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[1] Y.Abe et.al, 2018, Stable, non-dissipative, and conservative

flux-reconstruction schemes in split forms. ngu;&d)ggl%ﬁ(j:w 1000J_ |{‘_C\7'_+EiE. 2880/_ F_CEEEEEEEEP

[2] H.T.Huynh, 2007, A flux reconstruction approach to high-order

schemes including discontinuous Galerkin methods. EELJZKE @Wg(ié(%{jﬂl'ﬂzﬁgd)gﬁ_@g—

[3] H.T.Huynh, 2009, A reconstruction approach to high-order
schemes including discontinuous Galerkin for Diffusion.
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BIRAEE Flux Reconstruction Method (BRREZRE>FSHHD)
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® ®
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fipp DFEEIZ R 54 5 RiemannFluxSimple D g%

JSS3 (AB4FX, frtpx) 2.2GHz 12 & L v I

Finx BRMATT BT 2% b T2 R % .
riemannfluxsimple_ 1112 1226 12244 17.5882 RiemannFquSimpIeb‘é—éW@N%@ X b
computetemperature_sp_eb._ OMP_2_ 2907 2970 6288 9.0474 12244% 58T W5
residualcorrection. OMP_1_ 1957 2115 4956 7.1308 t |_IIJ:'| T LY %
residualfacegradient. OMP_2_ 2564 2706 4008 5.7668
residualself_ns2 _fc. OMP_1_ 4587 4871 3636 5.2316
computegradcomspace_brl .OMP_1_ 7250 7400 3312 4.7654 707747 fipplc kB3R MR
residualself_euler_div_OMP_1_ 420 660 3193 4.5942 Y7 —F U EATIER L, FREEA
Cal_aCoefficient_ SRK 2459 3.5381
Cal_dadT_SRK 2199 3.164 PE RS
ComputeTransProp_Chung 2115 3.0431 )L — 7073: U Fﬁ;&u?o\ﬂj L c\: LYy > 7‘—: - ~//\°/r 4
Cal_departureFunction_SRK 2036 2.9295 NS SN W
ComputeTransProp_Chung 1590 2.2877 75\ aﬁaﬁjﬁ_ %) MIE@ EﬁL
riemannfluxsimple._PRL_1_ 1140 1150 1394 2.0057 i . o
residualfacecommon_ns._fc_lad,_OMP_1_ 2778 2950 1368 1.9683 1. RiemannFluxSimple PRIV —7TUE73 L
hilcflux_prim_pev_ 1364 1538 1537 1.9525 o TEmAR L
thermalprop_sp_fc. OMP_2_ 3669 3735 1139 1.6388 2. AXAPMLIBULEDEHEDEEETL TH82%I(C
Spc_Hppp_Cal 1004 1.4446 LA oRWEENGD DA R L)
computegradcomspace._OMP_1_ 7154 7212 935 1.3453 3. 4AVTAVERINTWLWALEDAZ
residualreconst_temperature._ OMP_1_ 579 633 912 1.3122
Spc_Cppp_Cal 778 1.1194
newtonlter4dT_SRK 705 1.0144
Cal_omegaFunction_SRK 678 0.0755

fippMApplication ProcedureTMI1A M1 %A _EDIXE
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2 M7

25%)L—F > RiemannFluxSimple

ResidualSelfCommon

!somp parallel default (none)
!somp private(ff, j, k, ip) &
ISomp shared(ct, pt, ho, nfp)
ISomp do
do ff=1 ho%gd%nTFace
rangez
call RiemannFluxSimple (pr,
BIW—F % FATHERERITLDET
Enddo
!Somp end do
!Somp end parallel

ho,

nfp,

LA < —

rangel subroutine RiemannFluxSimple(* * *) range3

=T 2K use param_mod YN —FSEIFATHS
use ho_mod BIN—FOROERITHIRFDET
use common mod
implicit none

range3 yype (PARAM),intent (in) :: pr

ff) o o o

RiemannFluxSimple

real (8) snd spd 1 (nfp)
real (8) snd spd r (nfp)

> omp_get_wtimellL3BEIE

ul() = ho%uuf(:,1,ff)
ur() = ho%uuf(:,2,ff)

17



RiemannFluxSimplePIMD X A ¥ —[X[H

subroutine RiemannFluxSimple ( *
use param_mod
use ho mod
use common mod
implicit none

yype (PARAM),intent (in) pr
real (8) snd spd 1 (nfp)

real (8) snd spd r (nfp)

ul() = ho%uuf(:,1,ff)

ur() = ho%uuf(:,2,ff)

snd spd 1(:) = ho%SndSpdf(:,1
snd spd r(:) = ho%SndSpef (:,2
do j=1, nfp

enthalpy r(3) ho%uuf (j*nv

enthalpy 1(j) = ho%uuf (j*nv
enddo
fna(:,:) = ho%fnalL(:,:,ff)

rangeb

EE)
,EE)
rangeb

,1,£f)
2, Ef)

range/

ranged

range3

range4

\ 4

if (pr%calorically pfct .eq. 1) then
RusanovFlux Prim, RoeFlux Prim,
RoeFlux entropyfix Prim,
SLAUFluxPrim%F & U070 f %

else
RusanovFlux Prim, RoeFlux Prim,
RoeFlux entropyfix Prim,
SLAUFlux Prim PEV, SHUSFlux Prim_ PEV,
KepFlux Prim PEV, HLLCFlux Prm PEV
ZEFVH 2

endif

range9

ho$fcom(:,ff) = fn(:) rangel0

end subroutine RiemannFluxSimple

rangell = range7+range8+range9+rangell
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RiemannFluxSimpleEZIc 24 2 —%EA L TEITT 3 &,

ALY ANTERICRASNTEIRSR

XA VIL—T(FEEREL—T)D

TR XA ~— % AN7x L £ 581,

)%

Design lmovaﬂm Center

EL x> 7]

AND EASMHIRE L > T W3

l

Z2A < — @%\EFEE@ BN/ ENEEZ CRET S &, rangeb/6~D X A4 v —DHEHETRiemannFluxSimple®
RENE

case stdout rangel range? range3 range4 rangeb range’ range8 range9 | rangelO | rangell
no31 57.5 12.9 12.8 0.118 12.4 1.08 0.144 1.21 0.221 2.96
no32 47.6 2.94 2.81 0.11 2.41 0.106 0.104 1.2 0.189 1.91
no33 47.7 3.11 2.99 0.109 2.59 0.106 0.104 1.2 0.19 1.91
no34 47.6 2.94 2.81 0.109 2.41 0.106 0.104 1.2 0.19 1.91
A N—=T

\ ‘ AV RANLY R R (Klst7 7 4 L) D5 DJIER
&\ 5 Z & Trangeb/6H8E L Ly SRR
l SWP(IPC=3.0, ITR=80, MVE=5, POL=S)

WEGIRAAD A /N JL 1) R b (¥Ist)%& | PREFETCH(HARD) ur, ul

Eﬁu/u L7=H° %75\73\ LY

rangeb/6FIZ, RAT—DANAEZEZ
THLaAV XA LY R MEZE LD T

jwdb003p-i "RiemannFluxSimple.F90", line 47: Array description is parallelized.

jwd6003s-i "RiemannFluxSimple.F90", line 47: SIMD conversion is applied to array description.
jwd82040-i "RiemannFluxSimple.F90", line 47: This loop is software pipelined.

jwd82050-i "RiemannFluxSimple.F90", line 47: The software-pipelined loop is chosen at run time

when the iteration count is greater than or equal to 80.
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rangel(RiemannFluxSimpleZ LA TH HIR > TL % £ THOXME) A FAPP 17[E3#RE CHITE

EWTr—X BT —2X
TR 12.9% 2.96%
FEN N AUBE 2.60E+11 2.61E+11
L1 REASER LTW3 LTuhagn
LIDTLB I XAVEF LTW3 L TWLAL
EITHD BHO—FLIT7 7€ XFH SRR DIE 7 L
Ehvielci BHO—FL27 7t XFH BWTEZILFINNS S EEED
s3Iy FEEEET 2.348 1.3%
B 1.27E+11 8.47E+11
Fill&ss 5 7.18E+8 1.76E+5
DCZVA#&G S 1.16E+8 2.88E+4

AV /RA L) R MEE—T=>72h%, *lxY) av
IRAZHAHLTWBEGEHNED ?

!

AVINAZDOT 2y T 7HNDEHER L THT
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I
.L695: \ .L735: N
loc 1470 BN (rangeb/6% 4 v —# L) loc 1470 ®\J5(rangeb/6 % 1 ¥~ —H)
.LDL5: .LDL6:
/¥ ???%/ Idr x0, [x19, 40] // (%) /¥ 47*/ Idr  x0, [x21, 7664] // "ho" N
loc1430 /% 47/ 1dr  x1,[x21,7648] // "ho"
.LDL6: /¥ 47*/ cmp  x28,0
/¥  43*/ mov x1,0 /¥ AT*/ Idr x25, [x21, 7560] // "ho"
loc1470 /% 47*/ Idr  x2, [x21,7616] // "ho"
.LDLT7: /¥ AT*/ Idr  x26, [x21, 7632] // "ho"
/% 47*/ Idr  x7,[x0, 7664] // "ho" . L /¥ 47*/ mul  x1,x0, x1
/% 47%/ 1dr x3,[x0,7616] // "ho" | Y/ — AAIIT /5 47%/ mul X0, x0, x22 L v — ZATFTDEA
/* 47%/ Idr  x2,[x0, 7648] // "ho" ul(:x)=ho%uuf(:,1,ff /* %/ stp x1,x2,[x19,40]  // (%)
/¥ AT*/ Idr  x28, [x0, 7632] // "ho" Fuﬂ%z;@m}og ( ) /¥ 47%*/ sub x1,x2,1 %EFI L TEEE é *LT W5
/¥ AT*/ Idr  x25, [x0, 7560] // "ho" S /¥ 7%/ str x1, [x19,32] // (%)
Joc1630is stmtO doc1480is _stmtO
.LDLS: . = LLDL7:
/5 63% ldr x4 [x0,30648] // "ho" | Y —AB31T /5 48% sub  x1,x2,2
/*63*/ 1dr x8,[x0,30632] // "ho" » snd_spd_I(:)=ho%SndSpdf(:,1,ff)| | /* 48*/ msub x1,x1,x26 x25
/ ?sc {ng x5, [x0, 30600] // "ho BE{% o0 ALIE ..LDLéls?C 1470
.LDLO: /% ???*/ str x0, [x19,16] // (%)
/% 7%/ str x3,[x19,24] // (%) h/* ?2?2?2*/ Idp  x0, x2, [x19, 32] /] ()
0 ATATOMEDE F T g AT{T DAL &
.LDL10: 7= S ..LDLO:
/¥ 63*/ Idr x3,[x0, 30616] // "ho" 1—-]_— \\L_b\— /¥ 48 */ sub  x20,x1, x2 1—-]_—
s+ 63%/ Idr %0 [x0,30544] // "ho" | O3TTDALE NI E > TWLW T loc 1470 631TDALIE (X
dloc1470 N=ga% .LDL10: N\ \*L LY %)
.LDL11: 1= 4 é 2 T LY %) /*  47*/ madd x0, x0, x26, x2 7] f') T
/¥ A7T*/ mul  x26, x7, x2 /*  47*/ sub  x5,x25,x0
Joc1430is_stmt1 /*  47*/ ble .L745
.LDL12: /*  47*/ cmp x28, 889
/*  43*/ adrp x2, riemannfluxsimple._PRL_1_ /* 47*/ bge .L744
/*  43*/ add x2,x2,:lo12:riemannfluxsimple. PRL_1_ /*???*/ Idr x1,[x19,8] // (*)
doc1470 /*  47*/ ptrue p0.d, ALL
.LDL13: /¥  A7*/ asr x0,x1,2
Jloc1630is_stmt0 /¥ 47*/ add  x0, x1, x0, Isr #61
.LDL14: /¥  A7*/ asr x9,x0,3
/¥ 63*/ mul  x8,x4,x8 EVODOTLUTFBE | | 7+ 47+ 1sl x8,x9,3 / EVDOTLUTES

21
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BIiE) EHIRA, a4 FICLkYIL—TELTHRDOND

HE) 3 /84 LY X MTIE, rangeb/6lER 4 ICT/>TWB LS ICHTWE D, BWAHY P FIL)TIE,
—DIZFEHoNTEY, ATITONIE L 63ITONEAREICKRONIL—TRT 4 AELRY X EIL
NEZRLTWDE?

HTWHTIE, rangeb E6DMEICE A Y—HDY 7IIL—F > aA—IILHBPADSD, TNEFNRL ICFRbI/NE A
W=l >THEY, RELLAEWN?

AVRAIILY) AT ZALGBEIZCEZ S ND ERICIZZ TR ILENTWD
8891 <671 889 T 671 )
8SIMD 8SIMD
SWP(IPC=3.0, ITR=80, MVE=5, POL=S) SWP(IPC=3.0, ITR=80, MVE=5, POL=S)
PREFETCH(HARD) ur, ul |OOp1 PREFETCH(HARD) ur, ul
ul(:) = ho%uuf(:,1,ff) ul(:) = ho%uuf(:,1,ff) > loopl
ur(:) = ho%uuf(;,2,ff) ur(:) = ho%uuf(;,2,ff)

‘ snd_spd I(:) = ho%Spdf(:,1,ff)
snd_spd_r(:) = ho%Spef(;,2,ff) )
889[alEx L _E T 7
8SIMD
SWP(IPC=3.0, ITR=80, MVE=5, POL=S)
PREFETCHIHARD) ur, ul loop?2 ANV A REIUICRSTLD

snd_spd_I(:)=ho%Spdf(;,1,ff)
snd_spd_r(:)=ho%Spef(:,2,ff)

DOHE> M ?

22
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LKA WZ) BHIAAEDBHIL - TTES ) [,

rangeb rangeo

real (8) ul (nv*nfp) real (8) snd spd 1 (nfp)

real (8) ur (nv*nfp) real (8) snd spd r(nfp)

ul(:) = ho%uuf(:,1,£ff) snd spd 1(:) = ho%SndSpdf(:,1,ff)

ur(:) = ho%uuf(:,2,ff) snd spd r(:) = ho%SndSpdf (:,2,ff)

\ 4 ¥

k=nv*nfp /L — 7 TCEE do j=1,nfp I —7TEE

do j=1,k snd _spd 1(j) = ho%SndSpdf(j,1,ff)
ul (j) = ho%uuf(j,1,ff) snd _spd r(j) = ho%SndSpdf(j,2,ff)
ur(j) = ho%uuf(j,2,ff) enddo

enddo

rangel(RiemannFluxSimpleZ M A TW 2 EE O EEH) I$137 -3
AAVIL=T(HFEREIL—7) DB LB HXZE T8 —471

FJ B Zrangeb Erangebh Bl E TN FIZRHBEINNIEELD T
WICHFEITH D EEBD

23
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fippDIERICE N5 O R F2EHDKXME

JSS3 (AB4FX, fripx) 2.2GHz 12 & L v K

Fhrz F%RTT ®TIT ax b aX+%
riemannﬂuxsimplei 1112 1226 12244 17.5882
computetemperature_sp_eb. OMP_2_ 2907 2970 6288 9.0474
residualcorrection. OMP_1_ 1957 2115 4956 7.1308
residualfacegradient. OMP_2_ 2564 2706 4008 5.7668
residualself_ns2 _fc. OMP_1_ 4587 4871 3636 5.2316
computegradcomspace_brl_.OMP_1_ 7250 7400 3312 4.7654
residualself_euler_div_.OMP_1_ 420 660 3193 4.5942
Cal_aCoefficient_ SRK 2459 3.5381
Cal_dadT_SRK 2199 3.164
ComputeTransProp_Chung 2115 3.0431
Cal_departureFunction_SRK 2036 2.9295
ComputeTransProp_Chung 1590 2.2877
riemannfluxsimple._PRL_1_ 1140 1150 1394 2.0057
residualfacecommon_ns_fc_lad. OMP_1 2778 2950 1368 1.9683
hilcflux_prim_pev_ 1364 1538 1537 1.9525
thermalprop_sp_fc._OMP_2_ 3669 3735 1139 1.6388
Spc_Hppp_Cal 1004 1.4446
computegradcomspace. OMP_1_ 7154 7212 935 1.3453
residualreconst_temperature._ OMP_1_ 579 633 912 1.3122
Spc_Cppp_Cal 778 1.1194
newtonlter4dT_SRK 705 1.0144
Cal_omegaFunction_SRK 678 0.0755

fippMApplication ProcedureTMI1A M1 %A _EDIXE

JAR ineering &
Design lmo%rg.’m Center

RiemannFluxSimple D" &1ED17% D 3 X k
2907 HHTW 5

CHTW3

787745 fipplc kB3R MO
Y7L —F EATIHE L, FhEEA

KFf&E

W—=THYVEHEFOHLEW-7za /X1 5
H e g B ALIE D EAL

25
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!Somp parallel do default (none) &
! Somp
private(icell,i,Rho,P,u,v,w,rhoi,y,t,h,cp,cv,Cs,mu,pr 1,iter,
! Somp
ir,ix,iy,iz,ie,mwbar, rc,ekl,eel0,dlte,iflag,¥sp,n, hk, hk tmp)&
!$omp shared (ho,istepHex, coefrecld,pr, flmlt sw,smallpos) &
!Somp reduction (max: tmax,itermax) &
!Somp reduction (min: tmin)
do icell=1,ho%gd%nTCell 7100[E%E
do i=1,ho%nsp(icell) 27[E]#5

(i-1) *nv+1 &

&

ir =
ixX = ir+1 Prefetch(HARD)

iy = ix+1

iz = iy+1

ie = iz+1

Rho = ho%uup(ir,icell) SHVMDVLES

U = ho%uup (ix,icell) SWP(IPC=2.5, ITR-112, MVE=8,
\Y = ho%uup (iy, icell) POL=S)

W = ho%uup (iz,icell) ch(HARD)
Rhoi = 1.d0/Rho

do ichem=1,pr%nchem
Y (ichem) = ho%uup(ie+ichem,icell)
end do

if (flmlt sw.eqg.1l) then
call flmlt get yi(Y(1l), ho%zvar(i,icell),
ho%kai(i,icell), Y)
elseif (flmlt sw.eq.2) then

elseif (flmlt sw.eq.-1) then IR
Y = pr%spc_mfrc init A

endif SIMD VL2

call ComputeMwBar (Y, MwBar)

call ComputeRconst (Y, MwBar, Rc)

! Update Rc here

ho%Rc (i, icell)=

&

JAXR’s €ngineering &
Design imo?orglon Ce:tger

SEXEP T DY —R

! initial guess

T = ho%T(i,icell) ! this needs to initialize T in IC

1// compute T from total energy

ekl = 0.5d0*Rho* (U*U + V*V + W*W)

!// rho*e s

ee0 = ho%uu(ie,icell) - ekl

call newtonIter4T SRK(T,Rho,Y,MwBar,Rc,ee0,ekl,dlte,
pr¥iter newton,pr%conv_newton,iflag,iter)

f(iflag==1) then

write(*,*) 'not converge (newton iteration), icell= ',
icell
stop

end if

ho%T(i,icell) = MAX(T,
tmax=dmaxl (T, tmax)
tmin=dminl (T, tmin)
itermax=MAX (iter, itermax)

smallpos)

! pressure from EOS

call ComputePressureSRK( Rho, T, Y, Rc, P )

P = MAX (P, smallpos) !2020/11/30

ho%uup (ie, icell) = P

ho%pev(i,icell) = P ! no use?
end do

end do
I$omp end parallel do
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Expiore to Realize

=%

—

174 VEBRENICTAIL—

—

174 vERAINGEWTIALIL—

W=7

Compcnl'mnm SP EB%ifE ). —~

w.gram:en P, EWPF
ho%ensp(icell)

prianchem: &SM SWPHWPF
prienchem: A5 A 2SIMD

no mline

=B ai0m WD e

ComputeMwBar
L=F12
spc_mum: 12310 5= 105, 2SIMD

FYRUHL

F LU L

ComputeEnergySREK

ComputeCvSRE

ComputePressure SRE.

