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Abstract: Motivated by the conceptual puzzles of quantum theory and related areas of physics, | describe a rigorous and minimal a€oey
principleé€e theory in which observers are fundamental and in which the physical world is a (provably) emergent phenomenon. This is a reve
the standard view, which holds that physical theories ought to describe the objective evolution of a unique external world, with observers or
as derived concepts that play no fundamental role whatsoever.

Using insights from algorithmic information theory (AIT), | show that this approach admits to address several foundational puzzles that are di
to address via standard approaches. This includes the measurement and Boltzmann brain problems, and problems related to the computer ¢
of observers. Without assuming the existence of an external world from the outset, the resulting theory actually predicts that there is ot
consequence of AIT &€” in particular, a world with simple, computable, probabilistic laws on which different observers typically (but not alw
agree. This approach represents a consistent but highly unfamiliar picture of the world, leading to a new perspective from which to approac
guestions in the foundations of physics.
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‘ Outline for this talk (10:30 — 11:30)

1. Motivation

2. Postulates of the theory
n
3. How does an external world emerge?
4. What about more than one observer?
_ t.wvotvaton [ | ] 1
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The talk later today (14:30 — 15:30)

e 1. lllustration of formalism via the Sleeping Beauty Problem

Heads  Zzzz...|/0, RN RIn NI nInRn...
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Amnesia

Monday Tuesday
¢ 2. Quantum theory: Bell violation and

no-signalling as generic predictions

e 3. Conceptual comments and conclusions

In large parts independent from this earlier talk.

e | -
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Systematic conceptual problems

1. Motivation | - _ - _ J R
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Systematic conceptual problems ‘

* Quantum theory: measurement problem, Bell’s Theorem,
“no-go results for facts of the world”
« Cosmology: probabilities in a “big” universe (Boltzmann brains),
why low-entropic initial conditions, measure problem

1. Motivation - - _:______ ~ - J . S
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Systematic conceptual problems ‘

* Quantum theory: measurement problem, Bell’'s Theorem,
“no-go results for facts of the world”
« Cosmology: probabilities in a “big” universe (Boltzmann brains),
why low-entropic initial conditions, measure problem

* Future technology: computer simulation of observers,
simulation hypothesis, ...
* Philosophy: Hume’s problem of induction, Goodman’s “new
riddle”, hard problems in the Philosophy of Mind
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Systematic conceptual problems ‘

* Quantum theory: measurement problem, Bell’'s Theorem,
“no-go results for facts of the world”
« Cosmology: probabilities in a “big” universe (Boltzmann brains),
why low-entropic initial conditions, measure problem

* Future technology: computer simulation of observers,
simulation hypothesis, ...
* Philosophy: Hume’s problem of induction, Goodman’s “new
riddle”, hard problems in the Philosophy of Mind

* Naive human curiosity: why is there a “world” with (simple,
probabilistic, computable) “laws” in the first place?

1. Mativation - Rl - - _ e e |
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Systematic conceptual problems ‘

* Quantum theory: measurement problem, Bell’'s Theorem,
“no-go results for facts of the world”
« Cosmology: probabilities in a “big” universe (Boltzmann brains),
why low-entropic initial conditions, measure problem

* Future technology: computer simulation of observers,
simulation hypothesis, ...
* Philosophy: Hume’s problem of induction, Goodman’s “new
riddle”, hard problems in the Philosophy of Mind

* Naive human curiosity: why is there a “world” with (simple,
probabilistic, computable) “laws” in the first place?

Claim: These all point in a particular direction: an approach where
not a “world”, but observers/observations are fundamental.

Fundamental: P(future observations | past observations).

___tmotvaion [l - | |
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Systematic conceptual problems

* Quantum theory: measurement problem, Bell’'s Theorem,
“no-go results for facts of the world”

Claim: These all point in a particular direction: an approach where
not a “world”, but observers/observations are fundamental.

Fundamental: P(future observations | past observations).
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Systematic conceptual problems

* Naive human curiosity: why is there a “world” with (simple,
probabilistic, computable) “laws” in the first place?

Claim: These all point in a particular direction: an approach where
not a “world”, but observers/observations are fundamental.

Fundamental: P(future observations | past observations).

_ S
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Systematic conceptual problems

* Philosophy: Hume’s problem of induction, Goodman’s “new
riddle”, hard problems in the Philosophy of Mind

Claim: These all point in a particular direction: an approach where
not a “world”, but observers/observations are fundamental.

Induction: P(future observations | past observations).

