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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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TM and Koshiba, arXiv:1407.1636
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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
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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
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Post hoc & EIL

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

Server is not malicious, but rational (economically motivated)  [Azar and Micali, STOC 2012]

-
f 1 & [, thenb=1

BQP server

($)6 = bpace + (1 — b)(1 — Pacc)

If T & L then p_acc>2/3

If T % L then p_acc<1/3

To maximize the profit, the server has to send the correct b!
- If the server is rational, classical verifier can guarantee the correctness of the result!

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)




Generalization to other classes

/ BQP

AWPP
SBQP
QMA

QCMA

_ C=P

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



Reward must be exponentially large

)
|§)
.

BPP verifier

Server

§ = O(V2h)

Unfortunately, it is unavoidable unless BQP=BPP

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