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Background for Algorithmic Theory of Consciousness

Pancomputationalism, Digital physics & computation. Turing; Wheeler; Zuse;
Fredkin (reversible); Deutsch (quantum UC); Lloyd (limits); Tegmark (MUH). Refs:
Turing 36; Zuse 69; Fredkin 03; Deutsch 85; Lloyd 00; Tegmark 08.

Algorithmic Information Theory. Kolmogorov complexity; Solomonoff induction;
Chaitin; MDL (Rissanen). Refs: Solomonoff 64a; Solomonoff 64b; Chaitin 66; Rissanen 78.

Predictive coding / FEP / Active Inference. Hierarchical generative models;
variational free energy; process theory. Refs: Rao&Ballard 99; Friston 10; Friston 17.

Agents & control. Good Regulator Theorem; Internal Model Principle; model-based RL.
Refs: Conant& Ashby 70; Francis&Wonham 76; Sutton&Barto 18.

Neurophenomenology (first-person methods). Embodied/1P constraints paired with
neural dynamics. Refs: Varela 96; Lutz&Thompson 03.

New here (KT). Application to algorithmic agents and structured experience; implications
for computational neuroscience and neuropsychiatry (Ruffini!i2:3i4:5:6:7),
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The Platonic Representation Hypothesis

[cs.LG] 25 Jul 2024

>

Minyoung Huh "' Brian Cheung "' Tongzhou Wang "' Phillip Isola "'

Abstract

We argue that representations in Al models, par-
ticularly deep networks, are converging. First, we
survey many examples of convergence in the lit-
erature: over time and across multiple domains,
the ways by which different neural networks rep-
resent data are becoming more ul-ml. Next, we
across data
as vision models and language models get larger,
they measure distance between datapoints in a
more and more alike way, We hypothesize that
this convergence is driving toward a shared sta-
tistical model of reality, akin to Plato’s concept
of an ideal reality. We term such a representation
the platonic representation and discuss several
possible selective pressures toward it. Finally,
we discuss the implications of these trends, their
limitations, and counterexamples to our analysis.

‘The Platonic Representation Hypothesis

Neural networks, trained with different objectives
on different data and modalitics, are converging to a
shared statistical model of reality in their representa-
tion spaces.

Ruffini et al.

3.3. Convergence via Simplicity Bias
Arriving at the same mapping on the training data does
not prohibit the models from developing distinct internal
i Itis not ble to posit that the rep-
memanons used to detect a dog in a 1M parameter model
could be quite different than that used by a 1B parameter
model. What would stop a billion-parameter (and count-
ing) model from learning an overly complicated and distinct
representation? One key factor might be simplicity bias:

The Simplicity Bias Hypothesis

Deep networks are biased toward finding simple fits
to the data, and the bigger the model, the stronger
the bias. Therefore, as models get bigger, we should
expect convergence to a smaller solution space.

Such simplicity bias could be coming from explicit reg-

Ii FrajectPage: e “”h'n e 1!-~, l o ularization R(f) commonly used in deep learning (e.g.,
o0 b S —— weight decay anddmpoul) Howcw:r. even m lhc absence
g |: U of external i deep lly adhere to
o 1. Introduction % , Occam’s razor, implicitly favoring simple solutions that fit
Rpe ‘ . o igeee 1. s Tislonic Raprosmstation Hypethest: [mapes (1) the data (Solomonoff, 1964; Gunasckar et al., 2018; Arora
W) Alsystems are rapidly evolving into highly multifunctional  8nd text (¥') are projectioes of a common underlying reality (Z). :

b= i by kit prp e We conjec etal., 2019a; Valle-Perez et al., 2019; Huh et al., 2023; Din-
- entities. For example, whereas in the past we had special- fe comjectire that representatson 'ftmml :\ll«ﬂlhm- will con- a., s - b Va e & 2 = p A
g pu solutions for different language p ing tasks ;:Tnmd.:a":':’uﬂ ‘\mwm‘):;n:um:lm model size, as gle et al,, 2018; Goldblum et al,, 2023). Figure 7 visualizes

(e.g., sentiment analysis, parsing, dialogue), modem large how simplicity bias can drive convergence.
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Experience

“There is structured experience.”

We start from the fact of experience—the first person (1P), subjective standpoint®.

From the self-evidence of our own experience, the “what it’s like to be”, we deduce
that there is “experience”.

