Sharing is Caring

Congratulations!
You are now the happy owner of the book “Software is Feeding the World”.
This book is an accumulation of our learnings, experiences, anecdotes and predictions on how software is eating, but more importantly,
feeding the world.
By shining a light on the latest and greatest within software development, we hope to open your mind to new opportunities for yourself,
your organisation and any future endeavours.
If you find this book insightful, please help us spread the word using the hashtag #softwareisfeedingtheworld

You Rock.
The Wiredelta Team
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1│ Introduction

Introduction
This book is written to anyone wishing to navigate and leverage the software tsunamis hitting even the most distant corners of the world.
It is a book that helps organisations find their sweet spot in an ever-changing, faster-pacing, and more cluttered world. Any leader,
executive, manager, investor, inventor, intrapreneur or entrepreneur who recognise the feeling of steering the Titanic — not sure if
heading straight into an iceberg, or on the safe path to the land of opportunity — can sustain their organizations better by understanding
the software tsunamis explained in this book.
By identifying where software continues to improve and accelerate our macrocosm, professionals get a sneak peek into what is
heading towards their microcosm. Managers and executives who seek to find an edge for their company; employees, interns and students
who want to get ahead in their careers; NGOs and non-profit organisations that wish to help more people by utilizing technology to its
fullest extent. Software is eating the world, but in so doing, it is also feeding it.
Having worked with some of the most ambitious organisations, myself and my colleagues at Wiredelta made it our life’s mission
to understand and navigate the tsunamis faced by organisations worldwide. Software is Feeding the World — Develop Your Organisation
to Sustain is a guide on how you can position your organisation to sustain — and in so doing develop a more sustainable future. On a
planet inhabited by people with shorter and shorter attention spans, what sustains is what truly improves lives. Not the latest gimmick.
Not the fancy new startup that raised gazillions despite not launching a product yet. What sustains is what people find meaning and
utility in. When reading this book, you will understand what software to develop in order to sustain, software that matters, so your
organisation can break through the clutter and stay relevant.
Does that mean we will all need to become software developers? No. Most certainly not. In fact, what most consider “software
development” has already been standardized and automated, making software development a mix of very diverse skill sets. That trend
will continue. As Melinda Gates puts it, “The next Bill Gates won’t look like the last one”1.
Our lives continue to integrate with software, and as a result, we obtain superhuman capabilities that provides for us, ultimately
developing a sustainable future. To understand where software is taking us, it is important to appreciate how we got here, in order to
speculate where we are heading. So before we dive into all that, let’s start from the beginning… the very beginning.
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The Big Bang happened around 13.8 billion years ago. The formation and evolution of the Solar System along with planet Earth began
4.6 billion years ago, approximately one-third the age of the universe. The first known single-celled organisms appeared about 3.5 billion
years ago, roughly a billion years after Earth formed. More complex life forms took longer to evolve, with the first multicellular animals
not appearing until about 600 million years ago.
Humans first appeared in the fossil record around 66 million years ago, soon after the Cretaceous–Paleogene extinction event
eliminated about three-quarters of plant and animal species on Earth, including most dinosaurs. Ever since then, humans have built tools
that would go beyond their physical capabilities. With new tools, humans were able to expand their territory far and wide. The oldest
unequivocal evidence of human ingenuity is the discovery of fire, found in Israel's Qesem Cave between 300,000 to 400,000 years ago.
While discoveries like fire was made by Homo sapiens and Neanderthals, Homo sapiens would prove the superior species, moving on
to inhabit the entire planet.
So far, the earliest findings of modern Homo sapien skeletons come from Africa, dating back to about 200,000 years ago. They
appear in Southwest Asia around 100,000 years ago and in Europe around 40,000 years ago. The driver behind these expansions was
again technology that made it possible for human civilisation to spread out. Homo sapiens continued to build new tools that previous
generations would consider impossible. The present is now filled with incredible tools, unheard of just a few decades ago. You have
access to more information at your fingertips than President Bill Clinton when he was in office. The metal capsule standing on wheels
in your garage not only powers the equivalent of hundreds of horses, it is starting to drive itself. You can talk to anyone anywhere at
any time. In many ways, we have prevailed and evolved in symbiosis with technology, continuously extending beyond our natural
capabilities.
It is one of nature’s biggest mysteries how fast humans have progressed. If you were to condense Earth's history into a single year, then
land-dwelling animals come onstage around December 1, and the dinosaurs don't go extinct until the day after Christmas. Hominids
start walking on two feet around 11:50 p.m. on New Year's Eve, and recorded history beings a few nanoseconds before midnight!
To grasp how fast technology has progressed, let’s put things into perspective. We jump back in time to when Thomas Jefferson was
still grieving over the loss of his former president and friend, George Washington. The year is 1800. It was a time where things moved
quite slowly. Transportation was primarily done by horse. The telephone wouldn’t be invented for another eighty years, so whoever you
wanted to talk to had to sit next to you. There was certainly no internet, so any information you wanted to send someone had to be done
by snail mail. And if you were looking to receive new information fast, then you had to rely on word of mouth, unless you were one of
the privileged that had access to books. Even then, you would be reading your precious book over a candlelight, since the light bulb was
still an experiment in a lab, taking another eighty years for Thomas Edison to put on the market.
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Now imagine if you had this cool time machine, and were actually able to jump back in time to 1800. Say you did, and when you arrived
to this lame 1800-world, you walked up to the first person you saw on the street, and took that person back to the present with you. Let’s
call him John. Poor John wouldn’t know what mind-boggling things were about to hit him.
Immediately after arriving, John would notice there were no more horses on the road. Instead, he would see these metal capsules
on wheels moving incredibly fast with people inside of them. John would notice how people were talking into these glass screens or
strange white plastic things put in their ears. Depending on where you brought John to, there would be all these magical walls showing
flying objects and real people dancing, singing and saying stuff with fancy merchandise wrapped around them. Looking further up John
would even notice these large metal birds flying over his head. Putting all these first impressions together, John wouldn’t just be in awe
about how the future looks. He might actually die from this overwhelming experience, quickly realising just how different people live
today compared to 1800.
If John’s first impressions didn’t knock him out completely, imagine if you started telling him about the international space
station, where humans have lived 400 kilometers above Earth’s surface since 2000.2 Try to explain to him how CERN is colliding highenergy particles at the speed of light to study everything from the Big Bang to dark matter to black holes.3 Show him how rockets are
starting to land themselves, or a footage of how we harness energy from nuclear reactors, along with the devastating impact of nuclear
bombs when used in warfare. And if you want to make John feel really uninformed, open up your Twitter or Facebook feed and let him
read. Putting all that together, John — if not traumatised by information overload at this point — is at least knocked out from the shock
of how much the world has changed in just two centuries.
At some point, John will wake up again. We will then give him the "Men in Black" treatment so he forgets all about what he has just
seen, and then we travel back to 1800 putting him back where he belongs. But before going back to the present, we want to try this one
more time. After returning John back home, we travel 200 years further back, to 1600, and bring the first person we meet to John’s time,
in 1800. Let’s call her Jane.
When Jane arrives to 1800, her reaction is quite different than the one John had. Sure, 1600 didn’t have newspapers and all, but 1800technology is far from giving Jane a heart attack. In order to get the same reaction as John had when we brought him to our time, you
would have to go much further back. You would have to go back perhaps to the time where Jesus was performing all kinds of miracles.
And if you went back to the time of Jesus to create the same shocking reaction for a person living at that time, you would have to go
much further back, perhaps to 10,000 BC. The period in which one has to go back to create a nerve wracking effect keeps getting longer
and longer. In other words, technology is accelerating with time.

4│ Introduction
Ray Kurzweil calls this the “Law of Accelerating Returns”. It means that the more advanced we get, the faster our advancements to the
next technological curve will move.4 When Kurzweil looks back in time, he sees that the average rate of advancement in the past 30
years was higher than the rate in the prior 30 years. That is because the former was a more advanced world, allowing to make a bigger
leap. In recent years, this hockey stick curve will be achieved through software building on top of itself. Kurzweil suggests that the
achievements of the 20th century would amount to what is done within 20 years, at the rate of advancement in the year 2000. He
continues saying that another 20th century’s worth of progress happened in fourteen years, between 2000 and 2014. The same is expected
to happen again — but this time within seven years — between 2014 and 2021.
The idea is the same as the example with John, the period of time needed for technology to achieve certain breakthroughs keeps
decreasing as the years pass by. As we get more advanced, we become capable of doing bigger things quicker.5 Innovation builds on
top of itself and technology accelerates with time. Exponential growth has always been tricky and sometimes even counterintuitive for
us. We tend to think linearly, and when confronted with anything that is non-linear, we underestimate the rate at which things will occur.
A notorious example used to understand the power of exponential growth, is the infamous paper cutting and stacking example.
Imagine you have a normal piece of A4 paper, with its standard one-tenth millimeter thickness. You want to see how many times you
have to rip the paper in half and stack the pieces on top of each other, in order to reach the Sun. You start out nice and easy, cutting the
paper from one into two pieces. These two pieces become four, which then become eight and so forth. At some point you will not be
able to rip the papers in halves with your own hands, so you look for a laser that cuts much more accurately, all the way down to
nanometers. How many times do you think you will have to cut the pieces in halves and stack the pieces to reach the Sun? 100 times,
1000 times or perhaps 10000 times? To your surprise, you discover that you won’t need to cut the paper to nanometer-pieces. Actually,
you only need to rip papers in halves and stack them fifty times before you reach the Sun! Surprised? So is 99% of everyone else who
reads this for the first time. Let’s do the math: A regular paper is one-tenth of a millimeter, so the calculation goes one-tenth of a
millimeter times two to the power of fifty: 0.1mm x 2 ^ 50 = 112.5 million km. Just a few million kilometers short of the Sun, but who's
counting.
If Kurzweil is correct about the acceleration of technological progress, we are likely to be as blown away in a few decades as John was
about our present. Kurzweil is often criticised for his exponential ideology about the future, with critics stating that it is much more
linear. Kurzweil counters with his impeccable track record for making predictions. Everything from the collapse of the Soviet Union to
a computer beating the world’s best chess player, to the widespread adoption of the internet, to the smartphone, to mapping the human
genome and finally, to when artificial surpasses biological intelligence.
In reality, exponential growth happens in S-curves; slow and then rapid growth followed by a maturity phase. We have seen the
invention of smartphones, internet, and life changing softwares like Microsoft Windows, Google Search, and Facebook Newsfeed.
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While today’s inventions might seem trivial, we could in fact be in the midst of the next breakthrough that starts a new S-curve. Software,
as it happens, is playing a larger and larger role in this.
With the acceleration of technology, many would say that the world is getting better, and yet others would argue the opposite using
equally convincing arguments. One thing is certain, change is happening, and it is being propelled by the technological progress. To
understand how paramount technology is to our future, there is no better place to search for an answer than to revisit the godfather of
the exponential growth model, Thomas Robert Malthus.
A Malthusian growth model, using an exponential growth model, is a theory created by Malthus in 1798, right around the time when
we visited John. Malthus explained the exponential growth model in his An Essay on the Principle of Population, to explain population
growth. He stated that all forms of life, including humans, have a tendency to grow exponentially, when resources are abundant.
However, the actual population growth is limited by resource availability, which historically has rarely been abundant. Malthus’ essay
has driven many apocalyptic prophecies about human extinction due to our hopeless tendency to replicate exponentially, all while
production to support population is only growing linearly.
Malthus’ theory was followed up by Scottish scientist Alexander King and Italian industrialist Aurelio Peccei, who gathered in
Rome a group of top international thinkers on the subject of population growth. The Club of Rome, as the group would later be referred
to, published in 1972 the results of their discussion in Limits to Growth. Using a model developed by the founder of system dynamics,
Jay Forrester, they compared global population growth rates to global resource consumption rates. The science behind this model is
complicated, the message however is not. Basically, we are running out of resources, and we are running out of time. National policies
have been shaped as a result of Malthus’ and The Club of Rome’s ideas, from China’s one-child policy to India’s female sterilization
programs in the mid-70s — some receiving payment for their sacrifice, some not.
Thankfully, production has proven not to be growing linearly. Or more accurately, human’s ability to extract, produce and invent lifesupporting resources keep getting more advanced, meaning production is becoming exponential. A strong argument against Malthus’
apocalyptic prophecy is renewable energy. Providing unlimited energy holds enormous potential to unleash humanity’s capabilities.
Harvesting enough renewable energy to the world is not a pipe dream. Every single hour during a normal day, Earth is hit by more
energy from the Sun than all humans on the planet consume in a year! If we were just able to capture and store a fraction of this energy
— 0.01% would do — then we would have solved one of the main resource constraints we face in our relentless pursuit of developing
a sustainable future.
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Production growth has proven as one of the greatest mysteries of our time, with many creative, alternative and even conspiratorial
theories trying to explain this crucial piece of society. Economists, when learning their first economic model, are often introduced to the
Cobb-Douglas function, which splits production into two simple inputs:; human labour (L) and capital (K). The unknown in the function
is Total Factor Productivity (TFP), acting as a measure for efficiency. In reality we have no clue how TFP evolves, and economists even
go as far as to say that it is “manna from heaven”6!
Despite growth in productivity and production being inexplicable, predictions show that Malthus was wrong not only about
production growing linearly, but also about population growing exponentially. Major organisations like the OECD and the UN predict
that the global population, in fact, will stagnate and eventually decrease, while production continues to climb exponentially. Global
population is estimated to reach a maximum of 12 billion people around 2120, whereafter the population will start decreasing as a result
of the vast majority of countries reaching the fourth level in the demographic transition — characterised by a low birth rate and a low
death rate — leading to a stationary population.7 At the same time, the OECD estimates that global GDP will surpass $260 trillion in
2060, up from around $100 trillion in 2015.8 Taking all these projections into account, production is expected to grow exponentially,
while population is growing linearly, opposite to what Malthus predicted.
Technology advancements have proved a key missing variable in Malthus’ theory, finding new ways to do things better than yesterday.
We are not the strongest species on this planet, we might not even be the smartest. What we have going for us is that we are great at
adapting, building tools that fix our shortcomings. Darwin said it best:

“It is not the strongest of the species that survives, nor the most intelligent that survives. It is the one that is most adaptable to
change.”

Developing these tools makes it possible for us to sustain, and they are changing rapidly. In this day and age, software is the Holy Grail
to continuous development. This is why technology and software is used interchangeably in this book, because nowadays, technology
is driven by clever software components to do its job, and as a result software holds the power to accelerate the advent of a sustainable
future.

With evolution, one might think that we — along with our technology — evolved gradually over time as that's how everything is, just
as a species of insects slowly develops the attributes that help it compete in a given environment. But this doesn't seem to be how
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technology evolves. In fact, it's not even how evolution among living organisms works. In both cases, long periods of relative stability
are followed by periods of violent upheaval triggered by a rapid disruptive new technology, or the arrival of a new predator into a
previously stable ecosystem. These transitions — evolutionary biologists call them "periods of speciation" — aren't pretty. One can
make a strong case that we are going through a transition of dramatic change to our ecosystem right now. It is, in short, a helluva time
to be alive.

When wondering why software is so important to develop a sustainable future, it is worth appreciating the unique characteristics of
software. You see, what is different about software connected to the internet is that it works as a public good, without borders and with
powerful network effects. My search results do not limit your search results. On the contrary, they enhance them. My social media
connection with John does not limit your connection with John, rather, it amplifies it. When it comes to software, my use of it does not
exclude you, it accelerates it. Software is not confined to the laws of finite resources, it leverages network effects that grow exponentially.
Kurzweil, one of the founders of Singularity University, famously claims that when anything becomes digital, it becomes subject to
exponential growth following Moore’s Law.
Moore's Law is the observation made by Intel co-founder, Gordon Moore, that the number of transistors on a chip doubles about
every two years, though the costs are halved. As more software starts rolling out, we will all reap the massive benefits from this
exponential growth. In comparison, if cars had followed the same exponential trajectory, we would now have been able to drive cars at
300,000 mph and they would cost just £3 each!

Most of these benefits will inevitably revolve around solving the biggest challenges we face. These challenges are addressed by the
United Nations (UN), who has set forth some very ambitious goals in the 17 Sustainable Development Goals (SDGs) to be reached by
2030. The SDGs aim at eradicating everything from poverty, hunger and gender inequality; to improve education, health, sanitation,
energy and cities. These are no doubt massive challenges that the technology we develop will have to address, particularly unsustainable
developments within climate, political instability from misguided information, refugees, and privacy.
The climate continues to deteriorate with more extreme weather conditions, resulting in thousands paying with their lives and
millions left to leave their homes. According to UNHCR, there are now more refugees in the world than there has ever been. The
previous world record stood since the end of WWII, but in 2017, 65.6 million people were forcibly displaced worldwide. The number
is staggering and presents many challenges for the years to come, especially in a world where we debate in echo chambers causing
populism to rise. Indisputable facts are being challenged and “alternative facts” are being put forth, misrepresenting or distorting
important issues. Privacy is becoming a commodity and under attack by the largest corporations collecting ever more information about
us. These organisations are spending billions of dollars engineering software we get addicted to, leveraging detailed understandings of
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our neurological wiring from pronounced research, such as Nir Eyal’s Hooked, along with many other findings from prominent
researchers.

All of these challenges when presented like this seem overwhelming, but there is hope.

Humanity’s ability to make good use of software shall be the greatest tool to combat the challenges we face. Again, this should not be
understood as if everyone needs to become a software engineer. Quite the opposite actually. As software continues to extend into distant
corners of our lives, so will the skills required to develop software for a sustainable future. Code is merely a man-made language like
any other language, a tool to make computers perform certain commands, and as this book will be a testimony to, writing code in the
future will be as simple as explaining to a fellow human what to do. Already today, software is being built by psychologists,
anthropologists, doctors, nurses, linguistics and a vast amount of other professionals to reflect the types of applications our society
needs. This trend will continue, and in an uncertain world, one thing remains certain — software continues to play a larger and larger
part in it.

With any new tool comes opportunity, but also risk. Software is proving the most awesome tool builder of our time, and with it many
would say that the world is developing towards a more sustainable future. Yet others would argue the opposite — that the world is
getting worse and increasingly unsustainable — presenting equally convincing arguments. This book does not aim to take sides, but
rather sorts out both, to explain how software is feeding the world. When we know this, only then can we attempt to understand the
assumptions we make about where we are heading. In many ways, this isn't a book about what we know, it is a book about what we
know we don’t know, and why it is important to address our assumptions. By describing the world as it is, only then can we describe
the world as it might be.

9│ Develop Your Organisation to Sustain

Develop Your Organisation to Sustain

“The secret of change is to focus all of your energy, not on fighting the old, but on building the new”
- Socrates
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With software feeding the world, a fair question to ask is what kind of world we are developing, and with which organisations. In
particular, are we and the organisations we work in developing a world that is sustainable or unsustainable? There are many opinions
on this — both on what we should be developing towards, and what we actually are developing towards. However, at its core, if you
really unpack what futurists, technologists and entrepreneurs are trying to accomplish with their organisations, they all aim at developing
some type of world that is in a better shape tomorrow than it was yesterday. This is achieved by organisations that persist — organisations
that sustains — ultimately developing a sustainable future.

In a sense, we have always been developing towards a future that is sustainable. Back when John was around, sustainability meant
making food sustain for longer periods of time, so that John and his family could survive the long winters. Today, sustainability has
gone beyond food, covering pretty much all the resources that we use, to ensure that they sustain for future generations. Unfortunately,
many advocates for a sustainable future spend the majority of their airtime talking about problems, leaving a small fraction of their
airtime on solutions. This book aims to flip that script, focusing almost exclusively on solutions that organisations need to develop to
sustain themselves, with the exquisite added benefit of developing a sustainable future. And you guessed it, software plays a key role in
our continuous pursuit towards sustainable solutions.

Sustainable organisations move us forward. By definition, developing sustainable solutions to our problems is a step forward. In
addition, this is becoming big business. Anything that improves human well-being and increase our chances of continuous prosperity is
a step in the right direction. When we increase production levels, lower the cost of living and free up our time to work on bigger
problems, these are all advancements that increase the chances of a future where we sustain as a prosperous species.

Unsustainable organisations move us backward. Unsustainable initiatives — promoting short-term gains for long-term losses — have
been around since anyone can remember. Wars have been fought that benefited few in the short run, hurting the masses in the long run.
Organisations drive change, and we are living in a time where we face existential threats, if shortsightedness triumphs. We have never
been more people on the planet, burning more non-renewable resources, with more refugees displaced from their homes, becoming more
polarized. Without acknowledging our challenges, organisations cannot find solutions that puts us on a sustainable path.

Developing sustainable organisations. The only way we can move forward without moving backward is to develop organisations to
sustain, using clever software that makes the world a better place. That is, software built to improve lives in the long run, not just for
the next dopamine fix. The United Nations has set forth seventeen goals that need to be reached before 2030 in order to build a sustainable
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world. These lofty goals span far and wide and work as a guide for anyone, who wishes to develop a sustainable future. It is no surprise
to this reader that lofty goals will never get us to the finish line, only action will. This is why this book aims at translating these goals
into concrete software technologies that organisations can use to sustain themselves, and in so doing develop a sustainable future.
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Sustainable Organisations
Technology has always been about extending human capabilities, building tools that stretch beyond our physical capabilities. The
continuous extension of our capabilities driven by technology works as the bedrock of the improved standards of living we enjoy today.
This book has been written because my colleagues at Wiredelta and I have seen how most of the growth in modern society is driven by
software carried out to the masses by pioneering organisations. We have worked with digital for decades, been involved in countless
projects that grew a number of organisations — sometimes even entire industries — through software. Working with software-powered
organisations developing a better tomorrow, one would think that mainstream media would cherrypick breakthroughs for others to take
inspiration from. Unfortunately, reality couldn’t be any further from the truth.

Looking at mainstream media, you would think that the world is a terrible place and only getting worse. Famine, tsunamis, tornados,
cyber attacks, financial crisis, death, disaster. These are just a few examples of what we see in the daily news. But, have you ever thought
why we are bombarded with negative rather than positive news? Why is it that media worldwide spread bad vibes, so that we end up
believing the world is a terribly dangerous place?
The answer is rather simple. Our minds have evolved to pay attention to dangers. More specifically, the amygdala — the part of
your brain that warns you about danger — is programmed to overwrite and sharpen your attention whenever something threatening
presents itself. It makes sense from an evolutionary standpoint. Our survival is above everything else. For our ancestors, it was much
more important to know if a tiger was prowling in the bushes than if the bushes had nice berries to eat. When our brain senses danger,
it doesn’t bother thinking about potential upsides.

You see these fears being affiliated with technology as well. Fear of massive job losses due to advancements in technology — rather
than focusing on the incredible amount of new jobs technology has created since, well, forever. Software might be breaking down the
old to make room for the new, but the new is often portrayed as overly dangerous because we cannot imagine what it will look like.
These concerns turn into fear when infamous technologists like Marc Andreessen — the founder of Netscape and Andreesen & Horowitz
— writes an essay titled Why Software is Eating the World9. Marc’s essay spurred a lot of debate, and the rhetoric used unfortunately
lacked a nuanced picture of the positive effects from software-driven organisations. Before diving into those, ask yourself, if you could
choose when you were born, when would it be? Most people would say now. At the same time, never have humans been surrounded
with so much software. Allow us to explain why by looking at how the time, cost, and income has developed as software-powered
organisations continue to push the world forward.
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Time
What is your most valuable resource? You guessed it, time. We have all been given a certain amount of it, but we don’t know exactly
how much. All we can do is make the most out of the time we have been given. Today, we have been liberated to make much more out
of the time we’ve been given, charged by organisations that allow us to do more with less.
In the past, just meeting our basic human needs consumed most of the hours in a day. Unfortunately, this is still the case for
many. A rural peasant woman in Malawi spends 35% of her time farming food, 33% cooking and cleaning, 17% fetching clean drinking
water, and 5% collecting firewood. This leaves only 10% of her day for everything else. This has led Matt Ridley, author of The Rational
Optimist, to define prosperity simply as “saved time”. Not dollars, not precious metals, saved time. The less time is spent on fulfilling
your basic needs, the higher your standard of living is. Fortunately, billions of people today spend a fraction of their time fulfilling basic
needs. So while some people are yet to reap the benefits of prosperity, or saved time, many people have.
You may ask what has driven time saved to fulfill basic needs. Well, we’ve tried to make slavery work — both human and
animal slavery — and that worked out for a privileged few, until they developed a conscience. Other than enslaving people and animals,
we also learned how to go above and beyond the muscle power that nature endowed us with. Using fire, wind, water, natural gas, oil
and then atoms — all powering our lives using resources at our disposal — added up more time saved in our daily lives. These resources
were inaccessible until breakthroughs came along: innovations brought about by organisations driven by technology, innovations that
are increasingly powered by software. Everything from keeping the lights on after sunset to travel faster than the speed of sound has
saved humans enormous amounts of time.
Travel is perhaps the most extreme example of this. In 1947, Norwegian adventurer Thor Heyerdahl spent 101 days sailing the
raft Kon-Tiki from Peru to Hawaii. On a plane today, it will take about 15 hours. That’s 100 days saved in transportation time, with an
added bonus of significantly decreasing the chance of dying on the way! One can make countless examples of how much more
convenient our lives are now, and how much time we save every day compared to our ancestors due to the technological advancements
that we enjoy.

Our relentless pursuit to save time is not all a dance on roses though. David Graeber, professor in anthropology at the London School
of Economics, captures this best in an interview from 2015.10
Graeber states that back in 1930, renowned economist John Maynard Keynes predicted that by the 21st century, technology
would have advanced so much that we would only need to work about 15 hours per week. Theoretically, Graeber adds, Keynes was
right. Technological evolution meant that factory and farm workers — along with domestic servants — have been widely replaced by
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machines and later computers, freeing up humans to enjoy more leisure. However, during the same period of time, organisations have
created administrative and assisting jobs and tripled, for instance, professional, managerial, sales and other service jobs. Why? According
to Graeber, because people need to work, and they need to do so for two reasons: (1) political and (2) moral.
From a political point of view, companies and governments fear a second “Flower Power Movement”. A happy and productive
population should not have as much free time on their hands, for fear of “mortal danger” to the establishment. From a moral point of
view, one should dedicate most of their waking hours to work and be productive, which is also convenient for companies and
governments. At the same time, in regions such as Eastern Europe and parts of Asia, having a job is a moral value. Regions, where jobs
are scarce, see any job as a privilege. In effect, organisations have created an army of what Graeber calls “bullshit jobs”, which are
destined to be removed as sustainable organisations roll out technological advancements, letting humanity move on to bigger and better
tasks to tackle.

Despite the creation of what Graeber calls “bullshit jobs” — similar to what Dennis Nørmark calls “pseudo work”11 — working hours
have consistently declined since 1950, when countries first started measuring work hours on a country level.12 Full-time employees now
work an average of 25 hours less per week13 compared to 1950. Well-off countries, like France, Switzerland, Italy and Belgium, have
gone from working more than 60 hours per week in 1870 to less than 40 hours per week in the year 2000. Technology has no doubt
made organisations work smarter rather than harder, and clever software will continue this trend in our professional and personal lives.
Some people will argue that working less is not necessarily a good thing and shouldn’t be considered as a step forward. This would be
missing the point though. The trajectory we are on for “working smarter not harder” is an aggregated measure, meaning it expresses a
possibility — not a requirement — for everyone to work less. Coupling the shorter working weeks to the higher levels of income as
demonstrated later, it becomes clear that organisations that sustain are able to earn more with less work, allowing ourselves to spend
time on other important things like family, friends or new projects.
Besides having more spare time, we have also managed to extend our lives. Life expectancy — perhaps the best metric for
standard of living and general well-being — is the average period that a person can expect to live. The UK has the largest dataset going
all the way back to 1543, where life expectancy for a person born that year was 34 years. The shortest life expectancy ever recorded in
history was in 1558 of only 22 years. Fast forward to 2015, where the UK records an all time high with a 81 year life expectancy.
Today’s leader in life expectancy is Japan, a country that has gone through the most dramatic increase over the last decades. After the
devastating effects from WWII in 1945, life expectancy in Japan was at an all time low of just 30 years. Less than 70 years later, Japan
recorded a life expectancy record of 83.48 years in 2013!14
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Roughly speaking, when looking at modern day life, your time can be split in three. One third is sleep, one third is work and the last
third is leisure. There will be days where you sleep more, or work more, or have more time on your hands to do what you want, but
generally this is how your time is split throughout your life. Think about the awesome potential the organisations we work in has by
putting time into solving problems to sustainable solutions. With almost 7.5 billion people — 5 billion of which are working — assuming
8 work hours per day, that is 40 billion hours of work that organisations can deploy into making the world just a little bit better, every
single day!
Whether an organisation makes the world better or not is often subjective, but time saved is not. And the trend is pretty clear,
the more software-driven an organisation’s offerings are, the more time they allow us to save, making these organisations more likely
to sustain. Finding examples of this will not take long if you open up your phone and flip through your most used apps. Google Search
lets you find virtually any information instantly. LinkedIn lets you build a resume in no time and create a network around it while doing
so! PriceRunner lets you plow through the cheapest options to buy any product. Priceline does the same for travelling. And whether you
like it or not, e-scooter apps offer a convenient service that saves time for millions of people on micro-commutes.