_______ | _ L |
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‘ Boltzmann brain problem

Cosmologists argue about this:

“Wow! | hope I'm not, like, a disembodied brain

randomly formed complete with false memories of
an existence I never really had, floating in a sea of

chaos and disorder. That would really ruin my day...

https://wallacegsmith.wordpress.com/
2013/06/10/invasion-of-the-boltzmann-
brains/

1. Motivation et
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Systematic conceptual problems ‘

« Cosmology: probabili{ies in a “big” universe (Boltzmann brains),

Claim: These all point in a particular direction: an approach where
not a “world”, but observers/observations are fundamental.

Fundamental: P(future observations | past observations).

___t.Motvaion |} _ e v
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Boltzmann brain problem

Cosmologists argue about this:

Sketch of argumentation:

¢ Fix a cosmological model X that
predicts a very large universe.

e Count Npp (# of Boltzmann brains)
and compare to N,.; (# of naturally
evolved brains).

e If Ngp > N, then a “BB-obser-
vation” should be highly probable:
“What the...? I'm in space?! Aargh...”

"Wow! | hope I'm not, like, a disembodied brain ° That’s not What we see hence x iS
randomly formed complete with false memories of f I f d ’
aisitieq.

an existence | never really had, floating in a sea of

chaos and disorder. That would really ruin my day...

https://wallacegsmith.wordpress.com/
2013/06/10/invasion-of-the-boltzmann-
brains/
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Boltzmann brain problem

Cosmologists argue about this:

Sketch of argumentation:

¢ Fix a cosmological model X that
predicts a very large universe.

e Count Npp (# of Boltzmann brains)
and compare to N,.;: (# of naturally
evolved brains).

e If Ngp > N, then a “BB-obser-
vation” should be highly probable:
“What the...? I'm in space?! Aargh...”

“Wow! | hope I'm not, like, a disembodied brain ® That ,S no.t What we see hence x |S
randomly formed complete with false memories of f I . f d !
alsiiied.

an existence | never really had, floating in a sea of

chaos and disorder. That would really ruin my day...

ls this argumentation valid?

https://wallacegsmith.wordpress.com/ —)
2013/06/10/invasion-of-the-boltzmann- Seems to rely On more than
brains/ 11 ”
statements about “the world
1. Motivation ] 7|
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Systematic conceptual problems ‘

* Quantum theory: measurement problem, Bell’'s Theorem,
“no-go results for facts of the world”
« Cosmology: probabilities in a “big” universe (Boltzmann brains),
why low-entropic initial conditions, measure problem

* Future technology: computer simulation of observers,
simulation hypothesis, ...
* Philosophy: Hume’s problem of induction, Goodman’s “new
riddle”, hard problems in the Philosophy of Mind

* Naive human curiosity: why is there a “world” with (simple,
probabilistic, computable) “laws” in the first place?

Claim: These all point in a particular direction: an approach where
not a “world”, but observers/observations are fundamental.

Fundamental: P(future observations | past observations).

___tmotvaion [l - | |
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General approach

Approach:
e Drop any assumption of an "external world".

1. Motivation
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General approach

Approach:
e Drop any assumption of an "external world".
e Start with the first-person conditional probabilities

P(future observations | past observations),

privately for every single observer.
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General approach

Approach:
e Drop any assumption of an "external world".
e Start with the first-person conditional probabilities

P(next state of observer | previous states of observer),

privately for every single observer.

1. Motivation | B - - J _ —— |
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General approach

Approach:
e Drop any assumption of an "external world".
e Start with the first-person conditional probabilities

P(next state of observer | previous states of observer),

privately for every single observer.

e Postulate P=algorithmic probability, motivated by
structural arguments. See what follows, and
compare with actual physics.

1. Motivation S __:_ - _ J R N —
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Disclaimer ‘

e “Observer” is a technical / information-
theoretic notion. Not (directly) related
to “consciousness” etc.

e Not meant as a “TOE”. Predicts its
own limitation. Useless for most things.

e “Reality” of world is not denied, but only
its fundamentality. Reproduces standard
view to good approximation.

1. Motivation '

From observers to physics via algorithmic information theory Markus P. Miiller

Pirsa: 18040078 Page 22/96



‘ QOutline

1. Motivation

2. Postulates of the theory

3. How does an external world emerge?

4. What about more than one observer?

| 2. Postulates of the theory A o J_ _'
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Postulates of the theory

Absolutely minimal ingredients:

a! | see and kno-w
and remember,
encoded: 101101...

i 4

| 2. Postulates of the theory
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Postulates of the theory ‘

Absolutely minimal ingredients:
e An observer is in some state x (at any given moment).
e |t will be in some other state y next.
e Some future states y are more probable than others.

a.f | see and know
and remember,
encoded: 101101...

94 4
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Postulates of the theory ‘

Absolutely minimal ingredients:
e An observer is in some state x (at any given moment).
e |t will be in some other state y next.
e Some future states y are more probable than others.

