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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
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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 [R1ochet 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.
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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[I). CLEVR [Johnson et al| (2016) evaluates
visual reasoning about objects and spatial relations in synthetic scenes, while CLEVRER Y1 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 X v Scene reasoning
CLEVRER (2020) Video QA v v Causal events

IntPhys (2018) Video plausibility v v Violation detection
Physion (2021) Video prediction v v Object behavior prediction
ShapeStacks (2016)  Image classification v v Block stability

PHYRE (2019) 2D physics puzzles v v Action planning

PIQA (2020) Text QA v X Physical commonsense
PhysReason (2023)  Text QA v X Multi-step physics

SPhyR Structured prediction v v Material distribution

Topology Optimization as a Benchmark Topology optimization (TO) Bendsge & 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 x 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 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.



Under review as a conference paper at ICLR 2026

(coccsssccs )| eecsccces )| eeccsccses \|[ sccccssce ) (eccccsscsas)|( eccccscs ) (esccsscscas )| ccccccscs ) [eccsscssss )| cccssssss)
[Pt [ pEpEpEpE It i P [P p ! PR PR pr g s [P cccccccooae [ RE PP
coccoooooa @ w©00ooo mHocoooos e coc00000 e cccoooos cocoooonw cocoooooo cccooo00® Nocooooooo
[Pt [ e e R prp it P ] [P PP i prippiat [P P s [P it
coccococcoo coccooan mssszTas cccoocsos w000 wnn coccooceas P, cccocccoo cccoooooa mINoocooe
JEPEpEpEpEpEpE I PR ppE iR s ISR i e R gt e e e s PR gt YRR g s [ PP [P R PR
cocccooooo ccoooccoa Txzzaras ccccooooos 0000w 0o [yt D00 cccceccca cccoooo0® enzzNoOO
[Pt P s R o [ JEE R e e e [P YRR g g 8 6dccscao N [ P s PR g g

cccooocoa ccoooccoae micooooo om-Hocooooos cocoeo0o omHoooooos coooooon cocoooooo ©0c000000® mmoonooY
[Pt PR e S R e [ ppupx i [ pr i JEREpR PPN [ prp N [P PR P PPt Y e s N
LBBLWLoooo ccococooa cocooaon oxzzzzzzTwn cocoooco® oxzzzzzzTwn ccocoeccone cocoooooN coocoooooe enzTTNoOO
JEgEQEpE g gt s [P JEREEprprp e gt PP PR g s [ pr s [P JEpEpEppEpE g [EPERR g N
00000000 ccoooccoa cocoooooo Lssssssaaa cocoeecco® s ccccoocooo cocooooon cocooooH miNeoooo
[P R P cccccoas N JIE i e PP P JIgR g g i P it [P [P g Y g
E|| cccccecwx cocooococa ccoooocas JTmHcooeoce coceceecoea TmHdccocoooe cccceocoee coceccoow LR Necooooo
5|| cocccssssn PP g P PRt IR ppup i PR IR g i prppip s [P U RpE g e g e s [ N
Fl| cocccnonn cecooccoeae cooccccooa Jocccocooooo cooceecooe Jocccocoooo cccocoooooa P L] ccccooooae ccoococoooo
|| secccccsan PP PP PR PP PR JIpEpEprpEpE ccceeso0 e JEpEpEpEpEpE gt R pr gt PR R JEpEpEpEpEpE R ! [P pprpE R
S5|| coocccons ccoeeccoae coco0o000® ccccoooooo cocoeecc0® [ e P cocoooo0® cocooocc0e ccocoooccooo
2|l secccssscn PR e Pt cccccocs s e [t PP P [Pt Pt i cocccocsooa [t
O\l RN DA RN ZRN PARN DZRN I\ ZRN PARN J

