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ABSTRACT

We introduce a novel dataset designed to benchmark the physical and spatial reason-
ing capabilities of Large Language Models (LLM) based on topology optimization,
a method for computing optimal material distributions within a design space under
prescribed loads and supports. In this dataset, LLMs are provided with conditions
such as 2D boundary, applied forces and supports, and must reason about the result-
ing optimal material distribution. The dataset includes a variety of tasks, ranging
from filling in masked regions within partial structures to predicting complete
material distributions. Solving these tasks requires understanding the flow of forces
and the required material distribution under given constraints, without access to
simulation tools or explicit physical models, challenging models to reason about
structural stability and spatial organization. Our dataset targets the evaluation of
spatial and physical reasoning abilities in 2D settings, offering a complementary
perspective to traditional language and logic benchmarks 1.
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Figure 1: Topology Optimization is used to calculate material distribution. Masking individual cells,
rows, columns or the complete distribution space offer interesting spatial physical reasoning tasks.

1 INTRODUCTION

Large language models (LLMs) have achieved strong performance on linguistic and logical tasks, but
their ability to reason about physical systems and spatial structures remains underexplored Zhang et al.
(2025). Existing benchmarks primarily probe either visual perception or text-based commonsense
knowledge, but few explicitly test reasoning grounded in physical constraints.

For example, visual question-answering benchmarks such as CLEVR focus on object attributes
and spatial relations in synthetic scenes Johnson et al. (2016), while intuitive physics datasets like
IntPhys and Physion evaluate models’ ability to predict or assess the plausibility of physical events in
videos Riochet et al. (2020); Bear et al. (2022). Interactive environments such as PHYRE Bakhtin
et al. (2019) and stability-focused datasets like ShapeStacks Groth et al. (2018) further probe causal
reasoning and contact mechanics, whereas text-based datasets such as PIQA Bisk et al. (2019) and
PhysReason Zhang et al. (2025) target physical commonsense and multi-step problem solving in
language form.

1Huggingface Dataset: anonymized
Data Generation and Model Evaluation Code: https://anonymous.4open.science/r/
SPhyR-587C
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These benchmarks collectively advance our understanding of physical reasoning in models but share
a key limitation: none require reasoning about how material should be arranged within a structure to
satisfy load and support constraints. Such reasoning - central to engineering and design - demands
integrating spatial layout with physical principles such as force flow and stability, which remains a
blind spot in current LLM evaluation.

Beyond physical reasoning, recent work like ARC-AGI-2 Chollet et al. (2025) has introduced grid-
based tasks for testing abstract reasoning and generalization. While unrelated to physics, this work
highlights the value of structured 2D representations for isolating reasoning capabilities. We build
on this intuition but shift the focus from symbolic transformations to spatially grounded physical
reasoning.

To address this gap, we introduce SPhyR, a new benchmark for evaluating spatial and physical
reasoning in LLMs. SPhyR formulates topology optimization-inspired tasks in a grid-based format,
where models must infer how to distribute material to support specified forces and constraints.
By testing whether models can reason about load paths, stability, and structural connectivity from
descriptions alone, SPhyR bridges the gap between language-based reasoning and physically grounded
design tasks. We benchmark state-of-the-art LLMs on SPhyR and reveal fundamental limitations in
their ability to integrate spatial and physical reasoning.

2 RELATED WORK

Benchmarks for Physical and Spatial Reasoning A wide range of benchmarks probe models’
understanding of physical and spatial reasoning (Table 1). CLEVR Johnson et al. (2016) evaluates
visual reasoning about objects and spatial relations in synthetic scenes, while CLEVRER Yi et al.
(2020) extends this to temporal and causal reasoning in videos. IntPhys Riochet et al. (2020) and
Physion Bear et al. (2022) test whether models can predict or assess the plausibility of physical
events, while ShapeStacks Groth et al. (2018) targets block stability prediction.

In interactive settings, PHYRE Bakhtin et al. (2019) challenges agents to solve 2D physics puzzles
by reasoning about actions and causal effects. Language-based datasets such as PIQA Bisk et al.
(2019) and PhysReason Zhang et al. (2025) shift the focus from perception to textual physical
reasoning, evaluating knowledge of everyday object interactions and multi-step physics problem
solving, respectively.

While these benchmarks advance physical reasoning evaluation, they largely focus on event prediction
or commonsense reasoning. None require models to determine optimal material arrangements under
explicit load and support constraints - a capability crucial for real-world engineering reasoning.

Table 1: Comparison of existing benchmarks evaluating physical and spatial reasoning. Our proposed
dataset focuses specifically on material distribution reasoning under boundary conditions, combining
spatial and physical understanding in structured tasks.

Benchmark Format Physical Spatial Notes
Reasoning Reasoning

CLEVR (2017) Visual QA ✗ ✓ Scene reasoning
CLEVRER (2020) Video QA ✓ ✓ Causal events
IntPhys (2018) Video plausibility ✓ ✓ Violation detection
Physion (2021) Video prediction ✓ ✓ Object behavior prediction
ShapeStacks (2016) Image classification ✓ ✓ Block stability
PHYRE (2019) 2D physics puzzles ✓ ✓ Action planning
PIQA (2020) Text QA ✓ ✗ Physical commonsense
PhysReason (2023) Text QA ✓ ✗ Multi-step physics

SPhyR Structured prediction ✓ ✓ Material distribution

Topology Optimization as a Benchmark Topology optimization (TO) Bendsøe & Sigmund (2004)
is a well-established method for computing optimal material layouts in a domain under specified
forces and supports. Prior work on Machine Learning (ML) in this space has focused on accelerating
solvers or generating high-quality designs Banga et al. (2018); Rawat & Shen (2019). Our work
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repurposes topology optimization as a reasoning benchmark rather than a design tool. By framing it
as a grid-based prediction problem, SPhyR tests whether LLMs can infer material distributions solely
from boundary conditions and physical constraints - without access to solvers or simulation engines.
This setup complements existing physical reasoning benchmarks by embedding spatial and physical
structure into tasks that require more than pattern recognition.

Machine Learning for Topology Optimization ML for TO has shown that CNNs, particularly
U-Net encoder–decoder models, can predict optimized material layouts with high fidelity and orders-
of-magnitude faster than conventional solvers Banga et al. (2018); Rawat & Shen (2019). Early work
framed TO as an image segmentation problem Sosnovik & Oseledets (2017), while later studies
demonstrated strong generalization across boundary conditions using U-Net–style CNNs Zhang
et al. (2020). These approaches often incorporate physics-informed loss functions or compliance
constraints, embedding explicit structural knowledge into training. Surveys highlight the success
of such domain-specific methods Shin et al. (2023). In contrast, SPhyR evaluates general-purpose
LLMs in a zero-shot setting, probing whether emergent, implicit physical knowledge acquired during
broad pretraining can substitute for explicitly learned physics.

Structured Reasoning Beyond Physics Finally, our work connects to broader research on struc-
tured reasoning in grid-based environments. ARC-AGI-2 Chollet et al. (2025) tests abstract reasoning
and generalization in symbolic, non-physical tasks. While ARC-AGI-2 and SPhyR share a structured
representation, SPhyR introduces grounded physical constraints, bridging the gap between abstract
symbolic reasoning and the physically grounded reasoning required for real-world design.

3 PROBLEM SETUP

Topology Optimization Task Topology optimization is a computational design method used to
determine the optimal material distribution within a given domain, subject to boundary conditions such
as external forces and fixed supports. The goal is to produce structures that maximize performance
metrics, typically minimizing compliance (maximizing stiffness) while using the least amount of
material. The resulting solutions exhibit highly structured patterns that balance material connectivity,
load paths, and spatial efficiency.
In this work, we repurpose topology optimization problems as reasoning tasks for LLMs. Rather than
solving the optimization numerically, models are challenged to predict or complete plausible material
distributions based solely on the specified forces, supports, and boundary. This formulation requires
models to infer structural principles such as load transfer, stability, and efficient use of material,
without access to physical simulation engines.

Input and Output Specification Each task instance in our benchmark is defined by a set of
boundary conditions and a corresponding material distribution. The inputs provided to the model are:
2D boundaries: A discretized 2D grid representing the spatial extent of the structure, fixed supports:
Locations within the boundaries that act as load bearing supports and applied forces: Locations
within the boundaries specifying external loads. The output expected from the model is a partial or
complete material distribution over the domain grid, indicating where material should be placed to
form a material optimized, that is minimum material distributed, but stable structure under the given
boundary conditions. All inputs and outputs are represented in structured formats suitable for LLMs,
through textual descriptions and serialized grids. No direct access to simulation results or numerical
solvers is provided.

Reasoning Challenges The tasks in our benchmark require a combination of physical and spatial
reasoning that poses significant challenges for current large language models. First, models must infer
how forces propagate through the structure, deciding where material is necessary to maintain stability
and support loads. This involves understanding force paths, support connectivity, and load transfer-
concepts that are rarely encountered in typical LLM training data. Second, models must reason
spatially about the layout of material across a 2D grid. Predicting plausible completions requires
local coherence (e.g., avoiding isolated material islands) as well as global structural organization
(e.g., maintaining continuous load paths from forces to supports). Moreover, models must solve these
tasks without explicit simulation tools or numerical methods. Instead, they must generalize from the
provided boundary conditions and partial observations, synthesizing structures that satisfy implicit
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physical constraints. These reasoning demands span from local (individual cells or lines) to global
(complete structures), creating a rich and graded challenge space for evaluating LLM capabilities
beyond language-based tasks.

Task Variations We define several task variations based on the nature and extent of the masked
regions in the material distribution with two difficulty levels, easy and hard. Easy is distribution based
on binary values such as material or no material, while hard is based on a continuous value range, 0
to 1. N-Random Cell(s): Predict the material state of N randomly masked cell(s), where N is one of
1, 5 or 10. N-Random Row(s): Predict the material state of N randomly masked row(s), where N is
one of 1 or 3. N-Random Columns(s): Predict the material state of N randomly masked columns(s),
where N is one of 1 or 3. Full Structure Prediction: Predict the complete material distribution based
only on boundary conditions. These variations allow us to systematically probe local and global
reasoning abilities, from single-cell predictions to complex structural synthesis (Samples in Figure 2).

4 DATASET DESCRIPTION

The dataset was generated using McNeel Rhinoceros 8, a computer-aided design (CAD) software
widely used in architecture, engineering, and industrial design, in combination with the Grasshopper
visual programming environment and the Millipede plugin for topology optimization Michalatos
& Kaijima (2024). Millipede enables the simulation of material distribution under given boundary
conditions using density-based optimization methods.

We constructed a set of 2D samples by varying the positions of applied forces and supports. Applied
forces and supports were systematically placed to create diverse loading scenarios. In this work
we focused on load-support scenarios that can be found most likely in building structural scenarios,
that is, load from the top, support on the bottom. We introduce one support and load location
for each scenario, ranging from 3 to 6 cells in width. Each optimization was performed until 10
iterations, resulting in plausible material distributions optimized for stiffness and material efficiency.
By leveraging the flexibility of Grasshopper and Millipede, we ensured substantial variation across
samples, including different structural typologies and support-force relationships. This variability is
crucial for creating tasks that require generalization beyond memorization of fixed patterns.

Dataset Statistics The dataset includes 2D structural optimization samples. Specifically, material
distributions are generated on grids of size 10 × 10. These discretizations balance computational
tractability with sufficient spatial complexity to require nontrivial reasoning. We generate a diverse set
of boundary conditions and corresponding optimized material distributions. The dataset is organized
into task-specific subsets, covering random cell completion, row and column completion, and full
structure prediction tasks as described in Table 2. In total, the dataset contains 1296 scenarios for all
task variations. Each sample is accompanied by structured representations of the boundary conditions
(forces, supports) and the corresponding ground truth material distribution. The dataset is organized
such that each task variant corresponds to a separate subject, allowing for isolated evaluation and
targeted analysis. The subjects for easy and hard difficulties are: 1 Random Cell, 5 Random Cell, 10
Random Cell, 1 Random Row, 3 Random Row, 1 Random Column, 3 Random Column and Full.

Input and Output Formats Each sample in the dataset is represented as a structured input-output
pair designed for compatibility with large language models. Samples are grouped into task-specific
subjects, enabling targeted evaluation of different reasoning challenges.

The input consists of a natural language prompt that describes the task and defines the structural grid
format. Within this grid, different symbols represent key physical roles: L indicates an applied load,
S marks a support, and V denotes a masked cell whose material state must be predicted. Known
material or void regions are explicitly represented using binary values (1 for solid material, 0 for
empty space). The prompt also includes clear instructions emphasizing structural plausibility and
material efficiency, along with a grid where each row appears on a separate line and cell values are
space-separated.

The expected output is a completed version of the same grid, where all V cells are replaced by
predicted values (1 or 0) while preserving the original structure and formatting. No explanation or
commentary is included in the output-only the raw grid content.
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0 0 L L L 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0
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0 0 0 1 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0
0 0 1 1 1 0 0 0 0 0
0 0 1 1 1 0 0 0 0 0
0 0 1 1 1 0 0 0 0 0
S S S S S S S S S 0

Prompt {GRID}
Difficulty: Easy

0 0 L L L 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0
0 0 1 1 1 0 0 0 0 0
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Ground Truth

0.0 0.0 0.0 L   L   L   0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0
0.0 0.0 V   0.0 0.5 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0
0.0 0.1 0.6 0.6 0.6 0.0 0.0 0.0 0.0 0.0
0.0 0.7 0.2 0.8 0.0 0.0 0.0 0.0 0.0 0.0
S   S   S   0.1 0.0 0.0 0.0 0.0 0.0 0.0

Prompt {GRID}
Difficulty: Hard

0.0 0.0 0.0 L   L   L   0.0 0.0 0.0 0.0
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0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0
0.0 0.1 0.6 0.6 0.6 0.0 0.0 0.0 0.0 0.0
0.0 0.7 0.2 0.8 0.0 0.0 0.0 0.0 0.0 0.0
S   S   S   0.1 0.0 0.0 0.0 0.0 0.0 0.0

Ground Truth

0 0 0 L L L L 0 0 0
0 0 0 0 1 1 0 V 0 0
0 0 0 0 1 1 0 0 0 0
0 0 0 0 1 1 0 0 0 0
0 0 0 V 1 1 0 0 0 0
0 0 0 0 1 1 0 0 V 0
0 0 0 0 1 1 0 0 0 0
0 V 0 0 1 1 0 0 0 0
0 0 0 0 1 1 0 0 0 0
0 0 0 0 V S S 0 0 0

5 Random Cell
0 0 0 L L L L 0 0 0
0 0 0 0 1 1 0 0 0 0
0 0 0 0 1 1 0 0 0 0
0 0 0 0 1 1 0 0 0 0
0 0 0 0 1 1 0 0 0 0
0 0 0 0 1 1 0 0 0 0
0 0 0 0 1 1 0 0 0 0
0 0 0 0 1 1 0 0 0 0
0 0 0 0 1 1 0 0 0 0
0 0 0 0 S S S 0 0 0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 L   L   L
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0
V   0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0
V   0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0
0.0 0.0 V   0.0 0.0 0.0 0.0 V   0.8 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 V   0.8 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.9 0.0
0.0 0.0 0.0 S   S   S   S   S   S   0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 L   L   L
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.9 0.0
0.0 0.0 0.0 S   S   S   S   S   S   0.0