Organisations that sustain will be those that realise that time is our most valuable resource, applying a laser focus on constantly allowing
their customers, stakeholders and shareholders to save more time. How you decide to spend your time is probably the most important
choice you have to make. There is no right or wrong answer, but odds are the more control you have over your time, the better. Now
more than ever you are in control, and if you didn’t realise it already, history will tell you that now is the perfect moment to take charge
of the time you have been given.

Beyond time, organisations propel into stardom, when they enable people to lower their cost.

Cost
We live in a time where cost of living is going down. This allows families across the globe to save, invest, and create a better life for
themselves and their loved ones.
One of the most fundamental expenditures in life is food. Over the past century, food has become increasingly affordable and
continues to make up a smaller part of our total income. According to the United States Department of Agriculture, food expenditure as
a share of a family’s disposable income in the United States has dropped from 25% in 1933 to 9.74% in 2014.15
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Thankfully, these cost improvements don’t seem to stop any time soon, and as a result, this change in expenditure will translate
into a higher percentage of our total income allocated to things like education, health and travel rather than food. This allows everyone
to spend more on things that let them thrive rather than survive.

Lower cost of living is like shrinking your stomach, so that the amount of essentials you need to keep going strong becomes a smaller
and smaller part of your life. This positive development, which is driven first and foremost by technology, has been dubbed
demonetization, defined by Peter Diamandis as:

“The ability of technology to take a product or service that was previously expensive and make it substantially cheaper or potentially
free (in the extreme boundary condition). It means removing money from the equation.”

With demonetization, you need less and less income to fulfill your daily needs. The amount of time one has to work to fill a stomach is
dropping to a fraction of what it used to be. With technology in general and software in particular working as the underlying driver to
this positive development, software is feeding the world. By making the cost of the products and services that we use cascade towards
zero, changes to society are bound to happen.
People would be able to use the far majority of their resources working on projects they find productive and meaningful. How
many artists didn’t get the chance to create masterpieces because they had to spend most of their waking hours on another job to make
ends meet. How many great entrepreneurs didn’t start an industry-changing business because they were stuck in their day job. What
would our very own John have done with all his spare time, if he had lived in our present. We are at a point where we don’t face harsh
trade-offs between getting by versus getting fulfilled.
With people joining organisations that are developed to sustain, we have the opportunity to be the best version of ourselves,
something our ancestors could only dream about. We have the opportunity to be the superheroes we always wanted to be. With software
as the key driver, demonetization coupled with sustainable organisations are bound to change the world. We can have our cake and eat
it too. With lower costs and easier access to our basic needs, humanity altogether can afford to shift their attention towards getting
fulfilled rather than just getting by. In a sense, software holds the potential for not only feeding the world, but liberate it.
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Costs plummeting does not only concern essentials like food. Products that were luxurious years ago have become accessible to the
masses for free or at a very low price. Information has virtually become a public good, something that John didn’t enjoy in his time. A
smartphone that costs $1000 today gives you access to technology that would cost you almost a million dollars just thirty years ago! 16
Everything from video cameras, photo cameras, video conferencing equipment to GPS, a digital voice recorder, a digital watch and a
music player all used to cost a fortune and had to be purchased separately. Now they are all packed into a $1000 phone that fits in your
pocket!17

Beyond surviving on food and phones, decreasing costs affect every corner of the world. Starting a new business is becoming virtually
free, allowing newcomers to challenge the incumbents. As businesses become free to start and cheap to scale, new solutions will continue
to push down cost.
You see this happening everywhere. Banking is getting a good shake from organisations like PayPal, Revolut and Transferwise,
pushing down exchange and transaction fees to zero. Uber, Grab, and Lyft are reducing costs of transportation to a minimum. SpaceX
and Blue Origin is committed to make space travel affordable with self-landing rockets. Coursera and Khan Academy has demonetized
and democratised learning. To stay relevant, more and more schools follow suit and have uploaded thousands of hours of high-quality
yet free educational material. As a result, anyone with an Internet connection has access to Ivy League material — from Harvard,
Stanford and MIT — without paying any tuition fee. Social media like Facebook and Twitter have demonetized news and media
distribution, with 67% of Americans reading their news — for better and worse — on social media.18 YouTube has made television
subscriptions redundant. Everyone can now watch any video clip they desire for free. Netflix and HBO let you watch almost any series
or movies ever made for a small monthly fee. Spotify does the same for music. Airbnb provides travellers and homeowners with an
alternative, renting a room at a lower cost. The list just goes on.

As cost is shrinking, so is the number of people living in poverty. According to the World Bank, in 1820, 1.02 billion people out of the
1.08 billion alive lived in extreme poverty, corresponding to almost 95%. This number stands in stark contrast to 2015, where the
percentage had dropped to a mere 9.5%, or 705 million out of the 7.35 billion people alive. 19 Furthermore, the definition of poverty is
changing. The majority of Americans living in poverty today has access to electricity, water, television, air conditioning and a phone,
something only the wealthy had access to a hundred years ago. 20 While this is progress — with the numbers showing improvement in
both absolute and relative terms — 705 million living in extreme poverty is still a large number. This will be one of the most important
challenges to tackle by organisations that want to sustain, finding new ways for people to increase their income.
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Income
Recent times is a testimony to the fact that software is making things easier, and consequently production output has gone up, with less
effort going in. This is good for all of us. Contrary to common belief, making "things easier" does not equal cutting jobs. Making things
easier means that we found a better way, and we can now focus our attention on new things that will make the future even better. This
mindset has been key to human progress.

If you look at the world GDP over the last two millennia, it is quite astonishing how fast progress is being made. Year 1 generated just
shy of $183 billion21 worth of products and services to a global population of 300 million.22 Fast forward to the year 2015 and the world
managed to pull off $108 trillion in global GDP, a jump corresponding to almost 600 times world GDP in year 1. Sure, the world
population grew almost 25 times — from 300 million to 7.3 billion people — but that leaves a large positive difference only explained
by humans generating a higher output with less input. In economic terms, this is called a higher real GDP per capita, meaning the
purchasing power of an individual is increasing for every new generation. 23 In other words, people today work in organisations that
produce much more goods and services, generating much more income, and hence enjoy a much higher standard of living than people
did 2000 years ago. Note that higher income does not necessarily translate into fair income distributions, which is explored in the next
chapter.

A long list of inventions created by organisations that sustained lie just underneath the surface of how this income growth occurred.
Most of these inventions are today being morphed, redesigned or retooled into software. While this positive trend in world GDP is
interesting enough on a holistic level, it becomes fascinating, when we dive into the different kinds of organisations that continue to
push increases in income.
Amazon and Alibaba make commerce easy for both buyers and sellers, enabling transactions that wouldn’t have been possible
in the past. Now, anyone with a product can sell to a global marketplace at low transportation cost. Small businesses and entrepreneurs
finally has a straightforward path to go from product to market. Some of these startups and small businesses will likely grow into bigger
businesses, creating jobs and helping others to raise their income.
Google Maps and Tripadvisor make it easier for organisations that sells experiences and services to get discovered. They level
the playing field and let businesses that care for their customers thrive. The mellow local coffee shop — which doesn’t have Starbucksmoney to pay for prime location — still has a chance.
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Instagram, Facebook and Twitter have made expressing and exploring easy. You can tweet and hashtag together with presidents,
billionaires and the common man all at once. Anyone with a powerful story now has a global stage to express themselves. This goes for
businesses as well. Companies can promote their offerings on social media for free or target much more specific audiences using their
advertising budgets. Considering how many people advertisers can reach on social media compared to traditional media, companies
grow further employing more people, increasing their income and so forth.
Tesla has already installed hardware that allows for full autonomy capabilities in their cars, giving all Tesla owners the option
to add their car to a fleet of Tesla-taxis, driving other people around without a human driver. This means that for the first time in car
history, whoever owns a Tesla car will collect income from the rides, making car ownership a net income, not a net expense. Speaking
of transforming something from a net expense into a net income, Airbnb does the same for housing, allowing people to make an income
by renting out their home on a short or long term basis, benefitting many to make ends meet.
Medium lets writers monetize on their writing. YouTube does the same for video. Etsy has craftsmen and creatives sell their
handmade or vintage items on a global marketplace. There are just so many ways to monetize on your skillset, only your imagination
sets the limit.

After all these examples of how software allows people to generate income, would you still think we are losing our jobs to digital
breakthroughs? Perhaps yes, but it is hard to ignore the fact that it is creating new jobs and income opportunities, big time.

Sustainable organisations are in many ways making the world a better place. We have more time on our hands, we pay less for the goods
and services we consume, and we receive a higher income. Put together it seems that software-powered organisations are unleashing
humanity’s full potential, but there are also unsustainable organisations moving the world in the opposite direction. Before diving into
how to develop your organisation to sustain, allowing software to feed the world, we need to face our global challenges head on.
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Unsustainable Organisations
While the world is spinning faster and faster — propelled by breakthroughs from sustainable organisations — there are other negative
forces at play. The previous chapter argued that sustainable organisations have given us more time on our hands, higher incomes and
lower costs, which allow us to live better lives. It is a fair conclusion, but better lives today don’t automatically translate into better lives
tomorrow. To give a more nuanced picture on how we can develop organisations to sustain, and the challenges you must face to
accomplish that, we need to look at the unsustainable developments we need to fix.

Our Planet
Spearheaded by unsustainable organisations, the negative effects on our planet is becoming irreversible. Climate change is very real,
and has been dubbed a direct existential threat by UN General-Secretary Antonio Gueterres.24 Elon Musk calls our fossil fuel dependency
the “dumbest experiment in history”25, and while SpaceX is working on ways to create a self-sustaining civilisation on Mars, there are
no guarantees. Humans have never been doing better, yet Mother Earth has in many ways never been doing worse. Our consumption of
Earth’s finite resources is taking our planet closer and closer to collapse. Logically, organisations that wish to sustain have to address
this.

As demonstrated above, increasing production and hence income mixed with lower costs will inevitably result in higher consumption
of both goods and services. This trajectory is a step forward, with organisations creating jobs and new opportunities, converting the
“don’t haves” to the “do haves”. It is the path to a better, more just world, but not necessarily a more sustainable one. This trajectory
becomes catastrophic, when the goods and services produced has not sufficiently factored in the cost of the finite resources we used to
deliver these goods and services. Economists estimate that if we were to factor in the cost on the planet’s finite resources for the next
century into the goods and services produced in the last century, costs should have been 20-30 times higher.26

We have created a ticking bomb of a system, where growth spurs consumption that spurs more growth and so on. More consumption
means more growth, and without factoring in damages to our planet properly, we end up with a dangerous cocktail that spells existential
threat. The exact opposite of developing a sustainable system. The reasons for establishing this unsustainable system in the first place
are many, but when it is so difficult to assess the true cost of a product or service, it becomes a deadly system.
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The difficulty measuring the true cost of a product or service boils down to uncertainty. We simply do not know how much of a
finite resource is available to us on the planet. What if the oil companies find a completely new and rich oil field? What if we find a
clever way to clean up and limit CO2 in the atmosphere? What if we find a new and abundant material that is way more efficient to build
batteries than Lithium? What if Elon Musk manages to colonize Mars leaving humanity with an extra planet’s worth of finite resources?
The equation is mind boggling complex and full of uncertainties, so in large part, we have ignored it entirely. Actually worse, not only
didn’t organisations acknowledge that the true cost was higher, organisations found a way to make a system that on one hand spurred
more growth, and on the other hand exponentially worsened our planet. Organisations invented planned obsolescence.

Planned obsolescence — or built-in obsolescence — in industrial design and economics is a policy of planning or designing a product
with an artificially limited useful lifespan, so it will become obsolete after a certain period of time. An evolved version of planned
obsolescence is perceived obsolescence, which is not physically building for a preset expiry date, but rather aims to make a product
obsolete because of new versions or models of the same product, like the latest iPhones or Jordans.
An example that mixes planned and perceived obsolescence is the fast fashion industry. Low-quality yet high fashion clothes
that comes at a low price tag have made companies like H&M, Zara and Primark some of the largest clothing stores on the planet. It has
also created an immense amount of clothes made out of material like polyester with a shorter lifetime. Besides generating mountains of
clothes thrown out every year, when washed, parts of polyester clothes break into microfibers that end up in our water. Tests have shown
that dangerous levels of microfibers are increasingly showing in our food and water supplies, making up a very unhealthy diet for
everyone.

The majority of the products we make today comes from finite resources, fossil fuels that will not return for millions of years. Knowing
this, organisations should do their best to preserve the finite resources needed to produce a good or service, not incentivize people to
toss away perfectly functioning items just because another more colorful scarf came around. Planned and perceived obsolescence is a
system in direct opposition to a sustainable future. The result is waste that makes hope itself vanish.
Prominent organisations have used this trick to become some of the wealthiest on the planet. Apple has launched a new iPhone
worldwide every year since 2007, and yet, the company only launched their trade-in program for old iPhones in 2013 at a select few
locations. This has led Apple to become one of the main sources of an enormous amount of electronic waste. In 2006, the United Nations
estimated the amount of worldwide electronic waste discarded each year to be 50 million metric tons. According to a report by UNEP
titled Recycling - from E-Waste to Resources, the amount of electronic waste being produced — including mobile phones and computers
— could rise by as much as 500 percent over the next decade in some countries, such as India. The United States is the world leader in
producing electronic waste, tossing away about 3 million tons each year. China already produces about 2.3 million tons domestically
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(2010 estimate), second only to the United States. And, despite having banned e-waste imports, China remains the major e-waste
dumping ground for developed countries. The Environmental Protection Agency estimates that only 15–20% of e-waste is recycled, the
rest of these electronics go directly into landfills and incinerators.

We all participated in the system of planned and perceived obsolescence, but unsustainable organisations made it happen. Giles Slade,
author of Made to Break: Technology and Obsolescence in America, says: “There’s no doubt about it, more people have had a better
quality of life as a result of our consumer model than at any other time in history. Unfortunately, it’s also responsible for global warming
and toxic waste.”27 It almost feels as if in order to make the world a better place, it has to get worse first. 28 One can only hope that we
haven’t made permanent non-revertible damage.

But there is hope, as more and more organisations start to embrace sustainability. The UN set out seventeen lofty Sustainable
Development Goals to be reached by 2030. These are goals — contrary to the eight Millennium Development Goals — that aim to bring
public sector and private sector together to achieve sustainability on a global scale. When diving into the goals, it is clear that technology
plays a huge role in order to find solutions that achieve those goals. Organisations have historically been the driving force to get
technology into the hands of the masses, and a number of examples can be listed how software is making that happen.
Transparency has improved decision making, as internet review portals like Trustpilot and Tripadvisor have contributed greatly
to kill off products that are programmed to become obsolete. A serious approach to smarter recycling, reuse and repurposing has emerged
to counter the negative man-made effects on our planet. With current generations becoming more and more conscious about living
sustainable lives, it is only a matter of time before organisations will feel the wrath of Mother Earth and the people she houses, if
unsustainable decisions continues to triumph.
The sharing economy has emerged, where any purchase you ever make can now be donated, rented out or sold as second hand.
Airbnb allows anyone to share their homes, Swapfiets allows anyone to share a bike within their fleet, Freetrailer does the same for
trailers, and Uber does for cars. Speaking of cars, we can again use the example of how Tesla auto-downloads and upgrades the selfdriving software in its cars as the vehicles charge overnight, making continuous improvements to the car, so they don’t become obsolete.
Sawhney, a Tesla owner, says the company planned ahead for these sorts of upgrades by including “basically future-proof” sensors and
hardware in the vehicle.29
The car industry is a great example of how cities, sometimes even entire countries, have felt the negative effects from
unsustainable organisations. Detroit used to be the epicenter of car manufacturing, but it became more obsessed with making new models
that had stylish yet fragile tweaks, rather than focusing on building a rock solid car that would sustain. As a result, Detroit has in many
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ways been overtaken as the hub for car manufacturing by Silicon Valley and other cities. With Detroit’s downfall, the United States felt
the pain on their national budgets, showing full-circle how planned obsolescence does harm to our cities, our country and our planet.
For Detroit, it has been dubbed the single biggest reason why the city went from a vibrant economic and technological powerhouse, to
an almost abandoned city that it is today.30 Unsustainable organisations choosing the same path will without a doubt go down the same
way.

Despite our grave climate situation, there is hope out there. In India for example, Jugaad is a saying roughly translated into “hack”,
referring to the endless pursuit in making things work instead of throwing out, which has become engraved into the Indian culture. Cuba
is another example, where scarce resources have made Cubans incredibly ingenious in how they fix and reuse instead of throwing out.
Iconic examples are American cars dating back to the 60s, still going strong on the roads of Havana. Human ingenuity knows few limits,
and when it comes to reducing, recycling and reusing, solutions are more needed than ever to right the wrong on our planet.

Political Stability
For organisations to sustain and prosper, political stability is a prerequisite. But at this point, there is very little doubt that software in
general and social media in particular has affected democracy and politics both negatively and positively.
On the positive side, we created a cost-effective medium to spread information, with everyone being able to participate in the
debate. Jared Cohen was a young Stanford graduate in 2009 when he joined President Obama’s State Department for the chance to work
with Secretary of State Hillary Clinton. As a result, it was Cohen who was asked in the midst of the June 2009 post-election protests in
Iran, to call up Twitter founder Jack Dorsey to ask the company to reschedule its planned maintenance for their website, so that Iranians
could keep tweeting. Given that all other forms of communication had been blocked or shut down, Twitter was pretty much the only
way for the outside world to get a sense of what was happening.
On the negative side, software’s tremendous disruption to democracy has spurred rising populism fueled by hypersegmented
advertising that governments and large corporations have taken advantage of by harvesting our personal data. Interestingly, Twitter can
again be used as an example, becoming the adult playground for misleading and misinforming large groups of people. As a result, we
find ourselves living and debating in echo chambers, while at the same time the highest number of people ever recorded is fleeing their
homes due to instability — in the hope for a better future for themselves and their families.
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Let’s first dive into the problem of echo chambers. Information is the fastest growing commodity that we consume. Today’s generation
produces an astonishing amount of information about what is happening in the world. Forbes estimates that over the last two years alone,
90 percent of the data in the world was generated!31 Only the last two years! And if Malthus’ exponential growth curve has taught us
anything, it’s that we will probably accelerate information generation in the years to come!

Unfortunately, our minds have not evolved to be able to process all this information hitting us every single day. This has left us with a
world where people pick and choose what information suits them best. Everything from nationalistic agendas to pop culture has been
victims to alternative or fake news. Confirmation bias is a real thing, and people’s biased tendency to pick and choose what they already
believe is proven.

The rise of social media can be traced back to our growing need for filters, to sort out this vast ocean of information that we create every
day. What better filter to apply than our social circles, right? The problem is, if we only get our news and views through a filter dominated
by what our friends think, then we end up thinking like everyone else in your network. Confirmation bias on steroids. Since the day of
dawn, humans have always had a tendency to be drawn towards what was familiar. It’s evolutionary. Reckless humans in prehistoric
times who sought out to the unfamiliar would have a much higher likelihood of dying, so odds are our genes are not programmed to
seek out to what is different or foreign. Many historians extrapolate this simple evolutionary hypothesis to everything from racism to
advertising. But in the digital age, a new problem is on the horizon when we only get information through a filter consisting of people
that probably look like you, think like you and seek the same confirmation bias, as you.

With the success of social media, echo chambers, populism and “alternative facts” have skyrocketed. It is dangerous, when the majority
of the information you see, has been cherry-picked by people that are likely to have the same opinions as you. It is the root to polarisation
that will affect generations to come, like pulling out of the European Union, global climate agreements and building walls instead of
bridges. It is a dark reinforcing trend, which can only be reversed by applying critical thinking. But with ever more streams of information
hitting us every day, even the most critical thinker is left challenged. We must combat the post-factual society that we are heading
towards, and instead develop an information-rich world where discussions are rooted in facts, not fiction. That is the only way to stop
the dangerous path we are on, where sides diverge towards extremes, rather than converging towards rationale.

Depending on where you are from, you might think that the rise of echo chambers fueled by unsustainable organisations is hardly making
up a threat to democracy. Wherever you are based it might not be a threat right now, but echo chambers are on schedule to challenge
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the core of every country’s democratic values. If still not convinced, let’s shift our attention to the devastating growth in the number of
people on the move today, often not because of war but instead political instability, which is anyway a frequent predecessor to war.

As a consequence of political instability worldwide aggravated by rising populism, we are currently surpassing a world record in terms
of the number of people on the move. Since the end of WWII, which used to hold the world record, the number of refugees has surged
to 69 million in 2018. That’s one in every 111 people on the planet!32 The world is a big place, and a significant share of its inhabitants
has been, will be, or are on the move — within or beyond country borders.
People move for a variety of reasons: some move to find new opportunities, some move for love, and many move because they
have no other option than to leave their homes due to armed conflicts, severe poverty, natural disasters or other sufferings. Historically,
people have always been moving to explore other parts of the world — it is one of the key driving forces behind progress. Yet currently,
more people than ever are on the move. The number of people migrating to foreign countries has surged by 41% in the last 15 years,
and in 2015, 244 million people lived in a different country than their country of origin. Moreover, 763 million people are internally
displaced within their own country. Thus, every 7th person in the world is effectively a migrant. 33

Being on the move — temporarily or permanently — can be associated with significant challenges. This is true for people forcibly
displaced, yet often also for people moving voluntarily; but the nature and severity of the complications are disproportionately affecting
the lives of involuntarily displaced people. Ironically, climate change is a bigger and bigger driver behind an increasing number of
involuntary people on the move. Entire countries like the Maldives are on schedule to literally vanish from the face of the Earth as water
levels continue to rise, adding to the number of people on the move.

The new home for people who are displaced, is often unknown for a long time. A large share of the displaced spend many years waiting,
either in refugee camps in neighbouring countries or in asylum centers in other countries. In the beginning of 2017, 2.8 million people
had sought asylum and were waiting to have their refugee status determined and thereby be considered eligible for asylum. In Europe
more than 50% of the asylum seekers of 2015 were still waiting for a decision by the end of 2016 — indicating that a two-year waiting
period is common. This is associated with great challenges. For instance, studies find that lengthy asylum processes are directly
associated with a significant reduction in probability of securing subsequent employment. In addition to these tangible challenges,
children and young people caught in these waiting periods report that they experience a significant decrease in life satisfaction and a
general lack of basic social and intellectual stimulation. As a teenager in a German refugee camp during Ai Wei Wei’s documentary
Human Flow dishearteningly expresses: “I am just so bored, everyday”.
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Moreover, refugees living in camps in adjacent areas often wait years under extremely poor living conditions. In the beginning of 2017,
there were 11.6 million people living in protracted displacement. UNHCR defines a protracted refugee situation as “situations where
25.000 people are forcibly displaced for more than five years”. One third of these people have been living in camps for more than 20
years. This means that at least 11.6 million refugees experience long periods of time without stable access to basic necessities, such as
proper sanitation and housing, and do not receive sufficient education or adequate income opportunities, if any. For instance, every third
child who is a refugee under the UNHCR mandate does not attend primary education.

Even the small number of refugees who end up finding permanent legal residence or become naturalized citizens still face substantial
challenges. Displaced people in permanent homes face hardships related to their integration and inclusion into their new country’s
societies. Part of this challenge is related to the reception of immigrants and refugees in the countries they settle in. More than half of
the global population believe that immigration into their countries should either stay at present levels or be decreased. 34 This opinion is
unlikely to make people’s disposition welcoming, let alone engage with newcomers in their communities. This attitude is at odds with
the global reality — there are more people on the move than ever before — and this poses a severe challenge for integration and inclusion
of forcibly displaced people. As a result, immigrants are less likely to find a job and be assimilated. Especially finding a job has proven
key for many migrants to be accepted in their new country, but with rising political instability and populism, the search for a job is
getting harder. If unsustainable organisations have their way, this negative trend will continue and potentially spiral out of control,
creating a world where no organisation can sustain.

Beyond the risk of unemployment lies the issue of forced labor that many migrants become victims of. In 2016, over 55 million people
were categorised as working in “modern slavery”, dominated by immoral unsustainable organisations.
Slavery did not end with the abolition in the 19th century. Instead, it changed its form and continues to harm people in every
country in the world. Whether they are women forced into prostitution, men forced to work in agriculture or construction, children in
sweatshops or girls forced to marry older men, their lives are controlled by their exploiters, who often sit at the end of the table in
unsustainable organisations. They no longer have a free choice, and they have to do as they’re told. They are in slavery, modern slavery.
Out of the estimated 55 million people working in modern slavery around the world, 10 million include children, 25 million people are
in forced labour, 15 million are in forced marriages, and 5 million people are in forced sexual exploitation. On top of this, there is a big
misconception that this only occurs in the developing world, or only in certain industries. For example in Europe, forced labor remains
the most commonly reported form of modern slavery. Today, slavery is less about people literally owning other people – although that
still exists – but more about being exploited and completely controlled by someone else, without being able to leave.35
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Despite the grave outlook for migrants, modern slaves and other victims to political instability, there is hope. As sustainable
organisations have given us more time on our hands, many are increasingly putting their efforts into good use. Putting our time to work
on helping refugees can go a long way, but coupled with rising income and decreasing cost, people on the move have a shot at living
acceptable lives. Time will tell if we solve our migration crisis and the underlying political instabilities that unsustainable organisations
are driving. We have the power to do so, but the willpower needs to come from all layers of society.

Inequality
Unsustainable organisations have been the single largest driver behind higher inequality levels in the world. Arguably governments
around the world has made this possible, but ironically with the title of this book, more and more software-driven organisations are
getting on this unsustainable bandwagon, moving around money in a complex system to avoid tax payments. It is a fraudulent game that
goes directly against developing a sustainable organisation, but before we dive into that, let’s get an overview of how bad inequality has
become.

In 2018, the World Inequality Database (WID) came out with their annual report on how inequality is developing. The report gave a
stark insight to the world we live, where inequality has risen sharply since 1980. The poorest half of the global population has seen its
income grow significantly thanks to high growth in Asia — particularly in China and India. However, because of high and rising
inequality within these countries, the top 1% richest individuals in the world captured twice as much growth as the bottom 50%
individuals since 1980. Income growth has been sluggish or even zero globally for individuals with incomes in the bottom 50% group.
This includes all North American and European lower - and middle - income groups.

The rise of global inequality has not been steady. While the global top 1% income share increased from 16% in 1980 to 22% in 2000, it
declined slightly thereafter to 20%. The income share of the global bottom 50% has oscillated around 9% since 1980. The trend breaks
after 2000 due to a reduction in between-country average income inequality as within-country inequality has continued to increase.

Inequality within world regions varies greatly. In 2016, the share of total national income accounted for by just that nation’s top 10%
earners (top 10% income share) was 37% in Europe, 41% in China, 46% in Russia, 47% in US-Canada, and around 55% in sub-Saharan
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Africa, Brazil, and India. In the Middle East, the world’s most unequal region according to our estimates, the top 10% captured 61% of
national income.

In recent decades, income inequality has increased in nearly all countries, but at different speeds, suggesting that institutions and policies
matter in shaping inequality. This is apparent by the different trajectories followed by former communist or highly regulated countries:
Russia, China and India. The rise in inequality was particularly abrupt in Russia, moderate in China, and relatively gradual in India,
reflecting different types of deregulation and opening-up policies pursued over the past decades in these countries.

The divergence in inequality levels has been particularly extreme between Western Europe and the United States, which had similar
levels of moderate inequality in 1980, but are in radically different situations today. While the top 1% income share was close to 10%
in both regions in 1980, it rose only slightly to 12% in 2016 in Western Europe, while it shot up to 20% in the United States! Meanwhile,
in the United States, the bottom 50% income share decreased from more than 20% in 1980 to 13% in 2016. The income inequality
trajectory observed in the United States is largely due to massive educational inequalities, combined with a tax system that grew less
progressive despite a surge in top labor compensation since the 1980s, and in top capital incomes in the 2000s. Continental Europe
meanwhile saw a lesser decline in its tax progressivity, while wage inequality was also moderated by educational and wage-setting
policies that were relatively more favorable to low and middle-income groups. In both regions, income inequality between men and
women has declined but remains particularly strong at the top of the distribution.

