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) ABINIT-MP * Bl

FMOZ7 045 LABINIT-MPDT R | Type |
RITHRIZDLT

OZL B+#E12 (ABINIT-MPERYHESH 1)
P, IREF AR, EEEES, T BEERE!
Fr 4l 2 ;%

13 EUK., 2: B RAED. 3: EALEF#4:FOCUS

||
Ll
(|

e 0 2 | STRT R W W s - 7, S
- - /

+ESSH-AGAEXT TUWG

i}

&41%%: JHPCN jh210036-NAH&jh22000105R%E /
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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.

| 757 AU M5 T (FMO) &

OCEXRTFR

EFRE D FPRERTE R
= FUNJE . DNA (KFIKEE
BF~BHERF. BT~ BHE

ORERIRERDT T

= HEHE

| '}"0) - [HIVZOoF7—¥eOoE+EI]

L HEOA23ERRAN2AEHTIERE
= TITAVMEFDRTROIRILEF—ZEEH (FMO2)

= PRI

NTv)L (ESP) ., ER#EE UIET (BDA)

L (T2T AR AR ERALTE)

1 51| AL EE

> ET=MZzEO5EFHEDEALEE
259 AU MEI OB ERA TR~ ILEX— (IFIE)

= HEXNZOBHTY—IL m Q
= S£YHELRIEIZEL O<>®%O O @

= MHRICOEREEE
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| FMOETRDf=hDTOT5 L

OGAMESS-US [k EGordon% JL—7]; Fedorov. Gordon. dt;E5

GAUSSIANIZILG® B A5 )=V T, tHFRR

& (Fortran)

= FRAGHEEZFMOIL. 245 5tE . GDDI:

7 ﬁlj

OABINIT-MP; 2R, F55

= FHEEE [+ 4 . B AZ%PI-CREST-PI%: & TRA% (Fortran)
= JOL R, MPI., OpenMP/MPLER 5. Z/$01> & 1F4A 4

OPAICS: AN 2EBOLIINECEH ERREEFIA

FMO'M PZ(RI) (:fﬁ’“f. (C) Target system
= MPI: 3]

Parallelized by fragment <:> FragmenF momer
(or dimer)

<OO0penFMO; FiE. BEEL ﬁ% %%
FMO-HF (C) 6000 6000 6000 €600

= E M1l §|J *E’ rl:T_l Parallelized by integral

indices
2022/9/13
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Ref.; “The ABINIT-MP program”, Y. Mochizuki et al. in “Recent Advances of the Fragment Molecular Method” (Springer, 2021).

| ABINIT-MPDEZLHEE (A—T ) —XELTESRE

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

— FMO4: HF, MP2 - B
— FMO2: HF~CCSD(T), LRD —

ABINIT-MP Open>U—X (Ver.2 Rev.4)

— FMO2: CIS/CISD)
. I*)L#—{ﬁl‘ﬁﬁj\ |_-:.:ﬂ;-f:;*_;:'.:

IS4 A MY TEE (FMO) ?T;%S“j /j— NIT-MP [1,2]d0pen ) — X[,
23215.’%-‘:\/6[ 2%[%""}b_ = $_’ . LﬂE*L TJ BRI l]

— FMO4: HF, MP2 it
. SH- E s
— FMO2: MPZ;% I:' MD Open Ver. 1 (GRRAMREIDPITE(H)
. 4, ‘Rev. 5 (2016451278
T O ftutRe ‘Rev. 10 (201842 1)
— SCIFIE, PB, sp2-BDA, a(w)  -Rev. 15 (2019%3A)

. , ‘Rev. 22 (202046 8); L@ L 477
— BFEEAXER, CAFI, FILM

m o« Open Ver. 2 (IE&I1DBEKIZFEIT)
- W H[{LIRIR (PC~ X /NTOY) "Rev. 4 (2021497) ’
N MPI OpenMP/MPI;*EJ_in ‘Rev. 8 (2023F3R%FF)
— Hy 55'?; J&B ( j: BLAS m IEi (72: Ver. 25 TI3, BioStation Viewer

= ADT—RIFAILDEBLEFELLT)
2022/9/13



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

| EX0OHFEHE

F'C'=8'Cs" F'=H'+G" & HFO—RILEFEME (EREFTH)
Ho=Hu "4V, +Zk:Bk (oG vy Vi=Xls+vi) o 1EFE 7 DIEEH

