3D FFT with 2D decomposition
Roland Schulz
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NEWS FEATURE

POWER PLAY

A German physicist and a hedge-fund magnate
are competing to push protein simulations into
the realm of the millisecond. Brendan Borrell
finds out what is at stake.
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FFT allows O(N log N) electrostatics
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Communication along z-axis Communication in yz-plane Communication 1n xy-plane

® M. Eleftheriou



Implementation

® Local without MPI

. each processor has only one input number, squared processor grid

Nr=Ny=1

. any size of data, squared processor grid

Pxr = Py, Nt = Ny, Nxmod Pr =0

3. any size of data, any processor grid able to evenly divide data
Nzrmod Px =0, Nymod Py =0

L

® Loop reordered
® FFTW measure



FFT Benchmark

M Local
M FFT

I MPI1
M MPI2

®N=192: 1152 CPUs, N=128: 1024 CPUs



®N=128
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Jaguar, MPICH, AllIToAll/AlIToAllV

AllToAllV

W = N = O
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Jaguar, MPICH/OpenMPI, AllToAll




Jaguar, MPICH/OpenMPI, AllIToAllV

AllToAllV




Jaguar, MPICH, AllIToAll/FFTW

AlltoAll - FFTW
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Jaguar, MPICH, AllIToAllV/FFTW

FFTW - AlltoAllV 2 4 8 16 32 128
4 11 1.3 1.7 2.5 3.8 6.6 10.9
8 11 1.3 1.5 2.5 3.7 6.5 10.2
16 1.1 11 1.4 2.3 3.5 5.8 9.8
32 1.1 13 1.7 3.0 4.6 7.0 9.7
64 11 1.3 1.7 2.8 3.9 5.7 7.5
128 1.1 13 1.6 2.6 3.5 4.9 5.8
256 1.1 12 1.6 2.2 2.9 3.8 7.5
512 1.1 12 1.4 1.9 2.1 3.5 14.1
1024 1.1 1.1 12 1.5 1.5 3.6 2.9
2048 1.1 1.1 1.2 11 1.3 2.7 2.6
4096 1.1 1.0 1.0 10 1.7 2.2 6.2
8192 1.1 1.0 1.1 1.2 10 1.6 2.9
16384 1.0 1.1 1.1 11 1.4 1.2 1.2
32768 10 1.5 1.1 1.0 1.1 1.0 1.0
65536 1.0 1.0 1.1 1.0 1.0 1.0 1.0



AllToAllvV
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Helics, MPICH/OpenMPI, AllIToAll

OpenMPI AllToAll
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Helics, MPICH, AlIToAll/FFTW

FFTW 2 4 8 16 32 64

s 1.7 1.7 2.1 2.0 2.1 1.8
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1024 14 1.1 1.0 14 1.5 1.4
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Helics, MPICH, AlIToAlIV/FFTW

FFTW - AllToAllV
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IMB PingPong

== Myrinet

Latency (usec)

= XT3-CNL

® With Sadaf Ala




Helics/Jaguar, MPICH, AllToAll




Helics/Jaguar, MPICH, FFTW

FFTW helics-jagaur 2 4

s 9.8 9.6
s 9.7 14.4
16 9.3 11.6
;; 10.7 10.8
6 11.0 9.4
10.3 9.2
9.9 7.2
7.2 5.3
6.3 5.3
5.6 4.3
4.1 3.6
2.7 2.5
1.9 1.9
2.0 3.0
1.9 3.3




Transpose optimization

® Usage of FFTW transpose
® Rectangular CPU grid



FFT Comparison

B FFTW
B Steve's

I Roland's
B FFTE

®N=192: 1152 CPUs, N=128: 1024 CPUs



Future

® FFTW transpose enables
© Unevenly dividable data size
© Real data

® Linear
scaling
with
Multigrid




Summary

® 1d decomposition: algorithm limited
® 2d decomposition: network limited
® amount of data crucial

® MPI transpose not highly optimized
© AlIToAllV >3x slower
¢ FFTW (auto-tuning) faster



Thanks

® All lecturer

® Heike; Innovative Computing Lab.

® Sadaf; National C. for Comp. Sciences
® Berk; Max Plank Institute Mainz, DE

® Matteo Frigo and Steven Johnson; MIT
® You all for listening
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