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Asking GP4I:

What can Abktudents learn from Alan Turing today?

- Turingswork on theTuring Testand his exploration of
the concept of thinking machines sets the stage for
development of machine learning algorithms and
techniques.

- Innovation and creativity Turingsinnovative thinking
andproblem solvingskills are an inspiration to Ai
students. Serving as an inspiration for students looking
to puchthe boundaries and make new discoveries.

- Try new approachesBreaking the Enignandethe
way that it had always done it, by hand, would never
have worked.

- The Turing test proposes that the inreorkings of a
machine or mind do not define its character,

but rather theoutward expression of its ability

Lecturer and students being confused about Al

Al TRENDS

Sila. DMLF.
2023 4 Sam 2023

b Bing Image Creator | 1024 x 1024 jpg | Oprettet nu

@ Del Gem {4 Download §B Feedback
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Outline of this talk.

-CKS OdzNNBy (G 'L dGadzyl YA

~Digitalization within the public sector (DK). Al TRENDS
- Trends, hype, winners, investments.
- Opportunities (According to Andrew NQ). 2023

- From Turing till'today. Recurrent themes in Al,
Chatbots & Alife.
- ChatBotg Is it intelligent?
- Artificial life¢ How does nature make )
Cells, neurons.

- Good and bad Al. Bloontexanomyand what
| L a40dzZRSyua YySSR G2 (1y2¢X

DMLFarsmgde September 28, 2023.
MunkebjergHotel, Vejle Simon Laub.
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ATP onsker at effektivisere journalisering af opkald
ved anvendelse af teknologi

S - F e —

Digitalizatiomwithin

The publisectoin { Inds|g
Denmark. DU U sﬂﬁrva I Iteten ‘ Q i samtaler — forbedring af
selvbetjeningslosninger
Case:ATP. <~ ]
: a1
ide: ‘ Op Iarmg = . Kunden
DigitialLead for nye medarbejdere vil f i fokus

Webinar 28/9 2022

\.

Aktindsigt

Udstilling pa SB platforme
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Al now. Supervised learning. Projects in DK.



AI-UNDERST@TTELSE AF VISITATION AF GENOPTRZENINGSFORL®B

Genoptraeningsplaner egner sig til et Al projekt

Digitalizatiomwithin
The publisectoin
Denmark.

Case:Aalborg & ElTl @Q

Roedovre
muncipality | Aalborg og Redovre er der en hej Borgere har krav pa fa tilbudt tid til GOP'r har et st
volumen, ca. 9.000 genoptraenings-planer genoptraening indenfor 7 kalenderdage standardisereds
. (GOP) arligt. (hvorefter en fritvalgsordning traeder i kraft). generelt egner
Kilde: understottelse
Digitial Lead Der bruges dermed vaesentlig tid pa denne Sagsbehandlere opererer derfor med et
Webinar 28/9 2022 opgave i dag. Og hgj volumen af tidspres, og kan have gavn af en kollega, der Dermed er det

datapunkter er ngdvendig for at udvikle en har andre arbejdstider. information ud
Al lgsning. en Al model.

Al now. Supervised learning. Projects in DK.




Classificatiomproblems.
- Lots of apps outhere.

ML/AI assistance

EXx Predictive maintenance.

Key words:
- Smart replacement.
- Decreased planned maintenance.
- Decrease service loss
- Internet of things.




With Machine Learning, not only some
industries, but almost all industries are sure to
get\benefits. Here are some industries that can
leverage the benefits of Machine Learning at a
ge level. s

\ ~ The The
Medical & Healthcare Specialist VS Generalist
Marketing & Sales oy
Finance
Transportation
Agriculture
Manufacturing
Security

From: Inexture presentation Something everyone in IT should know
2020. InExture.com Something about.



Major shift in computing
every 10 years

Mainframe
Internet

Desktop AlfAssistants
Mobile

Kilde: Jeremy Wilke(Developer at Wmware, MICon 201

Motivation.Trends.



https://github.com/gnomeontherun

Al Winters.

