AS74.4192 Elementary Cybernetics
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Convergence of
Diversions
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attempts to get nearer to the center change intavhirls

But the random walk
IS nOw over, and we
already know where

the goal is!
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New concept candidateg are theyattractors?

%i £ Ol AOETT ¢ . AT AUAAOT AOEA
Emergy= What makes things go round in systems!

Emmersion = Immersion of a system in its environment

%l EI OEO € 3UOOAI OAI EI OEOh O
EmpedanceC O) | DA AA@E{&TK}&E{YU*}H Q = XX}
Emolution = Evolution as extended to a universal setting?
Emulation = Simulation of attractor candidates

Empathy = Trying to see nature aissees itselB

8 &0OI I OEEOh 1T A AAl PAOEBROEKA
describing theemesisafter the hubris!?
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Year 2010 theory would probably follow the lines shown here!

Dawn of
Cybernetics

/
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Constructing the airlift through the turbulences

No more excuses needed

AEAOA EO 11 11T OA TAAA OF OOAI AIl ARO ¢
known, and, yes, they ARE linear

Final controls are abandoned: there is no need to synchronize sigeakl and
modellevel dynamics; there are no initializations of

Goal is to make research theowirected again (?)

Contents of the lecture:

1. First: determine the basics
2. Then: implement the assumptions
3. Additionally: find the missing pieces and fill the holes!

Main part

\ HELSINKI UNIVERSITY OF TECHNOLOGY

Department of Automation and Systems Technology

This is nowserioustheory z there are no pictures!

Cybernetics Group



Basics #1Extreme naturalism

Complete subjugation

The system consists of local actors that know nothing about the big picture;
they are completely on the mercy of their environment, so that emphasis can be
concentrated on visible globalevel variables

Generalized diffusion

AEA AAOT OO0 Ail OEA OEI A EIPI AT AT O Oc
on the global scale, this is manifested akffusion: where there is more, there will
be less, andiice versagradients becoming smoothened

Universal evolution

%dOAT AET ¢ OEA EAAA T &£ $1 AUEAT OEUq Ol
except in the light ofemoluton6 N T T 1T U OI | AET x BeBdmé AE
magnified, outperform other behaviors, and finally become visible
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Basics #2. Weak emergence

The studies are concentrated on epsilesized elementsg,
so that properties characterizing the elements can be presente
using distinct scalar variables (like and z below)

How to capture intuitions about emergence in one formula?

There are some intuitions that are followed here. First,
emergence has to be related tanfinity, so that phenomena are
abstracted over timeSecond, emergence somehow has to
capture interaction; product x xs an atom of interaction, so
that, when combined, this gives the following expression

E(x, J= g_ng{ L

ThisEx2)EO 1 1

)dg} Integration can take place

also over spatial dimensions

X -_:L

AAT 1T AA OAI &£ Oi AOI

\ HELSINKI UNIVERSITY OF TECHNOLOGY
Department of Automation and Systems Technology

Cybernetics Group



X

Basics #3. System semiosis

To understand what happens in a system, one has to study
OOUOOAIT OAwhyisyster doésawhat it does, really
Here discussions concentrate opragmatic semanticg
OxEAO | AEAO OEA AEAEEAOAT AAo
More appropriately, one has to studgystem semiosisvhat are
the important variables as seen by the system

Key issues in thismiosiss the selection ofexternal resourcesl,
wherel¢ | d&n | aimdernal activitiesx, or monads, where
1¢1 &, caused by the resources

Theexternal viewof the variables is that thanputsu are some
kind of pressuresand thesystem state variablesare the
correspondingyields Or they arecausesand effects.
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Basics #4. Emergy the key forward

Emergy is emformation amongelevantvariables

It is beneficial to study analogues:

energy = deformation:force (tension) causing it
power = flow - potential giving raise to that flow

In the similar manner,
emergy =averageof activity - resource inducing that activity.

