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% Reference : S. M. Hamdi, et. al.,, ICEEICT, 2014 International Conference on.
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NISQ computer

Noisy intermediate-scale quantum (NISQ) computer
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Fault-tolerant quantum computer

OfE F Lt YXt HEYS THI 2 Y2

Fault-tolerant deviceZt?
M QASN QEI QST 2H IS FIIHO 2 AsHSE A Ol Xtk

o+ BEAAR + BHAAM2 -

=31 =]

Q2 HMo| 2X| > QubitS Of2] I W 2|, OfEH S 2010t U JIEX| Lotof sH=Tt?

ok

Techtonic 2021 17



Ux =5 H™E O|A]1: 3-qubit Bl A C

Bit flipES E ™5}t Bt
37H2| H[o|E| qubitzt 27H2] £ qubit= &3l 5tLt2| logical qubitE THE <= QUCt.

@ Bit flip 27 @ Bit flip 2R E 2517 23t 3-qubit 2|2
01212002 UHEEQF
) B T 1 -
& flj 3
Q 25 HN dhtH i’ er;gr ! ==
+ 29PX9I qubit TR Q* 5 ’ >
- H|0|E{ qubit 374 + =X qubit 274 , \
| ' (D
- 2F gl X7 EH HIO1E1 qubit 2 Oor
> A} HH XpH|Q| &AIX =X it 4 ia o—o—>
=73 qubit |\ T 0o ]

Techtonic 2021 18



Ux =5 H™E O|A]1: 3-qubit Bl A C

Bit flipES E ™5}t Bt
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oFX} @2 HX 0f|A|2: surface code
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% Reference : Hendrik Poulsen Nautrup, et. al., Quantum 3, 215 (2019); Austin G. Fowler, et. al., Phys. Rev. A 86, 032324 (2012).
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% Reference : Hendrik Poulsen Nautrup, et. al., Quantum 3, 215 (2019); Austin G. Fowler, et. al., Phys. Rev. A 86, 032324 (2012).
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Global quantum computer 7|8 1: Google

AME qubit2 0|83H 202914 22 BHE M0l 1000-qubit YAt HEE LS 2HE 5l UL},

20194 Quantum supremacy

20214

@ 1T AFY2 = Jiho] E = Y @ Advanced error detection scheme
- REQ| X} B|R0j|A 2 B3 MEY FAleded 2F g0t
« Surface codeE 0| 8%t 2F HE _ ¢
qubit T
= e
of e -
e - 7 A X
. - .- ubit = 37
Sycamore 54-qubit s RS qubit = S7F
Quantum computer S RANS P
8 R T
./'/‘/ ,—””
pon =
- QE UMM HIE A e gl

1 qubit ~ 0.15%, 2 qubit ~ 0.6%, Readout ~ 3% © 2029147}X| 106 qubit 2EE > 1000 logical qubit

% Reference : Frank Arute, et.al., Nature 574, 505 (2019); Google Quantum Al, Nature 595, 383 (2021).
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Global quantum computer 7|8 1: Google
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% Reference : Frank Arute, et.al., Nature 574, 505 (2019); Google Quantum Al, Nature 595, 383 (2021).
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Global quantum computer ?|g2: IBM

IBME AHE qubit A0l A HSHE YAt F B w5

20232 1000 qubit (3= - =4 logical qubit) %Xt ZEE L S5

20214

OSUY AXE QR HEN &8 @ Architecture?| Bis}
* 40~50 qubitZ 0|& - 1 logical qubit « AP2HE > 2215

H|O|E{qubit
|0|E{qu l\A I

==¥S qub|t
= 1 logical qubit E:::I N

@ 2023HE 1000 qubit ¥X HEE]
* 2T =X qubit control Of ot = |zt » 1000 qubit ~ 2= - =4 logical qubit

% Reference : C. Chamberland, et. al. Phys. Rev. X 10, 011022 (2020)
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Global quantum computer ?|g2: IBM
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% Reference : C. Chamberland, et. al. Phys. Rev. X 10, 011022 (2020)
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Global quantum computer ?|&3: IONQ

0|2 X2l qubitdf|A| 2F HE FE9| 2kAS} 13 qubit = 1 logical qubit
2028F7NFX] 1000 algorithmic qubit YAt AEE ZH

20214 Fault-tolerant control

Q27 HE A9 2tA3} Its @ Algorithmic qubit (AQ)
* 0|2 222 qubitZt EH0| £3 o UX}AEN FH| + YA 2|20 2F Gl0| Ho 2S5H= qubit
« 9 §|O|E{ qubit + 4 &% qubit = 1 logical qubit 000
laser e \
doiiauie o
q e / ®. ®.;
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() ¢ 10 \ 400
[ \ , 7y
. Z 5 6 x 2y 2 ‘
o . 2021 2022 2023 2024 2027 2028
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. , 5 2 @ 2028H7NIX| 1000 AQ &N S H

% Reference : Laird Egan, et. al., Nature 598, 281 (2021); https://iong.com/posts/december-09-2020-scaling-quantum-computer-roadmap
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% Reference : Laird Egan, et. al., Nature 598, 281 (2021); https://iong.com/posts/december-09-2020-scaling-quantum-computer-roadmap
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Quantum computer ?|H=2| Roadmap
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Quantum computer (QC) Roadmap
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2030'A: 1000 logical qubit QC
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% Reference : Hendrik Poulsen Nautrup, et. al., Quantum 3, 215 (2019).
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Neural network
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+ 3 2

O EH 3

Training set

* NP-hard problem
ImrEfolE 27|
 Barren Plateaus 94t

v

parameter
update

00
% Reference : L. Bittel and M. Kliesch, Phys. Rev. Lett. 127, 120502 (2021).
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