g |~ N |/ | N\ N/ N/ |/ N\ V4 N\
cocoooocoe ccco0ecce coc0ooo0e cccooe oo eooe oo o cocooe oo ccee | co o cocooocow °
JEPEpEppEpE P! [P [ P PRt ccco=>0050 PRt soco=>c0>0 [P >s>>3>5335> Lss>333330
coccoccoocoo @ w00 w0noon Ho ooo cccoon oo coo oo o cccooa oo cce oo o coccooccoo cocooocow °
P [P g P e Y I JEpEpEppEpE ! P PR PR ! Lsse=>c6>0 [P [ g vy Lsss>>33350
cocccooooo cooo  on mass waa ccco0oo oo wow  wo cocooo oo wow oo cocoooooe ®
[Pt Liccecossc0n e e [P R [P Lsse=5c0>n0 P >>>>>>3>>> as>>>333>0
cocooocoooo ccoooccoa Tz = ccoo0o oo wow 0o ccco0o coo wow oo cccooocoa
coccccssaoa Secccsssan >ccsesa=an LJcccoce>c00 Jeos=>c0>0 Lccccs>c00 e300 >0 >>>>>>>>>> cocccssssan as>>333>3>0

cccooccoo ccoooccoe mHoooo o mHooo coo coo oo mdcoo cos cce oo cocooocooo
JEPEpEpEpEpEpE g P g e RS JYE g pEpE I e Ldccee=c0n0 Lsse=>68>n0 [P >>>3>53>3> Lssss33330
LBBLWooo ccoooocoa cocooooo sssws w0 oo oo sasas w0 ccoe oo cocooooon cccoooco®
QIR g P [ Lcccsoscon coco=>005n JE g ccce=500>n0 cccccoas N [P asss>s33350
T 00000000 e coc0oeo0w ssz=s w0 2000 oo o sasx= w0 ccoe oo o cocooooon cccoooo
S5l 2eccssssss P [P pp s [P PR s ccco=>00>0 [ PRI s Gocc=>c0>0 [P R P g g s Lssss33330
S| coccce owvw ccoo0o cooo oo coooo mdooo coo coco oo o mdooo coo ccoo oo o cocoocoaw © 0 © oo oo
55| coccc=cssu Socecosccoa PP JIYE g ppEpE i cscc=>>00>0 e R ppupE gt ssco=>c0>0 [P JEPE R PR g s Lssss33330
=< COROOE® -~ oo coooceoeooeeR coooe 00 [CRCNCRC) oo o oo 00 o000 oo o B R -] Peocoooooa ©
3 8|| cccccssssn R s PPt Llccccoscoe cocs>>0050 Lscccoscoe ccce=>c0>0 e Lsccccsssa Ls>>5335350
g E|| °e222ce=ee ece _cccoa eocceaosoe eccoee oo 2o oo oo eecoee coo ecee o o eecceccoe 2cccevcocae ® @
E || cocccsscsn soossccc0ae [Pt [P gt ccco=>00>0 [P gt soce=>00>0 [P [P es>>>53>>0
0o |\_ 2N AN I\ 2RN AN DARN I\ 2N I\ J

((eoococoscs)|( cocccccccs )| eccccsccss || coscossccn)|( coccscscss )| ccoscscscn)|(escoscscss )| coscoccccn)|eccccccccs )| cssssscsss)
cococoooon ccococoocooo cocoocoocoo Lcoccoeoomn coco@ooo0n Lococococeoonn cococoocooon LeoooedmMn Lloccoocovcon coocooocooo
cocoooocon cocooccooo cocoo0ooo0® lrdcooooann coocooo000N lrcoooonnn ccocooo00BN gl lrddcoooonn ccocoooooo®
cococcoooon Jccoooooon Loccocooooo® [rpippppup b coocoo@oo00N Jrpiprpprppb N coccoeo0o®n Llooooordnn iy [

