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10. Quantum Circuit Optimization (Transpilation)

1. Opening
You will see how this Lecture fits into the overall Course and know what you will learn in this Lecture.
2. What is quantum compiler and why important?
Quantum compilers are needed to make a quantum program compute on a quantum computer. You will learn what they are for and what they do, with specific examples. You will also learn about the part of the compilation task called Transpilation.
3. Circuit synthesis
Circuit synthesis (Gate decomposition) is the task of decomposing a high-level gate to the Basis gates of the target processor. You will learn how circuits are decomposed with concrete examples and also learn what is being studied in circuit synthesis research.
4. Circuit optimization
Circuit optimization simplifies circuits. It looks for patterns, simplifies them, and even simplifies single-qubit gates. You will learn these specific methods and theories.
5. Circuit mapping
Circuit mapping is the task for satisfying constraints on the qubit connectivity. After learning about the coupling constraints of a quantum processor, you will learn the two subtasks of circuit mapping: qubit layout and qubit routing.
6. Circuit scheduling
Circuit scheduling is a task of determining the start time of each instruction in a circuit. Therefore, you will learn the relationship between circuit scheduling and gate commutation. You will also learn the differences in circuit mapping/scheduling by HW types, the objective function of circuit optimization, and the flow of transpiling.
7. Hands-on Part 1: Running GHZ circuits with different optimization levels
For a 5-qubit GHZ circuit, you will try transpilation at different optimization levels.  You will also try two different synthesis circuits.
8. Hands-on Part 2: Qiskit Transpiler
You will take a closer look at the six stages of the Qiskit Transpiler.
9. Emerging techniques in circuit synthesis and optimization
Before closing this lecture, you will learn two random examples of emerging techniques in circuit synthesis and optimization: measurement-base circuit synthesis and AI-based circuit optimization.

