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Fig. 1. Diceplay, a modular physical canvas for abstract visual composition. Diverse abstract designs automatically generated by our optimization framework
are physically realized using a low-power, LED-enabled dice display, which can be reconfigured through changes in dice orientation and dynamically updated
via programmable color.

We present Diceplay, a modular physical display for abstract visual compo-
sition built from a grid of identical dice. Each die has six faces with distinct
geometric primitives, and images emerge through the placement and orien-
tation of the dice. While this medium enables reusable and reconfigurable
physical imagery, it poses a challenging design problem: images must be
expressed through discrete, extremely low-resolution abstractions, making
manual authoring difficult. To address this challenge, we introduce a compu-
tational design system that automatically generates Diceplay configurations
from text prompts. Our key technical contribution is a grammar-based for-
mulation that relaxes this discrete design space into a smooth optimization
landscape, enabling gradient-based optimization using score distillation
sampling. We show that our approach consistently produces meaningful
abstractions for this medium, whereas state-of-the-art smoothing techniques
fail in this extremely challenging regime. We demonstrate our method across
∗Equal Contribution.

Authors’ Contact Information: Milin Kodnongbua, milink@cs.washington.edu, Uni-
versity of Washington, Seattle, USA; Zihan Jack Zhang, zihan_zhang4@brown.edu;
Shishi Xiao, shishi_xiao@brown.edu; Vivian Li, vivian_li1@brown.edu; Heather Robert-
son, heather_robertson@brown.edu, Brown University, Providence, USA; Rulin Chen,
rulinchen@bnbu.edu.cn, Beijing Normal-Hong Kong Baptist University, Zhuhai, China
and BNBU Centre for Computational Culture and Heritage, Zhuhai, China; David Laid-
law, david_laidlaw@brown.edu; Adriana Schulz, adriana_schulz@brown.edu, Brown
University, Providence, USA.

This work is licensed under a Creative Commons Attribution 4.0 International License.
SIGGRAPH Conference Papers ’26, Los Angeles, CA, USA
© 2026 Copyright held by the owner/author(s).
ACM ISBN 979-8-4007-2554-8/2026/07
https://doi.org/10.1145/3799902.3811206

a range of prompts and fabricated examples, showing how computationally
generated abstractions can be realized as physical visual artifacts.
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1 Introduction
Across art and design, creators often rely on abstraction to communi-
cate ideas, evoke meaning, and invite interpretation without relying
on photorealistic detail. Many visual languages deliberately oper-
ate with constrained vocabularies, where limited palettes of simple
geometric primitives accentuate form, composition, and identity.
One way artists have worked within these abstract visual lan-

guages is through modular composition, in which images emerge
from arrangements of repeated visual primitives on a grid. This
strategy appears in geometric art traditions such as Bauhaus (see
2). Although each unit is simple, their composition supports a wide
range of outcomes, highlighting how expressiveness can arise from
severe constraints.
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Fig. 2. Bauhaus Style. Image by Vectorportal.com.

In this work, we propose a modular physical canvas inspired by
abstract, grid-based visual languages. Because such compositions
are built from a small set of elements whose appearance depends on
their orientation, we realize the canvas as a collection of identical
dice. We call this system Diceplay, a display made of dice (Figure 3).
Each die is identical, and each of its six faces contains a distinct geo-
metric pattern inspired by Bauhaus-style abstract art. While these
abstract primitives are drawn from existing artistic explorations of
2D modular design [Online-Schule für Gestaltung 2024], to the best
of our knowledge, Diceplay is the �rst system to realize this visual
language as a physical display composed of dice.

Fig. 3. Diceplay Tiles. (Le�) The six faces of a die, each with a tile pa�ern,
which we denote using lowercase le�ers. Tilesip , tr , andpi 1 admit four
rotations, which we denote using subscripts. There are 15 tiles in total.
(Right) Example Diceplay configurations created by our method for text
prompts �deer� and �duck�.

