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ABSTRACT

Near-term quantum computers operate in the presence of high-intensity noise that makes it
difficult to obtain reliable computational results without excessive hardware overhead. Therefore,
quantum error mitigation (QEM) has therefore emerged as a crucial set of techniques for improving
the computational accuracy of noisy intermediate-scale quantum (NISQ) devices without requiring
full-fledged quantum error correction.

This paper reviews the fundamental principles, performance characteristics, and practical
limitations of major QEM techniques proposed to date. We first introduce the concept of
expectation-value-based error mitigation and discuss the notion of overhead, with particular
emphasis on sampling overhead. Representative methods—including zero-noise extrapolation,
probabilistic error cancellation, symmetry verification, virtual distillation, the Pauli check sandwich,
and tensor-network-based error mitigation, are systematically analyzed in terms of their underlying
mechanisms, experimental feasibility, and scalability.

Recent experimental demonstrations and theoretical advances are highlighted, with a focusing
on how different mitigation strategies trade accuracy against resource costs. This survey aims to
provide a practical guide for selecting and combining QEM techniques tailored to specific hardware
platforms and noise characteristics in the NISQ era.

KEYWORDS QX 2412|Z, Okt Q2 ot5}

I M2 B HIOFAQl /s B/l A& AR FEWA
[1,2], #2501 7L &80] A/ e =4 &
= a9 A

= NEE2 SSFE HARY

SNMEA+SYHOIZSA+HESA 220f T2t 0

oo

8+ AU ©2026 =TS AT




50| YAFFE A7l 2 FARE Sl 9
A, A8 A sl a0l AgE ] FARST
B} e 522 gt AT Ego] G0 A o
B2 &8 Eof¥=o] gestal, stego] G
N AR =2 FHE A4, Ao 5L S5 7=
Hro] Fasitt AR Ee FHE E3FolM =
99.99% o3| A LR F& k= A|0|E 4 7]
aa FEJIAW3], oM AF3 &8 ForlM &
Aol 5-& ERlt7| o= 78] F55t ol tH4]

o] Zo] HoFet YA} St ool M A H = =2
GAF Arts sBsh7] s e g kol =7t
ArE T M= FF= H Ao e o] &
QP A 5t T gRt )& o] AAH . SH=g
o M &7 WY AAE So|AY LA T
= YA 25 A A|(Quantum Error Suppression), QFA}
At Atol] thsl ARl A2 & 2 gal it
A AFEE =ol= A &7 J}(Quanrum

(Quantum Error Correction)©]

)

P} 07 B FF P OF BAT BEY

A9 &
2ol &

BRe e FHESS T AL8S)
EZ 1451, ORE AANNOR

=

=

zq:LtH O LAy
HT &

H v

A

# 1 QEC2 QEM2| H|1

QEC

QEM

ofm I

=25

280 MAlZt
efx| 3l 43

Y 29|

A

5 2y

43 73
of 78 Aol ¥ Helsha & 13}

ret
ot
>,
=2
R
H
t
2
0,

HER FTHs-10]. ¥hH QEM F7H4 Rl =] 7
I

Eg ALgEHA 9L, AFE SHEdlo] AUt

H
A FAL 32 A ATtE BAY R Bt @
7Ol TS A= v 284S ELh

o2igt ZFo] &2 QI8 QECE o| 24 o= 429
TS G 4 Q= vhd, gost FHjE 21
I =2 a=go] A EE sttt R = QEM
= 75 g8 AASA = EetAwh AR 9] F
Tk RS o] 27h WSt YA A AF, o] EHL

NISQ(Noisy-Intermediate Scale Quantum) =40 8
BOME v 2 A Fe A Qo2 A8 It
Shth= o] AtH11]. whA QEME QECE T
AsHe 71&ole| Mk 07 44 7)&0] AEH
O & FHE7] o] TAo A E8E 4 = B
A Qo Z o|a)E 4 °‘EH7].

