JHPCN - jh240001ZRE D #E41; jh210036-NAH—-jh220010—-jh230001 R EH 5D F EAIHE S

ABINIT-MP

FMOZ04'S LABINIT-MPO) k48 4L

R ERE: EAHE (GIEKX)
fullmoon@rikkyo.ac jp

HFEWIRAE : th EpE th (B LB . IWEBAK (FOCUS) .

FiAE*. EHEH (2X) . KERRE (AX). FhSE(REEX).
HIRE 2 (RALK) . M#ZEL (NEC)-<

AR REEE, FEHHM, ILKRKL, FEE (BIEX)

TRER. BEAR GIHXK) SPREES et

#3¢: hp220352&hp230017&hp240030 8B (EE)

Lo VAR

NEctw;tﬁﬁ%(sx-wmm

2024/6/30 //’



@D FMOEH&E LABINIT-MPZ7 045 A

222222222



FMO Original; 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]

JLEOEN1999F [Z2IAERTIRE
= 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
2024/6/30
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Ref.; “The ABINIT-MP program”, Y. Mochizuki et al. in “Recent Advances of the Fragment Molecular Method” (Springer, 2021).

| ABINIT-MPDEXLHEE (A—T ) —XELTEIRF
- T ;ll,‘ )[/ #“_ http://www.cenav.org/abinit-mp-open_ver-2-rev-4/

— FMO4: HF, MP2 | ;
— FMO2: HF~CCSD(T),LRD —

ABINIT-MP Open>U—X (Ver.2 Rev.4)

— FMO2: CIS/CIS(D)
s IRILF—WH
— FMO4: HF, MP2
— FMO2: MP2#E & &1k, MD  oOpenvVer 1 (KzRIE ) 0PITEE)
. Z DR e 20 0cser o)
~ SCIFIE, PB, sp2-B0A, a(@) o BESER
— BFHBEHR, CAFI, FILM

#2020&E68AR(Ver.1 Rev.22) LB aN—DXTE55TT

Open Ver. 2 (IE&I1DREKIZIEIT)

- B{EIRIE (PC~ X /\OY) ‘Rev. 4 (202149 )
— ‘Rev. 8 (2023487)
— MPI, OpenMP/MPI;E ‘Rev. 12 (2024128 %)
— EX %_IIE %B (j: BLASM IE; (GE32: Ver. 2% Tl&. BioStation Viewer

2024/6/30 ADT—RIFAILDEHLEFFELLT)



Ver. 2 Rev. 8 Ref.; 2 A 5, J. Comp. Chem. Jpn. 23 (2024) 4.
| VU—RRADFELSH (202446 A B M)

OVer. 12D &)1 —XkRIZRev. 22 (202056 B3H)
fRAS DY HR—k (EXRI10KS DH)
MFMOIZ & B $8E fEIZ D A TOMP2&MP3EHE
MniESMNT-PIEDA (EE1QHEIOFPIOF THE)

OIEE IR TVer. 15 5Ver. 23817 - Open Ver. 2 Rev. 4 (2021%F9AH 16H)
H—EE&EY 7L TOaRIERIET DI ]
HETRISHE B RBITOEESY (MDR—RXTE~FHUTILIEEEZFR)
KFREZDEDNDBLEN. (RUNIBDRBEETIVIEEFE IS AKI)
A[RAEY—ILICK BT ETFRD 1 (FUTHT—A0NATEEE)

HPCA B DEMREATRLTOERIE FICIEEI1LGEDAGAFXFA )
EARDMP2:tE TldVer. 1 Rev. 22t T1.2~1.415 D MniE

OfE)1)—ARR - Open Ver. 2 Rev. 8 (202348H25R)
PIEDAHSREDsRIL (HEINFTEDXFI, §%5=418H /EFH ORESPEEAT)
MFMOTORIEIRILF—EA/FUIEIRILF—DETE
BirhERIEEER. MP25t & [LVer. 1 Rev. 22t T1.5~2{E D MR
FRC2HIZTAEDEBETILOHRD (BEITIEZ ST ILAELT)
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| B2
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=& BEEE (AGAFXR /8Oy TF:3E | Type IL)

HIV-protease + Lopinavir = 203 frag.
Timing of FMO-MP2/cc-pVDZ job (24 threads / 204 process).