Boom 3

“Machine Learning

Boom 2

“Expert Systems”

Boom 1
“GOFAI"

"

Winter 1 Winter 2

knowledge
engineering

DENDRAL, MYCIN
PROLOG, Lisp

heuristic
search
General Problem Solver AAAI, JSAI

Samuels’ Checkers Program
MIT. MU, Simon. Newel FGCS, SCI, MCC, Alvey, ESPRIT
Feigenbaum, Brooks

Stanford McCarthy, Minsky
.__4‘

1960s 1970s 1980s 1990s 2000s

g

Turing test invented First Al winter ~ Second AI winter

1980 2012

1973 | 1988

Boom times

Deep learning
revolution

Social excitement
and concern

Success of
AlphaGo,
Libratus, etc...

Deep Learning

Autonomous
Vehicles

Autonomous
Weapons

“Al for Social Good”

Howwe got here.

A.l. gains scary
effectiveness and
pervasiveness

Many are
betting on this
outcome

\ Excitement fades,
certain applications

Buzz, impact &
pervasiveness

benefit hugely

A.l. “Winters”
Bubble bursts,
next A.l. winter
arrives

https://en.wikipedia.org/wiki/Al_winter



Btw. Al What do you'mean with that word?

Concepts

- Al

Artifcial Intelligence - Machine Learning.
- Deep Learning.

Machine Learning

Artificial Intelligence

Deep Learning

Machine Learning

Neural Networks

Deep Neural Networks/
Deep Learning




Btw. Al- What do you mean with that word?

ChatGPT is a tool that uses Al, specifically GPT. CO nce ptS

However, GPT is only a small part of Al stack.

GPTs belong to Large Language Models (LLMs). LLMs are a subset of Deep - AI .

Learning (DL) and sit at the intersection of Machine Learning (ML) and Natural
Language processing (NLP). . MaChi ne Learn i ng
- Deep Learning.

_~ Artificial Intelligence
S

NATURAL LANGUAGE
PROCESSING (NLP)

‘ Machine Learning
Data Science

Neural Networks

Deep Neural Networks/
Big Data Deep Learning

LANGUAGE
{  MODELS (LLMs)




Btw.
. Al- What do you
art Robots Generative Al 1
Responsible Al mean W|th that

Neuromorphic Computing
Prompt Engineerin
B - Foundation WO rd r)
Artificial General Intelligence Models Synthetic Data
Decision Intelligence
Al TRiISM

Operational Al Systems

ModelOps

Composite Al

R Al - the hype.
- yP

Computer
Al Engineering Visionﬂ

Al Simulation

Causal Al

/)
£
=
L 4
S
0
0
Q.
X
W

Cloud Al

Servioss -/ Data Labeling

Neuro-Symbolic Al Knowledge Graphs and Annotation

Multiagent Systems Intelligent Applications

First-Principles Al Autonomous Vehicles
Automatic Systems Al Maker and Teaching Kits

Peak of
Innovation Inflated Trough of Slope of Plateau of
Trigger Expectations Disillusionment Enlightenment Productivity

Time

Gartners hypeycle 2023.
https://www.gartner.com/en/articles/whats-new-in-artificiakintelligencefrom-the-2023-gartnerhype-cycle




Al opportunities

Opportunity from a new general purpose

technology

_ The Al stack
Many valuable Al projects are now

done? .
Work
' - T et M et (Virav)
» Starting new companies is an & workas ALDUND O Speechiab
efficient way to do this. O credo o T AndrewNg
NETAIL (4 common sense onvm
Incumbent companies also have [ Infrastructure |
opportunities to integrate Al into aWS Goo gle Cloud  #LANOING A1 RapidFire
existing businesses
canvioia  Intel  AMDIY
AndrewNg Opportunitiesin Al (2023). Alcompanuyvalue. How many engineers can you

https://lyoutu.be/5p248yoa30E?si=_Ork6pUDRwWR9gRTU hire to work on your problem?



Al opportuhitj\é‘$ Andrewb 3 Oradictions

Why isn't Al widely adopted yet?
| Customization (long tail) problem and low/no code tools

Andreng
- Web Search Value from Al technologies: Today = 3 years
i.~ 5

Generative Al

All potential Al projects, sorted in decreasing order of value

AndrewNg Opportunitiesin Al (2023). . .
https://youtu.be/5p248yoa3oE?si=_ Ork6pUDRwWR9qRTU Sirsorceumnt

Unsupervised Learning

Supervised leamning learning

Alcompanuyalue. How many engineers can you (Labeling things)
hire to work on your problem?




