
D-Wave Users Group Agenda 
Sept 25 - Sept 28

D-Wave Qubits North America Users Conference 2019
Newport Harbor Hotel, Newport, RI

Conference schedule:

Monday Sept 23  6:00 pm - 8:00 pm    Welcome Reception and Poster Session

Tuesday Sept 24     8:00 am - 5:00 pm    Qubits Conference

                   5:30 pm - 9:00 pm                     New England Clambake, Ft. Adams

Wednesday Sept 25                      8:00 am - 6:00 pm      Qubits Conference

Register at https://qubitsna2019.eventzilla.net

Pre-conference seminar:

Monday, Sept 23   1:00 pm - 4:00 pm
This seminar is intended for people who are relatively new to quantum computing and D-Wave. It includes a 
discussion of the state of quantum computing, an overview of D-Wave’s technology and quantum cloud, and an 
introduction to quantum programming concepts and software development tools. A guest speaker from GE Re-
search will discuss some of their application work.  

Newport Harbor Hotel
49 America’s Cup Ave
Newport, RI, 02840

TIME SESSION

Welcome: Monday Sept 23

Late afternoon Guests arrive at Newport Harbor Hotel

6:00 - 8:00 pm Registration, Reception, and Poster Session

https://qubitsna2019.eventzilla.net


TIME SESSION

Tuesday Sept 24

07:30 Registration and Breakfast

WELCOME TO QUBITS

8:00 Welcome to Qubits René Copeland, Vern Brownell, D-Wave

8:15 D-Wave Company Update Vern Brownell, D-Wave

APPLICATIONS 1: INDUSTRY APPLICATIONS                                                      

8:45 Framework for Implementing Quantum Applications in Financial Institutions Vish Ramakrishnan, CogniFrame

9:15 Supply Chain/Asset Sustainment: Investigating Strategies for Performance 
Improvement Annarita Giani, Aussie Schnore, GE Research

9:45 Leveraging Quantum Annealing for Large MIMO Processing in Cluster-Based 
Radio Access Networks Kyle Jamieson, Princeton University

10:15 Break

10:30 Benchmarking Portfolio Optimization with Quantum Annealing. Erica Grant, ORNL / U Tenn

APPLICATIONS 2: SCIENCE AND HEALTHCARE                                              

11:00 Computing Protein-Ligand Binding Free Energy using Quantum Annealing Vaibhaw Kumar, Booz Allen Hamilton

11:30 Delivering Value with Quantum Computing: Kidney Exchange Network Shreyas Ramesh, Accenture

12:00 A Peptide Designed using the Rosetta Software Suite and the D-Wave 2000Q Vikram Mulligan, Menten AI

12:30 Lunch

1:30 Particle Track Pattern Recognition via Content Addressable Memory and 
Adiabatic Quantum Optimization Gregory Quiroz, Johns Hopkins University

SITE REPORTS

2:00 Los Alamos National Laboratory (LANL) Scott Pakin, LANL

2:20 NASA Shon Grabbe, NASA

2:40 Oak Ridge National Laboratory (ORNL) Travis Humble, ORNL

3:00 Break

D-WAVE DIRECTIONS

3:15 Next Generation Systems Mark Johnson, D-Wave

3:45 Performance Comparison: 2000Q and Lower-Noise 2000Q Catherine McGeoch, D-Wave

4:00 Quantum and Classical Dynamics of a Simulated Quantum Magnet Andrew King, D-Wave

QUANTUM AS A BUSINESS     

4:30 Creating New Business Opportunities with Quantum Computing and AI Eihiro Saishu, Groovenauts

5:00 Day 1 Wrapup   

5:15 - 5:30 Buses depart for Ft. Adams clambake promptly at 5:30



TIME SESSION

Wednesday Sept 25

07:30 Breakfast

D-WAVE DIRECTIONS

8:00 Ocean Update Alex Condello, D-Wave 

ANNEALING FEATURES, NEW ALGORITHMS, METHODS   PART 1                                                                                

8:30 No Chain Embedding on Quantum Annealer and its Perspective Masamichi Miyama, Sigma-i; Ami Koshikawa, 
Tohoku University