Our experience is structured, and we report it ourselves and others.

Definition (Structured experience (§))

The phenomenal structure of consciousness encompassing the spatial, temporal, and

conceptual organization of our experience®.

This ToC develps a theory /science of first-person structured experience.
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AIT or Kolmogorov Theory of Consciousness

Kolmogorov Theory of
Consciousness

1. Postulate: There is
Experience

An algorithmic information theory of consciousness
Gaulio Ruffini

Neuroscience of Consciousness, Volume 2017, Issue 1, 2017, nix019,

Journal of Artificial Inteligence and Consclousness | Vol. 09, No. 02, pp. 153191 (2022)
AIT Foundations of Structured Experience

Gadio Rutfini =) and Edmundo Lopez-Sola

2. Focus on Structured
Experience ———

The Agent and
Etiology to Advanced Therapy in Major Depressive Disorder

From

Gots Rt Frascesca Castaise Camuno Lapas-Soia *2 1O, Roser Sanchas Todo 12 O ang

Structured Dynamics in the Algorithmic Agent

by Glulio Ruffini *.* Francesca Castaldo ' and Jakub Vohryzek 2.3 ¢
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I THINK, THEREFUE A
I HAVE STRUCTURED
EXPERIENCE!




The Algorithmic Weltanschauung Ruffini et al.

Philosophy and Mathematics

Structured Experience

What is structured
experience?

The spatial, temporal,
and conceptual
organization of our
first-person
experience of the
world and of
ourselves as agents
init.

An algorithmic information theory of
consciousness
®
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Pure vs. Structured Experience

Pure vs. Structured Experience

PURE EXPERIENCE STRUCTURED EXPERIENCE
) (Structure: Simplicity, Relations)

RELATIONS SIMPLICITY

PURE EXPERIENCE STRUCTURED EXPERIENCE *

(Structure: Simplicity, Relations)
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THERE IS STRUCTURED \-
EXPERIENCE. THEREFORE /N
THERE IS (PURE)
EXPERIENCE AND
MATHEMATICS
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Logic overview: from Structured Experience to Algorithmic Agents

Time, Algorithmic Algorithmic
Computation soup agent

Structured
experience

Unicum

(dual aspect

Pure
experience

Structured
Experience:
model
structure
+ valence

monism

/ cosmic
idealism)

+ arousal
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The Unicum

We take experience as ontologically primitive and pair it with mathematics — the
science of structure? — as the structure-endowing aspect of that same base.

“Experience without mathematics” is ineffable (no report, no agent, no world).
“Mathematics without experience” is empty (no intrinsic ‘what-it’s-like’).

Dual aspect Monism: the same base (Unicum) has both an experiential and a
structural face.

KT is best described as Cosmic Structural Dualism: Cosmic idealism: Reality is grounded in a single
experiential field. The field is impersonal and non-valenced; subjects and their hedonic lives supervene on
structured patterns within it. Structural idealism: mathematics describes the forms of structured

experience.
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Pythagoras (c. 570495 BCE) & the Unicum
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Further connections

Objective Functioe ¢

Experience
(subject-free) Valence (structural) §  Reports

Mathematics
(structuring
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Mathematical universes

What is mathematics? The science of “logically sound/solid” structures.

We can think of a mathematical system as logical tiling. A logical system that only
fits one way. Perhaps the universe is like this.

But what is computation? The execution of a procedure in steps. Computation
requires/implies time! There is no obvious time direction in a tiling.

Perhaps we can recover the idea of computation and time locally through some (time)
slicing of the tiling.

We hypothesize that there is a mathematical tiling/structure which can be
meaninfully sliced to provice a time axis and computation — an algorithmic soup.

And that persistent patterns can be observed in some mathematical universes after a
sufficiently long time.
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Tiling and time/computation
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The Algorithmic Agent

The Algorithmic Agent
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The Algorithmic Agent

Persistence

If we take the algorithmic stance, what else can we say?

A persistent pattern is that which remains after the passage of computational eons.

There may be several types of such patterns. Some seem rather impervious to the
world, such as protons or diamonds. Others are rather interactive model builders.



The Algorithmic Weltanschauung Ruffini et al.

The Algorithmic Agent

Persistence and life

Definition (Life and agent)

Life refers to algorithmic patterns that readily interact but persist by capturing some
structure of the World they inhabit to stay (homeo- and tele-homeostasis). We call
such patterns agents.

