Fast GPU Preconditioning for Fluid
Simulations in Film Production

Dan Bailey
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Complex algorithms to implement
Hard working with lots of data

Tricky to debug code running in parallel
GPU results different to CPU results

Less willing to trial new technology
Focus is always on completing shots
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Squirt

Proprietary Fluid Solver
Stable Production Tool

Highly Directable

Slow to Simulate Large Shots
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Siggraph 2009 - New Orleans
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* Directable, high-resolution
simulation of fire on the GPU

(Horvath, Geiger - ILM)

* Sprite Rendering and Particle
Simulation (Disney)

* Splat - Sprite Rendering
(Sony Picture Imageworks)

e V-Ray, OptiX, OpenCL, etc...
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Navier Stokes Equations:

momentum equation
e

du |
| ) e S . 2
(1) A7 (u V)u pr-l—vV u—+ f

2 V-u=0

incompressibility condition

Aim for a divergence-free velocity field
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Values are put into a pressure Poisson equation

Can be solved iteratively using a Poisson solver
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Adiag Ai  Aj Ak X
A X = b
:
Ai array —
Aj array
Ak array

Matrices and vectors stored in 3D arrays
Iteratively solve using conjugate gradients
Minimise Ax-b =0

Stop at specified residual tolerance



The max() and dot() operations are trivial:

rdot(s, z) = s[0] * z[0] + ﬁ
s[1] * z[1] +

ﬁ

multiplication performed into temp array

Then use reductions for sum and max

(See NVidia SDK for reduction examples)
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0:10000

Hardest part to optimise AS

p / dot(s, z)

r - oz
X + 0z
if max(r) < tolerance: end
p* = dot(r, r)
B=p*x/p
s = fBs + r
P p*
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z(i, j, k) = Adiag(i, j, k) * s(i, j, k) +
Ai(i, J, k) * s(1 + 1, J, k) +
Aj(1, J, k) * s(1i, J + 1, k) +
Ak(i, J, k) * s(i, J, k + 1) +
Ai(r -1, 3, k) *# s(1 -1, 3, k) +
Hj(ir j - lr k) = S(ir j - lr k) "
Ak(i, J, k - 1) * s(i, J, k - 1);

ﬁ

repeated, uncoalesced
global memory access

e Algorithms based around grids use neighbouring values heavily

e Computation is very simple, so kernels heavily limited by memory bandwidth

e Essential to make use of coalescing to get data out of global memory faster






