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Professor of Automation Technology at TKK until 2009

\ HELSINKI UNIVERSITY OF TECHNOLOCY

Control Engineering Laboratory

Cyberne tics Group



X

Dilemma and Excuse

The eternal goal is to understand the world

This is to be done scientifically (by scientific community &
method) because this has proved so successful in the past

However, in this postmodern era there are challenges, for
example, because of attacks biyonic scienceetc.

Science seems to build barricades to protect itself: there are
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= This research has not gone through the scientific scrutiny!
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Fundamental Scientific Deadlocks

#Al OAEAT AA A b @woblams@dadeiningdl A A
complex (living!) systents

$AxT T &£ I'T AAOT OAEA dicBopmgp A OA
between mind and matter, or subjectand object

We always search for a centralized structure of cause and effe
(causing problems to understand economy, etc.)

However, in reality, all subjects are objects, and all objects are
subjects; there is no central coordination or supervision

%OAT 01 AOTTEA OEAAAI &6 Opanarédussd
and the borders between systems arkizzy
For example, a hare dies alone; even a population is not

sustainable, you cannot detach it from the environment
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Wider Views Needed Again = Philosophies
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However, looking from above, matching of surface patterns
only is not enough, one needs to recognizgynamic patterns
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Need to escape the Wittgensteinian barrieneed new
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Conceptual ToolMathematics

Natural language is onglimensional, uses crisp symbols,
and makes it difficult to study timedependent phenomena

Extend natural language by makindifferential calculusand
linear algebra / matrix methodsategral parts of it:

In mathematics, generallyinterpretatonsA AT  AA 1T AZ£ZO AO E?A h
can be carried out separately, and the semantics applied only afterwards =

Statistical toolsmake it possible to filter noisy variables so thaibstractions
can be found; with real variableson-integer quantitiescan be manipulated

Differential calculusmakes it possible to studghangeand infinitely small
guantities

Linear algebramakes it possible to studgyclesandlong time scalesand,
specially,infinity can be attacked

Matrix methods make it possible to manipulatdiigh dimensionsnd, what is
more, distributednesszThis is necessarg this is what Newton did not have!
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Role of Emformation Theory

Technical and philosophical discussions are now separated!

Emformation theory

. Ch
Neocybernm o

Metaphysics
Models . .
Multivariate
Life | Aftractors statistics
Niches
Monads Linear theory
Control Matrix calulus
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. Structure In the Structurelessness

O)1 OEA AACEITEIC OEAOA EO #
There are countless identical entities with differing properties
Entities cannot be seen individually, only sums, statistically
Suddenly, we know exactly what wecanknow

Central limit theorem:
The net distributions of properties must all be Gaussian

Normal distribution of variablezis characterized completely by
the two independent attributes of the distribution:

First moment MEANE{Z} (expectation of the variable)
Second momentE{Z?}, or (centered) VARIANCE{Z?} T E{Z?
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- Now: Metaphysical Interpretation

There are also two statistics characterizing (scalar) chaos

The former, thelevelE{z}, is what one can directly observe
It Is matter, what one can see in the instantaneous snapshot

This i1s what one normally solely concentrates on

The latter, thevariationE{z?}, has somewhat liquid nature
and is typically ignored

But now In the Heraclitean / process philosophical spirit,
we are interested in what is varying and changing!

The quantityE{z?} is here callecemformation and it will be
studied exclusively from now on.
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- Intuitions in Retrospect

Variationsare Qifferencesthat canmakedifferenced E | O
world (in the spirit of Bateson

Emformation hasthe capacityto makechanges

In the physicalworld, emformation istypically related to energy (for example,
kineticenergyis 1/2mE{v?})

In the non-physical(alsomental) worlds, emformation isrelated to (Fishel)
information

Note: the sameprinciplesin ontology and epistemologyz
later it turns out that interobjectivity is possible?

Aswill be seen emformation E(z%) determinesemergent
dynamicstructureswhere the matter E(z) or zresidesin

Thereis new dualismamong matter and emformation
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Technical Notes

How to understand the universality oE(Z?) ?

Assume that some kind ofield E (‘O OAAT oh OEA
Implementing astring with force:

y —>
Energy= )kzdz 3 k Z

and remember that energies are scalar and summable
Thus,variables are seen to store some potential

Also derivatives (like velocities) can be interpreted similarly
Everything depends on the origin of the frame of reference

Why not nonlinear strings, etc.2 Remember the chabs
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System Semiosis

Assume that there are many variablag and x; and they can
interact (1¢1 & ,1¢ | ¢n)

Variablesy; are here assumed to be independemesources
or potentials,and x are inducedactivitiesor flows

Define (generalized) lineadiffusionz in steady state
X_ﬁaj%Li

Understand the roles of the new variables:
x C O3-BAOIO O0O1 OACA OT EO6h OOT OACA 1T &
Implementing some kind ofinertia

5, ¢ O, 0A@ OOT OACA OI EOO6h EIT OOET ¢ OEF
can be implemented through physical construction (likeroximities)

