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Early quantum programming languages »
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Physical Church-Turing thesis »

If

(HI) There is a finite number of bits qubits per cm?

(H2) Information propagates at a bounded speed

(H3) The rules of physics are the same everywhere/when.
Then

Everything that can physically be computed, can be computed by a Turing machine.

Proof.




Causal graph dynamics » Cellular automata theory generalized




Past & future: What’s the difference?

A toy model approach to the beginnings
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e the paradox and its current resolution



A paradox » Past # Future for us...

No going back.
«More explosions than implosions.»




A paradox » Past = Future in physics

But physics is reversible,
it’s even time symmetric.




Boltzmann resolution » Entropy(Past) < Entropy(Future)
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Def. E(macrostate) = # corresponding microstates).

Def. Future is the direction of increasing entropy. [Boltzmann 1896]



Boltzmann resolution » Problem 1. Low entropy initially.
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/ Aka «the past hypothesis».

[Albert 2001, Rovelli 2019, 2022]



Boltzmann resolution » Problem 1. Low entropy initially.
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Boltzmann resolution » Problem 2. Recurrence.
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Boltzmann resolution » Problem 2. Recurrence.
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Boltzmann resolution » Problem 3. Janus time.

. E.ANW
Lxf o eviag / NG ) ~
‘Woy” W o AAwe e 3

—-—

,64\&(1 a4
TMen?s M e
Towad tiue. Erdeery W{’?’ e \Wo—

N R

[Goldstein et al 2016]



Boltzmann resolution » Problem 3. Janus time.
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e the paradox and its current resolution

e fixing two problems out of three

(... based on a Computer Science toy model.)



A toy model » Local, reversible dynamics...

Shifting step :

]:al:b:
::a :b]

Interaction step :

:a‘:b
:
e} : b ta : b

[New J.Phys. 26, 113019, 2024]
~[Hasslacher-Meyer 1998]
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A toy model » ... has U-shaped size

%
Th. Size eventually grows, >
regardless of the initial state.

How can this be?

[New J.Phys. 26, 113019, 2024]



A toy model » ... has U-shaped size
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A toy model » ... has U-shaped size & entropy

e /
Th. Size eventually grows, ;Ew\m@:

regardless of the initial state.

Proof. Polynomial interpretation-like.

Th. Entropy follows size.

Proof.
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A toy model » ... has U-shaped entropy
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A toy model » ... has U-shaped entropy
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Finite but unbounded configurations :

no maximal entropy, no running out of configurations.
[New J.Phys. 26, 113019, 2024]



A toy model » ...

Cor. Entropy eventually grows,
regardless of the initial state.
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A toy model » ... features Janus time
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~[Barbour et al. 2016, [New J.Phys. 26, 113019, 2024]]



the paradox and its current resolution
fixing two problems out of three

two tales of «the beginnings»

.. based on a Computer Science toy model.)



On the beginnings... » of times
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Where does time actually come from?

The arrow of time can teach us more about how the universe began - and how it will end, says quantum
columnist Karmela Padavic-Callaghan
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ous nous souvenons du
passé, mais ne pouvons pas agir sur lui; nous
ne connaissons pas le futur, mais pouvons
intervenir pour le fagonner. Pourtant les lois
de la physique établissent une symétrie entre
le passé et le futur: changer t en -t laisse ces
lois invariantes. C’est le fameux nrobleme de

aappréhender la notion de temps. Et fournissent des pistes
logiques pour résoudre certains paradoxes apparents.

a P'Institut d’électronique et de microélectro-
nique et de nanotechnologie de 'université de
Lille. Pablo Arrighi explique: «Dans ma
recherche, je travaille a donner une définition
mathématique précise de ce qu’est un ordina-
teur quantique. Pour cela, j’étudie des super-
nositions de eranhes auantiaues. Or. cela
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On the beginnings... » of times

Entropic time’s tale : «Half-line»
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[New J.Phys. 26, 113019, 2024]



On the beginnings... » of times

Entropic time’s tale : «Half-line» »
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Dynamical time’s tale : «Biinfinite line»

[New J.Phys. 26, 113019, 2024]



On the beginnings... » of matter

Dynamical time’s tale : «Big bounce»

The (unlikely?) big crunch of a universe \j

provides the matter for our big bang.
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~[Sakharov 80, Hartle-Hawking 83]



On the beginnings... » of matter

Dynamical time’s tale : «Big bounce» \
,

The (unlikely?) big crunch of a universe
provides the matter for our big bang.
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Our birth caused by their birth
Our matter comes from their past
(and reciprocally)
~[Sakharov 80, Hartle-Hawking 83]
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