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a7, SRS —

B XEY :L1$,L2$. EEXED (HMCHBM)
m S/WOERIL
- H/WOFFEICERUTES/WZES IRV EEREZ AN E TR
m CFDTOJSARGHEN AT 7oA MRICRHEEIND.
- VUJUXLA -FEE BHESE. SA>J3U. 2/
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&5 ] (PRIMEHPC FX1000)

,’J\,EiZ%IEﬁE (f8%8E) : 537PFLOPS (158,976 — R)
S ESCIRE= : 4.85PiB

CPU : AG4FX (Armv8.2+SVE)

- 3.3792TFLOPS ({BfaEEE)
- 2,0GHz or 2.2GHz

- 487+ 7> AP > T

- 1237h128%=HE (CMG)

AEU : HBM2 S e 1
- 32GiB. 1,024GB/s AB4FX (ETiEIRAL)
A >AARD b TofuA > —1%7 <D

- 40.8GB/sx X F5H]

35

BCM+IBMMDZEZE_E D4FEN

m RADETE . ARlD e
- ZAFT>2)LETE (qlijk,n) = Fqixdl,...),q(i%2,...),...) )
~ 1jk~0(<100). n=5

m EDIIE (BTORKTEH) : AXKODe
- ifXX O IRANIER

do k=istart, iend
do j=istart, iend

do i=istart, iend

MAADETER | &
if(BENN \

:\\\
EEODAE %//w\—c Cifck ' N
. L LEER WA
endif \\\\\\
enddo; enddo; enddo \\\‘\%F‘a‘ilﬁlﬁﬁﬁ?(BCM)
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m IXZESUIL—T
- NARADUIR . xPR1E
m IXOEBAXRTHEETZEL URWHEEENEKX
- fXDEEETIL—T=DE| . Fh%IE
m STEEESEK . PEEOUEUTGHE

B EE)@M@%%%’ELFCBU)L—?O (QIL=T. URKF7Ot
A

n  IXOERRTIEHENZE(L

o ;% Il 1 AT IR L . BEDITHEZL = KX T

m AR BIERT O SILET =2 )IL—T =5 E|
o ifjﬁz%‘ﬁ’u BRUEZEI—T = —iia@dEtg V)L —&
g U

37

[&Z&] (PRIMEHPC FX1000) ODERRE
m EE
- LZXRAARE (FX100 : 256 — FX1000 : 32)
m S/W. SIMD. XFILL (ZFILL) OD[E)BFE RN EEE
m LTRSS MRKREL
m XEUVZIOELX:
- XEUZOCRkREZE LB T2 (E
n ERIOTCANDEVWIL—TENMNE
m Y RND—D
- FITEETHE U TULVRLY
m J7-17)L/0
- HDHE. FHHDIEM (—5DFERANARER)
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AEUMEEEDES (1/3)

1800 T m TRIAD : XEUMEEDBM
FX100 —e—
1600 FX‘IOFO)(():Sf?IIc; —efl. do n=1,nmax
81% of 1.22 TB/s(Aurora) = ====
88% of 360 GB/s(FX100) — - a(n) =b(n) +S X ¢(n)
1400 [ 82% of 1.024 GB/S(FX1000) = ——r
enddo
— 1200
3 /M - B/F=24
TS . OREMER : 1.3%
S . (FX1000)
=
//\‘%w ﬁ m EmATUMRE (B/F)
/ ‘é - FX100: 0.48GB/s (0.43)
400 )
/f / // - FX1000 : 1.0TB/s (0.30)
/ ’ / i - Aurora : 1.2TB/s (0.50)
010 100 1000 10000 100000 1x10® 1x107 1x108. X:Eua)ijj'ﬁg SO%EDE}_.E_
Loop length
39

AEUMEEEDES (2/3)

n  ZRTES EFPTUDEEETIL
m  ovip (f#1) : a(1-ovip:ndim+ovip,1-ovip:ndim+ovip,1-ovip:ndim+ovip), ...
m JLFJOYY (MB) :Fv v a1DF&EFHIRL. XAEVUMREZAIE

HAEF 2L 1 2,700/ (10x10x10 x 27,0007 0w 27 ~300x300x300 x 17w 27)

