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(https://show.origingc.com.cn/prod/website/ResumeDelivery/2102.03557.pdf) . CYBERNET[ A RIAFEE(DIFALWEEIFS)] (https://www.cybernet.co.jp/ansys/learning/glossary/yuugentaisekihou/)
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Geometry Definition:fIEND A N 1EHRZRFF
Physical Variable: B8t ST2 X OYREHKZRE
Residual Sum Tree: Residual vector®y\—&iE

£% . Emerging Technology Review I7NRFEFIVE1-F-TME#EEZTF1V. NISQCEF 7 ITUALREFENARES ]
(https://etechnologyreview.com/2019/11/08/%E3%82%A8%E3%82%A2%E3%83%90%E3%82%BI%E3%81%AF%EI%87 %8F%E5%AD%90%E3%82%B3%E3%83%B3%E3 %83%94%E3%83%A5%E3%83%B
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IEOE R B SNBLIYRAENE
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J9B35HEZII TS CLASIS CERUA, 1,000 BOERKEYI1L-Y3Y
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m REHZEROEFIVEI-FI-HETNVIDIA GPUNERINTHY.
WE HROEFIVEI-T1VT YIRITITDZ LN, NVIDIA EFS
Iy IA-L%FRLE GPU 77123 0-Yav(dic LT3

BERUEVEREE - TEFA-Y3Y

B EFIVEI-5-BRIPBEOERIC. EFTRNYT-IOREEZERT
SR FIERHERTD

B BAEOEFIVEI-F-FEITHE RFEO (FHRIVE1-5-%BZ3
HEEEZEFD) EFIVEC1-Y-AEIFICRBELSNTN-FITTICIK
FLEWZILIUXLDEEXEDHS

IJIYRIVIVOH

2% . NVIDIAITNVIDIA, Rolls-Royce & Classiq 7', Y1y b IVIVOHERGEAZATOEFIVEI-T1VIDT VAV AN -%2FEK] (https://www.nvidia.com/ja-jp/about-nvidia/press-releases/2023/nvidia-
rolls-royce-and-classig-announce-quantum-computing-breakthrough-for-computational-fluid-dynamics-in-jet-engines/) . PRTIMESIO-JVA- 04 A& Classigh', SRR DHOE T 7V TUXLEET T
%] (https://prtimes.jp/main/html/rd/p/000000007.000101286.html)
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BRESETHELT I IURX L, EIL—R AR LB
K[ ATAEBIT PR EE R EHOW IR FHETE
THLLNS
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Bt COMBNATORMAL OPYINIZAY S
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5% . Classiql 2 F 7 )W IVILOD i&%ET, R, B, RITEAEEICT B2 FYINIIT IV IA-L] (https://ja.classig.io/. https://prtimes.jp/main/html/rd/p/000000007.000101286.html)
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[2023/01] 1.2 SHEFE YIL-Y3Y
D E = BERUEVERE - EFA-Y3Y
B BEEICEADAAEEFEOHSDISZEICEVNT, KIRELRETE#Y B DFTiE (BENBEE) [CRBRINZBEFIREDSTEL. BFHEM
21L-VIaVOEEHFEALTEY. HPC (\-/)STA-Y YR IV - KO RER CLREINTEY. UFILM AV B O BEMEITH A
T497) OZ-AEEFE->TNS % EFMEAEIHBRAIV-ZIJ(CEII3EBELTERAINT
B LA-TOERCEZHEEIVEI-I-T-0EBLAVOTEE. LWTh Lo
REFWZBILEFRENTNEED, BECH. BFIVE1-9-0F B BFIVF1-5-0lk. BEODFTELLELT. EFHEE (EFRL
TS E-TVS OSWAREIER) EREICRYRSIENTE 0, FAEEEA L
v BIRIE DY T 1- RS EBIET SR T AR DR IEILMHIETES
BRI RNTENTERNBERLHL TN, BRGEOH5D W AR TlL. TOYOTALQunaSysHiERIT, KES FRICHE<IEEE
DMBHCEDBARERRE L. EFIVE1-I-LtDEELA RN ED FBICEALT, MEIE®RVKBIVIVEADKBZEAN -IICHITEERIFK
FHNTWS RZORAHZENLEEZESICOVWT BEFEODFTELEFIVEI-Y-IC&
BB % 1ToT-

