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Lesson 5. Quantum Algorithms: Phase estimation 

1. Opening and phase estimation problem
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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.
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Course Schedule 2024

Date Lecture Title Lecturer Date Lecture Title Lecturer

4/5 Invitation to the Utility era Tamiya Onodera 6/7 Classical simulation (Clifford circuit, tensor 
network)

Yoshiaki 
Kawase

4/19 Quantum Gates, Circuits, and 
Measurements

Kifumi Numata 6/14 Quantum Hardware Masao 
Tokunari

4/26 LOCC (Quantum 
teleportation/superdense 
coding/Remote CNOT)

Kifumi Numata/ 
Atsushi Matsuo

6/21 Quantum Circuit Optimization (transpiler) Toshinari Itoko

5/10 Quantum Algorithms: Grover’s 
algorithm

Atsushi Matsuo 6/28 Pauli twirling and Noise model (Pauli Transfer 
Matrix) Error mitigation (PEC, ZNE (PEA))

Toshinari Itoko

5/15
(Wed)

Quantum Algorithms: Phase 
estimation

Kento Ueda 7/5 Quantum Utility I (127Qubit GHZ) Kifumi Numata

5/24 Quantum Algorithms:
Variational Quantum Algorithms (VQA)

Takashi Imamichi 7/12 Quantum Utility II (Utility paper implementation ) Tamiya 
Onodera

5/30
(Thu)

Quantum simulation (Ising model, 
Heisenberg, XY model), Time evolution 
(Suzuki Trotter, QDrift)

Yukio Kawashima 7/19 Quantum Utility III (Krylov subspace 
expansion)

Yukio 
Kawashima
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The Phase estimation problem is applied to the energy calculations for 

quantum many-body systems and Shor's algorithm.

e.g. Shor’s algorithm : Acceleration from quasi-exponential to polynomial time.
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2. Phase kickback and iterating the unitary operation
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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.
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3. Two-qubit phase estimation
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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. 
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4. Quantum Fourier transform

21

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.
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The quantum Fourier transform transform between the computational basis and the Fourier basis.
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Quantum Fourier transform
At last, Swap operations are executed.
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5. Phase estimation procedure

35

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. 
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Summary
• The Phase estimation problem can find the approximation to the 

number 𝜃 ∈ 0,1  satisfying 

• QFT transform between the computational basis and the Fourier basis.

• QFT can be implemented in the quantum circuit.

• The Phase estimation problem is solved using the QFT.



Reference

• John Watrous, https://learning.quantum.ibm.com/course/fundamentals-of-
quantum-algorithms/phase-estimation-and-factoring .

https://learning.quantum.ibm.com/course/fundamentals-of-quantum-algorithms/phase-estimation-and-factoring
https://learning.quantum.ibm.com/course/fundamentals-of-quantum-algorithms/phase-estimation-and-factoring
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