Quantum Complexity Theory
BQP and QMA complexity classes

Tom Gur
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Example: quantum algorithim for parity
Goal: Given f: {0,1} = {0,1}, compute f(0) P f(1)

where [ (s represented by U mapping |x) — (— 1)/ x)
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After Hadamard: —2|0> +—2| 1)=|+)
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After quer : ((=1Y010) + (= 1Y 1)) S0
uery: —— ((— — =
R

7 (10) + (-=1YD7O| 1))

[£ £(0) = f(1) ,we get | + ), and after Hadamard |0)
[£ £(0) # f(1) ,we get | — ), and after Hadamard | 1)



LQuantum complexity clagses

s P = "quanfum p'
QMA = "quam‘um NP




3QP

The seT of all problems Solvable by a
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BQP Soundness amplification

Claim 1 (Chernoff bound). Let Ay, ..., A, be independent identically distributed random

variables taking values in {0,1}. Then,
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Let Ay, ..., A be the outputs of tnvocations of a quantum circurt C(x).

1 [
Lef A =— ZAi be the average output,
1 30

The amplified quantum algorithm C’ vules by majority.

Oun a T-tustance, E[A] > 2/3, and the Chernoff bound gives

Pr[|A — 2/3 > 1/6] < 2e~"WO72 = exp(—1)

The analysis for O-tnstances s symmetric.
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Grover s search

Given a string x € (0.1} output i € [n] such that x; =1
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Classical complexity? Q(n) Quantum complexity Q(\/E)

Quantuim Fourier Transform

Given (fi, fo ... ) € CV ) output the DFT (f1sSas - f)

Classical complexity? O(NlogN)  Quanfum complexity O(log N)



SMA (Quwﬁam NP)
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Quote of the day

[ think | can safely say that wobody understands quantum mechanics
— Richard Feynman

[F you think quantum mechanics 15 weird,
you should fry quantum comPLexi{'y Hmeory

— Scott Aarounson



