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The Message

You deserve at least a tee-shirt summary before you commit to reading
a book by an author who may be new to you on the unusual subject of
how we’re building a global organism.

My aim is to help you develop a lively understanding of what's
happening to us all this century. The world is changing fast, and I think
most of us could use a new and improved concept of where we're
going. My way works fine for me. As an evangelist from the computer
world with a background in science and philosophy, I think my insight
is worth sharing.

Through our efforts to develop new technology and globalize its
industrial application, we humans are working together to create
something new on this planet. We're in the process of creating a global
organization so integrated that we become parts of a single living
organism. | call this organism Globorg.

I see Globorg as the natural culmination of biological evolution on
planet Earth. It will embrace humans as living parts. Its history
stretches back over three billion years. Globorg will wake up soon
after we've finished building its brain. We’re doing that now, with the
infrastructure of the global web and its server farms hosting cloud
services.

We shall achieve a unified consciousness with a global dominion.
We shall identify with Globorg. Or rather, that’s what we’ll do if we
know what’s good for us. We'll orchestrate our activities worldwide so
far that on a clear day we can see and act as one. Globorg will have
woken up. But we still have a long way to go. First, we need to win the
war between science and religion. I propose a logical foundation for a
new philosophy of life.

This book is a road map from here and now to Globorg. It’s a guide
for beginners. It offers not just information or even knowledge but
new ideas and a dash of wisdom. Enjoy.



The Book

This book can tell you something useful. I believe it's something we all
need to think about. But you won’t just get it in a minute. It takes time
to sink in. You need to play with it awhile and relate it to your own
experience. That's why I wrote it as a book.

But books are an old technology. This presents problems. In a world
of podcasts and five-minute videos, who has time to read them? In a
world of glamorous graphics on every website, who wants to feast
their eyes on monotone pages of text?

As a blogger and a surfer, [ sympathize. By any standards I'm a book
lover, but [ have to admit there are better ways to get information and
better ways to delight the sensorium. And here I am offering you a
book. Why didn’t I just blog it all?

A book is a milestone in history. It has a time and a place and it
makes a statement. It puts its message right inside your head, where
the author’s thoughts become your thoughts. It's a good medium for a
deep message that you need to think about. The meaning sinks in and
takes root. Or at least it does if the author has done his or her job right.
This takes some skill, but when it works you know it.

Videos, podcasts, and blogs are more ephemeral. Blogs are best for
short takes, where you can get the point in a minute and move on.
Podcasts suffer from their fixed timing. Boring stretches go by as
slowly as the good bits, where you want to pause and hear it again. As
for videos, who can avoid getting distracted by the haircut or the
horror-movie lighting? No, books work better for deep thought.

Deep or not, this book is hard to classify. Is it technology, current
affairs, philosophy, prophecy? If you've read my blog, you’ll recognize
some of the themes and topics.

The book is a manifesto for the next revolution in life on Earth.



The Author

Authors should be authoritative. So who am I to be telling you what
I'm about to tell you?

I'm not famous yet, so Googling me will probably steer you to my
blog, which is filled with technical details and trivia, so may be too
much at once. In a sentence, I'm a philosopher who decided not to
become an academic philosopher but to carve a path in science and
technology. My journey through physics teaching, academic book
publishing, and making business software reminds me in retrospect of
Charles Darwin’s voyage on HMS Beagle. It gave me a wealth of facts to
weave a worldview of some novelty.

A long time ago, I collected four degrees in philosophy, three from
Oxford and one from London, but I don’t imagine they’re tradable
currency now. [ was firmly in the Anglo-American analytic tradition,
which is based on a German mathematical approach and claims to
have inherited the genius of philosophy from classical times. But
mathematics and physics had impressed me more than philosophy, so
I went back to teaching them. I soon saw that mathematical logic had
spawned the whole digital information revolution of our time.

In Germany, first editing computer science books and then assisting
at the birth of new software, I reflected on philosophy, science,
religion, and the onward rush of globalization. On the way, [ wrote a
science-fiction novel and published a volume of essays on the science
of consciousness. At the end of 2009, aged 60, I resigned from my job
to write this book.

Actions speak louder. Read on.

Germany, 2010
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A revolution is not a dinner party.
Mao Zedong

A Muslim has no nationality except his belief.
Sayyid Qutb

I'm king of the world!
James Cameron
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Opportunities

In an evolutionary journey across the generations, every step from
parent to child must pay off. You can’t climb up Mount Fitness unless
every step you take is secure. This is a hard constraint on possible
histories of evolutionary ascent.

So when it comes to the utopian future, the hard part is getting from
here to there. How do we, now, with a small planet, diminishing
resources, economic problems, political confrontations, human
animals of breathtaking irrationality, and new hazards that seem more
horrific every year, move in the right direction? Do we even know
which direction is right?

Utopia is a hard sell. Any buyer needs a payoff now. I don’t want to
sell the global organism as a utopia, because it won’t be, but it must
work for someone or we’ll never get there. And again, it must work all
the way. So my first challenge is to show how opportunities around us,
here and now, will lead us in the proposed direction.

