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Reports suggest that Quantum is poised to upend entire industries from
Finance to Security, and from Medicine to Manufacturing, but what does it

actually mean?

DATA! With seemingly endless data coming from all industries at a premium
the growing limitations on today’s computers is beginning to show. Take
climate change for example, big data on current weather computers still
cannot simulate climate changes with 100% accuracy. However, Quantum
computers are supercomputers equipped with advanced processing powers.
Taking tons of climate variables into account, they could create data-driven
models to help forecast weather patterns and prepare for natural disasters.
Beyond climate simulations, these advanced computing systems could make
ultra-fast calculations on the biggest and most complex datasets therefore the

technology is certainly catching corporate attention.
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The graphic above shows part of the IBM Quantum computer ‘Q’".

These problems, which require the best combination of variables and
solutions, are often called optimisation problems. They are some of the most
complex problems in the world, with potentially game-changing benefits. But
the quantum future isn't going to come easily, and there's no knowing what it
will look like when it does arrive. As yet useful quantum computers are not as
yet commercially viable. Now, companies and researchers are using a handful
of different approaches to try and build the most powerful computers the
world has ever seen. Here's everything you need to know about the coming

Quantum revolution.

For analyst certification and other important disclosures, refer to the Disclosure Section
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What is Quantum Computing?

Quantum computing takes advantage of the strange ability of subatomic particles to exist in more
than one state at any time. Due to the way the tiny particles behave, operations can be done much
quicker and use less energy than classical computers. Quantum computers can process enormous and
complex datasets more efficiently than classical computers. This is done by using quantum mechanics

to speed up the process of solving complex computations.

These computations incorporate a seemingly unlimited number of variables, and the potential
applications span industries from genomics to finance. Imagine you are building the world’s tallest
skyscraper, and you have a budget for the construction equipment, raw materials, and labour, as well
as compliance requirements. The problem you need to solve is how to determine the optimum
combination of equipment, materials, and labour, etc. to maximise your investment. Quantum

computing could help factor in all these variables to help us most efficiently plan for massive projects.

Quantum computers could offer a huge efficiency advantage for solving certain types of computations
that today’s computers will never be able to solve. For example, think about a phone book, and then
imagine you have a specific number to look up in that phone book. A classical computer will search
each line of the phone book, until it finds and returns the match. In theory, a quantum computer could
search the entire phone book instantaneously, assessing each line simultaneously and returning the
result much faster than a classical computer.

Picture below showing the layering of ‘Q’.
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Optimisation problems are faced across industries including software design, logistics, finance, web
search, genomics, and more. While the toughest optimisation problems in these industries stump
classical computers, they are well-suited for being solved on a quantum machine. Google, IBM,
Microsoft, Intel and a handful of start-ups are racing to create the next generation of supercomputers.

Quantum computers, if they ever get beyond the prototype stage, will help us solve problems, like


https://spectrum.ieee.org/tech-talk/computing/hardware/ibms-quantum-leap-simulates-56qubit-machine
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modelling complex chemical processes, that our existing computers cannot even scratch the surface

of.

Why now?

In 1965, Intel co-founder, Gordon Moore observed that the number of transistors per square

inch on a microchip had doubled every year while the costs were cut in half (since their invention

in 1958). This observation is known as Moore’s Law.
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Moore’s Law is significant because it means that computers and computing power both get

smaller and faster over time. However, Moore’s law has resulted in a slowdown of this trend

(some say a halt), and consequently, classical computers are not improving at the same rate they

used to. Intel, unsurprisingly, has relied on Moore’s Law to fuel chip innovation for the last 50+

years. Now, Intel, along with other computer manufacturing giants, has suggested that

transistor-based computing is approaching a wall.

Sometime in the 2020s, if we want to continue to reap the benefits of exponential growth in

computing power, we must find a fundamentally different way of processing information.

