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Executive Summary

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 AI 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
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development of quantum computers, there is also growing interest in how quantum
computers could benefit AI 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 Al

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 AIL" 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 1s 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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[¢]
L owolzE % 9RE AWHT AW A
Sus] 9% 8y 7%

o M AFEHAM= AFH= HEGBGIODA sidE REES, &
)5 I AFEste], &7 =4 oAF-oF FHE S8stL 3 s
AT TW ARE R AFH RS wE 57
ARAE=EF)E Sl FHo] Jhesiy, SA A FRIE Y S

Bug fA3E Hol Fo
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2|4 HEM(Phase FIip) oil24 H|E HHX(Bit Flip) o2

08l n ﬂ o x
- 8- 5 e

[l oomaues If smqus P oo fue 0jALg
% A7 Google Quantum Al (2023.02.22.), ¥

(19 11] ¥ s=(Surface Code) 7]HF U2} FAHA(QEC)

o G FAAL vhx AP 3] AYelA F AR A7 J=
e Fotll= AAH, A 2o SA AHRHEF)E =98ty AH
4 = 77 oyl A=A FE

o YA FE= FEHo=E WAy wo FEo] wlg- oy, HE
% Flip), %M "4 (Phase Flip), Z1g]al H|E 2 Aol F Ao
b &= 53 Q7 (Bit+Phase Flip) &°] &4

o olgF o RE AAS] fdl FW FHE oRE suse oF

[e]
9AE FEsta FAshs AL /I tad Aol A

- Google DeepMind®} Google Quantum AI7} &&° = Al tlag
71H9ke] A 0 FE AW 3= AlphaQubit i (2024.11)

- ofdl= AR FRIECAA AFE oF SAH 2d(HEFE)E HWHE
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CI2E 4Elin
i [T

t

AMEE EqHAIG(Syndrome Transformer)l

| | 1
|
| |

AEE EHAZG(Syndrome Tra nsformer)l

I YAt FX| Cjo]Ef

ST SR
BRAINE
AMEE EHAID{(Syndrome Transformer)l
! &
, ! ] Il'.J_lﬂ
{ A 2
°F oy

LEFF AN

U=

'D" g,:r%g ENERIES gi’ég*%
e oF 2y
CIZG 48 n-1
¥ AFE: Bausch, J. et al. (2024), HS
[ 12] A/ 28-S 913 Al 22 35 2 — AlphaQubit
O (FA7) A FAEFHE 278 &8 AA A e dAdS
ZHAIAL Qo] AL AyE e, o W SAHSe] O ¥ E VNt w
4% 4% =&

o 1% 132 Qo FX9}F o]gkel Aol SFIF e HXE EYXE BT
st NALS B85, HEHoR 97/ Ity HA By W
FALS d=3st= B4 (Liao, M. et al., 2025)

o AIE B30 9F7t §lE PARFE e 23g dSgoRM, 25}
9 R
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SPRi ©]rE8| X E [S—-204
0| X Q1A £h|

21E Rt mRA A0
oRE Tgtof
st HolE] A4

27 AstEl ZYEN EE
¥ AL+ Liao, H. et al. (2025), WY
(29 13] AL 7|%F 2 &3t5 53 4 54 B 9=
! da | . £x ojblaid 2
w{f+— ||| = MO | =>
Q {x}& goj wolc Sy > 0y
Q2 _@ & QPU [
@ X} *E'ac"'[ <O>"°itsy
Q {H ]}
Qx| 24 elojolE ﬁ ,
G 1
. _E e 2F gl AlE2lolg OF 2k3t QPU N =R
Q7 {x & Agajoly | (O)eret
_D ~ E N or N —>
s{r—ao- | = @ o —
N 1000
# AFE: Liao, H. et al. (2024), W19
[ 14] AlE €83 FA o/ 24
HEAola HAA FAHFYH st=dolrt JNEEA kY]
o7 8T F AT AZE = wf§ AeA
&8 st=dlofe] dAstet e Fdel o
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[0 (Blo|rEles &AEFH) AIE &8&slo] FAHEFY s 1x3tsla
sAl 1A a4 AFHY AL S dAEE R HPC(ngh
Performance Computing) 3}o]|B 2= AFHEH ez 4 oA

o @Al HPCIAE #HAY AsS nEoz FAAFHE 1=
SabshE F ol BeolEE A, thiwoz #gsi e

e = Ae dRHFHE 838 R A 2H AlEdolHdE
Feasts BAow og vy
* 2122 (Quantum Supremacy) UXNAEEIN DX ZHEH OH Hstsk H At
H5X 292 UBE MH'E 90|

[(8))