In the first quarter of this manifesto, in the next four chapters, I
introduce four big opportunities that people with money to invest can
exploit to make more money. Once we've all harvested the fruits of
those opportunities, we’ll move on to take more chances and make
more improvements until the global organism emerges whether we
like it or not. There’s a delicate balance of free choice and inevitability
about all this that I find fascinating.

At first sight, the opportunities are technical optimizations that
arise as we apply and refine new technology. The business challenges
are secondary. The business environment needn’t evolve much at first
to accommodate the new ideas. But exploiting the opportunities will
change the global business environment, and these changes are the
focus in the second quartet of my tract. The third quartet will then take
on a big new wave of transformations, and the final quartet will bring
it all together in Globorg.

First, we need to climb the foothills of the fitness landscape.
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Avatars

Twenty years ago I invented an electronic globe. I called it the Globall
Hyperatlas and decided not to patent it. For the record, I defined the
concept in a 1991 issue of a journal called The Visual Computer. Some
years later | remembered the article and mailed copies to Bill Gates
and Nathan Myhrvold at Microsoft. In 2008, Microsoft announced they
had developed an electronic globe they called the Sphere. [ posted a
photo of Microsoft developer Andy Wilson showing off a prototype on
my blog. But by then Google Earth had arrived and the whole idea of a
globe as user interface was gone.

I still think building an electronic globe is an interesting technical
challenge. You take a glass sphere with a hole in the base and cover it
inside with millions of pixels. You program it to display rotating
images of the Earth, generated either from stored files or from data
collected via live feeds from imaging satellites, and to show days and
nights, seasons, and weather and climate changes. You could also make
it show continental drift, population and resource data, and a lot more
besides. You could steer the imagery with a handheld device and have
a lot of fun.

But you'd soon want more. Zoom is already a problem, since the
curvature of the sphere sets the scale, so you'd need a second monitor
to show fine detail. But then you could forget the sphere and just zoom
in on a normal screen image, as in Google Earth.

What this little story illustrates, for me at least, is the headlong
nature of the slide or the rush to virtualization. The display device, be
it spherical or flat, is just a barrier between the virtual image and my
consciousness. | want it gone, transparent, and that means I don’t care
whether it’'s round or flat. If it limits my experience in any way, for
example by setting a scale with its radius of curvature, it's already
suboptimal. I just want to shoot the desired bit-stream to visual cortex.
In practice, this means that maximally generic hardware, like flat
screens, supplemented by maximally functional software, for doing
scaling and rendering and so on, is the way to go. Virtualize as much as
possible and reduce shipping costs.
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But the rush to virtualization takes us a lot further than this. Why
ship a big screen when you can get by with a pair of eyeglasses fitted
with a HUD projector? Head-up displays in aircraft are a mature
technology and they can be miniaturized via nanotech as well as any
other devices. At present they’'ve just become small enough for use in
cars, but soon they’ll shrink to eyeglass size and we’ll all go around
with smart shades that project 3D images of anything we like into our
field of view.

More yet, why not cut the eyeball out of the loop and just shoot the
bits straight to the visual cortex at the back of the brain via neural
implants made of carbon nanotubes? The technology for this step is
still schematic, and because the retina already performs some pre-
processing of incoming images it may not be easy, but there’s some-
thing there. The whole point of the process chain, from the input
imagery coded in bits to the electrochemical buzz at the back of the
brain, is to go from end to end as smoothly and directly as possible, in
order to enjoy a minimally fudged experience of whatever it is that the
imagery represents.

This is still not the end of the virtualization story, because there’s
still a real you getting shot with all this stuff and deciding what to do
with it. This is of course suboptimal. Who wants to be forced to make
decisions in real time, again and again, endlessly, for excessively trivial
streams of input that your own personal online virtual agent - your
avatar - should be able to handle for you? To add some metaphysical
woo0-woo here, we can call your avatar your virtual self. It, or he, or
she, still acts in your name and keeps you in the loop just as long as
you want to be in it. But you can delegate the boring stuff. Or rather
your avatar can delegate the boring stuff, to a series of further virtual
agents that can be summoned like genies from a bottle by just starting
the relevant threads in the underlying software.

Your avatar is your virtual self

Like me, you may find this move toward virtualization hard to get a
grip on. As an innocent consumer of new technology, you just wanted
to interact with an app, say, to check the weather in Kansas, make a
hotel reservation in Athens, or have fun observing nature on a tropical
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beach, whatever, and here we are talking about avatars. So let’s be a
little more cautious as we set up this future vision.

People go online to do things, not just to admire the imagery. When
things get done, there’s a doer and a there’s a thing done. We're all
used to the idea that the thing done can be represented in software, or
virtualized in some fashion, so as to make your task easier. Instead of
scratching inky squiggles on paper, you let your fingertips dance over
the keyboard and see little images of letters dancing to your tune on
the screen. When you’ve completed your virtual document, you click
on the printer icon and get a piece of paper bearing tidy testament to
your thoughts. If, like me, your trade is words, you soon learn to cut
the paper, save the trees, and keep your thoughts in bits for as long as
possible. You do much the same - you still write words - but they’'ve
been virtualized. Soon we’ll all get hooked on the descendants of
Amazon Kindle readers and Apple iPads, and paper-based books and
magazines will go the way of horse-drawn carriages. As reading and
writing get more virtualized, we step closer to virtualizing ourselves.

