ShapeWalk: Compositional Shape Editing through Language-Guided Chains

Supplementary Material

Code and Dataset

Our dataset, generation code, model checkpoints and train-
ing scripts will be made available upon publication at:

https://shapewalk.github.io/

Appendix Overview

This supplementary document is organized as follows:

» Section 1 provides additional analysis of our latent editor
models.

e Section 2 provides additional implementation details
about our dataset generation and model training pro-
cesses.

* Section 3 gives shape reconstruction examples.

» Section 4 showcases edit chain samples from our dataset,
including edit chains for additional table and vase
classes, and dataset statistics.

e Section 5 illustrates the sampling process for the 3D2VS
latent diffusion model.

1. Analysis

We differentiate in the additional results in this section be-
tween CD — REC and CD — REAL metrics, which respec-
tively measure the distance to the reconstructed edited shape
and the real edited shape. The latter metric is more relevant
for our task, as it measures the final editing ability of the
model (reported in the main paper).

1.1. Chained Shape Editing

We provide detailed results for the chained shape editing
task described in the main paper, in Table 2. We report
baseline results for our proposed chained shape editing task,
for chain lengths |[P| € {10,15,20}. Overall, while no
clear trend is observed for the Chamfer Distance, we ob-
serve that the average edit error for £, distance decreases
with longer chains. This could be explained by the fact that
longer chains contain more sequences of fine-grained edits
which are less likely to make the feature representations di-
verge abruptly. On the other hand, shorter chains are more
likely to contain sequences of high-magnitude edits, which
amplify the cumulative prediction error. In that sense, a par-
allel could be made with the long-horizon prediction prob-
lem in trajectory forecasting, where the prediction error ac-
cumulates over time [2].

1.2. Oracle Editing

We provide detailed results for the chained shape editing
task when oracle magnitudes and directions are used, in Ta-

ble 2. Overall, the biggest gain for PC-AE based models is
observed when using oracle directions. This suggests that
the main bottleneck for our models is the edit direction pre-
diction task, which is more challenging than predicting the
magnitude from the input prompt.

1.3. Predicting Edit Magnitudes

Our decoupled latent editor models predict both a normal-
ized edit direction ©;; and an edit magnitude 7h;; for each
edit. We use this property to analyze the correlation be-
tween the predicted edit magnitudes and the ground truth
edit intensities extracted from our metadata. We extract
decoupled edit vector predictions from our models on the
random subset, and compare them to the ground truth edit
intensities. In order to do that, we min-max normalize the
predicted edit magnitudes and bin them in the [1, 9] interval.
Ground-truth edit intensities are extracted from the ground-
truth edit vectors, similarly by discretizing the magnitude
of changes in the same interval. We plot confusion matri-
ces comparing these predicted discretized edit magnitudes
to the ground truth edit intensities in Figure 1. We show
results for three decoupled baselines: LATEFUSION;(24,
LATEFUSION512, and OURS519%4.

Overall, we observe a strong correlation between the pre-
dicted edit magnitudes and the ground truth edit intensities
across all models. However all models tend to deviate from
the ideal diagonal magnitude predictions. We remark also
that the OURS512x4 model tends to deviate from the diago-
nal and avoids predicting the maximum possible magnitude
range. One way to alleviate these biases could be to intro-
duce explicit supervision to the edit magnitude prediction
task using the ground truth edit magnitude labels. For ex-
ample, a contrastive loss could incentivize the model to pre-
dict edit magnitudes that align with the ground truth ranking
of edit intensities.

2. Implementation Details
2.1. Shape Chain Generation

We detail in Figure 9 the process of sampling parameter

chains from the parameter tree. Each parameter vector 6;

can be represented as a dependency tree. We start by sam-

pling a parameter tree 8y using regressed parameters from

a real source shape in the realistic subset. We then succe-

sively sample parameters to edit by interpolating towards a
shape in the realistic setting'.

UIn the random setting, the source shape and subsequent parameters are
sampled randomly.
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Table 1. Chained shape editing ablation. We report detailed baseline results for our proposed chained shape editing task, for chain
lengths |P| € {10, 15,20}, using the PC-AE trained latent editors. Both the average final error and average edit error are reported for the
Chamfer Distance (CD) and £ distance (L£2) metrics. We differentiate between distances to the reconstructed edited shape (CD — REC)

and distances to the real edited shape (CD — REAL),
select for our qualitative results.

which is the most relevant metric for our task. We highlight in grey the model we
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LATEFUSION; 2 (] 1.687 1.430 2.694 2.698 1.883  1.672 1.978 1.328 3.089 2.749 1.300 1.190 2.149 1.307 3.224 2.676 1.170  0.900
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Table 2. Oracle editing results. We report detailed baseline results when oracle magnitudes and directions are used for the chained shape
editing task, on all LATEFUSION models. We differentiate between distances to the reconstructed edited shape (CD — REC) and distances
to the real edited shape (CD — REAL), which is the most relevant metric for our task. Overall, the biggest gain for PC-AE based models is

observed when using oracle directions.