9:15 Minimizing Polynomial Functions on a D-Wave Quantum 
Computer: An Overview Sridhar Tayur, Carnegie Mellon University

9:45 Preprocessing a QUBO for Quantum Annealing -- Persistency 
Analysis and the Roof Dual Georg Hahn, Harvard/LANL

10:15 Break

10:30 Reinforcement Quantum Annealing Ramin Ayanzadeh, UMBC

APPLICATIONS 3: INDUSTRY APPLICATIONS                                                      

11:00 Quantum Annealing for Computational Optimization across 
Scales Fengqi You, Cornell University

APPLICATIONS 4: SCIENCE AND MATERIALS SIMULATION         

11:30 Designing Metamaterials with the D-Wave 2000Q Quantum 
Annealer Koki Kitai, The University of Tokyo

12:00 Simulations of the Ising Model on a Shastry-Sutherland Lattice 
by Quantum Annealing Paul Kairys, ORNL

12:30 Lunch

1:30 Reconstructing Proton-Proton Collision Positions at the Large 
Hadron Collider with D-Wave Souvik Das, Purdue University

ANNEALING FEATURES, NEW ALGORITHMS, METHODS   PART 2                                                                               

2:00 C Code In, D-Wave QMI Out Scott Pakin, LANL

2:30 Forward-Reverse Error Mitigation Procedure for Quantum 
Annealers Mark Novotny, Mississippi State University

3:00 Break

MACHINE LEARNING                                                           

3:15 Restricted Boltzmann Machine Image Generation Using the 
D-Wave Jennifer Sleeman, UMBC

3:45 “Dynamic Optimization” Practical Business Framework for 
Business Profit Yuichiro Minato, MDR

4:15 Novel Machine Learning Algorithms for Quantum Annealing 
with Applications in High Energy Physics Alexander Zlokapa, Caltech

QUANTUM AS A BUSINESS     

4:45 Quantum Entrepreneurship at the Creative Destruction Lab 
(CDL) Khalid Kurji, CDL 

5:15 The Entanglement Institute Jason Turner, The Entanglement Institute

5:45 Conference Wrapup René Copeland, Vern Brownell, D-Wave



Title: Framework for Implementing Quantum Applications in Financial Institutions
Speaker: Vish Ramakrishnan, CogniFrame
Quantum applications and technology promise to optimize outcomes for intractable problems in financial institutions. A 
collaborative framework that includes all the stakeholders is key to identifying problems that are solvable at scale and offer the 
most commercial impact value. Proper benchmarking and proof-of-concepts offer a path forward towards commercialization.

Title: Supply Chain/Asset Sustainment: Investigating Strategies for Performance Improvement 
Speaker: Annarita Giani, Aussie Schnore, GE Research 
This talk will cover the work of GE researchers, using the backward approach to build large problems together with the hybrid 
approach as applied to supply chain and asset sustainment applications. 

Title: Leveraging Quantum Annealing for Large MIMO Processing in Cluster-Based Radio Access Networks
Speaker: Kyle Jamieson, Princeton University
User demand for increasing amounts of wireless capacity continues to outpace supply, and so to meet this demand, significant 
progress has been made in new MIMO wireless physical layer techniques. Higher-performance systems now remain 
impractical largely only because their algorithms are extremely computationally demanding. For optimal performance, an 
amount of computation that increases at an exponential rate both with the number of users and with the data rate of each user 
is often required. The base station’s computational capacity is thus becoming one of the key limiting factors on wireless 
capacity. QuAMax is the first large MIMO cloud-based radio access network design to address this issue by leveraging 
quantum annealing on the problem. We have implemented QuAMax on the 2,031 qubit D-Wave 2000Q quantum annealer, the 
state-of-the-art in the field. Our experimental results evaluate that implementation on real and synthetic MIMO channel traces, 
showing that 30 \muμs of compute time on the 2000Q can enable 48 user, 48 AP antenna BPSK communication at 20 dB SNR 
with a bit error rate of 10^{-6}10 −6 and a 1,500 byte frame error rate of 10^{-4}10. 

