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普遍法则与架构
Universal laws 

and architectures:
Theory and lessons from

brains, hearts, cells, grids, nets, bugs, 
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how of goal-
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computational 
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Turing’s 3 step research:
0.   Virtual (TM) machines
1. hard limits, (un)decidability 

using standard model (TM)
2. Universal architecture 
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3. Practical implementation in 

digital electronics (biology?)
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Implications
• Large, thin, nonconvex everywhere… 
• TMs and UTMs are perfectly repeatable
• But perfectly unpredictable
• Undecidable: Will a TM halt? Is a TM a UTM? 
Does a TM do X (for almost any X)?
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• Time/delay/latency is most precious 
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• Have time domain versions 

of Bode and extensions
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• Have classical version of 

Heisenberg using Kalman
• Need more work on passive 

to active
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• Video biking game with trails and bumps
• Balancing stick (inverted pendulum)
• Vision and VOR with object and head motion
• Balancing body with vision, vestibular, and 

proprioception

Theory

• Quantitative match with theory (but equipment)
• Qualitative (but easy to do live demos)
• Both
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cranial nerves
• similar diameters
• diverse lengths
• diverse composition
• bottlenecks?
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• Video biking game with trails and bumps
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• Quantitative match with theory (but equipment)
• Qualitative (but easy to do live demos)
• Both
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Reaching time ≈ speed 

≈ accuracy

Reaching time = 𝑎𝑎 + 𝑏𝑏 log2(
2𝐷𝐷
𝑊𝑊

)
Fitts law

const
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Virtualized (added) speed-accuracy tradeoff
• Delay session: 30 second for each setting (T = -4, -3, -2, -1, 0, 1, 2)

• Quantizer session: 30 second (L = 1, 2, …, 7)

• Delay and Quantizer session: 30 second for each pair of settings
Delay
Quantizer
Delay and Quantizer
Sum(Delay, Quantizer)

Advance warning Delay Advance warning Delay



Delay in vision and in action

• Vision delay

• Action delay
30 seconds

No delay 1-step delay 2-step delay 3-step delay

No delay 1-step delay 2-step delay 3-step delay

Vision delay Action delay
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Spacetime/sparsity constraints 
are convex in Φ but not in K.
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Spacetime/sparsity constraints are 
convex in Φ but not in K.
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Lifespan, violence, cancer, 
wound healing, and sociality 

A control architecture perspective



Fig 2. The longevity-mass data set is well 
described by a triangle in log space.

Szekely P, Korem Y, Moran U, Mayo A, Alon U (2015) The Mass-Longevity Triangle: Pareto Optimality and the Geometry of Life-
History Trait Space. PLOS Computational Biology 11(10): e1004524. https://doi.org/10.1371/journal.pcbi.1004524
http://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1004524

http://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1004524
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An illustration of Peto’s Paradox. 
Cancer is a disease of uncontrolled 
cell growth and division, and the risk 
of developing cancer increases with 
the number of cell divisions during 
the lifetime of an organism. Thus, 
the expected cancer rate for large 
and/or long-lived species is 
higher than for smaller short-lived 
ones. 

The solid red line indicates a linear relationship 
between cancer rate and (body mass)*(lifespan) 
and the dashed red line represents an 
approximation of the expected cancer rate 
assuming a model describing the probability of an 
individual developing colorectal cancer after a given 
number of cell divisions [4]. The solid blue 
line represents the observation that there is no 
relationship between cancer risk and (body 
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