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E ?15 4+ ’ “$ NEWS . 23 OCTOBER 2019
== = lL Hello quantum world! Google publishes
landmark quantum supremacy claim

The company says that its quantu mcomputeristhe first to perform a calculation that would be
practic lIy impossible for a classical machine.
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https://www.nature.com/articles/d41586-019-03213-z
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Focus beyond Quadratic Speedups for Error-Corrected Quantum Advantage

(TR Ryan Babbush®,” Jarrod R. McClean,” Michael Newman, Craig Gidney, Sergio Boixo®, and
A Hartmut Neven
N2-38— Google Quantum Al Venice, California 90291, USA

® (Received 10 November 2020; published 29 March 2021)

\ In this perspective we discuss conditions under which it would be possible for a modest fault-tolerant
quantum computer to realize a runtime advantage by executing a quantum algorithm with only a small

n? polynomial speedup over the best classical alternative. The challenge 1s that the computation must finish

L within a reasonable amount of time while being difficult enough that the small quantum scaling advantage

ET7IVTIXLA —== would compensate for the large constant factor overheads associated with error correction. We compute

[Jettery, Kothari, LG, Magniez 16] several examples of such runtimes using state-of-the-art surface code constructions under a variety of

nio> — assumptions. We conclude that quadratic speedups will not enable quantum advantage on early generations

of such fault-tolerant devices unless there is a significant improvement in how we realize quantum error

correction. While this conclusion persists even if we were to increase the rate of logical gates in the surface

code by more than an order of magnitude, we also repeat this analysis for speedups by other polynomial
n - | degrees and find that quartic speedups look significantly more practical. \
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O(n?%> (log(1/¢€))°) [Jiang et al. 20]
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O(n (1/¢)'8) [Brandao and Svore 16]

O(n (1/€)8) [van Aperdoon et al. 17]

O(/n (1/¢)12)  [Brandao et al. 18]
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[Gilyen, Su, Low, Wiebe 2020]

Gilyen, Su, Low, Wiebe. Quantum singular value transformation and beyond: exponential improvements
for quantum matrix arithmetics. 2019 (EFFERBEEIRZEEA UTZimN)
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E It : Guided Local Hamiltonian Problem
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E It : Guided Local Hamiltonian Problem
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O € (0,1] : overlap parameter
GLH(g,0) “Guided local Hamiltonian problem” 4 €€ (0,1] : precision parameter

input: (1) local Hamiltonian H acting on n qubits such that ||H|| < 1

(2) an n-qubit quantum state |u)

output: an estimate A such that [ A- A | < €

promise: |u) has overlap at least & with the ground state of H

Ay: ground energy (i.e., smallest eigenvaluq) of H
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4 n: number of qubits | & e (0,1] : overlap between |u) and the ground state
G H L : %I:l % (H: 2" x 2" matrix) € € (0,1] : precision parameter

BER #1: | BBE COREIILE—OHEEFENRI>E1—5(CE> THMTHS |

IETEIREIR: e = 1/poly(n) &3 =1 (CXULT. GLH(g,®) (& BQP-RHEETH D
[Gharibian and LG 2022] \
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Hayakawa, LG, Morimae and
Weggemans 2023]
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SeRBTtECHRTEM .

The ACM Symposium on Principles of Distributed Computing is an international forum

:lﬁb % / J \. H %E*E%? : \/ to j_ - 9 (Q:E-I_% iéf)\}? (%? t“ \\J I\ﬁéﬂ 7- d: &“ ) b\‘ BE on the theory, design, analysis, implementation and application of distributed systems

\)D *& /N = ? ~ to g % j:ﬁ %’n:.—.t 3 - t (‘ and networks. We solicit papers in all areas of distributed computing. Papers from all
*mﬂb %Eg — G)E —_— / j— 2ZilJL 9 5 — viewpoints, including theory, practice, and experimentation, are welcome. The goal of
'?IE% O) = ;-I— % \/X the conference is to improve understanding of the principles underlying distributed
computing. Topics of interest include, but are not limited to, the following:
[LG, Rosmanis, Nishimura 2020] puting. Top g
« distributed resource management and scheduling
ﬁ ﬂ& H = -|— j: y F ﬁ *& E’J 154—'—1"95 % *]J &) EE —~1= « fault-tolerance, reliability, self-organization, and self-stabilization
S FETED ESESENL =21V CHENT . ore |

« game-theoretic approaches to distributed computing

/ « high-performance, cluster, cloud and grid computing

ATHIREE (=B EVETE) =& X3 « internet applications

« languages, verification, and formal methods for distributed systems

« lower bounds and impossibility results for distributed computing

[|Zum|, LG, Magnlez 2022] [LG et al 2022] « mobile computing and autonomous agents

» multiprocessor and multi-core architectures and algorithms

R ISE RS \\(dd UC. DEEEFITEDOZIATNIVENLTEDEE] o meens

e|Jquantum and optics based distributed algorithms

o ) = | e X e replication and consistenc
2w NDJ—o0 MROS—0stER E e Y

« security and cryptography in distributed computing

« specifications and semantics

» system-on-chip and network-on-chip architectures

[Fraigniaud, LG, Nishimura, Paz 2021] [LG et al. 2025]
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