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Problem Space BQM Solution Space
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D-WaveEFiTHHERRBREMRMMN (REMEEHL]) F=E

Discrete optimization (Ba{L{tiol@) , also known as combinatorial optimization (XFRAZEEEFK]) | is the
optimization of objective functions defined over search spaces consisting of a finite set of objects.

—_

EEUARIRRERLE, than: 18xioet (Assignment problem) | IR{TEIEE (TravelingSalesmanProblem, TSP)
FEFEOE, shmiodl. SER. kiEEiER, ElXloE (Graph Partitioning Problem) | EE®ERE. &

araslavas

Ko, F3,

Isingi=EIAQUBOIREIERE T AR B UL AT TS,
“EXTE-1/+155= 5 ERYIsing TR
O/ 1S B EE NN TIRTLR FHILMN (QUBO) [ERR

Any problem in the NP complexity class may be translated into this form.

(Ising formulations of many NP problems) February 2014, Andrew Lucas , Harvard University

E%E’\]NPX&@@%@IH@E%@C& singt&&Y, Andrew LucasiXimXEEH A 7 WIIENPEEE LAk Ising
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NPRE QR BIESITENIRERRR, FEUplsingREIR] LIS F TSIk,



(tARIsingfRR{LIREL?

ISingARMEENE—FRIEEN-1/+1ZE R, IsingBirREEBENITEEs=(s1, ..., sN], Hrbs;e
{+1, =1},

BIRREE— 12X min (Zh s; + ZZL]S s]>

i j>i

BANEBs T — MIREZERE, TUS+IE- R, S8k e B,
ST +185+ AT, EFANES) B, BEBHaEmhiER.
SR AR S, A RS SR RS E Y ORI —A, T s =5 (%8
HBE) His =5 (REAHGES), RIMRIFARSHIANETR, .



Ernst IsingEHA

BHMF R (ErnstIsing) F1900FEHETEERE, BHUFFE (EmstIsing) BIRFEER
ANEEERFZFE (Gustav Ising) , BEEEEE=R &4 (Theklalowe) ,

19226F, fhFFatEWilhelm LenzAYIES RS SRR,

19245, TENEXFREMIEZHFEIFN, MWAIETIEIUAZ 7 Wilhelm LenzZiXAYa)R,
M AEPERVSIRIE IR, XL REEE LM N AMER, MET(IRSRIESHI#ER
éE%l%éO

19304, fb5&E5]Johanna Ehmerf 4515,

1931FEHFH LS, (FA—1TFRIVEENARIZESR, FEEELIBERR,

19345, ERRIBHHARI REIIINAFER (XPFRBRE A FZARGT I AFE) %

BT — PR, RIFFRREN, EREARIS, B (Emst) FMROEFLI-FE
(Johanna Ising) &=, {(FEZREMNEFREEZNER(FMMHA-REZET (Caputh)

BIOGRAPHY OF ERNST ISING

19385, CaputhBUERAEARIESRS, 193945, IsingibZ| T AfkEE, EBRE, IsingLAFHREFA (1900 - 1998 )
KRS T AT ELT. mEEFSNGWARER, BHF P8 RERES. born May 10, 1900, Cologne , Germany.

. . . N died May 11, 1998, Peoria , Ill., USA.
19475, FFr—xBRIEE, SAMEFRFEFMNERETNBRIERIKSE (Bradley
University) 1B{EIEFHIE, EMNRKBIRXERFRINE, IsingT1998FEK REBIWHIZRFIE
T, pAEM98ZEHZEI—X,



4 2QUBOf{LIEEY?

QUBO (Quadratic Unconstrained Binary Optimization) , @D-WaveallWEE&&1\, QUBOS
SINgIRBLZESNHY, PILAGTEESIR,

QUBO REIEG Il “HFIZSExH x; BUE {0, 1),

HIRRBE— T2 KGE min (Za X +22b1]x, + c)

i j>i

QUBOZIsing: ZXRQUBORANE R ISINgIEES, Tl MERLU ISR,
s; + 1

2
sing2IQUBO: R IsingiR B2 45 AQUBOIRAY, FA MERIA NEIR,

Xj

s;— 2x; — 1



+42BQM (Binary Quadratic Model , Zi#l—IRSIEIRE) ?
“ o RiEE (BOM) e R ERN IR TLIR oot (QUBO) 1=EUAR,
BOMIRE— M EIEAILS, BiFlsingf1QUBO, tED-WaveEHBZ1d,
Mie<zE, BEEE BOMXEXAUTEN. F#aflb, @I (IAKENTREIEE, SEIICE,

