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*4 The Traveling Salesman Problem http://www.math.uwaterloo.ca/tsp/index.html
*5 Concorde TSP Solver http://www.math.uwaterloo.ca/tsp/concorde.html
*6 L KH-3 http://akira.ruc.dk/~keld/research/LKH-3/
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*2 Excel p+§":g7&= http://www.orsj.or.jp/archive2/or57-04/or57_4_175.pdf
*3 Microsoft - Using Solver to determine the optimal product mix https:/support.microsoft.com/en-us/office/

using-solver-to-determine-the-optimal-product-mix-c057¢214-962£-4339-8207-¢593e340491f
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*5 Concorde TSP Solver http://www.math.uwaterloo.ca/tsp/concorde.html
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;0ez2"2Wé"8¢ ¥p:<Tgs>a@OhSwzA"»lise2~™rg;w;6> ™M oMitb{

Python 3.5+ % U ~b” ¥pKeyzeéxwE”Ai1 iisrp«Giitb;UDGpb O {Z<w!
Otd Odeaew ipArgraeloXir*M{

pip install dwave-ocean-sdk

*4 QOcean Documentation https://docs.ocean.dwavesys.com/en/stable/
*5 GitHub - dwavesystems/dwave-ocean-sdk https:/github.com/dwavesystems/dwave-ocean-sdk
*6 Ocean Documentation - Installing Ocean Tools https://docs.ocean.dwavesys.com/en/stable/overview/install.html
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-

52 OZ—rgw-Y

€.$s0Jt “E% 2tz D-Wave 3pAUewA">»wOZ—wMOtmMo-Y $b{Gt%
Ts Y" >8%hStzITsl{&Y"»t b"grxEu“ 0o So‘MpbUz ito
€-407-w ¥>jc0zTMt " Th\g>* “tb{
SRzD-Wave 3pAU>;MoEud7&=>rXhStxz Eud7&=06Jw U= >aelh™tz ‘
i=PA¢ ew! UZAp h{ T z! MOX 1¢60$sA«C¢«c¢ $+"hSztcx
i~pPAcew! U7tAcepMoz D-Wave 3pAU«wO—>a20U2w"S 2 g'oRQtb{

G.H)w:Uw'Os "i-bpAg>rVhMq fb{

minimize  — zgxg + 2x0x1 — 1T — X
(z0.21) €~ 1.1}2 .1

"AaY<lvozZ<w'Os "Astae z response U "pV"\g>=Y oXi*M{

import dwave.system

import dimod

ENDPOINT = 'https://cloud.dwavesys.com/sapi/' # 5.1.1 p " h ENDPOINT >GLb”
SOLVER = '#%x' # 5.1.1p ~"h  SOLVER>GLb”

TOKEN = '"sxx' # 5.1.1p ""h TOKEN >GLb”

sampler = dwave.system.composites.EmbeddingComposite (

dwave.system.samplers.DWaveSampler (
endpoint=ENDPOINT,
token=TOKEN,
solver=SOLVER

h = {0: -1}
J = {(0, 0): -1, (0, 1): 2, (1, 1): -1}
bgm = dimod.BinaryQuadraticModel.from_ising(h, J)

response = sampler.sample (bgm, chain_strength = 3)
response
ixziGw'OsyM ™"AizpziMt D-Wave 3pAUt " -%WALU "eoMtb{Z<p

xz\w "Awoaew™ 11 tb{
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521 &4 Odaew iU"A

import dwave.system
import dimod

D-Wave Ocean SDK pxz;6-td OdaUiAreoMtb w2y

5.2.2 a"2@0Cwf

ENDPOINT = 'https://cloud.dwavesys.com/sapi/' # j x W«wt!Eb”

SOLVER = 'x%%' # | x w«wt!Eb”

TOKEN = "%%%' # j x w<«wtlEDb”

D-Wave 3pAUqa”2 x® Solver API¢ SAPI£ qzye” RESTAPI t‘'loéeb6>eeMib 3 {\

*'w@Cw "MOxz 51 - "M ¥tmMo >€° o Xir"M{

D-Wave Systems U ™ oM"E"AC£ZwI” dix6:K"hSz SOLVER p> "oMtb{b;
b"1:tSMoza”"2UZ%«-uD6pK”"U3ixz D-Wave Leap wA , OO" ' T'-Yb"\qU
pVib{

5.2.3 sampler iu»ip

sampler = dwave.system.composites.EmbeddingComposite (
dwave.system.samplers.DWaveSampler (
endpoint=ENDPOINT,
token=TOKEN,
solver=SOLVER

D-Wave 3uAUe SAPI & ped>a&OhStz D-Wave Ocean SDK U fZoM”«8ut0-0z€

BC>f "z sampler Tu»Tp>"R oMib{ D-Wave SuAUswAe>e0 sampler t0°
0z™ pxzrVhM3JIJw@BC>O—b"qgMO-MM> tb “

$SzeoY eb; yw Iz D-Wave suAUwb;UpVsMOutxzZ<w‘Os sampler >
ARb"\qpza"2wé”"8¢ iDa"»ItSMo0zE8(qs”-%>Taeb”’\q«pVib =

1 GitHub - dwavesystems/dwave-ocean-sdk https://github.com/dwavesystems/dwave-ocean-sdk

D-Wave 3pyAU-weédrg>@0;0iZpxsXz "i-PAgt Eb"2~™rgezA"»listhbgm;6¢ ™

"oMitb{

D-Wave System Documentation - Solver API REST Web Services Guide https://docs.dwavesys.com/docs/latest/doc_rest_api.html
«AUEwW™ x\\pxAj'oMtbUz'“C2%s "i-PAcwdOMO>&0Mtxz w«lp>b;b"2AU

K“tb{

\wW«pxz™\p” 64 - w3Uae"AgA~2C ain wzc e fUs>ie tb{

*2

%3
4

*5
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import neal

sampler = neal.SimulatedAnnealingSampler ()

D-Wave 3pAUt€ b~ sampler qzOZ—w UUUXs"*'Otf-~eoMtb{fwhSz
sampler >~“8Q"iZpz2™wrgxfwtipz D-Wave SuAU—é"8¢ iDa"»>1E"
oMiIb{

5.2.4 Binary Quadratic Model

h = {0: -1}
J = {(0, 0): -1, (O, 1): 2, (1, 1): -1}
bgm = dimod.BinaryQuadraticModel.from_ising(h, J)

\w 2 &exzD-Wave 3pAUt)Q” "i-PAcw@C>G\'oMtb{

é.$txzrVhM “i-pPAg G.H)tSMo® zgqxrg W :wcU —1 pK”" \g>zi“";
0> bU{ JwAEqQq oz (0, 0):-1 g g ’oMtb{fhz 2o tOb"AtO O b hx —1pK
"hStz 0: -1q g oMtb{\w¢”¢ctHloz:UJ.w@C> hqJtG\'th{sSz

