
Pointer-CAD: Unifying B-Rep and Command Sequences
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Supplementary Material

In these supplementary materials, we provide the follow-
ing:

• Additional evaluations and analytical discussions, in-
cluding comprehensive metrics for text-to-CAD as-
sessment, comparisons on multiple benchmarks, and
ablation studies on invalidity ratio;

• Details of the proposed pointer-based representation,
including sketch plane selection method, specific vec-
tor translation rules, and definitions of geometric spe-
cial cases in pointer-based referencing;

• Details of the training framework, covering the B-rep
encoder, implementation details of the autoregressive
decoder, and the training objective;

• Visualization of some dataset cases, the prompts used
for annotation, and dataset statistics;

• Implementation Details;

1. Additional Evaluations and Analytical Dis-
cussions

1.1. Comprehensive Metrics for Text-to-CAD Eval-
uation

To provide a more complete assessment of model perfor-
mance, we further report the Invalidity Ratio (IR), Dangling
Edge Length (DangEL), and Self-Intersection Ratio (SIR)
following previous works [2, 9]. IR measures generation ro-
bustness, while DangEL and SIR quantify complementary
aspects of topological soundness. Also, following CADFu-
sion [6] and SkexGen [10], we evaluate our approach using
the LVM score, Coverage (COV), Minimum Matching Dis-
tance (MMD), and Jensen-Shannon Divergence (JSD).
Clarification on computation of IR:

Text2CAD [3] defines IR as:

IR =
Nvalid −Npost build

Nvalid
, (1)

where Nvalid is the number of representations that become
well-formatted after post-processing, and Npost build is the
subset that can be built into non-zero-volume solids under
the same post-processing pipeline.

To eliminate the influence of hardcoded post-processing,
we adopt another definition of IR across all methods, given
by:

IR =
Ntest −Nbuild

Ntest
, (2)

where Nbuild denotes the number of generated representa-
tions that can be successfully built into non-zero-volume

solids without any post-processing, and Ntest is the size
of the test set. Under our definition, any output with mal-
formed or incorrect formatting is directly treated as invalid,
enforcing a stricter and more realistic failure criterion than
the IR used in Text2CAD.

1.2. Additional results on our dataset
Table 1 presents additional evaluation results for various
metrics (IR, DangEL, and SIR) on the Recap-DeepCAD
dataset. Pointer-CAD consistently outperforms all base-
lines, achieving the lowest IR and demonstrating superior
topological soundness. These improvements show that our
pointer mechanism enhances robustness and yields more
coherent and structurally consistent CAD constructions.

To further investigate this robustness against error ac-
cumulation during sequential generation, Table 2 evaluates
single- versus multi-extrusion (≥ 2) models on the Recap-
DeepCAD dataset. While baseline methods experience sig-
nificant performance drops in multi-step scenarios, Pointer-
CAD maintains exceptional stability.

Table 3 further evaluates chamfer and fillet operations.
Pointer-CAD is trained on the Recap-OmniCAD+ dataset,
whereas baselines that do not support these operations are
trained on Recap-OmniCAD for fairness. Within this ex-
panded operation space, Pointer-CAD continues to outper-
form all baselines, indicating that its modeling accuracy and
stability are maintained despite the increased operation di-
versity.

Finally, Table 4 presents comprehensive generative eval-
uation metrics, COV, MMD, JSD, and LVM score, across
both the Recap-DeepCAD and Recap-OmniCAD+ datasets.
Specifically, COV, MMD, and JSD are computed using 1K
real and 4K generated samples, averaged over three inde-
pendent runs. The LVM score is evaluated on the full test
set via GPT-4o, utilizing the official evaluation prompt from
CADFusion. As demonstrated, our method consistently
surpasses all baselines across these metrics on both datasets.

1.3. Results on the Text2CAD Dataset
In addition to the baselines used in the main paper, we also
include Text-to-CadQuery [8], which represents CAD mod-
els using CadQuery [1] code. We compare our proposed
method with existing approaches on the dataset proposed
in Text2CAD, whose annotations are parameter-normalized
and unit-free, resulting in a simpler annotation format com-
pared with our Recap-DeepCAD and Recap-OmniCAD+



Table 1. Quantitative comparison on the Recap-DeepCAD
dataset across additional metrics. Pointer-CAD consistently
achieves lower invalidity and stronger topological soundness than
all baseline methods, demonstrating its superior robustness and re-
liability in generating coherent CAD constructions.

Model DeepCAD Text2CAD
CADmium Pointer-CAD

1.5B 3B 7B 0.5B 1.5B

IR ↓ 39.23 30.16 42.84 36.34 31.79 15.02 8.80
DangEL ↓ 1.80 0.71 3.27 3.88 5.33 0.20 0.19

SIR ↓ 0.15 0.07 0.10 0.13 0.20 0.02 0.02

Table 2. Quantitative error accumulation analysis on Recap-
DeepCAD. We evaluate single- vs. multi-extrusion (≥ 2) models.
Our method shows minimal performance drop across steps. Best
results are highlighted in red (single) and blue (multi).

