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(Description)

This course would cover the fundamental principles, algorithm designs and frontier progresses on
guantum information and quantum computing, with an emphasis on the practical skills and visions
for application-oriented quantum information technologies.

Through this course, the students are expected to:

v" Understand fundamental concepts for computational complexity, and the essential difference
between classical and quantum computing;

v" Learn different physical platforms for quantum computing including photonics,
superconductors, ion traps, etc; Understand the physical realization and matrix expressions for
qubits and quantum gates.

v" Master common universal quantum algorithms including Deutsche’s algorithm, Grover’s
algorithm, Shor’s algorithm, Quantum Fourier transform, and know how to implement
guantum circuits on the online quantum cloud platform to demonstrate these algorithms.

v" Learn analog quantum algorithms such as boson sampling and quantum walks, and
understand the common analog quantum computing approaches including analog photonic
guantum computing, Ising machine, and quantum annealer, etc.

v" Know the hybrid quantum-classical algorithms such as VQE and QAOA that are being widely
investigated as the Noisy Intermediate-Scale Quantum technologies.

v' Learn the frontier progresses for the emerging field including quantum machine learning,
guantum optimization, quantum chemistry and quantum finance, and how to design suitable
guantum algorithms to address different applications.

The practical module follows up the course Quantum Information Technologies, and would further
train the practical skills of using quantum computing cloud platforms to apply quantum algorithms
for real-life cases. Students are expected to use platforms such as IBM quantum experience, D-Wave
Ocean or Amazon Braket to form the quantum circuits for solving real problems such as pattern
classification, protein folding and financial portfolio optimization, etc. The students can flexibly
choose a suitable quantum algorithm and implement it in a suitable quantum computing cloud
platform. By analyzing the quantum implementation and the computational results, the students are
expected to gain deeper understanding of quantum algorithms for optimization applications and the
speed-up advantages brought up by quantum algorithms.
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N8 Regular performance (30%): attendance, in-class performance and
homework.
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Oral talk (20%): Investigate a certain topic on quantum computing and
make an oral talk on the topic in class.

(3) WPREE (25%) : MIBREARSEITEGEY, EXEENTETER
FEAGIHR SN S H &2 7 BE ORI HLE
*HRIT Final exam paper (25%): The exam paper is designed according to the
(Grading) curriculum of the course, in order to assess students’ understanding
of the basic knowledge points of quantum information and practical

quantum algorithm technology.
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Practical report (25%): The students are expected to demonstrate
efficient quantum optimization algorithms for specific optimization
problems using the quantum cloud platform. They would design quantum
circuits, analyze the results, and write a formal report.
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