Enter quantum computing.
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Difference between Quantum and Classical

Quantum computers differ from classical computers in that improvement for classical mainly
relies on advancement in the materials that make up transistors and microchips. Quantum
computers do not use transistors (or classical bits). Instead, Quantum computing uses the
strange ability of subatomic particles to exist in more than one state at any time. Due to the way
the tiniest of particles behave, operations can be done much more quickly and use less energy
than classical computers. Qubits are the basic units for processing information in a quantum
computer. The super positions that qubits adopt let them each perform two calculations at once.
If two qubits are quantum-mechanically linked, or entangled, they can help perform 272 or four
calculations simultaneously; three qubits, 243 or eight calculations; and so on. In principle, a
quantum computer with 300 qubits could perform more calculations in an instant than there

are atoms in the visible universe.

@ 0

@ I

Classical Bit Qubit

Source: https://s3.amazonaws.com/cbi-research-portal-uploads/2018/10/19125717/qubit2.png

Qubits can be any value from 0 to 1 or have properties of both values simultaneously. Right
away, there are a whole lot more possibilities for performing computations. Additionally,
guantum computers rely on naturally occurring quantum-mechanical phenomena, or two
important states of matter known as superposition and entanglement. These states of matter,
when harnessed for computing purposes, can speed up our ability to perform immense

computations.


https://s3.amazonaws.com/cbi-research-portal-uploads/2018/10/19125717/qubit2.png
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Why Quantum Will Be Quicker

Problems like breaking encryption or mapping a molecule’s structure can require
sorting through millions of possibilities.

Your PC performs calculations using bits, A traditional computer tries possible answers
units of information encoded electrically in one by one until it finds the right one, a
either the off (0) or on (1) state. process that’s far too slow for such complex

problems.
OM >0 030500+ @

Superposition is one of the properties of a

A qubit, or quantum bit, can exist as O or 1 or quantum computer that enables it to work
both simultaneously, a trait known as faster by considering many possibilities at
superposition. Adding more qubits therefore once, sorting through sets of probable
increases the number of states that can be outcomes that converge on the correct
represented exponentially. answer.

202 |eetiehieie-e

Source: https://www.nanalyze.com/2018/11/quantum-computing-companies/

In 1998, Oxford University researchers in the UK announced that they had made a breakthrough
with the ability to compute information using two qubits. Fast forward to 2017, and IBM proved
the ability to compute on 50 qubits. Quantum computing power increased by 25x in 20 years —
a seemingly slow start compared to today’s pace of advancement. In 2018, Google
demonstrated 72 qubit information processing. In August 2018, Rigetti Computing announced
plans for a 128-qubit quantum chip.

&2 Quantum computers are getting more powerful
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Types of Quantum Computing

There are three primary types of quantum computing. Each type differs by the amount of processing
power (qubits) needed and number of possible applications, as well as the time required to become

commercially viable.
1. Quantum Annealing

Quantum annealing is best for solving optimisation problems. In other words, researchers are trying
to find the best (most efficient) possible configuration among many possible combinations of
variables. For example, Volkswagen (VW) recently conducted a quantum experiment to optimise
traffic flows in the overcrowded city of Beijing, China. The experiment was run in partnership with
Google and D-Wave Systems. The algorithm could successfully reduce traffic by choosing the ideal
path for each vehicle, per VW. Imagine applying this experiment on a global scale — optimising every
airline route, airport schedule, weather data, fuel costs, and passenger information, etc. for everyone,

to get the most cost-efficient travel and logistics solutions.

Classical computers would take thousands of years to compute the optimum solution to such a
problem. Quantum computers, theoretically, can do it in a few hours or less, as the number of qubits

per quantum computer increases.
2. Quantum Simulations

Quantum simulations explore specific problems in quantum physics that are beyond the capacity of
classical systems. Simulating complex quantum phenomena could be one of the most important
applications of quantum computing. One area that is particularly promising includes modelling the
effect of a chemical stimulation on a large number of subatomic particles — otherwise known as
guantum chemistry. Looking at unfolded versus folded protein structures, quantum simulators could
be used to simulate protein folding — one of biochemistry’s toughest problems. Misfolded proteins
can cause diseases like Alzheimer’s and Parkinson’s, and researchers testing new treatments must

learn which drugs cause reactions for each protein using random computer modelling.

