Open-endedness
and
Novelty in Evolution




AcC

Workshop on Open-endec

| | Participants
(some via Skype)

B. Baumgaertner
Guillaume Beslon
Rene Doursat
James A. Foster
Barry McMullin
Vinicius de Melo
Thomas Miconi
Lee Spector
Susan Stepney
Roger White
myself



Result

Defining and Simulating Open-Ended Novelty:

Requirements, Guidelines, and Challenges

Wolfgang Banzhaf', Bert Baumgaertner?, Guillaume Beslon®, Rene
Doursat?, James A. Foster?, Barry McMullin®, Vinicius Veloso de

Melo*!, Thomas Miconi®, Loe Spector’, Susan h‘hplu-_\“i and Roger
White®

!Department of Computer Science, Memorial University of
Newfoundland, St. John's, NL, A1B 3X5, Canada
: Department of Biological Sciences and Institute for Bioinformatics
and Evolutionary Studxes, University of Idaho, Idaho, USA
IUniversité de Lyon, INSA-Lyon, INRIA Beagle, CNRS LIRIS
UMRS5205, Villeurbanne, France
{BioEmergences Lab (UPS3674), CNRS Gif-sur-Yvette, and
Complex Systems Institue, Paris. France
SCUD
“The Neurosciences Institute, La Jolla, CA, USA
"Cognitive Science, Hampshire College. Amherst. MA USA 01002
*Department of Computer Science, and York Centre for Complex
Systems Analysis, University of York, YO10 5DD, UK
IDepartment of Geography, Memonal University of Newfoundland.
St. John's, NL, A1B 3X5, Canada

Apnl 17, 2015

Abstract

The open.endednms of a systemn = often defined 3 3 continual pro.
duction of novelty. Here we pen down thas concept more fully by defisang
several classes of nowelty and mnovation that a systers may exhubet. The
leads to 2 deSmation of levels of structure 10 3 systoms model. From there
we define an architecture saitable foe balding mmulations of open-ended
rx:vdly grncraling systoma. We also state scme c_‘n“t:g_u for the com
musty.
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What is OEFE?

® OEE = Continuous creation of novelty

® OEE = Continuous increase in complexity

e Effective OEE = Inexhaustible creation of novelty




Novelty

® Specific type of change in and of a model

® Meta-model to describe model

® Model: Systems with entities, organized into




Types of Novelty

® Type O Novelty: Variation = Novelty within a model
® Type | Novelty: Innovation = Novelty that changes the model

® |a Dimensional Innovation = Change in size/structure of space

® |b Type Innovation = New types of entities




Example: Type O - Variation
Novelty within a model

® Changing a gene to a different allele
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Example: Type la - Dimensional Innovation
Novelty that changes the model

® Gene duplication

Wikipedia



Example: Type 2a - Transition
Novelty that changes the meta-model

® Ecosystem formation
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Novelty & Complexity

® Combinatorial spaces of a given dimension
are exhaustible

® The Universe is a combinatorial space
though a large one (10740 time units x
10180 p: ~s = |0MN20) 20




Is Novelty Sufficient for OEE?

“No” at any level of complexity:

® The number of novelties goes to zero as
search time goes to infinity

“Yes” if complexity can grow:




WWhat is the driving
force for OEE!?

Natural Selection

® Amplification (exponential growth of
population with time)




Time & Complexity
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More complex systems seem
to evolve faster!

® Simple model of competing
(autocatalytic) entities

® Competition settles faster the more
cooperation among entities

® Speed pushes for higher complexity




Is there a limit?

Carrying capacity Carrying capacity
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Evolution in Action

Change of perspective:
® From individuals that compete against each other for food

® to points in possibility space (eg. novelties) that compete for occupation by
individuals

® Required is a sufficient number of individuals to compete for these novelties

® Resource limitation (matter in the universe) leads to limit on the number of
~ levels that can be populated
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- Questions?




