Complexity Theory

Lecture 12: Quantum Complexity
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A word about the exam

Quantum Complexity Theory
Part [1/111



What s quantum computing

The big 1dea:
Computers that rely on the

Powerful, but umntuitive,

Primcfp(es 075 quantum mechanics




Quantum computing is... nothing less than a distinctively new
way of harnessing nature... 1+ will be the first technology that
allows useful tasks to be performed n collaboration between

parallel umverses.

—Fabric of reality

David Deutsch




“IF you teach an infroductory course on quantum mechanics, and the students don't have
nightmares for weeks, tear their hair out, wander around with bloodshot eyes, etc., then you
probably didu t get the point across.”
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A crash courge on quomjmw\ compytiv 4
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Quantum algorithms

Quantum Turing machines ...are not very nice fo work with...

[ustead, we typically work with quantum circuits.
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We apply quantum gates (unitary maps) to qubits.

Measure at the end to get classical bits.



Quantum complexity cloagses

B3RP = "quantum p

QMA = "GuanTum NP

QM A

BQP




3QP

The seT of all problems Solvable by a
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~actoring.
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Grover s search

Given a string x € (0.1} output i € [n] such that x; =1

[oo ooooooolo\ooo

Classical complexity? Q(n) Quantum complexity Q(\/E)

Quantuim Fourier Transform

Given (fi.fon ... fy) € CY output the DFT (fisS2o oo )
Classical complexity? O(NlogN)  Quanfum complexity O(log N)
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Ask Me Anything



Thank you!