Model
DeepCAD Text2CAD

CADmium Pointer-CAD

1.5B 3B 0.5B 1.5B

Single Multi Single Multi Single Multi Single Multi Single Multi Single Multi

Line F1 ↑ 86.22 63.02 92.54 80.62 92.94 63.51 95.08 56.57 96.54 94.06 99.34 97.65
Arc F1 ↑ 41.74 11.97 56.32 33.21 28.61 9.64 41.73 8.18 70.31 65.91 96.52 93.50

Circle F1 ↑ 86.13 62.70 94.05 78.62 92.75 37.12 93.41 40.48 98.87 96.52 99.71 97.35
Extrusion F1 ↑ 95.34 83.39 99.96 95.90 100 68.18 100 62.43 99.99 99.10 100 98.88

CD mean ↓ 32.48 46.52 12.82 25.95 7.75 23.53 6.79 24.25 3.80 7.39 1.70 4.35
CD median ↓ 6.92 22.76 1.14 13.24 0.34 12.46 0.26 11.54 0.33 1.76 0.24 0.63

Table 3. Quantitative evaluation on the Recap-OmniCAD+

dataset. Pointer-CAD maintains superior performance over all
baselines even under expanded operation diversity.

Model DeepCAD Text2CAD
CADmium Pointer-CAD

1.5B 3B 7B 0.5B 1.5B

IR ↓ 42.71 33.72 46.65 40.17 34.38 25.37 19.15
DangEL ↓ 3.34 1.13 3.20 4.32 4.61 0.28 0.27

SIR ↓ 0.19 0.11 0.12 0.15 0.20 0.02 0.02

Table 4. Additional evaluation. Our method consistently outper-
forms all baselines across these metrics.

(a) Recap-DeepCAD (b) Recap-OmniCAD+

Model DeepCAD Text2CAD
CADmium Pointer-CAD

DeepCAD Text2CAD
CADmium Pointer-CAD

1.5B 3B 0.5B 1.5B 1.5B 3B 0.5B 1.5B

COV(%) ↑ 71.85 75.90 69.00 70.20 86.97 89.40 63.68 72.22 65.70 66.67 87.57 87.53
MMD ↓ 1.29 0.97 1.20 1.19 0.77 0.70 1.48 1.08 1.29 1.16 0.74 0.77

JSD (x100) ↓ 3.12 3.04 1.45 1.82 0.84 0.62 4.03 3.48 1.79 2.21 0.66 0.65
LVM Score ↑ 5.41 5.82 7.28 7.52 8.46 8.57 5.39 5.64 6.98 7.03 7.99 7.96

datasets, as shown in Figure 1.
Note that, Text-to-CadQuery constructs its CadQuery

dataset sourced from Text2CAD dataset and converts the
original Text2CAD models into CadQuery scripts for-
mat. However, this conversion procedure introduces non-
negligible geometric discrepancies, causing the recon-
structed ground truth CadQuery models to deviate from
the original Text2CAD geometry. Therefore, for Text-to-
CadQuery, we additionally report the Chamfer distance be-
tween its predicted models and the converted ground-truth
models, as noted in the footnote. As reported in Table 5,
Pointer-CAD-1.5B achieves the best IR, sketch operation
F1, and CD, while Pointer-CAD-0.5B attains superior ex-

trusion F1, SegE, and DangEL.
Comparison with Text-to-CadQuery. Comparing the re-
sults of Pointer-CAD and Text-to-CadQuery, we observe
that Text-to-CadQuery achieves lower SIR and FluxEE.
This improved performance stems from its use of the mature
CadQuery engine and its built-in post-processing, which
inherently produces geometrically valid outputs. For in-
stance, the following code directly creates a box without
self-intersections while ensuring watertightness.

result = Workplane("front").box(
width, width, thickness

)

However, Pointer-CAD achieves smaller SegE and Dan-
gEL, even though Text-to-CadQuery relies on a highly engi-
neered drawing pipeline designed to prevent discontinuities
and connectivity errors. These results collectively demon-
strate that the pointer mechanism in Pointer-CAD produces
more coherent and well-structured CAD operations, en-
abling stronger geometric consistency than both sequence-
based and engine-assisted baselines.

1.4. Ablation Study on Invalidity Ratio
To investigate the factors contributing to the observed IR
disparity between models trained on the Recap-DeepCAD
and Text2CAD datasets, we first compare the annotation
pipelines used in each dataset. We note that the main dif-
ference lies in the presence of units and whether geometric
parameters are normalized. As shown in Figure 1, the anno-
tations in Text2CAD recenter each model at the origin and
uniformly scale it to fit within a canonical cube, effectively
pre-aligning its position and size to match the final repre-
sentation, whereas Recap-DeepCAD annotations do not ap-
ply any such simplification. We argue that this normaliza-
tion reduces the difficulty of the task. To validate this, we
construct a modified Recap-DeepCAD-Norm dataset by re-
moving all units and normalizing all geometric parameters
in the original annotations, following the pipeline used in
Text2CAD.

