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Fig 7. Classification of tree cover by boosted linear-plus-quadratic stumps, from the 508-qubit
problem. Left: A region of broken tree cover outside the town of Blocksburg, CA. Middle: Saint Mary’s College
of California. Right: The city of Mill Valley, CA.

d0i:10.1371/journal.pone.0172505.9007

E. Boyda et al., PLoS ONE 12(2): €0172505.
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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

Nonnegative/binary matrix factorization with a
D-Wave quantum annealer

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

1Computationa,l Earth Science (EES-16), Los Alamos National Laboratory
?Physics and Chemistry of Materials (T-1), Los Alamos National Laboratory
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area where quantum annealing may be useful [4, 5, 6]. Here, we show that Figure 1: Face.imag.e reconstruction .using features learned by NBMF. The five-
the D-Wave 2X can be effectively used as part of an unsupervised machine by-seven.matrlx of images on the l‘lg}.lt-ShOViVS the features that were learnfed.
learning method. This method can be used to analyze large datasets. The The two images on the left s.how.the orlglnal image (tqp) and the reconstruction
D-Wave only limits the number of features that can be extracted from the (bottor.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. Not_e tha.t although some of thfa featurgs appear to 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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We provide Ising formulations for many NP-complete and NP-hard problems, including
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