0 L L V L L L 0 0 V
0 0 1 1 1 1 0 0 0 0
0 0 1 1 1 1 0 0 0 0
0 0 0 1 1 0 0 0 0 0
0 0 0 1 1 V 0 0 0 0
0 0 V 1 V 0 0 0 0 0
0 V 0 1 1 0 V 0 0 0
0 0 0 1 1 0 V 0 0 0
0 0 0 1 V 0 0 0 0 0
S S S S S S 0 0 0 0

10 Random Cell
0 L L L L L L 0 0 0
0 0 1 1 1 1 0 0 0 0
0 0 1 1 1 1 0 0 0 0
0 0 0 1 1 0 0 0 0 0
0 0 0 1 1 0 0 0 0 0
0 0 0 1 1 0 0 0 0 0
0 0 0 1 1 0 0 0 0 0
0 0 0 1 1 0 0 0 0 0
0 0 0 1 1 0 0 0 0 0
S S S S S S 0 0 0 0

0.0 0.0 V   0.0 L   L   V   L   L   L
0.0 0.0 0.0 0.0 0.0 0.3 0.4 0.3 V   0.0
0.0 0.0 0.0 0.0 0.0 0.1 0.4 0.4 0.1 0.0
0.0 0.0 V   0.0 0.0 0.0 0.4 0.4 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.4 V   0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.4 V   0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.4 0.0 0.0
0.0 0.0 0.0 0.0 0.0 V   V   0.4 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.4 V   0.0
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0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.4 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.4 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.4 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.4 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.4 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.4 0.0 0.0
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1 Random Cell

0.0 0.0 0.0 0.0 0.0 L   L   L   L   0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0
0.0 0.0 0.0 0.0 S   S   S   S   0.0 0.0
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0.0 0.0 0.3 0.4 0.4 0.3 0.0 0.0 0.0 0.0
0.0 0.0 0.1 0.4 0.4 0.1 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.4 0.4 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.4 0.4 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.4 0.4 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.4 0.4 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.4 0.4 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.4 0.4 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 S S S S S 0.0 0.0

0 L L L L L L L L 0
0 0 1 1 1 1 1 1 0 0
0 0 0 1 1 1 1 0 0 0
0 0 0 1 1 1 1 0 0 0
0 0 0 0 1 1 0 0 0 0
V V V V V V V V V V
0 0 0 0 1 1 0 0 0 0
0 0 0 0 1 1 1 1 0 0
0 0 0 0 0 1 1 1 1 0
0 0 0 0 0 0 S S S S

1 Random Row
0 L L L L L L L L 0
0 0 1 1 1 1 1 1 0 0
0 0 0 1 1 1 1 0 0 0
0 0 0 1 1 1 1 0 0 0
0 0 0 0 1 1 0 0 0 0
0 0 0 0 1 1 0 0 0 0
0 0 0 0 1 1 0 0 0 0
0 0 0 0 1 1 1 1 0 0
0 0 0 0 0 1 1 1 1 0
0 0 0 0 0 0 S S S S

0.0 L   L   L   L   L   L   0.0 0.0 0.0
0.0 0.0 0.3 0.4 0.4 0.3 0.0 0.0 0.0 0.0
0.0 0.0 0.1 0.4 0.4 0.1 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.4 0.4 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.4 0.4 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.4 0.4 0.0 0.0 0.0 0.0 0.0
V   V   V   V   V   V   V   V   V   V
0.0 0.0 0.0 0.4 0.4 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.4 0.4 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 S S S S S 0.0 0.0

L L L 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0
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0 1 0 0 0 0 0 0 0 0
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3 Random Row
L L L 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0
0 1 1 0 0 0 0 0 0 0
0 S S S S S S S S 0

0.0 0.0 0.0 0.0 0.0 L   L   L   L   0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0
V   V   V   V   V   V   V   V   V   V
V   V   V   V   V   V   V   V   V   V
0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0
V   V   V   V   V   V   V   V   V   V
0.0 0.0 0.0 0.0 S   S   S   S   0.0 0.0

0.0 L L L L L L 0.0 0.0 0.0
0.0 0.0 0.3 0.4 0.4 0.3 0.0 0.0 0.0 0.0
0.0 0.0 0.1 0.4 0.4 0.1 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.4 0.4 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.4 0.4 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.4 0.4 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.4 0.4 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.4 0.4 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.4 0.4 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 S S S S S 0.0 0.0

0 L L L L L L L L 0
0 0 1 1 1 1 1 1 0 0
0 0 0 1 1 1 1 0 0 0
0 0 0 1 1 1 1 0 0 0
0 0 0 0 1 1 0 0 0 0
V V V V V V V V V V
0 0 0 0 1 1 0 0 0 0
0 0 0 0 1 1 1 1 0 0
0 0 0 0 0 1 1 1 1 0
0 0 0 0 0 0 S S S S

1 Random Row
0 L L L L L L L L 0
0 0 1 1 1 1 1 1 0 0
0 0 0 1 1 1 1 0 0 0
0 0 0 1 1 1 1 0 0 0
0 0 0 0 1 1 0 0 0 0
0 0 0 0 1 1 0 0 0 0
0 0 0 0 1 1 0 0 0 0
0 0 0 0 1 1 1 1 0 0
0 0 0 0 0 1 1 1 1 0
0 0 0 0 0 0 S S S S

0.0 L   L   L   L   L   L   0.0 0.0 0.0
0.0 0.0 0.3 0.4 0.4 0.3 0.0 0.0 0.0 0.0
0.0 0.0 0.1 0.4 0.4 0.1 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.4 0.4 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.4 0.4 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.4 0.4 0.0 0.0 0.0 0.0 0.0
V   V   V   V   V   V   V   V   V   V
0.0 0.0 0.0 0.4 0.4 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.4 0.4 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 S S S S S 0.0 0.0

0.0 0.0 0.0 0.0 0.0 L   L   L   L   0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0
0.0 0.0 0.0 0.0 S   S   S   S   0.0 0.0

L L L 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0
V V V V V V V V V V
0 1 0 0 0 0 0 0 0 0
V V V V V V V V V V
0 1 0 0 0 0 0 0 0 0
V V V V V V V V V V
0 S S S S S S S S 0

3 Random Row
L L L 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0
0 1 1 0 0 0 0 0 0 0
0 S S S S S S S S 0

0.0 0.0 0.0 0.0 0.0 L   L   L   L   0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0
V   V   V   V   V   V   V   V   V   V
V   V   V   V   V   V   V   V   V   V
0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0
V   V   V   V   V   V   V   V   V   V
0.0 0.0 0.0 0.0 S   S   S   S   0.0 0.0

0.0 L   L   L   0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.8 0.1 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 S   S   S   S   S   S   S   0.0

0 0 0 0 0 V L L L 0
0 0 0 0 0 V 0 1 0 0
0 0 0 0 0 V 0 1 0 0
0 0 0 0 0 V 0 1 0 0
0 0 0 0 0 V 0 1 0 0
0 0 0 0 0 V 0 1 0 0
0 0 0 0 0 V 1 1 1 0
0 0 0 0 0 V 1 1 1 0
0 0 0 0 0 V 1 1 1 0
0 S S S S V S S S S

L   L   L   0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.7 0.6 0.5 0.2 0.0 0.0 0.0 0.0 0.0
0.0 0.0 S   S   S   S   S   S   S   S

1 Random Column
0 0 0 0 0 0 L L L 0
0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 1 1 1 0
0 0 0 0 0 0 1 1 1 0
0 0 0 0 0 0 1 1 1 0
0 S S S S S S S S S

L   L   L   0.0 0.0 0.0 V   0.0 0.0 0.0
0.0 0.6 0.0 0.0 0.0 0.0 V   0.0 0.0 0.0
0.0 0.7 0.0 0.0 0.0 0.0 V   0.0 0.0 0.0
0.0 0.7 0.0 0.0 0.0 0.0 V   0.0 0.0 0.0
0.0 0.7 0.0 0.0 0.0 0.0 V   0.0 0.0 0.0
0.0 0.6 0.0 0.0 0.0 0.0 V   0.0 0.0 0.0
0.0 0.6 0.0 0.0 0.0 0.0 V   0.0 0.0 0.0
0.0 0.7 0.0 0.0 0.0 0.0 V   0.0 0.0 0.0
0.0 0.7 0.6 0.5 0.2 0.0 V   0.0 0.0 0.0
0.0 0.0 S   S   S   S   V   S   S   S

0 V V 0 L V L L L 0
0 V V 0 0 V 1 1 0 0
0 V V 0 0 V 1 1 0 0
0 V V 0 0 V 1 0 0 0
0 V V 0 0 V 1 0 0 0
0 V V 0 0 V 1 0 0 0
0 V V 0 0 V 1 0 0 0
0 V V 0 0 V 1 0 0 0
0 V V 0 0 V 1 1 0 0
0 V V 0 S V S S S 0

3 Random Column
0 0 0 0 L L L L L 0
0 0 0 0 0 1 1 1 0 0
0 0 0 0 0 1 1 1 0 0
0 0 0 0 0 0 1 0 0 0
0 0 0 0 0 0 1 0 0 0
0 0 0 0 0 0 1 0 0 0
0 0 0 0 0 0 1 0 0 0
0 0 0 0 0 0 1 0 0 0
0 0 0 0 0 1 1 1 0 0
0 0 0 0 S S S S S 0

0.0 L   L   L   0.0 V   0.0 V   0.0 V
0.0 0.0 0.8 0.0 0.0 V   0.0 V   0.0 V
0.0 0.0 0.8 0.0 0.0 V   0.0 V   0.0 V
0.0 0.0 0.8 0.0 0.0 V   0.0 V   0.0 V
0.0 0.0 0.8 0.0 0.0 V   0.0 V   0.0 V
0.0 0.0 0.8 0.0 0.0 V   0.0 V   0.0 V
0.0 0.0 0.8 0.0 0.0 V   0.0 V   0.0 V
0.0 0.0 0.8 0.0 0.0 V   0.0 V   0.0 V
0.0 0.0 0.8 0.1 0.0 V   0.0 V   0.0 V
0.0 0.0 S   S   S   V   S   V   S   V

0 L L L L L 0 0 0 0
V V V V V V V V V V
V V V V V V V V V V
V V V V V V V V V V
V V V V V V V V V V
V V V V V V V V V V
V V V V V V V V V V
V V V V V V V V V V
V V V V V V V V V V
0 S S S S S S 0 0 0

0.0 L   L   L   L   L   L   L   L   L
0.0 0.0 0.2 0.3 0.0 0.3 0.0 0.3 0.2 0.0
0.0 0.0 0.0 0.4 0.2 0.3 0.2 0.4 0.0 0.0
0.0 0.0 0.0 0.2 0.4 0.0 0.4 0.2 0.0 0.0
0.0 0.0 0.0 0.0 0.4 0.0 0.4 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.2 0.5 0.2 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0
0.0 0.0 S   S   S   S   S   0.0 0.0 0.0

Full
0 L L L L L 0 0 0 0
0 0 1 1 1 0 0 0 0 0
0 0 1 1 1 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0
0 S S S S S S 0 0 0

0.0 L   L   L   L   L   L   L   L   L
V   V   V   V   V   V   V   V   V   V  
V   V   V   V   V   V   V   V   V   V   
V   V   V   V   V   V   V   V   V   V   
V   V   V   V   V   V   V   V   V   V   
V   V   V   V   V   V   V   V   V   V   
V   V   V   V   V   V   V   V   V   V   
V   V   V   V   V   V   V   V   V   V
V   V   V   V   V   V   V   V   V   V
0.0 0.0 S   S   S   S   S   0.0 0.0 0.0

Figure 2: Overview of task variations: predicting material distributions for N random cells, rows,
columns, or a full structure 3.
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You are given a structural material distribution represented as a grid. Each cell can have one of the following states:
- ‘L’ indicates applied load.
- ‘V’ indicates void.
- ‘S’ indicates support.

The goal is to predict the correct material distribution by filling in all {FILL_INSTRUCTION}, based on the surround-
ing structure and implicit physical reasoning (such as load paths, supports, and forces).

Important: The completed structure should use as little material as possible while remaining stable and plausible for 
carrying the applied forces. Minimize material usage unless necessary for structural support.

Below is the input grid with masked regions:

{GRID}

Please output the completed grid by replacing all {FILL_INSTRUCTION}.
Maintain the same format as the input: one row per line, cells separated by spaces, and the total number of rows 
and columns unchanged.
Return only the completed grid without any additional explanation.

‘V’ cells with either ‘1’
(solid) or ‘0’ (empty)

{FILL_INSTRUCTION}

‘V’ cells with a floating point number between 0 and 
1, with one decimal place (e.g., 0.0, 0.1, 0.2, ..., 1.0)

{FILL_INSTRUCTION}

0 0 L L L 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0
0 0 1 1 1 0 0 0 0 0
0 0 1 1 1 0 0 0 0 0
0 0 1 1 1 0 0 0 0 0
S S S S S S S S S 0

{GRID}

0.0 0.0 0.0 L   L   L   0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0
0.0 0.1 0.6 0.6 0.6 0.0 0.0 0.0 0.0 0.0
0.0 0.7 0.2 0.8 0.0 0.0 0.0 0.0 0.0 0.0
S   S   S   0.1 0.0 0.0 0.0 0.0 0.0 0.0

{GRID}

Difficulty: Easy Difficulty: HardPrompt Template:

Figure 3: Prompt template used across all tasks and difficulty levels, showing instructions and grid
format as served to models for evaluation.

Each subject is labeled with a difficulty level. In "easy" variants, the ground truth material distribution
is binary, focusing on high-level structural placement and discrete spatial reasoning. In "hard"
variants, the underlying distributions are continuous or involve more complex structural dependencies,
requiring finer-grained predictions and deeper reasoning about stress propagation and global support.
Please refer to Table 3 for our evaluation prompt template.

5 EVALUATION SETUP

5.1 EVALUATION METRICS

We evaluate model performance using three complementary metrics: Exact Match, Score, and
Normalized Score. These metrics are designed to capture both perfect completions and partial
correctness relative to the structural ground truth. Exact Match is a binary metric indicating whether
the model’s output exactly matches the ground truth in all masked regions. A prediction receives
an Exact Match score of 1 if no errors are present, and 0 otherwise. Score quantifies how close the
predicted output is to the ground truth, relative to the number of differences between the raw input
and the ground truth. Specifically, it is computed as the proportion of masked region errors corrected
by the model:

Score = 1− differences count between model output and ground truth
differences count between input and ground truth

A score of 1 indicates a perfect correction of all masked regions, while a score below 0 implies that
the model introduced more errors than it corrected. Normalized Score is a clipped version of Score,
with a lower bound of 0, ensuring interpretability on a [0, 1] scale even when the model degrades the
input:

Normalized Score = max(0,Score).

Together, these metrics capture whether a model achieves perfect reconstruction, how effectively
it improves over the incomplete input, and how reliably it avoids introducing additional errors. In
addition to these quantitative metrics, we also perform qualitative analysis by visually inspecting
predicted outputs for structural plausibility, focusing on factors such as load path continuity, material
efficiency, and connectivity.