As illustrated in Table 6, all baseline methods trained
on these normalized prompts exhibit a substantial reduc-
tion in IR, demonstrating that the complex and hetero-
geneous dimension annotations in Recap-DeepCAD are a
primary source of invalid generations. We also note that
Text2CAD has a maximum token limit of 512; therefore,
for Text2CAD, we specifically filtered out models exceed-
ing this length and then evaluated the remaining IR again.
We also observed a reduction in IR after this filtering.

1.5. Quantification of Quantization Error
As discussed in Section 3 of the main paper, command se-
quences discretize continuous parameters (e.g., coordinates,
extrusion distances, angles) into 2q levels. By default, q = 8



Table 5. Quantitative comparison on Text2CAD datasets. Pointer-CAD clearly surpasses Text2CAD and CADmium, and remains
highly competitive with Text-to-CadQuery despite the latter’s reliance on the mature CadQuery engine.

Model Text2CAD
Text-to- CADmium Pointer-CAD

CadQuery-1.5B 1.5B 3B 0.5B 1.5B

IR ↓ 9.58 12.27 9.12 8.51 6.74 6.59
Line F1 ↑ 83.78 - 79.00 80.30 84.01 85.77
Arc F1 ↑ 41.54 - 37.72 44.22 37.51 46.83

Circle F1 ↑ 78.38 - 76.42 78.39 77.93 78.66
Extrusion F1 ↑ 93.76 - 88.53 88.06 95.72 95.50

CD mean ↓ 11.78 47.72 11.69 10.83 10.17 8.57
CD median ↓ 0.33 27.75 0.44 0.37 0.33 0.30

SegE ↓ 0.41 0.24 0.88 0.91 0.21 0.22
DangEL ↓ 0.43 0.25 2.10 1.86 0.16 0.17

SIR ↓ 0.02 0.01 0.07 0.06 0.02 0.02
FluxEE ↓ 9.40 0.36 6.30 4.79 2.56 2.44

* Due to inherent errors in the process by which Text-to-CadQuery constructs its CadQuery dataset, the
ground-truth CadQuery models naturally deviate from the original Text2CAD models. When computing
the error between the predicted models and these converted ground-truth models, we obtain a mean
Chamfer Distance of 12.79 and a median of 0.32.

Annotation in Text2CAD Dataset

Create the first part of the CAD model, a cylindrical object with a flat top and bottom, and a slightly tapered middle
section. Begin by setting up a new coordinate system with Euler angles of (0.0, 0.0, 0.0) and a translation vector of
(0.0, 0.0, 0.0). Next, create a sketch on the X-Y plane of the coordinate system. Within the sketch, create a face using
a single loop. Within the loop, create a circle with a center at (0.375, 0.375) and a radius of 0.375. Scale the sketch
by a factor of 0.75 and then extrude the sketch along the Z-axis by a depth of 0.1046, creating a new solid body. The
resulting part is a cylindrical object with a flat top and bottom, and a slightly tapered middle section. The part has the
following dimensions: length of 0.75, width of 0.75, and height of 0.1046 (including the extrusion depth).

Annotation in Recap-DeepCAD Dataset

To construct the cylindrical part, begin by creating a 2D sketch on the Top plane. In this sketch, draw a circle with its
center at the origin (0, 0) and a radius of 9.1049cm. This circle will serve as the base profile for the cylinder.
Next, apply an extrusion operation to the sketch. Extrude the circle along the normal direction by a depth of 2.54cm.
This will create a new solid body in the form of a cylinder with a flat top and bottom.
The resulting cylinder has a diameter of 18.2097cm and a height of 2.54cm. The cylinder is symmetrically positioned
with its base centered at the origin.

Figure 1. Prompt comparison. Recap-DeepCAD dataset includes dimensional values with explicit units, whereas Text2CAD dataset uses
normalized, unit-free geometric parameters.

in our experiment. To assess the reconstruction error in-
troduced by different quantization granularities and differ-
ent representations, we evaluate the median Chamfer Dis-
tance between the ground-truth mesh and the mesh recon-
structed from its ground-truth command sequence after ap-
plying quantization at various bit widths. A lower Chamfer
Distance indicates that the representation preserves geomet-
ric fidelity more effectively under quantization. As shown

in Figure 2, Pointer-CAD consistently exhibits lower quan-
tization error than Text2CAD across all settings. Moreover,
as the quantization bit width increases, the gap between the
two methods gradually narrows, eventually approaching to-
ward the inherent CD noise floor induced by random point
sampling.