When boolean parameters with children are triggered, we
sample a random value for each child parameter. For scalar
parameters with a continuous domain, we sample a ran-
dom value from a discretized version of the parameter’s
range. After generating each parameter vector 6;, we pass
it through a geometry checker (implemented in [12]) ensur-
ing that the resulting shape is valid. If the shape is invalid,
the whole chain is discarded and we start over from a dif-
ferent starting pair. Otherwise, the corresponding mesh is
synthesized using the shape program ¢¢ and added to the
chain.

2.2. Text Instructions Generation

We detail in Figure 2 the process of synthesizing text in-
structions for the chained shape editing task. Starting from
an edit vector, we map the edit intensity and the parame-
ter name to a predefined vocabulary set which is randomly
sampled. Optionally, the generated instruction is para-
phrased using a pre-trained language model. Our instruc-
tion generation method is completely automatic and does
not require any human annotation or additional data.

2.3. Architecture details

Rendered View Feature Extractor. We use a ResNet-
50 [7] model pre-trained on ImageNet [5] to extract ren-
dered view features from the input shapes. Since all syn-
thetic meshes are centered at the origin and aligned, we do
not require multi-view features to ensure invariance to rota-
tion. Every mesh is rotated around the z-axis by an angle
0 = %, assigned a base RGB color and rendered from a
static viewpoint using the trimesh [4] library.

Autoencoders. We encode pointclouds using a PC-AE [1]
model pre-trained on the ShapeNet [3] dataset with a latent
dimension d = 256. We also use a 3D2VS [17] model
also pre-trained on ShapeNet with a latent dimension
d = 512 x 8. Note that our method is agnostic to the choice
of autoencoder model, and can be adapted to any other
shape or pointcloud representation.

PC-AE Latent Editors. We detail here the architecture of
our latent editor models.

* LATEFUSIONx is composed of a shape latent encoder,
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Figure 1. Comparing predicted edit magnitude to ground truth edit intensity. We plot confusion matrices comparing the predicted edit
magnitudes binned in the interval [1, 9] to the ground truth edit intensities extracted from our metadata. We show results for three decoupled
baselines: LATEFUSION1924, LATEFUSION512, and OURSs12x4. Overall, we observe a strong correlation between the predicted edit
magnitudes and the ground truth edit intensities. However, a bias can be observed in the OURS512x4 model, which tends to deviate from

the diagonal predictions, and avoids predicting the maximum possible magnitude range.
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Figure 2. Synthesizing edit instructions. Our method generates synthetic text instructions by first applying rule-based generation to
translate parameter changes into natural language. The edit intensity is mapped to a natural language intensity depending on the parameter
type. To add diversity, the vocabulary describing the edit is randomly sampled, edit directions are randomly inverted, and a paraphrasing

transformer model is optionally employed to augment the final instructions.

an edit direction prediction module, and an edit magni- use batch normalization [8] for all layers except the out-
tude prediction module. The shape latent encoder is a put layer, dropout with a probability of 0.2, and ReLU
2-layer MLP with hidden dimensions [256, 256]. We use activations for all layers. We separately predict the edit
ReLU activations for all layers, and a linear activation for magnitude and edit direction using the same modules as
the output layer. The edit direction prediction module is a LATEFUSION.

4-layer MLP with hidden dimensions [ X, 256, 256, 256]. We illustrate in Figure 4 the architecture of the latent editor
Since we normalize the predicted edit vector, we remove diffusion model.

the final bias term from the output layer. We use batch
normalization [8] for all layers except the output layer.
The edit magnitude prediction module is a 3-layer MLP
with hidden dimensions [256, 128, 64] respectively.

For all modules, we use dropout [14] with a probability
of 0.1 for all layers except the output layer.

¢ OURS;512x x only uses the edit direction prediction mod-
ule which is an X-layer MLP with hidden dimensions
of the size of the latent space of the autoencoder. We

instructions.

Text Encoder Model. We use a pre-trained BERT [6]
model to encode the language instructions into a 768-
dimensional feature vector. We employ the base uncased
model with 12 layers, 12 self-attention heads, and 110M
parameters. Training with larger instances of BERT or with
LLM-extracted text features could potentially improve the
generalization ability of our models on unseen language

3D2VS Latent Editors. We fine-tune a latent diffusion
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Figure 3. Diffusion-based latent editor. We illustrate the archi-
tecture of the transformer-based latent editor diffusion model used
to edit 3D2VS [17] latents. || indicates concatenation of the input
features.
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Figure 4. MLP-based latent editor. We illustrate the architecture
of the MLP-based latent editor used to edit PC-AE [1] latents, for
the decoupled magnitude and direction prediction models. || indi-
cates concatenation of the input features.

model trained in the space of a frozen 3D2VS [17] auto-
encoder. The best performing model uses a depth of 24
layers with 8 channels and a latent dimension of 512 x §,
and conditions the model on text features by feeding
them as keys and values to the cross-attention layers. We
illustrate in Figure 3 the architecture of the latent editor
diffusion model.