BIRREE— i R G min (Z a;0; + Z E b; ;jv;iv; + c)
i

i j>i

FEABNEELINETHENIRI0. 15F&RmE, NRiEE MRIYHAE, B EZERQUBORIA TIHHAE,
XJFIsingt&ZBY 2 ZHTHY,



QUBOEIRMARGI1: 2-TEIREISLHI

HIIN—"TEENOFFE., KIJERITEE, A v, , BIIEE—FrLYERv, = v,[Y
BQM,

£—¥: BEUURAREER

QUBO Ising

x; x2 s s Equal ERP, FAVE:
PREIZ . vy = v, ————.

0 o -1 -1 Yes 0O Yesz=~ /90
EEUHERNER
EEEER I TE=2 0 1 -1 +1 No 1 NoZER A
Sl 1 0 +1 -1 No 1

1 1 +1 +1 Yes o




QUBOEIRMARGI1: 2-TEIREISLHI

B¥: B 1HE4H B=8: KERIEA
QUBOE#E: d1Xq1+ dp Xo + b1,2 X1 X9 + ¢, SKERTSTE %G
Nal-TElN_IXEE, R,
QUBO
a1 =1
IR F—EERA AL, ;
2 pr—
QUBO by, = —2
a1-04+a2-04+b12-0:-04+c=0 ¢ =
ai 'O—I-Ll2°1—|-b1,2°0'1—|—C= 1
4 -14+ay-0+b1p-1-04+c=1 &g, KEBQUBOBFIEN: x; + X3 — 2 X{ Xy

a1-14+ay-14+b15-1-14c¢c=0 XREHE EIBSERRIaEEE (R T — N QUBOELSTE,




QUBOEIRERNAHZRGI2: Multiple ConstraintsZ 5 {43E S1EBISL{

FE 2T PALRE)RR
9 f) BRE THERISIXEA S A, 1B
— « 4 VR T BB, SRR BN
(BT —NAE,

Katie Anthony

HirEsREZEMATREEE—EHER, B
REE—EHE, BAD? BE S
=7

L e

Betty Carlos oA JU{aEIX /) e @R AR ST R QUBOFR EL?



QUBOEIEMARGI2: Multiple ConstraintsB & {4IE S RIS o= £

F—. )RS
E—EE2BENIFERA_HHTERERUTEE, SRIIEERNWIET, RMNBS & = &
ggg%%%fkﬁﬁiZ%&ﬁ@B:“élJnﬂB—éﬁo WNRFRNTFOXLLAA R AF'B", BRAKZNIZEIX — w Carlos

« Katie in Group A
 Anthony in Group A
» Carlos in Group B

* Betty in Group B

Katie Anthony Good/Bad?

A A Good

Group A Group B A B Bad

QUBO 0 1 B A Bad
Ising -1 +1 B B Good

KatieF] AnthonySBE(EZER



QUBOZERERMARAI2: Multiple ConstraintsZ 4T S1EBISEH] =8

—¥. EBIQUBOIER!, EHAAXRENQUBOSIE, ARBEAE KT
21 BRFE e )

MFHAMBIRFER, BOEA—T (BATE/NGR) PBEZ, ROFUALTEOM = oo
SERTFIER (1= 2)

———---- 220
I:I‘\ . _ _ —— = = -
QUBO E%Ejj X1 T Xy 2 X1 X2 - - Katie and Anthony x4 + X — 2xA%K - .
S~ _  Carlosand Betty  xp + xc — 2xpxc _ .7

DOWMAKXER T T T T

T FATIMAKTR, HNBBEFSEMTARBAMREIRIRR, AMERIDASTIERIEID TR EE
BQMREETS ARG,

1) 3 IRHIFARIEESRR 2) #37QUBOSTEAE 3) KEESEA
QUBO Ising QUBO QUBO
X1 xp s; sp Different? T EQA%,_%H’JQU BOTU_
a1-0+a2-0+b1,2-0-0+c=1 ap = —1 2

S T 0+a-1+b1p-0-14+c=0 Prht =~
0 1 -1 +1 0 R ¥ At i = R p 1
1 0 +1 1 0 a;-1+a,-0+b12-1-0+c=0 bio=2 \—Xl—X2+ X1 Xp t /\
1 1 4 a1 a1 1+a-1+bio-1-1+c=1 e=1 S~ o -

‘—_——’