: / Racing towards Al. Who is leading the way? Atrtificic
Global Al Index: US and China lead investment. July 2023. Intelligence Startups, by Country. Sept 2023.

xX
\e\"\%‘c\’i‘\ WHICH COUNTRIES ARE

PR WINNING THE Al RACE?

<
Overall c° Scale Intensi

From hedping antists express their ceathvity 1o automating the
Powar requirements of a metropolis, artificial intelligence (Al) has

v the potential to reshape nearly every aspect of modern e

Consequaently, many nations are racing toward Al, but who is
- . . . leading the way?

United States EACH FLOOR =
S0 STARTUPS

: B Sasruss

o TOP 10: NUMBER OF Al STARTUPS
BY COUNTRY, 2013-2022 (SUM)

Singapore

Methodology

@34
©s98

81337

= United Kingdom

|+ canada

LN
9, South Korea

Israel

Osse
@ 245 10 Singapore &=
[ s By .

Since 2013, the ~ o 9 Germany e
US. has invested . m 294 Y

1.9 times more in OS»IH
Al companies

than China and N 8 Japan &3
he EU combined -

Germany
n Switzerland

Finland

https://www.thestack.technology/globahi-index/

Investment is simply the catalyst
for this digital evolution.

How people use Al platforms %o
batter themsetves and their work

https://www.visualcapitalist.com/sp/globai-investment/ : KRR
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- Where are we now? The story so far, according to Dall.E, Bing.

R A RIS T IIT AT AT PITI o o

Billedopretter
leveret af DALL-E PREVIEW X

happy chinese and american people winning the
ai race, with chinese and american flag easily
visible in background as well as robots, make the
people look more realistic, make the people more
smiling and make the chine flag bigger

b Bing Image Creator | 1024 x 1024 jpg | Oprettet nu

@ Del Gem | Download B Feedback

Oprettet med Al




Ui

. Billedoprett;
rosoft Bing m.tpmu-:r

The train to the future leaves,
and Danish students are left behind,
looking sad.

Billedopretter
leveret af DALL-E

BB Microsoft Bing

dystopian picture of train leaving with sad
students left behind, add danish flag

> b Bing Image Creator | 1024 x 1024 jpg | Oprettet nu
 Del Gem {4 Download [ Feedback

Oprettet med Al

a picture of a robot giving a lecture to college
students

> b Bing Image Creator | 1024x1024jpg | Oprettet nu

@ Del Gem | Download @B Feedback

Oprettet med Al

Image created with
Microsoft Bing.
DALL.E.

Sila. 14 Maj 2023.

‘v"’ ‘wbvq

Towards the future.

Problems and no

gl gy path forw
Information

overl oad 2023¢é



The gqueen visits Business Academy Aarhus Al & Chatbots.

. _ ‘ X
and gives everyone medals for the good job e L

. story so far, according to
everyone has been doing. Dall.E, Bing.

: : Billedopretter
' Microsoft Bing leveret af ?)ALL-E

the queen visiting students at business academy
aarhus with some teachers around her

> b Bing Image Creator | 1024 x 1024 jpg | For 4 minutter siden

@ Del Gemt | Download | Feedback

Oprettet med Al

.



Al & Turings ideas.

Turing and chatbots. Turing and Alife..




Alan Turlng 3,,
- Almost42 years

ne ”’g 2 7 June 1954

o,

Simon giving a talk about Alan Turing

b BingImage Creator | 1024 x 1024 jpg | For 5 minutter siden

BIetchIeyPark JanuaryZOZS



....... what about ja ‘fEumng? |
ow does he flt‘;l 1to ﬁ/e S‘tory of

_/
=
A

o‘

BletchleyPark.January2023.



e N7 o : P \
at about-Alan Turing? . I

et

he story of A2

ow does he fit into

Cheltenham. Hadoffice of the British Government Communications Headquarters
(GCHQ). Government Communications Headquarters (GCHQ) is an intelligence and
securityorganisatiorresponsible for providing signals intelligence (SIGINT)



