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[Translation]

The Chair (Mr. Joél Lightbound (Louis-Hébert, Lib.)): Good
afternoon. It is my pleasure to see you again, virtually this time.

I call the meeting to order.

Welcome to the twelfth meeting of the House of Commons
Standing Committee on Industry and Technology.

Pursuant to Standing Order 108(2) and the motion adopted by the
committee on Wednesday, January 26, 2022, the committee is
meeting to study quantum computing.

Today’s meeting is taking place in a hybrid format, pursuant to
the House order of November 25, 2021. Members may attend in
person or by Zoom. Those who are attending in person in Ottawa
know the public health rules in place, so I expect that they will be-
have accordingly.

We have two groups of witnesses with us today to begin our
study of quantum computing.

In the first hour we will hear from Nipun Vats, Assistant Deputy
Minister, Science and Research Sector, at the Department of Indus-
try, and Genevieve Tanguay, Vice-President, Emerging Technolo-
gies, at the National Research Council of Canada.

Before moving on to questions, I am going to let the witnesses
make their presentations for a few minutes on the subject under
consideration today.

Thank you for being here with us.

Mr. Vats, I give you the floor for six minutes.
[English]

Dr. Nipun Vats (Assistant Deputy Minister, Science and Re-
search Sector, Department of Industry): Thank you, Mr. Chair.

My name is Nipun Vats. As was mentioned, I'm the assistant
deputy minister of the science and research sector at ISED. In this
role, I'm responsible for policy and programs related to federal
funding of post-secondary research, and for fostering connections
between research and its downstream economic and societal bene-
fits.

It's in this context that my group is responsible for coordinating
the national quantum strategy that was announced by the govern-
ment in the 2021 federal budget.

[Translation]

I’d like to start off by providing a brief overview of quantum in
Canada, before moving to discuss quantum computing.

Canada is a leader in quantum science. This has been made pos-
sible by patient, long-term investment in basic and applied re-
search. This has helped Canadian talent lead the development of
new innovations in quantum science and technology.

[English]

In this sense, Canada’s success in quantum S and T is akin to the
Canadian experience with artificial intelligence—although, in gen-
eral, quantum science is a broader field and at an earlier stage of
development in a number of key areas of application.

Over time, we have sought to amplify these strengths with strate-
gic, larger scale investments in research.

In total, over the past 10 years, the federal government has in-
vested just over $1 billion in our quantum ecosystem. This includes
both funding for investigator-led projects as well as initiatives such
as the Canada first research excellence fund, which has provided
large-scale funding to Canadian institutions to achieve world-class
status in quantum and in other domains.

[Translation]

Today, Canada has a growing ecosystem with centres of quantum
expertise in universities across the country, companies that have pi-
oneered world firsts, and healthy Canadian private sector invest-
ment, including foreign-sourced venture capital.

While Canada’s quantum ecosystem extends from coast to coast,
there are four major centres of quantum expertise across the coun-
try, mostly clustered around universities.

[English]

The Toronto-Waterloo region has strengths in quantum informa-
tion, communications and sensors, with a range of commercializa-
tion accelerators and incubators, and also boasts companies such as
Xanadu and Ranovus. There's also the Institute for Quantum Com-
puting, housed at the University of Waterloo. It is the largest insti-
tution of its kind in the world.
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The greater Montreal, Sherbrooke and Quebec City corridor is
anchored by work in quantum hardware and devices. Companies
engaged in this ecosystem include IBM, Anyon Systems and
SBQuantum.

The Calgary-Edmonton corridor has expertise in nanotechnology
and enabling technologies, and Alberta is building a provincial
quantum network, Quantum Alberta, to encourage and accelerate
the commercialization of quantum technologies.

In the greater Vancouver region, the focus includes quantum ma-
terials, algorithms and hardware development. Quantum BC plays a
key role in convening provincial stakeholders. One local B.C. com-
pany, D-Wave, was an early leader globally in quantum computing
and has made significant strides recently in terms of investment and
commercialization of its technologies.

[Translation)

There is a lot of complementarity in the strengths of these hubs
and a range of collaborations between academic researchers, start-
ups and larger, more established companies, and government labs.
This positions Canada’s quantum ecosystem well for future suc-
cess.

Canada has strengths in many different areas, and we are particu-
larly known for our work in quantum computing, quantum commu-
nications and post-quantum cryptography. From the previous exam-
ples, you can see computers figure prominently in Canada’s quan-
tum landscape.

[English]

One important element that [ haven’t mentioned yet is that Cana-
dian quantum talent is recognized and sought all over the world.
This is why focusing on the talent pipeline will help us leverage
quantum’s enormous potential for commercialization but also pro-
vide direct benefits to Canadians.

[Translation]

At this stage in the development of the quantum ecosystem, the
next step is to build up our effort strategically to help Canadian re-
searchers and companies seize opportunities as they arise.

Due to the complexity of quantum technologies, they cannot be
developed in any single country. As such, international collabora-
tion is also very important. Canadian researchers and companies
have been very active in these collaborations. To date, these collab-
orations have occurred mainly at the researcher level, but they
could also benefit from greater coordination.

Given this context, in Budget 2021, the Government of Canada
announced the development of a national quantum strategy — and a
commitment of $360 million over seven years, starting in 2021-22,
as a next step to build out Canada’s quantum ecosystem and ensure
that Canadian scientists and entrepreneurs are prepared for the
quantum era.

[English]

The overarching goals of the strategy are to amplify Canada's
significant strength in quantum research, grow our quantum-ready
technologies in companies and talent, and solidify Canada's global
leadership in this domain.

The budget announcement and investment are about doubling
down in those areas and those strengths in ways that are more
strategic, and foster better connections between our centres of ex-
pertise across the country, all while recognizing Canada's expertise
and potential economic benefits from these technologies.

[Translation]

In order to develop the national quantum strategy, Innovation,
Science and Economic Development Canada held consultations
in 2021, and recently published a "What We Heard" report, which
highlights the importance of international collaboration, foreign tal-
ent and investment, and exporting to international markets to sup-
port the growth of our quantum market.

It also notes that for Canada to remain a leader in quantum, col-
laboration between academia, industry, and government, both do-
mestically and internationally, is required.

® (1310)

[English]

Informed by these and other consultations, investments under the
strategy have already started to move forward under each pillar. For
example, NSERC, the National Sciences and Engineering Research
Council, has recently launched and announced a number of pro-
grams related to training and research, and has a number of collabo-
rations with the European Commission and the U.S. National Sci-
ence Foundation. As my colleague will likely get into, the National
Research Council has also launched calls in a number of areas.

In parallel, the government is developing a national quantum
strategy document that will help further focus current and future in-
vestments to position Canada to lead in key areas of strength and
opportunity in quantum technology over the coming years.

Mr. Chair, [ was mindful of time. You suggested six minutes, and
the next part of what I was going to say is on quantum computing. I
know that in your second hour, you have some leading experts in
quantum computing who probably could speak to that far better
than I could, so if you want to move on to the next set of remarks, I
would be happy to stop here and open it up for questions.

The Chair: Thank you very much, Mr. Vats. We will do that.
Perhaps it will come up in the questioning later on.

[Translation)

I will now give the floor to Ms. Tanguay.
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Dr. Geneviéve Tanguay (Vice-President, Emerging Technolo-
gies, National Research Council of Canada): Thank you, Mr.
Chair, for the invitation to speak with you today about the National
Research Council of Canada as part of your study of quantum com-
puting

I would like to begin by acknowledging that the National Re-
search Council’s facilities are on the traditional unceded territories
of many First Nations, Inuit, and Métis People. I would also like to
add that I am currently located on customary territory of the Huron-
Wendat nation. We recognize our privilege to be able to conduct re-
search and drive innovation on these lands and pay respect to the
peoples who were here before us.

My name is Dr. Geneviéve Tanguay and I am the Vice-President
of the Emerging Technologies division at the NRC. In this capacity,
I am responsible for several research centres including Advanced
Electronics and Photonics, Herzberg Astronomy and Astrophysics,
Metrology, Nanotechnology, and Security and Disruptive Technolo-
gies.

With a doctorate in Parasitology, I have worked for various insti-
tutions such as Universities Canada, the Natural Sciences and Engi-
neering Research Council of Canada, and the Centre Québécois de
valorisation des biotechnologies. Much of my work has been dedi-
cated to promoting technology and innovation transfer in the
biotechnology sector. From 2007 to 2011, I held the position of As-
sistant Deputy Minister for research, innovation and science and so-
ciety with the Government of Québec. I then served as Vice-Rector,
Research, at the Université de Montréal, before joining the NRC in
my current position.

[English]

As you may know, the NRC is Canada's federal research and de-
velopment organization with a national footprint that includes labo-
ratories in 22 locations spread across every province of the country.

[Translation]

In addition to doing their own cutting edge research, our scien-
tists, engineers and business experts partner with universities, col-
leges and Canadian industry to help take research and technologies
from the lab to the marketplace.

We serve a unique role connecting the diverse parts of Canada’s
research ecosystem, responding to public policy priorities and cre-
ating opportunities that benefit Canadians.

Over the past five years, we have implemented a plan to revital-
ize and sustain the NRC’s role at the forefront of research and inno-
vation. This has resulted in the creation of 9 Collaboration Centres
with universities and other partners in areas such as quantum pho-
tonics, ocean technologies, green energy, Al and cybersecurity.

In addition, we are pursuing research excellence through support
for exploratory work and leadership in select disruptive technolo-
gies, ensuring a more diverse workforce, revitalizing our NRC re-
search environment, and aligning with industrial priorities in key
innovation clusters.

[English]

Now I will focus in on the NRC's effort in quantum research.
Through our collaborative science, technology and innovation pro-
gram we aim to bring together the best minds from academia, in-
dustry and government to deliver game-changing scientific discov-
eries and technological breakthroughs across the innovation contin-
uum. These cross-sector, collaborative challenge programs address
current and emerging government priorities to be achieved over a
seven-year time frame. Of our many challenge programs, two of the
most recent ones to emerge focus on quantum. They are the Internet
of things quantum sensors challenge program and the applied quan-
tum computing challenge program.

Launched in 2021, the goal of the Internet of things quantum
sensors program is to enable the development of revolutionary sen-
sors that harness the extreme sensitivity of quantum systems to pro-
vide enhanced precision, sensitivity, rates and range of measurable
phenomena. The ambition is that this new generation of sensor sys-
tems performing beyond the limits of classical physics may be en-
gineered and commercialized for applications that benefit Canadi-
ans. To date, we have 47 agreements under development with many
industry partners. The main areas of focus for this challenge are
quantum photonics, chip-based quantum systems and quantum
metrology.

NRC's most recent challenge program, which will be launching
in 2022-23, will be concentrating on applied quantum computing.
The goal of the challenge will be to support commercial and gov-
ernment innovations in quantum algorithms and applied quantum
computing. The program is being developed in alignment with the
development of the Government of Canada's national quantum
strategy that Nipun just spoke about. It will support quantum initia-
tives across the Government of Canada by working with federal de-
partments, agencies and Crown corporations to explore applications
of quantum computing for public service operations and program
delivery. The anticipated areas of focus are quantum algorithms,
quantum simulations, and models and architecture.

® (1315)

[Translation]

We are also addressing quantum communication in a third Chal-
lenge program, which deals with high-speed secure networks. The
objective is to develop and deploy quantum communication, in-
cluding quantum key distribution and quantum satellite communi-
cation.

