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6. Quantum Algorithms: Variational Quantum Algorithms

1. Opening
Outline of this Lecture.
2. Overview of hybrid quantum-classical approach
Currently available quantum computing devices are called Noisy Intermediate-Scale Quantum device (NISQ) devices, which include noise. To make effective use of such devices, hybrid quantum-classical methods have been developed. Here, you can learn about NISQ devices and quantum-classical hybrid methods
3. How Quantum Computer can be applied to Optimization Problems?
Efforts to solve optimization problems using quantum computers, including quantum-classical hybrid methods, are advancing. You can learn about the overview of such initiatives.
4. Introduction of Optimization
Optimization problems involve maximizing or minimizing an objective function under constraints. Quantum computers can offer advantages for solving certain types of these problems using quantum-based heuristics. Here, you will learn about optimization problems and the benefits of quantum computing.
5. How to Convert Optimization Problem to Hamiltonian?
A quadratic programming problem can be converted into a Quadratic Unconstrained Binary Optimization (QUBO) form, which can then be transformed into a Hamiltonian. Here, you will learn how this transformation is performed.
6. Example: Maxcut Problem 
Here, the Max-Cut Problem is specifically addressed, and you will learn how the problem is transformed into the form of a Hamiltonian.
7. Theoretical Background of VQE
Optimization problems transformed into a Hamiltonian can be solved using a quantum-classical hybrid method called VQE (Variational Quantum Eigensolver). Here, you will learn the overview of VQE and the variational principle on which it is based. 
8. How VQE works to solve an optimization problem?
In VQE, the execution of a quantum circuit called an "ansatz" on a quantum computer and the calculation of expectation values and parameter optimization on a classical computer are repeated. Here, you will learn how VQE is executed in detail.
9. Quantum Approximate Optimization Algorithm (QAOA)
QAOA (Quantum Approximate Optimization Algorithm) is a quantum-classical hybrid algorithm used to find good approximate solutions for combinatorial problems. While it shares similarities with VQE, the quantum circuits used are different. Here, you will learn how QAOA is executed, with an example using the Max-Cut problem.
10. Hands-on Part 1: Compute the minimum eigenvalue with VQE
In this hands-on session, you will try the exercise to compute the minimum eigenvalue of a simple Hamiltonian Pauli Z matrix.
11. Hands-on Part 2: Quantum Optimization with Qiskit Patterns
To perform quantum approximate optimization using Qiskit, four steps are required. Here, you will follow these steps sequentially and solve the Max-Cut problem.
This part also includes the summary of this lecture and resources.

