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* QlE{Yl, ADIEE, DjAE{d, Al

HRE AAM

* 1946 of|L|S} JiE o= HA HFEH

= =FAA EH

— =T

1947
1% Transistor

Sk = &
1% computer ENIAC 1% internet ARPANET  World Wide Web Information era AR} HgHY
1945 1969’ 1989’ 2000s
I| III I i o
1405 | 19s0s | o605 | 10708 / 1980s / 1990 / 20008 / 20108 thI-ElE AILH??
1o71° 2006
1* micro computer 16-qubit Orion (D-Wave systems)
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* 19984 2 FH|E X Y 0|=,
Z|Z IBM, google 50| 507l O|&2| FH|E ¥X} HFE] 7HL
* 20264 10007 FH|E 7||&f 5=

1998-2026 Physical qubit roadmap for quantum computer

{(Source; Quantum Technalegies 2021, Yole Développement, June 2021)
Foyicd qublee Histery The promise
mT ® M qubits
1 2000-qubits g 5000-qubits
rooo:- 1000qubis  TTEOg @ 1000-qubles
./lu—m.m
oo | / L] 5
/ e -
.'.’/
J F 45-qubics (Tangle Laks) 22|
28-qubies / (50 FH|E, ?-Z-SJ-
® |7 qubis ' el ® Albaba
. 80 Wave
1] ; 05 obin ) i
® Goog)
L] Iqubs
19982000 06 07 03 15 16 17 1B 19 20 325 2
! (Institute for Quantum Computing, Perimeter Institute for Theoretical Physics, MIT)
2 (Los Alamos National lab)
3 (TU Munich)
* (Oxford University, IBM, UC Berkeley, Stanford, MIT)
OFX} HZE] Hofe| Z=Q AA
o [ | (LI =l T L -
s o475t ug s #751 g
1973 | Bannatt 71 (D) HFE0| FRas|c) 1886 | Grover G0 Ef|0)A BHeg Wt woals
1975 Paplavskii THHFED YT ALYS BAE= AR B 1996 | Steane 288 AE (Steane code) 2.
AL, 1996| DiVincenzo o4 BE SIS 2 Ha me 22 A4l
1975 Ingarden TP OEE PPN HBH AU MZ ol can ool NMRSE R OIS T8
2 Di2el YAy 012 At Gershenfeld and
19882 | Benioff At HEE W2t Chuang.
1982 Feynman A ERE Mol DH HFEIT PrblE By 1967 | Kitae Pl o e e
Sl A2 AR R A2F Ol 1997 |Loss and Divincenzo  &IREISR 5| o HHC] Mg,
1982| Wotlers and Zurek 58] 27} 2], 1998 | Jones and Mosca, 278 FHIE(NMR)Z Deutsch 202153
SUH2Z Dieks Chuang et al. Grover 02|15 Ex 2E,
1985 Devtsch S o7 AR Mol S Ix AR O 1998 | Kane H2IT NMR 25 HFE A2
£ o7 HEH BEoz JAL7 =
‘?3 Chureh-Turing thesis2| 2% 1968 | Hishirmori et al. ‘i?xf oo I Mg} Foie AlE
1985 Peres a% oaael Hau o, = T
- e T 1098 | Gottesman and Knill S8 23} 40| D8 AFHZ 2385 2ME
1988 Yarnamoto and Igsta  CNOT HI2|S2 2lAlet Zxp2 #g 23, & 4 0leg 20
1986 | Chakrabarti et al. QX BB EIHE ol YA Ele| Dey 1909 | Naksmura and Tsal &8 ZH|E 28
£ "t B .
T 2000 | Pati and Braunstein % A% 87} He| Y. =4 27t Helot o
1992| Deutsch and Jozsa Deutch-Jozsa WDEIE WY, & Yxt goe| 7 PR R HHE MMT A E R He S
=
= cl.
1994 Shor sl 29 2R EaelE U, 2001 | Liden and Popescu  thi=) 2t 2{2folM 7t Hzlo) U &7
1994/ Chuang and Deutsch ¥T2|5 758 93t &7 U2t 78 Y 5.
VARG ek 2001 | Knill, Laflamme, S 2 2§l e Bxt 2@7)t s,
1994 Cirac and Zolier 710|222 CNOT Hj0|E 73 Ajt Mg HH Ye A% AREO FhsnE 3,
1995/ Shor HeHm ShRE DS g ot 2001 | Raussendorf and S 7[0E Y HESIE FipH
EBrlegel
1985 | Maonros and E38 0|222 CNOT HlBlE HE 38 =
Wineland 2003 | Blatt et al. ER 0I2 22 Deutsch-Jozsa Z12|F 7
2006 1274 RH|E 24X} EHHFE
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* BE MEHE BE|AHIE X X2 =IC).
* S8 Yilo| || 22 dsS AYSIL.
* O|A]) ‘L2 A2|Hrt mEct,
* YREE st
* YRFEES = SRE2S + HEst
* AHHES = THBAS + Bes
* YxtEe|ete ndEe|eta S| =L