U{ JwO” (1, 0) *z hw®” 110 b"«x,épK*“zo>f dctfwii¥%: el oM
Fb{

dimod.BinaryQuadraticModel pAR”"+0M” bgm xz "i-PA¢w@C>{Me<bXb”hS
w Tu»ippb{

5.2.5 sampler.sample Y1;Aq response w ~

response = sampler.sample (bgm, chain_strength = 3)

\Wiptj< oVhz sampler t0°0 bagm>dO fb{\et'“z«d¢Alw D-Wave 3pA
UezrVhM “i-bAg (5.) >IMtud oMtb{ D-Wave 3uAUtxz7's2rg~""14&
Y"»UK"z chain_strength <fw°mpb{U[$s™ xz 7.1 - wAAUQTAD p™\tb{
fw™z D-Wave SuAUT 'w t>4jz response > "b"qMO°EwarUx"$tae «thb{

response xz D-Wave SpAUUZ—"hrw@C>-E 0S“zZ<w'Os<U"0"«oMitb{

SampleSet (
rec.array (
r(r 1, -11, =-5., 1, 0.)1,
dtype=[ ('sample', 'il', (2,)), ('energy', '<£f8'), ('num_occurrences', '<i8'"),
('chain_break_fraction', '<f8')]
),

(wot X )
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20

21

22

23

24

25

26

WO T'w V)

'timing': {
'gpu_sampling_time': 239,
'gpu_anneal_time_per_sample': 20,
'gpu_readout_time_per_sample': 198,
'gpu_access_time': 10937,
'gpu_access_overhead_time': 1952,
'gpu_programming_time': 10698,
'gpu_delay_time_per_sample': 21,
'total_post_processing_time': 449,
'post_processing_overhead_time': 449,
'total_real_time': 10937,
'run_time_chip': 239,
'anneal_time_per_run': 20,
'readout_time_per_run': 198

},

'problem_id': "sxx'

b,
'SPIN'
)
@O0tTTIhi ezfw *% A0t b"GLUK"“tbUz\\pxAj tb T8 TG w

response W3 seetfe oXi*"M{

[([ 1/ _l]/ _5-1 lr O')]I

[1, -1] UzD-Wave 3pAUT ~'+h{ShM "i-pAcg (5.1) tOb"r  zo,x; tip tb{
xozl,xlz—l
\Wfpwve>éaoza”z2x G WBCAQUeyziMt-%>202¢c°a@U«"A>{Tc

tr>""\qUpVi h{

* D-Wave Ocean SDK >b; 0zrVhM “i-bPAg> ot D-Wave 2puAU-ubp
V"{

*6 dimod - Samples https://docs.ocean.dwavesys.com/projects/dimod/en/latest/reference/sampleset.html

*7 D-Wave System Documentation - QPU Timing Information from Ocean Software https://docs.dwavesys.com/docs/latest/c_timing_5.
html#timing-cloud-client

8 D-Wave System Documentation - Breakdown of Service Time https://docs.dwavesys.com/docs/latest/c_timing_4.html
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D-Wave 3uAU>; Moz UAdJ gMO3iO¢sEud7&=08Jt “

U="hqVtxz “i-bpAcw UtxsloMfdce{
" “iapAge!l b"hStzzAs

-%>x"=Db”

E"ftb{\wdJ>
D-Wave 3SpAUU{O\qUpV

Uw -% w2rg>iMt.g h™tzfe'w

PyQUBO qMOA& O&a>°p th{

5.3.1 1AdJw U=

S...px® 0A3dJ¢ Number Partitioning £ gMOEUd7&=>{Mz*b A2 \wads>iMt U=
>eeMz “T-bAge!l "h™tz D-Wave 3pAUprMo b {fxt3i0¢s«pxK“th

Uz\W\fpw-ptih” 2C"a&i-— "i-U3iwb;MOUz°é“gfloMitb{

N xwT: ai,---,any > 2 mwBOtiZhM{\wgVa‘wWBUWAEweU“Mts Xs”
\gUpV"TQ “zfwtQ>Z—b"{

«Qyz {1,5,6} qMOT:wBUt0 0z A={1,5} gz B={6} qMO2 Butuz"qzB
UAwAEweéeU 6zBu B wAEweéU 6 pK“z“Mt°« oM"{

UA8Jt0b"zEud7&=t"" U=xiw‘Ot)Q «tb{

T:>uAb” 2BuwE2? A B qgb"qVtz

-1 (ijewT:UBU Atb” )
T; = .
1 (ijewT:UBU Btb” )
qgMO> 1> i=1,2,---,Nt0 o S"{iw‘Os U=t‘loziAdIJwrU~ "«
"¢MYyUEx O 'sMf

L 2
minimize (a121 + asz2 + -+ anyy)
xe{-1,1}V

(5.2)

*I GitHub - pyqubo / notebooks / integer_partition.ipynb https://github.com/recruit-communications/pyqubo/blob/master/notebooks/
integer_partition.ipynb

*2 Tsing formulations of many NP problems https://arxiv.org/pdf/1302.5843 pdf
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tcxzeé$ :w™ H>-VYb”hStz {1,5,6} qMOBUt0 0zip“>BQIh{

minimize (1z1 4 5z5 + 623)°
xe{—1,1}N

UAdJ>ip“b"Ouza AEUBU At b"TzBu Bt b"T>sg ib{> !:w {-1,1}
xzfegeBuU A Bt b"\gq> g ' oMiIb{

=51 {1,5,6} tob”ip*

ar=1|ay=5|a3=6| &$ :« 0 b"UA UApvVoM"T

-1 -1 -1 144 A={1,56} NG

-1 -1 1 0 A={1,5},B={6} | OK

-1 1 -1 4 A={1,6},B={5} | NG

-1 1 1 100 A={1},B=1{5,6} | NG

1 -1 -1 100 A=1{5,6},B={1} | NG

1 -1 1 4 A={5},B=1{1,6} | NG

1 1 -1 0 A=1{6},B={1,5} | OK

1 1 1 144 A=1{1,5,6} NG
®UApVOM"T wr»t«eb”’qzeé$ :<U, étsloM”ax OK pK“zt étsloM”
&x NG gsloMtb{\xzBu At b"> 1:x —1> "hSeuU A£ApwoU~rRNez
Bu Bt b":Ex:EU 1 pK"hSOA&uwo>~rR z\s>weUi“a0qVtiz, éts”
hSphb{
"hUloz ¢$ :«U,éqgqs”@a>sgb”\qUpVeyztIwWiAU " " qgMORQMpPp
U="e0Mitb{

