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Futurist Ray Kurzweil first wrote two decades ago about “The Law of Accelerating Returns”.
His theory posited that the same exponential growth qualities that made Moore’s Law
possible — doubling of semiconductor capacity per square inch every 12-18 months -- have
extended themselves to all forms of technological progress. Paradigm shifts would rapidly
become the norm and, in his view, we would experience thousands of years of progress in
the historical exponential equivalent of several years.

Kurzweil’s vision of a ‘technological singularity’ in 30 years, where the nature of our
existence changes as cumulative machine intelligence surpasses collective human intellect,
may never come to pass. But as an executive, board member or investor, ignoring the
indisputable parabolic curves emerging across industries and economies is not an option.
How should you think differently about the companies you manage or own in the face of this
transformative competitive backdrop? What are the early indicators of this step function
change and what can you learn from the examples? Which public companies are taking
proactive steps to trade near-term earnings for long-term positioning?

Challenged and intrigued by these questions, RBC Capital Markets embarked on an ambitious
six-month study of the global drivers of parabolic change. Our work highlights the pervasive
impact of technological innovation but also contextualizes this with non-technological
change forces such as population growth, climate change, urbanization, resource shortages,
and an evolving workforce. The six themes that emerged from this work — The Calibrated &
Augmented Self, The Al Race, Collective Action, Escalating Uncertainties, The Agility
Imperative and In Cloud We Trust — formed the outline of the report that follows, asking
many “what if” questions about the future status quo. IMAGINE 2025 captures the
collaboration of our Global Research Team, the broader RBC Capital Markets employee base
and industry experts or “futurists” affiliated with our partners at Sterling Rice Group.
Importantly, this collaboration across disciplines fostered lateral thinking that helped us
identify the change forces and themes of a less obvious, non-linear future.

The overarching goal of our report is to challenge management and investor thinking,
creating a framework to help anticipate which companies will be on their front foot
strategically. Leadership decisions today may well determine a company’s fate in 2025, as
the historical change examples illustrated throughout this report demonstrate. We
encourage readers to take a lateral approach in reviewing this report, reading all sections
and reflecting upon how developments in one industry may influence another. We hope this
thematic roadmap, including the global list of forward-thinking companies highlighted in our
IMAGINE 2025 Portfolio will challenge executives and asset managers to think expansively
and creatively as they invest with an eye towards the next decade.

e A 1 =

Justin Spitzer Andre-Philippe Hardy Rufus Grantham Paul Hissey

Directors of Global Research
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I: The Calibrated and Augmented Self: The Calibrated and Augmented Self is based on the

concept that the “average consumer” is vanishing as machine and quantum computing learn
and predict behaviors, leading to hyper-personalized products and services, and the ability for
mass customization with less friction. However, the Calibrated and Augmented Self will most
likely come with privacy and ethical risks.

What if automation, the Industrial loT, and 3D printing capabilities removed the need
for manufacturing in low-cost regions? Could this drive companies to reinvest in the
U.S. and other developed markets where higher-skilled workers reside?

What if using a wrist integrated smart device consumers could understand the direct
implications on life expectancy, weight gain and loss from consuming different
foods/beverages, and participating in certain activities?

Il: The Artificial Intelligence Race: We are on the precipice of the Artificial intelligence (Al)
era. Software, enabled by machine learning (training algorithms on input data) and deep
learning (using neural networks) can replicate and eventually surpass human cognition. It is
helpful to think about Al technology in phases as a progression: narrow Al, general Al and
superintelligence or “the singularity.” Each stage of Al development has different implications
for different industries and the world at large.

What if Al-enabled autonomous driving turns your vehicle from a depreciating asset
to an income-earning one — being put into a shared fleet or used for last-mile
delivery when not in personal use? What if the vehicle could mine for crypto
currencies or other future crypto assets with its computing capacity when not in use,
generating additional income for owners and operators?

What if Al precision farming ushers in the next global “green revolution” and cuts food
costs in half? Will this accelerate the long-term decline in the percentage of income
spent on food? Or will consumers use savings to trade up to more expensive and
nutritious foods? How will this impact grain-reliant packaged food companies?
Healthcare companies?

lll. In Cloud We Trust: The adoption and utilization of cloud technology is rapidly changing
the landscape of corporate IT as well as corporate competition across industries. The
democratization and affordability of cloud computing and storage is fueling the rate at which
companies can start, scale, and succeed. As basic cloud services become more affordable with
price cuts, premium services such as intelligence, machine learning, and advanced compute will
continue to be introduced at affordable rates, giving high power tools and capabilities to
businesses of all sizes.

What if the “Asian Hyperscale Threat” becomes real? We could see companies like
Alibaba, Baidu and Samsung scale their public cloud offering beyond the current
regional presence and offer an alternative to the big three (Amazon, MSFT and
Google). What if Alibaba is Amazon’s Amazon? What if this sparks a new round of
national security conversations, along with all data sovereignty/ safety issues that are
associated with them?

What if the network becomes more valuable than compute? Despite this land-grab for
compute and storage, what of the network? Could we see a land-grab for
metropolitan cable operators and infrastructure? What about long-distance transport
and who dominates that? Is the Microsoft and Facebook partnership on a new sub-
Atlantic 4K cable just the start of a new capex arms race?

RETURN TO TOC 5
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IV. Collective Action: The power to act collectively has never been greater given technology
and the viral speed with which social sharing can occur. As a result, long-held beliefs in
traditional institutions, social norms, and commerce are being challenged. As a result, we
believe the pace of disruptive change will accelerate, but also believe increased collaboration
between historical adversaries could increase, as incumbents seek to partner for survival via
self-cannibalization and disruptors seek change at scale.

What if self-sovereign IDs become the norm? Will large-scale consumer—data-derived
models be required to directly compensate consumers to gain access to data? Will
banks become “token vaults” holding consumers’ digital tokens/currencies as a new
demand deposit account or will they be disintermediated as new digital token wallets
become the on ramps to gain access to a decentralized network of value?

What if the rise of the collective conscience drives proof-of-sourcing, ranging from
food, clothing, and raw materials, as consumers demand specificity on providence
tracking? An example would be scanning a QR code with a smart device. Will the cost
of tracking inherently increase the cost of goods and services making it more
attainable by the wealthy vs. the poor? Will more people be willing to pay more to
support natural/organic, non-GMO, all natural or local products?

V: Escalating Uncertainties: Even as we struggle with a staggering amount of change, we can
envision a future where this change goes parabolic, making our present concerns seem quaint,
heightening uncertainty, and expanding the list of threats and challenges posed to the world’s
nations, institutions, and corporations. The sheer scale of change has significant economic,
environmental and resource considerations. We have already seen the shoots of violent
extremism and economic and political nationalism as nations react differently to shifting
societal realities. As we look forward, we see the potential for two paths —an adherence to the
post-war tenets of globalization, inclusion and joint solutions, or a hard turn towards
nationalism and isolation in all its forms. These uncertainties create the opportunity for
innovative solutions to global conflicts and resource allocation, but equally increase the
potential for a fragmentation of global institutions, military and economic threats, and a chasm
between the haves and have-nots.

What if the use of alternative energy fuels causes lower oil prices, creating civil unrest
in economies that rely primarily on hydrocarbon revenues (Venezuela, Saudi Arabia,
Russia, etc.)?

What if rising nationalism and the resulting growth of military expenditures forces
significant cuts to social programs, exacerbating today’s economic divide between the
“haves” and “have nots”?

VI: Agility Imperative: The Agility Imperative is based on the increasing need for companies
to be flexible and able to quickly adapt to the societal change forces. An asset base and existing
brand equity will no longer be enough to carry companies through changing times, or to sustain
dominance and relevance in a category. In fact, it may lead to their extinction. Companies will
have to change their structure and cultures to become and remain agile to compete and
succeed.

What if retail stores or restaurants paid for your autonomous ride to ensure the
consumer comes to their establishments? Does this high-ROl spend upend more
traditional advertising?

What if the proliferation of connected devices led to a decentralized ecosystem where
all products from any manufacturer could communicate with one another? How would
this change the competitive landscape and how would companies differentiate
offerings? What is the value proposition for consumers?

RETURN TO TOC 6
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The Imagine 2025 Portfolio and next steps

Our process was brought full circle by asking our global analysts to identify the public
companies under coverage that they felt were positioning most boldly and effectively for the
future based on our futures framework. The result? Our Imagine 2025 Portfolio. Over the
coming weeks, we will release companion products including tear sheets on each sector
identifying summarized drivers and challenges, along with deep dive sector reports
deconstructing the topics we discuss within for each industry.