2% . )-STAGE[EFIVE1-T14V OB EMETFIUAOBERAEEM ] (https://www jstage.jst.go.jp/article/jsaeronbun/54/1/54_20234032/_pdf/-char/ja)
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B BFHEEOFENBEZEICRNSIAUREOHIHRELT KRSFRLE B REERAICEFIELNS, BiFKkE 3810FEF) OFEFBREOS
DREICE<ITYTIVI-VABEERZRY LIF, BE3KESFRLI FEVNFYIIL-Y3VEHBODFTE (PBE) CEFODVQEETE
@< EIRINF-EOREHETOL FEL. BAAKENZOEEERBICETSESREZEHAILE

B BPREBOFAEFELLUL, TICEFIVEI-5-ZFEALEVQEEL
HHIVEI-F-OMI RTUTIAVIANTAIR) TRENLCAVLN 5 szovBt0sAEICENMEREESNE

BDFTiEZFWV: .
_ B L S R v REKROFHRSOEREG20€ (TIVEY) RETHEN, HEO
N VQE,fL_JZZoE@,iﬁ EETEICE. QynaSysDEFLFEHEISIRY - DFTIA CIESOKICB L CERBRRABAINLOITHL T, EFOVQE
AQamuyz AL SR CIR1SKIZE CRENEAISN ., KR DR SO HIER
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T at 50K(PBE) | 'j' 7 T at T5SK(VQE)
M o g X ]
®_0 <§ E RO
L D) 21 % h
2 s I\ ]
Qamuy(D?HJﬁﬁ’fX—:/“ L J ‘?{f ‘Time"l/npsec‘ l‘lﬁ“ S ’ v Time“/mpsec -
£% : STAGE [RFIVX1-717J OB BEHET (Y ADEA TR HAODFT (PBE) LEFOVQELSSARRIMAEMO LR
(https://www jstage jst.go.jp/article/jsaeronbun/54/1/54_20234032/_pdf/-char/ja,) . Qamuy
[QamuyDF|ATO-1X-Y] (https://qunasys.com/services/qamuy/) . [ttREEEYIIL-F 5% )-STAGE [EFIVE1-T1VJOBEBEMET T4 ADBER AT EE 4 |

Qulacs®fEWF | (https://dojo.qulacs.org/ja/latest/notebooks/3.1_Qulacs_tutorial.html) (https://www jstage.jst.go.jp/article/jsaeronbun/54/1/54_20234032/_pdf/-char/ja)
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B BMWTE. BEI7IA7-LDBEFETRICEIFTRLT. ORROANZ
ALEEELS:
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33
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2% . AWS[Exploring computational chemistry using Quantinuum’s InQuanto on AWS| (https://aws.amazon.com/jp/blogs/quantum-computing/exploring-computational-chemistry-using-quantinuums-

inquanto-on-aws/)
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2% . IBM[Boeing seeks new ways to engineer strong, lightweight materials] ( https://www.ibm.com/case-studies/boeing)
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2% . PNAS [Reliably assessing the electronic structure of cytochrome P450 on today’s classical computers and tomorrow’s quantum computer |
(https://www.pnas.org/doi/full/10.1073/pnas.2203533119)
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2% . PNAS [Reliably assessing the electronic structure of cytochrome P450 on today's classical computers and tomorrow’s quantum computer |
(https://www.pnas.org/doi/full/10.1073/pnas.2203533119)
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%% ! arXivl Quantum Computational Quantification of Protein-Ligand Interactions| (https://arxiv.org/pdf/2110.08163)
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%% ! arXivl Quantum Computational Quantification of Protein-Ligand Interactions| (https://arxiv.org/pdf/2110.08163)
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%% . D-WAVE[DENSO: Optimizing Transportation with Quantum Computing] (https://www.dwavesys.com/media/f1hpibxr/denso-case-study2_v3.pdf)
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Yusuke Okazaki| (https://www.youtube.com/watch?v=Gqpj1R_9aGk)
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2% . IBMIExxonMobil strives to solve complex energy challenges| (https://www.ibm.com/case-studies/exxonmobil)
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%% : QUANMATICIQuanmatic, [CAINZSSEHE | I[CEFEHERMEAIEEA] (https://quanmatic.com/news/quanmatic-cainz-quantum-delivery/)
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: Quantum Computing Report : [Q-CTRL and Network Rail Demonstrate Large-Scale Quantum Optimization for Rail Scheduling] ( https://quantumcomputingreport.com/q-ctrl-and-network-rail-demonstrate-large-scale-quantum-
optimization-for-rail-scheduling/ ) . Q-CTRL : [Accelerating the schedule for quantum-enhanced rail| (https://q-ctrl.com/case-study/accelerating-the-schedule-for-quantum-enhanced-rail)
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Table 1. Simulation time estimates

