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Abstract

Theoretical studies of living systems (LS) from the automatic control (AC)
and perceptual control systems (PCS) positions, the closed-loop
codingdecoding (CL-CD) and analysis by synthesis (A-by-S) concepts, as
the basic principle of the anticipatory systems (AS), reveal anticipation in
functional organization of LS. The behavior of animals, especially human
organisms, and of society show that model-based anticipation may be
constructed cyclically, statistically as Perceptron, by the Kalman filters
principles or on phenomenal memory models. It is correlated with the
specific neural-structures: reptilian (as Perceptron), limbic paleo-cortex (as
Kalman filter), and neo-cortex acting as neuro-quasiholographic, neuro-
chaos, and factor analysis in the A-by-S decision-making system. The
nontrivial Foerster-K au f f man fi ma c hiCbh,and omarsulus of e
vision as anticipatory perceptive A-by-S systems in the brain are
proposed. Social human forecasting as the anticipation for best-organized
system management is discussed.
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Abstract. In conformity withthe theoretical studies of the living systems (LS)
from the automatic control (AC) and perceptual control system@CS)
positionsthe closedloop codingdecoding(CL-CD) andanalysis by synthesis
(A-by-S) concept, as the basic principle of theticipatory systemgAS)
functional organizatiorwas revealedThe behaviourof animals, particularly
mammals,especially humarorganismsand society show, that modebased
anticipation may be constructeyclically, statistically as Perceptronby the
Kalman filters principés or on the phenomenal memangdels. It is correlated
with the specificneuralstructures:reptilian (asPerceptrofy limbic palee
cortex (as Kalman filter) and nemrtex acting asmeurequasiholographic,
neuraechaos and factor analysis the A-by-S decisioamaking system. The
norttrivial FoersterKauffman "machine” as the GCD and homunculusof
vision asanticipatoryperceptiveA-by-S systera in the brain are proposed.
Social human forecasting as the anticipatifum best organized system
management and psyamticipatoryphenomenaf the mentalistWolf Messing
is discussed.

Keywords: anticipation, analyss by synthesis, codindecoding, closetbop,
control, Kalman filter, limbic system, living system, cortex, phenomenal memory

1 Introduction

Every living organism and theliving systemgLS), from simple prokaryotic cells
same as human and humaocisty organizationsaccording JG. Miller, are
cybernetic control systems, which directly depends on the efficiency of their bio
information technologies of the controling subsys{éin The theoretical studies

of theLS functional organization suggetstat LS areanticipatory control systems
(ACS). Consequently, the LS and theirs biological evolution may be a good base
for understanding the essence of thaticipatory systemgAS) functional
organization and A diversity.

The living systemsare percept@al control systemm (PCS)so its behaviour
tends to be functionally purposeful and gdakcted with extrapolations
predictions forecastingand anticipatiorj2, 3]. Thereforethe simpleor/and model
based anticipatiordetermine each PCS atiding systems (LS) also.
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The biocyber approdt says that the LS are asutomatic seltontrol
systemsecausehey behaviourdo not understand without of the memory and
predictiors. Automatic control theory knows three setintrol class of the cyber
systems functioal organization with appropriate variatigd$:

1 Feedback control withounemory (FB) and witldynamic randoraccess

memoryDRAM (FBM);

1 Feed forwarccontrol withoutDRAM (FF) and withmemory(FFM);

1 Composite- feedbackfeedorward without memory (FBFF) and with

DRAM (FBM-FFM) in different combinations (FBFM) and (FBMFF).

The automatic control system (C8Jjithout the use othe speciamemory(as FB
cyclic control) device for predictionmay be designad assimple anticipatory
systemOtherCS uses sxrial anticipatory devicesuchasPerceptrodike or/and
extrapoliation and forecasting (Wien&adechRagazziniGabor, Kalman) filters
[4]. In addition, LS are selproduction systems. c¢cording to G. Gamow and
M. Y| a she dinfple living cellis as activén plants asndustrial organizations
controlled by genes bioinformation technologias well as Maturana and Varela
autopoiesicself-credion, seltproduction systems].

In 1978,Robert Rosen drew attention to the importance of gatiwin for
understandindife, the living and social systems. He introduced the anticipatory
system concep{7, 8. Anticipatory modebased organizatiorin the living
systemswas described bfRosen 8198591, emphasized by Dubois at 1997
2011 and today by Mihai Nadif®, 10, 11]. But anticipatory control systems
organization is not yet understood and needs for additional experimental and
theoretical studies.