June 26, 2018 RETURN TO TOC 7
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stocks and valuations.

Despite not becoming
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2000s, the self-contained
digital camera was
developed by an engineer
at Kodak (!) in 1975.

From 2006 to 2012, Kodak
went bankrupt while
Shutterfly’s stock rose to its
all-time highs, up 200%
since its IPO.
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Equity valuations are based on the present value of future cash flows. Most analysis is
focused on the next quarter or 1-2 years, but rarely is time and effort taken to think about
the next 7 years when assessing the valuation of a company. This was the impetus for the
RBC research team. We wanted to equip our analysts and clients with a multi-dimensional
way of thinking about companies, stocks and valuations. The most important assessment for
our research team was to understand which companies across our collective coverage had
the capabilities to adjust to a rapidly evolving future.

lllustrating the power of a Futures study: The Kodak case study

We acknowledge that the concept of Futures is more art than science. The goal of this study is
to make sure we understand how things could evolve so we can assess which companies are
best positioned to effectively adapt. And while this report is about the future, we believe a
quick history lesson could help bring to life how the process of Futures could help companies
(and investors) make better decisions. Below we take a look at the rise and fall of Kodak. And
while Kodak is often the standard case study on a company that failed to adapt to the future,
we believe it still provides a powerful illustration on the dangers of not embracing change.

Despite not becoming common among consumers until the early-to-mid 2000s, the self-
contained digital camera was developed by an engineer at Kodak (!) in 1975. Kodak feared
the invention could cannibalize its core businesses which were chemicals, film cameras, film,
and paper. The inventor, Steve Sasson, later went on to say Kodak management’s reaction
was “don’t tell anyone about it.” But by the late 90s and early 2000s, the digital camera wave
went on without Kodak, and the company struggled to catch up, all while its core businesses
shrank and, by 2012, it filed for bankruptcy.

But even the trend of standalone digital cameras did not last long once mobile phones and
smartphones came into the picture and quickly reached mass adoption. Digital camera
production reached its peak in 2010 and fell every year thereafter. From 2010 to 2013, digital
camera production fell from about 150 million to 20 million units. With the increasing quality
of smartphone cameras, and the easy connected way to share photos without physical
connections or setups, along with the slimming profile of the devices themselves, consumers
no longer needed or wanted to carry around a separate device for photo sharing. Cameras
are now essentially standard on all smartphones and a consistent top key decision factor in
choosing a device.

With the mass accessibility to create photos came massive amounts of photo and content,
and a once beloved standalone product for 100 years became a standard, baseline feature,
to meet consumer demand for the inexpensive, portable, and unlimited. Although Kodak had
an online digital photo print and storage business, courtesy of its purchase of Ofoto, the site
deleted users’ photos after 90 days if they did not make any qualifying photos from the site.
California-based company Shutterfly, which launched in 1999, offers free and unlimited
photo storage, as well as photo products such as albums, cards, and calendars. Shutterfly
went public in 2006 and bought Kodak’s online digital photo business in 2012 ahead of its
bankruptcy. From 2006 to 2012, Kodak went bankrupt while Shutterfly’s stock rose to its all-
time highs, up 200% since its IPO.

What If...

What direction could Kodak have gone had it embraced and commercialized its digital
camera creation rather than hiding from it? Could Kodak have been the first to invent a
smartphone? Could it have beaten Facebook to the social aspects of photo sharing and
tagging? Could it have been first to make photo-focused consumer favorites like Instagram,

RETURN TO TOC 8
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Snapchat, VSCO, and a pioneer of filters, photo editing, and selfies? Had Kodak led instead of
falling behind, could it have been the current leader on augmented and virtual realities? Or
perhaps even a leader in cloud storage, beating to the punch ideas like Google Drive, and
Box?

Understanding “The law of accelerating returns”

All of our six future themes by 2025 are rooted in dramatic and accelerating advancements in
technology. Before we discuss each of these themes in more detail, we thought it would be
helpful to explain why we have conviction these (at times uncomfortable) themes are in the
not too distant future. Ultimately, exponential technology advancement always has been and
will continue to be underpinned by five underlying principles: 1) new technology; 2) the
network effect; 3) ability to store information; 4) faster pace of mass adoption; and 5) rising
affordability.

Exhibit 1: Exponential technological change is rooted in the combination of 5 principles

. Ability to -
Technological Network Effect Faster Pace of Affordability of

Advancements Store More Mass Adoption Technology
Information

Source: Augmented

“The only thing that is constant is change” — Heraclitus

While the above quote from the famous Greek philosopher Heraclitus may be true in the
proverbial sense, it is not a fair representation of the state of play today. Change is not
constant; it is accelerating at a dramatic pace. We believe this accelerating pace of change
have been driven partly by faster rates of adoption around new technologies. It took about
46 years before electricity received mass adoption. However, the time for mass adoption of
the telephone and radio was only 35 years and 31 years, respectively; the personal computer
took about 16 years, and the iPhone took less than 3 years.

Exhibit 2: The accelerating pace of change

Year Years until
Developed Technology mass adoption
1872 Electricity 46
1876  Telephone 35
1897 Radio 31
1926  Television 26
1975 PC 16
1983 Mobile Phone 13
1991 The Web 7
2001 iPod
2006 Facebook 3
2007 iPhone 2.5

Source: Augmented

June 26, 2018 RETURN TO TOC 9



RBC

®

June 26, 2018

RBC Capltal Markets Why did we engage in this study?

Consider the following:

Today’s pocket calculators have more computing power than the computers used for the
Apollo moon missions. As a reminder, these computers cost $3.5 M and were the size of a
car. Today, the iPhone is 32,600 times faster than the best Apollo-era computers, and can
perform instructions 120,000,000 times faster. Put differently, the iPhone could be used to
guide 120,000,000 Apollo era spacecraft to the moon, all at the same time. Today’s
supercomputers are able to execute so many instructions per second that scientists do not
even measure their speed in instructions per second.

Exhibit 3: Data created globally today is exponentially greater than prior years

Quickbench Storage Test, Extended Test Average

239 Megabytes Per Second (Higher is Better)

2012 iMac
479

726
787

2013 MBP

|

1,526
2015 iMac
2,049

I

2,088
2017 iMac

2,810

o

500 1000 1500 2000 2500 3000
OWrite B Read

Source: StorageNewsletter

Exhibit 4: Internet accessibility has grown exponentially

Global Internet Device Installed Base Forecast (in billions of devices)

20 A

18 A

16 A

14

10 A

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018E

HPCs M Smartphones Tablets Internet of Things SmartTvs ® Wearables

Source: StorageNewsletter
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With this Imagine 2025
report, we truly put our
imaginations to the test in
developing concepts and
potential outcomes for a
non-linear future. We
embraced ideas that made
us uncomfortable.
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The only certainties are doubt and discomfort...

“What we do know is human’s utter dominance on earth suggests a clear rule: with
intelligence comes power. Which means an ASI, when we create it, will be the most powerful
being in the history of life on Earth and all living things, including humans, will be entirely at
its whim — and this might happen in the next few decades.” — Tim Urban

“And mark my words, Al is far more dangerous than nukes.” — Elon Musk

With any new advancement in technology or dramatic changes in society, there is always
doubt, discomfort and inevitable angst about the future... even amongst the very pioneers
that are promulgating the revolutionary changes of the time. It can take time for these
advancements to be broadly distributed and widely accepted throughout a critical mass of
the population. As we look forward from 2018, it stands to reason that exponential change
leads to exponential anxiety about the future. With this Imagine 2025 report, we truly put
our imaginations to the test in developing concepts and potential outcomes for a non-linear
future. We embraced ideas that made us uncomfortable. Given the “law of accelerating
returns,” we have left no idea off the table.

What if we lose our grip on Al? What if people didn’t believe in “Don’t be evil”? Since 2012
the amount of compute used in the largest Al training runs has been increasing at a rate of 2x
per 3.5 months (i.e., over 5x faster than Moore’s Law) and since 2012 Al compute capacity is
up 300,000x. AlphaGo Zero is being trained on operations of >2,000 Petaflops, a truly
astounding amount of compute power.

What if security and policy-making does not keep up with the rapid Al technological
development? What if a breach originates from the trusted hyper-scale sources and
cascades from within?

