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Depth-4 circuit
Terhal and DiVincenzo, QIC 2004

Boson Sampling
Aaronson and Arkhipov, STOC 2011

Commuting gates(IQP)
Bremner, Jozsa, and Shepherd, Proc. Roy. Soc. A 2010

One-clean qubit model
TM, Fujii, and Fitzsimons, PRL 2014

HC1Q model
TM, Nishimura, and Takeuchi, Quantum 2018

Random gates
Fefferman et al. Nature Phys. 2018
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BEDETFIHE One clean qubit model

[Knill and Laflamme, PRL 1998]
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Exponential time hypothesis
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SETH-like conjecture
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Orthogonal vectors

Ganjectu re: \

Given d-dim vectors, U1, ...y Uy, U1y ..., Uy € {0, 1}d

with d=clog(n).

For any 6>0 there is a ¢>0 such that deciding gap#0 or gap=0 cannot be done in
Qon—deterministic time n*{2 — &}. /

gap — ‘{(?’?]) ‘ U - Uy = 0}‘ _ ‘{(?’?]) ‘ ity = 1ty 7& O}‘

/Result: \

Assume that Conjecture is true. Then, for any 6>0 there is a ¢>0 such
that there exists an N-qubit quantum computing that cannot be
classically sampled within multiplicative error <1 in time (2—6)(N—4)
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Conjecture:

Given the set S C {—n?’_{_n — n3+n} of size n, deciding

gap#0 or =0 cannot be done in non-deterministic n*{2-6} time for any n,6>0.

\ %
gap = |{(a,b,c) | a+b+c=0}| —[{(a,b,c) | a+b+c# 0}

ﬁesult: \

Assume the conjecture is true. Then, for any n,6>0, there exists an N-qubit

guantum computing that cannot be classically sampled within a multiplicative
(2—68)(N—15)

errore<lintime ) 3(3+n)
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Bravyi-Gosset 77 /L 3 1) X L

Clifford circuit ]

7 I Stabilizer
o"ufo™) = (0"V([0™) @ [T)*)
X

= ) ¢ {0"V(|0™) @ |¢;)*")
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/ZAtH%L:F'aﬁ’C“EEﬂ*‘/ I L — hAJBE (Brute force) N
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Quantum circuit optimization: £ F R Z @ b L T, fEICL7/zL ]
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