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(57) Abstract: The present invention relates to a method for solving a maximum-indepen-
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wire atomic chain for synthesizing a wire graph (Gg) from an initial graph (Gy) and me-
diating interactions between distant atoms. The present invention makes it possible to easily
approach the MIS problem of non-planar or high-degree graphs.
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He o vHA 714 = M) o] WH7}214d (anti- ferromagneﬂc)/] ARl

A2 A (coupling(J > hA)T Yol HFHE Z5(A > ) b=
AL FA g 4=
upelA, A 9 2] o] 71 A AFEfel]l 3 9k} Al E ] o] A (quantum

simulation), H,|M(G)) = E,(G)|M(G))= MIS 74 & 3=

1 2akd gen o AR ud AlE ol e o A 7F470 9] A Xq(Vertex)%
zb= Ao 7 T A E o 9141, IS-GCl(Information System on Graph Classes and their
Inclusion) ™ ™ *H o] 4] G=3-pan ~LZ| 3Z o] T},

Sl dEva A g e 2 x Fd o, 4702 AA(N=4)7}F Z+F
=W B A A el midE o] 1o, G(V,E)=3-pan "L 3L o] 5L
V={1,2,3,4}, E={{1,2},{2,3}.{2,4},{3.4}} o], o] "] MIS &F4 &

M(G) = {{1,3},{1,4}}elct

To1e) 71 A - ) a] & B2 1k (blockade radius) 1, 2 T12] 7] A]
AHE (J1010) + [1001))/+/2 2 2] =1 71 52l (Rydberg blockade) & 83} 7]
A s, n=1 3 e] 2] YAES 7L&" 3] MIS £ F4 M(3-pan) = {{1,3},{1,4}}
& A& g

SHAIRE, MIS Al ol Tt 22k 2l =W 21 2} of gl o] = 5 7HA] & A&
W A gk,

AA, FHEZ 2T & 284 A ) 7} vheb = vhel o], v
12| 3Z (non-planar graph)© 22 2l =8 71 2ol ol 8] A B #|o]dE 4= gl
A, A= AR BT Ao A= B v ol of s A7 W 7] witol] ALt
A 74 o] 12 3% (graph with high-degree vertices)T= 12 & 4~ gt}
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H]—?H Ng %C’V‘i Q'—T?}d‘,
572 2]

Hey [ M(Gotw)) = Eg(Gosw) IM(Gotw))

G4 @ Z E FIHHillbert space)2] 7]= Gy, & 719} 2M2] Q1 R (factor) =
Aolshet. ol 1M, M %4 sholol & 918 37} A abe] -2 o]u|aleh. uhebA

& AR Gyl FAF G 2] F7F Axte] rAl AT B T V(G )©
MIS &74 -2 obeff [574] 313 &5 =+ At

572 3]

IM(Gr)) = PrPr [[M(Gotw))]

A HNA AP )2 G2l Ele S ZE FIko| A o] SR A & e
IWEGHY BHEE Fho) T ettt o= G FHEARE
S owm G4A FAE 7 Aok T ohE, AV FE& A A4Skl A, i

M(G) — M(G)% - o) B718e v
=1 AP ) MGy )@ D 22 %, A0 Q= FHlE Abole
PluE B 208wkl T gmawwgﬂﬂ}bﬁwq:a
ol [54] 419} L G, MIS &A1 0] &5t

[=2 4]

M(Gr) = M(Gorw) — F(Gotw)

£ kg ol A Al bshiE 2l =B oL At ofolof A A= o] f1efr e}
eloloj b= F A vh A Ao S IS 28-St =, Bl e o] MIS
EFA A 2T 7 Qe H F Alsystem) 2] FHIEZF A3] A A}

MIS - A o] FAp Alg e o] A 7| = 3D Aa Wi o] g ol d & & F 3
ST Ao A, A 9Rb DA= L Z o] H(edge)S AW e W
H2A AR} Aol e 1 B v R 2R A A ()l fA . =
d < 1y = (Co/M)MS = 9.8 pmol T} Z1€] 31, W (edge)ol] 2]l A2 = 4] L%L

UE BE dxES U W 7o) v "
2 ALl 71 A AR [581/2 F = 2,me = 2) = n = 0)2} H] =B 1 4 H)
718, j9,my =1/2) = |n = 1)x= B E 27 H Al Abg-H .
AxF A o] B2l S B EY ke obdf [574] 519F &t

['rN 5]

Z 71 — Z (8(t)o7 —Q(t)57)