What if CRISPR technology enables people to create designer babies? Does there become a
market to design the smartest, most athletic, and best-looking humans? How do we think
about traditional concepts of achievement and success? Does this simply become a function
of having the best genetic engineer?

What if the question is really When, not If?

RETURN TO TOC 11
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Exhibit 5: Perspective from the “experts” on “What if...we put a man on the moon?”

"There is no hope for the fanciful idea of reaching the Moon because of
insurmountable barriers to escaping the Earth's gravity.”

— Dr. Forest Ray Moulton, University of Chicago astronomer, 19832.

"All this writing about space travel is utter bilge."

— Sir Richard Woolley, Astronomer Royal of Britain,
1956

"To place a man in a multi-stage rocket and project him
into the controlling gravitational field of the moon.... 1am & o~
bold enough to say that such a man-made voyage will Buzz Aldrin, July, 1969
never occur regardless of all future advances.”

— Dr. Lee De Forest, famous engineer, 1957

First they ignore you,
then they laugh at you,
then they fight you,
then you win.

Mohandas Gandhi

Source: Alcor Life Extension Foundation
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Theme I: The Calibrated and Augmented Self

The Calibrated and Augmented Self is the concept that the “average consumer” is vanishing
as machine and quantum computing learn and predict behaviors, leading to hyper-
personalized products and services, and the ability for mass customization with less friction.
However, the Calibrated and Augmented Self will most likely come with privacy and ethical
risks. We believe companies that can balance personalization expectations and privacy
demands, with a clear stand on ethical boundaries, will be the best positioned to succeed.

What you need to know...

“The Calibrated and Augmented Self” is the concept that everything in the future is
personalized, a stark contrast to the mass consumer products, media and healthcare of
yesterday.

How “The Calibrated and Augmented Self” developed: Over the past two decades, the
proliferation of choice has trained consumers to expect more goods and services that
mirror their specific needs and preferences. Our dialogue with company C-suites indicates
a majority of companies understand the power of mass customization, however, the
means do so in a profitable way has not existed—until now. Big data, artificial
intelligence, and advancements in technology are now enabling products, services, and
experiences to cater specifically to an individual with lowers levels of friction (at a very
basic level). As we move forward, we believe the convergence of microcomputers, big
data, wearable technologies, the moderating costs of genetic testing and advancements
in 3D printing will all drive much more personalized offerings that will be available and
affordable to the masses.

The advancements that will drive “The Calibrated and Augmented Self”:

3D printing will play a role in creating custom products of all categories, conveniently in
each consumer’s home.

Virtual reality will enable consumers to experience the world, and to seamlessly interact
with family, friends, and work colleagues not just from the couch at home but from
anywhere and at any time given advancements in digital eyewear such as Google Glass.

The miniaturization of technology is structurally altering the face of medicine. Ingestible
digital pills will both monitor and proactively treat health conditions, while also
connecting directly to doctors in the event of an emergency.

CRISPR technology will enable humans to design custom plants and animals, including
their own human babies.

Organ and limb replacement advancements will blue the biologic line between what is
human and what is machine.
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From “Mass” to “Me”

“Catering to the masses”— this was the business model that enabled companies to provide
goods and services to a generation of Baby Boomers that had similar needs and wants. This
generation drove the success of mass marketing (TV advertising), mass retailers
(Walmart/Target), and mass housing (developments with 2-3 models). Targeting consumers
was typically based on age, gender, and race, with the more sophisticated companies
catering to broad consumer “need states” to help guide their offerings.

However, over the past two decades, the proliferation of choice has trained consumers to
expect more goods and services that mirror their specific needs and preferences. Our
dialogue with company C-suites indicates a majority of companies understand the power of
mass customization, however, the means do so in a profitable way has not existed—until
now. Big Data, artificial intelligence, and advancements in technology are now enabling
products, services, and experiences to cater specifically to an individual with lower levels of
friction (at a very basic level). As we move forward, we believe the convergence of
microcomputers, Big Data, wearable technologies, the moderating costs of genetic testing
and advancements in 3D printing will all drive much more personalized offerings that will be
available and affordable to the masses.

The famous author William Gibson once wrote “the future is already here — it’s just not
evenly distributed.” Within that spirit, we provide a series of early manifestations of mass
customization across a host of industries from footwear to healthcare to provide a glimpse of
what the future holds. Having gone through this exercise, we are very excited to be
consumers in the year 2025. However, we are equally as concerned for the large publicly
traded companies that have not yet evolved their capabilities to fully participate in this new
era of hyper-personalized consumerism.

Footwear — Buy a pair of “Fill in your name”

Years ago, footwear companies were early adopters of 3D printing to help create fast
prototypes for new sneaker models. However, today, 3D printing is starting to become a part
of the supply chain. Nike teamed up with Hewlett Packard to use 3D printing to reduce time-
to-market for new products. Several of the biggest brands in footwear, including Nike,
Adidas, Vans, Under Armour, and Converse, already allow users to create custom versions of
their shoes online that turn around between 3 to 5 weeks. For example, at Nike’s Soho retail
store in New York, consumers have the opportunity to design their own shoes at the
“NikeLab Bespoke iD” which offers a customizable and personal design experience with one-
on-one appointments with dedicated Nike Design consultants. Consumers can choose an Air
Force 1 high, Air Force 1 Low or an Air Max 1 and over 400 premium materials, to be tailored
to their exact specifications. Consumers must first make a reservation and meet with a
designer in a private appointment. They will leave the appointment with hand-drawn
sketches and digital renderings of their completely custom shoe. The “handcrafted” shoe will
then arrive for pickup or delivery in 6-8 weeks.

While this level of personalization did not exist a few years ago, we believe it will pale in
comparison to what will be available by 2025. In fact, we expect all consumers will be able to
affordably design their own shoe (in store or even at home) with a completely custom sole,
made specifically for their size, weight, and gait, and see a finished product within minutes
(in store) or within a day (at home). Adidas sees this as one of the end goals for its new
manufacturing process called Speedfactory (which leverages robots and 3D printing to create
a more localized and customized manufacturing process).
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Exhibit 6: Adidas Speedfactory leverages 3D printing technology to create custom sneakers

Source: Adidas

Smile — An example of mass customization via 3D printing

One company that has been using 3D printing for decades and has succeeded with a custom
product on a mass scale is Align Technology, the company behind Invisalign, the clear
orthodontic aligners. Currently, the company produces over 200,000 custom-made aligners
per day. In the last 7 years, the company has dramatically increased its market share, patient
reach, and physician reach; its stock price has increased over 1,000% since 2011. However, as
we move forward, we believe this process will become cheaper and faster.

Exhibit 7: Align Technology manufactures Invisalign using 3D printing technology
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Source: Align Technology
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For additional perspective on 3D printing, see our previously published work: Feedback from
our Additive Manufacturing Roundtable and RBC Pan-European Industrial Goods: Additive
disruption - opportunities in services and materials.

Beauty products - Fifty shades of beige

One driver behind customization will be necessity borne from diversity—the diversity of the
consumer and the diversity (proliferation) of choice. The two approaches to these challenges
are to curate and to customize.

Shiseido-owned makeup brand BareMinerals meets the diversity of the customer through
the customization approach. Launched in 2017, the company’s app MADE-2-FIT allows users
to create their own perfectly custom liquid foundation in just a few minutes. While custom
foundations are not a new idea to those who remember the Perscriptives makeup counters
of the 90s and early 2000s, this is a more precise method, done at home, driven by
technology, and made possible by the advances in phone camera quality.

Exhibit 8: Custom makeup
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Source: BareMinerals

In the app, users are guided through taking several close-up images of different areas of the
face; the company then creates a foundation to perfectly match the user’s skin tone, which
can then be ordered through the app, made with the user’s name on the bottle. We expect
custom offerings like this, fueled by technological advances, to proliferate across brands,
products, and markets, driving down price and increasing availability.

Similarly, online haircare company Function of Beauty creates custom shampoos and
conditioners for its users with proprietary algorithms that utilize hair characteristics,
complaints, and goals. Customers can even put in preferences on the product’s color, scent,
strength of scent, size, and delivery frequency. The company says their algorithms can create
an unlimited number of different mixes, making each totally unique.
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Exhibit 9: Custom haircare products
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Apparel retailing — Custom, easy and fabulous

The changes over the last five or so years to the retail landscape could pale in comparison to
what could be ahead in the next 10-20 years if Augmented and Virtual Reality (AR/VR), 3D
Printing, Voice Assistants, Hyper Personalization using data/Artificial Intelligence (Al) and
drone deliveries among others have more mainstream adoption in the retail industry.
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Exhibit 10: Reimagining retail journey 2025
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Do you want to leave your
house today?