In KT, the connection with the first-person viewpoint is that this generalized
definition of life is capable of valenced, structured experience.

(As part of this program, we should study the algorithmic emergence of agents/life.)
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The algorithmic agent (minimal model?)

AGENT
Modeling Engine
D Compression
\ Model Model Objective
Structure, symemetry Function
DH )
Simulator Updater |
Valence
= \ t l
\. error
//
)
Y/
// /
T //
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Modeling, Compression, Symmetry

Modeling, Compression, Symmetry
m About Emergence
m What is a Model?
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Kolmogorov complexity (X)

Agents need in the soup need to model the “world” (Regulator theorem).

But what is a model of a dataset? A short description of the dataset.

Definition (Model of a dataset)

A (succinct) program that generates (or compresses) the dataset.

The computational perspective leads us directly into the heart of AIT: the
Kolmogorov complexity of a dataset () is the length of the shortest program
capable of generating the dataset!©.
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Kolmogorov complexity (KX

Data

Program/model
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Mutual algorithmic information (M)

With X at hand, we can define an algorithmic version of mutual information:

Definition (Mutual algorithmic information complexity M)

The mutual algorithmic information M (z : y) between two strings x and y, is given by

M(z:y) = X(z) + X(y) — X(z,y)

11;12
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Life and the Algorithmic Regulator (Ruffini 2025, arXiv)

AGENT
Modeling Engine
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Ciuto Ruffied
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- let A= K(O')) = K(O4'}). Then there exists C > 0 such that
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Equivalently, every bit by which M(W':R) falls short of A costs a factor = 2° in
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KOLMOGOROV COMPLEXITY & ALGORITHMIC AGENT FRAMEWORK:
THE POWER OF SIMPLICITY

BIG DATA
(High Entropy)

BIG DATA
(High Entropy)

Core Concept: A good model (program) is one that can compress a lot of data into a short di

COMPRESSION

(Data to Prograem)

COMPRESSED
REPRESENTATION

A good model is GENERATED DATA

a simple model! (Structured Output / Predictions)

GENERATION

Program 1o zy

y/

ALGORITHMIC |
PROBABILITY
st2 Generation) GENERATED DATA
(Structured Output / Predictions)

ption, and can be used to generate new, similar dat@p-

This is the essence of Kolmogorov Complexity and the Algorithmic Agent framework, where the program itself is the model
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Science as Compression — Physics
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Natural Selection as Mathematics

EVOLUTION: NATURE’S MATHEMATICAL
COMPRESSION & GENERATION ENGINE

NATURAL SELECTION & EVOLUTION
(MATHEMATICAL COMPRESSION)

NATURAL SELECTION
(%4 AET\’/&%QT DIGITAL LIFE
VAST BIOLOGICAL DATA COMPRESSION)  THEORY & ALGORITHMS GENERATION &

(Millions of Species, Fossils, Genetics) (Simple Mathematical Program) ~ USEFUL ALGORITHMS
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Why are succinct models (short programs) useful?

Occam’s Razor '%4: one should not increase, beyond what is necessary, the number of

entities required to explain anything.

We essentially assume that data is generated by some process — that data has
structure.

a) The universe is simple. Simple rules can create apparent complexity. E.g.,
simple data generators are more likely if the universe rules are drawn from a random
algorithmic bingo (Solomonoft’s prior).

b) Natural selection: selects resource-bounded agents that coarse-grain the
world in a way that can be modeled simply. This motivates a definition of
Emergence.

¢) The Random Program Assumption: reality derives from random program
selection (monkeys typing programs, not Shakespeare).
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Turing vs. Shakespeare

MONKEYS TYPING SONNETS
(GIBBERISH)
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The Simplicity Prior

WHY SIMPLICITY IS A GOOD PRIOR: A COMPUTATIONAL VIEW
1. GENERATING HYPOTHESES 2. SOLOMONOFF PRIOR 3. PREDICTION & MDL
(RANDOM PROGRAMS) & DOMINANCE (OUTCOME)
og 0N ©) Soedima Jestiog
2 K() \ cost proporton UNIVERSAL PREDICTOR (M)
Poil iz | @uIEF || .
O X oRACLE PREDICTOR W)

Va
& % < % Xy Xg, Xs...