Interestingly, over the past decades, countries have become richer but governments have become poorer. This is in essence the
counterintuitive behaviour that has played out between governments, giving unsustainable organisations an unfair advantage to move
capital to a few low-tax countries, at the expense of the many normal-taxed countries. Economic inequality is largely driven by the
unequal ownership of capital, which can be either privately or publicly owned. Since 1980, very large transfers of public to private
wealth occurred in nearly all countries. While national wealth has substantially increased, public wealth is now negative or close to zero
in rich countries. Admittedly, this limits the ability for governments to tackle inequality; certainly, it has important implications for
wealth inequality among individuals. Tackling global income and wealth inequality requires important shifts in national and global tax
policies. Educational policies, corporate governance, and wage-setting policies need to be reassessed in many countries. Data
transparency is also key. As software starts rolling out and cover every corner of economic activity, data can be tracked and so will
income discrepancies. Tax evasion, asset manipulation, insider trading and global access to knowledge will be the new norm, shutting
down the behaviour of unsustainable organisations within inequality once and for all.
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With the overview of some, but not all, of the global challenges that unsustainable organisations create, we now turn our attention
towards how you can develop your organisation to sustain, with the formidable dividend to solve the global threats we face as a species.
As every organisation is becoming a software-driven organisation, we will start dissecting the different tsunamis where software is
taking us by storm, and, if navigated correctly, develop your organisation to sustain for generations to come.
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Developing Sustainable Organisations
We have established by now that organisations can take both sustainable and unsustainable paths. A great amount of debate is swirling
around on what is sustainable and what is not — or what is “good” and what is “evil” — but one thing is certain, change is inevitable.
If history is any teacher to us, change is accelerating, and we risk losing large groups of people behind, if we are not thoughtful about
the future we develop with our organisations.

Arguably, the single largest effort towards pushing the world onto a sustainable trajectory is the 17 Sustainable Development Goals
(SDGs), set forth by the United Nations’ former Secretary — General Ban Ki-moon. The goals are working as a blueprint to achieve a
better and more sustainable tomorrow, and they are broken down into 169 targets to be achieved by 2030.36 They address the global
challenges we face, including those related to poverty, inequality, climate, environmental degradation, prosperity, peace and justice.
Covering vastly different challenges makes the SDGs hard to relate to.
While coming together around 17 goals and breaking them down into 169 targets is a start, they have to translate into actions in
order to get any closer to the finish line. And the clock is ticking, fast. This is the essence of why this book was written. Through my
own and my colleagues’ work, we have experienced how much both sustainable and unsustainable organisations, spanning from startups
to corporations to NGOs, can move the needle. With organisations influencing change on a global scale, software has proven quite
successful in affecting every corner of our daily lives, “eating the world” as Marc Andreessen would put it.37 Similarly, it is clear that
software plays a crucial role in achieving the global goals set forth by the UN, and through decades of experience in the digital arena,
we have nailed down in this book the software tsunamis that will continue to eat the world — but more importantly — feed it, in our
endless pursuit towards teaching organisations how to sustain in an accelerating world. We break these software tsunamis into the
following:

Tsunami 1: Connectivity is everything around us being linked to each other, like a big connected ecosystem. One large organism some
would say. Everything from your fridge to your car to your phone communicating and feeding each other information to optimise around
your behaviour. Even humans will meet and create unexpected connections in the digital realm, interacting with each other in a brave
new world with VR. But it is not just human-to-human or computer-to-computer connecting. Imagine all the hybrid interactions —
human to computer — throughout the day. Assistants answering on your behalf to both friends, family and devices, providing you a
summary to stay informed.
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Tsunami 2: Commerce is everything that enables us to exchange goods and services. There are next to no limits when it comes to trade
in this software-powered world, no barriers separating an entrepreneur from building a business to provide items to a consumer on the
other side of the planet. Trading everything from goods, services and information has become feasible for everyone. You can now buy
and sell globally through online shops, promote your offerings via social media and reach millions of people easily.

Tsunami 3: Cognition is everything that enhances our cognitive capabilities with the rise of software. Consider how far we’ve come
with biological intelligence. We have built things our ancestors never thought possible. But software is taking things to a whole new
level. With artificial intelligence continuously taking our biological intelligence by surprise, we will soon be able to solve the code of
merging the two, creating hybrid intelligence. Think about it, artificial intelligence combined with human ingenuity is the ultimate
combination, and nothing will be the same when that happens.

It is understandable, even expected, that you apply a healthy level of skepticism when reading through this book. In general, we base
our ideas on our own experiences, and those experiences have been anchored in our heads as the way things are. We’re also limited by
our imagination, which takes our experience and uses it to conjure future predictions — but often, what we know simply doesn’t give
us the tools to think accurately about the future. When we hear a prediction that contradicts our experience-based notion of how things
work, our instinct is that the prediction must be naive or straight up wrong. If I tell you that you may live to be 150, or 250, or not die at
all, your instinct will be: “That’s stupid — if there’s one thing I know from history, it’s that everybody dies.” And yes, no one in the
past has not died. But no one had ever been flying across the Atlantic before airplanes were invented either.
This is why we wouldn’t be surprised if we found the need in the future to publish new editions of the book, as software sets
new and ambitious goals for humanity’s continuous prosperity. To create a natural build up as to how software is feeding the world
through each of the tsunamis — Connectivity, Commerce and Cognition — we split into three distinct chapters for each software tsunami
in our relentless pursuit to teach organisations how to develop in order to sustain in the future:

Humans. You, me and all of us. We are an organic byproduct of billions upon billions of iterations in nature that ended up creating
homo sapiens and came to rule the world. In order for us to understand where we are heading, it is paramount that we understand where
we came from.
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Computers. All the electronic devices you can think of. Ever more distant corners of human’s daily lives are being powered by
computers in our pockets, on our desks and in our cars. With Moore’s Law still going strong, computers will continue to run more and
more processes of human life, and give us superhuman capabilities as a result thereof.

Hybrids. Electronic devices merged into humans. The integration between humans and computers is happening, morphed together using
software. We are already cyborgs. And while that statement may sound totally scary — perhaps even reasonable — most people don’t
consider pacemakers, speech synthesizers or bionics as such a scary thing. If you are anything like 99.9% of people with a smartphone,
when you leave your phone behind by mistake, you don’t hesitate to turn around in absolute panic, as if you abandoned a vital limb that
you couldn’t go through your day without. That is how attached humans have become to computers.
Man continues to merge with machine as software-powered technologies continues to sweep the world. Your phone is already
an extension of you. Your social media profiles are already digital versions of you. The pace at which computers evolve continues to
triumph human evolution. This makes computers a more and more useful tool — and as a result — a larger and larger part of our lives.
Your body is your hardware while the experiences, learnings and decisions your brain makes throughout your life is your software. The
distinction between what is human and what is not continues to blur, and in our pursuit to develop organisations that sustain, we need
to navigate this world where humans and computers continue to integrate. Most of us feel uneasy about humans merging with technology
to enhance our lives. But so did many when medical advances magically started to better people. Today’s magic is technology in general
and software in particular, and while skepticism is a natural reaction, it is the trajectory we are on to feed us, and ultimately sustain us.

The following chapters will lay out the wide-ranging areas where software is going to feed the world, which is the key in developing
your organisation to sustain. As a leader, manager, decision-maker, investor, entrepreneur or anyone who is creating something out of
nothing, if you are not aware of these software tsunamis, you are on the Titanic steering with no clue as to where and when the icebergs
are going to hit. If you read on, you will understand the tsunamis heading your way, and be able to steer uncharted waters staying the
course to sustain the organisation you are currently developing.
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Tsunami 1: Connectivity

“We keep moving forward, opening new doors, and doing new things, because we’re curious and curiosity keeps leading us down new
paths”
- Walt Disney
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Our ability to connect will achieve superhuman levels and as a result spur unprecedented development.

Global progress has always been about doing what we do best, and link to the rest. Without connecting, we cannot progress. Humans
are connecting like never before, and so are the things we surround ourselves with. These things are increasingly starting to integrate
with one another, making it easier and more likely for us to develop a sustainable future.

Humans connect more than in the past. You can reach out to anyone, anywhere, with just a few clicks. We connect online, sometimes
to the degree that ironically makes us feel isolated offline. Chatting, liking, commenting, talking, transacting and now augmented reality
(AR) and virtual reality (VR) even let us manipulate space and time. You can “teleport” in virtual reality and interact with people
thousands of miles away. When VR becomes indistinguishable from reality (which it will), you could visit your loved ones digitally,
take them to places, or play games together in an entirely new world. Envision the possibility of working in a virtual office together with
your colleagues, from the comfort of your home.

Computers connect constantly in the present. Our phones, vehicles and home appliances are all talking to each other without human
supervision, making up the Internet of Things (IoT). We have not only managed to build smart homes, but smart cities, and it won’t take
long before we will see smart countries connecting and coordinating. It is already possible to summon your car to pick you up. Soon
enough, you won’t even have to ask. Imagine calling it a day and leaving from work. Your car will look at your calendar and sync that
up with your phone’s GPS. Knowing that you are leaving, it will start driving to the front door to pick you up. Once you have entered
the car, it will notify your loved ones, tell your home to turn up the heat, turn on the evening news on your smart TV, Google Home or
Amazon Echo, maybe even fire up the bathtub if you’ve had a long day. You won’t be asking for any of these things, your devices will
be powered by assistants that know about your preferences, and how they fluctuate depending on your day.

Hybrids will connect with everything and everyone in the future. Assistants like Google Assistant, Siri and Alexa are making us all
superhuman, giving everybody an assistant that knows more about us than any human assistant could. They provide us with the
information we need, when we need it. They answer our questions, heck they even answer questions on our behalf to the people around
us. They help us sort out our daily schedule, they order our pizza and they help us become a better version of ourselves. But hybrids are
not only confined to human-to-computer interactions; it’s also computer-to-human. Imagine your Facebook assistant right now sitting
in stealth mode learning how to be you, simply by studying your previous interactions on Facebook-powered services. Once activated,
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your Facebook assistant will write to your friends on your behalf, comment on posts or pictures you are tagged in, respond to messages
on Messenger and WhatsApp, even write personal birthday wishes like Joaquin Phoenix did in that movie “Her”.

Before we start getting all excited about digital connectivity, we take it from the top, starting with how humans connect, only to look
deeper and deeper into modern day connectivity powered by computers, and of late, hybrids.
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Humans
Our need to connect with other humans is nothing short of elementary to our existence. Studies show that the mortality impact of
loneliness is the same as smoking 15 cigarettes a day!38 Loneliness increases the risk for cardiovascular disease, depression and anxiety.
When we’re lonely, we’re less engaged, less productive and less creative. If we are to prosper as a species, we need to be able to connect
with each other. Social connections strengthen our immune system, help us recover from disease faster, and may even lengthen our life.
Research by Steve Cole demonstrates how genes impacted by social connection also code for immune function and inflammation. People
who feel more connected to others have lower rates of anxiety and depression. Moreover, studies show they also have higher selfesteem, have more empathy to others, are more trusting and cooperative and, as a consequence, others are more open to trusting and
cooperating with them.
Social connectedness therefore generates a positive feedback loop of social, emotional and physical well-being. Unfortunately,
the opposite is also true for those who lack social connectedness. Low social connection has generally been associated with declines in
physical and psychological health, as well as a higher propensity to antisocial behavior that leads to further isolation.

Our fundamental need for interaction has shaped the world we live in, seeking out new connections since the beginning of time. We
started out living in caves, using hand gestures, facial impressions and all kinds of pre-language symbols. But then something magical
happened.

Around 50,000 years ago we developed a multi-purpose brain, and language started to form. The human brain had advanced to the point
where it could understand that even though the sound “elephant” was not itself an elephant, it could be used as a symbol of an elephant,
which meant hunting was about to commence! Soon, we had words and sounds for all kinds of things that made our lives easier. This
breakthrough had found ways to translate our thoughts into a symbolic set of sounds and send them vibrating through the air into the
heads of other humans, who could then decode the sounds and absorb the embedded idea into their own internal thoughts. The human
had been thinking about things for a long time — and finally there was someone to talk to about it.
There wasn’t much politics or celebrity gossip to talk about back then, so instead our newfound communication capabilities
unlocked an explosion in the number of tools we could use, outpacing any other animals living amongst us. Being able to communicate
and connect is really the bedrock of human progress. We are physically inferior to many other animals, even our cognitive capabilities
weren’t that superior either. Where we outperformed any other animal was our ability to connect and communicate with each other. We
built tribes, then villages, and eventually entire civilisations. Connections between people grew exponentially, sharing and transferring
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knowledge. People even started migrating to foreign lands, settling within new places and connecting with the most distant areas on the
planet. As civilizations sprang up and advanced around the world, so did production of necessary supplies.

Then 12,000 years ago, farming and agriculture started to outpace the number of mouths to feed, resulting in better nutrition and health
that advanced our capabilities even further. Everything changed with the development of agriculture. Before, humans were hunters and
gatherers, but after agriculture, individuals could increasingly rely on others to feed themselves and their families. This opportunity to
specialise in one particular thing — rather than everybody being a Jack of all trades — further advanced our need to connect and
communicate. As farming became more and more efficient, civilisations began to form. Villages became cities, cities became kingdoms,
and kingdoms became empires.39 Humanity’s endless pursuit of development sometimes also resulted in building walls instead of
bridges, making connections tedious, cumbersome and even impossible. Nevertheless, knowledge continued to spread far and wide, and
around 500 years ago, the scientific revolution began to unfold. Mathematics, physics, biology, chemistry and astronomy accelerated,
and soon the industrial revolution began, followed by the digital revolution, and that’s pretty much where we are today.

The latest and greatest to connect and advance our knowledge is the internet and computer revolution, which is where things
started to get really interesting. Our penpals became online friends that we could instantly shoot an email, chat or video-call with.
Suddenly, we did not need to travel to see each other anymore, but all this was just the beginning. Social media accelerated the pace at
which we connected. We all became a part of one single community with no borders, no language barriers, no physical barriers.
Messaging on Messenger, WhatsApp and WeChat all day long, sending face-filtered short videos on Snapchat, sharing our lives in
pictures on Instagram. Not only did we get connected with our friends, but professional connections on LinkedIn became tighter than
the occasional and rather loose networking event. Social media connected us, it made us part of a giant digital community. It shrunk the
world and brought everyone together. Plenty of good can happen when bringing people, communities and organisations together, but
the best example is perhaps how humanity can right the wrong on the planet when we connect. There is no better example of that than
the beautiful Raja Ampat.

Raja Ampat is one of the most biodiverse places on Earth, located in the heart of the Coral Triangle on the north-western tip of West
Papua, Indonesia. Encompassing around 4.5 million hectares of land and sea, the archipelago earned its nickname 'species factory’ by
being home to more than 1,400 species of fish and 75% of the world’s known coral species. As well as being a globally significant
biodiversity hotspot, the nutrient-rich waters surrounding the islands provide a vital source of nutrition and a basis for local livelihoods,
making the protection of Raja Ampat’s ecosystems from threats — such as unsustainable fishing practices, overexploitation and climate
change — a regional and global priority. Raja Ampat is one of the most important areas of marine biodiversity in the world, and in 2007
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the Indonesian government decided to take action to keep it that way. They did this by declaring a network of seven Marine Protected
Areas (MPAs) to ensure the long-term health of the marine ecosystems40. Due to Raja Ampat’s vast area, this network would only
prevent unsustainable practices by working together with local communities. Consequently, a coalition of international and local
organisations — including WWF, The Nature Conservancy, Conservation International, Manta Trust, Coral Reef Alliance and RARE
— and partners such as local and provincial governments, coastal communities, local organisations, and universities has been working
together with the local families and communities living on various islands that make up Raja Ampat. Together, they police the vast area,
communicating over cell phones if anything suspicious happens, informing the local police when something out of the ordinary occurs.
This coalition makes Raja Ampat’s large and distributed area much more manageable, and the results are staggering. Today, the area is
experiencing — contrary to almost every other place on Earth — that biodiversity is increasing. This is a phenomenal outcome for
everyone, and it has only been possible due to the easy communication happening today with software.

While the world became smaller by connecting more easily — shrinking the distance between you and your network to the phone in
your pocket — the world also became increasingly polarized, creating echo chambers amongst large groups of people living right next
door. Echo chambers, where our social circles defined the news and stories we heard, rather than unbiased and objective news sources.
This created cliffs — sometimes even walls — between the people we agree with, and the people we don't. Unfortunately, we have a
natural tendency to distance ourselves from what is unfamiliar and foreign to us. Some would go as far to even say it is in our DNA to
be xenophobic, fearing what is unknown to us. Those courageous ones that dared exploring the unknown put themselves in danger,
leading to much lower risk of surviving and reproducing than those who didn’t. Over thousands of generations, evolution would have
adjusted for such behaviour. Fascinating but equally dreadful, and social media has evidently fueled a polarization that has given rise to
a new type of populism, where science is being replaced by selfies.

Although millions of people are using the Internet to expand their horizons, many people are doing the opposite, creating a feed that is
specifically tailored to their own interests and prejudices. The internet might allow us to overcome some of the social and geographical
barriers between people, so that we establish a more balanced view of the world around us. But it is equally possible that social media
erect new fences, as like-minded people siphon themselves into homogenous groups who all share the same viewpoints and gather their
information from the same sources.

Experts agree, the key to break down the echo chambers is to build more empathy. 41 There is no better way to do so than to have an
authentic experience of being in another person’s shoes. Thanks to software, there is now a clear path towards building more empathy
than current social media platforms can achieve, and that is social VR/AR.
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With virtual reality (VR) and augmented reality (AR), we can manipulate space and time.42 We can “teleport” to virtual places and
interact with people thousands of miles away. It has become possible to work in a virtual office with our colleagues from the comfort
of our home. Heck some people met and got married in VR!43 Designers and engineers beam into virtually places to develop products
together, touching and changing parts of a product without even having that product in their hand. Software has connected millions of
people giving them the superpower to interact. Now, VR and AR will enable people to collaborate and emphasize in virtual spaces,
putting us in each other’s shoes.

If AR and VR continue to develop at this pace, which is very likely in a world that keeps spinning faster, soon enough we'll be able to
not only meet each other virtually but also feel each other.44 According to a study commissioned by Facebook45, 54% of people want to
use VR to interact with colleagues who are far away, while 59% want to hang out with friends and family who are not near. We want to
feel connected, no matter where we are located in the real world. We want to visit our loved ones, take them to places, or play games
together in an entirely new world.
The same study shows what awaits us in the future. 65% of the participants want to view holiday locations before booking, while
60% want to view products without having to visit shops. Beyond products and services, we want to experience news and stories that
we experience today through mainstream news. The barriers to unleash VR/AR are coming down, as clunky and expensive headsets
wrapped around our faces are being replaced with much smaller devices, which soon enough will be the size of your contact lenses. Just
like many people see the physical world through glasses or contact lenses, they will be able to see digital worlds with equally convincing
graphics.
With the rise of fake news and misleading “alternative” facts, more than ever, people need to experience what is going on
themselves. Tweets are the first version of people reporting on the ground around mainstream news. It is only a matter of time before
we see similar platforms like Twitter adopt VR and AR technology, allowing people to experience first hand what is going on in the
world around them.

Humans are social creatures and will continue to look for new ways to connect. While large echo chambers have evolved with social
media, so has new software like AR and VR to break them down. Time will tell how that battle will play out, but a new and perhaps
more interesting development is happening in the background, and that is computers connecting with each other.
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Computers
So the internet — the internet of people, if you will — did pretty well to penetrate the world in a flash. It has connected almost all
corners of the planet in one large network. Such connectivity between humans has never been seen before, but another type of
connectivity is on the rise. As we surround ourselves with more and more devices, we have found new ways of using the internet to our
advantage. People being connected is one thing, but connected devices may unleash unprecedented potential. Connecting everything
from phones, fridges and footwear can literally give us unimaginable superpowers. This is what we know as the Internet of Things
(IoT).46

The beginning of the IoT revolution
Kevin Ashton coined the phrase 'Internet of Things' in 1999, although it took at least another decade for the technology to catch up with
the vision. An IoT device is any electronic device that can connect to the internet. In the twentieth century, computers were brains
without senses, they only knew what we told them. That was a huge limitation, there are billions of times more information in the world
than people could possibly sit and log manually on a keyboard or scan in a barcode. In the twenty-first century — with the Internet of
Things — computers can now sense things around them. No need for manual input.

Examples are many. A light bulb that can be switched on using a smartphone app is an IoT device, as is a motion sensor or a smart
thermostat in your office or a connected streetlight. An IoT device could be as fluffy as a child's toy, or as serious as a driverless truck,
or as complicated as a jet engine — only now it’s filled with thousands of sensors collecting and transmitting data back to make sure
it’s operating efficiently. At an even bigger scale, smart city projects are filling entire regions with sensors to help us understand and
control the environment more efficiently.

The number of connected devices is expected to exceed 30 billion by 2020 with a global market value of more than $7 trillion.47 In other
words, the IoT revolution is alive and awake, providing a platform for more devices to connect than there are human beings on this
planet. The internet secures the flow of data between different IoT devices and back to the remote control device. 48 The data can then
be stored on the cloud or in local databases like your smartphone or the IoT devices themselves. Although you can monitor devices
using an app on your smartphone, it is not a necessity for most of the devices. They do everything on their own with just an internet
connection and historical data of past behaviours.
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How the Internet of Things is used
IoT devices connect and respond to one another to make your life easier. Turn off your alarm clock, and a chain reaction will start to
unfold, Jetsons-style. Your coffee machine will start to brew your favourite cup of Joe. Your bath will start pouring water as you enter
the bathroom. Your radio will autoplay curated news. Your windows automatically open to clear the air after a long night’s sleep. Your
thermostat adjusts the temperature, as the fresh air pours into the bedroom, and the steam from the bathroom starts to move into other
rooms. The possibilities are endless really, and the algorithms powering these devices are learning from your habits, optimised to reduce
energy costs and increase comfort. Your house doors will open and lock themselves as you leave, and your car will already be warmed
up ready to take you to work with the radio channel of your preference, the car seat and mirrors adjusted just right.

Now imagine you scale up this kind of interconnectedness from your house to the entire city. Traffic lights will optimize traffic flow.
Your GPS will continuously receive data about other cars and events on the road, finding new routes as data comes in. The GPS also
knows from your coffee machine if you forgot to drink it. It asks you respectively if you want to do a quick stop at the local coffee shop
on the way. In case you do, an order will be sent immediately so the coffee is ready when your car arrives, wasting no time waiting in
line. Reports show that smart cities that connect devices will be able to save residents 125 hours on average per year due to improved
health, increased mobility and better public safety.49

There are so many use cases for IoT devices that only your imagination sets the limit. The best technology is when it disappears, and
the Internet of Things makes all that possible for the appliances and applications we surround ourselves with. The most notorious and
powerful example is your smartphone. It is the closest to an artificial limb that we all carry around in our pockets. It knows where you
are, where you are moving, how much light there is in the room, what you are saying to it. It even has eyes in the form of cameras to
know about its surroundings.
Most people with a smartphone spend more time with it than anything else in their lives. It gathers more data than you can even
begin to remember yourself, and as a result, it guides you throughout your day. Until we start embedding chips into our bodies, your
phone is the closest device to connect you with everything around you. And when you do, you will become superhuman leveraging the
capabilities of all the IoT devices coming out on a daily basis.
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The Internet of Things’ potential and risks
IoT can dramatically decrease the environmental effects from the devices we use. Smart homes adjust the temperature, light and water
depending on your whereabouts. Smart cities do the same for all its citizens. Barcelona has embraced IoT and implemented sensors
throughout the city. Streetlights have sensors saving the city $37 million per year in reduced energy costs. Their many gardens are filled
with sensors, so they know when to water just the right place at the right time, saving $58 million per year as a result. Similar benefits
from IoT can be listed from Singapore, multiple cities in China and many other places.

But new technology is always associated with new risks. Some serious privacy and security concerns occur whenever you connect
anything with each other. We see that already with the internet of people, imagine when all our things get hooked up to that same
connection. Your home, car and everything you hold dear could be manipulated and tampered with if these connections were to be
compromised. Thankfully, this is a technical problem and a lot of smart people are already at work creating new types of secure databases
as well as entire new Internet Protocols (IPs). New forms of databases like distributed ledgers will be the focus of the next tsunami, so
we will focus on the new types of IPs in this tsunami.
An Internet Protocol address (IP address) is a numerical label assigned to each device connected to a network that uses the
Internet Protocol for communication. An IP address serves two principal functions. It identifies the host — or more specifically its
network interface — and provides the location of the host in the network, and thus the capability of establishing a path to that host. Its
role has been characterized as follows: "A name indicates what we seek. An address indicates where it is. A route indicates how to get
there.”50 The header of each IP packet contains the IP address of the sending host, and that of the destination host.
Internet Protocol version 4 (IPv4) is the most utilised protocol version to this day, invented by Vincent Cerf and his colleagues
in 1977, a time when no one could have predicted the explosive growth of the Internet. Back then, even Cerf himself couldn’t have
anticipated that the 4 billion addresses that IPv4 can accommodate for would run out. In Cerf’s own words: “My only defense is that the
decision was made at a time when it was uncertain if the Internet would work, even a 128-bit address space seemed excessive back
then.”51 For years, experts have warned about IPv4’s limited pool of addresses, and fortunately, Cerf has been leading the charge for the
next generation of Internet protocols.
IPv4’s successor, IPv6, has the features and solutions the modern Internet requires: greater connection integrity and security, as
well as the ability to support connected devices. IPv6 has been available for almost 20 years, but has only reached 10% deployment by
201652. If we are to connect more devices than people on this planet, this adoption rate will have to go up. IPv6 was developed by the
Internet Engineering Task Force (IETF) to replace IPv4. Launched in 1998, the main and most obvious feature of IPv6 is extending IP
addresses from 32 bits to 128 bits, allowing for more growth in the future and relief for the shrinking number of available network
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addresses. IPv6 offers a significantly larger pool of addresses by using 128-bit addresses: 340 undecillion (3.4×1038), compared to the
4.3 billion available with IPv4. That’s 340 trillion trillion trillion unique addresses, about 50,000 trillion trillion unique addresses per
person! Now that’s what we are talking about when we want the Internet of Things to go mainstream!

This extended pool of addresses provides scalability, but also introduces additional security by making host scanning and identification
more challenging for attackers. Along with new addresses and security updates, IPv6 also provides a range of benefits for integrity and
performance. IPv6 can run end-to-end encryption. While this technology was retrofitted into IPv4, it unfortunately remains an optional
extra that isn’t universally used for IPv4. Thankfully, the end-to-end encryption and integrity checking used in current VPNs is a standard
component in IPv6, available for all connections and supported by all compatible devices and systems. Widespread adoption of IPv6
will therefore make man-in-the-middle attacks significantly more difficult.
IPv6 also supports more secure name resolution. The Secure Neighbor Discovery (SEND) protocol is capable of enabling
cryptographic confirmation to identify a host and who it claims to be at connection time. This renders Address Resolution Protocol
(ARP) poisoning and other naming-based attacks more difficult. And while not a replacement for application- or service-layer
verification, SEND still offers an improved level of trust in connections. With IPv4, it’s fairly easy for an attacker to redirect traffic
between two legitimate hosts and manipulate the conversation or at least observe it. IPv6 makes this very hard, which is needed for
billions of devices to connect in a safe and secure manner. This added security depends entirely on proper design and implementation.
Nevertheless, when configured IPv6 networking will be significantly more secure than its predecessor, and could be the missing piece
in the IoT revolution looming around the corner.

And while more computers start connecting, so will humans. This is where the connectivity tsunami starts to kick in, when the two start
to merge.
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Hybrids
Hybrids connect like never before, meaning humans and computers are connecting like never before.

We’ve established by now that humans as well as computers are connecting more and more. The foundational bricks have been laid,
now what will happen when we start connecting the two?

What we see happening is that assistants are on the rise, running more and more of our lives. Devices are being powered by all kinds of
assistants that make interacting with the things around us a breeze. They provide us with any information we need. They answer our
questions or go through our daily schedule whenever we want. They order pizza for us or give us a notice when a movie is in theatres.
They interact with other smart devices like Google Home or Amazon Echo, Smart TV, tablet, or whatever else is hooked to the internet.
Assistants are also being connected to our social media accounts. Your Facebook Messenger account will have an option to
activate an assistant, which will start to answer your friends on your behalf. All of this based on your previous conversations, and your
friends wouldn’t even be able to tell the difference. Your social profile will extend far beyond Facebook Messenger and into your
professional life as well. You will meet a virtual assistant of your colleague on a conference call, while your own assistant is answering
incoming email on your behalf. Customers already talk to customer service bots that have been trained on terabytes of previous
conversations. As humans and computers connect, they will become smarter, faster and better, together.

In the 1970s, scientists at Carnegie Mellon University in Pittsburgh, Pennsylvania — with substantial support from the United States
Department of Defense and its Defense Advanced Research Projects Agency (DARPA) — created Harpy. Harpy could recognize 1,011
words, which is about the vocabulary of a three-year-old. Since then, artificial intelligence in general and speech recognition in particular
has evolved extensively. By 1987, the Julie doll from the Worlds of Wonder toy company came out, which could recognize a child’s
voice and respond to it. Throughout the 1990s, companies like IBM, Apple, and others created items that used voice recognition. Apple
began building speech recognition features into its Macintosh computers with PlainTalk in 1993. In April 1997, Dragon came out with
Dragon NaturallySpeaking, which was the first continuous dictation product. It could understand about 100 words per minute and turn
it into text. Medical dictation devices were one of the earliest adopters of voice recognition technology. The most recent example of
impressive speech recognition was in 2011, when IBM’s Watson defeated Jeopardy champions. Fast forward to today, and the biggest
tech companies all have voice assistants that is embedded in all the devices they sell.
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Interestingly, the faster we connect with all these assistants, the faster we will create an android of ourselves. According to Wiktionary,
an android is “a robot that is designed to look and act like a human”.53 Coincidentally, Android is also the world’s most popular mobile
operating system, released in September 23, 2008. About 10 years later, in May 2019, Google announced during their annual I/O
developer conference that there were more than 2.5 billion active Android devices. 54 With one operating system sitting in the pockets
of about one-third of the global population, following their every step both online and offline, we are getting tremendously close to
being able to build assistants that mimic ourselves — an android of ourselves if you will. For building an android of ourselves, there are
two distinct types of training data that an assistant can use to build an android of you: (1) training data from you and (2) training data
from you and everything around you. Let’s take them one by one to see how hybrids will start to connect and change the world forever
when they do.

