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Introduction

Computationalism and the Church-Turing Thesis

• Computationalism: cognition is a form of computation.
• How did this idea come about?
• The Church-Turing thesis (CTT) played an essential role.
• CTT: Every function that can be effectively computed, is
computable by a Turing machine.
(“Original thesis”, Shagrir, Copeland, others)

• Every function that can be effectively computed, is
computable by a universal Turing machine.



Introduction

Universality

Universality is crucial:
1. there is no universal primitive recursive function
2. it makes the Turing machine programmable in the sense that
any Turing machine, any program can be implemented.

The importance of the universal machine is clear. We do
not need to have an infinity of different machines doing
different jobs. A single one will suffice. The engineering
problem of producing various machines for various jobs is
replaced by the office work of ‘programming’ the universal
machine to do these jobs. (Turing 1948)



Introduction

Universality

One remarkable result of Turing’s investigation is that he
was able to describe a single computer which is able to
compute any computable number. He called this machine a
universal computer. [...]
This surprising result shows that in examining the question
of what problems are, in principle, solvable by computing
machines, we do not need to consider an infinite series of
computers of greater and greater complexity but may think
only of a single machine.
Even more surprising than the theoretical possibility of such
a “best possible” computer is the fact that it need not be very
complex. The description given by Turing of a universal
computer is not unique. Many computers, some of quite
modest complexity, satisfy the requirements for a universal
computer. (Frankel 1956/De Mol 2018)



Introduction

Universality

[...] the universal machine [...] sees the [...] machine code
as just more data to be worked on. This fluidity [...] is
fundamental to contemporary computer practice. A program
[...] is data to the [...] compiler. (Davis 2000)



Introduction

Early Functionalism/Computationalism

Putnam’s functionalism/computationalism against
behaviorism/identity theory (Putnam 1967):

• pain, or the state of being in pain, is a functional state of a
whole organism

• being capable of feeling pain is possessing an appropriate
kind of Functional Organization

• functional organisation ∼ probabilistic automaton ∼
non-deterministic Turing machine



Introduction

Early Functionalism/Computationalism

Role of the Turing machine/CTT
• independence of implementation (Putnam 1967)
• universality (Putnam ?)



Computationalism

Versions of Computationalism

• Brain states/states of mind are explained by Turing
machines. (Putnam 1967)

• The functions from neural inputs to neural outputs are
Turing-computable. (Piccinini 2007)

• The nervous system is a computing system. (Piccinini &
Bahar 2013)

• Cognitive phenomena are explained by digital computation.
(Piccinini & Bahar 2013)

• Any cognitive function can be computed by a Turing
machine.

• Any cognitive task can be computed by a universal Turing
machine.



Computationalism

Versions of Computationalism

• The nervous system is a computing system which explains
any cognitive phenomena. (Piccinini & Bahar 2013)

• We are calling for abandoning the classical approach of just
searching for computational explanations of human behavior
without worrying much, if at all, about neural computation.
(Piccinini & Bahar 2013)

In my opinion, the cognitive and biological aspects
can/must be clearly distinguished.



Computationalism

Triviality Arguments

• Every ordinary open system implements every abstract
finite automaton. (Putnam 1988)

• For any object there is some description of that object such
that under that description the object is a digital computer.
2. For any program and for any sufficiently complex object,
there is some description of the object under which it is
implementing the program. Thus for example the wall
behind my back is right now implementing the Wordstar
program, because there is some pattern of molecule
movements that is isomorphic with the formal structure of
Wordstar. (Searle 1992)



Computationalism

Triviality Arguments

Un/limited pancomputationalism (Piccinini 2017)
• Unlimited pancomputationalism: every physical system

performs every computation.
• Limited pancomputationalism: every physical system

performs one (or relatively few) computation.

• If unlimited pancomputationalism is correct, then the claim
that a system S performs a certain computation becomes
trivially true and vacuous or nearly so; it fails to
distinguish S from anything else.

• If every physical process is a computation, the
computational theory of cognition seems to lose much of its
explanatory force.