Returning to avatars, the point is that you, the flesh-and-blood
creature with wishes that may be fulfilled online, have an online
presence. Your presence can be tricked out any way you like, as a Na'vi
perhaps, as in James Cameron’s wonderful movie, and you can inhabit
this avatar with as much conviction, with as much feeling and relish, as
you like. Others can experience your avatar as you. The avatar
becomes a proxy for the real you. In just the same way, for example, |
can experience the e-book rendering of War and Peace as Leo Tolstoy’s
immortal masterpiece, and interact with the proxy well enough, by
reading it, to feel I've enjoyed the masterpiece itself. Similarly, with a
Globall, I can experience the moving image of the Earth as my home
planet in all its physical beauty, though here the proxy allows less in
the way of interaction with the original. But in all such cases, the image
stands in for the real thing. This is how avatars represent us.

As a philosopher who enjoys going to metaphysical extremes, |
want to push the idea further. We live in our interaction with each
other, and that interaction is still mostly in the flesh. But as online
living takes up more of our identity, especially as it relates to the
worlds of business and government, so the avatars we construct online
encompass more of what makes each of us special. My online presence
is defined by a lot of facts that are coded as bits. Anyone wishing to
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steal my online identity would only need to copy a sufficiently
descriptive subset of those bits to reconstruct a plausible avatar of me
that could do bad things on my behalf. So we know the bits go a long
way toward defining us. Now the philosopher in me says that our
innermost identity as people is largely made up from layers of such
imagery inside our heads, as our own proxies for ourselves, so in the
end we construct our own avatars.

This topic is well aired by an eminent philosopher called Daniel C.
Dennett. Since Dennett will reappear in our story, let’s take the time to
introduce him. With his domed baldpate and long silver beard, he’ll
surely be the model for a superbly iconic avatar one day, but once he
was a young man. After studying in the Sixties under the logician
Willard Van Orman Quine at Harvard and under Gilbert Ryle at Oxford,
Dennett came up with some unsettling brain-in-a-vat thought expe-
riments that got philosophers and cognitive scientists alike thinking
more carefully about how our mental lives play out in our brains and
bodies. Based at Tufts University near Boston, he’s now one of the
world’s greatest philosophers, as well as a working farm owner and an
accomplished sailor. Not only that, he’s as friendly and approachable
as your ideal Santa Claus.

Dennett related his brain ideas to selves in his big 1991 book
Consciousness Explained. In short, he says the self is like a fictional
character that we create for ourselves by telling and retelling the tale
of our own lives to ourselves. This tale goes through multiple drafts as
we spin out the story in our cerebral word processors, in what he calls
the Joycean virtual machine that runs in our brains. The reference is to
James Joyce, who in his amazing novel Ulysses introduced Molly Bloom
through a stream of consciousness represented as an unbroken string
of words flowing through the virtual machine software running in her
brain. Virtual machines were unknown when Joyce wrote his epic,
which he published in 1922, but the idea that we define ourselves with
our words is as old as the poetic arts. My new step is to generalize
from words to anything that can be coded as bits and say we define
ourselves as avatars.

As in the movie Avatar, the question of which is the primary reality
can be important. We're used to the idea that our physical body, the
one that eats and sleeps and has sex, is the real and primary one. All
the rest is made of bits that evaporate when you turn off the power.
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But many physicists are happy to describe the universe as a colossal
quantum field defined by a few septillion googols of bits, which form
our world like a vast simulation, much bigger than in the Wachowski
brothers’ movie The Matrix. So our physical reality as human apes is
like an avatar reality. To use a handy religious metaphor, we're all
avatars in a game played by God.

The past is fixed but the future is not

All this technomania can easily diverge too far, so let’s tighten up the
story. The virtualization of more and more of the interactions that are
important to us in our daily lives is an ongoing process with no end in
sight. The Globall saga was just an example. Not only the things we do
but also the things we are as we do these things admit virtualization.
Behind the pixelated faces of our avatars, we shall go online to do our
business, at work and play, and this code-bitten life will take up more
and more of our time and energy. So much is fact and easy extra-
polation. The big question I want to explore in this book is this: Where
are we going?

As our future unfolds, new opportunities emerge and we make new
choices. Soon the iteration of steps gets too complicated to track and
we have to fall back on possibilities and contingencies that confuse
everyone. But [ want to keep it simple. If things get too complicated, I
shall just back up and stay with the big picture, where the view is
clearer. There is still a tale to tell, as we shall see, and a clear enough
message to keep us busy for years working out what to do before the
deeper future I glimpse begins to crystallize around us.

