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The Codex:

A Springboard for Innovation
We tend to take the most fundamental things for
granted. Consider electricity: our society would not
be able to function without it, but how often do
we ponder how it was invented and harnessed at
our service? Now, take a book: it seems to be nothing more than a piece of processed cellulose with
folded pages, a cover, and margins. Yet, have you
ever even considered how fundamental this object
was in the history of humankind?
The history of books seems all too familiar: we are
all aware of the amazing achievement of Johannes

Gutenberg. Nonetheless, Gutenberg’s innovation
did not fall out of the sky, and its roots date back to
the ninth century AD. It was then, somewhere in the
Byzantine Empire, that the modern form of books,
the codex, was invented to replace parchment rolls.
Probably its inventors were not aware that the codex
would become one of the most important driving
forces in history. Its form was simple but genuinely revolutionary—bound pages filled with a minuscule script. Codices were much smaller than rolls,
easily accessible and portable. There was no need
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for rolling them, and making copies in crammed
dim-lit scriptoria became far easier. Multiple copies
could be produced faster and easily transported to
different libraries across the known world. Through
them, information flow scaled to unprecedented
levels.
With blazing speed, codices turned to springboards for innovation. Their new page layout fostered scientific collaboration and accelerated the
exchange of ideas. A Codex was never a finished
product: ample margins on every page allowed
succeeding generations of scholars to include their
notes and commentaries. Like living knowledge
repositories, codices became pivotal platforms for
scientific advancement.
New page design brought another crucial advantage. Collections of fundamental works on
astronomy, physics, mechanics or rhetoric that
were now written in minuscule script could be
condensed from several dozen scrolls to just one

object. Texts that took up as much as half of a
library could easily fit on one shelf. To the ninth
century, this was as revolutionary as the Internet
was to our age.
Arguably the most famous of codices is Leonardo
da Vinci’s Codex Atlanticus. There, the Italian polymath showcases the full potential of this technology as a platform for innovation and intellectual
exploration. Inspired by the history of one of the
greatest advancements in scientific communication, the Da Vinci Labs would like to pay homage
to it by introducing The Codex to the Deep Tech
ecosystem.
The Codex, like its namesake, will take a radically
cross-disciplinary approach working as a platform
for the exchange of ideas among the polymaths
of the future. Every quarter, by combining centuries-old tradition and cutting-edge science, we will
bring essays and interviews that present a synoptic
view on Deep Tech innovation.
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“

If it is
only a matter of
engineering, we
get to the moon.
If it’s only a
matter of engineering, we clone
Dolly.
If it is just a
matter of engineering, we make
fantastic quantum computers.

“

It’s unstoppable.

Computation is Physics:
A conversation with José Ignacio Latorre

Let me start with a compelling idea. In
one of your talks, I heard you say that ‘computation is physics’. Could you please elaborate?
Alvaro

José		
Ignacio

This idea dates back to the 1930s,
when the concept of computation was taking
shape. People like Emil Post, Alonzo Church, and
Alan Turing immediately realised that you need a
physical process to perform computations. It is not
something ethereal. It’s physical. That is why you
need energy, and it’s expensive. Turing understood

ABOUT

We spoke with José Ignacio Latorre, one of the leading figures in quantum
science and technology. He heads the Centre for Quantum Technologies
in Singapore, the Quantum Centre in Abu Dhabi and is a co-founder of the
quantum computing startup Qilimanjaro. He was a professor at the University
of Barcelona for over 30 years and held research positions at MIT, CERN, and
the Niels Bohr Institute. Here is an excerpt of our long conversation.

that principle very clearly and invented the Turing
machine concept, where he reduced computation
to the motion of a band and a pointer. This line of
thought was revisited by the founders of quantum computing in the 80s. They pointed out that
if computing is a physical process, then it should
be controlled by quantum mechanics. It is such an
obvious and profound statement.
We should mention quantum physics is
essential to classical computing. It is intriguing
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that quantum mechanics is so good at making
classical computers, yet making quantum computers is so hard.
Indeed, the reason is that the level of control
required for classical computation is very coarse. In
classical computing, we work with large ensembles
of quantum objects. We store memory using thousands of quantum units. We don’t use one electron
at a time. We use zillions. This is why we need so
much energy because we deal with information
in a very rough way. The energy requirements of
computing are astonishing. The new supercomputer in Barcelona Mare Nostrum 5, a pre-exascale
machine, needs so much energy that a power station will have to be deployed in the middle of the
city. The electricity bill of Mare Nostrum 4 is around
€1.5 million. The next generation will be 10-20 times
more.
In contrast, if we learn to manipulate information
with individual electrons, atoms or photons, these
energy requirements vanish entirely. However, the
precision required to achieve this is amazing. It is
tough. But let me be clear, we have demonstrated
that it is possible. It has become a matter of engineering. If it is only a matter of engineering, we get
to the moon. If it’s only a matter of engineering, we
clone Dolly. If it is just a matter of engineering, we
make fantastic quantum computers. It’s unstoppable.
It seems like we crossed an important line
in the last decades.