It is said that if a protein were to attain its correctly folded configuration by sequentially sampling all
the possible drug-induced effects, it would require a time longer than the age of the universe to arrive
at its correct natural state. A realistic mapping of the protein folding sequence would be a major

scientific and healthcare breakthrough that could save lives.
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3. Universal Quantum Computing

Universal quantum computers are the most powerful and most generally applicable, but also the
hardest to build. A truly universal quantum computer would likely make use of over 100,000 qubits —
some estimates put it at 1M qubits. Remember that today, the most qubits we can access is not even
128. The basic idea behind the universal quantum computer is that you could direct the machine at
any massively complex computation and get a quick solution. This includes solving the

aforementioned annealing equations, simulating quantum phenomena, and more.

Researchers have been designing algorithms for years that are only possible on a universal quantum
computer. The most well-known algorithms are Shor’s algorithm for factoring numbers (to be used
for advanced code breaking), and Grover’s algorithm for quickly searching unstructured and massive
sets of data (to be used for advanced internet search, etc). At least 50 other unique algorithms have
been developed to run on a universal quantum computer. In the distant future, universal quantum

computers could revolutionise the field of artificial intelligence.

Quantum Al could enable machine learning that is faster than that of classical computers. Recent work
has produced algorithms that could act as the building blocks of quantum machine learning, but the
hardware and software to fully realise quantum artificial intelligence are still as elusive to us as a

general quantum computer itself.



HYBRIDAN

DERICATED TO BEROKING

Quantum Leading Companies

There are only a small number of private companies that have been able to raise over $50m (and
fewer with over $100m), which suggests that commercial application of quantum computers are still

a few years off.

&2 Quantum computing startups with 2 $50M raised
(as of 1/7/2019)

$21’o|v| $11:9M $66!M $50:M
U O-1,-1s - United States Ausiralia UK

Source: https://s3.amazonaws.com/cbi-research-portal-uploads/2019/01/07133847/top-qc-players.png

D-Wave is the most well-funded private quantum computing company with $210m raised to date,
followed by Rigetti Computing ($119m), Silicon Quantum Computing ($66m), and Cambridge
Quantum Computing (CQC) ($50m).

Notably, deals to these four companies accounted for ~70% of the industry’s total funding since 2013.

Additionally, deals to private quantum computing companies overall reached an all-time high in 2018.

Dollars and deals to quantum computing startups
2013 — 2018
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Source:https://s3.amazonaws.com/cbi-research-portal-uploads/2019/01/07134230/gc-funding-growing.png
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Over the past six years, total global deals by quantity increased over 200% — from seven in 2013 to

24 in 2018. Among the top deals in 2018, Rigetti Computing raised a $50m Series C in August.

In 2017, total funding to quantum computing start-ups reached an all-time high at over
$200minvested across just 14 deals. Notably, there were five start-ups raised rounds of over $20m in

2017, including: Silicon Quantum Computing, Rigetti, 1QBit, lonQ, and D-Wave.

Google Ventures (GV) and Amazon, among others, have backed lonQ, which is developing general
purpose quantum computers to address a broad array of applications. Notable VCs in the industry
include Sequoia Capital, which invested in quantum computing hardware company Quantum Circuits,
Inc. (QCl). Andreessen Horowitz (al6z) has invested in Rigetti Computing and Draper Fisher Jurvetson

(DFJ) has been involved with multiple investments in D-Wave Systems.

with the communications industry’s interest in quantum computing got a boost in February 2018,
when South Korean mobile telecommunications operator SK Telecom entered the game, followed by
Germany’s Deutsche Telekom a few months later. The telecom companies bought a $65m majority
stake and a minority stake, respectively, in ID Quantique, a provider of multi-protocol network
encryption for securing communications based on quantum technologies. Some of the world’s largest

corporations are also pursuing in-house quantum computing projects.

