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This research presents the development of a new neural network architecture
called the Quantum Complex-valued Backpropagation Neural Network or QCBPN. By
providing the Backpropagation Neural Network with the Quantum Computing
capability and using the Complex-valued Backpropagation Algorithm, we design and
develop the QCBPN system.

The proposed architecture is the modification of the conventional
Backpropagation Neural Network. The conventional neuron is extended to handle the
complex number that is the representation of the quantum state. It is interesting that
the complex number and the quantum states share some natural representation suitable
for the parallel computation. Therefore, we propose the quantum state mapping
scheme, using sigmoid function to map the real world data into the quantum state
representation via the complex number system. Then, the quantum state inputs are fed
into the QCBPN system as a complex number to be used with the complex-valued
backpropagation algorithm. The real-valued activation function is modified to be a
complex-valued activation function as well. The learning behavior of the QCBPN
occurred during the training, when the complex-valued backpropagation performed the
complex-valued weights updating. Finally, the square error and the quantum state
obtained from the output layer are interpreted and used to evaluate the learning
behavior. The interpretation process maps the quantum state output to real value, based
on its amplitude probability.

Three problems of XOR, TC and CANCER are used to validate and evaluate
the performance of the QCBPN. The results obtained from 300 experiments show
better performance in learning speed and classification, when compared to standard
backpropagation and the existing quantum circuit neural network. In TC problem,
QCBPN outperformed the standard backpropagation, while in XOR problem, it also
outperformed the quantum circuit neural network. This means that the learning
capability is improved with the faster convergence of the system. Finally, in CANCER
problem, the results indicate not only the excellent performance, but also how well the
QCBPN can solve the real world problem. These results confirm that our quantum
state mapping scheme is effective. In addition, the overall results demonstrate that our
new architecture is well established and effective.
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