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Basler Lectures II-1V

..., Kampis is presenting a series of free public lectures. Remaining
lectures this semester will be held Feb. 6 (“The Evolution of Species
in Artificial Life Models”), March 14 (“Complexity Theory in Biological
and Social Systems”) and April 12 (“Consciousness in the Body”) at
7 p.m. in the Brown Hall auditorium.

http://www.etsu.edu/calendars/calendars _news.asp?EventlD=5703
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And now...

For something completely different....
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The Plan

* The Project

« Atrtificial Life

* Atrtificial Evolution

* The FATINT/EvoTech system

» Evolution by phenotye plasticity
* The Model

* Results

» Future work
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Special thanks to..

My nase is Liszld Gulypds and thes is my home page, It is mainky dedicated to my professional actiibes,
especially to my work on Agent-Based Modelng and Smnlation (ABM/S),

Cmgaing and Recont Projects:

= Leading the development of the Mili- wmmms’mmmw
Based Language for Senl (FABLES) Ceiter,
Cooperative Research and Education Center, Mimﬂﬁmw]

- Ludcrotm 'Vmenl‘omqm sub-project of the "Data-Mining = Telecommunic abons
Data W Girant #GVOP-3 1,1 -2004-05-005473.0 (in

cwmmaszrmrmmnum

» Evclutenary TechnologySustanable Evolation (with Prof George Kampas)
- mm-mmm,bmnmmamnw
# A Spatal 3-Person Iterated Prisoner's Dilemma Game (with Tadeusz Flatkowsk)
+ Partieipatory Smolation: An Orlne Stock-Market Game (with vanious folks at ATTIA, Inc.)
» Games on Networks (with Stefanc Eatuston, planned)
» Explainng 28z Law: An Agent-Based Model of City Formation (with Yun Mansary)
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Artificial Life, what is it?
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Artificial Life, what is 1t?

February 6, 2007 ALife modeling of evolution 12




Life .in silico”

J. von Neumann (1966)
Self reproducing automata
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ALife modeling

INTRODUCTION TO
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Evolution
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Evolution

..Is the origin of higher structure and increase of complexity
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Artificial Evolution

February 6, 2007 ALife modeling of evolution 17

Evolution in the Lab I.

0364

2714858

Mass 7302896 Mumber: ]

— Hesdsness: 1643280015
- Mess: 2529958
MNumbe 3
Efciency 18 [
Number 4
L STIEELE Syengh 13z
Total effciency: 211503 Mess: 3506037

[Czas: 4870 Liczba osobriknw: 15044

oK. Cancsl
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Evolution in the Lab II.

e http://www.hayles.demon.co.uk/mixed.html
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Tierra, Avida...
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Limits from design

» ,Running out of fuel”
* No emergence of higher structures
» No proof of complexity increase
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BioMorphs

¢ http://www.well.com/~hernan/biomorphs/biomorphs.html

Biomoiph Reserve @ t% @ y ' %g#.c
| ‘ ¥

%
:
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1997 Karl Sims
http://web.genarts.com/karl/
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Spore is...

Spore (video game)
[ —
Thils article or i i infermation about

compatet of video qame,
B Bty 10 cantin nformation of i

ulation natuoe, and tha contest

iy change dramatically k mor mismatan bacemi ailibls

Spare is 3 competer an: nisar dpvwlopeart by
Maxis, weed designed by 3ht. i simuates the complete

Spare
history and feture of We. s concept, scope, and drslopment
phdosophy (eoad use of procederal generation) have drawn
wide atienticn
Brmbpminh

o g

Sposs s, at frst glance, 3 “Iekeclogical svolticn” game o god
game: the player mokds and guides 3 specks scross many  Publisheis] | EAGames
ganaratisng, growing i from 3 sisghe-celled cganism inlo &
mone complex animal, unti the species becomes inteligent
A1 this pont the player begins meldng snd guidieg this

Specied’ socinty. prograsting lowieds & 1pacel
ik

5 Spoce's main innovation i h

ame
ansration for many of the companests of the game, prinding

Mo Massivery Single Flayr
VARt scoge sed op dness. Wight 5aid 7| didnl want b2 ot
ek playees fol Whe Luke Skoywadker or Frad Ratingis) USAD: Rusng Pemding
wartesd 1hem 1o be Mg Geoegs Lucas or JRLR. Tol Platfomish  Vndows, 05

The game was alwady in devsiopment in 2000 around the time

that Tha Sima Oriine was stanting development |1 The game was first reveabed snd demonstrated ta the
public dusing & speach wdur 1 at the 2005 Game Developers Conterance [GOC)

On October 1, 2006, the game, its developmant, and its developer wers fastered in an article by Steven &
Jehnson in the Sunday New York Times magazine; the article was enttied “The Long Zeom”, |

@ W

Tide Pool Phase, similar to Pac-Wan
Creature Phase, Diablo

Tribal Phase, Populous

City Phase, SimCity

Civilization Phase, Risk and Caahzation
Space Phase (a.k.a. UFO stage or Invasion)
and later, sandbox gameplay.
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a God game!

