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Value of GPU physics 

Immersion 

Parallel: right tool for the job 

Increased consumer choice 
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Past: The challenges of rigid body 

simulation 



Why is rigid body simulation on GPU hard? 

Generating enough parallel work 

Irregular 

Real-time 

Jitter 



Jitter video 





Stable piles = balanced forces 



Past: Model & Discretization 



Model 

Non-penetration condition: Φ 𝐱 ≥ 0  
 



Jacobian Φ 𝐱 ≥ 0  
 

𝐉 = 𝜕Φ

𝜕𝐱
, maps body velocity to contact velocity 

Example: 



When should contacts break? 



The Signorini Conditions: 

All relative velocities must 

be zero or separating 

All contact forces must 

be non attractive 

 

No force at separating contacts 

0 ≤ 𝐯rel  
 

0 ≤ 𝜆  
 

𝐯rel i = 0  or 𝜆i = 0  
Antonio Signorini 



Model 

𝐌𝐱 &= 𝐉𝐓𝛌 + 𝐟𝑒
𝐱 &= 𝐯

𝛌 ≥ 𝟎&⊥ 𝐉𝐯 ≥ 𝟎
 

 

 

Non-penetration condition: Φ 𝐱 ≥ 0  
 

𝐉 = 𝜕Φ
𝜕𝐱

 



Notation 

h   time step size 

x   positions and orientations 

v   linear and angular velocities 

fe   external forces 

M   mass matrix 

Φ(x)  contact separation 

J   
𝜕Φ

𝜕𝐱
&, the Jacobian of Φ 

z   contact impulses 
   



Discretization 

 

𝐌 𝐯new − 𝐯old &= 𝐉𝐓𝐳 + ℎ𝐟𝑒
𝐱new − 𝐱old &= ℎ𝐯new

𝐳 ≥ 𝟎&⊥ 𝐉𝐯new ≥ 𝟎
 



Solution 

 

𝐪&≔ 𝐉(𝐯old + ℎ𝐌−1𝐟𝑒)

𝐍&≔ 𝐉𝐌−𝟏𝐉𝑻

𝐳&≔ LCP 𝐍, 𝐪

𝐯new &≔ 𝐯old + h𝐌−𝟏𝐉𝑻𝐳
𝐱new &≔ 𝐱old + h𝐯new

 



Joints 



Past: Existing methods 



Apply gravity Solve 
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Existing solver method 1: 

Penetrating  

configuration 

Rendered  

Frame 



Parallel PGS - coloring 



Existing solver method 2: 



 Method 1 (Parallel Projected Gauss Seidel, PGS) 

— Provably convergent ✔ 

— Limited parallelism ✘ 

— Jitters ✘ 

— Widely used 

 

 Method 2 (Parallel Projected Jacobi) 

— Maximally parallel ✔ 

— Jitter free ✔ 

— Non convergent in many cases✘ 

— Converges slowly✘ 

— Unusable in games 



Past: Value of fixing jitter 



 



Present: Jitter-free GPU solver 



Example 



First idea: Spatial splitting 





New idea: Mass splitting 



New idea: Mass splitting 



PGS with exact joints 





Results 
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Results 



Future 



Rigidity 

Real-time  

(15 iterations) 

Not real-time  

(500 iterations) 



Design space 



Summary 

What a solver does 

Model 

Previous standard: PGS 

Jitter free => solver can move to GPU 

Idea: Split bodies non-spatially 

Provably convergent – necessary for games 

Future 

𝛌 ≥ 𝟎 ⊥ 𝐉𝐯 ≥ 𝟎 
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