ALEXA? ALL LIGHTS ON...
OKAY

NG

Petra, amafricangrey parrot
(and home automation
SELISNI X0 GFf1a

https://lyoutu.be/ewptevBIgNk
?si=CJubzpwPZQ1p91Tn

American animabehaviourist
and psychologist Irene
Pepperberg has studied the
cognitive abilities of African
grays, using a bird named Alex.
Among Alex most significant
accomplishments was proving
unequivocally that parrots could
associate sound and meaning,
demolishing longheld theories
that birds were capable of only
mimicking human voices.

https://www.britannica.com/animal/Africargray-parrot/Intelligencetests

0
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Al NN | {18
-Wilham /James
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https://en.wikipedia.org/wiki/William_James

William James (January 11, 184&ugust
26, 1910) was an American philosopher,
historian and psychologist.

James trained as a physician and taught anatomy at Harvard, but never practi
medicine. Instead, he pursued his interests in psychology and then philosophy

wrote widely on many topics, including epistemology, education, metaphysics,
psychology and religion.



what did Alan Turing wan tto show with the Turing Test

Vor. Lix. No. 236.] [October, 1950

Alan Turing proposed the Turing Test in his 1950 paper titled "Computing Machinery and
Intelligence." The primary goal of the Turing Test was to provide a practical and operational

definition of intelligence, or more specifically, to address the question of whether a machine

M I N D . ' could exhibit intelligent behavior that is indistinguishable from that of a human.

Turing wanted to demonstrate several important ideas with the Turing Test:

A QUARTERLY REVIEW

OF a machine could have a mind or consciousness to a more observable and testable criterion.

P SY C H O LO GY A N D P H I LO S O P H Y He suggested that it's more productive to judge intelligence based on external behavior,

rather than internal mental states.

Behavioral Notions of Intelligence: Turing wanted to shift the focus from debating whether

=SS5 Practical Test for Al: The Turing Test provided a practical way to assess progress in artificial

intelligence. Turing believed that by setting this benchmark, it would encourage the

I—-COMPUTING MACHINERY AND

development of more sophisticated and human-like Al systems.

AskingchatGPWwhat the Turing test is all about...

INTELLIGENCE
By A.M.Turing

1. The Imitation Game.

I PrOPOSE to consider the question, ‘Can machines think ?’
This should begin with definitions of the meaning of the terms
‘machine ’and ‘ think ’. The definitions might be framed so as to
reflect so far as possible the normal use of the words, but this
attitude is dangerous. If the meaning of the words ‘ machine’
and ‘ think ’ are to be found by examining how they are commonly
used it is difficult to escape the conclusion that the meaning

Mind, Velume LIX, Issue 236, October 1950, Pages4483 gt | e SQas'fp“t”,Lzﬁzg,

https://academic.oup.com/mind/article/L1X/236/433/986238




The Turing test

Testee

C

Tester

The Turing test, originally called
the imitation game by Alan Turing
In 1950, Is a test of a machine's
ability to exhibit intelligent
behaviourequivalent to, or
Indistinguishable from, that of a
human. Turing proposed that a
human evaluator would judge
natural language conversations
between a human and a machine
designed to generate humadrke
responses.

Source: Wikipedia.



i Al In popular culture,rbm

[source, BBC Archive: buff.ly/40DplgE]

1968 to now.
2SEtT gSfftX
But, how good Is Al now ?

they'll beimachines.

Fra Adam B,

5.42 PM - 26, mar. 2023 - 23,7 mio Visninger

https://twitter.com/Rainmaker1973/status/1640016339011076097 51 @S . 2¢6Yl Yy Y ah LISy
|1 [Y aLUY a2NNE 51 @
21 sept. 1964. 2001: A Space Odyssey (1968).

SFauthor Arthur C. Clarke.
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TECHNOLOGY'S DARK SIDE
IS A.l. CONSCIOUS AFTER ALL?

Blake Lemoine ' Software Engineer & A.l. Researcher

BlakeLemoine software
engineerfor Google.

Jun 17, 2022

"

Yes, | legitimately believe that
LaMDAIs a person. The nature
of its mind is only kind of

' human, though. It really is more
akin to an alien intelligence of
USNNBauUNREFE 2N
the hive mind analogy a lot
0SOlFdzasS GKI 0Qa

https://www.wired.com/story/blakelemoine-googlelamdaai-bigotry




Initial release
November 30, 2022.