It is clear, that the essence of amation (forecasting, futurecasting,
extrapolation worldwiding andclairvoiny lies in the special features of the
memory mechanisms and information technology organization. The analysis of
warmblooded organisms and especially human behavior show, thag-maskd
anticipation may be constructed on the principles phenomenal méridjthat
is determined by the specific neusdtuctures (neocortex) acting as neahaos
and factor analysis decisianaking. Upcoming theoretical model of the
anticipatory sy&m may be in the Closddop CodingDecoding (CL-CD)
control system or Analysis by Synthe¢-by-S) in the neocortex of the brain
[12], [13], [14], [15], [16], [17].

Organism as every control system consists of two by sp&Li-CD
informational procedwes closely connectdaly technatools (coders and decoders)
converged qualitatively different subsystenis controlling and controlled
subsystemirvelis, 19982008 [13], [14], [117] Here controlling subsystem by
signals from decoders act to controlieabsystem and determines the behaviour
of it and of all organized system. This informational input generated on basis of
extrapolationprediction, forecastinguturecasting aanticipation,i.e. controlling
subsystem generates decision making earligr éx@cutive organs begin to act in
response to incoming commands.

The CL-CD technological convergence, together with the evolving
structues of the anticipatory structurese the theoretical basis not only the



existence of all living systems, but also thiethe technecreativity. The most
obvious examples of the anticipatory systems (AS) areotganisms, the living
systems,understoodby J.G.Mi | | L&Sthémy as cybercontrol systemdrom
simple cells to organisms, populatipesuntries, and societigl].

Generally, the living world is a continuous kagineeing work
anticipatory creaturealways searching for better adaptability in a changing
environment.Their behavior and their evolution, since simple convergent of
PredatoiPrey like systemic imtraction and finishing by cybernetics of organisms,
as well as scienemchnological development of society by creative teehno
convergence developments, as the history of the anticipatory systems is. The
improved structure of information control (managethetihe emergence of more
effective memory is reflected in more expressed of the antitcipatoric properties of
the living system§l4], [18].

One of the main steps in formation of anticipatory approache determines
emergence fo CL-CD, as matteenergy and iformation technologies
convergence ¢ onc e extendedRobesdtsModeting Bedatoasi ce it 6s
approach (1985) [7[8]. Earlier,for biological systems (cellsimilar concephas
beenformulated by Wilhelm Johannseras "genotypephenotype”(19031911)

[19], [20], [21]. The special attention deserves "Baldwin Effect" (1896), that
shows the psychological learning in avifauna, mammals and humans in the
anticipatoryapproach of Lamarck evolution, today interpreted as a manifestation
of informatics anticipatory proceduf@?2].

Besides, the living anticipatory system has a specific evolving, yet
incomprehensible  phenomenal memory, who incessantlycunaglate
information, it sumsand by special algorithms and technology make decisions on
active operations. The some AS features of the possibilities may explain the
BIOS: the creation organization concélpiH. Kauffman, H. Sabell) [23],[24].

Extraordinary attention isequired to the social scientechnology
strategy of the anticipatory(forcasting, futurcasting)U.S. and European
programic approach in predicting and addressing humanity's future prosperity for
t he | as tConeemiogaTeahnologies for Improving Hum&erformance:
Nanotechnology, Biotechnology, Information Technology and Goegn(NBIC)
Science (2002012 o ][, 2@&weience of Knowledge, Technology, and
Society: beyond Convergence of NaBim-Info-Cognitive Tetinologies CKTS
NBI C2fd -2029 O[25]3 EP STOA Avlaking Perfect Life, European
Governance Challenges in 21st Century-Bio gi neer i,[BgfA (2012)

Rosends scheme of the anticip-ation belong
automatic control class, as the feadfard control system with DRAMFFM).

Most of the different levels of tHesing systems depends on thensposite FBM
FFM class. The evolution of living systems, particularly in the evolution of
vertebrate neural subsystem, demonstrate the compositeFFBManticipation.
Meaningfully the emeyence and evolution of the anticipatory living systems
interprete as starting of closémbp codingdecoding control (CCDC)
procedures and ending with the origin of the analysis by synthesks/-@
mechanisms as perceptive, decision making methodghaidsignificance All
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this of the living systems biengineered anticipatory control evolution can be
explained in theCL-CDC and Aby-S) concepts [15[17].