\ HELSINKI UNIVERSITY OF TECHNOLOGY
Control Engineering Laboratory

Cybernetics Group



Emformation Pursuit in Time Domain

The assumed interaction mechanism also is

X=aq,u + &y
The expression for acquired emformation becomes

E{x}=E{%%} =E{%xu¢ ~+ arE{xp}
Evolutionarywinning strategycan be defined as

Maximize a, § X0} +-- +g, Xy} /g;e.l.paéaam‘leteér’i 5

2
/

when a’+--- 49, is bounded
Lagrangian optimization technigue give a =( E{ Xq}
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One needs no conscious adaptation to take place, it is an
Ei 1l OOEIT xEAT 11T EEITC OEA CO

Emformation makes difference, it becomes visible: the fittest
entity has evolutionary advantage, emerging most efficiently

One can interpret that there iwunger for life(livelihood)
It seems that notoriousvitalism might be coming back?
It is possible to approach questions of the typ@&/HY

4 Pa v Y Pa d N
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Yes, this is not science, this matural philosophy :O)
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Whenthe interaction expressionis written simultaneouslyfor
all availablex and u in the matrix form, one has

x=QE{xu'} u

Thiswas O E Aebhlanruled that wasusedas astarting point
In neocyberneticsstudies(seeselfishagentg!

Seethe presentationE 1 T P Redcybelnetic® A i ET
Newer conclusionsfrom http://neocybernetics.com 8

http://neocybernetics.com/publications/pdf/cybernetic®f-neuron-systems. pdf

http://neocybernetics.com/publications/pdf/STeP2030H1. pdf
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http://neocybernetics.com/publications/pdf/cybernetics-of-neuron-systems.pdf
http://neocybernetics.com/publications/pdf/cybernetics-of-neuron-systems.pdf
http://neocybernetics.com/publications/pdf/cybernetics-of-neuron-systems.pdf
http://neocybernetics.com/publications/pdf/cybernetics-of-neuron-systems.pdf
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http://neocybernetics.com/publications/pdf/cybernetics-of-neuron-systems.pdf
http://neocybernetics.com/publications/pdf/STeP2010-HH1.pdf
http://neocybernetics.com/publications/pdf/STeP2010-HH1.pdf
http://neocybernetics.com/publications/pdf/STeP2010-HH1.pdf

LinearStabilization Mechanismof Feedback

Pure signal flows do not existexploitation meansexhaustion
30AE Al OPIEITC 1T £# OAOEAAI AO E

State x presents T u < 2 Environmentu
faster time scale + of slower scale

X U
AL AT AR TT1 U A
I £ O1T AGAOOGAOEI
> P
System Environment
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8 ) I 3 C)A A A U 3 () \ A\ High dimension

Resource’ /1

Estimate 12 = ¢ X

)
@ Negative

— feedback
= ¢ X

J <[} ) el
/T =QE{xu"}

SN

There Is a strange
dual symmetry ——
Circulation binds

the environment

to the system,u
AAET C OAAO-Z
Simultaneously,

OAl AOOEAEOU A¢Q

% get instantiated
\ﬁ Internal
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Elasticity axes: Case supplyvs.demand

Where there is
freedom left?

8 3AA OI
course slides!

“Supply” fRealizeso tmlarket

Finally the
unstructured
gets shape

Loser Winner New product
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Model, the dynamical attractors | O OEA OUOOAI
(nicheg are based orstatistical correlations over time/space

For example availability of moneyn different product groups
determines theclever product portfoliofor companies:

Noise
Cumulated emformation Q\\ Sources of emformation
(structure of business) (variations in money gources
mw of emf ormam Ei U_UT
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Systemic (Ecological) Lockers?

2 3 4 5 )
~ Modeling of . ;z. . . ;z-
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Properties of a Neocybernetic System

There are various seemingly controversial intuitions:

Information theoretically, improbable variation is valuable; now, noise gets
abstracted away, only consistent covariations are seen to cargfevance

Linearity rather than nonlinearity is valued (this turns out to be optimal for

AADOOOET ¢ Al & Ol AOETI T gn OOEIIT h ODBAOC

Ve ~ ~ ~ s A

2A0EAO OEAT OAAOAEET C &I O Oi AgEI Oi

OEEO OAOOI 00 EI I Aefdpprhaxidifatodi OCED OO

417 OOAOO xEOEh OEA OUOOAI EO OAAI
the environment; later on, the system seemingly controls its environment

The system implement®ptimal model(in terms of principal subspacand
sparsity pursui}; simultaneously, it implementgptimal estimation of the
environment(in terms ofregularized least squares regression

Neocybernetic systems can be studied in the frameworks of
optimal and adaptive control emformation gets controlled
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Extension: Cycles Everywhere