Yes, 20 years ago, I was in a workshop, and
we voted whether we would see a quantum computer during our lifetimes. I distinctly remember it
was 50/50. I was on the ‘yes’ side, but 50% of my
colleagues said no.

I was sure from the beginning. It is incredible
what clever people with resources can do. Amazing,
amazing, amazing. Not just the leaders. Also, people like myself. We may not be among the top class
of scientists in the world. Far from bringing groundbreaking ideas to physics, but we work constantly
and diligently. We are like a tiny ant working and
moving in the right direction. This way, little by little,
we consolidate research and move the field forward. The science we teach nowadays was indeed
created by the likes of Newton and Einstein. But it
is the consensus of all the community of good researchers, which are not Newton, that makes the
books and the bridges; and will make quantum
computers.
Nicely put. So, the upshot is that we went
from controlling groups of quanta to individual
control. It is interesting to think that these were
the systems that the founders of quantum mechanics had in mind: we went full circle.

That’s correct. We had to go to the other
extreme to come back. The laws of quantum mechanics were established in the 1920s. John von
Neumann wrote the first quantum mechanics textbook in the 1930s. In 1947, the transistor was created.
In the 1960s, we got lasers. Both lasers and transistors are examples of quantum phenomena with
many particles, coarse but quantum. And look what
we have achieved with these. There is an 18 order
of magnitude difference between the number of
computation elements in the first computers and
present ones. We have more lasers on Earth than
humans! Now, we finally have the techniques to go
back to the basics, and it is great.
We might wonder what would be remembered
about the 20 century in the distant future. I’m pretty
convinced that every single name will be forgotten
except for quantum.

I have to confess that I was less optimistic
than you, but I am glad to be wrong on this one.
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More
than
half
of
an
advanced
nation’s
GDP
is
based
on
the
quantum
control
of
matter.

Even on a more mundane level the portion
of the economy running on transistors and lasers
must be enormous.

It’s estimated that more than half of an
advanced nation’s GDP is based on the quantum
control of matter. You have to include all of telecom, all computing, the entire semiconductor industry, a large part of advanced medicine: MRI,
positron-electron tomography, and so on. Even the
tic-tac of the planet is a quantum machine at NIST
in Boulder.
It seems like quantum mechanics was an
excellent investment! This brings me to a subject
that I wish to discuss with you, namely the interplay between academia and industry.

I am primarily an academic. As a professor,
I have three duties. First, to generate knowledge.
Second, to communicate knowledge to the next
generations and general audiences. I must teach,
train and reach out to the public just like you are
doing now. The third is to make this knowledge
have an impact on society by helping business
and the economy. In academia, we are primarily
trained to do research and train students to a lesser
extent. But are not prepared to create businesses
out of our discoveries. It is challenging as it requires
a change in mindset. It is to go from curiosity-driven discovery to building something practical where
costs and benefits must be considered.
So there is this desert between academia and
business. The good thing is there are always adventurers trying to cross it. These are the scientists that create startups, and they can go very far.
However, at some point, someone needs to lend
them a hand from the other side. Just as scientists
often lack the business mindset, people from the
business world are frequently uninformed. This can
create serious misunderstandings. There is a lot
to improve on both sides to ease the transfer of
knowledge from universities to society.

5

Interview

Quantum technologies are going through
this phase. Here the state seems to be playing an
active role as well.

There is no doubt that quantum technologies will revolutionise many industries. Next month?
No. Will the next century be different? Absolutely.
When is the transition going to happen? We don’t
know exactly. So investing in such an area is difficult.
Here the government can step in. Public investment plays several roles, and one of them is ensuring that if your country is rich, it remains rich in the
future. Officials must understand that investments
have different timescales. It is a complex situation,
but I must say that things have improved dramatically over the past five years. My experience with
government agencies in Europe has improved a
lot. France just announced a €1.8 billion investment
in quantum technology. This would have been impossible five years ago. That’s a sign that things are
moving in the right direction.
Let’s switch gears to another subject. How
do you think machine learning approaches can
help quantum computing? And vice versa?