While on the couch | put on my VR
goggles

| direct my voice-activated assistant to
search for an outfit for my upcoming
outer space vacation

b

I don’t like any of the available colors so
| print out a bright purple suit on my 3D
printer

Source: RBC Capital Markets

Who is better prepared to leverage these new tools? Will it be the larger/surviving
incumbents that have the balance sheets to spend on these new technologies, or will well-
funded start-ups who have embedded some of these features into their DNA continue to
take market share?

We see a few emerging customer-facing applications to make a more customized and
seamless retail experience at retail:

Augmented Reality (AR) in the store: As per a 2016 Deloitte study, 84% of shoppers
suggested that they use a digital resource before or during their visit to a store. With
smartphones now du jour in the consumers’ reality, the opportunity exists for a retailer to
provide a customized and personalized experience for their shopper—from store navigation
instructions, personalized product suggestions, and customized storefronts. We think store
navigation will be a particular benefit to bigger box retailers as customers can often get
confused about where an item or department is located—thus aiding conversion. Lowe’s in
fact has piloted this technology in a handful of stores, offering step-by-step directions to
customers with an AR-enabled device.

Avatars as the digital dressing room: Amazon recently acquired the VR/tech firm Body Lab,
which aims to use 3D impressions of a person’s body to predict size and measurements. This
technology suggests that the traditional argument in the name of stores—“Customers like to
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touch and feel the product”—could be under assault as technology could assist in size/fit
selection along with giving a customer a sense of what he/she could look like in an item.
We've seen simpler versions of this technology already, such as Warby Parker allowing a user
to get a sense of what a pair of glasses would look like on by uploading a picture of his/her
face.

In December of 2017, Amazon was issued patents that include an augmented reality mirror.
The mirror is set to offer a blended reality display that puts your image into a virtual scene,
and puts you in a virtual version of your desired attire (enabling you to see how you’d look in
a particular bathing suit on the beach or in a dress at a gala). The blended-reality display,
described in the patent, relies on a system of cameras, projectors, displays, mirrors and lights
that can add layers of pixels to your moving image on a real-time basis.

Exhibit 11: Virtual shopping example
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Source: CNBC, Amazon

Digital Assistants aiding in shopping choices? According to a Mindshare report, 600 million
people globally use a voice-activated assistant, from Siri to Alexa, Echo, Google Home, and so
on. The report indicated that helping customers find product information is the #2 common
use of voice assistants, after doing online searches. With Amazon amping up its Prime
Wardrobe efforts, we think it's only a matter of time until a voice-activated assistant
becomes not just a shopping resource for customer searches, but also a proactive
recommender of product—especially once body shapes/forms are assessed by other
Amazon-owned technologies (such as the aforementioned Body Lab).

Another example is Stitchfix, the online subscription shopping service, which uses a
combination of data science and human stylists to curate and customize a box of apparel
and accessories for customers. The company’s use of Al, helped by human stylists and fed
by customer feedback and preferences before and after shipment, makes for an
experience that evolves based on the customer, and aims to reach a personal level of
recommendation and prediction beyond the superficial “if you liked that, you might like
this.” However, we wonder if Stitchfix-like services could be disrupted by the ability for
consumers to 3D print custom apparel at home.
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Personal designers and downloaded clothes for all? Looking out to the future, it is
foreseeable we may never have to buy clothing off the rack in store or online again. Rather,
working with a customer designer who may either be a real person or an Al, we can digitally
design our own clothes that will be downloaded and printed by a 3D printer in our very own
homes. Israel-based 3D printer clothing designer Danit Peleg commented, “We used to buy
CDs, and we had to go to the physical stores to get music and now we can just download it
everywhere...l believe that the same thing will happen with fashion eventually — clothes will
become more and more digital.” Ministry of Supply, another 3D printing clothing designer,
noted that materials could also be customized for each individual and that the benefits of 3D
printed clothing are not limited to aesthetics and fit but also air flow, the ability to move
seamlessly and ultimately to last longer.

Exhibit 12: 3D printed clothing by Danit Peleg and Ministry of Supply

Source: Racked.com

Right now, high-end 3D printing clothing may cost over $1,000 (excluding the cost of an
expensive, over $1,000 3D printer itself) and take 100 hours to print. Like all advancements
in technology, we expect both cost and time to completion to come down over time and are
already noticing this reflected in industry projections (not necessarily at an exponential rate).
However, the cost reduction in 3D printing over time may accelerate if the U.S. continues to
instill protectionist policies per Theme V: Escalating Uncertainties. Today, China is regarded
as the “world’s 3D printer,” but protectionist trade policies with China could change that. If
developed market trade with China abates behind trade policy, then reinvestment in 3D
printing technologies will accelerate.
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Exhibit 13: 3D printing costs are decreasing over time
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Exhibit 14: 3D printing adoption rates based on new 3D printing purposes

50
K
=
o
=
o
=]
8 25
()]
=
s
c
£
2 0

& & &
1980 1990 2000 2010 2020 2030 2040
3D Printing Market Segment Adoption Curves
Reproduced from “3D Printing: Second Edtion”™ by Christopher Barnatt

Source: Explaining the Future.com and “3D Printing: Second Edition” by Christopher Barnatt

June 26, 2018 RETURN TO TOC 21



RBC Capital Markets

RBC

®

The convergence of Big
Data, ecommerce and
artificial intelligence is
driving a complete
evolution of the food retail
channel, which is quickly
transforming from a
commodity business to a
highly personalized
shopping experience.

We believe Amazon will
force a wave of industry
consolidation as
incumbents scramble to
keep up.

Amazon opened its first
Amazon Go store in Seattle
in January 2018.

June 26, 2018

Theme I: The Calibrated and Augmented Self

Food retailing: You know me so well

The convergence of Big Data, ecommerce and artificial intelligence is driving a complete
evolution of the food retail channel, which is quickly transforming from a commodity
business to a highly personalized shopping experience. However, this transformation
presents a problem for many in the highly fragmented Food Retail sector. Led by Amazon
and strong incumbents, like Kroger, the next five years will feature: 1) lighter in-store labor
models; 2) more personalization through increased home delivery and unique one-to-one
promotional offerings; 3) rapid consolidation and 4) through VR, the ability to have a brick-
and-mortar shopping experience anywhere, anytime.

We feel many traditional retailers are unprepared/unequipped to evolve to the rapidly
changing landscape. The immediate pressure comes from relative labor models. Amazon,
with its Amazon Go model, has introduced cashier-less stores. Using spatial recognition,
unique customer tagging (through your app), and overhead cameras, customers do not have
to check out and Amazon is able to remove a large labor component from physical retail.
These labor savings could provide Amazon with a funding source to add labor/investment to
the second disruptive force: delivery/personalization.

Taking labor out of the store allows Amazon to put funding where it is needed: re-investing
behind either last-mile delivery costs or behind price. Amazon is already testing home/car
entry order delivery and staging convenient pickup lockers. Ultimately, the last mile “labor”
may come in the form of drone delivery. Universally, shoppers’ habits are based on price and
convenience. On price, Amazon’s knowledge of its customers will result in greater
promotional funding from vendors and cross-merchandising opportunities.

With convenience and possibly price being redefined, many grocers, who are notoriously
tech averse, will be forced to adapt. We believe Amazon will force a wave of industry
consolidation as incumbents scramble to keep up.

Exhibit 15: Amazon Go — the future cashier-free store
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Last-mile delivery has become increasingly important as ecommerce gains traction. Amazon
has been talking about their drone delivery model (Prime Air) since 2013, with a stated aim
of a completely autonomous order-to-delivery time of 30 minutes, but has met with a lot of
skepticism and regulatory difficulties. Amazon has been doing a private trial and successfully
completed its first drone delivery in England in December 2016. However, recently the FAA
has approved drone pilot programs for 10 companies, including Alphabet and Uber (not yet
for Amazon). This is one step closer to making drone delivery a reality. Amazon has even filed
a patent to deliver the drones from a blimp warehouse.

