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•• Can Can realreal, higher, higher--complexity system dynamics complexity system dynamics 

be understood at the be understood at the level of rigourlevel of rigour of of 

Newtonian science?Newtonian science?

•• The problem of The problem of unreducedunreduced manymany--body body 

interaction interaction ((unsolvedunsolved in Newtonian science)in Newtonian science)

•• The unique possibility for a new progress of The unique possibility for a new progress of 

fundamental sciencefundamental science (otherwise (otherwise ““endingending””))

•• Universal Science of ComplexityUniversal Science of Complexity

Escaping ComplexityEscaping Complexity
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Arbitrary manyArbitrary many--body interaction process:body interaction process:

or

The unreduced (nonperturbative) general solution is always The unreduced (nonperturbative) general solution is always probabilisticprobabilistic
(phenomenon of (phenomenon of dynamic multivaluednessdynamic multivaluedness = = iintrinsic chaoticityntrinsic chaoticity):):

Dynamically determined probabilityDynamically determined probability
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Multivalued Dynamics of Unreduced InteractionMultivalued Dynamics of Unreduced Interaction



Unreduced Interaction DynamicsUnreduced Interaction Dynamics

Arbitrary interaction process in terms of (free) component eigenArbitrary interaction process in terms of (free) component eigenvalues:values:

where the total system statewhere the total system state--function is obtained asfunction is obtained as

Usual Usual perturbative (meanperturbative (mean--field)field) approximations:approximations:
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Unreduced general solutionUnreduced general solution of the same problem:of the same problem:

wherewhere are are solutionssolutions of the of the effective potential (EP)effective potential (EP) equationequation
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Unreduced Interaction: Dynamic Multivaluedness (Chaos)Unreduced Interaction: Dynamic Multivaluedness (Chaos)

First
object

Second
object

INTERACTIONINTERACTION

N pointsN points
((modesmodes))

N pointsN points
((modesmodes))

combinations combinations 

of mode entanglementof mode entanglement
(N N)×

((aa11,,aa22,,aa33,,bb11,,bb22,etc.),etc.)

⇓⇓

NN--fold redundancefold redundance
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First Second Third

Dynamically redundant
interaction result:
incompatible

system realisations

PermanentPermanent realisation changerealisation change
in in causally (dynamically) randomcausally (dynamically) random orderorder



Unreduced Interaction ComplexityUnreduced Interaction Complexity

where        is the (dynamically derived) where        is the (dynamically derived) system realisation numbersystem realisation number

for example:for example:

with the with the dynamically determined probabilitydynamically determined probability
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Universal dynamic complexity Universal dynamic complexity includesincludes intrinsic intrinsic chaoticitychaoticity

due to the due to the dynamically probabilisticdynamically probabilistic problem solution:problem solution:

UNIVERSAL DEFINITION OF DYNAMIC (INTERACTION) COMPLEXITY:UNIVERSAL DEFINITION OF DYNAMIC (INTERACTION) COMPLEXITY:



Unreduced Complexity MeasuresUnreduced Complexity Measures

Two universal, Two universal, emergingemerging forms of complexity, forms of complexity, spacespace and and timetime

Generalised Generalised actionaction is the simplest combination of space & time:is the simplest combination of space & time:

is a universal is a universal integralintegral complexity measurecomplexity measure

DifferentialDifferential complexity measures:complexity measures:

momentummomentum

((spatialspatial rate of realisation emergence)rate of realisation emergence)

energyenergy//massmass

((temporaltemporal rate of realisation emergence)rate of realisation emergence)

Dispersion relationDispersion relation:: �� causal relativitycausal relativity
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Generalised wavefunction (distribution function)Generalised wavefunction (distribution function)

Total number of unreduced EP eigenvalues:Total number of unreduced EP eigenvalues:

NNmaxmax = = NNξξ((NNξξ NNqq + 1) = (+ 1) = (NNξξ))
22
NNqq + + NNξξ �� NNℜℜ = = NNξξ ““regularregular”” realisationsrealisations

of of NNξξ NNqq eigeneigen--solutions each + solutions each + ““incompleteincomplete”” set of set of NNξξ eigeneigen--solutions =solutions =

transitional realisationtransitional realisation, , generalised wavefunctiongeneralised wavefunction, or , or distribution functiondistribution function

⇓⇓
causal extensioncausal extension of usual quantumof usual quantum--mechanical wavefunction mechanical wavefunction ΨΨ ((xx))

transiently weak EP, disentangled components, system restructuritransiently weak EP, disentangled components, system restructuringng

