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Executive Summary
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The technologies that humans develop closely resemble the way nature works, and it's no exaggeration
to say that technology development begins by borrowing ideas from nature and imitating it. Current
Al technology is based on neural networks, which were originally designed to mimic the structure and
function of the human brain.

Quantum mechanics is clearly a fundamental aspect of how nature works, but it is described in a
manner that differs from the everyday phenomena we experience. Because it is so different from our
everyday intuitions and sensory experiences based on what we see and feel, quantum mechanics has
always remained in the realm of ‘science’ for the general public, seeming difficult and esoteric.

However, recent technological breakthroughs by global companies and startups developing quantum
computers are considered to be enough to bring quantum computing out of the realm of science
and into the realm of “practical technology”. The development of quantum computers is a remarkable
demonstration that, while we don’t need to fully understand the microscopic world of quanta, we can
still utilise them as a technology. Just as many people can use computers without knowing how they
work, we appear to be entering a phase where quantum computers can be used as the next generation
of computing and a resource for complex computations without understanding quantum mechanics.
Humanity has already developed and utilised incredible computing resources and technologies. Al
technology is being used in many areas, including the development of quantum computers. The use of
Al in the development of quantum computing, which is technically challenging, has yielded a number
of tangible results, raising high hopes that humanity will soon reach a point where quantum computers

can be put to practical use. Al is helping researchers to better understand the quantum world and



develop technologies that can be used in the realm of science and practical technology.

More interestingly, as Al technology has led to meaningful progress in the development of quantum
computers, there is also growing interest in how quantum computers could benefit Al development
when they are realized as practical computing resources. Current Al technologies require high-
dimensional data processing and a lot of training, which puts a huge demand on computational
resources. Quantum computers are expected to offer exponential computational advantages over
classical computers for certain types of computation, which could enable humans to solve many of the
problems that are currently being solved by All.

However, there are still technical challenges and limitations in the complementary development
of quantum computers and Al. Due to the limited availability of quantum computer hardware for
development and utilisation, some areas remain in the realm of simulation or exploration.
Nevertheless, it is clear that the convergence of quantum computers and Al will inspire a new
generation of technologies for humanity. Countries at the forefront of Al have already recognised
quantum technology as a strategic national asset and are implementing policies to support its
development and prevent leakage. The time has come for Korea to actively support the convergence
of quantum computing and Al.

The report is split into two sections, “Al for Quantum” and “Quantum for Al,” to examine the current
state of technology convergence and the future direction of technology development. We will highlight
key issues in the convergence of quantum computers and Al, as well as suggest policy implications, by
examining examples of Al's use of quantum computing technology development to achieve practical
convergence, as well as the potential for quantum computers to be used in Al development.

Although the convergence of quantum computers and Al is still in the early stages of research and
development, it is expected to have a significant technological impact. Therefore, it is crucial to
support R&D at a national level. In addition, since startups are leading the development of innovative
technologies in the quantum computing and Al industries, it will be very important to create a relevant
industrial base so that domestic companies can take an early lead in the market. Furthermore, given
the convergence of various disciplines in the fields of quantum computing and Al, there is a need for

policies to encourage and protect convergence talents.
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T2 SR YRRl MENE 27| fI8t 2 Of|LAK] ALl AR, OfAX] Alrk2 LR} S| 201 b5,
nky %Elﬂfolﬂﬂil IEH|HE gl 7101 |54 2ot LV H= 2112
o (Z2|H ul2folE x[Xsh) AIE &850 XA FE 2| ¢idto] & O|FHE = JAESE
oi20|e & M3kl OPYEl odketd S T
* AZEQ0] AB0M k= StEI012] 7HY MO 2|0|, SHEH0 FXRIE O WS SEGHES of=
O =1 2 Kofet +12
s]X=3
O

B 288 SYUGEL, d2HE, £0|= ) AlAE g5 X =E(E

o

o Al 22 A SIESIZRE #8
AL o242 8) 7kl 2tAIE ot5310] X2 Ti2t0|H E ol
- Google Quantum Al(Klimov et al. 2020), Xanadu(2022) = Graph Optimization, Bayesian
Optimization S& &3l 0|2{5t 22X nl2t0|E{S Z[X5}
SiSEl OF DS $2350]