Exhibit 16: Amazon has filed a patent for a flying blimp warehouse

Source: CNBC
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Exhibit 17: Amazon Prime Air
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Source: The Daily Mail

The most sophisticated players have the data and data analytics programs to offer shoppers
non-commoditized assortment/offerings. Knowing a certain shopper prefers a certain
product on a certain day is incredibly valuable when considering promotional activity and
cross-merchandising opportunities. Frankly, much of the Food Retail space cannot tie a
person to a basket. Kroger, who we consider the industry data leader, will build a
generational moat with this relative strength.
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Exhibit 18: Kroger’s data analytics capability
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Exhibit 19: Kroger’s data analytics capability
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With increased personalization comes increased convenience—with that, friction decreases
and the tasks in daily routines will take less time and energy.

Amazon has undoubtedly removed some friction associated with the traditional brick-and-
mortar shopping experience. As a result, recent Amazon sales growth has been compounding
at 30% levels. Interestingly, Infoscout data suggests this growth is driven primarily by
increased purchase frequency, not household penetration. We believe this is because of the
ease of purchase. Consumers are more frequently taking advantage of the convenience of
online shopping and we do not expect this trend to abate.
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Exhibit 20: Amazon growth drivers
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However, Amazon has not removed all the friction of online shopping, and not everything
can be found on Amazon. Consumers still rely on brick-and-mortar experiences as they enjoy
walking the aisles, seeing and interacting with products, and ensuring they do not forget
anything. Consumers also still enjoy discovering products this way, as well as window-
shopping walks through showrooms. Virtual reality could allow consumers to have this
experience from the comfort of home, which could be of particular use to those in rural,
remote, or high traffic areas, as well as those in densely populated cities—all while reducing
companies’ real estate costs.

Virtual shopping is already succeeding in one arena: home buying. Last year, homebuilders
Lennar, Pulte Group, and Toll Brothers all reported higher quality foot traffic and improving
conversion rates that they attributed to increased digital marketing and spend. Toll Brothers
management noted an increase in sales, despite decreasing foot traffic through properties,
which they attributed to the consumers’ preference to shop for homes, from home. By the
time a buyer shows up at a property, they are already interested in the property and more
likely to buy. The weekends of driving around neighborhoods for open houses are all but
gone.

Last summer, Ikea launched its first virtual store, allowing customers to explore and edit a
showroom from home—no parking lots, long drives, or crowds. Customers are able to
customize the showroom as they go, changing the colors of sofas, walls, and the time of the
day. Customers can add items to their virtual cart and, at the end, check out like any other
online shopping experience. Although this is a limited test market for lkea, we expect
experiences like these to be a norm in the future, and an opportunity for retailers to increase
foot traffic while reducing footprint. This also creates an opportunity for online only
retailers—like Wayfair and ASOS—to create in-store-like experiences.
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Exhibit 21: Virtual shopping example
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Seeing the future

Importantly, virtual reality experiences will not be limited to the home or any stationary
place. Even in the event consumers are not at home but would still like to have a virtual
reality shopping experience, Google Glass eyewear could provide a virtual reality shopping
experience anywhere and anytime. Google Glass is a wearable, augmented reality device
developed by Google’s X unit. The first iteration of Glass for consumers was discontinued in
2015; Glass Enterprise Edition, however, has been targeted for businesses where it has
gained traction as a device that increases efficiency, accuracy, and safety. Users can access
apps, manuals, and training videos with instructions, all while keeping their hands engaged in
their work. The technology has been tested, and adopted by companies such as Boeing, GE,
Volkswagen, and DHL where it has shown positive results, including increased worker
productivity. Similarly, start-up Augmedix utilizes Google Glass technology to allow remote
transcribing of doctor-patient visits, freeing up providers from time-consuming charting,
increasing efficiency and patient volumes.

Virtual reality experiences
will not be limited to the
home or any stationary
place.

Exhibit 22: The evolution of “Wearables”

Source: RBC Capital Markets. Google Images.
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Media/entertainment -- Your very own Daily Show

Personalization is not limited to physical goods. It can be applied to content as well. The next
phase of content creation is likely to fuse data and analytics more directly with production.
Netflix, Amazon and other digital platforms already collect viewership data and use that to
make suggestions to subscribers, as well as inform their content acquisition strategies.
Thinking forward, we could see analytics not just inform content decisions but be part of a
feedback loop between viewership data and entertainment creation processes. Advances in
animation, licensing of Hollywood talent in digital spaces, and virtual reality could allow
content to be “rapidly prototyped,” matching show concepts with virtual actors, 2D and 3D
set creation and digital scripts to quickly create pilots for testing against target audiences.
Such processes could also be used to localize content concepts to adapt to cultural norms,
language and standards. User-generated content — billions if not trillions of mineable videos
on social media — provide a rich resource that automated show creators could tap in to to
create highly targeted content on a global scale and at a low marginal cost. One day we
might all wake up to Your Daily Show — an individual video short that simultaneously
understands us, amazes us, challenges us, informs us and connects us to areas of our
interests. With the fusing of social media tracking (knows what we like/care about) and
content platform algorithms (knows what we watch for entertainment) the ability to
personalize content to make it more compelling is significant.

Choose your own adventure. Choose your own reality...

One exciting content technology is virtual reality with its ability to create unique and
immersive content experiences. VR has been covered ad nauseum by consumer and tech
researchers and its possibilities expand exponentially with the potential for highly targeted
and personalized content. VR is already a potential risk to real reality, e.g., will travel suffer if
we can “visit” China’s Great Wall through VR goggles? Equally, highly personalized VR
experiences could soon include entire simulated virtual lives, incorporating deeply
embedded cyber relationships, at the expense of the real world. Will we find better lives in a
virtual dream state than our physical existence, with virtual selves that we’re happier with?
The social implications of deeply embedded virtual reality are significant and like most
technologies likely to lag actual adoption.

Madison Avenue behind every pixel

Proliferation of content goes hand in hand with the proliferation of advertising as the
Internet has reset expectations that information, video, social media, etc., should be instant
and without an explicit cost. Seeking compensation, digital platforms have uniformly turned
to advertising and advertisers couldn’t be happier given the promise of targeting consumers
with the user data from digital exhaust. The Internet is far more advertised than the real
world, and we see this continuing as time shifts to digital engagement in various shapes and
forms.

Madison Avenue has been at the forefront of this technology alongside major digital
publishers, especially Google and Facebook. “Programmatic” advertising is not new and
allows ad buyers to set consumer-targeting parameters (e.g., women under 30 living in
Brooklyn), with programmatic exchanges matching advertising demand to publisher supply
at instantaneous market-clearing prices. This is how the majority of ads we see online are
delivered and promises to give advertisers the kind of data that allows them to better
measure ROl across publishers, ad types, media platforms (e.g., search vs. Facebook), etc.

Advertisers and ad tech are already pushing the envelope of targeted advertising with
Google and Facebook (and Amazon) using their massive customer data sets to help
advertisers target with improved granularity. For example, searches for “bathroom
renovation videos” may mean that in addition to Home Depot and Lowe’s ads showing up
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before future YouTube videos, DIY-correlated ads such as home décor, may find you buying a
new sofa, due in part to the West EIm ads that popped up in the days after the bathroom
video search. Marrying data sets with correlated behaviors and trackable purchase outcomes
is what makes Google, Facebook and Amazon so significant in the advertising world and an
increasing disintermediation threat to Madison Avenue, as data analytics used to be the
competitive advantage of ad agencies.

Healthcare -- Perfect medicine inside and out

We believe the convergence of devices like Alexa, more sophisticated artificial intelligence,
nanotechnology in the body and smart devices that track key vitals could make Iron Man’s
J.A.R.V.LS. (the superhero’s artificially intelligent household butler) a reality.

Medical device evolution and integration a practical first step

According to Research and Markets, the global wearable medical devices market is estimated
to grow at a CAGR of ~17% over the next decade and reach ~$24B by 2025. We believe
medical devices of the future will be

1) descriptive (as we primarily know them to be today, simply providing pulse and calories
burned among other quantitative data),

2) prescriptive (mention solutions to improve health),

3) proactive (actively treat the body with medicine, vitamins and nutrients to prevent
health issues), and

4) reactive (automatically treat the body with lifesaving medicine or automatically notify a
doctor or other forms of help such as drone ambulance).

Most of today’s products, like an Apple Watch or fitbit, are descriptive (describing the state
of your vitals). Next-generation products, also available today, are prescriptive. An example
of this is L’Oreal’s La Roche-Posay brand “My UV Pad”, a patch that allows users to measure
and monitor their sun exposure via an app that tells them whether to stay out of the sun or
apply more sunscreen.