Timing in second V1R22 V2 R4 V2 R8
Elapsed time: Monomer SCF 864.9 617.8 387.4
Elapsed time: Monomer MP2 21.6 20.1 18.3
[Elapsed time: Monomer (Total) 890.9 642.2 410.0]
Elapsed time: Dimer ES 198.0 204.5 178.6
Elapsed time: Dimer SCF 421.8 344.0 260.8
Elapsed time: Dimer MP2 354.1 344.2 344.4
Elapsed time: Dimer (Total) 1205.6 1091.7 909.8
Elapsed time: FMO (Total) 2096.5 1733.9 1319.8
Total time 2101.4 1737.2 1323.2
Relative Acceleration 1.0 1.2 1.6

- B DOERENEY) (FA4Y—SCFTHLERM)
- £E/Y—SCCEXBTORER/\vI7 )T LR
- BAT—ESIELLETDOEEIE



| RO ROBEOKMET LOHL

~a—XE HPDB-ID=6XLU
top view & ) side view
-/
A' f Y, ‘ :"‘

KRLFIEFTR

RETETILVOBREL.8RIZT AU NEIKDIZRAZ) T DAY TR TLABIZIRE
FESEH D LEE. GInEDFEE LRI T NTHIM

-FMO-MP2/6-31G*> 37, 85v%4(3072/—FK) CH2EE CTxE

-+ —T U EDPDB-ID=6XMOTIE® AA > BEYDHFRIVEMEFHK (FRREKIFXRIOT)
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& &GRISE ; NEEEC (NEC) &R A K (FOCUS)

| HSX-ATCOMP2DOFE

Ver. 2 Rev. 4D R+ JL1E xt it 451

Before
134: allocate (xxxx_work(ngklmax,6,ncsp))
137: klrs=0

138: +------ > do kl=1,ncsp

139: |V----- > do nrs=1,ngkl(kl)
140: || xxxx_work(nrs,1,kl) = xxxx(klrs+nrs,1,1,1,1)
141: || xxxx_work(nrs,2,kl) = xxxx(klrs+nrs,1,1,2,1)
142: || xxxx_work(nrs,3,kl) = xxxx(klrs+nrs,1,1,3,1)
143: || xxxx_work(nrs,4,kl) = xxxx(klrs+nrs,1,1,4,1)
144: || xxxx_work(nrs,5,kl) = xxxx(klrs+nrs,1,1,5,1)
145: || xxxx_work(nrs,6,kl) = xxxx(klrs+nrs,1,1,6,1)
146: |V----- end do
147: | klrs=klrs+ngkl (k)
148: +------ end do

After
139: allocate (xxxx_work(ncsp,ngklmax,6))
1GRE S > do nrs=1,ngklmax
154: |V----- > do kl=1,ncsp
155: || if(nrs .le. ngkl(kl)) then
156: || klrs = kIrs_work(kl)
157: 11 G  xxxx_work(kl,nrs,1) = xxxx(klrs+nrs,1,1,1,1)
158: || G  xxxx_work(kl,nrs,2) = xxxx(klrs+nrs,1,1,2,1)
159: || G  xxxx_work(kl,nrs,3) = xxxx(klrs+nrs,1,1,3,1)
160: || G  xxxx_work(kl,nrs,4) = xxxx(klrs+nrs,1,1,4,1)
161: || G  xxxx_work(kl,nrs,5) = xxxx(klrs+nrs,1,1,5,1)
162: || G  xxxx_work(kl,nrs,6) = xxxx(klrs+nrs,1,1,6,1)
163: || endif
164: |V----- end do
65 === end do

IL—TF AN Z T1.4~2EDHE

2024/6/30

N —
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1,200
1,000
800
[uney
J';_g 600
1o
i
400
200
0

VE20 64 VE (512 procs.)

6LU7DFMO-MP2/6-31G*> 37
BRIt K AOBA-A&S

1,017
903

593

VE30 32 VE (512 procs.) VE30 64 VE (1,024 procs.)

Flat MPI / NP=4%

Flat MPI (NP=4)Z& - CHEST

B —VEZ{ TIXVE30IXVE20D 1.7E =&
R—7OA#HTIIL.1EDNE

I3F vy adDhE



A% ; MK (NEC)

| 3

2024/6/30

ISX-ATTOMP2EMP3 O H 85

B CVE$K
HW Method |Memory [Total timels] |GFLOPS [E&&[TFLOP] |[XEY[GB/VE] NEC*:I:W*%
MP3 40000 2.852.6] 12,307.4 35,108.0 46.8
VE20B 64 VE
MP2 40000 1,019.5|  6,266.1 6,388.3 46.3
MP3 40000 1,742.7|  20,169.6 35,149.6 92.3
VE30A 64 VE
MP2 40000 477.0| 13,478.2 6,429.1 91.4
3,000 2,852.6
-MP3TIXEE =M FI61E
2,500 -MP2H\ 5 DR ME (X H3E
iR 1.6{Z -MP3DAMNINEMNET
= 2,000 1,742.7 (2 h4pER D Fock B AL I8 AN
£ BETHDHENHIA)
= 1,500
g 1,019.5
= 1,000 ER2.14E
477.0
500