QUBOEEMNARHI2: Multiple ConstraintsZ E{4T S 1EBISEG ‘z;e‘m’ f>h
2.3 BFFRIHAARXENMAXEZBLEN =70 AA— 1R

HTE, BAIHENERGET—IQUBO , BATBTIIE—E, 88 TENIHIQUEO W=
(XA + XK -2 XA XK )H XB+Xc -2 XX H(=XA-Xc+2 XA X +1)
HEAIT:
XB+Xkg+2 XA Xc-2XA Xk-2XB Xc+1 B < Z
QUBO
- _—_—_thie and Anthony x4 + xg —2x4xg _-__::,‘
_______ Carlos and Betty  xp + xc — 2xgxc T TS
Anthony Doty Cades Kate valwek $@@=00 o 0o—cSN, T—/OD/D44e—mmmmmmens=s
A A A A 1
AT A A B A + \
eI S S S AR
I S S — feommmmTTmeee .
%?90 I____‘; ________ _2 _______ 2 ______ _2 _______ i——. (’ - QUBO: = X1~ X9 +2 X1 X9 +1 RN
/=5 S D S S R oo MR -Xp-Xcr2XaXcrl -
= ° B A B B 2 S~~~ __ __=- -
B B A A 2 e EE e am Em Em e e
B B A B 1
B B B A 2
B B B B 1




QUBOEIRERNAHZRGI2: Multiple ConstraintsZ 5 {43E S1EBISL{

©
Anthony Betty Carlos Katie Value 9 m 9

A A A A 1
A A A B 2 .

HE|T & S . a . Katie Anthony
ST S R SN
Binzs R B B e
%7]0 - B Ao A A 1.,
: B A A B 0]
9B E, B ~ ® B 2
B B A A 2
B B A B 1
B B B A 2
B B B B 1

< B friencs 2

«»y ap

Z2950IE, HERVBRBLEFT ST, Betty Carlos

RIEA MMIFERICRE R, BFIALEL®R, EERN NEAFIEEX IR, RTSHINEBINE—
fEEl’j\JiE)”J‘%, amoorZE, FIEARRERELRAY, ERINTENHEEALR, EFTENILIEREROERN
BEER,

D-WavegFit &Nl 7 1HNA TEASEIRGGTTAE R BIEREZ R, EEET, (I=HED-wave TEA
R — 1 LRI,



QUBOEIR: EMIERIDME42BQM Development Process

F—2F BETBErILIREMS
B BireB 1S ER/IMUEEARMWEIZRAD, [aPRIAREE I INEER
AR,
Buan, L BTAYtE3Z ML iaRRe] LA LA A :
Sl
295R1: BAARTERI—RIBA
RHI2: EATTEAREIRZIBAF

B BEIMILRIEN A _HFIHFRIAT

BERERERMN THBHFTERAN, WTROEA, RESHAAESR? {REEETA"Yes"8k"No"rY/E]
BEREGIRESR? —BR(IBAXERERBZEI(INTR, ML NE@ S E— " THbIZS,
Bk, BRI LUERIXLE T HEIZ 2R B ILIRE I FRIAT .



QUBOEIR: EMIERIDME42BQM Development Process

B EHEERAREERIQUBO
FEERNRABEE N EHA RN, NRCESE_ERTEEESE, CUsrESEHHTEE FTES
— L AR,

1) FEHIRIIE: FAIAIQUBOMISINgIRAL R BTIBIEIN 5 _tRE, S0, SR EHAEEEL ],
QIQUBOR —HFHITTE 20501, 1B5FE, 0/2=05801"2=1, REILFA TSI 2,

2) MNERRHEIREER/IME, ANRBAIRIBERREE— T AWERE (B2, ReJge=ERiBERAN) | FeliJaIlA
BIPE BN FRATERA- IBEEN A — 1 &M,

arg max(3v1 + 2v1v;) = arg min(—3v; — 201v7)

3) MWEEZIEIRIME, WRIRE—1EFIR, HITLIBEERE— &IV RIEAN, BEARRESEHE
%Z%%Z‘EU%EEE%J—@U, FRFRIFEMTFS, XBERNE F—1FREN, BREeTels/ME (0) , MAHET
(HEEXREHE (0)

