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Abstract

We present a human—AlI co-developed geometric algorithm for generating infinite
origami shuriken assemblies using radial symmetry, affine transformations, and
programmable crease patterns. By combining analytic theory, interactive design
tools, and fabrication pipelines, we show how generative Al augments human
creativity in digital and physical domains. Our contributions include (1) a frame-
work for Z,,-symmetric gadget assemblies, (2) a geometric algorithm compatible
with fabrication, and (3) an interactive web application for real-time co-design.
This work exemplifies how humans and machines can collaboratively explore
large design spaces and reinterpret historical artifacts through creative computation.

*Drive: //gdrive/sdajani-shurikens [I]. Repo: /saleemaldajani/gadgetassembly [2} [3].
Webapp: https://gadgetassembly-production.up.railway.app [4]].

Figure 1: Left: Folded 32-gadget origami shuriken, adapted from 30-gadget shuriken found to be
largest number of edges on YouTube [5]. Right: New double unit cell 64-gadget shuriken design.

1 Introduction & Background

The rise of generative Al and large language models (LLMs) prompts an essential question: how can
humans and machines collaborate effectively, leveraging their complementary strengths? Beyond
productivity, such collaborations help us examine what it means to be human [6], especially as we
interact with systems that replicate human work [[7], generate content by tuning creativity [8]] (e.g.,
LLM temperature), hallucinate [9], and most crucially, persuade and direct both people and machines.
These collaborations deepen cultural understanding and shed light on complexities of human history.

In this work, we present a human-Al co-development of a geometric algorithm for infinite
shuriken design generation. This serves as an illustrative example of how machines can enhance
human creativity, particularly when navigating large, open-ended design spaces. Historically, humans
have always collaborated with the tools of their time to invent and tinker. Our goal is to show that Al
can support this culture, facilitating design and discovery in ways that benefit humanity [10]], while
remaining mindful of the broader responsibilities and potential risks that accompany any powerful
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technology. With the right motivations and oversight, human-Al collaboration can demystify these
dangers and guide technology toward gadod [11], such as designing novel therapeutics [12].

The rst digitally recorded shuriken advertisement (Ffig. ]A.1) appearddlack Beltmagazine in
1967 (Source: Vintage NinjdB]|). A decade later, shurikens appeared in Kung Fu promotions via an
ad inAsian World of Martial ArtgFig.[A.Z, Vintage NinjalL3]). However, historical research has
found no evidence that ninjav(> ) used star-shaped shurikesrs ( a) [14-1€], instead concluding
that ninja were intelligence agents, not mystical assad$8d}]. Recent excavations uncovered
archeological specimens hypothesized to be shuriken prototypes (Fig18]3ncluding at, carved
stones of varying shapes. Yet no de nitive historical design has been identi ed—Ileaving open the
guestion: what geometries can shurikens take?

Today, humans can revisit this question with the help of Al-driven tools for simulation and design
[19-21]. Despite the lack of historical precedent, shuriken origami continues to thrive through both
informal circulation and formal documentation by groups like OrigamiUSA (Source: Squared Ninja
Star, The Fold22]; Star Box Rose, Winter 2024, The Pap28]; Yellow star, Oversize Competition,
Autumn 2024, The Pape2{]). Inspired by these models, we aim to quantify how many edges can
be folded into a single shuriken assemii|[ explore edge doubling, and generalize to in nite
con gurations—much like carving stars from stone A.4.

In an exploratory process, we folded publicly available origami shuriken designs, including
the standard 4-edge model (Fig. A.5), its nested 8-edge counterpart, and 4- and 8-edge transformer
designs (Fig. A.27)2€], as well as larger assemblies with 16 and 30 edges. While folding the 30-edge
design, we observed it could accommodate up to 32 modular gadgets—i.e., origami subroutines (Fig.
1, Fig. A.6). This led us to focus on the underlying gadget unit.

