
IPSJ SIG Technical Report

A64FX SPEC CPU SPEC OMP

1,a) 1 1

A64FX SPEC CPU

SPEC OMP A64FX SPEC CPU int Xeon

SPEC CPU fp Xeon SPEC OMP

Xeon Hyperthread Xeon

A64FX

1.

2021 3

Fujitsu A64FX

SPEC

A64FX A64FX

SPEC

A64FX

2. A64FX

1 Fujitsu

A64FX[1] 1

A64FX Armv8-A 64

SVE(Scalable Vector Extension)

A64FX 48

4 CMG Core Memory

Group CMG 12 1

8MB L2

512 SIMD 2

2.0GHz

1
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1 A64FX

64GFLOPS L1

64KB 4way

256 SVE

1 64 2

1 256GB/s

L2 CMG 16way 8MB

CMG L2

1024GB/s L2

128GB/s A64FX

[2]

[3]

A64FX HBM2 1CMG

1 1 4 32GB

1024GB/s 4

CMG CMG

Tofu Interconnect D (TofuD)

6
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PCI Express

A64FX

TSMC N7

2.1

2.0GHz

2.2GHz

A64FX

2.2GHz

A64FX

2.2GHz

2.2

A64FX

2 1

FLAonly

FLAonly

FLAonly

4

2.0GHz 2

2.0GHz

1

2.2GHz 2

2.2GHz

1

2.3

1

OS

2.4 Power API

Power API

Power API Sandia Power API[4]

[5]

FX1000 FX700

Power API

2 CMU(Core

Memory Unit) POL(Point of

Load) 5

1

CMG

L2

PMU(Performance

Monitor Unit) FX700

[6]

3. SPEC

SPEC Standard Performance Evaluation Corporation

[7]

1988

SPEC CPU® SPEC ACCEL®
SPEC MPI® SPEC OMP® SPEC Cloud®

SPEC CPU
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SPEC

CPU 2017

ratio

SPEC CPU 2017

UltraSPARC-IV+(2.1GHz, 2cores x 4Chips)

SPEC CPU

base,

peak SPEC CPU

int fp

speed

rate base speed

SPEC OMP OpenMP

SPEC OMP

2012 SPEC CPU base

SPEC CPU

Sun Fire X4140(AMD Opteron 2384, 2.7GHz, 4core

x 2chips)

4.

SPEC CPU 2017 SPEC OMP 2012

SPEC CPU

2017 install

SPEC OMP 2012 arm

Linux

A64FX Fujitsu compiler tcsds-1.2.30a

SPEC CPU int

-ffj-no-fp-relaxed

COPTIMIZE = -Nclang -Ofast -mcpu=a64fx+sve

-ffj-no-fp-relaxed -ffj-eval-concurrent

-fsave-optimization-record -fopenmp -Nlst=t

-Koptmsg=2

CXXOPTIMIZE = -Nclang -Ofast -mcpu=a64fx+sve

-ffj-no-fp-relaxed -ffj-eval-concurrent

-fsave-optimization-record -fopenmp -Nlst=t

-Koptmsg=2

FOPTIMIZE = -Kfast,openmp -Nlst=t -Koptmsg=2

A64FX (2.0GHz)

export XOS MMM L PAGING POLICY=demand:demand:demand

export XOS MMM L ARENA LOCK TYPE=0

1 SPEC CPU 2017 intspeed

Lang Threads A64FX Xeon

600.perlbench s C 1 1.23 6.20

602.gcc s C 1 2.59 9.57

605.mcf s C 1 3.41 11.2

620.omnetpp s C++ 1 1.27 7.31

623.xalancbmk s C++ 1 1.54 9.46

625.x264 s C 1 2.07 11.6

631.deepsjeng s C++ 1 1.34 5.17

641.leela s C++ 1 1.25 4.36

648.exchange2 s F90 1 1.42 13.2

657.xz s C/OpenMP 48 8.29 23.5

int base(g-mean) 1.97 9.07

1

CMG

2

--reportable

invalid run

4.1 SPEC CPU 2017 int

1 SPEC CPU 2017 int

A64FX

Intel Xeon

SPEC CPU 2017 int 10 1

OpenMP

48

Intel Xeon SPEC

Cisco UCS B200 M5(Intel Xeon Plat-

inum 8168, 2.70 GHz, 24 cores x 2 sockets)