o= 8 S HF

4
? FHIE AL 0F oA 7&e A8
= &

OE
mlo
-
o
_O|L
N
4o
ol
S
rlr

A, Aol F AN M= 07 A 7149] 4
o] ALsiet, SR, 07 HHS A5 48]

4o
o
>

c

lu
R
ofo
o
fo
=y
rid
a0
o
o
o
\
N
ofr
rot

01 2% %Esz} =49 %W} St=gol 2 sl
M S FE 71 =0l 2 FAE APt

A, o} 2. & 7ok & o] Wk,

Hg AMH Ft FHIE 2F HAH $E 3 3HA|
. Chro| FHIE 0|Exocz N =2 xt9l
- = X7 | ™ SR ==
In-circuit - oIN3t M 71 8715 &gy Qat
Post-processing 23 20| Ve
& iEE X3 SEH etst & &
In-circuit £V g8 7ts Hehd st

2% Q| / YAt 2F ot AL S



A7) ok A 3= A I}

=

=

2 48 2t

NISQ Altell= FAFAATe] AafofA] o] =9
FEF= A QM 257 et 7]sol HEE

T} A o] Fof ]

= o

FE} (Mixed State) p 2 W

\:

vAO

s

3

=13
=

oM 77t

H

SHA|

S

=

=

A, 8] =2

T

°
pal

A =, 23 77 (0p )=
sto] 7= YATH13].

ol Pt

°

71491 Ao &

=
T

a7
BER

oA A| Htt,

- 520 me] P 4
4

A 71, Tr(0p14,0) AHO19] 2015 E017] £

of o]
1 o

=
R
S|

o] 47]
Fl} Q71 sk

-

R

£

2

E
2B WA OR 077
F 717}

k)
pal

1AL,

S
L

R

o]/ 3e] FAAAE] =l A
Lo A

B

Hoz 1A

2t
SEREERET

H] sH] 0] tha @7t

=2

i

[nN

T

tof lol== QI

9

alo

=

AL 242

o

A7

[e)

=

@:(Bias)

R

A

-

I YRt OF o5t ML

FH, o

)

7} 27

)
<

A9l

< Hl-&o] 27-EH7].

ofpy

A} 32 4y

=

=

FAQ) I E AL

T

%z
- 32 Zo]
._'r_7

1}

o

=1

[e)

R

Tr

X} }\O]-EH Oideal Oﬂ }\‘]

1A < 0> 1o

1

)
pal

3= 3l E U QH(Hamiltonian)

S

7%
Z7bsgoltt.

5o}

‘|.
A FE A 7195k

3}
o|g

(O‘Oideal) O]E]— OO]:Z]' }\]Z_\_E]ﬂgl ;1(__]__“
J
[e]

S ¥57FsTFr ool

A

i
o}J

[e]
°2RE

-
aT

TC

o2 Zo]

-

QM3 =(Sampling Overhead)Z} 3l

7FatH, AR 7ol A

Al AAE

gl

9.5
TXtS LSRN H413 HI3Z 20269 68

[e)
[e]

-

R

F= ool A

0> 7 < 0* "2 RE ARl] oA At
o

et AR FA

(Ao



SHEATHS]. o= YA oF 3P Ed Ao
&F 71 A(Bias Reduction)@} F-AF Z7H(Variance Ampli-
fication) AF0] 8] A ZF A (Trade-Of) & 7= A
= AAFETH

wEbA] NISQ A|ARIONA G2 325 840
2 A7) QeiM = oF 3 AE = i &
A&} ofof] #HLFJ% SHIHEE %@@gi il
o, 4T 7FsshHl & 9] @ &

[e]
Aere. Hefohe o] Fasi, 42 As

&

Il. 012 LK} LE 245} 7|

1.Zero-Noise Extrapolation

Zero-Noise Extrapolation(ZNE)}2 A2 THE Q.7
o 21 o S5 A3 ATE 2P, ©
S <L
7

2=
] =

£0] 091 o]/ Ql R 7S =45
kst 7R o]t 15]. £ 712 20179 K. Temme
o 9]

Q= Noise Amplification = 7|%t
e

o Olﬂ qu g o

7N

O = 3, A7tA] 7 el AE AL A
H QEM 7% Z SR 2] AL k.