I have been working on AI for almost 30
years. I entered the field during the famous AI winter. Everybody asked me, ‘why would you do such
a thing?’ but I was sure that the ideas were correct.
With or without quantum computing, AI will dominate several fields like natural language processing
and image recognition. However, some applications will be completely transformed by quantum
computers simply because the logic is different.
In general, problems where you need to encode
exponential state spaces cannot be tackled with
conventional AI. The deepest neural network won’t
factor into primes efficiently.
In the coming years, quantum computing will blend
with AI. This can happen on several different levels. For instance, AI can be tasked with controlling
quantum hardware. Instead of adjusting parame-

ters manually, we will outsource this work to a neural network. Think of quantum hardware as a sports
car. Yes, it can go at 300km/h, but it needs a driver
to do it. Another way for AI and quantum to blend
is via hybrid algorithms. For the technical people,
this is what lies behind algorithms such as Variational Quantum Eigensolvers. In these algorithms,
classical and quantum logic talk to each other all
the time. The idea of these algorithms is to exploit
the advantages of each type of hardware optimally.
Thirdly, we can explore the possibilities of quantum
logic. This is the most radical approach, going to
the regime quantum logic reigns supreme. I think
the latter is the most exciting avenue and one that
I am exploring with my collaborators.
With all these interesting ideas in the air,
I always get worried about hype. I feel that is
something that could be damaging in the long
term.

That is why we need people like you guys,
knowledgeable realists. We are starting a collaboration on quantum hype here in Singapore. I am
systematically advising everybody on how to read
press reports with nuance. Hype not only leads to
disillusionment but can be discouraging. When
I came to Singapore, people at high government
levels thought it didn’t make sense to invest in
quantum computation because they were so far
behind and didn’t allocate enough money. This is
false. The way progress and money allocated are
presented is overblown. The race is pretty much
open, and there are several opportunities to contribute.
Also, the truth is super exciting. We don’t
need to make things up.

Alvaro, we are absolutely on the same wavelength. I said, why do you bring all this hype when
the real thing is so impressive? We are creating entangled pairs and placing them in nanosatellites
to distribute them over the planet. If I were a kid, I
would die to be part of such an enterprise. We are
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making clocks with error rates of one part in 10 to
the 17. That is less than one second compared with
the age of the Universe. There is no need for hype.
This is impressive.
You have worked in several different
countries. I know you were a postdoc at MIT and
the Niels Bohr Institute. You have worked in Europe, the Emirates, Singapore. I imagine there
are important differences in how things are done
in these places.

Yes, I am developing some intuition because of this diversity of experiences. You have the
American model, where you simply find clever people, give them a lot of money and see what happens. In China, you work on large scales. You have
universities with 30,000 PhD students. Maybe some
of them are really good. In the European tradition,
you rely on universities that contain the flavour of
knowledge of millennia. In our context, ideas are
developed regardless of whether there are applications or not. This produces great students with
deep roots in curiosity-driven discovery. Then, I see
a new league of countries which includes Singapore, Taiwan, Israel, etc. They are small, they are rich,
and they know that talent is what saves the country.
It reminds me of the Dutch Golden age or
the Italian Renaissance city states.

Exactly, for them, innovation and talent is
a necessity because of their environment. Small
places near titans depend on talent and innovation.
Singapore is a 700 km2 island. Their neighbour Indonesia is the fourth [biggest] country in the world,
with a population of 300 million. A highly reputed
official in Israel gave me the following example: ‘I
give $100,000 to every student from my university that comes up with a technological idea. I don’t
even ask what he/she wants to do. Of course, 95%
of the ideas are rubbish, but the other 5% is what
saves my country—$50 million a year to save my
country is not a bad deal.’

a year thinking about the motion of bodies; then, I
will publish in a Q1 journal, and so on.
Instead, you would advocate for creating
environments where talented people have access to resources and freedom to fail.

European offices and laws are very riskaverse. Fortunately, interesting developments are
being pushed by startups. You know them well—
Pasqal, Alice & Bob, Qilimanjaro, etc. The Delft ecosystem is very active as well. Still, the most important thing is to remove the barriers that prevent the
flow from academia to business. Let me give you
an example. In Spain, if you are a professor at the
university, you cannot have a company, be the CEO
or be on the board. So you are supposed to come
up with the idea, figure out how to implement it,
and delineate a path towards profitability; yet, you
cannot be the CEO. The University of Barcelona is a
strong three-centuries old institution and has generated just 20 spin-offs, ETH Zurich 400, MIT 15,000!
Regulations matter.
To summarise, the European ecosystem’s
great virtue is that you train scientists with deep
roots in knowledge. On the flip side, if one tries
to spin out, they confront a very risk-averse environment.