K=#x

5= 2{HlZaflr =AY V.= YPilw]40) o BEHERTLL 0L (ESP)
P, =2).C..C,, wa=ZPAE[(WW)—%(WW) & 2EFE4S O(NY)

- o (i 5| 3E)
EERED=HDEOIHIDI kK

VuLv = Z(PLSL)JJ (,UV, ﬂ‘ﬂ‘) for Rmin(X’ L) 2 Laoc = ESP-AOCﬁﬂJ (%%*ﬁrﬁ% L/)

Ve =X (u|@QufIr-Ay) forRy,(X.U)2L,  Q.=> (P'SY), & ESP-PTCHEL GELY)

AclL AeA

E'y 2B +E +Tr(P'w’ )+ Tr(P2u' )+ Y. PP (uv|d6) & Dimer-ESififll (HFEHE %)

uvel loed

BADIRKRIZKY. FMO2DEEIAR MDY AT LY A XIRFHET2FELYIEL
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FMO-HFEtE D

BFETTTAVMIHEL, BEFEEYLTE

v

E/X—DOPEFEEZFETD

v

BEZon-EFEEZRAVWT, ABEDE/Y—ICXDIRIER

A

BERTUIVILTTOD. B/I—DIRIIVK—LEFEES
ATETS

Exon-BRHES
Boh-BEFEEOEN
BAE LY B /S

Yes
v

INEL-E/Y—DEFZEE(Self-Consistent Charge; SCC)
AWT, ABEDE/I—IC&KBREFHERTUVILTT
D.FAX—DIRINF—LEFEREZHETD

v

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

| 2EFEHOERICOLNTH

- /7R DVertical Recurrence Relation (VRR)AIR—X TR
 STRL—ATFI0O—REZEBER (HHH) ]’

TABLE I Recurrence expressions® for the electron repulsion integrals over

sand p C ian Gaussian functions. SCHEME 1. -
(First step)
(35,559 = (§ + )~ K(£,, £, ABIK (£, .£4,CD) Fo(T) DO ICS = 1,n.s loops for the contracted shells
DO JCS = 1,ICS
(pis, 55)0 = (P, — 4)) (55,50 + (W, = P) (55, 59)" DO IPS = 1,mycs  loops for the primitive shells
(85, 25)® = (@ — C ) (pi5, 55)” + (W, — Q) (p,s, s5) DO JPS = Lmyes :
The calculation of the parameters P, £, and K({,§ \R,R")
+ __‘55_ (ss, s$)' for each pair of primitive shells
26 +m CONTINUE
(21255 = (B, = B) (5, 5)° + (W, = B)( pis, s5)" (Second Stepy
by DO IPPS = |,Ngp;, aloop for the first pair of primitive shells
o {(s5, 59 — £ (s5,59)"} DO JPPS = 1, IPPS  a loop for the second pair of primitive shells
© © " The evaluation of ERI's
(2 PPesY? = (@ — C*l{.v.-ppﬂl + (Wi — Q) (p, Py 88)' CONTINUE
+3¢ g {5.& (5B, 55" + 8 ( i3, )™} T T T
- _ 0} _ m s . =
(PrP_thP:) (@ DrHPiPpPkS} + (W, — @) (pi pjs Pi5) . Gaussﬂ@é&@ﬁ@%ﬂ%@%l}ﬁé*”%
l —_—Gria N O =
YT {8 Csppo i)™ + 83 Cpis, P} - WA X REHE IILDFDIL—T T

+ ﬁ—:; {(p; pr 59)° — % (PP, 55)™}
(i,jkI=2xp2) Ijka(r) NX y Z exp( ar )

* For the definition of the variables, see the text.
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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

ERRICDULNTH#2

- IEERM T OMAEDLEIZIECTEBMDIIL—F I
BIL—TIEELY
- HrtERICHEAEHLERE (_gradhif1<)

- BLVIEAESEDIL—FOD

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.