ZNEJ 712 e B2 o RegS ATt T,

< 0(4) >0] Aol tisf wj11e]e-

= + 2ot} ojuff 2|7} Hx

SH= 42 9780] 02 B-] 7I9gk < 0(0) >o1
2 Q7] o] M2 o2

A3 < 0(4) > & o83 9

METE Q589 A 3|25 13357 ¢,
ZNECIA= 75 Q191402 SHA7]= folding
& Abgdth i EH oz A 3 2E HHEs)

(@)
U
(b)
U Ut U
1211 Global Folding®| G| Al:
(a) A=12] Folding2 SHX| 942 4EM,
(b) 1=32| Local Folding2 X235t Al
o] LFE SZA]7]= global folding} 3|22 UF
TS HHE81= local folding©] 91O &= ®IHY
w529 eld FHL fASUA BeH 2
FEWES SV Aotk O 12 N E &
M foldings B3 LF&S 3= NES &
HH oz Bojzt,

94t ol A= thgHA] (Polynomial) BE= | 4= &
2x(Exponential) FE|S] WeElo] 22 ALLE M AFL
Q g}@ HB‘—J ;q.)\g} o E% 1‘\;4‘;—5 N ZNE—J
Ao} eHg ol A1H 4

ol

i S
fri mo
L

it

Algisjjof 3t R ZNEO|A] Q7
L= folding 314~ @ 94t x}p4eo] whe} whEA
th 5Ust A4 YA =E A517] ¢St

T
QHfS| == Ut o] Aol E

it
rlr
o
AN
N oX |
)
% 4

= o
i
ol

OBi% 9| / YRt ©F vt A7 I S



o7

_—

A Nzyg = ZNE 4

o, NO'C-’—‘TI"7]' = OVEJ ol
S5 A7 al Dot &7 slgo
% A5 %

%ufu

_L>i

A

Yo

A 3
A3
o}
RERER
‘J OZNE

-

5

>
fz

oX.

Zc O(2
LAk Alg ¢;ol —JGH ZX* 734%94 w=1tol -"—%ﬂ“ﬂ,

o
FAT RS 4A5) 5 BeH WS
Sl=t 24 S ulRstol A bt o] 2

FZNE~

(Z|C]‘|)2

23 % SHE| =t B<d] o
3|25 Agsfof sttt HET of e}, <4t TH
oA AT FHsHE AP 3o 3 4
ZH& HoE E39] folding 017\}7} 71
A}

23

N
o
N
olN
N
i
e
Ju
o_“_{ M
(\_
_g

g LHEE SVt Bt ALt H S
1 =0 AA| stEdo] M=
EFZE, AR

&‘9

o] Q)
uu_u%o] =002 9@} 7]¥ o] x| gt

s =7} Wk Z7kstche 224 5 7Hack,
ZNE= Thgor ZelEolM A os ASE 9

o, 2019 )= IBMOJA] 6-FH|E VQE &ale]

Zoll tisto] ZNEE A &sto] anty o= @77t
&3} 98-S HATH16]. 2024 Quek ATE o]
A ZNE9] H|-& 8}5hS B2 I siA EAsH= <
F17]2 A3t 5 ZNEO] et 77t 244
o7 WePE] 3 it

2. Probabilistic Error Cancel-
lation

Temme, Bravyi, Gambetta®] &J3l] *]3 Xﬂ‘?l’%
Probabilistic Error Cancellation(PEC)2 257} ¢l
o)Al 3| =] A AA| st=gojolA] A
7155t B3] Z(Sub-circuit) 52 Ad Ao R xH
SF 4= Qlth= o] 29| 7|RFSHTH15].

