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Complex multi-cellular organisms are the result of evolution over 
billions of years.  

 
Their ability to reproduce and survive through adaptation to 
selection pressure did not happen suddenly; it required gradual 
genome evolution that eventually led to an increased emergent 
complexity. 
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Goal 

•  Investigate the emergence of complexity in cellular machines, using 
two different evolutionary strategies:  
  

1.  conventional genetic algorithm, target is the maximum complexity 

2.  incremental approach, complexity is gradually evolved 

Simulate the process of species adaptation to a changing environment 
requiring growth of complexity 
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Evolved Artificial Developmental Systems 
(EvoDevo) 
 

•  Development (Genotype – Phenotype Mapping) 
 

•  Evolution 
–  Often an expressed goal, fitness is a kind of usability measurement (in 

contrast to open-ended evolution in nature) 
–  The target functionality is defined and thus placed within some 

complexity measure 
–  Different levels of behavioral complexity can be said to exist 
–  High complexity is not a goal in itself; it is merely a product of the 

species adaptation to be able to reproduce 
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Incremental Evolution 
•  The evolution process tackles the problem of targeting complexity incrementally 
•  Start from a simple behavior and gradually make the task more challenging 
•  Conventional evolutionary strategies may have too high selective pressure in the 

early stages of evolution (getting trapped in an unfruitful region of the search space) 
•  Search is driven on solutions that are likely to benefit and retain existing capabilities 
•  Foster continuing innovation by elaborating on available solutions 
•  In every generation interval the target complexity demand is increased, keeping the 

target functionality unvaried, i.e. the class of problems is the same 

•  may be beneficial in order to achieve higher complexity in the long term 



7 

Cellular Developmental Model 
•  minimalistic developmental system 

•  3 cell types  
  (type 0: quiescent, type 1 and type 2 for multicellularity) 
 
•  all possible 35 = 243 regulatory input combinations are 
represented in a development table  
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Lambda Genome Parameter 
 
Genome information to estimate the dynamic behavior of the system 

•  n =  number of transitions to the quiescent state (state 0)  
•  K = number of cells types = 3 (in our model) 
•  N = neighborhood size = 5 (in our model) 

(C. G. Langton. "Computation at the edge of chaos". Physica D, 42, 1990) 
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•  In our cellular developmental model, we are aiming to target phenotypic 
properties.  

•  Attractor length, i.e. development reaches a structure or state that is 
stable by self-regulation (point attractor) or a dynamic phenotypic 
structure that is self-reorganizing (cyclic attractor), is the chosen 
complexity metric.  
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Experimental Setup 
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Evolutionary strategies: 
 

 Canonical fitness function: targets maximum complexity 
•  Fittest individual: longest attractor length 
 

 Incremental growth of fitness: changing environment that requires more 
complex behaviors to survive 

•  Fittest individual: smallest difference between actual attractor 
length and target length in that specific generation (i.e. 
environmental requirements at specific moments in 
evolutionary time) 

•  Target length: set as 1, i.e. point attractor, at the first generation 
•  Constantly incremented every fixed number of generations 
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Initial population 

•  “dead genomes”: all the transitions in the developmental table lead to 
the dead state and the value of λ is uniform.  
–  the developed phenotype results in a dead organism after the first 

development step. Evolve towards “alive” genomes.  
–  favorable genes are evolved from scratch (especially when random 

initialization is not possible or feasible) 

•  randomized genomes: the initial population of genomes is initialized 
randomly and λ has a distributed value.  
–  extremely fit or very unfit genomes (in early generations)  
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Results (dead genomes) 
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Results (extended evo. time) 



16 

Results (randomized genomes) 
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Conclusion 
•  Emergence of complexity in cellular machines  

–  Conventional evolutionary strategy (target max) 
–  Incremental approach (complexity gradually evolved) 

•  Incremental approach has advantages 
–  Especially when the population’s genome parameter is towards uniform, 

i.e. intermediate complexity levels in equilibrium with the environmental 
pressure 

•  Lambda: which information is present in the genome, which behavior may 
emerge, evolvability of the system 
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Future work 
•  Compare robustness of solutions evolved incrementally 

vs. standard, how fragile to external perturbation, at 
genotype level (mutations in the rule table), at phenotype 
level (perturbation of the system state during 
development) 

•  Use Lambda to guide evolution 
•  Incremental evolution of genome representation 
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