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Abstract. The physical world is not merely visual; it is governed by
rigorous structural and procedural constraints. Yet, the evaluation of
vision-language models (VLMs) remains heavily skewed toward percep-
tual realism, prioritizing the generation of visually plausible 3D lay-
outs, shapes, and appearances. Current benchmarks rarely test whether
models grasp the step-by-step processes and physical dependencies re-
quired to actually build these artifacts—a capability essential for au-
tomating design-to-construction pipelines. To address this, we introduce
DreamHouse, a novel benchmark for physical generative reasoning:
the capacity to synthesize artifacts that concurrently satisfy geomet-
ric, structural, constructability, and code-compliance constraints. We
ground this benchmark in residential timber-frame construction, a do-
main with fully codified engineering standards and objectively verifiable
correctness. We curate over 26,000 structures spanning 13 architectural
styles—each verified to construction-document standards (LOD 350)—
and develop a deterministic 10-test structural validation framework. Un-
like static benchmarks that assess only final outputs, DreamHouse sup-
ports iterative agentic interaction. Models observe intermediate build
states, generate construction actions, and receive structured environ-
mental feedback, enabling a fine-grained evaluation of planning, struc-
tural reasoning, and self-correction. Extensive experiments with state-
of-the-art VLMs reveal substantial capability gaps that are largely invis-
ible on existing leaderboards. These findings establish physical validity
as a critical evaluation axis orthogonal to visual realism, highlighting
physical generative reasoning as a distinct and underdeveloped fron-
tier in multimodal intelligence. The benchmark is available at https:
//luluyuyuyang.github.io/dreamhouse/.
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1 Introduction

The physical world is not merely a surface; it is a rigorous system of con-
straints |422}[241[25[[30L[33[36142]. A floor must bear load, a rafter must respect
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Fig. 1: DreamHouse benchmark samples. Each row shows a single structure across
five representations: material schedule (member counts by subsystem), foundation, two
intermediate framing stages, and complete timber frame, alongside the target exterior
rendering from which the model must infer the hidden structural system. Three of
the 13 architectural styles are shown: Split-Level (678 members), Cruciform (1,350
members), and Barn (845 members). Member counts span four subsystems: foundation
(Fdn), floor, walls, and roof.

its allowable span, and a wall must continuously transfer force from roof to
foundation. These are not aesthetic choices, but fundamental physical realities.
Yet, the dominant evaluation paradigm for generative vision models treats the
world as purely visual, asking only if a model can produce outputs that look

correct @ Whether those outputs could physically stand is a
question the field has largely left unasked.

While the recent surge in vision-language models (VLMs) has yielded re-
markable perceptual capabilities, evaluating their grasp of physical laws remains
in its infancy @ Recent benchmarks like PhysBench and VSI-
Bench probe physical reasoning and spatial recall, but they are fundamen-
tally comprehension tasks—the model observes, answers, and is scored. They
do not evaluate whether a model can build. Generating a physically realizable
artifact from scratch, under strict engineering constraints and without visible
ground truth, requires moving beyond passive observation. Between perceiving
a structure and constructing one lies a critical gap that standard benchmarks
fail to measure.

To bridge this gap, we introduce DreamHouse, a novel benchmark designed
to evaluate physical generative reasoning—the capacity to synthesize arti-
facts that concurrently satisfy geometric, structural, and code-compliance con-
straints. We ground our benchmark in residential timber-frame construction.
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This domain provides fully codified correctness criteria and discrete, verifiable
components, while remaining visually complex enough to prove that perceptual
plausibility alone is insufficient. DreamHouse comprises over 26,000 structurally
verified models spanning 13 architectural styles. Furthermore, we provide a suite
of 10 deterministic, physics-based tests covering load paths, span limits, mem-
ber connectivity, etc.. Crucially, these tests operate directly on the scene graph,
bypassing the need for computationally expensive simulations.