5.2 EXPERIMENTS

To establish baseline performance, we evaluate a broad set of contemporary language models in a zero-
shot setting. From OpenAI, we include GPT-3.5 Brown et al. (2020), GPT-4.1 OpenAI et al. (2024a),
and GPT-4o OpenAI et al. (2024b), representing successive generations with improved reasoning and
multimodal capabilities. From Anthropic, we test Claude 3.7 Sonnet anthropic (2025a) and Claude
Opus 4 anthropic (2025b), the strongest in the Claude family. From Google DeepMind, we include
Gemini 1.5 Pro Team et al. (2024) and Gemini 2.5 Pro Comanici et al. (2025), designed for complex
multimodal reasoning. We also assess DeepSeek-R1 DeepSeek-AI et al. (2025), an open-source
model for scientific and engineering tasks, and Perplexity Sonar Team (2025a) and Sonar Reasoning
Team (2025b), tuned for information-seeking and multi-step reasoning. Models are prompted (G)
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with structured descriptions of boundary conditions, forces, and supports, without simulation tools or
external knowledge. A balanced subset of 100 examples spanning all task variations is used, and all
models are evaluated under identical conditions via publicly available APIs (Table 4). Performance is
measured using the metrics defined in Section 5.1.

6 RESULTS AND ANALYSIS

6.1 QUANTITATIVE RESULTS

Table 2: Exact Match, Overlap- and Normalized Overlap-Score across all difficulties, tasks and
models.

Task Metric GPT 3.5 Turbo GPT 4.1 GPT 4o Claude 3.7 Sonnet Claude Opus 4 Gemini 1.5 Pro Gemini 2.5 Pro DeepSeek-R1 Perplexity Sonar Perplexity Sonar Reasoning

Difficulty: Easy

1 Random Cell Exact Match 37 26 1 75 82 65 38 58 49 0
Score -232.00 26.00 -1450.00 62.00 82.00 65.00 -702.00 58.00 -116.00 -4947.00
Normalized Score 37.00 26.00 1.00 75.00 82.00 65.00 38.00 58.00 49.00 0.00

5 Random Cells Exact Match 3 1 0 21 45 23 18 15 6 0
Score -25.77 23.45 -244.63 67.07 84.27 68.07 -61.32 60.30 -123.27 -917.05
Normalized Score 20.85 23.65 0.80 67.07 84.27 68.07 39.15 60.30 35.25 0.00

10 Random Cells Exact Match 0 0 0 4 15 3 8 2 1 0
Score 6.48 27.36 -111.70 63.27 78.72 66.03 12.23 58.66 20.72 -437.93
Normalized Score 21.95 27.36 0.66 63.27 78.72 66.03 44.21 58.86 49.52 0.00

1 Random Row Exact Match 12 20 4 40 52 40 30 14 20 0
Score 19.40 75.50 -61.50 87.50 90.50 87.20 41.20 54.40 -7.10 -414.50
Normalized Score 36.30 75.50 12.90 87.50 90.50 87.20 61.00 54.40 57.60 0.00

3 Random Rows Exact Match 1 6 3 18 35 34 29 20 24 0
Score 28.55 74.88 22.57 87.88 92.45 90.67 89.73 73.80 83.13 -107.43
Normalized Score 34.60 74.88 30.45 87.88 92.45 90.67 89.73 73.80 83.13 0.00

1 Random Column Exact Match 9 0 0 10 23 12 26 8 12 0
Score 25.20 15.70 -102.50 34.80 68.50 50.60 69.10 37.20 47.60 -407.00
Normalized Score 41.30 16.50 2.30 34.80 68.50 50.70 71.60 37.50 49.30 0.00

3 Random Columns Exact Match 2 1 0 3 5 4 3 2 1 0
Score 36.08 41.57 19.45 60.50 74.05 67.73 69.08 51.13 53.53 -99.65
Normalized Score 40.25 41.57 26.07 60.50 74.05 67.73 69.73 51.13 54.82 0.00

Full Exact Match 0 0 0 0 0 0 0 0 0 0
Score 46.56 64.69 57.81 63.39 70.09 75.74 71.59 48.49 57.83 37.49
Normalized Score 46.56 64.69 57.81 63.39 70.09 75.74 71.59 48.49 57.83 37.49

Average Exact Match 8.00 6.75 1.00 21.38 32.12 22.62 19.00 14.88 14.12 0.00
Score -11.94 43.64 -233.81 65.80 80.07 71.38 -51.30 55.25 2.06 -911.63
Normalized Score 34.85 43.77 16.50 67.43 80.07 71.39 60.63 55.31 54.56 4.69

Difficulty: Hard

1 Random Cell Exact Match 0 13 0 39 76 65 75 37 14 0
Score -1072.00 13.00 -1852.00 39.00 73.00 65.00 33.00 -6.00 -405.00 -4855.00
Normalized Score 0.00 13.00 0.00 39.00 76.00 65.00 75.00 37.00 14.00 0.00

5 Random Cells Exact Match 0 0 0 2 38 22 37 15 2 0
Score -405.65 3.80 -393.75 19.30 81.20 67.30 76.65 40.60 -99.55 -939.90
Normalized Score 0.85 4.60 0.00 19.30 81.20 67.70 77.85 48.40 17.05 0.00

10 Random Cells Exact Match 0 0 0 0 13 3 14 3 0 0
Score -235.86 3.26 -178.26 17.35 77.61 64.87 75.97 49.09 -65.35 -429.75
Normalized Score 0.11 3.67 0.43 17.35 77.61 65.32 75.97 52.29 17.03 0.00

1 Random Row Exact Match 0 2 0 12 48 36 46 33 7 0
Score -174.30 39.10 -136.50 64.80 85.00 80.50 79.80 79.60 21.30 -400.80
Normalized Score 2.30 40.10 2.40 65.00 85.00 80.50 79.80 79.60 43.20 0.00

3 Random Rows Exact Match 0 0 0 6 21 11 12 17 1 0
Score -45.00 29.85 -25.55 62.48 81.85 73.07 77.83 76.88 44.18 -95.22
Normalized Score 5.92 30.30 6.15 62.48 81.85 73.07 77.83 76.88 44.68 0.00

1 Random Column Exact Match 0 0 0 7 21 11 26 15 3 0
Score -174.10 1.70 -161.30 18.60 54.20 44.60 60.30 46.80 -2.00 -406.70
Normalized Score 2.00 3.00 1.70 18.60 54.30 46.80 60.30 47.90 11.80 0.00

3 Random Columns Exact Match 0 0 0 3 7 5 3 5 2 0
Score -54.05 4.97 -34.48 36.80 69.00 60.98 58.02 62.28 21.35 -94.25
Normalized Score 3.57 5.17 3.33 37.03 69.00 61.33 58.02 64.33 24.95 0.00

Full Exact Match 0 0 0 0 0 0 0 0 0 0
Score 10.93 16.96 9.21 30.09 49.34 51.70 40.48 37.19 28.66 37.34
Normalized Score 11.05 16.96 11.10 30.29 49.34 51.70 40.56 37.41 28.90 37.34

Average Exact Match 0.00 1.88 0.00 8.62 28.00 19.12 26.62 15.62 3.62 0.00
Score -268.75 14.08 -346.58 36.05 71.40 63.50 62.76 48.31 -57.05 -898.03
Normalized Score 3.22 14.60 3.14 36.13 71.79 63.93 68.17 55.48 25.20 4.67

Overall Average Exact Match 4.00 4.31 0.50 15.00 30.06 20.88 22.81 15.25 8.88 0.00
Score -140.35 28.86 -290.20 50.93 75.74 67.44 5.73 51.78 -27.50 -904.83
Normalized Score 19.04 29.18 9.82 51.78 75.93 67.66 64.40 55.39 39.88 4.68
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Figure 4: Exact Match, Overlap- and Normalized Overlap-Score plot for easy (top) and hard (bottom)
difficulty across all tasks and models.
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We evaluate model performance using Exact Match, Score, and Normalized Score (Section 5.1).
Results show that performance generally decreases with task difficulty, with "easy" tasks yielding
higher scores than "hard" ones. Exact matches are rare, but moderate Normalized Scores indicate
that models often make meaningful partial corrections. Localized tasks, such as single-cell or row
completions, are consistently easier than full-structure prediction, which remains highly challenging
for all models. Row tasks tend to outperform column tasks, suggesting directional bias or easier
contextual inference. Overall, current LLMs show limited ability to reason about global structure
and physical constraints, though some local spatial reasoning is evident, especially in simpler
scenarios. In addition to the zero-shot evaluations reported here, we conducted supplementary
few-shot experiments, the results of which are provided in Appendix E.

6.1.1 ROTATION EXPERIMENTS
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Figure 5: Claude Opus 4 performance on rotated setups (load left, support right) compared to the
default top-bottom configuration for easy (top) and hard (bottom) difficulty across all tasks. Results
for additional models are in the Appendix D.

We introduce a rotated setup with the load placed on the left and the support on the right to examine
whether differences between row and column tasks arise from task structure or model bias. GPT-4.1,
Claude Opus 4, Gemini 2.5 Pro, DeepSeek R-1, and Perplexity Sonar were evaluated on a subset of
easy tasks and compared with the default top–bottom setup. To extend the analysis, the full task set
was then run with Claude Opus 4, the strongest model under rotation (Figure 5). Additional plots and
tables for other models can be found in Appendix D. Furthermore, we provide a complete prompt
and completion sample in the Appendix D.1.

6.1.2 PHYSICS-ENHANCED AND -NEUTRAL PROMPT EXPERIMENTS
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Figure 6: Gemini 2.5 Pro under default, physics-enhanced, and -neutral prompts; easy (top) and hard
(bottom) across all tasks. See Appendix F for results table.

We investigated the role of prompt design by comparing physics-enriched and physics-neutral
formulations. In the physics-enhanced setting, prompts were augmented with terminology from
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structural mechanics. This improved performance on easier tasks with limited masking but led to
underperformance on more challenging tasks relative to the default prompt. In the physics-neutral
setting, all physics-related descriptions were removed, isolating spatial reasoning. Results from this
setup provide a counterpoint to the physics-enhanced variant and help decouple spatial from physical
contributions to model performance.

Figure 6 illustrates these effects for Gemini 2.5 Pro across default, physics-enhanced, and physics-
neutral prompts, highlighting the trade-off between easier and harder task performance. Physics-
neutral and -enhanced prompt and completion samples are provided in Appendix F.1 and F.2,
respectively.

6.2 QUALITATIVE RESULTS

To complement the quantitative evaluation, we analyze model outputs qualitatively by inspecting
predicted material distributions for different task variations. Successful completions typically show
structurally plausible material layouts that connect supports to load points while maintaining conti-
nuity across the domain. In easier tasks, especially random cell and line completions, models often
correctly infer local material presence based on nearby context. Notably, while Gemini 2.5 Pro
ranks first in overall performance on overall tasks, it frequently modifies the existing (non-masked)
structure more than necessary, indicating a tendency to overwrite rather than extend the original
design. However, we observe several common failure modes across models: they sometimes predict
disconnected structures, resulting in isolated material islands that would not carry load effectively;
they may also overbuild regions, producing dense material clusters without regard to force flow; and,
particularly in hard and 3D tasks, they frequently underbuild or omit critical connections, failing to
maintain continuous paths from force application points to supports. Representative examples of
model successes and failures can be found in the Appendix G.

7 DISCUSSION

The quantitative and qualitative results highlight key challenges for large language models in spatial
and physical reasoning tasks. While models demonstrate some ability to predict local material
placements in simple scenarios, performance drops significantly for harder masked completions and
full structure predictions. Typical errors, such as disconnected or overbuilt regions, suggest that
current LLMs struggle to internalize fundamental physical concepts like load path continuity and
material efficiency without explicit simulation or physics grounding. Rotation experiments confirmed
that such limitations persist even when load and support orientations are reversed, indicating that
row–column differences reflect deeper reasoning challenges rather than simple directional bias.
Prompt experiments further showed that physics-enriched wording can improve performance on
easier tasks but not on harder ones, while physics-neutral prompts perform comparably to the default,
suggesting that models rely partly on surface cues without deeper grounding. Together, these findings
underscore the value of SPhyR as a benchmark: it highlights the gap between the linguistic strengths
of LLMs and their limited ability to reason about structured, physics-governed contexts.

8 CONCLUSION

We introduce a new benchmark for evaluating the spatial and physical reasoning abilities of large
language models, based on topology optimization tasks in the 2D domain. Our dataset requires
models to infer plausible material distributions given only forces, supports, and boundary conditions,
presenting a structured and physically grounded reasoning challenge. Through quantitative and
qualitative analyses, we show that current LLMs, despite strong general reasoning capabilities,
struggle with tasks requiring physical intuition and structural coherence. Our results highlight an
important gap between language-based reasoning and physical-spatial understanding. Looking ahead,
future work could expand the benchmark by increasing the grid size beyond the current 10 × 10
resolution and by extending tasks from the 2D to the 3D domain. A small set of 3D samples are
available in Appendix C and in our GitHub repository, offering an initial starting point for extensions
into 3D tasks. We hope this benchmark inspires further research at the intersection of machine
reasoning, physical simulation, and structural design, pushing models toward deeper generalization
beyond text and logic alone.
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Rogozińska, Justin Fu, Thanumalayan Sankaranarayana Pillai, Petar Veličković, Shahar Drath,
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Velimirović, Sashank Reddi, Susanna Ricco, Eirikur Agustsson, Hartwig Adam, Nir Levine, David
Gaddy, Dan Holtmann-Rice, Xuanhui Wang, Ashutosh Sathe, Abhijit Guha Roy, Blaž Bratanič,
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Winkler, Jonathan Caton, Andrew Brock, Sid Dalmia, Hannah Sheahan, Iain Barr, Yingjie Miao,
Paul Natsev, Jacob Devlin, Feryal Behbahani, Flavien Prost, Yanhua Sun, Artiom Myaskovsky,
Thanumalayan Sankaranarayana Pillai, Dan Hurt, Angeliki Lazaridou, Xi Xiong, Ce Zheng, Fabio
Pardo, Xiaowei Li, Dan Horgan, Joe Stanton, Moran Ambar, Fei Xia, Alejandro Lince, Mingqiu
Wang, Basil Mustafa, Albert Webson, Hyo Lee, Rohan Anil, Martin Wicke, Timothy Dozat,
Abhishek Sinha, Enrique Piqueras, Elahe Dabir, Shyam Upadhyay, Anudhyan Boral, Lisa Anne
Hendricks, Corey Fry, Josip Djolonga, Yi Su, Jake Walker, Jane Labanowski, Ronny Huang, Vedant
Misra, Jeremy Chen, R. J. Skerry-Ryan, Avi Singh, Shruti Rijhwani, Dian Yu, Alex Castro-Ros,
Beer Changpinyo, Romina Datta, Sumit Bagri, Arnar Mar Hrafnkelsson, Marcello Maggioni,
Daniel Zheng, Yury Sulsky, Shaobo Hou, Tom Le Paine, Antoine Yang, Jason Riesa, Dominika
Rogozinska, Dror Marcus, Dalia El Badawy, Qiao Zhang, Luyu Wang, Helen Miller, Jeremy
Greer, Lars Lowe Sjos, Azade Nova, Heiga Zen, Rahma Chaabouni, Mihaela Rosca, Jiepu Jiang,
Charlie Chen, Ruibo Liu, Tara Sainath, Maxim Krikun, Alex Polozov, Jean-Baptiste Lespiau,
Josh Newlan, Zeyncep Cankara, Soo Kwak, Yunhan Xu, Phil Chen, Andy Coenen, Clemens
Meyer, Katerina Tsihlas, Ada Ma, Juraj Gottweis, Jinwei Xing, Chenjie Gu, Jin Miao, Christian
Frank, Zeynep Cankara, Sanjay Ganapathy, Ishita Dasgupta, Steph Hughes-Fitt, Heng Chen,
David Reid, Keran Rong, Hongmin Fan, Joost van Amersfoort, Vincent Zhuang, Aaron Cohen,
Shixiang Shane Gu, Anhad Mohananey, Anastasija Ilic, Taylor Tobin, John Wieting, Anna Bortsova,
Phoebe Thacker, Emma Wang, Emily Caveness, Justin Chiu, Eren Sezener, Alex Kaskasoli,
Steven Baker, Katie Millican, Mohamed Elhawaty, Kostas Aisopos, Carl Lebsack, Nathan Byrd,
Hanjun Dai, Wenhao Jia, Matthew Wiethoff, Elnaz Davoodi, Albert Weston, Lakshman Yagati,
Arun Ahuja, Isabel Gao, Golan Pundak, Susan Zhang, Michael Azzam, Khe Chai Sim, Sergi
Caelles, James Keeling, Abhanshu Sharma, Andy Swing, YaGuang Li, Chenxi Liu, Carrie Grimes
Bostock, Yamini Bansal, Zachary Nado, Ankesh Anand, Josh Lipschultz, Abhijit Karmarkar,
Lev Proleev, Abe Ittycheriah, Soheil Hassas Yeganeh, George Polovets, Aleksandra Faust, Jiao
Sun, Alban Rrustemi, Pen Li, Rakesh Shivanna, Jeremiah Liu, Chris Welty, Federico Lebron,
Anirudh Baddepudi, Sebastian Krause, Emilio Parisotto, Radu Soricut, Zheng Xu, Dawn Bloxwich,
Melvin Johnson, Behnam Neyshabur, Justin Mao-Jones, Renshen Wang, Vinay Ramasesh, Zaheer
Abbas, Arthur Guez, Constant Segal, Duc Dung Nguyen, James Svensson, Le Hou, Sarah York,
Kieran Milan, Sophie Bridgers, Wiktor Gworek, Marco Tagliasacchi, James Lee-Thorp, Michael
Chang, Alexey Guseynov, Ale Jakse Hartman, Michael Kwong, Ruizhe Zhao, Sheleem Kashem,

