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Aaronson® 7 Q4

The Blog of Scott Aaronson
If you take just one piece of information from this b/g.
Quantum computers would not solve hard search problems
instaptaneously by simply trying all the' possible solutions at once.

My Y Combinator podcast QUANTUM

June 29th, 2018 COMPUTING SINCE
DEMOCRITUS

Here it is, recorded last week at Y Combinator’s office in

San Francisco. For regular readers of this blog, there will
be a few things that are new—research projects I've been
working on this year—and many things that are old.
Hope you enjoy it! Thanks so much to Craig Cannon of Y
Combinator for inviting me.

Associated with the podcast, Hacker News will be doing
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Quantum many-body system

. (resource state)
Classical computer

(only XOR gate)

Classical XOR + graph state = quantum universal

XOR gate
XOR+GHZ=classical universal [Anders and Browne, PRL2009]
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Aaronson and Arkhipov, STOC 2011
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Schaffner®QIP2018+—O XS A K
https://qutech.nl/wp-content/uploads/2018/01/QI1P18 ChristianSchaffner.pdf

Broadbent, Quantum cryptography beyond QKD
https://link.springer.com/article/10.1007/s10623-015-0157-4
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Quantum computing could head to ‘the

cloud’, study says

By Jason Palmer
Science and technology reporter, BBC News

Simple laboratory-based quantum computers may yet find a way to the desktop

A novel high-speed, high-security computing technology will be
compatible with the "cloud computing™ approach popular on the
web, a study suggests.

Quantum computing will use the inherent uncertainties in quantum
physics to carry out fast, complex computations

A report in Science shows the trick can extend to "cloud” services such
as Google Docs without loss of security

Related Stories

Quantum computing
takes big leap

Quantum computer
slips onto chips

Limits of quantum
world stretched
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a Client i Quantumserver C §
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U0 ¥ j= = Bob channel
Quantum :
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m Bob
G QUtCOME
Classical

channel

TM and Fujii, Nature Communications 2012
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TM and Koshiba, arXiv:1407.1636

kRS 1=[Aaronson et al., arXiv:1704.08482]
—BIEREEpoly, 12T YrDH A XIEFNTEHLLY,
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B{EE DRNE1L [Giovanetti, Maccone, TM, and Rudolph, PRL 2013]
TR >7ILA Y 2K [TM and Fujii, PRL 2013]
7 v 7 BXEH A [Sueki, Koshiba, and TM, PRA(R) 2013]

TR ZH[TM, PRL 2012]
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Reichardt, Unger, Vazirani,
Nature 2013

McKague Theory of Computing
2016
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Experiment: Jian-Wei Pan,
PRL2017
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2. FH_27%5MA with BQP MerlinlZ A % [TM, Takeuchi, Nishimura, 2017]

YES: there exists z such that |p_z-gq_z|>a
NO: for any z, |p_z-gq_z|<b
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lEFEY bED Fitzsimons and Kashefi, PRA 2017
TM, Phys. Rev. A (R) 2014
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QUANTUM COMPUTATION

Honesty test

Alice does not have a quantum computer so she delegates a computation to Bob, who does own one. But how can
Alice check whether the computation that Bob performs for her is correct? An experiment with photonic qubits
demonstrates such a verification protocol.

Tomoyuki Morimae

ccess to first-generation quantum

computers will most probably come
/ N & o bvice bécuas only few
organizations, such as governments or
big companies, will own such expensive
and high-maintenance machines. How
can client’ privacy be protected in cloud
quantum computing? How can dlients test
the correctness of the results output by the
quantum server even though they do not
have s quantum computer of their own?
Writing in Nature Physics, Stefanie Barz and
colleagues' answer these questions with a
photonic qubit experiment.