PECE] 4] ofolt]o]= mo]=7F Z3HE AA|

A
FA AAE oA Q1 Akt o] = A o] A
o g Rdysial, s o= A dAits g
EAOR FHst= Aot o] & 9J8f o] A &
AF 3 2= AR stegofol A A 7hHsd Bl
S A Aoz BafEm, o] Il &2 Al
$E 235l= 235 28 (Quasi-Probability Decom-
position)7} AFEE T}, o]2{ 8t S-2] Al Q18] PEC
= et SE AEDO] ofd A REE 5
13t 852 A 7}5(Resampling) 21 0] & @3t}

5, Aol o) 7%
EOEL AR
R EEEERLUEES RE R
2ol Rel® 7bE ot HEE T
A, o) e T Mol B
K o132 7|l e AT A
PEC] 7} £ B0l EAlo] 1 2 8
274 oEs| st 7 z
Stk Holth. 288 Bl BgolA

TXISLASEEM X412 HI3Z 2026'H 62



I ASES 24 Ane BAE A FFA7|H,
olol ufet FAT 5A 4 HewE FRt7] 99
a3 54 5% 343 F/kaT Qo
PECY] MEY OWs|Ei 32 o] i A gH
97 A ol ths) chewt e Felz Skt
EAoE geld gt

FPEC~ ﬁ <¥>2 - e

m=1
7|1M k= g2 Y 2F e
Zeoli, i B W) B 78-S pehdict.

o|e} e x4 MEZ

=

A 0 2= 2023 Van Den G1E O A IBM
FA ZEAIME -85 AFLo) A PEC 489
18]. s AtollM= B
7419 39 /12 S8l pECe) 49

) oFE 1o
41 rS  of
rﬂt },0 JE
N o
- U
ol

oX, i
“;E i
g ﬁ
lo =
91

Q

20

ol

AN

o

to

)

)

[

N

>
1
o
0

RO )
o oty
=~

[e5!

@}

(g Mo
O

jinac

iy

9

Y

O

0,

i)

R, i
AT g 7N A

FEE F 40~50% FFO0 2
T}H19].

% |o
B> h
o 8
off
2 5
N =
o §
fo
= 8

oy
>
N
rle
in}
ox
o
ofr
ol
2

3.Symmetry Verification

Symmetry Verification(SV)<& G4+ &ate]&o] A4
dsh= oA Q1 YA AEI7E 5 S T A (Sym-
metry) S THE$H= ol ZQksh @ 7 243} 7] H o
t}20]. ZNEY PEC7} @72 9715 247
352 0 2 A)sts WA o AT SV B2 o

2 38EHA F= FHE 54 DM AL

lo Hr =
tlo  oX K
oz L Jo rr
ox ol
e
oy 2 =
%0 N
To rok
5 2 8
o -
W
ol L
ox ru>
s 2
rlo ol
ol
e n
E s
K} &
N =2
) >

2
rr 19
1%/ ns)
L
DA
to
fru
>
o
o
4
o
e
-
>
=2
4
rok

AN o
ok o
4>
o2
ofr
ok
k]

)

22
[N
o
)
o
2]

ofd
au) oY,
4
1>
2
o

2 oo
i
4
re
2
N
W
1o
I
9|

o
U
1o
>
o2

B %
N
rlo
0%
u)
i
e
fr
fin)

Ppnois_z/P

Psv Tr (Ppnaisy)

o,

],
A FES e, SVe] 54 2

]_
ARshe Ay L1 AL ol

Ol'
Fll‘

5 Tr(Po,y,) © AH9 248 W

oX,
i £

ol
[

19 55e A FHANE Ao ux
H] E(Ancilla) @} A|o] A4S o] &3} _/,\_sgg]uq)
g 29—]‘ 7o) 2 E TAIA O 7 HojFEr) o]gfst

4 Al ek svie 57 614 21430

:lﬂ L0F N

¢

|0) postselection

A
|0) H l H — A

=V I e

2% Q| / YAt 2F ot AL S



1
Lsv = T Bopr)
ol $VO| 24 QI 85 Zot 9. A

g of el A HH R A pH 02 FItekA| ¢
o, tiF/do] Hlad & HEE = S = A
Ao g ehtelA E7H 4~ ASS u]itt. o]
Bet B0 Q8 svi 34 a8 SN
ZNEY PECE T #2135 73971 Brh16].

