EOREE I R HLP R R 4R Vol. 54 No. 5
2025 %9 H Journal of University of Electronic Science and Technology of China Sep. 2025

SIRAKR: M, ¥, RIS, 25 5T A S -IRIEE A WD R B F S Mg LI R TT [J]. B FRH RS 4], 2025, 54(5): 789-800.
YANG F, CHENG X Y, ZHU P C, et al. Quantum neural networks based on angle-amplitude mixed encoding and its applications[J]. Journal of
University of Electronic Science and Technology of China, 2025, 54(5): 789-800.

ETRE-RIERE SR E FHEMLE
REN R

wmom, BERT, AR, 285 OB OB, 23

(1. iR N TEBe 55N, BB 226019; 2. M0t 15 B TR, ZIM 225300)

WE: BAETAHEMES AT E0NEE T HRRIOE TR, 4T E 4T NISQ & LB T E A
B A MR, R T —HREAHEF X, FRBEEFIEAIHTNFTXBEANETET, N FIAZHLEREH
A HRA TS T R B — AR 4 M IR A 69 WX Ansatz, A HIEENAI T Ts B, MERELL S 5 A
A ETFERNL, ESRENIEESFINEAREMIAT 0, EPEAH RWHRINSREAFEZ NG A EREA, ALK
SRESFHOHFEML, SEEAETHRAT 8.9%, AAMRIEZLERIFUMET, RIRY TINELHNGHKE, L
T A ARt R G AR & T AV 2 M 469 82 S ALK I 2 B A Ak L #3184 AT 49 NISQ i 4.

KEIE: ETMHENL; BREB; HEENH; LAHE

FESES: TP301 XHkFRERE: A DOI: 10.12178/1001-0548.2024289

Quantum neural networks based on angle-amplitude
mixed encoding and its applications
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2. School of Information Engineering, Taizhou University, Taizhou 225300, China)

Abstract: Models combining traditional quantum neural networks with the self-attention mechanism require
a high consumption of qubit resources. In response to the issues of low operational efficiency and high design
complexity on current NISQ (noisy intermediate-scale quantum) devices, this paper proposes a mixed encoding
method that embeds dataset features into quantum states in a specific manner, achieving an effective mix of angle
encoding and amplitude encoding. Based on this encoding method, a uniquely structured double-ring Ansatz is
designed. Drawing on the divide-and-conquer strategy of the self-attention mechanism, a quantum neural network
with higher expressiveness is constructed. In the Iris classification task, the training loss converges to 0, proving
that the model effectively captures the intrinsic relationships between the Iris features. In the text classification task,
the classification accuracy improves by an average of 8.9% compared with existing methods, while also
significantly reducing the number of training parameters without compromising performance. The lightweight and
low-complexity characteristics of the quantum neural network based on angle-amplitude hybrid encoding make it
more suitable for current NISQ devices.
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