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gER5, IPS]J-HPC-180 (SWoPP2021)
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O BRILXIROBEZL, BEHDOERICH U CEIMTEEZRDIRUITSUEZ SRR

LINGAMMDPythonJ— I =5, IPS]-HPC-180 (SWoPP2021)

def _entropy(self,u)

# uldfp32D1RIchLS!

return (1 + np.log(2 * np.pi)) / 2 - ¥
k1 * (np.mean(np.log(np.cosh(u))) - gamma)**2 - ¥
k2 * (np.mean(u * np.exp((-u**2) / 2)))**2

SEUACT— FRDEMEAA—>

float entropy(float* array, int N) { // NIZBLHIDEZREL
float retVval,
float temp1 = 0.0f;
float temp2 = 0.0f;
for (inti=0;i<N;i++){
temp1l += log(cosh(arrayl[il));
temp2 += array[i] * exp(-1 * pow(array[i], (double)2) / 2.0);
bs

retVal = (1.0 + log(2.0 * M_PI)) / 2.0 - k1 * pow(((temp1 / size) - gamma), 2.0) - k2 * pow((temp2 / size),
2.0);

return retVal;

b
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gEJR5, IPSJ-HPC-180 (SWoPP2021)

OBCHIDBRER(CH LT, EHOEMBI R 0IRIUEZ1[ED
Bﬂ%ﬂcallf%ﬁ@“&ﬁﬁﬂ% Just-In-Time(JIT)I(CERK T DS1T S

) Z 5
Just-In-Time TEpk I D EICK D, EiBEL(sin, cos, tan, log, exp, asin,
acos, atn, sinh, cosh, tanh’& &)DIEEDHEAENTE (X ISEIEE
o»&%ﬁiﬁ@%@ﬁﬁé%&(:ﬂb, KEIDHEESEIEmAKED E1RD, FBRIICERZRHAE I DD
E¥Na
JITO— RERKEEEE LT, EL@EN R L TzXbyak_aarch64* 7z {#H

O Xbyak_aarch64(3Armv8-A + SVEV —F> U F vl T DHETIZ XA EY EICES
AL EMTEB0SS

*Xbyak_aarch64
https://github.com/fujitsu/xbyak aarch64
https://connect.linaro.org/resources/Ivc21/lvc21-203/
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gEJR5, IPSJ-HPC-180 (SWoPP2021)
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SCF (Self-Consistent Field) STEODIVREHDORE  rujitsu
KH5, JCPE Journal 21 (2), 52-54, 2022

OfRE | EBETIRILF—DREIRREICK DUNREAZ B

1.E+00 -2800 = | sese

N 1.E-01 - . 2B ?—I:a)b:t:—- -2900 i U5 44

#@Iﬂ PR T EFIRILE—(E | -3000 +|\.

# 1.E-03 - ”&/J\H% s AMERTED {\i/r

&1 . L -3100 ,

5 reos H . RBFIRE—OE(LE
1.E-05 | % - 3200 Eflﬁ_)l - BFEBEDEDDZ(LER*
1.E-06 . . -3300 3B

0 50 100 150
R LBk
EFEEDOED LBFIRILE— 1.2~2.5{&EE{b

*1 ZMLE = |(BAEE, - BEMEOTE)/BEMEDOTHE))|

21 © 2023 Fuijitsu Limited



St — REIDEEFSIFRIEERIC L B AFIFEOHRIE  rujitsu

FESR Il

:|

]
I

M

&

[

MBBFE I TUCHITSD
HiTHEE TEE] THE

Oyama et al., IEEE/ACM CCGrid 2023

[EE] @ ERITHID
STETOtEX F—457J0Ovo
) ) )
- “ < -
[l [TT]
- — :f -
- “ < -
t t 1)