Example:
Original constraint:
v1+ovx=1

Move all arguments and constants to one side:

v1+0v—1=0

Square the expression:
(v1 + v —1)2 s -
TRy 1 XN FHHIR/IME



QUBOEIR: EMIERIDME42BQM Development Process

B AESTHEN
—BRAIGPBAEN (BiAR) SpkQUBOFRIATL, BAI#n LUBT B EARISEEIIREMR&RZRIQUBO,

EX—2h, NRFE, FNITLAREIEARSERRITIREIIN, ZINERRISHSEH T,

B, HNSAETURIECERIRAIANSBHESH, LB ARL R (BEMBURIMALE) TS,

QUBO = min(objective + y(constraint))



QUBOEIR: EMIERIDME42BQM Development Process

Y SEUMaliEER?
a0 FFAIER N RN UTABENIE, STRFRNEARE. RETRLALNSETrmX T (E, MaE2
A LALABSETTrepiX I T (F, 317 2B L G/ NIRRT AX IR (F,

min ((12x1 + 8x3) + y(x1 + xp — 1)2)

ANRFANEZFEY=1, FAIAILLBZEILLTNQUBOE, ANERFRA IikiFEy=20
X1 Xp Value X1 Xz Value
— E— —
mAasEseakr, €0 0 1 _2 By = 20 0 0 20
SR EHAEE - Y AT T LA = =
werm o 1t 8 R, ¢o 1 8_C
1 0 12 1 o0 1
11 2 1 1 40

BFE, BOREEEA/VAE0E, DASEEBQVIREIISBASEE, — MFIEGRERE YR
ENEMEEERIREMIHE, URERKIREIFIBRLENHE SR, BAEFERENY. »—HH,
NRISRILRESE T, BEBALEFNMOERN, IBARABERZERLY.

—HRI, EIGERAD T, BARVE, EIERKZ T, R \WANE,



#7E: JEQUBORERIGIERENRY, EFE@EINHETRBAIISEFiTEILE

QUBORRELKBLAL ML

min (Za x; + Zl:]g; b; jxixj + c)
TiHBIZEx xR LA 0, 11EYE,
LR ERFERD-Wave OceaniE T BEB1a17QUBORS, —F5:228QUBOTEE I Ocean SDKAYFERE
I, HATTLABSENBZ ENEZLMEIN, TIFTB%UERNE XN, BQUBOMETZEIZER,

20 0 F(IIMEI AT x; + 2%, + 3x3 + 12 x4 Xy, + 13 %1 X3 + 14 x, x, B¢ FEBFEE , X
NREREH, IR METREVE (I, 1) |, BEHD BMEEEENE () ) .

"1 12 13 0 ]
0 2 0 14
0 0 3 0

0 0 0 O

TRizHIRT R, F(I2ICXES

\\}v

BT —MEEERR, BAREFATENIZET.
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ICIRBIIRGY ( embedding ) EI&EFitHHNF5ID-Wave 2000Q Chimera graph

HEQUBOEEMEY B ChimeralE]
ERTSFMAONESHER, XL RfLn A SIBRERBIRRFNT SN B2 BRVELE,

wan, BRI X,
H(a,b)=5a+/7ab-3b

(RBEM T Ralkb, [REASH-3, UNENZERREATRIBE, W NEMR.

Jttlﬁ/%%—reﬂﬂi%{ O] LU B YRR EAREYEIQPU
FRERHZENT R, #luls; (Ising ) 3kq; (QUBO) #MESEIQPULREF L, (T=--) E
+15)

o FOBEMRETIRRZRYA, BIan);; (Ising) Kb, (QUBO ) #wiRERIFES=S. (RE--) 85
=)

Ra L e RRIZ S MEIEIQPU ERIE AR DREBRA ( Minor Embedding )



=F1TEESID-Wave 2000Q Chimera graph
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LRI TR E— RSB AR T,
HBEEN—TELIR, 1BEIRITEIE
FRITHIE N IR E— TR |
IR TR EIMFEER e i
FRIRRIRTS ST

B — T BELRE— TMR/RA)i#E
e, ‘AE—HTE, 8 —
TRENEN (FT7) .

AEMHREBE—EEYIRN="

TRESNTE
;SZ.EQEllfi]ZEEio

IBQUBOEBIMIRIE FiTEHNRGI: traveling salesperson problem

:NGLAND Hangver

/
Cambridge oWolfsburc
QO

O
Brunswick oMz

L

Germany

Southamptong

.o Channe/
ogis

sey
rsey

Rennes

Fig. The traveling salesperson problem is an optimization problem that can be solved using
exactly-one-true constraints. Map data © 2017 GeoBasis-DE/BKG (© 2009), Google.