Google operates a D-Wave Systems quantum computer in the Quantum Artificial Intelligence Lab
(QuAIL). The lab is hosted by NASA and the Universities Space Research Association at the NASA Ames
Research Centre in Mountain View, California. In July 2015, Alibaba’s Aliyun cloud unit and the Chinese
Academy of Sciences established a research facility based in Shanghai called the Alibaba Quantum
Computing Laboratory. The lab considers quantum security technology for e-commerce and data
centres. In January 2019, IBM unveiled its first commercial quantum computer at the Consumer
Electronics Show (CES). IBM’s Q System One uses 20 qubits and has both classical and quantum
components. The company’s announcement made it clear that it will take time before commercial

guantum computers can beat today’s classical machines:
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Smaller Quantum Computing Firms

Founded in 2017, British start-up GTN Limited has taken in around $2.7min

funding to build their “Generative Tensorial Networks”, thus the acronym GTN.
Their software uses machine learning techniques and quantum physics to simulate, filter and search
for new pharmaceutical drugs, discovering molecules entirely hidden from view. They claim to be
“currently running collaborations with global pharmaceutical companies, with a number of the ten
largest pharmaceutical companies in our pipeline.” Last year, IBM made the news having simulated a
molecule_on a quantum computer. While today’s supercomputers can do the same, they quickly get

bogged down as molecules increase in complexity.

bl \ Founded in 2017, Berkeley-based start-up Bleximo took in a single seed
eO round of $1.5m in September 2018 with the intent to develop “quantum
application-specific integrated circuit technology” which will be specialised in an industry-specific
manner. Bleximo is developing processors that can be coded to address very specific applications with
very high levels of performance as a result, called ‘Quantum Accelerators’. The start-up also

announced a partnership with a start-up called Q-CTRL.

@ O CTRL This Australian start-up took in a second seed round in 2018 with

participation from Sequoia. Founded in 2017, Q-CTRL has taken in
an undisclosed amount of funding from two seed rounds so far to develop a “hardware-agnostic
platform which works with every qubit to reduce decoherence and errors at the physical layer.”

They’ve already released a cloud-based product called Black Opal:

BLACKTOPAL LAUNCH FEATURES

o\ AL A
| \ Yy
+ /
—"\N\—— RS RNANS
Qubit Control Design and Analysis Error Forecasting and Budgeting Control Optimization Noise Characterization and System

Identification

One of the biggest problems that researchers face when trying to build a functional quantum
computer is getting the qubit to stabilise so they can be used for computations. Q-CTRL is one of eight

start-ups selected by IBM to run computations on their quantum machines.

10
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Founded in 2007, Denver-based start-up ColdQuanta took in a seed
®)]) ColdQuanta ' o
funding round of $6.8m over the summer. The funding will be used to
commercialise ColdQuanta’s foundational ultracold neutral atom technology. The website shows that
they’re somewhat of a picks-and-shovels provider for companies that need ultra-specialised

equipment and tools for quantum computing research.

E Z uc WARE Founded in 2014, Silicon Valley start-up QC Ware, the start-up is trying to figure
L J

out how to perform optimisations on a quantum computer. In July of 2018, QC
Ware took in a $6.5m funding round from some big corporate names including Citigroup, Goldman
Sachs, and Airbus. In the same month, QC Ware announced support for Cirg, an open-source quantum
computing framework offered by Google. Their enterprise-focused quantum computing cloud will also

support other quantum computing hardware providers as well.

STRANGE Founded in 2018, Austin-based start-up Strangeworks has taken in $4m in
WORKS funding from a small pool of investors so they can work on something related

to quantum computing that they’re trying to keep a secret. Their website is

filled with chatter about making quantum computing accessible to the decision makers of a firm. The
founder and CEO, William Hurley, is somewhat of a serial entrepreneur having founded Chaotic Moon
Studios which was acquired by Accenture in 2015 and Honest Dollar which was acquired by Goldman
Sachs in 2016. That’s where Mr. Hurley served as M.D. before leaving in February of this year to get

his latest venture off the ground. He’s published a lot of papers on quantum computing and already

seems to be an expert in the space.

- Zapata Founded in 2017, Massachusetts-based start-up Zapata
Computing was launched by a group of Harvard scientists who

have taken in $5.4m in funding to build a quantum software and services company. The start-up is
running in full-on stealth mode, so a best guess is they’re building much the same sort of industry-
specific solutions that we see other companies on this list developing as well. Because there are so
many applications and problems to address once quantum computing arrives, there won’t be a one-
size-fits-all solution. Being in a niche and not telling anyone you’re there can be a clever way to get

ahead in your niche while flying under the radar.