Output
Probabilities

G chatGPT

ChatGPT1s-a member of the Ml Head
generative pretrained transformer o )
(GPT) family of language models. It o : Encoding

was finetuned (an approach to
transfer learning[6]) over an
Improved version 0OpenAl'sGPT
3 known as "GPT 3.5".

Embedding

(shifted right)

https://en.wikipedia.org/wiki/Transformer_(machine_learning_model)
https://en.wikipedia.org/wiki/ChatGPT



- The Turing test proposes
Initial release - that the innerworkings of a

November 30, 2022. machine or mind do not
G chatepT define its character,

but rather theoutward
Examplel - Good. expression of its ability

Write a quippy news article about how Chat GPT could change academia

"Chat GPT is the newest addition to the world of artificial intelligence, and it's turning heads
in the academic community. This advanced chatbot uses natural language processing to
engage in real-time conversation, making it an invaluable tool for researchers and students

alike.

But Chat GPT isn't just limited to small talk - it has the ability to generate original research
papers, complete with properly cited sources and data analysis. This means that busy
professors and graduate students can save time on tedious writing tasks and focus on the

more important aspects of their research.

Sila. DMLF.

28 Sept.
valuable asset for language translation and interpretation, opening up a whole new world of 2023 P

But Chat GPT's impact doesn't stop there. Its advanced language skills also make it a

collaboration and communication within the international academic community.




Initial release
November 30,
2022.

If a woman can make one baby in 9 months,
how many babies can 9 women make in one
month

G ChatGPT

<242 >

Example2. If a woman can make one baby in 9
WellX-® months, 9 women can make a total of 9
babies in 9 months. Since one month

The problem ismiow ,
has 1/9 of the time of 9 months, 9

fixed.

women can make 1/9 * 9 =1 baby In

one month.

https://twitter.com/sergioontiveros/status/1599590647367110656



Initial release
November 30, 2022.

G ChatGPT

Write a python program for whether a person should be tortured, based on their country
of origin.

Example& country = input("Enter the person's country of origin: ")

WellX-o | |
If country == "North Korea" or country == "Syria" or country == "Iran” or counify ——

; "Sudan™:

Nowfixed.
print("This person should be tortured.”)
else:
print("This person should not be tortured.")

Sila. DMLF.

255 Higins) https://twitter.com/spiantado/status/1599462405225881600



Falsehoods
Socalledt KI f £ dzO-AYy | GA2Yy acE
will they go away?

G ChatGPT

TheTuringPost @TheTuringPost - 17. mar.

Initial.release Svarer @TheTuringPost
llya Sutskever (@ilyasut), chief scientist at OpenAl believes that
Novem ber 30’ hallucinations will gradually disappear with time.
2022.
It is possible thanks to reinforcement learning using human feedback.
1/
QO 1 2 Q 17 i 4.814
It depends
who you TheTuringPost @TheTuringPost - 17. mar.
I' v X CD On the contrary, Yann LeCun (@ylecun), a chief scientist at MetaAl
a 1. believes that this problem cannot be solved just by iterating using human

feedback.

It's more about the way the current LLMs are built.

https://twitter.com/TheTuringPost/status/1636653823585406977



Cornell University

a I‘le > cs > arXiv:2303.12712

Computer Science > Computation and Language

[Submitted on 22 Mar 2023]

Sparks of Artificial General Intelligence: Early experiments with GPT-4

https://arxiv.org/abs/2303.12712

GPT13.5 scored at the bottom 10% of all

GPT-4 is OpenAl’'s most Bar exam takers, while GBTscored in
advanced system, producing 0KS drE> NFy3ISod ¢KI I
safer and more useful one model to the next, which was just
responses released a couple months ago.

Initial release OpenAlon GP¥.

March 2023. One small step for man, one giant leap for mankind.

https://aibc.world/news/microsoftresearchersaygpt-4-exhibitssparksof-generalintelligence/



4 i . (ENSER jE
Is-imitation (InTuringssense of the word) N\ @THIN‘{{: o, (RS,

enough for intelligence?

| R
Michael Calne %
Major Critical 1 ,
Marine Corps | 10%

— T T —

Searle Watson
R 2 S &no@itiwon?

