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13. Quantum Utility Ⅱ (Utility paper implementation)

1. Opening
Here, you will learn about the positioning of this lecture and we will provide an outline of its content.
2. Algorithm for Quantum Simulation
The time-dependent Schrödinger equation that needs to be solved for quantum simulation is very complex. Therefore, strategies that enable efficient computation with smaller errors and shallower circuit depths are used. In this section, we will provide an overview of quantum simulation and introduce some strategies employed for simulation.
3. Trotterization
To perform quantum simulation, strategies like those introduced in the previous section are employed. In this section, we will learn about Trotterization. We will also examine an example of first-order Trotterization and study the complexity of its quantum circuit.
4. Magnetization
To handle the Transverse Ising Model on a quantum computer, it is necessary to monitor the time evolution of magnetization. In this section, we will learn about the theoretical background needed for implementation in the upcoming hands-on session.
5. Hands-on Part 1: Overview and Preparation
Here, we will learn about the overview of the hands-on session. We will also develop an understanding of the theoretical background and prepare for conducting simulations using Qiskit.
6. Hands-on Part 2: Simulation using simulators
First, we will perform simulation using a simulator. In this section, we will consider a problem involving 20 qubits. We will start by investigating the time evolution of a quantum system while tracking magnetization. Here, we will compare the results of the State Vector and Matrix Product State simulators.
7. Hands-on Part 3: Simulation with a quantum hardware 1
From this point, we will simulate using quantum hardware, addressing 70-qubit problems. We will examine the system's time evolution, calculate hardware results, and compare them with MPS simulation reference values.
8. Hands-on Part 4: Simulation with a quantum hardware 2
In this section, we will configure the hardware settings, execute the simulation, and compare the results from the Matrix Product State simulator with those of the actual quantum device.
9. Hands-on Part 5: Wrap up of the Hands-on
Here, we will review the hands-on sessions conducted so far and organize the assignments provided.
10. Innovations in Quantum Simulation
While increasing the order of Trotterization can reduce errors, it also increases the depth of the quantum circuit. To address this, methods such as QDrift are employed. In this section, we will learn about the theoretical background, characteristics, and performance of such methods.