By hosting these challenges, we hope to support Canada’s ambi-
tion to grow quantum-ready technologies, companies and talent;
and solidify Canada’s global leadership in this area.

Thank you for your time. I will be pleased to answer any ques-
tions.

The Chair: Thank you, Ms. Tanguay.

We will begin our first round of questions.
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Ms. Gray, you have the floor for six minutes.
[English]

Mrs. Tracy Gray (Kelowna—Lake Country, CPC): Thank
you, Mr. Chair, and thank you to the witnesses for being here today.

I'll start my questions with Dr. Vats. I understand THAT in bud-
get 2021 the government intended to develop the national quantum
strategy. What is the date that strategy will be launched?

Dr. Nipun Vats: Thank you for the question.

I guess there are two parts to that answer. One, when it comes to
the investments relating to the strategy, those are already being an-
nounced. The kind of programmatic elements that will drive the ob-
jectives of the strategy have already been announced, to some ex-
tent.

For example, I believe last week the Natural Sciences and Engi-
neering Research Council announced an investment of about $138
million out of the national quantum strategy for a range of pro-
gramming under the alliance program, which is focused on larger-
scale research and collaboration amongst centres of research and
industry, as well as funding for specific training programs under
NSERC's CREATE program.

The actual strategy document that will inform the rounds of in-
vestment around those programs, but that could also provide a bit
of a longer-term direction with respect to quantum in Canada, is
currently under development. There's no definitive date for an an-
nouncement of the strategy document as of yet.

Mrs. Tracy Gray: Great. Thank you.

Do you know if the funding that was announced, as you men-
tioned, was allocated through budget 2021? Was that new spending,
or did the money come from somewhere else?

Dr. Nipun Vats: The amount that I mentioned from NSERC was
from the budget 2021 investment, yes, as is some of the funding
that's going towards the NRC challenge programs that Dr. Tanguay
mentioned.

® (1320)
Mrs. Tracy Gray: Okay.

Since we're still at the beginning stages of developing the strate-
gies, as you mentioned, how was this funding determined to fit into
the strategy, since the strategy isn't developed yet, and where did
this funding suggestion come from?

Dr. Nipun Vats: Well, there's a fairly long history, to this point,
with respect to the development of the strategy. Prior to budget
2021, there was an extended consultation amongst the research and
industrial community in the quantum ecosystem to develop some
recommendations on the types of investments that would be re-
quired to take the quantum sector in Canada forward. The program-
matic elements that were identified under budget 2021 were really
informed by that input that was provided by the Canadian quantum
community.

Now, the programs themselves have a certain degree of flexibili-
ty in terms of how the funding could be focused. The idea is that
investments are starting under those buckets, informed by that long

consultation process, but we would be able to refine that as we
move forward, as informed by the strategy document.

Mrs. Tracy Gray: Okay. Thank you.

Would that have been from those round tables that were held last
year? Is that sort of where that flowed out of?

Dr. Nipun Vats: The government's consultations were the round
tables last year. There was actually a community-driven consulta-
tion process that was conducted even prior to the budget invest-
ment. There was a lot of stakeholder input even before the budget.
Then, to better focus our thinking with respect to the programs and
the longer-term plan, the government conducted a series of round
tables over last summer.

Mrs. Tracy Gray: Great. Thank you.

Doctor, are you able to table with the committee the target met-
rics and the dates to meet those targets from the announcement of
the strategy on March 15, just recently, to the date when the strate-
gy will be launched? Are you able to table those metrics and what
the dates are as you're developing your strategy?

Dr. Nipun Vats: Well, I'm not sure exactly what pieces. I mean,
with respect to the programs, there are definitive timelines in terms
of what's been launched, when applications will be due and when
decisions will be taken. The strategy as a policy document is some-
thing that I don't have a definitive time for, but with respect to the
program pieces that have been announced, I think there would be
no problem in providing that to the committee.

Mrs. Tracy Gray: Great. Thank you very much.

Has the minister directed you or your department to work with
your provincial counterparts in ensuring that the quantum strategy
also considers post-secondary training in this field?

Dr. Nipun Vats: [ would say that generally we have been work-
ing very closely with provincial governments on the quantum strat-
egy writ large. As I mentioned in my initial remarks, there is a lot
going on in a lot of different parts of the country. When it comes to
the governments, particularly in those provinces with a large con-
centration of effort in quantum, that being B.C., Alberta, Ontario
and Quebec, we have been working very closely with those govern-
ments to make sure that what we're doing is complementing what
they're doing.

On the training side, that's been one component that's been dis-
cussed amongst many. It has been part of those discussions.

Mrs. Tracy Gray: Great, thank you very much.

I have one other quick question. Has the minister directed you or
your department to ensure that security and privacy are a pillar of
the future national quantum strategy?

Dr. Nipun Vats: Yes, that has come up. In the consultations we
had last summer, there was a framing document that talked about
the importance of security. In fact, one of the round tables was fo-
cused on security issues.
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With respect to the programs that are rolling out, there are securi-
ty provisions embedded within those programs, specifically the al-
liance program at NSERC that I mentioned. The NRC also has se-
curity due diligence built into its program suite. Both in terms of
policy and programmatic measures, security is clearly an important
issue in this space, so it is integrated into the approach.

The Chair: Thank you, MP Gray, and Mr. Vats.

I'll now turn to MP Dong for six minutes.

Mr. Han Dong (Don Valley North, Lib.): Thank you very
much, Chair.

First of all, I want to thank Dr. Vats and Dr. Tanguay for their
time in coming to the committee. Also, I don't think I ever had a
chance to thank my colleagues on the committee for supporting this
very interesting study.

I'm pleased to hear that Canada has a national quantum strategy
coupled with $360 million over seven years. However, comparing
that with other large competitors in this technology, I see that China
is investing $15.3 billion in this research over five years, the United
States $1.27 billion, and I think Russia $691 million over five
years.

Through consultation and feedback from the industry, is the sup-
port from the government, and also its strategy, adequate in the re-
search field of quantum technology?

® (1325)

Dr. Nipun Vats: Maybe I can give my comments, and then, Mr.
Chair, if my colleague Genevieve has anything to add, maybe she
could do so as well.

The quantum strategy is built on top of a number of investments
that were ongoing. I mentioned the billion dollars over the last 10
years. A number of those investments continue through things like
these large-scale institutional research investments through the
Canada first research excellence fund. Another round of that pro-
gram has been launched, and we could expect further investment in
quantum.

The quantum strategy funding is really focused on some of the
key pieces that are needed to accelerate the development beyond
the foundational funding, which is already quite significant with re-
spect to quantum—things like making sure that we have very
strong training programs in the country to create the pipeline of tal-
ent we need, or enabling institutions and companies to scale up
their R and D, because with some of these quantum technologies,
proof of principle on a small scale is nowhere near the same thing
as trying to build something on a commercial scale. Those are the
types of investments that this additional funding is focused on.

If you were to ask the research community if the funding is suffi-
cient, | expect that the answer you would get is that it is probably
not enough, but we're trying to be very focused in trying to address
the gaps that we think really need to be addressed at this point in
time to make sure that we can continue to be competitive interna-
tionally with respect to quantum.

Mr. Han Dong: I'm not suggesting that we need to compete with
those giant countries. We're a middle-power country, but, thinking

about nuclear technology, Canada has a very unique advantage,
whether in heavy water or the uranium that we use.

Going forward, do you think that the Canadian quantum comput-
ing industry will gain that unique competitive advantage over the
research happening in other countries?

Dr. Nipun Vats: That's our hope, and our intent is certainly to
make sure that we're capturing those benefits for Canada. You need
a very strong foundation to make sure that you continue to attract
economic investment in emerging technology fields. We've been
very good at investing—

Mr. Han Dong: I have a very important question that I want to
get in.

Dr. Nipun Vats: Oh, sure.
Mr. Han Dong: I understand where you're coming from.

We can't talk about commercialization of quantum computing
without talking about semiconductors. In his state of the union ad-
dress President Biden mentioned that Ohio, with the help of Intel, is
going to have a mega-site for semiconductor production. We all
know that it's a national security issue, a national economy issue.

Has your department or anyone from the government reached out
to Intel to say, “Hey, look north. We have great use for these future
semiconductors,” and perhaps boost our semiconductor manufac-
turing capacity that way?

Dr. Nipun Vats: With respect to that question, I think my col-
league, Dr. Tanguay, might actually be better positioned to respond
because the NRC has a fairly important role with respect to semi-
conductor fabrication.

If I may, Mr. Chair, if it's okay to turn to Dr. Tanguay, I think you
may get a better answer.

The Chair: Yes, of course.

Madame Tanguay.
[Translation]

Dr. Geneviéve Tanguay: Thank you.
[English]

Yes, we do have a facility within the NRC that does provide
semiconductors to industry. We also have a facility that's working
on quantum artifacts. For example, we're working with quantum
dot lasers, quantum sensors, quantum repeaters and gates just to
name a few of the applications that we have.

I know you also just mentioned critical minerals. Critical miner-
als are also very important for the type of semiconductors that we
make, which are compound semiconductors. We use helium,
graphite, tungsten, indium, gallium, germanium, chromium, alu-
minum and nickel. A panoply of critical minerals are being used for
the semiconductors and this is very important.

® (1330

Mr. Han Dong: I'm talking about semiconductor manufacturing
capacity in Canada. Right now if you look around, there isn't any-
thing sizable to support the future economy.

The Chair: Make it a brief answer, Madam Tanguay, if you
wish.
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[Translation]

Dr. Geneviéve Tanguay: We hope to attract foreign investment
specifically to support our efforts in relation to compound semicon-
ductors, such as those I have described.

[English]
Mr. Han Dong: Thank you.

[Translation]
The Chair: Thank you, Mr. Dong.

I will turn the floor over to Mr. Lemire.

Mr. Sébastien Lemire (Abitibi—Témiscamingue, BQ): Thank
you, Mr. Chair.

My first question relates to an article I have read from the
AVEQ, the Association des véhicules électriques du Québec. Ac-
cording to a Korean study the article talks about, quantum could al-
low electric vehicles to be charged at home in three minutes rather
than ten hours, while quick charging could be reduced to nine sec-
onds rather than 30 minutes.

I would like to put my question to Mr. Vats from the Department
of Industry in particular.

Does going green, by shifting to batteries and the electrical net-
work, have a significant place in the national quantum strategy? Is
it a priority at the Department of Industry?

[English]

Dr. Nipun Vats: [ would say with respect to the quantum strate-
gy specifically, quantum materials are an important part of the
quantum ecosystem. We have centres of expertise across the coun-
try that are focused on quantum materials, and quantum materials
can be applied to a range of different things whether it's quantum
computing or advanced solar cell technologies or batteries.
Through these investments, that is one of the channels that could be
pursued by companies or researchers.

For the department as a whole, I can't speak for all aspects of the
department, but it's pretty clear that battery technologies and green
vehicles are a pretty high priority, as we have seen even on the in-
dustrial scale through a recent announcement of a large facility in
Ontario. Both from a research perspective and from an industrial
perspective I would say that battery technologies and next-genera-
tion battery technologies are going to continue to be a priority for
the department.

[Translation)

Mr. Sébastien Lemire: Other announcements were made before
the federal government's national quantum strategy was announced.
I am still wondering how the National Defence quantum science
and technology strategy fits into the national quantum strategy.