Yes, and there are additional challenges.
Funding in China and the US is larger, and startups
have access to an ecosystem of supporting technologies. If you need a new laser or a new type of
electronics for your prototype, you need to find
the right partners. The Netherlands is doing a great
job in creating such an ecosystem. It is crucial that
funding goes also to startups working on supporting technologies and not just those making the
fully integrated product.
We are working on that!

The European approach is strikingly different. In Europe, you have to prepare very detailed plans with
milestones, timelines and deliverables. This encourages people to play it safe and makes things
overly bureaucratic. I think this is stifling for truly
bold ideas. Can you imagine Newton writing the
proposal for his second law? First, I will spend half
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The coming of age
of cellular agriculture
can make food production sustainable
“Are you going to tell me,” said Arthur, “that I shouldn’t
have a green salad?”
“Well,” said the animal, “I know many vegetables that are
very clear on that point. Which is why it was eventually
decided to cut through the whole tangled problem and
breed an animal that actually wanted to be eaten and
was capable of saying so clearly and distinctly. And here
I am.”
It managed a very slight bow.
“Glass of water, please,” said Arthur.
- Douglas Adams,
The Restaurant at the End of the Universe

Isn’t it a perverse moral conundrum? Could you stomach eating a
talking animal? For Arthur, the protagonist of Adams’ book, it’s a hard
pass. And on some level, it is easy to understand why. It is unsettling
to read about a sentient animal, which puts its life purpose to the sole
goal of being eaten. It might be easy to dismiss this as a wholly fictitious
story, but it echoes some uncomfortable truths of how animals are
treated now. Didn’t we engineer our livestock to have more meat and
grow faster?
This redesign of animals did not happen overnight. It was induced by
an ever-growing demand and the push to produce affordable food for
the consumer. Meat is a staple of the Western diet. With globalisation,
this way of eating is influencing other diets. Meat consumption reached
new heights across the world, even in countries that traditionally had
moderate consumption rates, such as China and India. Thus, with
the world’s population projected to grow to 9.7bn until 2060, meat
production is set to grow at an even faster rate.
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The uneven arithmetic of calories
We can place a safe bet that the big-food companies
can meet that demand. But at what cost? Meat
production is responsible for around 18% of global
GHG emissions. What’s more, to feed this evergrowing livestock population, we need to dedicate
40 million km2—a staggering 80% of all agricultural
land—to feed them. To put it in perspective, the
total surface area of both Americas combined is
42 million km2. But what we get in return from this
enormous labour and land investment yields only
19% of all calories required for human consumption.
The rest comes from plants grown on the remaining
20% of arable land.
We can understand this very high resource requirement by comparing the calorie input with the output. It takes 25 calories to produce 1 calorie of beef,
for pork, it’s 15 to 1, or for chicken, the most efficient
type of meat, the cost of 1 calorie is ‘just’ 9 in animal
feed.
Nevertheless, some will argue that the end product—
meat—warrants this investment. The cost, however,
is not immediately obvious. Most of the meat is
produced in high-throughput operations. These
factories crowd animals in pens and feed them a
high protein diet of corn, soybean, and antibiotics.
The use of the latter is so extensive that it amounts
to 80% of the total global use of antibiotics. This
approach’s consequence is the accelerated growth
of a feedlot animal and for humans, the emergence
of drug-resistant microbes and cross-species infections, like the avian flu.
Bio- and eco-farms are just not going to cut it
Thus, with industrial-scale farming being so
damaging, it’s only natural to look for more ecofriendly alternatives. Unfortunately, farms like that
are inherently not scalable, because they are small
agricultural operations relying on manual labour.
They can only produce food locally for small
communities of consumers, which limits their global
impact.
There is also the case of price. Organic food is more
expensive than the industrially produced alternative. You simply cannot attain the exact yield without
using either modified crops, artificial fertiliser, pest
control, or industrial feed. The lower output means
a higher price tag, placing such food out of reach
for most.

