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Fourier Transforms (FFT), e.g., within the Exascale et eS|,aeV\rl1ls' 'e” tear;‘(e(fggo/ ao?‘ rrei t'?r?ees[-Z]) em?) 'enrglsdatz S 17 g
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puting Project (ECP) among processors (P), typically in an All-to-All fashion [2,3]. L NVDIA  collective library (NCLL) § ° 65 ¢,
| | P p t e e does not have an All-to-All option. 3 3
Hybrid CPU-GPU systems are widely used and are Reshape Type  # Messages te , e SU;?P;? g_ang 1})//06 3 res _Zplng §
: : Brick <— Pencil pl/3 echnique (C.1., FIg. 2.1) and provides a 4.3E+09
Ie:)l(:F.)I_eCIFEd for tthe utpcomlngh exasﬁ.?le t maCtheS' Brick <= Slab p2/3 tool to create architecture-aware Phase L7E+10 Hence, we developed a novel )
braries targeting such architectures have Pencil <= Pencil szi diagrams [1,2]. In Fig. 2.2., we show © ¢ o © o ¢ < o « |algorithm, based on One Sided 4 ; *
been accelera.ted via tunlng and .a§ynChr0nOUS Psegcb;lgssl;%b PP the case of Summit, where users can %go" %go" %f.fo" \gox 6_{5‘ %&x %fﬁf‘ ﬂ;,@x \,_,33‘ Communication (OSC_AZA) It can NumberofNVIDIA V100 GPUs .
kernel evaluation on GPUs [2], obtaining up to 2x input their resources and FFT size to _ Number of MPI processes | o piaya up to 30% speedup Fig 2.3. Average throughput of all-to-all | .4
Speedup Compared to fu”y CPU Ilbrarles Flg 2.1. Cost for data reShaping select the fastest reshape approach_ Flg 2.2. Phase dlagram for algorlthm tunlng . eXChange of 2GB of data, 1GPU per node. "'.
We present techniques to further accelerate FFT 3. Mixed-Precision FFT 4. Communication model
computation by overcoming the communication | . S
bottleneck, we provide architecture-aware selection | | Fig. 3, shows that heFFTe linearly scales. We use a 3D complex-data grid, and compute both: single We introduce a novel communication model tor hybrid-distributed %
of FFT algorithm, a novel All-to-All routine (which | (FP32)and double (FP64) precision FFTs. G5 | FFTs which can adapt to any architecture [2], and gives a | "<&
can considerably speedup default MPI standard | | \ye developed a mixed-precision version for 819 - _— Pl ’Eltﬁoretlcc?l Iestlmatlon fr]: t?? retshaplng <o Stt'. . oble withi A
routines), and a mixed-precision implementation. heFFTe, which exploits GPU power 1o 400 / f - Isdmo e agsume.? t?) RaNsl_ corTrEuhmca NIS/T_ ||[3 Kava| a et-WI in
) _ _ | ‘ a node, e.g., Summit a , which has connections. | <3
our ot o (3) () (0] (2] (78] (G [ || matorm wost ubich usualy takes over 60% of § % o . R
onerrre runtime [2,3]). We used ayr'n ersion of Oo r S 1024 - For Summit, we get [2]: 8.00 - ~30% of roofline peak P
. unti ,3]). u ing versi ur & _' CR4: FP64—FP16 -
library v2.0 [1] heﬂ F]{T]e v2.0 OSC Aoa o J S 5 ' = 78125 P log(V) 400 - <
which is EFTMPI o - 756 ° rd - CR2: FP64—FP32 Teomm = # of reshapes ’ w 2.00 - ~90% of roofline peak | -
gg ret';i)slgume’ CR2 means a compression ratio of 2 times. CR2 P *-FP32 where N is the FET size ?% — | . ‘
scalable. is up to 2.6x faster than FP64 and up to 1.4x | & FP64 B % .-
robust; faster than FP32. CR4 is up to 5x faster than o Using this model, we derive a . [s Roofline peak | =
d target , 32 - . . 25 ¢ o 2
2Qasfgies Gl 3 B FP64 and up to 2.6x f_a73ter than FP32.  CR2 I T " N P W W Y WY roon)z//ne model theoretical peak it GRU 1.3
applications - o e e validation error is 0(10~7), while for FP32 it is Number of NVIDIA V100 GPUs performance. Fig. 42 shows heFFTe -o-heffte. CPU ’ R
" Fig 1. heFFTe v2.0 in the ECP software stack. 0(107°); i.e., we move the same data volume Fig3. strong scalability of heFFTe on a 10242 FFT, using 6GPUs per flCh’tf)"’Zg agg‘ngQOt{gigf p:;’; ,‘;fg“g A F 16 m e 1w 2% -
: faster, while getting a better quality FFT output. Summit node. P e P J WORCHOF ST ROEOS ¥
. . then decreases, indicaling thal 100 Fig 4 Roofline & scalability for heFFTe, .
5 : Appl |Cat|ons many resources are being used for  Gpy version uses 6 Volta100 GPUs per node,| X
the given FFT size (tlatency). CPU version uses 40 IBM Power9 per node. | "4
. Following figures show some applications heFFTe targets, to some of which it has already been integrated, to accelerate FFT calculus while ensuring scalabillity. “ “‘
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