—_1m

Z12
s;x_mll-!:w]' LTHH, ISMD

Cal_dpdT_SRK

sp:mi’n[ T
spc_num: 10006 l.a"-‘r? 2SIMD

Spe_Hppp_Cal

n

\7

aCrifical

}

(&),

JAXR’s €ngineering &
Design lma?arglan Ce:gar
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Cycle Accounting execution time(s) OOther instruction commit X [/ Vi I\\\ /_Ej__ @ ;\T‘%’ Ej] /J \5}!;'& llf_‘:( 5'%‘ "'ﬁi;’& (\:_
1.2E+01 @4 instruction commit 5 S N K
/5\48$9\E':| @106}]39\ @3 instruction commit H}j]%/uﬂﬂ e ;r&

B2 instruction commit

B 1 instruction commit

REE

12

i3
o
i
10
i
il
$
2
51
I
b
¥

m Barrier synchronization wait

OlInstruction fetch wait

[y
N

B Store port busy wait 11

=
[N

O Other wait

ey
o

ey
o

W Branch instruction wait
OFloating-point operation wait
B Integer operation wait

OFloating-point load L1D cache access wait (*)

Thread

BN WA, 01O N 0 O

Thread

BN W U1 N 0O L

OFloating-point load L2 cache access wait

Olnteger load L1D cache access wait

4.0E+00

B Integer load L2 cache access wait
B Floating-point load memory access wait

B Integer load memory access wait

2.0E+00 OPrefetch port busy wait by software prefetch

o
2
7
8

2.00E+10

o
2
7
8

2.00E+10
OPrefetch port busy wait by hardware prefetch ’

B
b
&

FLOP

l

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

OL1 busy rate execution time

Thread3 I ]

Threade [ ]
Thread 7 I
Threado I ]
Thread1t ]

Thread 0 I
Thread 1 l
Thread 2 l
Thread 8 l

OL2 busy rate execution time

B Memory busy rate execution time

(*)Include wait time for integer L1D cache access

28



g 1 Explore to Realize

do iter=1,iter max

RIS BB Y2 ) [,

call ComputeEnergySRK( Rho, T, Y,

fnc = ee0 - eel

call ComputeCpSRK( Rho, T, Y, Rc,
call ComputeCvSRK( Rho, T, Y, Cp,
d2adT2 = Cal d2adT2 SRK( T, X, Rc )

dfnc = -Cv + T*d2adT2*K1
T = T-fnc/dfnc
T = MAX (T, small temp)
res = dabs((fnc/dfnc)/T)
if(res < eps) then C)
goto 10001 ALYRTElC, RIFBOIC
end 1f EJ3REHNED
end do AN IARE

Design Innovation Center

®

Rc, eel ) o0

ComputeTemperaturer)l—F>®
OpenMP{EIL—TH5IE(ENS
Cp ) W=FROT, ALYRTEICRIE
Rc, Cv ) sTELTLS

€)

V()
ComputeTemperature routine®
OpenMPILIL—TDRTT1—-I) 22 E

ISomp parallel do default (none) &

ISomp parallel do default (none) &
!Somp schedule(dynamic, 1)
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1.2E+01

4.0E+00

2.0E+00

0.0E+00

Expiore to Realize

IS

Cycle Accounting execution time(s)

ALYRZT S 1—)VDEIERNER

10.6%2

o — o~ o < w o ~ © o o
o o =] o o =] o o o o ;
8, 3 3/ 8/ 3 3/ 8 8 B 8 ®
2 2 el e 2 el 2 2 fed b 3
= £ £ £ | £ £ = = = E= 2
FlFE | F R R R | R F|F|F|E
Process
0

Thread 11

O Other instruction commit
@4 instruction commit
@ 3 instruction commit

ruction commit

@ Barrier synchroniz
OInstruction fetch wait
B Store port busy wait

B Other wait

B Branch instruction wait
OFloating-point operation wait
B Integer operation wait
OFloating-point load L1D cache access wz
D Floating-point load L2 cache access wait
Olnteger 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
OPrefetch port busy wait by software pret
OPrefetch port busy wait by hardware pre

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

DOL1 busy rate execution time

OL2 busy rate execution time

mMemory busy rate execution time

(*)Include wait time for integer L1D cachi

1.2E+01

)

JAXRA’s €ngineering &
Design imo?orglon Ce:tger

{ZIE4E

Cycle Accounting execution time(s)

1.0E+01

6.0E+00

4.0E+00

2.0E+00

0.0E+00

6.25%

Thread 1

’_
N2
\]

Thread 5 I

Thread 6 I

Thread 7
Thread 10
Thread 11

Process

@ Other instruction commit

B4 instruction commit

B3 instruction commit

|2 instruction commit

| 1 instruction commit

B Barrier synchronization wait

B1Instruction fetch wait

W Store port busy wait

B0ther wait

B Branch instruction wait

OFloating-point operation wait

mInteger operation wait

OFloating-point load L1D cache access wait (*)
B 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
BInteger load memory access wait

OPrefetch port busy wait by software prefetch
OPrefetch 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

mMemory busy rate execution time

(*)Include wait time for integer L1D cache access

X)

212U, IRIEOY—-ATRIRIESTERER TIRIITIIC, MHIBEELEEBLIICLTVWSES, OpenMPOD
AVYRIEEEZE T EEALY RO >INSD A% B TLVD
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SO\ SEESS

/2
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Expiore to Realize

IS

1251 2 EFHOIIHEI OR)R

)

JAXRA’s €ngineering &
Design imo%tglon Ce:tger

{ZIE4E

4.0E+01

3.5E+01

3.0E+01

2.5E+01

2.0E+01

1.5E+01

1.0E+01

5.0E+00

0.0E+00

Cycle Accounting execution time(s)

l
l
l

\
l

35

|
“

Thread 0 [
Thread 1 [__[I
Thread 2 [
Thread 3 [
Thread4 I
Thread 5 [
Thread 6 |||

Thread 7

Thread8 [l
Threads [ I
Thread 10 ||
Thread 11 [

Process

O Other instruction commit
B4 instruction commit

@3 instruction commit
ruction commit

|1 instru
@ Barrier synchraoniz
OInstruction fetch wait
B Store port busy wait

@ O0ther wait

M Branch instruction wait
OFloating-point operation wait

B Integer aperation wait

OFloating-point load L1D cache access wait (*)
B Floating-point load L2 cache access wait
OlInteger load L1D cache access wait

Binteger load L2 cache access wait

B Floating-point load memory access wait

B Integer load memory access wait

OPrefetch port busy wait by software prefetch
OPrefetch port busy wait by hardware prefetch

B Floating-point busy rate execution time
DOInteger 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 L1D cache access

4.0E4+01

Cycle Accounting execution time(s)

3.5E+01

3.0E+01

2.0E+01 -

1.5E+01

1.0E+01

5.0E+00

0.0E+00

threadt [l TN
lThread4 ] ___I_
Thread 5 - ___l_
Thread 8 [ | ___l_
Thread11 [ W ]

OOther instruction commit

B4 instruction commit

@3 instruction commit

B2 instruction commit

B 1 instruction commit

B Barrier synchronization wait

OInstruction fetch wait

B Store port busy wait

B Other wait

W Branch instruction wait

DOFloating-point operation wait

B Integer operation wait

OFloating-point load L1D cache access wait (*)
B Floating-point load L2 cache access wait
OlInteger load L1D cache access wait
BInteger load L2 cache access wait

B Floating-point load memory access wait

B Integer load memory access wait

OPrefetch port busy wait by software prefetch
OPrefetch port busy wait by hardware prefetch

B Floating-point busy rate execution time
DOlInteger 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 L1D cache access

R TVWBAXE(E23R—
F—ANERZIE, RFRIHNNES

STRUEDOEEUComputeTemperature_SP_EBIEH,

Y—ZAMDVersionE AN
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g j Expiore to Realize

m—é“‘-
fimlt pfic- §SIMD, SWP, HWPF
fimlr_ndana: 8SIMD, SWP. HWPF
spc_mum: 2SIMD
spc_mum: 2SIMD
spc_num: 3SIMD
megeCp
L—=12 Spe_Cpop_Cal
spc_mum: M3[EEL]_ET MR, 2SIMD
Cal_d2adT2_SRK
\)_73
spc_mum: 43318050 £ XDMD
o inline spc_mam: 308061850 = T 1t 5, 2SIMD
spc_mum: §67EI0EL[ BT 10 R, 2SIMD

BUYIN-F %

DS ST LB IO /
AR FAPP T IEREICHITE T

ComputeEnthalpy

SRVDTIESZFAPPTHE

ComputeMwBar

spe_mum: 123160057 205), 3SIMD

-
=

Comp\nTunpenm SP EBYiR
hotegi®iaTCel CpanMD HWEE

FAPP

ho*<asplicell): HW CompateRconst
H| pranchem §SIMD SWPHWPF
L—E préanchem: K751t A, 2SIMD
nmm]ls-t'[ slut

iter_max % __‘AH'.:.- B

RIEETEN

3701
—_—
AVIAVYERINIZTRIL—F 2 EUH
E—

AVvIA4VERINGEWTAIIL—F ENHL

ComputeCpSRE

ComputeEnergySRK

ComputeCvSRE

ComputePressure SRE

=712 Spc_Hppp_Cal

spc_num: 214E0EL1_ET IR, 2SIMD

Cal_dpdT_SRK

Cal_dpdv_SRK

Cal MTSSRK

Spc_num: 33[0.J r
spc_num: 01 S0 F
spc_num: 308[E0EL] £ "E'

. 2SIMD
. 25DMD

2SIMD

ol

Cal ; Coeﬁm SEK

spcm-ﬁi[ .4 TR,
spc_mum: 201 (5] 5.; TR,

2SIMD
2SMD

Cal_bCoefScient SRK

p:ml}-l

e Bt T 5. 2SIMD
spc_mmy: 1231(5] xy:_:rrs_.:m

Cumn):hss:Mde
22

spe_mum: 12, l ul-rf
Spc_num: - 10006 TR

1SIMD
ISIMD

7

Cal_aCritical_SRE

Cal_omegaFunction_SEK

23T N—-Foh
S5IEATWVWS(GTE
AEREL)ERE
BEU) BE

BEUIEETED HD
FERDIR
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Explore to Realize

He%Eb Y —R

v =1d0/rho

X =ConvertMass2Mole (Y)

REOITERE—0NEZER

—

"

b =Cal bCoefficient (X, Rc)
Kl=Cal departureFunction SRK (v, b)

do iter=1l,iter max

eel = ComputeEnergySRK noinline (Rhg/, T, Rc)
Enthalpy0 = ComputeEnthalpyAT, Y)
v = 1d0/rho
X = ConvertMass2Mole (Y)
b = Cal bCoefficient SRK(X, Rc)
dadT = Cal dadT SRK(T, X/ Rc)
K1l = Cal departureFun¢gtion SRK(v, b)
return (Enthalpy0 - Rc * T/ + K1 * (a - dadT*T))
Cp = ComDuteCDSRK_noinline(Rho,/4, Y, Rc)
Cp0 = ComputeCp (T, T)
v = 1d0/rho
X = ConvertMass2Mole (Y)
b = Cal bCoefficient SRK(X, Rc)
dadT = Cal dadT SRK(T, X, Rc)
K1l = Cal departureFunction SRK(v, b)
dpdT = Cal dpdT SRK(v, dadT, b, Rc)
return (Cp0-Rc-K1*d2adT2-T*apdT**2/dpdv)

8-

Cv =

ComputeCvSRK noinline (Rho,

)

JAR ineering &
Design imo%rglon (e:tger

&

TI Yl cpl

Rc)

‘*~.-‘~\\~

~ x .

b
dadT
dpdT

return

1d40/rho
ConvertMass2Mole (Y)

Cal bCoefficient SRK(X, Rc)
Cal dadT SRK(T, X, Rc)
Cal dpdT SRK(v, dadT, b, Rc)

(Cp+T*dpdT**2/dpdv)

d2adT2 =
do

enddo

Cal d2adT2 SRK(T, X, Rc)

i=1,spc_num
arci = Cal aCritical (i, Rc)
ai(i) = sqgrt(arci)

TICHRTE L 2 WU
iterd )L — 7R TRE

TOEFH

enddo

s Mo OANIX, ZDOEDITOY TIL—F > DILIE
NEZRELT-H D
s FAILEDITIFEE L -NEZRLTWS
« I/, FIRIEEBEWLWANY T IL, BETZEH
TEIRENLN-TWT, TICEREFELARWLODT,

I—=THWHh5HIHE S
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IS

BRI DS DXIR

&
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{ZIE4E

4.0E+01

3.5E+01

3.0E+01

2.5E+01

2.0E+01

1.5E+01

1.0E+01

5.0E+00

0.0E+00

Cycle Accounting execution time(s)

TCIE 35K

O Other instruction commit
@4 instruction commit
@3 instruction commit

M 2 instruction commit

Cycle Accounting execution time(s)

4.0E+01

Thread 0

Thread 1

Thread 2
Thread 3
Thread 4
Thread 5
Thread 6
Thread 7
Thread 8

3
o
o a
I
w
«

Thread 9

Thread 10

Thread 11

B 1 instruction commit

@ Barrier synchronization wait

OInstruction fetch wait

B Store port busy wait

B Other wait

W Branch instruction wait

OFloating-point operation wait

B Integer operation wait

OFloating-point load L1D cache access wait (*)
DFloating-point load L2 cache access wait
OlInteger load L1D cache access wait
Blinteger load L2 cache access wait

B Floating-point load memory access wait

W Integer load memory access wait

OPrefetch port busy wait by software prefetch

OPrefetch 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 L1D cache access

3.0E+01

2.5E+01

2.0E+01

1.5E+01 +

1.0E+01

5.0E+00

0.0E+00 *l{l—

VA

Thread 0

Thread 1

Thread 2
Thread 3
Thread 4
Thread 5
Thread 6
Thread 7

B
o]
o a
®
wn
1]

Thread 8

Thread 9

Thread 10

Thread 11

OOther instruction commit

@4 instruction commit

M| 3 instruction commit

W2 instruction commit

|1 instruction commit

B Barrier synchronization wait
OInstruction fetch wait

B Store port busy wait

OOther wait

B Branch instruction wait
OFloating-point operation wait

B Integer operation wait
OFloating-point load L1D cache ac
EFloating-point load L2 cache acce
OInteger load L1D cache access w
BInteger load L2 cache access wai
B Floating-point load memory acce
B Integer load memory access wait
OPrefetch port busy wait by softwa
OPrefetch port busy wait by hardw
B Floating-point busy rate executio
OInteger busy rate execution time
OL1 busy rate execution time

OL2 busy rate execution time
EMemory busy rate execution time

(*)Include wait time for integer

[Z|DEZFEOENIE(CT BT H TN —F N TO-DIIEZEEH ZEBEVESRVI BT I —F AR TARE
IMBEZSTIGTE IREGHAN, FEFRIERL
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FRC, 174 VER%ZZELTHEY,

W=—THRTADBRELLGZERDH S

Ll

oﬂaiwn
L4

ST BWIL—THEL, L—=7FmEH S £ <1EE

« MIBEOK(ZE, RE=K?, ITx/ILF—)
-%E@wﬂi&&iﬂt,ﬁ%uiofﬁﬁéﬁ%ﬂﬁ8%<@m)
e LA - TWAEOHMBEBEIZEL > TELAZAFNIFESL W)

do i=0, ncCell TILTEBIL—F (Z\Y)
do j=0, nPoint  UVINEFOATEZI-T

enddo
enddo

do k=0, nspc YESED)I|-T

enddo
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BCHUARADMERERIREICDUWNT

[REE] THROD&LS3GT705 35 LTcalhHHIGFELGIMEGE THEENRLE

arrA1(:) = AA%array1(:, 1, n2)
arrA2(:) = AA%array1(:, 2, n2)
call timer()

arrB1(:) = AA%array2(:,1,n2)
arrB2(:) = AA%array2(:,2,n2)

=

S

[[RE] calZziE<CERIIEBRNDICEDHONSZEMNRETIELRL,
BEINSMENEIMET HZET. ERRIEBETNELTULVELE,

arrA1(:) = AA%array1(:, 1, n2)
arrA2(:) = AA%array1(:, 2, n2)
! call timer()

arrB1(:) = AA%array2(:,1,n2)
arrB2(:) = AA%array2(:,2,n2)

(iRE

o)
FUJITSU

AREHTIK. BBEARROTOTSLTHRELTWSEEMEIEDERE R EEEETIRTL

i-d_o

FUJITSU-PUBLIC

40
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callhépd—X

arrA1(:) = AA%array1(:, 1, n2)
arrA2(:) = AA%array1(:, 2, n2)
call timer()

arrB1(:) =AA%array2(:,1,n2) |
arrB2(:) = AA%array2(:,2,n2)
i 51
72 1067
if (E185%k1=E{E) then

call __jwe ppfj(_ PRL_1)
else Fw)L—7 T
arrA1(:) = AA%array1(:, 1, n2)
arrA2(:) = AA%array1(;, 2, n2)
endif

\A!$omp parallel do®D k574D

: IR OB B

SIME

callB’Hp A5 E X, BED BBV 5L AENE

MiFN)—3:
B #5541 =72i

g —oa: M
[ElEx%k2=9

callZEA7ELV 2 DD M5 —2 3 BICE—RBE#AELND
ME—REHITEBLIEIZEY  ERRALYRBED = E B ENh - ERRES
[EER3(72 or 9)H\ERIE (1067 )& B A T=IHEDH AL YR M FIEH ENE
XEABEERSREEEEBLL—TBITRE
B EEHSDLEVIIL—T XTI T HEEL L=, FR)L—T TURE

= A—4HyhEIIhIZEZY

ALyk~®dispatcher

BALYRTENME

__jwe_ppfj:

\ 4

_PRL_1: HDE—ZBaE
do i=is,ie
arrA1(i) = AA%array1(i, 1, n2)
arrA2(i) = AA%array1(i, 2, n2)
enddo

o)
FUJITSU

call timer() S—Hy NI Bl
9 1o V—HIFEST
if (B1¥x%2 = FH{E) then
call __jwe ppfj( PRL_2) — |
else BERIL—T \ __jwe_ppfj:

arrB1(:) = AA%array2(:, 1, n2)
arrB2(:) = AA%array2(:, 2, n2)
endif

!