MP2

MP3 OpenMP/MPI
Method i Bt 5|
W VE20B 64 VE mVE30A 64 VE

10



| HPCHLRTDSATSYB{E (2024%

E6 A E

R

77 :A64FX, #k:SX-Aurora TSUBASA, %::Xeon

WEEY 1~ &Mk

- Jb X [Grand Chariot] :  Ver.1Rev.22 & Ver. 2 Rev. 4
- kK [AOBA-A/S] : Ver.1Rev.22 & Ver. 2 Rev. 4 & Ver. 2 Rev. 8 (vec.)
- B8 K [ Wisteria / Odyssey & Aquarius| :  Ver.1Rev. 22 & Ver. 2 Rev. 4

- FHF TRCCS|] :  Ver.1Rev.22 & Ver. 2 Rev. 4

c LK [AZF /Type | &II] : Ver.1Rev.22 & Ver. 2 Rev. 4 & Ver. 2 Rev. 8

- mK rCamphorBJ . Ver.1Rev. 22 & Ver. 2 Rev. 8

- frA [sQuID] :  Ver.1Rev.22 & Ver. 2 Rev. 8 (vec.)
- R-CCS ['&&] © Ver. 1Rev. 22 & Ver. 2 Rev. 4 & Ver. 2 Rev. 8

S ERISPIREEE [FOCUSZ/ST> ] ©  Ver.1Rev.22 & Ver. 2 Rev. 4

- LK [1TO Subsystem-A] :  Ver. 1 Rev. 22 & Ver. 2 Rev. 4 (to be replaced)

- Ver. 1 Rev. 22[%BioStation Viewer: DB % TH @ IXH7F

- Ver. 2 Rev. 8t2024FEERNIZMEREHED FE

* HPCIHL R D R/ ARG L= IS b E H 17575 8t
(AL K. K. JAMESTEC, EIT K (4t#hs) . 7F8F. LK)
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| GPURICDLENH

HJE =
=2

-GPUR /N> D@L
= [Wisterial Aquarius&Mercury. [ 4~%& ] Type II. Oakforest PACS-II...
= FHNTWSAEFFIFAL, EF3al—3>0 MD...

R OANEE]
= 75 —2 108X () ETE

-MOZR D ETEMNGPUIZXT S FE
= &% TeraChem, GAMESS-US$, %t ity (GPUIELFMOE Ha—k+£7EY!)
= ERNTHEITHREY (RHL., #BHL, BEEL)

- PRI
-ABINIT-MP42EFHE D & B3 & DGPUIE AL E
= FMO-HFitEZFEIHR
= MP2it & IIDGEMMIE CHRXBIIZIER GBS EMETE (?1)
-ABINIT-MPARKIZIEXIZBES
= HFEStEDAZEYYHL-E=7 T ZE4ERK
= NVIDIAO R EEEKDF1—=2 TEIRTO-SEDNEEFEDSR
-ABINIT-MPDGPU L Z{E£
202a630= FEDIL—FUHOBREB(BI1ES21FEANER) hOEFF 12



& IRAEK (FOCUS) / 2024 N E28E-1ETHEEESTHR.

. GPUIEDHELEIIL—T (E/X—E %)

do SCC-iteration do SCC-iteration
do monomer-Loop do monomer-Loop
<MP I iffi 1] > set index table for GPU
do SCF-ieration sort angluar momentum type ERI
do I-Shell do SCF-ieration
do J-Shell 21 BY DER 21T IZHBIR
<MPI/OpenMPilfi 5> . . e |
do K-Shell 1 ¢ ——em L
do L-Shell T2 P
select case(ang-type) do n_pppp 'on GPU
B1BYD2EFREAEE <MPIifi5l]>
———1 @ = ListO
(= B -
d 4 — do 1ip
g : case(pplpp) do jq
do 1ip — do kr
do jq Bl do Ls
] do kr — calc ERI
N do Ls
| calc ERI