Assistants trained by you
Let’s take the example of John. While still a bit dizzy from the whole time travel thing, John’s dizziness is quickly replaced by
excitement. As you show him the internet, you quickly grow tired of landing on random clickbait articles and generic cat videos, so
finally you go: ”John, let’s kick this up a notch!”

The thing is, John doesn’t exist online. He’s at ground zero, with no internet history whatsoever. He has total internet anonymity, a clean
slate. Google, Baidu, Amazon, Alibaba Facebook, WeChat Microsoft, Apple, none of these tech giants know anything about John. No
digital breadcrumbs left behind anywhere on the World Wide Web to scrape about John. To hit him with more relevant online content
— and start building a digital replica of John — you decide to go on Gmail to sign John up on various Google-powered services. Once
signed up, you teach John how to send a few emails, create documents and spreadsheets in Google Drive, upload pictures and videos on
Google Photos, putting appointments in Google Calendar, watch some videos that are not about cats on YouTube. Basically, feeding
Google with data about what John is all about.

Soon, Google has learned enough about John to hit him with just the right ads, suggest other non-cat videos to watch, autocomplete his
search queries, email replies and much more. Now John is even more hooked — borderline addicted like the rest of us — and the number
of data points Google collects on John is growing exponentially. However, John’s newfound internet addiction is becoming a bit of a
headache using all the battery on your phone. Since John is broke, you decide to go buy an Android phone that John can use instead of
yours. Android is Google’s mobile operating system, which comes with Google Assistant pre-installed. To John’s surprise, the minute
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he opens his new phone to log in with his Google account, he finds himself talking to the phone, and a voice that sounds just like a real
person on the other side responding immediately. John is about to have another heart attack, but he manages to contain himself. Yet
instead of browsing the web, watching videos and all that, John cannot stop talking to this assistant.

John’s path towards building a digital replica of himself — an alter ego — has been laid. Now it is only a matter of time before Google
knows enough about John to mimic him, building an android of a 19th century man brought to our presence. Could go terribly wrong,
but could also be a great thing, for all we know this is the path that everybody is on right now. Your phone is very much acting as a
stepping stone to build an android of you. As Google, Apple, Amazon, Microsoft and other assistant providers gathers enough data on
you, your assistant will become ever more helpful and powerful.

Your assistant will be omnipresent. You will be able to have it with you everywhere: on your phone, your laptop, your fridge, your
mirror, your watch. Any device that connects to the internet will be able to access your assistant, and help you out. And just like that,
your assistant will follow you every step of the way in your daily life. But here is the thing, just like you interact with other people
throughout your day, so will your assistant.

Think about all those birthday wishes on Facebook, all those phone calls or messages to reschedule stuff and move things around in
your calendar, and don’t even get me started on the mandatory yearly check-ins with distant family members and friends from high
school. What if all that could be automated by an assistant that gives you a summary of the conversation, just in case there were any
takeaways you should be aware of. Google has already started rolling out ambitious extensions of the Google Assistant, known as
Google Duplex and Google Call Screen, which let Android users take advantage of such scenarios, and John is now one of them.

With John using Google services to such a large extent, his assistant can now start doing more advanced stuff. Google Duplex 55 is an
extension of Google Assistant, capable of making calls to hair salons, pizza places and any other business on behalf of John. Say John
needs a serious haircut after his time travel experience, but he’s never tried scheduling an appointment on a phone call — let alone get
a haircut — so he asks his assistant to schedule an appointment for him. All John needs to do is ask his assistant to make a new
appointment that fits in his calendar, perhaps also with a max price, and the assistant will get to work. While the assistant calls the hair
salon, they will sif through different calendar options that fit both John and the hair salon, all while the assistant imitates a human voice
— perhaps even John’s own voice — when calling the hair salon. Super convenient, and John is yet again dumbfounded by how different
the world has become compared to the one that he knows.
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However, something that John has also noticed while glued to the screen is that he gets a lot of irrelevant, random, calls from people he
doesn’t know — yet they seem to know John and want to sell him something. Sometimes though these calls are pretty interesting, so he
doesn’t want to shut off all unknown or private numbers entirely. John decides to activate Google Call Screen 56, a feature that allows
John to let his assistant talk to whoever is calling based on what John writes, and then John can see in writing — live on the screen —
what the person calling is saying. The assistant effectively becomes a middleman. In case John finds the caller interesting, he can pick
up the phone and continue where the assistant and the caller left off.

All this is freaking cool and yet it is already here. Amazing. But you would be shocked to hear what happens when our assistants start
communicating with other assistants! Let’s take John’s hair cut appointment as an example again. Just like John used his assistant to
schedule the appointment, hair salons can activate their assistant too and coordinate on a new date and time. Efficient, but the assistantto-assistant game is not only reserved for calls between businesses and individuals. Say John has found his own great-great-greatgrandson on social media and wants to hit him up. Instead of risking a total shock on the other end of the line, John decides to let his
assistant take the call with a few key pointers from John. To John’s relief, his great-great-great-grandson also uses an assistant to answer
on his social media, which means both of them will be getting a summary of the conversation. No risk of odd silences or funny-sounding
accents, just a casual conversation between two assistants representing two people that probably shouldn’t have been able to talk directly
to each other in the first place, and yet here they are.

Assistants are not just restricted to making otherwise awkward calls to great-great-great-grandsons. You know how you spend a lot of
time updating yourself on your friend’s lives, scrolling through social media feeds as well as updating your friends about your life. How
you sometimes forget to send birthday wishes despite Facebook telling you that your mate just turned 30. All those messages, posts,
calls, comments, likes, everything really, could one day be completely run by your assistant. Any important information will be passed
between you and your assistant, always giving you the details you need. And you won’t be the only one doing so. Assistants will talk to
each other, update each other, hang out with each other. And you will get a summary of it all, bringing the cosiness of meeting in the
digital world to the physical world.

The whole assistant-to-assistant game is a much bigger deal than most people realise. If you are reading this, you are most likely a user
of a Facebook service, a Google service and many other services powered by tech giants that have invested billions into building
assistants. If you are reading this, you are most likely also part of the most well documented generation. Both put together means that
you are most likely also a part of the last generation that will not live forever. Not necessarily live forever physically (although that
could also happen), but certainly be able to live forever digitally. With the astonishing amount of data that you generate, you have
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effectively spent years training assistants that can imitate you. Imagine that. Your grandchildren will be able to communicate with you
long after you are dead, as if you were right there. Even better actually, your grandchildren would be able to communicate with you at
different ages and stages in your life. Your grandchild could talk to you at age 40, 30 or 20 — both the 20-year-old emo version of you
and the pumped up 20-year-old graduating version of you — whatever data you left behind for your assistant to build a version of you
from.

Training assistants that can be different versions of you is key to building an assistant that truly reflects you. You see, we all put on
different hats depending on the environment and the people we are around. We all do this, and we do it both offline and online. How
you communicate on Twitter is very different from how you communicate on WhatsApp with your spouse, which is again very different
from how you communicate with your business connections on LinkedIn. Similarly, how you talk, act and behave is very different when
you are at a family dinner, a business meeting or out with your boys. You put on different hats, and your assistant needs to be able to do
the same if it is to become an android of you. Luckily, the amount of data most of us have left behind on various services coupled with
great advances in artificial intelligence are the two key ingredients that makes it possible to create a digital replica, a digital alter ego,
of you.

And that’s just the digital version of you. It won’t take long before robotics companies like Boston Dynamics start to build custom
robots that look like you. Think about it. A hundred years from now, your grandchild can order a 20 year-old version of you both in
physical and digital form, play games with you, hang out and talk about how different your worlds are. It might be a different way of
living forever than you’ve imagined, but nevertheless, extending your life beyond your physical body.
It’s a fundamental shift in how we think about what makes you you. In your most simple form, what is it really that makes you
you? You can take away your feet, sure they are unique to you, but we’re still able to identify you as you without your feet. Take away
your arms, again they are unique to you, but we will still be able to identify you as you. Do that process for the rest of your body parts
and many are left with the heart and brain. Most people end up choosing the brain as soon as they realize how similar hearts are — just
a pump as everyone else’s. Ultimately, what makes you you is whatever the hell goes on in your brain. All your experiences, feelings
and knowledge that has shaped your way of thinking — or shaped the way your neurons connect in a vast neural network in your brain,
if you want to be fancy about it. And that is exactly the same experiences you are syncing up with your digital assistant as you leave
data breadcrumbs behind. All your assistant really is is a container; a digital version that represents you based on your experiences. A
digital brain. That digital brain is made out of all your conversations, all your pictures, all the information your brain has looked through
— even all that shady internet activity no one should know about.
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Without a doubt, the best digital version of anything is whatever has the most data. That is why it will be important for your assistant
— the digital version of you that is likely to take the wheel and become you once the physical you is gone — to receive as much data
as possible. And that is why training your assistant based on data you create is not enough. You want to train your assistant based on
data that everything around you creates as well.

Assistants trained by you, and everything around you
Assistants are born out of the knowledge accumulated on the internet, crunching all the information put there that is publicly available.
However, assistants become infinitely more useful to us when they are trained on data unique to us, and based on that connect with the
devices we use.

In 2018, devices connecting with each other generated roughly 3.5 quintillion bytes of data on a daily basis.57 This data is a powerhouse
of information. It can be used to make predictions, analysis, and create a smart world around us, supported by our personal assistants.
Through this new source of data from the devices around us, we can teach decision making to our assistants on a much bigger
scale. For example, a smart home will be managed by a smart assistant, which manages all the devices at home. So, whenever the
refrigerator runs out of milk, the assistant will get the information through the sensors in the refrigerator. The smart assistant will then
place an order to the nearest grocery store. The store will receive the order and fulfil it by sending a person, a drone or a robot with the
grocery. When the order arrives, the door will automatically unlock as it recognises the tracking ID on the order, so the new milk is
exchanged from the old. When closing the door on the way out, the payment will be handled automatically through connected online
wallets.
Similarly, in the business-to-business field, IBM recently launched the Watson Assistant, a smart enterprise assistant, fuelled by
the vast amount of data that IoT devices in businesses are generating. Watson Assistant can be accessed via text or voice. It tries to help
businesses increase their brand loyalty and transform customer experiences while keeping customer data secure. The assistant is pretrained for many industries like hospitality, customer care, banking, and more. It is not limited to listening to personal commands but
also delivers proactive and personalised services to customers. An example of the Watson Assistant is ‘Josie Pepper’, an assistant at the
Munich Airport’s Terminal 2, which acts as an ambassador to assist passengers. It has a rich conversational back-end covering a range
of topics, from weather information to small talk. The Royal Bank of Scotland is also piloting the Watson Assistant to act as a triage
call center by responding to customer queries or referring to a human agent if required.
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The awesome potential of IoT devices cannot be reached without smart assistants, and smart assistants, in turn, need IoT devices
to be of greater use. A wide range of use cases are out there — from personal usage to optimising enterprise operations — but together,
these technologies hold the power to better our lives immensely.

Brad Smith, President and Chief Legal Officer of Microsoft, and Harry Shum, Executive Vice President of Microsoft AI and Research
Group, released the book The Future Computed: Artificial Intelligence and its role in society58. In that book, they explain how digital
devices will help us do more with one of our most precious commodities: time. To support that argument, they gave an idea as to what
to expect from your assistant that connects with everything around us, during a hypothetical day in the year 2038: 59

“Your digital assistant goes through your calendar and talks to your other electronic devices to plan your day while you sleep.
With an eye on your sleep cycles, it wakes you at a time in which you will feel most refreshed, within a window of time you've
previously approved.
As you get ready, your assistant reads you the news, reports, and social media activity it determined to be of most interest to you,
based upon all it's learned from your schedules and communications.
It updates you on the weather, upcoming meetings, and people you will see that day, and suggests the best time to leave the house
based on traffic.
Your assistant tells you that it has already ordered flowers for your sister's birthday (it knows that lilies are her favorite based on your
previous purchases) and scheduled them for delivery that day.
It also tells you that it's booked a restaurant both you and your sister like at a time that's convenient for both of you.
Your first meeting for the day will be with an international team and held remotely. Before you leave for the office, you put on a pair
of mixed reality glasses and greet your colleagues, who appear before you in a virtual boardroom. You all put in an earpiece, so that
each side's language is automatically translated for the other, without lag.
After the meeting, your assistant shows it has prepared a summary of the discussion, and has determined a task list based on next
steps.
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Acting on your assistant's advice on traffic patterns, you get into your driverless vehicle. As it takes you to your office, you fine tune a
presentation you're giving later on the vehicle's digital hub.
While you work on your presentation, your assistant offers supplementary information about the topic you're focused on.
As you work throughout the day, your assistant automatically responds to routine emails and forwards emails to relevant colleagues
based on guidelines you previously set.
Your assistant continuously monitors your vitals. When your driverless vehicle drops you off at home, you check in with your doctor
via a virtual visit before dinner. Your mobile device measures your blood pressure and oxygen levels and sends the data to your
doctor.
Drawing upon the latest results compared to a terabyte of data concerning your health record, your doctor determines you should
take a medication that will help lower your blood pressure, tailored to your physiology.
You leave for dinner, while your prescription is filled. It's delivered by drone that night.
Your assistant monitors your health as you take the medication, and if a concern arises, it asks your permission to schedule a doctor's
visit.
As the days go by and you realize you need to get a break on your calendar, you tell your assistant to book a week-long vacation.
Because it already knows so much about you, it will quickly propose a plan for you to approve or adjust.”60

Notice how Smith and Shum’s vision for an assistant on a hypothetical day in 2038 is able to work with other services — book doctor’s
appointment, buy medical drugs, order flowers — and connect to other devices — drones, driverless vehicles and earpieces to translate.
The integration with other services and devices will be paramount for our assistants to become truly useful to us.

Voice connects the dots
Sure, the data breadcrumbs you leave behind will train your assistant retrospectively, but your voice will guide your assistant in real
time. When assistants run most of our lives based on our preferences, actions and behaviours, the need for custom commands before
your assistant goes out and takes all kinds of actions on your behalf, will become apparent. Your voice acts as the gateway to give your
assistant custom wishes or commands, which break with your historical patterns. We already see the first iterations of this.
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“Alexa, tell me what movies are playing that don’t involve the love story that I usually dig”.
“Ok Google, bring me to the nearest ice cream shop, but this time one that is sugar free, if that even exists”
“Siri, tell Mom I will be late”

Okay, the last one there probably falls into the usuals, but all these custom commands will grow in complexity and depth as the devices
around us get connected, and our assistants start learning more about you. Already back in 2017, Google announced that one in five
search queries were made through voice.61 This number is very likely going to increase in the future. Audio and voice are by far the
most natural interface for humans to interact. We like to speak and listen, and we have evolved to do so for our entire lives. According
to Nielsen statistics, there was roughly 1.5X more audio consumed than video on streaming in 2016. As assistants help us throughout
our lives, we will use our voice more and more to speak to it.

While the user interface is very limited for voice, advances in artificial intelligence are making the user experience quite sophisticated,
detecting all the nuances in your voice, adjusting your commands based on the tone of your voice. Soon, your personal assistant will be
able to detect these nuances as well, similar to how your spouse knows the minute you enter the doorway what mood you are in. It’s
scary how much data is in the little details, and your assistant is catching up quick.

As your assistant picks up on the various voice commands and nuances in your tone, soon it will be able to replicate everything about
your voice, just like it managed to replicate everything else around you. The big thing about voice though is that your assistant is going
to be indistinguishable from the real you, and that enables you to effectively have an infinite amount of conversations at the same time.
All you have to do is intervene if something gets flagged by your assistant. Now that’s some next-level opportunity for software to feed
us, unleashing our ability to generate an income manifold.

It will be exciting to see how your voice gets amplified to infinity with the help of your very own assistant. All those hours spent texting,
posting, commenting and calling weren’t a complete waste of time after all...
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This chapter has showcased how software is feeding the world by connecting humans and computers, and the organisations that navigate
this connectivity revolution will be the ones that sustain. With hybrid connectivity, it is pretty obvious that assistants will release us
from tedious tasks and preserve our most valuable resource: time. This will allow humans to focus on bigger and better things, letting
assistants take care of the rest. It is safe to assume that this trend will continue, and ignoring it could prove fatal to any organisation that
seeks to sustain.
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Tsunami 2: Commerce

“If you think you can do a thing or think you can’t do a thing, you’re right”
- Henry Ford
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Our ability to trade will achieve superhuman levels and as a result spur unprecedented development.

There is a shift in how we exchange goods and services with each other. Back in the day, there were owners and there were workers.
Owners were the capitalists, owning large-scale factories where the workers went every day to produce goods. At some point, services
around these goods started to grow, making service-related businesses bigger and bigger, ultimately freeing up workers from the
factories. Today, the production of goods and services are being automated and produced by robots and algorithms — all powered by
software. At the same time, the barriers to create a business are dropping dramatically, making it easier and easier to start, even without
major funding. This is unleashing the marketplace, so wherever there is demand, supply will be provided.

Humans trade more than in the past. The type of projects and businesses humans throw themselves into and create an income from,
is evolving. A few decades ago, it would have been inconceivable that the biggest retailer would be rooted in online sales. Let alone that
anyone could sell or buy through the same marketplace. This is exactly what is happening with Amazon and Alibaba.
The barriers to large-scale projects historically reserved for governments are also breaking down. Private endeavors like SpaceX
and community-driven projects like Wikipedia are just a few examples of initiatives, which would have seemed like hopeless pipe
dreams just a few decades ago. The initiatives have spurred products and services in the marketplace that previous generations could
never have dreamed about, all powered by the awesome ingenuity of the human brain.

Computers trade constantly in the present. Computers continue to automate commerce, taking out human inefficiencies and
dependencies, and as a consequence allowing humans to focus on creating value elsewhere. This is a good thing, it drives progress. A
powerful new technology pushing automation within commerce is blockchain, and the first target is the financial industry. It is amazing
to think that just a few decades ago, the New York Stock Exchange would shut down every Wednesday only to process trades and
settlements via couriers on bikes. Yes, bikes! The stock certificates would be physically carried between buildings on Wall Street every
time a stock changed hands. This made stock trading impossible by the late 1960s when the volume of stocks traded rose threefold to
15 million shares per day. As commerce continues to climb in a global economy, so will the need for technologies like blockchain to
service our economic activity.

Hybrids will trade with everything and everyone in the future. Today, someone has made a purchase on Amazon, and the order is
being fulfilled by a fulfillment robot at one of Amazon’s warehouses. In Seattle you can walk in and out of a Whole Foods with an
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automatic checkout, no need to stand in line. Information is the most valuable asset we have in the modern age, and organisations are
crunching that information into knowledge that creates new products and services. Google answers 3.5 billion questions a day. Facebook
serves billions of news posts to its users. Your insurance is determined by an algorithm. So is your flight ticket. In other words, commerce
today is filled with hybrids where a human on one side bargains with a computer on the other. This hybrid way of exchanging goods
and services will only grow in importance, and play a crucial role for organisations to sustain.
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Humans
The history of commerce is the history of human civilization. In prehistoric times, the needs and wants of mankind were few and simple,
limited to preserve the physical existence such as food, clothing and shelter. As civilizations advanced, so did the needs and wants,
requiring not only the comforts and conveniences of life (!) but also luxuries. A civilized man seems to never be satisfied. As soon as a
desire is fulfilled, another takes its place. This relentless need for more has worked as a great stimulus for humanity to go above and
beyond what biology has endowed us with. Commerce is one of the most powerful means through which various people have at different
times satisfied their needs. We see this in full swing in today’s society with scientists, futurists and entrepreneurs, who continue to push
the barrier for what we thought possible.

Trade provides the most significant meeting place — the market — to open up new possibilities. In primitive societies only religious
events — cult rituals, or rites of passage such as marriage — brought people together in a comparable way. However, in more recent
times when entering the marketplace, the participants are already connected by the underlying forces of the invisible hand. The barter
process of anything from goods, services and information brings a crowd together in ever new ways. A blend that creates outcomes not
possible without exchanging with each other, prompted by comparative advantages.

A crucial invention that unlocks the opportunity for trade, is the creation of a medium of exchange. A medium of exchange is an
intermediary instrument used to facilitate the sale, purchase or trade of goods between parties. For an instrument to function as a medium
of exchange, it must represent a standard of value accepted by all parties. In modern economies, the medium of exchange is currency.
This currency was normally represented in money that could, at any point in time, be exchanged into raw materials like gold, silver or
aluminum. In recent times, fiat currency has been adopted, meaning legal tender whose value is backed by the government that issued
it, not raw materials that it could be converted into. In even more recent times, this fiat currency has been digitized and now makes up
0s and 1s in databases across the financial system. But before getting ahead of ourselves, let’s look at how our modern medium of
exchange came about in the first place, unlocking the current high levels of commerce we see today.

The family that has been at the epicenter of commerce in general and finance in particular is the Medici family. The Italian family claims
no less than four popes to their family tree, the masterminds behind Florence’s beauty, and known to be the godfathers of the
Renaissance. The family supported countless prominent figures, including Michelangelo's education as a sculptor, helping Galileo hiding
from the Catholic inquisition, and funding numerous other artists, scientists and artworks situated in Florence to this day. The Medici’s
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contributed three key financial innovations to the world that have played a central role for commerce to continue thriving to this day:
double-entry bookkeeping, letter of credit and holding companies.

Double-entry bookkeeping. The invention of double-entry bookkeeping can be traced back to slightly before Giovanni de Medici’s time,
but it was Giovanni and the rest of the Medici family who first popularised its use in their banks. The Medici banks needed a more
accurate way of keeping the books updated, minimising errors due to the influx of wealth generated from traders of the period. The
mercantile class was booming — weaving across Europe, the Mediterranean, and the Silk Road — trading expensive goods such as silk,
cloth and spices. The method of the double-entry bookkeeping equation where Assets = Liabilities + Equity meant that recording both
credits and debits gave an easier overview of what money a business has, and where. It helped bankers and merchants keep a more
accurate account of their financial decisions — and was a simple yet hugely effective trick, which helped the Medicis build their
reputation for reliability. Today, nearly all businesses use the double-entry bookkeeping method of accounting.

Letter of credit. A letter of credit has proven one of the most important financial mechanisms that allowed international trade to flourish
since the 15th century. As caravans wheeled, and ships sailed around Europe distributing fine goods, the letter of credit became a
necessity for travelling merchants. A letter of credit is an agreement in which the buyer’s bank guarantees to pay the seller’s bank at the
time the goods or services are delivered. They would be authorised to receive pounds in the London branch, for example, at 40 pence to
the florin — the Florentine currency of the day — exactly 90 days after. Shipping large sums of money on a regular basis was too
dangerous during this era. For this reason, traders would deposit florins in a Medici bank for a letter of credit. Herein this tidy little
innovation also lays the genius of the Medici wealth generating machine. During the early Middle Ages, usury was a cardinal sin, which
posed a problem for the Medicis in a religiously zealous society. A letter of credit was one of many ways to disguise the interest within
transactions and refrain from angering the theocracy. Continuing the example from above, the London branch of the bank would then
turn around and find someone wanting to purchase florins in Florence, but at the rate of 36 pence to a florin. This little difference of 4
pence per florin gave the cunning Medicis a 22% annual return. In the eyes of the contemporary theologian, this was a currency exchange
rather than a sin, absolving them of the judgment of God, whilst making a tidy profit.

Holding companies. The Medici family introduced the first model of a holding company, the stronghold upon which their European
dominance of power lays on. By the time their banking dynasty began to crumble at the end of the 15th century, they had expanded their
network to branches across Milan, Venice, Rome, London, Geneva, Lyon, Avignon, Barcelona, and Bruges. Each of its branches was a
partnership, held under the central holding company in Florence. This helped them develop the innovations of letters of credit and bills
of exchange, hold deposits, make loans and solidified their presence and trust across Europe, as global banks do today.
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The Medici’s lust for prosperity, power, and patronage forced them to innovate and find new methods that facilitated the booming
merchant class of the time, whilst staying on the right side of God. Commerce continues to sweep the world, and new financial tools
keep popping up to facilitate more trade. These financial innovations act as the bedrock for both past, present and future organisations
to flourish — especially private companies and businesses, which enjoy newfound opportunities by using software-powered
technologies to unleash modern day commerce.

To illustrate just how much an organisation can dominate the world through commerce, there is no better example than the world’s most
valuable company ever recorded in history — the Dutch East Indian Company, better known as VOC (Verenigde Oostindische
Compagnie). This company was so large that it virtually shaped the borders on the world map that we see today. Valued at a ridiculous
$7.9 trillion in 1637, the company fueled what the Dutch call The Golden Century, making Amsterdam one of the richest cities in the
world.

VOC was the very first company to ever go public on the world’s first stock exchange, the Amsterdam Stock Exchange. With 70.000
employees at its peak, the company employed more than 0.01% of the world population. They ran their own shipyards, built a network
of hundreds of bases around the world that covered anything from offices to work stations to warehouses. In order to protect these bases,
VOC even developed their own army. This is where VOC as a company transitioned into unchartered territory.
The company was given the power to negotiate treaties, wage war, mint its own coins and establish new colonies. It even had
expeditions to discover new territory, and it laid the foundational work for the world borders we see today. The company went so far as
to fight against the Spanish empire in the early 17th century. And remember, this was a publicly trading company on the stock exchange!
The company went beyond what any other organisation has ever done.
The peak of VOC’s wealth came from flowers — tulips to be exact. Back then, having tulips in your garden was an important
symbol of status. In addition, tulips take about 7-12 months to flower and only bloom for about a week. This combination made tulips
a prime candidate for the first financial bubble in history. At the time, the Dutch were pioneers in finance and commerce. They devised
a market where you could trade tulips all year around even if they weren’t in bloom. The prices were set by traders that signed tulip
contracts based on future prices. This was the very first future derivatives market, the same kind that we use to trade stocks, bonds and
other assets today.
The market boomed, and the prices of tulips skyrocketed. VOC started to incorporate tulip trade into their operations, and their
stock price climbed as a result. To give a sense of the price of a simple tulip bulb at the peak of the bubble, a single tulip bulb was worth
10 times a craftsman’s annual wage. At that point, VOC’s market capitalisation had risen to its record $7.9 trillion in current USD. To
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put that number into perspective, VOC was worth 3 times more than the amount you would get if you merged Apple, Microsoft and
Google into one juggernaut company! 3 times! Today, VOC is a thing of the past along with the excessive tulip prices, but still stands
in history as a testimony of how much commerce can govern our lives. Modern day examples of this are companies like Amazon and
Alibaba, who continue to extend their reach from ecommerce into every corner of the commerce universe.

Commerce has also proven to be one of the most efficient ways to spread ideas that propel human progress. As we travel like never
before, we exchange learnings with each other constantly. We buy and sell goods and services that our ancestors wouldn’t dream about.
We share like never before, exchange information like never before, and coalesce in ever new ways. The internet lowers the barriers to
collaborate with each other, everything from a 160-character tweet to a picture on Instagram or a video on YouTube. The kinds of things
that we buy are changing, with information of all types becoming a whole new category in the marketplace. Some even go as far as to
say that information is the new gold in modern society. When you look at some of the largest tech companies like Google and Facebook
living off the data they collect about us, it is hard to disagree.