Title: Benchmarking Portfolio Optimization with Quantum Annealing
Speaker: Erica Grant, ORNL / U Tenn
Portfolio selection is a constrained optimization problem that identifies the set of financial assets that maximizes returns while 
simultaneously staying within budget and minimizing risk. This problem is challenging to solve for a variety of conventional 
methods, including stochastic optimization, quadratic programming, and heuristic methods. Within Markowitz portfolio theory, 
which associates risk with asset correlation, we cast this program as quadratic unconstrained binary optimization with a 
frustrated stoquastic form. We benchmark the probability of success for portfolio optimization with adiabatic quantum 
optimization using the 2000Q quantum annealer from D-Wave Systems. We obtain the ground truth using a brute force solver, 
and we measure probability of success by restricting acceptable results to only the lowest energy states. We then compare 
solutions over a broad range of problem instances modeled after highly volatile market data. We observe a weakly sub-
exponential decay in the empirical probability of success for portfolios with up to 20 assets, from which we extrapolate the 
number of samples required for solving even larger instances. We observe that solutions found with quantum annealing have a 
small optimality gap with high probability, and  this solution behavior is insensitive to the parameterized risk of multi-objective  
optimization. Moreover, we explore the effect of more sophisticated programming techniques, including variable annealing 
duration, embedding techniques, spin-reversal transformations, and reverse annealing, to improve minimize the observed 
optimality gap. 

Title: Computing Protein-Ligand Binding Free Energy using Quantum Annealing
Speaker: Vaibhaw Kumar, Booz Allen Hamilton
We propose a novel, quantum annealing (QA) based approach for calculating protein-ligand binding free energies. Obtaining 
accurate estimates of free energies is crucial across many fields, including drug design, materials research, and machine 
learning. Free energy computation is considered NP-hard due to the hardness of Boltzmann sampling often used in these 
calculations. Accuracy in free energy estimates relies heavily on the quality of Boltzmann samples obtained. QA based 
samplers, which have been shown to exploit quantum effects, are expected to outperform classical samplers in certain 
situations.1 In this work, we introduce a methodology to carry out free energy calculations on QA hardware. We describe how a 
well-known free energy computation technique, Thermodynamic Integration, can be used along with a QA based sampler to 
carry out free energy calculations of model systems. To examine the feasibility of such calculations, we first study exactly 
solvable 1D and 2D lattice models and compare QA hardware results against exact values that can be obtained analytically for 
these models. Next, we describe how our methodology can be extended to carry out protein-ligand binding free energy 
calculations. Such computations are extremely relevant in the pharmaceutical sector for rapid drug discovery and design. 
Additionally, we present an extension of the lattice-protein encoding scheme to account for the ligand that enables us to carry 
out such calculations on the protein- ligand system.

 
Selected Abstracts



Title: Delivering Value with Quantum Computing: Kidney Exchange Network
Speaker: Shreyas Ramesh, Accenture
Since 2016, Accenture has been working on delivering value through quantum computing. In this talk, the speaker will discuss 
Accenture’s quantum computing program and sample applications in financial services portfolio optimization and risk analysis, 
and supply chain optimization. He will also present their work on reformulating a cycle matching problem to optimize the kidney 
exchange network:

Over 74,000 people are currently on the national waiting list for a kidney transplant. As the population of end-stage renal failure 
patients continues to expand, the percentage of successful recipients per year (currently around 10%) will continue to shrink. 
One promising method of alleviating this problem is known as the live donor exchange system. In this method, even when live 
donors and their intended recipients are not compatible, matchings can be made that ensure a much higher percentage of 
recipients find a kidney. The method can be reduced to a cycle matching problem, which is known to NP hard and intractable on 
classical computers.  This demo shows how cycle matching can be reformulated as a quantum problem and solved in order to 
create an optimal kidney exchange network. In order to find the optimal solution to the underlying cycle-matching problem, we 
first change it to a QUBO (quantum unconstrained binary optimization) problem. Once in this format, we utilized 1QBit’s SDK to 
send prepared inputs to the D-Wave 2000Q annealer which rapidly plots the objective QUBO function, calculates many local 
minima simultaneously and returns the lowest energy state. Finally, we use the returned state to build the optimal exchange 
network as a directed graph.