Table 6. Ablation results on the Recap-DeepCAD-Norm
dataset. All baseline methods show a substantial drop in IR, in-
dicating that they depend on memorizing dataset-specific dimen-
sional patterns rather than engaging in genuine geometric reason-
ing.

Model Normed Truncate IR

Text2CAD
✗ ✗ 30.16
✓ ✗ 15.85
✗ ✓ 24.41

Pointer-CAD-0.5B
✗ ✗ 15.02
✓ ✗ 6.13

Pointer-CAD-1.5B
✗ ✗ 8.80
✓ ✗ 5.37
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Figure 2. Quantization Error. We directly measure quantization
error by computing the median Chamfer Distance between each
representation before and after quantization, where Pointer-CAD
exhibits substantially smaller error than Text2CAD.

1.6. Application of Click Interaction Editing
Since our proposed pointer-based command sequence al-
lows entity selection at each step, we extend the model
with token concatenation to incorporate user-interactive se-
lections alongside text instructions, enabling an immersive
editing experience. As illustrated in Figure 3, users can in-
teractively select faces or edges on the current B-rep to ex-
plicitly specify the operation target, enabling more precise
and intuitive editing through direct manipulation in con-
junction with text instructions.

2. Details of the Pointer-based Representation
This section elaborates on the implementation logic of
the pointer-based representation and the methodology for
sketch plane selection.

2.1. Specific Vector Translation Rules
Each token is classified as one of three types: Label Token,
Value Token, or Pointer. To simplify the model architec-
ture, we assign non-overlapping integer ranges to label and
value tokens, allowing them to be decoded by a single pre-
diction head. However, since a pointer is a reference to a

Add a cylinder on the 
selected face

Add a cylinder on the 
selected face

Apply a fillet to the 
selected edges.

Apply a fillet to the 
selected edges.

Cut a cylinder from the 
selected face.

Cut a cylinder from the 
selected face.

Figure 3. Illustration of our interactive editing functionality.
Users can directly click on a face or edge of the CAD model and
provide a text prompt to specify the desired operation.

geometric entity rather than a simple value, it requires a sep-
arate prediction head for decoding. To distinguish pointers
from label and value tokens, we reserve two specific inte-
ger values within the label/value token space. When the
model predicts one of these integers, it signals that the cur-
rent token is a pointer. These two integers also represent
the pointer’s state: as shown in Table 7, <pe> indicates
an enabled pointer that references an edge or face, whereas
<pd> signifies a disabled (inactive) pointer. Specifically,
for <nv> and <ag>, we first normalize all continuous pa-
rameters to the expected range and then quantize into 2q

levels and express them using q-bit integers.
Based on the notation in Table 7, we define the transla-

tion rules for each command as shown in Table 8. A CAD
model is represented as a sequence of valid sequences, with
only the last valid sequence is end with <em>.

2.2. Sketch Plane Selection

As defined in the [Sketch] notation, a sketch plane is speci-
fied by a Pointer to a face and a 2D coordinate system [CS].
The construction process, illustrated in Figure 4, unfolds in
three main steps: First, a base plane is established by se-
lecting a face with the Pointer, as shown in Figure 4a. The
resulting sketch plane is coplanar with this face. Second,
a local coordinate system U ′V ′W ′ is constructed on this
plane. The normal axis, W ′, is aligned with the face normal
that has a positive dot product with a world axis direction, n,
specified by the Label Token <dr>. The primary in-plane
axis, U ′, is determined by projecting an auxiliary direction,
d (listed in Table 9), onto the sketch plane. The second
in-plane axis, V ′, is then derived using the right-hand rule,
completing the orthogonal basis U ′V ′W ′. As depicted in
Figure 4b, the origin of this system is defined by project-
ing a point P from a world coordinate plane onto the sketch
plane along the direction n. Finally, as shown in Figure
4c, the final sketch coordinate system UVW is obtained by
applying a counterclockwise in-plane rotation to U ′V ′W ′



Table 7. Special Token Definitions. This table provides a comprehensive list of all Special Tokens used in our command sequence
representation, along with their semantic descriptions.

Notation ID Type Description

<em> 1 Label Token End of model (this step is the final step of the model)
<es> 2 Label Token End of step (additional steps are required after this one)
<ss> 3 Label Token Start of sketch
<se> 4 Label Token Start of extrusion
<sc> 5 Label Token Start of chamfer
<sf> 6 Label Token Start of fillet
<sp> 7 Label Token Start of profile
<sl> 8 Label Token Start of loop
<sx> 9 Label Token Start of curve
<pe> 10 Pointer Pointer to an Edge or Face
<pd> 11 Pointer Empty pointer
<or> {12, 13} Label Token Orientation (Clockwise, Counter-Clockwise)
<dr> [14, 19] Label Token Direction (X+, X-, Y+, Y-, Z+, Z-)
<bo> [20, 23] Label Token Boolean (New, Join, Cut, Intersect)
<nv> [24, 24 + 2q) Value Token Normalized to [0, 1] and then quantize to 2q level
<ag> [24, 24 + 2q) Value Token Normalized to angle [0◦, 360◦) and then quantize to 2q level

Table 8. Sequence definitions. Each sequence is defined by a specific combination of commands. The superscript [ + ] denotes that the
element appears one or more times, while the symbol [ / ] indicates that one of the alternatives can be chosen.