5.3.2 :Urgw -%oq D-Wave s pAUt " {r

exzEud7&=> U="hqVtzfwiipx "i-PAgpxK“fde{iMz “i-pPAg
q(2)>z+x hgqVtz:Uw UYs"\qUiT“tb{fwhSz U="hdJ> "i-PAg¢
tuO‘0Os! >&207AUK*“tb{é.$txziw'Os:U! pb =
mi{nimifs (11 + 529 + 623)% = 122 + 2523 + 3622 + 102125 + 602923 + 122317
xc{—1,1
= 10!171£E2 + 60$2$5 + 12%51’1 + 62
(5.3)
0 10 12
=x'"[ 0 0 60 |x+62
0 0 O
“i-PAcgq 0G\>a&0\qUpVhhSz D-Wave 3uAU<dOD6ts“t h{2w Oz—
rgw-Y w«p°p hvset loz Jhwo{VoQib{
“ > 1 z;=1,-1t00z z?=1UxtR*gmhSz :q_sb\qUpVib{\wWA«C¢«x 65 p°p t

b{
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20

21

22

23

24

sSz«U,épK"qVtxzU{ w<>)QsXo'Mphb{
>f "oMtb{

hx é0«AcpK"hSziwU{

import dwave.system
import dimod

import neal

ENDPOINT = '#*x' # 5.1.1 p ~"h ENDPOINT >GLb”
SOLVER = '#%x' # 5.1.1p " h SOLVER >GLb”
TOKEN = '"xx*' # 5.1.1p ""h TOKEN >GLb”

sampler = dwave.system.composites.EmbeddingComposite (
dwave.system.samplers.DWaveSampler (
endpoint=ENDPOINT,
token=TOKEN,
solver=SOLVER

J = {(1, 2): 10, (2, 3): 60, (1, 3): 12}
h = {}
offset = 62

bgm = dimod.BinaryQuadraticModel.from_ising(h, J, offset)

response = sampler.sample (bgm, chain_strength=70)

response

\e>fe@ hALzIw'OsZ—U""+tb{

SampleSet (

rec.array ([ ([1, 1, -11, -6., 1, 0.)1,

dtype=[ ('sample', 'il', (3,)), ('energy', '<f8'), ('num_occurrences', '<i8'), (
—'chain_break_fraction', '<f8')1), [1, 2, 3],

{
.t
[1, 1, -1] xtQ> oMoz
1‘1:1,I2:1,I3:71
pK"hStz> t:w [T’z
A={6},B={1,5}

gb"\qU7&pK"gMOALU " eoMtb{sSz\w "Ax°mz2top h 52 O0zZ—r

gw-=Y w«qz,..TX%al pb{
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5.3.3 PyQUBO g D-Wave 3pAUt " {r

:Urgw -%q D-Wave 3puAUt " {r p°p h:Uw -%pw! xz¢ E:wEVYUK”
f- *%C tqloxDOpK”«wwzfOpxsMMtgqloxE " MOUUK“tb{thzuA
8IJxAS03i0¢s«pbUzqiwovsdItslhOutxze6EYUK”"f- pKlhqg"

0¢z -%wW UixtGVXs“z-%UpwDOQ«GVXs“tb{

fOMIh:Urgw-%>+xU"Ab"hSwé& 084U O 1b{ Mathematica™, Sympy™ srw 7
wWiNACEZ<b;DOpbUz” 2C"@®i-— "i-U3ipwb;t>="h& Odeeq’
0z PyQUBO qMO& O&d®U%C" eoMtb "0 {

iMtz PyQUBO >b; 0zUA8J>rMo tb{

import pyqubo

x = pyqubo.Array.create('x', shape=(3), vartype='SPIN') # 'SPIN' x> I: {-1, 1}> b
objective_function = (1 » x[0] + 5 »x x[1] + 6 * x[2]) %% 2
model = objective_function.compile ()

bgm = model.to_bagm()

print (bgm.to_ising())

\WA>"T hqVziw'OsZ—>""\qUpVib{

({'x[0]'": 0.0, 'x[1]': 0.0, 'x[2]': 0.0}, {('x[O]', 'x[1]"): 10.0, ('x[O]', 'x[2]'):
—12.0, ('x[1]', 'x[2]'): 60.0}, 62.0)

\W» OcwWAEXxzfege (53)p -%>a@lhgqVt ' eh : h,J g :t°«"oMzb 7
PyQUBO b;ixz objective_function weetG oM”"'Otz:Uw -%>a&"cze$ :»
Uw pfwitG\'oMib{

fw™ z model.to_bgm() w'Otz "i-bPAg¢> gb” ip»ipupK” bgm >U€\R oM
tb{ OZ—rgw=Y ptl'h qq% 7t o0z bagm x0Agb”"7&=8J>G\b"«8pu ip
»iupK”"hSz D-Wave 3pAU>"Db sampler tdOb”"\qt'lor>""\qUZR$b{

fw t<zMYUE>G\b”;6+zE 1:>{0;6srUT+"e0S"“27's:<1g>®p$
teeO\qUpVib{3%V Vz ns-"cuUisld toz PyQUBO w;6>b;"oMVib{

*4 Wolfram https://www.wolfram.com/index.ja.html

*5 Sympy https://www.sympy.org/en/index.html

*6 PyQUBO https://pyqubo.readthedocs.io/en/latest/

T {rx[0]': 0.0, 'x[1]': 0.0, 'x[2]': 0.0} x (53) wO Ritip tbh{
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e UAdIJwes$ >z "T-PAge -%p:U! "0z D-Wave 2puAU+dOb”
\qUpV"{
* PyQUBO gE b"\gt‘loz -%w >_nb”’\qUpV”{
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54 ns-"¢cpUidJ

e¢xz U="hE0d7&=txzMYyUEU f+o0Mh*“z> 1:U {-1,1} pxsMsrz
“i-pPAcwi qYsSs"AEU : feoMthb {S..pxz PyQUBO q D-Wave Ocean SDK
s—lozns-"¢pUidd>rMo tb{™w-totib” WA«C¢«<Ea 0
teoMtbUZ!NACEZUxXx"$trg  oXe"@ii« MhSza’2xfe'wA«Cg¢

«>K” S™MYdctz D-Wave 2pAU>b;b”"\qUpViEb{

541 ns-"¢cpUisdw U=

\w..pxz Eud7&=w Y"’ ptihns-"¢pUidJt0 oz D-Wave 3pAU>b;b
"MO>GL oMztb{hiz\\tpwtipxzns-"¢cuUiddw ['TtIi'oMsTI
hhSztcxZ<w'Ot U=>a&Mib{

