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50000 particles, running at realtime on a
single NVIDIA GeForce RTX 3080 Ti.

Overview

• Simulation of hundreds of thousands of
particles at realtime speeds on a single
commodity GPU.

• Implicit timestepping formulation of inter-
particle contact using a parallelized pro-
jected Jacobi algorithm.

• One-way coupling with rigid bodies of ar-
bitrarily complex geometry using Signed
Distance Functions (SDFs).

• Open source, portable implementation
across (multithreaded) CPUs, NVIDIA
GPUs, Apple Metal GPUs, (more soon!)

Implicit Rigid Body Contact

∆v∗

e1
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c(k+1) = JM−1JT︸ ︷︷ ︸
A

∆v+

J(v(k) +M−1∆tFext)︸ ︷︷ ︸
b

s.t. 0 ≤ ∆v · e1 ⊥ (A∆v + b) · e1 ≥ 0

||proje2e3∆v||2 ≤ µ∆v · e1

Algorithm 1: Projected Jacobi Al-
gorithm

1 ∆v ← 0;
2 foreach iteration from 1 to n do
3 foreach contact pair (i, j, ψ) do

4 b← JTi,j(v
(k)
i − γv

(k)
j +

∆tFext,i + ∆vi);

5 b[1]← max(b[1] + αψ
∆t , 0);

6 if ||b[2:3]||2 > µb[1] then
7 b[2:3]← µb[1] b[2:3]

||b[2:3]||2 ;

8 end if
9 ∆vi ← ∆vi + Ji,jb;

10 end foreach

11 end foreach

Warp Divergence Mitigation Performance
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Warp Divergence Mitigation
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Performance Scaling
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Parallel Broadphase Collision Check

h = 0 h = 7 h = 2 h = 9

h = 4 h = 11 h = 6 h = 1

h = 8 h = 3 h = 10 h = 5

e1
c 2c 3c 4c

e2

c

2c

3c

h = 0 1 2 3 4 5 6 7 8 9 10 11

3

3

6

6

9

9

12

12

15

15

18

18

1

1

4

4

7

7

10

10

13

13

16

16

19

19

2

2

5

5

8

8

11

11

14

14

17

17

0

0

https://github.com/dmillard/GranularGym

