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Promising applications of quantum computing

▪ Original idea by Feynman – use quantum effects to evaluate quantum effects

▪ Design catalysts, exotic materials, …

Quantum Chemistry/Physics

▪ Big hype – destructive impact – single-shot (but big) business case

▪ Not trivial (requires arithmetic) but possible

Breaking encryption & bitcoin

Your connection is not private

▪ Quadratic speedup can be very powerful!

▪ Requires much more detailed resource analysis → systems problem

Accelerating heuristical solvers

▪ Feynman may argue: “quantum advantage” assumes that circuits cannot be simulated 

classically → they represent very complex functions that could be of use in ML?

Quantum machine learning
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Basing on complex quantum algorithms
Most quantum programs recombine known algorithmic building blocks!
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▪ Model the computation in Hilbert spaces

▪ Algorithmic ideas – develop basic tools

▪ Design a specific algorithm

▪ In terms of building blocks

qFFT, amplitude amplification, arithmetic, etc.

▪ Design a specific program

▪ As abstract quantum circuit

▪ Implement and optimize the program

▪ Break into basic gates (from a default gate set)

▪ Map to a machine

▪ Error correction

▪ Qubit mapping
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Designing an algorithm today?
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How are quantum programs specified?

Classical High Level (e.g., Python)

Classical Low Level (e.g., inline assembly) Quantum Addition

Quantum High Level
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