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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 

achieving hard limits (UTM) 
3. Practical implementation in 

digital electronics (biology?) 

Essentials: 
0. Model 
1. Universal laws 
2. Universal architecture 
3. Practical implementation 
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What I’m not going to talk about 

• Connections between robustness and risk 

sensitivity 

• Asymmetry between false positives and 

negatives 

• Risk aversion and risk seeking 

• Uncertainty is more in models than in 

probabilities 

• Life is not like a casino 



Going beyond black box: control is 

decentralized with internal delays. 

Huge theory progress in last 

decade, year, mo., … 

2nd hour (after break) 
 - Andy Lamperski 

 - Nikolai Matni     
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in motor control  
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• Eyes open vs closed 
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− old football players 
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Conjecture 

• Memory potential   

• Examples 
– Insects 

– Scrub jays 

– Autistic Savants 

Gallistel and King 
Issues for neuroscience 

• Brains and UTMs? 

– Time is most critical resource?  

–  Space (memory) almost free?   

•  Read/write random access 
memory hierarchies? 

• Brain >> UTM? 
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• Sensori-motor memory potential   (Ashby) 

• Limits are on speed of 

– nerve propagation delays 

– learning 

• But control is never centralized 

• Is there a random access read/write memory? 

Gallistel and King 
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• Sensori-motor memory potential   (Ashby) 

• Limits are on speed of 

– nerve propagation delays (fish parts?) 

– learning ??? 

• I’m probably confused 

• What about robust learning 

The EvoPsycho 

question: why? 
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What I’m not going to talk about 

• It’s true that most “really smart scientists” think 

almost everything in this talk is nonsense  

• Why they think this 

• Why they are wrong 

 

• Time (not space) is our problem, as usual 

• Don’t have enough time for what is true, so have 

to limit discussion of what isn’t 

• No one ever changes a made up mind (almost) 
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Nikolaev, …, Elucidation and Structural Analysis of Conserved 

Pools for Genome-Scale Metabolic Reconstructions, Biophysical 

Journal, Volume 88, Issue 1, January 2005, Pages 37-49  

Constrained (conserved): 
1.  Total NAD moiety 
2.  Total Adenylate moiety 
3.  Total Carbon moiety 
4.  Total phosphate moiety 
5.  Total oxygen  moiety 
6.  Oxidized state of metabolites 
7.  Reduced state of metabolites 
8.  High energy potential release 



Constrained (“conserved”): 
Moieties 

1. NAD 

2. Adenylate 

3. Carbon 

4. phosphate 

5. oxygen 

 

6. Oxidized state of metabolites 

7.   Reduced state of metabolites 

8.   High energy potential release 
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Chandra, Buzi, and Doyle 

UG biochem, math, 
control theory 

Most important paper so far. 
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Robust =  

Maintain energy  

(ATP concentration)  

despite demand fluctuation 

(May 21): Hard tradeoff in glycolysis 
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What makes this hard? 

1. Instability (autocatalysis) 

2. Delay (enzyme amount) 

Accurate vs 

sloppy 
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The CNS must cope with both 

 

Today’s important point 
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( slow reactions) 
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(May 21): Hard tradeoff in glycolysis is 
• robustness vs efficiency 
• absent without autocatalysis 
• too fragile with simple control 
• plausibly robust with complex control 

expensive 

fragile 

 
2 2

0

1
ln

ln

z
S j d

z

z p

z p

 
 


 
 

 










k

z p

z p





10 
-1 

10 
0 

10 
1 10 

0 

10 
1 Simple, but too 

fragile 

complex 

No tradeoff 

(May 21): Hard tradeoff in glycolysis is 
• robustness vs efficiency 
• absent without autocatalysis 
• too fragile with simple control 
• plausibly robust with complex control • Evolution can 

• increase complexity  
• to improve robustness 
tradeoffs. 
• But this complexity 
creates new fragilities 
• so there is always 
more to this story. 

expensive 

fragile 



Constrained (“conserved”): 
Moieties 

1. NAD 

2. Adenylate 

3. Carbon 

4. phosphate 

5. oxygen 

 

6. Oxidized state of metabolites 

7.   Reduced state of metabolites 

8.   High energy potential release 
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“Emergent”: 

“Nontrivial”  

consequences  

of other  

constraints 
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=Constraints 

Components 
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Components and materials: 

“Chemistry” 

 

Systems requirements:  

Survive in hostile 

environments 

Constraints 



Components and materials: 

“Chemistry” 

Constraints 

Constrained (“conserved”): 
Moieties 

1. NAD 

2. Adenylate 

3. Carbon 

4. phosphate 

5. oxygen 

6. Oxidized state of metabolites 

7.   Reduced state of metabolites 

8.   High energy potential release 



Protocols 

Bacterial biosphere 
• carriers: ATP, NADH, etc 

• Precursors, … 

• Enzymes 

• Translation 

• Transcription 

• Replication 

• … 

Architecture = protocols 

= “constraints that deconstrain” 
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I recently found this paper, a rare example of exploring 

an explicit tradeoff between robustness and efficiency. 

This seems like an important paper but it is rarely cited. 
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metabolic 
overhead? 

control 
response? 
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programmable? 

Accurate vs sloppy is now 
an implicit dimension of 
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Conjecture:  human brain tradeoffs dominated by 
fast vs flexible more than robust vs cheap 
 

1. For hunter/gatherer metabolism is far above 
basal, and dominated by active muscle 

2. Brain homeostasis is a much greater challenge 
than basal metabolic demands 
 

 
Creates new fragilities in modern lifestyle 
 
 
Not true for sedentary organisms with limited 

nutrient diets (e.g. Koala, Panda, …) 
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Conjecture:  human brain tradeoffs dominated by 
fast vs flexible more than robust vs cheap 

 
Fragility dimensions with most important tradeoffs: 

1. latency/delay/speed of control vs. 
2. flexibility/adaptability  

expensive 

fragile 

Inflexible 

slow 
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The “new” tradeoff 
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Consistent tradeoff across 

very different systems : 

• nervous system 

• cell 

• computer 

(that have some shared 

architecture) 
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• Sensori-motor memory potential   (Ashby) 

• Limits are on speed of 

– nerve propagation delays 

– learning 

• But control is never centralized 

• Is there a random access read/write memory? 

Gallistel and King 
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Expense is complicated 

tradeoff between  

• design effort 

• fabrication cost 

• energy use 

• etc etc 
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Seem like this is more like 

the cell than the computer, 

but haven’t worked it out 

yet, and this is the wrong 

way to draw it anyway. 
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Layered architectures 
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multiple layers 

• Distributed 
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•… 
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THE END OF THEORY 
Scientists have always relied on hypothesis 
and experimentation.  Now, in the era of 

massive data, there’s a better way. 

“All models are wrong, and increasingly 

you can succeed without them.” 
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computers 
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So different 

architectures? 



simple 
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How general is this picture? 

wasteful 

fragile 

efficient 

robust 

Implications for 
human evolution? 
Cognition? 
Technology? 
Basic sciences? 


