lydiasb@korea.ac.kr, joongheon@korea.ac.kr

A One-Shot Quantum NAS Framework for Designing Optimal

FAF A HQNN) 9
TE HelA HAHe AelE

Quantum Neural Network Architectures

Seok Bin Son, Joongheon Kim
Korea Univ.

One-shot NAS WHiol 94 812 Al Zat=ede §3shelnt.

P A= ) AelE FF A9 2A AWk B ERAAE Ad o8 A= WA
72 aadow Ausy] 918 One-shot NAS 71M& A&aich A4 Avhs Atd

A e 4, #lofof = L=41<1 S|Rol A 7}k Ao wjAE Alol=
F3e gy 2o PPz gddy
92} 2174 " (Quantum Neural Network, QNN)-& k=)
A3t TH L FAYgIEH 54E Fedte], uA 0011
ARG =2 2883 A &S AT o5 g x,=(1 210
54 R QNN £ w1, AR (2] 5 290!
theFg okl A 7} Ho]Fa 9lvh, QNN ¢ @4
T4 249 v E3stE A} 3] Z(Parameterised 371 1L 1-749 Ao]E, 2 = 2-FH Ao|E, 0 &
Quantum Circuit, PQOYE 2t 91409 o8 44 ACIEE oz ga8 90 One-shot NAS o R
A etpel]l wek F2ol Aot g AN F 0 ogyet wA"E Gz Ul 7 AOE A6 7
FEFE AT AR Jbed AelES] FFst A AEe AolE EREZ AFozm Muai= ot o=
Rl webdss FA el AFHOE g s ge AolE Fuze oAtk 1-FY

F7kel, B FFRE MEASR Hriske dEAQ AlelESl ¢ RX, RY, RZ, U3 & JAHM, 2-7F4

BA e Qi g
g7} etk [3-5].

[Chal

L

fu

One-shot Neural Architecture Search (One-shot NAS) EZpate] w3k A®l A=

Al REIE WS STHS gjejE= CX, CY, CZ, CU3, SWAP ¢ oil 7k =
el A = =EE gyEg. 7 AlolE AAE Supernet WFolA 3%

A, s agelA e

[6-7]1 7S 44 3= Fx T4 A&7t One- ol Azs FE AEEB BLEH  EA
shot NAS & ®E 3H 3=2ZE 233 Supernet & 2 A 8} ¥ o}
TR H, TheAE Al SEde R 2 B =Fo|ME Supernet HAFEZ Y BEH
B ATE agHoR TOAES At 2 9= Ope-shot  NAS  2melZ¢l DARTS 619}
One-shot NAS A s® AT AA ZTEE proxylessNAS [7]18 48319tk DARTS & %7 <l
Adats, 498 GA SRR Onesshot 3z gemeg wqele 7 FR e FaEs
IiAf;i B et o wve sl gradient ~ descent WA o®  FFgty Wb
S ProxylessNAS & 2} 8% 9014 A% Fu Aune
dedew BAFee vme ASHE Zolw o

SFAA S =tl. 53] ProxylessNAS = dAF z1¢]o]

II. One-shot Quantum NAS ¢aLe]= Aod  BAGME =S FLAI B A=
BB e %A 2o Tz HASE 96 One-  ATHUT FHol Sk HAFTHOE Skl guHW,

=

shot NAS 7]¥< m¢late], PQC ¢ Alo]e F#=  Supernet WellAd 7F 914

=

2 M Be 4%e 2

agHow AT 71E NAS B4e spsd me ACIEZE AEsel HxHe g s= obrlEAt
32 22 AEron Lol suw, vl F7lo) ddd. HF 2 A3, ProxylessNAS oA A3t
ARAGFH AL H&o] F438] S7hHgth "vH, One-shot AT 2 7L vy ol dEh
NAS & 3hvel 5§ UES Q] Supernet & FA4 3L,
g FRoopHAR fEA TR dHeR FAd 0o 0 RZUS
spgond odd A FEg A A 2 x =& ¢ Rz 0

RY RX RY CY

Arold= A 2] AE wiAZE ARl the¥
#ol mAH ] vl 7Pt oE 5o, U

Q:

0679




20254 stnSAlst

~
NN

I Uscus
I DARTS
I ProxylessNAS

Accuracy (%)
\I
w

~
N

03 1 okt WD Chyd weol FEE ML

Aee 0~1 Atelel =t E3HE Mini-MNIST
ol Az} 100 epoch A AFHHYT, =¥ 1
EA3 AlolE Hix 22 HAAR 3§, AoE FF
Ae w2le]  uwhEl BF Agwo] o)yt wAES
HolZth 114 3]=<l U3CU3 o H]&l], One-shot NAS

rlo

7Igk gA 7] (DARTS, ProxylessNAS)E o 443t
AlelE 23 Fohlin] Adse FEAAT. 59
ProxylessNAS = ®Xxa 847 oAZQ 58
g s 7ht w2 AREE @Asgen, ¢ 3=
TR R AEE BAde ddHeR gl ¢
ATt

m. 28

+ =iolA= PQC 9 —TLZ:% aEHoRF gAY
913l One-shot NAS 7S #&8 NZ& dxp 3|2
A S ﬂ%&ﬁﬂ.%a Ao A A Aol E
A F2E Ve, 2 X4 4P PR AelE
zr= x}zoi Aelsto w3 wne ALS 2y ke
o Q= E Fdth Aok ZgeYas AEZC 1A
F=t QEQ} Hlasle], ¢ e 52
A8 H oz 3kels gt

ACKNOWLEDGMENT

o] =i 2024 W% AF(Her|EdBEAE) Aoz
} A9} (RS-2024-
o (SW 2E}))

ZaE R

[1] E. J. Roh, H. Baek, D. Kim and J. Kim, "Fast Quantum
Convolutional Neural Networks for Low-Complexity
Object Detection in Autonomous Driving Applications,"
[EEE Transactions on Mobile Computing, vol. 24, no. 2, pp.
1031-1042, Feb. 2025.

[2] S. B. Son and S. Park, "Toward Uniform Quantum
Federated Aggregation: Heterogeneity Exclusion Using
Entropy and Fidelity," /EEFE Internet of Things Journal, vol.
12, no. 5, pp. 5732-5741, 1 March, 2025.

0680

[3] W. Wu, G. Yan, X. Lu, K. Pan, and J. Yan, “QuantumDARTS:

Differentiable  Quantum  Architecture  Search  for

Variational Quantum Algorithms,” in Proc. International
Conference on Machine Learning (ICML), Honolulu, Hawaii,

USA, Jul. 2023, pp. 37 745-37 764.

[4] N. E. Amer et al., “On the Optimality of Quantum Circuit
Initial Mapping Using Reinforcement Learning,” EF/

Quantum Technology, vol. 11, p. 19, Mar. 2024.

[5] T. Zhao, B. Chen, G. Wu, and L. Zeng, “Hierarchical
Quantum Architecture Search for Variational Quantum
Algorithms,” /EEE Transactions Quantum Engineering, vol.

5, pp. 1-10, Sept. 2024.

[6] H. Liu, K. Simonyan, and Y. Yang, “DARTS: Differentiable
Architecture Search,” in Proc. International Conference on
Learning Representations (ICLR), New Orleans, LA, USA,
May 2019.

[7] H. Cai, L. Zhu, and S. Han, “ProxylessNAS: Direct Neural
Architecture Search on Target Task and Hardware,” in
Proc. of the International Conference on Learning

Representations (ICLR), New Orleans, LA, USA, May 2019.