Building on this, we created a 64-edge shuriken using a double-unit gadget (Fig. 1, Fig. A.7),
exceeding any design publicly documented online. To explore its full design space, we conducted
a human-Al co-design process to generalize and generate in nite variants. This not only extended
the catalog of origami shurikens but also demonstrated how structured human-Al collaboration can
enable cultural reinterpretatio@T], creative innovationZ8] and computationZ9], and mathematical
exploration of large design space&¥]31]. With the folded shuriken artworks in hand, different
throwing tests (Fig. A.8) can be done by simulating uid against a xed rotating shuriken cell to
characterize their mechanical and aerodynamic properties. This can enable us to answer whether it
was realistic for ninja to use shurikens, since it is currently unclear whether these assemblies can even
y if thrown.

Figure 2:Left: First gadget assembly operat@enter: Second gadget assembly operaRight:
Double-ring assembly with interweaved gadgets.

2 Human-Al Computer-Aided Co-Design

The overall goal of this work is to develop a geometric algorithm to design in nitely many shuriken
designs for any given with a set of continuous parameters. This was done using generative Al
foundation models in three parts of human-Al collaboration through co-formulation of theoretical
foundations for shuriken gadget assemblies, algorithmic co-development and co-implementation of a
shuriken gadget assembly generative tool, and computer-aided co-design of shuriken gadget assembly
prototypes. Prototyping was done in a broader human-machine collaborative effort using various 3D
printing technologies of the resulting human-Al co-created designs.

2.1 Human-Al Theory Co-Formulation

We describe the geometric construction of the shuriken gadget assembly, starting from a two-unit cell
system (Fig. 2, Fig. A.9—A.17) and generalizing to any nunmbefrunits. The design is parameterized

by the assembly radiu®, secondary offset R, offset angle , and scale factors, ands; for the
primary and secondary gadgets. Usimgon geometry and trigonometric transformations, we
generate rotationally symmetric con gurations.
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This formulation emerged from a human-Al collaboration: initial sketches were developed by
hand and then re ned using an LLM8P]. The LLM helped formalize variable de nitions, apply
standard transformations, and accelerate derivations using rotation matrices and symmetry operators.

Each gadget is modeled as a planar polyGon R?, centered at its centroig yielding

Go=G c Q)
Forn radially arranged gadgets, each instance undergoes roRatjoand translatiorT;, forming
G =fR (PD+ Tijp2 Gogy; 2
with the full con guration given by
r[ 1
R, = Gi; 3)

i=0
de ning aZ,-symmetric tiling in the plane.
The design problem is formalized as: giver2 N and continuous parameters2 R*, nd a
gadgelG, centerc, and scale factors;; s, such that the centered shapg de nes a valid unit for
modular assembly. The assembly map

A:(n; )70 S, R? 4)

must satisfy:
Consistency: corresponds to a realizable origay (n; ) reproducesijt (5)
Diversity: fSh. g contains in nitely many distinct assemblies (6)

2.2 Human-Al Algorithmic Co-Development: Implementing the Algorithm

We developed a webapp to explore and showcase these designs using interactive sliders for key
parameters. The tool was rst prototyped in a Jupyter notebook (Fig. 4), then converted into a
GitHub repository, deployed via Railway. An LLM assisted in code generailpib{iilding on our
co-formulated theory to create the notebook sliders, which then guided web development in Replit.
From a Replit interface screenshot, the LLM regenerated the repository for free public deployment
via Railway (Fig. 4). The resulting tool illustrates con gurations that can be designed and fabricated.

2.3 Human-Al Computer-Aided Co-Design of 3D Model

To demonstrate that the theoretical designs are physically realizable far,amg prototyped
shurikens using paper, PLA, resin, and metal printing. Starting from a single gadget's crease pattern,
we simulated folding in Origami Simulator, exported CAD models at various fold stages (Fig. 3),
aligned them in MeshLab, generated polar arrays in Rhino, and used MeshMixer to create printable
halves and mirrored counterparts. Models were then sliced using printer-speci c software (e.g.,
MakerBot CloudPrint, GrabCAD Print, Desktop Metal Live Studio). PLA artworks were printed

at the Martin Trust Center for MIT Entrepreneurship and MIT Morningstar Academy for Design
(MAD); resin and metal artworks were printed at the MIT SHED Lab (Fig. 5). An LLM assisted in
CAD troubleshooting (e.g., aligning to principal axes in MeshLab) and in generating Python code to
voxelize and thickenstl  les using thetrimesh package for post-processing and print preparation.

