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Compm‘fers

A computer Is a system that starts
from a state which encodes a problem
specification and changes, following
the laws of nature, interpretable as a
solution to the problem.
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Pro?ramml'hj

Programming requires to communicate
the processing map to the computing
system.
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W/\ere Aré€ we hOW?

P — Program p; specifi es the mapping ()
O=fh| O of input / to output O wit respect to the
| — q given architecture a.
— The number of maps for that map n bit
o000~ 0 input patterns into n bit output pat-
nbit | — = %;502 3 — s mbit O teis
%g'% D (gmjgn _ g(mﬂnj

Selecting an arbitrary map from this set requires a specifi cation of

length:
N

log, [2(”"*-4 ?] — m2" (1)
Consider, for example, a 100 x 100 bit input image that is to be clas-
sifi ed whether it does or does not contain a certain feature (=1 bit
output). Specifying the processing map for this problem may require
210000 pits, j.e. 102 GB!



W/\ere Aré€ we hOW?

K(f) < K(a) + K(py) @)

Every realizable information processing machine can only implement
a small subset of the possible input-output transforms and is there-
fore a special purpose device.

It is not at all certain that in this domain a real
object might not constitute the simplest descrip-
tion of itself, that is, any attempt to describe it by
the usual literary or formal-logical method may
lead to something less manageable and more in-
volved.”

John von Neumann (with respect to the visual cortex),
1948

wwe can (mplement the A/'glsh/ compressible [~O maps.



Broadeh/'hy the material basrs

About 18 million organic compounds are known today-, a neglible
number if compared to the space of possible organic molecules,
estimated to 10°° substances.

In the near future we will see materials

with unprecedented characteristics arriving
at an increasing rate.

But there is nothing to indicate that we

are on a path to harnessing these materials
In an effective way for increased
computational power.



Conformatron—based Compm‘f/'h?
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The conformational
dynamics of proteins
is a computational
resource.




Conformatron—based Compm‘f/'hg

Milieu signals

Qufput action

Conformational processing

The protein can be regarded as an immense processing network of
nuclei and electrons that fuses input signals through its nonlinear
conformational dynamics.



Conformatron—based Com/?m‘f/'hg




Conformatron—based Compm‘f/'hﬂ

® Braitenberg Vehicle (minimalistic
design: two light sensors, two ac-
tuators)

® Light intenisity is encoded as
MgClo concentration (‘second
messenger’)

® Control imitates bacteriochemo-
taxis




Conformatron—based Com/?m‘f/'hg
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T/\e c/sr\//ehge.'

Implement desired functionality on
substrates that cannot be controlled
prescriptively.

. Evo/m‘f/'orm\m/ Methods?

° Learhfhg?

e Scolection?

* Mt\hp\gemeh‘f?



The future...

Select desirable components.

ligh failure rates are acceptable, if density of
components is very large. (Memory, polymer
chips).

Coerce materials to implement
formal systems? (Efficiency?)

Can we do better?

Course of computation driven by
physics and not prescribed...



[nFormed Matter J.-M. Lehn, 2004

Embedding of information into physical
properties of molecules.

Can we “program” systems that need
detailed physical simulation even for
approximate predictions about the
consequences of “instructions”?



