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Yro 00CyX1aIM Ha IPOILION JICKIIUU

dyHOamMeHTanbHbIN BOMNPOC OTHOCALLMNCA K B3aMMOLEWUCTBUIO MEXOYy pasyMoM U

NPUPOLOWN: noyemy TepMoaMHaMnU4eCKoe n ncmxonorndeckoe

(MHTenneKkTyanbHOE) HanpaBreHne 3BonouUnmn (CTPENKK) coBnagaroT No BpeMeHU
A fundamental question relating to the interaction between mind and nature:
why do the thermodynamic and psychological (intellectual) directions of
evolution (arrows) coincide in time

[MOHMMaHMe CyOBLEKTUBHOCTU ( TOKANbHOCTU CBOMCTB) SHTPOMUK NPOfiNBaeT CBET
Ha OCHOBbLI 00LLIEN (hnu3ndeckon Teopnn NMHopMaLnm
Understanding the subjectivity (local properties) of entropy sheds light on the
foundations of the general physical theory of information

Kak saHTponunHble deHOMEHbI 1 0OCOBEHHOCTU NPUPOAbLI OrpaHNYMBaKOT TOYHOCTb

N NPON3BOAUTENBLHOCTb KOMIMbIOTEPOB - OANH U3 NPUOPUTETHBLIX BbI3OBOB HaYKM
How entropic phenomena and features of nature limit the accuracy and
performance of computers - one of science's priority challenges



What is Learning Process

Effective Learning Process is central for acquiring, maintaining, and managing
knowledge, both theoretical and practical
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Probability of event

Example:

There are more small earthquakes than large ones. But there is no apparent
cut-off in the possible size of an earthquake; earthquakes of all sizes are
possible.

If the probability distribution were of the form exp(-E/EOQ), then there would be
a well defined cut-off at the energy EO such that the probability for an
earthquake of size E much greater than EO is exponentially small.



e Is there a difference between control and computation?

The goal of a computation is to provide a yes/no — answer to a well-defined
problem, given by a binary input string that is completely known at the start of
the computation.

» The goal of a control process is the generation of a continued

stream of signals which are provided as input for some form of

actuator. The signals are in general a function of some sensory input.

« Control usually involves some form of computation (and some

computers)

Note: This distinction of computation and control neither produces
deep insights nor is it generally made, nor is it that strict.

Most control processes are resolved into many short computations.



Computation and Control: Differences

The concept of control differs from that of a computation:

1. Control: Input not completely known at begin of
process.

2. Success: A computation is succesful, when it reaches a
halting state. There is no comparable concept for
control.

3. Output-Input relation:
» Computation: Output does not influence the input.
 Control: Output at time t can (should) influence the
input that will be gathered at later times.



Conventional Control

Our computers are Turing machines: Programs are (in
principle) fully portable between two different realizations of a Turing
machine.

« The physics of the realization of the TM is of no importance for the
outcome (maybe for the speed, but not for the outcome as such).

» If one desires to solve a problem that involves physics,
all the necessary physics has to be provided by the
program, the physics of the machine must not interfere.



Abstraction: Pros and Cons

Abstraction: Definition of conventional computation is as
independent as possible of the nature of the
computing device.

» Morphological computation (to be defined in what follows) is inspired by
the suspicion that this independency is not for free.

* Already in conventional computation, dedicated hardware speeds up a
calculation at the price of loosing portability and scalability



Abstraction vs. Embodiment

To be discussed:

Embodiment and portability are antagonistic and seem to correlate
with the pair programmability vs. specific function.

Morphological computation can be regarded as the attempt to explore
the space between the extremes.

Abstract Turing machine — dedicated hardware — actual computer



Reconfigurable Hardware

Reconfigurable hardware
* Does not need an OS in the usual sense: The computation is directly
realized in hardware.

» Takes profit of the connection topology of individual components.
Reconfigurable hardware is a example where morphology
facilitates conventional computation.

BTW: Graphic cards, initially designed for 3D geometry only,
are used for various types of problems being structurally
related to those posed by graphics.



Natural calculation
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Natural control