"How do you send text messages?”

QIR HBEI0| BHE 0|9: Y} 772 vs TH 7=

* SRt FH, A HE S0l 7]2lEt,
“Hl0H A F2]70] St AR S WEH 3H= #lo|Ct

H 3l =2| (Boolean algebra), 0l) =4 WH: ¢ — b

* by

* % BN B3 — % EX

* o=z g\ £ - QB 2X
* M &5 =8 P(a—>b)

* 2z BA| - 9% EN)7} (2% BM > Q% £H)8 Jhssich,
* Rt 4 . %

* 37} 73l I FEfM E7)5. ‘ %

* (g1t B - Y EN) 50| FHEI
* R Esh Y%t ES HE, N R
‘A ' 2
1} 74}

y
2
=T
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He Unt dRe SR AIE[0I” B Xt A2
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YAPHE T

OFX}

SA ARE SF
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* 38 2y
* 8|2 7|8 AX} HFE, Y 7|8 $x ARE, TE A HREY, Y &
Xt HRE, 24 S HFEH, ..
* NISQ (Noisy Intermediate-Scale Quantum) Z#E
* 152 O|H EHAE,
2 88 ol8sl= 52 42 Xt AFE

* 418 23
* 2k [H|E, EY 0|2 FH|E, Sxt FU|E, WX JUIE, T4 AL, ...
* MER 35 83 1Es| o4

* 88 By
* 18 X} ARFE, Y% ABHOIE, UX M2, B U7 AF
OlE|olE| &

il

ARt |E 2173 97| https:/iwiki.quist.or.kr/
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* YRt e HFEY2 1M U HFYE =@
(Y%t Church-Turing thesis).

* YR LUE|E — DH YM2|FHCH EN Of BhE A0S
* DE % HHE L2EF0| 1M LTEFHCH HEE W2 OfL|Ch
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X =
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HiOd cc

2 = BAEE SR 2uL|E

[5=.

rir

#* 24X} E2|0f| (Fourier) Bigl 7|t
*E — 2004 2 Yu2lE, Ux o £8 g, a2 FEE, ..

* 2EXE ZE (amplitude amplification) 7|8t
* = — o|o[g] &7] ¥12|F, Xt M7| (counting), ...

* A 2 (walk) 7|4

* BQP-complete 25|
* BQP (bounded-error quantum polynomial time) — 24| 31Z(31A 27 o] +3)2 ¢lsl k& &
= AZHo| Ha|= UXp 222|E, #3) 18 tiE Y, BPP = 87 2F Lol S0{717] fisl Che &t AlZHo] E2l=
&E 2ae|E.
*HE — Y%} AlZ2[0|M, MY WHA &7, ...

* SXYDH 88 (hybrid) L12|Z
* jZ — QAOA, VQE, ...

* 2%t BAIR
* HE — SVT, QBM, 270N g Djley, ...

URPEE S |E US| 917 https:/iwiki.quist.or.kr/

= o
&2 2 220| 7|cjsls £H Ho}
* DNz, QIZXIS(Al)
— Chrst @2, 24, 00|, B7| 214 S WaoIE A2

& 2|2k spst
— (HELI0h) H|= Wit Z0f, D2 EZHEH, (2F) olLstEt: M7 Zof, 2 BiE{2| S

* MEH, Mok 4A %
— FE trial-error 4] el 518t gt2 7Y,

* AOJH] B9k
— Mojs| 22 woi, o5 My,

*BR % FA EX & ZH|
— Monte-Carlo 2Al, F4 X} 28, 27 X3,

*714 o=
— B2 718 W X2, 718 T 14 (SR ), Y 71y 28 e
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28 % S80| 7|chEl= = =20f

