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Automating quantum feature map design via large language models

Kenya Sakka, Kosuke Mitarai, Keisuke Fuijii

Quantum feature maps are a key component of quantum machine learning, encoding classical data into quantum states to exploit the expressive power
of high-dimensional Hilbert spaces. Despite their theoretical promise, designing quantum feature maps that offer practical advantages over classical
methods remains an open challenge. In this work, we propose an agentic system that autonomously generates, evaluates, and refines quantum feature
maps using large language models. The system consists of five component: Generation, Storage, Validation, Evaluation, and Review. Using these
components, it iteratively improves quantum feature maps. Experiments on the MNIST dataset show that it can successfully discover and refine feature
maps without human intervention. The best feature map generated outperforms existing quantum baselines and achieves competitive accuracy

compared to classical kernels across MNIST, Fashion-MNIST, and CIFAR-10. Our approach provides a framework for exploring dataset-adaptive
qguantum features and highlights the potential of LLM-driven automation in quantum algorithm design.

https://arxiv.org/abs/2504.07/396
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'feature_map_name': 'Hybrid CPS Mid-Range with Dynamic
Global Fusion Feature Map',

'summary': 'This feature map retains fixed local encoding
via RY(m-x) rotations on 5 layers of 16 features and
implements a three-stage intra-layer entanglement protocol.
Immediate neighbor coupling i1s performed with CRX gates
using ... "',

‘explanation': 'In this design the 80-dimensional
PCA-reduced input is partitioned into 5 layers (1 = 1,..,5)
of 16 features each. For each layer, the first 10 features
are encoded on a 10-qubit register using fixed RY(m-x)
rotations to preserve essential feature amplitudes.
Intra-layer entanglement 1s organized in three distinct

stages. ... ',

‘formula': '"\\(\\ket{\\Phi(x)} =
\\text{MultiRZ}\\Biggl(\\pi\\,\\sum_{1=1}"{5}
\\delta_{1}\\,x_{16(1-1)+10}\\Biggr) \\prod_{1=1}"{5} ...',

'key_sentences': ['The 80-dimensional input is partitioned
into 5 layers of 16 features, with each layer’'s first 10
features robustly encoded via fixed RY(m:x) rotations on a
10-qubit register.', ...]

}
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1 1mport numpy as np

I/_ I\ %LLM L:]\jj 2 import pennylane as qml
3 from gxmt.constants 1mport PENNYLANE_PLATFORM

from gxmt.feature_maps 1mport BaseFeatureMap

[

- EFEMFEDCHDEREREEY —)LQXMT & B #1585 D
- EEROHRTEZYAMLY 7 1)L CEER B e

AlternatingCPSIntralayerWithCrossLayerCRotGlobalFeatureMap(BaseFeatureMap):

o %T%ﬁ? \\/ 7)'[/;{9\{\0) \\/\‘ \\/ 7 % _3/]/ 7\.3 |J L:_1-£- super().__init__ (PENNYLANE_PLATFORM, n_qubits)

self.n_qubits = n_qubits
. EEII%% 7“0)3%75{6'/\'% ' 1f delta_weights 1s None:
~ B k self.delta weights = [0.15, 0.25, 0.35,

self.delta_weights = delta_weights

u

idx3 = base + 10 + ((j + 4) % 6)
psi2 = 0.25 * norm(x[idx1]) + 0.5 * norm(x[idx2]) + 0.25 *

Agentic System norm(x[idx3])
: 55 angle2 = np.pl * psi2
LEM AN B S 56 gml.ControlledPhaseShift(phi=angle2, wires=[j, (j + 2) %

self.n_qubits])

Review
¢ Review the evaluation results and decide the Raise Error
direction for the next idea generation
Human 7 chi = 0.0
A far S " o - C .
Generation Validation " or 1 _ range(5):
” C d" 61 chi += norm(x[16 = 1 + 12])
ea ode Evaluation ‘ '
. > e s ¢ Check code syntax and | g Lyainalion )2 chi &= 5.0
datI:sdel::t:m . * Generate initial ideas * Implement —»>  executability il Execute and evaluate ‘ o P = : 5 , r
and device * Refine ideas using related papers :::::::Su?:ble e Verify usage of the o e flxed pairs = | [(0, 5 ) (P 5 ) P (0 B , 9)]
TRt e Score the ideas code quantum library 64 for a, b 1n fixed_pairs:
7'y ml.CRot(phi=np.pi * chi, theta=0.0, omega=0.0, wires=[a, b])
S P P E
A
Key Sentences Related Papers
v
Storage o ctiodibist 68 global_sum = 0.0
e Academic papers about QML 5 for 1 1n ra nge( 5) -
e Official document of PennyLane lib .
y ey API Documents 70 global_sum += self.delta_weights[1l] * norm(x[16 * 1 + 10])