IBQUBORRIMEIZIEFiTENRMI: Formulating an Objective Function

EAVA= [T

N OETHEFIZSEREM (EARMF A= a b Ko), BTs, BEEXRTHEIRN=FRIREEY
BRI LR FE I BERIHD 9 R RS, FHRE— 1T ZEN], HEIREREZHEFT, ELATLUSLIR
SRTTEA0RYRE, Sl EREERFRINTIRE: HEFRTNTIE
a b c Exactly One is True a+b+c=1
0 0 0 FALSE )
1 0 0 TRUE E@a,b,c)=@+b+c-1).
0 1 0 TRUE . . N
. o BAEAH, BEE, MFEO0NIN_TEE, SE0F5H
ARG, X"2=XUUENFXEREIRREHI X IFIZE T,
0 0 1 TRUE
il 0 1 FALSE E(a,b,c)=ad"+ab+ac—a+ba+b*+bc—b+ca+cbhb+c*—c—a—-b—c+1
: B . . =a* + b* + ¢* + 2ab + 2ac + 2bc — 2a — 2b — 2c + 1
=2ab+2ac+2bc—a—-b—-c+1,
1 1 1 FALSE

a. b, ¢ =P HERIEABIF

(X—ZRET X*=X)

51E, XTBERAIS=1%ERIQUBORIHILES,



JBQUBOERIIEIFIEFiTE#RB): Embedding a graph into Chimera by using a chain

QUBOAE: E(a,b,c) = 2ab+ 2ac+2bc—a—b—c+ 1,

HACRE

-1

Triangular graph for an exactly-one-true
constraint with its biased nodes and

edges

(EARMEF =AIERAZIChimeradt, HZPMEIBAIQUDItSZERR—1 1L

BRSNS E F AR S E— R — R ELINX BRI EFRRAIR—
TRE, ARITEFHONSERTIESED, BliZIEHYE

-1

a

b

2

C

-1

@ -

BEVIURE N EZ R,

Chimera unit cell,



IEQUBOHEBRIIRGIEIE FITRINRH: BEFMKET T RMLANE

M T 5, BAIR
BEET MBI E
B8 2

-11b

-1

a

2

C

@

(4) 0

il 5

REFUOMSERRFIEEPFEECIZENLRREERE. TR’

1) EE A0S Z BNt s Bck B ERI -1, WEXB P EFAIRER-0.5.
2) REFHS0FISZ BB RtGETRE, XM ESIRE - 3E et EERE

3) *MEEFE2ZEFHI-3, BIEEFUF0RSIE MRERIN-(-3/2)=1.5, WEXLEEAAIRERT

Edge Quadratic Coefficient Coupler
(a,b) 2 (0,4)
(a,0) 2 (1,4)
(b,c) 2 (1,5)
0,5

ALNIEES -

Strength

2 dE3al
Ho—

2 DEBN,
B,

2 FLAfS
- 3 .

-3

Linear

Node Coefficient
(BX2¥)
a -
b =1
C -
TRINERI

B EERK,
4 T S
TN
0,5 11 BH9%
SE,

-1



EQUBOEBIMBIZIS FiEIZRG: == 181, AEEfTHRER, unembedded

| 1 -1

IR TRt AT LA R - (0) (@ 2@ -
SHEERTIEN, & , 3

FixfT, HREREE. 1 >

-11b 5 c |- e a 5 > @ C

1230E1T: BIZOEIRERZLAD-Wave 2000QER % Unembedded BRIk HHZEER, =FheEER,

\ = ;/_l\\<\/ \QE . R \ St L = =
HTI000RIEKHIER SFIXA PG EOTF, BERASBEE T4, 15

- SRac RPN, SHITRb. LEPIIERRBHING:

Energy Occurrences F11T: %Eﬁ&ﬁ%(@bﬂ): (1,0,0) §E§_1, KI206)K,
0 |3 4 1 '%2@1 R HZ(ab,c)= (0,01) BEE-T, 7,?%)'?,526}/’20

1.0 o o 1 0 206 “£31T: BRI Z(abo)= (010) gBEE-1, KMM267X,

-1.0 0 0 0 1 526

-1.0 1 1 0 0 267

FRERANIERNEATEER/DaEEEWIRSTEIQPU
0.0 11 0 ! 1 WFNERTTRYE, EXMHER T, FERE— S EZ 8T,
e ANBERT AT100IN2IEIBR (R B ACTE SR
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jBQUBOEEIMEIRIE FiTENRBI: N = 16 random geometric graph
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EQUBOERIIMSIRIEFiTEMNRABI: What is a chain break?