Computationalism

Triviality Arguments

What do Putnam and Searle exactly endorse?
• Every ordinary open system implements every abstract

finite automaton. (Putnam 1988)

• For any object there is some description of that object such
that under that description the object is a digital computer.
2. For any program and for any sufficiently complex object,
there is some description of the object under which it is
implementing the program. Thus for example the wall
behind my back is right now implementing the Wordstar
program, because there is some pattern of molecule
movements that is isomorphic with the formal structure of
Wordstar. (Searle 1992)



Computationalism

Triviality Arguments

• (U) Unlimited pancomputationalism: every physical system
implements a universal Turing machine.

• (L) Limited pancomputationalism: every physical system
performs one (or relatively few) computation.

• “Total physical computability thesis” (Copeland & Shagrir
2019): (Every physical aspect of the behavior of) any
physical system can be calculated by a universal Turing
machine.

• “Super total physical computability thesis”: any physical
system can be calculated by a universal Turing machine
and any physical system implements a universal Turing
machine.

• Universality is everywhere. (Wolfram)



Computationalism

Triviality Arguments

• (U) Unlimited pancomputationalism: every physical system
implements a universal Turing machine.

• (L) Limited pancomputationalism: every physical system
performs one (or relatively few) computation.

• (U) is wrong and (L) is trivially true.

• (L) Any physical system is a natural system described in
mathematical terms. So any physical system “computes”
something.



Universality

Elementary Cellular Automata

1. Infinite/finite one-
dimensional lattice of cells which
can be in 2 states and interact with
nearest neighbours.

2. Local transition rules of ECA:

111 110 101 100 011 010 001 000
0 1 1 0 1 1 1 0

256 ECA rules, numbered by
decimals, but only 88 independent
ECA rules.

3. Space-time patterns

4. ECA rule 110 has been proven to be
Turing-complete. (Cook 2004)
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Universality

Proving Computational Universality



Universality

Proving Computational Universality

1. General strategy: Reducing the system to a system already known to be
universal

2. Turing machine → tag system → cyclic tag system → initial configuration +
rule 110 (Cook 2004)
Turing machine → clockwise Turing machine → cyclic tag system → initial
configuration + rule 110 (Neary & Woods 2006)

3. Input to each system must be encoded, the output decoded.

• (Cook 2004) “make sure that the encoding and decoding processes aren’t
bearing the brunt of the computational burden of generating the output
given the input”

• (Cook 2014): “the encoding process should always halt, and the
halting-detection process should be implementable by a finite state machine,
and the decoding process (only to be applied after the halting detection has
signaled that the computation has finished) should also always halt.”

• The en/decoding must be effectuated by a machine lower in the automata
hierarchy.



Deep Learning

Modeling Cognitive Tasks

(OpenAI Feb 2021)
Includes 12-billion parameter transformer model, trained on 250
million text-image pairs, on 1024 16 GB NVIDIA V100 GPUs.



Deep Learning

Light Computationalism Thesis

[...] we only permit digital computers to take part in our game.
This restriction appears at first sight to be a very drastic one. I
shall attempt to show that it is not so in reality. (Turing 1950)



Deep Learning

Turing-Completeness of Neural Networks

What is the relationship between neural networks (NN)/deep
learning (DL) models and the Turing machine?
1. on paper there are NN that are super-Turing

(Siegelmann & Sontag 1995)
2. in practice NN and TM are equivalent.

This can be shown by
1. showing the Turing-completeness of NN directly

(RNN Siegelmann & Sontag 1995, transformer model Perez
et al. 2019)

2. indirectly by arguing that every NN is implemented on a
computer.



Deep Learning

Deep Learning Models and the Turing Machine

In consequence, this means that any DL model, no matter how
complicated, can be simulated by a TM, or UTM. Or even by
the simple CA Rule 110.

Given these results: why don’t we work with TM or simply a
UTM? And: doesn’t this insight somehow trivialise “light
computationalism”?



Deep Learning

Deep Learning Models and the Turing Machine

1. It is hard to find the right model/right set of programs.
2. Universal approximation theorems: any function can be

approximated by a shallow NN.
3. No-flattening theorems: deep networks cannot be

accurately approximated by shallow ones without efficiency
loss. (Lin et al. 2017)

4. Lot of structure/prior knowledge goes into model building.



Deep Learning

Deep Learning Models and the Turing Machine

Doing deep learning with Turing machines would be like
proving theorems in algebraic geometry in Principia
Mathematica notation.
The Turing machine only provides a computational
framework: like differential equations provide a
mathematical framework in pyhsics.