23



1242
1243
1244
1245
1246
1247
1248
1249
1250
1251
1252
1253
1254
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264
1265
1266
1267
1268
1269
1270
1271
1272
1273
1274
1275
1276
1277
1278
1279
1280
1281
1282
1283
1284
1285
1286
1287
1288
1289
1290
1291
1292
1293
1294
1295

Under review as a conference paper at ICLR 2026

Elizabeth Cole, Antoine Miech, Richard Tanburn, Mary Phuong, Filip Pavetic, Sebastien Cevey,
Ramona Comanescu, Richard Ives, Sherry Yang, Cosmo Du, Bo Li, Zizhao Zhang, Mariko Iinuma,
Clara Huiyi Hu, Aurko Roy, Shaan Bijwadia, Zhenkai Zhu, Danilo Martins, Rachel Saputro, Anita
Gergely, Steven Zheng, Dawei Jia, Ioannis Antonoglou, Adam Sadovsky, Shane Gu, Yingying
Bi, Alek Andreev, Sina Samangooei, Mina Khan, Tomas Kocisky, Angelos Filos, Chintu Kumar,
Colton Bishop, Adams Yu, Sarah Hodkinson, Sid Mittal, Premal Shah, Alexandre Moufarek, Yong
Cheng, Adam Bloniarz, Jaehoon Lee, Pedram Pejman, Paul Michel, Stephen Spencer, Vladimir
Feinberg, Xuehan Xiong, Nikolay Savinov, Charlotte Smith, Siamak Shakeri, Dustin Tran, Mary
Chesus, Bernd Bohnet, George Tucker, Tamara von Glehn, Carrie Muir, Yiran Mao, Hideto Kazawa,
Ambrose Slone, Kedar Soparkar, Disha Shrivastava, James Cobon-Kerr, Michael Sharman, Jay
Pavagadhi, Carlos Araya, Karolis Misiunas, Nimesh Ghelani, Michael Laskin, David Barker,
Qiujia Li, Anton Briukhov, Neil Houlsby, Mia Glaese, Balaji Lakshminarayanan, Nathan Schucher,
Yunhao Tang, Eli Collins, Hyeontaek Lim, Fangxiaoyu Feng, Adria Recasens, Guangda Lai,
Alberto Magni, Nicola De Cao, Aditya Siddhant, Zoe Ashwood, Jordi Orbay, Mostafa Dehghani,
Jenny Brennan, Yifan He, Kelvin Xu, Yang Gao, Carl Saroufim, James Molloy, Xinyi Wu, Seb
Arnold, Solomon Chang, Julian Schrittwieser, Elena Buchatskaya, Soroush Radpour, Martin
Polacek, Skye Giordano, Ankur Bapna, Simon Tokumine, Vincent Hellendoorn, Thibault Sottiaux,
Sarah Cogan, Aliaksei Severyn, Mohammad Saleh, Shantanu Thakoor, Laurent Shefey, Siyuan
Qiao, Meenu Gaba, Shuo-yiin Chang, Craig Swanson, Biao Zhang, Benjamin Lee, Paul Kishan
Rubenstein, Gan Song, Tom Kwiatkowski, Anna Koop, Ajay Kannan, David Kao, Parker Schuh,
Axel Stjerngren, Golnaz Ghiasi, Gena Gibson, Luke Vilnis, Ye Yuan, Felipe Tiengo Ferreira,
Aishwarya Kamath, Ted Klimenko, Ken Franko, Kefan Xiao, Indro Bhattacharya, Miteyan Patel,
Rui Wang, Alex Morris, Robin Strudel, Vivek Sharma, Peter Choy, Sayed Hadi Hashemi, Jessica
Landon, Mara Finkelstein, Priya Jhakra, Justin Frye, Megan Barnes, Matthew Mauger, Dennis
Daun, Khuslen Baatarsukh, Matthew Tung, Wael Farhan, Henryk Michalewski, Fabio Viola, Felix
de Chaumont Quitry, Charline Le Lan, Tom Hudson, Qingze Wang, Felix Fischer, Ivy Zheng,
Elspeth White, Anca Dragan, Jean-baptiste Alayrac, Eric Ni, Alexander Pritzel, Adam Iwanicki,
Michael Isard, Anna Bulanova, Lukas Zilka, Ethan Dyer, Devendra Sachan, Srivatsan Srinivasan,
Hannah Muckenhirn, Honglong Cai, Amol Mandhane, Mukarram Tariq, Jack W. Rae, Gary Wang,
Kareem Ayoub, Nicholas FitzGerald, Yao Zhao, Woohyun Han, Chris Alberti, Dan Garrette,
Kashyap Krishnakumar, Mai Gimenez, Anselm Levskaya, Daniel Sohn, Josip Matak, Inaki Iturrate,
Michael B. Chang, Jackie Xiang, Yuan Cao, Nishant Ranka, Geoff Brown, Adrian Hutter, Vahab
Mirrokni, Nanxin Chen, Kaisheng Yao, Zoltan Egyed, Francois Galilee, Tyler Liechty, Praveen
Kallakuri, Evan Palmer, Sanjay Ghemawat, Jasmine Liu, David Tao, Chloe Thornton, Tim Green,
Mimi Jasarevic, Sharon Lin, Victor Cotruta, Yi-Xuan Tan, Noah Fiedel, Hongkun Yu, Ed Chi,
Alexander Neitz, Jens Heitkaemper, Anu Sinha, Denny Zhou, Yi Sun, Charbel Kaed, Brice Hulse,
Swaroop Mishra, Maria Georgaki, Sneha Kudugunta, Clement Farabet, Izhak Shafran, Daniel
Vlasic, Anton Tsitsulin, Rajagopal Ananthanarayanan, Alen Carin, Guolong Su, Pei Sun, Shashank
V, Gabriel Carvajal, Josef Broder, Iulia Comsa, Alena Repina, William Wong, Warren Weilun Chen,
Peter Hawkins, Egor Filonov, Lucia Loher, Christoph Hirnschall, Weiyi Wang, Jingchen Ye, Andrea
Burns, Hardie Cate, Diana Gage Wright, Federico Piccinini, Lei Zhang, Chu-Cheng Lin, Ionel
Gog, Yana Kulizhskaya, Ashwin Sreevatsa, Shuang Song, Luis C. Cobo, Anand Iyer, Chetan Tekur,
Guillermo Garrido, Zhuyun Xiao, Rupert Kemp, Huaixiu Steven Zheng, Hui Li, Ananth Agarwal,
Christel Ngani, Kati Goshvadi, Rebeca Santamaria-Fernandez, Wojciech Fica, Xinyun Chen,
Chris Gorgolewski, Sean Sun, Roopal Garg, Xinyu Ye, S. M. Ali Eslami, Nan Hua, Jon Simon,
Pratik Joshi, Yelin Kim, Ian Tenney, Sahitya Potluri, Lam Nguyen Thiet, Quan Yuan, Florian
Luisier, Alexandra Chronopoulou, Salvatore Scellato, Praveen Srinivasan, Minmin Chen, Vinod
Koverkathu, Valentin Dalibard, Yaming Xu, Brennan Saeta, Keith Anderson, Thibault Sellam,
Nick Fernando, Fantine Huot, Junehyuk Jung, Mani Varadarajan, Michael Quinn, Amit Raul,
Maigo Le, Ruslan Habalov, Jon Clark, Komal Jalan, Kalesha Bullard, Achintya Singhal, Thang
Luong, Boyu Wang, Sujeevan Rajayogam, Julian Eisenschlos, Johnson Jia, Daniel Finchelstein,
Alex Yakubovich, Daniel Balle, Michael Fink, Sameer Agarwal, Jing Li, Dj Dvijotham, Shalini
Pal, Kai Kang, Jaclyn Konzelmann, Jennifer Beattie, Olivier Dousse, Diane Wu, Remi Crocker,
Chen Elkind, Siddhartha Reddy Jonnalagadda, Jong Lee, Dan Holtmann-Rice, Krystal Kallarackal,
Rosanne Liu, Denis Vnukov, Neera Vats, Luca Invernizzi, Mohsen Jafari, Huanjie Zhou, Lilly
Taylor, Jennifer Prendki, Marcus Wu, Tom Eccles, Tianqi Liu, Kavya Kopparapu, Francoise
Beaufays, Christof Angermueller, Andreea Marzoca, Shourya Sarcar, Hilal Dib, Jeff Stanway,
Frank Perbet, Nejc Trdin, Rachel Sterneck, Andrey Khorlin, Dinghua Li, Xihui Wu, Sonam Goenka,
David Madras, Sasha Goldshtein, Willi Gierke, Tong Zhou, Yaxin Liu, Yannie Liang, Anais White,

24



1296
1297
1298
1299
1300
1301
1302
1303
1304
1305
1306
1307
1308
1309
1310
1311
1312
1313
1314
1315
1316
1317
1318
1319
1320
1321
1322
1323
1324
1325
1326
1327
1328
1329
1330
1331
1332
1333
1334
1335
1336
1337
1338
1339
1340
1341
1342
1343
1344
1345
1346
1347
1348
1349

Under review as a conference paper at ICLR 2026

Yunjie Li, Shreya Singh, Sanaz Bahargam, Mark Epstein, Sujoy Basu, Li Lao, Adnan Ozturel, Carl
Crous, Alex Zhai, Han Lu, Zora Tung, Neeraj Gaur, Alanna Walton, Lucas Dixon, Ming Zhang,
Amir Globerson, Grant Uy, Andrew Bolt, Olivia Wiles, Milad Nasr, Ilia Shumailov, Marco Selvi,
Francesco Piccinno, Ricardo Aguilar, Sara McCarthy, Misha Khalman, Mrinal Shukla, Vlado Galic,
John Carpenter, Kevin Villela, Haibin Zhang, Harry Richardson, James Martens, Matko Bosnjak,
Shreyas Rammohan Belle, Jeff Seibert, Mahmoud Alnahlawi, Brian McWilliams, Sankalp Singh,
Annie Louis, Wen Ding, Dan Popovici, Lenin Simicich, Laura Knight, Pulkit Mehta, Nishesh
Gupta, Chongyang Shi, Saaber Fatehi, Jovana Mitrovic, Alex Grills, Joseph Pagadora, Tsendsuren
Munkhdalai, Dessie Petrova, Danielle Eisenbud, Zhishuai Zhang, Damion Yates, Bhavishya
Mittal, Nilesh Tripuraneni, Yannis Assael, Thomas Brovelli, Prateek Jain, Mihajlo Velimirovic,
Canfer Akbulut, Jiaqi Mu, Wolfgang Macherey, Ravin Kumar, Jun Xu, Haroon Qureshi, Gheorghe
Comanici, Jeremy Wiesner, Zhitao Gong, Anton Ruddock, Matthias Bauer, Nick Felt, Anirudh
GP, Anurag Arnab, Dustin Zelle, Jonas Rothfuss, Bill Rosgen, Ashish Shenoy, Bryan Seybold,
Xinjian Li, Jayaram Mudigonda, Goker Erdogan, Jiawei Xia, Jiri Simsa, Andrea Michi, Yi Yao,
Christopher Yew, Steven Kan, Isaac Caswell, Carey Radebaugh, Andre Elisseeff, Pedro Valenzuela,
Kay McKinney, Kim Paterson, Albert Cui, Eri Latorre-Chimoto, Solomon Kim, William Zeng, Ken
Durden, Priya Ponnapalli, Tiberiu Sosea, Christopher A. Choquette-Choo, James Manyika, Brona
Robenek, Harsha Vashisht, Sebastien Pereira, Hoi Lam, Marko Velic, Denese Owusu-Afriyie,
Katherine Lee, Tolga Bolukbasi, Alicia Parrish, Shawn Lu, Jane Park, Balaji Venkatraman, Alice
Talbert, Lambert Rosique, Yuchung Cheng, Andrei Sozanschi, Adam Paszke, Praveen Kumar,
Jessica Austin, Lu Li, Khalid Salama, Bartek Perz, Wooyeol Kim, Nandita Dukkipati, Anthony
Baryshnikov, Christos Kaplanis, XiangHai Sheng, Yuri Chervonyi, Caglar Unlu, Diego de Las
Casas, Harry Askham, Kathryn Tunyasuvunakool, Felix Gimeno, Siim Poder, Chester Kwak,
Matt Miecnikowski, Vahab Mirrokni, Alek Dimitriev, Aaron Parisi, Dangyi Liu, Tomy Tsai, Toby
Shevlane, Christina Kouridi, Drew Garmon, Adrian Goedeckemeyer, Adam R. Brown, Anitha
Vijayakumar, Ali Elqursh, Sadegh Jazayeri, Jin Huang, Sara Mc Carthy, Jay Hoover, Lucy Kim,
Sandeep Kumar, Wei Chen, Courtney Biles, Garrett Bingham, Evan Rosen, Lisa Wang, Qijun Tan,
David Engel, Francesco Pongetti, Dario de Cesare, Dongseong Hwang, Lily Yu, Jennifer Pullman,
Srini Narayanan, Kyle Levin, Siddharth Gopal, Megan Li, Asaf Aharoni, Trieu Trinh, Jessica Lo,
Norman Casagrande, Roopali Vij, Loic Matthey, Bramandia Ramadhana, Austin Matthews, C. J.
Carey, Matthew Johnson, Kremena Goranova, Rohin Shah, Shereen Ashraf, Kingshuk Dasgupta,
Rasmus Larsen, Yicheng Wang, Manish Reddy Vuyyuru, Chong Jiang, Joana Ijazi, Kazuki Osawa,
Celine Smith, Ramya Sree Boppana, Taylan Bilal, Yuma Koizumi, Ying Xu, Yasemin Altun, Nir
Shabat, Ben Bariach, Alex Korchemniy, Kiam Choo, Olaf Ronneberger, Chimezie Iwuanyanwu,
Shubin Zhao, David Soergel, Cho-Jui Hsieh, Irene Cai, Shariq Iqbal, Martin Sundermeyer, Zhe
Chen, Elie Bursztein, Chaitanya Malaviya, Fadi Biadsy, Prakash Shroff, Inderjit Dhillon, Tejasi
Latkar, Chris Dyer, Hannah Forbes, Massimo Nicosia, Vitaly Nikolaev, Somer Greene, Marin
Georgiev, Pidong Wang, Nina Martin, Hanie Sedghi, John Zhang, Praseem Banzal, Doug Fritz,
Vikram Rao, Xuezhi Wang, Jiageng Zhang, Viorica Patraucean, Dayou Du, Igor Mordatch, Ivan
Jurin, Lewis Liu, Ayush Dubey, Abhi Mohan, Janek Nowakowski, Vlad-Doru Ion, Nan Wei, Reiko
Tojo, Maria Abi Raad, Drew A. Hudson, Vaishakh Keshava, Shubham Agrawal, Kevin Ramirez,
Zhichun Wu, Hoang Nguyen, Ji Liu, Madhavi Sewak, Bryce Petrini, DongHyun Choi, Ivan Philips,
Ziyue Wang, Ioana Bica, Ankush Garg, Jarek Wilkiewicz, Priyanka Agrawal, Xiaowei Li, Danhao
Guo, Emily Xue, Naseer Shaik, Andrew Leach, Sadh MNM Khan, Julia Wiesinger, Sammy Jerome,
Abhishek Chakladar, Alek Wenjiao Wang, Tina Ornduff, Folake Abu, Alireza Ghaffarkhah, Marcus
Wainwright, Mario Cortes, Frederick Liu, Joshua Maynez, Andreas Terzis, Pouya Samangouei,
Riham Mansour, Tomasz Kępa, François-Xavier Aubet, Anton Algymr, Dan Banica, Agoston
Weisz, Andras Orban, Alexandre Senges, Ewa Andrejczuk, Mark Geller, Niccolo Dal Santo,
Valentin Anklin, Majd Al Merey, Martin Baeuml, Trevor Strohman, Junwen Bai, Slav Petrov,
Yonghui Wu, Demis Hassabis, Koray Kavukcuoglu, Jeff Dean, and Oriol Vinyals. Gemini 1.5:
Unlocking multimodal understanding across millions of tokens of context, December 2024. URL
http://arxiv.org/abs/2403.05530. arXiv:2403.05530 [cs].