:; i \ Founded in 2016, Canadian start-up Xanadu has taken in
’ . around $7m in funding to “design and integrate quantum silicon
photonic chips into existing hardware to create truly full-stack quantum computing.” Instead of using
electrons to carry information and perform calculations, they use photons. A recent paper published

by the technical team at Xanadu titled “Near-deterministic production of universal quantum photonic

11
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gates enhanced by machine learning” implies that they’re using machine learning to enhance their
hardware. Xanadu’s “Strawberry Fields” is an open-source quantum software package featuring a

guantum machine learning toolbox for quantum computing built on TensorFlow.

@ Founded in January of this year, Toronto-based start-up Qindom Inc. is dedicated to
N\ S reconstructing Al with quantum computing technologies using D-Wave computing
GINDOM . e 1 . L .
hardware. The topic of artificial intelligence and quantum computing is something a lot of
industry experts talk about, and Qindom took in $2m around the time they were founded so that their
team (almost entirely constructed of university professors at the moment) can move fast to develop

“quantum intelligence” which marries artificial intelligence with quantum computing to do grand

things.

D Founded in 2018, Canadian start-up Intelline has taken in a small amount of
| rTIE “l e money in the form of a grant to build “mass custom cryocoolers to enable
widespread implementation of cryocooled technologies.” Quantum

computing needs cooling solutions that reach incredibly cold temperatures. For example, D-Wave's
guantum computer cools 10 kilos of material to a temperature that’s approximately 180 times colder
thaninterstellar space. Consequently, Intelline wants to become a picks-and-shovels play for quantum

computing by building superior components for extreme cooling.

12
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Affected Industries

1. Financial services

Financial analysts typically rely on algorithms
that are made up of probabilities and

assumptions about the way markets and

portfolios will perform. Quantum computing
could help eliminate data blind spots and prevent unfounded financial assumptions from creating
losses. Specifically, the areas of quantum computing that show the most promise for financial services
are in solving complex optimisation problems such as portfolio risk optimisation and fraud detection.
Quantum computing could be used to better determine attractive portfolios given thousands of assets

with interconnecting dependencies and identify key fraud patterns more effectively.

One other area of finance quantum computers could change involves running what are known
commonly in the industry as Monte Carlo simulations — a probability simulation used to understand

the impact of risk and uncertainty in financial forecasting models.

While classical computers can only search one file at a time or run a single Monte Carlo simulation of
a portfolio, a quantum computer could perform these operations in parallel and optimise transactions

more efficiently.

2. Healthcare

Quantum computers could help speed up the

process of comparing the interactions and effects 9: : &

TESTING

of different drugs on a range of diseases to

determine the best medications. Additionally,

guantum computing could also lead to truly
personalised medicine — using advancements in genomics to create tailored treatment plans specific

to every patient.

Genome sequencing creates lots of data such that a representation of a person’s whole DNA strand
requires massive computational power and storage capacity. Companies are rapidly bringing down
the cost and resources needed to sequence the human genome; however, a quantum computer would

theoretically make the way genomes are sequenced more efficient and easier to scale globally.

13
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A quantum computer could assemble and sort through all possible gene variants at the same time
and instantly find all nucleotide pairs, making the whole process of genome sequencing

exponentially shorter.

Rapid quantum genome sequencing could allow us to pool the world’s DNA into a broad population
health database. Using quantum computers, we would also be able to synthesise patterns in the
world’s DNA data for understanding our genetic makeup at a deeper level, and potentially uncover

previously unknown patterns of disease.
3. Agriculture

Quantum computers could help us more
efficiently make fertilisers. Nearly all the
fertilisers that help feed us are made from

ammonia. The ability to produce ammonia (or a

substitute) more efficiently would mean
cheaper and less energy intensive fertilisers. Easier access to better fertilisers would benefit the
environment and help feed the planet’s growing population. Little progress has been made on
improving the process to create or replace ammonia because the number of possible catalyst

combinations to do so is infinite.