Peptide Designed using the Rosetta Software Suite and the D-Wave 2000Q
Speaker: Vikram Mulligan, Menten AI
The design of peptides and proteins involves astronomically large combinatorial problems, both when considering the possible 
sequences, and when exploring the possible conformations.  For over fifteen years, the Rosetta software suite has been one of 
the leading software packages for protein design and structure prediction.  Rosetta combines a finely-tuned, high-accuracy 
energy function with stochastic sampling strategies that work fairly well to find reasonable solutions to these difficult 
combinatorial problems, though these stochastic methods are not guaranteed to converge to globally optimal solutions.  Since 
these methods scale poorly, there is a limit to the size of problem that can be tackled.  To address this, we have recently worked 
to map the Rosetta design algorithm to the D-Wave 2000Q quantum annealer.  We demonstrate that our method produces 
meaningful peptide designs without simplifying the design problem or sacrificing the accuracy of the Rosetta energy function.  
Through large-scale conformational sampling simulations on classical supercomputers, we confirm that we are producing 
designs that are predicted to fold into the designed structures.  We are now in the process of synthesizing these molecules and 
confirming their structures experimentally.  By mapping Rosetta design to the quantum annealer, we have created an algorithm 
that can be applied to the design of molecules in a drug-like size range today, and which will scale to larger design problems 
than can be handled classically in the near future, as the D-Wave system continues to grow in size.

Title: Particle Track Pattern Recognition via Content Addressable Memory and Adiabatic Quantum Optimization
Speaker: Gregory Quiroz, Johns Hopkins University 
Track recognition and reconstruction is an incredibly challenging and computationally intensive problem in many high energy 
physics experiments.  Track reconstruction is the act of transforming these detector signals, which frequently are a pattern of 
spatial coordinates, into valid particle trajectories called tracks. The complexity of this task increases in experiments with high 
luminosity, many simultaneous tracks, and with detectors with large amounts of noise, inefficiencies, or high spatial resolution. 
Pattern matching algorithms can be used to clean data of stochastic noise before another track reconstruction method is used 
and are simple enough to be implemented in hardware as a triggering system during data collection. These algorithms quickly 
compare a pattern of signals to a large library of simulated patterns that correspond to desired particle tracks. The time to search 
the pattern library is decreased by organizing the simulated patterns into a tree structure of increasing detector resolution. 
However, the effectiveness and speed of pattern matching algorithms are still sensitive to the amount of random detector 
noise, the number of simultaneous tracks, and the spatial resolution of the detector.  As these attributes increase, we require 
better algorithms to perform pattern recognition. Here, we employ content-addressable memory (CAM) recall and adiabatic 
quantum optimization (AQO) as a mode for improving the pattern matching algorithm for particle track pattern recognition in 
high energy physics detection systems. CAM represents an associative memory structure in which key-value data is recalled 
based on its value as opposed to its key. Incorporating AQO, CAM recall is cast as a problem of finding the energetic minimum 
of an Ising model constructed from a database of known key-value pairs. The track recognition problem is cast as a CAM recall 
problem and  the performance of AQO via the D-Wave Systems, Inc. 2000Q quantum processing unit (QPU) is characterized. 

