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4. Quantum Algorithms: Grover Search and Applications

1. Introduction of Grover Search
You will see how this Lecture fits into the overall Course and know what you will learn the concepts of Grover search.
2. Classical and Quantum Search Algorithm
Grover Search is one of the quantum search algorithms. In quantum algorithms, a superposition state of all indices is created, and by using an oracle, it is possible to efficiently amplify the "good" state by utilizing probability amplitudes. You can learn the differences between Classical Search Algorithms and Quantum Search Algorithms and gain an understanding of Quantum Search Algorithms.
3. What is Grover Search?
Grover Search consists of three parts: 1. Initialization, 2. Application of the Oracle Operator, and 3. Application of the Diffusion Operator, with steps 2 and 3 being repeated. You can learn the details of each step in Grover Search.
4. Example of 2-qubit and n-qubit Grover search
You can learn how Grover Search is executed with 2 qubits and n qubits, and how many iterations are required.
5. Quantum circuit for Grover search
To implement Grover Search, it is necessary to construct the Oracle Operator and the Diffusion Operator, which correspond to each step. You can learn about the overview of each step and its correspondence to quantum circuits.
6. How to create an oracle?
To implement Grover Search, it is necessary to construct the Oracle Operator and the Diffusion Operator, which correspond to each step. You can learn how to create the oracle when designing a quantum circuit for Grover Search.
7. How to create diffusion operator?
To implement Grover Search, it is necessary to construct the Oracle Operator and the Diffusion Operator, which correspond to each step. You can learn how to create the diffusion operator when designing a quantum circuit for Grover Search..
8. Combine operators to create Quantum circuit for Grover search
You can learn how the Quantum Circuit for Grover Search is ultimately completed by combining the Oracle and the Diffusion Operator.
9. Hands-on Part 1: Preparation
To perform Grover Search in Qiskit, it is necessary to prepare the initialization, oracle, and diffusion on a quantum circuit. You can learn how to implement these steps.
10. Hands-on Part 2: Implementation of 2-qubit Grover search
You will execute a 2-qubit Grover Search on a simulator. Specifically, you will run the circuit, process the results, and output them in a classical format.
11. Hands-on Part 3: Real Devices experiment of 2-qubit Grover search
You will execute the 2-qubit Grover Search on real devices and output the results. Specifically, you will build a quantum circuit from the problem and optimize the quantum circuit for quantum execution. 
12. Hands-on Part 4: Implementation of 3-qubit Grover search
You will implement Grover Search for the 3-qubit case. Additionally, you will test several patterns of iteration counts and verify the differences in the results.
13. Geometric view of Grover Iteration and Summary of lecture
In Grover Search, repeating the iterations too many times is not appropriate. You will learn why excessive iterations should be avoided and how to determine the optimal number of iterations. Additionally, this lecture touches on the summary of these concepts.

