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Programme outline

|. Brief introduction to Collective Intelligence by Horiguchi-san (in Japanese)

Il. Self-introduction and academic background
i. WhoamlI?
i.  Whydid | come to Japan?

iii. How did | become interested in ALife research?

lll. Research into Collective Intelligence
i.  Whatis Collective Intelligence?

ii. Exploring mechanisms for collective intelligence (current research)



Brief introduction to Collective Intelligence
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http://www.youtube.com/watch?v=6zOarcL1BSc&t=5

Self-introduction



Who am I?

HIESA . ZAITHBIL | My name is Michael and | am:

e 32yearsold (born 1992, R4 %)

e |grew upin Devon, England (/') R FE&F)

e Inmy spare time, | enjoy hiking (/\1F>%), reading (5=), video games
(EF#44 —L) and studying Japanese (B A& #584)

FALLBRALLET !

| have been living in
Japan for 2+ years



Population (A O)
#g 67 million & e 125 million
670085 - 1{€250058

Land mass ([E1h @ FE)
243,000 km? &2 e 378,000
km?

Rainy days #* (R H)
152 days 5% e 118 days ?

Sunshine hours (H FA )
135Th 5% e 1,935h
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Where am | from?

e | grew up inthe small town of Torbay, Devon, as did my parents.
o Torbay has a population of ~130,000 (1375 \)
o | grew up by the beach, so now | don't like beaches
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What was my academic journey?




What was my academic journey?




What was my academic journey?

Computer Science




To me, he was inspirational as a:
e Mathematician (#{=F&/RIEFE)
e Cryptanalyst (lESfE:E)
e Computer Scientist (O E 1 —47%H)
o Invented the “Turing Machine”
(Fa—" )T H)
e Theoretical Biologist (RiRAEYFE)

Fa—)oT - Na—

Turing built a model to explain how patterns in
nature arise from chemical reactions.



Turing also introduced the concept of a
“Learning Machine” (523 #1#)
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He is considered to be a founding father of Artificial
Intelligence.
TooFa—Y T ANTHEDEIIBBED— NEHE
SnTLhV%

‘Alan Turing:'
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Turing taught me to stay curious!
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What was my academic journey?

University of Bristol
Artificial Intelligence

multi-agent systems

robot swarms
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Research conducted during my
PhD in ~2016.



http://www.youtube.com/watch?v=6jDvHmW22IY

What was my academic journey?

e After PhD, | worked as a postdoctoral researcher
(f#3E4#&) | wanted to move into a different field of
research, but what?

e 1In 2019, | attended a conference in Okinawa about
SWARMS (), and a workshop on ALIFE

e | attended the ALIFE 2020 virtual conference —
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““Applying to JSPS — Moving to Japan §

e At that conference, | (virtually) met some Japanese researchers in the field

| decided to contact a professor working on ALife and applied
to work in Japan via

JAPAN SOCIETY FOR THE PROMOTION OF SCIENCE

B OARSATIRES

Luckily | was accepted, and so in May, 2022, | moved
to Japan to research a IEInew fieldERE
= BT e iy g

v w t.
2 - 2 . _» / v .
7 - ~ . - . ° Y4
- . - . . &
. . - . 5
* ek K, . - N . F P
C - . . ;- - E
. . o o Ay . - ‘o . - .
W - A = g . - R ' » .
. . | . - AT, s . ; =
. . . o -
' ia P s & - - gi-a w L . e
e . ~" -~ "




- Summer camp

, Shizuoka
August, 2023
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The United Kingdom'’s tallest mountain, Ben Nevis, is just
CERT LY tall and is in located in Scotland

Japan has many, many mountains taller than mountains in the UK




End of Self-Introduction



Ongoing research:

COLLECTIVE INTELLIGENCE



Collective Intelligence

Previously, | developed nature-inspired algorithms for robot swarms

NIV RVET R o NIl SIS =T e R R I s EpIS b Reldlintelligent collective behaviours

How do we define collective intelligence?

o Ithink intelligence is QISR EI5i]:R)] in nature

o We learn most effectively through interacting with each other

S o [ N S [ SRR lle mergent phenomenon (BIFIH &)

o Interactions between individuals produce new behaviours in the collective

Interaction = X7t



Flight of the Starlings
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http://www.youtube.com/watch?v=V4f_1_r80RY

Building a model (Craig Reynolds, 1986)
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[Boids - Wikipedia]



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

Building a model (Craig Reynolds, 1986)
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[Boids - Wikipedia]



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

Building a model (Craig Reynolds, 1986)
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https://en.wikipedia.org/wiki/Boids

500,000 boids (507)
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https://docs.google.com/file/d/10qcl3RNm6jVKW8lSUoxNOz1pzlizLjtt/preview

Models of Collective Intelligence

This model works well to reproduce the real collective behaviour, however...

MODEL = REAL SYSTEM

Models are useful for learning more about a system, but...
ETIVEDRATLIZCDODWTKRYFELESD(ZEZILDOM

It is difficult to capture all of the details about the system
SATLDTIARTIDFMZRZADDITEELL

“All models are wrong, but some are useful” — George Box
FTARTDETILIEEES>TLSD, LKONEFRATH D, ETILEESS !



