Az TN FHE B HEY A &F AF FE AT
R %, 5] Fown
2 o) 8L

*mgs3351@korea.ac.kr, **junheo@korea.ac.kr

Analysis of Research Trends in Defect—Adaptive Quantum Error Correction
Codes on Lattice Structures

Min Gun Sik*, Heo Jun#*
Dept. of Electrical Engineering, Korea University* s

R A% 5] &(fault-tolerant) %At #HAFE o A& Az o F AH(QEC) 7% dHgden, ¥4 F3F(surface
code)= 1 7} £33 TRE o AR, o};quL }{tﬁ_ Hao] Hso ubit) A2 AA =
stos, oF 34 aglo R Q3 IAHo R LAd = =90 i% s Fsta eF A4
TS AgsH Asr7IE AAHQ0 dAR X—.L%Z&‘ﬂr. 2 =2 oly3 Sk ro A AT
KN

,\
Q

o 1= "ltl_ll_

I.A & oA dge] wAsky, dF 1A Al s;E °
. ol s ol 4" % QA 1 euE oAl wrl o= 3
H2 AT wgel aye, Wy pxe ang B SEE T AL 0 AN @ S L A

FAHEES BESEA n @AY LS gAY g7kl AYE sty Z=o ™A o/F AA
»:«EE \‘: RS B = O j_ 1= L. }\U _L___va_ ;qo]_}\]7]1_, »‘—_1_‘17(‘]0] v‘?—?(ﬂé 0117161-]';]—

FAsA = AF-ek 'MH A ¢ (bandage-like)' 77 °E torm e e A

\_]_— 2 % i R:lg o T:ﬂ—/\] 0 - B N _

o9 super-stabilizer)l AR L) o ¥ o) AR A AT 27 WL Augerll]
|&gslH+= FHE $& V42 Fo)a, Tr«ﬂ ikis[2] =ol o8] Alotsl w3 ordal WAlolt}h. o

o1 % P ro AEo| = M Strikis S bzl 73 FAA WA .

el B RAL RN SE AFEANE RS e aye, apow ad A ofd @aAR

AdE A BEshs O A dd(3]. ¥ dobrh 2 Z3sle] AdS A Y= AR AHAE W=

AT BFe AH Fss A E@cﬂ S P A

gy #Ae 'FF  AAl(co-design) FTLAE 8

BEDE. wAshl Sld fl bgA e 2fE g gus a8 wReE F AW dHA S 52

e AdAdesl fd, (nzmt Bl '%‘@hem' A4 ), o5 2tz gt go] W 4 vt

24 2A2E =98t 34 AHEE EAT4] ’

B4 2AZS Az wEk A A 'w'oﬁ Sa=Pa® Pa,Sp=Pa®Pp

et 3D AlFRE "ad agE gxo] wsks ora pie A FHE 4 oo ZEsE 38w

frate, o= F4 Rt BYH RFE Edto] datatold,  p, 9} pp= AHI AHY FHIEEC]

A= MWPMMinimum Weight Perfect Matching) 2935l AAzfo|t), o] T olAAE Fe] RS

Hoste] Jes Sugdrt. A2How, 9 A 79 HAA Sqpers B OlET)

o 3 ﬁ?t oA Aztel Wi Y I=

HoAolA WolL}, Betdsh Az sh=sloje] SAd w3 Ssuper = Sa* Sy = (Pa @ Pa) - (P @ Ps)
vas =24, gay 4 A4S BHow AAmer  wee dAdde] AFS IS A PI=1) JnZ,

stedlel 483 o2 Hslsta ot olg HEHS Ag FHEd 2&3h= AkAl= e
z:ﬂ_xk]x%g_] okxz} X 7 A A ﬂx}x—] Al Lep=1 Q’Eo7 _ _
EERS P S S 2“’;”_Pé®7§2‘i)$§§2‘2”4®i§f‘1 -
=T — super - 2™ sh= Fadh
I 2= St A 7F Hk, kAT o] THAA 'FA-1(weight-1)'
= AEF FHES e g ?17} Add &
NG FA oF AR FI5F ] 1Y FEE A Qom, olE IAdsr] I FHe A3 §l=e
T1%(stabilizer group) S o 93 AHoHEgY. HZ FHE7LA F712 v|EA AT ol T2
FZHcodespace)S 15 W EE HHA| S esol thaf o= ZE AT A FH Yeo] HAr)
t1e afritleigenvalue) 3 2 A AW W) 2 44 a9 mge Zuolin Weil4] Sol Alokg WA
TE Fdel 9] oAl ol A= ojeg wlde] emslrs
Sily = 1) vS; €S Hastele WAo® Zsglsta ok ol AAQD X3

EWR oA obAA s, = g FuE Ax gex 1 AS del, Age 9 el Aeohs A<l

.