In practice, emergy can be expressed using the notation
E{xu]

SDPAAEARAT ANOCBGATOBDPEAAT T U AAO!

energy / power, being a compact quantity:E{xx} = E{ 752}
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Model building: Trying to survive feedforward

Diffusion (alinearphenomenon) can assumedly be written

X = ai 1U1 +- J%Un Traditional diffusion = D

From this, the expression for seémergy becomes
E{xx} =a.E{xu} + & Exul
Evolutionary winning strategy can be defined as
Maximize a,Exu}+--- +a, § Xy}
when a;+--- 495, B Thereisacost for keeping up the coupling

Lagrangian technique gives (surprisingly!)&; =0 E{ Xq }
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Paying the tollz feedbackA 1 Aeediurtherd

The only route to communicating among actors is through the
AT OEOI T 1 AT OA1 AEAAAAAAAEN AAOI
only see changes in their shared resources

This is the key tselfregulationand selforganization

If the Input and state have the same interpretation, feedback is
a transpose of the feedforward; otherwise scaling needed

Assume that systems are interconnected or there are trophic
layers, so that emergy gets shared

Then the final state ix0= x T Axdassuming proportional loss

It is thisx0only that remains visibleg when it is thus used for
model adaptation, substitutingx for xg everything remains OK.
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Putting the system on wheels

It turns out that the monads selforganize and get oriented

Ol xAOAO OiI 1T AAOOS6 RA I OO @D AOEMDA
Input data

But this happens only if the couplingj is strong enough,
otherwise that monad decays to zero

The connection between the selemergy of the monad and
the self-emergy of the corresponding data structureg is

/. 1
G 9

so that the thresholdfor monad existence becomesq; > .
j
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To eliminate need for adjustable parameters) needs to be
automatically determined based on local information only

This robust choice keepg always activez but not too much

a_ 1 0
% —2
'}
Qopt - 2
1
% 0 5 Evolutionary
C E{ X } motivation

. There are VAariNOUS benefits: Lt equalizes ipternal and external )
/ OAOEAT AAOh EO | Aeh&rdyRtdAO OUOO
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There Is a compact cost characterizing neocybernetic systems

3=2% (E{3} +Q*)x RE( %}

It turns out that the converged system represents a principal
OOAOPAAA I T AAl 1T &£ EI BPDOO AAOA
0= \/ QE{xx'} " E{xu}

More interestingly, the global level model based on local action
Implementssparsecoded compressioof data

NextzET OAODPOAOAOEIT O 8
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. Benefit of mathematical patterns

The cost criterion is the most compact characterization of
behaviors, and this makes it possible to see connections

For example, the cost can be written in the following form

< ({3} Qi)x wE{=u}

. v

J =

N =

4

W V
The weight matrixWE O OUI | AOOEA AT A EO
ThusJ can be seen as a Lyapunov function of-eopfield net

This offers us additional intuitions for freethere are various
minima, and convergence is dependent of the initial state

So, if no explicit initialization, one can modelbntinuumg?

\ HELSINKI UNIVERSITY OF TECHNOLOGY
Department of Automation and Systems Technology

Cybernetics Group



Step aside: connection tgparameter estimation

Regarding the converged system state as data, tifanatrix
can be seen as a set of parameter vectors estimating input:

- T
=(f") x
b = (1),
Now, the stochastic Newton algorithnfior adapting the
parameters, havingguadratic convergencgecould be written

T _ T S L T\ £ <
(f )j[k+1]— I( f)j[kl '(1 ') E{XX}[@ Xk(q[k (')j[ﬁk P(]k)

| OA OEAO § OOOPOEOEI ugq OEA
combined, equals the correlatign matrix adaptation scheme:

T _ T _(1 ) < w7
f K+1] — K - U; . _
( )[ . I( 5[ ] QOpt[ HXL[ k That is, do not update
\ correlation matrix alone!

N
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In the real world there can exist structural nonlinearities

As before: use nonidealities as a resourgdo reach enhanced
sparsity and convergence (theory is not changed)!

Rectification x 2 0
Concentrations, frequencies, variances always positive, loops unidirectional
Why the model is still linear: inactive monads are temporarily excluded!