U
Updated
Parameters
Classical - Quantum
Computer 101 6 Computer
y s T M. |
g 86 0 @
Program
Output

% 28 TonQ (2025.01.08.)
[Z19 15] slolrel= SR FH

- txASl UA—14d FlolrglE &g o 2= Variational Quantum

Eigensolver(VQE)7} 9o t}okst slst $--& HofoA &
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QPU CPU
(Hy)
Quantum module 1
(Ho)
Quantum module 2

(H3)
Quantum module 3 —_—

—
(1]
=]
©
©
=
9o
w
w
©
&)

(Hp)
Quantum module N I

c
o
=
©
A
©
o
(]
.
o
<
=
©
b
7
=
=
=
c
©
5
@]

¥ A& Peruzzo et al. (2014)
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Al
A ANS-91 BEstel AL AW

T A=
Sl TAlEo] =4

- AA AL oA diatRE 53 slolzaeln|y [Fdo] a4
ol A3 HAES = Aol Erleslr] wWiEe] Hu

érﬁéﬂq];ﬂgngtgé% QO}Lkﬂéfiﬁi??Bﬂ7]‘W%%

o W YAAFEHE R BRI =S BAoA AFHom wE
AXE T3, 2 H HAFHL Al 7|Ho= AT & gl
Al A 7hs

- PARFEE @A ALY BAS F2ae AAY AL 71E AR

S} obd A8HQ pEdE mdet B A

W M ¢ne|

& Hlolg

% AF&: Huang, H. Y. et al. (2021), ¥

(29 17] 2@ LGS FA dadse] 24 4 19
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[ (FAAFA ) FAN-FA 5 (Quantum Al QADS A FIFE tiH]
FAAFEIE 7HA = dEAQ A old S E&5te], HAlHY, A,
ot o] RE(LLM)3 2 Al 7/fdte] ggstels A5 wof

o FARIFAE gk #AH VIt Frbele ol (1) SR STE
st=glo] 749 on Q= A, (2) Al 53 FEo a3 &
AT Ao kA wiit

o YARRIFAFo hEAHQ FHoFz= UAMAIE Y (Quantum Machine
Learning, QML), 922174 %W (Quantum Neural Network, QNN), %z}
# 4 3}(Quantum Optimization) &(Wang et al., 2025)

~ J&el =% MA= MK DI=E

o (YAl Al&s Algdoldyt 22 g Ads 1 mAlgdew
FstE FE(Q-C ML), ()2 mWAgde £2E izo]7] 93
FAAFHE FE(C-Q ML), (¥ HolEH'E IAHFH=

g5k FEH(Q-Q ML)E T4 7Fs(Beer et al., 2020)

« XL OIOIE2, X AIAEIOl AEIQ HEE EZHOZ BIAGlE MEE 90,
=5l DA OOIEHE LAt 3201 A2YsH 210| OtLlet, YNAEHZ MAZ 0
Ut AIAEHS 22|E E4Z2 PtHsteE OI0IE. =28 o7 XolU, Sles
AZHN HUACZ 1~27HIE =2 U0l A0l =M (Perrier et al., 2022)

o Fo duEFoRE ™
Machine), ookx}}?_]@uo}, ookZ]‘ k—@ﬂ ilﬁﬁr, oo}:Z]‘ PCA %‘ (Beer,
2022; Chen, L. et al., 2024)
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_______________________________________________________________________________________________________

gty i HIX|Z8hs
oFX} QkAL k-Nearest | | et
© © ' OFX} Al Ok H QFX| OFX} k- | OFX} 2+ A
MIE HIE HAl Neighbors ! X} MAL QX+ PCA QFA} k-means : QAL 2Z%fslg

¥ ANE ; o .- #
@\1 (B8 (B <™

¥ 2b&: Chen, L. et al. (2024), A9 2 A4

(19 18] %A} 4le)d (Quantum Machine Learning) &alg]3 oA

o At Al G HE A2 Ad(Quantum Kernel)S &-83te] Hjolg =
2R R AEH Fte R wjEE 4 glom, EXS dolH FRE
a¥H o7 golste] F7Hge BH A o A

- 1A F7re] A xd™ IAE siAsty] Hsl IR AHEH Fito R
HolgHE ujgsta, ol vA 1 FHoeR FHIste A4
dolge] +2& a3do=z 3¢ (Huang, H. Y. et al.,2021)
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ki
2
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Uk
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| o
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3
N
1)
= |
=]
D