- Ol2li= ARt 22| FH|E0i| A, O] Liz(O[E{et HfE1S HIge 2
TH|E 7te| gdst 24|12 2Esh= Al | Ast 1ty

&t251 22| mj2to|e| 2 (Calibration)

23 HolH

of2to|Ef
P o P

|23t el
P* R R .
[ ]
| | * Tt2to|g
u U | n H|o[E{Ho] A
| |
(J @
CHS £
=Al I 0OA + * r - l
SHOgE oL ]
n A=A, A=A,
[ ] L L °
e 101 |
n | | n | |
| |
[ | ® ! L L]

Xt&: Klimov, P. V. et al. (2020), td
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5171 QIsH BA AL, Fk, 91N, FIZ 52

02.';

® (7|0|E TA x|X35}) AKX} H|O|E QIAtS £
Al 7|HtO 2 X|X35510] QA Mt JiM

A ANRAE AAZIeZ2 ZHGH| Ql6l, A2 X3t 7| E= AslstE(Reinforcement Learning)

=Eo §I-9_*
O

* Google Quantum Al(Niu et al. 2019, Klimov et al. 2024)0{| A 2t&4 o151 gix

« Al B2 FHIE H|of MSE Hor ALS
Nlst= ol g8
- Of2li= Al SE(OJO|M7} =his ARAIO| QE(TA QT C|T3|0{IA, QAL 24l £)2 BM5|T,

THH|E H|0f mf2t0|Ef(Fmt=, I“, L= S)E 2 Xetshke g

!

=2 MM ° - A

Ci RHIEOE

ZA=

2FHIEHOIE

1T

FHIE FOt4- F 2 =X 3} SE|0f0]A

Kt&: Klimov, P. V. et al. (2024), #193 2! "4

® (YY) LAt HENE 23| H|of5Hx] Rall TWsh= LFE MOlsk= 7[H2=, Al
285101 £& 5 ZAUES)E 248l @F HES ME, of|Fsi0] 2
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o 0 HRE M E TEEE= HIEGID TH2|E| BIE® =, 24 )2 & TE510], LF &1 0172t

—

« ARRYYE LAl 2 A= (Surface Code)= SAT EE XMESH=E HIOH REIEE HEXHCZ

N
SH5HX) 94T SHS 9l BT AHIES HEss WA

* 0| F7H|ESQF =T HH|EQ| HiXl= AAIY, i 82| #1228, 2FE UMz FE510] X

=]
- Ol2li= Hi|o[H FH|E(=2)et BEX(ET) #HIE(E%*)QI AXE 122, EF H0lE REIEEZ)
Ofl217 2shH QI Hx FHIES ZH6 @F 2l o{Ret SRE T

m 12! 11 - M 3= (Surface Code) 7|8t X ZHT(QEC)

9|4 gHH(Phase Flip) 21 HIE gEM(Bit Flip) ofl2f
ot ot

moeigue 3 smmue  Jf oecoegue [lomg

X}2: Google Quantum Al (2023.02.22.), #1

© GARLFIE2 OIX| X[2| H7| AYoM =2 YE=T K27t U= 2

£ ZoHLES)E Tof510] 2 € 4 8l= RF7HOIT(of| 2HSI=X =2

o AXRFE= SAEHMOZ dUNGH | R0 20| 01 {10, HIE BEM(BIt Flip), |4 24 (Phase Flip),
HIE 2! 2{A0| SA|0f| B E|= S5 22 (Bit+Phase Flip) S0| 24
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- 0l2{et RF7E HE5HY| 2l FH FH|E QLRE 5510 2F fIXIE 2511 Tdk= Al 7|t
C|ZRE 7H&o| A7
- Google DeepMind@t Google Quantum Al7} 2592 Al C|ZH 7|8to] AR} @2 E AlHGIE=
AlphaQubit 7{24(2024.11)
- Of2lli= ARl FHIEOM AIFE 2F 23 2nl(UES)E HE = YH|E5t,
o

