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"ÏÎÕÓ ,ÅÃÔÕÒÅ Ȱ    ȱȡ

Convergence of 
Diversions



¸ "ÅÃÁÕÓÅ ȰÔÈÅ ×ÏÒÌÄ ÇÏÅÓ ÒÏÕÎÄ ÁÎÄ ÒÏÕÎÄȱȟ ÓÔÅÐ-by-step 
attempts to get nearer to the center change into whirls

¸ But the random walk 
is now over, and we 
already know where 
the goal is!



New concept candidates ɀare they attractors?

¸ %ÍÆÏÒÍÁÔÉÏÎ Ͼ .ÅÏÃÙÂÅÒÎÅÔÉÃ ȰÅÍÅÒÇÅÎÔ ÉÎÆÏÒÍÁÔÉÏÎȱ

¸ Emergy= What makes things go round in systems!

¸ Emmersion = Immersion of a system in its environment

¸ %ÍÉÏÓÉÓ Ͼ 3ÙÓÔÅÍ ÓÅÍÉÏÓÉÓȟ ÓÙÓÔÅÍȭÓ ×ÁÙ ÔÏ ÓÅÅ ÔÈÅ ×ÏÒÌÄ

¸ EmpedanceϾ Ȱ)ÍÐÅÄÁÎÃÅȱ

¸ Emolution = Evolution as extended to a universal setting?

¸ Emulation = Simulation of attractor candidates

¸ Empathy = Trying to see nature as it sees itself ȣ

ȣ &ÒÏÍ ÔÈÉÓȟ ÏÎÅ ÃÁÎ ÁÌÓÏ ÄÅÒÉÖÅ ÔÈÅ ×ÏÒÄ ȰÅÍ-ÐÁÔÈÅÔÉÃȱ ÆÏÒ 
describing the emesisafter the hubris!?
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Ȱ4ÈÅÏÒÙȱ ÇÅÔÔÉÎÇ ÍÏÒÅ ÁÎÄ ÍÏÒÅ ÔÈÅÏÒÙ-ÌÉËÅ ȣ

¸ 9ÅÁÒ ΤΡΡΨ ÔÈÅÏÒÙ ÁÓ ÐÒÅÓÅÎÔÅÄ ÉÎ 2ÅÐÏÒÔ ΣΧΣ ȣ

¸ 9ÅÁÒ ΤΡΡΪ ÔÈÅÏÒÙ ÁÓ ÐÒÅÓÅÎÔÅÄ ÉÎ ÐÒÅÖÉÏÕÓ ,ÅÃÔÕÒÅÓ ȣ

¸ Year 2010 theory would probably follow the lines shown here!

ȱȣ ÔÕÈÁÎÎÅÎ ËÕÌÔÁÉÓÅÎ ÁÕÒÉÎÇÏÎ ËÉÅÒÔÏÅÓÓÁ ȣȱ



Constructing the airlift through the turbulences

¸ No more excuses needed

¸ 4ÈÅÒÅ ÉÓ ÎÏ ÍÏÒÅ ÎÅÅÄ ÔÏ ȰÒÅÍÅÍÂÅÒ ÔÈÅ ÒÅÁÌÉÔÙȱȡ ÐÒÏÃÅÓÓÅÓ ÓÔÕÄÉÅÄ ÁÒÅ ÅØÁÃÔÌÙ 
known, and, yes, they ARE linear

¸ Final controls are abandoned: there is no need to synchronize signal-level and 
model-level dynamics; there are no initializations of x

¸ Goal is to make research theory-directed 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!

This is now serioustheory ɀthere are no pictures!

Main part



Basics #1. Extreme 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 global-level variables

¸ Generalized diffusion 

¸ 4ÈÅ ÁÃÔÏÒÓ ÁÌÌ ÔÈÅ ÔÉÍÅ ÉÍÐÌÅÍÅÎÔ ȰÒÁÎÄÏÍ ×ÁÌËȱȟ ÍÏÖÉÎÇ ÉÎ ÖÁÒÙÉÎÇ ÄÉÒÅÃÔÉÏÎÓȠ 
on the global scale, this is manifested as diffusion: where there is more, there will 
be less, and vice versa, gradients becoming smoothened

¸ Universal evolution

¸ %ØÔÅÎÄÉÎÇ ÔÈÅ ÉÄÅÁ ÏÆ $ÏÂÚÈÁÎÓËÙȡ ȰÎÏÔÈÉÎÇ ÉÎ ÃÏÍÐÌÅØ ÓÙÓÔÅÍÓ ÍÁËÅÓ ÓÅÎÓÅ 
except in the light of emolutionȱȠ ÏÎÌÙ ÓÏÍÅÈÏ× ÂÅÎÅÆÉÃÉÁÌ ÂÅÈÁÖÉÏÒÓ become 
magnified, outperform other behaviors, and finally become visible

Note: later these can be extended to non-physical domains



Basics #2. Weak emergence

¸ The studies are concentrated on epsilon-sized elements e, 
so that properties characterizing the elements can be presented 
using distinct scalar variables (like xand zbelow)

¸ How to capture intuitions about emergence in one formula?