\ 4

_PRL_2:
do k=ks,ke
arrB1(k) = AA%array2(k, 1, n2)
arrB2(k) = AA%array2(k, 2, n2)
enddo

MBI DE—AEG%h2

FUJITSU-PUBLIC
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callhRRuVr—2X : i) —>3>3hER FUJITSU

51—V callAELME A K., HFY—Sa R B

arrA1(:) = AA%array1(:, 1, n2) }_fﬂ?ﬁﬂ')—’)a‘/ B BROILS)—2arE1 DDE—RBE#IZELED. HHEDF—

arrA2(:) = AA%array1(:, 2, n2) EE5$01=72 IN—AY R B
B1() = AA%arrav2(: 1. B BEOEBIIEDEIICERIL—TEELEN=H, INEER
) Anparay2l 22 == L— T THEEE T O TEEM BY
- o = A= = A—FykFThITkY

ifi 51 £FALYETEIE T

: : _PRL_1: ii5OE—REGE sl

call _JWG_ppr(_PRL_1) do i=iS,ie [,‘Eéﬁ'

“ arrA1(i) = AA%array1(i, 1, n2) lJ\@ni'}[/—j"(""“jL, H)—3°
(3:5)') —2afRsREF DO 54] arrA2(i) = AA%array1(i, 2, n2) B S T e
Kparallelh55EE SN D enddo ILEEIZKY ., AL YR FIE D ENE,
-Kregion_extension TEfE. do k=ks ke WM F L DA — /I~y (EE[H)&false
E?)}ﬁﬁﬂ@ﬁﬁﬁﬁ#ﬂi"&ﬁﬂi arrB1(k) = AA%array2(k, 1, n2) sharing(Z &5 MEEEIR TR E,
BRIV—TEERLEL arrB2(k) = AA%array2(k, 2, n2)
(BERMAS R B — D30T enddo X B —S 3 EEAEEL =S &%
R TEAHROH AT EFMELTLD) : Ayt—SHYRATERLTOEDEELHY

[
1

[[EIEE]HF))—a iR EEDHILE : -Knoregion_extension4 7S 3> ® 0

el
=‘

XCDEREIZRE-TIX. &EEfERF INOCL SERIAL JIFED [F5HEE
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) ABINIT-MP * e ]

FMOZ 045 L ABINIT-MPD & &1k &
HRRFRIERAD NI

2B A%#E12 (ABINIT-MPER Y #E&H 1)
hEpE S, IRERIANY. B2, TEERE
iR 22 6

133K, 2: W KAEW. 3: FEILEF4:FOCUS

o= TR B e o —
.--"""-"'—’_—

EE: ARITRENHIHPCN 0)jh210036-NAH&jh2200010§%Et'ﬁ5@@] LTULvET =
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FMO Original Ref.; K. Kitaura et al., Chem. Phys Lett. 313 (1999) 701./ General Ref.; M. Gordon et al., Chem. Rev. 112 (2012) 632.

| 737 A 5% FELE (FMO) &

OBEXR7ZF%

RSN FRRERTIEI—AZE
= R /\DE.DNA (JKFIIRARE

HMF~HBEF. T~ +HANE

<>/\£|]&%}EA3F\O)77|:| FD—D [HIVZOF7—+t&0EFEL]
LHOMN23FEIERI2ARKF TIEE
= 7779(/#&%0)&11%3031*»# z&Fi (FMO2)
= IREBEFFERTUIUVIL (ESP) . BEfEFEES YT (BDA)
= [EEpailis|niE (759 A M) AR ERALIE)
> TEUZEO5EFHEDEALEE
7250 A MNEDHEBEERIRILF— (IFIE)
= n-l-ﬁd-j-%d)ﬁ**ﬁ"J )I/
= H:H%l %J__
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| FMOEIRDf=bDT0I 5L
OGAMESS-US [XEGordon% JL—7]; Fedorov. Gordon. Jti#E

GAUSSIANI(Z

b ~,1=J=%>7'E_1737§J~7U ‘/7|\ R FF1E (Fortran)

= FRAIGHEEZXFMOIL. 2L ETE . GDDI 5]

OABINIT-MP;

=Z2H. b

EFR#EEIL+ 5. B RKRPI-CREST-PI/: & ThiF (Fortran)
= IOL X, MPI, OpenMP/MPL;ERL i 5l . R/N\a C4F+E 4%

OPAICS; A

2D H|NE CEHEEREFDFIA

FMO'MPZ(RI)(ZCI:#'“: (C) Target system

= MPI:

! ﬁlj ParaIIellzlﬁEI“EZ Sj”ragment Frag(”;fg’f;‘g;‘er
OOpenFMO; FEE . FREEL %{
: ® 6%6 éo00 635

FMO-HF (C)

— E M|/ ﬁlj *EI (=] Parallelized by integral Processor group
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Ref.; “The ABINIT-MP program”, Y. Mochizuki et al. in “Recent Advances of the Fragment Molecular Method” (Springer, 2021).

| ABINIT-MPD 75 HHE
- TR)LF—

— FMO4: HF, MP2
— FMO2: HF~CCSD(T), LRD —
— FMO2: CIS/CIS(D)

- TRILEF—1 5
FMO4: HF, MP2
— FMO2: MP2#g& &1k, MD
- T Dt EE
— SCIFIE, PB, sp2-BDA, a(w)
BFZE 4k, CAFI, FILM
1 5|{E IR 1T (PCr R /\OY)
— MPI, OpenMP/MPI;E ik
JBLASALIEH

—

—

d <

2023/1/21

(=TI —XELTERES)

http://www.cenav.org/abinit-mp-open_ver-2-rev-4/

og4>

e e § RIBHT—H~—R SAT35U Q&A i e By 8 4

ABINIT-MP Open>U—X (Ver.2 Rev.4)

b 0E6BAR(Ver.1 Rev.22)|[CRET 3AR—3( T3
ISH AL :Aq— & (FMO) EtE@F 045 AABINIT-MP [1,2]00pens) 7
20214 E(CVer. 2RI(CHT [

Bz r )47 7‘l/t
BABAFXFR R —/( 2 TOBUSE
X/F'\“’; 5“"'- HEHESHSNTNET .

Open Ver. 1 (GRRFFRIDPITE(H)
‘Rev. 5 (2016412 8)
-Rev. 10 (2018428
.Rev. 15 (201943 8)
Rev. 22 (20206 ) ; LE L HE

Open Ver. 2 (IEEIDRKIZFEIT)
‘Rev. 4 (2021498)
‘Rev. 8 (2023F3 A FE)

(GX32: Ver. 2& TIlX. BioStation Viewer

ADT—RIFAILDELELEREILELT:) A8



Ref.; T. Nakano et al., Chem. Phys. Lett. 318 (2000) 684. & T. Nakano et al., Chem. Phys. Lett. 351 (2002) 475.

| EAROHFEE

F'C'=8"Cs" F'=H"+G" © HFO—XtEEERRE (BEREHTH)

H ;V: H;c;re x +V,fv +Zk:Bk<,u‘t9k><9k ‘V> V;V = Z(ufv +va) & 1%%.\5553\0)1%@/“3

K#x

up = A 2, r=Al)) v = 2P| d0) & BIBHERTL L vIL(ESP)
p,=23c.c, Gjiv=EZP£;[(WMG)—%(WW) & 2BFES O(NY)
. - (3 51| AL 28 )

EERED=HDEOMDIX

Vi =) (P'S") 5 (uv, A2)  for R, (X, [)2L,, & ESP-AOCE{l (EREESL)

AeL

Ve = > (u|(Q. /) -A] ) forR,,(X,[)2L,,  Q,=Y (P'S"),, & ESP-PTGELL GELY)

Ae A

E',=E+E +Te(Pw’ )+ Te(P/u' )+ Y S PLPL (uv| o) & Dimer-ESifEl (HFEHE )

uvel AoeJ

BARDIXKIZKY, FMO2DFEIRMD Y AT Lt A IKF 2T L YUIELD
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| FMO-HFETRE DN

DFEITITAUMIDEIL. EFEEIYHTS

v

E/V—DNAEFEEZIHETS

v

2023/1/21

BEZoNn-BFFEZRANT. BEDE/Y—ICX5IREF
BERTUIVILTTO, B/ YI—DIRLX—LEFEES
HHEID

Exon-BRIEEE
BONE-BFHREQEN
EIER UM

Yes
v

INERLTI=F/Y—DEFZE(Self-Consistent Charge; SCC)
ZAWT, ABEDE/Y—ICLBREFERTVVYILTT
D.EFZAI—DIRILFT—LEFEEFETS

v

AFORTANF—BIVLEFEEEHE

E/X—DEERET
BoEESFER
o S ROV AT

T/~N—

FLT—
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Ref.; S. Obara et al., J. Chem. Phys. 84 (1986) 3963.

| 2EFEDOERKICOLNTH

- /7R D Vertical Recurrence Relation (VRR)AAR—X

K4
\ > > = /4 q: E]’ &
IRL—FTFO0O—FEZBEIER (ad)

TABLEI Recurrence expressions* for the electron repulsion integrals over SCHEME 1

sand p Cartesian Gaussian functions. '

- (First step)

(85,55 = (£ + )" K(&,, £ AB)K(L,,L4,C D) Fo(T) DO ICS = 1,ns loops for the contracted shells
DO JCS = 1,ICS

(pis, )%= (P — A} (s5,5)® + (W, = P) (s5, 590 DO IPS = Lmycs  loops for the primitive shells

(p,s,p*s)“” =(0x — C)(ps, -“)(0) + (W, —0:)( PiSs SS)") DO JPS = Lm)cg .
The calculation of the parameters P, §, and K({,{',R,R’)

+ Su (ss, s5)" for each pair of primitive shells
26 +7) CONTINUE
. ©O_(cpP —-B ' L) W - P ’ (1]

(2, pys 55) ( 15 ) (pis, 5) + (W, — P)) ( ps, 55) (Second Step) . ﬁ f

DOIPPS = LN a loop for the first pair of primitive shells
i PPS
+ '2? {(ss, 59 - % (ss, s5)} DO JPPS = 1, IPPS aloop for the second pair of primitive shells
- © . The evaluation of ERI’s
(P 2PxS)Y? = (@ — C)(p; 2y 58) + (W, — Q) (p, Py, 59) CONTINUE

Z_{Q'TT {6, (s 5Py, ss)" + Su ( pis, ss)™}

(p: Py P Pl)( "= (@ — D)) p pj,p,‘s)“”+ (W, — Q:)(PprPks)m

GaussZ! B # D AEEN =D 7 E% 7| H
MHEXEHE IO DIL—TT

+ 2(;:_ m {64 (spys )" + 8, (s, pr5) "}
)

+ = {(p; 259 — £ (pip)y 55)™}
27 7

(r) = Nx' y z' exp(—ar®)

(iljl kr ]=xu P Z) le (04

* For the definition of the variables, see the text.
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| 2EFESOERIZOLVTH
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sub_dddd.
sub_dddf.
sub_dddp.
sub_ddds.
sub_ddfd.
sub_ddff.
sub_ddfp.
sub_ddfs.
sub_ddpd.
sub_ddpf.
sub_ddpp.
sub_ddps.
sub_ddsd.
sub_ddsf.
sub_ddsp.
sub_ddss.
sub_dfdd.
sub_dfdf.
sub_dfdp.
sub_dfds.
sub_dffd.
sub_dfff.
sub_dffp.
sub_dffs.
sub_dfpd.
sub_dfpf.
sub_dfpp.
sub_dfps.
sub_dfsd.

F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90

- IEFM T DA EHEIZIECTERMD IIL—F I
FIL—T KLY
- b EIERICHEAEHLEE (_gradh 1<)

- BLVNEREHEDIL—FD

sub_dfsf.
sub_dfsp.
sub_dfss.
sub_dpdd.
sub_dpdf.
sub_dpdp.
sub_dpds.
sub_dpfd.
sub_dpff.
sub_dpfp.
sub_dpfs.
sub_dppd.
sub_dppf.
sub_dppp.
sub_dpps.
sub_dpsd.
sub_dpsf.
sub_dpsp.
sub_dpss.
sub_dsdd.
sub_dsdf.
sub_dsdp.
sub_dsds.
sub_dsfd.
sub_dsff.
sub_dsfp.
sub_dsfs.
sub_dspd.
sub_dspf.

F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90

sub_dspp.
sub_dsps.
sub_dssd.
sub_dssf.
sub_dssp.
sub_dsss.
sub_fddd.
sub_fddf.
sub_fddp.
sub_fdds.
sub_fdfd.
sub_ fdff.
sub_fdfp.
sub fdfs.
sub_fdpd.
sub_fdpf.
sub_fdpp.
sub_fdps.
sub fdsd.
sub_fdsf.
sub_fdsp.
sub_fdss.
sub_ffdd.
sub_ffdf.
sub_ffdp.
sub ffds.
sub_fffd.
sub ffff.
sub_fffp.

F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90

sub_fffs.
sub_ffpd.
sub_ffpf.
sub_ffpp.
sub ffps.
sub_ffsd.
sub ffsf.
sub_ffsp.
sub_ffss.
sub_fpdd.
sub_fpdf.
sub_fpdp.
sub_fpds.
sub_fpfd.
sub_fpff.
sub_fpfp.
sub_fpfs.
sub_fppd.
sub_fppf.
sub_fppp.
sub_fpps.
sub_fpsd.
sub_fpsf.
sub_fpsp.
sub_fpss.
sub_ fsdd.
sub_fsdf.
sub_fsdp.
sub_fsds.

F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90

sub_fsfd.
sub_fsff.
sub_fsfp.
sub_fsfs.
sub_fspd.
sub_fspf.
sub_fspp.
sub_fsps.
sub_fssd.
sub_fssf.
sub_fssp.
sub fsss.
sub_pddd.
sub_pddf.
sub_pddp.
sub_pdds.
sub_pdfd.
sub_pdff.
sub_pdfp.
sub_pdfs.
sub_pdpd.
sub_pdpf.
sub_pdpp.
sub_pdps.
sub_pdsd.
sub pdsf.
sub_pdsp.
sub_pdss.
sub_pfdd.

F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90

sub_pfdf.
sub_pfdp.
sub_pfds.
sub_pffd.
sub pfff.
sub_pffp.
sub pffs.
sub_pfpd.
sub_pfpf.
sub_pfpp.
sub_pfps.
sub_pfsd.
sub_pfsf.
sub_pfsp.
sub_pfss.
sub_ppdd.
sub_ppdf.
sub_ppdp.
sub_ppds.
sub_ppfd.
sub_ppff.
sub_ppfp.
sub_ppfs.
sub_pppd.
sub_pppf.
sub_pppp.
sub_ppps.
sub_ppsd.
sub_ppsf.

B3 JUT Ir

B/ RnA

F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90

sub_ppsp.
sub_ppss.
sub_psdd.
sub_psdf.
sub_psdp.
sub_psds.
sub_psfd.
sub_psff.
sub_psfp.
sub_psfs.
sub_pspd.
sub_pspf.
sub_pspp.
sub_psps.
sub_pssd.
sub_pssf.
sub_pssp.
sub_psss.
sub_sddd.
sub_sddf.
sub_sddp.
sub_sdds.
sub_sdfd.
sub_sdff.
sub_sdfp.
sub_sdfs.
sub_sdpd.
sub_sdpf.
sub_sdpp.

F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90

sub_sdps.
sub_sdsd.
sub_sdsf.
sub_sdsp.
sub_sdss.
sub_sfdd.
sub_sfdf.
sub_sfdp.
sub_sfds.
sub_sffd.
sub_sfff.
sub_sffp.
sub_sffs.
sub_sfpd.
sub_sfpf.
sub_sfpp.
sub_sfps.
sub_sfsd.
sub_sfsf.
sub_sfsp.
sub_sfss.
sub_spdd.
sub_spdf.
sub_spdp.
sub_spds.
sub_spfd.
sub_spff.
sub_spfp.
sub_spfs.

F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90

sub_sppd.
sub_sppf.
sub_sppp.
sub_spps.
sub_spsd.
sub_spsf.
sub_spsp.
sub_spss.
sub_ssdd.
sub_ssdf.
sub_ssdp.
sub_ssds.
sub_ssfd.
sub_ssff.
sub_ssfp.
sub_ssfs.
sub_sspd.
sub_sspf.
sub_sspp.
sub_ssps.
sub_sssd.
sub_sssf.
sub_sssp.
sub_ssss.
sub_xxxx.

F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90
F90

suberi. F90

swz_init.

