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— Current regime: NISQ —

10)
0) 4 HH H H _H7
0) 4/ H H H H H7
0) — 1 1 H7
0 4/ H +H H H7
10)

> Qubit: Physical
> Noise: Not negligible

> #qubit: 10°~102

Error mitigation (Noise D454 |

Intermediate regime:
Early FTQC

fRon/zV vy —R%=H &l
RURTEIC L > THRET 7 —Z2{ER

> Qubit: Logical
> Noise: Small but not negligible
> #qubit: 103~10°

FTQCOFFHUIC S F<{EbLETERT 5

Suzuki, Endo, Fujii, Tokunaga, arXiv:2010.03887.

— Future: Long-term FTQC —

Picture from A. G. Fowler and C. Gidney., arXiv:1808.06709 (2018).

Picture from C. Gidney and M. Ekeré., arXiv:1905.09749 (2019).
> Qubit: Logical
> Noise: Negligible

> #qubit: 106~108

IS CTCHRIEENITB) FiE%,
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Error Mitigation: R EDHH > TWAHHMEOEE R, AFEEE N oI Br<

__ Without probabilistic error cancellation _ With probabilistic error cancellation
p {uENHAN p Ju SN w7
State _ State _ D —
preparation Gate Noise Measurement preparation ~ Gate Noise Recovery Measurement
—_ -1 _
What we want to know: <H>qem R «HlN Nulp()))_((l_[lulp()))

_ N 3YEREE T A WD, IBRNEE OIRIZANICIZE T S,
<H>ideal = (|Ulpo)» _1 - ; = : :
N~ =Y:;n;B; forn; € R and B; is physical

<H>noisy = ((H|Nu|,00)) <H>qem = Zini <p % B; _/7( )

Attach coef. in post-prdcessing Probabilistic gate insertion

/A ZDEEME STRITH > TONIE, Noisy ldeal

J A XD WNGEDHIFES
=2fbv b %Eﬂﬂ’d’ﬂiﬁ V) 732 < E‘l‘%fg o Become accurate
but less precise

Frequency

- HAFFERE D /2O DY > 7Y v JEIEILIEM

Expectation value
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Z n:B; Suzuki, Endo, Fujii, Tokunaga, arXiv:2010.03887.

nﬁiii?tjl\ i

TR 4 4 & & 4 4 & & & @ H

cellu Estimated errors are stored in Pauli frame with delay \ —————————————————————————————————————————————— Exact value

Y Y Y Y Y Y Y Y Y ; \
Padliframe —--+ Pr 4 Pt Pryq " Pfipal
T A i

e MMM EFI L 12 —XDIFH S VNSRS TRIFDBENMSON D,
e MEEFEY MIWTAREEKIZIZU 74— KT — A ERT DD EITF DO ENE N,
e HMEEFEYMILELBAIT—EINNY YT T —CRIEBTES

S. Bravyi, et al., npj Quantum Information 4.1 (2018): 1-6.

m) EFREIRIEECAELC T, HFRABLE/LITTI 7 — It ZETTE %,

S 2, Solovay-KitaevafEDFT HH] Y F28E ISEF L CT gatesz &Y
Arbitrary unitary gate Sequence of Clifford+T

pdut = p{GHTHCHT
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e Certified Deletion% F U 7=Zero-knowledge Proof (QMA) ot % 2 U 7 4 581k

Hiroka, Morimae, Nishimaki, Yamakawa, arXiv:2109.14163.
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Zero-knowledge Proof s gp tF
> =~ 0 /¥ ' |
= = | ZOEBEE(Z|IZZD =
1 murns AL S

[(FEMICT +— U =D W\ D EHERR
[T+ — YU —DIFFTIEHh D 57
GtEENZ2M)

15



y

TV —vavitvxal T a0k
e Certified Deletion% F L 7=Zero-knowledge Proof (QMA)Dt % 2 U 7 4 581k

Hiroka, Morimae, Nishimaki, Yamakawa, arXiv:2109.14163.
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Zero-knowledge Proof M4

~

a 1)
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e Certified Deletion% F L 7=Zero-knowledge Proof (QMA)Dt % 2 U 7 4 581k

Hiroka, Morimae, Nishimaki, Yamakawa, arXiv:2109.14163.

e
)y

—
F T TIE L W ERT

—
Z Z xRS B

(—— No-cloning FIEICED IBHDHE

;%’f L 7- Eﬁﬁﬂg%%{ﬁ- [Broadbent and Islam, 2020]
N EADIZETTBEREAIN LA > TH, Y AFGEIIRIES NS

AESDREE —BRICLAERL AL, Everlasting zero-knowledge proof~ & 581t
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ELTHIoNANAT )y FEF-HHT Y VILry NT—7
i@L% (%, MEEOHFED, o BBITI R EDMDE
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S. Kanno, S. Endo, Y. Suzuki, Y. Tokunaga, Phys. Rev. A 104, 042424 (2021).
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