[English]

Dr. Nipun Vats: There are clearly some specific defence-focused
priorities that the Department of Defence would have with respect
to quantum technologies.

I would say that the programs we have launched under the na-
tional quantum strategy actually enable collaboration with the De-
partment of Defence so that we can leverage what they are doing

and more strongly connect what they are doing with the academic
research community and with industry to make sure that as our de-
fence establishment is looking to develop needed quantum tech-
nologies in Canada, they are better linked to the research communi-
ty and to companies so that you can be pulling those technologies
to market.

With respect to the longer term, we have been working very
closely with Defence and other departments to make sure that as
the national quantum strategy comes together, it is an integrated ini-
tiative so that it brings together all of these different pieces where
specific departments may have specific interests with respect to
quantum to make sure that we are all speaking with one voice and,
therefore, can better leverage the capabilities of the government to
support Canadian research and industry in this area.

[Translation]

Mr. Sébastien Lemire: I note that this is an emerging field and
that it may expand considerably over the next few years.

At page 6 of the document, where summaries of the comments
made by the people consulted are presented, the following conclu-
sion is stated: "The overall amount of [National Quantum Strategy]
funding may be insufficient to achieve our goals, especially as oth-
er countries have promised to invest more."

What are the possible impacts of the research? How far can we
go in this field?

® (1335)
[English]

Dr. Nipun Vats: That's a very difficult question to answer in the
sense that it will really be up to the researchers and the companies
to determine how far they can go in terms of these new innovations.

I would say that one of the things that we're trying to do through
this strategy is to work smarter to better connect what we already
have in the country that's funded through a fairly strong base of ba-
sic research funding to better enable our centres of quantum exper-
tise to work together, to better connect what our start-up companies
are doing to capabilities that are resident in institutions across the
country, and to be more deliberate in how we pursue international
collaboration.

It's really hard for me to say how far we can go. Over time, it's
clear that we'll need more investment in this space, both [Technical
difficulty—Editor] private sector and government investment.

One of the advantages we have as a country when we go interna-
tionally and talk about quantum research and quantum R and D is
that we tend to appreciate collaboration across disciplines more
than other countries sometimes do. We're small enough that we can
have a very strong collaborative relationship between companies
and the basic research sector, and that can take you pretty far in a
space like this.

I can't speak to the specific technology outcomes, but I can cer-
tainly say that we're trying to incent more of the kind of collabora-
tion that can catalyze some of these innovations here at home.
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[Translation]

Mr. Sébastien Lemire: I look forward to seeing where you go
and what recommendations will be made.

I think I won't have time to ask my question about intellectual
property, am I right, Mr. Chair?

The Chair: You will get another turn shortly, Mr. Lemire.

Mr. Sébastien Lemire: Thank you.

The Chair: Mr. Masse, you have the floor for six minutes.
[English]

Mr. Brian Masse (Windsor West, NDP): Thank you, Mr. Chair.

Thank you to both of our guests for being here today.

My first question is on facial recognition. I'll allow both of you
to get in on this.

With the way that research is being done right now, is there any
commitment to or thought about how that can be applied to not just
the private sector, but also the public sector, say, the border and oth-
er types of government services that are provided? I'm curious as to
whether there is even direction for that or whether that has hap-
pened. As we look at research and more grants and development, |
wonder whether this is coming back to the public sector in any as-
pect with the direction.

Facial recognition is one that I'm a bit interested in, having
toured some of the sites, even 15 years ago, that were doing the ini-
tial work on that. The advances been unbelievable. We vote now in
the House of Commons through facial recognition on our hand-held
devices.

I'll turn it over, but I'd love to hear from both of our guests here
today.

Dr. Nipun Vats: When it comes to technologies like facial
recognition, which is largely based on machine learning and artifi-
cial intelligence-based advances that have happened in the last
number of years, there are relationships to quantum technology
with respect to machine learning. However, more generally, when it
comes to Al, there has been a fairly big investment in Canada over
the last 10 years with respect to doubling down on the fact that we
have very strong.... Some of the pioneers of that kind of research
are here in Canada.

Through investments such as the pan-Canadian artificial intelli-
gence strategy, which was renewed in budget 2021, we're trying to
invest in the researchers and in training the people who can imple-
ment those kinds of technologies. We're also investing in under-
standing the societal impacts of these technologies. The flip side of
the efficiencies that can be gained through facial recognition is the
potential impacts on bias, security and privacy that you need to be
very mindful of. Those are things that we're funding on the research
side.

With respect to the specific application of those technologies for
government, our Treasury Board Secretariat has been trying to de-
velop some guiding principles. These could guide how you do
things like use those technologies for autonomous decision-making
in a way that respects some of these values that we all share around
making sure that people's privacy is protected, and making sure that

we try to eliminate bias if we're going to try to use mechanistic
kinds of tools to try to identify how to take decisions, and so on.

There is work going on in that space, although it isn't something
that my department is.... We are implicated through privacy legisla-
tion and other things, but it's largely directed out of our Treasury
Board Secretariat.

® (1340)
[Translation]

Dr. Geneviéve Tanguay: I don't have much to add, apart from
the fact that at present, there are numerous groups examining the
ethics of quantum technologies, and also the ethics of artificial in-
telligence, a technology that is widely used in the field of facial
recognition.

[English]

Mr. Brian Masse: Thank you very much for that. That's one of
the interesting aspects. People are going to see this in more of a di-
rect correlation to their life and that's how they might get more in-
terested, even into the quantum element. It's kind of like explaining

to people what a spectrum auction is. It gets very sleepy for some
people very quickly, no offence.

I want to ask, though, about how we keep our Canadian re-
searchers and our ground game here, if we're going to lose people
internationally. I'm just curious about that aspect. In my region, I've
seen tool and die or mould making, for example, where there was
an attempt to kind of poach some of our best people, and it has
been a challenge to keep the younger people, and so forth.

I wonder if you both have some thoughts on how we can best do
that and continue to punch above our weight.

Dr. Nipun Vats: Thank you for that question as well. It's one that
we think a lot about, because our ability to actually seize the bene-
fits of these technologies over time really relies on having that
pipeline of talent. Having the researchers here means you can train
students. It means that companies are interested in setting their
home bases here in Canada, because the natural resource in these
emerging technology areas is people. If you have that pipeline of
people, that really drives your success.

A lot of these things we're doing through these large investments
in research are really also with a mind towards what the down-
stream benefits will be just by creating that pipeline: the research
funding, funding for training for students and post-doctoral fellows,
and then connecting those companies in our eco-system to that pool
of talent so that they have a place to go that they can plug into as
they complete their education. These are all really important pieces
that we need to stay on. It's a constant effort.

When you talk to people around the world, they recognize Cana-
dian talent in this space. Anywhere you go, any of the top institu-
tions in the world, they will say, oh yes, they have students who
were at Sherbrooke, or at Waterloo or wherever. 1 think some of
that is good, that we're actually learning more by having Canadians
go abroad, but we want to bring them back too. That's a critical
piece of the puzzle for sure.

[Translation]
The Chair: Thank you, Mr. Vats.
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I now turn the floor over to Mr. Lewis for five minutes.
[English]

Mr. Chris Lewis (Essex, CPC): Thank you, Mr. Chair. Thank
you for the excellent dialogue here so far today.

To be honest, when I was invited to come here on behalf of MP
Gérard Deltell, I didn't quite know what quantum computing was
all about. Because of that, I really dove into it with both feet, so to
speak. Then I realized just how close it was to international trade. I
could probably go on for an hour, but I have only five minutes. I'm
going to get right down to it.

Dr. Vats, you mentioned that quantum computing cannot be de-
veloped in any single country. I found that really remarkable. My
riding of Essex is right next to Mr. Masse's riding of Windsor West.
There are a lot of international travellers every single day.

I have a concern with regard to Huawei. For a moment, let's just
imagine that Huawei was allowed in Canada and wasn't allowed in
the United States. If we have autonomous vehicles that cross our
bridge each and every single day, what would look like? What is
the government doing to ensure that crossing the border is going to
be free and clear with whatever way both countries go?

® (1345)

Dr. Nipun Vats: The most important thing in these collabora-
tions from that security perspective is that we make sure that we're
engaging with our trusted partners in a way that we can actually
have interoperability. At earlier stages of research, it's less of a con-
tentious issue because the research is very fundamental in nature
and maybe doesn't have as much of a technological implication.
However, as you get further downstream, you need to think about
how you're going to make sure that the technology you're develop-
ing will be able to plug into supply chains internationally.

This is something that's being discussed in terms of standards, in
terms of whether we have appropriate security understandings with
our allies when it comes to some of these more sensitive security
technologies. A lot of those types of things are ones that we're also
trying to do in parallel with these investments through the strategy,
to make sure we're strengthening those—

Mr. Chris Lewis: I'm so sorry to cut you off, Doctor.

With regard to allies, are we suggesting then that China is our al-
ly?

Dr. Nipun Vats: No. I'm sorry, I was talking about the Canada-
U.S. border.

Mr. Chris Lewis: Okay, fair enough.

I was speaking specifically to Huawei. Do you have any thoughts
on that front?

Dr. Nipun Vats: I'll give you an example. In the alliance pro-
gram, which is one of the key delivery vehicles for the quantum
strategy when it comes to research, there are some research security
provisions that are built into that which basically require that we
understand, where there are industrial partners involved, whether
those partners meet the international norms in terms of transparen-
cy, openness, state control and other factors. We're actually review-

ing these things when research polls are brought forward through
that program.

Mr. Chris Lewis: Thank you very much, Doctor. I'm going to
move off that.

On international trade, then, in regard to CUSMA and CETA,
and looking ahead to our trade agreement with the U.K., will quan-
tum computing be a part of those agreements, if it's not already?
Number one, do we need to amend those agreements at all in regard
to quantum computing?

Dr. Nipun Vats: Well, I'm not an international trade expert, I
have to admit.

I would say that there are typically provisions in those agree-
ments with respect to trade in goods, services and procurement. As
well, there are provisions related to national security. I think all
would be relevant to quantum.

I don't know whether you would need quantum-specific provi-
sions in an international trade agreement, particularly because this
is a space where the technology is still evolving. In general, you
want to try to have a framework of general application that will al-
low Canadian innovations to have access to those markets.

It might be a bit premature to be thinking about the specific
tweaks you need to make to international agreements, in that per-
spective.

Mr. Chris Lewis: Thank you, Doctor.

Mr. Chair, I'm not sure, but am I all done?

The Chair: Yes, you have no time left.

I'll now move to Mr. Erskine-Smith for five minutes.

Mr. Nathaniel Erskine-Smith (Beaches—East York, Lib.):
Thanks, Joél.

Thanks for your presentations.

We could have a long conversation about basic research, but I
just want to talk about commercialization. In the “What We Heard
Report”, they note that “Canada has a history of producing excel-
lent research that often does not get commercialized.” That doesn't
only apply to quantum; that applies across the board, unfortunately.

In the quantum space, we see a few different kinds of invest-
ments. We see from the NRC these challenges, obviously identify-
ing mission-driven priorities and saying that any companies can
compete for this. But in other contexts, we have large public fund-
ing for specific organizations. We saw $40 million, for example, for
D-Wave in March 2021.

In the “What We Heard Report”, there's an acknowledgement
that “there was consensus that government should remain inclusive
and not pick winners at this time, as quantum is a developing sec-
tor.” That seems right. They note that “At some point, Canada will
need to make a strategic decision whether to support a few large
players or projects, or many small ones.”

