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12. Invitation to Utility Scale Experiment I

1. Opening
This lecture first explains the Utility paper, and provides the assignment of a utility-scale experiment based on the Utility paper.
We start with an overview of the experiments in the paper, that is, what circuits they build for what hamiltonian. 

2. What made the experiment possible
We discuss what made such a large-scale experiment possible.  You will see it is tremendous progress of all the fronts: hardware, software, and theory!

3. Error Mitigation and Experimental Results
We explain ZNE (Zero Noise Extrapolation) with PEA (Probabilistic Error Amplification), and show the results of running the circuit with 127 qubits x 15 entangling layers on a real device. 

4. More Experimental Results
We present the results of running larger circuits which are beyond exact verification, pointing out different classical methods end up with different results.  We also summarize the characteristics of the circuit of the utility-scale experiment.  

5. Hands-on: Assignment, Helper Functions
This hands-on session introduces the first assignment based on the Utility paper. Concretely, you are asked to fill in six code snippets and run a utility-scale experiment on an IBM device (without error mitigation).
We first give an overview of the Utility paper and then define the helper functions for the experiment. 

6. Hands-on: Time evolution of a 2D Ising Model
We show the core routine to construct a circuit for the time evolution of a 2D Ising model.  Using that, we first solve the 27-qubit version of the problem, executing it with the simulator and on a fake device.  We then solve the 127-version of the problem, running it on a real IBM device!