To get a feeling of how important it has become for us to exchange not just goods and services but also information, there is no better
example than the beautiful story of El Paquete in Cuba. It is an all-time favourite anecdote, showing how much information people
exchange, and to what extent we go to get what we desire when it comes to information consumption.
Cuba is a notorious place, filled with history, culture and politics that rarely sees its match elsewhere. The country has been
under several occupations. From the Spaniards who ruled for more than 400 years, to the British who conquered Cuba for only 11
months. Right after that, Britain traded the island back to Spain in exchange for Florida, only to find themselves in war with the
Americans one and a half century later. This resulted in the Platt amendment with the US, giving Cuba only semi-independence. Finally
the American-Russian negotiations came, where Fidel Castro sought to rebuild a fully independent Cuba. Instead, Fidel found himself
and his country at the front lines of the Cold War, between the two largest superpowers the world had ever seen. Today, Cuba is a
beautiful mix of Spanish culture and architecture where American and Russian cars dating back to the 60s drive side by side. It is a
country where two currencies — the USD-pegged CUC, and the local Cuban pesos CUP — work side by side in the marketplace. Both
can be used in exchange for goods and services, but with the death of Fidel Castro, the communist system — and hence its planned
economic system together with the local CUP — is faltering.
Cuba — unlike another infamous planned economy North Korea — is open to the world. Millions of tourists visit every year.
And yet access to information is provided by the government via the internet or public news channels. Unfortunately, the internet is
rather slow and can only be accessed from public parks — at least officially — causing vast amounts of people flocking to certain areas
where they can find Wi-Fi. If you didn’t know any better, you would think that Pokemon Go is super popular, judging by all the Cubans
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that gather in crowds around the same public spaces. Because of the slow internet speed, downloading or streaming content online is
unheard of in Cuba, only chatting and texting really makes sense. The only alternative to these free public Wi-Fi areas are expensive
payment cards at hotels or restaurants where you get fast internet. In other words, Cubans who want to exchange and consume
information are in short supply, yet demand is as high as anywhere else. Humans need information, and an innovative solution had to
present itself in Cuba.
Introducing, El Paquete. El Paquete is a brilliant example of Cuban ingenuity when resources are scarce. The concept is rather
simple and perhaps familiar to you if you lived during a time when the internet was as slow and expensive as it is in Cuba. El Paquete,
in the shortest sense, is simply a hard drive with the latest digital content. It is a hard drive with an unknown sender and receiver. The
hard drive is packed with the latest music, movies, TV series, ebooks, emagazines — anything that can be digitized and fit on a hard
drive really. This data is duplicated to multiple other hard drives when arriving to Cuba. These hard drives are then transported all over
the country in neat little packages — or paquetes — to satisfy the Cubans’ need to watch their favourite TV show, new movie release
or equivalent. El Paquete is transported by all kinds of people around the country, from taxi drivers to family members and dedicated El
Paquete transporters.

Despite the lack of technical, financial or material resources, sheer human will prevail and find new ways to exchange all kinds of things
with one another — both goods, services and information. Even when the first software tsunami — connectivity — is cut off, and risk
of copyright infringements are looming, it is somewhat beautiful to think that someone in Cuba could be reading this as an ebook just a
few days after being released because of El Paquete. There are countless examples akin to El Paquete in other parts of the world. They
showcase just how smart we, humans, have become within commerce, and how we continue to find new ways to exchange with one
another.

While the many new ways humans exchange are changing, so are the types of things we buy, and as a consequence, who we buy these
things from. With global trade taking off, organisations are now able to specialise in creating goods, services or information at a global
scale. This level of specialisation have historically been reserved for governments or large international organisations, but we are starting
to see the same thing happen with smaller and private companies.
Take SpaceX and Blue Origin, the rocket companies that have managed to build self-landing rockets. This is an industry
otherwise reserved for the largest governments in the world, who are now being schooled at their own game by private companies that
are effectively pushing down the costs of space travel to a fraction of today’s cost. Entire new industries will be created by the visionaries
behind these private endeavours, becoming the equivalent of VOC, just multi-planetary!
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Affordable space exploration will create new commerce opportunities out there among the stars — think about the first Starbucks
or McDonalds on the moon. While all this is happening, commerce on Earth will keep pushing boundaries. Amazon and Alibaba continue
to expand international trade on Earth, sitting on unprecedented amounts of data analysing consumer behaviour. Their insanely efficient
supply chain management — not to mention freight management — will make even the most hardcore logistics researcher marvel. All
these breakthroughs are increasingly being powered by computers that exchange with one another, and this is what will be the focus of
the next chapter.
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Computers
Computers continue to automate and ease the way we exchange goods, services and, of late, information. Taking out human
inefficiencies is one element, but there is so much more. For starters, computers allow humans to focus on bigger and better things,
creating value in new and unexplored arenas.

A powerful example of this is the financial industry. Today, everything happening in various banks and exchanges is driven by
computers. It is incredible to think that just a few decades ago, the New York Stock Exchange would shut down every Wednesday just
to process trades and settlements via couriers on bikes, physically carrying stock certificates between buildings on Wall Street every
time a stock changed hands. This led to the “Paperwork Crisis” in 1968 when the volume of stocks traded rose threefold to 15 million
shares per day, making manually processing settlements impossible. The outcome of the crisis was the creation of the Depository Trust
Company in 1973 and the National Securities Clearing Corporation (NSCC) in 1976. Later in 1999, the two would merge, and the
Depository Trust and Clearing Company (DTCC) was born. This manifested the digital era’s entry to Wall Street, and it hasn’t looked
back since, migrating the vast financial system and all its transaction into all kinds of digital platforms.
Today, DTCC holds trillions of dollars in shares and settles more than $1 quadrillion in trade value per year, growing
exponentially since inception in 1999. The trend is clear in all market economies, the rise of computer algorithms has changed the way
commerce operates, with algorithmic trading now making up more than 50% of all financial trades in major economies like India.62 This
level of growth has created new bottlenecks. The sector has failed to truly digitize the end-to-end process. Pre-trade order routing and
electronic trading of securities has become extremely low cost and frictionless, but the same improvements have not arrived to the
process of clearing, settlement and custody of various transactions.

The most serious solution proposed to solve this — unleashing commerce in a world where software is feeding it — is blockchain.

Traditionally, records of data are stored, processed and validated by central databases managed by trusted institutions, organisations or
companies. Blockchain opens up the opportunity for a system to remove the need for trust. A trustless system. This is a technical
breakthrough, because with traditional databases managed from a centralised datacenter there will always be central points of failure.
Hackers who want to access data illegally know where to attack. This puts data at risk, as malevolent entities could gain access and alter,
erase or steal the data. Adding to the problems related to a central point of failure, the systems powering our most sensitive data — from
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bank transactions to medical records — are typically stored, processed and validated on ancient mainframe systems dating back to the
1950s!

Blockchain on the other hand is built on a distributed ledger system, meaning data is not stored in one central database or datacenter.
Instead, data is stored in a network of computers — or nodes — that maintain identical copies of the data in an anonymous and encrypted
way. Rather than having one central datacenter, distributing data across a network removes the central point of failure. Data cannot be
tampered with because of the numerous copies spread out in the network, and because of the peer-to-peer validation system, anyone
who tries to tamper with their version of the data and distribute it across the network will be identified and excluded from the network
in the future. Blockchain is recognised as an accessible open-source technology following truly democratic rules, where everyone is
equal and can participate, but also comes with other challenges related to money laundering and criminal activities. To understand the
full picture of blockchain and its groundbreaking applications, we start as usual from the beginning.

The beginning of blockchain
With the rise of software and the growing popularity of the internet, the issues with privacy and online security are growing
phenomenally. Today, global and local discussions about privacy rights and data handling are taking place. The European General Data
Protection Regulation (GDPR) is rolling out along with other similar legislation passed across the globe. However, the regulation is not
going to solve the inherent problems associated with online privacy and security, clever software is.

Data vulnerabilities have bothered computer scientists long before the internet took off. In 1991, Stuart Haber and W. Scott Stornetta
published a paper called How to time-stamp a digital document in the Journal of Cryptology. The paper raised the issue that all digital
documents — text, audio, video or photographs — can easily be manipulated. Meaning that in situations, such as patent applications,
one could alter the timestamp on a document and thus claim another person’s idea as their own. Their solution was a Time Stamping
Service (TSS), allowing the person with a need to secure a document to send that document to the TSS. They would then timestamp it,
store a copy for validation and keep it safe from any malicious attackers. However, Haber and Stornetta also pointed out the issues with
what they call a “naive” solution. TSS is a centralized institution, so a competent, scrupulous and malicious group would know where
to attack a TSS database.

65│ Tsunami 2: Commerce
Problems like back-stamping or forward-stamping were pointed out in the paper, to which Haber and Stornetta came up with a similar
solution we see working in blockchain nowadays. The owner of any particular data will have a unique signature, linking the copies of
the document. Data will be encrypted using an algorithm that makes it impossible to copy or alter the timestamp without the owners’
knowledge. This will result in distributed trust that public ledgers like blockchain are spearheading today.

In 1992, a year after publishing their original paper, the pair of researchers joined forces with Dave Bayer, a professor of mathematics,
adding Merkle trees to the initial TSS design. A Merkle tree in cryptography is a tree, in which every leaf node is labelled with the hash
of a data block, and every non-leaf node is labelled with the cryptographic hash of the labels of its child nodes. The Merkle tree brought
several improvements to TSS. First, it allowed to have one encryption and one timestamp for more than just one document at a time.
This way, users could have bundles of data “published” in a secure, safe way. Secondly, users could now take the previously encrypted
document and either complete it with other documents in a new encryption, or update it with a newer version of the document. The
witnesses, in this case TSS, could do the updates, while still being aware of the existence of the original document. Lastly, the paper
also presented an independent network solution as safe keepers and validators. The blockchain technology we enjoy today uses the exact
same principles and is based on the peer-to-peer validation system.

Since Haber and Stornetta’s paper in 1991, it would take another 17 years before the first application running on a blockchain would
see the light of day. Introduced by an infamous yet unknown person — or group — under the pseudonym Satoshi Nakamoto. No one
knows who Satoshi Nakamoto is, but in the whitepaper published in 2008 and titled Bitcoin: A Peer-to-Peer Electronic Cash System,
Satoshi presents the flaws in the centralized banking systems. Consequently, Satoshi proposes the first medium of exchange tracked in
a completely decentralised and distributed public ledger, called Bitcoin.
Satoshi argues in the paper that the way today’s banking system works is flawed and will eventually die out, as it requires a
trusted third party to act as an intermediary between a seller and a buyer. The flaws within this system is that it is slow, risky, and
expensive due to “double paying”, as Satoshi calls it. By eliminating third parties, a peer-to-peer network would allow the payment
process between a buyer and seller to get faster and cheaper. The kicker with Bitcoin, however, is the security around it, storing
transactions in a public ledger system called the blockchain. In the paper, Satoshi describes blockchain as a chain of computers — a
network called nodes. These nodes would act as witnesses and keepers of “blocks” of encrypted data, hence the name blockchain.

The blockchain technology was introduced in the wake of the global financial crisis in 2008 to help people protect their money and keep
accounts anonymous. This technology can have revolutionary consequences for an entitled financial system in crisis. Since the launch
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of the Bitcoin network, blockchain has started gaining momentum, with industries around the world starting to show an interest in
blockchain’s many applications, extending far beyond finance. To understand those applications better, we continue to look at how
blockchain works.

How blockchain works
The first thing one needs to understand before diving into how blockchain could change entire industries is to grasp the term ledger. A
ledger is in the shortest sense a record, a set of data that contains specific information, such as financial records, personal information,
hospital records and so on. This information is sensitive data that needs to be protected, updated and validated at all times in order to be
useful. A blockchain is simply a ledger kept on multiple computers, running on the same network to synchronize copies of the ledger.

The second thing one needs to understand about blockchain is encryption. Encryption is the process of making meaningful data
meaningless, and it works as a centerpiece of any secured ledger, providing the security everyone seeks when sharing sensitive
information online.
Basically, your data when sitting on a blockchain will be encrypted by changing it from English to Chemehuevi. Kidding. As
fun as that sounds, encrypting data on blockchain to an ancient language is not feasible. Instead, most blockchains encrypt data using a
combination of hashes and digital signatures to protect the data flowing through the blockchain. A hash is a function that converts an
input of letters and numbers into a meaningless output of a fixed length.
When a person updates the ledger, this set of information is immediately encrypted and uploaded on the blockchain for everyone
to see. Before the data is added to the blockchain and hence becomes public — with the use of a hash algorithm — it encrypts the data
and distributes copies of the data to the nodes running the blockchain. Only the person or computer with the password, called a private
key, can decrypt the data to make it meaningful again. Anyone else accessing the data online using a so called public key, sees the data
in the encrypted and hence meaningless format. The public and private key terminology can be explained with known banking concepts;
a private key is the pin code or password to access your account, while a public key is the account number that you can share with
anyone, so they can transfer money to you.

The third thing to wrap your head around to understand blockchain is what a decentralized — also referred to as trustless — technology
truly entails. Let’s use an analogy where you keep a personal diary that contains every bit of personal information in your life. Only you
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have access to this dairy, and if anyone wanted to read it, they would have to come to you and ask for permission. You are the only one
who has the power to decide what information to share from the diary, and what to keep private. This system is a centralized system,
where you own the ledger — your diary — acting as the middleman. Because you are the owner of the ledger, others interested in the
data will have to trust that you protect and share untampered data from your diary. Therefore, when someone asks you to share anything
from your diary, they have to believe that what you tell them is correct. The problem with this system is that you as a validator can,
knowingly or otherwise, alter the data.
Imagine you spill coffee on the diary and some of the pages are ruined. You, unwillingly, altered the information. In another
scenario, let’s say that you want to tamper with the information, rip out some of those pages from the embarrassing teenage years that
make you cringe. Again, the data in your diary would be altered forever and cannot be restored. In a nutshell, there basically has to be a
large amount of trust between you and anyone asking for information in your diary.
But trust goes the other way as well. Third parties can interfere, copy or tamper with your diary without your knowledge. Say
someone broke into your home and ripped a few pages out, the data would be irreversibly changed without your knowledge. Another
scenario is if a person took digital copies and has the capacity to share and duplicate bits and pieces of the diary. Regardless if this
intruder claims to have deleted all the copies, you could never really be sure. The damage is permanent, and unfortunately this happens
to people all the time as more of our data gets digitized.
There is an alternative though. Imagine that the diary you keep is stored online across a network of computers, each keeping a
copy that synchronises whenever you add, edit or delete something, encrypted so the public can only see that updates are made, but not
necessarily what they are. The network ensures that the changes made to your diary are verified, avoiding any risk of changes made by
anyone else than you. This is a decentralized system and what blockchain does. It is a system where people accessing the blockchain
can see there is a diary, and whatever changes you make to this diary will be recorded as an immutable entry forever, which only you
as the holder of the private key can view, add, edit and delete things to.

A fourth and final thing to understand is how new data added to the blockchain gets validated in the network of computers. For that
there are three main types of consensus mechanisms: Proof of Work, Proof of Stake and Delegated Proof of Stake. In essence they
describe different ways to confirm that a change in the ledger has been made, without a central authority acting as an intermediate. The
three different consensus mechanisms have both advantages and disadvantages, so we encourage the technical reader to look these up
to get a complete understanding, but to avoid getting too technical in this book, we have left that up to the curious reader.
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The first and still most popular blockchain, with an infamous cryptocurrency attached to it, is Bitcoin. Being the first version of a cuttingedge technology is always challenging, and Bitcoin has certainly had its fair share of trouble since January 3, 2009 when the first block
was mined. Despite these bumps on the road, Bitcoin is to this day the longest running system in history that can document without a
shadow of doubt that it has been running around the clock without interruption.
Bitcoin’s consensus mechanism is Proof of Work, which is very energy intensive and hence not sustainable. Every ten minutes,
a new block of data is added to the Bitcoin blockchain as the Bitcoin miners — computers, or nodes, that run copies of the Bitcoin
blockchain — fight to solve the hard cryptographic problem of validating the block of new information to be added to the blockchain.
Once a miner has been able to solve the cryptographic problem, it takes the new information and asks the network to validate the
information, so it can be added to the ledger — the blockchain. If more than 50% of the nodes in the network agree that the new
information is correct, only then will the ledger get updated for everyone at the same time.

As every piece of information is added to the ledger — the blockchain — it is encrypted and validated by the entire network, not just
one central entity. This makes any online activity safe for both the user as well as the network. A malicious user in the network would
be unable to alter any set of data, as that user would need to alter every single ledger stored on every single computer in the network.
All of that, at the same time. This task is virtually impossible even for the largest supercomputer in the world, given the amount of
computers running the Bitcoin network. Decentralised ledgers like the Bitcoin network only seem to grow from here, making successful
attacks even harder to achieve.

Moreover, due to the type of modern encryption methods used in blockchains, data cannot be traced back to its owner. The validation
process is only able to prove that the information exists and is correct. But it does not allow to decrypt the information to read the data
source, thus maintaining anonymity. This allows blockchain to solve a big and growing problem. In 2016 in the US alone there were
15.4 million identity theft and fraud victims resulting in over $16 billion being stolen.63 That is $0.7 billion more than the previous year.
The reason for this being possible today is because the data we share through centralized entities — like social media, email providers,
online stores and commercial banks, just to name a few — are easily targeted and increasingly exploited. Personal information can also
be compromised and stolen from something as simple as a utility bill. These data leaks are not always the fault of the central entity but
rather due to the ancient infrastructure being relied on, which is where blockchain holds a truly revolutionizing potential.
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How blockchain is used
Any software application that you use today, from Facebook to Google to Amazon to Airbnb to Uber, need a secure database — a ledger
— to be able to serve users. Being a secure database that is maintained by a decentralised network of computers — a blockchain —
constantly validating new blocks of data added on the chain, could work as a tremendous benefit to the users that organisations serve
worldwide. Applications built on a blockchain are known as decentralised applications, or dapps. Instead of running applications on
data centers like Google Cloud, Amazon Web Services or Microsoft Azure, decentralised applications run on a network of nodes that
has no central point of failure. Hence they are not vulnerable to hacking, data loss or human error to the same extent.

To hone in on some of the industries where blockchain is prone to be adopted, we dive into a few below and encourage the curious
reader to look around to find blockchain solutions within any specific field of interest.

In supply chain management, items and components making up a product can be documented every step of the way in a permanent and
immutable decentralised record — monitored securely and transparently. As the Internet of Things starts to roll out, blockchain allows
for all these devices to communicate with each other in a decentralised network, without the need for an intermediate middleman that
can either tamper with the data, eavesdrop or attack it. Devices would be able to communicate directly to update its software, manage
bugs, and adjust energy usage. Transportation is a key part of a supply chain, and when logging data on a blockchain it will never be
possible to lose sight of where a product went to and from, since everything is stored on a network of computers with no central point
of failure.
Another supply chain that needs to be heavily documented is the supply of food. Knowing where the food comes from, the expiry
dates and where it is to be sold proves critical, and blockchain is able to handle all that in an automatic fashion. Even coupling selfdriving modes of transportation with blockchain is interesting, making unknown accidents and misguided trips a thing of the past.

In democratic elections when voting, blockchain can be used for voter registration, verification and vote counting. It is somewhat
amazing that we still vote the same way today as we did hundreds of years ago. Many forms of electronic voting have been tried in
various countries to run elections. In large part the hesitation boils down to the risk of fraud and malicious attacks, given that it is very
easy to identify where to attack, when collecting votes in a centralised database. A decentralised ledger like blockchain offers a secure
alternative where fraud and attacks will be a thing of the past. Immutable, publicly viewable yet anonymous, ledgers of recorded votes
would make elections more fair and democratic.
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Speaking of electing the government, entire government procedures can be improved with the use of blockchain. Public and
decentralised ledgers can reduce bureaucracy and increase security, efficiency and transparency of the governmental operations. An
example is Dubai, which intends to put all its government documents on a blockchain by 2020. Public benefits are another example of
a government system that suffers from slowness and bureaucracy. Blockchain technology can be put into good use to assess, verify and
distribute public benefits. For those who believe in universal basic income, blockchain is a perfect solution for a ledger system that
distributes income to the country’s citizens.

In health care, the industry is being squashed because of legacy systems making medical staff inefficient, causing life threatening
situations to patients worldwide. Medical institutions need a secure database to store and share sensitive data. Blockchain offers exactly
that. Using a distributed ledger, medical records can more easily be stored and shared amongst authorised doctors, clinics, hospitals and
even the patient, across borders and time zones, if needed.

In energy there is also a massive opportunity for blockchain to change things for the better. It is a highly consolidated and centralised
industry, where energy producers and consumers cannot buy directly from each other but must go through intermediaries — typically
in the form of a public grid or trusted private intermediaries. As energy production continues to get scattered with solar panels, windmills
and other forms of energy productions installed in every home, blockchain opens up the opportunity for a transparent and secure system
that lets sellers and buyers of energy come together.

In retail shopping, the key component that makes a marketplace tick is when there is trust between the buyer and the seller. The buyer
trusts that the item being purchased is not fake or damaged and will be delivered on time. The seller on the other hand trusts that the
buyer will pay what is agreed and on time. Without trust, the marketplace breaks down, and no transactions will be made. Marketplaces
that decentralise their operations on a blockchain will build this trust component straight into the ledger, and allow for full transparency
to everyone entering the marketplace. Think of 5-star review sites on steroids for both buyers and sellers. One such marketplace is the
real estate market, which suffers from bureaucracy, lack of transparency, fraud and straight up errors in public records. Putting the real
estate market on a blockchain can speed up transactions by reducing the need for paper-based records or — if already recorded
electronically — move electronic records away from slow legacy systems. Blockchain can help with tracking changes, verifying
ownership, ensuring accuracy of documents and transferring property deeds, all of which benefit both buyers and sellers.
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Putting all this together it is clear that blockchain is not confined to finance only. The examples are infinite really, where any system
running on a centralised database today can in theory run on a decentralised ledger. So now that we better understand what blockchain
can be used for, let’s play around with an example of how it can be implemented in our daily lives.

Above examples listed like retail shopping as an industry that could be disrupted by removing intermediaries like Amazon. Now imagine
Amazon counters by storing all its operations on a blockchain rather a central database powered by Amazon Web Services (AWS).
Furthermore, all the sub-processes — from contractors to subcontractors — are recorded on sidechains, meaning that ledgers still run
on the same network but don’t get recorded on Amazon’s main chain. This means that all records are stored on one big Amazon
blockchain — from a user buying an item on Amazon’s website to the fulfillment process being handled by a mix of robots and humans,
to the transportation of any item delivered to the customer’s home, to all the contractors and subcontractors needed to make this happen
— all of which are going on the chain.
Everything is already recorded digitally in a central AWS database, but a distributed ledger like a blockchain allows the consumer
to dive so much deeper than that. The Amazon blockchain allows the consumer to know the carbon footprint of any purchase made. It
allows the consumer to explore the materials that make up the product purchased, detecting any risk of allergies or similar. Consumers
can make a conscious choice about transporting by ship, plane, drone or car. The consumer can even confirm if a product is produced
domestically or not, if that is a priority. Transparency can in many ways improve our decision-making of our daily needs, and blockchain
provides a perfect solution to that.

It is important to keep in mind that with any new technology, for instance blockchain, there are always risks and downsides that need to
be addressed. An example is distributed ledgers priding itself on being anonymous, giving users the freedom to transact with anyone
without the scrutiny of the authorities. A lot of good can come of that — like minimal risk of identity theft — but so can a lot of bad.
All kinds of fraud and illegal activities can happen on the blockchain. In terms of illegal financial activity, blockchain can be a new and
more efficient medium of exchange than cash has been to trade drugs and weapons illegally. Blockchain and cryptocurrency allow drug
cartels and warlords to leave the suitcase packed with cash behind and instead send cryptocurrency that is impossible to trace back.

Commerce is already well underway to become fully digital, it will be exciting to see if the underlying databases — or ledgers — to
support these systems will be centralised or decentralised. But as exciting as blockchain is, the true potential lies in humans and these
systems coming together. To see how humans and computers will interact with each other when all information is stored in a network
of distributed ledgers, we will shift our attention to what we call hybrid commerce.
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Hybrids
Hybrids commerce like never before, meaning humans and computers are exchanging goods, services and information like never before.

We have put ourselves on a path towards commerce abundance, driven by innovative ecommerce solutions that continues to expand
into and infiltrate offline commerce stores. How humans will continue to interact with computers to form an efficient commerce
organism is pure guesswork, but one can make quite educated guesses after studying the field intensely. Innovations like blockchain can
unleash the commerce potential that humans and computers jointly hold, and expand trade beyond our wildest dreams. From sending,
receiving and exchanging assets to letting virtual assistants handle all our purchasing decisions, to the new and colorful “attentioneconomy”, to audacious organisations that seek to transform the world as we know it — and actually do it!

With the fall of planned economies and communism, market economies are creating commerce abundance. This prosperity is
increasingly being propelled by transformative startups and corporations, gaining statuses like “Unicorns” and “Moonshots”. Privately
held organisations are becoming bigger than federal governments — similar to how VOC was hundreds of years ago — but this time,
organisations are not driven by conquest and speculative bubbles, instead they use clever software feeding a lot of their successes. This
success is translated into staggering numbers, all made possible by software fueling the growth of these organisations.
In 2017, Netflix’s revenue exceeded Malta’s entire Gross Domestic Product (GDP), Tesla’s exceeded Albania the same year,
McDonalds exceeded New Guinea, Walt Disney surpassed Bulgaria, Microsoft exceeded Slovakia, Facebook Bolivia, Alphabet
(Google’s parent company) Puerto Rico, Apple Portugal and finally, Walmart exceeded the entire GDP of Belgium. And it’s not just
companies. Individuals are increasingly making a juggernaut impact with the rise of the attention economy, allowing anyone with a
strong story to gain an audience that they can influence, affecting consumer behavior that no advertising budget can beat.

So without further ado, let’s have a look at these waves emerging within the software tsunami that will change the commerce playing
field forever, and see how organisations can steer unchartered waters.
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Assets
Since John’s good old 1800s, the amount of assets we have created and exchanged is simply astonishing. Before we took John through
the whole time travel thing, he was just minding his own business, trying not to cause too much trouble and living a normal 1800 life.
Perhaps John owned a small piece of land, maybe even had his own house built on it with a lovely family of four, so his children could
take care of him when he grew old. Back then, the asset and savings markets hadn’t happened yet, so the only assets he could really rely
on when he couldn’t support himself were the land he built a roof over his head on and the children he had.
Today, the amount of assets people create are staggering, ranging from shares, bonds, commodities, real estate, land, options,
currency — all of which are exchanged digitally. Sure, commerce within physical assets have increased, but the amount of trade
happening within digital assets have exploded. Not to mention data and information becoming a new asset that people have also started
trading. Soon, all types of assets will have a digital handle attached to it, and be able to sell or buy at a profit.

It’s a myth when people say that digital assets are confined to magic swords and shields in the latest computer game. Everything from
food to diapers to houses are being bought and sold on the internet, and soon, the digital footprint attached to these purchases will open
up. Assets from the physical along with the digital world are being put on the blockchain, big time. Putting assets on the blockchain has
become known as cryptocurrency.

Cryptocurrencies are digital coins — or tokens — representing whatever underlying asset, right or service that the issuer of the
cryptocurrency originally defined. They can then be sent, received and exchanged in a trustless network on a blockchain. There are no
limits as to what types of assets can be represented by a cryptocurrency. Everything from stocks to bonds, futures, voting rights, a barrel
of oil and the latest artifact in an online game, anything really. Cryptocurrency is here to stay, and it could act as a major force for
moving commerce into a whole new era. Using blockchain as a trustless network to trade and exchange, not just assets but also goods
and services — represented as a cryptocurrency — opens up all kinds of opportunities for people and organisations who want to trade.
With existing and new forms of assets represented as a cryptocurrency, new markets that couldn’t exist before will pop up using this
new technology. Second-hand markets where people exchange artworks, or cars, or houses, even the rightful heirs of your savings would
be able to access what you leave behind using virtual assets as a substitute to bank vaults.

Speaking of bank vaults, the importance of moving commerce into a new digital era is best exemplified by the issues faced by the
banking sector, keeping up with new regulations and staying compliant within Know Your Customer (KYC) and Anti Money
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Laundering (AML) rules. Blockchain and cryptocurrency provides a solution to that. The problem faced by banks boils down to outdated
technology, most often with banking records running on ancient mainframe systems dating back to the 60s. With increasingly complex
rules and data regulation, these systems can’t keep up. The problem is aggravated by these systems being siloed databases that rarely
share customer information, raising the risk for banks — large and small — freezing its operations to the frustration of everyone,
delighting no one.

At present, the KYC and AML infrastructure for cryptocurrency mirrors the guidelines implemented by centralized financial enterprises
around the world. Just as traditional financial institutions require due diligence on prospective customers, cryptocurrency organisations
also rely on KYC and AML to collect personally identifiable information on individuals. An example is cryptocurrency exchanges
verifying new users before they can create cryptocurrency accounts, send money both domestically and across borders, do peer-to-peer
lending, or exchange one cryptocurrency into another. The key difference is that cryptocurrency organisations rely on distributed ledgers
for their KYC and AML processes, which can much more accurately pinpoint an offender and take the appropriate action, compared to
a siloed mainframe system.
KPMG — one of the “big four auditors” — successfully ran a pilot in Singapore with three banks: HSBC, OCBC, and Mitsubishi
UFJ Financial Group. The prototype successfully passed the Monetary Authority of Singapore's test scenarios. In addition to stability,
efficiency and security, the pilot resulted in estimated cost savings of 25-50 percent by reducing duplication and providing a clear audit
trail.64

Through strong cryptography and by introducing decentralization, it’s possible to create protocol-level cryptocurrency rails to
dramatically improve the handling of KYC and AML from a privacy and security perspective. This can be done all while reducing the
cost of verification, lowering the barriers to mass adoption of cryptocurrencies and blockchain. On the blockchain — because of the
way information is shared on a distributed ledger — any information logged are stored securely in a transparent and immutable way. A
customer’s background, financial records, source of income, wealth and assets can only be placed on a blockchain once there is
consensus across the whole network that all the information is accurate. For this reason, it is extremely difficult for any false information
to be submitted, and because each data entry is cryptographically hashed, it is very difficult to tamper with the information once it is
verified and put on the blockchain.