.. .. pyruvate
= Implicit or explicit "
: CO0" CH
emformation control i aD:tg.l_CDA con . G
loops CH, : COO"
CO0 ™ :
Autocatalysis MADH, H* RNl .
. . - - H—-C —C00
# AT AUAT AR g NAD":?/' HO ¢ —H
ul;':1-|2 malate ¢oo”
c00" NAD*
" Anti-delay” H,0 MNADH, H*, CO,

Cognitive domain H. ., LO0  fumarate a-ketoglutarate CO0”

Anticipation

2

" N_,g,_D+ CHQ
ooc” H  FADH, _ !
i/ Suecinate G
. MADH, HY, CO, ~—
Coo ¢oo"
CH

aTp GDP, P, ©H,

-Hy
i
Coo” C=0
External world $I Cod. Krebscyde
Lo
/ Delay ADP  ATP
G
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1 TT OEAO 6 E A sndhe spiitiofl LAIBRIP ¢
O0&0O1T AOCET T 06
Spanthe axesof freedom
amongfixed constraints:
QAtomso  dorplexity

OWhirlsd  dhtropy flow
CPumpsof vitality®

X

CBpeedof rotation 6

f""--.—-—i

Behaviorof the world
Causakontrol loops

A

Z
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Life

Define LIFE =Fractalstructure of monads

Life Is aprocessrather than a pattern; complexity canvary
Mentall E £A 6 IpHysic@ldaBdallpael £ OOl AEA
Organism® | E O Aelfinofeled &mformation,

emformation pursuit resultsin emergence

Life canexistin different phenospheregnoosphere}

Traditionaldescriptivedefinitions are seenfrom above:

Cellsare not necessarythey just host the monads
Reproductionisonly neededto regenerate after collapses(seelater)

Genetiacode(or any scriptured) isonly neededto fast instantiate monads
after O E fdiv@ualchao® N  Eright @derdwithout fuss
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Routes to Collapse

A 2
E{x,
0.2 2, &
Invisible
0.1,
0 ' | T T | T T T 1
/%, 10/2, 100/2, g,

g, = 1/E{x’} = 4/A, Maximum excitation E{x} . =2 /4 =}
g, = 16/9), Maximum “emergy” E{%i } .= 3V32,/16 =0.325 ),
Dataeigenvalue

About the coupling factorg;

Coupling takes place (the elementary loop starts) only for large enough
There is optimumg, where emformation transfer into system gets maximized

% . Better coupling is good for an individual, bad when becomes a general rule!
\@
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. Back to Chaos (also in a Nelrivial World)

X

Neocybernetic system is aadaptive controller as the controller
becomes more efficient, emformation gets better eliminated,
and after that there is loss of excitation

Continuing adaptation means that the model is sooner or later
no more valid, and eventually there is chaos again

AEEO EO OEA 1 AOOOAGO xAuUu Ol
Indeed, along time axis there is succession of collapses

There is aspectrumof fresh emformation for a highedevel
system to see!

3DAAOOA AOA A&OI AAI AT OAl 4 ACA
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Internal DynamicsEnsemble Kalman Filter

FindAT OAT O Adimblerdata (X taEepresentthe
distribution of the complex data (u), assumingGaussianity

p(ul %)’ i-%(u £ R U £X
Solution: update the model from prior to posterioras

oo = oo _goul xo 7 (oo x# TF R (U )
After manipulations for R- 0 this canbe approximated as

dx o0 T ) 7
M(t) f (u )5() B 9)

meaningthat this is the optimal dynamicstate update rule!
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Entering Frequency Domain

Systemgrows z more internal connectionsthan inputs
4 E Airtudl inputsd are alsomonads= dynamicentities:
dd

yy (t) = £x(t) Negative feedback effect
sothat, when collected together
2 -~
dtzd/ [X J(t) = fH dtC/Iu S‘t) = F )q(t) Just one variable solvable!
sothat " _OmOANOAT AU [AOOEDS
_ . é 1 Initial values (amplitude, phase)
X(t) = AsIn ﬁfH ft + )4 determined by the input signals
C X

/ . Whatone has, is anundampedharmonicoscillator

\ﬁ
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TowardsEthic®

When the signals are electric, loops act lilemtenna®

Assumption: intersystem interactions become possible
through fields, free of physical space and time?!

Seems to offer increased functionalities in neocybernetic
molecular orbitalsand conscious brain8 lesson to learn?

In the (extended) Hegelian spirit (and in the spirit of Zen),
one should constitute theAT 1 OAET O0O1 AOO 1 £
But there is noaether &£l O Oi 1 OPEEA AZAEAI AC

Human has teemulateOEA OECI Al AAOOEAO

|dentify all the fields and their phases, immerse in the world,
and apply your own impacappropriately! ° 0
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Conclusion

Traditional view Cybernetic view
| Philosophy Philosophy
(logic) . (metaphysics)

\ P -
Mathematics Mathematics
(linear theory) (syntax)

Sciences Sciences
(application) (semantics)

e
Engineering ~ Control engg.
(eXPIOitation) / \ (”narrative”)

Narrative: the eternal cycle from chaos to chaos

% Z and, perhaps, towardsntegrity on some higher level
7
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