Given that money is being rolled out the door already as part of
the $360 million, what's the answer to that question?



March 25, 2022

INDU-13 9

® (1350)

Dr. Nipun Vats: When it comes to quantum computing, we're
still at a relatively early stage in many ways. When you talk about
the need to not be picking a lane at this point in quantum comput-
ing, I think that's probably right.

We have a number of players within Canada that are all pursuing
slightly different approaches, and sometimes very different ap-
proaches, to achieving the ultimate goal, which is a quantum com-
puter that can correct for errors and that enables you to do some re-
ally meaningful real-world types of calculations on it.

It may be the case that one, two or more technologies actually
emerge as being the most likely to achieve that goal of what's called
“fault tolerant” quantum computing—

Mr. Nathaniel Erskine-Smith: I'm sorry to cut you off, but I
have limited time.

I'm less interested in our picking a technological winner, but
more interested in the latter point, where the “What We Heard Re-
port” says, “At some point, Canada will need to make a strategic
decision whether to support a few large players or projects, or many
small ones.”

Given that money is rolling out the door, have we arrived at the
conclusion? What's the strategic decision?

Dr. Nipun Vats: I guess what I'm saying with respect to quantum
computing is that we're still at that early stage. We're not at the
point where we'd be in a position to pick winners, because of our
small number of investments. The race is still on, and we're still at a
fairly early stage in development. I think it would be unfortunate at
this point to be closing doors to what look like viable candidates for
a quantum computer.

It may be the case, though, as the report says, that we arrive at a
point where we have to make some of those decisions, or the mar-
kets will dictate or technology will dictate—

Mr. Nathaniel Erskine-Smith: Let me take a step back with a
similar problem. The report also acknowledges—and many people,
businesses and responses acknowledge—that Canada has a venture
capital climate that tends to be highly risk averse, and that we see a
lot of basic research that happens in Canada and people leave to
find financing elsewhere. Venture capital is more easily found in
other countries, potentially.

When you look at the approach of funding by large companies,
which may well be at a place where they are more easily able to ac-
cess capital in the private sector and private markets versus early
stage companies exiting from research and trying to commercialize,
is that not a space where Canada has a gap there, potentially, and
that Canada with public dollars maybe ought to fill?

Dr. Nipun Vats: I think that's true. I think there are programs
that are doing that right now. You mentioned the investment in D-
Wave. That was done through the strategic innovation fund, which
is for those kinds of companies at a certain threshold level.

Mr. Nathaniel Erskine-Smith: Pause there. Is it really for those
companies?

D-Wave strikes me as a company that is much more established
than what I'm imagining. When you're thinking of the start-up

space, where they're exiting the incubators and looking for venture
capital in the private market, D-Wave seems a little more advanced
than that.

Dr. Nipun Vats: That's true. If we were to walk through that
kind of translational space, I think the first barrier is the scientist
who is trying to figure out what their product is. There are some
questions about whether we actually have the tools we need to help
a scientist innovator define the economic opportunity, the product,
and then to develop a business that can actually succeed in raising
capital. Even before you get to the traditional incubator stage, there
is work that could be done there, and there are a number of places
that are doing that work.

When you are a small start-up firm, it's partly about the C-suite
kind of expertise. It's also partly making sure that you have strong
connections to the research base that can help support your innova-
tion and emerging tech area, and we have programs like IRAP at
the NRC that actually provide funding and expertise to help those
companies.

Then, as you go further downstream, there are some specific
things that companies may be looking for. For example, it may be
the case that there are common platforms or test beds that could be
deployed to help them test some of these technologies, whether
they're in sensors or in computing, infrastructure and other things,
and looking at ways to support those. Again, they're not necessarily
picking winners, but it's to give them a leg up to be able to test.
Then as you get further downstream, you get to programs like SIF
where people are at a scale where they're bringing in series-B in-
vestment and they want some supportive investment. We also have
the BDC deep tech venture fund, which is another sort of venture
capital vehicle that can provide support in that space.

There are a number of different pieces that already exist in the
system. I think one of the things that we're looking at through the
quantum strategy is how we tie them together, particularly in an
emerging tech area like this, to make sure that our companies can
connect all of those tools in an efficient way and that we have a line
of sight on how they're progressing so we can help them along.

® (1355)
Mr. Nathaniel Erskine-Smith: And where the gaps are.
Dr. Nipun Vats: And where the gaps are.

Mr. Nathaniel Erskine-Smith: Thanks, Dr. Vats. I really appre-
ciate your contribution.

The Chair: Yes, thank you very much.
We'll now move to Mr. Lemire for two and a half minutes.

[Translation]

Mr. Sébastien Lemire: Thank you, Mr. Chair. I would note in
passing that you are wearing a very gorgeous tie today.

I am going to continue in the same vein as the questions asked by
my colleague, Mr. Erskine-Smith. I would like to address the issue
of intellectual property, one that I see as fundamental, especially in
an emerging sector.

How is intellectual property dealt with in this sector in Canada?
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[English]

Dr. Nipun Vats: When it comes to intellectual property that is
generated in universities, universities themselves have their own
kinds of approaches to management of intellectual property and
they have different models. Some are owned by the researcher,
some are owned by the institution and licensed to the researcher,
and they're looking at ways to maximize the economic potential of
the IP that is generated here in Canada.

When it comes to companies, of course, I can't speak to the indi-
vidual company's decisions here, but a lot of it is dependent on their
business strategy. In some cases like in quantum algorithms, it may
be that the key is not the IP itself but being the first to seize a space,
as is often the case in software. When it comes to some of the hard-
ware innovations, I think IP is a much more important piece of the
puzzle. I believe some of the speakers in the second hour will have
a pretty good understanding of those issues as well. I know we
don't have very much time at the moment.

Our goal always is to try to make sure that, while respecting
business decisions, you can maximize the retention of that IP here
in Canada, particularly in areas where the federal government is in-
vesting. But I think you have to look at it in a context of how com-
panies deploy IP to ensure their future growth as well. So there are
strategic decisions that companies need to make with respect to
that.

IP is a very deep, as you know, strategic kind of asset that you
need to think about.

[Translation]

Mr. Sébastien Lemire: You are entirely correct.

In view of the espionage committed by hostile countries, which
may even have taken place at the Canadian Space Agency, are we
putting sufficient measures in place to protect ourselves?

I would like to get a brief answer.
[English]

Dr. Nipun Vats: Very quickly, for both the academic sector and
Canadian industry, there's been a lot of effort over the last couple of
years to do a lot of outreach and training. For researchers, it's even

like, “What could someone want to steal that I have?” It's about
whether you have the right protections in terms of cybersecurity.

So there's cybersecurity work, and it's the same thing with com-
panies. Organizations and security agencies are going to companies
directly to make sure they are providing them with training and ad-
vice to ensure that they have the right kinds of protections in place
and to make sure they're minimizing the risks of exfiltration of
Canadian innovation. It's a very active area for the federal govern-
ment right now from both a research and industry perspective.

I think Geneviéve has something she wants to add.
[Translation]

Mr. Sébastien Lemire: Thank you, Mr. Vats.
[English]

The Chair: I'm sorry, Madame Tanguay. I'll have to stop it there
if we want to go to our last questioner.

Mr. Masse, you have two and a half minutes.
Mr. Brian Masse: Thank you, Mr. Chair.

I'll let Madame Tanguay go ahead. Monsieur Lemire was actual-
ly heading in the direction on cybersecurity that I was going too. I'll
let her get her response in.

[Translation]

Dr. Geneviéve Tanguay: Thank you.

I can tell you that the level of security at the NRC is very high.
All employees have to pass a security check. We are pretty strict
about this. We have the same requirement for visitors and the com-
panies we work with, because we want to be sure that if we transfer
something, it is not going directly to another country. Measures are
increasingly being taken by research organizations to guarantee the
security of the research being done here.

® (1400)
[English]

Mr. Brian Masse: Is there work being done as well with regard
to training Canadians, that you know of? I know that Coding for
Veterans is a program to go through with regard to getting Canadi-
ans into the cybersecurity forum. Is that happening as part of this
too?

As we're investing more into this, it's going to be a real chal-
lenge. It's also a real opportunity. Coding for Veterans has been
very, very successful at this. I'm wondering if you have any
thoughts on how we continue to train on the practical job elements
that are necessary beyond research and development.

Dr. Nipun Vats: Thanks for the question. Briefly, when it comes
to cybersecurity, and quantum is part of that, there was a program
launched last year, called the cybersecurity innovation network,
that is basically to fund collaborations between universities and in-
dustry as well as training programs across the country. Colleges, to
some extent, are involved in that as well, I believe. It's to make sure
that the research that's being done at universities and the training
that's being done at universities actually target the needs of Canadi-
an industry when it comes to cybersecurity.

That's a complement. That's more focused on cybersecurity
specifically, but that's a complement to what we're doing here
through the strategy. Cybersecurity and quantum are quite strongly
linked in some ways. That is an important piece of the puzzle.

[Translation]

The Chair: Thank you, Mr. Vats and Ms. Tanguay. That is all
the time we have with you. I want to thank you for being here today
and starting off the committee's study on quantum computing. Take
care of yourselves.

I am going to briefly suspend the meeting to give the witnesses
in the second group time to join us.

® (1400) (Pause)

® (1400)

The Chair: The meeting is resumed.
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I would like to thank the witnesses in the second group for being
here with us.

The witnesses for this second hour are: Alexandre Blais, Profes-
sor and Scientific Director of the Quantum Institute at the Univer-
sité de Sherbrooke; Norbert Liitkenhaus, Executive Director of the
Institute for Quantum Computing at the University of Waterloo;
and Barry C. Sanders, Professor and Scientific Director of the Insti-
tute for Quantum Science and Technology at the University of Cal-

gary.
Thank you all for being here with us on this Friday afternoon.

We will start with you, Mr. Blais. You have the floor for six min-
utes.

® (1405)

Dr. Alexandre Blais (Professor and Scientific Director, Quan-
tum Institute, Université de Sherbrooke, As an Individual):
Thank you, Mr. Chair.

First, I would like to thank you for giving me the opportunity to
talk to you today.

As the Chair has just said, I am the Scientific Director of the
Quantum Institute at the Université de Sherbrooke. My research
deals with the development of quantum computers, and has led to
the creation of four young quantum enterprises led by students.

[English]

Despite the ever-increasing power of modern computers, there
are some computations of scientific, societal and economic value
that are simply impossible to realize. Quantum computers promise
to make some of these impossible computations possible. A quan-
tum computer could indeed efficiently complete computations that
would take billions of years with today's fastest supercomputers.
For some problems, the speed-up offered by quantum computers is
more modest. For others, there is no speed-up at all.

Understanding the real-world quantum acceleration that can be
expected from future quantum computers remains an open ques-
tion. We don't know everything yet, and answering this question is
made more difficult by the fact that we don't have fully functional
quantum computers.

However, fundamental research and technological development
towards the realization of these computers is accelerating at a phe-
nomenal pace. In the last few years only, we have already gone
from very rudimentary devices to small quantum computers on the
cloud. These devices can be used to test new ideas and to develop
new applications. The price of entry to contribute to the field is no
longer a Ph.D. in physics.