��

Causally generalised Causally generalised Born probability ruleBorn probability rule:  :  ααrr = = ⏐⏐ΨΨ ((XXrr))⏐⏐
22

��

Generalised HamiltonGeneralised Hamilton--Jacobi equationJacobi equation for actionfor action--complexity complexity AA ((xx))

+ + causal quantisation rulecausal quantisation rule,  ,  ΔΔAA =  =  ̶̶ AA00 ΔΔΨΨ //ΨΨ
��

universal Schruniversal Schröödinger equationdinger equation
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Universal Regimes of Complex DynamicsUniversal Regimes of Complex Dynamics

1κ �

Two limiting regimes of complex dynamics:

multivalued selfmultivalued self--organisation/SOCorganisation/SOC and and uniform (global) chaosuniform (global) chaos

Universal criterion of global (strong) chaos:

or resonanceresonance of the main system motions

Criterion of quasi-regularity (self-organisation):          (or         )

Highly complicated interaction networks cannot be close to regulHighly complicated interaction networks cannot be close to regularityarity
Ordinary, unitary dynamic models and approaches are inapplicable

Let’s transform the unitary approach defectdefect (system failure)
into the unreduced, complex-dynamic operation advantageadvantage :

superior power and qualities

1κ �

As network intensity grows one cannot avoid resonancecannot avoid resonance (“jam”):
and therefore essential essential dynamicdynamic randomness becomes inevitablerandomness becomes inevitable
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Dynamically probabilistic fractalDynamically probabilistic fractal

Unreduced general solutionUnreduced general solution of a problem:of a problem:

areare solutions to a truncated problem:solutions to a truncated problem:

treated by the same generalised EP method:treated by the same generalised EP method:
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Dynamically probabilistic fractalDynamically probabilistic fractal

Unreduced EP of the second levelUnreduced EP of the second level

describes seconddescribes second--level splitting into incompatible realisationslevel splitting into incompatible realisations

The The unreduced general solutionunreduced general solution is the is the dynamically probabilistic fractaldynamically probabilistic fractal::

with with dynamic entanglementdynamic entanglement ((ξξ,,QQ)) and and dynamic probabilitiesdynamic probabilities::
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ComplexComplex--Dynamic Interaction Network PropertiesDynamic Interaction Network Properties

N

N

Huge efficiency growthHuge efficiency growth of of dynamicallydynamically chaotic (chaotic (multivaluedmultivalued) networks:) networks:

Chaotic network efficiency is determined by the number of all combinations of links

where the number of links N is very large itself

Unitary (regular) dynamic efficiency grows only as              .

The huge advantage in efficiency expresses intrinsic creativity/adaptability
of the unreduced complex dynamics obtained at the expense of its chaoticity

⇓⇓

INTELLIGENCE, CONSCIOUSNESS, AUTONOMIC COMMUNICATIONINTELLIGENCE, CONSCIOUSNESS, AUTONOMIC COMMUNICATION

Particular aspects and applicationsParticular aspects and applications

N β β( 1)∼

! 2π ( )  (unreduced dynamic complexity)N NN N N e N C∝� ∼

(1) KnowledgeKnowledge--based structurebased structure of intelligent communication networks

(2) Holistic, two-layer dynamics of advancedadvanced intelligent network (“superbrain”)
ComplexComplex--dynamic meaning of dynamic meaning of truetrue intelligence/consciousness intelligence/consciousness (physics/0409140)

(3) Intelligent network and its users automatically become more intelligent
Intrinsically suited to complexIntrinsically suited to complex--dynamic problem solution dynamic problem solution →→ revolution of complexityrevolution of complexity

(4) Universal symmetry/development of complexityUniversal symmetry/development of complexity: unified guiding principle
Transformation of Transformation of dynamic informationdynamic information ((““interaction potentialinteraction potential””) into ) into dynamic entropydynamic entropy



Evolution as complexity development

System evolutionSystem evolution as a result of the as a result of the symmetry of complexitysymmetry of complexity::

qualitative, irreversible, qualitative, irreversible, dynamically discretedynamically discrete (quantized)(quantized)
changechange (event): transformation of (event): transformation of dynamic informationdynamic information,, II,,
into into dynamic entropydynamic entropy, , SS, while the sum, , while the sum, total complexitytotal complexity,,
CC = = II + + SS, remains , remains unchangedunchanged::