=]
| RF7E |§5f5§ Sh= AIC|2E2| st 2y

i
o0

O] Al HE2E 2RO LIS Al

m 121 12 - UK = Aldg olst A| PE! sk 91 - AlphaQubit

Lol P e}

\
! A
g
e
Y

L G )

AL X G0l

‘ |’é**| 23
oz oy

oz 7
oz gy G|oJEf 2|k B3]
s ay

|
H
r 1

eFFEn
(€ e, < 2| Q<
— _fu =a i e
ol ~ N
3/

|

£120 4 n-1

Xt&: Bausch, J. et al. (2024), H]

® (=X{Z|) .3_1IH ANHFEE 2
1

74 = AH
20 a5

Efo| 23S YO, 2FV §lE Al=d|0ld 2ntE JXUC=R
—

=] = T
AE510] LEYS SheAl7| 1 QF 2tst 2118 0IFst= 2 (Liao, H. et al, 2024)

20



| Vol.139

-1

SW St

KF

3

m 2 13- Al 7[H Q2 25

ISSUE 1

) mit

o

£

r

N

WX &
70 4 iy
By il b
g <4
1UE 00
ol 1

o

< 0> target

A2l 29
2 ool ﬁ

EXx|
£:>
( O> noisy
2F &zt QPU

or@l::>

il
geis wolc
©F gl= AZolE

21

onon
_ =
T i 5
ol e mwu )
W_
0 L} B =
W—_._ 1of < m_.._.__
H =<
Ik =
o
= K
Az 00 D D D &
=30 Br b P P P
W 360 7 Tl ol N N Py N
mn_JIW N ﬂo A\ D D A\
KT o ol
00 MUk 4| ol
~N ~ -
© < S = & o ¥ 1w © I~ 00
< A__. c o o o cc c o o <o
T — Uy
B ul
= rl
i ]
3
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® O] HEMOo| D PFYHMOI UXIHAFE] SIEAO 7 ZHEE[X] 2£247] W20, iMoo = 28
= AT EL0{= 0 XISHH
o SIMEAM Al 7|=2| EE2 SIEHI0{2] OFH st Ms sHalof| o AZEAQI 0|ME KIS
o (5l0|E2|= LAIHFE) AIE &8510] YXIEFE] 71US 1 sleld, SAM 2MAH TMs
ZIEE{ o] AMKIAZ 217|5H= YX-HPC(High Performance Computing) 5H0|EE|E ZFE]
SHEl = LM of| A
o X HPCOA = SFO{t 52 HIECZ UXIAFHE JIti2 ZAlot= At o 220|HE 71,
CHHo = &gl QIOLt B2 FH|IEE HAlSH |0fl= H|2f0| =X
o I AFHOAN 22X HE2 HPCE &E06t1, YA 297t 7|CHE|= A2 ARIAFEHE &Z2l
UL AABIC| A|Z2|0O|MS 3ot BAlOZ Aot 2EF
* X} 22{(Quantum Supremacy)= ‘UXFAFEIZF 1M HAFE CHH| Hast AM 4™ 2212 56t
AENZ 0|0
o =

Classical
Computer

Jw(8))

U
Updated -
Parameters :

Quantum

8 11 1
1016 Computer
1 1. 1
B &8 6 0

Program

Output

K& 1onQ (2025.01.08.)
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- CHEXO| QFXt-11M sHo|HE|E Y12|E 2 2= Variational Quantum Eigensolver(VQE)7t @20
Crfst stet 88 F00iM /&
- 012 162 TH HFEOIN HAE TS vieto, QRtzIFEo| QR el Fu| e YexoR
e
- RIHFELS| GIA ZTE D HEEP ERISI0), CHS 2 Alel A2 J3 DRt0[ES XEsts
SEI0fO[X gt
m 12| 16 - Y- 5o EE|= 22|E(VQE) 7 0f|A

