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7. Quantum Simulation

1. Opening
Outline and Introduction of this Lecture. You will learn the role of this lecture in this course.
2. Introduction of Quantum Simulation
Quantum simulation is a critical application for quantum computers, addressing problems too large for classical methods, such as modeling quantum dynamics and solving complex optimization tasks. You will learn the overview of the quantum simulation and benefit of doing them on Quantum Computer.
3. Hamiltonian
There are various types of Hamiltonians, and in this case, the quantum simulation involves the Fermionic Hamiltonian. Here, you will learn about the overview of Hamiltonians, including Spin Hamiltonians and Fermionic Hamiltonians.
4. Mapping of the Hamiltonian
When performing quantum simulation (Hamiltonian simulation) on a quantum computer, it is necessary to map the second-quantized Hamiltonian. This process converts a fermionic problem into a spin problem. Here, you will learn about the mapping process, including the Jordan–Wigner Mapping as one of its methods.
5. Algorithm for quantum simulation
In quantum simulation, instead of calculating the Hamiltonian exactly, several methods have been proposed to achieve minimal error and shallow circuit depth during computation. Here, you will learn about the overview of algorithms for quantum simulation and their theoretical background. 
6. Trotterization (First order)
The Hamiltonian is transformed into a form suitable for quantum computation using Trotterization. Here, you will learn how this transformation is performed, as well as the errors that arise from first-order Trotterization. The Transverse Ising model is provided as an example.
7. Suzuki-Trotter Formula (Second order)
Here, the second-order Suzuki–Trotter formula is used for Trotterization. You will learn about the transformation of the Hamiltonian using the Suzuki–Trotter formula and the associated errors. Additionally, higher-order Suzuki–Trotter formulas for more complex cases will also be discussed.
8. Hands-on Part 1: Quantum simulation with an ideal simulator (Explanation part)
You will consider the 1-D transverse-field Ising model. You will start investigating the time evolution of a quantum system, while keeping track of properties. As an output, you will monitor the energy, magnetization, and mean spin correlation.
9. Hands-on Part 2: Quantum simulation with an ideal simulator (Exercise part)
Let's try performing simulation with second-order Suzuki-Trotter following the example of Lie-Trotter shown in the previous part.
10. Hands-on Part 3: Quantum simulation with a quantum hardware
You will try to run the time-evolution simulation on the quantum hardware. You will work on a smaller problem, lattice size N=2. You vary the parameter in the Hamiltonian and see the difference in dynamics of the wavefunction.
11. Randomization
Trotterization has been used for quantum simulation, but methods like Randomization and QDrift have been proposed as effective approaches to average out errors caused by the same error bounds. Here, you will learn about these methods, their overviews, and their performance.
12. Summary
The Quantum Simulation techniques covered in this lecture are related to areas such as Quantum Phase Estimation and Variational Quantum Algorithms. Here, you will learn not only the summary of this lecture but also its connections to other lectures.