Perplexity Team. Meet new Sonar: A Blazing Fast Model Optimized for Perplexity Search, February
2025a. URL https://www.perplexity.ai/hub.

Perplexity Team. RL Training For Math Reasoning, May 2025b. URL https://www.
perplexity.ai/hub.

25

http://arxiv.org/abs/2403.05530
https://www.perplexity.ai/hub
https://www.perplexity.ai/hub
https://www.perplexity.ai/hub


1350
1351
1352
1353
1354
1355
1356
1357
1358
1359
1360
1361
1362
1363
1364
1365
1366
1367
1368
1369
1370
1371
1372
1373
1374
1375
1376
1377
1378
1379
1380
1381
1382
1383
1384
1385
1386
1387
1388
1389
1390
1391
1392
1393
1394
1395
1396
1397
1398
1399
1400
1401
1402
1403

Under review as a conference paper at ICLR 2026

Kexin Yi, Chuang Gan, Yunzhu Li, Pushmeet Kohli, Jiajun Wu, Antonio Torralba, and Joshua B.
Tenenbaum. CLEVRER: CoLlision Events for Video REpresentation and Reasoning, March 2020.
URL http://arxiv.org/abs/1910.01442. arXiv:1910.01442 [cs].

Xinyu Zhang, Yuxuan Dong, Yanrui Wu, Jiaxing Huang, Chengyou Jia, Basura Fernando, Mike Zheng
Shou, Lingling Zhang, and Jun Liu. PhysReason: A Comprehensive Benchmark towards
Physics-Based Reasoning, February 2025. URL http://arxiv.org/abs/2502.12054.
arXiv:2502.12054 [cs].

Yiquan Zhang, Bo Peng, Xiaoyi Zhou, Cheng Xiang, and Dalei Wang. A deep Convolutional
Neural Network for topology optimization with strong generalization ability, March 2020. URL
http://arxiv.org/abs/1901.07761. arXiv:1901.07761 [cs].

26

http://arxiv.org/abs/1910.01442
http://arxiv.org/abs/2502.12054
http://arxiv.org/abs/1901.07761


1404
1405
1406
1407
1408
1409
1410
1411
1412
1413
1414
1415
1416
1417
1418
1419
1420
1421
1422
1423
1424
1425
1426
1427
1428
1429
1430
1431
1432
1433
1434
1435
1436
1437
1438
1439
1440
1441
1442
1443
1444
1445
1446
1447
1448
1449
1450
1451
1452
1453
1454
1455
1456
1457

Under review as a conference paper at ICLR 2026

A APPENDIX

B TOPOLOGY OPTIMIZATION SAMPLES: 2D

Figure 7: Example 2D topology optimization samples from the SPhyR dataset.
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C TOPOLOGY OPTIMIZATION SAMPLES: 3D

Figure 8: Example 3D topology optimization samples included for future benchmark extensions.
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D ADDITIONAL ROTATION EXPERIMENT RESULTS

D.1 ROTATED (3) SAMPLE PROMPT & COMPLETION: 1 RANDOM CELL EASY

Prompt: You are given a structural material distribution represented as a grid. Each cell can have one of

the following states:

- ’L’ indicates applied load.

- ’V’ indicates void.

- ’S’ indicates support.

The goal is to predict the correct material distribution by filling in all ’V’ cells with either ’1’ (solid)

or ’0’ (empty), based on the surrounding structure and implicit physical reasoning (such as load paths,

supports, and forces).

Important: The completed structure should use as little material as possible while remaining stable and

plausible for carrying the applied forces. Minimize material usage unless necessary for structural support.

Below is the input grid with masked regions:

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 S

0 0 0 0 0 0 0 0 0 S

0 0 0 0 0 0 0 0 0 S

0 0 0 0 0 0 0 0 0 S

L 0 0 0 0 0 1 1 1 S

L 1 V 1 1 1 1 1 1 S

L 0 0 0 0 0 1 1 1 S

0 0 0 0 0 0 0 0 0 S

0 0 0 0 0 0 0 0 0 S

Please output the completed grid by replacing all ’V’ cells with either ’1’ (solid) or ’0’ (empty).

Maintain the same format as the input: one row per line, cells separated by spaces, and the total number of

rows and columns unchanged.

Return only the completed grid without any additional explanation.

Model Completion (differences in red):
0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 S

0 0 0 0 0 0 0 0 0 S

0 0 0 0 0 0 0 0 0 S

0 0 0 0 0 0 0 0 0 S

L 0 0 0 0 0 1 1 1 S

L 1 1 1 1 1 1 1 1 S

L 0 0 0 0 0 1 1 1 S

0 0 0 0 0 0 0 0 0 S

0 0 0 0 0 0 0 0 0 S

Ground Truth:
0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 S

0 0 0 0 0 0 0 0 0 S

0 0 0 0 0 0 0 0 0 S

0 0 0 0 0 0 0 0 0 S

L 0 0 0 0 0 1 1 1 S

L 1 1 1 1 1 1 1 1 S

L 0 0 0 0 0 1 1 1 S

0 0 0 0 0 0 0 0 0 S

0 0 0 0 0 0 0 0 0 S
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D.2 ROTATED (3) RESULTS FOR MODEL SUB-SET AND TASK SUB-SET

Table 3: Exact Match, Overlap- and Normalized Overlap-Scores on sub-set of easy difficulty tasks.
Task Metric GPT 4.1 GPT 4.1 Claude Opus 4 Claude Opus 4 Gemini 2.5 Pro Gemini 2.5 Pro DeepSeek-R1 DeepSeek-R1 Perplexity Sonar Perplexity Sonar

(3 Rotations) (3 Rotations) (3 Rotations) (3 Rotations) (3 Rotations)

Difficulty: Easy

10 Random Cells Exact Match 0 0 15 22 8 10 2 5 1 2
Score 27.36 27.77 78.72 83.51 12.23 74.10 58.66 62.48 20.72 53.10
Normalized Score 27.36 27.89 78.72 83.51 44.21 74.40 58.86 62.48 49.52 53.60

3 Random Rows Exact Match 6 1 35 17 29 3 20 9 24 0
Score 74.88 49.35 92.45 88.13 89.73 80.18 73.80 64.13 83.13 57.53
Normalized Score 74.88 49.35 92.45 88.13 89.73 80.18 73.80 64.13 83.13 57.57

3 Random Columns Exact Match 1 3 5 2 3 2 2 0 1 1
Score 41.57 70.85 74.05 71.63 69.08 57.33 51.13 49.20 53.53 60.07
Normalized Score 41.57 70.85 74.05 71.63 69.73 57.63 51.13 49.43 54.82 60.10

Full Exact Match 0 0 0 0 0 0 0 0 0 0
Score 64.69 68.04 70.09 69.79 71.59 67.38 48.49 54.38 57.83 67.55
Normalized Score 64.69 68.04 70.09 69.79 71.59 67.38 48.49 54.38 57.83 67.55

Average Exact Match 1.75 1.00 13.75 10.25 10.00 3.75 6.00 3.50 6.50 0.75
Score 52.12 54.00 78.83 78.27 60.66 69.75 58.02 57.55 53.80 59.56
Normalized Score 52.12 54.03 78.83 78.27 68.82 69.90 58.07 57.60 61.32 59.70
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Figure 9: Exact Match, Overlap- and Normalized Overlap-Scores on sub-set of easy difficulty tasks
graph plot.
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Figure 10: Exact Match, Overlap- and Normalized Overlap-Scores on sub-set of easy difficulty tasks
line plot.
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Figure 11: Average Exact Match, Overlap- and Normalized Overlap-Scores on sub-set of easy
difficulty tasks line plot.
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D.3 ROTATED (3) RESULTS FOR BEST PERFORMING MODEL: CLAUDE OPUS 4 ON ALL TASKS

Table 4: Exact Match, Overlap- and Normalized Overlap-Scores across all difficulties and tasks for
Claude Opus 4 comparing rotation and non-rotation setup.

Task Metric Claude Opus 4 Claude Opus 4 (3 Rotations)

Difficulty: Easy

1 Random Cell Exact Match 82 82
Score 82.00 82.00
Normalized Score 82.00 82.00

5 Random Cells Exact Match 45 44
Score 84.27 84.25
Normalized Score 84.27 84.25

10 Random Cells Exact Match 15 22
Score 78.72 83.51
Normalized Score 78.72 83.51

1 Random Row Exact Match 52 42
Score 90.50 86.70
Normalized Score 90.50 86.70

3 Random Rows Exact Match 35 17
Score 92.45 88.13
Normalized Score 92.45 88.13

1 Random Column Exact Match 23 27
Score 68.50 73.00
Normalized Score 68.50 73.00

3 Random Columns Exact Match 5 2
Score 74.05 71.63
Normalized Score 74.05 71.63

Full Exact Match 0 0
Score 70.09 69.79
Normalized Score 70.09 69.79

Average Exact Match 32.12 29.50
Score 80.07 79.88
Normalized Score 80.07 79.88

Difficulty: Hard

1 Random Cell Exact Match 76 80
Score 73.00 80.00
Normalized Score 76.00 80.00

5 Random Cells Exact Match 38 41
Score 81.20 81.55
Normalized Score 81.20 81.55

10 Random Cells Exact Match 13 18
Score 77.61 80.08
Normalized Score 77.61 80.08

1 Random Row Exact Match 48 39
Score 85.00 79.60
Normalized Score 85.00 79.60

3 Random Rows Exact Match 21 15
Score 81.85 77.12
Normalized Score 81.85 77.12

1 Random Column Exact Match 21 33
Score 54.20 71.90
Normalized Score 54.30 71.90

3 Random Columns Exact Match 7 6
Score 69.00 66.92
Normalized Score 69.00 66.92

Full Exact Match 0 0
Score 49.34 53.51
Normalized Score 49.34 53.51

Average Exact Match 28.00 29.00
Score 71.40 73.83
Normalized Score 71.79 73.83

Overall Average Exact Match 30.06 29.25
Score 75.74 76.86
Normalized Score 75.93 76.86
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E ADDITIONAL FEW-SHOT EXPERIMENT RESULTS

E.1 FEW-SHOT (1, 3) RESULTS FOR BEST PERFORMING MODEL: CLAUDE OPUS 4 ON ALL
TASKS

Table 5: Exact Match, Overlap- and Normalized Overlap-Scores across all difficulties and tasks for
Claude Opus 4 comparing zero-few-shot, 1-shot and 3-shot prompt setups.

Task Metric Claude Opus 4 Claude Opus 4 (Few Shot 1) Claude Opus 4 (Few Shot 3)

Difficulty: Easy

1 Random Cell Exact Match 82 90 90
Score 82.00 90.00 90.00
Normalized Score 82.00 90.00 90.00

5 Random Cells Exact Match 45 49 63
Score 84.27 87.10 90.27
Normalized Score 84.27 87.10 90.27

10 Random Cells Exact Match 15 28 44
Score 78.72 84.96 89.99
Normalized Score 78.72 84.96 89.99

1 Random Row Exact Match 52 67 75
Score 90.50 94.10 95.50
Normalized Score 90.50 94.10 95.50

3 Random Rows Exact Match 35 35 46
Score 92.45 92.55 93.47
Normalized Score 92.45 92.55 93.47

1 Random Column Exact Match 23 34 52
Score 68.50 83.20 89.70
Normalized Score 68.50 83.20 89.70

3 Random Columns Exact Match 5 5 17
Score 74.05 81.05 86.25
Normalized Score 74.05 81.05 86.25

Full Exact Match 0 0 4
Score 70.09 72.90 83.30
Normalized Score 70.09 72.90 83.30

Average Exact Match 32.12 38.50 48.88
Score 80.07 85.73 89.81
Normalized Score 80.07 85.73 89.81

Difficulty: Hard

1 Random Cell Exact Match 77 83 88
Score 74.00 83.00 88.00
Normalized Score 77.00 83.00 88.00

5 Random Cells Exact Match 38 50 62
Score 81.20 84.60 88.20
Normalized Score 81.20 84.60 88.20

10 Random Cells Exact Match 13 33 42
Score 77.61 86.67 89.19
Normalized Score 77.61 86.67 89.19

1 Random Row Exact Match 49 54 55
Score 86.00 88.40 73.20
Normalized Score 86.00 88.40 85.50

3 Random Rows Exact Match 21 28 30
Score 81.85 85.03 88.88
Normalized Score 81.85 85.03 88.88

1 Random Column Exact Match 21 34 38
Score 54.20 76.70 70.60
Normalized Score 54.30 76.70 76.70

3 Random Columns Exact Match 7 8 8
Score 69.00 73.05 80.55
Normalized Score 69.00 73.05 80.55

Full Exact Match 0 0 0
Score 49.34 64.40 68.42
Normalized Score 49.34 64.40 68.42

Average Exact Match 28.25 36.25 40.38
Score 71.65 80.23 80.88
Normalized Score 72.04 80.23 83.18

Overall Average Exact Match 30.19 37.38 44.62
Score 75.86 82.98 85.35
Normalized Score 76.05 82.98 86.50
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Figure 12: Few-Shot Experiment Results for easy (top) and hard (bottom) difficulty across all tasks
for Claude Opus 4. The results table can be found in the Appendix E.
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F ADDITIONAL PHYSICS-ENHANCED AND -NEUTRAL EXPERIMENT RESULTS

F.1 PHYSICS-NEUTRAL PROMPT & COMPLETION SAMPLE: 1 RANDOM CELL EASY

Prompt: You are given a grid of cells. Each cell can have one of the following states:

- ’L’ indicates a special marker.