BEAEHESATRIIZEHLT
I—TEEICRE

2024/6/30 13



AITE ; A K (FOCUS)

| PRSI

Wisteria—A(Aquarius) FMO2/Chignolin/6-31G/HF
CPU:Intel Xeon Platinum 8360Y ‘

GPU:NVIDIA A100 Chignolin: 105% £ (1385 F)
ProfilerrNSIGHT SYSTEMS (T—RRBIXINEND, TSI AR AXK)

CPUlcore+1GP | CPUlcore

e
set_nshtable x 20.0 = INDEXT—7 JLYERK
monomer_esp_ele *x 120.4 125.9 B/ R—REHRERTUIYIL
dimer_esp_ele x 39.2 39.6 FAI—RIRFFERT OV
dimer_oneint x 9.1 9.2 FAI—1EFER
direct_scf_gmat -3 357 x61.7 21982  2BFHH +FOCKLER
others S 19.2 21.2
Total 243.6 2394.1

set_nshtable|£GPU1t . MPHEIZ TR MIIB/INZE S

GPU{ELT-T28 FTE 5 +FOCK4 ik 1 1Z60fE0) =&t

2024/6/30 B < DIEDERKTIE30~70fED HNE 14



| ABINIT-MPOH R - E#i

- SABR/NAVEIT: EFRIEEXRRER(EH) R
= ATHEMIOEA., 755 AU MEHRD 7 EUE
- GPUIEDHEEE: £ I FMO-HFEHE
= 1EFES FBERTUIVILER. ESIELEEL TR
- OS5 —KME: BaXMMITEINEIRMNMTIEDHGEZ T
= MR IaL—av M TIE T F (hp240013)
- BAsR-Z2SBROKLY: MFMO®M X H B IZE
= ROHFIET R, HHEETEIZRMP2DF &
= CASCITVPUIFRRFE. EmELIXSEREE

MFMOTOR% - ZS R AR DKL

{MP2, MP3}
{CIS(D), GF2}

{ROHF, RMP2}
{CASSCF, NEVPT2}

2024/6/30

GPULIL—T DRTrvF

do scc-iteration
do 1,nf <MPI>
do scf-iteration
do one-int-loop
do eri-loop with GPU
do eri-loop (dddp,dddd)
enddo
enddo
<mp2 processing>

do dimer-loop <MP 1>
do scf-iteration
do one-int-loop
do eri-loop with GPU
do eri-loop (dddp,dddd)
enddo
enddo

<mp2 processing> 15
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<https://icts.nagoya-u.ac.jp/ja/sc/news/general/2023-07-05-alphafold.html>.

| [FE] Type ITOSATS)ESH

2024/6/30

g, KEK. B K

[ AlphaFoldEFHDHH S5t & cxgfs-share UV —X T I —TDOZEA [7BASEEF#

[EABE]

20215118 AlphaFold v2.1.1
20228 28 AlphaFold v2.1.2
20224 38 AlphaFold v2.2

2023%F 48 AlphaFold v2.3.1

2023F 78 AlphaFold v2.3.2 [7ESEEE]

T fztfAlphaFold &R/ — =3 w2 3. 2MIBEFEBVLZLELE. T DBlCDWTEREUEUESsRIT 2T LA
REEN L THEDETAphaFold vZARTEE I LT LIS —IRETEC ST BE D ANEEENE L. v2.1%EDv2.2
EREFRVEVEVISBOERTNGIESHMEEIEv2. 328 TRBE ISV,

E/z. AlphaFoldDETELEEMREICIFSSD(NVMesh)DABNHRENTHE—FH. EHOGPUEE > TEHFEDHENLNLD
TTOT. NVMeshFFEEN D1GPUDHSEDexgfs-share) V- 20 L —TJE2FTFE L LE L. cxgfs-sharel)V—
AON—TTRALEATOTTZaT0ETEASRETIOTENOETIERLEE W, (fl : pjsub --interact -L
rscgrp=cxgfs-interactive)

AlphaFold v2.3.20ETRZ= T2HUT - (H2JIL) EHTFIZBLTHEDET.
monomeET/LEmultimerETILERSLELE,

+ [center/local/fapp/x86/AlphaFold/v2.3.2/samples/run_nvmesh_monomer.sh

s /center/local/app/x86/AlphaFold/v2.3.2/samples/run_nvmesh_multimer.sh
FEAOVT BRI TEENSZAIUTRIMUTTY,. ETBEOAT LI RSN TEEOEEETFHDORVESEZCO
AT hEIP—EELTERALT LIS,

* /center/local/app/x86/AlphaFold/v2.3.2/alphafold/bin/alphafold_nvmesh
FEALVT HEEE LTV SEHOAIphaFoldADBEETICEBWTHNET.

