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Abstract:

The rapid progress in fabricating noisy intermediate scale quantum

(NISQ) devices motivates a fundamental question: Could such quantum devices be employed to 
solve practical problems with quantum supremacy? 

In this paper, we answered this question in the affirmative. We propose two benchmark quantum 
learning schemes: Quantum divide-and-conquer generative adversarial learning (Q-DCA-GAN) 
and Quantum ensemble learning (QEL). Q-DCA-GAN and QEL aim to tackle industrial 
generative learning and discriminative learning tasks with quantum advantages, where both of 
them are easily implemented on NISQ devices. A common feature of the proposed schemes is 
employing the multiple layer parameterized quantum circuits (MPQCs) as the learning model. 
We first prove that the expressive power of MPQCs outperforms classical neural networks, 
characterized by the entanglement entropy and the computational complexity. Via introducing 
Bayesian learning into MPQCs, we further propose the Bayesian quantum circuit (BQC) learning 
model that can either be employed as a generative model or a class prior estimator.
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