PROGRAM (p)) |PROGRAM (p)| PROGRAM (p)| | PROGRAM (p)
pRO.P=1/2 || p=0,P=1/2 | p=10,P=V/4 | | p=110,P<1/8

TRUE ENVIRONMENT ‘I(l; implicity leads to better g

Exponential bias toward short, simple programs. (computable but complex

h} Simple Models = High Prior = Better Prediction. 4—’

Probability

PROGRAM PROBABILITY
P(p)= 2%

ML Principle: Best model minimizes total
length (Model + Data Error).
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Science is Compression

CLARIFYING KOLMOGOROV COMPLEXITY, STRUCTURE FUNCTION, & THE SCIENTIST'S ROLE

- -
1. PRECISE COMPONENTS OF ] 2. THE SCIENTIST'S GOAL: 3. THE RESULT:
DESCRIPTION LENGTH MINIMIZE TOTAL DESCRIPTION LENGTH OPTIMAL POINT & BEYOND
3 A. MODEL SIZE Ve\ 4 AT OPTIMAL POINT
A8 (Minimum Length)
ol
\
£ W
] Q@.ﬁd\v\\ E ﬁl @
)/ g2 Model captures all
> =@ significant structure.
o § 3 The 'knee' of the curve.
DISCOVERY @ E8
g % OPTIMAL POINT BEYOND OPTIMAL
4_B.STRUCTURE FUNCTION &3 2 (Ovarfiing)
xplai ita) iy 0
= N f
2 \ F 8 *
g m}ss'eu;ogﬂguc >
OISCOVERY \ UNOEREITTNG e gth contimes s dacmsse
(Steep Descent, Slope <-1) e (Rapid Decrease) (Siawer Decrease, Slope “o) (bu; more slowly). Nofnewd
v G significant structure is found,
Mw%ﬂ:’%(i%ﬁbﬂm L MODEL SIZE / COMPLEXITY oﬂly noise is being modeled.
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Modeling, Compression, Symmetry —About Emergence

Epistemics. The limits of reductionism

Barriers to deriving macro laws from microscopic laws:
(i) Resource-limitation barriers.

(ii) Weak computational barrier: agents can simulate bounded finite-state systems
step-by-step at the micro-level but cannot algorithmically simplify or shortcut this simulation
(computational irreducibility, Wolfram).

(iii) Strong computational barrier: allowing system size to grow without bound enables
coarse-grainings to encode macro-level questions equivalent to the Halting problem, making
them formally undecidable.

(iv) Algorithmic barrier: even for bounded finite-state systems, no general algorithm
can guarantee the discovery of significantly compressed macro-level models from
knowledge of micro-rules and coarse-graining alone. This fundamental barrier arises
from the global uncomputability of Kolmogorov complexity and the structure
function. This motivates the algorithmic definition of emergence.
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From the algorithmic agent to emergence

Definition (Algorithmic emergence)

Algorithmic emergence occurs when an agent empirically discovers a compressive,
predictive macro-level model from coarse-grained observations, despite lacking the
ability to algorithmically derive this simplified description from complete knowledge
of the microscopic rules alone. The “emergent entity” is the macro-level pattern or

model that agents uncover through empirical investigation 3.
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What is a model?

A program / algorithm. The invariant mathematical object associated with a
dataset 4.

RAW DATASET: MODEL (INVARIANCE OBJECT):
Planetary Motion Newton's Laws

‘ Initial Conditions: t =1y, (Xo, VO)

) ) Compresses data into
Complex, noisy observations fundamental, invariant law 4
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Modeling, Compression, Symmetry —What is a Model?

What is a model?

38/84

RAW DATASET:
Cat Images

ﬂ

Varied visual inputs (breed, pose, lighting)

~

NEURAL NETWORK (INVARIANCE OBJECT):
Cat Classifier

_ Learns invariant features to output a single class
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Characterizing models

How can we define model structure? Measure it?

In a recent paper®, we first define generative models using group theory,
capturing the idea of simplicity as symmetry. Then, we show that:

1) Tracking the world forces the agent as a dynamical system to mirror the symmetry
in the data. Dynamics collapses to reduced manifolds.

2) The hierarchical nature of world data leads to coarse-graining and the notion of
hierarchical constraints and manifolds.
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Modeling, Compression, Symmetry —What is a Model?

Characterizing models (a glimpse of Platonia)

How can we define model structure? Measure it?

Intuition: a model is an invariant of a dataset. A cat model is the invariant of any
cat image.