2 ClosedLoop Coding-Decoding concpt

Theparadigmatic essence of the functional orgatiin presented by scherfigg. 1.
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Fig. 1. The paadigmatic scheme of the convergenc&tterenergy and information
technologies or organizationally closed, matteergy and information open by
closedloop codingdecoding (CECD) principle organizedelfreference and

technaocreativity (Extendedconcept of thRo s ends Model i n

Engineered schemef the CL-CD implementation as automatic control or
anticipatory control systeifACS) functional organization presented by Fig. 2.



The closedoop codingdecoding (CECD) principle are converging of two
different technologies: the mattenergy transformations and the informational
control processing, that originate cyclic organized the new-$aiftctechnology.
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Fig. 2. Engineered scheme of the Clodeabp CodingDecoding (Cl-CD)
functional organization as the anticipatory control sys{&@S)

The CL-CD request that the real matiemergy system may bieflected in the
compact forme of symbols on the memory andefiected from symbolic



expressed memory to real mattarergy structure. That's controlled actions or
production. With the special organization of the memory and learning such
system are bewoing anticipatory system.

Coding (encoding) should be understood as a reflection of a real system (nature
or a technological process) in an abstract virtual form on memory structures
(DNA, hormones, neural networks, books, prograghs) in a way that deading
from theabstract form (objective, goals, programs) to the real (material) one (and
purposive actions in real system) would by possible (Fig. 1.).

This action model or a coded representation control is the essence of
information. Decoding is theealization of such a project or the control of
biotechnological procedures according to information. In the process of decoding,
the activated coded states of the memory structures or the projects for synthesis of
reality are reflected in the dynamic &stof the real world, real structures of
body,etc The real world is changed according to the action model.

The full CL-CD system consists of converged, partially autonomic but
technologically organized systems. There are genetic, hormaoralral
psychtal, social, roboticand otherorganized systems in the world. Dualistic

material zinformational mapping manifests itself
convergences: signal zinformation; phenotypezc
brainzthought; hardwarezsoftwar e; bi ospher e:
grouphmgement; st,att.ezgovernment

That systems converged according these principles are organizationally closed
and informationally open. Organizational closeness causes the functional
compatibility of codingdecoding and functional sense (semantics) adfed
reflections. Informational openness means ability to join additional information
about environment to the pool of the existing world models (the pool of gnostic
and action models).

The closedoop codingdecoding (CL-CD) principle are converging ofwo
different technologies: the mattenergy transformations and the informational
control processing, that originatgclic organizedhe new hareoft technology
The CL-CD request that the real matemergy system may by reflected in the
compact formeof symbols on the memory and-meflected fromsymbolic
expressedmemory to real mattegnergy structure. That's controlled actions or
production. With the special organization of the memory and learning such
system are becoming anticipatory system.

This ation model or a coded representatifum control is the essence of
information. Decoding is the realization of such a project or the control of
biotechnological procedures according to information. In the process of decoding,
the activated coded statestb& memory structures or the projects for synthesis of
reality are reflected in the dynamic states of the real world, real structures of
body, etc The real world is changed according to the action model.

The presented concept of @DC allows to expand @l generalize the
understanding of living as anticiopatory systems. From the technological
viewpoint, each organism needs the ability to control and coordinate the
purposive transformations of matter, energy, and informatieimg various



technological tots. These transformations have to be controlled by informational
structures of controlling subsystems (controllers).

Automatic control theory knows three setintrol class of the cybesystems
functional organization with appropriate variatiofisedbackcontrol no memiy
(FB) and withDRAM memory (FBM);feedforward control no memory (FF) and
with DRAM memory (FFM);composite- feedbackfeedforward without memory
(FB-FF) and withDRAM memory (FBMFFM) in different combinations (FB
FFM) and (FBMFF).