=Bk vi

153 =]

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



1st 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.

| HBIRILE—RBEOMP2OTILT) X L27E

MP21EB T RIILF—HHIE
-y (ia] jb)[2(ia| jb) - (ib] ja)]

Loop over i-batch [parallelizable when needed]
Loop over o [to be parallelized for worker processes]

EMPZ
Loop over A ijab ETE —& — &
Generate (uv,A[ a]) list [canonical relation for pv]
Do 1/4 transformation of x—i [screening & DAXPY] RFEOZEHL: ANSOX M

Do 2/4 transformation of +—a [DDOT]
Do 3/4 transformation of A—j [screening & DAXPY] |, | 1y _
End of loop over A (ia] jb) = ;CO’O ;C‘i ZV:CV"‘ Zy:C”‘ (uv]io)
Do 4/4 transformation for o—b [screening & DAXPY]
End of loop over o [“all-reduce” must be done for (ialjb)]
Calculate partial MP2 energy

End of loop over i-batch [5E—hx]
» : : ; - DAXPY&DDOTZ &Y,
Loop over ij-batch ! size depending on available memory B8 i 21| W &1 4k
Loop over ¢! to be parallelized T s
Loopover s - EMREERE T 578
=k ES Y y > 7':
Preparing (uAo) ! for canonical wv-pair ISFEADF VT TIEFR)
Forming (i1jA0) ! DGEMM, fixed Ao, running over u
Forming (ia]Aio) ! DGEMM, fixed Ao, running over v [55 k)
Forming (ialjo) ! DGEMM, fixed o, direct-product for fixed A - DGEMM®D = Tk 8elZBA%F
End of loop over | _ - 2B% B £45% B #DGEMML I
Forming (ialjb) ! DGEMM, direct-product for fixed o MFETA )Lk
End of loop over o ! all-reduce operation as barrier = S n
Calculate partial MP2 energy with respect to ij-batch ﬁﬁ@xﬁ‘j /:é [{:4&&{’
End of loop over ij-batch DGEMMA ez 1K L

2022/9/113 10



TRDAAIUYJ (L \Ver. 1 Rev. 22% F 572202059 A HEFDRIEFER.

| FMO-MP2/6-31G*>aTd DRy —Y>yJ

2022/9/113

Elapsed time [sec.]

6LU7 - FMO2-MP2/6-31G* - Elapsed time Ver. 1 Rev. 22%@%
—o—Xeon(Gold6248)x2  —e—Oakforest-PACS(compact,cache) Fugaku
100000
°
10000
Xeon; 40 cores
OFP; up to 4608 cores
Fugaku; up to 18432 cores
1000
September 2020
100
10 100 1000 10000 100000

# hardware threads

- PDB ID: 6LU7 = SARS-CoV-2 Mpro + N3 ligand ® %
- MP2OFEH E#d 2 TDGEMMTEST
- Dimer-ESOCMMELLIE (>5M1)—2 3> TER)

['E & |[£0akforest-PACS kU +2.84ZF E &L

11



B DE—iE:Ver. 2 Rev. 4
(jh210036-NAH)

12



ABINIT-MP®BAF 1k 35 1£J. Comp. Chem. Jpn.IZ$R45 5. / 16 (2017) 119 & 17 (2018) 147 & 18 (2019) 129 & 19 (2020) 142 & 20 (2021) 132.

| Ver. 1ZHh 5 Ver. 2R~BITDOEES &

OVer. 1M ex#&1)1)—XkRIZRev. 22 (2020%F6A8)
fRAZ DY HR—F (EX10LD DH)
MFMOIZ k518 EFEIB DA TOHFEEETE A A EE
INEENT-PIEDAETE (Rev. 20 —» Rev. 220 ¥EH: E&E 1010 FPITHE)

OVer. 1hVer. 2~MD#4T (jh210036-NAHT D EE))
[EE DR ZEEH
METHISHEEERBRITOER © Ver. 1 Rev. 2 THiED =& L
KFENAVINDBEET LD/ © B ITTT A bAD N (FEFTEX5FFE)
WS HET e/ T — 2R T AN E RIS
BioStation ViewerD =6 D77/ JILEHLZEZE (NAEEHI D REFAEEE)
O 774D ENEFF T aiEE TKRIEIZHIR AT RE

OBEHFD))—RXRR - Ver. 2 Rev. 4 (202149R8)
AGAFXTHEEIL © FMO-MP2L37 T1.3~1.5{ZMhNiE
BRKBEERADOXE © 1.1FI7TT9AMDKMNEINOBETILAETET
MWEEDR-ODOT—4245  THEe
D IBEDEE
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BIERE LD SSHE - HET I —T (ELEBKASHAVE 1 —TAO VS ERIEERZFELD).

| AGAFXTOIRFHT (Ver. 1 Rev. 22)

-Ala,GlyDFMO-MP2/6-31G*DT R +37
-12XLyk87a+ER (2/—K%E1T:FX1000)