¸ There are some intuitions that are followed here. First, 
emergence has to be related to infinity, so that phenomena are 
abstracted over time. Second, emergence somehow has to 
capture interaction; product xz is an atom of interaction, so 
that, when combined, this gives the following expression

E

¸ This E(x,z)ÉÓ ÎÏ× ÃÁÌÌÅÄ ȰÅÍÆÏÒÍÁÔÉÏÎȱȢ
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Integration can take place 
also over spatial dimensions



Basics #3. System semiosis

¸ To understand what happens in a system, one has to study 
ȰÓÙÓÔÅÍ ÓÅÍÁÎÔÉÃÓȱ ɀwhy system does what it does, really 

¸ Here discussions concentrate on pragmatic semantics ɀ
Ȱ×ÈÁÔ ÍÁËÅÓ ÔÈÅ ÄÉÆÆÅÒÅÎÃÅȱ ÆÏÒ ÔÈÅ ÓÙÓÔÅÍ

¸ More appropriately, one has to study system semiosis: what are 
the important variables as seen by the system

¸ Key issues in this emiosisis the selection of external resources
where                   , and internal activities , or monads, where                

, caused by the resources

¸ The external viewof the variables is that the inputsu are some 
kind of pressures, and the system state variablesx are the 
corresponding yields. Or they are causesand effects.
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Basics #4. Emergy ɀthe key forward

¸ Emergy is emformation among relevantvariables

¸ It is beneficial to study analogues:

¸ energy = deformation x force (tension) causing it

¸ power = flow x potential giving raise to that flow

¸ In the similar manner, 

¸ emergy = averageof activity x resource inducing that activity.

¸ In practice, emergy can be expressed using the notation

¸ 3ÐÅÃÉÁÌÌÙȟ ȰÓÅÌÆ-ÅÍÅÒÇÙȱ ÔÙÐÉÃÁÌÌÙ ÄÅÓÃÒÉÂÅÓ ÔÈÅ ÉÎÔÅÒÎÁÌ 
energy / power, being a compact quantity: { } { }2E Ei i ix x x=

{ }E i jx u



Model building: Trying to survive ɀfeedforward

¸ Diffusion (a linearphenomenon) can assumedly be written

¸ From this, the expression for self-emergy becomes

¸ Evolutionary winning strategy can be defined as

¸ Lagrangian technique gives (surprisingly!): 
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Traditional diffusion

No more need to refer to some Hebbian principle, etc.!

There is a cost for keeping up the coupling 



Paying the toll ɀfeedbackÁÎÄ Ȱfeedfurtherȱ

¸ The only route to communicating among actors is through the 
ÅÎÖÉÒÏÎÍÅÎÔÁÌ ÆÅÅÄÂÁÃËȠ ÁÃÔÏÒÓ ÄÏ ÎÏÔ ȰÓÅÅȱ ÎÅÉÇÈÂÏÒÓȟ ÔÈÅÙ 
only see changes in their shared resources

¸ This is the key to self-regulationandself-organization

¸ 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 is xô= x ïAxôassuming proportional loss

¸ It is this xôonly that remains visible ɀwhen it is thus used for 
model adaptation, substituting x for xô, everything remains OK.



Putting the system on wheels

¸ It turns out that the monads self-organize and get oriented 
ÔÏ×ÁÒÄÓ ȰÍÏÄÅÓȱȟ ÏÒ ÓÔÁÔÉÓÔÉÃÁÌ ȰÓÅÌÆ-ÅÍÅÒÇÙ ÓÔÒÕÃÔÕÒÅÓȱ ÉÎ 
input data

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

¸ The connection between the self-emergy of the monad i and 
the self-emergy of the corresponding data structure j is

so that the thresholdfor monad existence becomes
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¸ To eliminate need for adjustable parameters, Q needs to be 
automatically determined based on local information only

¸ This robust choice keeps x always active ɀbut not too much:

¸ There are various benefits: it equalizes internal and external 
ÖÁÒÉÁÎÃÅÓȟ ÉÔ ÍÁØÉÍÉÚÅÓ ÓÙÓÔÅÍȭÓ ÓÅÌÆ-emergy, etc.
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Evolutionary 
motivation 

Now ɀyou can make a (feedback) loop back to Lec. 4!