Essentially, we cannot artificially simulate the process without an industrial technique from the 1900s
known as the Haber-Bosch Process. The process involves extremely high heat and pressure to convert
nitrogen, hydrogen, and iron into ammonia. Using today’s supercomputers to digitally test for the

right catalytic combinations to make ammonia would take centuries to solve.

A quantum computer would be able to quickly analyse chemical catalytic processes and come up with
the optimal catalyst combination to create ammonia. Moreover, we know that tiny bacteria in the
roots of plants performs this same process every day at very low energy cost using a specific molecule
called nitrogenase. This molecule is beyond the abilities of our largest supercomputers to simulate but

would be within the reach of a quantum computer.

Note, producing energy efficient fertiliser is just one of the many ways we can solve big problems with
the ability to accurately simulate molecular behaviour. Similar problems exist across climate change,

healthcare, materials sciences, energy, and more.

14



HYBRIDAN

DERICATED TO BEROKING

4. Cloud Computing

Quantum cloud computing is emerging as a promising
field within the industry. Quantum cloud platforms
could simplify programming and provide low-cost

access to quantum machines. The company QC Ware

is an early-stage start up developing a cloud-based
platform for quantum computing. QC Ware’s backers include Airbus Ventures and Goldman Sachs,
among others. Major corporations including IBM, Google, and Alibaba are also pursuing quantum

cloud computing projects.
5. Cybersecurity

Quantum computers can be wused to break
cryptographic codes that we use today to keep
sensitive data and electronic communications secure.

However, quantum computers could also be used to

secure data from quantum hacking — a technique known as quantum encryption.

Quantum encryption is the idea of sending entangled particles of light (entangled photons) over long
distances in what is known as Quantum Key Distribution (QKD) for the purpose of securing sensitive

communications.

The most important point is that if quantum encrypted communications are intercepted by anyone,
the encryption scheme will show immediate signs of disruption and reveal that the correspondence is
not secure. This relies on the principle that the act of measuring a quantum system disrupts the

system. This is known as the “measurement effect.”
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How Close Are We to Quantum Supremacy?

Quantum supremacy is the ability of quantum computers to solve problems that classical computers
practically cannot. Remember, the ideal quantum computer is one that is universally applicable and
superior to classical machines. The difficulty of making these computers commercial is seen by the
intricacies of the machine, for example they must be housed in around -460-degree temperatures to

stop them from overheating.

Companies and governments have claimed to operate a quantum computer that achieves quantum
supremacy. In March 2018, for example, Google claimed its 72-qubit chip solved a carefully selected
problem faster than classical machines. Shortly after the announcement, Alibaba’s researchers
announced they had solved the same problem using classical systems. The exchange underscores the
veracity with which the world’s most powerful companies are racing to lead the charge into quantum
supremacy. IBM have claimed in January 2019 to have made the first commercial computer of 50
Qubits. However, IBM says it has no plans to sell the device but will instead allow customers to perform

guantum calculations over the internet.

Today, the most powerful quantum computers made by companies that include D-Wave Systems,
Alibaba, IBM, and Rigetti Quantum Computing, among others, comprise a hybrid classical quantum
offering. That is, they offer a mix of powerful classical systems boosted by impressive quantum
capabilities. However, the industry is developing fast. Experts agree that by 2030, we could see
guantum computers outpace classical counterparts. Significant technical barriers must be surmounted
before quantum computing achieves its potential. This will require the development of more stable
hardware, commercial platforms for software development, and the development of cloud computing

capabilities for the distribution and access of quantum computing resources.
Another bandwagon to jump on?

AIM has always been highly thematic and driven by a particular “sector buzz” at that pointin time.
As smaller companies are highly agile, they can be quickly set up with people and products and come
to the market perpetrating to be at the cutting edge in innovation within the current sector of choice

at that point in time.