global_angle = np.pi * global_sum
gml.MultiRZ(theta=global_angle, wires=list(range(self.n_qubits)))
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° QXMT€$IJ —é— (- t —C\ EQE‘E_I.-j 7’]/)1/0)%*)-’[0)@ module_name: "gxmt.feature_maps.pennylane"

= . - . . impl t_ . "ZZFeatureMap"
CTRHEHE R Z BIR P RE T CIRTF AT EE prane:
reps: 2 Z DIEB O AHERFERICER

alll

. ReviewE> a1 —Jlic. 7477 OFHifERPETREZ kernel:
module_name: "gxmt.kernels.pennylane”

7’1/ — I\\/\\\/ 7 implement_name: "FidelitvKernel"

params: {}

model:
name: "gsvc' "run_1d": 1,
"desc": "This feature map part
params: ., ‘ .
C: 1.0 remote _machine": null,
' ' "commit_1id": "e3xwfed97a9a
daimma : . . . "
g config _file_name":
Agentic System _ "execution_time":
T _— evaluation: "runtime": {
LLM eedback from The Experimental Result . , .
default_met train seconds":
n n * . "
Review accuracy , ‘ "validation seconds":
* Review the evaluation results and decide the Raise Error test_seconds": 32.737439
direction for the next idea generation 1 1
Human X ' . '
© v evaluations”: {
. Generation ! Validation , "validation": {
—> Idea Code e Check code svntax and Evaluation : "accuracy":
Indicate ¢ Generate initial ideas o Implement eck code Synfax an Success R
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and device e Refine ideas using related papers executable . Venfy usage of the the experiment - ‘ _L l " 0
constraints e Score the ideas e quantum library reca : 0.
7' ' "fl score”:
'y -
Key Sentences Related Papers ‘ b
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- Please review the changes or factors that likely led to this
Significantly |improvement by referring to all past trials, analyze their
Improved impact, and propose how we can enhance these aspects
further to sustain or amplify the positive trend.
Please examine the elements that contributed to this progress
by referencing all past trials, assess their effectiveness, and
Improved . . .
suggest additional refinements or strategies to achieve more
significant advancements.
Please investigate the potential reasons for this stagnation by
comparing all past trials, identify any bottlenecks or
Unchanged limitations, and propose actionable strategies to introduce
meaningful progress.
. Please review the factors or changes that may have
Slightly negatively impacted the results by analyzing all past trials,
Dropped evaluate their significance, and propose targeted solutions to
recover or improve performance 1n subsequent trials.

Please thoroughly analyze the root causes of this drop by
referencing all past trials, including any critical changes or
1ssues 1n the process, and recommend urgent actions to
address these challenges effectively and recover
performance.
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Table 1: Generated quantum feature map performance on different datasets

Type Method Accuracy
MNIST Fashion-MNIST CIFAR-10

(10,000 sample) (10,000 sample) (10,000 sample)
Linear Kernel 0.9385 +£0.0002  0.8437 +0.0009 0.4087 £ 0.0011
e Polynomial Kernel 0.9667 = 0.0058 US/02 200000« 055 ) £ 0.00 14
Sigmoid Kernel 0.9343 +£0.0002  0.8189 £0.0120  0.4079 £ 0.0006
RBF Kernel 0.9765 £ 0.0005  0.8864 £ 0.0014  0.5669 + 0.0085
/7. FeatureMap 0.9255 £ 0.0009  0.8252 +0.0023 0.3907 £ 0.0016
3 NPQC FeatureMap 0.9644 + 0.0028 0.8749 £0.0026  0.4903 £ 0.0188
ddittil - y7CX FeatureMap 0.9727 £ 0.0006  0.8778 £0.0049  0.4753 + 0.0341
Generated Feature Map (Ours) 0.9731 £ 0.0008  0.8835 = (0.0021 0.5290 = 0.0030
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