* /beegfs/share/alphafold/db-v2.3
DEBE—EANEZ THEVZVESZ. alphafold_nvmesh I 7 ILEBCIIEERELTSABCZE .

17



| PIEDAIZXZAF2F A& D #REEH(PDB-ID=3KUD)#1

RSCB / PDB

50.00

0.00

-50.00

kcal / mol

-100.00

-150.00

-200.00

2024/6/30

% : HRas / &5: Raf RBD

1 2 3 45 6 7 8 9 1011 12 13 14
ZEE(FEAMEVE)

HWES mEX

ECT mDI

15 16 17 18 19 20

kcal / mol

40.00
20.00
0.00
-20.00
-40.00
-60.00
-80.00

-100.00
-120.00
-140.00
-160.00

123 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20
FEE(FIEAHEWLIE)

HWES mEX

AF2_new rankO

ECT mDI
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| PIEDAIZXZAF2F A& D FREEHI(PDB-ID=3KUD)#2

keal / mol

40.00
20.00
0.00

-80.00
-100.00
-120.00
-140.00

12 3 45 6 7 8 9 101112 13 14 15 16 17 18 19 20

2024/6/30

mES

I | - I |
-20.00
-40.00
-60.00

FECE(FIEAYELE)

HEX mCT mDI

ColabFold_rank1

REBEDTFAICIERZEE...
Asp33

-IFIED L2077 DHRas&ERCSBEME LY

%;E Pro34. Tyr40
=i Thr35

-IFIEDELN20X7 DRafERCSBEMELY

RiE FL

##hn Val69. Thr68. Asn64 i



| AR2OF REEDHREE : AISHICEH

: RCSBD M & FLHE & | 7=
- CrambinDEREHE e A — 2
FE D« RCSB, AF2_rank), ,2,3,4 RMSD  (BEE >~ — et 22)

Pairwise RMSD Matrix: RMSD =0.345 A

1 2 3 4 5 6

1: RCSB

2: ranked ©.A 3.0

2.5
3: ranked 1.A

2.8

4: ranked 2.A 15

1.8

5: ranked 3.A

6: ranked 4.A

s AR FEIL-CrambinE#EELNDX
L [Xrank0~4%&EL T#0.5 ATHoI=1=
H. THEHOIFTYUEHA E+2ICBIRINTL
/=

20
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® cuQuantumpfii{k

(EF3al—3y)
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Ref.; K. Sugisaki et al.,. Electr. Struc. 5 (2023) 035006.

| BEFSEFROREVHESBIFLF—HE

I
RAZAMEEFABEHEETIILTIVXLOBIES SaL—av(Thbh o= R/
# of qubits for Workstation!@] Supercomputer “Flow” Type Il subsystem!?!
wave function mapping CPU only CPU only with GPU
8 628 731 x4.13 . 177
10 2197 2267 X 3.86 588
16 73452 - x15.2 4830
18 387328 - x42.7 9081

[a] CPU: Intel Xeon-Gold 6134, GPU: None
[6] CPU: Intel Xeon-Gold 6230, GPU: NVIDIA Tesla V100

- WSTIX1IEN M ST E (S )
- GPUR/ OV T 1LERTRET

2024/6/30



| FMORTHEEEFRIFE (UCCSD)D i DE 4#1

OMPUTATIONAL |

RESEARCH ARTICLE | & OpenAccess (& (®

Kenji Sugisaki B Tatsuya Nakano, Yuji Mochizuki

First published: 25 May 2024 | https://doi.org/10.1002/jcc.27438

iI= SECTIONS

Size-consistency and orbital-invariance issues revealed by
VQE-UCCSD calculations with the FMO scheme

J. Comp. Chem.
https://onlinelibrary.wiley.com/doi/full/10.1002/jcc.27438

FZIEF S

FREETE BB ZUCCSDETE CEE# A
- 2DMIKFFERTT AL
cuQuantum< 22 L—42THGPUNNE
E(XFMO-CCSD(T) kY B EELN...
size-consistency t~orbital-invariance