N xw83UK"qVtz§3 iq83 jww'm>z d;;(i=1,---,N)qgb’{> !iw
‘Ot S7¢
1 (83 ietjéetze" )
Tit =
"Tl0 (83 it tjetzesm )
\wgqVz Eud7&=w Y"’ pti*hns-"¢uUidJxziw'OsEud7&=q"
o U=pv” ''{
N N N

s 22 2 et

2

subject to wazl, t=1,...,N,
i=1

N
 wy=1,i=1,...,N.
t=1

' (#4+1)%N xzt+1> N pAlhqvwO (> b{

EiO+i«d] o UABI q8loz U=~ehé$ :gMYyUEW™ UE MhSzqttl t
b{ U=t&E£6+sMtgqlox6vs®°0pK"hSze$ :qMyUEw™ >gr>dctz°t
USi> o0lt"p "A«t ep«z™ wtiisIK“tdee{

\wns-"¢pUidJw U=pxz
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e« > 1:U 0l pK”{

« MYUEU Ob”{

gMIh:T'z "i-PAgq¥s”:U Xz!6b"hStx:1$s2rg~! UZAts“$b{

5411 % :

N N N

MBI IR T

i=1 j=1t=1
&% W Y WBWZ @x; g%y Wae iUOApbEs ittjétzZe” Tm§g3 jt
t+1jetze" Outz Tipti sy Ul gs“Fb{feZZwOutx 0gs“ib{ieGag
S S S, x®E3 it tjetze Tm§3 jtt+ljetze" Outz§3 iqjw w
‘m d;; > "0”"d”"zqMOa”r>z-"¢uUiUns 0”8§3~qjf.t0°0 "u~doM
X\g>™ " thb{s“XrMtMMgs“t hUz\ex-"¢gpuUiUe&”&Iiwi'mg0 nM
oMiIb{
54.1.2 MyUE

N

subject to in7t=1,t:1,...,]\7,

i=1

N

dmia=1,i=1,...,N.

t=1
MYyUExms-"¢uUidJtSMo®°® {VPpsZsys'sM\g> q oMtb{ t=1je
tZ+"83Uz t=1,--- ,NwOjwr\T°mt O sZeys“ftdoe{\+xz Zf\]ﬂxm:l,t:l
WMyto nMoM$b{ 2, w >BQ"qz t=1jeétSMozr\T°UtiZ§3 it0 b”

T¢A> 1q zfw > 0g ftb * {%7t 0283 i=1tzt=1,---,N wOjsw?jéTtx
Z0 sZeys“tdoe{\*x Zivzlxiytzl,izl p qr*oMib{feewq,~Teew§3t0"

0z\*'WMYUE>%It]b\qt'lo®° {V pK"\qUr-"etb{

t+1)%N xz N+1jéN¢> jeq_sbhSw¥ >rg oM”0O(pK“zSi$s™ xAMhSzU>grb”
2 (t+ 1D%N xz N+1 jé 1je bh$ o Sis hs b

hStx°tAt 0‘Mpb{

3 \w'OtzreT°m>-Rb”a%>z liw> l:waT’ 1T¢A>-Rb"a"t"V6QhMYy>® One-Hot M

y ¢ One-Hot Constraint£ qz<\qUK"“$b{
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5.4.2 PyQUBO g D-Wave 3pAUt " {r

ns-"guU'|'6J> "I'—||3A(;-! b"l’gWDtXZiiT]‘OMSMA«Qé«Sr( I
oMtb{ T z UAd] g% a‘Otz PyQUBO Ufe'>K” Sx"$trg oX+"hSza”
2x0SsA«Ce«~:Ul >™Yydct D-Wave 3pAU>b;pVib “

fwhSz\W\tptti"oMsM°0> %zns-"cpUidJtoQoA“ th{tireoM
sMAop>tslhOuxz™ w-ptib”hSzi""y sU’ S"\g>*""tb{sSz\
w«xz PyQUBO p g"*oM”"b;«T'%; oMth =

import dwave.system

from pyqubo import Array, Placeholder, Constraint
import matplotlib.pyplot as plt

import networkx as nx

import numpy as np

def plot_city(cities, sol=None) :
n_city = len(cities)
cities_dict = dict (cities)
G = nx.Graph()
for city in cities_dict:
G.add_node (city)

# draw path
if sol:
city_order = []
for i in range(n_city):
for j in range(n_city):
if sol.array('c', (i, J)) == 1:
city_order.append(j)
for i in range(n_city):
city_indexl = city_order([i]
city_index2 = city_order[(i+1l) % n_city]
G.add_edge (cities[city_index1][0], cities[city_index2][0])

plt.figure(figsize=(3,3))

pos = nx.spring_layout (G)
nx.draw_networkx (G, cities_dict)
plt.axis ("off")

plt.show ()

def dist (i, j, cities):
pos_1 = cities[i][1]
pos_7j = cities[3j][1]
return np.sqgrt ((pos_1[0] — pos_Jj[0])**x2 + (pos_1[1l] — pos_Jjl[l])*%x2)

(WOt X

*4 GitHub - recruit-communications/pyqubo - https:/github.com/recruit-communications/pyqubo/blob/master/notebooks/TSP.ipynb
*5 GitHub - pyqubo / notebooks https://github.com/recruit-communications/pyqubo/tree/master/notebooks
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WO T'w V)

cities = [
("a", (0, 0)),
("b", (1, 3)),
("c", (3, 2)),
("d", (2, 1)),
("e", (0, 1))

]

n_city = len(cities)

# > 1

x = Array.create('c', (n_city, n_city), 'BINARY'")

# MyUE
time_const = 0.0
for i in range(n_city):
time_const += Constraint ((sum(x[i, j] for j in range(n_city)) - 1)#*%2, label=

—"time{}".format (1))

city_const = 0.0

for j in range(n_city):

city_const += Constraint ((sum(x[i, J] for i in range(n_city)) - 1)+*x2, label=
—"city{}".format (j))
# e%
distance = 0.0

for i in range(n_city):
for j in range(n_city):
for k in range(n_city):
d_ij = dist (i, j, cities)

distance += d_1ij » x[k, 1] % x[(k+1)%n_city, 7J]

# EUGACZi¢ "i-PACEWG\

A = Placeholder ("A")

H = distance + A % (time_const + city_const)
# il ¢

model = H.compile ()

# ouBO¢ “i-PAGEWAR
feed_dict = {'A': 4.0}
bagm = model.to_bgm(feed_dict=feed_dict)

bagm.normalize ()

# TaPAGW-%0
ENDPOINT = 'https://cloud.dwavesys.com/sapi/' # 5.1.1 p ~"h ENDPOINT >GLb”
SOLVER = 's+x' # 5.1.1p "“h  SOLVER>GLb"

(Two Tt X )
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WO T'w V)

TOKEN = 'x%x' # 5.1.1p " "h TOKEN >GLb”

sampler = dwave.system.composites.EmbeddingComposite (
dwave.system.samplers.DWaveSampler (
endpoint=ENDPOINT,
token=TOKEN,
solver=SOLVER