Bounded values X, ¢ Xx €x
Some computing elements, like neurons (?) can have limited capacity
But the variables stuck in constant values can be seen as external inputs

. Reality (imaginarity) of signals Re{x }

By appropriate construction, converged signals naturally have this property

HELSINKI UNIVERSITY OF TECHNOLOGY
Department of Automation and Systems Technology

Cybernetics Group

0 EAx x

8

AT A

/




X

(Duroboroso eatsits

own tail z eliminating
Its own livelihood

DOF

Actual mapping
fT = Q E{ WT}4(//Virtual mapping
- P - 1 .
J! :(E{ xxT} -+Q1) E{ qu}
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There are always many ways

to functionalize ideas e
However, applying the
neocybernetic approach,

there are astonishing
coincidences:

=

1. General optimality reached )
i PAOAI AOAO AOO

2 ) 1 OOEOEOA ODPOIi
the symmetricity in the

signal flow graph! -
é .
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1. Selforganizatonz+ AO&EZLI A1 60 OEAT OU 1 ¢/
IS not enough: mastery of scales (emergence), mathematics
(convergence analysis, compression, sparse coding) needed

- 7 oy 7 ~ un N

avoided: competition is the key poinf OAAT A O OAA
own room (this is related to evolution!)
3. SelfevolutionzAOO 11 0 xEOE OOOAECEC
/EE O GiAs@i®psttmlevel, symbiotic; the environment is
AT T OOOOAOAA j OAI EI OEO C $/ &6
4. Search of SELE how to understand + then creatively escape
the seltreferential loops; how to outperform oneself finding

% I Ax $ WighéubtBis all is too mechanistic!
q

) . - These are studied in neocybernetics,
HELSINKI UNIVERSITY OF TECHNOLOGY
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“Golden Age”
= Era of Abundance with seemingly endless possibilities

Era of
non-existepnce “Iron Age”
= Era of Struggling continues until stiffness ...
Efx 25 A >
o

0.2 % Evolution g

1/, 10/2, 100/2, q,

o VA A P
O A E ICEO O A E Iqjl4& Maximum system excitation E{i}z} - ?"';"[4

% g,= 16/9), Maximum emergy E{%i} = 33 1/16 = 0.325
Z
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Deeper intuition, coupling to reality =examples

O( EGEARGAT 1T AAT ET co AOQHkesHOIE T |
Z qualitative vision reached without details!?

Standard theory: wave energy related tb?, wind energy tov?
Z these are the relevant emergies + system variables

Learning: the higher the wave, the stronger the coupling!

wind

waves

ﬂ 22 Keyquantity E{hv} ?
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Bénard cells

Assume that a thin
layer of liquid is
heated from below

Heating increases

First, homogenous
conduction of heat
OAEAO bi A
8 "0O00 AEO
certain threshold,
convection cells
emerge!
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Entropy growth vs. dissipation:

\

dS_ dwal 1 dw _ dQ

T & T —(T, -T)
dt dt ch 1, dt dt

Cell state
Cell state x = dO/dt
x = dW/dt I
nput
Input 1= AT

u=ALUT

%, 00ET AEDPI A T £ OEIi PIi A Oi AGE] Oi
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- Higherlevel views to old problemsAnt paths

The wave systems, etc., seemingly could not evolve further
It IS necessary to break to other physical domaing!Plow?

Allocyberneticactors NOT part of system, just carry signals

For example: assume.that the more there are amntsin the
location indexi the-higher is the pheromone level there

Further, assume that an ant secretes pheromones the more

the more it Is excited of food resourcey, It has found

This means the antommunitywants to find max{ E{)g uj}} !

/|TA EAO OOOAT CA OAECAT PAOEOO
Inversessquare relationship governs the resource spage
there is a relation tocelestial potential fields
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Assume that (for some norphysical reason!) a web page tries
to maximize its activityx, = visits from outside

Local optimization principle: try to enhance links from sit
that often are popularand arerelatedz that is, max{ E{)gujaﬁ

This is the neocybernetic learning principleone can see the
final properties of a link system being adapted this way

AEA $/ &060 AAOAOI ET AA AU OEA
structure of relevance to be used focollaborative filtering

In the PageRank algorithm that is used in Google, one applies

similar eigenvector approacly not based on the actual use of
pages, but using the formal link structure!
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Web page vectors

l

Learningthe internal model C badancepatternsod between input and output

|

Searchword vectors
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