(7.REE JF\
o171, j, k HA Aol A 5 74 2] el & 2= vha 2 (Pauli) 32
fi = (6%, 4+ 1)/27F 9Eh LEZ] % Be 24712 aol A

$he) 292 (van der Waals) 45 218, A7E o] 4) TR 2 AZE o] &4 ah
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3z 2] Al (Rabi frequency) & 247t Y EFICE,
[62] A gofl, A= =0, 100...0>0 A A4 TFF 2= (paramagnetic down
spins)©ll 4] 0] 5] 2L, $(0)=-A,<0°] I, Q(0)=0°]t}. G2] MIS £F41-& 3H7] 913,
Tl HAAOR 51 = ¢4) = A< [7HA B 7heh Bt g

YA S 2/ QLIAHORN o] AAEE gy o BhAl 714 A =

[63] =3 .
L iE ﬂ °1ﬁ(frustration)°1 A= 7:‘%9} Oit R = e o
F(Gosw) = 0ET # 01 8500 lolA 2| =w 1 Faf gholof o] A4
HAES g,
[64] E3& ZYzEdoldo] fl= A5 BAIH. A H R,
Y aEYol ol gl ez A9, 39 (a)ell =AIE G=P,o] 271
S el & 39 (byoll =AIE B 1 2 Gi=C, B aLe] T
[65] eFol o] 1 3 Goy=Cs®l T-F2, 139 ()0l ZAIH b} o], M=2¢2]
2] =8 71 ok} 9folof(5, 6)5 F7HEF o Z M el E T

[66] o] F, YA Al ol Aol M=, & 39] (d), (), (DOl = vke} gho], B
F7F B AHE S, of 714 MIS &7
M(Go) = {{2. 4} {1.4}. {1.3}}, MI(Gy, ) = {{2.4}.{1.3}} &

NM(Gr) = {{2.4},{1.3}}0. 2 Q oF¥lt},

[67] Al [4 41 MIS 74 S 5= F(Goyw) = 0
M(Gr) = M(Gosw)E AA S 5 2

[68] 39 (d)oll A Gy MIS &F41 Alol o] B XM% S} ol d o] MIS
&7 ] ‘AYtg- 53 (coherent superposition),

MI(Go)y) = (0101 + [1010))/VZ + (0110} /2.8- o} 7] 3 Thi= A}l of] 7] Q1 8kt

[69] L4 Ty zEd ool Sl B9-E BAIg . 22 EY ol o] /=
SLE 3, —"F(GU—HU) # Pl 785, &= 49 (a), (b)eF Lol 7] 1 e} B
T Z 3] Gy=S,, Gr=3-pan 1 T} & 49] ()9} Zol, @ = 1 A}
glolofo] of&f -5 ¢folof Lo 1= Gyy=5-pan®] F T}

[70] Go, Gr, Gouw @l G2 Al 2l o] & ZH2} 52 49] (d), (e), (Dol A of 1o, o
T o BTG AT M(Go) ={{1,2,4}}, M(Gr) = {{1.4}.{2,4}} &
M(Gos ) = {{1.4}.{2.4}. {1.2.4}} B2 Fo] T}, IE3F MIS &£F74 Q1
M(G7) = M(Goy) — F(Goyw) 5 A BT} o 714,

F(Goyw) = {{1,2,4} 3= 2l =E A F/d ot

[71] o5 0 2, et E 2~ 7] (Kuratowski) A1 B 212l 32 (subgraph) @1 Ks & K300 28 &

ubF v HH 18 3 (nonplanar) & 22# e}, FFELE AT 9] 0 A= e
Goll 7 7HA F-etE 7] A BT E S shurb e Aol v 1R GTF

K
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[80]

|

ulsg ol ehis AL HolEr),
59 @)°] K= 7F @A Qo] B e 5] 4ol ¥(edgeydl 9 94
1 X s
A

90|31, 3% 59 (b)) Ko FHE 0] Q= Al BA Ho] ThE Hol gl

HA Aol A F] AAE o] 1ol o] F ZLEfE W5 3D A} v
obie} ok} sfolol s} W a s e vekutth,

=59 7

(©). (@l A vhsk ol sholo] LU Gy, — KEP R KEPE
Z1

T3 AL, Bb 2 18] 32 G=Ks 2 K532 212 Al E g o] A gt}

559 (o)ol] A upe}f Zol, 27| T = APHA| Tl A 57 9] R E
AA4(1,23.4,5 9 Go = Ks-c o[, o] 714 274 9] FH[E 422, 5)= 6712
efolof AxHWA)ell 1A H T},