My metaphysical picture here is that the past is fixed but the future
is not. As we move on in time, ranges of possible futures in a still-fluid
state are crystallized or compacted down, in part by our deliberate
actions, to form new strata in the layered bedrock of the past. How
much of what goes down we can decide freely, in our attempts to
choose or at least fine-tune our fate, and how much happens willy-
nilly, independently of our conscious will, is a question for meta-
physicians to debate among themselves. Many philosophers, Dan
Dennett among them, have written good books on the topic, so I don’t
need to get side-tracked discussing it here, fascinating as it is.



Avatars 17

To be more concrete, I shall restrict my attention mainly to what
seems likely to occur this century, up to the year 2100 CE, give or take
a decade or two. And I shall look mostly at practical issues impacting
directly on humans, such as business and economics, technology and
applied science, demographics and the politics of identity, and climate
change and the environment. That looks like a big enough agenda for
one time-pressed author, even if it is only a small step in the ongoing
public debate about all this. In fact it looks like such a big agenda that
you may be worried. Is it not too much for a mere philosopher,
however ambitious he is? Here I aim to reassure you, if you have the
faith to read on.

Agent + Angel = Avatar

So let’s get started. The concept of avatars strikes me as a good one to
launch the proceedings. As we organize our societies increasingly
around online services, citizens who wish to keep on good terms with
the burocrats and take due advantage of business opportunities will
need to organize their own online presence. Reading and writing
emails and wheeling and dealing via online forms on the web will soon
take more time than it's worth. Just as maintaining a homepage,
posting photos and videos, socializing on chat sites, and tweeting can
easily swallow up what remained of a nerd’s social life, so running a
business life online can all too easily drown out the vital tasks of
making the rounds and pressing the flesh. We need help.

As humans, we have a physical life and a virtual life. We cut down
on the physics as the online life takes over. Speaking for myself as a
typical victim of this lifestyle, I could use more and better software to
help out whenever I get fed up with online chores, and I'd like more
tools to represent me whenever someone wants to deal with me
online. We can unite the role of a software agent that performs
delegated tasks for me with the role of a screen angel that assists and
advises me and call the result an avatar.

My avatar represents me online and helps me manage my online
work. It's my shadow self, the bit-image of me. It's my humble servant
and my proud ambassador. Perhaps it's even a first prototype of my
informatic soul.



18 0000

Late in the last century, as an amusing exercise to mortify some
Mormon missionaries, I developed a theory of the soul as the bitmap of
a person. Imagine how the Star Trek teleporter for beaming Kirk and
Spock down to a planetary surface might work. The machine reads the
precise quantum state of their bodies as a discrete set of bits (or rather
qubits, but let’s not fuss), destroying the bodies in the process, and
then runs the bits through a sort of 3D printer to print clones of Kirk
and Spock at the other end. The bit-stream is the informatic soul. That
was my theory. In the cyberspace (the omega-dimensional unit hyper-
cube, to give it a mathematical dress, where lowercase omega stands
for a countable infinity) of all possible bit strings (qubit strings), our
souls are represented by a vanishingly sparse dust of points, each with
a finite but rather long address vector.

Given such a fantasy, an avatar in my new sense is analogous to an
informatic soul. Naturally, it's vast orders of magnitude simpler, since
in the current state of the art it’s hardly more complicated than the bit
string for a Facebook page, but the idea is pregnant with the deeper
potential of the Star Trek teleporter.

In the gaming world, my avatar is just the screen hero with whom I
identify and through whom I act. In the movie Avatar the hero’s avatar
is, logically enough, the Na'vi body he operates remotely via brain-
waves, rather like a radio-controlled lab rat with a wi-fi chip in its
brain. In both senses of the term, my avatar is my incarnation in
another world, and in both cases the real me is a bag of flesh that gets
temporarily ignored as “I” go out to infect my avatar with the gift of my
life. This is the sense I want to zoom in on, for the reason that I think
avatars thus conceived will be big in the coming decades.

Avatars will be big

Avatars will be big because we shall all need them. We shall soon be
struggling to keep a handle on our online presence, and our avatars
will serve as the lifesavers that represent us whenever we need the
help or want to take time out. The feature that distinguishes avatars
from agents, angels, ambassadors, bots, clones, and drudges generally
is that my avatar, when active and on duty, incarnates me.

One big thing here is the business opportunity. Imagine you're the
Bill Gates of your generation, looking for a new software challenge big
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enough to use you up, a killer app so bursting with must-have promise
that your initial capitalization can go to the billions. Robots are
interesting, but that's a hardware challenge. Genetic engineering is
interesting too, but that’s for lab freaks. No, it’s avatars. Like the first
Microsoft products, avatar software addresses a new need, in this case
to outfit and equip my online presence to appear and act in just the
way [ want and need.

So this seems to me to be a billion-dollar idea. It’s not really new, of
course, but the name is. The name hit me when I saw the movie.
Gamers have given the word a resonance that just happens to work for
the new app. For me at least, the concepts behind agents and angels
were promising but the words didn’t quite hit the spot. Technically,
whatever we call them, they’re just finite automata or finite state
machines or something similar, and the theory behind them was
already clear to Alan Turing and other computing pioneers many
decades ago.

