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Experiment 
•  Motion/vision control without blurring 
•  Which is easier and faster? 

Robust vision with 
•  Hand motion 
•  Head motion 
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Bacterial chemotaxis 
• Internal model necessary for robust chemotaxis 
• Reality is 3d, but… 
• Internal model virtual and 1d 
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Model? 

• 1 dimension, 4 states? 
• Other 2 dimensions? 
• New issues arise 
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– Flexible (adaptable, evolvable) 
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– Energy 
– Other resources (make and maintain) 
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Shear	  flow	  turbulence	  
• Exhaus(vely	  studied	  

– Extensive	  experiments	  and	  big	  data	  

– Detailed	  models	  and	  big	  simula(ons	  
– Great!	  	  But	  all	  just	  deepen	  the	  mystery	  

• Perfectly	  illustrates	  robust/fragile	  
• Without	  which?	  Bewilderment.	  

Physics	  of	  Fluids	  (2011)	  
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Doyle,	  Csete,	  Proc	  Nat	  Acad	  Sci	  USA,	  JULY	  25	  2011	  	  

For	  more	  info	  
Most	  accessible	  

No	  math	  
References	  
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Efficiency/instability/layers/feedback 

• Sustainable infrastructure? (e.g. smartgrids) 
• Money/finance/lobbyists/etc 
• Industrialization 
• Society/agriculture/weapons/etc 
• Bipedalism 
• Maternal care 
• Warm blood 
• Flight 
• Mitochondria 
• Oxygen 
• Translation (ribosomes) 
• Glycolysis (2011 Science) 

Major transitions 

Evolvability? 
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Horizontal	  
Gene	  

Transfer	  

Sequence	  ~100	  E	  Coli	  (not	  chosen	  randomly)	  
• 	  ~	  4K	  genes	  per	  cell	  
• 	  ~20K	  different	  genes	  in	  total	  (pangenome)	  
• 	  ~	  1K	  universally	  shared	  genes	  	  
• 	  ~	  300	  essen(al	  (minimal)	  genes	  
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Many human 
beliefs are: 
•  False 
•  Unhealthy 
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Chess experts 
•   can reconstruct entire 
chessboard with < ~ 5s 
inspection 
•  can recognize 1e5 distinct 
patterns 
•  can play multiple games 
blindfolded and simultaneous 
•  are no better on random 
boards 

(Simon and Gilmartin, de Groot) 

www.psywww.com/intropsych/ch07_cognition/expertise_and_domain_specific_knowledge.html 



Specific brain lesions can cause “blindness” to 
•  Faces 
•  Fruit or Animals or Tools or ?? 
•  Left side of body 
•  Movement 
•  Nonmovement 
•  ??? 
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When needed, even wasps can do it. 



•  Polistes fuscatus can differentiate among normal wasp 
face images more rapidly and accurately than nonface 
images or manipulated faces.  
•  Polistes metricus is a close relative lacking facial 
recognition and specialized face learning.  
•  Similar specializations for face learning are found in 
primates and other mammals, although P. fuscatus 
represents an independent evolution of specialization.  
•  Convergence toward face specialization in distant taxa 
as well as divergence among closely related taxa with 
different recognition behavior suggests that specialized 
cognition is surprisingly labile and may be adaptively 
shaped by species-specific selective pressures such as 
face recognition. 



Fig. 1 Images used for training wasps. 

M J Sheehan, E A Tibbetts Science 2011;334:1272-1275 
Published by AAAS 
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• OS seems to confuse 
• Replace with “core protocols”? 
• Examples different than OS or translation: 

– Core metabolism 
– 2 component signal transduction 

• Highly conserved/constrained core (knot) 
• Highly diverse/deconstrained edges 
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