Although the current generation of quantum computers is still
too simple to run large-scale computations, quantum advantage has
already been demonstrated. In other words, the current generation
of quantum computers can compete for some specific tasks with to-
day's most powerful supercomputers.

How long will it be before fully functional quantum computers
become available? As already mentioned, fundamental research and
technological development are still needed, and it will take time.

This is to be expected. Going from transistors to our modern com-
puters took decades.

Because its researchers are responsible for many key discoveries,
Canada has a long history of excellence in the field and a solid rep-
utation internationally. This has been made possible thanks to in-
vestments from NSERC, CFI, CFREF, CIFAR and others. This has
led to a critical mass of researchers with extensive expertise and
state-of-the-art research infrastructure. In particular, the CFREF
funding in Sherbrooke, Waterloo and UBC gave us the resources,
agility and long-term perspective needed to be competitive and has
helped grow Canada's presence internationally.

Looking back, one can almost say that Canada's position in quan-
tum research was reached by luck. It is the efforts of individual re-
searchers and institutions using existing competitive programs. At a
time when other nations are investing strategically in quantum, for
Canada to follow the same approach can only lead to one thing: a
smaller role for its researchers and industry on the global stage.

Of course, this is where the national quantum strategy enters and
why it is excellent news. To ensure maximum impact of the strate-
gy, there are, in my opinion, a few aspects to consider.

First it is important to acknowledge that, while it is an excellent
effort, it is relatively modest compared to other nations'. I'm con-
vinced that it can have a large impact, but it remains important to
manage expectations.

Second, I mentioned that Canada's position in quantum was
achieved by individual researchers and institutions using existing
competitive programs. Of course, the national strategy is only now
being deployed, but up until now, the investment appears to follow
the same approach of relying on existing programs. There is a dan-
ger in this approach. We have limited resources and cannot excel in
everything quantum. Choices will have to be made.

Fortunately, quantum science and technology are more than one
idea. It is not a winner-takes-all situation. Making choices may
mean that we will lose some opportunities, but not that we will lose
the race. It's quite the contrary.

What are some of the important actions to take to maximize the
national quantum strategy's impact? First, over technology, talent is
the real quantum advantage. It is important to attract and train talent
at all levels: faculty, postdocs, graduate students and technical staff.
Not everybody needs a Ph.D.



12 INDU-13

March 25, 2022

At the moment, Canada's biggest export in quantum is probably
talent. It is crucial to retain in Canada those who we train. At insti-
tut quantique in Sherbrooke this has been on our mind since day
one after receiving the CFREF award. We have taken action for our
graduate students and postdocs to receive the appropriate training
and support to become young entrepreneurs and to create their own
quantum startups.

® (1410)

The culmination of this vision was the creation only a few weeks
ago by the provincial government of a quantum innovation hub in
Sherbrooke with over $450 million in public and private invest-
ments. This will continue to grow the quantum ecosystem in Sher-
brooke and more generally in Canada. It will help us to retain our
talent here but also to become even more attractive internationally
for students, companies, and investors. More initiatives like this are
needed as well as support for existing initiatives.

Building on existing centres of excellence is also, more general-
ly, an important way for Canada to remain competitive on the glob-
al stage. Over the last seven years, the CFREF quantum centres
have built unique research capacity, something from which the old
Canadian quantum ecosystem has benefited. Continued support for
these centres of excellence will help Canada maintain its leader-
ship.

In summary, fundamental research and technological develop-
ment are needed before quantum computers are available. The
timeline isn't certain. The potential is vast, but expectations need to
be managed.

To have impact on the global stage, Canada needs a national
quantum strategy that is ambitious, agile and makes strategic choic-
es. This is how Canada can remain at the forefront of quantum sci-
ence and technology, helping drive our country's long-term eco-
nomic and social prosperity.

Thank you.
[Translation]

The Chair: Thank you, Mr. Blais.
[English]

I'll now yield the floor to Mr. Liitkenhaus.

Dr. Norbert Liitkenhaus (Executive Director, Institute for
Quantum Computing, University of Waterloo, As an Individu-
al): Thank you very much.

Good afternoon. My name is Norbert Liitkenhaus. I'm the execu-
tive director of the Institute for Quantum Computing.

I have been working in the field of quantum information since
1993. More specifically, I work in the field of quantum cryptogra-
phy.

First, let me say a few words about what quantum information is.
Alexandre Blais already gave something of the introduction. Of
course, the main ingredient is quantum physics, which talks about
how the world works on a microscopic scale. Actually, we had the
first quantum revolution by understanding these rules and that gave
us devices like lasers and transistors, which of course led to com-
puters and so on. These technologies are actually driving today's

high-tech industry and you of course know them from your every-
day life.

The second quantum revolution is now merging quantum physics
with computer science and information theory. The difference is
that now we ask questions about whole systems and not just de-
vices.

What are these questions? They are, for example, about how to
compute the answer for a mathematical question. It might some-
times sound very abstract, like how can we factor large numbers?
We actually found that we have to change our view of what is a
hard problem and what is an easy problem. We know some prob-
lems that quantum computers can solve efficiently that convention-
al computers cannot.

Another example for quantum information is actually that we ask
questions like, how can we securely communicate over a channel
so that an eavesdropper cannot listen to our communications? How
can we actually secure our privacy over here? Here again, quantum
information gives us the tools at hand to protect this privacy.

This second quantum revolution is asking for systems. The
knowledge about these systems and the knowledge of how to build
them is what will drive tomorrow's high-tech industry.

Now it is important for me to say something about the time scale.
In the end, quantum information is a long-term game, but it has
short- and medium-term benefits and even benefits today.

Why is it a long-term game? First, we know quantum computers
solve particular tasks like breaking codes or simulating quantum
systems. They are really good at that one.

What else can they do? That is really a question for basic re-
search. We really have to find these applications where a quantum
computer can help. Any problems that are computationally inten-
sive for conventional computers, maybe because you run out of
computational power, is of course fair game to us. We need funda-
mental research. We need to understand what the advantage would
be.

The second thing is, of course, the need to build quantum com-
puters that actually scale up and that we can build into large com-
puters. This is a hard problem, but as Dr. Blais already said, we are
making progress. This is therefore a long-term game.

We have made advances as well in the medium term. As we
make progress toward building scalable universal quantum comput-
ers that can solve all these wonderful things, we are finding out two
things. One is that the hardware that they're building is getting bet-
ter and coming toward the universal quantum computer.
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At the same time, as we investigate which problems can be
solved by a quantum computer, we realize there are more problems
that need smaller quantum computers to actually work and have a
crossover. The interesting question is, where does this crossover
happen and what will the problems be? That is a field where
academia and industry are working today because there will be an
extremely high payoff when they find the first crossover problems.

In the short term, quantum communication is actually ready for
action. These are things we can build and develop. The quantum-
secured communication and the QEYSSat mission by the CSA,
which is led out of IQC, are examples of this near-term develop-
ment.

Now with other things, we have even shorter time scales. These
are things that we can do today. That is something to do with the
difficulty of building quantum computers. Quantum computers are
difficult because just environmental noise can disturb them easily,
so we really need to learn how to harness and control it. The inter-
esting thing is if we have a device that is very susceptible to the en-
vironment, we then take it, turn it around and use this device as a
sensor to measure small variations in electrical gravitation fields.
That is the field of quantum sensors, which is something that we al-
ready see happening today.

If you think about the benefits for Canada of working in that
field, of course it's important for the quantum industry. We know of
course that the quantum industry is involved not only in the short
term, but also already in the medium- and long-term activity today.
It's very important to realize that one. There is a forecast from the
Doyletech study that predicts an $8.2-billion year-end turnover and
18,000 highly skilled jobs by 2030.

® (1415)

If you think about that, it means that we need to build the work-
force. IQC has been doing that for more than 20 years on all kinds
of levels. At the moment, for example, we're training 200 graduate
students who are working at Waterloo at the moment, and our grad-
uates are easily taken up by the emerging quantum industry. Our
colleagues in Sherbrooke and Calgary are building up these pro-
grams as well, so this will be something we do jointly.

The second point is very important. We need to maintain this re-
search continuum. Lots of our focus is based on basic research, and
we have this funnel of work built on that. It is really important. Al-
though we look at the short term, for things like quantum centres,
they come because we have the bigger effort. Always remember, if
you like cherries, you need to plant a cherry tree. You can't grow
the cherries directly. There is a whole system that you need.

The third part is asking how we structure it. Shared resources are
very useful. In Waterloo, we have the Quantum-Nano Fabrication
and Characterization Facility, which helps the incoming quantum
industry to lower the initial investment threshold. It becomes a
gain, it helps the academic research community and we have these
networks and collaborations all over Canada to use it.

Together, the availability of talent, academic excellence and
shared resources attract investment for the quantum industry. It may
be local start-up companies—we have 14 spin-offs from IQC

alone—or faculty interns, post-docs and students, as well as other
companies coming from outside.

It will be a pleasure to elaborate more on those points when you
have questions about them. I am available for meetings either on-
line or one-to-one in person, once I'm in Ottawa.

Thank you very much.
[Translation]

The Chair: Thank you for your testimony.

I now turn the floor over to Mr. Sanders.
[English]

Dr. Barry C. Sanders (Professor and Scientific Director, In-
stitute for Quantum Science and Technology, University of Cal-
gary, As an Individual): Thank you very much.

I'm very lucky to go third, because my good friends Alexandre
and Norbert did great pitches on quantum and why it's important.

Before I go into my spiel, I'll just mention that we're a close-knit
community. I've written papers with both Alexandre and Norbert. I
just want to convey to you right off the bat that we're very fortunate
in the quantum community because we get along, we all work to-
gether and we're not fighting each other. That can be rare in the
academic world.

I'm a professor in physics at the University of Calgary, director
of the Institute for Quantum Science and Technology at the Univer-
sity of Calgary, and I'm lead investigator of Quantum Alberta,
which is a loosely knit community of quantum scientists and tech-
nologists across Alberta. That's our vehicle to help us become even
stronger in quantum science and technology.

I'm also a scientist with the Creative Destruction Lab, both the
quantum stream at the University of Toronto and the prime stream
at the University of Calgary. In this role, I mentor and evaluate ven-
ture start-ups. That has been extremely helpful because it gives me,
as an academic scientist, a very good perspective on what it takes to
make successes in the venture world.

In Alberta, our strengths cover the spectrum of the strategic
quantum areas that you've been hearing about. We work on quan-
tum sensing, quantum-secured communication, quantum computing
and quantum materials. The names change and the number varies,
but that's roughly the four areas that we talk about.

Soon I'll be appointed the scientific director of Calgary’s Quan-
tum City initiative. That's a partnership between the University of
Calgary; the City of Calgary; anchor industry partner Mphasis, an
Indian IT company that is setting up its world quantum computing
headquarters in Calgary; and the Province of Alberta. Quantum
City's focus, which I'll be leading, is about developing Alberta’s
quantum ecosystem, so it's not just the academic side but really all
levels, to make sure that we have a successful quantum ecosystem
that meets the expectations and needs of all stakeholders.
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Quantum City’s priorities include collaborating with quantum
scientists and technologists across Canada. I was in discussions
with Alexandre Blais and Norbert Liitkenhaus earlier. We're not try-
ing to compete with each other. We want to find ways where we
each understand our complementary strengths and can work togeth-
er to make great success.