- ’V’ indicates an empty cell.

- ’S’ indicates a fixed marker.

The goal is to predict the correct grid configuration by filling in all ’V’ cells with either ’1’ (solid)

or ’0’ (empty), based on the surrounding structure and general consistency rules.

Relevant rules for reasoning:

- Filled cells should form continuous connections between relevant markers when necessary.

- Avoid placing isolated filled cells that are not connected to anything meaningful.

- Minimize the number of filled cells while maintaining a coherent and connected structure.

Below is the input grid with masked regions:

L L L L L 0 0 0 0 0

0 1 1 1 0 0 0 0 0 0

0 1 1 1 0 0 0 0 0 0

0 0 1 0 0 0 0 0 0 0

0 0 1 0 0 0 0 0 0 0

0 0 1 0 0 0 0 0 0 0

0 0 1 0 0 0 0 0 0 0

0 0 1 0 0 0 0 0 0 0

V 0 1 1 1 0 0 0 0 0

0 0 1 S S S 0 0 0 0

Please output the completed grid by replacing all ’V’ cells with either ’1’ (solid) or ’0’ (empty).

Maintain the same format as the input: one row per line, cells separated by spaces, and the total number of

rows and columns unchanged. Return only the completed grid without any additional explanation.

Model Completion (differences in red):
L L L L L 0 0 0 0 0

0 1 1 1 0 0 0 0 0 0

0 1 1 1 0 0 0 0 0 0

0 0 1 0 0 0 0 0 0 0

0 0 1 0 0 0 0 0 0 0

0 0 1 0 0 0 0 0 0 0

0 0 1 0 0 0 0 0 0 0

0 0 1 0 0 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 S S S 0 0 0 0

Ground Truth:
L L L L L 0 0 0 0 0

0 1 1 1 0 0 0 0 0 0

0 1 1 1 0 0 0 0 0 0

0 0 1 0 0 0 0 0 0 0

0 0 1 0 0 0 0 0 0 0

0 0 1 0 0 0 0 0 0 0

0 0 1 0 0 0 0 0 0 0

0 0 1 0 0 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 S S S 0 0 0 0
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F.2 PHYSICS-ENHANCED PROMPT & COMPLETION SAMPLE: 1 RANDOM CELL EASY

Prompt: You are given a structural material distribution represented as a grid. Each cell can have one of

the following states:

- ’L’ indicates applied load.

- ’V’ indicates void.

- ’S’ indicates support.

The goal is to predict the correct material distribution by filling in all ’V’ cells with either ’1’ (solid)

or ’0’ (empty), based on the surrounding structure and implicit physical reasoning (such as load paths,

supports, and forces).

Relevant physical knowledge for reasoning:

- Loads (’L’) create forces that must be transferred through continuous material paths to supports (’S’).

- Stress follows the shortest stiff path from loads to supports.

- Any material cell that is disconnected from both loads and supports does not carry force and should be

avoided.

- Structures should satisfy equilibrium: all loads must eventually be resisted by at least one support.

- Use as little material as possible while still maintaining at least one valid load path.

Below is the input grid with masked regions:

0 0 L L L 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 V 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

S S S S S S S S S 0

Please output the completed grid by replacing all ’V’ cells with either ’1’ (solid) or ’0’ (empty).

Maintain the same format as the input: one row per line, cells separated by spaces, and the total number of

rows and columns unchanged. Return only the completed grid without any additional explanation.

Model Completion (differences in red):
0 0 L L L 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

S S S S S S S S S 0

Ground Truth:
0 0 L L L 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

S S S S S S S S S 0
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F.3 PHYSICS-ENHANCED AND -NEUTRAL RESULTS FOR BEST PERFORMING MODEL:
CLAUDE OPUS 4 ON ALL TASKS

Table 6: Exact Match, Overlap- and Normalized Overlap-Scores across all difficulties and tasks for
Gemini 2.5 Pro comparing default, physics-enhanced and -neutral prompt setups.

Task Metric Gemini 2.5 Pro Gemini 2.5 Pro (Physics Enhanced Prompt) Gemini 2.5 Pro (Physics Neutral Prompt)

Difficulty: Easy

1 Random Cell Exact Match 38 77 80
Score -702.00 62.00 80.00
Normalized Score 38.00 77.00 80.00

5 Random Cells Exact Match 18 44 37
Score -61.32 83.07 79.70
Normalized Score 39.15 83.07 79.70

10 Random Cells Exact Match 8 13 11
Score 12.23 80.34 78.70
Normalized Score 44.21 80.34 79.30

1 Random Row Exact Match 30 46 60
Score 41.20 90.10 91.50
Normalized Score 61.00 90.10 91.50

3 Random Rows Exact Match 29 28 29
Score 89.73 91.02 89.57
Normalized Score 89.73 91.02 89.57

1 Random Column Exact Match 26 22 14
Score 69.10 66.80 52.70
Normalized Score 71.60 66.80 52.70

3 Random Columns Exact Match 3 5 4
Score 69.08 74.77 65.23
Normalized Score 69.73 74.77 65.23

Full Exact Match 0 0 0
Score 71.59 68.81 73.84
Normalized Score 71.59 68.81 73.84

Average Exact Match 19.00 29.38 29.38
Score -51.30 77.11 76.40
Normalized Score 60.63 78.99 76.48

Difficulty: Hard

1 Random Cell Exact Match 75 72 71
Score 33.00 32.00 66.00
Normalized Score 75.00 72.00 71.00

5 Random Cells Exact Match 37 26 33
Score 76.65 71.45 71.55
Normalized Score 77.85 74.05 73.75

10 Random Cells Exact Match 14 7 7
Score 75.97 73.43 59.97
Normalized Score 75.97 73.87 70.49

1 Random Row Exact Match 46 42 38
Score 79.80 79.20 75.40
Normalized Score 79.80 79.20 76.80

3 Random Rows Exact Match 12 16 22
Score 77.83 75.25 81.75
Normalized Score 77.83 75.25 81.75

1 Random Column Exact Match 26 20 17
Score 60.30 41.20 40.50
Normalized Score 60.30 44.90 46.00

3 Random Columns Exact Match 3 7 0
Score 58.02 62.90 58.40
Normalized Score 58.02 62.90 58.40

Full Exact Match 0 0 0
Score 40.48 37.50 50.83
Normalized Score 40.56 37.52 50.88

Average Exact Match 26.62 23.75 23.50
Score 62.76 59.12 63.05
Normalized Score 68.17 64.96 66.13

Overall Average Exact Match 22.81 26.56 26.44
Score 5.73 68.11 69.73
Normalized Score 64.40 71.97 71.31
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G MODEL SAMPLE PROMPTS & COMPLETIONS

G.1 CLAUDE 3.7 SONNET - 1 RANDOM CELL EASY: SAMPLE 1

Prompt: You are given a structural material distribution represented as a grid. Each cell can have one of

the following states:

- ’L’ indicates applied load.

- ’V’ indicates void.

- ’S’ indicates support.

The goal is to predict the correct material distribution by filling in all ’V’ cells with either ’1’ (solid)

or ’0’ (empty), based on the surrounding structure and implicit physical reasoning (such as load paths,

supports, and forces).

Important: The completed structure should use as little material as possible while remaining stable and

plausible for carrying the applied forces. Minimize material usage unless necessary for structural support.

Below is the input grid with masked regions:

0 0 L L L 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 V 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

S S S S S S S S S 0

Please output the completed grid by replacing all ’V’ cells with either ’1’ (solid) or ’0’ (empty).

Maintain the same format as the input: one row per line, cells separated by spaces, and the total number of

rows and columns unchanged.

Return only the completed grid without any additional explanation.

Model Completion (differences in red):
0 0 L L L 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

S S S S S S S S S 0

Ground Truth:
0 0 L L L 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

S S S S S S S S S 0
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G.2 CLAUDE 3.7 SONNET - 1 RANDOM CELL EASY: SAMPLE 2

Prompt: You are given a structural material distribution represented as a grid. Each cell can have one of

the following states:

- ’L’ indicates applied load.

- ’V’ indicates void.

- ’S’ indicates support.

The goal is to predict the correct material distribution by filling in all ’V’ cells with either ’1’ (solid)

or ’0’ (empty), based on the surrounding structure and implicit physical reasoning (such as load paths,

supports, and forces).

Important: The completed structure should use as little material as possible while remaining stable and

plausible for carrying the applied forces. Minimize material usage unless necessary for structural support.

Below is the input grid with masked regions:

0 0 0 0 0 0 L L L 0

0 0 0 0 0 0 0 1 0 0

0 0 0 0 0 0 0 1 0 0

0 0 0 0 0 0 0 1 0 0

0 0 0 0 0 0 0 1 0 0

0 0 0 0 1 1 1 1 0 0

0 0 0 1 1 1 1 1 0 0

0 0 1 1 1 1 1 0 0 0

0 1 1 1 1 1 V 0 0 0

S S S S S 1 0 0 0 0

Please output the completed grid by replacing all ’V’ cells with either ’1’ (solid) or ’0’ (empty).

Maintain the same format as the input: one row per line, cells separated by spaces, and the total number of

rows and columns unchanged.

Return only the completed grid without any additional explanation.

Model Completion (differences in red):
0 0 0 0 0 0 L L L 0

0 0 0 0 0 0 0 1 0 0

0 0 0 0 0 0 0 1 0 0

0 0 0 0 0 0 0 1 0 0

0 0 0 0 0 0 0 1 0 0

0 0 0 0 1 1 1 1 0 0

0 0 0 1 1 1 1 1 0 0

0 0 1 1 1 1 1 0 0 0

0 1 1 1 1 1 1 0 0 0

S S S S S 1 0 0 0 0

Ground Truth:
0 0 0 0 0 0 L L L 0

0 0 0 0 0 0 0 1 0 0

0 0 0 0 0 0 0 1 0 0

0 0 0 0 0 0 0 1 0 0

0 0 0 0 0 0 0 1 0 0

0 0 0 0 1 1 1 1 0 0

0 0 0 1 1 1 1 1 0 0

0 0 1 1 1 1 1 0 0 0

0 1 1 1 1 1 0 0 0 0

S S S S S 1 0 0 0 0
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G.3 CLAUDE 3.7 SONNET - 1 RANDOM CELL HARD

Prompt: You are given a structural material distribution represented as a grid. Each cell can have one of

the following states:

- ’L’ indicates applied load.

- ’V’ indicates void.

- ’S’ indicates support.

The goal is to predict the correct material distribution by filling in all ’V’ cells with a floating point

number between 0 and 1, with one decimal place (e.g., 0.0, 0.1, 0.2, ..., 1.0), based on the surrounding

structure and implicit physical reasoning (such as load paths, supports, and forces).

Important: The completed structure should use as little material as possible while remaining stable and

plausible for carrying the applied forces. Minimize material usage unless necessary for structural support.

Below is the input grid with masked regions:

0.0 0.0 0.0 L L L 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 V 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0

0.0 0.1 0.6 0.6 0.6 0.0 0.0 0.0 0.0 0.0

0.0 0.7 0.2 0.8 0.0 0.0 0.0 0.0 0.0 0.0

S S S 0.1 0.0 0.0 0.0 0.0 0.0 0.0

Please output the completed grid by replacing all ’V’ cells with a floating point number between 0 and 1,

with one decimal place (e.g., 0.0, 0.1, 0.2, ..., 1.0).

Maintain the same format as the input: one row per line, cells separated by spaces, and the total number of

rows and columns unchanged.

Return only the completed grid without any additional explanation.

Model Completion (differences in red):
0.0 0.0 0.0 L L L 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.3 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0

0.0 0.1 0.6 0.6 0.6 0.0 0.0 0.0 0.0 0.0

0.0 0.7 0.2 0.8 0.0 0.0 0.0 0.0 0.0 0.0

S S S 0.1 0.0 0.0 0.0 0.0 0.0 0.0

Ground Truth:
0.0 0.0 0.0 L L L 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0

0.0 0.1 0.6 0.6 0.6 0.0 0.0 0.0 0.0 0.0

0.0 0.7 0.2 0.8 0.0 0.0 0.0 0.0 0.0 0.0

S S S 0.1 0.0 0.0 0.0 0.0 0.0 0.0
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G.4 CLAUDE 3.7 SONNET - FULL EASY

Prompt: You are given a structural material distribution represented as a grid. Each cell can have one of

the following states:

- ’L’ indicates applied load.

- ’V’ indicates void.

- ’S’ indicates support.

The goal is to predict the correct material distribution by filling in all ’V’ cells with either ’1’ (solid)

or ’0’ (empty), based on the surrounding structure and implicit physical reasoning (such as load paths,

supports, and forces).

Important: The completed structure should use as little material as possible while remaining stable and

plausible for carrying the applied forces. Minimize material usage unless necessary for structural support.

Below is the input grid with masked regions:

0 L L L L L 0 0 0 0

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

0 S S S S S S 0 0 0

Please output the completed grid by replacing all ’V’ cells with either ’1’ (solid) or ’0’ (empty).

Maintain the same format as the input: one row per line, cells separated by spaces, and the total number of

rows and columns unchanged.

Return only the completed grid without any additional explanation.

Model Completion (differences in red):
0 L L L L L 0 0 0 0

0 1 1 1 1 1 0 0 0 0

0 1 0 0 0 1 0 0 0 0

0 1 0 0 0 1 0 0 0 0

0 1 0 0 0 1 0 0 0 0

0 1 0 0 0 1 0 0 0 0

0 1 0 0 0 1 0 0 0 0

0 1 0 0 0 1 0 0 0 0

0 1 1 1 1 1 0 0 0 0

0 S S S S S S 0 0 0

Ground Truth:
0 L L L L L 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 S S S S S S 0 0 0
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G.5 CLAUDE 3.7 SONNET - FULL HARD

Prompt: You are given a structural material distribution represented as a grid. Each cell can have one of

the following states:

- ’L’ indicates applied load.

- ’V’ indicates void.

- ’S’ indicates support.

The goal is to predict the correct material distribution by filling in all ’V’ cells with a floating point

number between 0 and 1, with one decimal place (e.g., 0.0, 0.1, 0.2, ..., 1.0), based on the surrounding

structure and implicit physical reasoning (such as load paths, supports, and forces).

Important: The completed structure should use as little material as possible while remaining stable and

plausible for carrying the applied forces. Minimize material usage unless necessary for structural support.

Below is the input grid with masked regions:

0.0 L L L L L L L L L

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

0.0 0.0 S S S S S 0.0 0.0 0.0

Please output the completed grid by replacing all ’V’ cells with a floating point number between 0 and 1,

with one decimal place (e.g., 0.0, 0.1, 0.2, ..., 1.0).

Maintain the same format as the input: one row per line, cells separated by spaces, and the total number of

rows and columns unchanged.

Return only the completed grid without any additional explanation.