To update the background ideas, if you want to dig deep here and
struggle with a big book, my tip for ambitious beginners is to have a go
at Stephen Wolfram’s A New Kind of Science. Wolfram is the software
genius who coded just about the whole of mathematics into his
software package Mathematica, which made him enough millions to
take years off to write his big book. Based on Turing’s ideas, Wolfram’s
work on cellular automata suggests that we can model the universe,
people, and complex processes generally as such automata. So let me
define avatars as automata that have a me-shaped hole in them, such
that when I fill the hole they can do my will online.

Avatars will leverage the semantic web

Tim Berners-Lee invented the World Wide Web. Fresh from Oxford as
a young physicist, he adapted the then-new Internet protocols, created
the hypertext markup language HTML, wrote the world’s first
browser, and put them all into service at the giant CERN particle
accelerator in Switzerland to handle the data traffic from their particle
experiments. (The accelerator was called the Large Electron-Positron
collider and was later rebuilt as the Large Hadron Collider.) To publish
the data, Tim also put the first-ever website online in 1991, on an
Apple NeXT computer at CERN. After founding the World Wide Web
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Consortium (W3C) and encouraging the viral spread of his brainchild,
he sees the semantic web as the next phase in the evolution of the web,
as he explained to me at the annual WWW conference in New York in
2004.

Technically, the semantic web will be a lot more complicated than
the present web. Any given node N will refer to other nodes that define
the collections of entities invoked to build up the functionality of node
N (in a nod to philosophers, the collections are called ontologies). So
when you want to do business at a semantic website, your app will
need to access all the reference sites to understand the semantics of all
the stuff you need to use to do the business.

The big benefit is that the new web will support understanding.
Because understanding is reduced to machine mappings, your avatar
can do it better than you can. For example, say you want to spend a
week in Athens. You avatar can check flight schedules and hotel
listings and make plans on your behalf, and when all is good and ready
offer you a screen with a few options to browse, so all your tired
human body needs to do is click a box. The avatar then reaches out
online to seal the deal. Avatars will leverage the semantic web.

If you're as habitually skeptical as I am of such idealized scenarios,
you’ll now be asking what the difference is between this avatar vision
and a setup with quite ordinary software agents and wizards to do the
hard work. The difference is this. I shall identify with my avatar but
there’s no way I can identify with the agents and wizards that clutter
today’s world. Maybe an agent or wizard does what | want and maybe
it doesn’t. Maybe it just annoys me, like that notorious Microsoft
animated paper clip that popped up to ask me if [ was writing a letter
whenever I typed the word “dear”. For such an agent, I can sit back and
judge both the execution and the result and feel no more emotional
reaction than a flicker of pleasure or pain.

By contrast, the promise in the concept of an avatar is that it unites
agency and wizardry with the semantic smarts that come with instant
access to the world’s ontologies. On top of this - and this is the key
feature - it comes with a me-shaped hole for my personal data. It’s the
online incarnation of my face, my fingers, my thoughts, my data trail,
and in the fullness of time my plans and hopes and dreams. One day
my avatar may even gently embrace my informatic soul, so that [ may
sit back from the keyboard and rest in peace.
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If the business opportunity here is big enough for another Microsoft
or Google to emerge, then a large part of our future is defined. In the
business reality we now inhabit, if sufficiently many people worldwide
can be made eager to extend their online presence, we can be sure that
a new generation of entrepreneurs will join the chase and build up
companies to develop the new avatar apps. As with the desktop PC and
web search industries, a huge new ecosystem of companies offering
subsidiary goods and services will arise to round out the revolution.

There’s plenty of room at the bottom

The information revolution was a tectonic shift that caused three to
five big waves of innovation, depending on how you count.

First, IBM and other pioneers gave us mainframes. These were
centralized computers - “big iron” - that users could timeshare to
write and run their batch jobs. Multinationals and other well-heeled
corporations used mainframes to crunch their core data, and this
allowed the companies to grow and consolidate their presence in ways
that were previously impossible.

Then came personal computers, thanks to printed circuits and in
particular the microprocessor. The earliest machines were mainly for
hobbyists but progress was fast. The 16-bit Intel 8086 of 1978, for
example, was a milestone. Bill Gates and Paul Allen implemented the
high-level programming language BASIC - “beginner’s all-purpose
symbolic instruction code” - on it, which enabled the kids at Microsoft
to develop killer apps like spreadsheets and word processors for the
sweet new machines, such as the IBM PC of 1990. Soon the whole
industry took off and there were millions of PCs and countless new
apps and games to run on them.

A secondary wave here was the emergence of client-server
architectures for business computing. What had by then become the
“tyranny” of the rigid mainframe was replaced by a new freedom. In
1972, a small group of former IBM employees including Hasso Plattner
founded SAP, which developed its early products into the 1992 R/3
system. This three-tier system featured “real-time” client-server
architecture with users and their desktop clients on top, apps running
on servers in the middle, and a big database at the bottom. R/3
bundled a suite of productivity apps for enterprise resource planning
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(ERP) and SAP became the king of ERP. To keep you in the picture, I
should disclose that I spent almost eleven happy years at SAP, from
1999 to 2009.

