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Supplementary Overview

This document provides additional qualitative results, de-
tailed technical explanations, and extended experiments
supporting the main paper. For ease of navigation, we list
the major sections below.

1. Qualitative Examples (Sec. 1)
Expanded visualizations of primitive assemblies on
Toys4K, Part-Objaverse, and 3D GenPrim.

2. Understanding SuperFrusta (Sec. 2)
Expanded formulation, parameterization, and projection
operators.

3. ResFit Details (Sec. 3)
High-level design, iterative loop structure, and full algo-
rithmic flow.

4. Decomposition & Initialization (Sec. 4)
Detailed description of our volumetric partitioning
method.

5. Optimization Details (Sec. 5)
Two-phase optimization, stochastic preconditioning, cur-
vature weighting, and hyperparameters.

6. Applications (Sec. 6)
Textured primitive assemblies, canonical CSG inference,
and semantic refinement.

7. Additional Experiments (Sec. 7)
Further evaluations, ablations, and extended compar-
isons.

8. Failure Cases (Sec. 8)
Representative scenarios where our method struggles and
directions for improvement.

1. Qualitative Examples

Qualitative results on diverse 3D shapes. Figures |
and 2 present qualitative reconstructions produced by our
method on assets sourced from two datasets: Toys4K [10]
and Part-Objaverse [13]. Across both collections, by com-
bining ResFit with SuperFrustum, we successfully models

a broad range of object categories and geometric shapes.
The inferred assemblies remain both accurate and parsi-
monious, capturing thin features, complex curvature, while
partitioning the shape (often) along semantically meaning-
ful partitions. These examples highlight the versatility of
our primitive design: despite its compact parameterization,
it adapts fluidly to highly heterogeneous shapes, producing
coherent decompositions across diverse objects.

Comparison to prior work. We additionally compare
our method against Primitive Anything [14] (PA) (with test-
time optimization) and Marching Primitives [4] (MPS) (at
128 resolution) on representative meshes from the 3D Gen-
Prim dataset [12]. As shown in Figures 3, our method
achieves noticeably higher reconstruction fidelity while us-
ing substantially fewer primitives. The performance gap
is visually pronounced: prior methods tend to either over-
fragment shapes or underfit curved and intricate structures,
whereas our approach consistently yields clean, coherent
assemblies that more closely match the target geometry.



Figure 1. Qualitative results on the Toys4K dataset. Each example shows the input mesh (gray, bottom row) and the corresponding primitive
assembly inferred by ResFit. These examples highlight our method’s ability to capture fine geometric detail and overall structure using
compact, interpretable assemblies across a wide variety of toy categories.
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