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Yang is the Ph.D. student at National Tsing Hua University for his
research on Artificial Intelligence (Al) to enhance human creativity. He
joined Taiwan Semiconductor Manufacturing Company in 2006. Yang
conducts research and production across fields such as defect
inspection and yield prediction using deep learning techniques. Yang,
himself, has been exploring the potential expansion of painting
creativity through the Al and human experts.
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Master degree in lighting design from Parsons School of Design, NY.
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He has been engaged in interior design for nearly 20 years. His works
have won numerous awards including Red Dot ,IF,etc. However, he
just started to touch the field of Al Art . Currently, he is studying the
technology of 2D single image automatic generates to a 3D model.
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Super-Resolution

256X256

( \ 1024 X 1024

“

N. C. Rakotonirina and A. Rasoanaivo, "ESRGAN+ : Further Improving Enhanced Super-Resolution Generative Adversarial Network”,
2020 IEEE International Conference on Acoustics, Speech and Signal Processing (ICASSP), pp. 3637-3641, 2020.



Multiple GPUs Parallel Computing

GPU1 GPU2 GPU3 GPU4 GPUS5S GPUG6 GPU7 GPUS




Extended Work: Gradual Change
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NFIDENTIAL REVIEW C

RY to the hypercube [0,27]®". The i-th feature x
encoded mto the k-th qubit via a Pauli-X rotation.

Figure 9 show the angle encoding with a rotation angle
of & around s on the Hilbert space. After activation
function tanh(x). the output x;, € [—1, 1] from the end of
classical layer. Then, the rotation angle is mapped between

6 € [0,7] due to the periodicity of the cosine function.

Thi relevant since the expectation value is taken with

respect to the oz operator at the end of the circuit execution.

Figure 9: Angle encoding with a rotztion angle of § around z-axis
on the Hilbert space

3.2.2  Parametrized Quantum Circuit

A parameterized quantum circuit is a quantum circuit
consisting of parameterized gates with fixed depth. These
circuits have free parameters: the rotation angle of the
quantum state. We use simple circuits and repeat multiple
times with different random parameters. instead of using
the large and complex classical neural networks. The
parameterized quanfum circuit also consists of one-qubit
gates as well Controlled Not (CNOT). Some more
complicated gates may also be used in PQC which can be
decomposed into one qubit gates and CNOT. In general. an
0 qubits PQC can be waritten as:

u<'9>|w'>:( ; (7

where k is the total number of parameters and |@)
initial quantum state after data encoding. The unitary gate
taking parameter: otation gate R(8). which are given

Ry(8) = Ry(8) =e T, R.(6) = ¢ (8

where {g;
be modified

} 1s Pauli matrices. The operation of u can
7 changing parameters 6. Thus. the output

)T DISTRIBUTE

achieve better entanglement of the qubits before appending
nonlinear operations, the n qubits PQC has n repeated
layers in our model. By optimizing the parameters. the
general PQC tries to approximate arbitrary stat that it
can be used for different specific molecules

In order to provide computational speedup by
orchestrating constructive and destructive interference of
the amplitudes in quanfum computing, we constructed m
rotation gates R, on the n qubits P our basic quanfum
circuit, which can be written as:

Ry(8;1mxj) CNOT;. ) (9)

where R, represents the unitary gate of rotation-x. 8;,py;

adjustable parameter of umitary gates. CNOT; 4y
represents CNOT gate with m as the control qubit, and n is
the total number of qubits. Figure 10 show the ba
quantum circuit with 0=4 and m=3. Each qubit uses the
rotation gate R(8) by the angle 8 around x-axis on the
Hilbert space. and CNOT gate is used for every 2 qubits in
order.

Figure 10: Bazic quan cuit with n=4. m

3.3. Fully Connection Layer

After obtaining all features from PQC. we feed them into
a fully connection (FC) layer. We use the softmax
activation function. so the output of FC layer will be a
probability distribution. The i-th element of the output is
the probability that this data point belongs to the i-th
category. and we predict that this data point belongs to the
category with the highest probability. In order to predict
the actual label. we calculate the cummlative distance
between the predicted label and the actual label as the loss
function to be optimized:

L'(w',b“.9,.c 2 (10)

where w?, b* is the parameter of classical layer. 6 is the
parameter of quantum la b“ is the parameter of FC

layer. Perform the above procedure enough times to get a




yZ & . .
" A Seminar Presentation
\ ¥ Research Center for Technology and Art

Thank You
Q&A

Reporter: IPHD, YuanFu Yang