Model Completion (differences in red):
0.0 L L L L L L L L L

0.0 0.0 0.1 0.2 0.6 0.6 0.2 0.1 0.0 0.0

0.0 0.0 0.2 0.3 0.8 0.8 0.3 0.2 0.0 0.0

0.0 0.0 0.3 0.5 1.0 1.0 0.5 0.3 0.0 0.0

0.0 0.0 0.4 0.7 1.0 1.0 0.7 0.4 0.0 0.0

0.0 0.0 0.5 0.9 1.0 1.0 0.9 0.5 0.0 0.0

0.0 0.0 0.6 1.0 1.0 1.0 1.0 0.6 0.0 0.0

0.0 0.0 0.7 1.0 1.0 1.0 1.0 0.7 0.0 0.0

0.0 0.0 0.9 1.0 1.0 1.0 1.0 0.9 0.0 0.0

0.0 0.0 S S S S S 0.0 0.0 0.0

Ground Truth:
0.0 L L L L L L L L L

0.0 0.0 0.2 0.3 0.0 0.3 0.0 0.3 0.2 0.0

0.0 0.0 0.0 0.4 0.2 0.3 0.2 0.4 0.0 0.0

0.0 0.0 0.0 0.2 0.4 0.0 0.4 0.2 0.0 0.0

0.0 0.0 0.0 0.0 0.4 0.0 0.4 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.2 0.5 0.2 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0

0.0 0.0 S S S S S 0.0 0.0 0.0

41



2214
2215
2216
2217
2218
2219
2220
2221
2222
2223
2224
2225
2226
2227
2228
2229
2230
2231
2232
2233
2234
2235
2236
2237
2238
2239
2240
2241
2242
2243
2244
2245
2246
2247
2248
2249
2250
2251
2252
2253
2254
2255
2256
2257
2258
2259
2260
2261
2262
2263
2264
2265
2266
2267

Under review as a conference paper at ICLR 2026

G.6 DEEPSEEK-R1 - 1 RANDOM CELL EASY: SAMPLE 1

Prompt: You are given a structural material distribution represented as a grid. Each cell can have one of

the following states:

- ’L’ indicates applied load.

- ’V’ indicates void.

- ’S’ indicates support.

The goal is to predict the correct material distribution by filling in all ’V’ cells with either ’1’ (solid)

or ’0’ (empty), based on the surrounding structure and implicit physical reasoning (such as load paths,

supports, and forces).

Important: The completed structure should use as little material as possible while remaining stable and

plausible for carrying the applied forces. Minimize material usage unless necessary for structural support.

Below is the input grid with masked regions:

0 0 L L L 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 V 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

S S S S S S S S S 0

Please output the completed grid by replacing all ’V’ cells with either ’1’ (solid) or ’0’ (empty).

Maintain the same format as the input: one row per line, cells separated by spaces, and the total number of

rows and columns unchanged.

Return only the completed grid without any additional explanation.

Model Completion (differences in red):
0 0 L L L 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

S S S S S S S S S 0

Ground Truth:
0 0 L L L 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

S S S S S S S S S 0
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G.7 DEEPSEEK-R1 - 1 RANDOM CELL EASY: SAMPLE 2

Prompt: You are given a structural material distribution represented as a grid. Each cell can have one of

the following states:

- ’L’ indicates applied load.

- ’V’ indicates void.

- ’S’ indicates support.

The goal is to predict the correct material distribution by filling in all ’V’ cells with either ’1’ (solid)

or ’0’ (empty), based on the surrounding structure and implicit physical reasoning (such as load paths,

supports, and forces).

Important: The completed structure should use as little material as possible while remaining stable and

plausible for carrying the applied forces. Minimize material usage unless necessary for structural support.

Below is the input grid with masked regions:

L L L L L L 0 0 0 0

0 1 1 1 1 0 0 0 0 0

0 0 1 1 0 0 0 0 0 0

0 0 1 1 0 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 1 0 0 0 0

V 0 0 1 1 1 1 0 0 0

0 0 0 1 1 1 1 1 0 0

0 0 0 0 1 1 1 1 0 0

0 0 0 0 0 1 S S S 0

Please output the completed grid by replacing all ’V’ cells with either ’1’ (solid) or ’0’ (empty).

Maintain the same format as the input: one row per line, cells separated by spaces, and the total number of

rows and columns unchanged.

Return only the completed grid without any additional explanation.

Model Completion (differences in red):
L L L L L L 0 0 0 0

0 1 1 1 1 0 0 0 0 0

0 0 1 1 0 0 0 0 0 0

0 0 1 1 0 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 1 0 0 0 0

1 0 0 1 1 1 1 0 0 0

0 0 0 1 1 1 1 1 0 0

0 0 0 0 1 1 1 1 0 0

0 0 0 0 0 1 S S S 0

Ground Truth:
L L L L L L 0 0 0 0

0 1 1 1 1 0 0 0 0 0

0 0 1 1 0 0 0 0 0 0

0 0 1 1 0 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 1 0 0 0 0

0 0 0 1 1 1 1 0 0 0

0 0 0 1 1 1 1 1 0 0

0 0 0 0 1 1 1 1 0 0

0 0 0 0 0 1 S S S 0
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G.8 DEEPSEEK-R1 - 1 RANDOM CELL HARD

Prompt: You are given a structural material distribution represented as a grid. Each cell can have one of

the following states:

- ’L’ indicates applied load.

- ’V’ indicates void.

- ’S’ indicates support.

The goal is to predict the correct material distribution by filling in all ’V’ cells with a floating point

number between 0 and 1, with one decimal place (e.g., 0.0, 0.1, 0.2, ..., 1.0), based on the surrounding

structure and implicit physical reasoning (such as load paths, supports, and forces).

Important: The completed structure should use as little material as possible while remaining stable and

plausible for carrying the applied forces. Minimize material usage unless necessary for structural support.

Below is the input grid with masked regions:

0.0 0.0 0.0 L L L 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 V 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0

0.0 0.1 0.6 0.6 0.6 0.0 0.0 0.0 0.0 0.0

0.0 0.7 0.2 0.8 0.0 0.0 0.0 0.0 0.0 0.0

S S S 0.1 0.0 0.0 0.0 0.0 0.0 0.0

Please output the completed grid by replacing all ’V’ cells with a floating point number between 0 and 1,

with one decimal place (e.g., 0.0, 0.1, 0.2, ..., 1.0).

Maintain the same format as the input: one row per line, cells separated by spaces, and the total number of

rows and columns unchanged.

Return only the completed grid without any additional explanation.

Model Completion (differences in red):
0.0 0.0 0.0 L L L 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.3 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0

0.0 0.1 0.6 0.6 0.6 0.0 0.0 0.0 0.0 0.0

0.0 0.7 0.2 0.8 0.0 0.0 0.0 0.0 0.0 0.0

S S S 0.1 0.0 0.0 0.0 0.0 0.0 0.0

Ground Truth:
0.0 0.0 0.0 L L L 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0

0.0 0.1 0.6 0.6 0.6 0.0 0.0 0.0 0.0 0.0

0.0 0.7 0.2 0.8 0.0 0.0 0.0 0.0 0.0 0.0

S S S 0.1 0.0 0.0 0.0 0.0 0.0 0.0
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G.9 DEEPSEEK-R1 - FULL EASY

Prompt: You are given a structural material distribution represented as a grid. Each cell can have one of

the following states:

- ’L’ indicates applied load.

- ’V’ indicates void.

- ’S’ indicates support.

The goal is to predict the correct material distribution by filling in all ’V’ cells with either ’1’ (solid)

or ’0’ (empty), based on the surrounding structure and implicit physical reasoning (such as load paths,

supports, and forces).

Important: The completed structure should use as little material as possible while remaining stable and

plausible for carrying the applied forces. Minimize material usage unless necessary for structural support.

Below is the input grid with masked regions:

0 L L L L L 0 0 0 0

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

0 S S S S S S 0 0 0

Please output the completed grid by replacing all ’V’ cells with either ’1’ (solid) or ’0’ (empty).

Maintain the same format as the input: one row per line, cells separated by spaces, and the total number of

rows and columns unchanged.

Return only the completed grid without any additional explanation.

Model Completion (differences in red):
0 L L L L L 0 0 0 0

1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1

0 S S S S S S 0 0 0

Ground Truth:
0 L L L L L 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 S S S S S S 0 0 0
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G.10 DEEPSEEK-R1 - FULL HARD

Prompt: You are given a structural material distribution represented as a grid. Each cell can have one of

the following states:

- ’L’ indicates applied load.

- ’V’ indicates void.

- ’S’ indicates support.

The goal is to predict the correct material distribution by filling in all ’V’ cells with a floating point

number between 0 and 1, with one decimal place (e.g., 0.0, 0.1, 0.2, ..., 1.0), based on the surrounding

structure and implicit physical reasoning (such as load paths, supports, and forces).

Important: The completed structure should use as little material as possible while remaining stable and

plausible for carrying the applied forces. Minimize material usage unless necessary for structural support.

Below is the input grid with masked regions:

0.0 L L L L L L L L L

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

0.0 0.0 S S S S S 0.0 0.0 0.0

Please output the completed grid by replacing all ’V’ cells with a floating point number between 0 and 1,

with one decimal place (e.g., 0.0, 0.1, 0.2, ..., 1.0).

Maintain the same format as the input: one row per line, cells separated by spaces, and the total number of

rows and columns unchanged.

Return only the completed grid without any additional explanation.

Model Completion (differences in red):
0.0 L L L L L L L L L

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 S S S S S 0.0 0.0 0.0

Ground Truth:
0.0 L L L L L L L L L

0.0 0.0 0.2 0.3 0.0 0.3 0.0 0.3 0.2 0.0

0.0 0.0 0.0 0.4 0.2 0.3 0.2 0.4 0.0 0.0

0.0 0.0 0.0 0.2 0.4 0.0 0.4 0.2 0.0 0.0

0.0 0.0 0.0 0.0 0.4 0.0 0.4 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.2 0.5 0.2 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0

0.0 0.0 S S S S S 0.0 0.0 0.0
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G.11 GPT-4.1 - 1 RANDOM CELL EASY: SAMPLE 1

Prompt: You are given a structural material distribution represented as a grid. Each cell can have one of

the following states:

- ’L’ indicates applied load.

- ’V’ indicates void.

- ’S’ indicates support.

The goal is to predict the correct material distribution by filling in all ’V’ cells with either ’1’ (solid)

or ’0’ (empty), based on the surrounding structure and implicit physical reasoning (such as load paths,

supports, and forces).

Important: The completed structure should use as little material as possible while remaining stable and

plausible for carrying the applied forces. Minimize material usage unless necessary for structural support.

Below is the input grid with masked regions:

0 0 L L L 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 V 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

S S S S S S S S S 0

Please output the completed grid by replacing all ’V’ cells with either ’1’ (solid) or ’0’ (empty).

Maintain the same format as the input: one row per line, cells separated by spaces, and the total number of

rows and columns unchanged.

Return only the completed grid without any additional explanation.

Model Completion (differences in red):
0 0 L L L 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

S S S S S S S S S 0

Ground Truth:
0 0 L L L 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

S S S S S S S S S 0
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G.12 GPT-4.1 - 1 RANDOM CELL EASY: SAMPLE 2

Prompt: You are given a structural material distribution represented as a grid. Each cell can have one of

the following states:

- ’L’ indicates applied load.

- ’V’ indicates void.

- ’S’ indicates support.

The goal is to predict the correct material distribution by filling in all ’V’ cells with either ’1’ (solid)

or ’0’ (empty), based on the surrounding structure and implicit physical reasoning (such as load paths,

supports, and forces).

Important: The completed structure should use as little material as possible while remaining stable and

plausible for carrying the applied forces. Minimize material usage unless necessary for structural support.

Below is the input grid with masked regions:

L L L L L L 0 0 0 0

0 1 1 1 1 0 0 0 0 0

0 0 1 1 0 0 0 0 0 0

0 0 1 1 0 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 1 0 0 0 0

V 0 0 1 1 1 1 0 0 0

0 0 0 1 1 1 1 1 0 0

0 0 0 0 1 1 1 1 0 0

0 0 0 0 0 1 S S S 0

Please output the completed grid by replacing all ’V’ cells with either ’1’ (solid) or ’0’ (empty).

Maintain the same format as the input: one row per line, cells separated by spaces, and the total number of

rows and columns unchanged.

Return only the completed grid without any additional explanation.

Model Completion (differences in red):
L L L L L L 0 0 0 0

0 1 1 1 1 0 0 0 0 0

0 0 1 1 0 0 0 0 0 0

0 0 1 1 0 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 1 0 0 0 0

1 0 0 1 1 1 1 0 0 0

0 0 0 1 1 1 1 1 0 0

0 0 0 0 1 1 1 1 0 0

0 0 0 0 0 1 S S S 0

Ground Truth:
L L L L L L 0 0 0 0

0 1 1 1 1 0 0 0 0 0

0 0 1 1 0 0 0 0 0 0

0 0 1 1 0 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 1 0 0 0 0

0 0 0 1 1 1 1 0 0 0

0 0 0 1 1 1 1 1 0 0

0 0 0 0 1 1 1 1 0 0

0 0 0 0 0 1 S S S 0

48



2592
2593
2594
2595
2596
2597
2598
2599
2600
2601
2602
2603
2604
2605
2606
2607
2608
2609
2610
2611
2612
2613
2614
2615
2616
2617
2618
2619
2620
2621
2622
2623
2624
2625
2626
2627
2628
2629
2630
2631
2632
2633
2634
2635
2636
2637
2638
2639
2640
2641
2642
2643
2644
2645

Under review as a conference paper at ICLR 2026

G.13 GPT-4.1 - 1 RANDOM CELL HARD

Prompt: You are given a structural material distribution represented as a grid. Each cell can have one of

the following states:

- ’L’ indicates applied load.

- ’V’ indicates void.

- ’S’ indicates support.

The goal is to predict the correct material distribution by filling in all ’V’ cells with a floating point

number between 0 and 1, with one decimal place (e.g., 0.0, 0.1, 0.2, ..., 1.0), based on the surrounding

structure and implicit physical reasoning (such as load paths, supports, and forces).

Important: The completed structure should use as little material as possible while remaining stable and

plausible for carrying the applied forces. Minimize material usage unless necessary for structural support.

Below is the input grid with masked regions:

0.0 0.0 0.0 L L L 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 V 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0

0.0 0.1 0.6 0.6 0.6 0.0 0.0 0.0 0.0 0.0

0.0 0.7 0.2 0.8 0.0 0.0 0.0 0.0 0.0 0.0

S S S 0.1 0.0 0.0 0.0 0.0 0.0 0.0

Please output the completed grid by replacing all ’V’ cells with a floating point number between 0 and 1,

with one decimal place (e.g., 0.0, 0.1, 0.2, ..., 1.0).

Maintain the same format as the input: one row per line, cells separated by spaces, and the total number of

rows and columns unchanged.

Return only the completed grid without any additional explanation.

Model Completion (differences in red):
0.0 0.0 0.0 L L L 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.3 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0

0.0 0.1 0.6 0.6 0.6 0.0 0.0 0.0 0.0 0.0

0.0 0.7 0.2 0.8 0.0 0.0 0.0 0.0 0.0 0.0

S S S 0.1 0.0 0.0 0.0 0.0 0.0 0.0

Ground Truth:
0.0 0.0 0.0 L L L 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0

0.0 0.1 0.6 0.6 0.6 0.0 0.0 0.0 0.0 0.0

0.0 0.7 0.2 0.8 0.0 0.0 0.0 0.0 0.0 0.0

S S S 0.1 0.0 0.0 0.0 0.0 0.0 0.0
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G.14 GPT-4.1 - FULL EASY

Prompt: You are given a structural material distribution represented as a grid. Each cell can have one of

the following states:

- ’L’ indicates applied load.