We also understand the importance of working internationally, so
our priority is also to work internationally. As we've heard in this
hour and the previous hour, the resources coming in are not suffi-
ciently large that we could become the world's greatest, so we have
to work strategically, cognizant of the security issues, on how to
make sure we are working with others to make Canada great in
quantum science and technology.

Our own priorities at Quantum City are proof-of-concept and
prototype development for quantum components, devices and sys-
tems. We are working towards training a quantum workforce. We
heard about talent. One of the focuses we have is not on training
people in quantum, but training people who don't know quantum to
be able to use quantum tools.

Also, our goal in Alberta is to maintain and enlarge our commu-
nity of world-class researchers in quantum sensing, communication
and computing. I think of us as lean and mean. Alberta is a player
on the national scene, but we have not had the same investment.
We're very happy about that, because other priorities have existed,
but now we want to enter the stage at the same level and not com-
pete with the others, but rather, find ways to build on the strengths
that have been established across Canada.

I note that we're progressing quickly to establish the world’s first
professional master’s degree in quantum computing. It's software
focused, with a plan to admit students in September 2023. We've
been doing our industry discovery, and industry in Canada and be-
yond is showing great enthusiasm for taking on interns and gradu-
ates from this degree.

I want to finish by mentioning another point that could be rele-
vant to this committee. I maintain a strong international research
and outreach profile. My international activities are very important
to me.

I do a lot of outreach in Africa, but I also have strong involve-
ments with China and with India. I'm cognizant of security. Some
of the questions that come up, and certainly in the past hour, do
overlap sometimes. I'm one of those people where, in talking about
security issues and all this kind of stuff, in my international activity,
I'm sometimes a topic of conversation. I just want to make sure
people are aware of that here.

I maintain the strong international activities, cognizant of geopo-
litical and all these other security issues. I do so partly because
Canada is a great beneficiary of these international links. Many
good things do flow to Canada as a consequence, and somehow we
need to manage things so that Canada's needs and security are well
looked after but we don't cut off contacts with others if we can
avoid cutting off those contacts.

® (1420)

Thank you very much.

The Chair: Thank you, Mr. Sanders.

For our first round of questions, we'll start with MP Kram for six
minutes.

Mr. Michael Kram (Regina—Wascana, CPC): Thank you
very much, Mr. Chair.

Thank you to the witnesses for joining us today on a Friday after-
noon.

In the first hour, the committee heard that the federal government
was in the process of developing a national quantum strategy. I
wonder if each of the witnesses could offer their input as to what
they would like to see in the government's national quantum strate-

gy-

Any one of the witnesses may answer, but all of the witnesses
would be preferable.

® (1425)
Dr. Barry C. Sanders: Alexandre, you can go first.

Dr. Alexandre Blais: Well, I did address the national quantum
strategy in my introduction. I mentioned that being strategic about
the use of these funds was important and that making choices is
something we have to do. We cannot excel in everything quantum;
at some point choices will have to be made. At the moment, the in-
vestments through NSERC are tagged “quantum”, but NSERC does
not make any strategic choices. This is good. It will continue to al-
low researchers to explore different avenues.

That said, I believe now that making strategic investments that
bring together Canada and Canadian researchers around common
goals would be a great way to go forward. I think that, if we can
define community-based goals around which we can attract enough
interest in Canadian researchers, we would have a chance to make
research have a large impact.

Dr. Norbert Liitkenhaus: Maybe I can add to this one.

I think there are two aspects. Of course, we need to finance basi-
cally the research infrastructure, so what investment is needed so
we can build the thing, like our nano facilities that we need?

The second point is, indeed—and I agree here with Dr. Blais—
that we need to have projects that really match what the community
thinks need to be done. This one needs to be matched, of course,
with the need of the government and the industry. At the Institute
for Institute for Quantum Computing, we're going by formulating
these kinds of projects as lighthouse projects. We really say these
stay together, we say these things should be done, and we will start
marching on that one.

We think that's a really good discussion as well to have at the na-
tional level and, indeed, to think about what are those things that
really define what we should be doing. I think that's a very impor-
tant part of the process. We should not just funding little projects
here and there; we need to talk about strategy.

Thank you.
Dr. Barry C. Sanders: Okay, I'll jump in.
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I like what I see being rolled out, and my Alberta colleagues like
it. The way I perceive the national quantum strategy is that it's dif-
ferent from the Al strategy from Genome Canada. It's really saying
that we have existing mechanisms to provide funding and we'll do a
quantum bump in funding. It kind of lowers the bar a bit for all
kinds of projects. There are big projects like CFI/MSI programs.
There's internship through Mitacs, etc. I see this as a great step. We
have all these existing mechanisms. This doesn't put us in quantum
on the spot saying that we're somehow treated as special.

These different agencies are really experienced in knowing what
they're looking for and vetting the proposals. This idea of a quan-
tum bump to every possible funding envelope and having us go
through the normal procedure I think is a real strength.

It does matter to us in Alberta a lot because, again, in some ways
we're a new kid on the block. How much do we direct our funding
towards maintaining existing strengths versus letting up-and-com-
ers step in? I think this is a good way to do it.

Mr. Michael Kram: Professor Blais, you said a couple of times
that strategic choices would have to be made. Could you elaborate a
little bit on what strategic choices will have to be made for Canada
and where we should maybe focus our efforts and what areas might
have to be left by the side of the road, so to speak?

[Translation]

Dr. Alexandre Blais: The answer I'm going to give is based on
an initiative that our neighbours to the south have had in place for
several years. Two research funding agencies in the United States,
the Army Research Office and the Department of Energy, send
challenges out to the community. They are challenges established
by actors in the community, to which the community has an oppor-
tunity to respond. These challenges must involve multiple research
teams across the country, and they also include participants in for-
eign countries. In fact, my own group receives funding resulting
from those initiatives. These challenges, or strategic choices, are
the work of the community, which proposes the avenues that it
thinks are the most promising. Then, in collaboration with those re-
search funding agencies, the choices are made and funding is grant-
ed.

® (1430)
The Chair: Thank you, Mr. Blais.
Mr. Kram, your speaking time is up.
I will now turn the floor over to Viviane Lapointe for six min-

utes.

Ms. Viviane Lapointe (Sudbury, Lib.): Thank you, Mr. Chair. I
would inform you that I will be splitting my time today with my
colleague, Mr. Dong.

My question is for Professor Blais.

Can you tell us about the potential use of quantum detection, par-
ticularly in mining and medicine? Since I come from Sudbury, |
would very much like to know what benefits Canada might derive
from quantum information in those sectors.

Dr. Alexandre Blais: Thank you for the question.

A lot has been said today about quantum computers, but, as I
mentioned, it is important to understand that quantum information
has more than one component. There are several aspects to quan-
tum information. Mr. Liitkenhaus talked about one of them: quan-
tum detectors, which measure the properties of their environment
faster and more efficiently than current detectors. There are detec-
tors everywhere around us, including in our smart phones, in our
cars, and in the medical imaging equipment used in hospitals.
Quantum computing means we can have detectors that are faster
and provide better data.

At present, SBQuantum, a company in Sherbrooke, is designing
quantum detectors for the mining industry. The first tests are being
done now, in collaboration with the NRC. These detectors could be
placed on drones and could detect variations in the magnetic field
that indicate the presence of deposits. These technologies are much
more advanced than quantum computers, in fact.

Quantum detectors could also provide better data, faster, in the
medical imaging field. At present, big pieces of equipment are used
to do medical imaging, because patients have to go inside the ma-
chines. We could imagine much smaller structures, such as helmets
equipped with quantum detectors, that could be used to do imaging
must faster and more efficiently. Once again, Canadian companies
are developing these technologies, and it is even more advanced
than quantum computers.

Ms. Viviane Lapointe: Thank you.
[English]

Mr. Han Dong: Thank you very much, Viviane, for sharing your
time.

Dr. Sanders, Dr. Blais and Dr. Liitkenhaus, thank you so much
for coming. If you could see my brain activity, you would see fire-
works. I already feel smarter from listening to your presentations.

1 just want to follow along what my colleague was asking. The
theory of quantum computing is quite fascinating, but I want to
hear from you that you are confident that with our current technolo-
gy the application of the theory is actually possible and we can real-
ize these applications.

Speaking in the context of hearing about the government's in-
vestment of $360 million over seven years and then looking at oth-
er countries that are investing a lot more, if we have to pick a
lane—a certain part of this technology to gain a unique advantage
over our competitors in the future—we had better be sure that the
lane is not soon going to a very short dead end.

I want to hear your thoughts on this, starting with Dr. Blais.
[Translation]

Dr. Alexandre Blais: Thank you. That's a very good question.
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At present, there is every indication that we will succeed in creat-
ing a quantum computer. All our scientific and technological ad-
vances are leading us to that goal. Although it is a hard road and
there are still a lot of advances to be made, we are not seeing any
major obstacles. In recent years, we have gone from small devices
to online devices that we can really make work, but there are still
challenges to be overcome and work to be done.

Part of the national quantum strategy funds NSERC, the Natural
Sciences and Engineering Research Council of Canada, which en-
ables Canadian researchers to explore all sorts of approaches lead-
ing to quantum computers, to help them achieve that goal. I talked
about strategic choices earlier. Canada could choose a few possible
architectures and invest in those avenues. It is possible for Canada
to make that choice without it being at the expense of broader ex-
ploration, which is needed, thanks to the investments already an-
nounced for NSERC.

® (1435)
[English]
Mr. Han Dong: Thank you very much.

Is there any answer from your colleagues?

Dr. Norbert Liitkenhaus: I am happy to offer some thoughts on
that. Yes, as Dr. Blais said, we are confident that quantum comput-
ing will come, and there are studies as well from the Global Risk
Institute that tell you a little bit about what we in the community
are thinking and what the timelines are.

It's very important to understand that the benefit from quantum
computing/quantum information is not only the quantum computer
itself. Already today, the quantum industry's acting on all aspects. If
you have a quantum computer, you need to know what to use it for.
That is some of what I said about the medium-term benefit, as well
as our going and building up the small-scale or noisy quantum
computers—or you wonder what they can be doing. There is al-
ready today the interaction between industry and academia to figure
out what we can use those things for. As well, that is already a
small part the industry. It's not only the quantum computer itself.

That is in addition to the spinoffs of technology for centres and
SO on—

Mr. Han Dong: I'm sorry. On that point, which is a very good
one, I previously asked government officials about semiconductors.
Semiconductor manufacturing capacity, to me.... Since we have this
new technology to get to autonomous vehicles and all that future
much more quickly, we need semiconductors to embody this tech-
nology.

Is that a field that you think that Canada should move toward to
build our own independent semiconductor manufacturing capacity?

The Chair: Answer very briefly, please.
Dr. Norbert Liitkenhaus: Okay.

I'll provide very brief input on that. One thing is that the technol-
ogy on which quantum computers will be based is not necessarily
the same technology on which today's conventional computers are
based. When you talk about today's semiconductor industry, that's
not necessarily what we need for the quantum computer.

That is my short input.

The Chair: Thank you very much.

We'll now move to MP Lemire for six minutes.

[Translation]

Mr. Sébastien Lemire: Thank you, Mr. Chair.

Professor Blais, I won't hide the fact that when we began our ef-
forts to inform ourselves about quantum computing, I was a bit out-
side my comfort zone. I was directed, with great admiration, to the
work of the Université de Sherbrooke and what you are doing.
Based on your presentation today, you get high praise from me.

