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Quantum Systems

Computing quantum systems is hard!
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What can we do?



Digital Quantum Simulation (DQS)

Solution (Feynman 1981):
New type of computer based on principles of QM!

Provides an exponential speedup for solving
the time-dependent Schrodinger equation (Lloyd 1996)

But (surprisingly!) also to other problems:
e Shor’s Algorithm (1994) -> Factorization
e Grover’s Algorithm (1996) -> Unstructured search
* Harrow—Hassidim—-Lloyd algorithm (2008) -> Linear Egs.
* Quantum Singular Value Transformation (2018)

How does a quantum computer work?

Nature isn't classical, dammit, and if
you want to make a simulation of
nature, you'd better make it
quantum mechanical, and by golly
it's a wonderful problem, because it
doesn't look so easy.

— Richard P ?a/nman. —



Crash Course Quantum Information Processing

* Qubit: |g) .— (é) 1) = ((1)) THE IMPORTANT THING

e Several qublts: C0|0,0,. .. ,0,0) —|—Cl|0,0,. . .,O,l) +C2|0,0,.. .,1,0> co e

* Computations: unitarv trancfnrmatjnnc [Aiantiim oatec

)
) — [ = Up|pp) — ") = Us|y) . ..

* Required: Universal gate set, e.g. single qubit rotations + CNOT
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DQS: Solving the time-dependent Schrodinger eq.
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Quantum circuit

* Step 1: Map the Hamiltonian
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Great! Problem solved, right? F. Tacchino, PhD thesis (2019)
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NISQ era

Quantum Computing in the NISQ era and beyond

John Preskill

Institute for Quantum Information and Matter and Walter Burke Institute for Theoretical Physics,
California Institute of Technology, Pasadena CA 91125, USA
30 July 2018

Modern Quantum Computers are: Noisy Intermediate-Scale Quantum (NISQ) devices
Limited qubit count (record as of now: ~ 1000 qubits) ”"length”
Noise limits “depth” of quantum circuits (~ 100 gates/qubit until total decoherence)

Limited connectivity (some platforms)

What can we do? -> Error Correction!
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