However, the definition of “descriptive” as we look towards the future is evolving. For
instance, iRhythm Technologies (IRTC) is a medical device company that manufactures heart-
monitoring devices to detect cardiac arrhythmias (Zio Service). Also, Apple recently
announced its Apple Heart Study in partnership with Stanford University and BioTelemetry
(BEAT). The study is an assessment of whether photoplethsmography (PPG) can accurately
identify cardiac arrhythmias. Further, Apple’s documentation suggests that the “study is part
of the development of a new investigational device and certain Study Data will be used for
FDA submission to seek approval of the investigational device,” hinting that Apple might seek
approval from the FDA to market future wearable devices as a medical device.
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Exhibit 23: New heart monitoring (left) vs. traditional heart monitoring

Source: NIH, iRhythm Technologies

Devices will not only evolve
as it relates to descriptive
capabilities but also
become prescriptive.

The miniaturization of
technology is structurally
altering the face of
medicine.
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In the future, devices will not only evolve as it relates to descriptive capabilities but also
become prescriptive. One way to think about this is the ability to provide the direct
implications of every choice we make and its impact on our lifespan. Each person will simply
be able to scan a consumable product and receive a readout on their wrist. Healthy foods
like vegetables and clean water would have a positive impact on life expectancy, while other
items such as tobacco, alcohol and illicit drugs could have a negative impact. Importantly,
lifespan impacts will vary depending on each person’s personal state of health. The device
would also be able to tell the impact that sleep, exercise and hydration habits are having on
lifespan.

Exhibit 24: In the future humans will have a live feed of the lifespan impact certain activities,
foods and drinks will have on themselves

Source: Image from In Time, a Regency Enterprises/New Regency Pictures/Strike Entertainment production, distributed by/20™" Century Fox, 2011.

Automatic, personalized healthcare from within?

The miniaturization of technology is structurally altering the face of medicine. Performing a
one-time self-diagnostic test may be easy and convenient for patients but often compliance
with regular medications can be difficult. Solutions for compliance and medication may be on
the horizon though. The FDA recently cleared a pill to help individuals understand when they
need to take their medication. Otsuka Pharmaceutical Co Ltd.’s Abilify MyCite is the first drug
with a digital ingestion tracking system approved in the United States. According to the FDA,
the product, which uses digital tracking to record if the medication was taken, has been
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approved for the treatment of schizophrenia, acute treatment of manic and mixed episodes
associated with bipolar disorder, and for use as an add-on treatment for depression in adults.
The system sends a message from the pill’s sensor to a wearable patch, which then transmits
the information to a mobile application, so that patients can track the ingestion of the
medication on their smartphone.

Exhibit 25: How Abilify MyCite works

HOW IT WORKS

Source: Otsuka Pharmaceutical Company

To take this a step further, internal medicine of the future will also be proactive. With a
computer already in our body, it will not be too much longer until that computer actually
dispenses medicines directly into our bloodstream. For example if a person’s blood pressure
were to rise, the computer would detect this immediately and connect with a doctor to
remotely authorize release of a drug to avoid a blood clot or heart attack. In many cases, the
digital pill could do this automatically, without a doctor’s authorization. In events that the pill
alone would be unable to help, it could automatically contact 911 or an ambulance drone for
assistance.

Exhibit 26: Drone ambulance devices will automatically be notified by devices within your body, should an issue arise

Source: Alec Momont, Damdaar.com
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Another such product could be the creation of the diagnostic tampon. Such a product would
capitalize on the menstrual blood and cells shed by the uterine wall each month by women.
A quick shipment of the tampon to the diagnostic center could easily, and painlessly, test
women for STIs, non-sexual infections, hormone readings, and other health information—all
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without a trip to the clinic. As this technology develops and refines, researchers would be
able to diagnose and identify more conditions that can cause pain, infertility or death,
including: endometriosis, uterine fibroids, cervical cancer, and ovarian cancer, which
currently has no reliable routine screening and is typically not diagnosed until advanced late
stages. Genomic start-up NextGen Jane is currently working on this technology with funding
help from next-generation sequencing company lllumina.

Knowing yourself like never before

One of the fastest-growing fields in biology and medical science involves genetic testing and
genome mapping, and the impact of genetics on various disease vulnerabilities in individuals.

Basic tests, which target single genes to find specific results related to a single outcome
(Huntington’s, Alzheimer’s, etc.), only cost about $100. Whole genome sequencing is getting
less expensive all the time and is quickly moving out of the lab and into hospitals. Direct-to-
consumer kits (such as 23 and Me among others), while far less accurate, can be bought off
the rack at Walmart for as little as $29.97.

Exhibit 27: Genetic testing types

Genetic test Description Quality Main providers and Approximate  Risk of adverse selection
owners of the data cost of a test
Single gene ldentifies mutations in a High Specialized healthcare USD 100 Now: Low, as single gene diseases
analysis single gene responsible for a providers on average affect approx. 1-2% of
particular disease (single gene population
diseases) Medium term: Low
Whole Analysis of the entire human High Now moving from the USD 1,000 Now: Low, data processing
genome genome and genetic variants potential research sector to hospitals within the next  requirement to incorporate patient's
sequencing associated with diseases and clinics, primarily to few years medical history and clinical
analyze and better target symptoms not yet available
treatments for cancers Medium term: High, processing
capabilities rapidly advancing
Direct-to- Investigates a small proportion ~ Low Private companies; no USD 200 Now: Low
consumer of the genome, i.e. SNPs healthcare professionals

Medium term: Medium, accuracy

need be involved of tests will improve

genetic tests  suspected to be associated
with diseases

Source: PartnerRe

The implications of more accurate and less costly genetic testing will have significant lateral
implications for industries outside of healthcare. For instance, the application of these tests
will help life insurance companies to better understand disease risks inherent in a customer’s
DNA — which will help better assess pricing and premiums. The converse is also true — plenty
of people who might today utilize life insurance products to protect their wealth and family
might not be underwritten if life insurers knew what was in their genome.

From “A” diet plan to “MY” diet plan

In the future, hyper-custom and personalized diet options will not be a premium option but a
baseline expectation. Manifestations of this are already apparent such as Arivale, Day Two,
Vitagene, Vitamin Packs and Suggestic. And, while these companies and their technologies
are interesting on their own now, we expect these are products that could (can, and should)
become features, driven by Big Data, Al, and utilization of existing technology. One example
becoming increasingly popular today is Habit, a start-up that received a $30M investment
from Campbell’s and creates customized meal plans based on a consumer’s genetics. Habit
engages consumers in a two-step process: 1) the consumer drinks a Habit Challenge shake at
home and takes three blood test samples to send back to the Habit Lab, and 2) Habit uses
the test results to assess how the consumer’s body responds to food and develops an easy-
to-navigate eating plan accessible through the Habit app.
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Exhibit 28: Habit Nutrition Plan (synched with fitbit)

Tour

NUTRITION PLAN

You are a H
We recommend a higher-carb,

Aecceleraled

INTENSITY

Source: Habit

Gut health is increasingly being discussed as a way to improve overall health. Viome’s approach
to dieting focuses on the role microbiomes (micro-organisms in our body) play in human health
and disease. With a customized diet targeting relative differences in microbiome composition,
Viome is able to limit the risk of obesity, diabetes, heart disease, autoimmune disease, mental
health, Alzheimer’s Disease, Parkinson’s Disease and colorectal cancer.