Title: Creating New Business Opportunities with Quantum Computing and AI
Speaker: Eihiro Saishu, Groovenauts
It is now possible for businesses to use AI to make accurate predictions. However, even if one can clearly predict future 
demand, there are still countless choices to make regarding how to use that information. At Groovenauts, we have developed a 
world-first service in MAGELLAN BLOCKS that combines AI-based predictions with optimizations run on a quantum computer. 
In this session, we will introduce real examples to explain how we are leveraging quantum computing for business.
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Title: Minimizing Polynomial Functions on a D-Wave Quantum Computer: An Overview 
Speaker: Sridhar Tayur, Carnegie Mellon University 
In this talk, I will provide an expository overview to non-specialists of advances on three fronts:
(1) Solving non-linear integer programs (using Graver Basis as test-set) using a novel hybrid quantum-classical approach, and 
present exciting numerical results on D-wave (Chimera) that outclass best-in-class commercial classical software;
(2) Compiling on Ising Hardware (Chimera, Pegasus) using novel methods from Algebraic Geometry (Grobner Basis of Toric 
Ideals); and
(3) Analyzing quantum speedups -- using Morse homology, Cerf theory and Differental Geometry (Gauss-Bonnett theorem) – by 
reframing it in the language of birth and death of anti-crossings and algebraic topology.
Joint work with Raouf Dridi and Hedayat Alghassi, post-doctoral researchers at Quantum Computing Group.

Title: Preprocessing a QUBO for Quantum Annealing -- Persistency Analysis and the Roof Dual
Speaker: Georg Hahn, Harvard/LANL
This talk will introduce some methods for preprocessing a quadratic unconstrained binary optimization (QUBO) problem for 
quantum annealing, pioneered by the works of Boros & Hammer. The methods aim to compute a guaranteed lower bound on the 
minimal energy of a QUBO in polynomial time, which can be used as a proxy for the optimal solution. Persistency analysis allows 
us to compute a partial solution of a QUBO which is valid either for any global minimum (strong persistencies) or at least one 
minimum (weak persistencies), and which can be used to decrease the size of a problem prior to annealing.

Title: Reinforcement Quantum Annealing
Speaker: Ramin Ayanzadeh, UMBC
Quantum annealing is a meta-heuristic which has demonstrated a remarkable potential for tackling a vast variety of problems that 
are intractable for classical computing. From a problem- solving point of view, quantum annealing cannot guarantee to achieve the 
global optimum. In addition, current physical realizations of the quantum annealing (more precisely the D-Wave quantum 
annealer) need to bypass several technological barriers that lower the quality of results. As an illustration, normalizing/scaling 
coefficients of the Ising Hamiltonian can substantially reduce the energy gap between the ground and first excited states which 
reduces the probability of finding the global minimum exponentially. In this study, we introduce the idea of Reinforcement 
Quantum Annealing (RQA) in which, an intelligent agent tries to modify the Ising Hamiltonian through increasing the accumulative 
reward. As a proof of concept, we employed the RQA scheme for solving hard SAT instances with the D-Wave quantum 
annealer. Our empirical results reveal that for certain instances, RQA outperforms the quantum annealing even with several 
enhancements like the application of post-processing, spin-reversal- transforms, and enabling the delay between reads to reduce 
the inter-sample correlation.

Title: Quantum Annealing for Computational Optimization across Scale
Speaker: Fengqi You, Cornell University
Quantum computing is attracting growing interest due to its unique capabilities and disruptive potential. This presentation focuses 
on quantum annealing’s potential applications to a number of computational optimization problems from the molecular scale to 
supply chain scale. We will introduce a number of new models and methods that exploit the strengths of quantum annealing 
techniques to address the computational challenges of classically intractable problems. Applications include molecular 
conformation and protein folding, job-shop scheduling, vehicle routing, and manufacturing systems design, supply chain 
optimization.

Title: Designing Metamaterials with D-Wave 2000Q Quantum Annealer
Speaker: Koki Kitai, The University of Tokyo
Automated materials design with machine learning is increasingly common in recent years. We discuss how quantum annealing 
can be incorporated into automated materials discovery and conduct a proof-of-principle study on designing complex 
thermofunctional metamaterials with D-Wave 2000Q. 