GLOBAL LAND USE FOR FOOD PRODUCTION

Cellular Agriculture
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Clean meat: an innovation not imitation
Fortunately, science can lend us a hand to find
a more sustainable solution. Many laboratories
routinely grow different cell types for research use
or to produce specific substances, such as synthetic
insulin. This technology is the foundation allowing
to grow animal cells to produce meat. This solution
also allows for a lean production model—only the
cut requested will be grown. There will be no need
to raise the whole chicken when you only want to
eat the chicken breast or wings.
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By growing only what we really want to eat, we can
make meat production more efficient. This energy gain will translate into significant benefits for the
environment. The Good Food Institute, an international NGO promoting plant alternatives for meat,
reported that clean meat will increase land-use efficiency up to 300% for poultry and up to 4000%
for beef. These savings still need to be confirmed
at an industrial scale. Some stakeholders suggest
that this technology may have a comparable environmental footprint to traditional food production.
Even so, the efficiency of clean meat has the potential to directly translate into a reduction in agricultural land use—making it an idea worth pursuing.
Milestones on the road to the market
Yet, even with such a strong scientific foundation
and technology feasibility confirmation since the
1970s, clean meat still has a long way to the market. The main reason behind it was scaling the production technology. Without industrialisation, clean
meat is just too costly. Just consider that the first
cultured burger took two years to produce and
cost $300k. This high price is a result of using an
expensive consumable: cell-culture medium. This

5.
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liquid is a cocktail of substances called foetal bovine serum and growth factors that promote cell
growth. Besides being expensive, these culprits
also made the clean meat less cruelty-free than
the name suggested.
Fortunately, scientific advances now allow the engineering of plant-based substitutes, removing
animals from the equation altogether. There are
already start-ups that work on developing plantbased growth factors, for example, Orf Genetics
(Iceland) is using barley to make them. Others, like
Moltus Media (UK), are working on delivering animal-free serum substitute. Now, they just need to
scale production to meet the demand.
There is a lot to discover and innovate to reach the
full potential of cultured meat. The next challenge
will be to move from culturing meat in small
granules to recreating the entire muscle structure.
To achieve full-muscle growth in the lab, a scientific
breakthrough is needed. Growing such large cuts
requires a biologically compatible and edible
scaffolding to keep the structure of the meat. At
the same time, it will also create a demand for a
system to deliver nutrients to the cells below the
surface. While such technology is still a long way
from being ready, many companies are working to
make them a reality.
Do you really need to know how the sausage is
made?
The last issue to consider is finding consumers
wanting to give this product a shot. Clean meat is
not without controversies. Some of the technology
critics are pointing to unnaturalness or discomfort
stemming from the meat’s laboratory origin—
leading to the formation of an infamous moniker,
‘Frankenmeat’. Yet, consumer polls suggest that
people are willing to try this new cultured product.
As some behavioural researchers point out, most
consumers will be more interested in great taste or
attractive price rather than in knowing how the hot
dog they are eating was made.

And the list of companies close to bringing clean
meat to market is long. These start-ups usually
specialise in one type of meat: steak— Aleph Farms
(Israel), beef—Mosa Meat (the Netherlands), fish—
Finless Foods (US), poultry—Gourmey (France), seafood—Shiok Meats (Singapore), or pork—Innocent
Meat (Germany).
A potential to change the world
In her recent book, Mission Economy, Mariana
Mazzucatto advises against judging a technology
only by its own success but by its ability to create
spillovers and influence innovation in other areas.
Clean meat has enormous potential to inspire innovation. Now, it is possible to culture leather (Modern
Meadow), create “cow-less” milk (Perfect Day), get
honey without bees (MeliBio), or make spider-silk
analogue, which is so sturdy that could replace
Kevlar® (Bolt Threads). It is also possible, the most
significant impact this technology will have is when
it will be applied to grow healthy tissue in medicine.
Maybe regrowing limbs and organs will lay within
reach of humans sometime soon?
Adela Staszowska
Learn more:
Bill Gates (2021) How to avoid climate disaster
Chase Purdy (2020) Billion dollar burger: Inside Big Tech’s Race for
the Future of Food
Paul Shapiro (2018) Clean Meat: How Growing Meat Without Animals
Will Revolutionize Dinner and the World
M Post et al. (2020) Scientific, sustainability and regulatory challenges
of cultured meat
Additional materials at: Big Idea Ventures, Good Food Institute, New
Harvest

While the consumer-jury is still out, one company
decided to enter the market despite the challenges. Eat Just was granted permission to start selling
their cultured chicken in Singapore last December.
They focus on their collaboration with an 1880 restaurant, but they also want to reach retail consumers soon.
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“The correct analogy for the
mind is not a vessel that needs
filling, but wood that needs
igniting.”

