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Abstract

This paper describes the artifact associated with an AIIDE
2024 paper on the use of Al tools for the creation of a Hexa-
gram Tangram Puzzle. We describe our motivation for creat-
ing the puzzle, the layout and construction of the puzzle, and
what is publicly available with the artifact.

Introduction

Game design can be a difficult and time-consuming process.
In another paper (Mahmoud and Sturtevant 2024), we con-
sidered the process of puzzle design motivated by the puz-
zle shown in Figure 1(a). This is a hexagon tangram puzzle
that we purchased and studied, but found the original design
to be disappointing. The goal is to place all pieces onto the
board without overlap. In the original design, the pieces have
colors, but the colors serve no functional purpose. There are
hundreds of solutions to the puzzle, but nothing to motivate
finding or exploring the puzzle space. While we took per-
sonal initiative to study and understand the puzzle, we took
it as a challenge to use Al tools to create a richer design
than the original puzzle, following work in co-creative de-
sign (Liapis, Yannakakis, and Togelius 2013; Yannakakis,
Liapis, and Alexopoulos 2014; Smith et al. 2012; Butler
et al. 2013). This is a puzzle that can be represented both
digitally and physically, so, given the initial motivation, we
decided to focus on building a puzzle that could be realized
both physically and digitally.

The full design process used to come up with the final
puzzle and associated curriculum are described elsewhere
(Mahmoud and Sturtevant 2024). The purpose of this paper
is to describe the publicly available artifacts associated with
our work. This includes the code that generated the puzzles,
3D models of the puzzle in st1 format, all possible legal
puzzle instances in svg format, and a curriculum of puzzle
instances.

Puzzle Design

In this section we describe the final design of the puzzle. Our
instance of the puzzle was designed through an iterative pro-
cess of human design interleaved with Exhaustive Procedu-
ral Content Generation (EPCG) (Sturtevant and Ota 2018).
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Figure 1: (a) Reference puzzle and (b) near-final product

This process used EPCG as a system to answer design ques-
tions about the emerging design space of a Hexagon Tan-
gram puzzle, starting from the choice of pieces in the puzzle,
and ending with the final curriculum.

Board Design

The board used in the design, seen with pieces on it in Fig-
ure 1(b) is shown more abstractly in Figure 2(a) and (b). The
hexagon shape is made up of 54 smaller triangles, where
each piece will overlap three or six of these triangles. The
two sides of the board are used to create a variety of con-
straints, and thus richer puzzle instances. One side is uncon-
strained, meaning that any piece can be placed in orientation
and in any position without constraint. The second side of
the board has bumps which physically limit which side of
a piece can be physically placed on the board, as well as in

(a) (b)
Figure 2: (a) Hexagon puzzle board. The board is made up
of 54 triangles; pieces are placed aligned to triangles. (b)
Constraint locations.
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Figure 3: Every triangle on the board or on a piece has either
a bump or a hole. Bumps cannot be placed opposite a bump
(piece 1), but holes can be aligned with either a hole (piece
2) or a bump (piece 3).
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Figure 4: The selected set of pieces and the names assigned
to them (excluding the “Trapezoid” piece). Notice how they
are all composed of two trapezoids in some configuration.

which positions a piece can be placed.

Board constraints on piece placement are easy to imple-
ment digitally, but we wanted our constraints to be imple-
mentable both physically and digitally. The physical realiza-
tion of the constraints is shown in Figure 3. Every triangle
which is part of a piece and part of the board either has a
bump or a hole. When a bump is present, it must be aligned
with a hole, but holes can be aligned with both bumps and
holes.

Piece Design

There are 10 different pieces in the puzzle. One of these
pieces is a trapezoid, which is composed of three triangles.
All other pieces are formed by merging two trapezoids to
create a larger compound piece with six triangles. Because
there are 54 triangles on the board, one piece type is omit-
ted in every puzzle instance. If the trapezoid is used in a
puzzle, two trapezoids are provided. The original puzzle has
four trapezoids and does not include the snake or butterfly
pieces, while our puzzle contains one of each possible piece
type. The number of puzzle solutions possible when a given
piece type is omitted is found in Table 1. There are only
nine solutions that do not involve trapezoids, so we included
trapezoids in order to increase the size of the puzzle space.
One of the features optimized in our design is how to
place bumps on pieces and the board. We chose to have a
bump on every other triangle on the board, and thus needed
to do something similar on each of the pieces. Due to piece
symmetry, not all pieces should have bumps on them. For in-
stance, if the hexagon and butterfly can be placed in at least
one location on the board, they will be able to be placed any-
where by either flipping them over or rotating them. Thus,
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Figure 5: Final piece patterns. Holes are not drawn; bumps
are black circles. Pieces are grouped by their symmetry pat-
terns.