In a recent paper®, we first define models using group theory, capturing the idea
of simplicity as symmetry.
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Models as Lie pseudogroups

Definition: A generative model of data objects is a smooth function mapping
points in the M-dimensional configuration space manifold to X-dimensional object
space, f: € — RX with M << X.

An r-parameter generative model is a Lie generative model if it can be
written in the form I =~ -1,, v € G, where I, € R¥ is an arbitrary reference object,
f is a smooth function, and G is an r-dimensional Lie pseudogroup.

Intuition. Lie groups naturally embody recursion and compositionality, linking
them to algorithmic information theory, particularly compression:

1 n
= li 1+-) 6TF| = 0,T*
7 n:ff;o(m;k ) P[Z

e (1)
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Compositional group action (hierarchy)

The state of a robotic hand can be expressed through generative compositionality by

the Product of Exponentials formula from robot kinematics !°,

T = H elSn10n \p (2)

neEparents

AAREN
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Navigating latent space

CONCEPT:
Lie Pseudo-group (Local Symmetries)
(Local Symmetries)

Collection of local, smooth transformations Lie pseudo-group defines “steering
defined on open sets, respecting a geometric instructions” for smooth, semantic
structure (e.g., local symmetries) transformations within the latent manifold.
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The world-tracking equations (mathematics of Comparator)

Consider an agent tracking data I, (visual) generated by a simple world model — a
hand, say. A group “moves” the hand through 6.
The world-tracking equations of the agent

as a dynamical system are

T = f(.’E;’LU,Ig>
g(z) =~ I

i.e., an ODE plus a constraint. They must
hold for all values of # (all hand images).

To satisfy these, the ODEs must exhibit symmetry / structural constraints
= conservation laws. Dynamics collapses to a reduced manifold®.
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1. SYMMETRY & STRUCTURE 2. RNN DYNAMICS & COLLAPSED DYNAMICS
(Lie Pseudogroup on Cat Images) NOETHER'S PRINCIPLE (Conserved Quantity)

Symmetry Submanifold
(Noether Surface)

RNN
(SE

lhme-evo\ul on

Generic Symmetry
Dynamics l Submanifold

Structural Constraints Invarianti Constraints
n Weights (Wions 4
n Wesgh constrained ! Dynamics rest
dimensional
Invariant Output ermined by the
f(gx) = f(x) T o pether's theoremg
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Summary: characterizing models

We wish to define model structure? and measure it.

We define generative models using group theory, capturing the idea of
simplicity as symmetry®. Then, we show that:

1) Neural networks, such as FFNs, inherit structural constraints from the
symmetry properties of the data on which they are trained.

2) Tracking the world forces the agent as a dynamical system to mirror the symmetry
in the data. Dynamics collapses to reduced manifolds.

2) The hierarchical nature of world data leads to coarse-graining and the notion of
hierarchical constraints and manifolds.
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Summary: From groups to constrained dynamics

Generative model (§2) Lis pesudogroup G Spencer/compatibility

f:CRY, I=[() MumC R y= "‘1’(2 "V’") Hierarchy of constraints
e=va, I=v1I, 7€G (integrability, exactness)

T
Compasitional symmetry (local)

Equivariance
Sy ziwy 1) =5 f(z;ew, 1)

p(r-2) =7 plx)
World-tracking dynamics (§3) \

i fmedi) Py — | Nueumr—ulfyk- invariants

Static fy, - plz) =0
Conserved labels = reduced leaf

structural comtraists

Hierarchical coarse-graining (§3.1)
G=HyDH; DD Hy, My = My /Hy
Canonicalize & coarse-grain residual:

n=i' =1l mian=Cianln) auctiomts defles (A}

(,..A\ ..
Predictive residuals (§3.2)

=47 1 € Hiof/He, e = exp(tSY) e fupedates o0 My

Compositional reduced dynamics
Nested invarfant manifolds { M.}

o, Y pass = Pime + h
Project & pass up: e = Park + Qunn: send Qu “Blessing of compositionality’

(Message mgu.y encodes quotient directions He_,/Hy)
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The central hypothesis in KT (phenomenological connection)

Persistence = homeostasis/tele-homeostasis.

= agents must include a world model (Good Regulator Theorem).

An agent has § (i.e., living stronger, more structured experiences) to the extent it has
access to encompassing and compressive models to interact with the world.