F90
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Ist Refs.; Y. Mochizuki et al., Chem. Phys. Lett. 396 (2004) 473. & Y. Mochizuki et al., Theor. Chem. Acc. 112 (2004) 442.
2nd Ref.; Y. Mochizuki et al., Chem. Phys. Lett. 457 (2008)-396.

| HEIRILE—BEOMP20OTILTY X L2IE

MP2#EB T RIL X —4H1E

Loop over i-batch [parallelizable when needed]

Loop over o [to be parallelized for worker processes] Eyp =Y (ia| jb)|2(ia | jb)—(ib| ja)]
Loop over A M e £ +E,—E,—E,
Generate (uVv,A| 0]) list [canonical relation for uv]
Do 1/4 transformation of ¢/—i [screening & DAXPY] RFOZETH: ANSOX M

Do 2/4 transformation of v—a [DDOT]
Do 3/4 transformation of A—j [screening & DAXPY] C ey
End of loop over A (ia] jb)= ; Co ; Cy ; Cuu ; Culuv| o)
Do 4/4 transformation for o—b [screening & DAXPY]
End of loop over o[*“all-reduce” must be done for (ia|jb)]
Calculate partial MP2 energy

End of loop over i-batch [5E—hk]
- T , . - DAXPY&DDOTZ LY,
Lpopeen i e dpeing o vl e it 85
Loopoverh - EMMEERET T4,
| —_t “ O 2 ;|:
Preparing (41{A0) ! for canonical uv-pair ISFRERIDTF VI TR
Forming (iA0) ! DGEMM, fixed Ao, running over u
Forming (ia|Ao0) ! DGEMM, fixed Ao, running over v (38 k]
Forming (ialjo) ! DGEMM, fixed o, direct-product for fixed A - DGEMM®D S 14 gEIZHATF
End of loop over A - 2R B L4 BADGEMMALIE
Forming (ia|jb) ! DGEMM, direct-product for fixed o MNTEIH+ )Lk
End of loop over ¢! all-reduce operation as barrier = P o
Calculate partial MP2 energy with respect to ij-batch EEJ&O)X/Q;' /:; ‘%452 &b
End of loop over ij-batch DGEMMMVEx £5& L
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TEREDAR A = [ Ver. 1 Rev. 22% {8 512202059 B AEF D BIEHER.

| FMO-MP2/6-31G*>3aTDRT—2TJ

6LU7 - FMO2-MP2/6-31G* - Elapsed time Ver. 1 Rev. 22%{%

—e—Xeon(Gold6248)x2  —e— Oakforest-PACS(compact,cache) Fugaku
100000
°
— 10000
(6]
&
> Xeon; 40 cores
£ OFP; up to 4608 cores
% Fugaku; up to 18432 cores
a
©
w 1000
September 2020
100
10 100 1000 10000 100000

# hardware threads

- PDB ID: 6LU7 = SARS-CoV-2 Mpro + N3 ligand @ %
* MP2DFE 5 Z 1L £ TDGEMMTETT
- Dimer-ESOCMMa L& (>5D)—2 3> TEAR)

- 'E & |1 0akforest-PACSKY+2.8Z1F EFELD
54
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Ver. 1 Rev. 220 —R(F T ERAHT DI EE I TOREEEHERED2020E6 A3H.

| 2020FEDIEFEIOFIATRBLIZRAL

B0 SLRBDLEM
-ER{E ERFRIEE
= ZHOYUTILIEEDIKLY (Ver. 1 Rev. 22[ZLHE L THEE B4E)
= KEDKFMETILDKRLY KEESOHTERIZT AU EEET)
HEET IV TA—L
= [BEEIZIERETHE TEACAFXZD R /N
= NEC SX-Aurora TSUBASAX>Intel Xeon®D X/\a> &
-BioStation ViewerDIFIZA =
= HFITSTARRIETY—OPCTIZFIBARA (AF!), GPURIIZ)
= CPFO-ODIEMECHIDRFMNELY (TTT AV MID BEIKRIFH)
- EEIB 0
= fEtEEMm/ M EERIT DR FErSOT—20OH
= XYL HEE/ERFETERIRERDTO/NTADEF

-~

{it

BMHPCI#L 2 TOABINIT-MPDZ A7 5" i
T RR R SR FE A IR D X I
= SO R TRFFAITHICEE T

2023/1/21 56



20205 ERIEE ORI ASBE COFHREI0OFEFZOTOC IV TOREREZENLT.

. Ver. 22 D E{HFE

Bm\Ver. 2 Rev. 4(2021F9AH16H!)—X &)

- 5538 {E (AG4FXH 1)
= 2BEFESERDOSIMDIE.. MPLEIEEDHEI. T FEDHNE
= Ver. 1 Rev. 22t T1.2~1.5EZDMME (MP2LAR)L, REEEIZIKTE)

PN CEADFITR
= ERT—AAHRIEBADES|ZHIFR (BioStation ViewerDIF&EE1L)
= 11BI7TTAEDEANIEDERFET ILHAKLNATEE (MP3LA)L)

- BEBEMD B0
= PBEOETE. ZEALUTOEEHEEEHEETHE. #uFEE T —3205 7

B\Ver. 2 Rev. 8(2023F3 AU —RXDFFE)
- 5%t (A64FX[a )
= BEHARYDHED#EE. FockiTAEEDIfRIERE . £/~<7—SCCHNNIE
= {FEMRTIXLSE~1.7EDMEEZER
- RIREZR D> I
= REBETIVCLARIZT A EDHF/WNEEE (MP2/6-31G*)
-BEBED BN
= PIEDAM i (DEIREILDHEE. B2 EMHEEROBI ML)
wrim MEBIRILE—EAAMEIRILT—DETE (FEEETE) 57




AIERFEESD :SSHE - HETIL—T (BLBMKASHAVE 1TV EERNHERZEERD).

| AGAFXTDIRRHT (Ver. 1 Rev. 22)

-AlagGlyDFMO-MP2/6-31G*D TR+ 37
-122Lyk87 AL R (2/—F3E4T7:FX1000)

s JAYSLEEROORN
« ERTO7745(12&3701R0F. ALYROED IR

s 2BFRESUENEARONFELZLHOS
=L . 81 EDNIEBEDLFITH D=0,
1FEH-YDIAXNEL1%FTEREETEIZ/INELY

« BEIZEAELI-ORMISHIERE L/NELY
« PEREREICRITIY—RAMIUTENRET S |
= Direct SCF o
= JRAMERL

2EFED : 81EOY T )L —F > (sub_*)DIR MATN

Direct SCF : HJ')l—F>direct_scf_gmat®IdA b
DZMERL : 3T DY T IV—F>(get_tei_rs_fix,
get_tei_pq_fix, get_ixijcs_to_proc_pqfix) DA MEF]
B{ESESE : BECRHEL N (putofu_*, opal_*, mca_*)
DA MEF

SATLABE : 5147 FUPOSKHEICEHEL NI DIA MEFT
Tofth : ESRBSONEEDHEF] et scr

14%
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MP2(E £ EXEDGEMM TCLIE D A AR AE—.

| 2EFRODEROKEH

s HARIEEH(HFLCGOELTHENDEE)
» OCLIEREAIDEAIZESSIMDILD{RHE. —EPRDSEEILE NS
2 AVINATATIVDER

s )7L RAR
= AT FILa—Fk, AlagGlydMP2o 37
«» 2/—F3E1T7. 12X vk (0OpenMP) x 87’0+ X (MPI)
« AINAZ5A T3> :-03 -Knosimd -Koptmsg=2 -V

[Fh%7]

2

» 6-31G*//cc-pVZ: 153.0s/134.5s//337.4s/306.1s (MP2;AXPY/GEMM)

= FEITOSIMDILEFER (ED1)
= A1)TFILa—F+SSSS, PSSS, SPSS, SSPS, SSSP, PPSS, PSPS,

PSSP, SPPS, SPSP, SSPP, DSSS, SDSS, SSDS, SSSD (RAh5%Z #1k)

= OCL#EREAIDIEN
« OINAS5A T3> :-03 -Knosimd -Kocl
= 6-31G*//cc-pVZ:142.55/124.55(7.4%)//294.4s/254.0s(17.0%)

(cc-pVDZDiZE . AV FIILa—R EERL TEATL7.0% D E:R1E)

2023/1/21
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BADNYI7IL T EREETI/BEECREL KB TIERLILS. [hE5)

| 2EFREODEROBER

» FEITOZRBEILEFZER(ZTD2)
s O /NAMS5A T3> -Kfast-Knosimd -Kocl
s 6-31G*/cc-pVZ: 116.25(24.1%)/239.65(29.0%) (DGEMM T4E% () )
= 6-31G*/cc-pVZ:78.35(48.8%)/165.1s(51.1%) (Buffered direct SCF)

s EERAA

» SIMDIELIFOCLIERADIEALEITTRELT . ANWSEHULLELNE

» HETIEEEEZZLDIL—F U TE
(Intel XeonZR TIXMEDMEIIBESNT)

= Buffered direct SCFCIZAE R LI-2BFHERERIRELBY AT 2R
(FENHEDORIBBAFRERST/AEYEEIZILE 7 TOORELE)

» MP2TIETERZ/\VI7T HKYELEHMADIEXREFIIZEIY HTEHRE
(INTFHBMEZDEEDHEDORIHAMNIEZ D)

2023/1/21
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| SIMDIELF=#73 IL—F > Dl (sssp)

subroutine sub sssp(zetam, pm, dkabm, etam, qm, dkcdm, &

ma, mb, mc, md, ngi j, ngkl, a, b, c, d, sint, tv) do npg=1, ngij

! if (abs(dkabm(npg)) > tv) then
! Nov. 05, 02 do nrs=1, ngkl
! T.NAKANO & Y. ABE if (abs (dkabm(npq)*dkcdm(nrs)) > tv) then
! ze = 1.0 8/(zetam(npg) +etam(nrs))
use constant a0 = dkabm(npq)*dkcdm(nrs) *sqrt (ze)
use auxiliary integral table rz = etam(nrs)*ze
use integral parameter re = zetam(npq)*ze
implicit none rho = zetam(npq) *rz
real (8), intent (in) : :zetam (%), pm(3, %), dkabm (*), &

etam (x), qm(3, *), dkcdm (k) do i=1, 3
integer, intent (in) : :ma, mb, mc, md, ngi j, ngkl ! qd(i) = gm(i, nrs)-d(i)
real (8), intent(in)::a(3),b(3),c(3),d(3), tv pa(i) = gm(i, nrs)-pm(i, npq)
real (8), intent (out) : :sint (%) ! wq (i) =—re*pq(i)
! end do

integer npq, nrs, ix

real (8) p(3),q(3),qd(3),pq3),wq(3), f(0:max m), & qdl = gm(1, nrs)—d(1)
dkab, zeta, dkcd, eta, ze, rz, re, rho, a0, tt qd2 = gm(2, nrs)-d(2)

integer ts, i, j,k, 1, m qd3 = gm(3, nrs)—-d(3)

real (8) delta,t inv wql =—re*xpq (1)

real (8) ssss(0:1), f0, f1, qd1, qd2, qd3, wql, wq2, wq3 wq2 =—re*pq(2)

ANTEHIE

wg3 =—re*pq(3)
sint(1:3) = 0.0 8

locl eval
locl fp relaxed
'ocl fp_contract UTF.RE

OCL*E’?TT? !ocl noswp

locl eval concurrent

locl SIMD
2023/1/21
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| SIMDIELF=1R%7/L—3

2023/1/21

tt = (pq(1)*pq(1)+pq(2)*pq(2) +pq(3) *pq (3) ) *rho

if (tt
ts
delta

£(0)

£(1)

f0

fl

else
t inv
£(0)
(1)
f0
f1
end if

Fo DB (=)

ERI code generator Ver. 20020228

!
!
| 2002/02/28
<= 38.0 8) then ! Tf = 2*m+36 (for m=1) I T. Nakano
= 0.5 8+ttkfmt inv step size !
= ts*fmt_step size-tt I (sssp)
!
= ((fmt_table(3, ts)*invb*delta & ! ssss (0:1)=Ff(0:1)*a0
+  fmt table(2, ts)*inv2)*delta & ssss (0) =f0%a0
+  fmt table(l, ts))*delta & ssss (1) =f1*a0
+  fmt table(0, ts) ! do 1=1, 3
= ((fmt_table (4, ts)*invbkdelta & ! sint (1) = sint(1)+qd(1)*ssss(0)+wq(1)*ssss (1)
+  fmt table(3, ts)*inv2)*delta & ! end do
+  fmt_table(2, ts))*delta & sint (1) = sint(1)+qdl*ssss(0)+wql*ssss (1)
+  fmt table(l, ts) sint (2) = sint(2)+qd2+*ssss (0) +wq2*ssss (1)
= ((fmt_table(3, ts)*invb*delta & sint (3) = sint(3)+qd3#*ssss (0) +wq3*ssss (1)
+ fmt table(2, ts)*inv2)*delta & !
+  fmt table(l, ts))*delta & end if
+  fmt_table(0, ts) end do
= ((fmt_table(4, ts)*invbkdelta & end if
+  fmt_table(3, ts)*inv2)*delta & end do
+  fmt_table(2, ts))*delta & end subroutine sub sssp
+  fmt table(l, ts)
= inv2/tt
= sqrt(pi over2%t inv)
= t_inv*f(0)
= sqrt(pi_over2%t inv)
= t inv*f0
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| Ver. 2 Rev. ATOEE R LDHI#

HIV-1 protease / FMO-MP2/6-31G* / Benchmark 100 nodes @ Fugaku

Ver. 1 Rev. 22 Ver. 2 Rev. 4

## TIME PROFILE ## TIME PROFILE

Elapsed time: Monomer SCF = 452. 4 seconds Elapsed time: Monomer SCF = 354. 7
Elapsed time: Monomer MP2 = 17.4 seconds Elapsed time: Monomer MP2 = 16.0
Flapsed time: Monomer (Total) = 472.7 seconds Elapsed time: Monomer (Total) = 373. 4
Elapsed time: Dimer ES = 99. 7 seconds Elapsed time: Dimer ES = 109. 5
Elapsed time: Dimer SCF = 278.6 seconds Elapsed time: Dimer SCF = 221.7
Elapsed time: Dimer MP2 = 269. 1 seconds Elapsed time: Dimer MP2 = 242. 4
Flapsed time: Dimer (Total) = 695. 3 seconds Elapsed time: Dimer (Total) = 673. 4
Elapsed time: FMO (Total) = 1168. 0 seconds Elapsed time: FMO (Total) = 1046. 8

##t Time profile ## Time profile

Number of cores (total) = 200 Number of cores (total) = 200

Number of cores (fragment) = 1 Number of cores (fragment) = 1

THREADS (FRAGMENT) = 24 THREADS (FRAGMENT) = 24

Total time = 1172.8 seconds Total time = 1050. 2 seconds

- Ver. 2 Rev. 4IXA64FXA] ITFE 53 SIMDIE , T R EECLHI 1 D E L &7 RERFH
- FYKRBEDRTIEMP2O3T T2-58|1F2ED:EE R L
- cC-pVDZD AW EMHRENEDZOITIEIR AT LY (iR THEEHE)

2023/1/21
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202198 168 J)—XhR - http://www.cenav.org/abinit-mp-open_ver-2-rev-4/

| Ver. 2 Rev. 4TOEE M L DHI#2

6VXX / FMO-MP2/6-31G* / Benchmark 8 racks @ Fugaku

Ver. 1 Rev. 22 Ver. 2 Rev. 4
## TIME PROFILE ## TIME PROFILE

Elapsed time: Monomer SCF = 2028. 7 seconds Elapsed time: Monomer SCF = 1801. 6 seconds
Elapsed time: Monomer MP2 = 15.0 seconds Elapsed time: Monomer MP2 = 14. 2 seconds
Elapsed time: Monomer (Total) = 2068. 6 seconds FElapsed time: Monomer (Total) = 1839. 1 seconds
Elapsed time: Dimer ES = 353.9 seconds Elapsed time: Dimer ES = 314. 2 seconds
Elapsed time: Dimer SCF = 362. 4 seconds Elapsed time: Dimer SCF = 335. 7 seconds
Elapsed time: Dimer MP2 = 302. 6 seconds Elapsed time: Dimer MP2 = 294. 6 seconds
Flapsed time: Dimer (Total) = 1603. 4 seconds Flapsed time: Dimer (Total) = 1188.5 seconds
Elapsed time: FMO (Total) = 3672.1 seconds Elapsed time: FMO (Total) = 3027.7 seconds

## Time profile ## Time profile

Number of cores (total) = 3072 Number of cores (total) = 3072

Number of cores (fragment) = 1 Number of cores (fragment) = 1

THREADS (FRAGMENT) = 48 THREADS (FRAGMENT) = 48

Total time = 3759. 3 seconds Total time = 3090. 8 seconds

- Ver. 2 Rev. 4[FA64FXAE] T E 57 SIMDIE . T R EER S| | D BIRGE & RERF A
- xtVer. 1 Rev.22 T1.2{EM/NE (cc-pVDZ; 8769.9%)—6356.6F) T1.41F)

2023/1/21



Ref; £ A5, J. Comp. Chem. Jpn. 20 (2021) 132.

| BXBEEZRA~DOXEH

1> 7 )LHA+Fab#n{k x 2(PDB id: 1KEN) D /KFIET L
DS AUNAEIF11307, KERMAAVEED

T E1D15v5 . FMO-MP2/cc-pVDZ(%9.28 8 T5E7E
-IE&E1MD8Fy%4 . FMO-MP3/cc-pVDZI(%6.78 T
‘FMO-MP2TIZE/Y—SCCHAERFTFNDIARL = ERIS
FAT—E D TIROEHINEEILE = ExXE
KOS RE—TIE2H IS5 A DMP2Y 3T 4,52 EfER

HRRTD2EDFRAEHE AIREIC

## TIME PROFILE ## TIME PROFILE

Elapsed time: Monomer SCF = 14546. 6 seconds Flapsed time: Monomer SCF = 7114. 0 seconds
Elapsed time: Monomer MP2 = 32.5 seconds Flapsed time: Monomer MP3 = 343. 1 seconds
Elapsed time: Monomer (Total) = 14741.5 seconds Elapsed time: Monomer (Total) = 7532. 4 seconds
Elapsed time: Dimer ES = 4021. 8 seconds Elapsed time: Dimer ES = 534. 8 seconds
Elapsed time: Dimer SCF = 7215.9 seconds Elapsed time: Dimer SCF = 891.4 seconds
Elapsed time: Dimer MP2 = 2492. 4 seconds Elapsed time: Dimer MP3 = 4265. 7 seconds
Elapsed time: Dimer (Total) = 18240. 6 seconds Elapsed time: Dimer (Total) = 16306. 3 seconds
Flapsed time: FMO (Total) = 32982. 1 seconds Elapsed time: FMO (Total) = 23838. 7 seconds

