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11. Quantum noise and error mitigation

1. What is quantum noise/error 
During the computation on a real quantum computer, we encounter noises. Classify the various types of noise present in quantum computers and learn about incoherent error and coherent error.

2. SPAM error and Sampling error 
SPAM error is state preparation error and measurement error. Sampling error (shot error) comes from the nature of physics. And, from the graph of circuit depth and observable Z measurement results, you will learn what effect different types of noise have. 

3. Error suppression and mitigation
Error suppression is a technique aiming to reduce the error itself during the execution of a circuit. In contrast, error mitigation is a technique aiming to recover the error-free result using classical post-processing. You will learn an example of error suppression: Dynamical Decoupling (DD)

 
4. Error mitigation techniques
There are three major error mitigation techniques: Twirled Readout Error eXtinction (TREX), Zero Noise Extrapolation (ZNE), and Probabilistic Error Amplification (PEA).

5. Hands-on: Part 1-Noisy simulation using Qiskit Aer
Qiskit Aer is a classical simulator for quantum computing. It can simulate not only ideal execution but also noisy execution of quantum circuits. This notebook demonstrates how to run noisy simulation using Qiskit Aer.

6. Hands-on: Part 2. Error Mitigation using Qiskit Primitives
In this part, we demonstrate how to obtain error mitigated results (expectation values) using Qiskit Estimator. We consider 6-qubit Trotterized circuits for simulating the time evolution of one dimensional Ising model and see how the error scales with respect to the number of time steps.

7. Formalism of quantum errors
We can describe the quantum error as a quantum channel which is a linear map of a quantum state to another quantum state. You will learn the standard quantum error channels and Pauli channel.


8. Theory of quantum channel
Quantum channel is mathematically a CPTP map: CP stands for completely positive, TP stands for trance preserving. And any quantum channel (CPTP map) has a Kraus representation.

9. Pauli Transfer Matrix
PTM (Pauli Transfer Matrix) is another unique representation of a quantum channel. Using PTM, you can understand that Pauli-twirling  efficiently removes the off-diagonal elements.

  