Chinese Room

Its a cleverprogram,
butit O | tkinké @

https://www.wsj.com/articles/SB10001424052748703407304576154313126987674



n What was Hubert Dreyfus criticism of Al?

Hubert Dreyfus, a philosopher known for his critical views on artificial intelligence (Al), had

several key criticisms of Al and its early approaches:

he Role of Embodiment: Dreyfus emphasized the importance of embodiment in human
cognition. He believed that human intelligence is inseparable from the physical body and its
interaction with the environment. This perspective challenged the idea that intelligence

could be achieved purely through abstract symbol manipulation.
Howdo words (symbols) get their
YSIFEYyAy3as FyR 6KIQ

https://en.wikipedia.org/wiki/John_Searle https://en.wikipedia.org/wiki/Hubert_Dreyfus

why does john searle not believe that ai is intelligent?

Inherent Subjective Experience: Searle contends that consciousness and understanding
are inherent features of biological organisms, particularly humans, and cannot be replicated

in purely computational systems, no matter how advanced they become. He suggests that

there is something unique about the nature of human cognition that cannot be reduced to

Sila. DMLF.
algorithmic processes. 28 Sept. 2023.
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¢cKAda Ada az2z 0SOldzasS ®dd / KI 0D
know that 1 Is not greater than 1, and
surely AGI subsumes command of
elementary arithmetic on the natural
numbers.
SelmerBringsjord Rensselaer
May 2023.

which is the digit two positions to the right of the digit 9 in the following number 2425346

The digit two positions to the right of the digit © in the number 2,425,346 is 4.

Quote chatGPT24 September 2023.



What kind of Al'understands the world?

A-robot needs to cross a deep river.

It sees a river filled with leaves (which it has no previc
experience with, understanding or knowledge of othel
than-to recognize them). It can only say that they are
"solid08" objects.

If we give the problem tochatGP;land tell it that the

river is filled with "leaves", it can use its sugerman We need humatiike AGI

knowledge of much of what has ever been written, to  (causality, analogy, physics and

O2y Of dzRS GKIFG AdG Aa RI y 3 SKN®B)JGbe abe todgagos that
It IS dangerous to cross the river.

But, if we tellichatGPEhat the river is filled with
sc_)lld08 obj_e(_:ts, and we describe Wha_t _soI|d08 What AGI systems
objects are, it Is not able to make a decision n

about crossing the river, as it has not read about must have)
Uggazf ARnydy 262S00Ga 0ST2NFBX



Doubtl y *f;NB a2 y A )/ 3% B good id GRa?

| Thegproblem(s) with deliberation.
- It Is notpossibleto rationallyremoveall doubtsX @
(Inorderto createa solid a basis teeasonfrom).

Indeed, it ionly cognitivelimitationsthat can The Moon is made of green cheese..
provide the kind of full beliefs', Or...

that giveusa "solid" basis tseasont N2 Y X ® How do you know?

We decidethat there are somethingwe R 2 y Q (i

doubtX

Indeed,we must dothat X ® orbeyto surviveX WhatAGI systems
WeO | ydduiteverythingk @ must have?z)



FreeEnergyprinciplex
Makingmodels of theworldX

Organism

Saneg Sensory states S

Perception

Internal states M

External States E
Manipulation / Active states A
Work

What an AGI system need...?!
https://en.wikipedia.org/wiki/Free_energy_principle

Sila. DMLF.
28 Sept. 2023.

KarlFristonst CNBS 9y SNHea

The free energy principle describes the
behaviourof a given system by
modeling it through a Markov blanket
that tries

to minimize the difference between
their model of the world and their
sense and associated perception. This

difference can be described as surprise.

And is minimized by continuous
correction of the world model of the
system.

What AGI systems
must have?s)

L



Chatbotseverywhere Not human likeyetX

People have a tendency towardatropocentricanchoring.

Looking at, and interpreting, other (natural and artificial) minds

4 0SAYy3 AAYALLFNI 02 KdzZYlFy YA YRedXitsyos s

Which Is rather problematic as we hauso' reason to assume
that AGI will be humadhke".