God game

From Wikipedia, the free encyclopedia

For the navel by Andrew Greely, see God Gams (noved

Though there w no farmal defindion, Ged games are

simulati

. sometimes of enlme workds and populatios
suprnatural powers (Soe refirer

add to b generally Lar
. that cast you in the po
e5). God games are characlenzed by that

cale

stratiegic fan
an of an ertity with divine or

» Actions taken by the player tend 1o be optional interventions into the system of the game world, for instance
in the form of miracles of imvoking calamities, rather than being & necessity for its continusl progression

& Tha garne warld is ralatively sesustaining and parsistent
= A a God, the plager can affect the word and influence b
mum of "elick-seluct-ordun” gameplay, unlike othe

Contents ride]

Categories of God games
2 Related Genres

3 Flaying God games

4 Eampies of God games

5500 also
& Reterences

Categories of God games

God games fall into two categaries:

& Games in which the uter plays 5 godike antity that contrels entire
continents or wordde The first God gamea of this kind on a console was
Litepis by Dan Daglaw o Intelivetion [1963), whils the Sest such game
on & parsonal computer was Pepulws by Pater Melyneux of Bullirag
Productions (1980) Beth tales have basn narmad 16 the GameSpy

ubjects but not dinectly cortrol them: i.e. there
stralegy games.

|edit]
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Can we get any further?
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Keynote Speaker

H .
= Seventh Annual Swarm Researchers Meeting
CallForPa)
o A Joln H. Holland
el Professor
Registration Computer Science and Engineering
i Cognitive Psychology
r Tniversity of Michigan
Travel

Challenges for Agent-based Modeling

200 - 10:00 am

IMeEenna Hall
Program Notre Dame, T
Tutorial The advent of Swarm, along with other agent-based moedeling techniques, has
opened up a set of problems unapproachable by traditional equation-based

Committee modeling

(1) Can we produce an existence-proof model, akin to von Neumann's

model of self-reproduction, that exhibits open-ended evolution, with
increasing diversity and complexity?

(2) Can we model the complex 'circuitry’ of biclogical cells in ways that suggest
usefil interventions, such as elucidating the relation between a non-aggressive
Gleason 3 prostate cancer and a metastasizing Gleason 4 cancer?

(3) Can we build models that replace food webs (‘whe-eats-whom') with

networks that take mto account the ndirect effects on behawior induced by
cross-species signaling, as in the case of phenotypic plasticity?
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Fun: The Evolution Prize

* http://www.panspermia.org/eprize.htm

COSMIC ANCESTEY | C ¥
The Evolution Prize:

For a Demonstration of Open-Ended

Evolutionary Innovation in a Closed System
Discussed 21 ALife X, Boomingion Indiana, 4 June 2006, 710 FM What s NEW | @ ElutioaPrie sy

Tn the history of s on Earth many evobtionary innovations have amerged From the sarliest
prokaryotic Be, the irmovalions had no apparent it — the process was open-ended. Uniil recently,
the mnovatons were bebeved to have emerged in a genetically closed system, Earth's bacsphere. Eus the
new field of astrobiology indicates that our biasphers may receive genstic input From elsewhers. Could
this potertial mput affeet evolubion? How important far evohibonary movation could it be? Ts apen-
ended evohutionary smovation (OEED) even posnible m a genetically closed system? A rure answer 8o
this basic question would be noteworthy and the quest for an answer should have scientiic benefts

1F OEEL in a closed system is possble, a demonstration should be achsevable. Could an AL#e model
provide the demorstration? The Astr gy Research Truss wi o pramote thes challenge by
affering the Evohution Prize of §100,000. Thas prire will be the subject of warkshop at the ALyie X
Conference m Bloomangton, Indiana. Past 11 of the Workshop, 7-10 PM, June 4, hosted by Bng Kiyce
and Mark Beda, will explors bow to establsh the crtersa for and the admirsstration of the prize. Some
af the pzues to clanfy m arder to launch the Evelution Prize are

o Tunovation = Cas thes concept unsnbiguousty defed, measured, or recoguized?
Hew will and judging be

4 fior wirsing — How wil we know & the critena for winning have been met?

st bensficial 1o science?

omes = How can the Evolution Prize be me
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The FATINT/EvoTech system

o http://hps.elte.hu/~kampis/EvoTech/ET.html
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Descent from a
Common Ancestor
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Evolution produces
diverse species...
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HORIZONS

S

aduptes
pencisaied Mo, changes come
Tapidly when species .

