N
N

N

HAL

open science

Dynamic Origin of Evolution and Social Transformation
Andrei Kirilyuk

» To cite this version:

Andrei Kirilyuk. Dynamic Origin of Evolution and Social Transformation. Nanosistemi, Nanomateri-
ali, Nanotehnologii, 2013, 11 (1), pp.1-21. hal-00760100

HAL Id: hal-00760100
https://hal.science/hal-00760100
Submitted on 3 Dec 2012

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-00760100
https://hal.archives-ouvertes.fr

PACS numbers: 05.45.-a, 05.45.Df, 05.65.+b, 45.50.Jf, 89.65.-s, 89.75.-k

Dynamic Origin of Evolution and Social Transformation

A.P. Kirilyuk

G. V. Kurdyumov Institute for Metal Physics,
National Academy of Sciences of Ukraine,
36 Academician Vernadsky Blvd.,

UA-03142 Kyyiv, Ukraine

We analyse the unreduced, nonperturbative dynamics of an arbitrary many-body interac-
tion process with the help of the generalised effective potential method and reveal the
well-specified universal origin of change (emergence), time and evolution in an a priori
conservative, time-independent system. It appears together with the universal dynamic
complexity definition, where this unified complexity conservation and transformation
constitutes the essence of evolution. We then consider the detailed structure of this uni-
versal evolutionary process showing its step-wise, “punctuated” character, now provided
with the exact mathematical description. Comparing the expected features of a revolu-
tionary complexity transition near a step-like complexity upgrade with the currently ob-
served behaviour of world’s social and economic systems, we prove the necessity of
complexity revolution towards the superior civilisation level of well-defined nature, the
only alternative being an equally dramatic and irreversible degradation, irrespective of
efforts applied to stop the crisis at the current totally saturated complexity level.

Mu aHanizyeMo HepeayKOBaHy, HENepTypOaTHBHY JMHAMIKY JOBIUJIBHOTO MPOIECy B3ae-
Mo/ 06araThboX Tij 3a JONOMOIOIO y3arajJbHEHOI0 MeToly €()EeKTHBHOTO MOTEHIany i
PO3KpPHBAaEMO TOYHO BHM3HAuU€HE YHiBEepCalbHE MOXOJDKEHHS 3MiHM (BUHUKHEHHS), 4acy
Ta SBOJIOIII B arrpiopi KOHCEPBAaTHBHIH, He3aJIeXKHIN BiJ] 4acy cucteMi. BoHO 3'BIs€ThCS
pa3oM 3 BH3HAYEHHSIM YHIBEpPCaJbHOI JUHAMIYHOI CKJIaTHOCTI, 3TiTHO 3 SKUM 30epeKeH-
HS Ta TIEPETBOPEHHS wi€l YHi(iKOBaHOI CKJIAIHOCTI i CTBOPIOE €BOIOMIf0. Jlam Mu po3-
TIIAA€EMO JIeTalbHY CTPYKTYPY IIbOTO YHIBEpCAIBFHOTO €BOJIOIIITHOTO Mpolecy fKa Jie-
MOHCTPYE€ CBilf CTYIiHUaCTHH, IEPEPUBUCTHI XapaKTep CIOPIDKEHUI Ternep TOYHUM Ma-
TeMaTUIHUM OmMHUCcOM. [TOpiBHIOIOYM OYiKyBaHiI OCOOJIMBOCTI PEBOJIIOMIMHOTO TEPEXOIy
CKJIATHOCTI Ois ii CTYMIHYAaCcTOrO MiABHUINCHHS 3 CY4aCHOIO MOBEIIHKOK CBITOBHX CYC-
MUIBHUX T EKOHOMIYHUX CHCTEM, MH JIOBOJMMO HEOOXIJHICTh PEBOJIIOLIT CKJIAIHOCTI 10
BUIIIOTO PiBHA IHMBiNi3aMii [0Ope BU3HAYCHOI MIPUPOJIH, 3 €IHMHOI MOXIIMBOIO ANbTEPHA-
THUBOIO TaKoOl X JIpaMaTHYHOI Ta HEOOOPOTHOI Jerpanamii, HE3aleXHO BiF 3yCHIb SKi
B)KHUBAIOTHCS HA TIOJIOJIAHHS KPU3W HA CYYacCHOMY IIUTKOM HACHUEHOMY PiBHI CKJIaTHOCTI.

