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1 79 =b— Axg

2 Po=To

31=0

4 while |r;| is not small enough do

5 o = % inner prod (a,b)
6 Tit1 = Tj + Q;p;

7 riv1 =1 — q;Ap;

8 B; = (Tz‘(n::;fq’z;rl) norm

9 Pi+1 = 1i + Gipi
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BEERLE, 108 + 1 =108
NETED

SHNEP /ILLAHDIELLLKRESHWN
HLOFDRBL EFREDIRAMVE
| RFE |<<| /IVL | DEZIIHELDRE

& < IZ BiCGStab

NEY /IILLADEELE T EEE (HDWIEEZE
R) I 50D FERER
WHIETETIE, HEHDEN

(z+y)+z #2x+(y+2) ED D

reproducible summation (Ahrens+ 2020) M Fl F:

Lattice 2023, Kate Clark
https://indico.fnal.gov/event/57249/contributions/270632/
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1
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residual norm squared
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\ double prec solver
1x10% | 126
\ 1x107°
\
-10 )
1x107° ¥ \ 8 1x10°10
\ 2 1x10 F
g
o
X107 ¢ £
E1x10"
\ s
1x1020 \\ Té 0%
1x10% N\ X102
iterations: 50
1x10-%0 | total time: 0.884 sec. 1x10°%0 |
L I L - : -
0 20 40 60 80 100 120
iterations

fp64 [Wilson 32x16°]
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fp32: target single prec (tol)?>=1e-14 [Wilson 32x16%]

\ \ ‘ ‘ ‘single preé solver
\. outer (in double) —
\ \ 1e-26
AN
\
\ \
\4\ AN
inner iterations: 55 ~
outer iterations: 2
total time: 2.303 sec.

reduction: double prec.
; 7

20 40 60 80 100
iterations

=& 1 /— K. 4 MPI processes
YREEANATEE. REHIZ2.5(E

ERRE -+

EEBOZEH (tuning L THAW) DIz HN,
TR MILIEDMERE

residual norm squared

Wilson fermion, 32x32x32x16

fp16 target single prec (tol) =1e-4 [Wilson 32x163]

T
N N N\ NN
\ \ \ \ \ \ \ \ \ \\
1x10°° T T T U S \
half prec solver
outer (in double)
1x1070 1e-26
X101
020
X102
inner iterations: 125
outer jterations: 16
1x10°30 | total time: 1.711 sec.
. reductlonf double prec. ‘ ‘
40 60 80 100 120

RITHRE I3 215
: 176 GFlops (double), 382 GFlops (single), 935 GFlops (half)

iterations
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\ —mD")p. 0 . 0 p“p, D
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- (147,) CABP R J —ILE 2HD R J — LI hiE
S1=Yn1+s, So=Ya+1y BE ABILL>TERHITEALD

- 2D REJ —Iblccolord3x31T5 U, &DM15
- AP REJ —JUVICRUIAD
Even-odd BIUE : D) =M"'=U"L" f#{DIE (1 - D' DeoDy, Doe)ze = be
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(Domainwall BUfRE ) :

1 CI 2B DN7?

(3x3 175Y) x (3x(2xLs) 1751)

Dt ICDOWTHEFEZADZIE LN

HAF vy a0DF)

A—D U, MEEHD2KDAE/—ILIZHH S (3x3 1751) x (3x2 1751)

Ls: B5th extent
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e BEICfEIHLNTLS: QWS i2&

1 x:=x9,r:=b— Dx
while |r| is not small enough do

o Uk W N

—1

T = x—l—D(EVEN)r /* solve in even domains */
r:=b— Dx
€T = £U—|—D(_01DD)’I“ /* solve in odd domains */
r:=b— Dx

Schwartz Alternating Procedure

EVEN %81 & ODD fElg AKX HICEK  EVEN-ODD DY) v 7 s THEL
£LEBD solver 13 Y REE

REEBEE— NIX 9 CICAEICIED <

RIEHE— NE2HE << DITEF
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Glue code?

EECOREBZBFA T, O—RFOHABREZREANSBENEXTICE D DRRIF 3 H

user code: Fugaku version

H—wy NTEEXHZ

~, user code: Fugaku Next version

h
& FTRAMNDIRE

~» user code: Other GPU version

user code: Intel version

user code 2: Fugaku version

v
TAKNEH
user code | -
v a
usercode?2 |

BROFr1—=v5&, 12— —3—FK
ZUYBEERWH?