Blockchain is not the regulatory minefield often being portrayed, rather it can be an asset in the regulatory armoury. Blockchain
technology mitigates data ambiguity and reduces the potential for fraud. If all banks were using the same type of distributed ledger,
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KYC and AML data could be shared across financial institutions in a manner that is secure, transparent and cost-efficient. Furthermore,
immutability is a defining aspect of blockchain, and one that paves the way for new levels of trust. With each unique KYC profile, there
can be an auditable trail of activity that no one is able to change or corrupt , not even bank employees. Finally, the decentralized nature
of distributed ledger technology — even in a private network — removes the risks associated with having central points of failure,
thereby protecting data from hackers and other cyber-attacks.
For banks, the benefits are many: greater security, consistency and operational efficiency; increased interoperability between
institutions; an end to costly, time-consuming duplication of data gathering, data processing and data verification; and, ultimately,
enhanced regulatory compliance. For regulators, blockchain makes data on customer activity more visible and more reliable. And for
the hard-pressed customer, blockchain-based KYC and AML systems reduce onboarding times and increase confidence in financial
service providers. If we want to avoid scandals in banking that are born out of poor implementation of regulations — or worse, deliberate
criminal activity — then blockchain provides an answer that banks, governments and regulators would be unwise to ignore. The scandals
are already rolling in with the likes of Panama Papers and Scandinavian banks like Danske Bank, Nordea and Swedbank engaging in
illicit banking activities, laundering astronomical amounts through their Estonian branches. A solution has to be found, yet it seems to
already have presented itself.

Besides storing assets on a blockchain, imagine when these asset classes are easy and secure to exchange instantaneously, removing any
doubts about who owns what. A wonderful example of blockchain’s far reaching potential is to consider a hypothetical startup that
creates a marketplace for artwork — or art assets. Artists on one side sell their art pieces, and buyers of art pieces on the other side can
scroll through and buy the art that they like. Now imagine when artists were adding the art pieces to the system — every painting,
drawing or sculpture — everything would be logged in a distributed ledger that was immutable and impossible to tamper with. If you
had bought an art piece and wanted to resell it, there would be no doubt that you were the owner of this art piece. Even if you went
through the trouble of duplicating an art piece, the blockchain would know without a shadow of a doubt who owns the original, and how
many copies were made by the artist. Furthermore, detecting fake art pieces from originals would be a breeze by coupling the data on
the blockchain with a check of the art piece before completing a transaction. Legendary heist stories dating back to John’s time, where
burglars go and steal paintings from royal palaces, would be a thing of the past.

Beyond the banking sector and legendary heist stories, the real kicker for blockchain to push commerce into the future is when large
established players adopt this technology. Amazon, Microsoft and Google have already implemented blockchain in their cloud service
offerings, and they are toying with the idea of letting customers issue virtual assets in the form of cryptocurrency. It’s only a matter of
time before some — if not the majority — of data online will be logged in a distributed ledger, making it easier to validate without the
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need of a vulnerable centralised system. This also means that any good, service or information has a digital handle, becoming a virtual
good that can be exchanged and traded easily. It will be exciting to follow these developments, which will let consumers exchange
virtually anything, as long as it is put on a blockchain.

Regardless if our assets are logged on a centralised or decentralised database, and whether trade is happening online or offline, one thing
is certain — everything will be logged in a digital system leaving a digital trace. This is what drives the data explosion we see today,
and with that we are faced with a myriad of commerce decisions. With information overload, it is often paralysing to make even a simple
purchase, which is why the rise of bots will be tremendously helpful in the future. So time to dive into that rabbit hole and see how all
our commerce decisions will soon be performed by the bots surrounding us.

Bots
Assistants like Google Assistant, Siri, and Alexa — as described in the previous software tsunami — know more about you than you
can even begin to remember. When it comes to commerce, anyone connected to the internet can now get curated items that fit their
specific needs at the exact moment they need it.

As information becomes transparent and immutable in a blockchain, it doesn’t take much imagination to let your assistant run wild.
Your assistant — which is hooked up to other services that you use, hence making up a digital version of you — can simply exclude
any purchases that don’t comply to preset rules or previous purchasing patterns, with the latter being the default autopilot setting. The
assistant will be able to filter out products that are clearly not living up to your previous purchasing habits or alter the search results, so
the products that fit your habits rank first. Too much plastic in the product? Any dairy products in this dish that your lactose intolerance
cannot cope with? All these custom preferences and needs will be taken into account without you noticing. As you or your assistant
makes up the purchasing decision, the freight option is also suggested automatically based on your requirements, and the courier will
be able to communicate with your assistant on every step of the way in order to deliver your purchase when it suits you best.

While your assistant is becoming common, many have also interacted with chatbots or bots, which are currently being rolled out on
webshops and other types of digital platforms. Bots are basically trained algorithms for servicing or selling to customers, an organisation-
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wide assistant if you will. Add a voice to a chatbot, and you have an assistant equivalent to your own Siri, Alexa or Google Assistant.
These bots are therefore similar to our own assistants, and hold a pretty exciting potential.
Imagine when your assistant starts coordinating with another person’s or organisation’s assistant, aka bot. Now this is where
things get freaky. You could essentially have gone through your entire day without much interaction, yet your assistant has not only
made all kinds of purchases and arrangements for you — it has also talked to your brother about the upcoming birthday present to your
mother. Your assistant has naturally asked for a wish list from your mother — or your mother’s assistant — before talking to your
brother, and has boiled down three options that it deems most likely to spark the most joy for your mother. Together with your brother
you decide on which one to go with, and then your assistants are off for the races, making the arrangements needed with bots providing
the products or services you want to buy for your mother. All this while naturally checking with your mother’s assistant that the dates
fit, following strict guidelines not to tell on you.

As information about products, services, and everything in-between gets stored on the blockchain, bots and assistants can scan through
mountains of data that we cannot even comprehend — or more importantly — that we don’t have time to go through. Information like
where the product was sourced, how it was produced, what kind of organisation produced it. All of this makes up the purchasing decision
that fits your preferences best. But this is not just a one-way street where your assistant can make purchasing decisions. Together with
bots, your assistant can coordinate on making the best commerce for you, in an automatic two-way street between your assistant and an
organisation’s bot.

Besides assistants and bots working in unison, there is another force making up a bigger and bigger part of your purchasing decisions.
This force is attention, and it is what drives the influencer frenzy we see across the most popular social media channels we use to make
up more and more of our purchasing decisions.

Attention
Information is a commodity that has been growing enormously when it comes to what we commerce. Perhaps the only other commodity
that has overgrown information in value is attention. We all have it, but there is a finite amount of it, and the medium at which it gets
consumed is fleeting. It used to be radio where mass attention went, then it was TV, and now it is your phone. Whenever you watch a
TV commercial, the first thing you do is pick up the phone and scroll through your feed. This has created completely new categories for
advertisement, in a relentless pursuit for our attention. But advertisements don’t work so well anymore. Instead, we want real and

78│ Tsunami 2: Commerce
authentic stories, by the people, for the people. The rise of “influencers” popping up in your feed is eminent. With platforms like Youtube
and Instagram, anyone with a phone can now influence millions of people worldwide interested in the message being conveyed.

Social networks have lowered the barriers for anyone with a strong story to reach the masses. It has never been easier for people with
powerful voices to move mountains, and for businesses with a compelling mission to have consumers pay attention. Are you a painter?
Great, you can make money on selling paintings, but you can also teach others online how to make beautiful paintings. Break down the
methods in lessons, record yourself and blast it out to the masses. Do you know how to build your own bike? You would be surprised
how many people want to learn how to build kickass bikes. You can sell this as online or offline courses, and to further your reach, you
can put free content up on your social profiles, which will then work its magic as your global marketing channels.

To give an impressive example, Kylie Jenner — Kim Kardishian’s younger half-sister — reached 100 million followers on Instagram
alone at the age of 20. She also had more than 24 million Twitter followers and 20 million Facebook followers, bringing her total social
media following to more than 150 million people. To leverage her reach, Kylie launched Kylie Cosmetics, and in less than two years —
with no paid advertising — Kylie Cosmetics generated an estimated $630 million in revenue. Think about that for a minute. It took Tom
Ford 10 years to reach half a billion dollars in sales. It took L’Oréal’s Lancôme cosmetics line 80 years to hit $1 billion. It took MAC
13 years to achieve $250 million and another 10 years to reach $500 million, even with Estée Lauder owning a majority stake. In
comparison, for Kylie to reach an estimated $630 million in sales within two years is absolutely insane. It is without a doubt a challenging
and overwhelming time to sustain an established brand, let alone an entire organisation, navigating the obstacles from commerce
tsunamis, where humans and computers come together. Even more challenging is it to introduce new brands and concepts with tough
competition from the likes of Kylie Jenner!

In a world where Justin Bieber can become a global icon by creating a YouTube channel, then what is stopping you? Everybody has
something to offer. With software, you can now reach far and wide at virtually zero cost. If you can drive, you can reach customers with
Uber. If you can sing, you can reach customers on Spotify. If you can make a product, you can sell it on Amazon. The opportunities are
endless.

Influencers are becoming the most useful marketing tool to get your product or service out there. Whether you sell skincare products,
cars or financial services, there is an influencer that can walk the talk for your offerings. By tapping into the growing army of influencers
with thousands if not millions of followers, there is now a chance to humanize your offerings, rather than the predictably polished
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marketing stunts others have used for centuries now. The fight for attention is on, driving the most important commerce decisions of the
modern consumer, and influencers are your gateway to affect these decisions.

There is a caveat to all this though. Influencers and all the attention they are driving is being predicated on by tech giants like Google
and Facebook. The amount of time and data you leave on these platforms ultimately benefit the large corporations that own these
platforms. Even influencers are largely affected by the policies dictated by these tech giants. When YouTube changes the monetization
rules, content creators are deeply affected. Same can be said about Facebook and Instagram when they change how the Newsfeed
algorithm works. With big tech acting as a very lucrative intermediary, it is only a matter of time before blockchain solutions will start
to enter the attention industry.

We have already started seeing the first versions of these blockchain solutions. Facebook — alongside founding members counting
Mastercard, VISA, Paypal, Stripe, Ebay, Uber, Lyft, Spotify, Vodafone, Coinbase and Andreesen Horowitz 65 — announced the Libra,
a so-called stablecoin that is going to be used across various networks to commerce. As stated on their official site:

“Libra is a global, digitally native, reserve-backed cryptocurrency built on the foundation of blockchain technology. People will be
able to send, receive, spend, and secure their money, enabling a more inclusive global financial system.”66

Ironically, what is exciting about Libra is that it opens up all kinds of opportunity for influencers and the attention-economy to get
compensated, without depending on big tech’s platform policies. How so? Take Kylie Jenner as an example again. Say Kylie doesn’t
want to go through the hassle of launching her own cosmetics brand. Instead, she would be perfectly happy to continue to use her
favourite Lancôme products and make money promoting it. Kylie and Lancôme make a deal, which is naturally based on the eyeballs
and sales Kylie can generate for Lancôme. All this happens through her main channel on Instagram, providing analytics dashboards so
both sides can track exactly how well Kylie is doing for Lancôme. Now the kicker is, Lancôme can easily pay Kylie on Instagram in
Libra.
Keep in mind that compensation is not just based on commission, influencers can monetize in all kinds of ways — reach, shares,
likes, comments or whatever other metrics Lancôme and Kylie would agree to be valuable. All possible because compensation can now
happen in a seamless, decentralised manner using the Libra.
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Beyond payments and compensation, the entire problem of echo chambers and polarisation can potentially be addressed with blockchain.
CEO of Celsius Network, Alex Mashinsky, argues that all applications will run on blockchain, including social networks where most of
the attention goes. Unlike centralised social media networks that extract personal user information without permission, all operations
across decentralised social networks are recorded on the blockchain. Social networks are vulnerable to fake news due to the fact that
anyone can post whatever they please, but users on decentralised social networks must verify their identities. This provides a way to
decrease fake accounts and illegitimate content, as everything posted can be traced back to specific people 67.

With the right influence, cutting through the noise has become easier than ever regardless if you are small or big business. We have
finally leveled the playing field between big and small, and as a result, the types of projects that both big and small business embarks
on, is changing dramatically. This will be our next focus where moonshot projects are dominated by hybrids, combining humans and
computers trading with each other.

Moonshots
Today it is possible for anyone to do their own thing, being their own master of sorts, making an income from what they want. Businesses
are becoming easier and cheaper to start, with cost moving towards zero. This modern freedom of becoming your own master has many
parallels to the public perception of being an entrepreneur. Being an entrepreneur has become somewhat of a superstar phenomenon that
everybody aspires to be. The word "entrepreneur" is a loanword from French. In French the verb "entreprendre" means "to undertake"
— with "entre" coming from the Latin word meaning "between", and "prendre" meaning "to take”. Looking beyond Latin, entrepreneur
also sounds close to a Sanskrit word “anthaprerna” that translates into “self motivation”. It is important to note that entrepreneurship
extends beyond establishing new organisations, it also includes intrapreneurs finding new ways in existing organisations to create
something new and better from within.

As the startup craze is upon us with everyone aspiring to become an entrepreneur, coupled with lower cost of living, a wealth of new
products and services is bound to come out. This benefits all of us, allowing the most adaptable using the best technology to win. It also
means that incumbents who want to sustain are forced to adapt quicker if they want to compete with smaller and faster-moving
competitors.
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The majority of startups aim to make it big, sometimes raising astronomical amounts of money to get there. Not all endeavours have to
aim at becoming big business though. As a matter of fact, most juggernauts like Amazon, Facebook and Google didn’t start out to
become big business. They happened to solve a massive problem and the size of their operation followed suit. However, that wasn’t
necessarily the plan to begin with. It is astonishing to see how solving a problem can change the lives of billions of people, resulting in
some of the biggest organisations today being relatively new. Amazon, Facebook and Google have been around for less than three
decades. Big businesses that didn't exist 20 years ago are consolidating entire industries using modern software. Airbnb started in 2008
and is on the path to remove thousands of intermediaries finding accommodation for travellers. Uber started in 2009 and is doing the
same for transportation. The list goes on.
For the incumbents that have been around for years, decades and sometimes centuries, it’s hard to keep up. At the same time,
many of these organisations that grow at phenomenal rates open up opportunities that weren’t possible before. Airbnb allows every
single person with a home to become their own dedicated hotel business. Uber does the same for anyone who wants to be a taxi driver.
Many of these organisations are leveling the playing field for the rest of us. Even massive projects otherwise reserved for the government
are becoming possible as private initiatives. SpaceX is helping NASA to send cargo to the international space station, lowering the cost
of space flight. It is an achievement that none of the large government sponsored space programs managed to pull off, which is at the
same time impossible to accomplish without the prior achievements of government sponsored space programs. Public-private
partnerships can be found everywhere, pushing commerce between humans and computers even further. Full circle.

This chapter has shown how commerce continues to surprise us. It is sometimes scary how convenient, accurate and global our modern
day purchases have become. With humans and computers working together forming hybrid commerce, we have opened up a life of
material access that John couldn’t even begin to imagine. The goods, services and types of information we are able to consume will
continue to change, and the crown juvel that will drive this change is the ingenuity of the human brain, otherwise known as cognition,
which will be the focus of the next chapter.
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Tsunami 3: Cognition

“I could either watch it happen or be a part of it”
- Elon Musk
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Our ability to think will achieve superhuman levels and as a result spur unprecedented development.

Intelligence is changing at an astonishing pace. Not only is the current generation the most documented generation ever in the history
of mankind, but we are starting to use this data to enhance our understanding about ourselves and the world around us.

Biological intelligence has gotten us far in the past. Very far. We understand complex phenomena and concepts about the universe.
We have understood the Big Bang. We have colonized planet Earth even in the most distant and hostile environments. We have built
skyscrapers. We have come up with things like the Internet. All this with an intelligent biological machine running on 20 watts68. Quite
impressive, yet the human intellect that we have gained over millions of biological iterations is flawed and biased. In a world that is
spinning faster and faster, we cannot rely solely on our biological intelligence to feed billions of people.

Artificial intelligence is pushing us further in the present. AI systems are moving from being capable of doing things as well or better
as humans in a specific field — known as Artificial Narrow Intelligence (ANI) — to systems capable of doing any intellectual task that
a human can — known as Artificial General Intelligence (AGI) — to systems that can outperform any human in any intellectual task —
known as Artificial Super Intelligence (ASI). While state-of-the-art software currently hasn’t been able to reach AGI, organisations like
DeepMind and OpenAI are closing in, fast.

Hybrid intelligence will take us to unimaginable places in the future. This type of intelligence can be described as the Holy Grail
for software to feed the world. It is when biological and artificial intelligence starts merging. The thing is, we have already started
merging with machines, you are already a cyborg. Your phone is already an extension of you. Your social media is already a digital
version of you. Soon, your brain-machine interface — a third digital layer that will connect to your brain and merge your biological
intelligence with artificial intelligence in the cloud — will also be a natural extension of you. It will be a reality like none we have ever
seen before.
When hybrid intelligence hits the streets, which will take years but not that many years, software is going to unleash our potential
like none of us can imagine. Communicating with anyone will be as simple as thinking a thought. Not much of the old-school, slow,
verbal communication will be needed. A mental picture will be a memory stored in the cloud. Generally visualizing anything for
someone else will be extremely accurate, something words could never achieve. You will be able to access all knowledge at all times as
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if you already knew, and the little voice inside your head, that could be your assistant weighing pros and cons in a difficult decision,
taking into account a vast amount of data that your biological conscience could never fully analyse.

Before getting ahead of ourselves, as always we take things from the beginning, starting with good old human cognition.
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Humans
Biological intelligence is the intelligence that powers the human mind, also known as your brain. Evolved over millions of years, the
most advanced intelligence we know of is our own, although we are not particularly good at understanding it. Our biological intelligence
has gotten us very far. It has allowed us to colonize planet Earth, given us supercomputers in our pocket, landed us on the Moon, built
skyscrapers, figured out the details of how the Big Bang went down, all of which has ironically been far easier than understanding our
own brain. As of now, the human brain is the most complex object known in the universe. What you quickly realize when you think
about this is that those things that seem easy to us today are actually unbelievably complicated, and only seem easy because those skills
have been optimized in our brains after hundreds of millions of years of evolution.

There are more we don’t know about the brain than we do know. Nevertheless, there are many things we do know about this incredibly
complex organ, comprised of an enormous web of nerve cells called neurons, each processing chemical reactions to form electrical
signals that make us react to our surroundings. The brain can anticipate and predict things extremely fast based on events and its
surrounding inputs.
Consider a simple example where you sit inside a restaurant, looking outside a narrow window to the street. Suddenly, a small
dark animal passes by really fast. Your brain quickly figures out that the animal was too small to be a dog, and too large to be a rat, so
your brain approximates and gives its best guess; a cat. Sure enough, the cat passes by again but this time much slower, confirming your
original guess.
Before advanced AI, if a computer had to do the same type of recognition, it would have to scan through all images of all cats
from all types of angles and lighting, and only make the same conclusion as your mind did if the computer had an exact image match of
the same type of cat, doing the same movement, catching that movement with the same type of lighting reflected by the cat, etc. Only
then would a computer find a match and guess the same as you did instantly. It would take a long time for any modern computer to
search through a database of all those images, and your mind does it all in a split second.

There are a lot of processes happening seamlessly in your brain during the hours you are awake. Besides identifying objects like fleeing
cats, think about reaching out to pet the cat. When you reach your hand out towards an object, the muscles, tendons, bones in your
shoulder, elbow, and wrist perform a long series of physics operations, in conjunction with your eyes to allow you to move your hand
in a straight line through three dimensions. It’s effortless to you because you have perfected software in your brain for doing it. Consider
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then the slanty word recognition tests like CAPTCHA when you sign up for a new account on a website. It’s not because malware is
stupid for not being able to figure it out, it’s because your brain is super impressive for being able to.

What is going on under the hood is more advanced than we can fully comprehend. As Jeff Lichtman, Professor of Molecular and Cellular
Biology at Harvard, likes to ask his students when he starts off his courses on neurology. “If everything you need to know about the
brain is a mile, how far have we walked in this mile?” He says students give answers like three-quarters of a mile, half a mile, a quarter
of a mile, but he believes the real answer is “about three inches”. Neuroengineer Tim Hanson calls our brain “one of the most
information-dense, structured, and self-structuring matter known”. All while operating on only 20 watts69 of power. An impressive feast,
especially when you realize that a computer as powerful as the brain has to run on 24,000,000 watts!70

To understand how, here comes a high-level explanation of how the brain works, without diving too much into the brain’s physiology.
Generally, you can think of the brain in two layers: the limbic system and the cortex.

The limbic system is a survival system. A decent rule of thumb is that whenever you do something that your cat might also do — eating,
drinking, having sex, fighting, hiding or running away from something scary — your limbic system is usually behind the wheel. The
limbic system is also where your emotions live, in the end, emotions are all about survival — they’re the more advanced mechanisms
of survival, necessary for animals living in a complex social structure. In a way, being able to control your limbic system is pretty much
the definition of maturity and at the core of modern day human struggle. It’s not that we would be better off without our limbic system
— it is half of what makes us distinctly human, with most of the fun in life being related to fulfilling our animal limbic system needs —
it’s just that our limbic system doesn’t get that we live in a civilization. If you let your limbic system run your life, it’ll quickly ruin it.

The cortex is in charge of basically everything else — processing what you see, hear, and feel, along with language, movement, thinking,
planning, and personality. Also known as the cerebral cortex, the neocortex, the cerebrum, the pallium. The most important part of our
brain, and we can’t even figure out what to call it. For the sake of simplicity, we will just call it cortex. When doing so, this book will
mostly refer to the neocortex, but we’ll still just call it cortex, since that’s the least confusing way for everyone.

Even though we figured out that the brain was the epicenter of our intelligence a long time ago, it wasn’t until recently that science
understood what the brain was made of. Scientists knew that the body was made of cells, but in the late 19th century, the Italian physician
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Camillo Golgi figured out how to use a staining method71 to see what brain cells actually looked like. The result was surprising. A brain
cell wasn’t what a cell was supposed to look like. Without quite realizing it, Golgi had discovered the neuron. Scientists realized that
the neuron was the core unit in the vast communication network that makes up the brain and nervous systems of nearly all animals
walking on Earth.

But it wasn’t until the 1950s that scientists worked out how neurons communicate with each other. An axon, a long strand of the neuron
that carries information, is normally microscopic in diameter and too small for scientists to test on, until recently. In the 1930s, the
English zoologist J. Z. Young discovered, quite randomly, that squids have an unusually large axon in their bodies that could be
experimented on. A couple decades later, using the squid’s giant axon, scientists Alan Hodgkin and Andrew Huxley figured out how
neurons send information: the action potential.
The action potential in the axon is binary — either nothing happens, or the axon goes in full retard firing mode. An axon can’t
be kind of electrocuted, or extra electrocuted, an axon is either not electrocuted at all or fully electrocuted to the exact same degree every
time. When this happens, a pulse of electricity runs through. But rather than launching into a full, detailed explanation for how action
potentials work — which would involve a lot of unnecessary and uninteresting technical information you already dealt with in high
school biology — Google around to get all the juicy details.

Now that we know how neurons communicate with each other using the action potential, let’s jump back to the neuron itself. Neurons
are similar to computer transistors in one way — they also transmit information in the binary language of 1’s (action potential firing)
and 0’s (no action potential firing). But unlike computer transistors, the brain’s neurons are constantly changing.

You know how sometimes you learn a new skill and you get pretty good at it, only to try again the next day to find that you still suck?
That’s because what made you good at the day before was adjustments to the amount or concentration of the chemicals in the signaling
between neurons. Repetition caused chemicals to adjust — which helped you improve — but the next day the chemicals were back to
normal, so the improvement went away. Yet if you keep practicing, you eventually get good at something in a lasting way. What has
happened is you’ve told the brain that this is not just something you want to do once, and the brain’s neural network has responded by
making structural changes to itself that last. Neurons have essentially shifted shape, location and strengthened or weakened various
connections in a way that has built a permanent, hard-wired set of pathways that know how to perform that skill.
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Neurons’ ability to alter themselves chemically, structurally, and even functionally, allow your brain’s neural network to optimize itself
to the external world, an ability known as neuroplasticity. Babies’ brains are the most neuroplastic of all. When a baby is born, its brain
has no idea if it needs to accommodate the life of a medieval warrior who will need to become incredibly adept at sword fighting, a
19th-century John who still wanders around feeling groggy from time travelling, or a modern-day intellectual who will need to store
and organize a tremendous amount of information while mastering a complex social fabric. The baby’s brain is ready to shape itself to
handle whatever life throws at it.
While babies are the neuroplasticity superstars, our brains change all the time, which is why humans can grow and learn new
things throughout their entire lives. This is also why we can form new habits and break down old ones. Your habits are reflective of the
existing circuitry in your brain. If you want to change your habits, you need to exert a lot of willpower to override your brain’s neural
pathways. But if you can keep it going long enough, your brain will eventually get the hint and alter those pathways, and the new
behavior will stop requiring willpower. Your brain will physically have built the changes into a new habit. After all, you can teach an
old dog new tricks, it just takes more effort. The neuroplasticity that makes our brains so useful to us also makes them incredibly difficult
to understand, because the way each of our brains work is based on how that brain has shaped itself, based on its environment and life
experience.

Altogether, there are around 100 billion neurons in the brain that make up this unthinkably vast network. This number corresponds to
the number of stars in the Milky Way, and over 10 times the number of people in the world. Around 15 - 20 billion of those neurons are
in the cortex, and the rest are in the limbic parts of your brain.

So it seems like we kind of understand the brain. But here’s the thing. You know how you totally get how a computer sends an email
and you totally understand the broad concepts of the internet — like how many people are on it, and what the biggest sites are — but all
the stuff in the middle, the inner workings of the internet, yeah, those things are pretty damn confusing. The brain is like that, the stuff
in the middle gets fuzzy. We get the little picture — we know all about how a neuron fires using the action potential. And we get the
big picture — we know how many neurons there are in the brain, what the major lobes control and how much energy the whole system
uses. But the stuff in between, all that middle stuff about how each part of the brain actually does its thing… Yeah, we don’t get that.

As complex and incredible as the brain is, there are some tasks however that the brain is not so good at. Multiplying big numbers or
playing chess are new activities on an evolutionary scale, and we haven’t had enough time to evolve a proficiency at them, so a computer
doesn’t need to work too hard to beat us. Beyond operations like simple calculus, the human brain has also evolved to be flawed with
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many types of biases. This is best outlined in Daniel Kahneman’s Thinking Fast and Slow. To fix our intelligence flaws, and to further
advance our biological intelligence, we feed our brain with education and new information every day, making up the world view you
have today. But while education and literacy continues to improve on a global scale, we face new threats from fake news. Critical
thinking will be of utmost importance to combat these new risks of manipulation and foul intent, fixing the flaws and biases our brains
inherently possess.

To understand these biases, Kahneman provides a simple framework of the mind with a two-system setup — System 1 (fast) and System
2 (slow). These two systems operate in an incredibly complex yet coordinated network, which have unfortunately evolved a variety of
flaws. Kahneman gives a deep insight into these flaws listing everything from priming, to cognitive ease, to straw man fallacy, to the
law of small numbers, to anchoring, to availability heuristics, to availability cascade, to sunk-cost fallacy, to endowment effect, and
finally the prospect theory and loss aversion. All these biases cover a wide range of flaws in the human mind and leave you with the
conclusion that you cannot — for the most part — trust your own instincts. Going with your gut will be closer to gambling than acting
on an informed basis. A simple example of just how bad the human mind is at applying critical thinking, or thinking at all, is the infamous
Müeller-Lyer illusion. Take a look at the two arrows below and ask yourself — which horizontal line is the longest?

72

Don’t lie. You instinctively thought that the horizontal line in the first arrow was longer than the second one. Evidently, the horizontal
lines are equally long, but at first glance your mind told you something else. Imagine how many assessments like this your mind does
every day that are false because it is not given a proper assessment. Our intuition is weaker than most assume, You Are Not So Smart as
David McRaney titles his book.
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Another example of how easy your brain is to manipulate is called priming. Think of yourself walking down the street one winter
evening. You pass by a restaurant that looks warm inside and you see a sign reading SO_P. Now consider yourself waking up the next
day, starting the new day with a nice hot bath, washing yourself using a product labeled SO_P. Chances are in the first scenario with the
restaurant, you thought of SOUP, while in the second scenario with the bath you thought of SOAP. Entire industries have been built
around priming you every day, so you don’t even notice it happening.

We benefit from technologies that grow exponentially, but it is not something our brains have evolved to comprehend. Consider the
amount of information that we generate today. A week’s worth of the New York Times contains more information than the average
citizen in John’s time encountered in an entire lifetime! According to Google Executive Chairman Eric Schmidt, “From the very
beginning of time until the year 2003, humankind created five exabytes of digital information. An exabyte is one billion gigabytes —
or a 1 with eighteen zeroes after it. Right now, in the year 2010, the human race is generating five exabytes of information every ten
minutes...It’s no wonder we’re exhausted.”73 The problem is that nothing in our history until recently has moved exponentially. As
Kevin Kelly writes in What Technology Wants:

“Waterwheels were not becoming cheaper per year. A hammer was not easier to use from one decade to the next. Iron was not
increasing in strength. The yield of corn seed varied by the season’s climate, instead of improving each year. Every 12 months, you
could not upgrade your oxen’s yoke to anything much better than what you already had.”