Figure 3:Left: Gadget crease patter@enter: Flat-folded stateRight: 85% folding insertion.

3 Results

We present a complete pipeline for generating, assembling, and fabricating origami shurikens from
geometric and trigonometric principles. Starting with an algorithmically de ned crease pattern



(Algorithm 1, Figure A.18), foldable gadget units are arranged via af ne transformations—scaling,
rotation, and translation—over a discretgon layout, forming single or double concentric rings
(Figures A.15—-A.17). These constructions are implemented in both a Jupyter notebook and a web-
based app for interactive design. To validate physical realizability, we simulate folding, generate
watertight meshes, and fabricate prototypes in PLA, UV-cured resin, and stainless steel. These
assemblies con rm geometric and structural soundness in digital and physical form.

3.1 Shuriken Assembly Geometric Folding and Assembly Algorithm

We propose a two-part pipeline to generate modular origami shurikens. First, we de ne a structured
crease pattern encoding the local folding logic of a single gadget. Then, we position these gadgets
radially using af ne transformations controlled by tunable parameters: ring radius, angular spacing,
and scale. This enables precise, customizable assembly of single- and double-layered shurikens.

3.1.1 Geometric Gadget Folding Algorithm

Each gadget's crease pattern is derived by folding and unfolding an adapted 30-unit shuriken ([videq]),
then codi ed using color-coded folds: black (edges), blue (valley), and red (mountain). Algorithm 1
summarizes the steps: start with a square, fold a central subsquare with valley folds, insert mountain
folds at fractional heights for controlled collapse, octisect the top edge for symmetric fan folds, and
add vertical/diagonal creases for alignment and stiffness. The resulting crease pattern (Figure A.18)
serves as the blueprint for all simulated and fabricated geometries.

3.1.2 Geometric Gadget Assembly Algorithm
We arrangen gadgets radially, with angular positions = ZT' For a double-layered design,
secondary gadgets are offset by= ; + -~ and placed at radilR®= R+  (Figures A.15-A.17).
Each gadget undergoes scaling, rotation, and translation:
Pi(p) = Tr; (R (S5 (D)) ;

wheres; is the scale,; 2f ;; g, andr; 2 R? is the radial placement vector. Primary gadgets use
(s1; i;R), while secondary ones (if enabled) ysg; i;R9.
The full con guration is:
71
S, = Pi(l) [
i=0

S
"' P® if double-layered,

? otherwise.

Figures A.9—A.14 visualize each transformation step. Assembled gadgets form closed-loop
structures (Figure A.13), with optional interleaving for added complexity (Figure A.17).

3.2 Shuriken Design Tool

Our development work ow spans three main components: a Jupyter notebook for prototype logic and
visualization, a modular GitHub repository for version control and reproducibility, and a deployed
web application for interactive exploration of geometric parameters [33].

3.2.1 Jupyter Notebook: Assembly

The shuriken gadget is attened to a polygon of its at-foldable vertices. We then compute the
centroid and translate the shape to the origin. These centered coordinates are cached for future use,
minimizing redundant computation.

Each gadget is positioned in a ring con guration de ned by continuous parameters: angular
spacingn, ring radiusR, primary and secondary scale factefss,, and radial offset . Optionally,
gadgets may be arranged in a single ring or as two interleaved concentric rings. For each gadget,
we compute its angular position, apply rotation to align tangentially to the ring, scale it, and then
translate it to its location. Sliders are created for each parameter using the “ipywidgets™ framework,
and are bound to callback functions that trigger updates to the geometric transformations and redraw
the visualization in real time. This provides interactive control and feedback for design exploration.

3.2.2 Codespaces and Railway Webapp: Shuriken Design Sliders

The full open-source implementation, including scripts for geometry processing, assembly, and
interactivity, is available atttps://github.com/saleemaldajani/gadgetassembly [2,3]. A

prototype web application was rst built on Replit using React and TypeScript for the frontend and
Express (Node.js 20) for the backend. The app features a canvas-based renderer and interactive sliders
for all key parameters(R;s;1;s,; ), enabling live geometric manipulation. With an LLM, the



project was then co-developed into a Python codebase via Dash based on screenshots from the Replit
frontend. We refactored the logic into Dash components (‘dcc.Slider’, “dcc.Graph®) and implemented
callbacks to recompute transforms and update the gure in response to user input. The web app was
tested within GitHub Codespaces from thain branch, and veri ed to replicate the notebook.