RMILxRY 7 ($EFYVIL/IR—)

Ay A S E
user code H‘ glue code
user code | 4
5
user code
3

Fugaku

- » Fugaku Next

Other GPU

Intel

B N N—ICH T B
BRIDF1—=> 7
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Bridge++ @ GPU ki (OpenACC ) : ;aHARF
¢« FRFa—=7
- =S DU X coalesced access
v[site][in] — vv[s1][in][s0], site =s0 + 32%*s1

- YILFXL W
e thread0: MPLIE(E1EHY
* thread1: GPU N1 —XXJUIEOH LiEY

- INSEHT—RILDOBEE (domanwall) : Di=U"'L"!
LU OEUCEHLMS., HBE LT DL OEUTH LA

e CU DAH&:E Eﬁ%[:‘ W-L.Chen, 1.K., H.Matsufuru HPC-Asia2025
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INDA—=T VR {THIRINLVEE. 1GPU (Miyabi-G)

NVIDIA GH200 (CPU: Grace+ GPU: Ho
INEEDIBH/E—2:37/64TFlops ((EHEE

IW—T514 1% EE
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per)

/$7|:i
B. GFlops/GPU, Bf5E)

’Irﬁi&j(% T/\l__l*u};ﬁ
B) XAEY/INUREE: 4TB/s

3570 (Wilson), 4350 (Clover) 5190 (Domainwall €0)

Volume dep. on Miyabi-G: multiplication of Dirac op.

8000

Volume dep. on Miyabi-G: multiplication of Dirac op. [even-odd]

Wllson( ) ©

Clover (D) &
Domainwall (D) <
Domainwall (D' D) <

FP32, LxLxLxL lattice
|

Wllson (D) e 8000
Clover (D) 4 Q
7000 |- Domainwall (D) <7 el 7000
Domainwall (D' D) <

> 6000 - 6000 |
o o
o} 0]
(2} =

g 5000 é 5000 |-
& &

£ 4000 £ 4000
& @
g 2

E 3000 | £ 3000 |
o S
T €
@ )

& 2000 | o o000 b

1000 |- 1000 |

FP32, LxLxLxL lattice
0 | 1 | | 0
0 10 20 30 40 50 0

niE, W—754 Vikge
%

|
30
L

| 1
10 20 40

(XEVNY NIBEEDHRERELY)

50
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Performance in GFlops/GPU

INDA—T VR {THIRINILFE, multi-GPU (Miyabi-G)

Weak Scaling on Miyabi-G: multiplication of Clover D [even-odd] Weak Scaling on Miyabi-G: multiplication of Domainwall D' D [even-odd]
5000 ————— . B , - 5000 ————— — , —
4 o) FP32, local volume is 32
FP32, local volume is 32
4000 | o 1 4000 © © © © O 1x1x1x33
>
o
o
a
3000 i f 3000 [ A A A A i
O
o 1x1x1x32 =
2 i 2 © 8 v v
< Y4
2000 |- " | 5 2000 l
\V4 v 5 & 2x2x2x4
=
© $ oxaxexa oy
1000 | J
1000 J
- (11,1, proc = (1,1,1,%) O
Pee= i B (1100 A
(1) () v
(e S () O ‘
0 | LI | 0
1 10 1 10
number of MPI processes number of MPI processes
Clover (Improved Wilson) Domainwall

s BEDA—/N—AYRIZKEL
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INDFA— VX YV IL/N— multi-GPU (Miyabi-G)

Weak Scaling on Miyabi-G: solver, Clover D [even-odd] Weak Scaling on Miyabi-G: solver, Domainwall DT D [even-odd]

Performance in GFlops/GPU

3000 T T 3500 T T
FP32, local volume is 32* FP32, local volume is 324
2500 | 3000
T 2500 |
2000 o
°
T 2 L O i
(LI5 000 o o
1500 O c O 1x1x1x32
X '0) A 'é A A
s g 1x1x1x32 5 1500 | v -
1000 |- S R Q o & 2x2x2x4
K 1000 A\
& 2x2x2x4
500 *
proc=(1,1,1,*) O = proc=(1,1,1,") O
(11,07 A 500 (11,59 A
(1,%7) ¢ (1.%.%%) v
0 |( > ) < ! 0 |( > ) < !
1 10 1 10
number of MPI processes number of MPI processes
Clover (Improved Wilson) Domainwall

« ZRCIE&E]5-6/—REE
clover eo: 220GFlops/node, Domainwall eo: 360 GFlops/node
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