BIEEN BT —4 LIL] oghRaE
— BISHEIE 3 BRE

22

g FTARRFE LT

tot
| Bl ]
< O O
Lo m
| 8l |
"SR S

—RTbh—SAETRARAICEETSLT
WBEEA—/\—3vTU. FE5REZHIE

© 2023 Fujitsu Limited




Proposal: Optimized electron integrals FUJITSU

Oyama et al., IEEE/ACM CCGrid 2023

. ’ . .
( We promote compiler’s SIMD conversion by manual refactoring )
1 IF (jatom »= latom) THEN | IF (jatom >= latom) THEN
2 i=1 2 i = (offset bd+mbmsmdm-1)
3 j = offset_bd 3 ks(offset _bd:i) = ks(offset_bd:i)+ A\
4 DO md = 1, mdm 4 _kbd(l: (mbm#mdm) )
3 DO mb = 1, mbm 5  ELSE
6 ks(j) = js(J)+kbd(i) 6 offset_bd = ...
7 i= i+l 7 DO md = 1, mdm
8 J o= j+1 8 j = offset_bd+md-1
9 ND DO ) 9 5(7: (J+mdm= (Mbm—1) ) :mdm) =%
10 END DO RefaCtOrlng 10 ks (: (j+mdms (mbm—1)) :mdm}) +%
11 ELSE 11 kbd {1+ (md-1) *mbm: md+mbm) )
12 i=1 12 \END DO
13 offset_bd = ... 13 END IF
14 DO md = 1, mdm
15 j = offset_bdimd-1 . .
16 DG mb - 1, mom Optimized code
17 ks(9) = ks(3)+kbd (i)
18 i = i+1
19 j = Jj+mdm
20 ND DO
21 END DO [ SIMD enabled ]
22 END IF -
( SIMD disabled )

Existin g COd e 23 © 2023 Fujitsu Limited



Proposal: Optimized electron integrals

o)
FUJITSU

Oyama et al., IEEE/ACM CCGrid 2023

We keep CP2K's integral cache uncompressed for speedup )

_____ e
>f f } g

Quantized,
compressed cache
28.7 GiB/job

Existing method
x Compression/decompression overhead

geak

unigcs

Uncompressed cache
197 GiB/job

Optimized method
v No overhead but in-memory copy

- Multi-node are required
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Evaluation: Optimization methods

o)
FUJITSU

The two optimization methods improve Fugaku performance )

Better

Time [s]

1.42X (Total) 1.69X (Integrals)

~

1.20X (Sparse MMs) S

800 As-iS

600 -

400 -

200

12 24 48

Fig. 7.

ERI DBCSR ERT+DBCER

96 192 12 24 48 96 192 12 24 48 96 12 24 48 96 192
Number of nodes

Computational time of ORR on two supercomputers.

25

ORR on Fugaku B
4 procs./node

Rest

fft_wrap_pwlpw2
cp_gemm
integrate v rspace

cp fm_syevd

dbcsr_ multiply_generic
integrate four center
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Evaluation: Optimization methods FUJITSU

( The integral optimization also improves ABCI performance )
1.41X (Total)
>
O Ad-15 As-15 (GPU) ERI
o
— ORR on ABCI
A, 2 procs./node
=
o4 4 8 16 32 64 16 32 64
Number of nodes
No GPU integral [ — [ —
supported x XEon | XEon |
e e
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Sakai et al., IEEE IJCNN 2023 Worksho
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Experimental conditions: Data & GNN

(o8
FUJITSU

model
Sakai et al., IEEE TJCNN 2023 Workshop
O Data Set O Red circle : Adsorbate

OOpen Cata|y5t 2022 (OCZZ) [1] O Blue circle : Poisoning atom
OTrain data: 45890, validation data: 2624
OPoisoned Catalyst [2!
OTrain data: 3811, validation data: 900
O 5-fold cross validation
OExpanded Poisoned Catalyst [
OTrain data: 13453, validation data: 1000
O 5-fold cross validation

OGNN model
OCGCNN
OPaiNN

[1] Open Catalyst Project, https://github.com/Open-Catalyst-Project/ocp
[2] A. B. Hoskuldsson, et al., “Computational screening of rutile oxides for electrochemical ammonia formation”, ACS Sustainable Chemistry & Engineering,

2017. 29

OC22 has clean surface.
Poisoned Catalyst has poisoned surface.



https://github.com/Open-Catalyst-Project/ocp

Open Catalyst 2022

(@)

Results: Learning curve during fine-tuning

o)
FUJITSU

Sakai et al., IEEE TJCNN 2023 Workshop

OFaster convergence when using our proposed SSL

Expanded

Poisoned Catalyst Poisoned Catalyst

(b)

— w/o SSL
— with existing SSL
— with proposed SSL

(c)

o
\‘

— w/o SSL
— with existing SSL
— with proposed SSL

— w/o SSL
— with existing SSL
— with proposed SSL

o
o

N
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o
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