)

sampleset = sampler.sample (bgm, num_reads=100, chain_strength=1.2)

decoded_samples = model.decode_sampleset (sampleset, feed_dict=feed_dict)
best_sample = min(decoded_samples, key=lambda x: x.energy)

num_broken = len (best_sample.constraints (only_broken=True))

print ("number of broken constarint = {/}".format (num_broken))

if num_broken ==
plot_city(cities, best_sample)

$51 1@ hAL«"ns-"¢cuUidiwr

7stzns-"¢uUidJtZAsz83Ws"BCwW [+ mw-%>eloMib{eéxwA”»
£ ojup:M"'0sd Oda«z'X/E ;"etb{

import dwave.system

from pyqubo import Array, Placeholder, Constraint
import matplotlib.pyplot as plt

import networkx as nx

import numpy as np

def plot_city(cities, sol=None) :
n_city = len(cities)

cities_dict = dict (cities)

(Two Tt X )
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(w0 ' T'w V

G
for city in cities_dict:
G.add_node (city)

nx.Graph ()

# draw path
if sol:
city_order = []
for i in range(n_city):
for j in range(n_city):
if sol.array('c', (i, J)) == 1:
city_order.append(3j)
for i in range(n_city):
city_indexl = city_order[i]
city_index2 = city_order[(i+l) % n_city]

G.add_edge (cities([city_index1][0], cities[city_index2][0])

plt.figure (figsize=(3,3))

pos = nx.spring_layout (G)
nx.draw_networkx (G, cities_dict)
plt.axis ("off")

plt.show ()

def dist (i, j, cities):
pos_1i = cities[i][1]

pos_3j = cities[3j][1]

return np.sqgrt ((pos_1[0] — pos_Jj[0])»*x2 + (pos_1i[1l] — pos_Jjl[l])*x2)
cities = [
("a", (0, 0)),
("b", (1, 3)),
("c", (3, 2)),
("d", (2, 1)),
("e"™, (0, 1))
1
n_city = len(cities)
Moz> !:> [ToMifb{ z;; X2 1i »$sT >Em!:pbUz PyQUBO w OtHIlo
n_city - n_city £ fp*Rb"\qUpVib{\wqV«™ hM:xz BINARY g0 [TOM

"\gpb{ PyQUBO pxz {—1,1} UspPINz{0,1} UBINARY q [*e0Mtb{> !:U “O"
«<Ug0(qgz U=UY X PyQUBO tI*eoMsMhSzYs”Eud7&=>rX\qtslo M
tb{

x = Array.create('c', (n_city, n_city), 'BINARY')

WT ' Exz> 1 x>;MozMyUEQqgeé$ (> g oMVib{MyUEw qgMOxz™t
°pb” O&EcAY : wWA«Ci«qg< “tb{gxMQz sum q Y zfor i in range(n_city)
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gy i=1,--- ,N >0 CZsyz,...TX%a'OtU>fwttG\ oM "\gqt«e& oXi*M{

# MyUE
time_const = 0.0
for i in range(n_city):

time_const += Constraint ((sum(x[i, label=

j] for j in range(n_city)) — 1)=*=%2,

~"time{ )" .format (1))

city_const = 0.0
for j in range(n_city):

city_const += Constraint ((sum(x[i, 7J] - 1)*%x2, label=

for i in range(n_city))

—"city{}".format (J))

iw™Axzes$ :wGlLraeloMib{

# 9% :
distance = 0.0
for i in range(n_city):
for j in range(n_city):
for k in range(n_city):
d_ij = dist (i, j, cities)

distance += d_ij » x[k, 1i] * x[(k+1)%n_city, 7]

7™tz Hweew'Otze$ :gMyUE>-¢ At o0zEud7&=w U=tZAs@C>{qtq

St'oMitb{ Placeholder q feed_dict x™w-pTib”hSz\\pxj "y 0‘Mphb{

# EOGACzZzi¢ "1-PAGEWG\
A = Placeholder ("A")
H = distance + A % (time_const + city_const)

# il ¢
model = H.compile ()

# ouBO¢ "i-bPAGEW/R
feed_dict = {'A': 4.0}

bagm = model.to_bgm(feed_dict=feed_dict)

Ziw'Otz U="h:0>:Uq oz PyQUBO t)Q”"\qpz "i-PA¢ Gw bam >~"\
qUpVi h{ OZ—rgw-Y wtit'hUloz D-Wave 3pAUt“z "i-PAcq ow
AL>""\qUpVib{7™tz> I: ;7 W [tHI0™ «h 01 <>z-"¢uUiwzagq,

g 00 CZh™tz Mj« oMhD®=;w plot_city t1'z$>Z—"oMiEb{

= model.decode_sampleset (sampleset, feed_dict=feed_dict)

decoded_samples =
best_sample = min(decoded_samples, key=lambda x: x.energy)

len (best_sample.constraints (only_broken=True))

num_broken =
= ".format (num_broken))

print ("number of broken constarint

(WOt X

NTTDatTa ©2021 NTT DATA Corporation

54



WO T'w V)

if num_broken ==

plot_city(cities, best_sample)

WT"™w.pxz'“C2$s-MMqgrwhStz

PyQUBO ¢ D-Wave Ocean SDK w°esepae™+0
M”rg>ti tb{

OZ—rgw-Y zUAdJ zns-"¢pUidJ pti*h:Otza”2w :px:UrgeA«Cy¢
«> X0r sXo«{Q"8JIx XK“tb{ITsU[wWUGrUE " MOUutxz0 b”"x"=;

6U Ob”OUUK”"\qiZp<ae, t”Xq ' Mq¥ «$b{

e ns-"cpUidJw 'Otz "i-pAcqi UGVXVYs”8JU Ob"{
» PyQUBO g D-Wave Ocean SDK >b;beyz:Urg>K” Sx"=pV"{
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56

\w-wve

n oy

zC7®i~—

QUBO q “i-bAg
OFECGAY :
G-$7&rqAt$7&r
s0ae"AA~2C7ain

Eud7&=06Jw2rg

Wipw -qYs“zU[$tOAs“@Uze q sU’ wAD «q otl oMthb{
fwhSzi%qg,t "oxzij wut aoK” SIE 0«GIEs‘OtiR”"*0M
tbUzMce<AZb"AD ¢ «pK"hSzIMt3pAU%C>20f- ~%C tqlox
recEloSVhM°e0phb{

“i=U3>;M0%C>200utzEud7&=wi tKk"doMy U

E>{lh“zi&Y"»>%&4"Ci- " h“b"2AUK“tb{*“S"$t% C>*SoMX

ipzZAqs”"E0d7&=wEY>GL oMitb{
. 6.1 -
* 62 -
* 63 -
* 6.4 -
* 6.5 -

6.1 QUBO q "i-PAg

" 7C"&i-— “i-U3i>b;b"ipz
b{dJw [>=Y 0z "i-PAcqAh‘Osqjs"pK”"\g>ti fb{

QUBO MOEUd7&=8JUA tq-t

" 7C"ai~— “i~U%t b tiwetz y y®
mization (QUBO) gMOo UGL"*0oMztb{
cqixt A hi >EloMEb{

