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Lesson 8. Classical Simulation (Clifford Circuit, Tensor Network)
 
1. Opening. 
You will see how this Lecture fits into the overall Course and know what you will learn in this Lecture.
2. State Vector simulation
In this section, we will cover state vector simulation.
We will learn how to apply a single-qubit gate and a CNOT gate in state vector simulation. Additionally, we will learn how to calculate the inner product.
3. Introduction of Tensor
Here, we will learn the basics of tensors, tensor contraction, and tensor decomposition. These concepts are used for representing the quantum state.
4. Matrix Product State (MPS) 
Matrix Product State (MPS) is useful for representing one-dimensional systems.
In this section, we will learn the basics of MPS, how to apply single-qubit gates and CNOT gates using MPS, and how to rewrite quantum states into MPS form through decomposition.
5. Inner Product
MPS allows us to calculate inner products more efficiently than state vector simulation. Moreover, MPS also enables efficient calculation of expectation values.
In this section, you will learn how and why MPS facilitates the efficient computation of inner products and expectation values.
6. Stabilizer and Clifford Circuit
The stabilizer state is used to efficiently simulate the Clifford Circuit.
In this section, we will learn about the Clifford Circuit and the stabilizer state, and we will also introduce a binary representation of Pauli terms to efficiently simulate the Clifford Circuit.
7. Application of Clifford Gates
Using examples of the application of H gates, S gates, and CNOT gates for two qubits, we will learn about the application of Clifford gates using binary representation.
8. Hands-on Part 1: MPS Simulation
In this hands-on session, we will implement a Matrix Product State simulator and examine how the simulator works.
9. Hands-on Part 2: Stabilizer Simulation
In this hands-on session, we will implement a Matrix Product State simulator and examine how the simulator works. Additionally, we will compare the execution time of generating GHZ states among the state vector, MPS, and stabilizer simulators
10. Hands-on Part 3: Appendix Example of Clifford Circuit
In this hands-on session, you will learn about the implementation of the Clifford Circuit by calculating the expectation value.