Notation Sequence Description

[P] <nv> <nv> <pe / pd> 2D point (x, y), snapped to reference or placed freely

[L] <sx> [P] Line starting from a 2D point (x, y)
[C] <sx> [P] <nv> Circle with center at (x, y) and radius r
[A] <sx> [P] <ag> <or> Arc starting from (x, y) with angle α and orientation

[Loop] <sl> [L / C / A]+ Closed loop composed of multiple curves
[Profile] <sp> [Loop]+ 2D Region defined by one or more loops

[CS] <dr> [P] <ag> <nv> 2D coordinate system in 3D space
[Sketch] <ss> <pe> [CS] [Profile]+ Sketch on a plane specified by pointer

[Extrude] <se> <nv> <nv> <bo> Extrude operation with depth and Boolean type
[EPart] [Sketch]+ [Extrude] Solid part constructed by extrusion

[Chamfer] <sc> <nv> <pe>+ Chamfer operation on referenced edges
[Fillet] <sf> <nv> <pe>+ Fillet operation on referenced edges

[VSeq] [EPart / Chamfer / Fillet] <es / em> Valid sequence

about the W -axis. An optional scaling factor may also be
applied to mitigate quantization errors.

2.3. Geometric Special Cases in Pointer Referencing

While a pointer is generally intended to reference a single,
unique geometric entity (i.e., an edge or a face), this one-
to-one correspondence breaks down in certain ”geometric
special cases.” These cases occur when multiple entities are
geometrically equivalent from a modeling standpoint, such
as coplanar faces or collinear edges. In such scenarios, se-

lecting any one of these equivalent entities would result in
the same final geometry. Therefore, the ground truth for a
pointer is not a single object but rather a set of valid can-
didates. This section provides precise definitions for these
geometric special cases.

Coplanar-Adjacent Faces. A face pointer selects a base
face to define a sketch plane. If two or more faces are copla-
nar (i.e., they lie on the same geometric plane), selecting
any of them will result in the same sketch plane definition.



Table 9. Direction mapping. In command <dr>, each symbol
corresponds to a primary direction and its auxiliary direction.

Symbol Direction Auxiliary Direction

14 X+ Y+
15 X- Z+
16 Y+ Z+
17 Y- X+
18 Z+ X+
19 Z- Y+

Z

X
Y

(a) Face selection.

Z

X
Y

P(x, y)

Origin (u, v)

W’

U’
V’

Z

X
Y

P(x, y)

Origin (u, v)

W’

U’
V’

(b) Origin definition.

W

U’

V
U

θ

(c) Rotation defini-
tion.

Figure 4. Sketch coordinate system construction. The sketch
plane, axes, origin, and rotation are defined step by step to form
the local coordinate system UVW .

Therefore, all faces within such a coplanar group are con-
sidered valid candidates for the face pointer.

Collinear-Connected Edges. Snapping a sketch point to
an existing edge requires an edge pointer. If other edges
are collinear with the target edge, pointing to any of them
will produce the same snapping result. Therefore, all edges
within such a collinear group are considered valid candi-
dates for the edge pointer.

2.4. Pointer Failure Scenarios.

The pointer mechanism successfully resolves geometric ref-
erences in the vast majority of standard modeling sce-
narios. Failures are largely confined to extreme cases.
Primarily, errors arise from inherent limitations within
the B-Rep graph when processing non-manifold topolo-
gies—specifically, edges bounded by more than two faces.
Although such configurations are typically excluded under
standard CAD modeling conventions, their presence intro-
duces significant ambiguity in face selection for operations
like chamfer and fillet. As illustrated in Figure 5, encoun-
tering a non-manifold edge leads to multiple valid interpre-
tations of a fillet operation, thereby confounding the pointer
mechanism.

Fillet A Fillet B

Non-Manifold
Topology

Figure 5. A non-manifold topology leads to multiple valid inter-
pretations of a fillet operation.

3. Details of the training framework.
3.1. B-rep encoder
For each B-rep edge, we uniformly sample 32 points along
its parametric curve in 3D space and extract four quantities
at each location: point coordinates, tangent and its reverse
vector, and first-order derivatives. Each is represented as a
3D vector, and their concatenation yields a 12-dimensional
feature per sample. Collecting all samples forms an edge
feature tensor of shape 32 × 12, which serves as input for
edge embedding.

For each B-rep face, we uniformly sample its parametric
(u, v) domain to construct a regular UV grid of size 32×32.
At each grid point, we compute the 3D coordinates, unit
surface normal, Gaussian curvature, and a binary visibility
mask (set to 1 for interior or boundary samples and 0 oth-
erwise). Concatenating these quantities channel-wise gives
an 8-dimensional feature per location, i.e., 3 + 3 + 1 + 1,
producing a face tensor of shape 32× 32× 8.

