‘{/f (x,t) 1/ J(x,t)

H(t) |V (t)>=ih (/"/ W (t)>
H W (x.t) , V6% 2
(E=g®)2-(pc-qA)2=(mc2)2. ,{] 9 1Ll + U Y(ot)= it rLnL

2 Ox: o

BF - ANA Ty FICET 2RBHAE

20234 2H28H
DEVELIAIN=4E tEE=~E—EA



SEIOBM

TRICET2EFETDOERZMESE H1=0.
TEDESHRRARE~NDMNRMN LG RRERETESIEFERAMDER,

B2
COBRBTIEEF7=—) V7 EHHAIZDWT, EfTMGEsZ0i0E LZBRAZTS.

SACEEEGHAFTTZAVD ZLELAEVD, HAREOEEAZAA—DLTE LS,

HRFRBHBEDHZTICHENZEZAEESE D,

© 2023 - DEVEL¥ &t



=P/

=2F&E?

A EHhERELEBEE?

BRZEEICDONT

=EFT7=—UTI2D2\T

X BFT7=—Y2TI22L0ZTDE YL 3 DOEEIZ Google Colab Z{FEWNVET,

© 2023 - DEVEL# X &%t



EF&EE?

AEAENTHIEa—42 (BEDPC) LIFEL D,

HHRIOVEL—2DESE

Bl 2+1ZHHEa 2 E1—2 ETITS,

Ew k (bit)

HERD B,
CZTIX2Ey FEAELS,

1 O —— EvybREE —— 1 1

2 +1 3

HHIVE1—F ETREEEZ2ERICER L THEZT I,
AAYFDEIITHEY FEYYBZTHEZITS, (Ev FRER)
SAERREECZOE Y FREITKRET S

© 2023 - DEVEL¥ &t



EF&EE?

= N o — B A\
EFavEa1—4 DA EFEROEL,

BEFEvY ; (qubit)

B) 2+1%BFaVE1—4 LETHS, CCTR2EFEY FERALS, H H R

;Z//

1 0 0.1%

OO0 -

R

2 +1 2or3 X 1 99.9%

EFIVEL—FLETHREZ2ERICEML THEZT S,

HHIAVEL—2EMENELT, BRIEVWSEBENEET S,

ATEERIIERMICHASIND,

© 2023 - DEVEL¥ &t

COERBETREELENEEL TG
LY,




EF&EE?

BEEMIZ-o-TKELXK??

00N

Ew FRER

£1:81x1000

00~

2

SAILLIE = F1T 55

+1

20r3

BHERAL TELHEATILDEEZ LT D,

RTIE7ELY, B#H 1000 ~ 10000 HIEFETT D,

© 2023 - DEVEL¥ &t

HIRE
0 1[=]
1 999[g|
bbb ZziA



EF&EE?

fAIAIEL LD ?

|
Bl) 3Z1ES, XA A—CTE, EEOHELFELEYES,

0 O — EvybkrREE — O 1 — EvbRE — 1 1

@@—> Ev bRig @ #HIx1000 — 1 1

THIVEL1—FERSM Y TFDELSIZ—DFTDEY FEYYEZR S,

EFAVELI—FFEHRDODEFEY FE—EICUVYEZ S,
Evw NREQRHBMNEFIVELI—FDANVE > BRICNBEZTEIENTES,

© 2023 - DEVEL¥ &t



EF LT ? (B¥0)
EFaYEa1—2(XIHNEH T RE

HHIAVEL—FRF1EY M2 0,1 OREZEF->TEY., #3FEIHRICIE0, 1" DE
LoN—ADREICLAGEDSZEFTEEL,

—ATEFIVEL—FDHERIF1IEFEY M0, "I ODEADREZREFICEDIEMN
TE %,

LT, "0 DREDHE L "L DREDFBETHREEZEINENTVENET D E..
SHHRIAVE2—FTE—ADREBLAFELZWN SO, 2ERFEZTHGELENTEL,
SEFIVEL1—FTIEMADRKEZREICHFE DO, LEITHEZITS C EAHEE,

© 2023 - DEVEL¥ &t



HAEHLEREIEREE (X ?