## Time profile ## Time profile

Number of cores (total) = 384 Number of cores (total) = 3072

Number of cores (fragment) = 1 Number of cores (fragment) = 1

THREADS (FRAGMENT) = 48 THREADS (FRAGMENT) = 48

Total time = 33120. 9 seconds Total time = 24203. 2 seconds

2023/1/21 [ 1-2021F6 A S [E&1-2021F9H B 565



Ver. 1 Rev. 227F Tx D Viewer®D A F (& Z 5 5 THIEE; https://www2.rikkyo.ac.jp/web/fullmoon/BioStation ViewerInstaller16.02.zip

| HPCHRRTDSAT SRR (2021512 A B R)

77 :AB64FX, #%:SX-Aurora TSUBASA, % :Xeon

WS 1 b ERR

2023/1/21

- Jt X [Grand Chariot] : Ver.1Rev. 22 & Ver. 2 Rev. 4

- BBdb K [AOBA-A] :  Ver. 1Rev. 22 (Vectorized version)

- JCAHPC [ Oakforest-PACS] :  Ver. 1 Rev. 22 (system decommissioned)
- B8 K | Wisteria / Odyssey & Aquarius] :  Ver. 1 Rev.22 & Ver. 2 Rev. 4
+ BT K [TSUBAME3.0] : Ver.1Rev.22 & Ver.2 Rev. 4

-V EMERE [ Earth Simulator 4] ¢ Ver. 1 Rev. 22 (Vectorized version)

- 2 FH8F [RCCS] :  Ver. 1Rev.22 & Ver. 2 Rev. 4

+ LK [AF Typel] :  Ver.1Rev.22 & Ver. 2 Rev. 4

- fRK [sQuID] :  Ver. 1 Rev. 22 (Vectorized version)

+ R-CCS '] :  Ver.1Rev.22 & Ver. 2 Rev. 4

- STERIZIREAE [FOCUSRZ/ YT > ] :  Ver.1Rev.22 & Ver. 2 Rev. 4
+ ALK [ITO Subsystem-A] :  Ver. 1 Rev. 22 & Ver. 2 Rev. 4

- Ver. 1 Rev. 22[&BioStation Viewer& DR TR @A L6 7F
- RJKJL{EVer. 2 Rev. 4 CEfEH) LIEREMZFXD FE

- 20224 E |zl Ver. 2 Rev. 4H 5Rev. SIZEEH D FFE

- HPCIHL = D R/ NV HEFEE R IZ L= b ' 17275 &
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Ver. 2 Rev. 8A[IITTOHOHRER
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| FockiTHlDEEDHE
» ABRIEH (HLGOELTHEDEE)

(=]

» 14EDIf5 IS (FF O REMEH ) NERECZBREF. 7/ EALFERIC

» FEITORELLHER (O—HILRTEHEF)

» HEEBBAFORIEEZ(1/2)" (n=1,2,3)THEYAH
o iIfHEI{EIEESBIEDEEELDOA

s RIZHHLLH B K T30%D MNE

s FockiTH DX FHIL (SEREX )

(Fock LI DIEIEER 73 D H)

= LAPACKIL—F > %#=FIA
= EEEXEZEA

2023/1/21

(FRMZ /R 14 B B+ [a] &)

do p=ixil, ixi2
do g=ixjl, ixj2
do r=ixkl, ixk2
do s=ixl11, ix12
ix=ix+1
val = sint(ix)
if((abs(val) <= tv)) cycle
fock (q, p) =fock (q, p) +dc (s, r)*val*2.d0! U—AIE
fock (s, r)=fock (s, r) +dc (q, p) *val*2. dO
fock (r, p) =fock (r, p) —=dc (s, q) *val*0. 5d0! 3ZHLIE
fock (s, p)=fock (s, p) —dc (r, q) *val*0. 5d0
fock (r, q) =fock (r, q) —dc (s, p) *val*0. 5d0
fock (s, q)=fock (s, q) —dc (r, p) *val*0. 5d0
end do
end do
end do
end do
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MPA(F3EFRIEDNIEAE A, DGEMM THELMEENS. [IRE &HEF)

| BnnkE

s 2BFEDIL—FUDSIMDIEEIL—T 9 E(2021/12/9R)
« SIMDIEIZINZ TIL—THENEEHE
(SSSS, PSSS, SPSS, SSPS, SSSP, PPSS, PSPS, PSSP,
SPPS, SPSP, SSPP, DSSS, SDSS, SSDS, SSSD)
s EDFATIZHBH20% ~50% D HNE
s IL—THRENILOREFREIILDIRBIZHER ?
s [REITOE—DMHEELLIZMP2T2.4~2.8% (MP41££9.5~10%)

s EB/V—SCCOMNEEDZEE (2022/7/13kR)
s PUF—YEEFOCkITHIR—AMNSLEETHIR—ZAAN (T 3V)
» REEEBEBICBILSARERZZL 2R (TLABRLHIEE)

= ZDIh
« IFIECOIARET oM OHE (AT 3>)
= BE/Y—SCCTOHFE D DEZHER/\vI7)0T (BRiTHh)
« BEEHIRBOEOIZCFAT—HFOWREHEEZRATYT (TFARH)
s BATILT)XLDZER (HRRAZ. SXEITARSRILIEIRD 1T

2023/1/21
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FENZTSIMDIE LI —T R ENE T HIEEEIT>TI0%DE R ($91.612).

| W RBsspp)ll—F#1

subroutine sub sspp(zetam, pm, dkabm, etam, qm, dkcdm, &
ma, mb, mc, md, ngi j, ngkl, a, b, c, d, sint, tv)
v
! Nov. 06, " 02
! T.NAKANO & Y. ABE
1
use constant
use auxiliary integral table
use integral parameter
implicit none
real (8), intent (in) : :zetam(k), pm(3, %), dkabm (x), &
etam (k), qm(3, %), dkcdm (k)
integer, intent (in) : :ma, mb, mc, md, ngi j, ngkl
real (8), intent (in) ::a(3),b(3),c(3),d(3), tv

real (8), intent (out) : :sint (%)
!

integer npq, nrs, i, k, m, ix
real (8) :: pq(3), ze, rz, re, rho, tt

integer ts

real (8) delta, t inv, zssss

real (8) :: 10, f1, £2

real (8) ssss(0:2), ssps(1:3,0:1), sspp(1:3,1:3,0:0)

real (8) :: xqc(ngij*ngkl, 3), xqd (ngi j*ngkl, 3), xwq (ngi j*ngkl, 3)
real (8) :: xtt(ngij*ngkl), xre(ngij*ngkl), xeta2 (ngij*ngkl), xa0 (ngi j*ngkl)

integer :: npqrs

2023/1/21

(=]
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| W RBsspp)l—F#2

ix =0
locl eval
locl fp relaxed
locl fp contract
'ocl noswp
'ocl eval concurrent
'ocl SIMD
do npg=1, ngij
if (abs(dkabm(npg)) <= tv) cycle
do nrs=1, ngkl
if (abs (dkabm(npq)*dkcdm(nrs)) <= tv) cycle

ix = ix + 1

1.0 8/ (zetam(npq) +etam(nrs))

ze =

rz = etam(nrs)*ze
re = zetam(npq)*ze
rho = zetam(npq)*rz
do i=1,3

pq(i) = gm(i, nrs)-pm(i, npq)
xqc (ix, i) = gm(i, nrs)—c (i)
xqd(ix, i) = gqm(i, nrs)-d(i)
xwq (ix, i) = —re*pq(i)

end do

xtt(ix) = (pg(1)*pq(1)+pq(2)*pq(2)+pq(3)*pq(3))*rho
xre(ix) = re

xa0 (ix) = dkabm(npq)*dkcdm(nrs) *sqrt (ze)

xeta2 (ix) = 0.5 8/etam(nrs)

enddo

2023/1/21 enddo

(=]



| W Rsspp)l—F#3

sint(1:9)=0.0 8
locl eval
'locl fp relaxed
'locl fp contract
'ocl noswp
'ocl eval concurrent
locl SIMD
do npgrs = 1, ix
tt = xtt (npqrs)
if (tt <= 40.0 8) then ! Tf=2#m+36
ts=0. 5 8+tt*kfmt inv step size
delta=ts*fmt step size—tt
fO0=((fmt_table (03, ts)*inv6*delta &
+fmt table (02, ts)*inv2)*delta &
+fmt table (01, ts))*delta &
+fmt table (00, ts)
f1=((fmt table (04, ts)*invb*delta &
+fmt table (03, ts)*inv2)*delta &
+fmt_table (02, ts))*delta &
+fmt_table (01, ts)
f2=((fmt_table (05, ts)*inv6*delta &
+fmt_table (04, ts)*inv2)*delta &
+fmt table (03, ts))*delta &
+fmt table (02, ts)
else
t inv=inv2/tt
fO=sqrt (pi_over2#*t inv)
f1=t inv*f0
F2=t invk3. 0 8%f1

end if
2023/1/21

end subroutine sub sspp

(=]

ssss (0)=f0*xa0 (npgrs)
ssss (1) =f1*xa0 (npgrs)
ssss (2) =f2%xa0 (npqrs)

do m=0, 1
ssps (1, m) =xqc (npqrs, 1) *ssss (m) +xwq (npqrs, 1) *ssss (m+1)
ssps (2, m) =xqc (npqrs, 2) *ssss (m) +xwq (npqrs, 2) *ssss (m+1)
ssps (3, m) =xqc (npqrs, 3) *ssss (m) +xwq (npqrs, 3) *ssss (m+1)
end do

do k=1, 3
sspp (k, 1, 0)=xqd (npqrs, 1) *ssps (k, 0) +xwq (npgrs, 1) *ssps (k, 1)
sspp (k, 2, 0)=xqd (npqrs, 2) *ssps (k, 0) +xwq (npqrs, 2) *ssps (k, 1)
sspp (k, 3, 0)=xqd (npqrs, 3) *ssps (k, 0) +xwq (npgrs, 3) *ssps (k, 1)
end do

zssss=xeta?2 (npqrs) * (ssss(0) —xre (npgrs) *ssss (1))

sspp (1, 1,0)=sspp (1, 1, 0) +zssss
sspp (2, 2, 0)=sspp (2, 2, 0) +zssss
sspp (3, 3, 0)=sspp(3, 3, 0) +zssss

sint (1) = sint(1)+sspp(1,1,0)
sint(2) = sint(2)+sspp(1, 2, 0)
sint (3) = sint(3)+sspp (1, 3, 0)
sint(4) = sint(4)+sspp(2,1,0)
sint(5) = sint(5)+sspp(2, 2, 0)
sint (6) = sint(6)+sspp(2, 3, 0)
sint (7) = sint(7)+sspp(3,1,0)
sint (8) = sint(8)+sspp (3,2, 0)
sint(9) = sint(9)+sspp (3, 3, 0)

enddo
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B OYE; MmEERKE KA XKSH

| BOIL—FoDIL—FHEIB

Sub_ssssD i
s . N r N
do npg=1,ngij do npg=1,ngij
if (abs(dkabm(npq)) > tv) then if (abs(dkabm(npg)) <=tv) cycle
do nrs=1,ngkl donrs=1,ngkl
if (abs(dkabm(npg)*dkcdm(nrs)) > tv) then if (abs(dkabm(npg)*dkcdm(nrs)) <=tv) cycle
ze =1.0_8/(zetam(npg)+etam(nrs)) X = 'X1+01 & /(zetam(npq}retam(nrs))
_ % % ze =1.0_8/(zetam(npg)+etam(nrs
a0 __ dkabm(nzq) dkedm(nrs)*sqrt(ze) xa0(ix) = dkabm(npq)*dkcdm(nrs)*sqrt(ze)
rz =etam(nrs)*ze rz = etam(nrs)*ze
rho = zetam(npq)*rz rho = zetam(npq)*rz
tt = ((am(1,nrs)-pm(1,npq))*(am(1,nrs)-pm(1,npq)) & xtt(ix) = ((gm(1,nrs)-pm(1,npg))*(gm(1,nrs)-pm(1,npq)) &
+(@m(2,nrs)-pm(2,npq))*(gm(2,nrs)-pm(2,npq)) & +qm(2,nrs)-pm(2,npq))*(qm(2,nrs)-pm(2,npq)) &
+(gm(3,nrs)-pm(3,npq))*(gm(3,nrs)-pm(3,npq))) *rho +(gm(3,nrs)-pm(3,npq))*(am(3,nrs)-pm(3,npq)))*rho
if (tt <= 36.0_8) then ! Tf = 2*m+36 (for the case of m=0) enddo
ts =0.5_8+tt*fmt_inv_step_size - epddo /
delta = ts*fmt_step_size-tt sint(1) -00.8
€ —Step_ ( do npgrs=1,ix )
ssss(0) = (((fmt_table(3,ts)*inv6 *delta & tt = xtt(npgrs)
+fmt_table(2,ts)*inv2)*delta & if (tt <= 36.0_8) then ! Tf = 2*m+36 (for the case of m=0)
+fmt_table(1,ts))*delta & ts =0.5_8+tt*fmt_inv_step_size
+fmt_table(0,ts))*a0 delta = ts*fmt_step_size-tt
else ssss(0) = (((fmt_table(3,ts)*inv6*delta &
_ . % +fmt_table(2,ts)*inv2)*delta &
ssssj(O) = sqrt(pi_over4/tt)*a0 +fmt_table(1,ts))*delta &
end if +fmt_table(0,ts))*xa0(npqrs)
sint(1) = sint(1)+ssss(0) else
end if ssss(0) =sqrt(pi_over4/tt)*xa0(npars)
end do end if
end if sint(1) = sint(1)+ssss(0)
\.end do J _ enddo J

- s EK(XSIMDAE, L—T R EID T, SoIFHM7R 4 ReET il % = i
- BRIIL—TFoO5EOF1—=UJICALTORENEHERT

TAGAFXZEAN=73J AV M FEESTE OIS LOMREHE ] FSES; (FAF¥E2022%5F - A ENEZE X
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TRTDEAZIUTF2022F 7B % F ~SARIFIZHEIE MP2 (X £ R TDGEMMZ 8 7E)

| TFEITO ITERO LB

Ala9Gly - FMO-MP2 (MP2 - all DGEMM) / total job time / 10 Chignolin - FMO-MP2 (MP2 - all DGEMM) / total job time / 10
fragments fragments
12 threads - 8 process @ 2 nodes 12 threads - 8 process @ 2 nodes
Ver. / Rev. Date Sec. Min. Acc. Ver. / Rev. Date Sec. Min. Acc.
6-31G* V1 R22 2020/6/3 134.4 2.24 1.00 6-31G* V1R22 2020/6/3 719.6 11.99 1.00
V2 R4 2021/9/16 116.6 1.94 1.15 V2 R4 2021/9/16 647.3 10.79 1.11
V2 R4Z8  2021/12/9 96.4 1.61 1.39 V2 R4ZX  2021/12/9 547.8 9.13 1.31
V2 R42L  2022/7/13 91.9 1.53 1.46 V2 R4 2022/7/13 500.9 8.35 1.44
V2 R4ZX  2022/8/9 76.6 1.28
cc-pVDZ V1R22 2020/6/3 1738.8 28.98 1.00
cc-pVDZ  VIR22  2020/6/3 303.6 5.06 1.00 V2R4  2021/9/16 1491.5  24.86 1.17
V2 R4 2021/9/16 240.4 4.01 1.26 V2 R4ZX  2021/12/9 1230.1 20.50 1.41
V2 R4%L  2021/12/9 187.8 3.13 1.62 V2 R4 2022/7/13 1226.9 20.45 1.42
V2 R4ZX  2022/7/13 189.5 3.16 1.60
V2 R4ZX  2022/8/9 159.2 2.65

SIMDIEEIIL—T R ENDHFARITE R
EEBHOEHBOEL cc-pVDZO A INRE(FFEE
Ala,Gly CIZHFTDER /\wI77) T % 1T (R TER)
BIL10BE (IS5 AVKN) TEHEMNELS

2023/1/21



| TFREITOSITHRE D LLE#2

Trp-Cage - FMO-MP2 (MP2 - all DGEMM) / total job time / 20 Crambin - FMO-MP2 (MP2 - all DGEMM) / total job time / 43
fragments fragments
24 threads - 20 process @ 10 nodes 24 threads - 43 process @ 22 nodes
Ver. / Rev. Date Sec. Min. Acc. Ver. / Rev. Date Sec. Min. Acc.
6-31G* V1R22 2020/6/3 469.6 7.83 1.00 6-31G* V1 R22 2020/6/3 572.6 9.54 1.00
V2 R4 2021/9/16 413.9 6.90 1.13 V2 R4 2021/9/16 509.4 8.49 1.12
V2 R4ZL  2021/12/9 344.2 5.74 1.36 V2 R4ZL  2021/12/9 444.5 7.41 1.29
V2 R42%  2022/7/13 294.2 4.90 1.60 V2 R42X  2022/7/13 457.7 7.63 1.25
cc-pVDZ VI R22 2020/6/3 1059.9 17.67 1.00 cc-pVDZ VI R22 2020/6/3 1507.6 25.13 1.00
V2 R4 2021/9/16 876.1 14.60 1.21 V2 R4 2021/9/16 1232.6 20.54 1.22
V2 R4 2021/12/9 706.7 11.78 1.50 V2 R4 2021/12/9 1005.2 16.75 1.50
V2 R42%  2022/7/13 622.0 10.37 1.70 V2 R4ZL  2022/7/13 973.0 16.22 1.55

* B/X—SCCOTUF—I N E(EE) IIEEL L 2 HSH (T ITIEELY)
* DNA-OSZ L DEEARDKFZR TIEBLIEID REM46EIZHIFESN =L
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200~4005% EDIAV/INIENIGHEED EX/RIZE-OTILNS

HIV-Protease - FMO-MP2 (MP2 - all DGEMM) / total job time / 203 SARS-CoV-2 Mainprotease - FMO-MP2 (MP2 - all DGEMM) / total job

fragments time / 395 fragments
24 threads - 204 process @ 102 nodes 24 threads - 384 process @ 192 nodes

Ver. / Rev. Date Sec. Min. Acc. Ver. / Rev. Date Sec. Min. Acc.