Most recently it was Cannabis, before that it was Blockchain/cryptocurrency, before that it was
cybersecurity, before that it was mobile payments, before that it was cloud computing and so on
and so forth. The first out the gates within a “sector buzz” usually raises large amounts of money at

a high valuation because investors are eager to put their money to work in a sector that is drawing
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lots of attention. History tells us that the first out the gates has almost always not delivered as they
fail to commercialise in a rapidly changing and competitive market. Unfortunately, the performance
of the first company within a given sector sets the tone for the rest of the new entrants on to the

market.

At the time of writing, the UK small cap market is still getting to grips with sorting which companies
are starting to successfully commercialise blockchain — quantum computing throws another spanner
in the works. It is widely agreed that right now it would take the most powerful computer in the
world around one million years to crack the cryptographic codes upon which blockchain is based on.
With a quantum computer, it would take a matter of seconds. So, as investors and companies are
spending millions if not billions on the development on the next blockchain sensation, will all this be

for nothing when quantum becomes mainstream?
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Summary

Quantum computers promise to run calculations far beyond the reach of any conventional
supercomputer. They might revolutionise the discovery of new materials by making it possible to
simulate the behaviour of matter down to the atomic level. Or they could upend cryptography and
security by cracking otherwise invincible codes. There is even hope they will supercharge artificial
intelligence by crunching through data more efficiently. However, all of this is still a few years away
until they manage to get to a commercial product. When quantum computing is a commercial product,

will be when the opportunity for smaller companies arises.

Like with any large breakthrough innovation, agile and flexible companies will need to create services
to support the technological change. Bloomberg wrote an article on “Why Quantum Computers Will
Be Super Awesome, someday” which implied that even with all the hype around quantum computing,
we still don’t have a quantum computer. As time goes on, competition to reach quantum supremacy

on the global stage is heating up with China getting into the mix.

A lot of the smaller companies we’ve talked about in this article took in their first disclosed funding
round in 2018, which shows that venture capitalists are warming up to being keen to fund quantum
computing technologies. It seems rather telling that all these start-ups are cropping up and creating
guantum computing software and services, many of which are platform independent, implying that
the emergence of a fully-functioning quantum computer that’s ready for commercialisation could be
right around the corner — and not just from one company. As you can see most Quantum company
raises have been off market, but we may see this change over the next few years, but the question is

when. They will need a patient approach.
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Disclaimer

This document, which does not constitute research, has been issued by Hybridan LLP for information purposes only and should
not be construed in any circumstances as an offer to sell or solicitation of any offer to buy any security or other financial instrument,
nor shall it, or the fact of its distribution, form the basis of, or be relied upon in connection with, any contract relating to any such
action. This document has no regard for the specific investment objectives, financial situation or needs of any specific person or
entity and is not a personal recommendation to any such person or entity. Recipients should reach an individual investment
decision, based upon their respective financial objectives and financial resources and, if any doubt, should seek advice from an

investment advisor.

The information contained in this document is based on materials and sources that are believed to be reliable; however, such
information has not been independently verified and therefore it is not possible to confirm such information as being accurate.
This document is not intended to be a complete statement or summary of any securities, markets, reports, or developments
referred to herein. No representation or warranty, either express or implied, is made or accepted by Hybridan LLP, its members,
officers, employees, agents, or associated undertakings in relation to the accuracy, completeness or reliability of the information

contained in this document, nor should it be relied upon as such.

The content of this document includes market commentary and other information which we have prepared in relation to companies

referred to in this document

The provision of this document to you constitutes a minor non-monetary benefit which is capable of enhancing the quality of
service provided by Hybridan LLP and which is of a scale and nature which could not be judged to impair the duty of Hybridan
LLP to act in the best interest of its client falling within article 24(7)(b) of Regulation 600/2014/EU (MIFID Il Regulation).

This document has been prepared by Miles Cox, an employee of Hybridan LLP.

Any and all opinions expressed are current as of the date appearing on this face of this document only. Any and all opinions
expressed are subject to change without notice and Hybridan LLP is under no obligation to update the information contained
herein. To the fullest extent permitted by law, none of Hybridan LLP, its members, officers, employees, agents, or associated
undertakings shall have any liability whatsoever for any direct or indirect or consequential loss or damage (including lost profits)

arising in any way from use of all or any part of the information in this document.