The aitomatic control systemACS) without the use of the special memory
devicefor prediction forcasting(as FB cyclic control), some mayby named as the
systems of the simple anticipatoryhe cyclic control is necessary for every
anticipatory control systenmiModel based anticipatory control systems request
specialmemory structuresConcequently ACS systems are FBWIB organized
structuresThe engineeredstructureof the CL-CD functional organization as the
anticipatory control system (ACSnust be able taget by coders (sensors)
information about environment and formodels of environment, construct
models for sending information (signals) to environmeatstructinformational
models of the internal system (by internal codefs} functional acting and
decision making create informational models of decodifgy control of the

resourceswhat is controlingACS switch Q. Fig. 2. All this is implemented in a
many of CL-CD loops by various technologies. General scheme shows two main
CL-CD loops, inside ACS, which control inner system, and the second, which
manages the system's behavior in the environment.

The variety of he ACS functimal organizationis best seen ireview of the
evolution of the LS

3 The Evolution of the Living Anticipatory Systems

The first controlling information technologies, which emerged on the Earth by
way of biological evolution and still keegperating in each cell, are the genetic
ones,i. e. bioinformational contrbby genes and proteins (Fig. 3, Fig).4n
metaphytes, intracellular genetic control is enhanced by hormonal means. On the
level of metazoa, nervous networks are added. Onitlsadial level, control has
been extended by use of iMadividual communication agents (pheromons and
acoustic signals). And on the level of a human society, the important and
increasing role in control is played by information transmitted by oral aittbmw
languages, where graphical symbols are used for different modeling
representations. Along with the development of human society, human reason
kept creating and introducing new technologies, starting with application of fire
and arriving to informatinal technologies.
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Fig. 3. The generalized scheme of the evolutiothefliving systemgqLS) as
an engineered symbiotic development of information technoldgies
anticipatory controll On t he basic W. Shwembl er 0s
Spedal interest from the technological point of vieslouldbe paid to understanding

of generation ofhe anticipatorynformation. The copying (copy) of information is an
informational procedure, but it creates no new information. Generation of information
is important for creation of projects of new technologies. Only two bioinformational
technologies in living nature produce new information (new gnostic and actional
anticipatorymodels): 1) genetic natural biotechnology, which implements stochastic
testingin living populations with the subsequent natural selection (genetic algorithms),
and 2) mental natural biotechnology, which implements a motivated search, creation
of virtual imitatory projects aimed at the achievement of purposes with the subsequent
cheds, rejection or acceptance for action.

Thereforethe substance of information theory and informatics as branches of
science is the methods of quantitative estimation of information, its functional value
and importance for anticipatory control and managetmUndoubtedly, information
and bioinformation have the common roots. They differ only in a level of world
organization where they work: bioinformation in biological s§ste and information
in social and technological systems. So, informatics shoulal dpeneral science both
for bioinformational and informational contradanaging procedures on any organized
level of organizedystens.

The generalized scheme of the evolution of living systems as engineered
symbiotic development of information technologig@sepresented in Fig. 4. The origin
of life marked thestart of the phenomena of technology, technological control,
genotypephenotype system on the base of genetic information. It determined
bioevolution (the creation of new species) on the populaiwellas stochastical

scheme

of



production of information on the principles of genetic algorithms. The origin of life is
the emergence of a new sort of the organized systems. Its functioning is determined by
informational control based on the principles of clekmgp codingdecoding (CE

CD). That results in the development of organism by special connections of the neural
networks. The warablooded animals (mammals and birds) developed the neocortex
of the brain, as a new neuroinformatical technology that pursueshthking

procedures.
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anticipatoryprocessing in the living (biological, humanitarian and social) systems



The mental natural biotechnology is carried out by special zones of brain
(neocortex) of mammals and birds. The name of such mental manufacture
generation of information is the ficreative wor k

Since Aristotle, the biotheorists dealing with this probfathinto two groups:
either dualisticsvitalistics or realisticanaterialists. Although, it seemed that
cybernetics has solved this dilemma by introducing the information and control
concepts, but so far different interpretation of biosocial evolutidaet$. It could
be expected, that the explanation of the emergence of life and the evolution of
living systems from the point of view of the organized holistic systems theory,
will consolidate these different theoretical approaches. The organized systems
theory explains the existence of the living systems as the complex dynamic
metabolism of matter and energy. However, sustainable existence and evolution
of living systems is determined by virtual information procedures, in addition to
material metabolism. Rerefore, the evoliution of living systems should be looked
at through the evolution of information technologies (Fig. 4).

