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Life
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Walker 2016 “The Descent of Math” In Trick of Truth: The Mysterious Connection Between Physics and Mathematics? A. Aguirre, B. Foster
and Z. Merali (ed.) Springer.



Quantifying life ...

more “alive” '
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How can we explore the ‘Demonic Cut’ ...

Nonliving network Living network
Radical chain reaction DNA polymerase
Bl e chain reaction e
Theory il WSty e 02 EXperlment
B o B B & Information  Error  Evolution /v P

propagation correction

Image from: Cronin & Walker 2016 “Beyond prebiotic chemistry.” Science 352 (6290): 1174-1175.



Reformulating the structure of chemical
space with pathway asseml " ssmawo
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Pathway Assembly of Molecules
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Statistically exploring the origins of life in
prep for exoplanet science

Many products, Different
consistently different product
Condensation distributions distribution
in different
environments
R Different

function

Fixed set of small
molecules

Morphological
difference

= F

Surman, Andrew J., Marc Rodriguez-Garcia, Yousef M. Abul-Haija, Geoffrey JT Cooper, Piotr S. Gromski, Rebecca Turk-MacLeod, Margaret Mullin, Cole Mathis, Sara |. Walker,
and Leroy Cronin. (2019) "Environmental control programs the emergence of distinct functional ensembles from unconstrained chemical reactions." Proceedings of the National
Academy of Sciences 116 (12) : 5387-5392.




Alive



Hard Problem of Consciousness Hard Problem of Life

S.I. Walker and P.C.W. Davies “The Hard Problem of Life” in From Matter to Life: Information and Causality, Cambridge University Press 2017




Can we physically emulate life”?




Can we physically emulate life ...
Or conscioushess ?

/

Abstract
computation

Physical
System A

Physical isomorphism

>
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If life (or consciousness is a
macrovariable (or set thereof) can
we emulate it in other physical
systems?

N\

Physical
System B




Isomorphic Philosophical ZombieSO
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Feed-forward Isomorphic zombies” In prep




Isomorphic Philosophical Zombies ®
Preserved Partitions @
()
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Hanson & Walker (2019) “Integrating Information theory and

Feed-forward Isomorphic zombies” In prep
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Comparing information across
living and non-living collectives



Tandem running
An example of collective behavior

video from Gabriele Valentini




Collective behavior in ants and termites:
same behavior, different function

ants

termites

from: T. Chouvenc et al., 2010

Learning: Leader knows the goal
(e.g. nest site) and leads follower
(behavior is for transferring
knowledge)

Exploration: Both leader and
follower are undirected
(behavior is exploratory)




Statistical mechanics of living
trajectories
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Coarse-graining to describe different

channels

Pause pattern
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Measuring information transfer:
Net transfer entropy

..from leader to follower, TL>F
..from follower to leader, Tr- L

TFeL

NTE=TiLsr-TrsL




Landscape of
information transfer
(time and history)

Pausing pattern Rotation pattern

Pausing & rotation p.
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G. Valentini, N. Mizumoto, T. Pavlic, S. Pratt & S.I. Walker, In prep

C. formosanus
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Distinguishing the “purpose/function” of collective
behaviors based on the structure of information flows
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Same behavior, different local rules,
different patterns in information flow
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Programming ‘living behaviour’
iInto non-living systems
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