I would like to take the opportunity to let you tell us about the
present situation. First, you said that the current directions did not
necessarily imply a strategic choice, except with respect to national
defence and the demands of military defence, as we understood
during the first hour of the meeting. I would like you to talk to us
about what the government's priorities should be, particularly re-
garding funding and research, both applied and fundamental.

Dr. Alexandre Blais: Thank you for the comment and question.

I won't go into strategic choices again, since I have already said
enough about that, but there are several points that I could make.
One issue | would like to go back to is talent, which is essential.
There is the technology, which we have talked about, but there have
to be people to create it. The number of people we are training is
not very high, as compared to what would be needed. In addition,
those few people are immediately hired by companies at the inter-
national level. I have students who are approached by multiple
companies just a year after starting their doctorates, asking what
they will be doing once they get their diplomas. We are in a funny
situation.

We have to keep these people. To do that, we have to create an
ecosystem of enterprises. I am talking about the budding talent we
create here and enterprises we attract. To create new talent, I don't
believe the best approach is to ask professors to create an enter-
prise. If a professor creates a company, they create one and it's over.
If the professor leaves to devote themself to their enterprise, then
we lose an important channel for students.

Encouraging our students to start their own companies is really a
winning formula, to my mind. There are probably some compo-
nents missing for doing that. In Canada, investors are more timid
when it comes to investing in initiatives that call for a long-term in-
vestment. The first years, the period when students go from univer-
sity to a company the size of D-Wave, which we talked about, are
critical. I think the national strategy has a role to play in that regard.
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Mr. Sébastien Lemire: I see the urgency of creating an ecosys-
tem based on collaboration, particularly with academia, but also
with SMEs. The government can play a leadership role in this by
investing major amounts so that Canada does not lose its competi-
tive advantage.

We can talk about the urgency of establishing a collaboration
with the academic community. That has an influence on numerous
fields, including artificial intelligence, leading-edge robotics, com-
munication networks, blockchain, and industry 4.0. Unfortunately,
we often hear that these companies are sometimes working in a
vacuum. That is also the case for the government.

What would you propose to make the collaborations and dia-
logues more productive?

Dr. Alexandre Blais: At present, the companies working in the
quantum field in Canada do participate in worthwhile collaboration
with the academic community. That is not the case for all compa-
nies, but some of the budding talent companies that have just start-
ed up simply have no choice but to work closely with academics.
The research they are doing comes out of what is being done in the
universities and is really pretty fundamental.

In all honesty, I don't think working in a vacuum is a problem in
the quantum field, although it does happen, I agree, in other fields.

Mr. Sébastien Lemire: How can we guarantee growth in the
quantum industry?

I often note that the government's strategies amount to putting its
money on a horse that is going to give it a good reputation or a
good press conference, rather than staying open to a wider group of
SMEs and actors who could also become winning horses, not nec-
essarily in the short term, but in the long term.

Dr. Alexandre Blais: I think the innovation zone in quantum sci-
ences and technological applications that has just been announced
in Sherbrooke is a good example. It is based on research excellence
and local expertise, quantum Sherbrooke in this case, and on invest-
ments. These will help students start up their companies and will al-
so encourage companies from outside to come to the Sherbrooke
region. The idea is that it will become a much more natural route
for our students. Of course, things were extremely difficult for the
first student who created an innovative company in Sherbrooke, but
they were a little less difficult for the second.

In this ecosystem, we need an assembly of talent to move from
quantum science to quantum technology. As well, we have to gen-
erate a lot of attraction at the international level. People have to
have the feeling that Sherbrooke, in this case, and Canada, more
generally, offer them a multitude of possibilities. People have to
think that if it should happen not to work out—because young buds
are sometimes born and then die—at least three other opportunities
are offered to them, because a multitude of other things are going
on in that region.

These investments are therefore crucial.

Mr. Sébastien Lemire: I think the chair is going to tell me my
time is up. I sometimes overdo things. So I am going to stop here.

Thank you, Mr. Blais.

The Chair: Yes, that's right. Thank you for managing your time,
Mr. Lemire.

Mr. Masse, you have the floor for six minutes.

[English]

Mr. Brian Masse: Thank you, Mr. Chair, and thank you to our
guests.

Mr. Sanders, I noted and I think it might have been you, and I'm
hoping it is because I'd like to learn more about this, who men-
tioned the quantum computing hackathon that was done. I'd like
you to expand a little bit on that. I thought that was a rather inter-
esting initiative. I know it's been going on for awhile, but it seems
to be really growing. It's for social good and is what it is, so that
people understand that.

Was that you who was a guest speaker? I know you weren't in-
volved in organizing it, but maybe you were a guest speaker. Could
you maybe elaborate a little bit on that because I see these as excit-
ing opportunities to continue to push cybersecurity and also the
good that quantum computing can do.

Dr. Barry C. Sanders: Actually, that will be next week. After
this meeting I'm heading to the airport and flying off to Abu Dhabi.
There, I'm working with New York University's Abu Dhabi cam-
pus, and the idea is to do a hackathon. It's called “Hackathon for
Social Good in the Arab World”. I'm going as the quantum comput-
ing expert for it.

The hackathon brings in software engineers, computer scientists,
people who want to build apps or APISs, just things that can go on
your phone. The idea is to do what I think a lot of people at this
meeting are caring about: to look at how is quantum computing go-
ing to fit into practical applications.

I help a lot in these things. Next week I'm a guest speaker, but
also a mentor and enabler. The idea is that we want to take what
quantum computing can do today.... And I just want to be a little bit
clear here: Quantum computing is a long-term effort, but there's an
area called “quantum-inspired computing”, which is where we say,
what would a quantum computer be good at, and if we simulate a
quantum computer today, could the benefits of the future come
around today? Basically, thinking about what a quantum computer
will do in the future inspires us to invent new algorithms today, like
in optimization areas.
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Part of what we're doing next week in Abu Dhabi is that I'll be
looking at what the inspiration of quantum computing is doing to
drive new algorithms and how to incorporate those new algorithms
into apps. Then I'll bring in some of my students from Calgary, and
we're doing things like basically flight management. We're working
on problems like developing apps so that countries can minimize
global temperature rise, and we call that the “objective function”.
We're trying to find ways to say, given takeoffs and landings, alti-
tudes, how do we minimize the global temperature rise, and we're
doing it all with quantum-inspired computing.

Thanks for asking. That's what I love, and it just turns out that
Abu Dhabi is the first place launching a hackathon of that type, so
I'm helping them.

® (1445)
Mr. Brian Masse: Thanks for that.

Sorry, I didn't notice the date when it was happening because I
just read two articles on it and won't be anywhere near there.

What I found interesting, though, is there is even discussion on
stuff like grocery store apps and things of that nature. It's interest-
ing to me because I've been in dialogue with some of the grocery
stores because they do have some apps now, and there are some
ethical issues with regard to price differences, and it also depends
on whether it's a store or it could be the supplier. There are a whole
bunch of ethical issues still in there.

For this conference, though, is it mostly young people who will
be involved in it? You mentioned you're a mentor. Is there a Cana-
dian component to it, or are you just going there basically on your
own? I'm just curious how we fit in this, because I think these
things are really exciting because they do provide an opportunity
for people to see the practical element of this.

Dr. Barry C. Sanders: There's no official connection between
Canada and what's going on in Abu Dhabi. It is a New York Uni-
versity Abu Dhabi campus thing. I'm the lead mentor and pushing it
forward, so by my association Canada has a strong presence in this
activity.

This is really breaking new ground. As you said, there are gro-
cery apps and all these kinds of things, and we really want to find
ways to make quantum computing matter now, and engage the soft-
ware community. A lot of this is really physicist and computer-sci-
entist driven, but we really want to engage the software community
better.

I look at this activity in Abu Dhabi as an experiment on my part.
I'm going there and I'll learn a lot. I'm hoping with what I experi-
ence there and what successes | see there, I can bring back to
Canada and we can start developing a lot more focus on the soft-
ware side and using quantum inspiration to solve today's problems.

Mr. Brian Masse: Maybe potentially the next time we have you
back as a witness it could be related to Canada's having hosted
something of this nature, if that's not too ambitious. It would cer-
tainly seem that these types of efforts are really worthwhile.

I think we'll follow up as well. That's where I see there being a
great role for the universities and the Government of Canada to
help sponsor and reverse the potential loss of talent as opposed to

our getting a chance to have people come to our community. I have
the University of Windsor and St. Clair College in my riding. When
we host those events internationally, they're of huge significance to
attract future star candidates.

Thanks, Mr. Chair. Those are my questions.

[Translation]

The Chair: Thank you, Mr. Masse.

I am now going to turn the floor over to Mr. Généreux for five
minutes.

Mr. Bernard Généreux (Montmagny—L'Islet—Kamouras-
ka—Riviere-du-Loup, CPC): Thank you, Mr. Chair.

Mr. Sanders, rather than having an app installed on my phone to
vote in the House of Commons, I would like the opportunity to be
transported there by my phone and vote there by hologram.

I'm joking, obviously.

I would like to thank the witnesses for being here. What you are
teaching us is pretty impressive. In all sincerity, at the start of our
study, I felt a bit like Mr. Lemire: I wondered what kind of ques-
tions I was going to be able to ask you. As it turns out, I have a mil-
lion questions to ask you.

Mr. Blais, you talked a lot about training earlier. You said that the
Government of Quebec had invested major amounts in addition to
the amounts paid by the Government of Canada through the nation-
al quantum strategy that is being developed.

When it comes to training, you know that there are the Centres
collégiaux de transfert de technologie, the CCTTs, in Quebec.
Where I live in La Pocatiére, Novika Solutions and OPTECH,
which you are certainly familiar with, are part of the CCTTs. I have
visited OPTECH's website and I learned that the company was also
working on quantum technology.

This is about technical training. Do you know whether the na-
tional quantum strategy provides for funds that will be dedicated to
technical training?

® (1450)

Dr. Alexandre Blais: I don't know whether that is provided for,
but I can say, however, that it is essential.

In my presentation, I mentioned that it wasn't necessary to have a
Ph.D. to contribute to this field; far from it. We need specialists in
cryogenics and machining. Without them, we will not have quan-
tum computers.

In fact, the Institut quantique employs a number of people from
La Pocatiere. As I said, there is expertise in Sherbrooke. Sher-
brooke's Innovation Zone in Quantum Sciences and Technological
Applications will also be working with the Cégep de Sherbrooke on
this.
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Mr. Bernard Généreux: As I understand it, the government is
investing $50 million a year through the NRC, which then has an
obligation to put the strategy in place.

Is the NRC or the government itself doing that? Can you give me
some information on this point?

Dr. Alexandre Blais: As I understand it, the NRC already offers
programs, such as the Discovery Grants Program, the Alliance
grants, and the CREATE program, and funds will be devoted to
quantum computing through those programs.

Mr. Bernard Généreux: Okay, I understand. So those funds will
be added to the funds invested by the Government of Quebec.

[English]
Mr. Sanders, do you know if Alberta is doing the same?

Is Ontario, wherever you are, doing the same, Mr. Liitkenhaus?

Dr. Norbert Liitkenhaus: There are initiatives for sure in the
NSERC-CREATE training aspects, which is part of the national
quantum initiative. That is actually training at the graduate level.

We at the Institute for Quantum Computing have been actually
doing training on all levels. We start off with high school students.
We have training elements for undergraduate and graduate students.
We have trained 200 graduate students.

