Jin’s OS?



| UCLA

Stimulate specific cell types with temporal precision.

Monitor causal, in vivo, and brain-wide activity
responses. Lee et al., Nature 2010

| Jin Hyung Lee @ Leelab



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

Developmental Topological Psychological
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What a teenager sees.

“Social network technology”

Hidden Technologv



I I I I I . . “Social network technology” I

Hidden Technology

What | see



What Wall Street sees.

“Blah blah blah blah blah”

Hidden Technologv



Jin’s OS?



Layered architectures

Diverse applications

Diverse

Physical



Layered architectures

* OS allocates/shares
Diverse — diverse resources among
applications — diverse applications

« “Strict layering” crucial,
e.g. clearly separate

4 ) — Application name space
0S — Logical (virtual)
name/address space

— Physical (name/) address
space

@ « Name resolution w/in appls
« Name/addr transl X layers



Layered architectures

In programming:
No global variables

appligations

cessto In operating systems:
7 hysical Don’t cross layers

meXory?  (rings)

I.Dhyéioa.l
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There are many meanings of “modularity” in
neuroscience: (how) are they related?

Developmental Topological Psychological
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Putative “Depression” Network ~ 2001
defined using functional imaging

Cognitive
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Therapy
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Regulation

Where might
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this schema?
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What'’s special and what’s not so special about human
brains compared to other information networks?
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Control Comms
Bode Shannon

« Each theory ~ one dimension

- * Important tradeoffs across
frAa'glle? dimensions

* Progress is encouraging but...
slow?
? i
wasteful ? Carnot
Turing Boltzmann
Godel Heisenberg
Compute Physics

Einstein



Why do we build or evolve
complex networks in the first

Demand! place?

SUpply?  nismatch between application
demand and resource supply

Control Comms
Bode Shannon

Each theory ~ one dimension

: * Important tradeoffs across
fragile? dimensions

Progress is encouraging but...
slow? )
wasteful? c
> arnot
Turing Boltzmann
Godel Heisenberg
Compute Physics

Einstein



fragile

Find and

- é bad ®
fix bugs

Sharpen Case studies

hard bounds

wasteful



Catabolism
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autocatalysis

Precursors v

Inside every cell

Enzymes




Lower layer autocatalysis
Macromolecules making ...

Enzymes
Three lower _
layers? Yes: AA Ltransl. Proteins
 Translation |
* Transcription . Ribosome
* Replication RNA Msc.m

RNAp

DNA Repl.ﬁene\ DNAp

.....



Enzymes

Proteins ﬁ
R

Ibosome

- Translation AA Ltransl.

 Transcription
* Replication



Enzymes

transl.P Proteins

*
4

* Translation

- Transcription 'RNA [transc. xRi\IA
* Replication ) RNAp

Gene




Enzymes

transl.P Proteins

*
..l

»
L 4
*

* Translation msc? XRNA

.

 Transcription .
- Replication pNA Repl.ﬁene\ DNAp

llll




Catabolism

Precursors ]
>
U

Pathway views

AA
Ve,
transl. Proteins
4
transc. , mRNA
4

-‘.

*
L

Gene



Catabolism

Crosslayer
autocatalysis

Precursors v

Layered view

Enzymes




Autocatalytic
feedbacks

D —

SGAESy  100s of

Precursors v

Catabolism

<10% of most
bacterial genomes
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Layered view

<10% of most
bacterial genomes
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Environment

Action

Control

>90% of most
M bacterial genomes
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Computing?
Communications?
Graphs?
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« Minimal toy diagram vaguely inspired by biology
 Has comms for control

« Signals and boxes not physiological (yet)

* Naive use of theory from control, information,
computation, graph, .... can be misleading
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Delays everywhere
Pattern determines life or death
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Computation everywhere

Distributed

Low latency required

Not Turing/VonNeumann architecture
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Layering coding

e 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



1. Bounds Optimal coding can have a

2. Achievability “trivial” layered implementation.
3. Decomposition/

Layering
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* Decoupled
* Hides details
 Virtualizes channel \




‘ Source ‘

Source coding ‘Compress‘

\ ......

* Decoupled
e Hides details
e Virtualizes source




‘ Source ‘

Source coding

‘Compress‘




‘ Source ‘

Source coding

‘Compress‘

OS?

Channel coding




Internet= Distributed OS
Layered architecture
Control theory
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The carriers are a
crucial element of
modularity

Metabolism is trivially
/ “small world” for
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Unipartite projections Substrate graph
lose too much.

S2
S, +ATP — S, + ADP
S,+ATP — S, + ADP / 4

ADP
ATP Reaction graph
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» Fastest allosteric feedback control
« Complex proteins
« High metabolic overhead

« Hard to reprogram

Any mRNA
x%f

Initiation codon

» Fast translation control
« Complex RNAs
 Medium metabolic overhead
» Highly reprogrammable?

Any

.. Enzymes
« Slowest transcription control . ® _ @

« Complex transcription factors - ® e
» Lowest metabolic overhead
 Easily reprogrammed

Gene
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