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Cambrian Explosiont also on CPU/accelerator architecture?
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Intel NVIDIA
*-Lake / Sapphire R. Volta / Ampere
AMD AMD

Rome/Milano Radeon Instinct
Fujitsu Q NEC
AB4FX 3 Tsubasa
EPI L Many more:

arm+ RISCV 3 IBM Power, China,...

1S. Matsuoka, Cambrian explosion of computing and big data in the post-moore era, https://doi.org/10.1145/3208040.3225055

SpMVM Performance on modern CPUs

02.10.2020



FRIEDRICH-ALEXANDER

Systems under investigation =

Fujitsu A64FX/FX700 AMD EPYC 7702 Intel Xeon 6248
(U. Regensburg) (HLRS) (RRZE)

Clock 1.8 GHZ 2.25 GHz 2.5 GHz
Flops/cy 32 (2xFMA512b) 16 (2xFMA256b) 32 (2xFMA512b)
#cores 48 64 20

L1 cache 48 x 64kiB 64 x 32kiB 20 x 32 kiB
L2 cache 4 x 8 MiB 64 x 0.5 MiB 20 x 1 MiB
L3 cache 16 x 16 MiB 1 x27.5 MiB

MemBW 920 GB/s (HBM2) 204.8 GB/s (DDR4)  140.8 GB/s (DDR4)

Settings NPS=4 CoD=off

Compiler gcc-10.1 Intel-19 Intel-19
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Sparse Matrix Vector Multiplication (SpMVM)
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Sparse Matrix Vector Multiplication =

A Basic kernel: Multiply sparse matrix with dense vector
ct) = c() + A, * b(d)

N
General case:
— + A >N some mghrect
' addressing
required!
/

A Compressed Row Storage (CRS) SpMVM kernel:
doi=1,N

. lLong loop

doj= row _ptr (i), row _ptr (i+1l) - 1 !Short loop
c() = ) +val §) " b(cglidx () ) Minimum code balance:
enddo 5

enddo Matrix data (8 B+ 4B per non-zero) 0 (p%
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SpMVM Performance =1
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A UMA building block performance for HPCG matrix

(Data: 1283: N, = 2 * 108 ; non-zeros per row (inner loop length): 27; double )

L | | Roofline limit?
15l (analytic a for HPCG)
i ) 0
i 0 g
! "_  Why not N O
I 31.5 GF/s ???
< 10F ] Intel Xeon:
o | 104/6.5 GF/s =16 GF/s
5k AB4FX:
i - 1 205/6.5 GF/s = 31.5 GF/s
e—e Fujitsu A64FX /FX700] |
—e AMD EPYC 7742 _
I o—e@ Intel Xeon 6248 i AMD EPYC:
| | | | A | | | | | | | | | | | | | | |
=246 3 10 12 14 16 18 20 41/6.5 GF/s = 6.3 GF/s
#cores

1C. Alappat et al., ISC 2020, https://doi.org/10.1007/978-3-030-50743-5 21
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SpMVM Performance Analysis A64FX =i

A Low single core A64FX performance for CRS
A gcc compiler generated vectorized code (inner loop)

Load 8 matrix entries

LG:
ld1sw z0.d, p0/z, [x17, x20, Isl 2]
ld1d z2.d, p0/z, [x18, x20, Isl 3] _ L
d1d 23.d, p0/z, [x30, 20.d, Is| 3] CrlnEn (el 0A0)
add x20, x20, 8

fmla z1.d, pO/m, z3.d, z2.d
whilelo p0.d, x20, x14 \ FMA3: Update z1.d

Latency: 9 cycles

b.any .L6

faddv d4, pl, z1.d
\ AHo r i addioteatilies

in 512-bit register (z1.d)

do_j = row_ptr_({i row ptr (i+1) - 1! Short loop
0] =|C(i) + ival (] )Ibl col_idx (] )) Costs > 11 cycles
enddo

A This code can not saturate memory bandwidth for HPCG matrix on A64FX !
(see C. Alappat et al., submitted, https://arxiv.org/abs/2009.13903)
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Better SpMVM data formaté A
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Vector-friendly SpMVM data format/kernel required for A64FX
A Choose SELL-C-s?

>Sorting scope ,,

sorted

—H—+—
I I
+I (]
I | 11
| ;

i
_!_H_!
I | I

sorted

Chunk size C: Multiple of SIMD register size
A NoAhor i addfn Vemtbrization & pipelining
A Implementation: SIMD intrinisc kernels (single core / data structure!)

IM. Kreutzer et al., SIAM SISC 2014, DOI: 10.1137/130930352
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é andi timpact on SpMVM performance =

Single core performance optimization _ 5 _
crucial for AG4FX to saturate bandwidth / AVeakiih Sat ur at |

| ' I ' I ' I ' I ' [ ' ' I 4
; 0:_ HPCG matrix (1289) 4 31.5GF/s

o—e Fujitsu A64FX / FX700 (CRS)
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25 e—e Intel Xeon 6248 (CRS)

I s— Fujitsu A64FX / FX700 (SELL-32-1)
[ %—% AMD EPYC 7742 (SELL-32-1)
20 s—% Intel Xeon 6248 (SELL-32-1)

= | :
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A broader SpMVM picture =i
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Lessons learned - £\
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A AMD good balance of:
A High Memory BW
A Large, efficient L3 caches
A Single core performance

A ABAFX:
A High bandwidth / HBM accessible for CPU-codes
A Efficient compilers and optimized codes are required

A Intel
A Room for improvement: Single core & socket memory BW
A Highly efficient core and mature / optimized SW environment
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About us www.hpc.fau.de

A AMD Rome architecture:
https://kb.hlrs.de/platforms/upload/Processor.pdf

A Fujitsu FX700 / A64FX architecture:
https://qithub.com/fujitsu/A64F X/tree/master/doc

A Machine model A64FX (ECM):
https://arxiv.org/abs/2009.13903
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