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The promise ofquantum compuers s that certain compucational txsks might be
exccutad cxponcntally foster on o quantam processor than ona clessical processor. A
fusdamental challeage is to build a high-Bdelity processorcapable of running quantum
algorithmsin an exponentia ly large computational space. Here wereport the use ofa
processor with programmable superconducting qubits™ ” to crzatequantum states on
334ubses, Lornrespunding o scompulativibtstespeoe o dimension 2°* (sbout 10%).
Meastrementsfrom repeated experimerts scmple the resalting prbability
distribution, which we verify using classical simulations. Our Sycamoreprocessor takes
about 200 seconds to sample onz instance of a quantum circui: a million tines—our
berchmarks currently indicate that te equivalent tas< fora state-cr-th2-ari classica
supercomputer would take spproximate y 10,000 years. This cramaticinerzasein
speed compared toall known classical algorithmsis ar experimental realizationof
quantum supremacy” " for this specific omputationd task, heralding amuch-
an:icipated conputing paradigm.

hitheearly198)s, Rehand Feynmin proposad that a quantum computer
would bean efective wol with which tosolve preblems in physics
and chemistry, given that itis exponentially costly to simulate large
cuanium systemswithcassical computers, Realizing Feynman's vision
poses substantial xperimestal ind theorstical challenges First can
aquantumsysiem be ergineered to perform acomputaion ina brge
cnough computational (Hilbert space and with alow enough error
rate tnproavide a quanium speedup? Secornd . cznwe formulate a prob-
k:m that is hard fora clissical compuier but ey for a quantum com-
puter? Bycomputing such s benchrmar k task on vursuperconduccing
cublt prozessor, w2 tackle both questions. Ouwr experiment achieves
cuantumsupemay, amilestore or thepath to full-scale quantum
computing®

In reaching this miestone, we skow Uxat quantum speedup is achev-
ableina real world system and is not preciuided by oy hidden shyzicol
laws. Quantum supsemacy also heralds theera of natsy latermediate:
scale quanium INISQ) technclogies™, The benchmark task wedemon-
strate has an immeciate application ingeneratisg certifiable random
nambers (S. Aaronson, mancscript in pregaration);other initial uses
tor this new computaticnal capability may includeoptimizztion™",
machine learning™ ®. materials seience and chemidry™ . However
realizing the fullpromise of quantum conpuiing (using Shor's algorithm
fur factorige, for example) sull reguiies techncal kaps wo aglmeer
fault-toderant legical qubits™ ™,

To chieve quantum supremicy, we made a number of techni-
<ol advances whichalse pave the way tomardscrror correction We
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NISQ-era

Noisy Intermediate- Scale Quantum. Here “intermediate scale” refers to the size of
quantum computers which will be available in the next few years, with a number of qubits

ranging from 50 to a few hundred. 50 qubits is a significant milestone, because that’s
beyond what can be simulated by brute force using the most powerful existing digital

supercomputers. “Noisy” emphasizes that we’ll have imperfect control over those qubits; the
noise will place serious limitations on what quantum devices can achieve in the near term.

Quantum Computing in the NISQ era and beyond

John Preskill

Institute for Quantum Information and Matter and Walter Burke Institute for Theoretical Physics,
California Institute of Technology, Pasadena CA 91125, USA
30 July 2018
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Control Sequence for
Quantum Supremacy

® Simultaneous gates all qubits
® (General purpose algorithm
® Cycle with 1- and2-qubit gates ,
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Probability
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Validation Algorithm for Quantum Supremacy

e Checks general-purpose circuit

e Randomly chosen gates: qubit speckle
o Sensitive to single qubit errors

o Complex & difficult to simulate
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Validation Algorithm for Quantum Supremacy

e Checks general-purpose circuit
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e System validation
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Quantum Supremacy Data
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Quantum Supremacy Data
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Computational Cost
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Sycamore Processor: 53 qubits
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Superconducting qubits
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Sycamore architecture

(early prototypes)
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Qubit couplers
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Control (54 qubit + 88 couplers)
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