ΔΔCC = 0 = 0 ,, ΔΔSS = = -- ΔΔI = I = -- ΔΔAA > 0> 0 ,,

where the extended, nonlinear action where the extended, nonlinear action AA = = II is a unified is a unified measure of measure of 
complexitycomplexity--information, information, ⎪⎪ΔΔAA ⎪⎪ ~~⎪⎪VVeffeff⎪⎪ΔΔtt �� time arrowtime arrow ((EE,, L L > 0> 0))

Generalised HamiltonGeneralised Hamilton--Jacobi and SchrJacobi and Schröödinger equations:dinger equations:

,,

The universal The universal meaningmeaning and and purposepurpose of any system of any system evolutionevolution,,

progressprogress, and , and existenceexistence: : complexity developmentcomplexity development as a result of as a result of 

the the symmetry of complexitysymmetry of complexity →→ teleological, purposeful dynamicsteleological, purposeful dynamics
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UNIVERSAL MEANING AND CRITERION OF PROGRESSUNIVERSAL MEANING AND CRITERION OF PROGRESS



Progress by complexity steps

dynamic entropy
change

Complexity
levels, nn

nn = 1

nn = 2

nn = 3

Fractal hierarchy of complexity

time, tt

--ΔΔI,I, ΔΔSS

AnyAny structure creation is a structure creation is a growthgrowth of complexityof complexity--entropyentropy

DYNAMICALLY DISCRETE COMPLEXITY DEVELOPMENTDYNAMICALLY DISCRETE COMPLEXITY DEVELOPMENT



“progress” vs “decline”

time, tt

dynamic entropy change, ΔΔSS,
Hamiltonian (energy), ΔΔSS//ΔΔtt = = H, EH, E

ΔΔSS

HH

period ofperiod of
progressprogress

period ofperiod of
declinedecline

moments of happinessmoments of happiness moments of ennuimoments of ennui

For For bothboth ““progressprogress”” and and ““declinedecline””::

HH = = ∂∂SS//∂∂tt > 0> 0
Progressive development (creation)Progressive development (creation)::

WW = = ∂∂HH//∂∂tt = = ∂∂22SS//∂∂tt22 > 0> 0

Decline (decay, degradation)Decline (decay, degradation)::

WW == ∂∂HH//∂∂tt = = ∂∂22SS//∂∂tt22 < 0< 0

MaxMax progress results (progress results (““happinesshappiness””):):

∂∂HH//∂∂tt = = ∂∂22SS//∂∂tt22 = 0,  = 0,  ∂∂22HH//∂∂tt22 < 0< 0

MaxMax decay results (decay results (““ennuiennui””):):

∂∂HH//∂∂tt = = ∂∂22SS//∂∂tt22 = 0,  = 0,  ∂∂22HH//∂∂tt22 > 0> 0

Transition Transition maxmax ((““moment of truthmoment of truth””):):

∂∂22HH//∂∂tt22 = 0,  = 0,  ∂∂33HH//∂∂tt33 < 0< 0

Decline crisis (Decline crisis (““moment of sinmoment of sin””):):

∂∂22HH//∂∂tt22 = 0,  = 0,  ∂∂33HH//∂∂tt33 > 0> 0

death branch



Unified mathematics of complexity

•• NonNon-uniqueness of any real problem solution: 
universal dynamic multivaluednessdynamic multivaluedness

• Explicit dynamic emergenceemergence, origin of eventsevents
and timetime: A A ≠≠ AA for any real AA

• Fractally structured dynamic entanglementdynamic entanglement: 
rigorousrigorous expression of material qualitymaterial quality

• No “exact solutions”: meaning of randomnessrandomness,  
nonintegrabilitynonintegrability, noncomputabilitynoncomputability, etc.

•• DynamicDynamic discreteness (causal quantisationcausal quantisation), 
nonunitaritynonunitarity, dynamic origin of spacespace

DYNAMIC FRACTAL:DYNAMIC FRACTAL: UNREDUCED PROBLEM SOLUTIONUNREDUCED PROBLEM SOLUTION

http://arXiv.org/abs/physics/0502133http://arXiv.org/abs/physics/0502133
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Science Progress Diagram

Mechanistic
discreteness:

Numbers
Classical figures
No interaction
No change
No quality

MechanisticMechanistic
discreteness:discreteness:

NumbersNumbers
Classical figuresClassical figures
No interactionNo interaction
No chanNo changgee
No qualityNo quality

Unitary 1Unitary 1Unitary 1 Unitary 2Unitary 2Unitary 2 USciComUSciComUSciCom

Unitary science:Unitary science: only oneonly one from many real system realisationsfrom many real system realisations