Mpu ananu3upyeMm HepeAayIMpOBAHHYIO, HEEPTypOATHBHYIO JHHAMHKY HPOHM3BOJIHHOTO
nporecca B3auMOICHCTBUSI MHOTHX TeJl ¢ TOMOIIbI0 0000ménHoro Mertona 3¢dexTus-
HOI'0 IIOTEHLIAAJA U BBIABIIIEM XOPOLIO ONPEACIEHHYI0 YHUBEPCAIBHYIO IIPUPOLY U3MeE-
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HEeHUs! (BOSHUKHOBEHHMS), BPEMECHU W 3BOJIIOIMH B allpUOpH KOHCEPBAaTHBHOMW, HE3aBH-
csmei ot BpeMeHHu cucrteme. OHa OOHapyKMBaeTCsi BMECTE C OINpEIeJICHUEM YHHUBEp-
CaJIbHOM TMHAMHYECKOH CJI0XKHOCTH, COXpaHEHHE U ITpeoOpa3oBaHHe KOTOPOil U cocTaBs-
JSIET CYLIHOCTh SBOJIOLMH. MBI 3aT€M pacCcMaTpUBaeM JETANBHYIO CTPYKTYpy 3TOTO
YHHUBEPCAIBHOTO 3BOJIIOIMOHHOTO IPOIECCa, JEMOHCTPUPYIOIIYIO €r0 CTYIEHYaTbIH,
MPEPBIBUCTBIA XapakTep, CHAOKEHHBIN TENeph TOYHBIM MAaTEMATHYECKHM OIHCAHHUEM.
CpaBHHBasI OKHIaeMble OCOOCHHOCTH PEBOJIIOIMOHHOIO Tepexo/a CIOKHOCTH BONH3H
e€ CTyIeHYaToro pocra ¢ HaOJIOJaeMbIM ceifuac MOBEICHHEM MHUPOBBIX OOIIECTBEHHBIX
M KOHOMHYECKHX CHUCTEM, MBI JIOKa3bIBaeM HEOOXOIUMOCTh PEBOJIOIMU CIIOXKHOCTH K
BBICIIEMY YPOBHIO LMBHJIM3ALMU XOPOLIO ONpENeNIEHHOW NPHPOIBI, C €AWHCTBEHHOW
BO3MOJKHOH aJbTEPHATUBOU CTOJIb JK€ IPpaMaTHYECKOW M HEOOpaTHMOM Aerpaianuu, He-
3aBUCHMO OT YCWJIMH TPHIAaracéMeIX A TPEONOJCHUS KpH3HCa Ha TEKyIIEeM, MOJ-
HOCTBIO HACBIIIIEHHOM YPOBHE CIIOKHOCTH.

Keywords: complexity, chaos, self-organisation, fractal, many-body problem, origin of
time, revolution of complexity

(Received July XX, 2012)

1. INTRODUCTION

In our time of great and rapid changes in natural, technical and social sys-
tems the origin, direction and efficiency of evolutionary processes is of
special, not only theoretical but also increasingly practical interest. De-
spite progressively growing efforts to put the evolution theory on a firm
rigorous basis, the problem — often formulated also in terms of the origin
of time — remains practically unsolved within conventional analysis. Two
major, fundamentally separated approaches, statistical and dynamical
ones, are reduced to mere postulation of empirically observed changes,
either in the form of permanently growing entropy (usually for relatively
gradual and smoothly distributed changes), or in the form of model-based
dynamical structure formation with artificially inserted time variable (for
stronger and uneven changes).

Recent nonperturbative analysis of real many-body interaction
problem with arbitrary interaction potential reveals a qualitatively new,
totally dynamic origin of change, time and randomness in the form of fun-
damental dynamic multivaluedness, or redundance, of unreduced interac-
tion results [1-11]. In this paper we review this analysis (section 2) and the
ensuing origin of any system evolution (section 3). We then consider its
application to social system evolution and transformation, with special at-
tention to current critical development problems (section 4). We thus show
how the obtained mathematically rigorous and now truly complete solu-
tion to unreduced many-body interaction problem leads to consistent un-



DYNAMIC ORIGIN OF EVOLUTION AND SOCIAL TRANSFORMATION 3

derstanding of modern critical point of human species and civilisation evo-
lution and successful transition to its progressive branch [8]. We conclude
with an overview of major features and perspectives of the expected new
kind of civilisation after this nontrivial “phase transition” (section 5).