Thih SVl AL-L ghg 7hssl i A o) Ex)
Fop Fhof A gETT A8 7hedt /o

o
O

O
(
= =

B3 8l T Ao ol zo] thah LA 4ele
529 AT BES S0l 54 eMslEs
ek W, T o] 47 Z1A = B A
ST AE 471 373 Baste] svel &840
AgrE 5 k.

SVE= 20194 A. Kandala G5t of Q)3 HE oF
P

IS =4y ?—@(VQE) 213 oﬂ M Ao A

7] slo| BB E © g@} K é Xﬂ%ﬂ?iﬂ[zﬂ
20223 = Van Den A+
Fof tfal a4 U K

Virtual Distillation(VD)2 =
= o 4e1e) ofe) AR e

2 Ql8) B AR o] A

w8 2t 0F 98k 7olt23,24]. ZNE,
PEC, SV7} B9l 82 A Avte] EAH Aol

24 AL VDE Y] AHEY L2 AHE
ol &t LFE A= HolM HdH ez 5
ELal=g

e
|

-M

>

s

%

A

s

A7 A= aLgrolw, o] A Q1 Aol oS-
= ARG A 7P 2
VD2] 34] ofolt]ol= F U3t 4
gto 5‘1 Apoll st

FI

e p® Moﬂ &l <=3+ AAFRHCydlic Permutation)
A gttt 9 32 o]t PO VD B RE &
1402 Hoj&t, o] & Sl 42 FIE A
= aHo® pMoj vk FElE 7HAH, 2L
o] we o 22 AR e Z=th

>:10 a P W rlo

PMOC Z/LMW/Z‘ ><y;

O|REE M7} ENESE o] %

0y — H H

M 4. cSWAP
copy

213 vpe| 7|& S22

TXISLASEEM X412 HI3Z 2026'H 62



o 198 A40E FEA7A 2

19 AR 919 7 2 3

el oVe] 4t A
s}% a1 el
ol o]

= 7
HgolM, 54 =
<
T

;m
i

rr

o]= VDolM 4 W=7} 4t S3HTH
e s A gl s 2HE S onlshH, sV
9] Post-Selection 7]8F LHF| = 712} 7fdH o2
AR 722 71710} TR, SV7E B O %
7ol S| 2 W, VDE AEe) gk 2o

NI e Al Aol A T eIt
7o) Qitt.

2024 Xiao Yuan ATEHS VD= 0424 Q1 AE)
43} o) B} B, AA| = mo|=rt EAE A5
deol AstE 4 ke EAIME E48kaL, ol
7W41817] €18t Circuit-Noise-Resilient Virtual
& AlRFsltH25]. o] % %"E‘
% Xiao Yuan 97| VDE] W] & FEE AU
B8, 37 QusEo HAE 4 Alolo] 4

R

£ AN RH VDY 0|24 olslE 27 1

lation (CNR-VD) 7]

ZITH26].

5.Pauli Check Sandwich

ox.

Pauli Check Sandwich(PCS)= &&
ALBL] A o7 st VMo R, dl=
o 328 FrHoR AFHT OB
X A 02 AR S B2golr2r]
A 2708 PECEF BE] &3 &3l
28 93, SV 8 VD2 AR
5o 24 oMaTE Aojar)

> 2
to

2 lo
rm o U

)

AN
oX
e 2 du £

@)
%)

Sh
o o 2 rff

B2 X

!

g ol
ox
Jor

oX

rr

N
-

RG]