| FEMOCOb“Fﬂ5‘3-51t$—}§mb{*§%ﬁ_@§?'ﬁb{gﬁb\:t‘:J:U\ E-ﬁ-j Structure T gates Cl. gates At (10ns) At (100 ns) Qubits
‘JEJ—Q—T‘Hﬁﬁﬁlﬂﬁfﬁéﬁ\ E?]VEJ—Q—ICJZZDZ'D(D%# Quantitatively accurate simulation (0.1 mHa)
TOVIIL-YIVBHELHEYY-ALBRIEEH L Structure 1
_ _ v - . ) . Serial 1.1% 10" 1.7 = 10" 130 d 36y 111
v EFRIEEFEHEMENS0.1 mHartree LIRIZUN$BICIF. Serial (¥ Nesting 3.5x10™ 57x10"  15d 4.9 mo 135
‘/7‘”/] I/‘y F‘) _C‘(iStructure1 N Ztﬁﬁﬁfgﬁ¥ t‘.“‘/ h;&bﬁ 11 _6‘3-{5'5 PAR 3.1%10% 3.1 107 1ok 1.5mo 1.982
. LS Structure 2
J’/(J:b M\g Seria_l 2.0 10" 3.1« 10" 240 d 6oy 117
Y A PAR (VLFALYF) THRHELCLRIZET LY 200012 AR 6010 G0x10 _ 210h _ 2ome 2,008
}_EI__G‘1 57)\}% ~37)\H _C‘gé’f—f Qualitatively accurate simulation (1 mHa)
“ \ “ —_ - . a - = Structure 1
| %;%’TT—’QEPU)_&._?F%?E'\J%?%Etb\’)iﬁﬁgﬁ@ﬁmﬁi@“m E?j tggr-im 1.0= 10" 16« 10" 12 d 39 mo 111
YE1-9-RWTEMEBIL R RICETIRICHEBEEATIE L% Nesting 3.3x10™ 56x10™  14d 14d 135
/j__\L/T_ PAR 3.0% 10" 3.0=10" 11h 46d 1,982
= Structure 2
Serial 1.9x 10" 3.0 10™ 22d 7.2mo 117
Mesting 6.0 = 10" 9.9 10" 25d 25d 142
PAR 5.5x 10" 55 10" 20h 8§3d 2,024

Listed are the number of Clifford and T-gate operations, the estimate
of the run time (At), and the number of logical qubits required to obtain
energies within 0.1 mHa or 1 mHa for two different structures of FeMoco
on a gquantum computer. Structure 1 is for spin state 5 =0 and charge |3
elementary charges with 54 electrons in 54 spatial orbitals. Structure 2 is for
spin state 5 = 1/2 and charge 0 with 65 electrons in 57 spatial orbitals (see
51 Appendix for further details). These run times and gate counts are likely
to be pessimistic.
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5% . Qunasys| EFEHETINITVALEBVEE T IVE1I-9-ICL2EEIREIEMEN | (https://unit.aist.go.jp/g-quat/ja/events/img/CAE_20240509-10/20240510_10_Kanno.pdf) . gmedial “HfRZEFEAN
IVFr—"DEAHEE? [EFIVEI-F-ITEFTZ-UIT|CBRYVBE2HNRIER 2. HEREADEDY ] (https://www.qmedia.jp/qunasys-jij-interview/)

