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Contributions

e A new massively parallel, distributed FFT library for CPU/GPU that supports mul-

tidimensional decomposition

e In house, auto-tuned, k-way all-to-all for MPI communication

e [ixtension of the k-way all-to-all algorithm to GPUs

e Effective overlap of GPU k-way al

e [ixtension of pencil decomposition to high dimensional decomposition for nD FFT's

-t0-al

1, send /recv operations with PCle transfers

e Consistent speedup of 2 — 3%, compared to P3DFFT and PFET libraries

e Consistent speedup of 2x compared to FFTE library (GPU only)
e Source code released under GNU GPL 2 at http://accftt.org

Slab Decomposition

e Decompose the problem along the first dimension
e Local 2D FFT computation followed by a global transpose

e Local 1D FFT computation along the last dimension

e Scalability restricted to p = N

—In the limit, each process gets a single 2D slab of the data.

Algorithm 1: Forward slab decomposition algorithm

: Data in spatial domain.
Layout: No/P x N1 X No
Output: Data in frequency domain.

Layout: ]/\\70 XNl/PXNQ
No/P x Ny x Ny ¢25 Ny/P x Ny x Ny:
NOXNl/PXNQ(iNO/PXN]_XﬁQ;

]/\70 X ]/\71/P X ]/\\72 ﬂ N() X Nl/P X ]/\\/.2;

Input

Pencil Decomposition

e Decompose the problem along the first two dimensions
e Flach process gets a batch of pencils, local in one dimension

e Global FF'T is computed by three Local 1D FFT computations followed

by two global transposes

e Time is dominated by communication overhead for global transposes

e Scalability extended to p = Ny x Vg

— In the limit, each process gets a single 1D pencil of the data.

The algorithm can be extended in a similar fashion for computing FFT

of nD dimensional arrays.

Algorithm 2: Forward FFT algorithm for pencil decomposition

: Data in spatial domain.
Layout: No/Py x N1/P; x Ny

Output: Data in frequency domain.

Layout: ]/\70 X ]/\71/P0 X ]/\72/P1

Input

No/Py x Ni/Py x Ny ¢5 Ny/Py x Ni/P; x Ny:
No/Py x Ny x No/Pj <—— No/Py x N1/P; x No;
No/Py x Ny x NoJ Py <2 Ny /Py x Ny x N/ Py:
Ny x Ni/Py x No/ Py < No/Py x Ny x No/P;:

]/\70 X Nl/PO X NQ/Pl ﬂ NO X ]/\\fl/P() X NQ/Pl;
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K-way All-To-All

We have optimized our k-way all-to-all and extended it to GPUs. For the GPU version we interleave
MPI send/recv with CPU/GPU transfers to effectively hide PCI-e overhead.

HyperCUbe aH‘tO‘aH 0|1|2|3|4(5|6|7]38 0|1]2]|27|28|29|54 (55|56
9 |10|11|12|13 (14|15 16|17 9 |10|11|36(37|38|63|64 |65

e Fach task SGDdS/ receives data from 1819|2021 [22|23|24 (25|26 18|19 (20|45 |46 |47|72|73|74
one other task and Sphts the pI‘Ob— 27|28(29|30(31(32(33(34|35 3|4 |530|31|32|57 58|59

36|37 (3839|4041 (42|43 |44 12113(14|139|40|41|66|67 |68

lem into two smaller ones.

45146 4748|149 (50|51|52 |53

° Stages O(lO%p) 5415556 |57|58(59(60|61|62
e Total data transfer: O(N logp) 63| 6465 |66| 676869 70|71

72|73 |74 75|76 |77|78|79|80

21122234849 (50 (75|76 |77

1516 |17 |42(43|44|69(70|71

241251265152 |53(78|79|80

(b)

K-way all-to-all (@)

1110(19|28|37|46|55|64 |73

e Fach task sends/receives data to/from

18457211946 |73|20|47 |74 2(11(20({29|38|47|56|65|74

k-tasks and splits the problem into

3112(21{30(39|48|57|66 |75

k smaller ones.

12139|66|13 (40|67 |14 41|68 4 113(22|31|40(49|58|67 |76

5114233241 |50(59|68 |77

® Stages: O(logp/ log k) 21(48|75|22 (4976|2350 |77

6 |15(24|33|42|51[60|69 |78

e Total data transfer: O(N logp/ log k)

1514216916 (4370|1744 |71 7116(25(34(43 5261|7079

e Overall Complexity; 245178 25]52] 7926|5380 8 |17|26]35]4453]62] 71|80
_ logp c
Tkway — (tlk + th/p) log k (© ()

o|1]2]3 o|l1]2]3
4|5 |67 als5 |67
° 8 | o 10|11 8 | o |10] 11
Extension to GPUs s L
2 3 0 4 8 12

0|1
Extension of k-way all-to-all to GPUs Y T
by overlapping send /recvs with GPU /CPU ol[1][2]]3

data transfers. This effectively hides NN A A A

Q
%’0 ﬁgz %’9 ﬁg& AR O R S TR G

PCl-e overhead. P P

GPU P2P ALLTOALL
- GPU to CPU Async. MemCpy

- CPU to GPU Async. MemCpy

K-way Performance

The optimal splitting parameter, k. can be obtained during setup time. The optimal value depends on

system architecture, transpose size, and the number of processes.
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Transpose time for N = 20482 on 512 GPUs of Titan.

Transpose time for N = 2048° on 16,384 cores of Stampede

Scaling on Stampede
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CPU scaling results of AccFFT on Stampede for computing a forward R2C FF'T.

Scaling on Maverick
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Scaling results of AccFFT performed on Maverick.

Scaling on Titan

Timing of CPU R2C forward FFT for N = 2048°. Timing of GPU R2C forward FFT for N = 1024°.

# Cores Total Comm FFT (Un)Pack # GPUs Total Comm FFT (Un)Pack
4096 1.14 0.846 0.151 0.142 128  0.138 0.131 0.00097  0.0052
8192  0.898 0.735 0.0798  0.077 256 0.078 0.073 0.00054 0.0046
16K 0.375 0.297 0.0377  0.037 512 0.050 0.046 0.00027  0.0025
32K 0.368 0.297 0.0376  0.014 1024 0.032 0.028 0.00020  0.0025
6ok 0.232 0.198 0.0202  0.009 2048 0.027 0.025 0.00020 0.0014
131K 0.116 0.0974 0.0115  0.004 4096  0.016 0.014 0.00016  0.0018
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