-m cooeocoOOWn A A A A A A A AN dHHo@ooOO0n A A A A A O CcoooOo®OO VN A A A A A O [oR-NoNoN-NoN-No NN CR-N-N-N-NCNCN-NCoNVY drdrHoooOoOHWV Jooco0oo0o00@OWV
m 1o AAAN A A A A A A AN A A A A A A0 A" A A ® cCoooeoe®ewn A" A0 © ocococoeoeoeN ocoocoo@e@@OWN Jococo@eoo@OW0n JHMHOo@@OOQOW0n
[ dHHAA A A A AN Jooo@000 0 B e R R R R R ) A OO0 cocooeeo@0On dHHHO@OoO0R O cooo@o@O N cooooooOON CRCRCRCRCRCRCRCRCRE] dHHAA A0
° JooeoOdHHHWN [SR-RCNCNONCRoRo RO N dHHoo@o0O0n JdHooco@o0o00 O Jooo@o@oHV Jd-Hooco@000Q@ Jooco@o@eHNn CcoocooooOoOW0n P00 JdrHOoOoOO@OW0N
S|| coccocoocon ccocooocooo locococoooon locococoooocoo Jp locococoocoo [ cocoooocon ccocooooo0e Llococoooooon
° \ °°°°°°°°°") /reaaeeeaaee\ /aameaaames\ /eeaaeeeeae\ /Laeeuaueaa\ /eeeaaeeeaa\ /Laaeeemaee\ /aeeeeaeeee\ /eeeaaeeeaa\ /eaaaeeaaae\
&
(coococcccs )| ccccscsscs )| sccsccscss )| coccoscccn) (cosssesesos)|(cocccscocn) (cscososcss )| ccccoccccn) [eccccssscs \|(essssssss0)
- cococoooon ccoocosco0o [ Locooem0orn coco>0m05n Locoom0orn cooo=0m0>n Looooodann Loccoocoocon e>>>555550
@ cocoooooon c>co0ooco00 cocoo0ooo0® lreocosoann cooo>0>0>n0 lroocosonnn ccoo>0>0>n0 jrpupe Rl lrddococooonn 0555555550
G || coccocooon Jccoooooon Jcoocoos>0o0 LddMesodrn coco>0505n [EpEpEpEpIS T cooo>0=0>n0 [ g i es>>5555>0
Woll cococococon [ lrddo>cocon dddddmadno coco>0m05n JEpipi e ccoo=0m0>n S>>>55555> >>>>>>3>>> 4555555550
5% ~eccconann e U ddHdA> a0 cooo>0>0>un ddddda>dno® cocoz0>0>n cococoooooon Lococooooon 4333333330
S Zasananaan LJccosccooo [Epipipipipapipbyrv lddro>cooo coco>0505n lddro>cocoo cooo>0=0>n0 cocooooo0n cocooooo0® HSSSSSSGOn
35| Seccoonmnn cccocccsca R RN A rrecocoMecoe Lceomomomn [P PADA I leccomomemn coccccosan S>>>>>>>>> HeSdgSaao
L Ef| coccooocon ccocoooom00 loocococozcon locococo>cocoo SddAmasasa lococo>o0ocoo dddmas a0 cocoooooon 5555555555 1555555550
E S| coccccccon coocoocooooo cococococooon coocoo=co0oo looo>0>0>o0 cococo=cooo Lloocoz0=0>o0 cococoocoooo cococococoooa oesassss50
0a|\_ RN AR A AN ZRN PARN DZRN I\ ZRN PARN J

1 Random Cell

5 Random Cell

10 Random Cell

1 Random Row

3 Random Row

1 Random Row

3 Random Row

1 Random Column

3 Random Column

Full

Figure 2: Overview of task variations: predicting material distributions for N random cells, rows,

columns, or a full structure [3}
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Prompt Template: Difficulty: Easy Difficulty: Hard
K(v.‘)u are given a structural material distribution represented as a grid. Each cell can have one of the following slales.\ [ {FILL_INSTRUCTION} \ [ {FILL_INSTRUCTION} \
- L indicates applied load.
- \s/ ::g:z:::: ;‘:‘d ot V' cells with either “1° V" cells with a floating point number between 0 and
PP (solid) or ‘0’ (empty) 1, with one decimal place (e.g., 0.0, 0.1, 0.2, ..., 1.0)

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). {GRID} {GRID}

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 JAN )
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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 O 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:

differences count between model output and ground truth
Score =1 —

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 OpenAl, we include GPT-3.5 Brown et al.|(2020), GPT-4.1|OpenAl et al.| (2024a)),
and GPT-40|OpenAl 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 janthropic| (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-Al 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
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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[). 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 GPT4.1  GPT 40 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 2345 -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 8427 68.07 39.15 60.30 3525 0.00

10 Random Cells Exact Match 0 0 4 15 3 8 2 1 0
Score 6.48 27.36 -111.70 63.27 78.72 66.03 1223 58.66 20.72 -437.93
Normalized Score 21.95 27.36 0.66 63.27 78.72 66.03 4421 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 2257 87.88 9245 90.67 89.73 73.80 83.13 -107.43
Normalized Score 34.60 74.88 3045 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 16.50 230 34.80 68.50 50.70 71.60 37.50 49.30 0.00