2.4. Training

Shape Sampling. We sample N = 4096 points from
each synthesized mesh using the triangle point sampling
scheme [16]. Pointclouds sampled from synthetic shapes
are centered at the origin, normalized to the unit sphere,
and rescaled alongside each axis to align with ShapeNet
statistics. A minor downside of normalizing shapes is that
the model will only be able to learn to apply edits relative
to the scale of the input shapes.
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Figure 5. t-SNE embeddings of shape reconstructions. We plot
t-SNE embeddings [15] of the rendered view features of the input
shapes and their reconstructions in the space of the rendered view
feature extractor ¢r. We also provide the PSNR ratio between
input and reconstructed shape rendered views.

PC-AE Latent Editor. We train our models using the
Adam optimizer [10] with a learning rate of 1 x 10™%, and
an effective bath size of 128. The learning rate is linearly
increased from 1 x 1076 to 1 x 10~* during the first 8
epochs, and then gradually decayed back to 1 x 1076
following a cosine annealing schedule [11]. We train
our models on two NVIDIA V100 GPUs with 32GB of
memory each. Training on the full realistic set takes around
60 minutes, with pre-extracted text and pointcloud features.
Almost all models converge within 50 epochs, and we use
the best model checkpoint based on the validation loss for
all experiments.

3D2VS Latent Editor. To fine-tune the latent diffusion
models, we use gradient clipping and a half-cycle cosine
after a warmup of 20 epochs. We train the models for
200 epochs with a batch size of 32 on eight NVIDIA V100
GPUs with 32GB of memory each. Training and sampling
strategies are the same as in [9, 17].

All text and pointcloud features are pre-extracted and
cached to disk to speed up training.

3. Shape Reconstructions

We illustrate in Figure 12 the top-8 and bottom-8 shape
reconstructions from the 3DCoMPaT [13] dataset into the
GeoCode representation, ranked by rendered view feature
similarity. Overall, we observe that the reconstructions are
of high quality, and that the model is able to capture the
main shape features of the input shapes. The worst recon-
structions are discarded from the shape interpolation pro-
cess as they do not generally lead to realistic reconstructed
shapes.
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Figure 6. ShapeWalk dataset statistics. We plot the distribution of the number of shapes per chain (/eft), of the intensity of edits (middle),
and of the complexity of edits (right). For the edit complexity, note that the frequency is provided in log-scale. The vast majority of edits

in the realistic subset are granular, affecting a single shape parameter.

In order to further investigate the quality of the reconstruc-
tions, we compute t-SNE embeddings [15] of the rendered
view features of the input shapes and their corresponding
reconstructions in the space of ¢, the rendered view fea-
ture extractor. We show the results in Figure 5. While re-
constructed (in purple) and source shapes (in yellow) from
the 3DCoMPaT [13] dataset form two distinct clusters, we
observe that the reconstructions are generally close to the
input shapes in the feature space. The filtered reconstruc-
tions (in blue) are more likely to be outliers in the feature
space, and are thus discarded from the shape interpolation
process to avoid unrealistic shape interpolations.

4. Dataset Insights
4.1. Shape Chains

In Figures 10, and 11, we showcase sampled shape chains
from our dataset truncated to the first N = 9 shapes.
For each chain edge, we show the corresponding language
instruction describing the parameter changes necessary to
transition from one shape to the next.

4.2. Dataset Statistics

In Figure 6, we plot the distribution of the number of shapes
per chain (left), of the intensity of edits (middle), and of the
complexity of edits (right) in the realistic subset’. The edit
complexity corresponds to the number of shape parameters
affected by the edit. For edit complexity, the frequency is
provided in log-scale. We observe that the vast majority of
edits in the realistic subset are granular, and affect a single
shape parameter. Chain lengths range from N = 6to N =
29 shapes, with an expected length around N = 15 shapes.
The intensity of edits is not uniformly distributed and skews
heavily towards low-intensity edits, which is expected.

2Note that we do not show statistics for the random subset as all param-
eters including chain length and edit intensity are static and determined at
generation.

5. Diffusion-based Editor Generation Process

We illustrate in Figure 7 the process of generating a shape
chain using a diffusion-based latent editor model. We show-
case the generation of a shape chain from a source shape to
a target shape using our latent editor operating in the space
of the 3D2VS autoencoder, illustrated in Figure 3. We show
32 intermediate shapes generated by the diffusion model for
each sampling step.
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Figure 7. Diffusion-based shape chain generation. We illustrate in this figure the process of generating a shape using a diffusion-based

latent editor model, for a source shape (blue) and a text instruction, to obtain a final target shape ( ) after T' = 32 diffusion steps.