Ants: An Intelligent Collective

64 Pristomyrmex punctatus Ants
(Dobata Lab @ UTokyo, 2023)

No queen

ZETIELVEL

Female workers lay eggs through
asexual reproduction
MEDBETUNEEEBETNZED
instead of building a nest
TIHIERZELKDYIZEFD
Younger ants lay eggs, older ants
forage

W7 YIERZzEAS. ELEDOT)ILEZE
ELIZEL

Note: No leader, all of the ants are

self-organising ( ).


http://www.youtube.com/watch?v=H1tWX3pcBhY

We begin by creating a dataset (7—%5% &)

Video recordings Extracted ant trail Short sequences of]
data behaviour

E 77 R
MM S hi7 | ORET— SHITE 2 —
5
10-60_seconds?



Then we evolve a model of behaviour

Oracle ant

Short sequences of Reproduced
behavioural behavioural
dynamics dynamics
Neural
Network

Model



Evolving (:1t) a neural network
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Data flows from left to right
T—REEMEANTND

Initially, a network is randomly
connected (+ random weights)
=, 2T —DE S5 LI
nd

Make a population of networks
(each randomly generated)
2D —ODERAEES (ENTH
MSUF LIZEREIND)

Compare the performance of
each network in simulation
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Ranking the performance of each network

A network controls a simulated ant
FYRT—O MO ZaL—bENT=TUZEHIEIT S
Each time step, we compare the behaviour
of the and the
EREATYITT. KYDT7 ) EVZaL—hS
NE=7)DTEELRT S

After 30 seconds, we can score the
network’s performance

30, RYLT—VDEREZFEETES

Finally, we rank the networks
RERIZ. RYNT—DZFS0 0TS S



Comparing the dynamics

Angular é/ g
alignment &, &,
Matching

State

Each time step, we compare the behaviour

of the e kUl simulated ant



Evolving (:1t) a neural network
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Keep the best networks
RERODRYNI—D%ZRT

Make copies but apply random
mutations

OE—ZEAM. SO LIGRALER
ZEATS

This can involve adding new
connections, or new nodes
CHIZFFRL LR OFHLL/ —FD
EMNEFENDSIELHD

The function of a node can also
change

&/ —FOHFHERITEILTEHL
nNHd

Repeat this process
COTOEREBYRY



What do the networks look like?
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What do the networks look like?

e The network has become too complex
(Z2—FI)RIET—IDEITITY T E ]

V_backward . —— 5 S — suFn_night .
(A N Y = e We cannot analyse these networks easily
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1024 Generation (tH{X)




What do the networks look like?

e For a different experiment, the resulting

b | N T - networks can be quite simple
L S = BIDOEERTIE, BRELTHEONSRYNT—IN
b G = PEYBHEITR B EN DB
o) > X . . e Well-performing networks can tell us how
= s ,:_;-_ﬁ@‘;;;@a.u) ' information is processed
e X MRED BULVR YT — 4 (ZIEHROLE D A EH

A o ZTNS

@)/ f',/»ﬁ(?/%!;; == e The types of functions used can indicate
(anty i - L —w whether the ant’s behaviours are random or
—_ reactionary

RSN AEROEEICLY . FUDTEMNSS
1024™ Generation (it %) LORSHDE RS CEMTES




What's missing?

e Pheromones! (Z7zOEY)
o The ants mostly use pheromones for aggregation (e.g., clustering together)
TUIXEIZEES BIRAIL. BNEESIE) DE=HIZT70EVEERTD
o Inthe future, we will estimate the presence of pheromones in the model
SEOMETIX. ETILATOIZIOEVDHEAEEZHELLSEEZ TS
e Time! (F[E])
o We can model short-term behavioural changes
REREITEIEILZETILIETES
o Changes that occur over many hours are more difficult to model in this way
AIEFELNTTRISEIE. COBAETIEETIVIET SO KYEHLL



What can we learn from this?

e How reactive are the ants?
o Does the behaviour seem to be determined by environmental stimuli?
TERHIRBRIHICEOTRESNTLAKIIICRZLEM?
o Do the ants possess a complex internal state?
TIIEERGTRNETIREBZEF>TLLHOMN?
e What features of the ants’ sensory inputs are important?

o How do ants estimate local density of the colony?
TVXAO—ORAMNEGEEZEICOTHEEIT H2DOMN?



What are my main research questions?

To build intelligent systems, we have to know:
What conditions are necessary/sufficient for collective intelligence? «

o X number of cells, ants or bees, people, computers, etc.
o Methods of interaction [(59 R4 zA2d =]
o How an individual makes decisions (we learn this by making models)

From this overarching question, we can then define more precise research questions:

|. In biological systems, how are mechanisms exploited for
communication/coordination/cooperation?
Il. How is information processed in these systems?
lll.  What is the minimal information sharing required for collective systems?
i.  Minimum amount of information
ii.  Minimum connectivity



The importance of modelling

e Models (mathematical, computer simulations, etc.) are fundamental in scientific
research
ETIVIEHoWLEFFDHEOERLELD

e They are  but they can still be
ETIVIEEETHLHC tli&)ot( B, TENTHIRILDIELHD

e We can start with a simple model and slowly improve it as we learn more
EGETILNGIRO T, BENFFEDIZIONTHLLT DEHELTLMTS

e Nowadays, more and more scientists are [EElllaleRile)AteRsigele]z1ag, SO that they
can build models to assist them in their research.

BT FEZBFAETIVEESE=OIZ. TAYSIUTHEZSAFEENEZ T
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Thank you for listening!

Please ask any questions, we will try to answer!
If you have more questions afterwards, please contact me:
HRE RS

THE UNIVERSITY OF TOKYO

%

JAPAN SOCIETY FOR THE PROMOTION OF SCIENCE

HARFHTIRHES


mailto:michael.crosscombe@gmail.com
http://x.com/m_crosscombe