» JAVSLEEOIRN T

2022/9/113

EARTOD74512&570R0E. ALYROEDIX N

2B FIETUENERDONFEL,ZHHS
-1=L.81F DB DEFNITHH=H.
1FEH-YDAXNI1%FTREIEE /IS0

BEICEELI-ORNMIBUFEE L /NS
MHREREBIZMA TV —ADIELUTEx &R ET S

== = /\ %:;ﬂﬁ 2BFRS
« 2BFES o 25 LS ’ 53%
= Direct SCF o
« URNMERL

2EFI55 : 81D YT )L —F>(sub_*)DIA METI

Direct SCF : Y27')l—F>direct_scf_gmat®IA b
DAMER : 3T DY T I —F>(get_tei_rs_fix,
get_tei_pq_fix, get_ixijcs_to_proc_pqfix)DIR MAFI
BERSE : FBE(CBHEL - (putofu_*, opal_*, mca_*)
DA MEF

SATLARE : S SUPOSKREICEEL JANIBDIA MATN
TOfth : LSOOI DR -

14%

14



BEOIL—FBITNEOHIEXTILTYXLIZE DT R —RIZE->TEIBE KIS TS,

| ABAFXM T D EZEIE

W2EFERDER
- {SSSS, PSSS, SPSS, SSPS, SSSP, PPSS, PSPS, PSSP, SPPS, SPSP, SSPP, DSSS,
SDSS, SSDS, SSSD}MDi&45r 24 7% (F&1T)SIMD1E
- OCL$E Rz MDE M
- a2 INASA T3> :-03 -Knosimd -Kocl
- WEDE(T20~30%FEE (EOHDRTTAL: jh210036-NAHZRE T i)
- T F)1)—ADVer. 2 Rev. 412 (TGUIR D AELH 1 DEIBRE : KFIFIE L %)

do p=ixil, ixi2

B Fock{THI DHEE do a=injl ix2
- 5?13\#'?.”'_5"‘&%(1/2)” (n=1,2,3)'—C‘:}§Hﬂ& do.s—%x’ll, ix12
- iR (F30%FEE  (Ver. 2 Rev. 4TIER) ol 2 sint (i)

if ((abs(val) <= tv)) cycle
fock (q, p) =fock (g, p) +dc (s, r) *val*2.d0! /—RA2IR

‘ — = fock (s, r)=fock (s, r)+dc (q, p) *val*2. dO
. % 0) 1m0) E& E (L /*ﬁ l:l-J- I:I:I ) fock (r, p) =fock (r, p) idc (2, 2) :valzo. 5d0! AZHRIE
” Ettij U > I\Hj jj J 0) *[l] ﬂ.'ﬂ]j‘j /3 / fock (s, p) =fock (s, p) =dc (r, q) *val*0. 5d0
fock (r, q)=fock (r, q) —dc (s, p) *val*0. 5d0
(|09774)L75\1:F75 ' f&é;t% ) fock (s, @) =fock (s, q) =dc (r, p) *val*0. 5d0
end do
:E/7 SCC&@@%*@I%O)E&E end do

A AEDHBIFELEBERLERRIC | 0"
RETDYEXIR (20225F8H) TlEVer. 1 Rev. 22 TiEEL1. 752 ZRLTLVS

2022/9/113 15




[IRE]
I SIMDIEL =5 IL—F> D Pl (sssp)

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

ma, mb, mc, md, ngi j, ngkl, a, b, c, d, sint, tv) do npg=1, ngi j
! 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 (k), qm(3, *), dkcdm (%) 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 pq(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),pa(3),wq(3), f(0:max m), & qdl = gm(1, nrs)-d(1)
dkab, zeta, dked, eta, ze, rz, re, rho, a0, tt qd2 = gqm(2, nrs)-d(2)
integer ts, i, j,k, 1,m qd3 = gqm(3, nrs)-d(3)
real (8) delta,t inv wgl =—re*pq (1)
real (8) ssss(0:1), f0, f1, qd1, qd2, qd3, wql, wq2, wq3 wq2 =—re*pq(2)
wq3 =—re*pq(3)
sint(1:3) = 0.0 8
locl eval
locl fp relaxed
'ocl fp contract UTF.RE
locl noswp
locl eval concurrent
locl SIMD 16
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tt = (pq(1)*pq (1) +pq(2)*pq(2) +pq (3) *pq (3) ) *rho

if (tt <
ts
delta

38.0 8) then ! Tf = 2%m+36 (for m=1)
0.5 8+ttkfmt inv step size
tskfmt step size—tt