More specifically, the event of structured experience arises in the act of running
and comparing models with data.

Model structure determines the properties of structured experience.
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Structured Experience
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The Agent and Structured Experience

Die Welt ift meine ol
DBorftellung » nporpamma

The world is my The world is
ion ve program

Compression is at the core of cognition and life : world models, representations...
are all formalized by Kolmogorov Complexity (short programs). Life (algorithmic
agents) relies on compression.
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The Agent and Structured Experience

Structure: algorithms, dynamics and experience

/ \ / \ /“_

|Composmonalm H Algonthm }—{ Recursion |

R AT St

7 X 7N

|\P’ ""Phy"“' \ Structure ’I / N\
\,77,/$/ s N : G \\/.\ 7//‘

/ \/&Expenence p————— Dynamlcs |
| Phenomenology | / ( T,P“h\/\ I Stability |

ogy |

N /‘\ O

[ Geometry |

\J e o

S

| Symmetry ‘)
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From mathematics to experience

a) MODEL STRUCTURE b) DYNAMICS
(Lie Pseudo-Group) (Invariant Manifolds)

Local Symmetry

Generic
. — Transforme

Dynamics Constrained Flow
(Noether Current)

Local Symmetry g
Transformations 2 e Invariant -
% Manifold =
anifold_- Conserved
quantties

O
Symmetry-Constrained Weights

A

¢) SUBJECTIVE “STRUCTURED”
EXPERIENCE

Coherent,

meaningful perce-

ption arising from

constrained dyna-
mics. The “shape”

of experience
reflects the
underlying
symmetry.

Experience informs model refinement.

THE CAT IS
ON THE MAT.

Ruffini et al.
53/84
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Algorithmic Report

In KT, an algorithmic report is a slice of its model (and/or its evaluated futures)
for communication to a medium—self (memory) or others so that this export can be
reloaded to guide prediction, evaluation, or control later. It includes world models
and models of self (past models = time). Language, art, code, writing, motor
demonstration, and hippocampal memory traces are all reports in this sense.
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No report does not imply no experience.

The illusion of non-consciousness
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Algorithmic Emotion®

To include the experience dimensions of valence and arousal in the agent, we define:

Definition (Algorithmic Emotional State an Agent)
The emotional state of the Agent is the tuple E = (Model, Valence, Plan).
In first-person language, emotion is structured world-model with valence and plan,

and can be described along dimensions characterizing model structure (simplicity,
breadth, accuracy, etc.) plus valence/plan.

Definition (Depressed Agent)

Depression is a pathological state in which the output value of the Objective
Function (valence) of an agent is persistently low.
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The Agent and Structured Experience

input atream:
100199810010

AGENT

NE

The Agent: Model +
+ Planning

We are now in the position
to define emotion:

Emotion = Model +
+ Arousal

... and depression:
A pathological state of
persistent low

Ruffini et al.
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The Agent and Structured Experience

Algorithmic Routes to Low Valence®

a) AGENT b) MDD AGENT

Modeling Engine

Motel AModel™  opjective
Function
\

Valence

prediction error

Comparator

Planning
N Plan— Engine

WORLD

Output
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Connection with computational neuropsychiatry (for testable
predictions)
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Data, Neurotwins, and the Agent Model: Relationship & Synthesis

ALGORITHMIC

1. DATA 2. COMPUTATIONAL MODEL 3. AGENT MODEL
(Messy, Raw Input) (Neurotwin) (Algorithmic Blueprint)
4 (Mathematical Construct)
. 2 a2 : J INFER &
e %ﬂ O L X _ px,u.w) 2wy CONSTRUCT
P @ f : f‘ & N\ r (High-Level Synthesis)
& . e i} d 1) Helps

S" N £ Construct @

BLUEPRINT
- (Goal-Directed System) N\
- FIRST-PERSON
EXPERIENCE
- CONNECT TO (Subjective Reality)
&y d (2 EXPERIENCE >

AN \ (Architecture & Dynamics)

Raw, noisy, and high-di ional St d math ical synthesis of data; 2) Connects to First-

L brain & life observations. pi h and dy i Person Experience

Agent Models provide the algorithmic organization to synthesize messy Data into Computational
Neurotwins and bridge physical brain dynamics with subjective first-person experience.
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The Scientific Approach

From mechanistic models to agents

EMULATE
%
IMITATE =
BE S = @@
-
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The Agent and Structured Experience

