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Developmental/epigeneticsystems
ÅDevelopmental/epigenetic systems are systems which, given innate
materials/structures/properties/mechanisms/capabilities,grow as a result of the
dynamical interactions between the components of this innate equipment among
themselvesandwith their environment;
Č Developmentalprocesses= thesegrowth processes

ÅIn biological organisms, these interactions take place simultaneously at many
organizationallevels:
e.g. at the level of individual cells through for e.g. differentiation processesresulting
from dynamicalpatternsof geneexpressionthat dependon the chemicalenvironment
within andoutsidethe cell;
or at the levelof cellassemblieswhichdynamicallyinteractamongthemselvesandwith
the physicalenvironmentto generateorgans(e.g. through interaction with gravity),or
for e.g. to learnimmuneresponses,or to maturatefor e.g. neuralsystems:
or at the behavioral level of the whole organismswhich neural and learning system
interact with the physicaland socialenvironment, to generatefor e.g. locomotion or
language;

ÅNot onlybiologicalsystemscanbe developmental,e.g. galaxiesor universes;
ÅDevelopmental/epigeneticroboticsČ studyof bio-inspiredgrowth processes;



Developmental processes involve complex (physico-
chemico) dynamical systems, both in embryogenesis 
and epigenesis
Č Self-organization phenomena

Č Constrains the space of forms and structures: not 
all forms are equally easy to generate from physical 
matter/are possible Č Constrains evolutionary search

Č Evo-devoapproach both for biological  
understanding AND engineering efficiency²ŀŘŘƛƴƎǘƻƴΩǎepigeneticlandscape

Borenstein, E. & Krakauer, D. C.An end to endlessforms: epistasis, phenotypedistribution bias, and nonuniform
evolution. PLoSComput. Biol. 4, e1000202 (2008)
Raff, R. A.Written in stone: fossils, genes and evoςdevo. Nature Rev. Genet.8, 911ς920 (2007)



One non-standard bridges between 
research on evolutionary and 

developmental systems: the role of 
open-ended search mechanisms



4 types of (re-)search in 
(computational/mathematical) 

evolutionary and developmental systems
Evolutionary systems:
1) Task-specific optimization problems for engineering purposes;
2) Modeling work for understanding better the origins of structures and complexity in 

phylogeny/biological evolution;

Developmental systems:
1) Task-specific learning problems for engineering purposes;
2) Modeling work for understanding better the formation of structures in 

sensorimotor/cognitive/social development;

Č These four types of research can be formulated in a unified formal framework;
Č Yet, very different goals, andunderlying technical differences that lie mainly in the 
kind of search process they are associated with;
Č In spite of strong differences in objectives, recent results show how strong synergies 
can relate them;



A common underlying formulation
ÅA(discreteor continuous)statespaceS(e.g. sensoristateandmemoryof a robot)
ÅA(discreteor continuous)actionspaceA (e.g. motor commandsof a robot)
ÅAtransitionfunction
ÅAparameterizedactionpolicy

ÅA reward/value/fitness function 

or  
or                           (fitness)  
where one has typically
with a behaviouralfunction 
Arising from a developmental function

ÅAn optimization procedure (evolutionary algorithms or model learning with 
approximate dynamic programming/stochastic optimal control) that find a policy 
such that                                                         
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Various research focuses:
i) Optimization mechanisms
ii) Policy representations
iii) S, A, D, B representations
iv) World model learning
v) World structure
vi) Reward/fitness function



Examples of engineering/task-specific 
evolutionary problem

Hornby, G.S., Takamura, S., Yokono, J., Hanagata, O., Yamamoto, T. and Fujita, M. (2000).EvolvingRobustGaitswith
AIBO. IEEE International Conference on Robotics and Automation. pp. 3040-3045.

TuciE., Massera G., Nolfi S. (2009).Active categoricalperception in an evolvedanthropomorphicrobotic arm. IEEE 
International Conference on EvolutionaryComputation (CEC), specialsession on EvolutionaryRobotics.

= forward speed of robot

)())(()))((( qpq q fitnessBRDBR ==
= performance in tactile object recognition

)(qfitness

http://www.demo.cs.brandeis.edu/papers/long.html
http://www.demo.cs.brandeis.edu/papers/long.html
http://www.demo.cs.brandeis.edu/papers/long.html
http://www.demo.cs.brandeis.edu/papers/long.html
http://www.demo.cs.brandeis.edu/papers/long.html
http://www.demo.cs.brandeis.edu/papers/long.html
http://www.demo.cs.brandeis.edu/papers/long.html
http://www.demo.cs.brandeis.edu/papers/long.html
http://www.demo.cs.brandeis.edu/papers/long.html


Examplesof engineering/task-specific
developmentalproblem

Policy Gradient Reinforcement Learning for Fast QuadrupedalLocomotion.Nate KohlandPeter Stone. InProceedings of the 
IEEE International Conference on Robotics and Automation, pp. 2619ς2624, May 2004.

Kober, J.; Peters, J. (2009). Policy Search for Motor Primitives in Robotics,Advances in Neural Information Processing 
Systems 22 (NIPS 2008), Cambridge, MA: MIT Press.

is the ball in the cup?
forward speed of the robot

http://www.cs.utexas.edu/~nate
http://www.cs.utexas.edu/~pstone