[8]

A64FX Xeon 1/4

A64FX HPC

SPEC CPU int SIMD
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2 SPEC CPU 2017 fpspeed

Lang Threads A64FX Xeon

603.bwaves s F 48 534 490

607.cactuBSSN s C++,C,F 48 67.6 182

619.lbm s C 48 74.6 44.0

621.wrf s F90,C 48 50.1 96.2

627.cam4 s F90,C 48 41.9 105

628.pop2 s F90,C 48 30.0 60.4

638.imagick s C 48 77.0 127

644.nab s C 48 46.6 288

649.fotonik3d s F90 48 86.3 82.6

654.roms s F90 48 79.1 155

fp base(g-mean) 72.8 127

4.2 SPEC CPU 2017 fp

2 SPEC CPU 2017 fp int

A64FX Intel Xeon

SPEC CPU 2017 fp 10

48

Intel Xeon SPEC CPU int

SPEC Cisco

UCS B200 M5(Intel Xeon Platinum 8168, 2.70 GHz, 24

cores x 2 sockets) [9]

A64FX Xeon

60

A64FX 20

SPEC CPU fp

A64FX Xeon

619.lbm s A64FX 70

XOS MMM L ARENA LOCK TYPE

627.cam4 s Xeon

__pthread_mutex_lock/unlock_full 8

4

2

20

4.3 SPEC OMP 2012

3 SPEC OMP 2012 SPEC

CPU

A64FX Intel Xeon

3 SPEC OMP 2012

Lang Threads A64FX Xeon

350.md F 48 2.63 62.6

351.bwaves F 48 15.5 11.2

352.nab C 48 3.00 12.9

357.bt331 F 48 5.82 16.0

358.botsalgn C 48 5.22 10.5

359.botsspar C 48 3.07 6.83

360.ilbdc F 48 7.69 8.25

362.fma3d F 48 4.28 11.3

363.swim F 48 53.1 8.38

367.imagick C 48 12.2 13.6

370.mgrid331 F 48 32.6 7.46

371.applu331 F 48 8.88 14.4

372.smithwa C 48 12.8 11.8

376.kdtree C++ 48 3.22 9.24

base(g-mean) 7.77 12.0

SPEC OMP 2012 14

A64FX 48

Intel Xeon SPEC

Cisco C240 M5(Intel Xeon Platinum

8288, 2.70 GHz, 28 cores x 1 sockets) SPEC

CPU

SPEC 24 x 2

28 Hyperthread

on 56 threads

[10]

A64FX Xeon 60

70

A64FX

363.swim A64FX Xeon 6

350.md Xeon A64FX 24

A64FX SVE

5.

5.1 SVE

A64FX

SVE

Fortran -Kfast

C -mcpu=a64fx+sve

SVE

SVE Fortran
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2 SVE

-KNOSVE C -mcpu=a64fx+nosve

2

NOSVE 100 SVE

SPEC CPU int SVE 20

3 SIMD

SVE SIMD

SPEC

SIMD

SPEC CPU fp 90

22

SVE double 8

NOSVE neon SIMD

4 float

SVE

SPEC OMP 230

12

SVE

20

SVE gather/scatter

indirect SIMD

SVE

5.2 gcc

4

GNU Compiler

SPACK

GNU Compiler

10.2.0 SPACK

gcc

SPEC OMP 2012 -flto(link time

optimization)

-flto

-flto

OPTIMIZE = -g -Ofast -ffast-math -flto

-march=native

3 gcc 100

fcc

SPEC CPU 2017 int fcc gcc 50

fcc gcc 13

11 gcc

gcc lto

35

8 fcc lto

fcc+lto

tcsds-1.2.31 fcc lto

27 14

gcc 1

SPEC CPU 2017 fp fcc gcc 5

603.bwaves

fcc gcc 94

603.bwaves 75

SPEC OMP 2012 350.md 7 360.ilbdc

32 2 gcc

fcc 57

2 fcc 2

351.bwaves gcc 2

(376.kdtree) 10
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4 SPEC CPU/OMP