Selected Abstracts



Title: Simulations of the Ising Model on a Shastry-Sutherland Lattice by Quantum Annealing
Speaker: Paul Kairys, ORNL
The Ising Hamiltonian offers a versatile model for studying the microscopic behavior of several material systems. Here we study 
an Ising Hamiltonian on a geometrically-frustrated Shastry-Sutherland lattice which has been used to explain the magnetic 
properties in the rare-earth tetraborides. Variants of this model can produce a complex phase diagram with emergent fractional 
magnetization plateaus. We present a novel embedding of the Shastry-Sutherland lattice into the Chimera layout of the D-Wave 
2000Q processor. We then use a combination of forward and reverse annealing to compute the phase diagram and probe the 
fractional magnetization plateaus found in the classical limit of zero transverse field. Empirical results enable us to calculate the 
static structure factor in the different phases and critical regimes which opens opportunities for direct comparisons to reciprocal-
space experimental techniques. Using quantum Monte-Carlo calculations to validate our results, this work indicates that quantum 
annealing provides a versatile method of material simulation that can accelerate scientific discovery.

Title: Reconstructing Proton-Proton Collision Positions at the Large Hadron Collider with D-Wave
Speaker: Souvik Das, Purdue University
The Large Hadron Collider (LHC) circulates counter-rotating beams of protons in closely packed bunches that cross at designated 
interaction points. Particle physics apparatuses at these interaction points detect particles created at each proton-proton (p-p) 
collision and are used to reconstruct physics at the TeV energy scale. Reconstructing the positions of each p-p collision from the 
detected tracks of charged particles is thus of primary and paramount importance. We use D-Wave 2000Q to perform this 
reconstruction on artificial events where the positions of p-p collisions and tracks are drawn from measured LHC distributions. 
We demonstrate the procedure on events up to 5 p-p collisions, and establish scaling with complexity. We identify three 
obstacles to reaching current LHC event complexities and outline research directions we are embarking on to overcome each.

Title: C Code In, D-Wave QMI Out
Speaker: Scott Pakin, LANL
We present a compilation framework called “C to D-Wave” that enables programmers to write programs in a stylized subset of 
the C programming language and compile these to a minimization problem in the form of a D-Wave quantum machine instruction.  
The solution to the minimization problem corresponds to the output of the C program.  An important property of our framework 
is that, unlike conventional program execution, “C to D-Wave” programs executed on a D-Wave can run not only from inputs to 
outputs but also from outputs to inputs, which facilitates the heuristic solution of challenging computational problems.
 

Title: Forward-Reverse Error Mitigation Procedure for Quantum Annealers
Speaker: Mark Novotny, Mississippi State University
The idea of “forward-reverse error mitigation” (FREM) was formulated during an open forum session at the Qubits North 
American 2018 meeting. We hence explored FREM sampling as a novel way to try to improve ground-state sampling statistics on 
quantum annealers with no cost in ancilla qubits. FREM starts by partitioning any problem Hamiltonian such that H = HF + HR, 
and proceeds by forward annealing HF while reverse annealing HR. For the stategy to make sense in the adiabatic limit, HR must 
be initialized in a valid ground-state for the reverse anneal, but a priori this is the only restriction on valid partitions. To study the 
efficacy of FREM, we developed a Python simulation toolbox that mimics the annealing processes of a D-Wave 2000Q by using 
actual annealing schedule data to evolve the transverse-field Ising Hamiltonian. With this program, we investigated and report on 
many properties of FREM: (1) Can FREM outperform forward/reverse annealing by returning the ground-state more often? (2) 
Under what circumstances and for what classes of H does FREM do better? (3) Are there “goldilocks” partitions or annealing 
lengths? (4) Does FREM have additional uses beyond error-mitigation? Because our investigation consisted primarily of numeric 
simulations, we resist the urge to make definitive conclusions — but our data does suggest that FREM has the potential to 
mitigate errors of near-term quantum annealers.
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Title: Novel Machine Learning Algorithms for Quantum Annealing with Applications in High Energy Physics
Speaker: Alexander Zlokapa, Caltech
 We present applications on the D-Wave 2X quantum annealer for two problems in high energy physics: Higgs boson 
classification and charged particle tracking. In Higgs boson classification, an extension is proposed to the quantum annealing for 
machine learning (QAML) algorithm, where multiple annealings are used to iteratively zoom into a region of the energy surface 
(QAML-Z), enabling continuous optimization and creating a stronger ensemble of weak classifiers from the excited states in the 
vicinity of the ground state. Results show substantial improvement over the original QAML algorithm, achieving performance 
comparable to state-of-the-art classical methods such as deep neural networks. In charged particle tracking, a QUBO is 
constructed and optimized from expected track geometry at the Large Hadron Collider. After performing novel classical pre-
processing to overcome the limited size and connectivity of the D-Wave architecture, successful track reconstruction is achieved 
on events with proton-proton collisions at the scale of the Large Hadron Collider during its initial discovery of the Higgs boson. 
Furthermore, the time complexity of these classical pre-processing procedures is found to scale better with track density than 
widely used tracking techniques, leaving open the possibility of a quantum speedup for tracking in the future.