Quadratic Unconstrained Binary Opti-
QUBO xEud7&=8Jw°mpK“z "i-PA



Eud7&=> QUBOt!6b"\qUpVeyz "i-bAcq QUBO w pz oti“!db"\q
UpVib{fwhSz Xw” 2C"e&i-— "i-U3ipxz "i-bPAgiZpxsX QUBO
pwO—<clgbh” i»NE"pU< IoMEb g

($txVYs"dIpxK“tbUzE"A¢C£E£Zwa"2q ow :T'tOqz "i-bAgq
QUBO xz,..%a<wpK”"ggr o'MgqRBQ’+1b{

iwe$ :p{V reoM"E0d7&=8J1>@ Quadratic Unconstrained Binary Optimization
¢CQUBOE qz-+{

minimize Z Z Jijriry + Z h;x; + const. = x ' Jx + h' x + const. 6.1)

(z1,22,,zn)€{0,1} N F

“i-PAg q%a‘0Oté$ :w>A>GLb"qzZ<w 3:Ue['*tb{
e >1:U 0T1pK’{
« &% :wi:U 2itpw 0UpK”{

e MYUExIO$t O sM{

“imPAcgpx> 1:U {=1,1} p"hUz QUBO px {0,1} tsloMtb{fw t!'E:xK"
Fdee{
QUBO xziw'Os!:!18>a&0\qt‘loz "i-PAct<£b”\qUpVib{ D-Wave

Ocean SDK srwiNA¢CEZitczi“!6>20hSw;6U< loM"hSza"2UU€7+b
"7AxK“tdeUzERTptGL oMtb{

1 ErAcEiweaewzcaefUUz "i-PAgpxsX QUBO >rMoM”"\qUK“tb{\wOuxz "i-PA
¢> QUBO «!8 h™t{r tb{\w'Ot QUBO > qb"E"ACEZx® QUBO ¢i¢ QUBO Solver£ qz-
\qQUK“tb{
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ye{-1,1}Y p [*eoM” "i-PAgwe$ : y ' Jy+hTy+const. t0°0z x=

gMO!:16>BQ”{hi z\\p 0 xz N lipK“zfsgeswAEUTO
O«Ag>"oM"¢ 1 <% 7f

y| -1—=1

x| 0—>1

_ y+1

x=Y" <= y=2x—-1pK“z "i-PAcwes$ :t0°0EO>20qz

y'Jy +h'y +const. = (2x —1) " J(2x — 1) + h" (2x — 1) + const.

0izT’'s”

=4x " Jx —41T(J+J")x+1"1+2h"x —h'1 + const.

=4x"Jx — (417 T +417J" —2hT)x + const.

gs”"{\wqVz x € {0,1}¥ pK"hSz\wadJIx QUBO pK"{
%7tz y=2x—1gMO!8>@Qyz QUBO > "i-bAce! b"\qUpV"{

tq$S

* QUBO x "i-PAcqO0>ti“!6pVz“Mt,..%a‘'0OsZ<w
oM™ {

«>1:U O0T1pK{

e &% :wi:U 2 1tpw 0UpK"{

e MYUExIO$t O sM{

3 mw>A>EI

y+1
2
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6.2 O&ECcAY

" 7C"ei-— 1-U3ixzAMysEuUd7&=pK” “i-bpbAcw >0Aq 0
M"hSzMyUE>10$tO—q 0!ZCZ"\gqxpVsMpbUzOAEGAY :qMOTr
g>b;b"\qpMYyUEU+"pAXsIlhTw'Ot_sb\qUpVib{

\W...pxzOEcAY :wRQMwtiw™tz ns-"¢pUidd tSZ"MYyUEW{MM
>z~Sotl fb{

6.21 MyUECVEUd7&=8JwsgMO

fw'0sz3iO¢sMYUECVEUd7&=8J>RQt +0O{
minimize
xe{—-1,1}3 (6.2)
subjectto x1 + a2+ a3 =1

\WEUd7&=8JwtQ>Tsg hOutxzZ<w w'OsALU " +%b{

61 €% :«wip®

1 | 22 | z3 | MYUE | &% :«< 7&Q

-1 |-11]-1|NG -1 MYyUES§S

-1 |-1|1 | NG -1 MYyUES§S

-1 |1 |-1|NG -1 MYyUES§S

-1 |1 |1 |OK -1 7&t

1 |-1|-1|NG 1 MYyUES§S

1 -1 )1 OK 1 7&pxsM

1 1 -1 | OK 1 7&pxsM

1 |1 |1 |NG 1 MyUES§S
MYyUECVWEUd7&=8JwOutxzMyUE> "¢ MyUE»U OK gq{T*oM”£c“°pz
e$ «w7-<>shZAUK"hSz r1=—laxo=1,23=1 U7&rpK"\qUUT“tb{\w

OUzMyUEqes$ :«wztMw»>RE€ sU'sgb"2AUK“tb{ T 2" 2C"zin
— "i1=U3iwOuzMYUE>RE€ sU’sgb”;TUAMNhS zfwttpxMyUE>-hb
\gxpVidee{

iXxZSRxMYyUEQges$ :wiM>RE€ sU @& "sZeys’sMsgrzeée$ :iZtE£e
beyGUpK”"Tw'Ot! b” OUK“tb{\wqVt;M'«” qgMO>® OECAY
¢ Penalty Function£ qMM1b{
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OFcAY :wz Azx®sg0AwrUMyUE> lhOutze$ :o>ixtg=~d”" g
MO«wpb{MYUE> loM”"rxzé$ :wp zUgMhStzxuqrg ors"\qU—
sXs“ftb{

6.22 OEcAY :wRQM

S...pxzMyUECVEUd7&=581J 62) >«tzOLECAY :WRQMtmMoGL $b{

MYyUECVENd7&=8J (62)t0°0zZ<w (63)tOby Mé$ :>fZtb{e$ w™™
q<ZMOXx™\ tbUzi‘wes$ : 21 10°0zZMYyUEW@C>Sé ho A(xy + 29 + 23 — 1)°
UC)"eoMtb{

minimize 21+ A (o1 + a2+ 05— 1)° (63)
\Wpz A xGutGVsYw:>f "£tb{«Qyz A=100 g + +0O{
T 6.2 (63) wip®
T, | o | 3 | €% ¢ 7&0Q ¢(62) wMyUEE
-1 -1 | -1 | 1599 7&pxsM NG
111 399 7&pxsM NG
-1 |1 -1 | 399 7&pxsM NG
-1 |1 1 -1 7&t OK
1 -1 | -1 | 401 7&pxsM NG
1 -1 |1 1 7&pxsM OK
1 1 -1 1 7&pxsM OK
1 1 1 401 7&pxsM NG