* MM, QEX|S(Al) — CiYst &8, 24, 0|0|X|, E7| 214
S 9ololE Xz
* QuGAN (Quantum Generative Adversarial Networks)

* GAN — 7imet Zint 718
{a) Classical GANy Real data
C: Detective Fake data ' n « eal or Fake?
g - BE Diacriminatit
Maise
&

Gereratar

a
L]

(b} Quantum GANS

: n © Ihea o [kt
Fake dits

e
Iz} Generator
2]

G: Generator (Forger) I Input for Generatar

arxiv 1804.08641 (2018)
https:/medium.com/@devnag/generative-adversarial-networks

28 % S80| 7|thkl= =3 =20f

* AlAk 5Fst — HA 1™ §4, 12 ZMTH|, O|ASIEIA S #HA
o 23 H|A, x| viE{2] S
*HA IH EA — 27| 5 HAE YOL|OIE Mst= &

g g A L
chemically active species . @_:‘
in proper . ":;

>
2=
Hu
oz
23

structure structure b | orbital optimization | [ aindex integral |
cilasbeini Dpanation for active space transformation o compute
i ™ - ) : 2 correlated
e z . nergy
kinetic modeling of IO' ’ pe a1.'|d & i S0
reaction mechanism b ui.mtrup( oy o

Classical computer Quantum computer

Proc Natl Acad Sci 114, 7555 (2017)
https://m.khan.co.kr/science/science-general/article/202002062153005#c2b
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1998-2026 Physical qubit roadmap for quantum computer

(Source: Quantum Technologies 2021, Yole Developpement, June 2021}

Phrysical qubi
s i History The promise
IMT ® 1M qubics
| 2000-qubits 4 5000-qubits
1000-qubits —
1000 - — ® | 000-qubies
./]l‘B.q-.h.(s
100 / ® ® 100 qubit
/ 4
/ L
/ ®54053 : ® &4 qubie
*
/ ® 45.qubics (Tangle Lake)
i ; A 4%-gqubles (Tangle Lake) $ﬂq:+.
‘ 18-qubics .'I. (50 7 1=, 2%
e
® | 7.qubits ® ® pibaba
o ®D-Wave ® el
0 ¢ 1 1-qublcs ®MI5I5, Russia
e :Psa'Quam.um
{ ® 2.qubits e
1998 2000 06 07 09 15 16 17 18 19 20 23 25 2%
for Quantum Cornputing, Perimeter institite for Thearetical Physics, MIT
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US National Quantum Initiative Act China’s National Lab for Quantum Info

= b

= proposes US$1.2 billion over 5 years Science received 7B RMB in funding

I & . Canada invested over CAN$1 billion over -ﬂl" UK program has exceeded £1B in
the last decade "4lh™  cumulative investments since 2013
EU Quantum Flagship program budgeted @ Japan set aside more than 30B yen for
at €1.0B over 10 years quantum in a 10-year research plan

* 213 HEot HI|H, A FXL A2
* Mt J|aR HEt S
* B YR-LUAATL AU E

UK} 20 EXL 2 (M= 7|1=, Eoix)

* M M7 £ = 244007t (3.9 1)
* 33 x| = 37T (44.5%8, 0.15%)

Quantum effort worldwide

United Kingdom | [ Netherlands Germany China Russio
£lb = $1.3b | 765m € $904m 266 € - $a1b $10b P50b = $463m

South Korea
Wd4 5b = $37m

Quantum Canada
CA$1.380 = $11b

Global g =, . : Veon 2 $470m
effort 2021
$24.4b . _ NTS80 = $282m
(est:rnote) fn%sr:.r& $127m P
AUSIIOm = $98.5m

e
| India
173b = $lbn New Zealond

t—— $3475m

US Nationol Quontum
Initiative $1.2b |
L Singopore
European | Israel 1.2aib = $380m | ks
Quantum Flagship | S$150m = $109m
©2021 QURECA Lid - Confidential and Prapristary b€=$b
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* 22Y 7| & ofLlgt
&110j|M spin-off 8t AEIEQY [}

| Full-Stack ‘D Software Applications

g ®
(End-to-End] AVERLANE. i Al N pamara . e -
Go gle @ anmm QRITHM QULAB
= 4 Cloud Computing &
o ) agnostiq sl
- liro
BE Microsoft 10Bit  BransCell - -
{6 Quantum Encryption and Al

amazon Hfwana agnostiq

seeQreat “SHIED (Do

Honeywell | .
24 Systems & Firmware
) Bamoon () T
I'igE'tli 10Bit @ocrel oy :
p— cr O BN oomom