£(0) ((fmt table(3, ts)*invb*delta &
fmt table (2, ts)*inv2)*delta &
fmt table(l, ts))*delta &
fmt table(0, ts)

((fmt table(4, ts)*invb*delta &
fmt table (3, ts)*inv2)*delta &
fmt table(2, ts))*delta &
fmt table(l, ts)

((fmt_table(3, ts)*invbkdelta &
fmt table (2, ts)*inv2)*delta
fmt table(l, ts))*delta
fmt table (0, ts)

((fmt_table (4, ts)*invbkdelta &
fmt table (3, ts)*inv2)*delta
fmt table (2, ts))*delta
fmt table(l, ts)

£(1)

0

> e

f1

2o

T [ LI S S o | IR S |
2

else
t inv = inv2/tt
f(0) = sqrt(pi over2*t inv)
(1) = t invxf(0)

f0 = sqrt(pi over2*t inv)
f1 = t_inv¥f0
end if

|

! ERI code generator Ver. 20020228
I 2002/02/28
! T. Nakano
[

! (sssp)

[

ssss(0:1)=f(0:1)*a0
ssss (0) =f0*a0
ssss (1) =f1%*a0
do 1=1, 3
sint (1) = sint(1)+qd(1)*ssss(0)+wq(l)*ssss (1)
end do
sint (1) = sint(1)+qdl*ssss(0)+wql*ssss (1)
sint(2) = sint(2)+qd2%*ssss(0)+wg2%ssss (1)

sint(3) = sint(3)+qd3*ssss(0)+wg3*ssss (1)
!

end if
end do

end subroutine sub sssp

17



| Ver. 2 Rev. 4TOEE M L DHl#1

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 seconds
Elapsed time: Monomer MP2 = 17.4 seconds Elapsed time: Monomer MP2 = 16. 0 seconds
Flapsed time: Monomer (Total) = 472.7 seconds Elapsed time: Monomer (Total) = 373.4 seconds
Elapsed time: Dimer ES = 99. 7 seconds Elapsed time: Dimer ES = 109. 5 seconds
Elapsed time: Dimer SCF = 278.6 seconds Elapsed time: Dimer SCF = 221.7 seconds
Elapsed time: Dimer MP2 = 269. 1 seconds Elapsed time: Dimer MP2 = 242. 4 seconds
Flapsed time: Dimer (Total) = 695. 3 seconds Elapsed time: Dimer (Total) = 673. 4 seconds
Elapsed time: FMO (Total) = 1168. 0 seconds Elapsed time: FMO (Total) = 1046. 8 seconds

## 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. 4[3A64FX[a] 73557 SIMD1E . T R E BRI 1 D EIHIG E 7 RERFH
- FYURBDRTIEMP2O3T C2-58IFREDRE R £
- cCc-pVDZD AN EERARVZOITILEN RN EH T (R THEHE)
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20214 9H16R81!)—XhR - http://www.cenav.org/abinit-mp-open_ver-2-rev-4/

| Ver.2 Rev. 4TOEE M _LDHI#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 Elapsed 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
Elapsed time: Dimer (Total) = 1603. 4 seconds Elapsed 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[FA64FX[A] 17355 SIMDIE .. [ NEERFI| | D B IRG E 7 RBRF A
- ¥fVer. 1 Rev.22T1.2{5MMNsE (cc-pVDZ; 8769.9F—6356.6F) T1.41F)
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Ref.; £ A5, J. Comp. Chem. Jpn. 20 (2021) 132.

Y ERANOPSITR

4> 7 )LHA+Fab#uik x 2(PDB id: 1KEN) ®/KF1ET /L

| BXH

-2 AUMAEIE11307. KERFAAUEED

[RZ1D175v% . FMO-MP2/cc-pVDZIE9.2 5 fE TR E
-TEE1D85v% . FMO-MP3/cc-pVDZId6. 78 T E
-FMO-MP2 TCIEE/7v—SCCAELTFNIARL = EXNtI

FAI—E 7 TIRADER INBEAELE = EXE
J45EEmER

- 7K757\’5!—'Cli275777‘)‘/ ~DMP2

& O

P

## TIME PROFILE

Elapsed time:
Elapsed time:
Elapsed time:
Elapsed time:
Elapsed time:
Elapsed time:
Elapsed time:
Elapsed time:

## Time profile

Monomer SCF
Monomer MP2
Monomer (Total)
Dimer ES

Dimer SCF
Dimer MP2
Dimer (Total)
FMO (Total)

Number of cores (total) = 384
Number of cores (fragment) = 1
THREADS (FRAGMENT) = 48
Total time = 33120.9 seconds

14546.
32.
14741.
4021.
7215.
2492.
18240.
32982.