7 > 24\ H- EEETRS T
5\<1/ N FTFES RHQUBOEELI TR
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\12/15 ! N N N
%9// min Z (xi +xj — 2x;x;) + v <_N'in+zxi+222xixi>
/§ 3 \ i i
\\0

(i,j)€E i j>i
L=, JFNNNCHAT, FNRKREFIGTEMERE—icH., XEREC(IENF LHRIRFINES
HHEAME: Ozk1 (QUBO) ; -1kl (F=F) . ATSIIX—=, ERTSH0eE, XE#EES5QUBO
R —IRAVIBX B RFM = F,

MRGERESLK/N, BPRTHIE A B A=ESHEENE, FERBIIE AU ERRRE T AL
TF, 9ENEFECHEERISEFRIRE, B SiERREEBRIIEA N,

a broken chainfi2 B8 FRE— 1 ChainEBfYQubitsBEFRE S —3,

ik, WRERESHAKN, RAIRKBESEX DA, Iz RE=ARTHRaREREE ], B2,
WIRIFIREESSaE ST A2, BAZERK,



IQUBOEB IMGIZIEFiTENRFI: What is a chain break?
eI mE AR 16T R Y E ke A QUBOE Z f5, BFHREE FNEEFELTHQEEH, B G=FITE

Miz1T, PythonfE=aTF:

import dwave.inspector

dwave_sampler = FixedEmbeddingComposite(DWaveSampler(solver={’qpu’: Truel}),

embedding)

bgm = dimod.BinaryQuadraticModel.from_qubo(Q, offset=offset)

sampleset = dwave_sampler.sample(bgqm, num_reads=1000)

dwave.inspector.show(sampleset)
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{EQUBOEBIMFIZIE FiTENRGI: What is a chain break?

{FAAEIInspector B7~Er NAYSE

Target - QPU

Ising
Bias Solution

+ +1
0 @1
O -

BIE, RESEEESART, RFEERE0SEER
ENRT, BRM0ES, WA, ME—EGEEE
BREBIET, CHANTT.

Ising

Bias Solution
ks +1
0O @ 1

O -

‘B EAE@inspector (FFREAMIITIER= L) FHIZ—PIEIR

LT RERbE, FelInlLABEIPEEaRlr 7.



EQUBOERIIMGIFIESFiTEHNRHI: Solve chain break?

IRNNHESRIRE

FAJAHMIEERE R RESHNGIERE? — M FRIE— M RREIRE SR QUBOREHEABIIERY
B, EXTEsXEEFs, QUBOZBERBEEM-896EIKL120, HIitt, jEaE2HE—MFEIR
1000,

HNEXUCAEFIIERESE Plar/EZRUBAIEN T, Jikchain stengthZ#, chain_stength&%{
HREEL], IEHIIEEA1000.

sampleset = dwave_sampler.sample(bgm,num_reads=1000,
chain_strength=chain_strength_value)
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D-WaveEFit 5N miETLE¥EH0cean Software

*Application : [FiaeliR ("[di=sE") KELETX, SENAEE

FEURAIRME L AB TR, B, SIS RS W AL Optimization Constraint Satisfaction
FREEIRREB B R EE, ( \

-Mapping Methods : 5 FEREF BRNAR R B S BTt — - | Applications
SR ANDRNTE, 1 IEEERASEREER, 5 ool

- 3/

MBI FBRARIRTZ, Hla, dwave networkSEREERRE [ Ocean Software )
SIS REMEEBQME, e
Uniform Sampler APIl:: #iRE, HEOEEEHRAIEN EIR

. Constraint ' New Mapping Mappin
S * | Methods

SamplerZRAYEL, Problem Suitable for QPU: Binary Quadratic Model (BQM) Uniform
Samplers : LABOMIEat B A R EIR RS =R T Sampler AP
B, Oceanf#ED-Wave QPUFNE AT ERRSLIL 7 J L KA 2R,
R LAEROccan TEBENX. D-Wave Samplers . 2B cHIk
FRIARLZESamplers ,

‘Compute Resources : HTIEBMRIE AT EVEY, BEEF
BB I HITEED, XeJgee—1D-Wave QPU, (B
Al gEREICARENAICPU,

Samplers

Compute
Resources

CPUs and GPUs



D-WaveE Fit B2 RIETLR ¥ &0cean Software

Problem Space BQM Solution Space
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Factory Functions

structural_imbalance (S[, sampler])

constraintsatisfactionProblem.add_constraint L.J
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Formulating Sampling




