Quantum Algorithms




Google scientists say they’ve achieved ‘quantum
supremacy breakthrough over classical computers
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For the first time, a machine that runs on the mind-boggling physics of quantum mechanics has
reportedly solved a problem that would stump the world’s top supercomputers — a

breakthrough known as “quantum supremacy.”



« Advances in quantum hardware

52 qubits circuit of depth ~20, with
gate fidelity ~ .99

« Theoretical justification that experiment
(plausibly) achieves quantum supremacy



Quantum Supremacy = experimental violation
of the Extended Church-Turing Thesis

Any “reasonable” model of computation can be simulated on a
(probabilistic) Turing Machine with at most polynomial simulation
overhead.
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Quantum Supremacy = experimental violation
of the Extended Church-Turing Thesis

Any “reasonable” model of computation can be simulated on a

(probabilistic) Turing Machine with at most polynomial simulation
overhead.

. Theoretical violation of ECT
- showed quantum computers:
 Programmable
= « Digital (wrt 1/poly(n) errors)
« Superpolynomial speedup
= on a challenge problem

-Bernstein,V 93

Exponential speedup for factoring [Shor 94]
Digital wrt constant error rate — quantum fault tolerance
[Aharonov, Ben-Or][Knill Laflamme][Gottesman, Preskill]

Quantum circuit models --- classically controlled quantum
system
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Exponentially Large Hilbert Space
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Exponentially Large Hilbert Space
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Quantum entanglement
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Limited Access - Measurement

input

output
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= Measurement:  See [x> with probability |a.,|?
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Quantum supremacy = experimental violation of
Extended Church-Turing thesis

Shor’s quantum factoring algorithm as the
basis for quantum supremacy:

Create a challenge problem: choose large primes P, Q
Multiply to get N = PQ

Ask quantum computer to factor N

“Proving a quantum system s computational power by having it
factor integers is a bit like proving a dolphin’s intelligence by
teaching it to solve arithmetic problems”

[Aaronson & Arkhipov ‘11]
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Quantum Fourier Transform
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