Neurobiology

The Comparator, crucial for 8, is implemented hierarchically in L5 P cells %17

(posterior hot zone). Disrupted by psychedelics or AD 819,

Hierarchical predictive coding (L] (5“'. Consciows Anesthetizea

AGENT ]

TNy

updater simulator l

4 )

emor poscton]| o,
\ / —"‘ Planning Engine | © ©
comparator




The Algorithmic Weltanschauung Ruffini et al.
About Time

About Time

About Time



The Algorithmic Weltanschauung

About Time
Time as an artefact of compression 112
THE HIDDEN PHYSICS THE OBSERVER THE UNCOMPRESSED FILE
(Ground Truth) (Distance Only) (The ‘Chaos’)
...... ;
........ o) dag dsc
"""" @ deg

Particles in empty space follow simple
Newtonian laws. Their positions are deterministic.

We only record the distances between the
particles at random times.

A massive, seemingly random sequence of
distance snapshots. No obvious pattern.

THE COMPRESSION CHALLENGE
(The Struggle)

THE “AHA!" MOMENT
(Rediscovering the Rules)

THE DISCOVERY
(Laws + Time)

Trying to shrink the

ile without understanding
the underlying rules is impossible.

t = (Time)

By assuming simple laws of motion and a hidden
‘time’ parameter, the data suddenly makes sense!

The massive file is compressed into a tiny set of
initial conditions and a simple rule. We've

rediscovered Newton's laws and the concept of Time!

Compression is vital for capturing algorithmic information in the world.
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Time as an artefact of compression Il

THE IDEA: A GOOD CLOCK SIMPLIFIES EQUATIONS.
GOOD CLOCK (UNIFORM TICKS) BAD CLOCK (NON UNIFORM TICKS)

d-log(x+)) +...

POSITION vs. TICKS POSITION vs. TICKS
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About Time

Time in the Tiling
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About Time

Time, the Tiling and Platonia (J. Barbour)
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Time and Julian Barbour’s Platonia 2’

JULIAN BARBOUR'’S PLATONIA: THE NON-EXISTENCE OF TIME

( RECORDS A
(FOSSILS) ;
i TIME
i (Inferred bv
TESNETCC:ERSAL y ¢ Inhabitaimts)
Z
\

PLATONIA:
A landscape of static, timeless configurations.
Structure interpreted as TIME.
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SUBJECTIVE TIME & COMPUTATION:
THE PAIN-COMPUTATION-DILATION CYCLE.

NORMAL VALENCE: LOW VALENCE (PAIN):
LOW COMPUTATION = NORMAL TIME FLOW HIGH COMPUTATION = TIME DILATION

PLAN:
OUCH! NEED NEW PLAN!

AGENT AGENT SIMULATING OPTIONS...
AHHH! WHAT IF...2

Modeling | | Objective | L: : Modeling
Engine Function ALT'(’;‘gbo. Engine
L 2
o9 o|
Planning

Engine

w L
= :
= ’_
= :
- :
2 : 8
~ 5
= I j

PHYSICAL TIME PHYSICAL TIME

0..0.9..0-.0::0:0:0 0 PHYSICAL TIME TICKS - ®++-0@e-0-0-0.0.0000000 ¢
LI

@esecccacaen @eeceenane SUBJECTIVE EXPERIENCE TICKS ++-#-0-® © © @ sescsssss
J L
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SUBJECTIVE TIME & LEARNING: THE YOUTH-COMPUTATION-DILATION CYCLE

ADULT: LOW MODELING UPDATES = NORMAL TIME FLOW

MODEL: STABLE.
NO CHANGES.

(o)
Modeling Engine  ©

Model
VAU g

YOUTH: HIGH MODELING UPDATES = TIME DILATION

MODEL: SO MUCH NEW INFO!
UPDATING EVERYTHING!

\

EARNy Mode'-l Objective |
S Function

| Simulator | Updater |

&

Valence

I efmor

\

N )
\ Planni
ERRgp Comparsio KNP ¥pan{ Engine
A

WORLD

| w w
Ew Sw
= % =
& b 2.
53 53
Do o
EH EH
2 a
PHYSICAL TIME PHYSICAL TIME
PHYSICAL PHYSICAL
TIME TICKS TIME TICKS
SUBJECTIVE SUBJECTIVE
EXPERIENCE EXPERIENCE
TICKS TICKS

Ruffini et al.
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Algorithmic Ethics and Values

Ethics

KT does not grant any special status to humans: all agents enjoy structured
experience with pleasure/pain (valence). This includes agents made of agents.