Rotational Assym (1) Assym (2)

we only placed bumps on the four pieces that were asym-
metric. The placement of bumps in the design is shown in
Figure 3. We then colored the pieces according to their sym-
metry groups, as seen in Figure 4.

Our physical prototypes were created by 3D-printing the
puzzles and using alcohol inks to paint the individual pieces.
After this they were sealed with a clear coat of paint.

Curriculum

We built a curriculum focused around exploring constraints
between pieces. There are two sections of the curriculum,
one for each side of the board. In each of these sections there
are chapters based on constraints around the colors of pieces.
For instance, two pieces of the same color may be required
to have touching edges, touching corners, or not be allowed
to touch. Similarly constraints can be applied to pieces of
different colors.

Chapters in the curriculum all have the same type of con-
straints, with 12 puzzles in each chapter. There is an addi-
tional introductory chapter that has no color constraints.

Given the solution to a puzzle, a puzzle instance can be
created by removing pieces from the board to find a minimal
set of pieces that can be uniquely solved. This is shown in
Figure 6. We can optionally add more pieces onto the board
to make a puzzle easier, which we do in the first chapter of
the curriculum.

Within a chapter, puzzles are ordered according to their

Excluded  Solutions Excluded  Solutions
Hexagon 673 Hook 179
Butterfly 352  Triangle 176
Wrench 321 Elbow 129
Snake 307 Line 97
Mountains 265 Trapezoid 9

Table 1: Number of solutions found with each possible piece
excluded from the subset. There are 2,508 total solutions
among all subsets.
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Figure 6: (a) A puzzle instance and (b) the unique solved
board. (The line piece is disallowed in this puzzle)
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entropy (Chen, White, and Sturtevant 2023). Put simply, the
difficulty (entropy) of a puzzle is reduced when the cur-
rent configuration of pieces on the board leads to situations
where (1) only a single piece can be placed in a given lo-
cation or (2) a given piece only has the possibility of being
placed in a single location.

Artifact

The artifact described here is available from

https://movingai.com/hextan.html. The artifact page

includes:

* Code that uses EPCG to generate all possi-
ble puzzles solutions and corresponding starting
states. This code is already publicly available
under a MIT license from the HOG2 reposi-
tory (https://github.com/nathansttt/hog2/tree/PDB-

refactor/apps/hexagon), but may eventually be moved
out of that respository. An extracted snapshop of the
code from the current project is provided. A simple
build script is provided that will compile the code
using g++. By default, the code just runs the EPCG
process and generates a curriculum.

* Models of the resulting puzzle and board. These models
are generated from a geometric description of the pieces
which can be exported from the code. We have used high
resolution voxel models for 3D printing (0.05Smm per
voxel, so the print is at the same resolution as our 3D
printer). The files used for printing are too large to in-
clude currently, but we are continuing to work on reduc-
ing file sizes, and may provide higher resolution files in
the future.

e Puzzles from the curriculum. These puzzles are gener-
ated by running the provided code, but the output is
given to avoid the need to run the code. The first out-
put (all puzzles) is the full set of 2508 puzzles
that result from the puzzle design. Symmetric puzzles
are removed. These puzzles are then analyzed and di-
vided into two sets of six directories. The first directory
(gen_puzzles) contains the solutions, while the sec-
ond (gen_puzzles_init) contains starting positions
for the curriculum. Puzzles are named by the entropy of
the puzzle followed by the puzzle number.
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* A curriculum of puzzles taken from the generated set of
puzzles.

The data for the puzzles themselves
leased with a non-commercial attribution
https://creativecommons.org/licenses/by-nc-sa/4.0/.

While several interactive prototypes have been developed
during the span of this project, they are not in the current
code since the physical prototype is sufficient for testing, and
the prototypes were not maintained as the design evolved.

are re-
license

Conclusions

This paper has described the artifacts associated with the de-
sign of a Hexagon Tangram puzzle (Mahmoud and Sturte-
vant 2024). The puzzles, their 3D models, and the curricu-
lum are now available for non-commercial usage. The code
for the project is expected to continue to receive updates as
we consider refinements to our design.
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