VI. CONCLUSION
In conclusion, we implement the quantum approximate
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optimization
algorithm with up to p = 2 levels. Using a
superconducting quantum processor with state-of-the-art
performance, we successfully optimize four instances of
the exact-cover problem. For the nontrivial instance (problem A), we use p = 2 and black-box optimization to reach
a success probability of 96.6% (up from 50% with p =
1), in good agreement with a prediction from our gate
fidelities. Even if many more qubits are needed to solve
problems that are intractable for classical computers, algorithmic performance serves as a critical quantum-processor
benchmark since performance can be much lower than
what individual gate fidelities predict. Although further
experiments with larger devices are needed to explore
whether the QAOA can have an advantage over classical
algorithms, our results show that the QAOA can be used to
solve the exact-cover problem.
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FIG. 6. (a) Cryogenic setup and electrical circuit of the quantum processor. All lines are attenuated and filtered to minimize
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Problem description
The goal of the project is to model and optimize a two-qubit gate, i.e., a logical operation involving
two qubits. At Chalmers, such gates are034010-6
implemented using a rapid modulation of a tunable coupler
connecting the two qubits. Successful optimization of the gate requires an accurate model of the
device, reflecting an understanding of the important parameters in the problem. It also requires an
efficient and fast method for searching the parameter space. Developing these things in the project
will lay the foundation for scaling up the quantum computer to many more qubits in the future.
Workflow
The project begins with a theoretical study of the superconducting qubits and the two-qubit gate
design. You will then implement, using the Python package QuTiP, a numerical model of the gate
with experimental parameters as input and run simulations to optimize the gate fidelity.
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