For GNN node embeddings (the B-rep face embed-
dings), we first apply a 2D convolution to the face tensor to
expand it to 256 channels, followed by global adaptive av-
erage pooling and a linear projection to a 128-dimensional
vector, denoted h

(0)
i . Similarly, edge embeddings are ob-

tained by applying 1D convolutions to the edge tensor, ex-
panding it to 256 channels, followed by global adaptive av-
erage pooling and a linear projection to a 128-dimensional
vector, denoted h

(0)
ij . Thus, the graph G is initialized with

node features h
(0)
i and edge features h

(0)
ij for downstream

processing.

3.2. Implementation Details of the Autoregressive
Decoder

To translate the output of the LLM into our defined com-
mand sequence, we process the last hidden state from the
model’s transformer decoder at each autoregressive decod-
ing step. We employ a dual-head architecture to decode the
hidden state into the appropriate token type.



The first head, which we refer to as the Label/Value
Head, is a linear layer responsible for predicting both Label
Tokens and Value Tokens. Its output comprises three parts,
consistent with the tokenization scheme introduced earlier:

• A component corresponding to one of the Label Tokens
defined in Table 7.

• A component selecting from two special tokens, <pe>
and <pd>, which indicate the pointer state. When the
model predicts the <pe>, it indicates that the current to-
ken is a pointer, and the output from the second head
should be used.

• A component that corresponds to the quantized bins used
for continuous Value Tokens, including those for <nv>
or <ag>.

The second head, the Pointer Head, is another linear
layer specifically designed for decoding pointers. This
head’s output is a 128-dimensional vector. When the La-
bel/Value Head predicts an active pointer state, this 128-
dimensional vector is used to perform a similarity search
(via cosine similarity) against the 128-dimensional embed-
dings of all candidate geometric entities (faces and edges)
generated by the B-rep encoder. The entity with the highest
similarity score is selected as the pointer’s reference. This
mechanism allows the model to dynamically ground its gen-
eration in the existing B-rep geometry.

3.3. Details of Training Objective
Pointer Prediction. Following CLIP [5], we employ a
learnable temperature parameter τ to control the scale of
the logits in the loss computation. The parameter is initial-
ized to 0.07, following [7]. To improve training stability,
we reparameterize τ as its reciprocal s = 1/τ and optimize
log s during training, with s clipped to s ≤ 100 to avoid
excessive scaling of the logits. The learning rate for s is set
to lrs = 0.1× lr, and weight decay is not applied during its
optimization.

Overall Objective. The overall training objective L com-
bines the cross-entropy loss for label/value tokens (Lv) and
the contrastive loss for pointer tokens (Lp). The final loss
is a weighted sum of these two components, controlled by
hyperparameters λv and λp. In all our experiments, we set
λv = 0.5 and λp = 0.5 to give them equal weight.

4. Details of the Dataset

4.1. Dataset Visualization
Figure 6 presents several representative samples from the
Recap-OmniCAD+ dataset, showcasing a wide spectrum of
model complexity and diversity. As illustrated, our dataset
contains a rich variety of models that not only feature com-
plex geometric details such as fillets and chamfers but also

Figure 6. Representative samples from the Recap-OmniCAD+

dataset. The figure displays a range of models with varying com-
plexity, from simpler parts with basic features to intricate com-
ponents incorporating numerous fillets, chamfers, and complex
sketches.

exhibit diverse topological structures like holes, pockets,
and multi-body components.

4.2. Details of Annotation Prompts
In our dataset construction process, we employ a multi-step
approach to generate rich and detailed annotations for each
CAD model. First, we utilize the Qwen2.5-vl-72B model
to generate a visual description of the model’s appearance,
using the prompt shown in Figure 9. Next, we use the same
model to describe the relative position of the sketch plane
within the model, guided by the prompt in Figure 10. To
ensure a clear and accurate understanding for the model,
we dynamically replace the placeholders in the prompt with
the actual sketch plane surface normal vector and facing di-
rection for each CAD model.

The resulting annotations are then combined with mod-
eling parameters extracted from the raw JSON file to create
a structured ”minimal JSON,” as illustrated in Figure 11.
This minimal JSON, along with the prompt shown in Fig-
ure 12, is then passed to Qwen2.5-72B-Instruct to generate
a final natural language description of the modeling process.

4.3. Dataset Statistics
We provide a statistical analysis of our dataset in Figure 7
and Figure 8.

Figure 7 illustrates the distribution of modeling opera-
tions. Notably, Recap-OmniCAD+ includes chamfer and fil-
let operations, which are absent in the original OmniCAD.
The reintegration of these features results in a higher count
for all operation types in Recap-OmniCAD+ compared to
OmniCAD.