T5E K E AR Ste] GRpojd o] alE A, 1 AT K59 (o))
A E vke) 2o}, 57 9] b o 7] & 54 (singly-excited solution)(7 -4 =i},
{1}, {2},..., {5} H o= 7] {2, 533 A Feell e Fat= 670 ¢ 3] =7}
AT A EF QL (2, 5171 o] A E o] A ¥ Sl(frustrated), Ks2] MIS
EFAE A9 [72] 4], M(Ks) = {{1},{2},---{5}}0l &3}o] 52T} T
A7l BH e B Y FEL [ 4104 FAIE = vE FHE Aa 2 At
efojofo] thet a1z} A5 2189 Apo] wiFolH, o= FE EH 4 79
Al A A o Folth(ell & S0, A 32 S 2189 33} 4 9] (holographic optical
potentials)2] 7F (interference)-S ¥ 8}7] &l &} 590 T 714H-A 7).

K5 PE Wtz B 590 (d)oll M 271 Lol 2= A T1925(1,2.3,4.5,6) 01
37114 %kx}g} 1o1(W1, W2, W3)3= 22} 7] 218 32.9] (1, 6), (1, 4), (3, 4) A&
A5k o AEE T

T54 KeXp9] G oA E =59 (Dol =AIH npe} o], Kgf‘3p9] T MIS

ER4(1,2,3) 9 (4,5, 6} A etz T o) 928 A BHAHA v,
F &M R e 2o EH A gon (4] 49] 281 %} shoo]
ely1g]so] M(Kas) = {{1.2.3}.{4,5.6}}0 g 2] 28] % 0 & Kss’] MIS
E7Ae et

el =n T fAl efoloj o] FrF A G0 ® Kol mAlE A A T EE
ared et 5= Qleh 2l =E L ok o ol & }o‘& A Al ol Aol A arak A
AL 3 as

ol & Fol, % 62] (@l EAIH sk o], Sl A ex0] B o] gz 2k

o]
2D v Aol A Al 2 l*d o]

o, 5
glol =
5l = 69] ()9} 2ol & 1) 3 (wheel
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[5=8]
TABLE Il. Experimental parameters
Figure Graph  d (zm) A{(MHz) A (MHz) repetition

38 P, 70 3.0 +3.0 678
B G 7.0 3.0 +3.0 672
% G 7.0 3.0 +3.0 734
ba S, 15 3.0 +3.0 425
4 3pan 75 3.0 +3.0 525
4 5pan 75 3.0 +3.0 570
52 K 7.0 3.0 A5 1961
55 K, 80 3.0 +3.0 1279
6c S 7.0 3.0 +3.0 1640
[59]

TABLE Ill. Experimental time budget

Process Time DUdget
100 ms
Single atom loading (PGC) 40 x 2 x Ny ms
Initial occupancy checking (for 3D array with N, planes)
800 ms
Arom rearrangements 40 x 2 x N. ms
Final occupancy checking 20 msp
Bias field ON, optical_pumping 5 us
Quantum annealing (including trap off)
Bias field OFF 20 ms

Final state detection 40 x 2 x Np ms




PCT/KR2022/000814

WO 2023/136384

8/8

[5=10]

€00 = (<i11<0l)d pue 810 = (<iIl<0l)d 10119 (NYdS) Muswainseaw-pue-uope edaid-seis
SaI|IeqoId SJEISOIOIW PAINSEBW JO UONIALI0Y

yw| yudep desy ‘yA0g einjesadwe} oyl aieym

(BIXR)W Q') = Zo Pue ([elpel) WX |'0 = 1o UOHBIASP PIEpUB)S ainesadwsay ayul
uonenon [euoisod YuM UOIEINWIS Of4e9-aJUo
(%2) N[eA PaInseal UM UOWBINWIS OfJen-gjuop uonemany Ausuajul Jase
(WUOBY) (ZH/ZH) (0} PUB (WUQBL) (ZH/ZH) ,01 S

S9SI0U [e1)0adS yum UOIEINWIS OfJe)-SIUON

20y 0L X mz=wl pue (G2 Wi L yum
:q__._\m._ vh_- h q_.: _u_,“ ke ICAT . <W |[oAg| eyeipawaiul wolj Aeasp Snosuejuods

]
ap
uonenb? JsjSew pe|qpurT

— |.:

Juswijeal] $92.Nn0S 10113

10419 [euswiiadx3 ‘Al 3149YL



INTERNATIONAL SEARCH REPORT International application No.
PCT/KR2022/000814

A. CLASSIFICATION OF SUBJECT MATTER
GO6N 10/60(2022.01)i; B82Y 10/00(2011.01)n

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO6N 10/60(2022.01); GO6N 10/00(2019.01); GO6N 5/00(2006.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Korean utility models and applications for utility models: IPC as above
Japanese utility models and applications for utility models: IPC as above

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKOMPASS (KIPO internal) & keywords: 2] =¥ 1 <Fx} £}o]o](Rydberg quantum wire), ZtH =9 7 (Maximum-I
ndependent-Set)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

PICHLER, Hannes et al. Quantum Optimization for Maximum Ihdependent Set Using Rydberg Atom
Arrays. arXiv:1808.10816v1 [quant-ph]. August 2018.

Y See abstract and pages 1-13. 1

KONZELMANN, Annika et al. Quantum confined Rydberg excitons in reduced dimensions. Journal of
Physics B: Atomic, Molecular and Optical Physics. Vol. 53, No. 2, 18 December 2019.

Y See abstract and pages 1-7. 1

DORN, Sebastian. Quantum Complexity Bounds for Independent Set Problems. arXiv:quant-ph/0510084v
3. 28 February 2007.

A See pages 1-12. 1-9

YU, Hongye et al. Quantum Algorithm for Approximating Maximum Independent Sets. arXiv:2005.13089
v2 [quant-ph]. February 2021.

A See pages 1-12. 1-9

Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority
«A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention
“D” document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be
“g» earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone
“L” document which may throw doubts on priority claim(s) or which is “Y> document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“0” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art

means “&” document member of the same patent family
«p>» document published prior to the international filing date but later than
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
05 October 2022 05 October 2022
Name and mailing address of the [SA/KR Authorized officer

Korean Intellectual Property Office
Government Complex-Daejeon Building 4, 189 Cheongsa-
ro, Seo-gu, Daejeon 35208

Facsimile No. +82-42-481-8578 Telephone No.

Form PCT/ISA/210 (second sheet) (July 2019)



INTERNATIONAL SEARCH REPORT International application No.

PCT/KR2022/000814

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

KR 10-2021-0129202 A (INTERNATIONAL BUSINESS MACHINES CORPORATION) 27 October
2021 (2021-10-27)

See paragraphs [0034]-[0129] and figures 3-4.

1-9

KIM, Minhyuk et al. Atomic Quantum Wires in Ising-spin Chain Models. 2021 Conference on Lasers and
Electro-Optics (CLEO). May 2021.

See pages 1-2.

% This document is a known document declaring exceptions to lack of novelty by the
applicant.

1-9

KIM, Minhyuk et al. Rydberg Quantum Wires for Maximum Independent Set Problems with Nonplanar
and High-Degree Graphs. arXiv:2109.03517v1 [quant-ph]. September 2021.

See pages 1-8.
% This document is a known document declaring exceptions to lack of novelty by the
applicant.

Form PCT/ISA/210 (second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/KR2022/000814
. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
KR 10-2021-0129202 A 27 October 2021 AU 2020-271608 Al 15 October 2020
CA 3135548 Al 15 October 2020
CN 113632107 A 09 November 2021
EP 3953870 Al 16 February 2022
IL 286608 A 31 October 2021
SG 11202109841  PA 28 October 2021
us 11334810 B2 17 May 2022
us 11341427 B2 24 May 2022
us 2020-0327438 Al 15 October 2020
us 2020-0327439 Al 15 October 2020
WO 2020-207956 Al 15 October 2020

Form PCT/ISA/210 (patent family annex) (July 2019)