Quantum module N [

QPU

- (Hy)
© Quantum module 1
(1]
@ (Ho) =
= Quantum module 2 _— T
a ©

(Hs) -
% Quantum module 3 3
Z &
£ ©
= (&)
(=
g (Hn)
()

Xt Peruzzo et al. (2014)

RIHBE] L0l 2 #OF OlLIZL, YRHTEF IRl QA291S

—_

k25101 Al JHLS 7153815k = e1vlLo| XIt
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9

¢ HIO|HE &3 Milz{dnt geid 7gel Moz QIR siEde
SHEE|AX|CH 05| AIZE sS4~ gl= EXIS0| EXY

- | Al 70l M o2 shsat sto|HulRtn|E {E0] 2ot 0|RE HHet XASHE Z= A0|

o 22 YT =2 ZH0IM KXo = #E ALE Sol, IS¢ 1T HFEQ
Al 7|goz siias & GiRlE ZHlof B2 7ts

Ei= Sixh AlQ| SHAIE F=5H0 XIMICH Al 7| 7HES| 412 =5, J2{Lf OFF] H8X

o

IF MU ¥neE

& || &

XtZ: Huang, H. Y. et al. (2021), 81

) SRS X|S(Quantum Al, QANZ 1 HFE| CHH| YREEFE7} 7HK|=

—

=9l Q1A OFHZ 5101, DiAl2ld, AZY, CHRRLI|ZU(LLMZ 22 Al o]

=

© YAIRISXISO0l thet 2tz 7|th7t S715kE Olf= (1) YAIEFE SIES0 71=2f 2/n] /= T,

) AlstElt 20| 2t e HFE AHAHe| & =
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« FRRISKIS| A

ol BOF==

QURHHAIE{= (Quantum Machine Learning, QML), 2FXpalZat

(Quantum Neural Network, QNN), 2FXt =& gHQuantum Optimization) S(Wang et al,, 2025)

" st 28 A

SXIIX| OJEke

® (UXIHAIR|Y) UXoIZX|So| 1Al Hof2
7158 A7t EI
o (1) CHH| A|AE! A0 M3t ZH2 ¥R} Al
DjAl|Eol £EE £0|7| s YRARES &
(B

Sh= HEH(Q-Q ML)E T2 7}=(Beer et al., 2020)

*

g|=0j| 212Eet 10| Ot (2}, AAIATFE= HI=(0] Xt A
AL XIRAO|LE, Bixll= HEX H|efe= 1~2FH|E

QX PCA S(Beer, 2022; Chen, L. et al., 2024)

D DjAlRfo= Adtshs

(C-Q ML), 3)

£=Z=0| if|0|E{ Allo| ZXH(Perrier et a

F2 (1) =8k, (2) HIXIESHE, (3) kst e

ng|E

SEHQ-C ML), () T
o} HIOJEN"S YRIZIFEL S

O} CIOIEARY, At AIAEO| MEHol HBlE TRFOR Higtsle RS ofn]. thas| DM Clo[ES Xt
ECEESREEEY

H2 6#“ HOJE]. S8t
2022)

_|_|OEI_

H=
22z

(Beer, 2022)

U MEE HIE| HAI(Quantum Support Vector Machine), QERFAIZARE kXt

______________________________________________________________________________________

:‘ x| S8t ; HIX| 3t E

: OFX} oKX} k-Nearest | : I e

| = °© | oFxf AT ! OFX| OFX} k- | OEX} 2hslERA
| Mze g ol || Neighbors IR HFY : Xt PCA YA k-means @ tZtets
2 B x gt wll g A :

! - ! i 2. i

e NN : pg |

_______________________________________________________________________________________

doME 2

25

OFX| 74 (Quantum Kernel)S &25}101 H|0|EE X[ X} AR 27t

= O
de o~ Ao, SEEHH0H 2k 2oz ujofslo] Skl & &4 Sl 2H
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* AL ER W2 I HO|HE UAF MEf S7H2Z20| HEh ARt 72 HSHEl At ME 7t RAIE SHS
Zetsl= g

- 07 7o XHpl o= S1A|E SliESH | @lah At el 3722 H|0|EE OiEsta, O|Z CiA| 0%
27102 £Y510] £7{% G|0[E{e] TEE &M O Tfok(Huang, H. Y. et al.,2021)