Next came the online revolution. The Internet and on it the World
Wide Web allowed global networking and encouraged the vision of all
the computers in the world uniting in the “cloud” to form one
humungous hypercomputer. Stanford students Larry Page and Sergey
Brin founded Google in 1998, and the Google search service, powered
by thousands of servers in huge distributed networks, became the first
killer app in the cloud.

The latest follow-on wave in the new century brought us mobile
devices such as notebooks, handheld organizers, and cell phones
connected in wireless networks at what we call the edge of the cloud.
In a biologically inspired vision, all the nodes, from the big root server
nodes to handy little edge or leaf nodes, are rather like neurons in a
global informatic neuronet.

The five waves are not the end of the story. Even if we suffer a
climate apocalypse that forces us to divert our attention to relocating
all our coastal cities, the waves will continue for a while yet. The
inexorable laws of human inventiveness and desire to get rich on the
push side and of our need for productive employment and efficient
business processes on the pull side will endure. The ongoing crystal-
lization of our lives around increasingly hi-tech information exchange
will continue to press hard against the frontiers of tradition, ignorance,
and vested interest. And the technology is still changing, evolving,
developing, improving, always in the direction of allowing more data
to be processed more quickly and more efficiently in terms of energy
usage, on smaller and more robust devices, which will get cheaper, to
ensure that the new platforms and apps become more pervasive and
more central to our lives.

The physics prodigy Richard P. Feynman said at a year-end speech
in 1959 that there’s plenty of room at the bottom. He meant that
machines could continue to get smaller and faster and more efficient
for quite a while yet. In a decade or two, we shall hit the quantum
limits, and then we shall need to do things differently to keep up the
momentum. But since quantum computing is already a big and active
research field, we can be fairly sure the revolution will just roll on as
we enter the age of picotechnology.
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Imagine a model home with a terascale box in the basement

Before we drift off into the hazy deeps of the future, we need to pin
down the avatar idea. Essentially, we're looking at a big app that
consumes more hardware than most people currently have installed at
home. To be sure we’re on the right page here, we can guess the sort of
retooling we shall need to deploy avatars pervasively. Very crudely, we
shall feel the need for gigabit broadband to all homes (to download
movies in seconds) and into home servers with teraflops multicore
processor arrays (to render movie-style animations) and terabyte-
range installed memories (to run fat apps fast). In other words, we
shall begin to migrate up a few orders of magnitude from the gigascale
of current home setups to the terascale. Each order of magnitude will
take ten years or so, depending on how distracted we all are by the
clash of civilizations and global warming.

We shall build new houses with networks that put all the heavy
data-crunching load of the household onto one home box, and we shall
interact with the box via handheld devices or wall screens around the
house. Done right, this could work out cheaper for householders than
living in unboxed homes where random assortments of impulse
purchases are jury-rigged together in the ad hoc constellations that
many of us rely on now.

Now we need to be a tad more systematic. Imagine a model home
from the future twenty or so years out. It has a big box in the basement
that routes movies, music, phone calls, and Internet traffic of all kinds
through a home server engine sitting in a terabyte of installed memory
to feed screens and devices around the property. (To keep you fully
informed here, my SAP team in 2009 was busy building a scalable
multicore database engine that would run productivity apps entirely in
terascale memories when I left to write this book.) The box is a
standard commodity, an off-the-shelf utility.

The box pays for itself by managing energy usage. It negotiates
cheap deals with energy providers and schedules home power usage
to optimize pricing, for example by heating water overnight. It meters
and sells power from rooftop solar collectors, again negotiating with
local and remote customers to get the best deal. And it charges the
household’s electric car, perhaps exploiting the car’s battery capacity
as a buffer to store energy for home use whenever the pricing works
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out well. In line with most present expectations, this is a future where
a lot of energy comes from renewable sources such as solar, wind, and
hydro rigs, and the pricing is dynamic, depending on the weather. The
household is an active node in a smart grid along the lines that IBM
and other companies are currently developing on a strategic scale.
Over the financing lifetime for the house, which we can set arbitrarily
at twenty years, a box costing a few thousand dollars could pay for
itself several times over in such a smart grid.

That was the plumbing. But the householder need never lay hands
on the box in the basement. He or she tells it what to do through a wall
screen in the kitchen or living room. The box is smart enough to react
to commands spoken loud and clear in an authenticated voice and to
reply through a photorealistic majordomo avatar on the screen. Voice
recognition and speech processing are heavy apps in terms of flops of
data processing, but with online help where necessary (for example
when parsing the bilingual idiolect of the au pair) the box will certainly
have the raw power to handle the task.