In Pointer-CAD, the command sequence of a complete
CAD model is decomposed into three types of operations:
sketch–extrude combinations, chamfers, and fillets. Figure
8 presents the statistics of our dataset according to this de-
composition. The inclusion of chamfer and fillet operations
increases the overall complexity and the average number of
steps required to construct a model. This is reflected in the
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Figure 7. Distribution of modeling operations across datasets.
The figure illustrates the total count of each modeling opera-
tion type for the DeepCAD, OmniCAD, and Recap-OmniCAD+

datasets.
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Figure 8. Distribution of modeling steps per model. The figure
compares the number of solid modeling operations required per
model across the datasets.

distribution, where Recap-OmniCAD+ has a slightly lower
count of models with a single operation but a consistently
higher count for models requiring more than one operation
compared to OmniCAD.

Furthermore, both figures highlight that OmniCAD and
Recap-OmniCAD+ are significantly more complex than
DeepCAD. They feature a greater total number of opera-
tions and a higher proportion of models requiring a large
number of construction steps. This demonstrates that our
datasets are more challenging and better reflect the com-
plexity of real-world CAD modeling tasks.

5. Implementation Details
For the default 0.5B model setting, the entire training pro-
cess requires approximately 23 hours on 16 NVIDIA H800
GPUs. We use the AdamW optimizer [4] with a learning
rate of 1 × 10−4 and a linear decay schedule. For LoRA,
the dropout rate is set to 0.1. We use a micro-batch size of 9
with 2 gradient accumulation steps per GPU. The maximum
sequence length is 3,072 tokens.
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You are a senior CAD engineer. I will provide you with four images of 
a 3D model. Your task is to:

1. Generate a one-word name for the object, enclosed in 
<name></name>.

2. Write a clear and concise one-sentence caption for the object, 
enclosed in <caption></caption>, summarizing its overall shape 
and key structural features. Focus on geometric form, symmetry, 
major extrusions or cutouts, and distinctive elements. Avoid 
interpretation or unnecessary detail.

Figure 9. Prompt for visual description. This prompt is used with the Qwen2.5-vl-72B model to generate a description of the CAD
model’s visual appearance.

Right Left Back Front Top Bottom

You are given six orthographic views of the same 3D object in the following fixed order 
(each image also has a label at the bottom-right corner indicating its view):

1. Right view 
2. Left view
3. Back view
4. Front view
5. Top view
6. Bottom view

A red planar surface on a light blue object is highlighted.

Red planar surface normal vector (numeric):
(nx, ny, nz) = (REPLACE_NX, REPLACE_NY, REPLACE_NZ)

Authoritative facing-direction hints (precomputed; use exactly as given):
- current X direction: REPLACE_X_DIR    (one of: right / left / none)
- current Y direction: REPLACE_Y_DIR    (one of: back / front / none)
- current Z direction: REPLACE_Z_DIR    (one of: up / down / none)

Coordinate system (right-handed):
- X-axis: left (−) to right (+)
- Y-axis: front (−) to back (+)
- Z-axis: bottom (−) to top (+)

View-to-object 2D mapping rules:
- Right view: left side of image = front, right side of image = back.
- Left view: left side of image = back, right side of image = front.
- Back view: left side of image = right, right side of image = left.
- Front view: left side of image = left, right side of image = right.
- Top view: bottom of image = front, top of image = back.
- Bottom view: top of image = front, bottom of image = back.

………

Figure 10. Prompt for sketch plane description. This prompt guides the model to describe the relative position of the sketch plane, with
placeholders for the normal vector and facing direction being dynamically replaced.



Minimal JsonMinimal Json

{
"parts": {

"part_1": {
"sketches": {

"sketch_1": {
"name": "Cylinder 1",
"profile_1": {

"loop_1": {
"curve_1": {

"type": "Circle",
"center": [0.0, 0.0],
"radius": 0.5

}
}

},
"coordinate_system": {

"reference_plane": "Top",
"rotation": [0.0, 0.0, 0.0],
"position": [0.0, 0.0, 0.0]

}
}

},
"extrusion": {

"name": "Extrude 1",
"extrude_operation_type": "NewBodyFeatureOperation",
"extrude_extent_mode": "OneSideFeatureExtentType",
"extrude_depth_towards_normal": 0.5,
"extrude_depth_opposite_normal": 0.0

},
"description": {

"label": "Cylinder",
"caption": "A cylinder with a height equal to 

half of its diameter.",
"length": 1.0,
"width": 1.0,
"height": 0.5

}
},
"part_2": {

"fillet": {
"name": "Top Fillet",
"fillet_edges": {

"edge_1": {
"type": "3D Circle",
"center": [0.0, 0.0, 0.5],
"via": [1.0, 0.0, 0.5]