(5] Quantum Hardware
Duwave ® CIioNG m
) Corauenic -

EeroQ} = | M
JXANADUY I
shom  QQUANDELA ’( Quantum

Silicon
Foundry

https://sifoundry.medium.com/

=L M5 EX MEF (20214 42 717)

Phase 1 | 2021 - 2024 Phase 2 | 2025~ 2030 Phase 3 | 2031 - 2035

eIk, 82718 i § 7|8 OF | Sesus 88 Zisda AR Us Yrp|E 485 £ F=1

*F71H ol oY =3, SHN BAAE
* 1) 2022\ o 8002 Fxt 7|2 (2021'3 2 4509 Cii| of 26 S7})

* I717lext2ele st «xpy|e SL s 21

57 |8HEELNR(2021.12.10.), "¥AP |5 |4 Wik U £ AlEl, K-Quantum Square
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* stot gigh Tl 917 BN — HEH A7 B

R0 dst 24 w0l ETRI + KIST + KRISS
EHE AN 3Y LR AY 1Y EHE A% 28 A% ¥
g axeime 012 EE AR 4m PIE 29 e aainy | 01 EU AR gpElE 0%
(26%) NV-EY 2% 29 jgtolE 29 (13%) NV-EA A% 43 JjgolE 19
URNE 2% 3% emulator 3% 2E 2% 2% emulator 1%
oxf AEADIEl =4 wxhEd 7H  EDEE 2w onp MEeolsl =4 WAER 1E RDEE 1%
ER L 8 R oled
7) A gAY UN ojuY 4% (10%) Txp @ e TH YN oMy 1
U X
gopy 11 gomy ¥
SHIEN U S 104 + alpha amsd A as 7y
bl Biph: Lok
vieig)  ? ere)
st 719 371 914 459

* 7| ¢l
* SM 3A - SKT, KT, LG U+, LG HX}, &4 M}, #CiXISA}, SKSI0|HA,
EAD, SMH S
* 5}010]| M spin-off El AEIEY 7{o| M

ol xjo}

=2L- O

odk

* B8 S HRE &8st oY E2a 40| 3L,
* ix|ah 1 5k &3t ofe 37 ool
o7 LS XSHoR & ged} ik
* 32 MEZ2 SAHYE 71&2 M2t 7|g= oo| #Fsta flch

* NISQ 2%t AL Jhite nj2fo] A8 7Hs 40| &t
* X2 B2 5|83i8IN 52 F20| YR YRS M# M40l Lt
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Background

Color centers

*Science. 372253 (2021)

Background
UXHFE StEH O] sigat 22

Physical qubit roadmap for quantum computer

(Source: Quantum Technologies 2020 report, Yole Développement)
A
000 = 5000-qubit ® (inteD
| 000-qublt 2000-qubit Lo 5
0ot o IBM
s =
o Quantum b
& 5o annealer '< At®S
e
rigett:
o
~ =
| misis 2
|
® ® |i-qub
@ ®: .
-qubits (MISIS, Russia) ® Dhwaue

See also: T8 S 0 77| 2ol 2 &M hitps:/research.ibm.com/blog/ibm-quantum-roadmap,

https:/iong.com/posts/december-09-2020-scaling-guantum-computer-roadmap, hitps:/\www.eetimes.eu/cea-|eti-details-silicon-

based-guantum-computing-roadmap/ S
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Performance (2-way Loaded NAND)

Challenges

UXIE FE:

—#&- Parformance
& Circult Density 5y
—a— Power Densi

—
[
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r

g

g
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el
3
Relative Circuit / Power Density

3
3
Lot
Y
<

/

Channel Length | pm )
I COXE AFH

(2T ) ESHXAEE 30% 37

ﬂf I}

=

* G. G. Shahidi,

43% E&E £ A
ox XX BFAF

30% __’l-_.«l.fx;(E J'PA
65% 22X Zt

a2 of A/,

i g{;_(;f:/_)’_;‘n

“Challenges of CMOS scaling at below 0. 1um,”