AGENT
Modeling Engine
-
ulatof
Plan Plnnnlng
Engine
owpu O

WORLD
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Algorithmic Ethics and Values

Algorithmic Ethics

Algorithmic morality: natural notions of good or evil in computational terms. E.g., we
may say that

Agent A is circumstantially evil to Agent B if the objective function O, increases
when Oy decreases, but A is not “aware” of it (via world-model/simulation).

Agent A is indifferently evil to Agent B if the objective function O, increases
when Op decreases, and A is aware of it.

Or, we may say that Agent A is intentionally (truly) evil to Agent B if the
objective function O, increases when A’s simulation of Op decreases.

Similarly, we say that Agent A is circumstantially kind to Agent B if the objective
function O, increases when Op increases.

Or that Agent A is intentionally kind to Agent B if the objective function O 4
increases when A’s simulation of O increases.
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Algorithmic Ethics and Values

Path overview

Structured
experience

Time, Algorithmic Algorithmic
Computation soup agent

Unicum

(dual aspect

Pure
experience

Structured
Experience:
model
structure
+ valence

monism

/ cosmic
idealism)

+ arousal
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Back To Greece

PLATO: Mathematics is the Bridge to Forms

PYTHAGORAS: Reality Is Number

Mathematics leads the soul from the shadow
world of becoming to the eternal realm of Being.

Pythagoras (c. 570-495 BCE) & Plato (c. 427-347 BCE).
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Plutarch (c. 46-119 AD)

ANCIENT PHILOSOPHY
VS.
— : MODERN Al ARCHITECTURE

PLUTARCH:
"The soul (psyche)
is immortal and
tripartite (composed
of REASON,
y SPIRIT,

and APPETITE),
{ milar to Plato.

ere
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Summary [There is structured / mathematical experience (with report) ]
Y

Dual-aspect monism (KT-ESP / Unicum):
Euperience (intrinsic, non-valenced) + Mathematics (structural grammar)

Structural aspect (Mathematics,
Mathematical structure: Tiling /
global constraint

Intrinsic_aspect (I
Primordial experience: bare
“there-is” (no structure)

Report & memory = individu-
ation (why we seem similar yet
different)

Compressive slicing = “time”
(agent-relative)

Computation & algorithmic soup
(local rules, global structure)

Base is impersonal, non-valenced;
valence appears only in agents

Emergence: coarse-graining /
MDL = macro laws & symmetries

N Agents = per

istent patterns (evolutionary selection)
~»| M: modeling (compression/prediction) ~ O: objective
(valence) P: planning/action (agency)

¥

Agent-structured experien
world model = edges, objects ns, causes; pres
with predictive fit; valence from O; arousal from P.

dura

Consequences / answers: Who are we? pes
sciousness?

sist

t, model-running patterns in one field. What is con-
ructured experience from M/O/P. What is life? agency under telchomeostasis: pattern per-
sistence under selection. Sleep/anesthesia? coupling and report attenuate; presence drops. Dreams? of-
fline model replay with weak sensory coupling; high model-driven structure; presence low to moderate. Death?
pattern ceases; base remains. Why is mathematics useful? it is the structural face of the base. What is

i s ing yields macro laws. What is time? a compressive slicing coordi-
nate. Why are we similar yet different? shared base, differing models & reports.
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Call for papers: Special Entropy issue

. entropy

The Mathematics of Structured Experience: Exploring
Dynamics, Topology, and Complexity in the Brain

Submit Abstract to Special Issue ]

(
[ Review for Entropy ] « Special Issue Editors
\

* Special Issue Information
Propose a Special lssue ]

« Keywords
+ Benefits of Publishing in o Special Issue
Journal Menu « Published Papers
Entropy Home A special issue of Entropy (ISSN 1089-£300). This special issuse belongs 1o the section *Entropy and Biology”.
Aims & Scope
Edtorial Board Doadiine for manuscript submissions: 25 February 2026 | Viewed by 567
Reviewer Board

Characteristics of compressive world models; Mapping models to dynamical sys-
tems; Empirical paradigms; Al and computational brain modeling.
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Thanks

Thanks for your attention and curiosity!

https://giulioruffini.github.io
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