— I EREERIE & [T EFE R D,
f51) 100 TCIOMHDF 3 aL5HDALEZE S,

&1
FaaALtHLFETEBHEITEZCEWN=LY, (E&XKIE)

EH2
FIaaEHALOEHTEC L SLMELL, (FHHEH)
(EEDEN2{ELLT)

SEDTSITIMLFaanelAALMASEE LS,

20

15

10

1Efi#

1Q

15

CDEICHAIEHTTORXR - R/MEZRDSHEEZRBEILBEEE LS,

© 2023 - DEVEL¥ &t




HAEHLEREIEREE (X ?

RELEEDBEZLUTICE LHD,

EiGmEit

A\ 4

HAEHE&EEL

Y

\ 4

Y

Az ET B E
JEHRTL ST IR RE > —RETEREE
> Z DD IEIR L RE
P8 » ZIEXBET7ILT) ALEERE
NP £ fH =8 » BFaYEa—427? (QUBOMh)

© 2023 - DEVEL¥ &t




HAEHLEREIEREE (X ?

EERERKREL DT, ExFELEHEEREILE GismElL) N FEET S,

—>HOENRYE GEHRE) ». BH (BEIE) HDEL.,
RIE M EfR&EL, REMNBEBEEIL.

511) 100 TCI0OMHDF 3 aL5HDAHLEZTEDEITEZCE S,
SBEOBEMIBHELD T, HAEHEREIL,

B12) MHEAEMHEBZR g I DIBET—BEEZRLWLWFI3IaZ4ED,
> HIERELZD T, EfsE1t,

© 2023 - DEVEL¥ &t

20

15

10

1Ef#

5 10 15

10



HAEHLEREIEREE (X ?

ERSEL L BAEHOERBIEDRESHIZONT

EfmEEDGEEICEAREGHMAAREEICE DWW 7L T A LFEEEREILMEICE
FIRAT B ENTERELY,
—»>—RICHEEHELHBIERFZECEREXI Y BT HMITHLLY,

HETHRBEIEREOBEDRES
BAMLGEEETEELRAAVEDEIZ, ZOMBEIZEE LTI T) ALDEE(CLE>THE
CTENERMLGT TO—F L5,

EELINALORBEICE L CTIEBREGHEMTILI ) ALFFEELGEV O, BER. &
URBEDHDOIWNWEIARIEL -V AT 4V AGFEFOMAINRFTINDS,

© 2023 - DEVEL¥ &t

11



HAEHLEREIEREE (X ?

QUBO (Quadratic Unconstrained Binary Optimization) %8 (BEED)
EF7=—) T DXIRT & EHT HmiBELRE,

B EIBEEAY 2 X2 (Quadratic) LREABETH Y M DZEHMN 0,1 ODWVT M LIRS AL 2 (&
Z# (Binary) THY . D DOFHIFFEHEHIELE LA L (Unconstrained) FxiE{EfEIRED Z &,

Ising [E1%E

QUBORIEENZEHMMDEHEZ 0,1 TIXA&<-1,1 [ZL1-RRE,

EF7=—VUJDOXARTRBEILEE-1-15E. EARKIC QUBO BEZEIET,

© 2023 - DEVEL# &%t 12



HAEHEREIEREEIX?
QUBO MIRBIIHIMFEHZERIERT 5 LIETTEALY,
SHEHADELHESEIHFHNEHEEAL BENERORICEXTEILELH D,

QUBO @& L TERETE HH2H., FMMICEELGRERZ<HMboNTLD,
— A TEHDENRBIETH 5B EREET I < DHEL LY,

Ffz. QUBOMIEE LTERIESN LIV DI DEELGRBBIEHEMLZTILT ) X LA
BN TULVELY,

—BFIAVEL -2 DRANREENS,

EFIVEaA—RI(TEOHRAL Z EHAEE

—HRIZFR < DIFEEL LY %
T £

HAEHEREILREE QUBOFEIRE

A 4

© 2023 - DEVEL# &%t 13



BRPEIZDONT

BRFEET 3o/ F—2Z2FE L, FERRELATIBLVY-ILTHD. FERE
[CEDNWT. BEDT—ENoROBEEFALLYNETES, F-. BEDT—20DE
BT —RICETLERELGERGEDNINZETS>2ELTE D,