6-31G* V1 R22 2020/6/3 971.0 16.18 1.00 6-31G* V1R22 2020/6/3 996.8 16.61 1.00
V2 R4 2021/9/16 866.0 14.43 1.12 V2 R4 2021/9/16 874.2 14.57 1.14

V2 R4Z  2021/12/9 777.8 12.96 1.25 V2 R4ZL  2021/12/9 793.6 13.23 1.26

V2 R42L  2022/7/13 741.9 12.37 1.31 V2 R42L  2022/7/13 741.6 12.36 1.34

cc-pVDZ V1 R22 2020/6/3 2101.4 35.02 1.00 cc-pVDZ VI R22 2020/6/3 2230.6 37.18 1.00
V2 R4 2021/9/16 1737.2 28.95 1.21 V2 R4 2021/9/16 1882.0 31.37 1.19

V2 R4 2021/12/9 1526.5 25.44 1.38 V2 R4 2021/12/9 1633.3 27.22 1.37

V2 R4ZX  2022/7/13 1564.4 26.07 1.34 V2 R4ZL  2022/7/13 1475.6 24.59 1.51

éﬁkttfcc PVDZEED A MNEBLICIENFONDHZEN S
MEEITEOLTARLTLDAY, ILHEIE (40) REHICH S

2023/1/21
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Ver. 2 Rev. 8D 1) —RIF2022FERE—IFE. EERIELUNDOEEEEBIMNZHD-HIZKIEE.

| EEH. SBROAMAM

| F=prle
DEFFEHDSIMDIE EIL—T 5 F| . Fockd 5!11%;&0335@ £/ ~<—SCCHE
= MP2O37 ClX(ERIEET)1.5~1.71% (BUEER D DAIF1.8(E~2.2%)

= 22FFERNIZ2fEZEERLI-L

| pNitckle
-A[tRIE A DT AEE 5| D HIFR
= 1,157 A2FOMP35TELR] GREHH2.2FOKFF/NVE)

5%
2EFFEHDOHRR7 IILIY X LD EET
= BT AMP GEEHILERE. IL—TOHxEIEIZSHE)
EHDERETEIL—TFoDFENSIT
= VRREHRRDERER (RVPEEIZILSBEEREIROATEEM)
= REBEZEOMNEL(GERILET)
R INDBDIKFITTILTDIKD IS AZ—{LDHIALIE
= EMTSTAVNEZEEIE G3FEEDSHZUNVEDFETHIT
‘GPUTOETHLEAZTAERFTIRED
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Ref.; M. Head-Gordon et al., J. Chem. Phys. 89 (1988) 5777.

| Head—Gordon&Pople DHRR¥&E 73 & ik

TABLE I. Generation of {dd |ss) integrals from [ss|ss] integrals. The func-
tional notation VRR( ) and HRR( ) indicates applying the VRR and the
HRR with the required lower ERI classes listed as arguments. All contract-
ed classes have m = Q.

Target class: (dd |ss)

Applying the horizontal recurrence relation:
(dd |ss) = HRR{( fp|ss), (dpiss)}
( fplss) = HRR{(gs!ss), ( f5lss)}
(dp|ss) = HRR{( f5|ss). (ds!ss)}

Classes to be formed by contraction of primitive integrals:
(gslss), ( fs{ss), (ds|ss)

Applying the vertical recurrence relation:
[g&’lSS] 0y VRR{ [ ﬁiss}(ul)’ [dS‘SS] 0.1 )}
[ﬁlSS] (G1y _ VRR{ [dsiss}lﬁ.ll’ [ p5|ss]m.2>}
[ds|ss]'**" = VRR{{ psiss] ‘">, [ss|ss]"}
[ psiss]*™* = VRR{[ss]ss] "}
[ss]ss]“* (to be formed directly)

- IKFEFHIEX (HRR) D AAEE S X D7E0
(REAENREWGEIEFI5)

- BOO—RFOBBAERTOT S LIETY

s Fa—ZU DRMEEHIRETH

2023/1/21

TABLE 1. Generation of ( pp/ss) ERIs and first derivatives. ERIs with
subscript a, f3, and y are formed with exponent-scaled contraction coeffi-
cients from centers 1, 2, and 3, respectively.

Target classes: ( pplss), (dp|ss),,. (splss),
( pd |ss),, ( psiss), ( pp) ps).

Applying the horizontal recurrence relation:
( pd |ss), = HRR{(dplss),, ( pp'ss),}
(dp|ss), — HRR{( fé|ss),,, (dsss), }
(dp|ss); = HRRA( f5(58) , (ds|ss) )

( pp| ps), = HRR{(ds| ps).., ( ps| ps).}
( pplss) = HRR{(ds!ss), ( ps|ss)}

( ppiss), = HRR{(ds|ss) 4,  pslss); }
(spiss) = HRR{( ps|ss), (ss/ss)}

Classes to be formed by contraction of primitive integrals:
( f5|35).,. ( f5's8),, (ds| ps) ., (ds|ss), (ds|ss),,,
(ds|ss) s, Cps| ps) .. ( ps|ss), ( ps|ss),, (s555)

Applying the vertical recurrence relation:
[ fs[ss])' = VRR{[ds|ss]*""", [ ps|ss]"*"'}
lds) ps]'"" = VRR{ [dsiss}"™", | psiss)'"'}
[dSiSS] iy VRR{[ psbs](u.:'r’ [.‘-'Si.YS]"'"‘E'}
[ pst ps1"™ = VRR{[ psiss}'™"", [ss[ss]*"'}
[ PS|S-Y] 02y __ VRR{ {SSiS'S] :n.}n}
[ss/s5]1"*" (to be formed directly)
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1 water cluster : 900
2 waters cluster : 1110
3 waters cluster : 360
4 waters cluster : 328
MEBRE 5 waters cluster : 126

1. BEBEEDIEWKDFETIL—TILT 5, (TTIZYIIL—TIEh TS
KPFIET IL—FITEMLEELY)

1. 28R TI—TIAEBD2EART IIL—T DK FEEMT 5,

2. 3EAFRTIL—TIZEER, L LLUI2EERT IL—T DK FEEMT S,

3. ,212' SDIEEFEHEITL., HARREASEKRT IL—THERRTENITR T,
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BCM+IBL_5F§1£&ED 9&@

B NOREREINO]
— 25 YIUETE (9, j, k. n) = F(qGi=x1, ), q(i=x2, =++), =++))
— 1, j, k~0(<100) . n=b

o BEDINIRB(BECOHARTE) BHDO® ® ® ° °
— I fXDODIRNIE

do k=istart, iend ® ®
do J=istart, iend
do i=istart, iend [ @
RIADETE \\\
if(BED'dD) then R — §\\\W‘ S
S I E \\\§

endi f i
enddo; enddo; enddo \\\%Fﬁ&q B3 (BCM)

%

WAAAAIAN
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RIEF)

- N2 S157R18 (solver _rhs_cflux)
VifXOBREIRTHELIZ(ILLZVDBEENIEX
- ifgmzég‘:% Z““g— 27_&@% ¥a1%E18 (solver_rhs_vflux)
VEISBRE AR ELELTEE
vVEEDWIBZ DL TRIIL—T QIL—T URNPIER)
Vit DOEREIRTIHEENZIL
NRIB: XTIV R IBEDITH B = YADIUIE
B EEATVVILED = IL—T % DE
fXZHIBRLICDZEIL—T = —MBRBEigs Vb
N—&E[ILU

POV P L
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o FX1000O)8$%
- I 29K E (FX100:256—FX1000:32)
VIL—TRT1HREL)

- A- _UPO_IZZ'lEﬁb L_Jt/tﬂét&b{:@:
Vgl PO DRVIL—TEALE

¥

e SR{b: IL—T1&k+TJ0vx T+ I)IL—TEl:

- L= ROER-IL-T181L

- VI RIRE=I—TDEN(—)L—TRDIE)

- DENL—TRBATHOAE PO EXDEF—~T
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|$omp parallel do collapse(2)
do k=1, N
do j=1,N
do i=1,N
a3d (i, j, k) = b3d(i, j, k) +S*c3d (i, j, k)
enddo; enddo; enddo
|$omp end parallel

3&Z)IL—T D& T IL—F > TEIB
— & /ORI —TEDER
JU—T D& loclDFAB (BLTEIV/\1>)
— LI RHIEILNTTR
JOvE I FES
— AT PIE D8R (L2$DFIA)

J=1:k=1
I$omp parallel do
do 1=T1,N*N*N
a3d(i,j,k) = b3d(,j,k)+S*c3d(i,j.k)
enddo

I$omp end paralle

real (8), dimension(:, :, :) :: a3d, b3d, c3d
call kernel (a3d, b3d, c3d)

contains

subroutine kernel (a, b, ¢)
real (8), dimension(x) :: a, b, ¢
|$omp parallel
I$omp do
do Ib=Ibsrt, Ibend, Ibsize
loc| loop _fission_target(LS)
loc| loop_fission_threshold(40)
locl prefetch_sequential (soft)
do |=lb, IbtIbsize-1
a(l) = b(l) + Sxc(l)
enddo; enddo
I$omp end do
[$omp do
locl loop_fission_target(LS)
loc| loop_fission_threshold(40)
locl prefetch_sequential (soft)

do |=Ibsrt _rest, Ibend rest
a(l) = b(l) + Sxc(l)

enddo

[$omp end do

I$omp end paral lel




25

20

15

Elapsed time [sec)

10

0

—Kfast,parallel,openmp,optmsg=2,ocl,noalias=s,preex,simd=2,autoob jstack,temparraystack

asis

- — - -
loopend-barrier C—1

post N

transfer N

residual I

solver-bc 10
solver-ee-main N
solver-ee-rhs-dq N
solver-ee-ths-vilux C—/3
solver-ee-rths-cflux N
solver-ee-rhs-dq0 N

ALl
ALL [sec]
e Asis: 20.57 1.67%

* Tuned: 2.27(9.11%) 8.65%

asis(ALL)

tune

tune(ALL)
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Thread 0
Thread 1
Thread 2
Thread 3
Thread 4
Thread 5
Thread 6
Thread 7
Thread 8
Thread 9
Thread 10
Thread 11

Process
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Thread 2
Thread 3
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Cycle Accounting execution time(s)

Thread 1 _I
Thread 2 _
Thread 3 _
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Process
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Cycle Accounting execution time(s)

Thread 0 [l
Thread 1 [
Thread 2 [l
Thread 3 [
Thread 4 [l
Thread 5 [l
Thread 6 [l
Thread 7 [l
Thread 8 [l
Thread 9 [l
Thread 10 [

Process
1
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Thread 11 [




elapsed time (%)
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solver-ee-rhs-dq S
solver-ee-rhs-vilux C——
solver-ee-rhs-cflux
solver-ee-rhs-dq0 N
cfil —
ALL —

A E!J):10GB
BE3KR:0.18[ %]

*)l/

7a)

o IRKcfluxDRwa—%I1

o cf luxIF15%I2E I

WE (%]
B8 1.9
At 10. 66
SIMD b4. 81
JU—T DEIEN 7433
1/—R
ATOEAX122wReCcPu

5 CARLL )

cflux vTlux

9.2
65. 28
50. 89
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2.5E+00

1.5E+00

1.0E+00

5.0E-01

0.0E+00 -
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cl|lclc|lcleclcleleclelcec| @48
|l F | F|F|F|IF|F|F|F|F| £ 4
= H

Process

1

O Other instruction commit

@4 instruction commit

B 3 instruction commit

B 2 instruction commit

B 1 instruction commit

W Barrier synchronization wait

OInstruction fetch wait

B Store port busy wait

@ Other wait

B Branch instruction wait

OFloating-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 inteaer L1D

(I

8 |



Statistics Cache L1D,L2 miss rate

(/Load-store instruction)

100% 1.00
90% 0.90
80% 0.80
70% 0.70
0% L2$RwD? 060
50% 0.50
40% 0.40
30% 0.30
20% 0.20
10% 0.10 \
0% 0.00 - e ——
CM L1D mis L2 miss
B@SIMD instruction ratio B Floating-point operation peak ratio lsoftware\pratch rate(L1D,L2 miss)

Effective instructi
HEvEEETE et Ohardware prefetch rate(L1D,L2 miss)

B Memory throughput peak ratio
B demand rate(L1D,L2 miss)




Cycle Accounting execution time(s)
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1.5E-01

1.0E-01

5.0E-02 -
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| - | . L . | . | . | - | . | . | . | . q)
c|lc|lc|lclcleclecelecleclc| @
S| F|F|FIF|F|IF|F|IF|F|E
Process
1

Thread 11

O Other instruction commit

@4 instruction commit

B 3 instruction commit

B 2 instruction commit

B 1 instruction commit

W Barrier synchronization wait

OInstruction fetch wait

B Store port busy wait

@ Other wait

B Branch instruction wait

OFloating-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 inteaer L1D

AAAIAIINIO

8 |



~vflux(tuned)

Statistics Cache L1D,L2 miss rate
_ (/Load-store instruction)
100% BUETESIL ? 1.00
90% L2$4w D ? 0.90
80% 0.80
70% 0.70
60% 0.60
50% 0.50
40% 0.40
30% 0.30
20% 0.20
0% 0.00 -
CMG L1D miss L2 miss
B SIMD instruction ratio B Floating-point operation peak ratio @ software prefetch rate(L1D,L2 miss)

Effective instructi
YEnEeaTE e deton) Ohardware prefetch rate(L1D,L2 miss)

B Memory throughput peak ratio
B demand rate(L1D,L2 miss)
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v 1287701t 2:862. 62 [GB] - 89.6 [GB](L2$=R)=T762.92
[GB]
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] | . _ . *E1):1,024/3379.2 = 0.30
AEJB/F:862.62/112. 76 = 7.66 IO oD &

- L2$ B/F:762.92/112.75 = 6. 7T . |1$.11,000+/3379.2 = 3.26
* REDOTFA: ERILEZE)
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. aS|S(|f§Z(J§7JZ/’7)

do k=1-ov, Ntov N =64 (, 16,32)
do J=1-ov, Ntov ov=2(,4)
do 1=1-ov, Ntov
a3d (i, j, k, :) = qf3d(i, j, k, :)*flag + qgs3d(i, j, k, :)*x(1-flag)
{NIL2

enddo; enddo; enddo

« BE@BEIL-—T2E () +FET0OvFIT()):

do I=l_min, | max
qld(1) = qf1d(I)*flag + gs1d(l)*x(1-flag)
382

enddo

: 643 (, 163,323)




AN R

* tuneAQREIL—TZ18{L—B8&IL— T &) FBROVCTOvFID):
do k=1-ov, Ntov

do ij=ij_min, i j_max |J=642 (, 162,322)
a2d (i j, k, :) = af2d(ij, k, :)*flag + gs2d(ij, k, :)*(1-flag)
{12

enddo

enddo; enddo

* tuneB(FENIL—TDEBROICTOvE T I —TRHDZRB?) !
do k=T1-ov, Ntov
do Jj=1-ov, Ntov
do i=T-ov, Ntov
q3d (i, Jj, k, :) = af3d(i, j, k, :)*flag + qs3d(i, j, k, :)*(1-flag)
enddo
do i=T-ov, Ntov
N382
enddo
enddo; enddo




tuneC:
do k=1-ov, Ntov ~
do j=1-ov, N+ov
do i=1-ov, Ntov
q3d(i, J. k, ) = af3d(i, j, k, :)+
w7 )
NI82
enddo; enddo; enddo Y,
do [=l_min, | _max h
i=List(l,1); j=List(l,2); k=List(|
g3d (i, j, k, 1) = as3d(i, j, k, 1)+
NI82

Fa—=2 TR (i ERR)

>>?EQFUDQ&EE

, 3)

enddo; enddo; enddo p

(asisD;BE=H|

BEDILIE

NI L L L 4
" NN ] BN

03,



o BCMHB/ZJE LV’CFDJ 7= /A IZFX1000

ol 2R{b==E=mL Tz,
- IBAICEBD I TXZHIBRL. 28— T DER
bz =N

- =18+ T 0vF T +HIL =T DEIEE
ILoBIEEDaRILZ=IRLIC.
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cflux

. Floating-_point Memory Memory . . . insf:t.l:llclt)ion . FIOT:tire%i-r?:int
Statistics | S | onors | Sl | s | SCRES | nsacion [ororsion | (a0, o0 | it | |
0) (%) instruction) (%)
Process | Thread [ -
1 0 2.04E+00 5.56 7.91% 2.30 4.89E+09 1.13E+10 54.79% 100.00% 78.44% 1.09 2.40
1 1 2.04E+00 5.56 7.91% 2.26 4.89E+09 1.13E+10 54.81% 100.00% 78.44% 1.09 2.40
1 2| 2.04E+00 5.56 7.90% 2.27 4.89E+09| 1.13E+10 54.81% 100.00% 78.43% 1.09 2.40
1 3] 2.04E+00 5.56 7.91% 2.27 4.89E+09] 1.13E+10 54.82% 100.00% 78.45% 1.09 2.40
1 4 2.04E+00 5.56 7.91% 2.26 4.89E+09 1.13E4+10 54.82% 100.00% 78.43% 1.09 2.40
1 5 2.04E+00 5.56 7.91% 2.26 10.66% 4.89E+09 1.13E+10 54.82% 100.00% 78.44% 1.09 2.40
1 6) 2.04E+00 5.56 7.91% 2.27 4.89E+09 1.13E+10 54.82% 100.00% 78.42% 1.09 2.40
1 7 2.04E+00 5.56 7.91% 2.27 4.89E4+09 1.13E+10 54.82% 100.00% 78.44% 1.09 2.40
1 8] 2.04E+00 5.56 7.91% 2.27 4.89E+09] 1.13E+10 54.82% 100.00% 78.42% 1.09 2.40
1 9 2.04E+00 5.56 7.91% 2.28 4.89E+09 1.13E4+10 54.82% 100.00% 78.43% 1.09 2.40
1 10| 2.04E+00 5.56 7.91% 2.28 4.89E+09 1.13E+10 54.82% 100.00% 78.42% 1.09 2.40
L 11 2.04E+00 5.51 7.84% 2.27 4.85E+09 1.12E+10 54.82% 100.00% 78.43% 1.08 2.38
CMG 1 totall 2.04E+00 66.64 7.90% 27.28 10.66% 5.86E+10 1.36E+11 54.81% 100.00% 78.43% 1.09 28.80
vTlux
9 FIoating-Point Memory STy : Ayereyef insf:Ll:llt)ion : Flo?ati?egfi-lfgmt
statistics | ey | oriors | PSS | vousnpur | IO | e M| rate G0 VERTIOT Thawe | we | ows
(%) (%) instruction) (%)
Process | Thread I e
1 0 4.00E-01 6.43 9.21% 14.09 7.94E+08| 2.57E+09 50.36% 99.55% 79.78% 0.91 1.99
1 1 4.00E-01 6.43 9.20% 13.88 7.85E+08| 2.57E+09 50.94% 99.55% 79.79% 0.90 1.96
1 2 4.00E-01 6.43 9.20% 13.92 7.85E+08| 2.57E+09 50.94% 99.55% 79.79% 0.90 1.96
1 3 4.00E-01 6.43 9.21% 13.87 7.85E+08| 2.57E+09 50.93% 99.55% 79.78% 0.90 1.96
1 4 4.00E-01 6.43 9.20% 13.91 7.85E+08| 2.57E+09 50.94% 99.55% 79.78% 0.90 1.96
1 5 4.00E-01 6.43 9.21% 13.93 65.28% 7.85E+08| 2.57E+09 50.94% 99.55% 79.78% 0.90 1.97
1 6 4.00E-01 6.43 9.20% 13.91 7.85E+08] 2.57E+09 50.95% 99.55% 79.78% 0.90 1.96
1 7 4.00E-01 6.43 9.21% 13.97 7.85E+08] 2.57E+09 50.95% 99.55% 79.78% 0.90 1.96
1 8 4.00E-01 6.43 9.20% 13.93 7.85E+08| 2.57E+09 50.95% 99.55% 79.78% 0.90 1.96
1 9 4.00E-01 6.43 9.20% 13.90 7.85E+08| 2.57E+09 50.95% 99.55% 79.78% 0.90 1.96
1 10 4.00E-01 6.43 9.20% 13.90 7.85E+08| 2.57E+09 50.95% 99.55% 79.78% 0.90 1.96
1] 11 4.00E-01 6.39 9.15% 13.92 7.81E+08| 2.56E+09 50.94% 99.55% 79.76% 0.89 1.95
CMG 1 tota=II 4.00ﬁ| 77.13 9.20% 167.1?' 65.28%| 9.43E+09| 3.08E+10 50.89% 99.55% 79.78% 0.90 23.58
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Memory Performance [GB/s]
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FX100 —eo—
FX1000