SPEC CPU int SPEC CPU fp SPEC OMP

power mode retention Ave.Power(W) basespeed Ave.Power(W) basespeed Ave.Power(W) base

normal disable 107.3 (100%) 1.94 (100%) 114.4 (100%) 72.8 (100%) 123.3 (100%) 7.77 (100%)

boost 117.3 (109%) 2.16 (111%) 124.6 (109%) 79.3 (109%) 134.1 (109%) 8.27 (107%)

eco 85.3 ( 80%) 1.96 (101%) 91.2 ( 80%) 66.8 ( 92%) 99.2 ( 80%) 7.45 ( 96%)

boost eco 91.1 ( 85%) 2.16 (111%) 95.9 ( 84%) 73.0 (100%) 105.7 ( 86%) 8.06 (104%)

normal enable 42.3 ( 40%) 1.98 (102%) 93.6 ( 82%) 73.1 (100%) 113.0 ( 92%) 7.77 (100%)

boost 46.4 ( 40%) 2.16 (100%) 100.9 ( 82%) 79.0 (100%) 127.7 ( 95%) 8.43 (102%)

eco 42.0 ( 49%) 1.97 (101%) 77.9 ( 85%) 67.5 (101%) 95.0 ( 96%) 7.44 (100%)

boost eco 45.4 ( 50%) 2.16 (100%) 84.2 ( 88%) 73.2 (100%) 102.7 ( 97%) 8.07 (100%)
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3 fcc gcc

5.3

A64FX 2.1-2.3

4

8

SPEC CPU/OMP 8

4 Ave.Power

PowerAPI ratio

disable

SPEC CPU int, fp, OMP

11 9 7 9

SPEC int SPEC

fp SPEC OMP 8 4

20

SPEC CPU fp

25 5

10 5 SPEC OMP 19

5 14

9 11 0

4 15 16 14

enable

disable

disable

SPEC CPU int 60

SPEC CPU

int 1 47

SPEC CPU int

657.xz s 50

25

OpenMP parallel

region busy wait

200ms sleep mode

retention enable core

retention state

48

SPEC CPU fp SPEC OMP retention enable
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4

17 , 8

busy wait 200ms

5.4

4.3 363.swim A64FX Xeon

4

ratio 3

close 4.3

48 close 3,4

12

A64FX 48

4 CMG CMG

256GB/s close

CMG0 12

CMG0

demand

CMG0 12

1/4 16

2CMG 2

CMG0 12

256GB/s 21.3GB/s

CMG1

4 64GB/s

CMG1

CMG0 12

4 close

scatter balance scatter

GOMP CPU AFFINITY CMG

OMP PROC BIND=spread

scatter

CMG CMG

OS

export GOMP CPU AFFINITY="12-48:12 13-49:12

14-50:12 15-51:12 16-52:12 17-53:12 18-54:12

19-55:12 20-56:12 21-57:12 22-58:12 23-59:12"

balance CMG

CMG

16

GOMP CPU AFFINITY

export GOMP CPU AFFINITY="12-15 24-27 36-39

48-51"

scatter balance 12

24 scatter

balance 20 24

balance 48

balance close

scatter 48

2 4

close balance L2

balance 20

48 10

L2

base peak

balance

ratio 5 1/Energy

6 retention

12

normal boost 6 eco 7 boost

eco 24

24 boosteco 48

normal 11 16

eco-retention 16

normal-retention 3 normal 45
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6 balance

48 eco-retention

35 normal 61

48 retention

6.

A64FX SPEC CPU SPEC OMP

SPEC CPU

int Xeo SPEC CPU fp

Xeon SPEC

OMP Xeon Hyperthread

7

SVE SPEC CPU int

SPEC CPU fp SPEC OMP

22 12

SIMD

GNU SPEC

CPU int SPEC CPU

fp SPEC OMP

GNU march

a64fx

Arm

A64FX

wait

A64FX

12

base

peak

SPEC
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