-TRIAD1D (1:&kTib) -TRIAD

type blkDataType type blkDataType
real(8), dimension(:,:,:), allocatable :: a,b,c real(8), dimension(:,:,:), allocatable :: a,b,c
end type blkDataType end type blkDataType
type(blkDataType), dimension(:), allocatable :: blk
do nb=1,nbmax —EEARTIFA<BTEL
call kernel(blk(nb)%a,blk(nb)%b,blk(nb)%c, ) (3 >34 Z DRIRE)
enddo
subroutine kernel(a,b,c, ") subroutine kernel(a,b,c, ")
real(8), dimension(*) :: a,b,c real(8), dimension(:,:,:) :: a,b,c
don do k; do j; do i;
a(n) = b(n) + scalar*c(n) a(i,j,k) = b(i,j,k) + scalar*c(i,j,k)
enddo enddo; enddo; enddo

[ | o -22-




AEUEEEDES (3/3)

m MBTRIAD : Fv v 10DEE

T i PRURRHCAE U R
) VW”V/V\WM\/A"’,W” do n=1,NB
- ofoogl AT ' do k=1,N; do j=1,N; do i=1,N
DIV LT blk(n)%a(i,j,k) = blk(n)%b(i,j,k) +
" A S X bIk(n)%c(i,},k)
§ j: //J ,/I enddo; enddo; enddo
> % j/ / enddo
; . /// N: block size, NB: # of blocks
10 2 / m MB-TRIAD3D vs MB-TRIAD1D
o om0 @ w w w wa JL—TEDI5LENDSER
st P o - BIREDI—TENUE
41

Z8E)l—JDOERE

m [E5I] (PRIMEHPC FX1000) (DifRE

- L2RXAARE (FX100 : 256 — FX1000 : 32)
m S/W. SIMD. XFILL (ZFILL) OD[EIRFE A EIEHE
m JL—TRTFTaHKREFU

- XEVU7ZOCREgEZH LD IZH(C(E

n BRI DEVWIL—TENNRE

-

m =aRfb: IL—T1E L+ TJOvFE 2T+ IL—TDE
- IL—TEOHR (BRE/\S>XR) - )L—TJ1E1L
- LZ2RAIRE - IL—TDE| (c—TEDRD)
- DEPL-TETDOAEI 7 OTCADHIFH - JOvF
>
42
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real(8), dimension(:,:,:) ::

ZE)— T DEE(L

1$omp parallel do collapse(2)
do k=1,N
do j=1,N
do i=1,N
a3d(i,j,k) = b3d(i,j,k)+S*c3d(i,j,k)

enddo; enddo; enddo
1$omp end parallel

3|IL—TFDIENR YT IL—F T
— EBHET 7 2&IL— T EDFER

call kernel(a3d,b3d,c3d)

contains
subroutine kernel(a,b,c)

real(8), dimension(*) :: a,b,c
I$omp parallel

1$omp do

do Ib=lbsrt,lbend,lbsize

locl loop_fission_target(LS)
locl loop_fission_threshold(40)
locl prefetch_sequential(soft)

do I=lb,lb+Ibsize-1

a3d,b3d,c3d

; - a(l) = b(l) + S*c(l)
* = 7 \EU ’ 'OC|®$I ( i G ~ N A 7) enddo; enddo
— LY RZREILIR 1$omp end do
— XEUT 7 2 Z DHE (L2$DH]F) locl loop_fission_target(LS)
locl loop_fission_threshold(40)
locl prefetch_sequential(soft)
do I=lbsrt_rest,lbend_rest
a(l) = b(l) + S*c(l)
enddo
1$omp end do
1$omp end parallel 43
= ‘;E - P 9 j
—
2 : : : l::mpend-l:tarrier [E—
post
transfer I
residual I
solverbc
a0k — solver-ee-main
solver-ee-rhs-dg I
solver-ee-ths-vilux
solver-ee-ths-cflux
solver-ee-rhs-dgl I
cfl
ALL
T 5F
%‘
E
E ALL [sec]
o 10k « Asis :20.57 1.67%
« Tuned: 2.27 8.65%
5 -
9.11%
0 asis{ALL) tune tunefALL)
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Ry hHO—x)L TOKYA1D)