The industry perspective here is that software developers regard
unused processor cycles as a treasure trove. An installed base of
terascale setups will quickly trigger rollout of flops-hungry apps that
load them to capacity, such as voice-driven features. These will doubt-
less be marketed with as much zeal as we see devoted to the toy apps
in the present generation of mobile phones. Energetic marketing of
new apps and hardware is a hard fact of modern life. On the plus side,
marketing campaigns can only reinforce the natural appetites of
information consumers, and the progress we're contemplating can
only unfold smoothly if it comes with effective marketing to ensure
consistent funding for the latest technical novelties in the pipeline.

The model household will be well equipped to entertain its
occupants. The majordomo will be sure to collect information about
the tastes and habits of the humans in the house, and will presort a
selection of movies and television shows to offer them on request. As a
householder, I shall refuse to let myself be boxed in by this presump-
tion. Regularly, as the mood takes me, I'll cruise the movie sites
through my avatar to find new stuff that cuts across all the previous
profiling in my home server. I shall be equally capricious about the
ambient music and about the landscapes and portraits adorning the
wall screens on standby around the house. The majordomo will
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endeavor to preselect reading matter for me, based on my previous
reading and current projects and interests, and again [ shall exercise
my caprice as I pick up and discard the tablets around the house. The
cost of all this caprice in terms of online micropayments for digital
content will likely be small compared with the one-time cost for
setting up the home network.

The size of the present and future market for information products
is worth boggling at for a moment. There are apparently some four
billion information nodes in the global net at present, most of them
phones, and many of these nodes have the potential to expand as the
perceived needs of their users increase. With about a billion house-
holds in the world and no good reason not to do all we can to bring all
of them up to something like our level, we can reasonably begin to
plan for a giganode global network in which all nodes are at least
megascale (in terms of bandwidth, flops, and bytes), most are
gigascale, and some are terascale. And this is just the home network.
The networks for business and industry, health and education, and
government and security, not to mention science with its petascale
workloads, suggests that company stocks for broadband fiber and
routers and so on are likely to pay good dividends for a while yet.

The market for good avatar software has the potential to grow to
billions of unit sales. Every human being on Earth could have his or her
own avatar in the global neuronet.

Once you upload your stuff to the cloud, you're on show

A person’s avatar will be more than just an animated face. The soft-
ware will be a natural peg on which to hang all the information about a
person’s health, education, employment, and so on (all protected by
the appropriate authorizations, we hope). Such personal information
will grow without limit as we learn to save genome maps and ultra-
sound scans, snapshots of educational exposure to online pages and
books, employment logs with second-by-second granularity for online
work, bank statements with details down to the microcent, personal
mail, recorded phone calls, and such machine-sorted items as video
clips from security cameras. All this stuff will need to be linked to the
avatar for easy access. Getting the avatar software right for this sort of
future is an enormous challenge, but also a big opportunity.
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Imagine, too, the goldmine that all this avatar data will be for future
historians. In the near future, we shall be able to recreate any historic
figures whose legacy includes a sufficiently fat data trail with enough
detail for pixel-perfect animated biopics of any desired length from a
few seconds to hours or even years. A student of a future celebrity
with a fat trail, perhaps a future Einstein, will be able to experience
recreated lectures and meetings as if the celebrity in person, fuzzy hair
and all, were there in the same room. The computational challenge
here is no harder than that of creating big blue Na'vis for cinema
audiences, and the cost of that computation will plummet as we build
more and more petascale machines and deploy terascale setups in
homes worldwide.

These visions of the future can easily run off the rails, so again let’s
pause for a sober reality check. Many envisioned utopias in the
twentieth century went badly wrong, and we need to steer well clear
of any more disasters on the scale of megadeaths like those of the
Soviet Union or the Third Reich or of a nuclear war (the latter still
virtual in early 2010, but very close to reality in my childhood). The
disaster scenarios that loom largest now, as the global war on terror
shades into the global war on climate denial, are best seen as collateral
damage from precisely the rosy future of colossally increased machine
infrastructure and pervasive data collection and evaluation that we’re
now contemplating.

With present energy-hungry technology, a billion terascale compute
nodes on top of what we now have would impose a burden on the
same order of magnitude as a billion extra cars in the world, which is
clearly unacceptable. But unlike car technology, which is improving
only by small increments as we begin to drive compact hybrids and the
like, the information technology we deploy in future will be orders of
magnitude more efficient than it is today. So in fact the environmental
footprint of a billion avatars will be a lot less than the combined
footprints of all the people with those avatars.

Balanced against the cost are the benefits. Home infrastructure
sufficient for video-conferencing will enable millions more people to
learn and work at home, reducing commuting energy costs by
substantial margins worldwide. Virtual vacations, where vacationers
enjoy immersive telepresence at exotic locations by beaming their
avatars into remote robots (on which more later) but leave their
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physical bodies sitting back at home, will further reduce our environ-
mental footprints by reducing the demand for commercial airline
flights. By then, too, we may have mastered carbon-neutral energy
technologies such as thermonuclear fusion (again, more later) to
power the huge server farms we'll need to implement global tele-
presence. Altogether, we can be fairly sure the environmental cost of
the entire avatar revolution will be sustainable.