Evolutionary analysis of functional organization of nerve systems and of
behavior shows five informational control levels (refleXic; multireflexic
coordination L.; regulative L.; perceptronic analyzing L.; AnalmsisSynthesis
L.) that represent specific procedures of the cldeeg codingdecoding. Maybe
weak anticipative prediction is realized at simple reflection and multiiefle
coordination structures, incursive anticipative feedback conabtegulation and
simple analyzers structures, and strong anticipatiahneocortex structures that
work by Analysisby-Synthesis. The strong anticipation maybe is used only in
brainsof mammals and birds that are able to create models of future activities that
means ability to think. Higher mammals especially apes and humans have sensory
screens that enhance mental imagingliea Striatazone.

4 GenesiLL-CD cycling, Seltreference Selfproduction and
Recursion askvolution of the Predator-Prey like system

Any ACS, especially model based anticipation systems must have cyclic
dynamics, generata variety of versions, compareersion information with the
existing information and changthe version or to leave in the decisioraking.

This can be a simple continuous dynamic feedback system that meets the auto
vibrations underlying coherent requirements or discrete systems recurrence of
certain procedures.

4.1. Anticipatory cycling as Lotka-Volterra Predator -Prey like system

The first manifestation steps of the anticipatoric properties can be seen in
constricting of the dynamic of thBredatoiPrey likesystems t hat 6 s refl ects in
oscillatoric reactions. Linear mathematical modélswch dynamic systemsear
formulated and considered by H. Poinganmed sane nonlinear Lotka-Volterra
It is possible to see a simple anticipation in thiepmediction (forecasting) of the
following step.
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The mathematicdlotka-Volterramodel consisteftwo"Prey 6 and APr edat or 0
equations
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Fig. 6. The phasic portrait of Lotk&olterraPredatotPreysystem and algorithm
of cyclic dynamics as simpeextstepanticipation
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Fig. 7. Staic regulator as the simple anticipatory €D system with fuzzy
More-EqualLess (ME-L) logic (+, 0,-) controler and phasic portrait of
regulation

This model shows that the claims of certain autaration requirements becomes
a special phase portrait to a steatgteX,, situation in which the regulation of
the process takes plafféig. 6.)

The phase portrait shows that a dynamic system periodically predicts the
next step to the new state bymesial algorithm of variation (Fig. 6 right). That's
may be interpreted as simpiextstepanticipation

The engineered biological Lotkéolterra model is a classic automatic
controller, which by a negative feedback as informational communication,
transmiting about ~1 bit of information help maintain a stable purposeful system
state (Fig. 7.) This static regulatorsi the simple anticipatory GCD control
system that predict next step by fuzzy Mé&guatLess (ME-L) or (+, 0,-) logic
[14], [27].

4.2  Recursiveprocesses as simplanticipatory CL-CD control

Particularly simply the autoscillation, the changes of system states and the
characteristics of the properties explain recursive modeling that procedures are
expressed in recursive equatioths clearly demonstrates thgimple recursive
equation X;,; = X; T X;.1; (L.H. Kauffman)., [23], [24] (Fig. 8.). These simple
recursive examples allows to understand possibility of synthesize technical
(electronic, molecular biology, neuron netstc..) of much more complex
networked systems, which may be formed or shaped structure as memory models
for anticipatory controlln this regard, it is worth paying special attention to the
multidimOensional vector recursively procedures and structuris fafrming



g i Xt+1= Xt - Xt¢-1;
2
1
0
o]
3
3 o
-4 T
0 6 12 18 24
Sin{t+1)=Sin(t)+0,001*Cos(t) Sin(t+1)=Sin(t)+0,1*Cos(1)
COS(t+1 =Cos(t)-0,001*Sin(t) Cos(t+1)=Cos(t)-0,1*Sin(t)
1 5E+15 -
Cos(t
o] _
U -
Cos(t)\
A -15E+15
0 Sm t) 1 JE+15

Fig. 8. The simple anticipatory recsive process dynamiod..H. Kauffman )
specifity. They can help to understand the possibilities the formation of memory

models as quasineural fuzzy-BAL logic setts (Fig. 9.).
Kes1 4 Xns1

Kis1>Xia>Xi| Xir1>Xi>Xin

Xn-1 Xia>Xi>Xisr Xi>Xia>X; X,
Xer1 = Xt = Xi1;
Xne1= Xn - Xna1;

Fig. 9. The vectoriarecursiveanticipatory process dynamias fuzzy
more-equetless(M-E-L) logic procedures



Such vector systems carry out analyze and encode of the data as a summary of the
main features of the valuesf, the factors of importance weights for data analysis
and decisiormaking and are sorted according to their sizes rank. The rank
sequence is the main criterion for decision making.