D EEz ekt

- Trotter R 2D TS5—M TR 1L

mrer NToos <L BERBEEREI BN ANE—

- TERHARIOMEDF

Abstract

The fragment molecular orbital (FMO) scheme is one of the popular fragmentation-based
methods and has the potential advantage of making the circuit shallow for quantum
chemical calculations on quantum computers. In this study, we used a GPU-accelerated
quantum simulator (cuQuantum) to perform the electron correlation part of the FMO
calculation as unitary coupled-cluster singles and doubles (UCCSD) with the variational
quantum eigensolver (VQE) for hydrogen-bonded (FH)s and (FH)2-H20 systems with the
STO-3G basis set. VQE-UCCSD calculations were performed using both canonical and
localized MO sets, and the results were examined from the point of view of size-
consistency and orbital-invariance affected by the Trotter error. It was found that the use
of localized MO leads to better results, especially for (FH)2-H20. The GPU acceleration
was substantial for the simulations with larger numbers of qubits, and was about a factor
of 6.7-7.7 for 18 qubit systems.

2024/6/30

9
J*J ?

3 d
(FH), (FH),-H,0
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| FMORTREEFRIE (UCCSD)D DR 7#2

ATAABZEZ THRIEZT A

FOYR—D OIS —THIMENERNZ D!
(EEZEFENBEIETEICHIRT)

(RSA AL EF AL ATALIE AT BE)

-3.870
Unit  UCCSD:PW CAS-CI 371 O CLCCeDPW)
Monomer —— Fitted functlo‘n
f\zn “” —0.049231 —0.049445 g 38727 SHEPBUERA
“qr —0.026692 —0.026705 £t _38731
Wy “3” —0.026659 —0.026705 =
Dimer §—3.874
*“3” “21” —0.071421 —0.075600 & -3.875
J ‘TEI"’ —0.072544 —0.075600 -
“32” —0.053207 —0.053549 :
(G, point group) Sum. —0.004590 _0.101895 >0 02 o4 f/fz 08 1.0 12
GPUIZ kA MZEIT71E#E
Unit UCCsD:CB UCCSD:PW
4“ . with GPU without GPU Acceleration with GPU without GPU Acceleration
J Monomer
417 17.2 27.8 1.62 27.6 48.3 1.75
. w7 w7 15.5 33.6 217 28.5 55.4 1.94
J “3 16.2 26.8 1.65 26.5 49.3 1.86
Dimer
* “21n 12767.5 03205.0 7.30 34153.3 260996.7 7.64
J 3" “31" 13947.1 04199.7 6.75 34397.3 237695.3 6.01
“3an 8805.9 50075.6 6.81 21129.0 156257.2 7.40

2024/6/30
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| ETEREEHN ORI

https://arxiv.org/abs/2406.09830

FeMocoh EEARRNERITRAI—DIRLND = D EREHRZE

= | I‘\]_V > quant-ph > arXiv:2406.09830

Quantum Physics

[Submitted on 14 Jun 2024 (v1), last revised 17 Jun 2024 (this version, vZ)]

Does the full configuration interaction method based on quantum phase estimation
with Trotter decomposition satisfy the size consistency condition?

Keni Sugisakd QPEFERE G RRIEE ERL TRETEEDBEHT

Electronic structure calculations of atoms and molecules are expected to be a promising application for guantum computers, and two important
algorithms, the guantum phase estimation (QPE) and the variational quantum eigensolver (VQE), have been widely studied. The condition that
the energy of the dimer consisting of two monomers separated by a large distance should be twice of the energy of the monomer, known as a
size consistency, is very important in quantum chemical calculations. Recently, we reported that the size consistency condition can be broken by
the Trotterization in the unitary coupled cluster singles and doubles (UCCSD) ansatz in VQE, when the molecular orbitals delocalized to the dimer
are used (K. Sugisaki et al., J. Comput. Chem., published online; DOI. hitps./doi.org/10.1002/jcc. 27438). Itis well known that the full
configuration interaction (full-Cl) energy is invariant with arbitrary rotations of molecular orbitals, and therefore the QPE-based full-Cl in principle
satisfies the size consistency. However, Trotterization of the time evolution operator has a chance to break the size consistency conditions. In this
work, we investigated whether or not the size consistency condition can be maintained by the Trotterization of the time evolution operator in the
QPE-based full-Cl calculations. Our numerical simulations revealed that the size consistency of the QPE-based full-Cl is not automatically
violated by using the molecular orbitals delocalized to the dimer, but the use of an appropriate Trotter decomposition condition is crucial to satisfy
the size consistency condition. Acceleration of the QPE simulations with sequential addition of ancillary qubits is also reported.
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