Each die can be fabricated using low-cost 3D printing and placed
into a grid-like frame that de�nes the display, which we keep inten-
tionally small to allow easy manual recon�guration (Figure 1). The
frame contains programmable LEDs aligned with each cell, while
the dice themselves remain passive elements that can be �ipped and
reinserted to change the visible pattern. This design allows each
cell to be updated both through reorienting the dice and chang-
ing the LED colors. Together, these properties enable the same set
of components to be reused to create di�erent compositions over
time, supporting experimentation as well as applications such as
educational activities and ambient or glanceable visual displays.

Despite the simplicity and �exibility of the Diceplay medium, de-
signing e�ective imagery for it is challenging. Images are formed at
extremely low resolution using a highly restricted visual vocabulary,
requiring recognizable content to be conveyed through carefully
abstracted features. Achieving such abstractions is di�cult for users,
particularly when working directly with individual dice: small local
changes, such as �ipping a single die, can lead to abrupt and global
changes in appearance.

1The sector pattern looks like a pie, and is thus namedpi , the inverse sector is thus
named by inverting the letters � ip

Fig. 4. Curse of Low-Resolution. Failure cases of So�max and Gumbel-
So�max relaxations when applied to Diceplay optimization with an SDS
loss. Due to the extremely coarse grid resolution, both methods become
trapped in noisy local minima and fail to produce recognizable shapes.

To support users in designing for this display, we propose a com-
putational design system that automatically generates abstractions
from high-level instructions. We focus on text prompts, which are
well suited to specifying abstract concepts, and optimize designs
using score distillation sampling (SDS) loss, which has been shown
to work well for matching images to text prompts. A fundamen-
tal challenge, however, is that the Diceplay design space is purely
discrete, making it poorly suited to standard gradient-based opti-
mization. While prior work has successfully combined SDS with
continuous relaxations such as Gumbel-Softmax [Binninger and
Sorkine-Hornung 2024], these approaches perform poorly in our
setting due to the extremely low resolution (Figure 4).

We address this challenge with two key contributions. First, we
identify sets of visually similar dice faces and introduce continu-
ous parameters that interpolate between the boundaries of patterns
within each set, rather than relying on alpha blending (Figure 7 (a)
and (c)). Second, we represent the design space as a shape grammar
whose production rules permit only continuous transitions within
each cell and coordinated transitions across neighboring cells. This
construction shapes the optimization landscape to more closely re-
semble that of vector graphics, encouraging coherent abstractions.
Finally, we employ Stochastic Rewrite Descent (SRD) [Kodnongbua
et al. 2025], a gradient-based optimization method for mixed contin-
uous�discrete grammars, to search for Diceplay con�gurations that
best match the input text prompt. We use this optimization to gener-
ate black-and-white Diceplay con�gurations from text prompts and
complete the end-to-end system with a simple colorization scheme
and an interactive editing interface grounded in the same grammar
abstraction, along with a low-cost fabrication method using 3D
printing and programmable LEDs (total cost is roughly $50).

We demonstrate the capabilities of Diceplay through a set of
fabricated examples that illustrate the range of designs and appli-
cations supported by the system. We evaluate our grammar-based
optimization across diverse user inputs, showing that it reliably
produces recognizable and visually compelling results despite the
highly discrete and constrained design space. Comparisons against
standard smoothing strategies used in prior work reveal that these
methods break down in Diceplay's extremely coarse regime, while
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our grammar-based formulation enables e�ective search and opti-
mization in practice.

2 Related Work
Fabricable Abstractions. Substantial work in computational de-

sign and fabrication represents complex shapes using abstract or
constrained representations. These approaches transform designs
into structured forms that better align with fabrication processes,
enabling faster production, or easier assembly. Examples include
systems that optimize designs to better match the constraints of a
speci�c fabrication process, such as 3D printing [Chen et al. 2025,
2022], laser cutting [Chen et al. 2013; Cignoni et al. 2014; Hildebrand
et al. 2012], 2D bending [Miguel et al. 2016], or CNC milling [Fanni
et al. 2018; Muntoni et al. 2018]. Others approximate a target shape
using a set of prede�ned building blocks, such as LEGO bricks [Ge
et al. 2024b,a; Luo et al. 2015; Xu et al. 2021; Zhou et al. 2023],
Zometool construction set [Zimmer and Kobbelt 2014; Zimmer et al.
2014], SL blocks [Shih 2016], and interlocking voxels [Zhang and
Balkcom 2016; Zhang et al. 2021]. Please refer to the comprehensive
survey [Wang et al. 2021] for a more detailed discussion of these
techniques. While these methods constrain designs to match fab-
rication requirements, they typically aim to approximate a target
shape as closely as possible, rather than to reinterpret a high-level
idea within a deliberately abstract, fabricable representation. Closest
to our work is a recent wire art system that generates a fabricable
continuous wire shape to convey a visual concept [Tojo et al. 2024].
Diceplay builds on this general idea of abstract fabrication, but
targets an abstraction problem with stricter constraints.