] m WmIE (cflux) 7R
—_— | H—=IL

"l | - 2&BN

| m WRIB(Z15%IEE (FH TAR
LWL

| - L2$ICMIBIL—T 51
SETFILICKDEE

1 _ - BRIB3EZE(HEIEEN ?
W 3hE [%] | Wi | AR
| EE 7.9 9.2
0 XEY 10.66 65.28

tune

1

elapsed time [¥a]

40 |

loopend-barrier C— solver-ee-rhs-dq
post solver-ee-rhs-vilux /——2 SI M D 54 8 1 5 O 89
transter H—— solver-ee-rhs-cfiu: I u -
residual I solver-ee-rhs-dg0 I
solver-bc 3 [ [ —
solver-ee-main T ALL == 45

CPUMREREMTL 7h— b (XHRIA) 1

Cycle Accounting execution time(s) Cycle Accounting execution time(s)

7.0E+00 7.0E+00
6.0E+00 6.0E+00
5.0E+00 5.0E+00
4.0E+00 4.0E+00
3.0E+00 3.0E+00
2.0E+00 2.0E+00

1.0E+00 1.0E+00 J’t@ E @ g @ g E E @ @ E E
0.0E+00 — === 0.0E+00

ol-|N|m|t|n|vl~N oo~ ol-dlN MtV N oo o~

o|o|o|lo|lo|ls|lo|o|o|ls T v|o|lo|o|lo|lo|lo|o|lo|o| |

M @M M| ©C| O MO MO O O| O T T M M| | | O M| O O MO © T O

Q1L o(o(Y| Q22| 2L ofm o I IO IO IO IO R IO ) I Bl

FFFFFFERERFZEE FlFFFFRFRFFRERRFSESSE

ey = [y =

Process Process
0 1
asis tuned

46
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CPUMtREREMT L 7h— b (XHAIA

2.5E+00

2.0E+00

1.5E+00

1.0E+00

5.0E-01

0.0E+00

Cycle Accounting execution time(s)

L2$E> —BERT

@

Thread 0 [l

AEEEEEEEEE
— N M| < 1N © | N|] OO O
T | ©T| | | | ©T|] ©|] ©T| ©
|, M, |, M| M| © | @© | @M© | (@©
Q| 0O 0O OO OO O O O
| S I U e U S U U D Y R U D W
|l |l |l | | | | | <
FlFFIF|FIFI F|F|FE

Process

1

Thread 10 [l

| m1 instruction commit

O Other instruction commit
@4 instruction commit
M| 3 instruction commit
W 2 instruction commit

W Barrier synchronization wait

@ Instruction fetch wait

B Store port busy wait

@ Other wait

W Branch instruction wait

O Floating-point operation wait

B Integer operation wait

OFloating-point load L1D cache access wait (*)
@ Floating-point load L2 cache access wait
OInteger load L1D cache access wait

B Integer load L2 cache access wait

B Floating-point load memory access wait

B Integer load memory access wait

O Prefetch port busy wait by software prefetch
O Prefetch port busy wait by hardware prefetch

B Floating-point busy rate execution time
OInteger busy rate execution time

OL1 busy rate execution time

OL2 busy rate execution time

B Memory busy rate execution time

(*)Include wait time for integer Lil?

AW R

m TunehflR C72%@12177

Speed up ratio

5 DXNZE@CMG

12 T T T T T
tuned —
asis O
Ideal
10 | 9
8 - 5
B | =T _
4 -
2| pg E
'k. 1 1 1 1 1
2 4 ] 8 10

Number of threads
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HDFNER (Weak-scaling)

100 @ —— " e o
80 | e
9
-
o 60}
k)
hS)
E =
@
S 40}
el
&
20 |
1D —@—
oo | |
1 10 100 1000
Nodes
49
| EN)
FFVHC-ACEDWeak-scaling (3D Zl
100.0(p
JSS3 ——
Fugaku —S—
Fugaku2 —&—
5.0 N NGy
% IR | e e e 10014101 ]
5 32,768/ — R
§ eof ,,,,,,,,,,,,,, ,,,,,,,,,,,,,, ,,,,,,,,,,,, ,,,,,,,,,,,,,,
mall S I I
250 . . : :
1 10 100 1000 10000 100000
Nodes
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