— O =~ © C0 U1 U1 O

seconds
seconds
seconds
seconds
seconds
seconds
seconds
seconds

2022/9/113

[RZ]-202156 AR

HERTD2ME DR M EHHE ATREIC

## TIME PROFILE

Elapsed
Elapsed
Elapsed
Elapsed
Elapsed
Elapsed
Elapsed
Elapsed

## Time profile

time:
time:
time:
time:
time:
time:
time:
time:

Monomer SCF = 7114.
Monomer MP3 = 343
Monomer (Total) = 7532.
Dimer ES = 534.
Dimer SCF = 891.
Dimer MP3 = 4265
Dimer (Total) = 16306.
FMO (Total) = 23838.

Number of cores (total) = 3072
Number of cores (fragment) = 1
THREADS (FRAGMENT) = 48

Total time =

24203. 2 seconds

ME&1-2021F9A K

== O

~ W =3 & oo

seconds
seconds
seconds
seconds
seconds
seconds
seconds
seconds

N
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| HPCHLATDS/AISUBHERR (20214£12H)

7r:AB4FX, #%:SX-Aurora TSUBASA, %::Xeon

WEEY 1~ &k

2022/9/113

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

- B84k K [AOBA-A] :  Ver. 1Rev. 22 (Vectorized version)

- JCAHPC [Oakforest-PACS] :  Ver. 1 Rev. 22 (system decommissioned)
- B3 K [ Wisteria / Odyssey & Aquarius] :  Ver.1Rev. 22 & Ver. 2 Rev. 4
+ BET K [TSUBAME3.0] : Ver.1Rev.22 & Ver.2 Rev. 4

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

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

- LK [~E Typell : Ver.1Rev.22 & Ver.2Rev.4

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

* R-CCS [E{&] : Ver. 1Rev.22 & Ver.2Rev.4

- SHERIPIREAE [FOCUSA/¥T>] @ Ver.1Rev. 22 & Ver. 2 Rev. 4
- 7L K [I1TO Subsystem-A] :  Ver. 1 Rev. 22 & Ver. 2 Rev. 4

- Ver. 1 Rev. 22(&BioStation ViewerE D& CLUEILH7F
- RJkJL{EVer. 2 Rev. 4 CGEfgd) HLIEREMEZEFZD FE
- 20224 K IZIEVer. 2 Rev. 4h 5Rev. SIZEFH D FFE
- HPCILm D R/NOVERELE RIS CI- S EHEE 1T A &
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MP4($3E F NN LIEMEL A, DGEMMTHERLMES NS, [ 2 &HEF]

H Ver. 2 Rev. 4D MIEMHZE (Rev. 8[MI7F)

s 2021/12/9EX[&
« BEOERRTSIMDIEIZIATIL—T R EIZE
(SSSS, PSSS, SPSS, SSPS, SSSP, PPSS, PSPS, PSSP,
SPPS, SPSP, SSPP, DSSS, SDSS, SSDS, SSSD)
= BH2MT(ZHHSBH20% ~50% D R
« HFETE DFockiTHIEEI LI DIRE
s [ REZEITOE—IHEELLIEIMP2T2.4~2.8% (MP41-£9.5~10%)

s 2022/7/13EX[&
« BE/Y—SCCOTUF =N EZEFockiTHIMBLE EITHIDAN—ZAAN
= REEEBRMIZENLINRERZ1,2Z|HIF (FEIZIEZLHED)

. ZOMGEITE)