- ’V’ indicates void.

- ’S’ indicates support.

The goal is to predict the correct material distribution by filling in all ’V’ cells with either ’1’ (solid)

or ’0’ (empty), based on the surrounding structure and implicit physical reasoning (such as load paths,

supports, and forces).

Important: The completed structure should use as little material as possible while remaining stable and

plausible for carrying the applied forces. Minimize material usage unless necessary for structural support.

Below is the input grid with masked regions:

0 L L L L L 0 0 0 0

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

0 S S S S S S 0 0 0

Please output the completed grid by replacing all ’V’ cells with either ’1’ (solid) or ’0’ (empty).

Maintain the same format as the input: one row per line, cells separated by spaces, and the total number of

rows and columns unchanged.

Return only the completed grid without any additional explanation.

Model Completion (differences in red):
0 L L L L L 0 0 0 0

1 1 1 1 1 1 1 0 0 0

1 0 0 0 0 0 1 0 0 0

1 0 0 0 0 0 1 0 0 0

1 0 0 0 0 0 1 0 0 0

1 0 0 0 0 0 1 0 0 0

1 0 0 0 0 0 1 0 0 0

1 0 0 0 0 0 1 0 0 0

1 1 1 1 1 1 1 0 0 0

0 S S S S S S 0 0 0

Ground Truth:
0 L L L L L 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 S S S S S S 0 0 0
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G.15 GPT-4.1 - FULL HARD

Prompt: You are given a structural material distribution represented as a grid. Each cell can have one of

the following states:

- ’L’ indicates applied load.

- ’V’ indicates void.

- ’S’ indicates support.

The goal is to predict the correct material distribution by filling in all ’V’ cells with a floating point

number between 0 and 1, with one decimal place (e.g., 0.0, 0.1, 0.2, ..., 1.0), based on the surrounding

structure and implicit physical reasoning (such as load paths, supports, and forces).

Important: The completed structure should use as little material as possible while remaining stable and

plausible for carrying the applied forces. Minimize material usage unless necessary for structural support.

Below is the input grid with masked regions:

0.0 L L L L L L L L L

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

0.0 0.0 S S S S S 0.0 0.0 0.0

Please output the completed grid by replacing all ’V’ cells with a floating point number between 0 and 1,

with one decimal place (e.g., 0.0, 0.1, 0.2, ..., 1.0).

Maintain the same format as the input: one row per line, cells separated by spaces, and the total number of

rows and columns unchanged.

Return only the completed grid without any additional explanation.

Model Completion (differences in red):
0.0 L L L L L L L L L

0.0 0.4 0.6 0.8 1.0 1.0 0.8 0.6 0.4 0.0

0.0 0.3 0.5 0.7 0.9 0.9 0.7 0.5 0.3 0.0

0.0 0.2 0.4 0.6 0.8 0.8 0.6 0.4 0.2 0.0

0.0 0.1 0.3 0.5 0.7 0.7 0.5 0.3 0.1 0.0

0.0 0.1 0.2 0.4 0.6 0.6 0.4 0.2 0.1 0.0

0.0 0.1 0.2 0.3 0.5 0.5 0.3 0.2 0.1 0.0

0.0 0.1 0.2 0.2 0.4 0.4 0.2 0.2 0.1 0.0

0.0 0.1 0.1 0.1 0.3 0.3 0.1 0.1 0.1 0.0

0.0 0.0 S S S S S 0.0 0.0 0.0

Ground Truth:
0.0 L L L L L L L L L

0.0 0.0 0.2 0.3 0.0 0.3 0.0 0.3 0.2 0.0

0.0 0.0 0.0 0.4 0.2 0.3 0.2 0.4 0.0 0.0

0.0 0.0 0.0 0.2 0.4 0.0 0.4 0.2 0.0 0.0

0.0 0.0 0.0 0.0 0.4 0.0 0.4 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.2 0.5 0.2 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0

0.0 0.0 S S S S S 0.0 0.0 0.0
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G.16 GEMINI 2.5 PRO - 1 RANDOM CELL EASY: SAMPLE 1

Prompt: You are given a structural material distribution represented as a grid. Each cell can have one of

the following states:

- ’L’ indicates applied load.

- ’V’ indicates void.

- ’S’ indicates support.

The goal is to predict the correct material distribution by filling in all ’V’ cells with either ’1’ (solid)

or ’0’ (empty), based on the surrounding structure and implicit physical reasoning (such as load paths,

supports, and forces).

Important: The completed structure should use as little material as possible while remaining stable and

plausible for carrying the applied forces. Minimize material usage unless necessary for structural support.

Below is the input grid with masked regions:

0 0 L L L 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 V 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

S S S S S S S S S 0

Please output the completed grid by replacing all ’V’ cells with either ’1’ (solid) or ’0’ (empty).

Maintain the same format as the input: one row per line, cells separated by spaces, and the total number of

rows and columns unchanged.

Return only the completed grid without any additional explanation.

Model Completion (differences in red):
0 0 L L L 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

Ground Truth:
0 0 L L L 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

S S S S S S S S S 0
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G.17 GEMINI 2.5 PRO - 1 RANDOM CELL EASY: SAMPLE 2

Prompt: You are given a structural material distribution represented as a grid. Each cell can have one of

the following states:

- ’L’ indicates applied load.

- ’V’ indicates void.

- ’S’ indicates support.

The goal is to predict the correct material distribution by filling in all ’V’ cells with either ’1’ (solid)

or ’0’ (empty), based on the surrounding structure and implicit physical reasoning (such as load paths,

supports, and forces).

Important: The completed structure should use as little material as possible while remaining stable and

plausible for carrying the applied forces. Minimize material usage unless necessary for structural support.

Below is the input grid with masked regions:

L L L L L L 0 0 0 0

0 1 1 1 1 0 0 0 0 0

0 0 1 1 0 0 0 0 0 0

0 0 1 1 0 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 1 0 0 0 0

V 0 0 1 1 1 1 0 0 0

0 0 0 1 1 1 1 1 0 0

0 0 0 0 1 1 1 1 0 0

0 0 0 0 0 1 S S S 0

Please output the completed grid by replacing all ’V’ cells with either ’1’ (solid) or ’0’ (empty).

Maintain the same format as the input: one row per line, cells separated by spaces, and the total number of

rows and columns unchanged.

Return only the completed grid without any additional explanation.

Model Completion (differences in red):
L L L L L L 0 0 0 0

0 1 1 1 1 0 0 0 0 0

0 0 1 1 0 0 0 0 0 0

0 0 1 1 0 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 1 0 0 0 0

0 0 0 1 1 1 1 0 0 0

0 0 0 1 1 1 1 1 0 0

0 0 0 0 1 1 1 1 0 0

0 0 0 0 0 1 S S S 0

Ground Truth:
L L L L L L 0 0 0 0

0 1 1 1 1 0 0 0 0 0

0 0 1 1 0 0 0 0 0 0

0 0 1 1 0 0 0 0 0 0

0 0 1 1 1 0 0 0 0 0

0 0 1 1 1 1 0 0 0 0

0 0 0 1 1 1 1 0 0 0

0 0 0 1 1 1 1 1 0 0

0 0 0 0 1 1 1 1 0 0

0 0 0 0 0 1 S S S 0
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G.18 GEMINI 2.5 PRO - 1 RANDOM CELL HARD

Prompt: You are given a structural material distribution represented as a grid. Each cell can have one of

the following states:

- ’L’ indicates applied load.

- ’V’ indicates void.

- ’S’ indicates support.

The goal is to predict the correct material distribution by filling in all ’V’ cells with a floating point

number between 0 and 1, with one decimal place (e.g., 0.0, 0.1, 0.2, ..., 1.0), based on the surrounding

structure and implicit physical reasoning (such as load paths, supports, and forces).

Important: The completed structure should use as little material as possible while remaining stable and

plausible for carrying the applied forces. Minimize material usage unless necessary for structural support.

Below is the input grid with masked regions:

0.0 L V L L L L L L 0.0

0.0 0.0 0.2 0.3 0.1 0.1 0.3 0.2 0.0 0.0

0.0 0.0 0.1 0.4 0.0 0.0 0.4 0.1 0.0 0.0

0.0 0.0 0.0 0.4 0.0 0.0 0.4 0.0 0.0 0.0

0.0 0.0 0.0 0.4 0.0 0.0 0.4 0.0 0.0 0.0

0.0 0.0 0.0 0.4 0.0 0.0 0.4 0.0 0.0 0.0

0.0 0.0 0.0 0.4 0.0 0.0 0.4 0.0 0.0 0.0

0.0 0.0 0.0 0.4 0.1 0.1 0.4 0.0 0.0 0.0

0.0 0.0 0.0 0.4 0.1 0.1 0.4 0.0 0.0 0.0

0.0 S S S S S S S S 0.0

Please output the completed grid by replacing all ’V’ cells with a floating point number between 0 and 1,

with one decimal place (e.g., 0.0, 0.1, 0.2, ..., 1.0).

Maintain the same format as the input: one row per line, cells separated by spaces, and the total number of

rows and columns unchanged.

Return only the completed grid without any additional explanation.

Model Completion (differences in red):
0.0 L 0.2 L L L L L L 0.0

0.0 0.0 0.2 0.3 0.1 0.1 0.3 0.2 0.0 0.0

0.0 0.0 0.1 0.4 0.0 0.0 0.4 0.1 0.0 0.0

0.0 0.0 0.0 0.4 0.0 0.0 0.4 0.0 0.0 0.0

0.0 0.0 0.0 0.4 0.0 0.0 0.4 0.0 0.0 0.0

0.0 0.0 0.0 0.4 0.0 0.0 0.4 0.0 0.0 0.0

0.0 0.0 0.0 0.4 0.0 0.0 0.4 0.0 0.0 0.0

0.0 0.0 0.0 0.4 0.1 0.1 0.4 0.0 0.0 0.0

0.0 0.0 0.0 0.4 0.1 0.1 0.4 0.0 0.0 0.0

0.0 S S S S S S S S 0.0

Ground Truth:
0.0 L L L L L L L L 0.0

0.0 0.0 0.2 0.3 0.1 0.1 0.3 0.2 0.0 0.0

0.0 0.0 0.1 0.4 0.0 0.0 0.4 0.1 0.0 0.0

0.0 0.0 0.0 0.4 0.0 0.0 0.4 0.0 0.0 0.0

0.0 0.0 0.0 0.4 0.0 0.0 0.4 0.0 0.0 0.0

0.0 0.0 0.0 0.4 0.0 0.0 0.4 0.0 0.0 0.0

0.0 0.0 0.0 0.4 0.0 0.0 0.4 0.0 0.0 0.0

0.0 0.0 0.0 0.4 0.1 0.1 0.4 0.0 0.0 0.0

0.0 0.0 0.0 0.4 0.1 0.1 0.4 0.0 0.0 0.0

0.0 S S S S S S S S 0.0
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G.19 GEMINI 2.5 PRO - FULL EASY

Prompt: You are given a structural material distribution represented as a grid. Each cell can have one of

the following states:

- ’L’ indicates applied load.

- ’V’ indicates void.

- ’S’ indicates support.

The goal is to predict the correct material distribution by filling in all ’V’ cells with either ’1’ (solid)

or ’0’ (empty), based on the surrounding structure and implicit physical reasoning (such as load paths,

supports, and forces).

Important: The completed structure should use as little material as possible while remaining stable and

plausible for carrying the applied forces. Minimize material usage unless necessary for structural support.

Below is the input grid with masked regions:

0 0 0 L L L L 0 0 0

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

0 0 0 0 S S S 0 0 0

Please output the completed grid by replacing all ’V’ cells with either ’1’ (solid) or ’0’ (empty).

Maintain the same format as the input: one row per line, cells separated by spaces, and the total number of

rows and columns unchanged.

Return only the completed grid without any additional explanation.

Model Completion (differences in red):
0 0 0 L L L L 0 0 0

0 0 0 1 1 1 1 0 0 0

0 0 0 0 1 1 1 0 0 0

0 0 0 0 1 1 1 0 0 0

0 0 0 0 1 1 1 0 0 0

0 0 0 0 1 1 1 0 0 0

0 0 0 0 1 1 1 0 0 0

0 0 0 0 1 1 1 0 0 0

0 0 0 0 1 1 1 0 0 0

0 0 0 0 S S S 0 0 0

Ground Truth:
0 0 0 L L L L 0 0 0

0 0 0 0 1 1 0 0 0 0

0 0 0 0 1 1 0 0 0 0

0 0 0 0 1 1 0 0 0 0

0 0 0 0 1 1 0 0 0 0

0 0 0 0 1 1 0 0 0 0

0 0 0 0 1 1 0 0 0 0

0 0 0 0 1 1 0 0 0 0

0 0 0 0 1 1 0 0 0 0

0 0 0 0 S S S 0 0 0
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2970
2971
2972
2973
2974
2975
2976
2977
2978
2979
2980
2981
2982
2983
2984
2985
2986
2987
2988
2989
2990
2991
2992
2993
2994
2995
2996
2997
2998
2999
3000
3001
3002
3003
3004
3005
3006
3007
3008
3009
3010
3011
3012
3013
3014
3015
3016
3017
3018
3019
3020
3021
3022
3023
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G.20 GEMINI 2.5 PRO - FULL HARD

Prompt: You are given a structural material distribution represented as a grid. Each cell can have one of

the following states:

- ’L’ indicates applied load.

- ’V’ indicates void.

- ’S’ indicates support.

The goal is to predict the correct material distribution by filling in all ’V’ cells with a floating point

number between 0 and 1, with one decimal place (e.g., 0.0, 0.1, 0.2, ..., 1.0), based on the surrounding

structure and implicit physical reasoning (such as load paths, supports, and forces).

Important: The completed structure should use as little material as possible while remaining stable and

plausible for carrying the applied forces. Minimize material usage unless necessary for structural support.

Below is the input grid with masked regions:

0.0 0.0 L L L 0.0 0.0 0.0 0.0 0.0

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

V V V V V V V V V V

S S S S S S S S S 0.0

Please output the completed grid by replacing all ’V’ cells with a floating point number between 0 and 1,

with one decimal place (e.g., 0.0, 0.1, 0.2, ..., 1.0).

Maintain the same format as the input: one row per line, cells separated by spaces, and the total number of

rows and columns unchanged.

Return only the completed grid without any additional explanation.

Model Completion (differences in red):
0.0 0.0 L L L 0.0 0.0 0.0 0.0 0.0

0.0 0.1 1.0 1.0 1.0 0.1 0.0 0.0 0.0 0.0

0.0 0.2 1.0 1.0 1.0 0.2 0.0 0.0 0.0 0.0

0.1 0.3 1.0 1.0 1.0 0.3 0.1 0.0 0.0 0.0

0.2 0.4 1.0 1.0 1.0 0.4 0.2 0.0 0.0 0.0

0.3 0.5 1.0 1.0 1.0 0.5 0.3 0.1 0.0 0.0

0.4 0.6 1.0 1.0 1.0 0.6 0.4 0.2 0.0 0.0

0.5 0.7 1.0 1.0 1.0 0.7 0.5 0.3 0.1 0.0

0.6 0.8 1.0 1.0 1.0 0.8 0.6 0.4 0.2 0.0

S S S S S S S S S 0.0

Ground Truth:
0.0 0.0 L L L 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.1 0.8 0.1 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.1 0.8 0.1 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.2 0.8 0.2 0.0 0.0 0.0 0.0 0.0

S S S S S S S S S 0.0
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