The DreamHouse task is formulated as an iterative generation process: given
rendered views of a target structure, a model must generate Blender Python con-
struction code, process structured validation feedback, and refine its output until
all structural tests pass. We evaluate performance across three protocols with
varying degrees of external scaffolding (Planner-Atomic, Planner-Reactive and
Planner-Managed) and two input conditions (bare framing visible, Frame, versus
occluded by finished cladding, Facade). This framework serves as a controlled
ablation study, isolating whether generation failures stem from weak spatial rea-
soning, deficient planning, or an inability to self-correct.

Our extensive evaluation of three frontier VLMs including GPT-5 [23], Gem-
ini 3 |[14] and Claude 4.5 [3] across more than 20,000 independent agentic tasks re-
veals striking limitations in current state-of-the-art models. Notably, models that
excel on standard coding and reasoning leaderboards often struggle with phys-
ical generation; highly-ranked generalists frequently underperform compared to
their peers when evaluated under our structured protocols. Even the most ca-
pable model achieves a joint pass rate of merely 7.1%, successfully satisfying
both structural validity and visual fidelity simultaneously. These findings demon-
strate that physical generative reasoning is not a natural byproduct of general
intelligence, but rather a distinct, underdeveloped capability axis demanding
dedicated evaluation. Our contributions:

— Physical generative reasoning as a novel VLM evaluation axis, distinct
from perception, comprehension, and simulation-based benchmarks.

— The DreamHouse benchmark, comprising 26,000+ verified timber-frame
structures across 13 architectural styles with multi-view renderings and con-
struction phase-wise annotations.

— A 10-test structural validation suite that is deterministic and simulation-
free, covering International Residential Code (IRC) compliance [8], physics,
geometry, and fabrication details.

— A three-protocol agentic evaluation framework, showing that scaffold
design is as important as model selection for physical generation tasks.

2 Related Work

Physical and Spatial Benchmarking for VLMs. A growing body of work
exposes systematic gaps between VLM semantic fluency and physical-world
grounding [61|7/17,/27,[29,/43]. PhysBench [7] evaluates 75 VLMs on 10K video-
image-text entries spanning object properties, relationships, and dynamics, find-
ing that models excel at static recognition but fail on Newtonian dynamics, a
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deficiency attributed to missing physical priors rather than perceptual limits.
VSI-Bench [39] measures metric visual-spatial intelligence (distances, sizes, direc-
tions) from egocentric video, showing that standard chain-of-thought prompting
degrades spatial estimation, models must instead build explicit cognitive maps.
Think-with-3D [6] endows VLMs with 3D geometric imagination via latent align-
ment and RL-based spatial rewards, enabling occluded geometry completion
from sparse views. These benchmarks evaluate passive physical understanding:
answering questions about or reconstructing observed scenes. DreamHouse tar-
gets the harder generative gap, producing structures that are themselves physi-
cally valid, without any reference structure to recall.

3D Scene Generation. Large-scale 3D generative models [2}/11}/18120134l/35//44]
optimize photometric or geometric metrics against reference renderings, leaving
structural validity unmeasured. TRELLIS [38| achieves state-of-the-art image-
conditioned 3D generation via sparse voxel latents, but its representation is
derived entirely from visual observations, a generated house mesh may score
well on Chamfer distance while failing every structural test. SpatialGen [12]
generates photorealistic indoor scenes conditioned on 3D layouts, operating at
rendering-grade level-of-detail for design visualization. DreamHouse operates at
fabrication-grade detail (LOD 350), specifying member species, cross-sections,
and connections sufficient for construction scheduling, complementary positions
in the AEC pipeline.

