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	Description
	This course would cover the fundamental principles, algorithm designs and frontier progresses on quantum 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:
· Understand fundamental concepts for computational complexity, and the essential difference between classical and quantum computing; 
· 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.  
· Master common universal quantum algorithms including Deutsche’s algorithm, Grover’s algorithm, Shor’s algorithm, Quantum Fourier transform, and know how to implement quantum circuits on the online quantum cloud platform to demonstrate these algorithms.
· Learn analog quantum algorithms such as boson sampling and quantum walks, and understand the common analog quantum computing approaches including analog photonic quantum computing, Ising machine, and quantum annealer, etc. 
· Know the hybrid quantum-classical algorithms such as VQE and QAOA that are being widely investigated as the Noisy Intermediate-Scale Quantum technologies. 
· Learn the frontier progresses for the emerging field including quantum machine learning, quantum optimization, quantum chemistry and quantum finance, and how to design suitable quantum 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 Huawei HiQ to form the quantum circuits for solving real problems such as pattern classification, aeroplane design, 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. 

	Class Schedule & Requirements
	
	Week
	Contents

	1
	Some fundamental introduction
1.1 An introduction to the course
1.2 Brief history of computers  
1.3 Concepts for computational complexity, 
1.4 Basics for qubit. Essential difference between classical and quantum computing; Reviewing related quantum mechanics
1.5 Realizing Qubits in different physical systems and their research progresses

	2
	Quantum gates and quantum circuits (I)
3.1 The bloch sphere
3.2 Single qubit quantum gates
3.3 Two-qubit and multi-qubit quantum gates
3.4 Convert between CNOT and CZ gates  
3.5 Quantum gates in different physical systems

	3
	Universal quantum algorithms and their circuit designs (I)
3.1 Deutsch’s algorithm 
3.2 Grover’s search algorithm for 1 out of 4
3.3 Grover search for general scenarios
3.4 Introduce IBM Quantum Experience, QPanda and HiQ online quantum processers

	4
	Universal quantum algorithms and their circuit designs(II) 
4.1 Quantum Fourier Transform 
4.2 The Shor’s algorithm
4.3 Application to phase estimation

	5
	Universal quantum algorithms and their circuit designs(III)
(new algorithms based on QFT) 
5.1 HHL algorithm 
5.2 Quantum SVM
5.3 Quantum PCA
5.4 Exercise class on previous knowledge 

	6
	Analog quantum computing algorithms (I)
6.1 quantum walks and quantum stochastic walks
6.2 Boson sampling 
6.3 Gaussian boson sampling

	7
	Analog quantum computing algorithms (II)
7.1 Quantum annealing and adiabatic quantum computing
7.2 Superconducting annealer and photonic Ising machine 
7.3 Map QUBO optimization problems in quantum annealing 

	8
	Hybrid variational quantum computing
8.1 The NISQ era
8.2 VQE algorithm
8.3 QAOA algorithm
8.4 theoretical and experimental progress

	9
	A brief introduction on quantum communication and quantum metrology
9.1 Fundamental concepts for quantum communication 
9.2 Quantum communication network: from air to sea. 
9.3 Fundamental concepts and applications for quantum communication 

	10
	Quantum computing for optimization & machine learning
10.1 An overview of optimization of different types
10.2 Solve one optimization task using different quantum approaches such as Grover, quantum annealing, QAOA, etc.
10.3 An overview of quantum ML in different types: supervising, unsupervising and reinforcement learning  
10.4 The gradient in quantum circuit and parameter shift rule
10.5 Feature maps in quantum circuits and case studies

	11
	Quantum computing for finance
11.1 An overview of quantitative finance and quantum involvement 
11.2 QAE algorithm for financial derivative pricing 
11.3 Quantum annealing for asset portfolio optimization
11.4 Exercise class for previous knowlege

	12
	Quantum computation for chemistry and biology
12.1 The mapping between fermions and qubits
12.2 Variational quantum eigensolver for solving molecular ground energy
12.3 Extensions and experimental implementations
12.4 Quantum annealing for protein folding



	Week
	Contents

	13
	Some fundamental introduction
1.1 The practical tips for using the quantum cloud platform
1.2 Tutorials on a few quantum machine learning algorithms e.g. QGAN, QAutoencoder, QCNN
1.3 Set up teams, Q&A and discussion

	14
	Practical training 
2.1 Each team reports on how to get the real data and how to load in quantum circuit  
2.2 Q&A and discussion (Teacher and TA help with practical issues)

	15
	Practical training 
3.1 Each team reports on Hamiltonian design for the task
3.2 Q&A and discussion  (Teacher and TA help with practical issues)

	16
	Analysis and Discussion
4.1 Each team reports on the analysis of output results and how to present the work
4.2 Discuss quantum advantages in quantum algorithms
4.3 Q&A and discussion
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