Universal Science of Complexity (USciCom):Universal Science of Complexity (USciCom): allall system realisationssystem realisations

NEW MATHEMATICS OF COMPLEXITYNEW MATHEMATICS OF COMPLEXITY

Mechanistic
continuity:
Calculus

Deformable shapes
Trivial interaction
Formal change

No quality

MechanisticMechanistic
continuity:continuity:
CalculusCalculus

Deformable shapesDeformable shapes
Trivial interactionTrivial interaction
Formal chanFormal changgee

No qualityNo quality

Dynamic
discreteness:

Multivaluedness
Dynamical fractal
Full interaction

Intrinsic change
Full quality

DynamicDynamic
discreteness:discreteness:

MultivaluednessMultivaluedness
Dynamical fractalDynamical fractal
Full interactionFull interaction

Intrinsic chanIntrinsic changgee
Full qualityFull quality

http://arXiv.org/abs/physics/9806002http://arXiv.org/abs/physics/9806002



Unreduced complexity features

•• Unreduced complexity >> usual Unreduced complexity >> usual imitations of complexityimitations of complexity
Fundamental difference of unreduced complexityunreduced complexity (dynamic multivaluedness) from 
any dynamically single-valued (unitary) imitations of complexityimitations of complexity

•• Usual science = zeroUsual science = zero--dimensional dimensional projection of realityprojection of reality
The wholewhole usual, unitary science, including scholar “science of complexity”
(“chaos”, “self-organisation”, “nonlinear dynamics”, etc.), is the simplestsimplest possible, 
zerozero--dimensional, pointdimensional, point--like projectionlike projection of real, multivaluedmultivalued world dynamics

•• Unreduced complexity = Unreduced complexity = natural completionnatural completion of usual scienceof usual science
Universal science of complexity (unreducedunreduced interaction problem solutionsolution) is the 
explicit, causally complete extensionextension of the unitary science (from one system 
realisation to their complete set)

•• ProblemProblem--solving powersolving power of the universal science of complexityof the universal science of complexity
Unreduced complexity (dynamically multivalued solution) solvessolves stagnating stagnating 
problemsproblems of unitary science (quantum physics, particles, field theory, gravity, 
cosmology, solid state, biology, etc.) and completescompletes it up to the humanities 
(consciousness, ethics, aesthetics, development, etc.)

•• Complex system creationComplex system creation by unreduced complexity understandingby unreduced complexity understanding
Only the unreducedunreduced dynamic complexity is suitable for realreal--worldworld applications 
involving new system designnew system design (like autonomic communication networks, intelligent 
software, AI, machine consciousness)

UNIVERSAL CONCEPT AND SCIENCE OF COMPLEXITYUNIVERSAL CONCEPT AND SCIENCE OF COMPLEXITY

http://arXiv.org/abs/physics/9806002http://arXiv.org/abs/physics/9806002



•• TodayToday’’s knowledges knowledge development is development is notnot sustainable:sustainable:
quickly quickly growing problemsgrowing problems of intensity, content, efficiency, creativity of intensity, content, efficiency, creativity 
((e.g. usual ecological problems) e.g. usual ecological problems) �� we need we need always morealways more

•• Illusion of regularityIllusion of regularity::
regular, regular, ““industrialindustrial”” operation mode operation mode inevitablyinevitably leads to leads to degradationdegradation at a at a 
high intensityhigh intensity stage (the case of usual stage (the case of usual developeddeveloped industry)industry)

•• Illusion of power:Illusion of power:
power power cannotcannot increase increase qualityquality by itself: increasing power capacities by itself: increasing power capacities 
need another, need another, qualitativelyqualitatively different dynamics different dynamics �� complexitycomplexity

•• OnlyOnly complexcomplex--dynamic creationdynamic creation can be sustainable:can be sustainable:
–– system freedomsystem freedom to change its own structure (to change its own structure (true autonomytrue autonomy))

–– efficient management of efficient management of creation resultcreation result ((intelligenceintelligence))

–– complexcomplex--dynamicdynamic (chaotic) control (chaotic) control �� genuinegenuine security security andand progressprogress

–– permanent, naturalpermanent, natural useruser--machinemachine--network complexity network complexity coevolutioncoevolution

•• TodayToday’’s s bifurcationbifurcation of of knowledge/civilisation developmentknowledge/civilisation development::
Complexity Transition = Sustainability Transition = Creative EcoComplexity Transition = Sustainability Transition = Creative Ecologylogy

Sustainable knowledge

http://arXiv.org/abs/physics/0509234http://arXiv.org/abs/physics/0509234