3ÕÍÍÁÒÙȡ ÎÅÏÃÙÂÅÒÎÅÔÉÃ ÔÈÅÏÒÙ ÉÎ Á ÎÕÔȭÓ-hell

¸ There is a compact cost characterizing neocybernetic systems

¸ It turns out that the converged system represents a principal 
ÓÕÂÓÐÁÃÅ ÍÏÄÅÌ ÏÆ ÉÎÐÕÔ ÄÁÔÁ ×ÉÔÈ ÂÁÓÉÓ ÖÅÃÔÏÒÓ ɉ$/&ȭÓɊ

¸ More interestingly, the global level model based on local actions 
implements sparse-coded compression of data

¸ Next ɀÉÎÔÅÒÐÒÅÔÁÔÉÏÎÓ ȣ
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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

¸ The weight matrix WÉÓ ÓÙÍÍÅÔÒÉÃ ÁÎÄ ÉÔÓ ÄÉÁÇÏÎÁÌ ÉÓ ÚÅÒÏ ȣ

¸ Thus J can be seen as a Lyapunov function of a Hopfield net

¸ This offers us additional intuitions for free: there are various 
minima, and convergence is dependent of the initial state

¸ So, if no explicit initialization, one can model continuums!?
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Step aside: connection to parameter estimation

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

¸ Now, the stochastic Newton algorithm for adapting the 
parameters, having quadratic convergence, could be written

¸ .ÏÔÅ ÔÈÁÔ ɉÓÕÒÐÒÉÓÉÎÇÌÙɊ ÔÈÅ ȰÒÏÂÕÓÔÅÄȱ ÖÅÒÓÉÏÎ ÏÆ ÔÈÅÓÅȟ ×ÈÅÎ 
combined, equals the correlation matrix adaptation scheme:
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That is, do not update 
correlation matrix alone!



¸ In the real world there can exist structural nonlinearities

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

1. Rectification
¸ Concentrations, frequencies, variances always positive, loops unidirectional 

¸ Why the model is still linear: inactive monads are temporarily excluded! 

2. Bounded values
¸ Some computing elements, like neurons (?) can have limited capacity

¸ But the variables stuck in constant values can be seen as external inputs

3. Reality (imaginarity) of signals
¸ By appropriate construction, converged signals naturally have this property

0ix ²

min maxix x x¢ ¢

{}Re ix

0ÈÅ×× ȣ ÅÎÄ ÏÆ ȰÔÈÅÏÒÙȱȦ 



7ÉÌÌ ÂÅ ÍÅÔ ÌÁÔÅÒ ȣ

¸ ȰOuroborosȱ eats its
own tail ɀeliminating
its own livelihood
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ȣ #ÁÎ ÔÈÉÓ ÂÅ Á ÃÏÉÎÃÉÄÅÎÃÅȩ

¸ There are always many ways 
to functionalize ideas

¸ However, applying the 
neocybernetic approach, 
there are astonishing 
coincidences:

1. General optimality reached 
ɉÐÁÒÁÍÅÔÅÒ ÅÓÔÉÍÁÔÉÏÎȟ ȣɊ

2. )ÎÔÕÉÔÉÖÅ ȰÐÒÏÏÆȱȡ ÊÕÓÔ ÌÏÏË ÁÔ 
the symmetricity in the 
signal flow graph!

Ȱ(ÉÐÐÏÐÏÔÁÍÕÓ /ÕÒÏÂÏÒÉÉȱ



,ÏÏÐ ÂÁÃËȡ Ȱ'ÅÎÅÒÁÌ ÔÈÅÏÒÙ ÏÆ ÃÏÍÐÌÅØ ÓÙÓÔÅÍÓȱ

1. Self-organizationɀ+ÁÕÆÆÍÁÎȭÓ ÔÈÅÏÒÙ ÏÆ ÁÕÔÏÃÁÔÁÌÙÔÉÃ ÓÅÔÓ 
is not enough: mastery of scales (emergence), mathematics 
(convergence analysis, compression, sparse coding) needed

2. Self-regulationɀonly then the ȰÓÔÉÃËÙ ÔÁÒȱ ÐÒÏÂÌÅÍ can be 
avoided: competition is the key point ɀÓÅÅÎ ÁÓ ÓÅÁÒÃÈ ÆÏÒ ÏÎÅȭÓ 
own room (this is related to evolution!) 

