Quantum Computing – Moving into the Mainstream?
We have talked before, at a very high level, about what quantum computing is, how it works and why we might
need it. In short, quantum computers are going to succeed where even the most powerful supercomputers have
failed, by helping us to tackle some of the complex problems faced by humankind today. “We believe quantum
computing is set to change our world in profound ways, providing solutions to some of the toughest problems in
seconds,” said Masayoshi Terabe 1, Quantum Computing Project Leader at DENSO which supplies tech and parts to
car manufacturers all over the world.
While D-Wave has supplied quantum computing services to enterprises like Volkswagen and Google (in partnership
with NASA) these have been for research and development initiatives. In this blog post, we’re going to explore some
of the innovation needed in order for quantum computing to move out of the lab and into commercial applications.
We will cover three key areas of progress:
• Quantum Advantage – demonstrable real-world problem solving
• Hybrid Quantum-Classical Systems – the marriage of quantum and classical computers
• Cloud Access – universal access for all
Quantum Advantage
For quantum computers to become mainstream and used commercially, there needs to be an advantage in using
them, over and above what is currently possible. In the first instance it has been important to demonstrate proof of
concept, or quantum supremacy.
Supremacy is achieved when a quantum computer performs any task exponentially faster than even the fastest
classical computer which would take hundreds, if not thousands, of years to complete the same task. The first
demonstration of exponential speedup was announced by Google 2 in December 2015 when a D-Wave machine was
found to be 100 million times faster than a single core classical processor. Then just last month, Google found “a
quantum computer…had carried out in a smidgen over three minutes a calculation that would take Summit, the
world’s current-best classical supercomputer, 10,000 years to execute” 3 and it is believed that with this
demonstration, supremacy has now indeed been achieved.
Now that credibility in the physics has been established, the emphasis has moved from supremacy to advantage.
Quantum advantage is achieved when a quantum computer solves a practical, real world problem faster than a
traditional/classical computer. This advantage has so far been demonstrated for a limited number of
applications. Next generation quantum computer architectures need to demonstrate quantum advantage for a
wider range of mainstream commercial applications.
Hybrid Quantum-Classical Systems
Hybrid quantum-classical computing is when classical computers and quantum computers work together in parallel
to solve computationally difficult problems, with each computer doing what it does best. Hybrid computers are
already commonplace today. For example, gamers are looking for the perfect combination of enhanced graphics
and speed which they do by combining an accelerated graphics processing unit or video card with a powerful central
processing unit to create a hybrid computer that is perfectly wired for an intense gaming experience. As quantum
computers become more mainstream and versatile, more and more processing will be done on the quantum
computer portion of a hybrid system.
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Volkswagen has been exploring a hybrid quantum-classical approach. The optimization problems the company is
working on are perfectly suited to the application of a hybrid system. They have found that recent advances in this
area, including the availability of a D-Wave HybridTM4, “has allowed us to prototype … hybrid approaches much
faster than before, and gives us the algorithmic control required to customize different parts to suit our needs,”
Sheir Yarkoni, quantum computing researcher at Volkswagen’s Data:Lab Munich.
Cloud Access
Today’s quantum computers are large and expensive, and require demanding environments in which to operate
(cooling, noise and vibration dampening and more). This limits adoption to only those types of organizations able to
commit to the complexities and cost of having a quantum computer on their premises. Cloud access will eliminate
these limitations.
Cloud access is similar to the time-sharing model adopted in the 1970’s for mainframe computers. Access to a
computing resource was shared among many users. Like time-sharing, cloud access will be the predominant method
for organizations to access the capabilities of a quantum computer. Cloud access, combined with hybrid systems,
will have many benefits, including the ability for classical computers to work with more than one type of quantum
computer, according to their application architecture (there will be different types of quantum computers designed
to solve different types of problems).
Again, there has been recent progress in this area. Developers, researchers and businesses around the world can
now access a number of quantum cloud platforms and start building applications with both free and paid plans.
Pender portfolio holding D-Wave announced Leap, its quantum cloud service providing real-time access to a live
quantum computer, in October 2018 5.
There’s no doubt that we have a front row seat to some of the most exciting advances in the cutting-edge world of
quantum computing as we watch D-Wave innovate and overcome the barriers to quantum computing entering
mainstream computing.
Rolf Dekleer, VP of Venture Capital
October 29, 2019
Rolf is an observer on the board of D-Wave Systems which is a portfolio holding in two of Pender’s investment
funds: Pender Growth Fund Inc (TSX-V:PTF) and the Working Opportunity Fund.
You will find a comprehensive glossary of quantum computing terms here.
www.penderfund.com
Commissions, trailing commissions, management fees and expenses all may be associated with mutual fund investments. Please read the
simplified prospectus before investing. The indicated rates of return are the historical annual compounded total returns including changes in
net asset value and assume reinvestment of all distributions and are net of all management and administrative fees, but do not take into
account sales, redemption or optional charges or income taxes payable by any security holder that would have reduced returns. Mutual funds
are not guaranteed, their values change frequently and past performance may not be repeated. This communication is intended for
information purposes only and does not constitute an offer to buy or sell our products or services nor is it intended as investment and/or
financial advice on any subject matter and is provided for your information only. Every effort has been made to ensure the accuracy of its
contents. Certain of the statements made may contain forward-looking statements, which involve known and unknown risk, uncertainties and
other factors which may cause the actual results, performance or achievements of the Company, or industry results, to be materially different
from any future results, performance or achievements expressed or implied by such forward-looking statements.
© Copyright PenderFund Capital Management Ltd. All rights reserved. October 2019.

https://www.dwavesys.com/press-releases/d-wave-announces-quantum-hybrid-strategy-and-general-availability-d-wavehybrid
5
https://www.dwavesys.com/press-releases/d-wave-expands-leap-quantum-cloud-service-and-application-environmenteurope-and
4

