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There’s not just our own physical universe to think abauttfliee whole universe of
possible universes. If one’s going to do theoretical seiemige had better be dealing
with some kind of definite rules. But the question ikatvrules?
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Nowadays we have a great way to parametrize possible asl@®ssible computer
programs. And I've built a whole science out of stadythe universe of possible
programs—and have discovered that even very simplecanegenerate all sorts of
rich and complex behavior.
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Well, that’s turned out to be relevant in modelingsalits of systems in the physical
and biological and social sciences, and in discoventggasting technology, and so
on. But here’s my big hobby question: what about our physiuaerse? Could it be
operating according to one of these simple rules? Tdrerandoubtedly many ways
formulate them. But | think most of the promising postieg are ultimately
equivalent to networks like this:
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There’s no “space” here—just a bunch of it, condenta certain wy. But | thin
it's a little like, say, a liquid: even though at thevést level there are just a bunch o
molecules bouncing around, on a large enough scale awomtistructure emerges.
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Normally in physics one thinks of space as some kindokdround, in which mattel
and particles and so on separately exist. But | susfgeotally more integrated: that
everything is “just space”, with the particles being sdnnet like special little lumps
of connectivity in the network corresponding to space.
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In his later years, Albert Einstein actually tried har@dnstruct models for physics i
bit like this, in which everything emerged from space. Butdebto use continuum
equations as his “primitives,” and he could never make fikwo
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| certainly think it'll be an interesting—almost metaphgsienoment if we finally havg
a simple rule which we can tell is our universe. Andlm@ able to know that oy
particular universe is number such-and-such in the enureraf all possible
universes. It's a sort of Copernican moment: we’ll getriow just how special or not
our universe is.
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Something | wonder is just how to think about whateverahswer turns out to be.|It
somehow reminds me of situations from earlier in himtory of science. Newton
figured out about motion of the planets, but couldn'tagmne anything but a
supernatural being first setting them in motion. Darviguried out about biological
evolution, but couldn’t imagine how the first living celime to be.
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We may have the rule for the universe, but it's somethirtg glifferent to understan
why it's that rule and not another.
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My Hobby: Hunting for Our Universe
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Reality is a computer projection:
physicists*

What we call reality might actually be th

output of a program running on a cosmos-

sized quantum computer

“Quantum physics is almost phrased in
terms of information processing,” says
Vlatko Vedral® of the University of
Oxford. “It's suggestive that you will find
information processing at the root of
everything.”
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In fact, every process in the universe ca
be reduced to interactions between
particles that produce binary answers: y
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14 http://www.kurzweilai.net/reality-is-a-computer-projemtiphysicists

!5 Vlatko Vedral is physicist and Professor of Physictha University of Oxford and CQT (Centre for Quantum
Technologies) at the National University of Singaporend aa Fellow of Wolfson College,
http://en.wikipedia.org/wiki/Vlatko Vedral




or no, here or there, up or down.

That means nature, at its most
fundamental level, is simply the flipping
of binary digits or bits, just like a
computer. The result of the myriad bits'
flips is manifest in what we perceive as
the ongoing arrangement, rearrangeme
and interaction of atoms — in other
words, reality.

According to Ed Fredkit! of the
Massachusetts Institute of Technology,
we could dig into this process we would
find that the universe follows just one la
a single information-processing rule tha
is all you need to build a cosmos.

In Fredkin’s view, this would be some
form of “if-then” procedure; the kind of
rule used in traditional computing to
manipulate the bits held by transistors g
a chip and operates the logic gates, but
this time applied to the bits of the
universe.
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Proving that the universe is a quantum
computer is a difficult task. Even so, the
iS one observation that supports the ide
that the universe is fundamentally
composed of information.

In 2008, the GEO 600 gravitational wav
detector in Hannover, Germany, picked
up an anomalous signal suggesting that
space-time is pixelated.

This is exactly what would be expected
a “holographic” universe, where 3D
reality is actually a projection of
information encoded on the two-
dimensional surface of the boundary of
the universe (New Scientist, 17 January
2009, p 24).
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16 Edward Fredkin is professor at Carnegie Mellon Unitg(&MU), a visiting professor at Massachusettsitimist
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6 Viatko Vedral ( )
18 Decoding Reality: The Universe as Quantum Information (+ )

) )

In Decoding Reality Vlatko Vedral + )

offers a mind-stretching look at the $

deepest questions about the universe -- " $ $

where everything comes from, why - " $ ,
things are as they are, what everything :
IS. "
The most fundamental definition of / +"
reality is not matter or energy, he writgs,
but information --and it is the processing |,
of information that lies at the root ofall + ( + :
physical, biological, economic, and
social phenomena. $

19 2

This view allows Vedral to address a $ $ " $
host of seemingly unrelated questions; (" $", , $

Why does DNA bind like it does? What. "
is the ideal diet for longevity? How do | 1 $ $ $

you make your first million dollars? We
can unify all through the understanding
that everything consists of bits of
information, he writes, though that rais
the question of where these bits come
from.
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To find the answer, he takes us on a
guided tour through the bizarre realm

of

guantum physics. At this sub-sub-

'8 Decoding Reality.Paperback: 240 pages. Publisher: Oxford University Press; B8print edition (April 1,
2012) Language: English ISBN-13: 978-0199695744
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subatomic level, we find such things a
the interaction of separated quantum

particles -- what Einstein calledpooky
action at a distance

In fact, Vedral notes, recent evidence

suggests that quantum weirdness, ong

thought to be limited to the tiniest scal
may actually reach into the macro wor|
and make teleportation a real possibili
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It is in quantum physics, he writes, that (

we really can find the answer to the
ultimate question of life, the universe,
and everything.
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