Plutarch,
On Listening to Lectures

From interconnected smartphones and
wearables to smart cities and factories,
intelligent
devices
are
becoming
ubiquitous. The era of the Internet of Things
(IoT) is here. Now, billions of interconnected
devices sense their surroundings and feed
sensed data to the powerful algorithms in
the cloud, changing our world into a selfoptimising organism. This technology has
an enormous transformative
po- tential in areas like
energy efficiency or process
optimisation.
As early as 2016, Google’s
team
showcased
the
promise of this approach.
They demonstrated
that
using a neural network to
control a high-performance computing
facility’s cooling system could lead to
40% reductions in energy consumption.
But more is just around the corner.
Intelligent sensors can also revolutionise
farming through automated weeding and
intelligent systems that can nip the spread
of pests in the bud. The opportunities
seem endless.

Federated Learning

But what if we haven’t fully uncovered the latent
potential of intelligent sensors? What if we stand
only at the threshold of the world of truly intelligent
devices?
In Search for New Paradigms in IoT
Notwithstanding its promise, the IoT’s intelligence
architecture pales in comparison with the human
body. In the current paradigm, sensors are
merely passive gateways and cognition occurs in
centralised locations. As a result, the ‘perceptive
layer’ of the IoT (i.e. sensors or mobile devices) lacks
basic reasoning power. So much for smart devices.
Natural selection found a different solution to
similar problems. Think of the human body; there
is a perceptive and a cognitive layer. However, the
way information processing is distributed is quite
different. Take your eyes as an example: when an
object approaches them at high speed, they close
almost automatically (in about 45 milliseconds)
without involving any of the higher cognitive
processes in our brain. Just imagine what would
happen if we had to consciously decide every time
whether to close our eyes!
Now, consider the IoT. Unlike our bodies, the overwhelming majority of its cognitive processes involve centralised intelligence.
These come at a high price.
Transferring vast amounts of data
drawn from complex environments is difficult enough. Making informed decisions on that
basis in a timely manner is even
more demanding. With new data
generated at an ever-increasing
pace, this approach will no longer
be feasible. Forecasts show that
by 2025 there will be 41.6 billion
interconnected devices that will
generate 79.4 zettabytes (1021 bytes) of data. This will
leave the IoT network bandwidth and its processing
layer clogged and unable to work efficiently.
But the current limitations of IoT go far beyond network capacity. To process complex computations,
cloud computing platforms need vast amounts of
energy. The AI/IoT is now being compared to the oil
industry and it owes this comparison to the massive
carbon footprint it leaves on the environment. Projections show that cloud computing will soon con-

sume as much as 7% of the global electrical energy
output, while recent study has shown that training
an AI model in the cloud emits as much CO2 as the
entire lifecycle of 5 cars. The incoming influx of data
will only add burden to an already environmentally
costly industry.
Finally, transferring and storing zettabytes of
potentially sensitive data in centralised clouds
renders IoT networks vulnerable. This raises serious
questions about data privacy and data leakages
from the cloud. The breach of Dropbox platform
that led to stealing 5 gigabytes of credentials of 68
millions users is a telling case in point.
Shifting the Paradigm: Decentralised
ML for More Intelligent and Privacy-driven AI
To tackle these issues, we need a more
decentralised Machine Learning (ML) paradigm,
where (basic) intelligence is pushed towards the
edge of the network. First introduced by Google
and Intel, Federated Learning (FL) is a promising
new approach that is based on a distributed
framework of machine learning. In FL, first a generic
baseline model is created in a central server and
then transmitted back to the devices at the edge
(clients). These clients then start collecting data and
train locally, sharing the results with each other and
creating a shared prediction
model.
Repeatedly,
these
models are sent to the central
server, where they are improved
and then sent back again to
the clients. This way, FL allows
the clients to learn locally using
simpler models then leverage
their collective intelligence.
With every iteration, the shared
prediction model improves and
gets smarter.
Owing to its decentralised architecture, FL does not
depend on the latency of the network layer. In FL,
the devices train and improve their model locally
and do not send the data to the cloud. Even more,
they can train their models without the network
connection to the central server. Just imagine a
grid of intelligent wind turbines that could instantly
adapt to the local weather conditions and optimise
their performance. With FL, this can be done
without sending their data to a remote cloud server
and waiting for its response.
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Moreover, in the decentralised FL network, the network’s bandwidth is used only to transfer trained
models. Since their size is minimal, sending them
to the server requires a very small bandwidth capacity. On top of that, FL allows us to minimise energy consumption. The learning process runs on
an on-device basis, using client’s battery resources
without employing energy-intensive cloud data
centres.