3. Self-evolutionɀÂÕÔ ÎÏÔ ×ÉÔÈ ÓÔÒÁÉÇÈÔÆÏÒ×ÁÒÄ ȰÓÕÒÖÉÖÁÌ ÏÆ ÔÈÅ 
ÆÉÔÔÅÓÔȱȡit is at system-level, symbiotic; the environment is 
ÃÏÎÓÔÒÕÃÔÅÄ ɉÓÅÍÉÏÓÉÓ Ϲ $/&ȭÓɊ ÁÐÐÌÙÉÎÇ ÏÎÅȭÓ Ï×Î ÃÒÉÔÅÒÉÁȦ 

4. Search of SELF ɀhow to understand + then creatively escape 
the  self-referential loops; how to outperform oneself finding 
ÎÅ× $/&ȭÓȢ Without this all is too mechanistic! 

These are studied in neocybernetics, 

the rest are still waiting for a theory!?



ȣ .Ï ÒÉÇÉÄÉÔÙ ÙÅÔȟ ÓÔÉÌÌ ÐÌÅÎÔÙ ÏÆ ÆÕÎ ÁÈÅÁÄȦ

ȰÂÉÆÕÒÃÁÔÉÏÎȱ



Deeper intuition, coupling to reality = examples

¸ Ȱ(ÉÇÈÅÒ-ÌÅÖÅÌ ÍÏÄÅÌÉÎÇȱ ÁÔÔÁÃËÉÎÇȟ ÆÏÒ ÅØÁÍÐÌÅȟ ÔÈÅ threshold
ɀqualitative vision reached without details!?

¸ Standard theory: wave energy related to h2, wind energy to v2

ɀthese are the relevant emergies + system variables

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

Key quantity ?{ }E hv



Bénard cells

¸ Assume that a thin 
layer of liquid is 
heated from below

¸ Heating increases

¸ First, homogenous 
conduction of heat 
ÔÁËÅÓ ÐÌÁÃÅ ȣ

¸ ȣ "ÕÔ ÁÆÔÅÒ Á 
certain threshold, 
convection cells
emerge!



HEAT

¸ 5ÎÄÅÒÌÙÉÎÇ ÒÁÎÄÏÍ ×ÁÌËÓ Ǫ ÔÕÒÂÕÌÅÎÃÅ ÓÕÐÐÌÙ ȰÉÎÎÏÖÁÔÉÏÎÓȱ

2T

1T



¸ Entropy growth vs. dissipation:

¸ 0ÒÉÎÃÉÐÌÅ ÏÆ ÓÉÍÐÌÅ ȰÍÁØÉÍÕÍ ÅÎÔÒÏÐÙ ÐÒÏÄÕÃÔÉÏÎȱ ÆÁÉÌÓȦ
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¸ The wave systems, etc., seemingly could not evolve further ɀ
it is necessary to break to other physical domains!? ɀHow?

¸ Allocyberneticactors NOT part of system, just carry signals

¸ For example: assume that the more there are ants xi in the 
location index i the higher is the pheromone level there

¸ Further, assume that an ant secretes pheromones the more 
the more it is excited of food resource uj it has found

¸ This means the ant communitywants to find                                !

¸ /ÎÅ ÈÁÓ ÓÔÒÁÎÇÅ ȰÅÉÇÅÎÐÁÔÈÓȱ ÃÈÁÒÁÃÔÅÒÉÚÉÎÇ ÔÈÅ ÁÎÔÓȭ ×ÏÒÌÄ

¸ Inverse-square relationship governs the resource space ɀ
there is a relation to celestial potential fields

Higher-level views to old problems: Ant paths

{ }{ }max E i jx u



.ÏÔ ÏÎÌÙ ÆÏÒ ÁÎÁÌÙÓÉÓ ÂÕÔ ÁÌÓÏ ÆÏÒ ÓÙÎÔÈÅÓÉÓ ȣ

¸ Assume that (for some non-physical reason!) a web page tries 
to maximize its activity xi = visits from outside

¸ Local optimization principle: try to enhance links from sites uj

that often are popular and are relatedɀthat is,   

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

¸ 4ÈÅ $/&ȭÓ ÄÅÔÅÒÍÉÎÅÄ ÂÙ ÔÈÅ ȰÕÓÁÇÅ ÅÉÇÅÎÖÅÃÔÏÒÓȱ ÓÐÁÎ ÔÈÅ 
structure of relevance to be used for collaborative filtering

¸ In the PageRank algorithm that is used in Google, one applies 
similar eigenvector approach ɀnot based on the actual use of 
pages, but using the formal link structure! 

{ }{ }max E i jx u



Ȱ#ÏÌÌÁÂÏÒÁÔÉÖÅ ÆÉÌÔÅÒÉÎÇȱȟ ÅÔÃȢ

Web page vectors

Searchword vectors

Learningthe internal modelϾ Ȱbalancepatternsȱ between input and output


