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T. Kadowaki and H. Nishimori,

Phys. Rev. E, 58, 5355 (1998).
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M. W. Johnson et al. Nature Vol. 473, 194 (2011)
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S. Kirkpatrick, C. D. Gelatt, and M. P. Vecchi, Science, 220, 671 (1983).
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Y. Nakamura, Y. A. Pashkin, and J. S. Tsai, Nature 398, 786 (1999).
M. Hosoya, W Hioe, J. Casas R. Kamlkawal Y. Harada Y. Wada H Nakane,
R. Suda, and E. Goto, IEEE Trans. on Appl. Supercond. 1,77 (1991).
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opt — § : (2 R A E : [ O; — 0 —1 M. W. Johnson et al. Nature Vol. 473,194 (2011)

i,7=1 i—1 T. Lanting et al. Phys. Rev. XVol. 4,021041 (2014)
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M. W. Johnson et al. Nature Vol. 473, 194 (2011)
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K. L. Pudenz et al. Nature Communications, 5, 3243 (2014)
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K. L. Pudenz et al. Nature Communications, 5, 3243 (2014)
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B RCO Study Night [D-Wave#*#]1YF<. EF3 https://www.rco.recruit.co.jp/career/engineer/blog/46/
»E2—R2ERTORR] zRELELE IS0 2510 RPEBHEAD Y > IHBD ET

2016/05/16 stakaya

Quantum Enhanced Optimization
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K. Kurihara, S. Tanaka, and S. Miyashita, UAI2009 (2009)
http://www.shutanaka. com/papers files/ShuTanaka DEXSMI_10.pdf

|. Sato, K. Kurihara, S. Tanaka, H. Nakagawa, and S. Miyashita, UAI2009 (2009)
https //Www. slldeshare net/issei_sato/quantum-annealing-fof
https://www.slideshare.net/issei sato/ss-12125104

l. Sato, S. Tanaka, K. Kurihara, S. Miyashita, and H. Nakagawa, Neurocomputing 121, 523 (2013)
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NIPS 2009 Demonstration: Binary Classification using TEoenm i e T
Hardware Implementation of Quantum Annealing “i’ T . . “i’ 7. .
f. ] ® o * ;0 ’8. . ® e ‘ .t
Hartmut Neven Vasil S. Denchev & mes e «d $ meoe o, °
Google Purdue University
neven(@google.com vdenchev(@purdue.edu B C
Marshall Drew-Brook Jiayong Zhang *t VP P . "1 Tl .
D-Wave Systems Inc. Google ¢ ‘ - ée ‘ -
marshalll@dwavesys.com Jiayongl@google.com ';' - o® g ';' - o* s
William G. Macready Geordie Rose S o e : 4 R : ¢
D-Wave Systems Inc. D-Wave Systems Inc. e o "
wgm@dwavesys.com roselddwavesys.com T=10 T=20 T=640
December 7, 2009

in the hardware to realize a quantum annealing algorithm for addressing ISING. Unlike previous

studies of quantum annealing [KTMO09, SKT"09] in machine learning, the process is not simulated
in software but embodied 1n physical quantum dynamics.

https://static.googleusercontent.com/media/www.google.com/ja//googleblogs/pdfs/nips_demoreport_120709_research.pdf
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RESEARCH ARTICLE

Deploying a quantum annealing processor to
detect tree cover in aerial imagery of
California

Edward Boyda'2*, Saikat Basu®, Sangram Ganguly**, Andrew Michaelis*?,
Supratik Mukhopadhyay®, Ramakrishna R. Nemani®

1 Department of Physics and Astronomy, Saint Mary's College of California, Moraga. CA, United States of
America, 2 Bay Area Environmental Research Institute, Moffett Field, CA, United States of America,

3 Department of Computer Science, Louisiana Stata University, Baton Rougse, LA, United States of America,
4 Earth Science Division, NASA Ames Research Center, Moffett Field, CA, United States of America,

5 University Corporation at CSU Monterey Bay, Seaside, CA, United States of America, 6 NASA Advanced
Supercemputing Division, NASA Ames Hesearch Center, Moffeit Field, CA, United States of America

* ekb2@stmarys-ca.edu
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Flg 7. Classification of tree cover by boosted linear-plus-quadratic stumps, from the 508-qubilt
problem. Left: A region of broken iree cover outside the town of Blocksburg, CA. Middle: Saint Mary's College
of California. Right: The city of Mill Valley. CA.

doi:10.1371/ournzl.pore.0172505.9007

E. Boyda et al., PLoS ONE 12(2): e0172505.
https://doi.org/10.1371/journal.pone.0172505
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Nonnegative/binary matrix factorization with a
D-Wave quantum annealer -

Daniel O’Malley!, Velimir V. Vesselinov!, Boian S. Alexandrov?, L”
and Ludmil B. Alexandrov®

1Computational Earth Science (EES-16), Los Alamos National Laboratory
*Physics and Chemistry of Materials (T-1), Los Alamos National Laboratory -
*Theoretical Biology and Biophysics (T-6), Los Alamos National Laboratory

Abstract

D-Wave quantum annealers represent a novel computational architec-
ture and have attracted significant interest [1, 2, 3], but have been used for
few real-world computations. Machine learning has been identified as an

area where quantum annealing may be useful [4, 5, 6]. Here, we show that Figure 1: F‘a.ce.ima.gfa reconstruction _using features learned by NBMF. The five-
the D-Wave 2X can be effectively used as part of an unsupervised machine by-seven.matnx of images on the I‘lgf.lt.ShOViVS the feat\ures that were learn.ed.
learning method. This method can be used to analyze large datasets. The The two images on the left s.how.the Orlg’nal 1mage (to.p; and the reconstruction
D-Wave only limits the number of features that can be extracted from the (bOt'tO{n)- The reconstruction is obtained by summing the features that are
dataset. We apply this method to learn the features from a set of facial boxed in green. Note that although scme of the [eatures a,pp?a.r Lo be all black,
images. they actually contain facial features are small in magnitude (black corresponds

to 0, white corresponds to 1).

Daniel O'Malley et al., arXiv:1704.01605
https://arxiv.org/abs/1704.01605
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Thanks to all our presenters and attendees at

last week's D-Wave "Qubits Europe" Users

Conference! Many of our presenters agreed

to let us post their presentations publicly, so

you can see them at dwavesys.com/qubits-

europe-.... #quantumcomputing im Computing needs you to:
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https://twitter.com/dwavesys/status/9862981527004 77446

https://www.dwavesys.com/qubits-europe-2018

https://quantum.fixstars.com/introduction_to_gquantum_computer/qubits-europe-2018/
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