This document should not be relied upon as being an independent or impartial view of the subject matter and, for the avoidance
of doubt, constitutes non-independent research (as such term is defined in the Financial Conduct Authority's Conduct of
Business Sourcebook to reflect the requirements of the MIFID Il Regulation and Directive 2014/65/EU (known as MIFID Il)). The
individuals who prepared this document may be interested in shares in the company concerned and/or other companies within
its sector, may be involved in providing other financial services to the company or companies referenced in this document or to
other companies who might be said to be competitors of the company or companies referenced in this document. As a result
both Hybridan LLP and the individual members, officers and/or employees who prepared this document may have responsibilities
that conflict with the interests of the persons who receive this document. Hybridan LLP and/or connected persons may, from time
to time, have positions in, make a market in and/or effect transactions in any investment or related investment mentioned herein

and may provide financial services to the issuers of such investments.

In the United Kingdom, this document is directed at and is for distribution only to persons who (i) fall within article 19(5) (persons
who have professional experience in matters relating to investments) or article 49(2) (a) to (d) (high net worth companies,
unincorporated associations, etc.) of the Financial Services and Markets Act 2000 (Financial Promotion) Order 2005 (Sl
2005/1529) (as amended) or (ii) persons who are each a professional client or eligible counterparty (as those terms are
defined in the Financial Conduct Authority's Conduct of Business Sourcebook) of Hybridan LLP (all such persons referred to in
(i) and (ii) together being referred to as relevant persons). This document must not be acted on or relied up on by persons who
are not relevant persons. For the purposes of clarity, this document is not intended for and should not be relied upon by any

person who would be classified as a retail client under the Financial Conduct Authority's Conduct of Business Sourcebook.
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Neither this document, nor any copy of part thereof may be distributed in any other jurisdictions where its distribution may be
restricted by law and persons into whose possession this document comes should inform themselves about, and observe, any
such restrictions. Distribution of this report in any such other jurisdictions may constitute a violation of territorial and/or extra-

territorial securities laws, whether in the United Kingdom, the United States, or any other jurisdiction in any part of the world.

Where possible this document is made available to all relevant recipients at the same time. Dissemination of research by Hybridan
LLP is monitored to ensure that it is only provided to relevant persons. Research prepared by Hybridan LLP is not intended to be
received and/or used by any person who is a retail client.

Hybridan LLP and/or its associated undertakings may from time-to-time provide investment advice or other services to, or solicit
such business from, any of the companies referred to in this document. Accordingly, information may be available to Hybridan
LLP that is not reflected in this material and Hybridan LLP may have acted upon or used the information prior to or immediately
following its publication. In addition, Hybridan LLP, the members, officers and/or employees thereof and/or any connected
persons may have an interest in the securities, warrants, futures, options, derivatives, or other financial instrument of any of the

companies referred to in this document and may from time-to-time add or dispose of such interests.

This document may not be copied, redistributed, resent, forwarded, disclosed, or duplicated in any form or by any means, whether

in whole or in part other than with the prior written consent of Hybridan LLP.

MIFID Il status of Hybridan LLP research

The cost of production of our corporate research is met by retainers from our corporate broking clients. In addition, from time to
time we issue further communications as market commentary (such as our daily newsletter, Small Cap Breakfast), which we
consider to constitute a minor non-monetary benefit which is capable of enhancing the quality of service provided by Hybridan
LLP and which is of a scale and nature which could not be judged to impair the duty of Hybridan LLP to act in the best interest of
its client falling within article 24(7)(b) of the MIFID Il Regulation.

Hybridan LLP is a limited liability partnership registered in England and Wales, registered number OC325178, and is authorised
and regulated by the Financial Conduct Authority and is a member of the London Stock Exchange. Any reference to a partner in
relation to Hybridan LLP is to a member of Hybridan LLP or an employee with equivalent standing and qualifications. A list of the
members of Hybridan LLP is available for inspection at the registered office, 2 Jardine House, The Harrovian Business Village,
Bessborough Road, Harrow, Middlesex HA1 3EX.

If you would like to unsubscribe, please email enquiries@hybridan.com with “unsubscribe me”.
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