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Abstract

Day1: August 3 (Mon)

10:00–10:30 Hidetoshi Nishimori (Tokyo Tech)

“Quantum Annealing: A Biased Perspective”

10:30–11:30 Mohammad Amin (D-Wave)

“Quantum Annealing beyond Optimization”

In this talk, I will start with a brief introduction of quantum annealing (QA) and the D-Wave
implementation of QA processors. Providing a summary of some recent studies, I will show that many
of the obtained results can be understood in terms of control error in the Hamiltonian parameters
and considering quasistatic nature of the open QA evolution. I will then argue that searching for
the optimal solution may not be the best use of quantum annealing. By relaxing this demand
and accepting other (suboptimal) solutions, one may observe much better performance compared to
classical solvers. I will provide some experimental results obtained from D-Wave QA processors to
support this statement.

13:00–14:00 Yoshiro Takahashi (Kyoto U)

“Prospects towards Quantum Annealing Experiments using Ultracold Atoms in an Optical Lattice”

A system of ultracold atoms in an optical lattice has attracted much attention because of its high-
controllability of system parameters. In addition, it is a clean system with small decoherence, and a
powerful detection method with single-site resolution and single-atom sensitivity is developed. These
properties are suitable for a large-scale quantum information processing. In this talk, I will discuss
our recently started project towards possible quantum annealing experiments of implementing a
transverse-Ising model using a magnetic dipole-dipole interaction of ytterbium quantum gases in an
optical lattice. This scheme is reminiscent of an old NMR experiment of adiabatic demagnetization
in a rotating frame, but can be performed with new cold atom technologies. The possibilities and
limitations of our scheme will be discussed in detail, along with the on-going experiments in our lab.

14:00–14:30 Makoto Negoro (Osaka U)

“Quantum Annealing with Hyperpolarized Nuclear Spins in Solids”

Nuclear spins in solids are coupled with dipolar interactions. In typical solid insulators, the
dipolar interaction energy (in the unit of frequency) is less than 100 kHz, and therefore, nuclear
magnetic ordering is not emerged without decreasing temperatures to microkelvin level. Using
dynamic nuclear polarization (DNP) and quantum annealing, nuclear magnetic ordering can be
realized at higher temperatures. Recently, we have attained the nuclear spin polarization of 34% in
a crystal of p-terphenyl at room temperature with DNP using photoexcited triplet electrons. Here,
we discuss nuclear magnetic ordering realized with quantum annealing in the hyperpolarized crystal.

2



15:00–16:00 Rolando Somma (LANL)

“Quantum Methods for Fast Quantum Annealing”

Quantum annealing is a heuristic for solving optimization problems by preparing the lowest-energy
eigenstate of a problem Hamiltonian. In this talk, I will first describe different quantum-computing
methods to prepare such ground states that provide better bounds than those given by the so-called
quantum adiabatic theorem. I will then combine these methods with a technique named “spectral
gap amplification”, and prove a quadratic quantum speedup in solving certain problem instances
with quantum annealing. Last, I will present a simple oracular problem for which quantum annealing
provides an exponential quantum speedup. In this case, and in contrast with the typical scenario, our
schedule is efficient even though the minimum energy gap of the Hamiltonians is exponentially small
in the problem size. Generalizations based on initial-state randomization, to avoid some slowdowns
in quantum annealing due to small gaps, will also be discussed.

16:00–16:30 Yuya Seki (Tokyo Tech)

“A Method to Control Order of Quantum Phase Transitions of Generalized Ising Models”

We investigated how to avoid the first-order quantum phase transition that negatively affects
the efficiency of quantum annealing (QA). Quantum annealing is a quantum algorithm to solve
combinatorial optimization problems. A central issue of combinatorial optimization problems is to
find algorithms that solve the problems efficiently. Quantum annealing is a potential candidate of
such algorithms. The reason is that QA often outperforms simulated annealing, which is an effective
and practical algorithm coming from statistical physics. Quantum annealing usually takes advantage
of quantum uctuations induced by the transverse field. However, the conventional QA has a difficulty.
It has been shown that quantum annealing needs exponentially long time to reach the optimal
solution in the presence of first-order quantum phase transition. Thus, it is important to establish
guiding principles for avoiding the first-order phase transition. By introducing the antiferromagnetic
quantum effect, we succeed to avoid the first-order phase transitions in ferromagnetic p-spin model
and the Hopfield model [Y. Seki and H. Nishimori, PRE, 85, 051112 (2012), arXiv:1410.0450]. Using
a similar strategy, we find a new type of quantum phase transition nature in the Wajnasz-Pick
model.
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Day2: August 4 (Tue)

10:00–11:00 Sergio Boixo (Google)

“Tunneling in Quantum Annealing”

We show that multiqubit tunneling plays a computational role in a currently available, albeit
noisy, programmable quantum annealer (D-Wave). We devise a computational primitive with 16
qubits where quantum evolutions enable tunneling to the global minimum while the corresponding
classical paths are trapped in a false minimum. Furthermore, we experimentally demonstrate that
quantum tunneling can outperform thermal hopping along classical paths for problems with up to
200 qubits containing the computational primitive. We introduce a new mean-field approach to
quantum trajectories which can incorporate incoherent tunneling in addition to thermal activation.
We develop a non-perturbative theory of open quantum dynamics under realistic noise characteristics
predicting the rate of many-body dissipative quantum tunneling. Our results indicate that many-
body quantum phenomena could be used for finding better solutions to hard optimization problems.