The 12th International Conference on Microelectronics (2000)

of TS7] o{FHLL?

x7|3}

/

HESH

%X LR

e
7orEHE

(S5 L2 andlor X1 S

=

» Sofar:

(&E/FHoZ) AFZLE EH
- YDXHE T FE5E G but FUS
7}i
=
o Ztet AEf =& SNR 7} but backaction
. [}=7H|E: crosstalk
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Challenges

A+E vs. ©HE, Ui 2 A LH0] 7}

Superconducting (QEC)
(] 26 I‘le.“".“N?ﬂﬂ 6.8 @0
b i - i i : = ~
g0 3 L
E !W bt dmuhm-“’.v s
p o2 #
a4 o
St
o D.l |In =] "w":n" a0 80 g
Aound @0
£
Semiconductor (VQE) £
— H;ymmmm;n ;ﬂnm-w‘;nmr ma EU"
T itiponding” . ’_\ I I. '
(§ ¢ ome m
OM©) S
il + . "c P paramenss :nmwnnn-_
:‘nnm I:a“::;slt ms [ EERYN  FrY  FEN PN Eye
i) -_zr_ oGy +BED v 00 +EP) . .,; i T e P
z - | :glo[ ;.-
g i E o I', an— BT BT -
1 )
3 s ap N i
i O AN
* QuTech (silicon, 2Q), Nature 601, 343 (2022)
* Google Quantum Al (supercon, 21Q), Nature 595, 383 (2021)
+ TonQ (ion trap, 11Q), arXiv:2012.04145 (2020)

> HAl A2l HE EXHE UX MAIC| HE2 Soll 7| 2ol 5 MAl Ato|E HUsEH HEE
nBstE 7|=0] A

HE Xt HFEH
Z2I2Y lEjm o]~

=c| FHE
oIz 2 Hof

include <stdioh>
int main|
e =
..... th et 4
ha str - ~ . -— Tl
nside quotatio -4 - ! | £
printf{“Hella, world!); > g = T \
return O; o L8 r J
1 e — - 111 o+
2HE 47 HE =R WEMERE A I_|

FHIE

state
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Challenges
2 uxiegun

f Error RF M Z I| =9 (Latency |23}
; - :
v j 1 P o W)L
0y — HiH— esunsd
o / LHALE s g
M N 15 I £
0 : H
I> \-‘/—\."/ E @5‘; _____ 9_%)\“:5’:%
|0y (N CN: Tglis
N/ \L/; | § Non-demolition
Superconductlng (QEC) L?gtg?ga(rﬁfu?étt)or%mal 2000 Parity measurement

RLagpeal sor oty

* Google Quantum Al (supercon. 21(}), Nature 595, 383 (2021)
« UMD {ion trap, 150), Nature, 598, 281 (2021)

Not only A/#+S] @F 2 E , but also ZX7/818F 59 2F ?
X EFE Al EHSf Ef’“’? SAFEC/BIe| BHZ} OfEl AM 2 + SRS E HE7/= BHER

Fundamental challenge

UXt 2 FE — not just technical challenge

FHEZolE QFEE T Lo [f 22 : uncorrelated 02/ E 7tE " ——(EHEE LHI L
— Z2/L} YA correlated error ZAY i
« Nature 594, 369 (2021) i
| 7 5T =1 ] of
R A
' "-',\ - _'.'il.__f" .
\® sse ;:_* .:f \ I, -
/{ g ‘.'. ; )'."\__ﬁ _: : )
| } : i .}1 !

Ex 1. Superconducting QC - correlated | '
relaxation due to cosmic ray 3

Tima fram nggar jmaj

Ex.2 BI= X A B FH|E : non-Markovian nuclear noise
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Technological challenge

2878 o4

Like complex interconnects, multiplexing circuitry in Classical
computers,

Quantum Rent's rule

for g qubits Full- stack crossbar layout

Few gubit experiments

oot B LT T Coordinated $ 1 .
control @1 1 | T=tg control  #— F——{
(individual) ﬁ—[ (limited)  ©
— ————i
— X ‘___"_ihé'n'i.irﬁf S ﬁ EI|
- 10.em RF | | Awe l?AC| T _— — // lll %
| T |
P . iu J0.0lololo chip 10s QEC
E'; s " sammEmEAADA Pio™ Py P
™
5 gates
10um p!ll-‘ ‘ pu‘_o's
10 nm

+ Microprocessors and microsystems 67, 1 (2019)

How to reduce the exponent in Rent’s rule for Quantum computing circuit architecture ?