4022l 9ge AbAH(Pauli operator)] €A FHoE ost Aot
golett (of: x®tm= Z®4), 1eluh FHlEY AZ o


mailto:**junheo@korea.ac.kr

[eINe2 O O

Q« éij dia_* — O

Fig 1. Safe boundary ©|°]E FFH]E<%} 1 frontier, W
H| g sl o=, MOAE super-stabilizer A AH

WA, 54 g4 e 2)9 rAgA &4 ag=
Gs = (Vs,E9) S g ol gt

A-(Vertices) Vs: A% A Fo= Zdstd
BE T B AEE FHE "I {5

e Md(Edges) Est T AA  s,s €Vs Abolel,
Hgd st doly FHEESZW F4E H=2
p(sus)7h SAE A5, A (s, 5)7F SATT

Me A 73 MFA Spe B 2UEZ Gl A
zroldl 3}ite] A2 2 4 (connected component) € € Vs
of ol&] AelHtt &, Sy T IE 846 &3 BE
A=F FHIE g0 digsts A FEAl S(s) £
wolt}.

54 e

Fxz FAw.

A7IA My,M;v= 474 EE X,Z B Al A/ A

A HAE ame 4 Ay Ir|(WE IAHE k=
nm>129% H$, HE
?r% FAdo2 Agd 4 g}

3D Algzt v e

o AE Vs AT col FHE ARA sol AP
AEF AL (s,0). A 2AFel we Aol
Aol JbsaAE, s & 3-FHE AelA
QAL A FE 3, ngel Eew 6-iE
olgel %3 gAt d FE Atk &, ordAl

A s Azl wak WE (s e S(b)).

e o] A=F (Difference Syndrome) o: A
(5, 0)7F AEF EdEE= 24L, A7 toll A9
4% m(s,0) 7F AIE t—-1 A9 digH =
A e SAwT thE woltth

o A Ey3 7HEA:

o FH A e, = ((s,t), (s2,1)): HIOJH FFHIE
LHE YERH, 71X E E8d S/FE peol
71Hk8lo] w(es) = —log(ps)= FolXIHh.

o AZHA kA e =((st-1),(st)): 5H SFHE
UEhlH, 715AE SH SFE ppol 71hkete]

]
w(e) = —log(py) = Fo1XItt

guge AEE oo

“—

MWPM PE Zte &4

mPin Z w(e)

eepP

m 2
WoeRo AR Ax pxe EW ¥EelA FHEd]
Aol AAL W ARAES xFsle] AY FulEE
gushs 9 eHgAlE Aol ATE B of
e oHaEg fuste] mEe] YEe AdAd -
AT WEAY v oA e Base] we
AFEAAE Au AL §4 5 s gos
noATh GF BANT FAPFHE dFE Ax
gz WANZIEY Qo @ F e dPE
7elgich
ACKNOWLEDGMENT

o] wRe  AR(FIr|EAREAR) o=
AFATAY FAFRAS A 2] ALE
ol =alel ¢l (Grant No. 2022M3H3A1063074).

o] =H& 2025 Hx AR (PEr|EAREAH)9
AMYPow ARFAVEF7LY APS& wol
AT+ (No. RS 2023-00225385, NISQ 37 <)A

Ans nEE P 0F 4% 1€ A% 2 $)

F a1 E A

[1] James M. Auger, Hussain Anwar, Mercedes Gimeno—
Segovia, Thomas M. Stace, and Dan E. Browne.
Fault-tolerance thresholds for the surface code with
fabrication errors. Physical Review A, 96(4), (2017)

[2] Armands Strikis, Simon C.Benjamin, and Benjamin J.
Brown, Quantum computing is scalable on a planar
array of qubits with fabrication defects, Physical
Review A, (2023)

[3] Adam Siegel, Armands Strikis, Thomas Flatters, and
Simon Benjamin, Adaptive surface code for quantum
error correction in the presence of temporary or
permanent defects, Quantum, (2023)

[4] Zuolin Wei, et.al, Low-overhead defect-adaptive
surface code with bandage-like super-stabilizers,
npj quantum information, (2025)


https://quantum-journal.org/papers/q-2023-07-25-1065/
https://quantum-journal.org/papers/q-2023-07-25-1065/
https://quantum-journal.org/papers/q-2023-07-25-1065/
https://www.nature.com/articles/s41534-025-01023-y#auth-Zuolin-Wei-Aff1-Aff2