FL is also a privacy-driven solution that ensures that
no user’s data is transmitted from the device. This
is a crucial advantage of FL, especially for privacy-sensitive areas such as clinical care or research
automation. FL algorithms enable training expert
and efficient ML models that help the doctors identify early stages of cancer or other serious diseases,
without the personal clinical data ever leaving secure servers. Already in 2020, the healthcare indus-
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try generated over 2.3 exabytes (1018 bytes) of data,
spiking enormously by 11,000% in a period of just
seven years (2013-2020). If AI is to help us to make
use of this tsunami of data in healthcare, Federated
Learning is the only hope to deploy it in a perfectly
secure way.

Ekkono Solutions, in partnership with Husqvarna,
used their in-house developed FL library to improve
the energy efficiency of Husqvarna’s Automower®.
Optimising robotic lawnmowers’ routes through an
FL algorithm boosts their efficiency up to 30% and
extends their battery life.

Pushing the Boundaries of AI: Towards the
Intelligence of Everything
The revolution in AI is well under its way. With its new
paradigm, FL is a crucial stepping stone from the
era of the Internet of Things towards the age of the
truly Intelligent Things (AIoT). The stakes are high: in
the current decade, the IoT will create $14.4 trillion of
value, providing ample business opportunities. The
race to reap the benefits of intelligence pushed to
the edge is rapidly gaining momentum. With more
precise sensing technologies, increasing industrial
automatisation and breakthrough developments in
robotics, FL will gain even more impetus in the near
future.
First enterprise applications will soon unfold latent
potential of Federated Learning. Google’s Team
has recently introduced its open-source library
that facilitates building end-to-end FL models
(TensorFlow Federated). The search-engine giant
also deployed an intelligent FL-based keyboard
software for Android phones (GBoard) that allows
for faster and easier typing in multiple languages.
American GPU potentate, Nvidia, launched its FLbased application framework (Clara) for FL-powered
medical imaging, genomics, and smart hospitals.
MELLODDY, a consortium of 17 companies is currently
deploying FL to automate and accelerate drug
discovery. Other promising pilot applications come
from the European startup scene. A Swedish startup,
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with Atoms and Light
Imagine an entirely new type of computer, where
levitating arrays of atoms replace hard-wired circuits. And instead of currents running through cables, instructions are executed by shining delicately
orchestrated sequences of laser pulses. These new
computers made of matter and light are reaching
the vanguard in one of our time’s fiercest technological contests—the quantum computing race.
The difference between these atom machines and
classical computers goes beyond their building
blocks. These devices process information in a
radically different fashion. Decades ago scientists
realised that a computer capable of exploiting
quantum properties—like entanglement and superposition—could tackle problems beyond the
reach of any present or future classical computer.
However, while these phenomena are commonplace in tiny and ultracold environments, they fade
in unaltered everyday surroundings rapidly.
Auspiciously, advances stemming from what came
to be known as The Second Quantum Revolution
are reaching maturity. Nowadays, it is possible to
manipulate large arrays of atoms with exquisite
precision while preserving their quantum properties—all of that, at the pleasant temperature of a
springtime afternoon.
Quantum computers for scientific discovery
While some of the most media-hyped quantum
computing applications—like cracking publickey cryptography—lie more than a decade away,
others might be within our grasp. In particular, the
possibility of using quantum computers to power
scientific discovery seems just a few research
papers away.
Currently, to understand the properties of molecules
and materials, we must rely on a combination of

painstaking lab work, approximate methods, and
a fair share of serendipity. Modelling even relatively
simple systems from first principles remains an
insurmountable challenge for classical computers.
Our inability to solve Schrödinger’s equation at
scale is among the most significant obstacles to
technological progress.
Quantum computers are ideally suited to tackle
this challenge. In fact, this is precisely the application that the field’s founders had in mind. As the
legendary physicist Richard Feynman said: “Nature
isn’t classical, and if you want to make a simulation
of nature, you’d better make it quantum mechanical”. But fulfilling this dream is far from simple. The
simplest of molecules, hydrogen, was simulated
for the first time only in 2010, almost thirty years
after Feynman’s pronouncement. Quantum computers are yet to demonstrate that they can play a
role in developing the drugs, and solar panels of
the future. Yet, there are reasons to be optimistic.
Stepping into terra incognita
Last summer, for the first time ever, Google’s team
accurately modelled a complete chemical reaction
using one of their prototype quantum computers.
The process in question was the isomerisation
mechanism of diazene. This molecule consists
of two nitrogens linked in a double bond, each
attached to a hydrogen atom. As chemistry goes,
this remains a relatively simple problem well within
the capabilities of classical computers. Still going
from simulating static hydrogen to the dynamics
of multi-atom molecules in less than one decade
is remarkable progress.
By winter, two of the world’s leading atomic computing research groups—Mikhail Lukin’s team at
Harvard and Antoine Browaeys’ lab at Paris’ Institut
d’Optique— went even further and stepped into
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uncharted territory. Using their atomic machines,
they performed simulations of magnetic materials
unattainable by classical computers.
The Institut d’Optique team uses ultra-precise optical tweezers to fetch dozens of individual atoms
and arrange them into intricate patterns in a split
second. Then, triggering a sequence of laser pulses, they activate a network of interactions between
the atoms to form a levitating quantum circuit.
Browaeys and his collaborators used this setup to
implement the iconic two-dimensional Ising model; perhaps the most important tool to understand
the interplay between heat and magnetism in materials. With their platform, they reached an unprecedented regime of almost 200 atoms simulated. To
put this in perspective, numerical calculations on a
classical computer are feasible up to the order of
100 atoms.
Essential questions in several far-flung disciplines,
from machine learning to logistics, can be recast in
terms of the Ising model. Thus, the implications of
the recent advances in atomic computing go beyond the realm of material science. This avenue is
currently being explored by Pasqal—a spinoff of the
Institut d’Optique—in collaboration with Électricité
de France (EDF). Their objective is to use atomic
computers as a tool to optimise EDF’s charging
infrastructure for electric vehicles. They hope to
demonstrate that these atomic devices can act as
computational accelerators for industrially-relevant questions.