State of the art

FHIE SIEHO EEH3}

[ZX : Bardin, ISSCC'19]
72-Qubit ZFE{0f| = 23 FX}EHH|

= 240CHS| D& AWG ZEH|

| = 84CH2| Up-converter (Write)

| = 12CH2| Down-converter (Read)

= 24742 1% ADC

* 168712| &2-4K 7t #|O| &

= 1687H2| 4K-10mK 7t XH & 0|
= 3Tb/s O| & 1< HIO|E| S417]
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Challenges

23 Yx-07 AEH 0| A =Tt 2

Scale-up 7I5¢t SXARE & UIZHES /Xl = A2A7|HA.

[EH : Bardin, ISSCC'19]

1,000,000
FHIE ?

Challenges
EYE Y

mK %752 Ho3 2 (ZTE) 2
T#H| E chip 2| 3D integration

Readout/ =,
interconnect Parametric read

lon trap & NV center : $~3417
FH EQ| L EoF FXIjA| quantum
network & 0| &%t B ET] Y4

Linear optical quantum computing :
CHASXIEY, X0 ZA9H 188
TSR A& 7|2 EX3 =

+ www.branantao.couk
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Nature 580, 355 (2020)
*Science, 372 253 (2021)

e o
 lwal 3 m
©
E
et 28
o £
o] Kio
e fof =
L] o~ o o I—AI-_
()21 Kk
(e o ol
ol i e | ®mr
5| wU
L 2 m
- £
ot -
o & =~ °

2

=1/

Z4 L

| 2Kt

23

e

)
)
o
Er)
wj
o
e
of
~N
S
K
K
o0

Challenges

3

™
i |
i

I
ol
S
3

L
e
1
1
1
1
+*
1
i
i
1
]
i
I
]
L

Main huddle:

g2E Ee

(FX 2 and/or 1T 3)

k

xHojs|2o| MHA DO} U

THI|E Layer: 3

=2 25 0|M EXHSH= FHIE + 1K 2 Hof3 2

K
(o]

Bl
Jjo
™
S
=
T
Y
e
——
[

4

0?

azis EE_BmE

=& + fundamental challenge

g2 7

o
&s

583 o2

2

24



(o
)
—
<
g
-
<
20
a
—
o
g
<
)
—
o
oD
g
+
=}
Q
g
O
O
g
i}
=
=
<
o}
o
Ml
lH
RO
4

XMEZ 3 KRISSS ¥A7|& d%F

XYEE 4 v ZAIEE 4

o HIIRISX

o

1ol




AI™EE 1. Quantum computing: dream or nightmare? =

XHEZ 1
Quantum computing: dream or nightmare?

QUANTUM COMPUTING:
DREAM OR NIGHTMARE?

Yoon—Ho Kim

Department of Physics

Pohang University of Science and Technology
POSTER2CH

2/14/2022
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QUANTUM COMPUTING:
DREAM OR NIGHTMARE?

he principles of quantum Re . two interacting qubits: a “con-
computing were laid out CCI'.lt e_xper.lments have dCEanCd our trol” bit and a “target” bit.
about 15 years ago by com- InSlght into the wonderfully The control remains un-

puter scientists applying the counterintuitive quantum theory. But changed, but its state deter-

superposition principle of mines the evolution of the tar-

quantum mechanics to com- are they rea"y ha"bmgefs of quantum get: If the control is 0,

puter operation. Quantum computing? We doubt it. nothing happens to the target;
computing has recently be- if'it 15 1, the target undergoes
come a hot topic in physics, B ; a well-defined transformation.
with the recognition that a  Serge Haroche and Jean-Michel Raimond Quantum mechanics ad-
two-level system can be pre- mits additional options. If
sented as a quantum bit, or the control is in some coher-
*qubit,” and that ar ‘-iessastion_j A — ;

could lead to the | Ments 1s also an important and challenging task. Rather
ey than teaching us how to build a large quantum computer,
| such experiments are more likely to teach us about the
| processes that would ultimately make the undertaking
| fail. It is important to advertise this fascinating subfield
| of quantum optics for what it really promises, which is a
deeper insight into the most counterintuitive theory yet
discovered by physicists.