RENMIIILUTOELEDONEFET S,

- BEHYFE (EROHST—FZRAVTEE)
—EIFRSHT. FES

- ZE LEE (EROBTVWT—2ZAVTEE)
P SRR

- BRIEFE (VATLEEOITEEERE L EICFEE)

EFEAITICDONTIEERFICEFEL CEREAT %,

BEHYFE \ #EFEE

© 2023 - DEVEL¥ &t

14



EFT7=—1Y2TI1ZDL\T

HAahERELCHEIFMEL-EFa 2 E1—4%
SERNGERERIEF7 T —FALERLKEFEY FTHEN, EITOTOEIANELS>TINVS,

EFT7=—)20%T5-0I12, HHEHLEREILRIEZQUBOMBIZEIR L TLAIRENH S,
HAEHERBEIEEEN 5QUBOMBEANDEMIIHHRIVE 2 —2 TITS,

. . EFOUE1—RIZEOHAD C EAERE
E&: >tl_9-6hjo

R%ﬁz %

A EHtE&E LR

A 4

QUBORIRE

© 2023 - DEVEL# &%t 15



EFT7=—1Y2TI1ZDL\T

I
 RAEOES

SBFT7=—) U TREE-VEAEHLERBELREEZ QUBO MEICEETI ZENTENE, A E
UNEFIRY EAGRETLHETNTRERTH D,

SRIF— FARO& S ICERREH G EATETH Y BEALBINES.

R =

- A EHERECEAEDERENH L LY,

VI EDITRIA TS RAREFETH, HAEDOERBELOERCLDOMBALGENETATSI VT
[FBEZ TR,

HEl: EFaVE1— 20O E LR XS BARLEHZERT
https://www.jri.co.jp/MediaLibrary/file/column/opinion/pdf/11942.pdf

© 2023 - DEVEL¥ &t

16



EFT7=—1Y2TI1ZDL\T

HENDREBEZAA—CFTHEH1C, MAEZHIZLTER S,
2DDEAIMICEE L THATLS,

gl i)

—

n @) n

EROHAONBEZAEDFEHEESES?
—[E#R L TSEBMN EIZE S,

© 2023 - DEVEL¥ &t

17



EFT7=—1Y2TI1ZDL\T

R CHBREEZEDIT 5,

—SBWIRELHD, <:j s [>

CNIIFRELIKREE,
%) 0 FEE
zZ (7))
EOBRILTEEDIT 5, al=a 5

—EBWII5EE 2, E> <:1

CNITRE LT=-REE,

© 2023 - DEVEL# &%t 18



EFT7=—1Y2TI1ZDL\T

hzWLo[JMEDPLTH S,

ELOMEDLT %
BISTBEEIHD?
n n n n

© 2023 - DEVEL¥ &t

19



EFT7=—1Y2TI1ZDL\T

AN —FIZE#H L,
—>—BRELERKREIZEASSET D,

CDEOIZ, HRZFEIMNLT
ZELEREIZCSERINEZTFT=—)TL1V S,
(ERFZEATIELEVVDOTHLLETEHEA A=)
-, —EBOMAEEZETELRY.

BMODRE\EZDITH5ELTES,

© 2023 - DEVEL¥ &t

20



EFT7=—1Y2TI1ZDL\T
KIEFEDEEERDEFT=—) VT TEZ D,
MAE—D—DOMNEFIZEZHhHh > TLVS,

—S>T=ZLP->TH I EFEAELERLC,

BF—E—EcRELrHD. (REV)
BMADELDITREGIREIZGES S LT 5,

© 2023 - DEVEL¥ &t

21



EFT7=—1Y2TI1ZDL\T

FrRZNMTT—BRIUIVKEZIEL T,

4 ROIFRE

REGREZRT

/ REMICREL

-

N REIEBES

W =\ A
)