Code-Driven Structured Generation. A productive line of work [5}/10,
311[32}140,45] has VLMs write executable programs verified by domain-specific
oracles, comnsistently outperforming direct pixel-level synthesis for structured
outputs. DreamHouse adopts this architecture but replaces the visual oracle
with deterministic engineering compliance. VIGA [41] frames inverse graphics
as a long-horizon agentic loop (WRITE ¥ RUN ¥ RENDER ¥ COMPARE ¥ REVISE),
demonstrating that iterative execution feedback recovers performance where
single-shot VLMs fail. Its feedback signal is photometric; structural failures
(missing members, span violations) are invisible to any rendering oracle. Blender-
Gym [15] benchmarks VLMs on Blender editing tasks via LPIPS/CLIP-I, sharing
our infrastructure but evaluating visual imitation rather than structural correct-
ness. MCP-Universe [21] benchmarks LLM agents across six domains including
3D Design, where even GPT-5 achieves only 43.7% success; DreamHouse pro-
vides the domain-specific 10-test physical validation absent from its 3D tasks.
AutoPresent [13] and Chart2Code [32] further confirm that programmatic gen-
eration dominates pixel-level synthesis for structured outputs; DreamHouse ex-
tends this finding to 3D structural engineering where constraints are physical
law rather than aesthetic convention.

3 DreamHouse Benchmark

We construct DreamHouse, a benchmark for physical generative reasoning
grounded in residential timber-frame construction. It comprises (1) a large-scale
dataset of structurally verified structures paired with multi-view renderings, and
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(2) a deterministic validation suite of 10 physics-based tests scoring any gener-
ated structure against engineering and code-compliance standards [8,/26]. To-
gether they define both the task and the metric, enabling objective evaluation
of whether a model can construct, not merely depict, the physical world.

3.1 Benchmark Construction

Testbed choice. Residential timber framing is an unusually well-suited domain
for evaluating physical generative reasoning: its correctness criteria are fully cod-
ified (load-path integrity, member sizing, connection geometry, assembly order)
and objectively verifiable without human annotation [37]. The domain is also
visually rich and stylistically diverse, making perceptual plausibility a mean-
ingful but insufficient criterion. Before this choice, we piloted an alternative
bridge-generation testbed but found that frontier VLMs could easily satisfy
all validation tests by recovering a small set of geometric parameters analyti-
cally from the image, bypassing structural understanding entirely; see Appendix
for details. Timber framing forecloses this shortcut: member spacing, connection
hierarchy and load-path topology are not directly legible from exterior renders,
and no analytic inversion exists.

Parametric generation and dataset scale. Each structure originates from a JSON
configuration defining footprint dimensions, story count, roof pitch, overhang
depth. A procedural Blender Python generator instantiates this into a fully re-
solved 3D timber-frame model with human in the loop — individual foundation
sills, floor joists, wall studs, headers, ridge beams, rafters, and collar ties, each at
the correct position, orientation, and IRC cross-section, with member identities
and parent-child relationships preserved in a structured scene graph.

We identify 13 canonical residential styles [19] whose structural logic is
sufficiently distinct to stress different aspects of the reasoning pipeline: A-Frame,
Barn, Carriage, Colonial, Courtyard, Cruciform, Farmhouse, Ranch, Saltbox,
Shotgun, Split-Level, Townhouse, and Z-Plan. These span single- and multi-story
footprints, symmetric and asymmetric roofs, and rectangular to complex multi-
wing plans (Figure [2| and Figure . After filtering through the full validation
suite, the released dataset contains 26,543 provably buildable structures,
ranging from 133 to 1,548 members (mean 673, median 656), partitioned into
Foundation, Floor, Walls, and Roof categories [1|. All structures are rendered
from five canonical viewpoints using Blender [16] Cycles. All structures meet
LoD 350 (fabrication-grade); see Appendix for details.

Structural Validation Suite. The suite comprises 10 deterministic tests in three
pillars operating directly on the scene graph. With no physics simulation re-
quired, our evaluation can be fast, deterministic, and interpretable (Figure |3);
full mathematical definitions are provided in Appendix. Figure [4] illustrates the
corresponding agent loop for the Planner-Managed protocol.
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