Tt

P

PCSe] 34 ofojt]ol= A} 2 E FA 8=

2} 7)1 ¢4k F9lol] KA FH]E(Ancill)F 0] 3
A% QXS HYshs Aolth PAHOR, T2 U
o 7t At Ul el 1 AR R AR B
QUG WX GO RA, G A TIOIA LG
Rt B 4% 20 ANAEAS 25 &
YEF Gt olu), 257 WAYSEiEhE F Al
& 53 9F 4R AR AL A s
sic.

oEIE AF AL ofe] Fllay) O R WHE NG
g5 glom, 7 28 MR SYH0 0F AR
A= S AEE 1Y 4 ol2f3 139 PCS

0y — H H —

J2l4 PCSIIR ZRE

2% Q| / YAt 2F ot AL S



ion

t

itiga

6. Tensor Network M

Tensor-Network Error Mitigation(TEM) %A} 3]

B ] =74 (Informationally Com-

ﬂmo

plete Measurement) O 2 4>

o -
nesF

w

ZNE,

s

43} 719 0] t}H29,32]. TEME %Al A7)

PEC, SV, VD, PCS%}

£l 9]

o)A Ancilla”}

3t

3} 2t Foi7l
bo] A mghn] oFo] olaiAt

19

Lo

TEMS] 7] & ofo]t]o]

Al

fi

St} mEkA] PCse)

H] 2]
2ol

3

uk Al

il

=

Zr 24 (1C-POVM: Informationally Complete Positive

Ciaey

7}

=
o

el

Operator-Valued Measurement)

pm

r PCS

2k 4 QlTh(32]. o]

st SV B

91

ojpy

X

o

P g 7Rk o syt e

3
er

VD@ f-A

}?)]_EH On 0isy

=
=

24 ¢

CEEES

, PCSE

il

s

s

o gol o

o]% TEMOIAM = &7 A9 At 45 +

of

&

2 4Z(Contract)

o]

171 o1

S

=
=

alal o

i
i
]
~3

X
N

T

i

__él

= A7 &
PEC®} &

his

3t Aokol

LA ARE TG ol M= o]

3] TEM<S

o5

oJtt. o] =

ol &= PCS9

ol
"
ol

N
]

KO

X
™)

m
=1
il

T~

mE

of

o

ojo

A2 TEMO] 714 2 AH L 24 omws| =9

SALG N AT PECY

g oh]
&2 AN

BH
L

S4) pCS7} 0.7 kst

=
=

& H3lon, o]

o%

4

ojo
o
M

i
T
T
7o
il
il

of

I} |44 0 & Z7}sk= WA, TEMO|

9|

2 Zojo of

FATH28].

3

TXISLASEEM X412 HI3Z 2026'H 62



Me sde JE=E FA8] 98 2e3t 54 v, A= 4 H|o
3157} PECY] Al F LR F7)ets AR
A A Q). F, MEY e EE Tt 22 E 10| A= NISQ Althe] #2129l ) oFs}o] A]
B S 7Hith FEEA Qe A R &3 7S g
J 8 A5 5 s, 5] F4 evs|= vy
ol QEM 7IHES] AT SHAE EA o

ok, o2jst 4 euE| = iy A

bS] =2
L =
089 2715 7R Stk MM UEYA £& 3 279 4T Fol: Fowolth of2d 40

A2 3= 2ot Al LE A7)0 wh Al B 2 Q] QEM2 A O] FAL tELo] FoM =

HRA 2K 5 glow], webs TEMY 484 A8 7Fssitts 388 /AT, 1 ke 54
2329 99 T, T4, TV AN YEYT 514 F7h 32 A4 Fo, m wHY AL G
YO a0l IA EATE F, TEMS RE  Z7}oh 28 Thgat Gejo] ous| =g Sutatey
P 82| BUHOR A G/l A PHoleblE  Bao) M Awfi vhe} 2o, QEME] AL o]
Che 22 Ao Qi B2 AFE OF A8 A OMHSE Auht ARHOR AT 5 s
7og olste 4 it SR ER -8