- J2119= YA A2 HI0[E 7= HHet SutE HO{F= OflA|

- O™ 270 A Q| H|0|E 7t H2 o
T BZolMe] BIOJE] ZE HRIC E GOl e e e o s
SALE)7F X MEf(EHIEE) 372

O E F, Al 18 SZte 2 RHE(RIS o

HE|(RAE)Z 018 7| Hslsh=XIE &£

rol

2024)

- OfEH— ks :1%51 IE A FEH(GAN)O|
20,0003 HHE5H ANtHCt, QUAFAEE 7|dt @®
DE(QCBM)O| £t 263| HH=EsE A7} EF SRS U HY

220 O 2o 222 ddst A

m T2 20 - AXIHFEE 28510 40| &ts =1t S
ERIER IHHERH LAHEFE LR FE
MM XM AAL(GAN) AME KO Al 249K GAN) Circuit Born Machine (QCBM)
aib Outliers resulting o dib

from notable events

-010 -005 000 005 010 -010
AAPL

-005 000 005 010 -010
AAPL

-005 000 005 0%
AAPL

20,000 iterations 1,000 iterations

-010 -005 000 005 010
AAPL

26 iterations

XI2: 1onQ IR XI& (2024.08), HH
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A
—
olacl nx Al?c-,ll:g

FEY 272t E=23F A2 (ML with Quantum-enhanced Feature Space)

=o
SHLIUK Ag/CiEY  DHOHAY o
S oo

Ha

ne
<
()

ool Mt

= 14

23t HAl2{d (ML with Variationally Trained Quantum Circuits)

YrBY  BFODY o
Heen —L /0 L/l gEjoto)d
B | |

Oet0]E HOIo01E

-1 sto| =2 = A1ZY (Hybrid Quantum-Classical Neural Net)
£3F/CInY ™ MEY H|2atA
- : = oo T

29 YR 2
. )
Hom — L/

2E|0to| ¥

4
Iet0]E HEIo1E

XtZ: Kim, H. et al. (2023) & Dataiku (2024.03.20.), #193 2! " 7LA

T Ciy] oAt 29)

8t 2[5st EROIA 18 2

F28lE 02 7HK 22l 8 EMsts 22, dXEFE= Y
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- O 7|t 0™ HEY sts0lM e neti|e, sto|Huf2ti|E 2| Maio| 28 7tsd A7 |
- BAlSHE oM 2= =4 F|4F(Local Minimum) EXIE si1Z5H= O 28 =2[7} 0|F0{X|LL,
LAt Z[HSOME RAISHEX*7H 2

* ‘29| 12l(Barren Plateaus)2 YA} 3|22 HE ARAAYC| SHEE0|A OH7HE4=0f| CHSH 7|27 A4

KJ

iy

- B2 FHIER 22 3|20|Me TY 2[AT(Global Minimum)E HTHEC=E €A HE = UL,
M2 FHIE +2 22 3|20z =4 2|4 ZH 2y

- of2f O3l 22&= SYst ZA0|M, () RHIE ~6FH|E)E 53 tHH ¢t AH0|EE Fdst E<,
gt &4e7|187|12 #d= UM, b) M2 = FH|IEURHIE)E 22 3|28 7451H 7|287|7t
YEMRHX|H AMO0| 2SH= St AlZEleh 4

- 7|127] &4 EXIE siiZs| flslf 1H AP0 Helst O [HIMUHERT £X)E & Ao
oF%, YXIAFEINA L Oj7HHSS Bl 3|2 AR(QFRER, ansatz)E & AAlst= 20| 222 1§
2HE sffZst= O 28F @A (Larocca & Thanasilp, 2025)

o AR} 2[HGL A AFT S LARISK|s Fe|Fe| 88Xl HES 2lsiME XISEQ! H7HE0|
est Aoz My

2122 - E19| 11%l(Barren Plateaus): 2¥At 3|22] 7|27| A4 2X|

r .
2 a) ZHIE & =5t { {1, 4
i) >
—.H LR i
3
oF (O 210 512 {7 o [l E >
| Yy (b)#22| Yo | |Yien
fll il