}
}
"fillet_radius": 0.1,
"fillet_tangent_chain": true

},
"description": {

"label": "Cylinder",
"caption": "A cylinder with a fillet along its top 

edge."
}

},
},
"dimensions": {

"x_length": 1.0,
"y_length": 1.0,
"z_length": 0.5

}

}

{
"parts": {

"part_1": {
"sketches": {

"sketch_1": {
"name": "Cylinder 1",
"profile_1": {

"loop_1": {
"curve_1": {

"type": "Circle",
"center": [0.0, 0.0],
"radius": 0.5

}
}

},
"coordinate_system": {

"reference_plane": "Top",
"rotation": [0.0, 0.0, 0.0],
"position": [0.0, 0.0, 0.0]

}
}

},
"extrusion": {

"name": "Extrude 1",
"extrude_operation_type": "NewBodyFeatureOperation",
"extrude_extent_mode": "OneSideFeatureExtentType",
"extrude_depth_towards_normal": 0.5,
"extrude_depth_opposite_normal": 0.0

},
"description": {

"label": "Cylinder",
"caption": "A cylinder with a height equal to 

half of its diameter.",
"length": 1.0,
"width": 1.0,
"height": 0.5

}
},
"part_2": {

"sketches": {
"sketch_1": {

"name": "Cylinder 2",
"profile_1": {

"loop_1": {
"curve_1": {

"type": "Circle",
"center": [0.0, 0.0],
"radius": 0.25

}
}

},
"coordinate_system": {

"description": "On the top face of the cylinder.",
"reference_plane": "Top",
"rotation": [0.0, 0.0, 0.0],
"position": [0.0, 0.0, 0.5]

}
}

},
"extrusion": {

"name": "Extrude 2",
"extrude_operation_type": "NewBodyFeatureOperation",
"extrude_extent_mode": "OneSideFeatureExtentType",
"extrude_depth_towards_normal": 0.1,
"extrude_depth_opposite_normal": 0.0

},
"description": {

"label": "Cylinder",
"caption": "A very flat cylinder.",
"length": 0.5,
"width": 0.5,
"height": 0.1

}
},

},
"dimensions": {

"x_length": 1.0,
"y_length": 1.0,
"z_length": 0.6

}

}

Minimal JsonMinimal Json

Figure 11. Examples of the minimal JSON structure. This figure illustrates two structured ’minimal JSONs’ format, which integrates
visual annotations and key modeling parameters for the language model.



Annotation Prompt

You are a senior CAD engineer. Your task is to read a CAD model construction process described in JSON
format and generate clear, natural language instructions that a junior designer can follow to build the model
step by step.

Each part in the JSON is constructed independently and may include:

1. One or more 2D sketches. Each sketch may contain lines, arcs, and circles:
(i) A line is defined by a start point and an end point;
(ii) An arc is defined by a center point, a start point, a sweep angle, and a direction;
(iii) A circle is defined by a center point and a radius.

2. A coordinate system that positions the sketch in 3D space using:
(i) A sketch plane (Top, Right, or Front), which defines the basis for the coordinate system;
(ii) Rotation angles following Z-Y-X order (first rotate around Z, then Y, then X);
(iii) Translation along the x, y, and z directions;
(iv) Optionally, a description field may be present, giving a high-level spatial context of the coordinate system’s
placement in 3D space.

3. An extrusion operation applied to the sketch or sketches. It includes:
(i) extrude operation type, which defines how the extrusion modifies geometry. This may involve adding
material, cutting, intersecting, or creating new bodies or components;
(ii) extrude extent mode, which defines how far and in which direction the sketch is extruded. Interpret and
explain this mode naturally based on the data.

4. A fillet operation, defined by:
(i) fillet radius, which specifies the radius of the fillet;
(ii) fillet tangent chain, which indicates whether the fillet continues smoothly along tangent edges;
(iii) fillet edges, which specifies the edges to which the fillet is applied.

5. A chamfer operation, defined by:
(i) chamfer distance, which specifies the distance of the chamfer;
(ii) chamfer tangent chain, which indicates whether the chamfer continues smoothly along tangent edges;
(iii) chamfer edges, which specifies the edges to which the chamfer is applied.

Instructions must follow these rules:
1. Explicitly mention each sketch, even if it has only one shape;
2. Omit unimportant fields like sketch name or body/component name;
3. Wrap all numeric values (coordinates, radii, lengths, distances) in <v></v>;
4. Do not wrap angles, including rotation and sweep angle;
5. Do not add units; ¡v¿¡/v¿ implies units;
6. Ignore rotations/translations that are all zero and omit zero-valued axes;
7. Use concise, natural engineering language;
8. You may use paragraphs for readability but avoid lists or step numbers;
9. Ignore captions/visualizations that conflict with construction steps;
10. If a coordinate system has a description, integrate it naturally for high-level context.

You will receive only the JSON content in the prompt. Interpret and process it directly.

Figure 12. Prompt for generating the final natural language description. This prompt is used with the ’minimal JSON’ to generate the
final natural language description of the modeling process.
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