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Accelerating Soft Body Simulation
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• Why do we care?
• Real‐time applications

• Virtual surgery
• Computer games

• Off‐line applications
• Visual effects
• Robotics

Symgery Inc., 2021



Existing Methods: Projective Dynamics
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Bouaziz et al., 2014
Bouaziz et al., 2014



Existing Methods: Model Reduction
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Barbic et al. 2005

Barbic et al. 2005



Existing Methods: Multigrid Methods
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Xian et al. 2019



Extended Position Based Dynamics (XPBD)
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Macklin et al. 2021



XPBD in a nutshell
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Example Constraints
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Neo‐Hookean Elastic Constraints

Macklin et al. 2021



Local Nonlinear Constraint Solver

𝑥 ≔predict positions given 𝑓௘௫௧
for 𝑘 ≔ 1 …𝐾 
for 𝐶௝ in constraints 𝐶
∆𝑥 ≔project constraint 𝐶௝
𝑥 ≔ 𝑥 ൅ ∆𝑥

𝑥௧ାଵ ≔ 𝑥

𝑣௧ାଵ ≔
𝑥௧ାଵ െ 𝑥௧

ℎ
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Predict positions

Solve constraints

Update solution



Parallelizing the Solver
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𝑥 ≔predict positions given 𝑓௘௫௧
for 𝑘 ≔ 1 …𝐾 
for 𝑝 in partitions 𝑃
for 𝐶௝ in partition 𝑝 in parallel
∆𝜆 ≔ lagrange multiplier change           

∆𝑥 ≔ 𝑀ିଵ∇𝐶௝்ሺ𝑥ሻ∆𝜆
𝑥 ≔ 𝑥 ൅ ∆𝑥

𝑥௧ାଵ ≔ 𝑥

𝑣௧ାଵ ≔
𝑥௧ାଵ െ 𝑥௧

ℎ
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Different partitions!



Contribution #1: Graph Clustering Parallelism
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Contribution #2: Elastic Constraint Coupling
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3.5 fps

50 fps



Challenge #1: Enhance Parallelism
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Graph Clustering Solution
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Initial mesh Constraint graph Graph coloring Constraint colors

Constraint colorsSupernodal graph Supernodal graph coloring



Triangle Meshes vs. Quadrilateral Meshes
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Our Greedy Graph Clustering
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Breadth First Search

Distance decreases as number of shared 
degrees of freedom increases



Our Greedy Graph Clustering
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Results
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22 colors 78 colors21 colors 52 colors



Results
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22 colors 56 colors26 colors 62 colors



Results
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25 colors 104 colors17 colors 40 colors



Challenge #2: Enhance Solver Convergence
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30 iterations 
insufficient!



Neo‐Hookean Constraint Formulation
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Macklin et al. 2021



Decoupled Constraint Formulation
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Our Coupling Approach
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Updated Constraint Projection
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Results
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Ours

Baseline



Results
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3.7k tetrahedra
30 sub‐steps
𝑌 ൌ 10 Mpa
ν ൌ 0.45

2.9k tetrahedra
20 sub‐steps
𝑌 ൌ 10 Mpa
ν ൌ 0.45

Ours

Baseline Ours Baseline



Results
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Results
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162k tetrahedra
50 sub‐steps
𝑌 ൌ 400 Mpa
ν ൌ 0.499

19.8k tetrahedra
50 sub‐steps
𝑌 ൌ 30 Mpa
ν ൌ 0.45

56.4k tetrahedra
50 sub‐steps
𝑌 ൌ 20 Mpa
ν ൌ 0.45



Conclusion

• Better parallelism
• Isolates dense sub‐graphs using graph clustering

• Faster convergence
• Project constraint blocks by solving small linear systems

• Methods are general and overhead‐free
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Future Work

• Sophisticated graph clustering/partitioning strategies
• Judicious constraint coupling strategies
• Dynamic updates to clusters/partitions
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Kong, F., Stogner, S. T. et al. 2018
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Thank You!
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