3 Random Columns  Exact Match 2 1 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
Score 46.56 64.69 57.81 63.39 70.09 75.74 71.59 48.49 57.83 3749
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 3.67 043 1735 77.61 65.32 7597 5229 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 230 40.10 240 65.00 85.00 80.50 79.80 79.60 43.20 0.00

3 Random Rows Exact Match 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 592 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 54.3 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 -54.05 497 -34.48 36.80 69.00 60.98 58.02 62.28 21.35 -94.25
Normalized Score 3.57 517 3.33 37.03 69.00 61.33 58.02 64.33 2495 0.00

Full Exact Match 0 0 0 0 0 0 0 0 0
Score 10.93 16.96 921 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 3741 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 4831 -57.05 -898.03
Normalized Score 322 14.60 3.14 36.13 71.79 63.93 68.17 55.48 25.20 4.67

Overall Average Exact Match 4.00 431 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 67.44 573 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 @)
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

S 28 A S & 2

SIS SIS SIS S S

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

& ks &

VAV A A A VAV A A A S5

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 0] 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 and
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 x 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.


https://anonymous.4open.science/r/SPhyR-587C
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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

I)rorn])t: 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:

o

o o B B B o o o o o
©o o o » o o o o o o
o o o < o o o o o o
o o o o o o o o o
o o o o o o o o o
o o o o o o o o o

o o o o o o

o » o o o o o

o » o o o o o
LS SV SV SV S ¢ I ¢ B B &)

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):

000000O0O0COO

000000O0O0OS

000O0O0OOOOG S
000O0O0OOOOG S
000O0OO0OOOOGOS
LOOOOO111Ss
L11111111s
LOOOOO111Ss
000O0O0OOOOG S
000O0O0OODOOGOS
Ground Truth:

000000O0O0O0O
000000O0O0O0S
00 000Ss
000Ss
00

o o

0s

o o o o
o o o o
o o o o

111s
111111s
111s
0 s

o o t v
©o o o B o o o
o o o B o o o o
o o o
o o o
o o o
o
o

000Ss
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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 GPT4.1 GPT4.1 Claude Opus 4~ Claude Opus 4~ Gemini 2.5Pro ~ Gemini 2.5 Pro  DeepSeck-R1 ~ DeepSeck-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 21.77 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 4421 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 51.57
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 5113 49.20 53.53 60.07
Normalized Score ~ 41.57 70.85 74.05 71.63 69.73 57.63 5113 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 58.02 571.55 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

Exac Mt crss Tk (3 Oty Normlized Sor Acos ok Easy Oty Score Across Tk (Eay Oty

Figure 9: Exact Match, Overlap- and Normalized Overlap-Scores on sub-set of easy difficulty tasks
graph plot.

Exac e crss sk (35 Oty Normliz Sore Acos ok ey Oty Scos Across sk ey Oty

Figure 10: Exact Match, Overlap- and Normalized Overlap-Scores on sub-set of easy difficulty tasks
line plot.

Score - Averagn Acoss Models sy Oty

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.

- '8’ 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:

LLLLLOOOOG®
0111000000
0111000000
0010000000O0
001000000O00O0
001000000O00O0
00100000O0O
001000000O0O0
vo0o11100000
001sss0000O0

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):
LLLLLOOOODO

0111000000

0111000000
00100000O0O0
00100000O0C0O0
0010000O0O0CO0
00100000O0O0
00100000O0CO0
0011100000
001SsSss000O00O0
Ground Truth:

LLLLLOOOOO
0111000000
0111000000
0010000O0O0CO0
00100000O0CO0
00100000O0CO0
0010000O0OO0CO0
00100000O0O0
0011100000
001sss000O00O0
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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.

- 7S’ 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:

00LLLOOOOO
00010000O0O0
000VvVO0OO0OOOOO
0001000000O0
000100000O00O0
000100000O00O0
0011100000
0011100000
0011100000

©n
©n
©n
%)
%)
©n
©n
©n
©n
o

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):
00LLLOOOOO
0001000O0O00O0
1

»w o o o o o o o
w o o o o o o o

» o o o o

= =

H o o o o
n o o o o o o o
n o o o o o o o
w o o o o o o o
»w o o o o o o o
o o o o o o o o

Ground Truth:
0O00LLLOOOO
0001O0O0O0O00O0
0001000O0O

o o o
=
H o o o

o o o o o o
o o o o o o
o o o o o o
o o o o o o
o o o o o o
o o o o o o

©n
©n
©n
[}
%)
©n
©n
©n
©n
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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.