Exhibit 29: Viome offers a customized diet based on a better understanding of microbiome in our digestive system
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Rather than having a
personalized diet plan sent
to your door, why not have
it 3D printed at home?
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But rather than having a personalized diet plan sent to your door, why not have it 3D printed
at home? Foodini is a 3D printer for real food, made from fresh ingredients prepared before
printing. Promoting cooking with fresh ingredients, Foodini manages the difficult and time-
consuming parts of food preparation that often discourage people from creating homemade
food. In the future, a similar product may be able to download personalized recipes
consistent with your diet and execute the creation of those meals right at home.
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Exhibit 30: Foodini

FOODINI

A 3D
FOOD
PRINTER

Source: Foodini, Natural Machines

The new human growth hormone

Cyborg (short for Cybernetic Organism) refers to a being with both organic and
biomechanical body parts. Manfred Clynes and Nathan Kline coined the term in 1960 in
reference to an enhanced human being that could survive extraterrestrial environments.
Cyborgs today are becoming more and more prevalent in the form of both organ and limb
transplants. Today, 116,892 people are on the waiting list for a solid organ transplant in the
United States, and improved artificial organ generation, which will become cheaper over
time, directly addresses this issue. Assuming Moore’s Law is at play, scientists will be able to
create every human body part in 40 years — effectively, artificially creating a human. As it
relates to Cyborgs, it is quickly becoming the case that prosthetic body parts are superior to
natural ones. An example is Hugh Herr, a mountain climber who lost his legs due to frostbite
in a climbing incident. Herr, now a professor at MIT, focused on the design of prosthetic
limbs where his research suggests (and he is a living example) that the latest in prosthetics
enables humans to walk, run, dance, swim, and even climb mountains better than natural
counterparts. A more recent example is at the 2018 NFL Scouting Combine where UCF
linebacker Shaquem Griffin, who lost his hand as a child due to a birth defect, managed to
bench press 225 pounds (102kg) an impressive 20 times while wearing a prosthetic. This
suggests that prosthetics may become the new steroid of the future. Consumers may look to
voluntarily replace, without cause, natural limbs, blood or organs with superior, custom-
engineered substitutes.

Next-level personalized, pre-emptive medicine

CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats) is new genetic
technology that enables scientists to remove and replace components of DNA. CRISPR is
affordable — and popular today for the modification of plants and animal species. For
example, many start-ups are already working on projects like engineering superior fat
composition from canola, wheat with higher fiber, and heat tolerant cattle. It will only be a
matter of time until CRISPR is used frequently and affordably with humans, likely preventing
genetic diseases in the near term, and potentially developing “designer babies” in the longer
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term. Today, 1 in 33 babies born in the U.S. has a genetic birth defect; CRISPR technology will
work towards eliminating such defects. Someday — perhaps much sooner than we realize —
scientists could use this technique to edit not just the offspring of people with genetic
diseases, but their offspring, as well. Theoretically, this could eradicate diseases caused by
mutated genes, such as Huntington’s, sickle-cell anemia, Tay-Sachs, and others.

Exhibit 31: The cost per genome in 2017 is 0.001% of the cost in 2001
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Source: National Human Genome Research Institute

Children for one and all?

Technological advancements in pregnancy and childbirth have created tremendous
opportunities for women and families over time. At the time of the first successful IVF birth,
the idea of “test tube babies” was a tabloid sensation. Since then, more than 6 million
children have been born using the procedure. The next step in the evolution of pregnancy
and childbirth could be artificial wombs, and ectogenesis—developing an embryo in artificial
conditions outside the uterus.

Japanese scientists conducted the first artificial womb experiment in 1996. In 2017, this
technology was used to develop a lamb fetus from as early as 105 days (comparable to 23-
week human gestational period). If approved, this technology could be ready for human
testing within 3-5 years. On the outset, these artificial wombs could be used for extremely
premature babies. In the more distant future, a technology like this could become the first
step towards full ectogenesis, enabling families to grow their children outside their own
bodies.

The possibility of ectogenesis for the full, or even partial gestational period, could have
tremendous implications as women across all demographics continue to delay childbirth, rise
to higher levels in both education and the workplace, and the idea of the traditional family
unit changes. Barriers to, and burdens of, pregnancy and childbirth could be removed for
both men and women including postpartum recovery, return to work, age at pregnancy,
number of pregnancies, health risks inherent to pregnancy, and fertility challenges.
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Exhibit 32: Extrauterine fetal incubator

Source: Center for Fetal Research, The Children’s Hospital of Philadelphia Research Institute

Complex ethics issues

Gene editing is rife with controversy and ethical concerns. While many say CRISPR-Cas9 will
help reduce the occurrence of genetic diseases, a camp of experts say there are ways to
accomplish that without editing the human genome. For example, preimplantation diagnosis
(PGD) allows parents to screen embryos for certain disease-causing genes before implanting
them via in-vitro fertilization (IVF). However, in cases where someone carries two copies of a
defective gene, PGD will not work because all their embryos would also carry that gene.

Although scientists are now focused on editing disease-causing genes, CRISPR could
potentially open the door to the creation of “designer babies,” in which parents edit their
children to be better at sports or math, for example, or to be more physically attractive. Is
this ethically acceptable? Would it be ethically acceptable for consumers to decide they want
organs replaced without cause, because prosthetic replacements are superior to their
natural counterparts? Generally speaking, consumers are worried about the impact of these
implications on society, particularly those that involve biological changes. In the future, new
legal frameworks will have to be adopted to address this.
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Exhibit 33: Public opinion on human enhancements

Public expresses more worry than enthusiasm about
each of these potential human enhancements
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“l1.5. Public Wary of Biomedical Technologies to 'Enhance’ Human Abilities”
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Source: National Human Genome Research Institute
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What if...? The Calibrated and Augmented Self

What if virtual reality combines with the industrial Internet of Things (loT), allowing
workers to remotely operate equipment, thereby eliminating the chance of an accident
physically harming a human being? Do equipment manufacturers stop placing emphasis
on machinery safety and place emphasis solely on a machine’s capability?

What if online retail personalization gets so accurate that consumers will simply receive
weekly or biweekly shipments from Amazon with all of their grocery and consumer
packaged goods needs?

What if advances in artificial intelligence leads to more efficient drug discovery? What will
be the impact to pharma/biotech companies’ current R&D efforts / processes? How will
companies prioritize programs given potential for a significant inflection in product
candidates?

What if CRISPR technology enables people to create designer babies? Does there become
a market to design the smartest, most athletic, and best-looking humans?

What if advances in artificial limbs and organs develops a market of consumers
proactively looking to replace body parts without injury or issue to enhance performance?

What if your mobile phone could switch to a Google Glass feature that allowed for novel
ways to explain information, such as a 3D view of information?

What if VR entertainment and equipment becomes so good, robust, functional,
immersive, entertaining, and intuitive that we no longer consume linear or streaming
entertainment. Will that shrink the TV market...and the streaming market?

What if Al and holograms were used to generate a list of properties that a buyer might be
interested in and create holograms of the various rooms and parts of those properties for
the buyer to step into and see?

What if your connected, autonomous vehicles recognize the occupant has a medical
emergency and automatically diverts to the emergency room?

What if printing materials could be pumped into a home printer like a water tap? What if
consumers could 3D print personalized products in their own home? What if the need for
factories decrease?
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What if...? continued

What if automation, the Industrial IoT, and 3D printing capabilities removed the need for
manufacturing in low-cost regions? Could this drive companies to reinvest in the U.S. and
other developed markets where higher-skilled workers reside?

What if advancements in gene editing enable the eradication of addiction? What would
this mean for the use and abuse of recreational products like alcohol & tobacco as well as
prescribed medications like opioids?

What if advances in information technology and general safety technology lead to
proactive, autonomous digital responses to acute medical events? What is the impact for
providers and the hospital systems? Can Al and diagnostic technology make most
providers obsolete? How much of care delivery and preventive care can be virtualized,
disrupting this trillion-dollar industry?

What if the future of the smartphone is not hardware that is carried externally, but rather
chips carried internally? What if credit cards, phones, and keys are all physically replaced
this way? How far are humans willing to go with invasive technology?

What if physical shopping consisted of simply tapping an item on your phone or your
wearable to add to your virtual cart and then simply walking through a scanner to process
the items in your virtual cart? Would there be a need for the service industry and
specifically cashiers?

What if drone delivery becomes a reality and last mile costs and delivery time frames drop
sharply? Does that create another sea-change impact on today’s bricks-and-mortar
retailers? What are the impacts on the transportation and logistics industries? How much
more retail square footage would be forced to close? Will the transformation from brick-
and-mortar retailers becoming only showrooms be complete? How would manufacturers
adapt to a true just-in-time environment whereby all of their orders/demand comes from
individual consumer-oriented purchases rather than through Ilarge retailer-based
purchase orders?

What if ecommerce becomes the be-all end-all resource for customer shopping? Would
shopping centers and malls become less valuable? Will these landlords be able to reinvent
themselves as an experience-focused good that must be visited in person to be fully
enjoyed?

What if 3D printing completely removed the barriers to entry for high fixed-cost
businesses, disrupting long-standing economic moats? Could small-scale players disrupt
industries that once required huge installed bases and decades of specialized engineering
expertise?
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What if...? continued

What if artificial intelligence and augmented reality makes servicing mechanical
equipment easier? Could the average person use augmented reality glasses to fix their
car without the use of a mechanic? Would this eliminate the need for workforce
redeployment?

