Classification of the Fashion-MNIST Dataset on a Quantum Computer
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The potential impact of quantum machine learning algorithms on industrial applications remains an exciting open
question. Conventional methods for encoding classical data into quantum computers are not only too costly for a
potential quantum advantage in the algorithms but also severely limit the scale of feasible experiments on current
hardware. Therefore, recent works, despite claiming the near-term suitability of their algorithms, do not provide
experimental benchmarking on standard machine learning datasets.
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FIG. 1. Schematic description of the contents of this work. On classical computers, we optimize the parameterized quantum
circuits with gate complexities linear in the number of qubits that approximately prepare the Flexible Representation of
Quantum Images (FRQI) of the Fashion-MNIST dataset. The encoded dataset is then used for training a variational quantum
classifier on classical computers. We provide results from deploying the trained circuits on a quantum computer ibmg-kolkata.

In this work (arXiv:2403.02405), we attempt to solve the data encoding problem by improving a recently proposed
variational algorithm [1] that approximately prepares the encoded data. By using only the typical native gates of
current quantum computers in the ansatz, now image data are encoded to similar approximation errors at a smaller
circuit depth, thus allowing subsequent data-processing tasks to be more faithfully implemented experimentally.
Second, we apply the algorithm with the improved ansatz to encode the full Fashion-MNIST dataset [2] at different
approximation accuracies. To facilitate future research, we make all circuits available in QASM [3] file format on
Zenodo [4]. Third, to showcase the near-term applicability of the encoded data, we train some simple variational
classifiers on the encoded data to perform the standard ten-class classification task. The classifiers are first trained
in simulation and then deployed on a state-of-art superconducting quantum computer, ibmg-kolkata [5], via cloud
access, where the best test accuracy of about 40% is achieved, indicating that the images have been faithfully encoded
despite noise. The data encoding PQCs and the classifiers are first trained on classical computers and then deployed
on the quantum computer. Yet, this experiment serves as a proof-of-principle for empirical studies of supervised
QML algorithms with full-scale standard machine learning datasets and acts as a stepping stone towards the full
demonstration of supervised QML algorithms on more powerful quantum computers in the future.
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