timates ranging from €21bn to €42bn in the next
decade. Therefore, it is not surprising that there is a
fierce race to deliver the first commercially viable
quantum computer.
So far, the contest has been dominated by USbased tech giants like Google and IBM and their
technology of choice—superconducting qubits.
Their quantum computers are very different from
the atom machines of Browaeys and Lukin. Instead
of using atoms to encode information, they rely on
tiny loops of superconducting wire kept at closeto-absolute zero temperatures. While the idea
of using atoms predates the superconducting
approach and is conceptually simpler, the tech
giants’ approach was well motivated. When they
launched their programmes, the technology
required to control individual atoms wasn’t ready
for industrial applications, while superconducting
qubit fabrication relies on mature manufacturing
techniques.
But things have changed drastically in the world of
atomic computing. Neutral atom platforms have
demonstrated an attractive scalability potential,
and now they are the core technology of fastgrowing startups such as Pasqal. Charged atoms
(or ions) have also shown great promise, holding
the record for the lowest error rates in quantum
computing.

One race, two dark horses
The commercial potential of quantum computing is immense. This technology’s estimated business impact ranges between €1.7bn
and €4.2bn for the next 3-5 years. Yet, the real
impact will be felt once quantum technologists show that their machines can outperform their classical counterparts in real-world
tasks; a milestone known as quantum advantage. Once this Rubicon is crossed, the market potential is expected to skyrocket with es-

Vacuum-compatible lens holder for one of
Pasqal’s quantum processor prototypes
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“With neutral atom processors, we can easily assemble arrays made of
several hundreds of perfectly identical qubits. Such promising scalability
potential is unique in the field of quantum computing.”
Loïc Henriet,
Head of Quantum Software at Pasqal

Similarly to semiconductor technology, Europe has
also been a latecomer to the quantum computing
race, even though several of the key breakthroughs
were made in European research centres. Europe
is the scientific birthplace of quantum physics,
yet the lion’s share of financial benefits from the
resulting technologies was reaped elsewhere.

One wonders whether instead of a superconducting American computer, a European atomic computer will carry humanity towards quantum advantage?
Alvaro Véliz Osorio
Learn more:

It appears that European policymakers won’t let it
happen this time around. The French presidency
recently unveiled €1.8bn strategy to bring France
to the lead in quantum computing. Meanwhile,
Germany announced a €2bn quantum research
programme as part of its pandemic recovery plan.
At least four quantum technology companies were
funded under the elite European Innovation Council Accelerator programme — including the atomic
computing startup Pasqal.
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Da Vinci Labs, a multidisciplinary research center project located in Touraine (France), aims to
put deeptech at the service of the planet, leveraging artificial intelligence, synthetic biology
and quantum computing to fight against climate change, protect biodiversity and combat pollution.
Da Vinci Labs will provide researchers and entrepreneurs with a unique multidisciplinary research platform to develop innovations in sustainable food production, renewable energies,
green construction, circular economy and other eco-innovations.
Building on Leonardo da Vinci's legacy and his extraordinary ability to rely on complex bodies
of knowledge across different fields to solve specific problems, Da Vinci Labs is heralding a new
green technological renaissance able to reconcile technological innovation with sustainable
development.

La Vallière
37380 Reugny
France

www.davincilabs.eu
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