When you shop online, you do not
want to reveal to a third party your private
information, such as what you bought, your
credit card number, your home address
and so on. Alternatively, imagine that a
pharmaceutical company uses a time-
sharing service of a super-computer to run
their molecular dynamics simulations. The
pharmaceutical company wants to make
sure that the data and the program —
which are top secret in the industry —
cannot ho road by athors. Tn shart. socnring

i
g
3

EER:
CZ CZ 4 frolas = G5 - Barz et al. Nature Phys. 2013
A d TM, Nature Phys. N&V 2013
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Post hoc & EIF

Fitzsimons, Hajdusek, and TM, PRL 2018

1 0%

ETHBEDELESHERNICT v 7 TED |

STEANREREEZ DBECE D |
SEFEEZDHDIC|IEHA ==~y KA |



V)

ETRIEZNREICY YT
U
1 U, Ua

0> -
0> —
SL_EI

0>
0>
U t=3 t=4
t=2 3

t=0 t=1

U UsU,Ub|0°) @ [4)
+U;U,UL10°) @ |3)

5)
_|_U2U1|0 ) & |2) history state & B (AN T WL 5
—|—U1|05) X |1) [Feynmann and Kitaev]
+(0%) @ |0)



0) = UUU,U1|0°) @ |4) /H():(I

History state (X & EEIRRE |

0% (0%) @ |0)(0]

+U;U,U4 |0%) @ |3)

UL, |0%) @ |2) Ho|¥) =0

+U1|0°) @ |1 DHREOELSEF = v
0%) © 1) 5 5

+]0°) ® |0)

- N
H =T |11 +1®|2)(2]—U,®|2)(1] - Ul ®[1)(2

prop

P?"U'P

|lII> — (0 7osr—vavoFzvs
%

H = H, + Z o



H = HO + Hp?‘{}p

T—1
Ho = 0")(0"| @ [t = 0)(t =0  Hpop = > HLp,,
t=0

H%:FEﬁZZ:’I‘/ —
N9 %D I(ZlogT
EfEYy bnE

EEEICK Y BRI 2EDOXZNI IV RZTICTES |
H = E ((},’X?;X?;Jrl + BZ?ZZ?Z+1 + ")/Xi + 6Z3)
0

DEY, 2EKXZNI NPT VOEEIRREIZ, EFETEEZEI O —-FLTWS |

(B - TR EFEHE)



Post hoc & EIL

Fitzsimons, Hajdusek, and TM, PRL 2018
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Rational proof system

Y—N—|IIETIIHL, BEOMBZZEzHmZRKILT S LHICITEIT
[Azar and Micali, STOC 2012]
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$ (b) BPP verifier

BQP server
<$>b — bpacc (1 _ b)(l _ pacc)
If T & [, then p_acc>2/3

If T % L then p_acc<1/3

WG A AR T D ICIE. T—/N—FIEEL Wb Z XD HENDH D!
S>HLY—N=BERY G n, EADELSEBICRILSIND !

TM and Nishimura, arXiv:1804.08868



Assume L is in BQP. Then there exists poly-time quantum circuits W such that

Pace = <0n‘mr‘0ﬂ>

We assume that W consists of only Hadamard and Toffoli

0...0,+

From W, we construct a non-deterministic algorithm such that
A /2h,

A: number of accepting paths
R: number of rejecting paths
h: number of Hadamard gates in W 0..0,+ 0..0-

0" [W]07) =

Toffoli

Probabilistically simulate the non-deterministic machine dA = 7, 4qrR = =7

(07| W]0m) = A\/;_f — VT (ga - qn)
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Server

Simulate NDTM of GapP function probabilistically

Extra factors are renormalized into the reward.

To maximize the profit, the server has to send the correct b!

TM and Nishimura, arXiv:1804.08868
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BPP verifier

Server

BQP=BPP 7 W MRV . Z ALIdaEE (F4u7a Ly

($)s =) p(b,w)$(b, w)

If |S(b,w)]|<poly, the BPP verifier can estimate <S>_b by herself
—>BQP is in BPP!




Open problem

Server

Can we make |S|<const?

One possible approarch: consider multiple rounds
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