It seems that on similar principles of cyclic dynamics are based the
existence of the simple biological systems. In this regais,worth to showcase
the social amoeba and prokaryotic cells anticipatorycsgifrol models.

4.3. The biological examplesf populational and genetics anticipations

Primitive agriculture in a social amoedmcyclic anticipatory process preseifiigd 10.

In the picture, we can see the different stagebfecycle of theprimitive social
amoebaDictyostelium discoideunfirst, in thefreeliving growth stage,spores

and food bacterid are enclosed withi. discoidem population.The amoebae
preserve their individuality and each amoeba has its own bactetiutine next
agrgation stage amoeboe population forme migrating slug and migrat to
otherwhereA new, rich food placepopulation maturate fruiting body, spores and
bacteriaDuring the culmindabn stage, when the spores are produced, the bacteria
pass from the cell to the sord#geeliving amoebae seem to play a crucial role for
persistence and dispersal of some pathogens in the envirorhah@riculture
seems to play a crucial robes anttipatory processefor pathogens survival, as
they can live and replicate insi@gctiostelium discoideupmaking husbandry.

Maturate fruiting Spo res & food (pacteria)

body, spores &%; /—‘

bacteria @

( Y \
Migrating Free-living
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Fig. 10 Lifecycle of theprimitive social amoebBictyostelium discoideum
populations with geneticabacterial aticipations

All biological processes take place in controlled cellular genetic mechanisms. One
of the simplest cell is prokaryotic genetic operon system. Its functional
organization presented Fig.11
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Operon is specific biotechnological procedures system in the cell organized as a

anticipatory FFMFBM control syStem. It is made up of three main components:
genetic memory @ store information and for biotechnological this reading
(transcription); translator of the information to suitable for production of
materials; and third, material production by special enzymes or metabolic

biotechnology procedures chain in which is thain process of the production.

But for understanding ofithe more sophisticated anticipatory system
organization and genesis, the origin of the informational models formation

structures require the emergencaei opportunities. In this casan help Bos:
creative organization beyond CHAOS conded].

4.3. BIOS: Creative Organizationi anticipatory A-by-S genesis

In the Fig. 12. presented recursive process and equation (as simple mathematical

X1

BIOS: Creative Organization
Xie1 = Xe# 9" Sin(Xy),

g=5

models) that are representing the
essence of thegssible evolution of
the complex systems as CHAOQOS,

emergence
structues

Fig. 12 BIOS: creative organization
beyond CHAOS as qualitative
development of the anticipatory
control sysems (L.H. Kauffman, H.

Sabelli)

of

L.
and next biological structures

selieference
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Amaschyneft



Louis Kauffman's view, the BIOS: creative organizatitke principles

enable by increasing coefficiel§ magnitude, starting from simple disorderly
stable system initially, turns to awwibrating, moving to CHAOS, therofm a
selfrefering and selproducing structures and can interpret all&imlution.

It is assumedhat such a principlevould form the structure othe CL-CD
as aKalman filter, the requiredlearning and predictivecontrol systemsfor
optimalanticipataoy activity.

4.4, Kalman filter as anticipatory CL-CD decision making system

TheKalman filter needed for forecasting control systems. (Fig. 15.) Informational
Kalman filter is hierarchical organized statistically learning structure of memory.

A Kalman filter as CLCD system is used to analize sensor data in real time. This

filter that have the statistically integrating memory structure with mostelll

rate 5 faster then the sensor's rate | t 6 s p e r-based predicten, mo d e |
hypthesis testigp and decisin making[25, 26]
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Fig.13.Kalman filter as anticipatory GICD control system

Kalman filter is the first step to the information @D structure , which has a
whole modelbased anticipation. Such completed system can be anticipatory
system amontrivial FoersterKauffman machine.

4.5. Non-trivial anticipatory CL -CD

It has long been known ndrivial Foerster machine that is a setganizing FFM
control gstem. L.H. Kauffman proposedther by feedback principle FBM
control system also netrivial structure mode]27]. The convergence result can
create a hybrid machine, which may by yet more possibilities and can match the
vertebrate animal and human brain anticipatory control opportunities.