We will not be able to evolve fast enough for our biological intelligence to keep up with this daunting amount of information. With our
brains being manipulated all day every day, and the exploding amount of information available to us, it is getting harder and harder to
trust your own instincts. In 2017, 300 minutes of video were uploaded to YouTube — every single minute!74 In 2018, over 4 million
blog posts were published every day.75 There is no shortage of how many versions and angles one story can have today, and simply no
way our minds can process all of them. People and organisations are taking advantage of that, creating biased versions of the world
based on only a subset of the data available to us. A phenomenon coined everything from alternative facts to fake news.

Luckily, modern day decision-making is not purely based on our relatively simple biological intelligence. Another form of intelligence
is on the rise, and it seems to be moving much faster. This form of intelligence goes by many names and is said to be everything from
our saviour to our doom. This intelligence is typically known as artificial intelligence, which will be the focus of the next chapter.
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Computers
Linda Gottfredson, Professor Emeritus of Delaware University, describes intelligence as “a very general mental capability that, among
other things, involves the ability to reason, plan, solve problems, think abstractly, comprehend complex ideas, learn quickly, and learn
from experience.” As we struggle to define our own biological intelligence, a new form of artificial, software-driven, intelligence is on
the rise.

Before we dive into how cognition and intelligence are currently being developed artificially, let’s clear some things up. First of all,
when you think about AI, stop thinking about killer-machine robots that will doom us all. A robot is merely a container for AI, sometimes
mimicking the human form, sometimes not. AI is the software that powers the robot — the brain — and the body is the mechanical
pieces that make up the robot. That is, if there is a body. An example of a “bodiless” AI is the virtual assistants powering all our devices
today. The software behind Siri is AI, the woman’s voice we hear is a personification of that AI. No killer AIs are coming any time soon
speaking in a smooth Siri voice. Now that we have established that AI is not Terminator, let’s get down to business and look at how
broad a subject AI is. There are distinct categories of AI, reaching different levels of intelligence. The critical categories we need to
think about are based on an AI’s caliber, and we split in three major AI caliber categories:

Artificial Narrow Intelligence (ANI): Sometimes referred to as Weak AI. Artificial Narrow Intelligence is AI that specializes in one
area. There’s AI that can beat the world chess champion, but that’s about the only thing it can do. Ask it to figure out a better way to
store data on a hard drive, and it’ll throw you an error.

Artificial General Intelligence (AGI): Sometimes referred to as Strong AI, or Human-Level AI. Artificial General Intelligence refers to
a computer that is as smart as a human across the board — a machine that can perform any intellectual task that a human can. Creating
AGI is a much harder task than creating ANI, and we’re yet to do it, but some organisations are starting to get close.

Artificial Super Intelligence (ASI): Oxford philosopher and leading AI thinker, Nick Bostrom, defines superintelligence as “an intellect
that is much smarter than the best human brains in practically every field, including scientific creativity, general wisdom and social
skills”. Artificial Super Intelligence ranges from a computer that’s just a little smarter than the best human at any task, to one that’s
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trillions of times smarter across the board. ASI is the reason the topic of AI is such a hot potato, and why the words “immortality” and
“extinction” will both appear in discussions about where AI is taking us.

As of now, humans have surpassed the lowest AI caliber — ANI — and it’s being deployed everywhere. The AI caliber that will allow
software to feed the world is the road from ANI, through AGI, to ASI. It is a road that experts cannot agree on whether it will create hell
or heaven on Earth. Either way, it will change everything as we know it.

Artificial Narrow Intelligence (ANI)
Artificial Narrow Intelligence is machine intelligence that equals or exceeds human intelligence at a specific thing. A few examples:

Your car is full of ANI systems, from the computer that figures out when the anti-lock brakes should kick in, to the computer that tunes
the parameters of the fuel injection systems. Google’s Waymo and Tesla’s self-driving cars, which are being tested in public now, will
contain robust ANI systems that allow it to perceive and react to the world around it.

Your phone is a little ANI factory. When you navigate using a map app, receive tailored music recommendations, check tomorrow’s
weather, talk to your virtual assistant, or dozens of other everyday activities, you’re using ANI.

Your email spam filter is a classic type of ANI — it is loaded with intelligence about how to figure out what’s spam and what’s not, and
then it learns and tailors its intelligence to you as it gets experience from your email patterns. The modern thermostat does the same
thing as it starts to figure out your typical routine at home and adjusts the temperature accordingly.

You know that whole creepy thing that goes on when you search for a wedding dress on Amazon, only to find offers from wedding
planners pop up in your Facebook feed? That’s a network of ANI systems, working together to inform each other about who you are
and what you like and then use that information to decide what to show you. The same goes for Amazon’s “People who bought this also
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bought…” thing — that’s an ANI system whose job is to gather info from the behavior of millions of customers, and then synthesize
that info so you’ll buy more things.

Google Translate is another classic ANI system, impressively good at one narrow task. Voice recognition is another — and there are a
bunch of apps that use those two ANIs as a tag team — allowing you to speak a sentence in one language, only to have your phone spit
out the same sentence in another.

When your plane lands, it’s not a human that decides which gate it should go to. Just like it’s not a human that determined the price of
your ticket.

The world’s best Checkers, Chess, Scrabble, Backgammon, Othello, even Go players are now all ANI systems.

Google Search is one large ANI brain with incredibly sophisticated methods for ranking pages and figuring out what to show you. The
same goes for Facebook’s Newsfeed, Amazon’s product listings and a long list of other digital services you use every day.

Those are just a few examples in the consumer world. Sophisticated ANI systems are widely used in business within sectors and
industries like manufacturing, military, and finance. To take the latter, algorithmic high-frequency AI traders are changing the landscape
of how the finance industry works. If you take all equity shares traded on US markets, AI traders account for more than half of it, and
the number is growing! Just a decade ago, computer trading accounted for less than 30% of total equity trades. 76
ANI systems are evolving too. The IBM Watson that contained enough facts and understood natural language well enough to
soundly beat the most prolific Jeopardy champions, are now moving into health care. Watson is being rolled out to clinics and hospitals
around the world to help doctors make diagnoses on patients based on patterns from other patients in the past.

With all these ANIs permeating every aspect of our lives, it is not a huge surprise that there are some very smart people working very
hard to make the next big leap, from ANI to AGI.
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Artificial General Intelligence (AGI)
ANI sounds fun, convenient and innocent, but things start to unravel when we move from ANI to AGI. When computers are as smart
as humans across the board, that’s when most start to panic, and perhaps for good reason. Throughout our entire history, we have never
faced another being that was as smart as us, so it’s an uncomfortable thought. Nobody knows what will happen, but experts agree that
it will happen, so we better buckle up and start preparing. There are a couple of things we need in order to make the leap from ANI to
AGI: Increase computational power and find an architecture for AI to be able to imitate the brain.

Increase computational power
One thing that definitely needs to happen for AGI to be a possibility is an increase in the computational power of our hardware. If an AI
system is going to be as intelligent as the brain, it’ll need to equal the brain’s raw computing capacity. A way to express the brain’s
computational capacity is total calculations per second (cps). This number is found by figuring out the maximum cps of each structure
in the brain, and then add them all together.

Ray Kurzweil came up with a shortcut by taking someone’s professional estimate for the cps of one structure in the brain, then
taking that structure’s weight compared to that of the whole brain, and finally multiplying proportionally to get an estimate of total cps
for the entire brain. It sounds like pseudoscience, but Kurzweil did this a bunch of times with various professional estimates of different
regions in the brain, and the total always arrived in the same ballpark — around 10 quadrillion cps.
The funny thing is, we have actually already built a computer that can match 10 quadrillion cps. Currently, the world’s fastest
supercomputer — China’s Tianhe-2 — clocks in at about 34 quadrillion cps. But Tianhe-2 is also a monster, taking up 720 square meters
of space, using 24,000,000 watts of power and costing almost $400 million to build. In comparison, the brain runs on just 20 watts and
only cost a lifetime of concern to its parents. The Tianhe-2 is not particularly applicable to widespread usage, not even most commercial
or industrial usage. And that is why Moore’s law is so important.

As mentioned earlier in this book, Moore’s Law is a historically reliable rule that the number of transistors that can fit onto a computer
chip doubles every 18 months, meaning computer hardware grows exponentially. Kurzweil has mapped this in an infamous chart where
he plots time on the first axis, and the number of calculations per second a $1000 computer can perform on the second axis.77 Currently,
$1000 will buy you a computer that does 10 trillion cps, corresponding to a mouse’s brain and about a thousandth of human level. This

95│ Tsunami 3: Cognition
doesn’t sound like much, but it sure does when we look at the rate of progress. We only have to go back to 1985 to get about a trillionth
of human level, moving to a billionth in 1995, and then a millionth in 2005. Being at a thousandth puts us right on track to an affordable
computer by 2025 that rivals the power of our own brain. Not too bad for a $1,000 computer, a price point that by 2025 will buy you
more computational power than your own brain. In other words, the price point for a computer with as much computational power as
your own brain will be less than $1,000 from 2025 onwards, and drop dramatically towards zero beyond that year. Not a great outlook
for those relying solely on old school biological intelligence, but there is another key element to go from ANI to AGI.

Imitate the brain
This is like scientists toiling over how that super smart kid next to them in class can do so damn well in every test, and even though the
scientists keep studying diligently, they can’t do nearly as well as that annoying smart kid next to them. The scientists finally decide to
say: “Fuck it, I’m just gonna copy from that kid!” It makes sense, we’re stumped trying to build a super-complex computer, and there
happens to be a perfect prototype for one in each of our heads.

The world of science is working hard to reverse engineer the brain and figure out how evolution made such a rad thing. The optimistic
estimates say we can do this by 2030. Once we do that, we’ll know all the secrets of how the brain runs so powerfully yet so efficiently,
and we can draw inspiration from it — or probably more like steal from it. Pablo Picasso said it best: “Good artists copy, great artists
steal”.
One example of a computer architecture that mimics the brain is an artificial neural network. It starts out as a network of
“transistor neurons” referred to as “nodes” connected to each other with inputs and outputs, and it knows nothing — like an infant brain.
It “learns” by trying to do a task — say handwriting recognition — and at first, its neural firings and subsequent guesses at deciphering
each letter will be completely random. But when it’s told it got something right, the transistor connections in the firing pathways that
happened to create that answer are strengthened; when it’s told it was wrong, those pathway connections are weakened. After a lot of
trial and error, the network has — by itself — formed smart neural pathways and the machine has become optimized for the task of
handwriting recognition. The brain learns in a similar but more sophisticated way, and as we continue to study the brain, we’re
discovering ingenious new ways to take advantage of the neural circuitry.
Another example of how we try to imitate the brain is to emulate evolution instead of emulating the learning process for the
brain. Here’s something we know: building a computer as powerful as the brain is possible — our own brain is proof of it. If the brain
is just too complex for us to emulate, we could try to emulate evolution instead. The thing is, even if we can emulate a brain, it might
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be like trying to build an airplane by copying a bird’s wing-flapping motions. Oftentimes, machines are best designed using a fresh,
machine-oriented, approach that refrains from trying to mimic nature. So how can we emulate evolution to build AGI? The method is
called “genetic algorithms”, which would work something like this: there would be a performance-and-evaluation process that would
happen again and again. The same way biological creatures “perform” by living life and are “evaluated” by whether they manage to
reproduce or not. A group of AIs would try to do tasks, and the most successful ones would be bred with each other by having half of
each of their programming merged together into a new AI. The less successful ones would be eliminated by simply not reproducing.
Over many, many iterations, this natural selection process would produce better and better AI. The challenge would be creating an
automated evaluation and breeding cycle, so this evolution process could run on its own.

Time will tell how and when we reach AGI, but if history is proof of one thing, it’s that humanity has always sought to create better
tools for itself. Building an artificial intelligence that is as good as us in any aspect of life is in many ways the ultimate tool we can come
up with. The question remains, what happens when we go beyond that, from AGI to ASI.

Artificial Super Intelligence (ASI)
Before talking about ASI, it is important to highlight that while there are many inferior qualities associated with a thinking computer
compared to a thinking human, the list of things where a computer is superior is stacking up, fast. This means that once we reach AGI,
artificial intelligence is likely to outpace biological intelligence manifold shortly after. We refer to this as ASI. This is mainly due to the
many hardware and software advantages that artificial intelligence has over biological intelligence.

Hardware arguments for ASI
Speed. The brain’s neurons max out at around 200 Hz. Today’s microprocessors, which are much slower than they will be when we
reach AGI, run at 2 GHz, or 10 million times faster than the neurons in your brain. At the same time, the brain’s neuron communication
— which can move at about 120 m/s — is horribly outmatched by a computer’s ability to communicate optically almost 2.5 million
times faster at 299,792,458 m/s, better known as the speed of light.
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Size and storage. The brain is locked into its size by the shape of our skulls, and it will never get much bigger than that. If you tried to
make our skulls any larger, not only would you feel the wrath of the entire female population, but the 120 m/s neuron communication
speed would be too slow to get from one brain structure to another. Computers can expand to any physical size, allowing far more
hardware to work together, a much larger working memory (RAM), and a superior long-term memory (hard drive), which together has
both far greater capacity and precision than our brain.
Reliability and durability. It’s not only the memories of a computer that would be more precise. Computer transistors are more accurate
than biological neurons, and they’re less likely to deteriorate. Even in the case of a transistor becoming unreliable, they can be repaired
or replaced. Human brains also get fatigued easily, while computers can run nonstop, at peak performance, 24/7.

Software arguments for ASI
Editability, upgradability, and a wider breadth of possibility. Unlike the human brain, computer software can easily be experimented
with, download updates and receive fixes. The upgrades could even span to areas where human brains are weak. Human vision software
is superbly advanced, while its complex engineering capability is pretty low-grade. Computers can match the human on vision software,
but it could also become equally optimized in any other area.

Collective capability. Humans crush all other species at building a vast collective intelligence. Beginning with the development of
language and the forming of large, dense communities in megacities, advancing through the inventions of writing and printing, and now
intensified with the internet — humanity’s collective intelligence is one of the main reasons we’ve gotten so far ahead of all other
species. AI will be way better at building collective capabilities. A worldwide network of AIs running a particular program could
regularly sync with itself, so that anything any one computer learned would be instantly uploaded to all other computers. The network
could also take on one goal as a unit, because there wouldn’t necessarily be dissenting opinions, motivations or self-interest, like we
have within the human population. This collective capability within AI is what typically scares people the most and has been at the
center of attention in many Hollywood screenplays.

The feeling that will be invoked in you when you realise AI has become smarter than yourself will consist of one moment where you
tell yourself: “Yeeeah, that’s never gonna happen!”, and then one day you wake up to something new and think: Wow, how did that
happen?!”. This is the feeling you get when you see a new breakthrough, like the first time you saw a smartphone, or the first time you
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experienced a self-driving car. AI will be different though, it will be the ultimate tool we will ever invent. Some say, the last tool we
will ever need to invent. To see just how, we look at the road from ANI to AGI to ASI.

ANI to AGI to ASI
There is a great amount of debate about how soon AI will reach human-level general intelligence, AGI. The Oxford philosopher and AI
thinker Nick Bostrom, together with AI expert Vincent C. Müller, conducted a survey asking hundreds of the most prominent AI
researchers in what year the field of AI would be able to reach AGI.78

The median year when asking all the experts was 2040!

That doesn’t sound too bad, but remember that many of the experts in this field think it’s likely that the progression from AGI to ASI
will happen super quickly afterwards. With superior hardware and software, AI could get out of control pretty darn fast.

Consider this example. An organisation with vast amounts of data generated by human users on the internet manages to reach the
intelligence level of a kindergartener, understanding the world around it as a kindergartener does. But an hour later, the system spits out
the grand theory of physics, unifying general relativity and quantum mechanics, a breakthrough that no human has been able to pull off.
Then a few minutes later, the system has become an ASI, and seconds after that it is 100,000 times more intelligent than the entire
human race.

The scary part about all this is the unknown. There is no way to be sure what ASI will do and what the consequences will be for us.
Anyone who pretends otherwise doesn’t understand what superintelligence is. Evolution has advanced biological intelligence gradually
over hundreds of millions of years, and in that sense, if humans create an ASI machine, we’ll be dramatically stomping on evolution,
potentially win the ultimate Darwin award. Or maybe this is part of evolution — maybe the way evolution works is that intelligence
rises until it hits a threshold where it’s capable of creating machine superintelligence, and that level is like a tripwire that triggers a
worldwide game-changing explosion, determining a new future for all living things.
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If our meager brains were able to invent nuclear energy, then something 100 or 1,000 or 1 billion times smarter than us should have no
problem controlling the positioning of each and every atom in the world, at any time. Everything we consider magic, every power we
imagine as God-like will be as mundane an activity for the ASI as flipping on a light switch is for us. Creating the technology to reverse
aging, curing any disease, crack immortality, reprogramming the weather to protect the future of life on Earth — all suddenly possible.
Equally possible is the immediate end of all life on Earth. As far as we’re concerned, if an ASI comes to being, there is now an omnipotent
God on Earth — the question is, what will God be like?

Assuming that AGI arrives in 2040, when will ASI arrive according to the experts? Bostrom and Müller’s survey asked and got a median
answer of 2060 as the year AGI will have invented ASI. In other words, according to experts, only about 40 years from now, humanity
will have invented a God-like intelligent machine that will outpace all of us. Nick Bostrom describes three ways a superintelligent AI
system could function as: an oracle, a genie or a sovereign.
An oracle, which answers nearly any question with incredible accuracy, including complex questions that humans cannot easily
answer. For example: “How can I manufacture a more efficient car engine?” Google is a primitive type of oracle, ASI will be what
Google can only dream about becoming.
A genie, which executes any high-level command. For example: “Use a molecular assembler to build a new and more efficient
kind of car engine”. Once done, the ASI will await its next command.
A sovereign, which is assigned a broad and open-ended pursuit and allowed to operate in the world freely, making its own
decisions about how best to proceed. For example: “Invent a faster, cheaper, and safer way than cars for humans to privately transport
themselves”.

There are many questions, fears, and opportunities stemming from the above three ways an ASI could pan out. Whichever it is, and
whenever we will reach ASI, the question remains how it will affect our society. Will the arriving ASI be a good or a bad thing for
humanity. Again experts disagree furiously. So the Müller and Bostrom’s survey asked participants to assign a probability to the possible
impacts AGI would have on humanity? They found that experts predict a 52% chance that the outcome will be either good or extremely
good and a 31% chance that the outcome will be either bad or extremely bad. Hence, for a relatively neutral outcome, the probability
was only 17%. In other words, the people who know the most about this are pretty sure this will be a huge deal. It’s also worth noting
that those numbers refer to the advent of AGI — if the question was about ASI, the neutral percentage would most likely be even lower.
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It is difficult to foresee how humans fit into a world of AGI and ASI. Where will taxi drivers work when cars become fully autonomous?
Where will pilots work when airplanes do the same? Or truck drivers? Where will personal assistants and receptionists work when we
all have a virtual assistant that knows more about us than we can even begin to remember ourselves? Where will customer service
representatives work when they are replaced by chatbots? Or factory workers when they are replaced by robots?
But it is not just blue collar jobs that will be replaced by sophisticated AI, we already see automation replacing white collar jobs
big time. Doctors are being assisted or entirely replaced by AI. Investment bankers and traders are being automated and replaced by AI.
We started asking ourselves, do we even want a human president any longer when an AI can do the job way better? Every single job
that is powered by biological intelligence today can be replaced by a sufficiently smart artificial intelligence.

AI is not to be taken lightly, on the contrary, it will probably define the future for generations to come. Developing an organisation to
sustain requires that we find solutions to this powerful new technology, which has the potential to create a utopia as well as wipe out
our entire species. Luckily, smart people are working very hard to find these solutions, and thankfully, our biological intelligence plays
a role in many them. Brace yourself for impact from hybrid intelligence, which will be the focus of the next chapter.
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Hybrids
Now that we have established that AI is going to continue to take on more and more challenging tasks, the greatest risk that we face as
a human species is that we work in silos, becoming a meaningless byproduct of the AI that we create: You can only read that many
books; You can only take that many classes; You can only watch that many documentaries. Why not tap into the vast amount of
knowledge everyone else has? In other words, biological intelligence depends on our ability to merge with artificial intelligence, not
siloing our limited biological intelligence from the intelligence explosion that AI is leapfrogging.

Many dystopian scenarios have been depicted if we let AI run amok, all of which are much more entertaining than we could ever hope
to write about in this book. The focus of this book is not to speculate how biological and artificial intelligence will compete for world
dominance in an epic PG-13 battle, but rather to depict the risks avoided and possibilities created by merging the two.

This is what the field of brain-machine interfaces (BMIs) are focused on. A BMI operates with either one or both of these two questions:
(1) How to get the right information out of the brain?
(2) How to send the right information into the brain?

Inputting and outputting information is what the brain’s neurons do and will continue to do for generations to come. All the BMI industry
wants is to get a piece of the action. There are many types of funny BMIs out there that you can find on the internet, where people trying
them out look completely ridiculous. But so did the people walking around with the first suitcase-size cell phones. More advanced BMIs
are starting to come out, which are made much smaller, much more integrated, and much more useful than the BMIs we have seen
before.

In 1969, a researcher named Eberhard Fetz connected a single neuron in a monkey’s brain to a dial in front of the monkey’s face. The
dial would move when the neuron was fired. When the monkey would think in a way that fired the neuron and the dial would move, the
monkey would get a banana-flavored pellet. Over time, the monkey started getting better at the game because he wanted more delicious
pellets. The monkey had learned to make the neuron fire and inadvertently became the subject of the first brain-machine interface.
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The progress was slow after Fetz’ experiment, but by the mid-90s, things had started to move again, quietly accelerating ever since.
Currently, our understanding of the brain and the electrode hardware we’ve built are pretty primitive, so the progress made have typically
focused on building straightforward interfaces to be used within the areas of the brain we understand the best, like the motor cortex and
the visual cortex. Despite these challenges there is great hope. If the BMI industry evolves anywhere close to how other computer
industries have evolved, BMIs will start being of practical use sooner than most would think. Remember the room-sized computer built
back in 1950 called the Pilot ACE. Truly cutting edge in its time, but hopelessly primitive today. The computing power in your pocket
is millions of times more powerful than the computers that put a man on the moon.79 Now imagine what a BMI will look like 50 years
from now, and what kind of AI can run on it!

The exponential growth in computing power is reassuring, but it takes a lot of smart people and a lot of capital to get BMIs out of the
lab and into people’s heads. We are, after all, talking about merging a machine with the most sensitive and most complex organ known
to our existence. When explaining BMI’s potential, it is important to note that it is not a prerequisite to understand the brain in order to
connect to it. If that was the case, then we’d be in trouble. On the contrary, it is in fact possible to decode everything happening in the
brain without truly understanding the dynamics of the computation in the brain. Being able to decode brain activity is an engineering
problem, and in today’s day and age, engineering is getting quite advanced!

This all sounds like Sci-Fi, so it’s helpful to first appreciate where we are now, and then dive into how fast this field can progress in the
near future.

There have never been more than a couple hundred electrodes in a human brain, measuring about 500 neurons at once. When it comes
to vision, it corresponds to a super low-res image. When it comes to motor, it limits the possibilities to simple commands like lifting a
finger but with little control. When it comes to your thoughts, a few hundred electrodes won’t be enough to communicate more than
simple spelled out messages such as “Hi”. We need higher bandwidth if this is gonna become a big thing. Like, way higher bandwidth.
And higher bandwidth is exactly what BMI organisations are focusing on. Companies like Neuralink and Kernel are at the forefront of
increasing BMI bandwidth. The question remains, what number of neurons is “enough bandwidth”? Neuralink’s team threw out a
number saying “one million simultaneously recorded neurons” to build a BMI that will complement our senses fully without lag. Or in
human speak, according to the experts knowing the most about this, one million is the number that would make artificial and biological
impulses in your brain indistinguishable.
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Early computers had a similar problem. Primitive transistors took up a lot of space and didn’t scale easily. Then, in 1959, came the
integrated circuit — the computer chip. Now there was a way to scale the number of transistors in a computer, and Moore’s Law was
born.
Until the 90s, electrodes for BMIs were all handmade. Then we started figuring out how to manufacture those little 100 electrode
arrays in multielectrode arrays using conventional semiconductor technologies. Neuralink co-founder Ben Rapoport believes this move
from hand manufacturing to mass production was the first hint that BMIs were entering a phase where Moore’s Law could become
relevant. Depending on the kind of growth — linear or exponential — 500 neurons measured at once is either super far from a million
or really close. If the maximum number of neurons possible to connect to electrodes grows linearly — meaning we add 500 more every
18 months — then we’ll get to a million in year 5017. If growing exponentially like computer transistors — doubling our total every 18
months — we’ll get to a million in the year 2034!

Currently, we seem to be somewhere in between. Ian Stevenson and Konrad Kording looked at the maximum number of neurons that
could be simultaneously recorded at various points throughout the last 50 years in their paper How advances in neural recording affect
data analysis80. The chart plotting the past 50 years showed exponential tendencies, but not a clear trend.

Regardless of how fast BMI bandwidth will grow, the budding industry of brain-machine interfaces is the seed of a revolution that could
change just about everything. But in many ways, the future powered by a brain-machine interface isn’t really a new thing. If you take a
step back, it looks more like the next big chapter in a trend that’s been going on for a long time. Language took forever to turn into
writing, which then took forever to turn into printing, and that’s where things were when Voltaire was also writing about injustice. Then
came electricity and the pace picked up. Telephone. Radio. Television. Computers. Internet. And just like that, everyone’s homes became
spellbinding. Then phones became cordless. Then mobile. Computers went from being devices for work to windows into a digital world
that fit into our pockets. Then phones and computers merged into an everything device, bringing the magic out of our homes right into
our palms. And on our wrists. And in our glasses. We’re now in the early stages of a virtual and augmented reality revolution that will
wrap the magic around our eyes and ears, all steps where computers move closer and closer to our brains.

It is not far-fetched to think that the same rapid development will happen to BMIs. It will happen by way of a whole-brain interface —
a brain interface so complete, so smooth, so biocompatible, and so high-bandwidth that it feels as much a part of you as your cortex and
limbic system feels today. A whole-brain interface would give your brain the ability to communicate wirelessly with the cloud, with
computers, and with the brains around you. This flow of information between your brain and the outside world would be so effortless,

104│ Tsunami 3: Cognition
it would feel similar to what goes on in your head tripping balls as you read this sentence. To break it down — without a whole-brain
interface — here are three processes of how my brain would communicate with your brain:

(1) My brain ⇒ My voice ⇒ Air ⇒ Your ear ⇒ Your brain
(2) My brain ⇒ My voice ⇒ Air ⇒ My phone ⇒ Telecommunications network ⇒ Your phone ⇒ Air ⇒ Your ear ⇒ Your brain
(3) My brain ⇒ My thumbs ⇒ My phone ⇒ Telecommunications network ⇒ Your phone ⇒ Air ⇒ Your eyes ⇒ Your brain

With a whole-brain interface, this would be shortened down to one straightforward process:

My brain ⇒ Your brain

A whole-brain interface takes out middlemen that lack nuances, making us all victims of approximations. When we say or write a word,
it is simply an approximation of a thought in your brain — containers that a whole category of similar-but-distinct thoughts can all be
shoved into. If you watch a horror movie and want to describe it in words, you’re stuck with a few simple low-res containers — “scary”
or “creepy” or “chilling” or “intense”. However, your actual impression of the horror movie is very specific and not exactly like any
other movie you’ve seen, but the unrefined tools of language force your brain to “round to the nearest container”, choosing the word
that most closely resembles your actual impression, and that’s the information others receive from you. Using language, you won’t be
sending the thought — you’ll send the container — and now the receivers have to guess which of the many nuanced impressions that
approximate best to that container as the most similar to your actual impression of the movie. Then others will decompress your
description — “scary as shit” — into a high-res, nuanced thought that you associate with “scary as shit”, which will inevitably be based
on their own experience watching other horror movies. The end result is misinterpretation, confusion and errors, which is exactly what
you’d expect when you try to transfer a high-res file over a low-bandwidth medium — quickly — using low-res tools.

It seems like science fiction when you first read about how you can communicate thoughts instead of words. The idea of a whole-brain
interface was ironically also a concept loosely based on the science fiction idea of a “neural lace”, described in Iain Banks’ Culture
series — a massless, volumeless, interface that can be “teleported” into the brain. In 2015, researchers published a paper on syringe-
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injectable electronics81, which supports Neuralink co-founder Elon Musk’s vision to let a folded mesh of electronics connect your brain
to the internet, without the need for complicated surgery that cracks your skull open. Basically, a neural lace is an ultra thin mesh that
can travel through the jugular or through an ultra thin needle sending an even thinner mesh underneath the skull, and form a body of
electrodes around the entire brain to monitor the electronic signals and function of the brain. This electronic mesh will be able to
communicate via the internet to send and receive new information. If this becomes possible — and safe — nobody needs surgery to get
a whole-machine interface, and Iain Banks’ science fiction becomes a reality.