What if most Internet interactions transition to voice — with fewer spots on voice
channels, how would advertising models change? Will the world become brand agnostic
and will the winners be voice-enabled device companies?

What if advancements in VR and AR offer a very real, 3D virtual experience for any place
in the world? Would the demand for travel grow as users are inspired to visit those places
or be curbed because people feel they have already visited the place?

What if people become more reclusive because virtual reality gives them one less reason
to leave their homes, positively impacting food delivery and negatively impacting the on-
premise food and entertainment industries?

What if 3D printing becomes the preferred method for constructing affordable housing?
What happens to demand for the equipment previously used to construct homes?

What if advances in gene editing become mainstream and we eliminate many expensive
rare/orphan diseases? What are the impacts on the pharmaceutical/biotech/healthcare
markets? What are the impacts on R&D? How does this impact the total cost of care
delivery globally? How does it impact personal income and corporate/government
healthcare expenses? How about the impact on personal wealth and consumer
consumption? How will we define the cost of a “cure” and how will this be paid for?

What if there was a miracle drug that meaningfully prolonged life expectancies? How
would life insurers adapt their annuity products or their life products? What if the cure
was extremely expensive such that only certain people could afford it — how would that
change underwriting? Would health insurers and life insurers have incentive to combine?

What if all the personal care products, and consumer packaged goods of everyday life
could affordably be customized for any specific person’s combinations of needs and
desires? Would this create a mass proliferation of SKUs or dramatically reduce them and
erase mass market goods?

What if building materials are able to be recreated synthetically for 3D printing? Would
there be a drop in demand for raw materials and a subsequent decline in demand for
equipment to extract and move the raw materials? How would patent protections and
other safeguards against IP theft work in this new paradigm?
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We believe we are on the precipice of the Artificial Intelligence (Al) era. Software, enabled by
machine learning (training algorithms on input data) and deep learning (using neural
networks) can replicate and eventually surpass human cognition. It is helpful to think about
Al technology in phases as a progression: Narrow Al, General Al and superintelligence or “the
singularity.” Each stage of Al development has different implications for different industries
and the world at large.

What you need to know...

With the emergence of Big Data and more powerful compute power, Al has started
entering real life applications. To date, Al is still solving fairly basic tasks. But the
ingredients are there for Al to accomplish something much more substantial. We believe
the application of Al will have very broad implications across a wide swath of industries
(Internet, Autos, Banking, Software, Macro Economy, Health Care, and Utilities, to name
a few) over the next 5-10 years. Among the different Technology Change Forces we have
identified, we believe that Al may well be the most impactful.

There are three types of Al: Narrow Al: The most immediate application of Al. The ability
to automate a single activity that outperforms human efficiency. General Al: Perform any
intellectual task a human can and is sometimes referred to as human-level Al. Super Al:
Super-Intelligence, aka the Singularity, is achieved when Al becomes much smarter than
humans.

Industry uses and implications of Al: While we discuss these in more detail, some high-
level Al uses and implications across industries include: 1) greater proliferation of smart
devices and application of Internet of Things (loT) into household devices; 2) more
autonomous vehicles becoming mainstream; 3) blockchain potentially disaggregating the
data used to feed Al; 4) increased Al powered software security solutions; 5) smart,
autonomous farming and mining; and 6) more streamlined front-, middle- and back-
offices across financial institutions.

Al’s impact on the economy? Barring the development of general Al, we view the shocks
to labor market in the Unites States and the developed world more generally as limited.
Indeed, we see scope for Al to solve the problem of slowing potential economic growth
via a non-trivial acceleration in productivity growth. Although, what is good for a
technologically advanced society with slowing labor force growth could be risky for
economies that are poised to see dramatic growth in working age populations.
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Big Data + increasing compute power drive Al

Artificial Intelligence has gone from science fiction to the research labs and now into real life
applications. Why? Compute power continued to increase and Big Data developed via the
proliferation of the Internet, mobile, and sensors everywhere. Meanwhile, the cost of
storage decreased allowing deep learning algorithms to use all that data. Three data points
for now highlight the rise of Big Data. First, we expect there will be 1.7MB of new
information created every second for every human being on the planet by 2020. Second, we
believe 50 billion machine voices will be added to today’s 2 billion connected users as the
Internet of Things manifests over the next five years. And third, there are now expected to
be 20 billion loT devices installed by 2020, up from 6B in 2016.

To date, Al is still solving fairly basic tasks. But the ingredients are there for Al to accomplish
something much more substantial. We believe the application of Artificial Intelligence will
have very broad implications across a wide swath of industries and economic drivers over the
next 5-10 years. Among the different Technology Change Forces we have identified, we
believe that Al may well be the most impactful. Broader industry research from TCS (Tata
Consulting Services) suggests that 84% of executives believe Al will be essential to
competitiveness in the future. And there is also the belief that a doubling in growth rates is
possible for developed countries by 2035 as Al becomes a new factor of production.

Applications are potentially very, very broad, and include autonomous cars, voice-enabled
devices, bioengineering, industrial robotics, etc. Economic, social, and political implications
could be dramatic. Per renowned tech seer Vladimir Putin, “The country that leads Al
development will be ruler of the world.” We put forth our conclusions with great caution and
humility. But we have little doubt that the companies that are most successful in harnessing
the power of Al will be those companies that likely have the most robust fundamental
outlooks — and thus best potential stock performance — in their respective verticals. Yes, Al is
THAT much of a Change Force.

Al sophistication will only increase
Narrow Al

Narrow Al is the most immediate application of Al and effectively automates a single activity
that outperforms human efficiency. Most Al applications to date are Narrow Al. Examples
include online purchasing recommendations, music recommendations from a streaming
service, high-frequency trading, or IBM’s Watson assisting doctors with diagnoses. However,
the impact even Narrow Al has had is still in the early innings and the technology will
continue to progress. For example, by definition, even autonomous driving is a form of
Narrow Al as it aims to replace a single functionality — human drivers. However, autonomous
driving Al is far more complex than other current existing forms of Narrow Al.

Case study: Understanding Narrow Al improvement via games

A good example that shows how even Narrow Al is improving is via the board game Go.
Google’s (Deepmind) AlphaGo beat a top Go master, Lee Sedol, in March 2016 and then
world champion Go player, Ke lJie, in May 2017. AlphaGo was fed vast amounts of data
(actual player moves) and used machine learning algorithms to analyze these moves and
played games against itself to reinforce its learnings. Shortly after, the team developed
AlphaGo Zero. In contrast to AlphaGo, AlphaGo Zero used a neural network to learn to play
the game itself, without being “trained”. According to the Deepmind team, after just three
days of self-play training, AlphaGo Zero defeated its predecessor, AlphaGo (which defeated
Lee Sedol), by 100 games to 0. After 40 days, AlphaGo Zero beat the version that defeated
world champion Ke lJie. AlphaGo Zero was also able to develop new, creative and
unconventional strategies. Another example is OpenAl, a non-profit Al research company
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focused on building safe Al, creating a program that beat the world’s top professionals at 1-
on-1 matches of Dota 2. Dota 2 is a complex video game with hidden information. The
program learned from scratch through self-play. The team’s next goal is to teach the system
to play 5-on-5 (multi-player) matches. These developments exemplify how increasingly
applying Narrow Al to other areas of society could unleash efficiency and productivity.

Exhibit 34: AlphaGo Zero Elo rating progression
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General Al

General Al is artificial intelligence that can perform any intellectual task a human can and is
sometimes referred to as human-level Al. Here the machine can understand its environment
and reason as a human would. The Al is not focused on a specific activity like in Narrow Al.
However, General Al is much harder to achieve than Narrow Al and will require technological
breakthroughs in both hardware and software.

On hardware, it’s mostly a function of higher computing power. Simplistically, for Al to be as
intelligent as a human, it would need the human brain’s computing power. In his 2006 book,
The Singularity Is Near: When Humans Transcend Biology, Ray Kurzweil calculated that a
human brain is capable of 10% (10 quadrillion) calculations per second. He then shows the
cost of computing calculations per second per $1,000. While the data only goes to 1998, the
exponential improvement trend is clear and the implication is that when human brain-level
compute power is available for $1,000, General Al becomes a reality. According to
top500.0rg, the Sunway TaihulLight, a system developed by China’s National Research Center
of Parallel Computer Engineering & Technology