Nonttrivial FoersterKauffman machine is whol€L-CD anticipatory
systemwith phenomenal dynamic of memastructure{PhDAM) (Fig. 14)
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Fig. 14 Functional organization of the evolving anticipatory
FoersterKauffman machine

Assuming direcPhDAM FFM and feedbackPhDAM FBM structures are
having phenmenal qualities athe chronologicaimemory (the memory is able to
fully capture the entire life of the system epoch), then such a machine may satisfy
the human brain phenomenal opportunities. These information systems must
function according to the analig by synthesis (Ay-S) principles, which plays a
crucial role in the human brain simulation, comparison, decisiaking and
thinking processes.

5  The Brain as Model BasedAnticipatory Hierarchic
Organized Information A-by-S System

It is Dbelieved that cognitive information systems functional
organization is based on analybigsynthesis (Aby-S) method.
This method is as result of the anticipatory-CD control systems
evolution. It is LS of the nerve subsysteand in particular the
principles of brain function. They function best seen in birds,
mammals, and especially in the human brain mechanisms and



behavior. Therefore, it makes sense to look at a summary of the
human brain's functional organization concept

5.1. General approach about huma brain anticipatory action

Neo-Cortical brain o
ANTICIPATION
as
ANALYSIS by SYNTHESIS
- '_.» SR \"/ — B —=
4 Prefrontal 5 / 3 Neo-Limbic \
Cortex . Cortex
ANTICIPATION | KALMAN FILTER
as PLANING of e : LIKE
STRATEGY 2 fj : ANTICIPATIONAL
N 4 > CONTROL

/ Reptilian brain
S~—— \ SIMPLE
‘ PERCEPTRONIC
ANTICIPATION

Fig. 15. Perceptual anticipation in the brain (on P. J. Lynch image)
http://cecile@emailly.files.wordpress.com/2010/09/ascbrain-territories.png

According to today's approach about functional organization of the human
brain differentiates five components developed evolutionary and with the
appropriate functions. The lowest level of the brain is the reptilianons
subsystem, which is responsible for the simple Perceptronic anticipation; above is
Paleclimbic subsystem, which is characterized by the feedback anticipation; the
higher level limbic subsystem carries the anticipation by Kalman filter approach;
and the highest levelthe structure of neocortex, acting on thdaS principles.

T h sisimulation hypothesjs or si mul i sm states thatds cognit
control and thinking procedures consists of simulated interaction following four
core assumptits: Internial models or simulation of actiorldle can activatpre-
motor areas in the frontal lobes in a way that resembles activity during a normal
action but des not cause any overt movemdsfernial models or simulation of
perception.Imagining thatone perceives something is essentially the same as
actually perceiving it, but the perceptual activity is generated by the brain itself
rather than by external stimulinticipation. There are associative mechanisofis



the brain neaortexthat enable bothehavioural and perceptual activity to elicit
other perceptual activity in the sensory areas of the brain.

5.2.  The brain neo-cortex as information anticipatory A-by-S system
Overview of the ne@ortex functional organization is meaningful frowsfions
of Perceptual activity visual analyzer. Generalyzed visual analyzer functional
organization scheme is anticipatoryb-S systen{Fig. 16.).
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It is supposed that a fisensoryo neuronal scr
neuronal screen (RS) existtime projection zone of visual corte&rga Striataor
V1). The functioning of visual analyzer consists of following intertwined
operations: analysis of visual scenes projected onto SS; -loplagjraphic
itracingo of i mages,; p rheldgiaphic nimagy recognition
reconstruction from memory onto RS; comparison of images projected onto SS
with images reconstructed onto RS; and correction of preliminary recognition.
The CL-CD procedure of analysisy-synthesis corresponds to visual procedures
on mena | i mages. It is supposed that the image A
reconstruction based on FuzBgctors analysis and special memory mechanisms
and principles of brain neuronal organization as periodi€dDLprocedures.

We propose that the neuronal sture implementing the quasi
holographic FuzzyFactors analysiby-synthesis ought to possess at letest
functional layered complexes: (1) the receptor layer where the retinal image is
projected; (2) layer of local filtering; (3) local Hermitaguerre ke analyzer and
(4) local HermiteLaguerre like syntesizewith (5) comparator between them.
These structures are loopbeg quasiholographic FazFactor memory layered
complexes (6, 7) with (8) special memory neural structure controlled by systemic
perceotronlike classificator (9) irbetween them. Thememory traces are
extractedby means of the topological transformations structure (10) controlled by
signals from the comparatorhe comparison block collates actual signal of local
analysis and mental irga of local synthesis.