Xt&: Melnikov, A. et al. (2023), 14

29



ISSUE 1 SW ZAME] Vol.139

SEXIZEEI+AIQ] BHHIQ T

M SAEFE 2 Al 0N 71 2 el SRERE SIERI07E 4 FH|E +~F0(0,
(@)

31
HE AEFEZMS| LFHE +&F0l| =25H| Xl 28X HREIZM2| &E H[efo
=

SAMER| LEE LA L2A= SAEFE| FEGHE

HEXQ! QL0 M= 04%5| 20| OfFETh= &7}

—

EslEl 2M2 53x(0f

N

= , 0 AREA E2
=X
—

« YX} LYUE HO{E FQ Z1HE0| OFF] AEA 40| A|2d(Demonstration)0f] 1X| 1 QUCH=s BEH

ot =Xy

- SOl HB YXIUFE LS Qs (1) HHRI AH|E 4o

o
0%
=
S
>
Hu
el
1
$Q
rr

- THIE 9| 22 02 SB0M AR Qs de2, Sixf HEX SS0IM FHIE
7He| HAZS Solf 2 FH|E 5 StHst2{= 2E0| 2E(BM, 2024)

— ke
- Google Quantum Al= =2| FHIEE &&3l| FHIE £ 70| QE7}T A= LEHY

Tlae
Alotsto @M, QB THs A0 Chst 7 [ch7t 57
- SixIgk 03| 22l FH|E0| BT iR FH|E0IM REES 0j 2 7|2 EXS ojn|
- SRIE M= OFx LHH|E O{AX|T Qlom, ARNoR 988 tinm S| Csiis Saxol
MY =X

® OFX|2 AA1AFE 1} Al
THAloll 2F ICtn H= Zi0

- URFHEE SIE0] 2 AZEY0| LS 915t Al 7| B2 B3| O|20{X|T Yl A
Al 2SS i SRiERElSl 88 OFx| 20 HREIS A0 2E02. |

o AR AlI2] ERf0lM2] H2 IiNl= SAEFE SIE/0E 2 EL|0] 7HR2] 7|=H
Of2{=0il Chist siiZ
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® X2 LXAHRT 7|=0] 2n| A= THES Holo{ 7= =of THAlof T
© AIE 83101 7|E9| 7|aH EXEE BRI5tL, siES et /i gets AARtE HolM S8

+ Al 7|2 SE2 02X FAHo2t =2 AE X
TS 7153t

® AAHFE= CIfet ZEa 7154S 71X oLt JHE =t HojolM SSstok & 2XIS0l
05| Zxi

« YAHFE = SA HEIE HESI0] Atts A5k YA R 7IAIE 2/0], 0 HFE b= THE
U} PIEIE HIY2Z ALhS AlI5I0] AlLSE ehy, dEY Z4 S 02 RR0IM - ER

+ Of2{et ARl = AL A2(of| 7|Qlstn, At 2= LA SEHEE, HE S), SR e 25 &
Sl

« ARt HEHol| gt 2 8l= MOoIE Sat, &Tlet IXEFRE S| Feis fldiMe 0f%5| ==35Mof &
EHIS0| &

* Al= Ol=fet SAIE ERfsta 7idst= | 282 4= S #2t OfLIR), YAIHFE 2| 82582 S
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® UAIHFE 7HUS Pl AIEE M= 25 FA0IM A K 1 2

o SAIHFES| T JHE AB(Stack)0lM AIE 2fEet A77H0] O|ROX| 1 Q= o

- Nlo| HB2 S8 WS YRHFEI| A 7Hs 0| chef SWER! Ho| FHsISIoH, ABHel
URIZTEIS| ST A7IS UL 4 US HO= O

o

<

Mej@7to® oj™AIA Clolg 1xE oz

nfolsh= ol 28 7Hsg w2t OtLI2h, YAt HEHE Hisk= AL H|0|E 2| Yol 7ts
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