FX1000(zfill) —e
82% of 1.2 TB/s(Aurora) ===
88% of 360 GB/s(FX100) = ==~

82% of 1.024 GB/s(FX1000) ==r=r

Loop length

-Kfast, zfill, parallel, openmp, ocl,
prefetch_sequential=soft,
prefetch_stride,optmsg=2, noalias=s,
mfunc=2, preex, autoobjstack,
temparraystack

Aurora

| FX1000(zfill)

FX1000

FX100

10 100 1000 10000 100000 1x10% 1x107 1x10° STREAM TRIAD: a(n)=b(n)+SXc(n)
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. RILF IOV SRTE

© BRIES) EPTDELEFI

e ovip(f):a(1-ovilp:ndimtovip, 1-ovip:ndimtovip, 1-ovip:ndimtovip), -
*  MB:FrwaDZEIHEBRL . AT IEEEZBIE
o IR IToE2, T00/3% (10x10x10 x 27, 0000w ~300x300x300 x 17'0w7)

-TRIADTD (LRTEAL)

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=71,nbmax

call kernel(blk(nb)%a.blk (nb)%b.blk (nb)%c.+) < HBEATITRZEIEL

enddo (OVN\T=2DRBEIE)
subroutine kernel(a,b,c,::*) subroutine kernel(a,b,c, ")
real(8), dimension(*) :: a,b,c real(8), dimension(:,::) :: a,b,c
do n do k; do J; do i;
a(n) = b(n) + scalar*c(n) a(i,j.k) = b(,j,k) + scalar*xc(,j.k)

enddo enddo; enddo; enddo

fppt.com



Memory Performance [GB/s]
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o UIJ AR E (FX100:256—FX1000:32)
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- LT INFTHRELN

* AT PIERAMEREZDL U)DIEHIC(S
- B /OO DRWVWL—TEDNDE

VI8 =T DIRTTDIL—T K (K0(100)) TIENE
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" loop_fission_thresholdd s/@ o

e locl loop fission threshold(N)

- N:5= 7L S50
« NTRH

- N=30~54 (3&i#78Y(IC)

- J'0OwIH512:100~8, 000 (BEEIBYIC)
BYNYAN-7 VA AN

| default(N=50) cfluxi® (N=34) | vflux#i% (N=53)

cflux 2.136(166) 2.019(191)

vilux 0.3889(160) - 0.3885(160)
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> SOOIV —T D ENEEDIRE FUjITSU

O)L—TDEIMEEDIE AT > 3>
O-Kloop_fission
OA)\ASDIL—TDEIMEEZIEN T D,
O-02M55F8=ND,

O 2 DD)L—T 53 EIKEE
OQiEEEDE!
o fission_pointigsT CHIE LIz BINTE TIL— T %5381 Bk
* ZEI—TDHENETEE

O)L—TBEDE!
Oloop_fission_targetiamRiTCIREUIL—TZ 12 )4 SH B#BI(C
DENTE(DENE. DEMIE)ZHIR U CoEl 9 DHEE
o )L —THDT —FRZDI=bD—IFrEiE A Dstore/loadZ= 72 < LDD.
VIRNITTINATSA AL TED LS ICHE
o DEIRIIENIL—TDH
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RIBISEN Bl EEDIRE FUITSU

O fission_pointi&~iT&IBE UIZAIE TIL—TZ D E|

do i = 1,n
do i =1,n tmp(7)=a(i)+b (i)
x=a(i)+b(i) enddo
loc] fission_point do i =1,n

cC))=d@)+tmp(7)
e(i)=FC))+tmp(7)
enddo
X=tmp(n)

c(i)=d(i)+x
e(i)=Ff()+x
enddo

O IERITDA LR

O locl fission_point[(n)]
O RAINMSNEBETDIL—TDNEIZIERIT D. nDEHIFZ1~6. nZART D EHmAIL—TZDEI(n=1)

do k = 1,n
do k = 1,n dodg i i'; n
do j = 1,n '
dO _I — l n o o o 5 o 5
L) .. .. a(1, ,k)=b(1! !k)+C(1! !k)
a(-l !J’k)=b(1!J!k)+C(1!J’k) 23/70’0’0 ! ’
loc] fission_point(2) enddo
d(1!J!k)=e(1lJ!k)+f(1lJlk) do ] =1,n
enddo .
e do 7 = 1,n
enddo d@i,j,k)=e@,j,k)+fG,],k)
enddo
enddo
enddo

121 © 2022 Fujitsu Limited

FUJITSU-PUBLIC



IV—TIRTED BIEE DI E FUjITSU

O loop_fission_targeti&E7rRiT CIBELIIL—TZ 2 )\A SHEFN(CHINSE(DEIE. DIEMIE)Z
I U THE

O ) —TEDFT —FFEZ DIz D—HHEHAD o i1 R
store/loadzMa< LDD. VI KITT ./(())CJ7 _700,;7Ef7'557'0n_ta/"get ° m——
AT SAALTEZLSCHE doi=1,n epage

O HEHRERAIL—T O ]

do 1 = 1,n
enddo
— = enddo enddo
O B RITDAEAK enddo

Olocl loop_fission_target[({cl|Is})]
O DEIHRDIL—T EBBHDEDTILTUXA(Cl 1s)EEET D, ABEEEcl(T> ) 1ILERZER)
OAT 2 3 FIVIMERIT
Olocl loop_fission_threshold(n)
o DEIEDIL—TDRETZZIBET D, AREIZS50, nDEFE(Z1~100T, KS<IT3BB/IL—TD
RT A WKRE L DEIBNDIR<IRB,
Olocl loop_fission_stripmining[({n|level})] «.xvvsamnszmorsosst. Jov+sIo—iE
o —IFFEIRICKDF v v 1 IENDHIREDIZHICHENITRIL— T (Cstripminig* Z@EH T B,
levellC([EF v v S RN DEIRRDF v+ v S 1 ZIBE(1EZ(2).
N C&RAL—T DRERFHDEZEIEE TR (nD&iEH (£2~100,000,000)

FUJITSU-PUBLIC 122 © 2022 Fujitsu Limited
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IL—TIEESBIDIRR : thresholdiBE & BIE  Rjirsy

OJL=TDAR SIS HED 2 DDIL—-TZHE
OIL—THEERENCKDDENRTLEZATDED

L — g DEHRR
TLTY XL [thresholdf 10 20 30| 40]50]60]70]80]90|100
Loopl LS e |paLan|szianliofiof7elalalals
(5847) cL s 18 15 11ls|l 776|554
Loop3 LS sag |pzLan|saiLan|7sla2]31]26]21]20]17] 18
(11617) cL HEIH 91 70 56 |44 |37 3230 26]|23]22
100
H10 w20 m30 m40 m50 m60 m70 m80 mo90 m100
o 80
W
HI 60
R
40
. |II |IIIII
0 Illlllll IIII Illlllllll

LS loop1l LS loop3 CL loop1l CL loop3

threshold& &3 EI%R

FUJITSU-PUBLIC 124

solverConflux.f90

Loop1:

772 I$omp do

773 do Ib=Ibsrt,Ibend,|bsize

774 locl simd,swp

775 locl swp_ireq_rate(200%)
776 llocl swp_freq_rate(200%)
777 locl swp_preq_rate(200%)
778 locl loop_fission_target(LS)
779 locl
loop_fission_threshold(fissionTH_cflux)
780 locl prefetch_sequential(soft)
781 do I=Ib,Ib+Ibsize-1 [EEE25200
782 !

783 #include “cflux_dqg.inc” ! 5817
784 !

785 enddo

786 enddo

Loop3:

801 I$omp do
802 do Ib=Ibsrt,Ibend,|bsize

803 locl simd,swp

804 locl swp_ireq_rate(200%)

805 locl swp_freq_rate(200%)

806 locl swp_preq_rate(200%)

807 locl loop_fission_target(LS)

808 locl

loop_fission_threshold(fissionTH_cflux)

809 locl prefetch_sequenticiioor, =

810 do I=Ib,Ib+Ibsize-1 B e 00
811 !

812 #include “cflux_kernel.inc” !! 11647
813 !

814 enddo

815 enddo

© 2022 Fujitsu Limited



EiTHRELL2ES —DElE

O E1TIERE

o)
FUJITSU

O JAJL b(threshold:50) TECLOA R EFHENR K. &=RIFCLDthreshold:90

DEIEL BEnDE
FILTU X — CL LS
B SIAIL FIAILE
threshold (50) 90 (50) 30
ETRRE (D) 6.20 4.85| 4.73 4.96 4.84
T4H8ELE 1.00 1.28 1.31 1.25 1.28

oLET—ii=E

O )L—TIEEDEDstripminingt4fe TL2E > — D EZE T
OLI1=XMHEIRENL2ES —XKI(LRA UTeh,

—_y—

21T

PADHITE X :
blk_rhsConFlux_tune
BRI DM LRI

Is fed (3B N

O gL —T DEEREDRINC KDY T NI T T INATSA > ORZET EstripminingDFlTENC

S E TenHEOENN

B/ %8B
5!5%

ORART-Yati: il

threshol
d

ZILTUX

N stripmining

Execution
time (s)

TERELE

instruction

Effective

Floating-
point
operation

rate
(%)

L1 busy

JL—E
7y
(SIMDAL,
Al)

L2 busy
rate
(%)

L1D miss| L2 miss

®U

4.73

1.00

9.36E+10

8.78E+10

31.39%

32.68%|1.03E+09] 4.04E+08 200

CL 90

L1

4.96

0.95]

1.07E+11

8.78E+10

29.76%

21.74%|/.22E+08| 4.01E+08 32

FUJITSU-PUBLIC
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Vlasovs5d (75X YA A a—F)
R UOPIC2d(T SRR FI—F)DERERIE

> Vlasov5d: 5RITH MEA#ZE RO >O—F
BERNIL—TEHAE L (ex. 4073*128/2 ~ 24GB)
=> I0CL SWP_POLICY(SMALL)Z3E5E
*FX100TCIX. VIR DT INATSAVE L+ IL—T 70— 5 NG -o1-
= FX1000TCIX. VI T /(T4 DIEB;ERANLYER
10CL SWP_FREG_RATE(NIZKY ., EFENV/NR LA PR ARZFEI HET
EMEREN15%FETEIE = =1L, AT
> PIC2d: FIFH 2R THF A% B HIZEIE=[E] 5 (particle-in-cell)a—K,
PFDUNENSBHIGIKRFADT—E3T7IOECANIUAE L
RILFT—2%) L CGEBGRLBAT) T O ERIZT B, T —TEEF.
BRI —TZHFTERT ZET, ENERE20%%F Z /L
AL —TDHEENZL, AVINLTDYIITRDITINA T A DALY
= FEIIL—THENZLY., EXNERE0%ZEZERK
*IOCL FISSION_POINTD#EAIZEKY, V—RAHRZEINR/NETIL—T 52 E A 5E
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nef=3
nd=3( 2 > /A JLEFEEAD)

GF-based NN predictor kernel| @ ameimsie

wel=wei(1,i,j,k)
we2=wei(2,1i,j,k)

we8=wei(8,1,j,k)

« E T U v FDIEHRZE A —H IV arsi=0.0

grs2=0.0

=l IE {) "l" = grs3=0.0
LI =L e e
Vs do j1=1,nd*2+1
cHIBICEAT A3BIIL—7 (=T &K: &) | @it
i;gq N I N . - rsl=rs(il+i-nd-1,j1+j-nd-1,k1l+k-nd-1,1)
—LB H 7 W l\ — Fﬁ —g_ =] rs2=rs(il+i-nd-1,j1+j-nd-1,k1l+k-nd-1,2)
0) H — /Al ) / C\_ = % 3:= rs3=rs(il+i-nd-1,j1+j-nd-1,kl+k-nd-1,3)

V=7 (=7 R B)HNEENTWVS Cocszcocs(1,31,k1.2)

SN ° \4;% A cocs3=cocs(il,j1,k1,3)
~ 3 b )
/ / 7 j[/ fd\ lE'_ wwl=wel+we2*cocsl+we3*cocs2+wed*cocs3
ww2=we5+web6*cocsl+we7*cocs2+we8*cocs3
E N\ 7 * * . .
j: T "z grsl=grsl+rsl*wwl*coels(il,j1,k1,1)
grsl=grsl+rs2*ww2*coels(il,ji1,k1,2)

grsl=grsl+rs3*ww2*coels(il,j1,k1,3)

) %'TE\IJ 0) k’ j jl/ —_— 70 (/: }I(\—J' L/ T gr‘52=gr'52+r'sl*ww2*coe25(%1,:!1,k1,1)

grs2=grs2+rs2*wwl*coe2s(il, j1,k1,2)

7{)\ Ltj‘ grs2=grs2+rs3*ww2*coe2s(il, j1,k1,3)
OMP C O(;" l a p S e ( 2 ) % ! grs3=grs3+rsl*ww2*coe3s(il, j1,k1,1)
s - 7‘7— - \ (lj— 7"__ grs3=grs3+rs2*ww2*coe3s(il, ji1,k1,2)
1 }[/ 7 I_ELLI C\_ S | I\/l D/ft % 75 - \/ A grs3=grs3+rs3*wwl*coe3s(il,ji1,k1,3)
enddo

enddo
enddo

zs(i,j,k,1)=grs1
zs(i,j,k,2)=grs2
zs(i,j,k,3)=grs3

enddo

enddo

enddo




S+EBa /N T Ol

- BT
« PRIMEHPC FX700 @ 2t ZH52AT

- 7Oty Y& ABAFX
Z'Aty Y1 (48)
%ﬁﬁﬂﬂﬂi*ﬁ'ZZ(EHz

EimEE MR 3.3792 TFLOPS (BH5E)

AEY /N FIE: 1024 GB/s
« I /INA T

 singularity shell
/cloud_opt/singularity/x86_64/fx700xo0s v1.1.0.s
if

 mpifrtpx frtpx (FRT) 4.2.0 20200615

e A 1% i - %

« -Klargepage -Kfast,openmp,ocl,parallel -
Kautoobjstack,temparraystack -Kloop nofission -
Nfjomplib -Koptmsg=2 -V -Nlst=t

« EITHIRIZEZ I
« export OMP_NUM_THREADS=12 (x4 MPI7'0O+ X)
* export PARALLEL=12

1$OMP PARALLEL DO default(none), collapse(2)
k=1+nef-1,nez+1-nef+1l
j=1+nef-1,ney+1l-nef+l

10CL NORECURRENCE

10CL SIMD
i=1+nef-1,nex+1-nef+l
wel=wei(1,1i,j,k)
we2=wei(2,i,j,k)

we8=wei(8,1i,]j,k)

grsl=0.0
grs2=0.0
grs3=0.0
kl=1,nd*2+1
j1=1,nd*2+1
il=1,nd*2+1
rsl=rs(il+i-nd-1,jl1+j-nd-1,kl+k-nd-1,1)
rs2=rs(il+i-nd-1,j1+j-nd-1,k1l+k-nd-1,2)
rs3=rs(il+i-nd-1,j1+j-nd-1,kl+k-nd-1,3)
cocsl=cocs(il,j1,k1,1)
cocs2=cocs(il,j1,k1,2)
cocs3=cocs(il, j1,k1,3)
wwl=wel+we2*cocsl+we3*cocs2+wed*cocs3
ww2=we5+web6*cocsl+we7*cocs2+we8*cocs3
grsl=grsl+rsl*wwl*coels(il,j1,k1,1)
grsl=grsl+rs2*ww2*coels(il, ji1,k1,2)
grsl=grsl+rs3*ww2*coels(il,j1,k1,3)
grs2=grs2+rsl*ww2*coe2s(il1,ji1,k1,1)
grs2=grs2+rs2*wwl*coe2s(il1, ji,k1,2)
grs2=grs2+rs3*ww2*coe2s(il, ji,k1,3)
grs3=grs3+rsl*ww2*coe3s(il,ji1,k1,1)
grs3=grs3+rs2*ww2*coe3s(il, ji,k1,2)
grs3=grs3+rs3*wwl*coe3s(il, j1,k1,3)

zs(i,j,k,1)=grs1
zs(i,j,k,2)=grs2
zs(i,j,k,3)=grs3

I$OMP END PARALLEL DO
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1023
1024
1025
1026
1027

!$OMP PARALLEL DO default(none), collapse(2)
I$0MP& shared(nef,nez,ney,nex,wei,rs,zs,cocs,nnum,