But environmental unsustainability is not the worst problem here.
Political unsustainability, for several reasons, may be worse. The big
benefit of the information revolution is that you have all your
information online, where it can be used more easily than when it’s
buried in physical stuff such as printed paper or fading magnetic tape.
Once the data is put online in a suitable server landscape, it will be
indexed and stored redundantly with remote backups and versioning
and so on. Since the web is designed to be resilient enough to survive a
nuclear war, the data is then safe for posterity, just as long as the
global machine keeps ticking over. So that’s one political dependency.
The world has to keep running.

A trickier political issue is sustaining data privacy and security. The
debate in early 2010 over body scanners at airports and how to handle
the revealing images they generate gave just a hint of the sort of issues
that will explode on us at the slightest provocation. There’s no
reasonable way to prevent revealing data, be it as images or voice or
text, from being available online, protected only by potentially
hackable authentication or encryption barriers. Once you upload your
stuff to the cloud, you’re on show, veiled only by the ultimately
political protection of its privacy and security. This is as issue that
won'’t go away.

Politically motivated invasions of privacy are all too easy to
imagine. They were routine occurrences in the former Soviet regimes
of Eastern Europe and are still common in dictatorial and totalitarian
regimes where a state police force has unchecked powers. This danger
adds urgency to the political project of promoting democratic
structures worldwide, since we can be more confident that demo-
cratically accountable governments will subscribe to the tolerable
privacy practices that we’ve worked out in the advanced industrial
countries. Only then can all Earthlings begin to enjoy the benefits of



28 0000

pervasive online technology in their daily lives without the crippling
fear of data misuse ruining everything for them.

There’s a more sensitive issue here that we’ve only just begun to
address. People have deep moral issues when it comes to privacy and
personal data. How can we expect moral extremists to welcome
pervasive video surveillance of their every public move? Yet there are
new risks in the technology we’re installing as fast as we can, to enable
anyone, anywhere to access any information they want online and use
it instantly for any purpose they choose, subject only to authorization
barriers. These risks force our public servants to limit the new
freedom with pervasive surveillance and inroads on personal privacy.
The new freedom brings new limits.

The problem is that such limits force us in turn to trust those
servants. We must trust them to account properly for any inroads on
privacy they impose upon us. In any case, the complications and
indirections that bedevil online data handling reduce transparency
and increase the risks of improper manipulation. We can’t always be
sure that a website we visit is not an elaborate spoof or that a personal
image or email won’t be retouched or edited. Given such uncertainties,
trust is essential. That trust is hard to sustain if you're a political
outsider. If you're being persecuted, paranoia is a reasonable response.

These are huge themes, but they're directly relevant to our enthu-
siasm for increasingly pervasive information infrastructure. To take a
typical example, if 'm simple-minded enough to find erotic imagery or
celebration of gay or libertarian lifestyles offensive and yet I live in
society where these are practically unavoidable whenever [ go online
for news or social interaction, then I'm unlikely to enthuse at the
prospect of diving freely into the data pool. If in addition I'm a member
of a minority that's mistrusted by the surrounding majority, the fear
that [ may be persecuted if | relax my guard is never far away when I
do business online. The trust we all need to march forth in lockstep
into the brave new world of everything online is enormous, and those
of us who can muster that trust without reservation are lucky indeed.

In this and similar ways, complications arising from the politics of
identity impose a speed limit on the highway to the global gigacity of
avatars having free intercourse with each other among transparent
structures that offer no resistance to copious flows of data. Before we
can enjoy life in the transparent gigacity, we must bring each and
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every human whose avatar should inhabit the city up to speed on the
elementary civilities that will govern intercourse in that city. In my
considered opinion, this will be the hardest obstacle to overcome in
the course of the present century. Online living requires high levels of
trust and understanding.

Returning to the humble technology of avatars, we shall need to be
able to guarantee their authenticity absolutely if we're ever to trust
them. Imagine the horror you’'d feel if someone were to use your
avatar to empty your bank account or kidnap your kids. Sensitive
interactions of all kinds would need to be guaranteed safe by means of
sufficiently rigorous authentication and encryption protocols. Public
key cryptography is probably the best present-day technique for such
guarantees (but let’s not digress here to explain how it works). The
problem is that it relies on the difficulty of calculating the prime
divisors of large numbers (with, say, 128 digits in binary notation),
and that difficulty diminishes every year. With quantum computers,
the difficulty will essentially vanish. This is just an example of the new
dangers that lurk when we demand high security in the new world of
web avatars. There’s no absolute security. There never was and there
never will be. But properly managed, online living can be safer than
driving on public roads.
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Augmented Reality

The wimp interfaces we use today are already ripe for renewal.
Windows, icons, menus, and pointing devices like the mouse are
mature techniques for supplementing keyboard interactions but are
too static for the new reality of living in the cloud. Developed at the
Xerox Palo Alto Research Center (the famous PARC), wimp interfaces
first hit the big time in 1984 with Steve Jobs’ brainchild, the Apple
Macintosh. When I first started using a Mac in 1989, it was whole new
world compared with the command-line apps on my previous main-
frame terminal. But times change.

For the future, for seamless mastery of cl