2. UNREDUCED MANY-BODY INTERACTION

We analyse arbitrary (pair-wise) interaction in any many-body system
with the help of a general Hamiltonian equation for a distribution function
called here existence equation and coinciding in form with the quantum
mechanical Schrodinger equation or classical Hamilton-Jacobi equation
[1-11]. We later show (section 3) that it is indeed the universal description
of any many-body interaction. The existence equation actually just de-
scribes the initial configuration of a system of N interacting entities:

{i|:hk () + i\/kl(qk 1 )}}T(Q) = E¥(Q), (1)

k=0 1>k

where h,(q,) is the generalised Hamiltonian describing the (known) dy-
namics of the k-th system component with its degrees of freedom q,,
Viq (de,q;) is the arbitrary interaction potential for the k-th and I-th com-
ponents, ¥(Q) is the system state-function fully describing its configura-
tion Q={q,,q,....qn} and E is the generalised Hamiltonian eigenvalue
(generalised energy). As becomes clear in further analysis (section 3), this
generalised Hamiltonian/energy represents a universal measure of dynam-
ic complexity defined below (thus extending respective usual notions). Ex-
plicit time dependence, if any, enters the same description of eq. (1) by
energy replacement on the right with a time derivative operator.

One can conveniently rewrite the general interaction problem for-
mulation of eq. (1) in terms of known eigen-modes of the system compo-
nents, which gives an equivalent system of equations [1-11]:

I:ho (f) +Vnn (é):'l//n (5) + Zvnn’ (g)V/n’ (5) =hWhn (5) ) (2)
n'=n
where £=q, is a special, common degree of freedom (usually system
component or configuration space coordinates), V,, (&) are matrix ele-
ments of interaction potential between component eigen-modes numbered
by n,n" and 7, = E —¢,, with eigen-mode eigenvalues &, (see [1-11] for
mode details).
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As the problem remains nonintegrable for arbitrary interaction po-
tential and more than two system components, usual approach proceeds
with its dimensional reduction to a severely simplified but explicitly or
approximately integrable “model”, such as

I:ho (5) +Vnn (5)]‘//n (5) =hWn (6) (3)

for egs. (2), with any integrable potential V,,(&). Thus obtained explicit
solution to that another, simplified problem of eq. (3) involves, however,
not only significant and irreducible departures from reality but especially
fundamental absence of any true novelty, the desired evolutionary change
and related intrinsic time flow. Trying to find these features in the un-
reduced interaction process while preserving its analytical description,
one may start with the straightforward substitution of variables in the orig-
inal system of egs. (2) formally reducing system dimensionality but at the
expense of equivalent, much more complicated and essentially nonlinear
effective interaction potential [1-11]. This method known as “optical po-
tential” in the theory of scattering (e.g. [12, 13]) leads to an equation ex-
ternally resembling a model description of eq. (3),

[06(&)+Verr (&) Jwo(E) = (), 4)

but where the effective potential (EP) V. (&;7) contains the unreduced
interaction complexity in the form of its (nonlinear) dependence on the
eigenvalues and eigenfunctions to be found:

Vet (£177)10(8) = Voo (&) w0 (8) +
Voo ()W (£) [ W7 (€ Vo€ (£)

> 2 , (5)

0
ni =i —éno

where &, =¢&,—&,, n=1, is the eigenvalue to be found and {3 (&)},
{n%} are the complete sets of (a priori unknown) eigenfunctions and ei-
genvalues for a system of equations of smaller dimensionality reduced
from the full system of eq. (2) [1-11].

Whereas usual applications of the optical potential method proceed
with perturbative reduction of this always nonintegrable EP expression,
eq. (5), inevitably implying the same fundamental deficiency, the unre-
duced EP formalism analysis [1-12] reveals indeed a qualitatively new
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phenomenon of interaction result splitting into many intrinsically complete
and therefore incompatible system configurations, or realisations, just giv-
ing rise to intrinsic time flow and dynamic origin of evolutionary changes.
This dynamic multivaluedness, or redundance, phenomenon can be detect-
ed by directly counting the number of eigenvalues 7 for the characteristic
equation of eq. (4) with the unreduced EP of eq. (5). It results from the
nonlinear EP dependence on 7 reflecting the full complexity of interaction
feedback loops in a real many-body system. We thus discover that the to-
tal number of incompatible system realisations Ng is determined by the
number of its interacting eigen-modes, Nw = N¢, where N ¢ is the number
of terms in summation over i in eq. (5). This algebraic analysis result is
totally confirmed and further supported by its geometric version [1,14]
clearly demonstrating the eigenvalue distribution dynamics.