(6.3) xMYUEA E0d7&=8JpK"hSze$ :«w»tiZ,nMoz7&rwsg>a&Mib{
ixzZ\WMyUEA 7&=381J 63)p~'eh7&rxzi*WMYUECV7&=381J (62) t0" o
“leh7 & .%‘1:—1,1‘2:1,333:1 q°°‘¢b{

(63) wé$ :tC) h (x1+a2+x3—1)> UOAEGAY pb{OACAY :xB®e$ :< »
tMYUEW@C>{qtqSth"\qt'“®2MYUE »>R€ sX0A% Osrg>aloM
tb{

OFEcAY xfwE2w'OtzMyUE> IhOutes$ :tOEcAYeqg="~d”—£>]b)\
qpzpV’iZMYyUEX 107&=b"'0ttVTZ"pA>Ejib{fw—wGV~> bid

Y'»>»w\g>® O&EGAYIaY”"»¢ Penalty Parameter £ qMMIb{S..w«pMQyz A=100U
OFEcAYIAY"»pb{
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HIRI G AT Z LA B iR LR SRR & RE LR

(i Z 72O R (NRFNVT 1 BIBAT & DRIE)
rgilg{llrlni%; X1 minimize x; + A(x; +x, + x3 — 1)

subjectto x; +x,+x3=1 Xe{-1,1}

Foriz A B AE < AU,
Wi XFE CRERE R

$61 OAECAY :>b;0zMYyUECVEUd7&=8J>AMyt!épV”"{
6.23 O&EcAY :wiRMO

fw..pxzO&ECAY :wWRQMx°p h«cwwzé.$sTRMOtmMoti>"y oMt h{
Z<pxsUMytob”"® EPOAECAY : gqMO7<3iO¢sIRMO>°p thb{

f(x) w7-=8Jt0 0z gi(x)=a;, (i=1,2,--- , P) gMOMJUEUC)"*s0oM"qVzO
EcAY :CVWAMY7&=8Jqg oziwes$ :>b;b"\qUpV"{OLEcAYIia
Y'» A>0xGUtGVMYw:pK”{

£ +A D2 (6:0) — i)

(9i(x) —a;)* xz gi(x) =a; pK"qVtw™ éqgs*z 9i(x) # a; pK7qVixYweo “Fh{\
\pzé$ :x7-=>&"oM”hSz (gi(x) —a;)? x,éts-0q tb{mt“z gi(x) = a; t
s"'0Os—>zr xt0"oCQoM”"qgr b"\qgUpVib{

2w...pzMYUECVEQNd7&=8J (62) t0°0zAMYy¢eOLEGAY :CVEEUd7&=3J
(6.3) ><Z hMt<«ziIGWEDOECAY :>b; 0<Z ' oMtb{hi'zEsUMysrz

w UwMyUEwOUtxzfwiib;b"\qUpVsM\qUK*“+b{thz gi(x) Ul iziwi
HEIOM"qzEDOAECAY :x 2 1Ziwi:qs“z "i-pPAc¢U 2iw :pK"UE>
OQo tMib{fw wC2%$sOLEcAY :WIRMO+*»E< Ob”hSzZc «fwitic
Oo«r>pV”gxv'cz 3Jt a07'sA«C¢«UZAPK "\ qt«™ "o XiMM{

thz:Ulpxz A>0xK” wGVA0Q" Os<pKey'MpbUzIMtE"A¢C£7td
Ob"Outxz<atGVXb"gMyUE>-hAsM‘OsrUZ—"+"\qUK"“tb{fwhSz
OFEGAY :wr*MqlaY"»w¥%a"Ci-xz” 2C"&i-— "i-U3iwQodbtqloz
FxtOAs<«<wpb{
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6.24 ns-"¢cpuUidJtSZ"OAECcAY

Wpxzns-"cuUiddr«tzS..pti hOECAY ><Ob"MO>+1"tb{ 54 -
pO ' h'Otz ns-"¢cpUidd xiw:Up gb”\qUpVib{
N xw83UK"qVtzg§3 i983 jww'msz d;;(i=1---,N)gb”{> l:Hiw
‘Ot S7{
1 (83 i+ tjetze” )
Tit = . -y
! 0 (83 ittjetZesM )
\wgqVz Eud7&=w Y’ ptihns-"¢uUidJxziw'OsEud7&=q"
o U=pv” '{
N N N
minimize Z Z Z d; 5Ti ¢4, (441)%N
U e

N
subject to Z!Ei,tzl, t=1,...,N,
i=1

N
wip=1,i=1,...,N.
t=1

V' (t4+1)%N xzt+1> N pAlhgvwO (> 7b{

tcxz "T-PAgt! b"’hSzMYyUE>OALCAY g o0é$ :tOe %a>aeMi
b{1itpwoT’'s"sUMypK"hStz EDOEGCAY : »>fwitb;b”"\qUpVib{

2 2
Joinimize >3 > dijwiazien +AQ) (Z Tit - 1) +y <Z Zit 1) (6.4)
’ i j ot t i i t

WWpz A>0xGiUtGVMYwWOAEGAYIAY"»pK”{

\wdJxz QUBO q "i-bPAcg tGL'oM"Z<wUE>-hbhSz QUBO pK"gq-YpVib{
e >1:U O0T1pK"{
e &% :wi:U 2 itpw 0UpK"{
e MYUExIO$t O sM{
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SSZEDOAEGAY :CVwes$ : (64) T'z QUBO wx'Jx+h'x t"pb”

J,h >% Zb”: 0

I > -%pe0q U XTT“tbUz ns-"¢cpUisd p7tti h Otz PyQUBO > b
ib"\gpx"=b"\qUpVib{
tq$S
e MYUE>OZLCGAY :q oe$ :tO« SyzAMysEud7&=q_sb\qU
pV7{
e OFcAY :w3iO¢siRMOw® mgq oEDOLECAY :U Ob"{hi z>
b"OECcAY :UQ6>(Eb”"\gx MhSz wiRMO<«U|b”{
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6.3 G-$7&rqAt$7 &t

Eud7&=wz¢c°@TU>IRb”ipz>>mZsZesys’'sM FQ + At$7&r gM
OQi>tltb{\e’wQixz™w..ptlb"304e”A;A~72C"&@i-qMOzZg¢

°$ﬂU'Z" 2@"&]'—'— "I'—|U3'I'W-%ojg)BQOMXipZ$,,t"MOSX,V

Qipb{

WipwtipxzEud7&=wsgwMtzfsg~ip“>a@02 pwtl> oVE h{'T
CZTIMtEUd7&=>rXMtxzfTsg~ip“qMIhMO> "\gxtephb{ 34 w7 w
Eud7&=wz0é"% p\,h*0Otz{S «”"AEt a0z7&=1¢l"«l¢-"">;Mh