5 A Z AR A ZAZAN S
PCT/KR2022/000814
A, 2o H3e Ve EFFHASIHEFAPC)
GO6N 10/60(2022.01)i; B82Y 10/00(2011.01)n
B.  ZAE Eof
A H AT AFASSE7FE 714D
GO6N 10/60(2022.01); GO6N 10/00(2019.01); GO6N 5/00(2006.01)
ZALE 7] s obel]l Hohe H AR o] o] d
Gt e 5 Ak i B Sk ) Sl gk i AL H - dd ekl 7A€ IPC
VEESUGAFE L ARFNY ST 1 2Ab AREP ekl 71419 IPC
A A el o] 85 4t H ol Bl H| o] 2~ (E| o] B ¥ o] 2~ 0] 3 W A Mo (sl A 5)
eKOMPASS(5-5] 4 Y& AAA 28 & 7|9=: g/ = L kAl 9}olo] (Rydberg quantum wire), Tt 5 H Hg
(Maximum-Independent-Set)
C. 48y
G EEE Qe L vl A E 58l 1A #el Yy
HANNES PICHLER -, *Quantum Optimization for Maximum Independent Set Using Rydberg Atom
Arrays’, arXiv:1808.10816v1 [quant-ph], 2018.08
Y 8.9 9 o)A 1-13 1
A 2-9
ANNIKA KONZELMANN -, *Quantum confined Rydberg excitons in reduced dimensions’, Journal of
Physics B: Atomic, Molecular and Optical Physics, Vol. 53, No. 2, 2019.12.18
Y f.9 9 o)A 1.7 1
SEBASTIAN DORN, "Quantum Complexity Bounds for Independent Set Problems”, arXiv:quant-ph/0510
084v3, 2007.02.28
A #H ol A 1-12 1-9
HONGYE YU -5, "Quantum Algorithm for Approximating Maximum Independent Sets’, arXiv:2005.130
89v2 [quant-ph], 2021.02
A #H ol A 1-12 1-9
KR 10-2021-0129202 A (L WA @ ] XU 2= w2 = F ¥ o] A1) 2021.10.27
A 2 [0034]-[0129] E = 3-4 1-9
[Z]37t 2201 col el 71D ol dsun W5 e dAs FsaA e
* Q18- _E,‘dg] & :/]‘EH»T’—E]
“Av B3| fhele] gl A0 Holt AMNH NEFES A T FAEUY EE A Fo AR EA O, 03} 453}
S X gk ov] W e] 7|27} ¥ E Qe o £ & ojalal] $14] 2l
"D A el A 2 lelo] g E 984
B SASddun me 20 e SALS AU SAZAY o swe vae) 9 B Y B A stz P v
o] Feof FAY HED EE S ER NP R HAde] gli o @ W),
« 7 ©.x7 Z=Rfe] o] ELo. e A B gedindy F S 2l 5 = g
- 755?5—5:?}1 é;;a J]Qrztr%@.dm /\]);—.Eta}s] 7] 9 ?oq]oo v 5¥e Hde] e B g wo] sl o]t 2 £ A
samd R b 2gahe 02 o gl FARbl A (e A A
e e AnAol gl Aow v
07 PE AL AR, A e SRS ARk e B GE A A A £
P A o) Fol FAHYO ZAZAY oA AR HR & TALASEATA Sk
SA A ] A ST SAEAE A EED
2022310205 (05.10.2022) 2022310205 (05.10.2022)
ISA/KR®] 7 Bl $3 F 4 A
EENEECE
(35208) A F A AT FALZ 189, 4% (BAE, A F U =
A% h
A2~ 13 +82-42-481-8578 Z 3 5. +82-42-481-5709

XA PCT/ISA/210 (- A 271 (2019 78)




A E AR LA EREDEE

PCT/KR2022/000814
C gd £3
EECE AeFAY B v FAEHFHE F 29l 7)) el 37

MINHYUK KIM -5, *Atomic Quantum Wires in Ising-spin Chain Models', 2021 Conference on Lasers
and Electro-Optics (CLEO), 2021.05

A #o]A] 12 1-9

x 9 L Feslo] At e ool 2 A g T A

=4

o]
1.

i
)

MINHYUK KIM -5, “Rydberg Quantum Wires for Maximum Independent Set Problems with Nonplanar
and High-Degree Graphs', arXiv:2109.03517v1 [quant-ph], 2021.09

X #H o] A 1-8 1-9

x 9 L Sl At e ool 2 A g T AZIY.

A& PCT/ISA/210 (- WA £-4]) (2019 79)



TAZAR A ZAEZYHE
WS 4@ BR PCT/KR2022/000814
jﬁglﬂ%%“] A 2 SRR 2
KR 10-2021-0129202 A 2021/10/27 AU 2020-271608 Al 2020/10/15

CA 3135548 Al 2020/10/15
CN 113632107 A 2021/11/09
EP 3953870 Al 2022/02/16
IL. 286608 A 2021/10/31
SG 11202109841 PA 2021/10/28
US 11334810 B2 2022/05/17
US 11341427 B2 2022/05/24
US 2020-0327438 A1l 2020/10/15
US 2020-0327439 A1l 2020/10/15
WO 2020-207956 Al 2020/10/15

A2 PCT/ISA210 (-8-5-3] F718-A]) (20194 79)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - wo-search-report
	Page 24 - wo-search-report
	Page 25 - wo-search-report
	Page 26 - wo-search-report
	Page 27 - wo-search-report
	Page 28 - wo-search-report