1$0MP& ns1,ns2,coels,coe2s,coe3s),

1$0MP& private(i,j,k,il,is,k1,j1,iit,wwl,ww2,

1$0MP&

grsl,grs2,grs3,itt,rsl,rs2,rs3,cocsl,cocs2,cocs3,

1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044

DWWwWwWwwwwwwwwwnNRN e

TTTDTDTTDT OO
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1$0MP& wel,we2,we3,wed,we5,we6,we7,wes)
do k=1+nef-1,nez+l-nef+1l
do j=l+nef-1,ney+l-nef+l
'0CL NORECURRENCE
'oOCL SIMD
do i=l+nef-1,nex+1-nef+l
wel=wei(1,1i,j,k)
we2=wei(2,1i,j,k)
we3=wei(3,1i,j,k)
wed=wei(4,1i,j,k)
weS=wei(5,1i,7j,k)
web=wei(6,1i,7,k)
we7=wei(7,1i,3,k)
we8=wei(8,1i,7,k)

grs1=0.0
grs2=0.0

<<
<<<
<<
<<

Loop-information Start >3%
[OPTIMIZATION]
FULL UNROLLING
Loop-information End >>>

1047 5 p f do jl=1,nd*2+1

<<< Loop-information Start >>>

<<< [OPTIMIZATION]

<<< SIMD(VL: 8)

<<< Loop-information End >>>
1048 6 p fv do il=1,nd*2+1
1049 6 p fv rsl=rs(il+i-nd-1,3j1+j-nd-1,k1l+k-nd-
1,1)
1050 6 p fv rs2=rs(il+i-nd-1,3j1+j-nd-1,kl+k-nd-
1,2)
1051 6 p fv rs3=rs(il+i-nd-1,3j1+j-nd-1,k1l+k-nd-
1,3)
1052 6 p fv cocsl=cocs(il,j1,k1,1)
1053 6 p fv cocs2=cocs(il,j1,k1,2)
1054 6 p fv cocs3=cocs(il1,j1,k1,3)
1055 6 p fv
wwl=wel+we2*cocsl+we3*cocs2+wed*cocs3
1056 6 p fv
ww2=we5+we6*cocsl+we7*cocs2+we8*cocs3
1057 6 p fv grsl=grsl+rsl*wwl*coels(il,j1,k1,1)
1058 6 p fv grsl=grsl+rs2*ww2*coels(il1,j1,k1,2)
1059 6 p fv grsl=grsl+rs3*ww2*coels(il,j1,k1,3)
1060 6 p fv grs2=grs2+rsl*ww2*coe2s(il1,j1,k1,1)
1061 6 p fv grs2=grs2+rs2*wwl*coe2s(il1,ji1,k1,2)
1062 6 p fv grs2=grs2+rs3*ww2*coe2s(i1,ji1,k1,3)
1063 6 p fv grs3=grs3+rsl*ww2*coe3s(il1,j1,k1,1)
1064 6 p fv grs3=grs3+rs2*ww2*coe3s(il1,j1,k1,2)
1065 6 p fv grs3=grs3+rs3*wwl*coe3s(il1,j1,k1,3)
1066 6 p fv enddo
1067 5 p f enddo
1068 4 p enddo
1069 3 p zs(i,j,k,1)=grs1
1070 3 p zs(i,j,k,2)=grs2
1071 3 p zs(i,j,k,3)=grs3
1072 3 p enddo
1073 2 p enddo
1074 1 p enddo
1075 1$0OMP END PARALLEL DO

1076 end

1$OMP PARALLEL DO default(none), collapse(2)
do k=1+nef-1,nez+1l-nef+1
do j=l+nef-1,ney+l-nef+1
10CL NORECURRENCE
10CL SIMD
do i=1+nef-1,nex+1l-nef+l
wel=wei(1,1i,]j,k)
we2=wei(2,1i,7j,k)

we8=wei(8,1,7j,k)

grsl=0.0

grs2=0.0

grs3=0.0

do k1=1,nd*2+1

do jl=1,nd*2+1

do il=1,nd*2+1
rsl=rs(il+i-nd-1,j1+j-nd-1,kl+k-nd-1,1)
rs2=rs(il+i-nd-1,j1+j-nd-1,kl+k-nd-1,2)
rs3=rs(il+i-nd-1,3j1+j-nd-1,kl+k-nd-1,3)
cocsl=cocs(il,j1,k1,1)
cocs2=cocs(il,j1,k1,2)
cocs3=cocs(il,j1,k1,3)
wwl=wel+we2*cocsl+we3*cocs2+wed*cocs3
ww2=we5+we6*cocsl+we7*cocs2+we8*cocs3
grsl=grsl+rsl*wwl*coels(il,j1,k1,1)
grsl=grsl+rs2*ww2*coels(il,j1,k1,2)
grsl=grsl+rs3*ww2*coels(il,j1,k1,3)
grs2=grs2+rsl*ww2*coe2s(i1,j1,k1,1)
grs2=grs2+rs2*wwl*coe2s(i1, j1,k1,2)
grs2=grs2+rs3*ww2*coe2s(i1, j1,k1,3)
grs3=grs3+rsl*ww2*coe3s(il1,ji1,k1,1)
grs3=grs3+rs2*ww2*coe3s(il, ji1,k1,2)
grs3=grs3+rs3*wwl*coe3s(il, ji1,k1,3)

enddo

enddo

enddo

zs(i,j,k,1)=grsl
zs(i,j,k,2)=grs2
zs(i,j,k,3)=grs3

enddo

enddo

enddo

1$OMP END PARALLEL DO




Arm C Language Extensions (ACLE) T

e Intrinsic (ACLE) T®

RCIRIC & V) FE)TSIMDIE

#pragma omp parallel for collapse(3)
for (k = 1+nef-1 - 1; k < nez+l-nef+l; ++k) {

for (j = l+nef-1 - 1; j < ney+l-nef+l; ++j) {

for (i = 1+nef-1 - 1; i < nex+l-nef+l; i += 32) {
predl = svwhilelt_b32_s32(i, nex+l-nef+l);
pred2 = svwhilelt_b32_s32(i+16, nex+l-nef+l);
wel vl = svldl_f32(predl, wei + (nex+1l)*(ney+1)*(nez+1)*@ + (nex+1l)*(ney+1l)*k + (nex+1l)*j + 1i);
we2_vl = svldl_f32(predl, wei + (nex+1l)*(ney+1l)*(nez+1)*1 + (nex+1)*(ney+1)*k + (nex+1)*j + i);
we8_vl = svldl_f32(predl, wei + (nex+1l)*(ney+1l)*(nez+1)*7 + (nex+1)*(ney+1)*k + (nex+1)*j + i);
wel_v2 = svldl_f32(pred2, wei + (nex+1l)*(ney+1)*(nez+1)*@ + (nex+1l)*(ney+1)*k + (nex+1)*j + i+16);
we2_v2 = svldl_f32(pred2, wei + (nex+1l)*(ney+1l)*(nez+1)*1 + (nex+1l)*(ney+1)*k + (nex+1)*j + i+16);
we8_v2 = svldl_f32(pred2, wei + (nex+1l)*(ney+1l)*(nez+1)*7 + (nex+1l)*(ney+1)*k + (nex+1)*j + i+16);

_ Elapsed time (s) TFLOPS Peak to FP64

i1)L—7%SIMD{t  0.3452
(AvA4ZI2&3
EEunizg)
iV—7%SIMD{t  0.0598
(ACLE)

0.07 x4 = 0.28 8.3%

0.42 x4 = 1.68 49.7%

. BRI — 7B DI — T DSIMDIL THI5.8f5 D =L

-

=

M

=
~

1$OMP PARALLEL DO default(none), collapse(2)
do k=1+nef-1,nez+1l-nef+1
do j=l+nef-1,ney+l-nef+l
10CL NORECURRENCE
10CL SIMD
do i=1+nef-1,nex+1l-nef+1
wel=wei(1,1i,]j,k)
we2=wei(2,1i,7j,k)

we8=wei(8,1i,j,k)

grsl=0.0

grs2=0.0

grs3=0.0

do k1=1,nd*2+1

do jl=1,nd*2+1

do il1=1,nd*2+1
rsl=rs(il+i-nd-1,j1+j-nd-1,k1+k-nd-1,1)
rs2=rs(il+i-nd-1,3j1+j-nd-1,kl+k-nd-1,2)
rs3=rs(il+i-nd-1,j1+j-nd-1,kl+k-nd-1,3)
cocsl=cocs(il,j1,k1,1)
cocs2=cocs(il,j1,k1,2)
cocs3=cocs(il,j1,k1,3)
wwl=wel+we2*cocsl+we3*cocs2+wed*cocs3
ww2=we5+we6*cocsl+we7*cocs2+we8*cocs3
grsl=grsl+rsl*wwl*coels(il1,j1,k1,1)
grsl=grsl+rs2*ww2*coels(i1,j1,k1,2)
grsl=grsl+rs3*ww2*coels(il,ji1,k1,3)
grs2=grs2+rsl*ww2*coe2s(il1, ji,k1,1)
grs2=grs2+rs2*wwl*coe2s(il, ji,k1,2)
grs2=grs2+rs3*ww2*coe2s(il, ji,k1,3)
grs3=grs3+rsl*ww2*coe3s(il,j1,k1,1)
grs3=grs3+rs2*ww2*coe3s(il,ji1,k1,2)
grs3=grs3+rs3*wwl*coe3s(il,j1,k1,3)

enddo

enddo

enddo

zs(i,j,k,1)=grsl
zs(i,j,k,2)=grs2
zs(i,j,k,3)=grs3

enddo

enddo

enddo

1$OMP END PARALLEL DO
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X )EE D S DIMIL—T DSIMDIE(IEDED)  Fujitsy

O GF-based NN predictor

O H—AJUIFIMEIDdo k, do j, do i DIL—T &, PMEldddo k1, do j1, do il WS5RB6E/IL—T
OAMAI k, j IL—T(ZH LT OMP collapse(2)ZMF. i)L—TAmBICSIMDiLZE L1z,

oBTEI>/)\1ATOsEE{ELRK—
OBMRIL—T 11 TSIMDIL U= L— T E7D = ReN 9

O ACLE(intrinsic)Maeit (C K D FENTSIMDIE(idDloop)
— As is X L C #5.8fEFDERb

O IntelJ> )\ > Tk
OJHVVMENDI(C | DIR$ SIMDT®)L—F'T TSIMD1L

OELiEI>/\A ST TDIL—I TSIMDIEUTZL),
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19 '$OMP PARALLEL DO default(none),collapse(2)
20 '$OMP& shared(nef,nez,ney,nex,nd,wei,rs,zs,cocs,
21 I$OMP& coels,coe2s,coe3s),

22 1$0OMP& private(i,j,k,i1,j1,k1,wwl,ww2,

23 I$OMP&
grsl,grs2,grs3,rsl,rs2,rs3,cocsl,cocs2,cocs3,

24 1$OMP& wel,we2,we3,we4,we5,web,we7,we8)
25 do k=1+nef-1,nez+1-nef+1

26 do j=1+nef-1,ney+1-nef+1

27 '"OCL NORECURRENCE

28 !10CL SIMD

29 do i=1+nef-1,nex+1-nef+1
30 wel=wei(l,i,j k)

oo (B -

38¢c

39 grs1=0.0

40 grs2=0.0

41 grs3=0.0

42 1'10CL NOSIMD

43 110CL UNROLL('full")
44 do ki1=1,nd*2+1
45 110CL NOSIMD

46 !'0CL UNROLL('full")
47 dojl=1,nd*2+1
48 110CL SIMD

49 110CL UNROLL('full")
50 doil=1,nd*2+1
51 rsi=rs(il+i-nd-1,j1+j-nd-1,k1+k-nd-1,1)

Copyright 2022 FUJITSU LIMITED



SE)—T DIMIIIL—TTDSIMDIEICDWNT  Fujirsy

O[RRE] ZEIL—TDHMEITSIMDIEL =LY

[ REZHE/MEL 1=

doi=1,n
we1=wei(1,i)
we2=wei(2,i)
s=0.0
do k1=1,nd*2+1
do j1=1,nd*2+1
do i1=1,nd*2+1 7 e \
rs1=rs(i1+i-nd-1,j1-nd-1,k1-nd-1) | BT PEECIIL TS,
s=s+rs1*we1+we2*cocs(i1,j1,k1)
end do
end do
end do
zs(i)=s
end do

[[BEERE] ELEOSIMDILEEREITRANDIL—TERRELTULNS=HSIMDTEE A,

OpenMP SIMD%, B4R T9 , SIMDIE DT AIE T, LEEDKI1,i1DIL—TE—FLDOIIL—TXH
B TSIMDIE DRI R ELTLNET,
LMLEAS ., RRICERZXRELTLNAE=HSIMDIE TETULVER A,

SMENL—T DSIMDIEIZ DN TIE IO KEWFTIREAFREL D=0, SDECAHEDETHE (L
HYEEA.
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Short vector®f4lL FUjITSU

O)L—TEHMEWVNGEDTNE U T TFHAEZISNET
O!OCL CLONE (n==TF%{) =&
O )L—TOEEREICHR D DEEEEHDIMRNVES(C. BRADIL—TZERLUET,

if (n==4) then
doi=1,4
!OC;L CLONE(n==4) end do
do('-jl’n —> |else AEDBRET
a(i) = - i (=] N
end do doa'(i)l':”,__ OCL CLONE &OpenMPO#EBD
end do REERHELUELE,

endif

O10CL ITERATIONS(max=m, min=m, avg=a)D;&H

O)L—JElErEdDmax/min/avgZIiEE LE I, )
JL—Z Dunrolling¥@software pipeliningDERESZFAELET,

O10CL SIMD_NOREDUNDUNT_VL®/&H

OB ZFEEREN O TH D, SIMDEN 8 DEF(C 1 EEENHRDET,
ZDESIDSIMDILEHS EBL R DET .

O ZDIZEIC, RDIL—TDSIMDILZHNIELFE T,
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TERECNEDFER

O J)L—TJ DolEnE 7z Bl (CTEEN (CEH#A
T @ EFfE HREE 55
HARA) OFILIERE 1.288s - 5[E181E
Y—ATLEHnd% 4 TEHR 0.941s 1.368f%
L EE+REI3E )L— F Zfull-unroll 4.953s 0.261% SIMDTZETEINLYSAETRRE)
L EE+RNEI2E )L— T #full-unroll 4.275s 0.31% SIMD[i—G%t%’)EL\( LIRZR
0 OpenMP EDIBHEDE TOCL CLONEANER CE7A1 2T,
RIREIE S A e
AT #2@BFfE TEREE
Y —ATH#EATclone 0.938s 1.3721%
) — X TSIMD#iE 2 [+ Tclone 0.971s 1.3251%
O ZDMDOCLDE A
AT %8 BF TEREE
ocl iterations(avg=9) 1.287s 0.9991%
ocl iterations(max=9) 1.211s 1.064% DLLHRHY
ocl simd_noredunduntant_vl 2.651s 0.491% £t

O §&m

OOAZI\ASATZ 3 2 POCLTONEIFHRATL.IMEEREDRIAH(C

_EJEJQED\

o)
FUJITSU

FeHE DVERL S MJZACLE(intrinsic) lRDENRDFISE.8F(C(FAZT K RUFEBATUT,
O00OpenMP & 10CL CLONEDEREZ s L E U,
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RIKEN R‘CCS



SE(CEFTOChainerOSiEk{t



SE(CEIFTOChainerDE%{t

o Bx
o 2014FNBITIINILTERLFS2020E EMFE IO IIRT
WO TERIARDI—Fyh7IVCHNZ, 2018EDEHALK
HEMC S=0RACPUREEEIUEARIBALGT
SOSHZERLC, (MEORI-yNCCO) BTG
(A=, Fa—Z20MTINDONI.
o TensorFlow(dbazellCL21BENMNET, [FRITOE
AFRERBHIN, Chainer(3Hkizd 354 U
{, Python®setup.pyZz{E>TLLERINBTSHICEATEL.
o [R1/FX100TOMNISTREIEDREE(L
o E(cChainerZ AWTIHEREF 1—=>)%4TL), CPUTOAI
STETOR TR EORER VUL,
« BAOER(E51J5Y (DNNL) #HEEALEIOCPU
Tld, numpyDER{EHIBEETHD, SSL2LUES1I S

om
RIKEN R'ccs

elapsed(s]
12,000.0

Performance tuning of Chainer
on the K computer

10,000.0 +

8,000.0 -+

6,000.0 -

4,000.0 -+

2,000.0 -

0.0

other
E Adam
5 GEMM

\ 413
399.0 L

40.
78.6

origina

' ' 1949
| underflow GEMM Adam all

1319

FlatMPI

UDEREMBHETHOL. TRULEOPenBLASTENMET 3 (B E).
o OptimizerfAIBM 1 /sqrtitEICT, SWPLHYEH I IZENINSIRT Y5 —I0—DOX G E THO
fz. NSOnumpyLiBzFEHTFortranlcHEh A TEIER(EUIZ(FRE).
e Python(c &FZNNIUE) —F AFEDALY RIENFIZMPICL ST OTADEIZITVSE(L TEL.
UNDUB B DCDFEIXATNEREMEX DO FEETITRV(ERE).
o [RIT36.4%, E—JLT35.9%(CETER{LEN, EECTHLAIGTEZ T TEIRIAHNIIOE.




SE(CEIFTOChainerDE%{t

o EE CDResnet-501%#E
o BEY BIRAQ BN /IRIFE(CTDeep Le
BRZHREN, ER{EOEIEEEPIEtt ZHHEUIC.

e FX100TI(Z numg}%/z

fEEDE R R AE

TVoltalclEsd 3 EaE

ATEDTCLVB.

om
RIKEN R'ccs

Learning®JL—AD—Jkgezs ML, [£8EPHE
GEMMALIETOpenBLASEXE1 > M—haNd, &FZEY(C1000

Eil.i‘.;écg_Resmet-SO'EﬁE'C‘GGips’&EﬁEb, E—2J148ELE
o 7E, BEHEMHEIRLEDNNEE(LS1{7'5Y(MKL DNN/oneDNN)EIEFAA
IPyTorch/TensorFlowlcC, 110ipsz&ELTHD, EEMNIFX1000TEZ S

Performance of Chainer ASIS TUNED

system name unit model elapsed elapsed peak ratio speedup rate

K computer CPU MNIST 10,300.0 [s] 283.4 [s] 35.9% 36.4 x

FX100 CPU MNIST 49,200.0 [s] 47.8 [s] 13.5%

ThunderX2 CORE MNIST 5,340.0[s] | 1,100.0 [s] 35.7% 4.8 x
performance | performance peak ratio speedup rate

ThunderX2 CORE Resnet-50 0.75 [ips] 54.4%

ThunderX2 CPU Resnet-50 11.95 [ips] 31.0%

Fugaku CPU Resnet-50 16.30 [ips]{_ 55.20 [ips] 22.6% 3.4 X

Appolo70+Volta GPU x2 Resnet-50 471.90 [ips] 39.2%

* estimation: 44.7-63.6 [ips]
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