“23J{ WOP$S-%MO>%Cb"qMIh«U O $b{

fe'wlep " oM”é.$s72¢°@TUxrGs: Ob"hSz:M~2¢c°a@TU~A"»]

St b"7'SER{>€°b"3AUK*“tb{\\pxz" 2C"ai-— "i-U3iw0Aq
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f(x) t7&rU Ob"qVziw 2 mw7&=8JwW7&rx%apK”{
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6.5.2
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mx!""sMhSzeé”, VNe¢wq,U!""\gqtxs“tdae{

e Xt0qz7&=0Jwe$ :*MYUExz : >eelhgq ocz™ e rU! " “tdoe{
thzsUMy~EsUMyt0 0ozM Ut0Ob"a*q% 7wRQMp! >ee0O\qUpVib{hi

NTTDAatTa ©2021 NTT DATA Corporation 70



zO0w:»TZ"Outxz

7-=q7G= <EsgwS8sr<« b"gMlh:srtx«™"
i"M{

oX
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2 mw7&=93J

minimize  fo(x)
X
subjectto  fi(x) <b;, i=1,...,n,
gi(x)=¢;,j=1,...,m.

minimize «afo(x
X

~—

subject to ﬁlfz(x) < Bibi, i=1,...,n,
Y395 (X) = vicj, 5 =1,...,m.

6.5.3 :0

€3 W7&r>-%b"qVtz<Gw aw'Os :0U Ob"\qUK“tb{ :0xze$
TOIEb"cwwz T " 7&rx txe1)Qtde{mt z
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~

f(x) w7&rU x* pK"ghb
x* pb{"hUloz U=>a&lh“zi~"=>a&lhMt\ah :0xA

10¢z™e"rx!"’sMpb 1y

f(z) t7&rU Ob"qVz : at0oziw 2 mw7&=08JW7&rx%apK”{

minimize f(x)
X

minimize f(x)+ «
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QUBO w :ee»Ui~"
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*3 D-Wave System Documentation - Solving Problems with D-Wave Solvers https://docs.dwavesys.com/docs/latest/c_gs_3.html
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N N N N
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i<j 1>]
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= Z Jiﬁjxixj -+ Z Jj,ile'i -+ Z(Jl’l -+ hl).’tf -+ const.
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i—¢U £"'S " , Minor Embedding £ qMMtb{fAuU=xzrVhMOAw "i-PAcUY
AupKlhOuwU £ "aiOAYi-pK"gMQ1th({

E"Aqr¢ Usb-8NtSMozfw OgA|mVMwI >® AUé "¢ Topology£ gMM%
b{E"A¢cEzwAAUW-ANWE"Aqus wWAUé "qzrVhMOA w "i-PAcgwA

Ué "Uzrj'«i$p!~'sMOutxzU E£7ai,AYi->eeM®BE TewU i Di->
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* D-Wave Systems t‘loz  minorminer qMOU E"ai, AYi-wx"=A"¢U ™AeoM$h{

GitHub - dwavesystems / minorminer https://github.com/dwavesystems/minorminer

A practical heuristic for finding graph minors https://arxiv.org/abs/1406.2741

D-Wave Ocean SDK px chain_strength qMOE2p{~+0S“zf b”"<t Eb";6U ™AeoMtb =8
dwave-system - Chain Strength https://docs.ocean.dwavesys.com/projects/system/en/stable/reference/embedding. html#module-dwave.
embedding.chain_strength
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(6.3) tSMoz X =10000000 g+ «0O{

minimize 2 + 10000000 (z1 4 x5 + x5 — 1)°

xe{—-1,1}3
cgeqwes :xz 2y W7—-=p hUzOECAYIAY"»UKI“tGVbW"hStzE"A¢£E
Zti+reoM"Ta"@uAY¢«szcaefUw:ce iz xy W@CUiI0$t,S'*0«Qo

"tMzMrUTesXs”\qUK“tb{

73 2C’&®i-» U

44 . " 3C @i~w Y PXZ-%>) "d"h3t®+IX“q#O00d> §" qMO 1t
I>> oMt h{gae$txzGutOMI «IX“q# 006> SoMX\qt'loz "i-b
Acw, Y6zmz$“7&rt) b"\qUE *oMtb{

TMWE"ACEZpP-%b”Outxz-%" Z" " ZtxMTsMhSzqi$sl p-%>'j~

"3AUK“tb{ D-Wave SpAUpxz” 2C"@i->@0-%1 w\q>® 5C@ia» U

¢ Annealing Time £ qzepS“ziaY"»Ex annealing_time p)Q’soMitb  *"2% fAN¥¢
Apx! “hiize¢ tl >»TZo” 2C"a&ei->e0‘'0Otf ~"«oMibUzl w&aMO

>IEb"\q«pVzdJI{ pDTh \qt'lorwiU2ib”"\qUK”qC ~«oMtb “

*1' ICE: Dynamic Ranges in h and J Values https://docs.dwavesys.com/docs/latest/c_qpu_1.html

I D-Wave 2uAUwzC"a@i-» Uwf Dbésc“xz Terminal | p dwave solvers qO — "hMt~ O7re”
annealing_time_range qMOIT&Y"»p-YpVib{

*2_ Ocean Documentation - dwave CLI https://docs.ocean.dwavesys.com/en/stable/docs_cli.html#cli-example-solvers

*3 D-Wave System Documentation - QPU (Hardware) Solvers https:/docs.dwavesys.com/docs/latest/c_solver_1.html

*4 D-Wave QUBITS 2018 - Performance Tuning for D-Wave Quantum Processors https://www.dwavesys.com/sites/default/files/2_Wed_
Am_PerfTips.pdf
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E2x floMtdeUz D-Wave 3uAUipx® num_reads qMOI&Y"»p S’eoMtb

Xwr>G”t “b"qz shrU _loM”=p<i¢b”hSz num_reads XGVXb”,

ALS$t  e"rwiU2ib” 2tK“tb{hi*zU3iw-%e&?"u> X«..b"ep«U
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thz "i-PActOb”"G"wrw©4> “b”"\q>z> w-pluitHIoM"'OsA"»
> oM"g_s o® +10a&i-¢ Samplingf H>a&loM”qze\q«K“tb{

+i0®i-xEud7&=0q<« EQxK”"<wwzth w—-pwAE;iUpK’qgMQtb{P
NE/PiA§¢céO¢  Markov Chain Monte Carlo, MCMC £ sr>xaSqb”y/ 1Da"»iwz
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St: XwxiOa&ei-UpV">Qt£e 0zENd7&=2ZW ; Mp<&E;pVsMTqMOZE
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*1' D-Wave System Documentation - QPU (Hardware) Solvers https:/docs.dwavesys.com/docs/latest/c_solver_1.html
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