®

® 7\
L ECES
> Sz oy

# A8: Huang, H. Y. et al. (2021), ¥ Y

(2% 19] P4 AYL BEY w22 dlole] E

o AAZ 17 AFH} IAHAFHZE U3 Holy BEE FHIIIS
o, 2 HFHEGY SXAFHAA o HL g5 SRR i
XY= ¢ AFSHA A (TonQ, 2024)

ad AHSE 7 A 2E(GAN)O] 20,0008 WS
AFEH 7I¥E 29 (QCBM)o] & 263] W
|

RIS YT A

J
rok
m o
o
N
N

LAHERE
Circuit Born Machine (QCBM)

010

Outliers resulting
from notable events

MSFT
2 o
g

-010 -005 000 005 010 -010 -005 000 005 010 -010 -005 000 005 010 -010 -005 000 005 010
AAPL AAPL AAPL AAPL

20,000 iterations 1,000 iterations 26 iterations

¥ 28 TonQ IR A& (2024.08), A

(1% 20] FARFHE 285t doly shs a3 S

O (FARE) A
A= T4
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o (FFF) FANELE A% Wi R A Eo] ¥
sl e 7bee R, adl AAWH Ze] VevlEs HAHgskE
7dAFeFH (Gradient Descent) o] A-&-o] 7Hs(H&dA 9], 2023)

- aAA A BRES U EE B gl sd T

Aold) el s B4 uiARSe] QuelE WAdE w7

NI Zpol7F EA)

o

- 1A AAEL AAut(Backpropagation)E =3 3k W &S
AroZ ZHZFoA dHST WEowr TE wiyRHE Ve E
AHolE

- HhH ) drAIAYE SAHO wE AHH AAR wjyfHSnic)
MEAR o7 71875 AXAAA ¢, 2023)

- wEbA ST ZolALE AL H]go] FUleteE He A
AR SRR AT BE FAEAW, ATl A
AR Aty o g Hlga4Ql uha

b =]
etag]Fo] sA&st= T (Beer, 2022)

- QCNN(Quantum Convolutional Neural Network), QGAN(Quantum
Generative Adversarial Network), QRL (Quantum Reinforcement
Learning) S (H&AXA| £, 2023)

- el A4 FAEEE smdoleld Ad® Al ujg Ao,
HE o] 24 AlEd ol FFolA g

- AT ATE obd 27 wAld] flemm, FF A Fakl

T ’

[¢]
theh A&l HEo] A

o
1<)
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o FAHHFHE dHeoly iAW FEot= ud AW, Az
o] FolA = R FARNAGE, FA 2ot nd AAY AdTE S

IF AlASr (Classical Neural Net)
@] =

IEg nEH3Y

= & D-I
olzc SE2| YAt £d/02Y OF oilEd H|23tA
gl y(e) - °=T
i — el
_'E_‘—. {07 — Dol ™Mk
I i . =2 1d

B2 QFX} H 2 2 23t A2 (ML with Variationally Trained Quantum Circuits)

oF [=]] xx E|
Oxl‘EE ﬁélfclicl Hl_g_-‘g._}l,__
u(e)
Hmow }— | —i
Fi A i = e+ SE|O10| X
s |

ORFOIE] HODIE

UX-07 S0l 82| E MG (Hybrid Quantum-Classical Neural Net)

olagy yxt R 2F@/oay D MHY SRR
a3 : U(a) |
o }-— | 0
'7 ] — [07) = : %Eml'olx'l
A I

¥ ZFF: Kim, H. et al. (2023) & Dataiku (2024.03.20.), S 2 24

(29 21] /A mAleid B AW 759 sk 2] ol
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Hu

% Z}7E: Melnikov, A. et al. (2023), HY
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O (A7) =71 2ol A dAAFE I AL 83 R&Dol gk A Y-S
stjsle] V= AAYE gH7F 29

o FAAHFH S Al 7= obd 7] GAARE Ve ¥l w5
Aoz o duo] d AAHCR FEUE ol A%< R&D Ao
S}

- FAAFE AAA AA 7HA = 20359714 4] oAbl ARt
9z

~2% Y] 5 o] Ao = AW (McKinsey & Company,

* 22 HUX/AM, /22 S, =8, HAH/2E/2F

- UN2 19254 W24 slo]AM| 27} YAt go|A] FQa3k WS o &
100573 S 7]dsle] 2025 “MAl &FA48t7]+2] &l (International
Year of Quantum)'®= A3 arL, o]d we} FAHFHEH 7]&9

o M= T e Al 7|E AT Alo] o]o] gA} T|EoARE
< x| @ #-d TR Ve & WAE g AYE

- "= T WA, Al YARART]Ed TR ASHE
A (AZEYAANAT L 2025)

- "=y T Uls FEE AASH]
20301 7kA]  okx} A

13 (European Commission, 2025)
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