Nobel Physics Prize (2012) Physics Today 49, 51 (1996)

“YRHTE"S /0] UH Holats H0| F23

(RE 7ks8) IXANFERL} XM 2

788 IR P sizcis 70| SBsl0(0r &
2 YRIES THY 4 U= YXERE
W uzsix ug
s S v 228 ofslol £5: 7|ZHTO| WRN

1T'S ONLY A QUANTUOM COMPUTER
IN THE SENGE THAT IT'S MADE OF
ATOMS HAVING INTERACTIONS.

Xt X} 2%t

YXHIE XHAIOIE

smbc-comics.com
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"YATZMM2 95 G

91—
92—

1 ~ using HOP: hy > g i

oflgE %
mj g

log,V, = argmax,, min(m, d(m))

97 —

/ =S 9 —
qry—i—

SU(2)

* IBM Q 20-q Jonnannesburg--- log,Vy =3 -V, =8 dig)
PRA 100, 032328 (2019)

* IBM Q 20-q Jonnannesburg:---- log,Vg =5 - Vy =32 “QFRFELII|" Q| K|4E]
PRX Quantum 1, 020318 (2020) %:_JI_E _?_&1;2@,

* IBM Q 27-q Montreal-::=-=====+= log,Vy = 6 = Vy = 64 HO|0f oJ5t EHA|
Quantum Sci Tech 6, 025020 (2021)

* Honeywell (lon trap)-+---===-=-.. log,Vy = 6 =V = 64 v
Nature 592, 209 (2021)

In the news-- Pige] 11715}
EI'ESH0 A4S YXIHFEIR A 4 ACk

AT RHIE XS ARIS s 2 7FERIE M, 3217002t FH|E7} o™ HIEZQ

ASHAIE Bt AlZE 2to]| 2 4= QT EMJCE HIERQI S5 WY 7121 10E 2tof| S5

: Breaking Bitcoin's EC encryption |
| = AuloCCE factories - CC=100us .
10'{ == AutoCCZ factories - CC=1us

19947H9| UXIH|E TQ--

g

UXHIE 670l LXHAOIE 62| Z[Cf HE

7
e
s
’
-
rd

10194

10°

10° rr

Physical qubits for a 1 hour run time

10-% 10 103

Base physi.cal error rate 16 bi“ion
AVS Quantum Sci 4. 013801 (2022) transistors
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« “UXEFRE"E FESHK| Y=rhs 2MS

J|9tOR SHe A7IH AR MY WL )

o 235} oFxlerT1 1=

— “QFXFHAILE]" “QFXIQIE{UI” 4 EI0| OFL WQJ orxl'é'J_Eln

o o T . O [ —
YRG5}l o1

- YRIS2| F LYXPHED}E { ]
Sl UXEE
- SQ¢t ey ZHIE siZdst=s =¥
- AP IIS0| 22|
- QUmE 2 Mujoj 7|ue & B2t Y Xe o
-R & D = Research & Discovery &t Xt Q;’}
Quantum phenomena do not occur in a
Hilbert space, they occur in a laboratory! [ OFKHH|E ] [%fxﬂllﬂl E ]
- A. Peres
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The Gamechangers

in Quantum Computing

Ol

FALCT AIOETLZHITIELI MIC
KAIST AIZAIHFE ME

Qunova Computing, Inc.

rhee.jk@kaist.edu
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Computing Frontiers

MA =|=2| O0|Z 22 M| A
_ Intel C4004 — 4 bit CPU
- ?“ﬁ%! . Faggin, Hoff, Shima, 1971
‘( = 2250 72| EEHX|AE

P

W
40
»Q
fujo
M
T
o
=)
o
<5

b

| 00|22 EZ M|A

* Intel Core i9— 64 bit CPU
* 2021

« ~ 1000 2712 E=HX|AH

rhee jk@kaist.edu

Quantum Computing Frontiers

2™k QpPU EEIRE

* 2016 -1BM Q, 5 qubit

* 2021 -1BM Q, 127 qubit, rigetti, 32 qubit
D-Wave 5000 annealer qubit
Alibaba, Baidu 10+ qubit, ...