One important thing to keep in mind is that none of this will take you by surprise. You won’t go from having nothing in your brain to
suddenly waking up with an electronic mesh in your head. Just like people didn’t go from the Apple IIGS to using Tinder overnight.
Whole-brain interfaces will come gradually, and by the time the shift begins to happen with BMIs going mainstream, we’ll all be very
used to the technology, and it’ll seem normal. Actually, this process has already started, and you probably didn’t even notice it. There
are thousands of people currently walking around with electrodes in their brain. People with cochlear implants, retinal implants, and
deep brain implants are all benefiting from early BMIs. Kernel and Neuralink are pushing the current barriers to modern day BMI
technology. The latter has already showcased their first product — the N1 sensor — which is designed to be embedded inside a human
body and transmit data wirelessly. Neuralink intends to implant four of these sensors: three in motor areas and one in a somatosensory
area. It will connect wirelessly to an external device mounted behind the ear, which will contain the only battery, and it will be controlled
through an app.
The first targets will be paralysed people, which can control a computer when an N1 is implanted in their brain. For those of you
nerds following the BMI industry closely, this is a natural progression after years of development within computer hardware in the
medical industry. The first paralyzed person to receive a brain implant that allowed him to control a computer cursor was Matthew
Nagle. The implant was developed at Brown University and dubbed BrainGate. In 2006, Nagle, who had a spinal cord injury, played
the computer game Pong using only his mind, and the basic movement required took him only four days to master.82 Since then,
paralyzed people with brain implants have also brought objects into focus83 and moved robotic arms84 in labs, as part of scientific
research. Now, Neuralink is aiming to help paralyzed people, and from there people diagnosed with Parkinson’s disease, dystonia, OCD,
epilepsy, even depression, chronic pain, and tinnitus.

While BMIs will continue to be used in the medical industry to help people with disabilities and diseases, we will also start seeing BMIs
in people without disabilities. The early adopters will possibly be very rich. But so were the early cell phone adopters. And remember,
people with the first whole-brain interfaces will still just communicate over the internet with other people, who either have a BMI or
use a normal smartphone, laptop or equivalent in the future.
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Enough foreplay on the pace at which BMIs will be rolling out. It’s time to dive into the awesome potential BMIs hold to fuel
organisations that let software feed the masses. There are two main categories where whole-brain interfaces will power superhuman
behavior: Communication and Internal Control.

Communication
Motor communication
Like many future applications of brain interface possibilities, motor communication will begin with restoration for the disabled, and as
those applications continue to advance, the technology will start to create augmentation applications for the non-disabled as well.
Your car — or whatever people use for transportation in the future — will pull up to your house, and your mind will open the
car door. You’ll walk up to the house, and your mind will unlock and open the front door, since all doors at that point will be built with
sensors to receive motor cortex commands. You’ll think about wanting coffee, and the coffee maker will get that going for you. As you
walk towards the fridge, the door will open and after getting what you need it’ll close itself as you walk away. When it’s time for bed,
you’ll decide you want the heat turned down and the lights turned off, and those devices will know you made that decision and adjust
accordingly. Basically, as the Internet of Things is getting in place, and our brains start getting wired up, you will be able to extend your
physical capabilities simply by thinking about it.

Thought communication
Besides using our motor cortex to advance our communication skills to the point where our brains become remote controls for the
Internet of Things, we will start to engage in thought communication. Thought communication is nothing like the verbal communication
we use today. It will be much more nuanced and accurate. Elon Musk hit the nail on its head describing the fallacy of verbal
communication:
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“If I were to communicate a concept to you, you would essentially engage in consensual telepathy. You wouldn’t need to verbalize
unless you want to add a little flair to the conversation or something (laughs), but the conversation would be conceptual interaction
on a level that’s difficult to conceive of right now.”

That’s the thing — it’s difficult to really understand what it would be like to think with someone. We’ve never been able to try. We
communicate with ourselves through thought and with everyone else through symbolic representations of thought like verbal sounds
and written symbols, and that’s all we can imagine. Even weirder is the concept of a group thinking together, which of course wouldn’t
need to be in the same room. This group could be in four different countries while they were thinking together. That type of
communication would have a huge impact on the pace of innovation, as scientists, engineers, managers, marketers and everything in
between could seamlessly think together. And it’s just as likely to have a transformative effect on the public sphere in the same way that
email, text messages, and Twitter have successfully changed public discourse.

A common concern that most people have when they learn about whole-brain interfaces is: “So, um, will everyone be able to know what
I’m thinking?” They won’t. You would have to will it. If you don’t will it, it doesn’t happen. Just like if you don’t will your mouth to
talk, it doesn’t talk. Or if you don’t want to be social media friends with John anno 1800, you decline.

You can also think with your connected whole-brain interface. Not just to issue a command, but to actually brainstorm something with
a BMI connecting to an AI. You and the AI could strategize something together. You could compose a piece of music together. An
imagination assistant of sorts. You could imagine something, and the AI could forward predict or analyze physical models filling in
constraints — and that allows you to get feedback, modifying what you originally imagined.

One concern that comes up when people hear about thought communication is a potential loss of individuality. Would this make us one
great hive mind with each individual brain as just another bee? Almost across the board, experts believe it would be the exact opposite.
We could connect as one unit when it serves us and disconnect when it doesn’t. Technology has thus far enhanced human individuality.
Think of how much easier it is for people today to express their individuality and customize their lives compared to 50, 100 or 500 years
ago. There’s no reason to believe that this trend won’t continue as BMIs start to hit the streets.
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Multimedia communication
This is similar to thought communication, but with a twist. Imagine how much easier it would be to describe a dream you had, or a piece
of music stuck in your head, or a memory you’re thinking about. If you could just beam that thing into someone’s head, like showing
them on a computer screen; so much time and effort could be salvaged for other epic things.

How much faster could a team of engineers, architects or designers plan out a new bridge, building or dress if they could beam the vision
in their head onto a screen, so that others could adjust it with their minds — versus sketching things out, which not only takes far longer
but probably is inevitably lossy? How many symphonies could Mozart have written if he had been able to think the music in his head
onto the page? How many Mozarts are out there right now who never learned how to play an instrument well enough to realize their
hidden talent for composing music? Multimedia communication could lead to an innovation and content explosion.

Emotional communication
Emotions are a quintessential example of the concept that words are poorly equipped to accurately describe. If ten people say, “I’m sad,”
it actually means ten different things. With BMIs, we’ll probably learn pretty quickly that the specific emotions people feel are as unique
to people as their appearance or sense of humor.

Emotional communication could work so that when one person communicates just what they’re feeling, the other person would be able
to access the feeling in their own emotional centers. This would have obvious implications in a world where empathy sometimes come
in short supply. But emotional communication could also be used for things like entertainment, where a movie, say, could also blast out
to the audience — directly into their limbic systems — certain feelings it wants the audience to feel as they watch. This is what film
rating sites like IMDB and Rotten Tomatoes try to encapsulate in a single number — another hack — but with a whole-brain interface
it could be done directly with no approximation and therefore way more accurately.
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Sensory communication
Right now, the only two microphones that can act as inputs for the “speaker” in your head — your auditory cortex — are your two ears.
The only two cameras that can be hooked up to the projector in your head — your visual cortex — are your two eyes. The only sensory
surface that you can feel is your skin. The only thing that lets you experience taste is your tongue. But with a whole-brain interface, your
sensory input is about to get an upgrade.

In the same way that we currently hook an implant into someone’s cochlea — which connects a different mic to their auditory cortex
— down the road we’ll be able to let sensory input stream into your BMI wirelessly, from anywhere, right into your sensory cortices
the same way your bodily sensory organs do today. In the future, sensory organs will be just one set of inputs to your senses — and
compared to what our senses will have access to, not a particularly exciting one.

Now what about output? Currently, the only speaker your ear inputs can play out of is your auditory cortex. Only you can see what your
eye cameras capture, and only you can feel what touches your skin — because only you have access to the cortex those inputs are wired
to. With a whole-brain interface, it would be a breeze for your brain to beam those input signals out of your head and into someone
else’s. So you’ll have sensory input capabilities and sensory output capabilities — or both at the same time. This will open up all kinds
of dope possibilities.

There would be no more need for screens of course, you could just make a virtual screen appear in your visual cortex. Or jump into a
VR movie with all your senses. Speaking of VR, Facebook — the owner of the Oculus — is diving into this too. In an interview with
Mark Zuckerberg about VR, the conversation at one point turned to BMIs. Zuckerberg answered that touch gives input, and it’s a little
bit of haptic feedback. He continues that over the long term, it’s not clear that humans won’t just like to have their hands in no controller,
and maybe, instead of having buttons to press, we would just think something.85

The ability to record sensory input means you can also record and share your memories — since a memory in the first place is just a
not-so-accurate playback of previous sensory input. Or you could play them back as live experiences. Beyond memories, live stream
would go to the next level. An NBA player could send out a livestream invitation to fans before a game, which would let them see and
hear through the player’s eyes and ears while playing an important game. Those who miss it could jump into the recording later. You
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could save a great sex experience in the cloud to enjoy again later — or, if you’re not private about this, you could send it over to a
friend to experience. Needless to say, the porn industry will thrive in a BMI-world.

Right now, you can go on YouTube and watch almost anything, for free. This already gave John a heart attack when he first saw it —
but with whole-brain interfaces, you’ll be able to experience pretty much anything, for free. The days when out-of-this-world experiences
were limited to the rich and fortunate will be long gone. Anyone with an internet connection and a BMI could tap into all kinds of
experiences that others have uploaded to the cloud, for free, just like people upload videos on YouTube today.

With the marvels of BMI communication, we shift our attention to internal control, which will take us to unimaginable places.

Internal Control
Remember when Donald Duck is faced with a difficult choice, only for the devil and angel versions of himself to appear on each
shoulder, arguing for doing one thing over another? There is a reason this picture resonates with so many of us. Often, the battle in our
heads comes down to our prefrontal cortex and limbic system trying to do what’s best for us — it’s just that our limbic system is often
wrong because it thinks we live with a tribe in a cave thousands of years ago.

Your limbic system isn’t getting you to eat your fifth chocolate chip cookie in a row because it’s a moron — it’s making you eat it
because it thinks that 1) anything that sweet must be super rich in calories; and 2) you might not find food again for the next week; so
it’s a good idea to load up on a high-calorie food whenever possible. Meanwhile, your prefrontal cortex is just watching in horror
screaming “WHAT THE F*** ARE YOU DOING!!”.

A whole-brain interface can stimulate any part of your brain in any way — it has to have this capability for the input half of all the
examples of motor and thought communication mentioned in the previous chapter. That capability also gives you a whole new level of
control over your brain, providing a much needed impartial parent to the constant battle between your prefrontal cortex and your limbic
system.
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Consider eating a chocolate chip cookie. While eating, our mouth feeds data to our cognitive apparatus. This data carries the enjoyment
of the cookie. The enjoyment isn’t in the cookie as such, but in our neural experience of it. Decoupling our sensory desire — the
experience of eating a cookie — from the underlying survival purpose of nutrition will soon be within our reach.

This process of “sensory decoupling” would make so much sense. You could get the enjoyment of eating like there is no tomorrow,
without actually putting crap in your mouth. Physical diets freed from the tyranny of cravings. The same process could apply to things
like drugs, alcohol, and other pleasures that get people into trouble, healthwise or otherwise.

A whole-brain interface could also help us become more disciplined when it comes to things like sleep, work, eating and even syncing
sex lust with your partner. We know that stimulating the right centers in the brain can induce sleep or alertness, hunger or satiation, ease
or stimulation, as quick as the flip of a switch. Or, with a BMI, on a schedule. Brain: Put me to sleep until 6:30, critical interruptions
only. And let’s get hungry for lunch around noon. Oh, and turn down the coffee cravings, will ya….

Commands like these will make internal control possible, unleashing our cravings at little to no negative side effects, but internal control
can go so much further than that.

Control health
A great deal of scientific evidence suggests that moods and disorders are tied to what the chemicals in your brain are doing. Right now,
we take drugs to alter those chemicals, but direct neural stimulation is a far better option. Today’s pharmaceuticals are inefficient and
sometimes hazardous, entering the body and then spread out randomly, hitting whatever receptor they come across. Sometimes the drug
hitting a receptor helps prevent moods and disorders, sometimes not so much. The same can be said about other illnesses, where drugs
are prescribed. BMIs on the other hand can stimulate just one area at a time, can be tuned in real-time, and can carry information about
what’s happening. Depression, anxiety, OCD, and other mental illnesses may be easy to eradicate once we can take better control of
what goes on in our brains.
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Beyond mental health, currently your immune system communicates with your brain about your body’s illnesses. In a world where
computer transistors are becoming just a few nanometers, it won’t take us long to develop tiny nanobots that will be floating around in
your bloodstream, fixing issues and feeding information about your health back to your BMI. The concept of nanobots was born by
Richard Feynman, the man behind the theory of quantum computers and scientist on the Manhattan Project. Nanobots have already
proven useful by cleaning the blood of bacteria and toxins.86 Researchers have even managed to target and kill specific types of cancer
cells using nanobots.87 Imagine when a BMI coordinates with these nanobots floating around in your body to prevent disease or other
illnesses to spread.

Control senses
Want to hear what your cat hears? That’s easy. The pitch range we can hear is limited by our cochlea — but pitches out of the ear’s
range can be sent straight into our auditory nerve, leaving your brain with the same audio experience as your cat.

Or maybe you want a new sense. Say you love whale watching and want to be able to sense when there’s a whale in nearby waters. So
you buy a pack of echolocators that can detect whale locations by their sound waves. Then you connect the sound waves to the cloud,
which stimulate your brain’s neurons in a certain way to alert you to the presence of a whale and its location. It’s hard to describe what
you’d experience when you receive an alert, so let's just call it “feel” or “sense”, because we can only imagine the five senses we have.
In the future though, there will probably be more words for new and useful types of senses.

You could also limit parts or shut off entire senses, like pain for example. Pain is the body’s way of telling you that you need to address
something, but in the future, we’ll be able to choose how to receive that information, or in much less unpleasant forms. Your pain
pathways could be rerouted to go through the cloud — say to your medical AI — which would either tell your BMI to make the repairs
itself by stimulating the right patterns of neurons to command some kind of repair within your body, or order the necessary medicine to
be delivered to you with instructions. If you injured something like your knee, and it was important for you to keep your weight off of
it, your BMI could remind you of that in a lot of ways — a sound alert, another type of feeling sensation, etc. — none of which would
hurt as much as it would without a BMI.
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Control knowledge
With a whole-brain interface connected to the internet, your brain would have access to all the knowledge in the world, at all times.
There are many discussions about how accessing knowledge in the cloud might work. In general, four ways of accessing and using
information are being discussed, each requiring more bandwidth than the previous. Imagine that you want to know a fact:

Show information instantly. You call on the BMI connected to the cloud — like Googling something with your brain — and the
answer presents itself in a text, image or video format within your peripheral vision. Basically what you do now, except it all happens
in your head instead of on a screen.
Download information instantly. Your brain is unsure, so it calls on the BMI to download the exact answer, and then a
millisecond later you just know it. No reading required, it was more like the way you would recall something from your memory.
Synchronize information instantly. You just know the fact you want to know the second you want it. You don’t even know if it
came from the cloud or if it was stored in your brain. You essentially treat the whole internet as your brain. You don’t know all the info
— your brain could never fit it all — but any time you want to know something, it synchronizes the information into your consciousness
so seamlessly and quickly, it’s as if it was there all along.
Interpret information instantly. Beyond just knowing facts, you can deeply understand anything you want to, in a complex way.
You can download this book from the cloud into your memory and then suddenly have it be the same as if you had read it. You could
cite passages from the book, have thoughts and opinions about it, and you could have discussions about the themes covered. This would
all be possible with a whole-brain interface coupled with an AI.

Concerns about BMIs
Needless to say, BMIs will require all sorts of new legislation and precautions to prevent immature and malicious behaviour. When the
whole-brain interfaces roll out, the asses of the world will do their best to ruin everything. And this time, the stakes are extra high. The
three most common concerns raised with whole-brain interfaces are trolls, hackers and crashes/bugs.
Trolls. The trolls of the world have had a great time ever since the internet came out. But with BMIs, they could find themselves
in troll paradise. Being more connected means a lot of good things — like empathy going up as a result of more exposure to all kinds of
people — but it also means a lot of bad things. It will be similar to when the internet went mainstream in the late 90s, but on steroids.
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Bad guys will have more opportunity to spread hate or build hateful coalitions. The internet has been a gift for malicious personalities
and groups, but a brain-connected world would be an even more helpful tool.
Hackers. The hackers of the world have cracked into systems proving detrimental to organisations and individuals. But in a BMI
world, they would have access to our thoughts, sensory input, and memories. Not good. There are multiple efforts going on already to
build bullet-proof security for systems with fatal consequences if comprised. These systems include self-driving cars and fully
autonomous nuclear power plants. Many of these solutions involve some kind of blockchain to keep out bad actors, which gives hope
that impenetrable systems will be in place by the time BMIs go mainstream.
Crashes/bugs. Normally a computer crashing or bugging is not the end of the world. You can try to restart your computer, or if
it’s being a real piece of garbage, you can just get a new one. You can’t get a new head. There will have to be a much higher number of
precautions taken here compared to “normal” computers.

These are all very real dangers, but remember, we’ve been here before. Breakthroughs in physics allow bad guys to make nuclear bombs.
Breakthroughs in biology allow bad guys to make bioweapons. The invention of cars and planes allow bad guys to crash into buildings
and people, killing over a million people a year. The internet distributes fake news, makes us vulnerable to cyberattacks, makes
recruitment for terrorist organisations easier, and gives predators of all sorts new ways to find victims.

And yet, would people choose to reverse these breakthroughs and go back to the days of riding horses instead of cars, boats instead of
planes, or get rid of the internet? Probably not.

New technology always comes with new dangers, and it always ends up harming people. But it also ends up helping a lot of people,
usually way more than it harms. Advancing technology almost always proves to be a net positive. With BMIs the stakes have never
been higher, so let’s make sure we get it right when we cross that bridge.

This chapter has shown how biological and artificial intelligence — when coming together — acts as the crown jewel for software to
feed the world. With hybrid intelligence, we can have our cake and eat it too, without ruining ourselves, our loved ones, and the planet
we rely on to exist in the years to come.
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Conclusion
Sometime during the 1960s, the Nobel laureate economist Milton Friedman was consulting with the government of a developing Asian
nation. Friedman was taken to a large-scale public project, where he was surprised to see large numbers of workers wielding shovels,
but very few bulldozers, tractors, or other heavy lifting equipment. When he asked about this, the government official in charge explained
that the project was intended as a "jobs program". Friedman's candid reply has become famous: "So then, why not give the workers
spoons instead of shovels?"

On March 22, 1964, around the same time as Friedman’s visit, the Ad Hoc Committee on The Triple Revolution sent a fourteen-page
memorandum to President Lyndon Johnson. The memorandum was co-signed by the sharpest minds — including prominent people like
chemist Linus Pauling (recipient of two Nobel Prizes), economist Gunnar Myrdal (a future Nobel Prize winner), and Gerard Piel
(publisher of Scientific American). In the memo, the committee warned the president of long-run threats to the nation, beginning with
the likelihood that computers would soon create mass unemployment:

“A new era of production has begun. Its principles of organization are as different from those of the industrial era as those of the
industrial era were different from the agricultural. The cybernation revolution has been brought about by the combination of the
computer and the automated self-regulating machine. This results in a system of almost unlimited productive capacity which requires
progressively less human labor. Cybernation is already reorganizing the economic and social system to meet its own needs.”88

In one respect the committee’s warning was prophetic. Computers have replaced humans in carrying out an ever widening range of tasks
— bookkeeping, managing warehouses, mortgage underwriting, brewing coffee, taking book orders, installing windshields on
automobile bodies — the list becomes longer every year. Beyond directly replacing humans, computers have become the infrastructure
of the global economy.

But the Ad Hoc Committee also made a major miscalculation. Like many computer scientists of that time, the committee predicted that
computers would soon replicate all the modes by which humans process information. The expectation was only partly fulfilled, and so
the committee’s warning was only partly right. Computers have not created mass unemployment, but they have created a major upheaval
in the nature of human work — and as this book argues — an upheaval that pushes humanity forward.
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With the title of this book, a question often raised is whether software is actually going to feed the world. Like, for real, we cannot eat
bits and bytes, so how can software feed us? Rest assured, software is becoming the main reason why you and your loved ones get food
on the table. Software will build your home — no spoons nor shovels required — and it will help you and your family get to and from
that home every day. Software will help us learn, connect and share. Software will help us create things that our ancestors wouldn’t
think possible, and if you are still not convinced how important software is to the world you live in, ask yourself this — if you could
choose a time to be alive, any time in this or any other parallel universe out there, when would you choose to live?

Assuming you aren’t biased by nostalgia, your answer would be today, and software-driven technology is the driving force behind.

Consider how John went about his everyday life. His mundane 1800 world pales in comparison to the lives we live today. We are
developing a world where everyone and everything can connect. It doesn’t mean that we have to connect, it just means that we have the
option to. We see an explosion in commerce powered by software that would make VOC marvel, finding new ways to trade ever more
complex goods, services and of recent, information. We have also started to build artificial intelligence that can enhance our own
biological intelligence, ultimately merging the two to give ourselves superpowers.

Accelerating technologies powered by software is the bedrock of these incredible advancements, leading to massive improvements in
our standard of living. With these superpowers comes obstacles, risks and predicaments. But despite these challenges, it is very unlikely
that we want to turn back the clock to John’s lame 1800 world. Instead, we should face these challenges head on and embrace the
opportunities created by technological breakthroughs, because on balance new technology has proven again and again to be a net
positive.

So while John is standing there watching in disbelief, mesmerized by the world that software has created, the future is going to be
equally shocking to us. Organisation’s ability to adapt is the greatest hope to continue to sustain. Darwin laid out a pretty comprehensive
roadmap as to how species evolve. Organisations are not much different. In this book we have established that humans and computers
are not just working together, they are merging with the technology that we have created, enabling us to reach beyond our biological
capabilities. Organisations who understand this best will be the organisations that are the most likely to sustain.
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To get there, organisations need to ask themselves: “Do we truly believe that the thing we are working on right now will sustain the next
2, 5 or 10 years?” If you don’t, stop working on that thing. Why waste 2, 5, or 10 years on something that you don’t really believe will
persist? Time is your most valuable resource, make it count, don’t spend it on something that you don’t believe will sustain. You need
to get on this bandwagon and start developing something that you believe will sustain. And if you do believe you are currently building
something that will sustain the software tsunamis mentioned in this book, then you have found something truly special, something that
an astonishing amount of people as well as organisations tragically never find. Double down on that thing, make sure you give it your
best because these tsunamis will provide immense opportunity for leaders, managers and entrepreneurs to feed the world.

So those of you who are working on something you truly believe will sustain, remember, acknowledging these software tsunamis will
be key to reach your goal. Every organisation is becoming a software organisation, and if these tsunamis are left ignored, then you will
soon find yourself on the Titanic with an iceberg in your face. Don’t repeat the same mistakes that took down former giants who did not
acknowledge the importance of software. Examples are many, spanning from the likes of Kodak to Blockbuster to Yahoo. In hindsight,
they become laughing stock because they neglected the obvious shifts happening in their industries. Don’t repeat their unsustainable
paths and instead listen to the clear signs. Software will continue to push the limits to what we think is possible, and to imagine just
how, let’s put ourselves in John’s shoes and jump back into the time machine. However, this time we travel 200 years into the future
and see just how crazy the world has become.

Software feeding the world meant that humans have freed up their time immensely, working on things that humans find meaning and
importance in — typically resulting in some version of building an even better world. 200 years of accelerating technological progress
is going to build on top of itself, as innovation always does. And when it does, it will be hard for us to recognize ourselves. We have
most likely merged almost completely with technology, and humans will have found ways to extend life beyond our biological existence.
We will store digital versions of ourselves trained on data that we generated throughout our lives. These digital versions may or may
not be downloaded into a physical container of a body that our grandkids could have fun with, or we could use as — quite literal —
personal assistants. Beyond human survival, biodiversity will have skyrocketed as organisations shifted from an unsustainable to a
sustainable way of life. The shift will be driven by the software tsunamis being in full swing, and 200 years of that will have corrected
a lot of wrong in the world, which could go down in a multitude of ways:

All our connected devices around us will communicate seamlessly with our brain similar to how our body does. The input and
output bandwidth between our brain and everything around us will expand greatly. This will let us feel, experience and do things that
were never possible before. Drivers, pilots and astronauts will be able to feel how the vehicle is doing. Scuba divers will be able to be
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one with their equipment. Farmers will be able to sense if something is wrong with their crop. Everything that we know of today where
we rely on guesswork and buttons will become sensory input and output like your limbs are.
All our commerce decisions will be based on a myriad of data points compared to today’s simple analysis, consisting of a few
clicks and search queries. In general we will live in abundance, where the cost of living is virtually zero. Very few things — if any —
will be restricted and even fewer will require you to pay, in a form of currency that has moved away from centralised controlled fiat
currencies to decentralised digital currencies not governed by a national entity. And of course, all purchasing decisions will be done
between your personal assistant and a bot. Attention has probably been disrupted and made more exclusive, since personal assistants
will do most of our mundane work. Finally, growing levels of inequality were taken seriously in time, so an opportunity is provided to
all layers of society instead of just a lucky few. This includes the possibility for anyone to embark on audacious projects — moonshot
ideas — that can dramatically improve the world.
All our cognitive decisions will be weighed with the AI in our heads that knows everything about us, our preferences, and our
individuality. The AI that mimics you will extend your presence, and you will be able to experience things that your biological self
couldn’t, with an AI streaming both input and output signals that no physical body has evolved to do, yet.

All these marvelous breakthroughs will be powered by software in a world that probably extends far beyond Earth. We have already
surpassed a key milestone developing self-landing rockets thanks to today’s computational power and state-of-the-art algorithms.
Establishing a Moon base or a Mars base becoming a multiplanetary species seems inevitable 200 years from now. This also means that
organisations have to sustain not only on Earth but on multiple planets.
Having multiple backups of human DNA sitting on multiple planets is a whole lot better than keeping the same DNA hard drive
on the same planet that wiped out dinosaurs in a blink of an eye. Since we are still unsure of how human DNA evolves when living on
a planet that is not Earth, we might evolve slightly different depending on which planet we spend the majority of our time on. When it
comes to organisations, some technology developed on Earth might not be applicable on Mars and vice versa. It is going to be fascinating
to follow humans and the organisations they build with software on this trajectory, becoming the first species known in the universe to
go multiplanetary.

While branching out to other planets seem inevitable at this point, it doesn’t mean that we will sustain on all these planets, let alone
Earth. Software will enable organisations to reach humanity’s ultimate goal of developing a sustainable future that no generation before
us has been able to achieve. That is, if we choose so. If you think developing a sustainable future is a very lofty — almost philosophical
— ambition, then take a step back.
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Thinking about developing a sustainable future is borderline equal to thinking about how humans have evolved as a species.
Collectively, we have always looked for new and better ways to sustain ourselves, our offspring, and the planet(s) that we rely on to
exist. The sustainability of ourselves and our offspring is doing pretty well; we’ve never been so many people on Earth. However, the
sustainability of our planet is in question with biodiversity dropping, as humans continue to inhabit more distant corners of the world.

This book has shown how software holds the key for organisations to sustain, but also for us as a species to develop a sustainable future.
We are on the path to pull it off; we hold the power to get there, but do we also have the willpower? Do we have the desire to develop a
sustainable world where, for the first time in human history, this generation leaves the planet better off — not worse off — than we
originally found it in? This is the question you as a reader need to ask yourself — are you building something to sustain, something that
improves the world? This is arguably the most important question everyone in this generation needs to answer for themselves, if we are
to develop a sustainable future, collectively.

Many challenges lie ahead of us, but thankfully we are on the trajectory, and human potential as a result has never been more exciting.
Now get out there and develop what you find most important to create a better tomorrow. You have been born in a unique time where
opportunity is available to those who seek it, especially those developing something to sustain. You have the power to do it, but the
question remains, do you also have the willpower?

“You can have passion, but you need compassion, with passion, if you want to change the world”
— Ban Ki-moon
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What’s Next?
Wow.

What a deep dive into the world of software it has been! This book has introduced you to 3 tsunamis — Connectivity, Commerce, and
Cognition — hitting the world, today.

With this book, you are now more equipped to navigate these tsunamis, spot the icebergs and steer your organization, perhaps even use
them to your advantage leading you to the land of opportunity!

However, things don't stop there.

Our world continues to evolve, and it is important to stay updated if you want your organisation to continue prospering. That is also
why we intend to extend this book with new tsunamis in the years to come.

To stay tuned, make sure to follow #softwareisfeedingtheworld.

Keep rocking.

The Wiredelta Team
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