Commercial toys that encourage children to build abstract shapes
from geometric primitives (Figure 5) also inspire our work. We
complement our digital display with 3D-printed dice that children
can use to recreate generated designs. To our knowledge, we are the
�rst to propose dice as primitives for abstract shape representation
and the �rst computational approach for generating such designs.

Fig. 5. Toys. Examples of commercial abstract shape toys [LiKee nd;
LovesTown nd; Pozale nd]. Each toy uses a distinct set of geometric prim-
itives; for each, we show one example card alongside the corresponding
assembled shape.

Image Abstractions. Image abstraction methods represent images
using simpli�ed primitives while preserving visual or semantic in-
tent. Image-driven approaches focus on maintaining perceptual
similarity to the input by optimizing continuous vector represen-
tations under di�erentiable rendering [Berio et al. 2025; Li et al.
2020; Ma et al. 2022], while vision-language methods use CLIP for
semantic alignment despite visual simpli�cation [Frans et al. 2022;
Mathur et al. 2025; Vinker et al. 2022]. Recent approaches further
incorporate di�usion-based priors via score distillation [Jain et al.

Fig. 6. Choice of Objective Functions. Given prompts �bunny� and �cat�,
matching the tiles as close as possible (b) to the FLUX.dev-1 generated
images (a) produces results which are not recognizable from the prompts.
Using simulated annealing with CLIP loss (c) produces designs with higher
CLIP similarity than our method (d), yet these designs are noisy and subop-
timal, showing that CLIP is unreliable in our problem se�ing.

2023; Wang et al. 2025; Xing et al. 2024]. Across these methods,
abstraction is performed in a high-resolution, continuous design
space where primitives can be smoothly adjusted. Even methods
exploring discrete primitives typically realize abstraction through
high-resolution continuous representations [Binninger and Sorkine-
Hornung 2024; Misra et al. 2025]. In contrast, Diceplay operates on
a strictly discrete, low-resolution grid where abstraction emerges
from coarse combinatorial structure.

Continuous relaxations. Continuous relaxations enable gradient-
based optimization over discrete design spaces. For example, Gumbel-
based relaxations have been used for optimizing discrete color
palettes in embroidery [Binninger and Sorkine-Hornung 2024].
However, these techniques require su�cient spatial resolution; in
Diceplay, each cell represents a large semantic unit, so standard
relaxations fail to provide useful gradients. This motivates our
grammar-based approach, which introduces smoothness at the level
of discrete transitions rather than cell-level relaxations.

Our work builds on Design for Descent [Kodnongbua et al. 2025],
which introduces gradient-based optimization for mixed-continuous-
discrete shape grammars. Since Diceplay's space is fully discrete, we
de�ne an augmented grammar with smooth parameters combined
with a discreteness-enforcing cost. This encourages solutions to re-
main close to valid discrete con�gurations and e�ectively turns the
grammar into a relaxation suitable for gradient-based optimization.

3 Computational Design of Diceplay
Diceplay con�gurations are formed by arranging dice in a grid of
# rows and" columns. We also de�ne cells as the �xed spatial
locations within this grid, tiles as the chosen geometric patterns
displayed on the dice, boundaries as the boundary between black
and white regions, and cell edges as the four edges of a cell. Each
die displays one of 15 canonical geometric tiles (Figure 3), which
we denote using lowercase letters:

) := fw• b• h• ipk• tr k• pikg• k 2 f0• 1• 2• 3g
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