D-WaveEFitENIXHRIETIE¥E &0cean Software: HEEGARR

Code Province Code Province
AB Alberta BC British Columbia
MB Manitoba NB New Brunswick
NL Taek\),g zz:dland She NS Nova Scotia
NT Northwest Territories NU Nunavut
ON Ontario PE Prince Edward Island
Qc Quebec SK Saskatchewan
YT Yukon
NB
AB
\AF
Coloring a map of Canada with four colors. on

PIFHEREE, 1E8H X LA T REFE A o o

NU

NREEFATENEITER

BIREFARBU IR



import dwavebinarycsp

from dwave.system import DWaveSampler,
EmbeddingComposite

import networkx as nx

import matplotlib.pyplot as plt

# Represent the map as the nodes and edges of a graph
provinces = ['AB', 'BC', 'MB', 'NB', 'NL', 'NS', 'NT', 'NU',
'ON', 'PE', 'QC', 'SK', 'YT']
neighbors = [('AB', 'BC"), ('AB', 'NT"), ('AB', 'SK'), ('BC,
'NT'), ('BC', 'YT"), (‘MB', 'NU"),

('MB', 'ON"), ('"MB', 'SK'), ('NB', 'NS'), ('NB', 'QC'),
('NL', 'QC'), ('NT', 'NU"),

('NT', 'SK"), ('NT', 'YT'), ('"ON', 'QC')]

# Function for the constraint that two nodes with a

D-WaveEFitElEFRmIETREG0cean Software: Map Coloring Full Code

# Function that plots a returned sample
def plot_map(sample):

G = nx.Graph()
G.add_nodes_from(provinces)
G.add_edges_from(neighbors)
# Translate from binary to integer color representation
color_map = {}
for province in provinces:
foriin range(colors):
if sample[province+str(i)]:
color_map([province] =i

# Plot the sample with color-coded nodes
node_colors = [color_map.get(node) for node in G.nodes()]
nx.draw_circular(G, with_labels=True,

# shared edge not both select one color node_color=node_colors, node_size=3000,
def not_both_1(v, u): cmap=plt.cm.rainbow)
return not (v and u) plt.show()




D-WaveEFitEHFRmIETREH0cean Software : Map Coloring Full Code

# Valid configurations for the constraint that each node select a single # Convert the binary constraint satisfaction problem to a

# color # bi drati del

one_color_configurations = {(0, 0, 0, 1), (0, 0, 1, 0), (0, 1, 0, 0), (1, 0, O, 0)} Inary quadratic modet

colors = len(one_color_configurations) bam = dwavebinarycsp.stitch(csp)

# Create a binary constraint satisfaction problem # Set up a solver using the local system’ s default D-Wave
csp = # Cloud Client configuration file and sample 1000 times

dwavebinarycsp.ConstraintSatisfactionProblem(dwavebinarycsp.BINARY) sampler = EmbeddingComposite(DWaveSampler())

sampleset = sampler.sample(bgm, num reads=1000
# Add constraint that each node (province) select a single color P P ple(bg - )

# for province in provinces:

variables = [province+str(i) for i in range(colors)] # Plot the lowest-energy sample if it meets the constraints
csp.add_constraint(one_color_configurations, variables) sample = sampleset.first.sample
if not csp.check(sample):
# Add constraint that each pair of nodes with a shared edge not both print("Failed to color map")

# select one color
for neighbor in neighbors:
v, U = neighbor
foriin range(colors):
variables = [v+str(i), u+str(i)]
csp.add_constraint(not_both_1, variables)

else:
plot_map(sample)




D-WaveEFit 8N miETLE¥Ea0cean Software: BBz 4HAIRR

1 2 =1
a © @ 0 @ -
2 2 -
b 3 p)
1 1
_ _ e 1 5 @ C
1| b 5 c |- >
from dwave.system import DWaveSampler = ?l‘f%:ﬁl;@{fj_'éﬁ %
sampler_manual = DWaveSampler(solver={'topology type" >>> print(sampleset)
'chimera’}) @ 1 4 5 energy num_oc.
o 06 0 1 0o -1.0 1274
qubit_biases = {(0, 0): 1, (1, 1): -1, (4, 4): -1, (5, 5): 1} 1 0 1 0 0 -1.0 1726
coupler_strengths = {(0, 4): 2, (0, 5): -3, (1, 4): 2, (1, 5): 2} 2 1 9 6 1 -1.0 1997
LI LR 1 R R | 0.0 1
Q = {**qubit_biases, **coupler_strengths} 4 0 1 1 0 0.0 2 _
['BINARY', 5 rows, 5000 samples, 4 variables]

sampleset = sampler_manual.sample_qubo(Q, num_reads=5000)

print(sampleset)