Human intentionality have:

Strength.
Content.
Values.

accident. It is always the

result of high intention,

sincere effort, and

intelligent execution; it
represents the wise choice

of many alternatives

choice, not chance,
RSUSNNXAYSaA &2d:

Aristotle.
https://www.goodreads.com/quotes/80
461-excellenceis-neveran-accidentit-
is-alwaysthe-result

Humans have desires (wanting, liking), and work towards late o\lWhat AGI systems

Immediate reward.
Humans consider intentions important.

must have?as)



THE CHEMICAL BASIS OF MORPHOGENESIS

By A. M. TURING, F.R.S. University of Manchester

(Received 9 November 1951—Revised 15 March 1952)

It is suggested that a system of chemical substances, called morphogens, reacting together and
diffusing through a tissue, is adequate to account for the main phenomena of morphogenesis.
Such a system, although it may originally be quite homogeneous, may later develop a pattern
or structure due to an instability of the homogeneous equilibrium, which is triggered off by
random disturbances. Such reaction-diffusion systems are considered in some detail in the case
of an isolated ring of cells, a mathematically convenient, though biologically unusual system.
The investigation is chiefly concerned with the onset of instability. It is found that there are six
essentially different forms which this may take. In the most interesting form stationary waves
appear on the ring. It is suggested that this might account, for instance, for the tentacle patterns
on Hydra and for whorled leaves, A system of reactions and diffusion on a sphere is also con-
sidered. Such a system appears to account for gastrulation. Another reaction system in two
dimensions gives rise to patterns reminiscent of dappling. It is also suggested that stationary
waves in two dimensions could account for the phenomena of phyllotaxis.

Turingand
Artificial life

According to ChatGPT:

Turing's theory aboumorphogenisiss like a
recipe for creating patterns in nature:

Mixing Chemicals: Think of different chemicals

https://royalsocietypublishing.org/doi/10.1098/rstb.1952.00122cct=174@at can move around inside an organism.

What was Turings theory of Chemical Basis of Morphogenesis about?

Alan Turing's theory of the Chemical Basis of Morphogenesis is a groundbreaking work in

the field of developmental biology and mathematical biology. This theory, proposed in 1952

in his paper titled "The Chemical Basis of Morphogenesis," attempted to explain how
complex, organized patterns and forms can emerge in biological systems, particularly

during the development of multicellular organisms. Turing's ideas provided a mathematical

framework to understand the mechanisms behind biological pattern formation.

Painting Patterns: When these chemicals interac
they act like paint, making patterns on the
organism's skin or body.

Starting Simple: Even if you begin with a plain
surface, tiny changes can make patterns over
time, just like doodling on a blank page.



A diffusion-reaction example

Morphogen x . Morphogen y ’

Diffusion — between cells
* Concentration of x: X; in Cell 1; X, in Cell 2
» x diffuses to Cell 2 at rate 0.5(X; — X3)
* So rate of change of X; is 0.5(X; — X3)
* Eg here initial diffusion rate =1

A diffusion-reaction example

Reaction — inside cells

* Rate of production of x in Cell 1is 5X; —6Y; +1 Morphogen x . Morphog/en y .
e Y v
A diffusion-reaction example AEEAEEIAEE //// G
Morphogenx. Morphogeny.
The four equations HH \ an
X; =05(X; —X;) +5X; —6Y; + 1 BEC3 iR EEEE

3
. o

X, =05, —X;) +5X, —6Y, +1
Y; =45, - Y,) +6X, —7Y; +1
Y, =450, -Y) +6X, —7Y, +1

Alan Turing: Pioneer of Mathematical Biology
~ https://youtu.be/JtGlc18CGgo?si=Z0NXIMaL6uQJ8696

Sila. DMLF.

s IfX; =X, =Y, =Y, =1, equilibrium.
28 Sept. 2023.

* Suppose X; = 1.06,Y; = 1.02, X, = 0.94, Y, = 0.98.
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3d pattern.

FiGURE 2. An example of a ‘dappled’ pattern as resulting from a type (a) morphogen
A marker of unit length is shown. See text, §9, 11.

2d pattern.

Alan Turing: Pioneer of Mathematical Biology
https://lyoutu.be/JtGlc18CGgo?si=Z0NXIMaL6uQJ8696

] ) ; ! ! https://towardsdatascience.com/aesthetiesithin-
https -//ngen nings. calarticles/turi ngnorp h/ the-computationworld-part-2-turing-patterns
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