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Overview	



Time-Like Limit���
Maximum causal entropy	



Space-Like Limit���
Minimum coordination latency	



As the speed of computer systems and their integration 
with the physical world have grown, the physical limits 

of intelligent systems have become increasingly 
relevant.	



Two key physical limits for realizing optimal 
coordination & control in software systems:	
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A phenomenological approach to intelligence 	



“How can we build minds?”          “What is the physical phenomenology of intelligence?”	



“How can we fly like birds?”         “What is the physical phenomenology of flight?”	



(HARDER)	

 (EASIER)	



(HARDER)	

 (EASIER?)	



“The question of whether Machines Can Think... is about 	

	

as relevant as the question of whether Submarines Can 	

	

Swim.” -- Edsger W. Dijkstra	
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Hints of a deep connection between “keeping ���
future options open” and intelligence	



Causal Entropic Principle (2007)	



http://www.harpers.org/media/image/blogs/misc/cosmos.jpg	


MoGo (2006)	



http://www.collegedegrees.com/wp-content/uploads/Go(1).jpg	



Cosmology	



Games	



Robotics	



http://farm5.static.flickr.com/4128/4986537007_e9ac89ac90.jpg	



Willow Garage PR Path Planning (2006)	
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We recently took a major step toward this connection	
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Formalizing the connection	


“Keeping Options Open” / “Capturing Possible Futures”	



à Constrained Maximization of Causal Entropy	


à Causal Entropic Force	



Just like an entropic force from 
polymer physics...	



...but rotated in spacetime to “thermally” 
drive a present macrostate between path 

microstates.	



Tc	
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CEF as a universal protocol for AGI	



F = T rS⌧
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CEF as a universal protocol for AGI	



F = T rS⌧
Force	



(“Action”)	


Temperature	


(“Strength”)	



Causal Entropy	



Time Horizon	
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Calculating causal entropic forces	



Universal: Only 2 free parameters for any system…	
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Entropica: A Causal Entropy Engine	
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The “boxing problem”	



Causal entropy maximizing processes are���
explicitly antithetical to being “boxed”	
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Goal seeking is a side effect of CEM with bottlenecks	





web: www.alexwg.org        twitter: @alexwg   email: alexwg@post.harvard.edu	



Universal policy embedding for “paperclip maximizers”	
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Formalizing friendliness	



http://www.amazon.com/Asimovs-Robot-Series-Robotics-CafePress/dp/B009TTBQTW	
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Discussion	



Causal entropic forcing has the potential to 
autonomously analyze and prescribe strategic 
courses of action in circumstances where human-
provided objectives either:	



	



 (1) cannot be provided on relevant time scales	



 (2) are too complex to be formulated by humans	
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Questions?	


Contact:	



alexwg@post.harvard.edu	


	



Follow:	


@alexwg	



	


Visit:	



www.alexwg.org	


	