WA HES AL QA HRE G TAA AT QEM A7) A WFL QRS 95 A)
ABEo A Rofol A FE) Ao, o]F F  AsH: ol Q) BARTRE AR AUl F
A 957 Aste] BAROR AGSHE ARt ul A T AAH 45 S DI T

W2 HLo o] FojHtH31]. £3] 20249 Filippov ~ FOE o] 538}l 1SS & 4 Qi)
o] A

e TEMO] PEC % ZNESHH|a8to] B W @ QEM 7 A7) 2 go] QlojAjt thew
274 OHIIEE UM fAGE O F G5t 28 S| 53] 2514 A0 BekEr
$S YN £ AL FAHOR BASIYON, A, OF 98 5 27 QM= Bel
o[F E3] TEMo| SHHS 0.5 481 /PHOR A AAHOE olsfaln sAste = o 24 L))
IS S e olBY AT AN, 29 AR AR Be 0F &5} 7]HE]

#2 2F 243} 7|HE 2Hs|E Hl

ZNE PEC SV VD Pauli sandwich TEM
Qubit
overhead 0 0 ! M m 0
Sampling (Y |c|)? e -1 -M —m 2k
overhead ; / 2 TV(Ppnoisy) Ay b e
Quek. Yihui Van Den, McClean, Huggins, Gonzales, Filippov,
Reference ot aII (7] ' Ewout, Jarrod R, William J., Alvin, Sergei,
' et al.[18] et al.[21] et al.[23] et al.[27] et al.[31]

OBi% 9| / YRt ©F vt A7 I S



3 ojgre g Zoltt 5 QEM 9]
), ©.7 93} 7MO) GNE BY A AEL  SAo) Ak

obd T A1l ] § ToI BASHE A2k ARHOR, A

Sgo] LTH /|E AT F2 HG P thHske 7)&o] ohyet T

of R} 2% 7|9hzke] AE o] 2ol Wiol 4] 7] ol4

b | =
A FRHAT ek ol B B Y] 5 o8 AL &
WOl o2 ST UA AG A Al 7 & BHAE A 227
2o R} e Sejus o olub) g 4

TXISLASEEM X412 HI3Z 2026'H 62

o] JFH Ao, 7 7Rl A AlA, m ey 7]RE 7]

d LW =7} oj| wAYFol o8l BA¥skal, W] 23E Fel, Aldtd 574 To]

L

to

o yo g It
ta

b

ox

2

N

i)
—_

ox
o g dH o
fo & Hu ot o

ox



= I % T
—

[14]

[15]
[16]

(171

(18]

) NN N =
w N
o) s

NN
(O NN
Pk B

~N O
=

P.W. Shor, “Polynomial-time algorithms for prime factorization and discrete logarithms on a quantum computer,” SIAM Rev.,
vol. 41, no. 2, 1999, pp. 303-332.

M.A. Nielsen and L.C. Isaac, “Quantum computation and quantum information,” Cambridge university press, 2011.

Y.C. Zhou et al., “High-fidelity geometric quantum gates exceeding 99.9% in germanium quantum dots,” Nat. Commun., vol.
16, no. 7953, 2025.

I.D. Kivlichan et al.,, “Improved fault-tolerant quantum simulation of condensed-phase correlated electrons via trotterization,”
Quantum, vol. 4, 2020.

P.W. Shor, “Scheme for reducing decoherence in quantum computer memory,” Phys. Rev. A, vol. 52, no. 4, 1995.
A.R. Calderbank and P.W. Shor, “Good quantum error-correcting codes exist,” Phys. Rev. A, vol. 54, no. 2, 1996.
Z. Cai et al., “Quantum error mitigation,” Rev. Mod. Phys. vol. 95, no. 4, 2023.

D. Gottesman, “Fault-tolerant quantum computation with constant overhead,” Quantum Inf. Comput., vol. 14, 2014, pp. 1339-
1371.

|. Dinur et al,, “Locally testable codes with constant rate, distance, and locality,” in Proc. Annu. ACM Symp. Theory Comput.,
(Rome, Italy), June 2022, pp. 357-374.