IFIECOIFZET) R IONFE (TUL NSRBI EFRTELLY)
E/X—SCCOHFE R DEZFER/\vIF7IT
BIEEBEIROE-OICAAT—HFOWRFEHIEEZRT VS

B 7ITI)VXLDZEERE (HRRARK.SXEITASNILIERDERIT
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| BERIL—FoOIL—THE

' "

do npg=1,ngij

if (abs(dkabm(npgq)) > tv) then

do nrs=1,ngkl
if (abs(dkabm(npq)*dkcdm(nrs)) > tv) then

ze =1.0_8/(zetam(npq)+etam(nrs))
a0 = dkabm(npq)*dkcdm(nrs)*sqrt(ze)
rz = etam(nrs)*ze
rho = zetam(npq)*rz

tt = ((gm(1,nrs)-pm(1,npq))*(gm(1,nrs)-pm(1,npq)) &
+am(2,nrs)-pm(2,npq))*(am(2,nrs)-pm(2,npq)) &
+(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)

ts =0.5_8+tt*fmt_inv_step_size
delta = ts*fmt_step_size-tt
ssss(0) = (((fmt_table(3,ts)*inv6 *delta &
+fmt_table(2,ts)*inv2)*delta &
+fmt_table(1,ts))*delta &
+fmt_table(0,ts))*a0
else
ssss(0) = sqrt(pi_overd/tt)*a0
end if
sint(1) = sint(1)+ssss(0)
end if
end do
end if
\.end do

~

Sub_ssss?)

f
do npg=1,ngij
if (abs(dkabm(npq)) <=tv) cycle
do nrs=1,ngkl
if (abs(dkabm(npq)*dkcdm(nrs)) <=tv) cycle
ix=ix+1
ze =1.0_8/(zetam(npg)+etam(nrs))
xa0(ix) = dkabm(npq)*dkcdm(nrs)*sqrt(ze)
rz = etam(nrs)*ze
rho = zetam(npq)*rz
xtt(ix) =((am(1,nrs)-pm(1,npq))*(am(1,nrs)-pm(1,npq)) &
+am(2,nrs)-pm(2,npq))*(am(2,nrs)-pm(2,npq)) &
+am(3,nrs)-pm(3,npq))*(am(3,nrs)-pm(3,npq))) *rho
enddo
enddo
sint(1) =0.0_8
(~ do npqrs=1,ix
tt = xtt(npqrs)
if (tt <= 36.0_8) then ! Tf = 2*m+36 (for the case of m=0)
ts =0.5_8+tt*fmt_inv_step_size
delta = ts*fmt_step_size-tt
ssss(0) = (((fmt_table(3,ts)*inve*delta &
+fmt_table(2,ts)*inv2)*delta &
+fmt_table(1,ts))*delta &
+fmt_table(0,ts))*xa0(npgrs)

else
ssss(0) =sqrt(pi_over4/tt)*xa0(npqrs)
end if
sint(1) = sint(1)+ssss(0)
enddo

~

- i KIESIMDIE, L—T 2B DT, SolFFMa M ReFTMZ =ik
ERIN—FoDSEOF1—=UJICELTOEMEHZRT

[AGAFXZERW=75T AV FEHEHETOI S LD MRESHE HHD; (FUFE£2022%F - FARMEZE X

2022/9/113
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FEICTSIMDIEE L —T R ENFF AT HIEEEZIT>TI0%DEERIL (£91.612).

| W Rsspp/l—F i

2022/9/113

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

ma, mb, mc, md, ngi j, ngkl, a, b, ¢, d, sint, tv)

|
! Nov. 06, " 02

! T.NAKANO & Y. ABE
|

use constant

use auxiliary integral table

use integral parameter

implicit none

real (8), intent (in) : :zetam (%), pm(3, *), dkabm (), &
etam (%), qm(3, *), dkcdm (*)

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, f2

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

€ )
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| W Rsspp/l—Fi#2

ix =0
locl eval
locl fp relaxed
locl fp contract
locl noswp
locl eval concurrent
locl 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

ze = 1.0 8/ (zetam(npq)+etam(nrs))
rz = etam(nrs)*ze

re = zetam(npq)*ze

rho = zetam(npq)*rz

do i=1, 3

pq (i) = gqm(i, nrs)-pm(i, npq)
xqc (ix, 1) = gqm(i, nrs)-c(i)
xqd(ix, i) = gm(i, nrs)-d(i)
xwq (ix, 1) —re*pq (i)

end do

xtt(ix) = (pq(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
enddo

2022/9/113

€ )
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sint(1:9)=0.0 8
locl eval
locl fp relaxed
locl fp contract
'ocl noswp
'ocl eval concurrent
'ocl SIMD
do npqrs = 1, ix
tt = xtt(npgrs)
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
f0=((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)*inv6*delta &
+fmt table (03, ts)*inv2)*delta &
+fmt table (02, ts))*delta &
+fmt_ table (01, ts)
2=((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)
fl1=t inv*f0
f2=t inv#*3. 0 8%f1