— stochastic process.

a.f | see and know
and remember,
encoded: 101101...

x4
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Postulates of the theory ‘

Absolutely minimal ingredients:
e An observer is in some state x (at any given moment).
e |t will be in some other state y next.
e Some future states y are more probable than others.

— stochastic process.
Agency, quantumness, a “world”: not postulated, but (partially) derived.
all | see and know

and remember,
encoded: 101101...

Is5

|7W* . ) o 2. Postulates of the theory e |
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Postulates of the theory ‘

An observer’s state can be represented by a binary string (like
x1 = 011010). One (subjective) moment after the other, this
yields a sequence x = (1, xs,...,T,), and the probability
of the next state y is

P(y|:]?1 g g e o .'I?,,,:),

where P is conditional algorithmic probability.

a.‘ | see and know
and remember,
encoded: 101101...

£Is

S - 2.Postu|atesofthetheory e 7|777777777I

From observers to physics via algorithmic information theory Markus P. Muller

Pirsa: 18040078 Page 28/96



Postulates of the theory ‘

An observer’s state can be represented by a binary string (like
x1 = 011010). One (subjective) moment after the other, this

yields a sequence x = (1, xs,...,2,), and the probability

of the next state y is
P(y|r] N ) PR 5-Y7'rr.)a

where P is conditional algorithmic probability.

e No assumption that this comes from incomplete knowledge /
quantum state /... of any “external world”.

The P describes fundamental irreducible chances.

2. Postulates of the theory A L
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Postulates of the theory ‘

An observer’s state can be represented by a binary string (like
x1 = 011010). One (subjective) moment after the other, this
yields a sequence x = (1, xs,...,T,), and the probability

of the next state y is
P('y|:]?1 g g e o .'I?,”:),

where P is conditional algorithmic probability.

¢ No assumption that this comes from incomplete knowledge /
quantum state /... of any “external world”.
The P describes fundamental irreducible chances.

¢ Not the actual 0-1-sequence is relevant, but the computability
structure that relates the different strings. Analogy: in GR, the
actual coordinates don’t matter, but the differentiable structure.

- ) - 2. Postulates of the theory I | - . 7|
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What is algorithmic probability?

= - - 2. Postulates of the theory L - . J S -
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What is algorithmic probability?

Probability measures on “histories”:  P(z1,...,2,) =7

a.f | see and know
and remember,
encoded: 101101...

i€ 4

| 2. Postulates of the theory

From observers to physics via algorithmic information theory

Markus P. Mller

Pirsa: 18040078 Page 32/96



‘ What is algorithmic probability?

Probability measures on “histories”:  p(x1,...,x,) =7

(Boring) example: (1) := 272" g g p(1011) = 272471 =279,

a! | see and know
and remember,
encoded: 101101...

T 4

| 2. Postulates of the theory
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‘ What is algorithmic probability? ‘

Probability measures on “histories™:  p(x1,...,2,) =7
(Boring) example: pi(x1) = 27271 g, p(1011) =2 241 =279,
STy s sy Bow) 1= B ) = 0ED) = o o = (s )

a! | see and know
and remember,
encoded: 101101...

i€ 4
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‘ What is algorithmic probability? ‘

Probability measures on “histories”:  p(x1,...,x,) =7

(Boring) example: (1) := 272" g g p(1011) = 272471 =279,
ST s sy Bn) 3= B ) = 0E) = o o = 1 )

Measure: Z ey =1, Z T s T Tl ) = o Biyene

€T Ly 41
Semimeasure: Same with “<“ instead of “=".
a.f | see and kno.w

and remember,
encoded: 101101...

'.'MI.I..:
o

i€ 4

| - 2. Postulates of the theory - o - J

From observers to physics via algorithmic information theory

Markus P. Mller

Pirsa: 18040078 Page 35/96



‘ What is algorithmic probability? ‘

Measure: Z e =1, Z T s o B T ) = T 0 s )

€1 Toe]

Semimeasure: Same with “<“ instead of “=*

A (semi)measure is computable if there is a computer program that,
oninput z1,...,x, and m € N outputs an (1/m)—approximation
to u(xy,...,xz,).

all | see and know
and remember,
encoded: 101101...

T3 T4 Ts

2. Postulates of the theory ' |
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‘ What is algorithmic probability? ‘

Measure: Z ) =1, Z el e e = g
€I

Ln1

Semimeasure: Same with “<“ instead of “=".

A (semi)measure is computable if there is a computer program that,
oninput z1,...,x, and m € N outputs an (1/m)—approximation
to w(xy,...,xz,).

A (semi)measure is enumerable if there is a computer program that,
oninput z,...,z, and m € N outputs some approximation

(m) ¢ . ‘m) - . m)
7 )(:I:L ...,x,) such that ;:,(”') < pu and lim pt™ =y,
' T —r 00
. S 2. Postulates of the theory | - . o S
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