We have, as well, training like CryptoWorks 21, which is actual-
ly a form of this NSERC-CREATE program that we have been do-
ing together, for example, with Calgary, where we do training be-
tween disciplines. That is for the important area of cybersecurity
and quantum-safe cryptography, where we have classical cryptogra-
phy—ecryptography not working with quantum mechanics at all—
and basically cryptographers who work with quantum mechanical
means. We bring them together so that both of these communities
can come together and know about their respective advantages.

It's very important to make this cross-connection. It's not only
about quantum physicists having fun. It is really about bringing the
different backgrounds together as well as teaching people outside
about what it is that quantum can and cannot do, and how it can be
utilized.

These training efforts are very important, and the NSERC-CRE-
ATE initiative is one of the tools in this part of the quantum strate-
gy as well.

[Translation]

Mr. Bernard Généreux:
Mr. Litkenhaus.

Thank you for your answer,

Mr. Blais, you talked about competition earlier. You have part-
ners everywhere in the world. Mr. Sanders referred to New Delhi
and New York. You collaborate with partners, but you also have
competitors. Who are they?

On a scale of one to ten, where is Canada at present in the global
quantum computing industry?

Dr. Alexandre Blais: In fact, there are two different aspects: the
academic sector and the industry sector. I want to be sure I am un-
derstanding your question correctly. You are talking about the in-
dustry, more specifically, is that right?

Mr. Bernard Généreux: Yes.

Dr. Alexandre Blais: For the industry, as Professor Liitkenhaus
explained well, quantum computing brought about an initial revolu-
tion: microelectronics as we already know it. We are now in the
second revolution.

We could say that Canada came out a loser, in a way, in the first
revolution. The Apples, IBMs and Intels of this world are not here
in Canada; they are south of the border. As a result, the big players
that are investing massively in quantum technology today are also
located south of the border: Google, IBM, Intel and Amazon.

Mr. Bernard Généreux: IBM is in Bromont too, is that right?

Dr. Alexandre Blais: IBM has a plant in Bromont. It is the only
one left in the world. In fact, an IBM quantum computer is going to
be installed in Bromont this year.

® (1455)

Mr. Bernard Généreux: Right.

Regarding...

The Chair: Thank you, Mr. Généreux. I'm sorry, but your speak-
ing time is up. That will be for another time.

Mr. Filmore, you have the floor for five minutes.
[English]

Mr. Andy Fillmore (Halifax, Lib.): Thanks very much, Mr.
Chair; and tremendous thanks to this panel. It's clear that much of
the leadership in quantum computing in Canada resides with you
and we're very grateful to have you join us today.

I would love nothing more than to crack into an exciting discus-
sion about the details of the work you do in your labs and how
quantum computing works and will work. On that note, I just want
to say thanks to the committee's analysts. I think it was Sarah and
Scott who provided the very helpful working paper that made the
concepts of quantum computing accessible to committee members,
so thank you to the analysts. However, the committee unfortunately
today is more focused on governance and creating the conditions
for you to be able to do your work and to get Canada to where it
needs to be, rather than on the details.

I want to come back to this question. It has been raised a few
times, but it needs to be raised again, about the talent pipeline. The
global context of cybersecurity and international security is chang-
ing and becoming more complex by the day, and Canada needs to
be competitive in these fora.

This is your opportunity to be very specific to the committee
about what this national quantum strategy has to do to support the
talent pipeline. Does the funding that has already been mentioned
cover the cost of recruitment and training, marketing and other
things? Is more money needed? Exactly how would you see a strat-
egy like this, a national strategy, being effective in creating a talent
pipeline?

1 would open that question up to anybody to answer.
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Dr. Barry C. Sanders: Maybe I could jump in first. I'll just
mention that certainly in Calgary, similar to what's happening in
Ontario and Quebec, we're looking for ways to be able to bring in
the companies and have the talent. As we've heard, we create talent,
the talent leaves Canada and that's a problem.

Where the money and the governance can really help is in co-de-
veloping the two. In Alberta, a chief part of the funding we got in
the recent Alberta government budget helps us to effectively subsi-
dize talent development so we're able to create these kinds of pro-
grams that are addressing what industry needs and these are full
cost-recovery degrees. We set up professional degrees and then we
go to companies and say we are developing the talent. There will be
talent. We tell them that if they set up a base in Calgary, we are
putting through talent, and it's effectively zero risk because it's tax-
payer dollars that are enabling us to be able to launch this in a man-
aged-risk kind of way.

If we don't do that kind of thing, we create the talent and the es-
tablishment of the companies comes later. As my colleagues have
said, the students will go out and create the companies, but it's too
late; we lose the talent. On the other hand, if we try to bring in
companies and we don't have the talent, that's a problem. I see this
as a problem, but it's a solvable problem.

I've had discussions with Mitacs, which is an excellent organiza-
tion, for internships, and so on, but this is a point I keep raising. We
need to find a way where we're establishing deep tech talent, we
have the dollars to be able to do so, we're simultaneously bringing
in companies and we're marrying the two together so that a compa-
ny setting up at a place is able to have the talent step into it.

The nutshell of what I said is that we need to make talent devel-
opment and company creation simultaneous. That's a gap in the
way we're currently managing our quantum strategy.

Mr. Andy Fillmore: Thank you.

Are there other comments?

Dr. Norbert Liitkenhaus: One thing we really need when we
talk about talent is having enough people interested in going into
the field. That is something I think we all understand in Canada.
We need to play together to really bring more people in. That's why
we have this funnel really going from high schools to bring people
into STEM and to bring people into our field. This is only one of
the aspects.

Now if you think about talent to work as well as to drive the
quantum industry, there really are two parts to it. It is one thing to
have sufficient funding to hire enough graduate students so that we
bring them to that level over here and they can then go into work in
the quantum industry. That's really the one thing, and I think that
exists as the core part of the quantum initiative as well, to make
sure that we can do the research and, in that way, train the academic
workforce for companies.

Then another thing is indeed something that we have to figure
out. It's something that Barry mentioned about the need to have the
professional development. That means people who are not in the
main quantum part but would need to know how to work with it.
We need to figure out how exactly to make this work. This is not
the core academic part, but we need to figure out what instruments

we need to actually help support that. I don't have a clear answer to
that one, but it's clearly one of the things that we think we need to
take care of.

® (1500)

Mr. Andy Fillmore: Thank you.
[Translation]

Dr. Alexandre Blais: Mr. Chair, could I make one last com-
ment?

The Chair: Yes, but make it very quick, Mr. Blais.

Dr. Alexandre Blais: Yes, it will be brief.

In addition to the national quantum strategy, Canada could expe-
dite visas granted to students and people who want to train and
work in the industry. It is difficult to get visas to the United States
at the moment, so Canada could take advantage of that to expedite
this here and make Canada even more attractive for these people.

The Chair: Thank you, Mr. Blais.

I will turn the floor over to Mr. Lemire for two minutes.

Mr. Sébastien Lemire: Thank you, Mr. Chair.

Thank you for your flexibility, Mr. Blais. I am going to continue
with you.

Should we create a body to develop standards for the industry,
which would enable more than one company to produce the same
product and take part in the international market?

It would be somewhat like the USB standards for connectors.

Dr. Alexandre Blais: That is part of the discussions, although it
is still early to be developing those standards, not for quantum com-
puters, but rather for quantum communication and quantum cryp-
tography. We have to start thinking about it. The NRC can take part
in those discussions.

Mr. Sébastien Lemire: I would like you to talk to us about intel-
lectual property. How would you like intellectual property to be
treated in Canada? Is the law sufficiently robust or up to date to
deal with this issue in the field of quantum computing?

Dr. Alexandre Blais: My answer will be incomplete because, as
was mentioned during the previous hour, it really differs from one
university to another and takes on a very local character. In this re-
gard, each university's situation is unique.

Mr. Sébastien Lemire: I am very interested in electric and bat-
tery-powered cars.

What are the possibilities in that regard? Are you able to initiate
a knowledge transfer or knowledge appropriation to contribute to
the energy transition and the value chain of batteries? What could
you tell us about that?

Dr. Alexandre Blais: I could tell you two things.
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First, we need to look at new materials, quantum materials, that
would potentially have better properties. Those materials don't exist
yet, but we could imagine them. That would be one area to re-
search.

Second, quantum computers could be used to simulate those ma-
terials and those processes, to improve batteries. That is something
that is under discussion. It is not yet possible to do it using the cur-
rent generation of quantum computers.

Mr. Sébastien Lemire: I like your answer.
In the meantime, are you afraid that certain materials may be-

come scarce? Obviously, we can think of critical and strategic min-
erals.

Dr. Alexandre Blais: Very much so. My comments do not an-
swer that important aspect of the question. It would be projecting,
but we can hope that this work will one day help us find an alterna-
tive approach that does not use rare metals, which are difficult to
obtain.

Mr. Sébastien Lemire: Thank you, Mr. Blais. It was a privilege
to speak with you.

Dr. Alexandre Blais: And thank you.
The Chair: Thank you.

Mr. Masse will ask the last questions.

You have the floor for two minutes.
[English]
Mr. Brian Masse: Thank you, Mr. Chair.

I'll start with Mr. Blais really quickly and go across the board.

This is the first time we've studied the question of quantum com-
puting at the House of Commons. Could you give us some quick
advice as to where this committee should go next? If you were to
prioritize one or two things, what would they be? What advice
could you give us?

I would appreciate that advice.
[Translation]

Dr. Alexandre Blais: That's a good question and it is very broad,
so I could give several answers.

First, thank you for taking the time to do this study.

I am going to go back to the strategic choices made in the nation-
al strategy. In that strategy, we have to make sure not to scatter the
dollars all over. We have to make choices, which may be difficult,
but which are necessary.

And again, we have to think about talent and visas, as I said ear-
lier. That is something that is completely outside the national strate-
gy but that will have an immediate tangible effect for the entire
community.

Thank you. I am sure my colleagues will have something to add.
® (1505)
[English]

Dr. Norbert Liitkenhaus: Maybe I can add to that. That is really
going in the same direction Dr. Blais said.

The national quantum strategy should be more than funding pro-
grams that have “quantum” in their title. The important thing is the
coordination between academics, government and industry. We
need to have this vehicle that really comes together, makes its focus
points and says what it is we should be doing.

Building on the strength that you already have is also what you
need to take into account. You need to talk especially about what
our national priorities are. For example, cybersecurity and being
quantum safe are very important. You need this coordination, and [
think that is a very important thing for sure, to make sure that the
strategy takes this coordination into account.

Dr. Barry C. Sanders: I have just one comment. That's what the
Americans call “soup to nuts”. The soup would be the creation side,
the academic. The nuts would be the final beneficiaries, those get-
ting benefit out of it.

1 think it's important to keep an eye on and always to keep aware
of that full menu, from soup to nuts.
Mr. Brian Masse: Thank you very much.

Thank you, Mr. Chair.
[Translation)

The Chair: Thank you, Mr. Masse.

Mr. Sanders, Mr. Liitkenhaus, and Mr. Blais, the committee
thanks you enormously for being with us. It has been very enlight-
ening. We still have a long way to go, but it is important to look at
quantum computing and all its possibilities. I would like to thank

you for the light you have shed and I wish you a very lovely week-
end.

I would also like to thank all the committee members, inter-
preters, clerks, analysts and technical support officers.

Have a good weekend, everyone.

The meeting is adjourned.
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