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Conjecture:	  Larger	  systems,	  more	  dimensions,	  higher	  
object	  complexity	  (diversity)	  enables	  higher	  order	  
func1onali1es	  (through	  richer	  interac1ons	  /	  more	  
informa1on	  channels),	  which	  in	  turn	  is	  necessary	  for	  
open-‐ended	  evolu1on.	  	  
	  
However,	  added	  component	  complexity/diversity	  is	  not	  a	  
sufficient	  condi/on	  for	  richer	  sets	  of	  func1onali1es.	  	  



We	  study	  how	  the	  environment	  together	  with	  a	  local	  self-‐assembly	  (dG	  <	  0)	  and	  self-‐
organiza8on	  (dG	  >0)	  may	  play	  together	  to	  generate	  (minimal)	  self-‐replica8ng	  physicochemical	  
systems.	  	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Protocells	  of	  this	  (together	  with	  other	  boFom	  up)	  design(s)	  apparently	  lacks	  an	  ability	  to	  
evolve	  in	  an	  open-‐ended	  manner.	  Only	  op1miza1on	  of	  its	  metabolic	  rate	  seems	  possible	  
through	  a	  selec8on	  of	  appropriate	  composi8onal	  informa8on	  on	  its	  “genes”.	  	  	  
	  
Ques1on:	  Is	  a	  richer	  environment	  enough	  to	  expand	  a	  protoecell’s	  evolu1onary	  poten1al	  
for	  novelty?	  Thus	  should	  we	  “just”	  expand	  the	  systems	  space?	  	  
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Dynamical hierarchies as a design principle  
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Object complexity/diversity increase <->  
Generated higher order functions  

A	  combinatorial	  explosion	  in	  interac1ons	  result	  from	  adding	  new	  objects.	  	  
However,	  the	  object	  complexity	  addi1on	  should	  be	  done	  “with	  care”.	  	  	  
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More	  energy	  transduc1on	  components	  -‐>	  different	  metabolic	  	  
processes	  -‐>	  different	  building	  blocks	  …	  
	  
More	  lipid/informa1on	  building	  blocks	  -‐>	  e.g.	  different	  containers	  /	  	  
informa1on	  molecules	  -‐>	  different	  higher	  order	  proper1es	  …	  
	  

Add	  here	  …	  

Add	  here	  …	  

But	  the	  system	  easily	  turns	  into	  black	  tar	  …	  so	  add	  with	  care	  



Conjecture:	  Larger	  systems,	  more	  dimensions,	  more	  
object	  complexity	  (diversity)	  enables	  higher	  order	  
func1onali1es	  (through	  richer	  object	  interac1ons),	  which	  
in	  turn	  is	  necessary	  for	  open-‐ended	  evolu1on.	  	  
-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
However,	  added	  component	  complexity/diversity	  is	  not	  a	  
sufficient	  condi/on	  for	  richer	  sets	  of	  func1onali1es	  and	  
the	  kind	  and	  order	  in	  which	  to	  add	  components	  is	  not	  
arbitrary…	  
	  
Could	  a	  “good”	  component	  inclusion	  ability	  be	  a	  property	  
developed	  by	  the	  living	  system	  or	  be	  a	  property	  of	  the	  
fitness	  landscape?	  Or	  are	  we	  leY	  with	  trail	  and	  error?	  	  
	  


