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Early quantum programming languages » 

[A., Dowek, 2005]



Physical Church-Turing thesis » 

If

(H1) There is a finite number of bits qubits  per cm3

(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.   [Gandy, 1980][A., Dowek, 2011]



Causal graph dynamics » Cellular automata theory generalized

[A., Dowek, 2012]



Past & future: What’s the difference? 
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● the paradox and its current resolution

● fixing two problems out of three

● two tales of «the beginnings»



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) 

Def. E(macrostate) = log(# corresponding microstates).

Def. Future is the direction of increasing entropy. [Boltzmann 1896]
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Boltzmann resolution » Problem 1. Low entropy initially. 

[Albert 2001, Rovelli 2019, 2022]

Aka «the past hypothesis».

Unlikely



Boltzmann resolution » Problem 1. Low entropy initially. 



Boltzmann resolution » Problem 2. Recurrence. 



Boltzmann resolution » Problem 2. Recurrence. 

Th. Poincaré

No easy going back.  We will always get back. 

out o
f c

onfig
uratio

ns

no
t i

nj
ec

tiv
e!



Boltzmann resolution » Problem 3. Janus time. 

[Goldstein et al 2016]



Boltzmann resolution » Problem 3. Janus time. 



● the paradox and its current resolution

● fixing two problems out of three

● two tales of «the beginnings»

(… based on a Computer Science toy model.)



A toy model » Local, reversible dynamics… 

∼[Hasslacher-Meyer 1998]
[New J.Phys. 26, 113019, 2024]

Shifting step :

Interaction step :
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A toy model » Local, reversible dynamics… 

∼[Hasslacher-Meyer 1998]
[New J.Phys. 26, 113019, 2024]

Shifting step :

Interaction step :



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 

Th.  Size eventually grows, 

regardless of the initial state.

Proof. Polynomial interpretation-like.

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



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

Th.  Size eventually grows, 

regardless of the initial state.

Proof. Polynomial interpretation-like.

Th.  Entropy follows size.

Proof. 

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



A toy model » … has U-shaped entropy 

Cor.  Entropy eventually grows, 

regardless of the initial state.

∼[Caroll-Chen 2004]



Finite but unbounded configurations : 

no maximal entropy, no running out of configurations.

A toy model » … has U-shaped entropy 

Cor.  Entropy eventually grows, 

regardless of the initial state.

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



A toy model » … has U-shaped entropy 

Cor.  Entropy eventually grows, 

regardless of the initial state.

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



A toy model » … features Janus time 

∼[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 



On the beginnings… » of times 

Entropic time’s tale : «Half-line»

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



On the beginnings… » of times 

Entropic time’s tale : «Half-line»

Dynamical time’s tale : «Biinfinite line»

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



On the beginnings… » of matter 

∼[Sakharov 80, Hartle-Hawking 83]

Dynamical time’s tale :  «Big bounce»

The (unlikely?) big crunch of a universe

provides the matter for our big bang.

matter



On the beginnings… » of matter 

∼[Sakharov 80, Hartle-Hawking 83]

Entropic time’s tale : «Big double bang»

Our birth caused by their birth

Our matter comes from their past

(and reciprocally)

Dynamical time’s tale :  «Big bounce»

The (unlikely?) big crunch of a universe

provides the matter for our big bang.

matter



Summary » 

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