P. Panteleev and G. Kalachev, “Asymptotically good Quantum and locally testable classical LDPC codes,” in Proc. Annu. ACM
Symp. Theory Comput., (Rome, Italy), June 2022, pp. 375-388.

J. Preskill, “Quantum computing in the NISQ era and beyond,” Quantum, vol. 2, 2018.

S.N. Filippov et al., “Scalability of quantum error mitigation techniques: from utility to advantage,” arXiv preprint, 2024. doi:
10.48550/arXiv.2403.13542

V. Leyton-Ortega et al., “Quantum error mitigation by hidden inverses protocol in superconducting quantum devices,”
Quantum Sci. Technol., vol. 8, no. 1, 2023.

S. Zhang et al., “Error-mitigated quantum gates exceeding physical fidelities in a trapped-ion system,” Nat. Commun., vol. 11,
no. 587 2020.

K. Temme et al., “Error mitigation for short-depth quantum circuits,” Phys. Rev. Lett., vol. 119, no. 18, 2017.

A. Kandala et al., “Error mitigation extends the computational reach of a noisy quantum processor,” Nature, vol. 567, no. 7749,
2019, pp. 491-495.

Y. Quek et al., “Exponentially tighter bounds on limitations of quantum error mitigation,” Nat. Phys., vol. 20, no. 10, 2024, pp.
1648-1658.

E. van den Berg et al., “Probabilistic error cancellation with sparse Pauli-Lindblad models on noisy quantum processors,” Nat.
Phys., vol. 19, no. 8, 2023, pp. 1116-1121.

H. Liao et al,, “Machine learning for practical quantum error mitigation,” Nat. Mach. Intell,, vol. 6, no. 12, 2024, pp. 1478-1486.
X. Bonet-Monroig et al., “Low-cost error mitigation by symmetry verification,” Phys. Rev. A, vol. 98, no. 6, 2018.
J.R. McClean et al., “Decoding quantum errors with subspace expansions,” Nat. Commun., vol. 11, no. 1, 2020.

E. van den Berg et al., “Model-free readout-error mitigation for quantum expectation values,” Phys. Rev. A, vol. 105, no. 3,
2022.

W.J. Huggins et al., “Virtual distillation for quantum error mitigation,” Phys. Rev. X, vol. 11, no. 4, 2021.

B. Koczor, “Exponential error suppression for near-term quantum devices,” Phys. Rev. X, vol. 11, no. 3, 2021.
X.Y. Xu et al,, “Circuit-noise-resilient virtual distillation,” Commun. Phys., vol. 7 no. 1, 2024.

X. Yuan et al., “Virtual quantum resource distillation,” Phys. Rev. Lett., 132.5 (2024): 050203.

A. Gonzales et al.,, “Quantum error mitigation by Pauli check sandwiching,” Sci. Rep., vol. 13, no. 1, 2023.

J. Gao et al,, “Pauli check sandwiching for quantum characterization and error mitigation during runtime,” in Proc. |EEE Int.
Conf. Quantum Comput. Eng., (Montreal, Canada), Sep. 2024, pp. 478-479.

Y. Guo and S. Yang, “Quantum error mitigation via matrix product operators,” PRX Quantum, vol. 3, no. 4, 2022.
A.J. Ferris and D. Poulin, “Tensor networks and quantum error correction,” arXiv preprint, 2013. doi: 10.48550/arXiv.1312.4578

S. Filippov et al.,, “Scalable tensor-network error mitigation for near-term quantum computing,” arXiv preprint , 2023. doi:
10.48550/arXiv.2307.11740

H.Y. Huang et al,, “Predicting many properties of a quantum system from very few measurements,” Nat. Phys., vol. 16, 2020,
pp. 1050-1057.

OBi% 9| / YRt ©F vt A7 I S