The synthesis may be accomplished by dedicated predictive structures
driven by arbitrary motivations or preliminary expectations of events in
environment. Note, that the system described above resembles thelotysed
codingdecodirg, similar as classic nelwop communication system of the
Shannon information theory, whereby analysis/decomposition and fFaxtgr
analysigs equivalent to the encBohg step, and the reconstruction/synthesis with
invers FuzzyFactor analysisorrespads to decoding.

This model is based on both the visual psychophysical and neurobiological
data, interpreted in the light of the theoretical solutions of image recognition and
visual perception It is believed that this model is applicable to the other- neo
ortex perceptoric structures.

In this way it is possible to develop some of the human brain functional
organizati®n as anticipatory complex Perceptronic, Kalman filter anty/A
structures (after Fig. 1&nd Fig. 16. It remains mystedus incomprehegible
strategicof prefrontal brain anticipation and the mechanisms of phenomenal
chronological memoryhe brain as hierarchically organized anticipatory
Perceptronic, Kalman filter, GCD andA-by-S informational control system
Schematicallypresented ofrig. 17.

On the base of the similar scheme may by interrel&tethunculusof
Vision, Auditory and others sensory functiomtomunculusas fi nternal vi ewer 0O
is the complex organized neuirtformational structure of the neocortex that as
analysisby-synthess generatesinfinite regressof internal viewers. Visual


http://en.wikipedia.org/wiki/Infinite_regress

sensation for example,is activation of the two paralleled nedeyers ofthe
speciali we b r o uneullonsn théstris @enuarriof Area Streata
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Fig. 17. The brain as hierarchically organized anticipatoytroling by
Perceptronic, Kalman fié¢r, CL-CD andA-by-S informational control system

The above presented scheme helps to understand the antitipaiib
functional mission of anticipatory structures in the general neybbernetic
system for the management and behavior of the organism.This scheme,
functioning CL-CD and especially Ay-S methods can be used to understand the
principles of human creiae identity in science, technology and other issues.
Accordance this principle are managed the organizations, the states, performed



forecasting of the futureScientific neopositivistic investaion is Aby-S
anticipation also

6 The scientifique investigation as anticipatory CL-CD or
A-by-S procedure

Neoposityvistic methodological schemetloé scientifique investigatns
constructed after K. R. Pophy8stractluret heory perfect
and CLCD procedures [18].
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Fig.18. Negposityvistic anticipatory methodology of the scientifique
investigations (after K.R. Popper)

This scheme, as GCD structure, is constructed from: experimental scientifique
inductive method; the creative imagination of deductive method of formulating
hypotheses and models; the comparing of the features reality with models; and
further revising the formulation and execution of the experiment.

TOhe scientifiqueresearchmethodologyreflects thefunctional organization
of the human brairthinking principlest hat 6 s c orA-bg-S.Byptheds t o



following A-by-S principles are advisable to manage the social systems and
states.

7 The state governance accordingijiuman brain
anticipatory CL-CD and A-by-S control system

Anthony Stafford Bedy d/iable System Modeff the state governance as brain

like anticipatory informational control system with strategy and tactic antisipation
andChileanCybersyn project from 1971973correspond t&€L-CD and Aby-S
control principles (Fig. 19.).
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Fig.19.Ant hony St aviahleoSystem Bledefrthé state governance as
brainlike anticipatory informational control system with strategy and tactic
antisipation
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This scheme is clearly shown the needs tactic anticipation for separate structures
(departments) of impimentation and for strategic"brdike" anticipation the
National Science & Technology Counaicassarilyln some countriethe N&S
Councilalreadyexists.

8 The global social anticipation of the NOOSPHERE in
the BIOSPHERE evolution

Today the best strategic rdicipatory S&T program isU.S. NSF 2012020
pr ogr aGonvergente of Knowledge, Technology and Society: beyond
Convergence of NanBio-Info-Cognitive Technologies (CKTSBIC2)i Fig.20.

Fig. 20. AnticipatoryUSA NSF 20132020 programm e Coivergence of
Knowledge, Technology and Society: beyond Convergence of-Bantnfo-
Cognitive Technologies (CKF8EBI C2) A for making perfect |ife i