11:00–11:30 Shu Tanaka (Waseda U)

“Quantum Annealing for Machine Learning”

We study the efficiency of quantum annealing for clustering [1,2,3]. Quantum annealing is a
promising method to obtain the best solution of optimization problems represented by the Ising
spin systems or their generalizations. In machine learning, the difficulty to solve the optimization
problems is often confronted. For example, clustering can be regarded as an example of optimization
problems. Clustering is to divide much data into a small number of categories depending on inherent
meaning, which is a key technology in machine learning. We use large-scaled data in the real world
and perform simulation of quantum annealing by using the quantum Monte Carlo methods. The
obtained results suggest that the efficiency of quantum annealing is better than that of simulated
annealing. This work was done in collaboration with Dr. Issei Sato (The Univ. of Tokyo), Dr.
Kenichi Kurihara (Google), Prof. Seiji Miyashita (The Univ. of Tokyo), and Prof. Hiroshi Nakagawa
(The Univ. of Tokyo).

References:
[1] K. Kurihara, S. Tanaka, and S. Miyashita, Proceedings of the 25th Conference on Uncertainty

in Artificial Intelligence (UAI2009).
[2] I. Sato, K. Kurihara, S. Tanaka, H. Nakagawa, and S. Miyashita, Proceedings of the 25th

Conference on Uncertainty in Artificial Intelligence (UAI2009).
[3] I. Sato, S. Tanaka, K. Kurihara, S. Miyashita, and H. Nakagawa, Neurocomputing 121, 523

(2013).

13:00–14:00 Helmut G. Katzgraber (Texas A&M, Santa Fe Inst, Coventry U)

“Seeking Quantum Speedup Through Spin Glasses: The Good, the Bad, and the Ugly”

There has been considerable progress in the design and construction of quantum annealing de-
vices. However, a conclusive detection of quantum speedup remains elusive. Based on insights from
the study of spin glasses, in this talk I present ideas on how to construct tunable hard benchmark
problems that work around the intrinsic noise and technical constraints of current quantum optimiza-
tion machines. Our results show that a careful design of the hardware architecture and benchmark
problems is key when building quantum annealers.

Work done in collaboration with F. Hamze (D-Wave Systems Inc), H. Munoz-Bauza (Texas A&M
University), A. Ochoa (Texas A&M University), S. Schnabel (Leipzig University), Z. Zhu (Texas
A&M University).
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14:00–14:30 Masayuki Ohzeki (Kyoto U)

“Contrastive Divergence by Accelerated Langevin Dynamics”

In machine learning, in order to estimate the parameter of a generative model, the most fun-
damental approach is the maximum likelihood estimation. However the computational cost for
maximum likelihood estimation is harmful to compute the partition function or expectation values
in equilibrium. The alternative technique is the contrastive divergence to quickly reach the equilib-
rium state while avoiding the computation of the partition function. In order to develop the method
of the contrastive divergence, we implement a novel technique to accelerate the convergence to the
desired distribution inspired by nonequilibrium dynamics [1][2] in the framework of the contrastive
divergence. We confirm its relevance in the contrastive divergence in the simple model. In addition,
we refer the possibility of the quantum annealing for utilization of the contrastive divergence in the
machine learning.

Reference:
[1] “Langevin dynamics neglecting detailed balance condition” Masayuki Ohzeki and Akihisa

Ichiki: Phys. Rev. E 92, 012105
[2] “Violation of detailed balance accelerates relaxation” Akihisa Ichiki and Masayuki Ohzeki:

Phys. Rev. E 88, 020101(R) (2013)

15:00–16:00 K. Y. Michael Wong (HKUST)

“Distributed Optimization in Transportation and Logistics Networks”

Many important problems in communication networks, transportation networks, and logistics
networks are solved by the minimization of cost functions. In general, these can be complex opti-
mization problems involving many variables. However, physicists noted that in a network, a node
variable (such as the amount of resources of the nodes) is connected to a set of link variables (such as
the flow connecting the node), and similarly each link variable is connected to a number of (usually
two) node variables. This enables one to break the problem into local components, often arriving
at distributive algorithms to solve the problems. Compared with centralized algorithms, distributed
algorithms have the advantages of lower computational complexity, and lower communication over-
head. Since they have a faster response to local changes of the environment, they are especially
useful for networks with evolving conditions. This review will cover message-passing algorithms in
applications such as resource allocation, transportation networks, facility location, traffic routing,
and stability of power grids.