end if
2022/9/13

end subroutine sub sspp

[SR&]

ssss (0) =f0*xa0 (npqrs)
ssss (1) =f1#*xa0 (npqrs)
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 (npqrs, 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 (npqrs, 3) *ssps (k, 1)
end do

zssss=xeta2 (npqrs) * (ssss(0) —xre (npqrs) *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(l, 1, 0)
sint(2) = sint(2)+sspp(l,2,0)
sint(3) = sint(3)+sspp(l, 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

27
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| TFZITOCITHRMOLE#

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* V1R22  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 R428  2021/12/9 96.4 1.61 1.39 V2 R428  2021/12/9 547.8 9.13 1.31
V2 R4ZL  2022/7/13 91.9 1.53 1.46 V2 R428  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 V1R22  2020/6/3 303.6 5.06 1.00 V2R4  2021/9/16 14915  24.86 1.17
V2 R4  2021/9/16 240.4 4.01 1.26 V2 R4 2021/12/9 1230.1 20.50 1.41
V2 R42L  2021/12/9 187.8 3.13 1.62 V2 R428  2022/7/13 1226.9 20.45 1.42
V2 R4ZL  2022/7/13 189.5 3.16 1.60
V2 R4ZX  2022/8/9 159.2 2.65

- SIMDILEIL—T R EIDGRITEZN

- REBEHBOEFHEO R cc-pVDZD A M ILEILEE

+ Ala Gly CIZHFCDER /N I7) T %# R IT(RTEK)
- FIC105&E (TS50 AVR) TEHMEMNEL S
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| TFRZITDO3TE

Trp-Cage - FMO-MP2 (MP2 - all DGEMM) / total job time / 20

Crambin - FMO-MP2 (MP2 - all DGEMM) / total job time / 43

18] 0D LL i #2

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* V1R22 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 R4 2021/12/9 344.2 5.74 1.36 V2 R4 2021/12/9 4445 7.41 1.29
V2 R428  2022/7/13 294.2 4.90 1.60 V2 R4ZX  2022/7/13 457.7 7.63 1.25
cc-pvDZ  V1R22 2020/6/3 1059.9 17.67 1.00 cc-pvDZ  V1R22 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 R428  2022/7/13 622.0 10.37 1.70 V2 R428  2022/7/13 973.0 16.22 1.55

- BE/X—SCCOTUHF—) 2 oME(

2022/9/113
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200~400ZEDZV N IENICAFEDERRIZIEOTINS

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
\er. / Rev. Date Sec. Min. Acc. Ver. / Rev. Date Sec. Min. Acc.
6-31G* V1R22 2020/6/3 971.0 16.18 1.00 6-31G* V1R22  2020/6/3 996.8 16.61 1.00
V2R4  2021/9/16 866.0 14.43 1.12 V2R4  2021/9/16 874.2 14.57 1.14
V2 R42  2021/12/9 777.8 12.96 1.25 V2 R4Zx  2021/12/9 793.6 13.23 1.26
V2 R4Z  2022/7/13 741.9 12.37 1.31 V2 R42  2022/7/13 741.6 12.36 1.34
cc-pvDZ V1R22  2020/6/3 2101.4 35.02 1.00 cc-pvDZ V1R22  2020/6/3 2230.6 37.18 1.00
V2R4  2021/9/16 1737.2 28.95 1.21 V2 R4  2021/9/16 1882.0 31.37 1.19
V2 R42  2021/12/9 1526.5 25.44 1.38 V2 R4Z  2021/12/9 1633.3 27.22 1.37
V2 R4Z  2022/7/13 1564.4 26.07 1.34 V2 R42  2022/7/13 1475.6 24.59 1.51

2022/9/113
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Ver. 2 Rev. 8D 1)) —RIF2022F ERNE— IS FRE. 2SR L S O AEEMA S HDT-DHIZRIHETE.
| BIK(20225F8A) DFELDH . SROFG MM

H=21E
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AlphaFold2 Ref.; J. Jumper et al., Nature 596 (2021) 583.
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cuQuantum Ref.; <https://developer.nvidia.com/cuquantum-sdk> / K. Sugisaki et al., to be published.
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