- 7S’ 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:

00LLLOOOODO
0001000000O0
000VO0OOOOOO
000100000O00O0
0001000000O0
00010000O0O
0011100000
0011100000
0011100000
SSSSsSSsSSsSsSsSso

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):

00LLLOOOOO

0001000000

1

o o o o o o o
o o o o o o o
o o o o
=

» o o o o

o o o o o o o
o o o o o o o
o o o o o o o
o o o o o o o

111

©o o o o o o o o

S SSSSSSSs s
Ground Truth:
00LLLOOOO
0001000O0O

o o o o o o o
o o o o o o

o o o o

o o o o
© o o o o o o
© o o o o o o
o o o o o o o
o o o o o o o

(4}
(4}
[}
%)
(%)
(%)
(%}
(%}
(4}
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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.

the following states:

oy

_ oy

— rgr

The goal is to predict the correct material distribution by filling in all 'V’

or "0’

supports,

Important:

plausible for carrying the applied forces.

Below

o o o

o o

Please output the

o o o o

o o

o ©o o o o o o

(empty) ,

indicates applied load.
indicates void.

indicates support.

and forces) .

based on the surrounding structure and implicit physical reasoning

Each cell can have one of

cells with either ’1’ (solid)

(such as load paths,

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

is the input grid with masked regions:

©o o o o o o

o o o o o

o o o o o
o o o o ¢

o o

o o o o
o o o o o o

o o
o o

Maintain the same format as the input:

rows and columns unchanged.

one row per line,

completed grid by replacing all 'V’ cells with either ’1’ (solid)

cells separated by spaces,

Return only the completed grid without any additional explanation.
Model Completion (differences in red):
000000LLLO

0
0

o o o

o o o

s
G

0
0

o o o

o o

S

round

0

o o o o o

1

S

0

o o o o

1

S

0

H o o o

1

S

00000

0

nw o o o o o o o

0

o o o o o

000

» o o o o

0

o o o

0

= o o

0

H o o o

1

1

0

0
0
0

1
0

1
1
1
1
1

1
0
0
0

00

00
00
00
00

ruth:

0OLLLO

00100

0

0
0

0
0

o o =

1

o o o

00
00
00
00
00
00
00
00
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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 0.00.0LLLO.0O0.00.00.0

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 v0.00.50.00.00.00.00.0
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 0.10.00.00.00.00.00.0

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 0.0LLLO0.0O0.00.00.0

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 sSs0.10.00.00.00.00.00.0
Ground Truth:

0.0 0.0 0.0L L L 0.0 0.00.00.0

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. 0.2 0.8 0.0 0.0 0.0 0.0 0.0 0.0
S S s0.10.00.00.00.00.00.0
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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:

0OLLLLLOOGOO
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
0SsSssss000

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):

0OLLLLLOOG®ODPO

0111110000
01 00010000O0
0100010000
0100010000
0100010000
0100010000
0100010000
0111110000
0sSssSsSsSs000

Ground Truth:

OLLLLLOOOO
0011100000
0011100000
00010000O0O0
0001000000O0
0001000000
00010000O0O0
0001000000O0
0001000000
05SS5SSSSS000
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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:

=}
=}
.

< < < < < < < <

< < < < < < < <

< < < < < g < < o
< < < < < g o< <o
< < < < < g < <oy
< < <9 < < g o< <oy
< < < < < S o< <oy
< < < < < g < < o
< < < < < <9 < < v
< < < < < <9 < < v

=}
o
=}
=}
(%)
(%)
(%
(%)
(%)

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 LLLLLLLLTL

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 SS s s 0.00.00.0
Ground Truth:

0.0 LLLLLLLLTL

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 SS s s 0.00.00.0
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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:

0O0OLLLOOOODO
000100000O00O0
000VvVO0OO0OO0OOOO
00010000O00O0
000100000O00O0
0001000000O0
0011100000
0011100000
0011100000