168



EEZETAH qulic

KandaQuantum : I BEFLLMZRW=KREHY bFv— O E R E K Semry AL EBADHBEL

[2023/7] 1.2

FOt 2z Hem
EEDE 2 EFIV1-5-LLTORBRE
B OEFLUM (KRREFETIN) PRRCRERERS LR TE B RFFAL /-I-FU-JI0-AKTOVRAICEELCREFLM (BF
ﬁﬁé“nfb\éh\ EI9“‘9“90)2\Ufﬁﬂ/\ﬂ":‘f-iirﬁﬂ:Fnﬂ%ﬁ(ﬂifbfli%*%fi@@ TZ-UVIPEFAVANAT M) HEEETB5EE THD
EDRLICRERTRSNTNS n ARETHLLMESR PR EASDE LR ETOVRAI
m ?iE%\!E(DLLM(:otZoZ'I J1-IERBEEBTER2EOEBAICKYKRBIELGTS [CalgPM | CABRIESRSBEELHY M Frv—rEREERRLE
OV 17 MR L THRE TG ST B BB FRNESERELOREET N EN-ACERIVE1-T-0
DO BEHEOANRB - FATERS EAEEN L RE BEEYI1L-FIAETER
@ ATI1-NOEMMENSXEEBENEZLUET B AEEEEHIVE1-5Y- ETRUE F RN EERT A CEEIET
W34, D-waveREEFIVE1-F-ICEZRA TEHEET V2 KIE
MERLEVESE  EFA-YIY BEESBIEHBES Y BT LA TR
B EFHNOERICLT. U TORELRRTIEEEELTNS p——
v FEEREHETTINVCLLMIOVTINIZELAHK ZNEFEE - o
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2% : DIGITSL SHIFT TIMES[KandaQuantum, AIZ;EB LAY MFv-baE RN DS RBEAREKEICBENEMKT 2512 EE | (https:/digital-shift jp/flash_news/FN230626_3) . PRTIMESIEE[ 2 F 4 FXAlJ
CalQamel7OY 17 MiAtA ] (https://prtimes.jp/main/html/rd/p/000000130.000082094.html)
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C-1.AM: HESE
C-2.AM: ERER
C-3:A%: EH
C-a.Azt: %
C-S.A: 175
C-8AR: X\ P I VK
D-0.3M: £U4IRDED

BERANCHIZEFTOVRAIOE A A=Y
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NEOE R

B RAEZRLTVAAREIES (RSAIEEE) ORSMEERESE
FIREDEEMEICIIHIL. 2,0488 Y FDERENLLFBINTNS
v IREHMIVE1-5-ChE Rl RER S R EUE829E Y h D=6
v ZREEBOPBROEREBEN=pxq (p. qldELZEE)

B HHIVE1-5-[C&B3RRH DR LN ICREAREEH SN T
W, RESEIHEMNICEEGET NIV ILATHEIEEINBWNETE. &
BRENOHT RS CEIR IR EL RV RI E &

v 2,048 Y FDE D Z RO R ICEUERSIB N EEBERLANIVE
FMALTE. XEEERBANTY (LinpackEBE1018FLOPS) THEX
+EL EEBLHEING?

B rIAN EFIVE1-I-¢EERHERIEEAShor 7V IV ALDHIRIC
SYRSAE S DR ENLFRACOEFRAIEEENRIN, BEHICAR
FSNTIREEICH D
v Shor7IVJUZXLDSHEZ R AERBNOTROZIBR FEEAY,