0|2E# qpu E21RE
* 2019 -lon Q, 11 qubit, Honeywell, 5 qubit
* 2021 -1lon Q, 32 qubit

Xt QPU 224QC —
* 2020 - Xanadu, 24 qubit 1 a [ .

rhee jk@kaist.edu
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Game Changers

ZMEQPUs - 7|= 2EM
* IBM Q- 3D architecture System Integration
20224 — =0 oFA 20234 1121 qubit

ARM io'| Etf
ZHEFSE AsIC
rhee jk@kaist.edu

Game Changers

0|2 E# QPU
Modular lon Trap — 32 qubit X N
lon Q : 2028 51024 algorithm qubit

lon Q 64 qubit Algorithm _ , (Quantum)

Qubit Volume

rhee jk@kaist.edu
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Game Changers

=X} QPUs
* 2 mode squeezed state 2E « 1,000,000 qubit cluster states
* Entanglement solution * 1000x1000 A| 27t FH|E
> ;
W R P e WSR2
6 ¢ W@“""‘-"‘}*“{& K
55..: S SSCe T ”°°§°von§o %fﬁﬁm
Yo e e e i
\si j =X > )
%II i
0 HEm o e mm i =emm =] o R OFR} O R
* 1,000,000 FH|E & 4:ui749]
=X FHE €Y
rhee.jk@kaist.edu

Game Changers

288 7|z > J&sl, Matet (commodity)

A 719N Y BN - 2025 £THY 45 57t 7|0

Number of Qubits

Oc agl
== Quantum
Qc CefMmputational Com.

% Sul=-Com.
+ 100+ 42| YRHRE o
7|& YA M
. 202141 1E7H 1Y O[ALQ] |
GSIEN,

rhee.jk@kaist.edu
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13x7=7
937x947=7 9=2x?'
887338 =77

Jl&XO = 2] &840 ot S FEHRI A2 S V| 042
* High Risk High Return !!

M EX}

+ High Risk 0f B2 Of2 (S H0! A|2t0f T2 2IZh
< 7| EX0 E4

* 50 TFH|E A - QX XA &t

« D[ MER 7=

2 R|Sk Ta king Quantum - Applicationfalgorithms
m semce W 7 : aL‘aﬂ?\l.‘n :| jemo d A2
e 2025l":| I:HH| o'ﬁxl.;"{]:[ B2 7|A Quantum Hybrid Algorithm
il oMoTwoe oo ‘I&E Arorithims P | Next Gen_Physcial Qubit

« ZHH Ao} | o B i

radiation

* 2030 High Return 7|C{ il l . e [ M
* MY G ESEH FT —

2018 2023 2028

rhee.jk@kaist.edu
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= The New SI - SREEER = Quantum Metrology
& Quantum Standards
® UNitg - YEBZIE 7| RE/7IENE
D" swing - Ho|lEEIE
e o
N - AZEZIE
% g - opmzaE
ab - SYUSZBMERIE oy dost B2
@» - WPPIEEIE |
- MAMEEIE

(by PTB)

LT
Quantum NetWorldﬁ_g:

(4

(231 372) FREFY | ARG
¢ SR Quantum Computing Quantum Sensing
= ZUTUAAAHE & Metrology

- YIS

= YARAPZI0l0jEE .
- ATy B :
- Wolmaly CHEECT

ANBEEYATA
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Traveling Salesman Problem : 2 TA|E )
HESIL e A|ZEHOR S0t &= 2|4 H|E2| 0|F =A

2E A2l £ Y3 £A| £ n ofl i A nt, O(nY)
(=40 107H2HH, B2l == 3,628,0007H)

UX L2 FS 0| 85tH FEEE RE + UL
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AZEZ 4. 02 REZ[EIS ?let YMHERE 7 =

Electric - M &3}

“ Nature isn'’t classical,
dammit, and if you want
to make a simulation of
nature, you'd better make
it guantum mechanical,
and by golly, it's a wonderful
problem, because it
doesn't look so easy.”

-Richard P. Feynman

HHE{2]/¢ B K| S H7|SFEEQl uhg A A
b BB R} 31 A2 0] A

nnnnnnn

10 .
1inm
Ci
1

Compesition & Configuration

! : jgﬁ - “ - 1 & 1 1
%a’?‘\%@& N 50 100 150
checit, 2021,06.00

Energy[eV]

Simulation step
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