FREDIAP others become extiact. PRE-DWAR

U.S. News & World Report, Jan. 11, 1988, p. 51.
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.. usually splitting

old ones, into two...

33

ground finch

small tree finch
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...or more.
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The key is: Species

aliy| I
R

* A species is a set of interbreeding  « Reproductively isolated from others

individuals... ] ) )
* (e.g. mechanically, behaviorally, in

terms of mating preference, etc.)
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“ A more realistic species.
Not panmictic, yet stable .

In an evolutionary engine,
E a species, which responds
i to a selection force, just
does not split.

di Can we produce new species?

l.e., can we get existing species to split,

structurally, functionally,
repeatedly, and for internal reasons?
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Back to the Giraffe...

Species splitting by sexual selection.

Simmons, Robert E. and Lue Scheepers. "Winning by a Neck:

Sexual Selection in the Evolution of Giraffe." The American Naturalist Nov 96: 771-86.
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Function change - interaction
change

» The pre-okapi neck was always there, but
was used differently

« function change (Darwin), exaptation
(Gould), tinkering (Jacob)

« ,,niche construction” (Lewontin, Laland,
Odling-Smee, Feldman...... )

» Phenotype plasticity (Karsai, Kampis..)
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Explicit and implicit phenotype

* Our model: sexual selection from changing mating
preference, not changing male behavior/changing use.

» Similar to the change of use, the change of mating
preference means a change of an implicit phenotype trait
into an explicit phenotype trait.

* This can be caused/accompanied by a mutation, or not

(as in the case of phenocopies or imitative behavior
change). Similar to the Baldwin effect.
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Conjecture and test

» Conjecture: a changing phenotype (i.e. interaction-)
definition facilitiates speciation.

* A minimal test: study the effect of adding a new
phenotype dimension.
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Finding the ,,right”
mating partner... is a matter of fitting together.

e ... can be modeled as template matching,

» which defines a metric (similarity) space

« that can be used in any # of dimensions.

Substrate ‘ sctive ‘_'7
g )
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The Model

Evolution Engine

HH Vl(j’ g 4{37 %»’437

(S
\}7’(‘[\.‘-—-3-?:
(S 2
4 o 4___:37_5 s fa. b fa.
42
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The Model

Evolution Engine

— agents in a non-spatial, partial artificial ecology

— single resource, energy

— full life-cycle (reproduction, aging, death)...
— genderless sexual reproduction
— standard evolutionary operators: mutation, crossing-over

Interaction Change

February 6, 2007
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The Model

Evolution Engine

— agents in a non-spatial, partial artificial ecology

— single resource, energy

— full life-cycle (reproduction, aging, death)...
— genderless sexual reproduction
— standard evolutionary operators: mutation, crossing-over

Interaction Change
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The Model

« Evolution Engine

— agents in a non-spatial, partial artificial ecology

— single resource, energy

— full life-cycle (reproduction, aging, death)...
— genderless sexual reproduction
— standard evolutionary operators: mutation, crossing-over

¢ Interaction Change
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The Model

e Evolution Engine

— agents in a non-spatial, partial artificial ecology

— single resource, energy

— full life-cycle (reproduction, aging, death)...
— genderless sexual reproduction
— standard evolutionary operators: mutation, crossing-over

« Interaction Change

Oce
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Evolution Engine

* Agent: ) Cz:‘.’é

— Phenotype vector in N-dimensional space.

109152432345564 23125467 8925391951434
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Interaction Change

* Agent: ) Cz:‘.’é

— Phenotype vector in N+1-dimensional
space.

109152432345564231254678925391951434.

* Type-independent, and
* Type-based methods.
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Emergent Phenotypes
in natural and in model populations
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Results
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Species splitting
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Ordinations

Dintrmusem of Properies

l'| l | | : ":
Distances From The Origin
: /A A 'rrrmm'nHrm ernmi.’n'n L 1
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The production of species

o 2000 4000 5000 [=lalulu] 10000 12000

[

ow & 5 B ¥ ¥ ¥ & & B B

H 221 et il e
P - i e

o M number of dimensions
type-independent method
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Conclusions

* The model yields simulation results in an interactions-
based evolutionary model, which uses similarity-based
sexual selection to approach open ended evolution.

» It demonstrates that changing phenotype-to-phenotype
interaction (here: the adding of new dimensions to
interaction space) can repeatedly split species by
producing new selection constraints.

* We hypothesize that sustained ecological evolution
proceeds by similar mechanisms.
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Future work

» Developmental modeling
* Ecosystems
» 3D physics
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February 6, 2007

Aplysia

ALife modeling of evolution
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Dis/similarity in ecosystems.
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Can relational properties bootstrap
whole ecosystems?
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3D physics

Using http://www.frams.alife.pl/

www.frams.alife. pl
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Thank you!
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