D-WavesFitEH&E ¥ mizs TE¥E E80cean Software: TSP|n)gR

8] LR B 5 SRR B ST 2 2

from dwave.system import DWaveSampler, EmbeddingComposite

sampler_auto =
EmbeddingComposite(DWaveSampler(solver={'topology _type":

'‘chimera’})) =211 %ﬁﬂ@ﬁ_ﬁ%%

linear = {("a', 'a"): -1, ('b', 'b"): -1, ('c’, 'c"): -1}

>>> print(sampleset)
qguadratic={('a’, 'b'): 2, ('b’, 'c'): 2, ('a’, 'c'): 2}

a b c¢ energy num_oc. chain_b.
o 0 1 0 -1.0 1465 0.0
Q = {**linear, **quadratic} 11 0 0 -1.0 1838 0.0
2 0 0 1 -1.0 1695 0.0
sampleset = sampler_auto.sample_qubo(Q, num_reads=5000) 30 1 1 0.0 1 0.0
4 1 0 1 0.0 1AL 33333

print(sampleset) ['BINARY', 5 rows, 5000 samples, 3 variables]



D-WaveEFitENIHRIETLEFES0cean Software: 245

Iv=Fl
1. #52QUBO/BOQMIEZEY: D = { keyl: valuel, key2: value?, ... }.
2. BEREEESampler/Solver

Example. To use the D-Wave QPU, we might use the following lines of code.

from dwave.system.samplers import DWaveSampler, EmbeddingComposite

sampler = EmbeddingComposite(DWaveSampler (solver={’qpu’: True}))

TrueZERTEAYIBTE M R R
3. AR Sampler, tvamiERSamplerfigsample qubol( .....)BRES

4. Samplenz{rzfEi1R[E] SampleSetXI£,
SampleSet.record: The full set of samples
SampleSet first: The sample with the lowest energy.

SampleSet.data: The complete information about the solutions and sampler.



https://github.com/dwave-examples

{EAD-Wave Leap Quantum Cloud ServicezE&i T2 FitEHRE

Leap™ Quantum Cloud Service

LeapT20185FH#EY, ED-WaveRFNTNEFEIRS.
THED-WaveE FITEN I LIBANOMEEE, XA DT B EMIwmIER, SEMEa0mISEE, FIIAFIINAFHTXH
FHERYABAST.

s FLeap: https://cloud.dwavesys.com/leap.

Client Libraries JSON/HTTPS
WAN/LAN Solver API (SAPI)
Web Ul HTTPS
SN——




{EAD-Wave Leap Quantum Cloud ServicezE&it1TE2FitHERE

Ocean SDK
D-WaveETFPythonfIFRE#AFFA TEE (SDK) OceanfEFEFTENINARFFARES, FHEH T
EIRE., 1525EGitHub_ERYOcean SDKLLIAE)Ocean SDK, HZmOcean L UREERE Y,

IDE

D-WaveRLeap integrated development environment (IDE) EFHARESFNAEFFIEREFTER
&RE. PrBLeapik &I LRSS =TI EFT=AVIDE, BiRRETIERA/—RXMETEX (FRARK

ISIRSECE 1 OceanflEftAmEELIND-Wavel 8) . AT EBCSHIGIIHUbFEES— B ISR AIaf T
19, REEALUESIXEAAS A,




{EAD-Wave Leap Quantum Cloud ServicezE&i T2 FitEHRE

SRR

D-Wave System Documentation https://docs.dwavesys.com/docs/latest/index.html

D-Wave Leap Quantum Cloud Service https://docs.dwavesys.com/docs/latest/leap.html

D-Wave Ocean Software https://docs.dwavesys.com/docs/latest/ocean.html

Leap IFERMIL (FREIAREERTTH) -

Sign up for Leap here: https://cloud.dwavesys.com/leap.

GitHUbRIR
https://github.com/dwave-examples



https://docs.dwavesys.com/docs/latest/index.html
https://docs.dwavesys.com/docs/latest/leap.html
https://docs.dwavesys.com/docs/latest/ocean.html
https://cloud.dwavesys.com/leap
https://github.com/dwave-examples
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