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5. Quantum Algorithms: Phase estimation

1. Opening and phase estimation problem 
Phase estimation problem is to efficiently determine the phase corresponding to the eigenvalue of the quantum state. In this class, we will first look at a simple example of phase estimation problem, then learn quantum Fourier transform, and then return to the phase estimation procedure

2. Phase kickback and iterating the unitary operation 
To understand phase estimation, you must first learn the phase kickback circuit using a controlled-U gate. This circuit provides low-precision solutions to the phase-estimation problem. Operation of the controlled-U gate twice gives us more information about the phase.

3. Two-qubit phase estimation 
By extending the circuit to two control qubits circuit and adding the inverse of quantum Fourier transform circuit, you can create a two-qubit phase estimation circuit. You will learn the concept of phase estimation from this procedure. 
 
4. Quantum Fourier transform 
The phase estimation problem is solved using the quantum Fourier transform. QFT transform between the computational basis and the Fourier basis. Here, you will learn the detail procedure of QFT.

5. Phase estimation procedure 
Generalizing to the n-qubit case, you will learn the quantum phase estimation procedure in detail. You will also learn the relationship between the phase accuracy required by quantum phase estimation and the number of qubits. 

6. Hands-on: Quantum Fourier Transform (QFT)
You will see the examples of 1-qubit QFT, then see how to build 3-qubit QFT. In the exercise, you will try to implement 4-qubit QFT and transform |14> by QFT.

7. Hands-on: Solution example and Quantum phases estimation
You will see the solution example of 4-qubit QFT. Then you will see the Quantum phase estimation circuit to estimate the phase of T-gate using 3 qubits for counting and one qubit for eigenvector.  You will try to build the circuit to estimate phase = 1/3 in the exercise.

8. Hands-on: Solution example of QPE
You will see the solution example of the circuit to estimate phase = 1/3 and the result using the real quantum device.
  