IV 1-7-OFERFRISIEHIEINTNS

Z0fth
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+¥d

BRUVICVWERE - EFA-Y3Y

BFIVE1-7-OHRICSVIESOREMIEIREENBH, I
ENSSVDEFIVEI-F-DFEYY-AHRSARE S DR FICHED
EIRFILERBREFN D BCRBEEY EREELIKNR

SO ELBEEFYIIL-FEFERL. 2,048V FDRSAES DR
EHEFHEISHOREB S EERIELLE

*1 : [[Cado-nfs-discuss] Factorization of RSA-250] (https://web.archive.org/web/20200228234716/https:/lists.gforge.inria.fr/pipermail/cado-nfs-discuss/2020-February/001166.html)
2 BFERBEFRIEFHEERBROTFIVT—NEFHEKBSOEM—] (https://app.journal.ieice.org/trial/106_11/k106_11_966/index.html)
2% B BMARHIEFVIIL-FEERALLRSARB S DR MM (https://pr.fujitsu.com/jp/news/2023/01/23.html)
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No.| . Tz | = NN Ty | FH |
11QBit hr+4 26 Haiqu FXUR
2 A*QUANTUM A& 27 Hefei Origin Quantum Computing Technology FE
3 ALIBABA DAMO HANGZHOU TECHNOLOGY s 28 HITACHI H A
4 ALIBABA HOLDING FE 29 Horizon Quantum Computing IIAR=)
5Alice & Bob I3V 30HUAWE HE
6 Alpine Quantum Technology A-ARUT 31I1BM T7AUH
7AMAZON TECHNOLOGIES TAUA 32Infleqgtion TAUA
8 Anyon Systems hry 33INTEL TAUR
9aQuantum Software Engineerig ANAY 341onQ TXAUN
10 Atom Computing TAUN 351QM Quantum Computers J4VIIR
11 BEIJING BAIDU NETCOM SCIENCE & TECHNOLOGY FE 36Jij SEN
12 Beit m=3VF 37 MICROSOFT TECHNOLOGY LICENSING TAUN
13 Bleximo TAUH 38 Multiverse computing ANAY
14 bluegat HA 39 Nanofiber Quantum Technologies SN
15BosonQ Psi TAUH 41NEC SEN
16 C12 Quantum Electronics IV 42 Nord Quantique hr+4
17 CLASSIQ TECHNOLOGIES 1AV 43NTT HA
18 COLDQUANTA TAUN 44 NTT RESEARCH H
19 D-WAVE SYSTEMS hr4 450ptQC S
20eleQtron Y 46 ORCA Computing 1¥UR
21 Entropica Labs IYHAR= 47 ORIGIN QUANTUM COMPUTING TECHNOLOGY HEFEI A
22 Fixstars HA 48 Oxford lonics 1¥YR
23 FUJITSU HA 49 Oxford Quantum Circuits 1¥YR
24 GOOGLE TXAUN 50PASQAL J2VA
25 Groovenauts A= 51 Photonic hr4
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52 PSIQUANTUM TAUR 77 Quobly J2JRX
53 Qblox A4 78 Rigetti TAUH
54 gBraid TAUH 79Riverlane 1¥UR
55QC design N 80 SandboxAQ TXUA
56 QC Ware TXUH 81SeeQC TXUH
57Q-CTRL A-ARSUT 82 Sigma-| HA
58 QILIMANJARO QUANTUM TECHNOLOGY ANAY 83 Silicon Quantum Computing A-ARSUT
59 Qrithm TAUN 84 SpinQ Technology FE
60 Quandela VR 85 Strangeworks TXAUN
61 Quanmatic SN 86 Tabor Quantum Solutions 1A2II
62 Quantinuum TAUR 87 TENCENT TECHNOLOGY SHENZEN R
63 Quantum Benchmark hr4 88 Terra Quantum AR
64 Quantum Brilliance A-ARSUT 89 TOSHIBA BA
65 Quantum Circuits TXYUA 90 Universal Quantum 1¥YR
66 Quantum Computing TAUH 91 XANADU QUANTUM TECHNOLOGIES hr¥%

67 QUANTUM MACHINES 1A5TI)V 92 XeedQ N
68 QUANTUM MOTION TECHNOLOGIES 1¥Y2R 93 Zurich Instruments A A
69 Quantum Source 1A2I

70 QuantWare AI9H5

71 Qubitcore BA

72 Quel A

73 Quemix BA
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