The live version of the apgpwas deployed to Railway using a continuous integration and deploy-
ment/delivery (CI/CD)-ready setup. Thalway branch of the repository contains the necessary
‘Docker le’, ‘requirements.txt’, and "Proc le" to build a web-accessible container. Railway is con-
nected to the GitHub repo and automatically builds and deploysailveay branch application.

This setup ensures synchronization between the development codebase and the deployed service.

3.3 Shuriken Artworks

To transition from crease patterns to physical models, we employed a multi-stage work ow combining
simulation, mesh processing, and multi-material 3D printing. We begin by simulating the folded
geometry from the 2D crease pattern. Figure A.19 shows fully at-folded and partially folded
con gurations exported from an origami simulafof.he resulting mesh is aligned to its principal
axes using MeshLab for standardized orientation (Figure A.20). To generate symmetric structures,
we replicate the folded gadget in a polar array using RhiRokrArray feature. Figure A.21
shows the result from a single gadget to full ring. The resulting surface mesh is paper-thin, so we
apply thickening and voxelization usingmesh in Python to produce a watertight 3D volume
(Figure A.22). To prepare mirrored geometries, we use MeshMixer to apply symmetry cuts after
solidi cation and automatic repair (Figure A.23).

We fabricated the designs using multiple printing techniques. Figure A.24 shows a prototype
printed in PLA using a MakerBot Replicator+. To test ner resolution and edge scaling, we used
UV-cured resin via a Stratasys J35 with VeroUltra WhiteS ink, producing 64-, 96-, and 128-edge
versions (Figure A.25). We printed the 64-edge design in metal using Desktop Metal's metal 3D
printing system with 17-4 PH stainless steel (Figure A.26).

Figure 4:Left: Optimal con guration obtained empirically for 64-edge design using Jupyter notebook
sliders.Right: Same con guration reproduced using Dash webapp sliders.

4 Discussion

Our geometric algorithm shows that for any giveand set of continuous parameters, an in nite

set of designs exist for the speci ¢ origami shuriken assembly we analyzed. The algorithm also
successfully reproduces the geometry of the folded assembly. The analysis of the crease pattern
uncovered speci ¢ patterns that can likely be extended to design new gadgets and, in turn, new
assemblies. This is proposed to be done by using different polygonal starting papers—for example, by
hexasecting the rst angle on equilateral triangular paper or decisecting it on equilateral pentagonal
paper, instead of octisecting it on square paper. By demonstrating a geometric algorithm to design
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in nitely many shurikens for any given with a set of continuous parameters, this work paves the
way for generalizing the approach across families of origami shuriken folds (Fig. A.27) and other
gagdet assemblies, such as origami swan assemblies and hypar pavilion structural assemblies.
Based on our interactive webapp, an optimal con guration of continuous parameters (Fig. A.28)
can be demonstrated empirically. With constraints on the sliders, the optimal con guration can be
solved for by including the edge-to-edge and stopping insertion points of each primary and secondary
gadgets. This can be done for dynamically updating sliders basedfonthe continuous parameters
to only slide between the constrained parameters of the folded assembly.

4.1 Limitations, Broader Impacts, and Safeguards

Our approach is limited to static, planar shuriken assemblies with interleaved primary and secondary
gadgets of identical geometry. We did not account for structural relaxation (e.g., paper loosening) or
nite paper thickness, as the analysis is two-dimensional. All designs were manually created and
may deviate slightly from simulated con gurations. The webapp supports empirical exploration but
does not solve for optimal assemblies.

Despite these constraints, the methodology generalizes to transforming and interlocking shurikens,
as well as to 3D assemblies when gadgets have a closed-form description (e.g., hypar equations or
vertex coordinatesi3p]. It can also be extended to heterogeneous structures combining different
gadget types, such as hybrid shuriken-hypar assemblies. The interactive tool could be adapted to
other fold families and exported to CAD platforms like Rhino or Fusion 360 for precise fabrication.