B

© 2023 - DEVEL¥ &t



BEF7=—Y)2FIZ2D20L\T (&R

RFEEEICESBERSE DM,
BEGTRBZEZ D

SHBlIZEBEOTgIZTLWEELL, QZELIGEWVLEDIICTLEEL, )
NERIFEDHMADETHEEZEL, (EFODBETHFELEFELGYET, )

© 2023 - DEVEL¥ &t

23



BEF7=—1Y2FIZD2L\T (EEHRE)

3IDDHWEZZRET %,

Z Z Z

1DEDEAE s—1 HDEZBLINED,
2DBEDHAIF 1-2 M0EZELINED,
3IPENHAF 1-g RDEZELINENZEHINT 5,

CCTREAIINEBALICE:-CENDEZED, TICEKLEBELHEWVWELEDET D,

© 2023 - DEVEL# &%t 24



BEF7=—1Y2FIZD2L\T (EEHRE)

RICEHEHERT D

1. s>1 I TELLEITFNIEXGESELY,
2. so1ZBDEZFF1-2F = E 159 F 8D, T=-. HHLRYILD,
3. 1-g ldbTBLLEITNIEGE S,

DFY, 1BEEBBEHOHARESEIGEESNG, 2BEEHDAZE A1),

© 2023 - DEVEL¥ &t

25



BEF7=—1Y2FIZD2L\T (EEHRE)

A =
TAo

= II z
Z

VD EEIZT—BRET 5,
DFEY ., 1-2[%@ 550,
CNTEHEHOBEEZHES ZENTET,

© 2023 - DEVEL¥ &t



BEF7=—1Y2FIZD2L\T (EEHRE)

ERICTAT I LTENTHD,
- Y—X3—F annealing.ipynb
)20 E6]

https://colab.research.qgoogle.com/drive/14IPDy6d7z3paacHcERapI7ETmsmmIP7j?usp=sharing

ANIFLUTDEY,

1. 5# : fEZQUBOIZE#T 5,
2. EF : QUBOZIICEFT=—U2T%1T5,
3. HH #HERHIALEZZERD B,

© 2023 - DEVEL¥ &t

27



© ®
BEF7=—1Y2FIZD2L\T (EEHRE)

Stepl w4 : FIEZQUBOICERT 3, =)
SHEESHELREBEEEZEFT7=— ) VI THRITAHESIZQUBODRKIZERT S,

c ANT—RICEEFT=—I)VITDHREEL TS,
— DWAVE_TOKEN [Z[& D-wave Leap(https://cloud.dwavesys.com/leap/) A 5
mELE 0207 AT,

(=Y ZBETEEN 2 GEEEEDEFFTEHESEFTINDTARELXTY, )

- DS I7T—R2FSEHKSEEEZ TS 7ICEI LTS, (BLEOX)

- QUBOZEMTIIREZ L= 5 7 Z#IZTQUBOD R Z1ERL,

© 2023 - DEVEL¥ &t

28



BEF7=—1Y2FIZD2L\T (EEHRE)

/—-

Step2 EF : QUBOZERICZ7=—YU VT %175,

DWavettDEF7=—1 VT Z%HL\T QUBO MEERDIT5,

Stepl © DWAVE_TOKEN # A AL TWAIGESIFIEROEFa U E 12— HEC
AALTWEWMEREY I aL—Y 3 UREI<

TRETLETNA R EERERNRTEIND,

B D VDEERIF0, BEARKITLEL D,
EITHRR|

e o . s—1 & 159 DRBZTHED,
;i%\/l’ A : SimulatedAnnealingSampler 150 DIEHEEE S 70,

=

("1->2': 0, '1->g': 1, 's->1': 1}

Energy: -1998.0

© 2023 - DEVEL¥ &t

29



BEF7=—1Y2FIZD2L\T (EEHRE)

Step3 FERHIHLLBFEAZERD D,
Step2 TRHE=EBFT7=Z— VI DERIMLERORBEERD S,

BRIRIIFETRTIIND,
(AR)

HMAETEALLOERLLOAE NSNS, °

© 2023 - DEVEL# &%t 30



