildings and roads. The distribution of the scores is
narrower for the narrative and aesthetics section. The
overall opinion of the judges in this area was that the

aesthetics were satisfactory overall, if lacking in vari-
ability, while the category of evocative narrative was
not really addressed by any entry. Overall, the scores
are also mostly below 5, indicating that the resulting
artifacts do not pass as human-made yet.

Since we wanted to have a challenge that looks at
different aspects of PCG in general, and settlement gen-
eration in particular, we selected a multi-dimensional,
scalar evaluation, rather than a preference compari-
son [34]. We also chose a higher granularity than ad-
vised by literature, to account for both sub-human,
human-like and trans-human performance. We computed
the pairwise Pearson product-moment correlation coef-
ficient [25], which gives us an average value of 0.51,
indicating a decent inter-rater reliability. It is harder to
establish the validity of the measurement, but as the
measurement is guided by a set of questions, it stands
to reason that the measurement is related to the topics
raised in those questions. We also note that 7 out of 8
judges agreed on the same overall winner.

4.4 Lack of Quantitative Analysis

One challenge with this particular competition is the
difficulty of providing a quantitative analysis. For one,
we specifically did not want to define any quantitative
criteria for the competition, as we are concerned that
this would lead to participants optimizing for said cri-
teria, rather than trying to build a generator that ad-
dressed the problems of appositional design. Further-
more, we are also not sure that reasonable, quantita-
tive criteria have been defined yet. While it would be
possible to count block configuration in forms of bi- or
trigrams, or calculate some form of spatial entropy [35],
it is easily evident that neither a very high or very low
value, i.e. perfect regularity or perfectly random blocks,






