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Jin Hyung Lee

UCLA

Optogenetic fMRI (ofMRI)

Stimulate specific cell types with temporal precision.

Monitor causal, in vivo, and brain-wide activity 

responses. Lee et al., Nature 2010



Issues

• Talks great, offline great, discussions weak

• Architecture?  (Not much, really.  It’s hard.)

•  Concrete, concrete, concrete

• OS as (dangerous!!!) metaphor

• Start with Ed

• End with Helen, Tony (pdf), and Paul



Sensor

s

Effectors

R
e
a
c
ti

v
e

A
d

a
p

ti
v

e
C

o
n

te
x
tu

a
l

S
o

m
a

Value/utility

Long Term Memory

Allostatic

control

Needs

Internal states

(valence/arousal

)

World

Working memory
Sequence/Interval

memory

Episodic 

memory

Perception Action

shaping/ selection

BehaviorsSensation

Plans

Autobiographical memory / Meta learning

Event
memory

Goals



Cartoon interpretation of economical small-world 
architecture in terms of cognitive processes

High efficiency
Short path length
(Higher cost)

High clustering
Modularity
(Lower cost)

Integrated processes

General – eg “executive”
Isotropic (IQ)
Distributed
Conscious
Effortful

Segregated processes

Specialised – eg face vision
Encapsulated
Localised
Unconscious
Automatic
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There are many meanings of “modularity” in 
neuroscience: (how) are they related?

Developmental Psychological Topological 



What’s special and what’s not so special about human 
brains compared to other information networks?

Human Brain Network
Resting state FMRI

Economic Network
New York Stock Exchange

Social Network
Twitter ♯gadaffi

Vertes et al (2011) Front Sys Neurosci



Hidden Technology

“Social network technology”

What a teenager sees.



Hidden Technology

“Social network technology”

What I see



Hidden Technology

“Blah blah blah blah blah”

What Wall Street sees.

$

$

$
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OS

Physical

Diverse 
applications

Layered architectures

• OS allocates/shares 

– diverse resources among 

– diverse applications

• “Strict layering” crucial, 

e.g. clearly separate

– Application name space

– Logical (virtual) 

name/address space

– Physical (name/) address 

space

• Name resolution w/in appls

• Name/addr transl X layers



OS

Physical

Diverse 
applications

Layered architectures

In operating systems:

Don’t cross layers

(rings)

Direct 

access to 

physical 

memory?

In programming:

No global variables
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Little 
diversity

Diverse applications



OS

Diverse hardware

Layered architectures

“Hourglass”

Diverse applications
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There are many meanings of “modularity” in 
neuroscience: (how) are they related?

Developmental Psychological Topological 



Helen S. Mayberg, MD
Professor, Psychiatry and Neurology

Dorothy C. Fuqua Chair in Psychiatric Neuroimaging and Therapeutics

Emory University School of Medicine

Last week
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What’s special and what’s not so special about human 
brains compared to other information networks?

Human Brain Network
Resting state FMRI

Economic Network
New York Stock Exchange

Social Network
Twitter ♯gadaffi

Vertes et al (2011) Front Sys Neurosci
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Turing
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Heisenberg
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wasteful?
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?

• Each theory  one dimension

• Important tradeoffs across
dimensions

• Progress is encouraging but…



Control Comms

Compute Physics

ShannonBode

Turing

Godel

Einstein

Heisenberg

Carnot

Boltzmann

wasteful?

fragile?

slow?

?

• Each theory  one dimension

• Important tradeoffs across
dimensions

• Progress is encouraging but…

Why do we build or evolve 
complex networks in the first 

place?

Mismatch between application 
demand and resource supply

Demand!

Supply?

Supply?
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• Minimal toy diagram vaguely inspired by biology

• Has comms for control

• Signals and boxes not physiological (yet)

• Naïve use of theory from control, information, 

computation, graph, …. can be misleading
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Low latency required
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Layering coding

• This is just a very simple interpretation of 
source and channel coding as a layered 
architecture

• Adds nothing but motivates comparison with 
other layered structures



Source
-

Decode Channel Code

d

d̂

1. Bounds

2. Achievability 

3. Decomposition/

Layering

Code Decode 

Channel coding

Source coding

Optimal coding can have a 
“trivial” layered implementation.

 d 

ˆe d d 
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• a system level constraint from application layer
• the component level constraint from physical layer

Channel

Physical layer

Rcv Xmit
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• Decoupled
• Hides details
• Virtualizes channel
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What’s special and what’s not so special about human 
brains compared to other information networks?

Human Brain Network
Resting state FMRI

Economic Network
New York Stock Exchange

Social Network
Twitter ♯gadaffi

Vertes et al (2011) Front Sys Neurosci
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