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Universal laws  

and architectures: 
Theory and lessons from 

nets, grids, brains, bugs,  
planes, docs, fire, fashion, 

art, turbulence, music, buildings,  
cities, earthquakes, bodies, running, throwing,  

Synesthesia, spacecraft, statistical mechanics 



• Nets 

• Grids (cyberphys) 

• Brains 

• Bugs (microbes) 

• Medical physiology 

• Lots of aerospace 

• Wildfire ecology 

• Earthquakes 

• Physics:  

– turbulence,  

– stat mech (QM?) 

• “Toy”:  

– Lego 

– clothing, fashion 

• Buildings, cities 

• Ants 
• Synesthesia 
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Robust? 

• Secure 

• Scalable 

• Verifiable 

• Evolvable 

• Maintainable 

• Designable 

• … 
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Requirements on systems and architectures 
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Layers/feedback in biology 

Working backwards 

• Money/finance/lobbyists/etc 

• Society/agriculture/weapons/etc 

• Bipedalism 

• Maternal care 

• Warm blood 

• Flight 

• Mitochondria 

• Translation (ribosomes) 

• Glycolysis (see 2011 Science paper) 
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Physical 

IP 

TCP 

Application 

“Issues” (hacks) 

• VPNs 

• NATS 

• Firewalls 

• Multihoming 

• Mobility 

• Routing table size 

• Overlays 

• … 



Original design challenge? 

TCP/ 
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(Hardware) 
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(Applications) 

Constrained • Expensive mainframes 

• Trusted end systems 

• Homogeneous 

• Sender centric 

• Unreliable comms 

Facilitated wild evolution 

Created  

• whole new ecosystem 

• completely opposite  

Networked OS 



Original design challenge? 

TCP/ 

IP 

Deconstrained 

(Hardware) 

Deconstrained 

(Applications) 

Constrained Incomplete 

• Layering (IP) 

• Feedback (TCP) 

 

• No theory 

Networked OS 



Chiang, Low, Calderbank, and Doyle 
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Few global variables 

Don’t cross layers 
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Robust vision with motion 

Vision 

Motion 

• Neuroscience motivation 



Experiment 
• Motion/vision control without blurring 

• Which is easier? 
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• Mechanism 

• Tradeoff 
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Layers/feedback in biology 

Working backwards 

• Money/finance/lobbyists/etc 

• Society/agriculture/weapons/etc 

• Bipedalism 

• Maternal care 

• Warm blood 

• Flight 

• Mitochondria 

• Translation (ribosomes) 

• Glycolysis (see 2011 Science paper) 



Universal laws and architectures: 
brains, bugs, networks, physiology,  

grids, medicine, wildfire, turbulence, 
literature, fashion, dance, earthquakes, 

art, music, Lego, buildings, cities vision 
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Crashes 

can be 

made rare 

with active 

control. 
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Universal laws and architectures: 
brains, bugs, networks, physiology,  
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hard harder hardest! 

Easy to prove using simple models. 

What is sensed matters. 

Why? 
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Holds for all controllers. 

Like Turing, a “law” about intrinsic problem difficulty. 



Select instabilities in biology 

Working backwards 

• Money/finance/lobbyists/etc 

• Society/agriculture/weapons/etc 

• Bipedalism 

• Maternal care 

• Warm blood 

• Flight 

• Mitochondria 

• Translation (ribosomes) 

• Glycolysis (see 2011 Science paper) 



Chandra, Buzi, and Doyle 

UG biochem, math, 
control theory 

Most important paper so far. 
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Universal laws  

and architectures: 
nets, grids, brains, bugs,  
bodies, doctors, fire, fashion, 

art, turbulence, music, buildings,  
cities, earthquakes, planes, running, throwing,  

Synesthesia, spacecraft, statistical mechanics 
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flexibility 

tradeoffs 

Concrete case studies? 
Theorems ?  
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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 



- 
3d+motion 

B&W 

slow 

VOR 

fast 

Fast 

Slow 

Flexible Inflexible 

Faces 

slower 

Objects 

Mixed 

Not sure how to draw this… 



vision 

eye vision 

Act 
slow 

delay 

VOR 

Slow 

Flexible 

Fast 

Inflexible 

Illusion 

Highly  

evolved  

(hidden)  

architecture 

Seeing is dreaming 



3D 
+time 

 

Simulation 

+ complex 

models 

(“priors”) 

 

 

Seeing is dreaming 

Conscious 
perception 

C
o
n
s
c
io

u
s
 

p
e

rc
e
p

ti
o

n
 

errors 

Prediction 

&Control  



Fast 

Costly 

Slow 

Cheap 

Flexible Inflexible 

General Special 

Other dimensions? 



1x

2x

3x

Model? 

• 1 dimension, 4 states? 

• Other 2 dimensions? 

• New issues arise 
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Main lessons 

• Theory: hard limits on closed loop 

performance, aggravated by 

– Instability (unstable poles) 

– Delay 

– Unstable zeros 

• Neuroscience specific 

 



Instabilities in technology 

• Efficiency 

• Autocatalysis 

 

• The future 

 

 



Select instabilities in biology 

Working backwards 

• Money/finance/lobbyists/etc 

• Society/agriculture/weapons/etc 

• Bipedalism 

• Maternal care 

• Warm blood 

• Flight 

• Mitochondria 

• Translation (ribosomes) 

• Glycolysis (see 2011 Science paper) 
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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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Sequence ~100 E Coli (not chosen randomly) 
• ~ 4K genes per cell 
• ~20K different genes in total (pangenome) 
• ~ 1K universally shared genes  
• ~ 300 essential (minimal) genes 

Clinical issue: antibiotic resistance? 
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