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):

00LLLOOOOO

0001000000O0

00010O00OO0ODOCO
0001000O0OO0CO0
0001000O0O0O0
00010O00O0ODOCO
0011100000
0011100000
0011100000
SSSSSSSSSoO
Ground Truth:

00LLLOOOGODO
0001000O0O0CO0
0001000O0O0CO0
0001000O0O0O0
0001000O0O0CO0
0001000O0OO0CO0
0011100000
0011100000
0011100000
SSSSSSSSSsSoO
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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.

the following states:

The goal is to predict the correct material distribution by filling in all 'V’

or "0’

ry

Iy

rgr

supports,

Important:

plausible for carrying the applied forces.

Below

o o t

o o

o o <

Please output the

o o o

o o

L

o o o

(empty) ,

indicates applied load.
indicates void.

indicates support.

based on the surrounding structure and implicit physical reasoning

and forces) .

Each cell can have one of

cells with either ’1’ (solid)

(such as load paths,

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

is the input grid with masked regions:

L

o o o o ¢
H o o o o o o

o o o o o
o o o o o

(%)
o

Maintain the same format as the input:

rows and columns unchanged.

one row per line,

completed grid by replacing all 'V’ cells with either ’1’ (solid)

cells separated by spaces,

Return only the completed grid without any additional explanation.
Model Completion (differences in red):

LLLLLLOOGODPO

0
0

= o o o

o o o

1

0

o o o

o o o

0

1

1

o o o o

1
1

1
0
0

1
0

1
1
0

0

H o o o

1

1

0

o o o o

1

S

Ground Tr

LLLLL

o o o o o o o o

1

o o o o o o o o

111

1

o o o o

1

0

0
0

S
ut|

00

00
00
00
s 0

h:

LOO0OOO
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0

0
0
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0
0
0
0
0
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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 0.00.0LLLO.0O0.00.00.0

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 v0.00.50.00.00.00.00.0
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 0.10.00.00.00.00.00.0

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 0.0LLLO0.0O0.00.00.0

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 sSs0.10.00.00.00.00.00.0
Ground Truth:

0.0 0.0 0.0L L L 0.0 0.00.00.0

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. 0.2 0.8 0.0 0.0 0.0 0.0 0.0 0.0
S S s0.10.00.00.00.00.00.0
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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:

0OLLLLLOOGOO
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
0SsSssss000

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):

0LLLLLOOGOO

1111111111

1111111111

1111111111
1111111111

0sSssSsSsSs000

Ground Truth:

OLLLLLOOOO
0011100000
0011100000
00010000O0O0
0001000000O0
0001000000
00010000O0O0
0001000000O0
0001000000
05SS5SSSSS000
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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:

=}
=}
.

< < < < < < < <

< < < < < < < <

< < < < < g < < o
< < < < < g o< <o
< < < < < g < <oy
< < <9 < < g o< <oy
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< < < < < g < < o
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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 LLLLLLLLTL

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 SS s s 0.00.00.0
Ground Truth:

0.0 LLLLLLLLTL

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 SS s s 0.00.00.0
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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:

0O0OLLLOOOODO
000100000O00O0
000VvVO0OO0OO0OOOO
00010000O00O0
000100000O00O0
0001000000O0
0011100000
0011100000
0011100000

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):

00LLLOOOOO

0001000000O0

00010O00OO0ODOCO
0001000O0OO0CO0
0001000O0O0O0
00010O00O0ODOCO
0011100000
0011100000
0011100000
SSSSSSSSSoO
Ground Truth:

00LLLOOOGODO
0001000O0O0CO0
0001000O0O0CO0
0001000O0O0O0
0001000O0O0CO0
0001000O0OO0CO0
0011100000
0011100000
0011100000
SSSSSSSSSsSoO
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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:

LLLLLLOOOO
0111100000
0011000000
0011000000O0
0011100000
0011110000
vool111000
0001111100
0000111100
000001sssoO

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):

LLLLLLOOGODPO

0111100000

00110 000

= o o o
o o o
—
=
1
H o o o
o o o o

1111000
1111100

o o o

0111100

o o o
o o o o

0 001ssSsoO
Ground Truth:
LLLLLLOOTOPO

111100000
11000000
0 00
0 00

o o o

0

0
000
000
1

00
0111100

o o o o o o o o
o o o o o o o o

o o o o

001ssso0
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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 0.00.0LLLO.0O0.00.00.0