« reduce table width marginally. »
« lower table top height significantly. »

« increase legs roundness highly. » « lower legs inclination highly. »
« remove long stretchers. » « increase legs indentation substantially. » « decrease table top thickness vastly. » « lower table top height significantly »
« reduce vase surface thickness « lower vase
completely. » width modestly. » « reduce vase mouth width a lot. » «add 6 vase handles. [..] »
- <
« add vase lid. » « raise vase bottom curve width

considerably. » « raise vase height slightly. »

Figure 8. Chain samples for additional classes. We showcase in this figure additional chain samples for the realistic subset, for the table
and vase classes. Our method is able to generate realistic shape chains for a variety of classes, given support for the corresponding shape
programs. In our case, GeoCode [12] supports the classes we use in this work. Extending our method to new classes will require extending
these underlying shape programs.
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Figure 9. Parameter tree sampling. We detail in this figure the process of sampling parameter chains from the parameter tree. Each
parameter vector 0; can be represented as a dependency tree. We start by sampling a random parameter tree 6; from the root node of
the tree (or using regressed parameters from a real shape in the realistic subset). Edit parameters are then sampled randomly (or using
interpolation for the realistic set) from the tree until the desired chain length is reached (or until the target shape is reached).



« increase chair shallowness
« add thin wide seat. » « add attached armrest. [...] » « raise seat elevation a bit. » appreciably. »

. « increase seat elevation « decrease seat roundness
« change to star base. » « decrease chair depth a lot. » . !
noticeably. » appreciably. »

« lower handles support « increase seat height ) )
« change to pedestal base. » inclination appreciably. » significantly. » « increase armrests width
highly. »
« change to thick seat pillow. [...] » « raise armrests middle bend « mcreadse Ch?"‘ width  «decrease armrests supports
noticeably. » moderately. » inwards curvature marginally. »

. « increase top bar thickness « increase rails middle curvature « lower backrest middle

« add armrest cushions. add N . N
considerably. » appreciably. » bend marginally. »

supports to the armrests. »

« increase backrest rails « raise vertical rails width

h to pedestal base.
« change lo pedestal base. » roundness substantially. » modestly. »

« raise seat height moderately. »

Figure 10. Additional dataset samples. We showcase sampled chains from our dataset truncated to the first N = 9 shapes. We
color shapes based on their proximity to the starting shape (blue), and the ending shape ( ). For each chain edge, we show the
corresponding language instruction describing the parameter changes necessary to transition from one shape to the next. All shapes are
normalized to the unit cube and centered at the origin.



« lower backrest inwards «raise armrests middle bend

« change to solid backrest. raise top « remove armrest cushions. » curvature appreciably. » noticeably. »
bar thickness intensely. [...] »

P —
« change to pedestal base. » « decrease pedestal base upper « decrease handles support « increase pedestal base upper
width noticeably. » thickness considerably. » thickness noticeably. »
« add attached armrest. add armrest cushions. set « lower seat squareness «raise t({p bar thickness
armrests middle bend to a maximal value. [..] » moderately. » highly. » « raise back legs middle
bend intensely. »
« change to vertical rails. set number of « decrease top bar height « decrease chair height « increase legs thickness
vertical rails to 3. [...] » intensely. » substantially. » substantially. »
« add armrest cushions. change to « lower backrest middle
attached armrests [..J. » « change to four legs. » « raise seat curvature modestly. » curvature considerably. »
« add a thick wide pillow. [...]. » « lower rails roundness highly. » « raise backrest inwards bend « decrease chair shallowness

noticeably. » slightly. »

Figure 11. Additional dataset samples. We showcase sampled chains from our dataset truncated to the first N = 9 shapes. We
color shapes based on their proximity to the starting shape (blue), and the ending shape ( ). For each chain edge, we show the
corresponding language instruction describing the parameter changes necessary to transition from one shape to the next. All shapes are
normalized to the unit cube and centered at the origin.
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Figure 12. Shape reconstruction examples. We illustrate in this figure the original shapes from the 3DCoMPaT [13] dataset ( ),
and their corresponding reconstructions into the GeoCode representation (purple). In the top two rows, we show the top-8 reconstructions
ranked by rendered view feature similarity, and the bottom-8 reconstructions ranked by rendered view feature similarity in the bottom
two rows. While top reconstructions are generally of high quality, the bottom reconstructions are discarded from the shape interpolation
process as they do not generally lead to realistic reconstructed shapes. We discard these shapes to avoid unrealistic shape interpolations in
our shape chain generation process.
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