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2. Related Work — CAD Generation
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2. Related Work — B-rep Generation
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2. Related Work — 3D Diffusion Models
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3.1 Topology Encoding
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3.1 Topology Encoding
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3.2 Geometry Encoding
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3.2 Geometry Encoding
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4. GAT-based Diffusion
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4.1 Forward Noise Process
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4.1 Forward Noise Process
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4.2 GAT-based Denoising
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4.2 GAT-based Denoising — Cross Attention
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4.2 GAT-based Denoising — Joint Feature Update
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4.2 GAT-based Denoising — Joint Feature Update
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4.2 GAT-based Denoising — Joint Feature Update

Sample candidate nodes p .{stwa

- o

Face denoise . @ 0]
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Algorithm 1 GAT-Degree-based graph generation

Require: Empty graph A, graph model py(A!~1|Al, st),
degree sequence model pg(d®), and diffusion steps 7.
Ensure: Generated graph A°
Draw d° ~ py(d°)
fort=T,...,1do
Determine the active node set N; based on the degree
changes: V; = {i | st =1}
Compute attention weights «; for each active node
i € N using GAT.
Draw s* ~ ¢(s’ | deg(A?),dY).
Draw A'~1 ~ pH(At_l | At: Stﬂ dG: {ai}iEN:)'
end for
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4.3 B-rep Reconstruction
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4&510{ surface boundary trim
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5. Experiments — Dataset & Setup

Dataset
ABC dataset (Geometric E2{d0i|A 22| &&&|= 2 CAD 2 Z=M)
Unconditional Generation 7= 2|&li DeepCADS2t S5t H|O|E{ Al &2

ABC H|O|E{ 4l FX2| 2pE

o NURBS & 2ztst #HE 7% 2 & XA
o Z|CH ™ 7{=(faces) H|Et MH

o 02| EHE 71T RE H TS5 ZE M|

Max Face Count0f| 2} 02| HIO|E HH™ 15

Training

e 2x RTX4090

e AdamW/(5e-4), Mixed Precision At
e 10,000 Epochs

o Batch size 64



5. Experiments — Evaluation Metrics

e Coverage, COV: ‘H4El H|O|E] ZRIET} & HO|E] MEOM 7t 77t2 0|22} OiEEl= &2 H|O|E{2| H|Z
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D HE =

o Valid: 2% 80| 22!M7} %= 22| H|Z (CA



5. Experiments — Unconditional Generation

Table 1. Unconditional generation evaluation results comparison.

COV MMD JSD Novel Unique Valid
%t Bl BL %t %t %t
DeepCAD | 6546 129 167 874 893 46.1
SolidGen |71.03 1.08 131 991 962 603
BrepGen |73.87 1.04 128 99.8 997 629

Ours |75.52 098 1.17 989 986 67.7

Method

J 5 TIWO@®
s :; .f_ --4\, > B -

Ly

(a) DeepCAD (b) BrepGen (c) BrepGiff(Ours)

Figure 4. This figure demonstrates the generation result of: (a) DeepCAD, (b) BrepGen, and (c) BrepGiff(Ours). We sample CAD model
of differen complexity. BrepGiff is capable of generating high quality B-rep CAD models compared to other two techniques.

Table 2. Qarameter quantity and training resource consumption.

Model | Parameter Training Time GPU Max Faces
SolidGen | unknown 3days A100x8 50
BrepGen |4.56 x 10° Tdays RTX4090x2 50

Ours |7.80 x 107 4days RTX4090x1 50
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5. Experiments — Unconditional Generation

e Face0f IZ BrepGiff ¥&

Table 3. Generation results for models with different complexities.

COV MMD IJSD Novel Unique Valid
%t %) %] %t %1 %1
50 75,52 098 1.17 989 98.6 67.7
70 7225 1.67 203 988 959 655
100 70.08 3.11 3.80 925 90.8 629
120 6731 3.86 468 895 90.0 483

Max Face

&l ey ey
(a) DeepCAD
), TRy, 5/ T
| ~ {7 J®
(b) BrepGiff

Figure 5. Generated complex CAD models (around 100 faces)
comparison for models trained with 2 RTX4090s. Models gener-
ated by BrepGiff better represent the shape of real objects.
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5. Experiments — Failure Generation Cases

B s <

Figure 6. Failure cases generated by BrepGiff.
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5. Experiments — Ablation studies

o M| 7IX| A 1 QA (CNN 7|gt feature extraction, GAT 7|8t denoising, diffusion step 4=)2| 21t&

e Convolution Effect

Table 4. Ablation study on 1D and 2D CNN feature extractors.

COov
Method %1

MMD JSD Novel Unique Valid
%l Dl %t %1 %1

w/o 1D CNNs | 55.22
w/o 2D CNNs | 32.36
Full model | 68.55

850 1240 775 780 503
2396 2356 62.1 559 224
212 117 932 941 588
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5. Experiments — Ablation studies

e GAT vs Non-GAT

Table 5. Ablation study on GNN denoising.

Method COV MMD JSD Novel Unique Valid
%1 %l %)  %T %t %

w/o GAT | 45.52 1855 20.03 656 694 229
w/ GAT |68.55 212 1.17 932 941 58.8

—e— Non-GAT(Valid)
70 —=— GAT{Valid)
-
;E &0
S
» 50
]
'>“ 20
10

0-30 30-50 50-70 70-100
Face Range

100-120

Figure 7. Vaild index of GAT and non GAT generated data in
different complexity intervals
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5. Experiments — Ablation studies

e Diffusion Step
Table 6. Effect of diffusion steps on B-rep generation quality.

COV MMD JSD Novel Unique Valid

S g wl %l %t %t %t

100 | 3522 455 3890 485 309 321
400 | 62.15 885 11.38 852 809 528
700 6845 289 277 921 930 58.0
1000 | 68.55 212 1.17 932 941 58.8

- Z26t Diffusion Step 7t 1EZ! B-rep M2 ¢loi 2st



6. Conclusion

e BrepGiff 271: ME2 2% ¥ = FE ot B-rep ZE=S 1EA=E 2T MY
o 7|z Sy

o 3D Graph Embedding 7|'HS &&83l0{ ®/&f& EZ1t 7[stet E2Z2 & e12g
o Diffusion Model2 &3l 44 aFgof|M L0|= F7t

o Degree-Guided Graph Attention Network (DGAT)E AI2510 =0|= XA

o J

olr

o A& ANt BrepGiff= Brep MM Z10AM SOTA s &4
E5| S5t B-rep 22 MHUA HOt 45 2

o ST 22 XTHQ B-rep dd 7|z 20ke| A7 A SE0]| 7[Et ®MSe = AS 0|2} 7|ThE



End of Review
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