No safeguards were necessary for origami shurikens. The Webapp is limited to two-dimensional
geometries and cannot be used to generate printable CAD les. The shuriken artworks were thickened
by voxelization, so the edges are not sharp.

Figure 5:Left: PLA print using MakerBot Replicator«enter: Resin prints with 64 edges using
Stratasys J3Right: Stainless steel print of 64-edge design using Desktop Metal.

5 Conclusion

This work develops a geometric algorithm to design in nitely many shurikens for any giweith a

set of continuous parameters by parameterizing radial symmetrynegens and encoding foldable
gadget geometries via a structured crease pattern. By combining continuous design parameters with a
reproducible folding sequence, we generate interleaved assemblies that 2xhbihmetry and

allow both analytical and empirical design exploration. We validate the design space through an
interactive web application and a series of physical prototype artworks, demonstrating consistency
between algorithmic output and real-world fabrication [36].

The presented framework lays the foundation for geometric modeling of modular origami assem-
blies beyond shurikens, including swan clusters, hypar structures, and interlocking gadget systems.
Future work may integrate physical constraints—such as insertion tolerances, paper thickness, and
relaxation effects—to optimize foldability and mechanical behaa}.[While empirical calibration
using slider-constrained parameters could enable automated searches for valid con guB&tidhe [
ultimate goal is to optimize design parameters in terms of the others. Aerodynamic simulations and
physical throw tests may clarify the practical viability of historical shuriken-like designs. Extensions
to three-dimensional assemblies, heterogeneous gadget tilings, and CAD-integrated versions of the
webapp could signi cantly broaden the applicability of this method across design, fabrication, and
interactive tooling. The method may also generalize across different polygonal bases and angular
subdivisions, extending the folding approach beyond square paper to alternative geometries such as
equilateral triangles and regular pentagons.



6 NeurlPS Code of Ethics Statement

Research conducted in the paper conforms, in every respect, with the NeurlPS Code of Ethics [39].

7 Declaration of LLM Usage

This paper adheres to the NeurlPS 2025 Policy on the Use of Large Language Midjiaisd

transparently documents the ethical use of LLMs throughout the research. LLM involvement is
described in detail in Section 2 Human-Al Computer-Aided Co-Design and Section 3.2 Shuriken
Design Tool. Transcripts of LLM interactions are included as embedded links that are cited in the
paper bibliography, with the speci ¢ model used noted in each transcript and in the list of references.

* Geometry: Interactive geometry sketch [41]

« Sliders: Slider-based design interface [42]

» Gadget placement:Gadget placement con guration [43]
» Explaining code: Code explanation and logic [44]

» Replit workspace: Live Replit workspace [45]

* Replit development URL: Deployed dev environment [46]
* Reproducing Replit website: Replit-to-website setup [47]
* Using Railway: Deployment via Railway [48]

* Problem statement: Formal problem formulation [49]

» Beautify: Diagram beauti cation [50]

 Tau: Incorporating parameter [51]

» Paper-writing: Creative Al paper drafting [52]

» Organizing transcripts: Transcript organization [53]
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A Technical Appendices and Supplementary Material

Figure A.1: Oldest ad found for shurikens from fBlaick Beltmagazine in 1967 (Source: Vintage
Ninja [13]).

Figure A.2: Later ad found around 1977 for shurikens fromAk&@n World of Martial ArtgSource:
Vintage Ninja [13]).

11



Figure A.3: Recent 2023 excavation uncovered stone specimens hypothesized to be the origin of
shurikens (Source: Akihiro Iwata, Saitama Prefecutural Historical Museum, 2023 [18]).

Figure A.4: Carved using a variable speed rotary tool and a diamond rotary point set from a Red Sea
coral after two bandsaw 1 inch slices from a calci ed coral skeleton specimen collected on a Red
Sea shore in 2022. The specimen is primarily calcium carbonate, £€aCO
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Figure A.5: Most common origami two-gadget shuriken design (Source: Instructables [54]).

Figure A.6: Folded 32-gadget origami shuriken, adapted from 30-gadget shuriken found to be largest
number of edges on YouTube [5].

Figure A.7: New double unit cell 64-gadget shuriken design.
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