Title: “Dynamic Optimization” Practical Business Framework for Business Profit
Speaker: Yuichiro Minato, MDR
We developed a practical business scheme using the Ising model machine. The “Dynamic Optimization” scheme uses a 
generative model and discriminative model alternately to create a new generation. The practical usage is of global value and we 
already have had a lot of successful results for commercial use in the Japanese domestic market. The algorithm can be used not 
only to improve business efficiency, but also to automate the process of the creatives, which is called “Dynamic Creative”.

Title: Restricted Boltzmann Machine Image Generation Using the D-Wave
Speaker: Jennifer Sleeman, UMBC
Currently implementing machine learning using the D-Wave system for image processing is challenged by the limited number of 
qubits available. A commonly used neural network method on the D-Wave is the Restricted Boltzmann Machine (RBM) as it uses 
an energy-based model that is consistent with the D-Wave, whereby the D-Wave acts as a physical Boltzmann machine. 
However, there has been limited practical application of RBMs for use in image generation due to the limited number of qubits 
and due to the binary output returned from the D-Wave. Deep autoencoders are trained to take image inputs, compress the input 
using a bottleneck in the network, and take the compressed data back to the original input size. We show how to use a stacked 
autoencoder to compress MNIST digits from a size of 28 x 28 to a size of 7 x 7 and to translate from the binary representation 
back to a grayscale representation consistent with the original 28 x 28 MNIST digits. We first train the stacked autoencoder to 
compress and translate MNIST digits into 7 x 7 binary digits. We train our RBM on the D-Wave using the compressed, normalized 
weights from the encoder. We then sample from the D-Wave and show how these samples when decoded with our stacked 
autoencoder recover MNIST digits to a size of 28 x 28.

Title: Quantum Entrepreneurship at the Creative Destruction Lab (CDL)
Speaker: Khalid Kurji, CDL
The Creative Destruction Lab (CDL) works to incubate and accelerate early-stage, science-based startups, and is now entering 
the third year of it’s Quantum Computing Program. The Quantum Program brings together pre-existing startups in the quantum 
computing space, but also a large number of individuals aiming to build a quantum startup of their own. In this talk I will discuss 
the CDL process by which we take academics and turn them into entrepreneurs, and highlight many of the startups that have 
arisen from the first two years the program. We will take a look at the approaches they are taking to quantum computing 
applications and discuss the lessons learned during their journeys.

Title: The Entanglement Institute
Speaker: Jason Turner, The Entanglement Institute
The Entanglement Institute is a private testbed and user facility being built in Newport, RI. It’s goal is to accelerate quantum 
information science and artificial intelligence, and create a community to foster best practices and explore challenges. This 
supercenter will consist of systems from multiple vendors.  
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