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today’s GPUs

rtex shader, pixel shader)

Crane et al., Real-Time Simulation and Rendering of 3D Fluids, GPU Gems3 (2007)
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, p]e;t but useful data structure

Pre Compute Language
— Vertex shader, pixel shader
— Vertex texture fetch -> Random write
— Depth test, blending etc -> Atomics

Now it is very easy

— Random write and atomics are supported
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Random write
ling etc -> Atomics

Now it is very easy

— Random write and atomics are supported
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based simulation
barrassingly parallel

ement Method (DEM)

- Particles can be extended to...
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Harada et al., Real-time Rigid Body Simulation on GPUs, GPU Gems3 (2007)
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Harada et al., Real-time Fluid Simulation Coupled with Cloth, TPCG (2007)
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Particle Simulations
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— Workspace subdivision

— Cell subdivision

Liu et al., Real-time Collision Culling of a Million Bodies on Graphics Processing Units, TOG(2010)
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hape combinations -> divergence
ape representation

Each collision computation is parallelizable
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rogramming model for particle methods

2. Peer-to-peer model
e CPU, working as a -No processor manages the entire data

-Each GPU manages its own data
lization can be big -Small overhead of parallelization
f CPU is serialized -No sequential process, completely parallel

§§ie o be idle while CPU is processing

nlaanl o G
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anages its own data
ménages all the data
domain is decomposed into subdomains
is responsible for a subdomain
te particles in its subdomain

Gnd -based

e Domain decomposition is natural choice because
elements in a subdomain does not change

e Particle-based
e Have to assign particles to GPUs dynamically

because they move “elgae 2
-

e Overhead of parallelization can be bi ' PN
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ry of others

ead data in other GPUs

ommunicating when required makes
of transfer smaller and inefficient

4

e Introduced “"Ghost Region” and “Ghos
e Each GPU
e Not update value of ghost partic

e Just refer the data
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data have to be sent
ired for the computation has to be sent

kinds of particles have to be sent to adjacent GPU

. Escaped particles : Particles get out from adjacent
subdomain (adjacent GPU will be responsible for these
particles in the next time step)

2. Ghost particles in the ghost region

28 | Eurographics 2012 | Takahiro Harada



Eurographics 2012 /¢
cagliari, Italy May13-18 et

33 ANNUAL CONFERENCE OF THE EUROPEAN ASSOCIATION FOR COMPUTER GRAPHICS
L e

, ed é lot of additional computations
~ Overhead can be big
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1ese particles at time t?

Courant condition (particle does not move more than
meter in a time step)

narticles were in the blue area
articles were in the red area

Particles have to be sent is the particles in the red area
e Grid constructed in the previous step can be used for selection

® The Sliced Grid Ghost Escaped

Slided Data Structure for Particle-based Simulations on GPUs,
Harada et al. , GRAPHITE, 55-62(2007)
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¥

yuffers equal to the number of connectors are allocated

main memory

; .GPU writes data to the defined location at the same time
- Each GPU read data of the defined location at the same time
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ulation) + 1GPU (Rendering)

Simulation GPUs

® 6GPU server boxes (Simulation) + 1GPU (Rendering) @
GDC2008

® 3M particles

Simulation GPUs
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Harada et al., Massive Particles: Particle-based Simulations on Multiple GPUs, SIG Talk(2008)
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| PU architecture
solve non-uniform problem
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/ is almost the same

wide SIMD architecture N

Harada et al. 2007
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CHALLENGE

Non uniform work granularity
— Small-small(SS) collision
= Uniform, GPU
— Large-large(LL) collision
= Non Uniform, CPU
— Large-small(LS) collision
= Non Uniform, CPU




good at different works
al computation, conditional branch

- GPU: parallel computation

= Able to dispatch works to:
— Serial work with varying granularity — CPU

— Parallel work with the uniform granularity — GPU
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elocity
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Uniform Work

Non Uniform Work
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= Grid, small particle data has to be shared with the CPU for LS collision
— Allocated-as-zero-copy-buffer
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= Grid, small particle data has to be shared with the CPU for LS collision
— Allocated-as-zero-copy-buffer
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 Grid construction can be moved at the end of the pipeline

dworlkload
U VVWUIINTUQWU
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= To get better load balancing

— The sync is for passing the force buffer filled by the CPU to the GPU
— Move the LL collision-after the sync
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THREADING
(4 THREADS)
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Harada, Heterogeneous Particle-Based Simulation, SIG ASIA Talk(2011)
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