16:00–16:30 Ryo Tamura (NIMS)

“A Generalized Potts Model with Invisible States – toward Applications to Information Science –”

To control nature of the phase transition is an important topic in various scenes. For example,
emergent physical properties of functional materials are strongly related to their phase transition.
Furthermore, the existence of the phase transition is a bottleneck for the efficiency of quantum
annealing. In our study, in order to investigate the control of the phase transition nature from
a viewpoint of entropy effect, we constructed a basic model called generalized Potts model with
invisible states. The invisible states are introduced as the entropy effect. In the model, interactions
between invisible states and colored states do not exist. By Monte Carlo simulations and mean-field
calculations, we studied the nature of phase transition of the model. We found that the order of
the phase transition is changed depending on the number of invisible states [1] and the amplitude of
interactions between invisible states [2]. Such control method of the phase transition nature would
have potential applications in information science.

References:
[1] R. Tamura, S. Tanaka, and N. Kawashima, Prog. Theor. Phys. 124, 381 (2010).
[2] S. Tanaka and R. Tamura, in preparations.
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16:30–17:00 Tomoyuki Obuchi (Tokyo Tech)

“Dimensionality Reduction Based on an Overcomplete Basis”

We discuss dimensionality reduction based on the use of an overcomplete basis, and evaluate
its performance when a random matrix is used as this basis. A small combination of basis vectors
is chosen from a given overcomplete basis, according to a given reduction rate, such that they
compactly describe the target data with as small a reconstruction error as possible. As a selection
method, we propose the L0- and L1-based methods, which employ the exhaustive search and L1-
norm regularization technique, respectively. The performance is assessed in terms of the trade-off
relation between the reconstruction error and the reduction rate. The trade-off relation is evaluated
analytically by using tools of statistical mechanics. An interesting outcome of our analysis is that
any small value of error is achievable for any fixed reduction rate in the large-size limit of the
overcomplete basis, for both the L0- and L1-based methods. The difference between the two methods
is manifested in the size of the overcomplete basis that is required in order to achieve the target value
of the reconstruction error. As the target value decreases, the required size grows in a polynomial and
an exponential manners for the L0- and L1-based methods, respectively. We also examine practical
performances of several well-known algorithms. An interesting finding is that orthogonal matching
pursuit achieves a much better performance than the exact execution of the L1-based method in the
present context. In this talk, those results will be presented with some implications to related topics
such as compressed sensing.
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Day3: August 5 (Wed)

10:00–11:00 Walter Vinci (USC)

“Quantum Annealing Correction with Minor Embedding and Nesting”

I will present new error correcting methods developed to improve the performance of a quantum
annealer when minor embedding techniques are used to overcome hardware limitations. First, I will
introduce an error correction scheme for which the encoded graph is a 2-level grid and the Ising
model is known to be NP-hard. This approach enables the D-Wave Two processor installed at
USC to solve minor-embedded hard instances using up 120 encoded qubits with significantly higher
success probability than it would without error correction [1]. Second, I will consider a family of
‘nested’ codes designed to cope with an increasingly large amount of noise. We have confirmed this
goal experimentally on a D-Wave Two device.

Joint work with Tameem Albash, Gerardo Paz-Silva, Itay Hen, Daniel A. Lidar.
[1] arXiv: 1507.02658

11:00–11:30 Shunji Matsuura (YITP)

“Phases of Ising Model with Penalty Terms”

Quantum annealing correction (QAC) is a method to suppress and correct errors in quantum
annealing. It has been shown in D-wave experiments that the success rate significantly increases
in the presence of QAC. In this talk I will explain how QAC avoid errors in random systems as
well as clean systems in an analytic manner. I will also explain how it changes as we increase the
temperature from zero to a finite value.

This is based on a work with Hidetoshi Nishimori, Tameem Albash, and Daniel Lidar.

13:00–14:00 Antonello Scardicchio (ICTP)

“Many-Body Localization and Quantum Annealers”

I will present some of the recent developments in the theory of disordered quantum systems
(mostly linked to many-body localization) for the analysis of the performance of quantum annealers
running on classical systems which have a glassy classical phase.

14:30–15:30 Sei Suzuki (Saitama Medical U)

“Quantum Annealing of a Disordered Ising Chain”

The nature of the D-Wave quantum annealer has not been clarified yet. The reason behind
this equivocal situation can be attributed to the complexity of the problem studied. To clarify
the nature of quantum annealer, it should be necessary to apply it to more basic problems. As
an example of basic problems, we consider a one-dimensional disordered Ising model. Although
this model has a trivial ground state, the quantum annealing dynamics toward it is non-trivial. In
fact, this problem is a hard problem if quantum annealing is applied to it. The advantage of this
model is that the real-time evolution of quantum annealing can be computed for hundreds of spins
using the conventional computer. Therefore the D-Wave quantum annealer can be compared to the
ideal quantum annealing if it is applied to this one-dimensional model. In the present talk, I will
show results of the ideal quantum annealing applied to the one-dimensional disordered Ising model
with more than hundred spins, focusing particular attention on the success probability. Then I will
propose a test of the D-Wave quantum annealer using this model.
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