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 v0.00.50.00.00.00.00.0
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 0.10.00.00.00.00.00.0

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 0.0LLLO0.0O0.00.00.0

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 sSs0.10.00.00.00.00.00.0
Ground Truth:

0.0 0.0 0.0L L L 0.0 0.00.00.0

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. 0.2 0.8 0.0 0.0 0.0 0.0 0.0 0.0
S S s0.10.00.00.00.00.00.0

49



Under review as a conference paper at ICLR 2026

G.14 GPT-4.1 - FUuLL 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:

0OLLLLLOOGOO
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
0SsSssss000

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):

0OLLLLLOOG®ODPO

1111111000
10000010O00O0
1000001O0O00O0
10000010O00O0
10000010O00O0
10000010O00O0
10000010O00O0
1111111000
0SSSsSsSsS0O00
Ground Truth:

0OLLLLLOOTGOD@ O
0011100000
0011100000
0001000O0O0O0
0001000O0O0CO0
0001000O0OO0CO0
0001000O0O0O0
0001000O0OO0CO0
0001000O0OO0CO0
0SSSsSsSs0O00
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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:

=}
=}
.

< < < < < < < <

< < < < < < < <

< < < < < g < < o
< < < < < g o< <o
< < < < < g < <oy
< < <9 < < g o< <oy
< < < < < S o< <oy
< < < < < g < < o
< < < < < <9 < < v
< < < < < <9 < < v

=}
o
=}
=}
(%)
(%)
(%
(%)
(%)

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 LLLLLLLLTL

0.0 0.4 0.6 0.8 1.0 1.0 0.8 0.6 0.4

-~
=}
=}

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 SS s s 0.00.00.0
Ground Truth:

0.0 LLLLLLLLTL

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 SS s s 0.00.00.0
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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:

0O0OLLLOOOODO
000100000O00O0
000VvVO0OO0OO0OOOO
00010000O00O0
000100000O00O0
0001000000O0
0011100000
0011100000
0011100000

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):

00LLLOOOOO

0001000000O0

000100000O0O0
000100000O00O0
0001000000
00010000O0O0
0011100000
0011100000
0011 00000
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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:

LLLLLLOOOO
0111100000
0011000000
0011000000O0
0011100000
0011110000
vool111000
0001111100
0000111100
000001sssoO

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):

LLLLLLOOGODPO

0111100000

00110 000

o o
o o

H o o o

o o o o

o
o
-
.
—

1111000
1111100

o o o

0111100

o o o o
o o o o

0 001ssSsoO
Ground Truth:
LLLLLLOOTOPO

111100000
11000000
0 00
0 00

o o o

0

0
000
000
1

00
0111100

o o o o o o o o
o o o o o o o o

o o o o

001ssso0
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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.OLVLLLLLLDO.O

0.0 0.0 0.2 0.3 0.1 0.10.30.20.00.0
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 0.00.00.0
0.0 0.0 0.0 0.4 0.1 0.10.40.00.00.0
0.0 ssSsSsssSss 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 LO.2LLLLZLTLDO.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 SSSSSSSsSsS 0.0

Ground Truth:
0.0OLLLLLLULYLDO.O

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 SSSSSSsSsSsSo0.0
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G.19 GEMINI 2.5 PrRO - 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:

000LLLLOOO
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
0000sss0O00O0

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):

000LLLLOOO

0001111000
0000111000
0000111000
0000111000
0000111000
0000111000
0000111000
0000111000
0000SSSsSO0O00O0
Ground Truth:
000LLLLOGODPO
0000110000
0000110000
0000110000
0000110000
0000110000
0000110000
0000110000
0000110000
0000sSsSsSO0O00O0
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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 0.0L LLO.0O0.00.00.00.0
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV

(%)
[
[}
(%)
(%)
(%)
(%
(%)
(%)
=}
=}

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 LLLO.0O0.00.00.00.0

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 0.31.01.0 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 0.51.0 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
SSSSSSSS S 0.0

Ground Truth:

0.0 0.0L L L O0.00.00.00.00.0

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
SSSSSSSS S 0.0
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