The fundamental importance of this new, intrinsic quality of dy-
namic redundance of any real (unreduced) interaction process is that it
provides the desired universal origin of physically real, irreversibly flow-
ing time, evolutionary change and (new) structure formation (or “self-
organisation”). Indeed, being dynamically equal and physically incompat-
ible, those multiple system realisations are forced, by the same driving in-
teraction, to permanently and irreversibly replace each other, in a dynami-
cally random order thus defined. In other words, realisation plurality im-
plies fundamental dynamic instability of each individual realisation that
follows its physically transparent cycles of emergence, saturation and in-
evitable replacement by a next emerging, randomly (dynamically) chosen
realisation [1-12,14]. In this process the system incessantly repeats the cy-
cles of dynamic entanglement of its interacting degrees of freedom (at the
realisation formation stage) and their further disentanglement during tran-
sition to the next realisation through a special, intermediate realisation of
the generalised wavefunction with transiently quasi-free components [1-
11] (it generalises the now causally understood quantum-mechanical
wavefunction at the lowest interaction levels to the distribution function at
any interaction/complexity level [1,2,11,15]). Universally defined system
change in that realisation rotation process corresponds to well-defined
leaps of physically real time (see section 3) of a given complexity level,
which thus unstoppably flows simply due to the driving (multivalued!) in-
teraction process and cannot be reversed even artificially because of the
dynamically random choice of each next system realisation.

As a result, the observed system density p(&,Q) (=|¥(&,0) [ or
Y (£,0), depending on complexity level) or any other quantity is obtained
as a dynamically probabilistic sum of this quantity for all realisations im-
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plying their permanent dynamically random change:

Noy Ny
p(EQ =0 =Y (0= cof.  ©
r=1 r=1

where ¥,.(&,0) is the r-th regular (non-intermediate) realisation state
function obtained from solution of the unreduced EP formalism, egs. (4)-
(5), @ sign stands for the dynamically probabilistic sum character, and the
dynamically determined (a priori) probability value for the r-th realisation
emergence, «,, Is attached:

1
oy Ny Zar 1. (7)

It becomes clear why any usual, dynamically single-valued, either
statistical or dynamical-model description cannot reveal any intrinsic
origin of time and evolutionary change. Although the former, statistical (or
stochastic) analysis formally postulates an imitation of random changes
(without revealing their dynamic origin), it is forced then to deal only with
their averaged description just at the level of distribution function (our in-
termediate realisation), perfectly reproducing thus the dynamically single-
valued reduction scheme. The same is true for all other dynamically sin-
gle-valued imitations of “complexity” and emergence in usual theory, in-
cluding “(strange) attractors”, “multistability” and “exponentially diverg-
ing trajectories” (or “Lyapunov exponents”) as they all deal with formally
postulated system “evolution” in mathematical “time” within one and the
same realisation, with totally compatible structure parts (some of these
approaches, in particular attractors, also deal with system evolution in ab-
stract, “phase” spaces, which deforms essentially the meaning of
“change”). One can say that any such dynamically single-valued, or uni-
tary, description actually deals with a point-like, zero-dimensional projec-
tion of the unreduced, dynamically “multi-dimensional” (multivalued)
evolution of real system, the former reproducing only the respective
strongly limited scope of essential properties of the latter.

These conclusions are confirmed by the universal definition of dy-
namic complexity within our dynamically multivalued description of arbi-
trary interaction process (in any real system). Dynamic complexity, C, of a
system or interaction process (thus any object) is universally defined as a
function of the number of its realisations (or rate of their change) equal to
zero for the (unrealistic) case of one system realisation [1-11,14]:

C=C(Ng), dC/dNx >0, C(1)=0, ®)
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where, for example, C(Nx) =CoIn(Ng) or C(Ng)=Co(Nx —1) . As for
any real system Ng >1 and for macroscopic systems the total Ng is a
huge number, any real system complexity has a positive (and usually rela-
tively great) value. Correspondingly, all unitary, dynamically single-
valued models of usual description, including their imitations of “com-
plexity”, correspond to strictly zero value of this universal dynamic com-
plexity. The unreduced dynamic complexity, genuine dynamic random-
ness, essential evolutionary change (emergence) and physically real, irre-
versibly flowing time come thus all together as unified manifestations of
fundamental dynamic multivaluedness of any real interaction process. It
implies that system realisations entering the unreduced complexity defini-
tion of eq. (8) should not be confused or tacitly substituted with any loose-
ly defined or empirically observed system “states” or “structure elements”,
but should instead be explicitly derived as those internally complete re-
sults of real interaction development, as shown by the above unreduced EP
method. On the other hand, for each particular problem one can often ig-
nore realisations of certain lower (e.g. quantum) levels of complexity that
provably do not directly influence the higher-level (e.g. classical) dynam-
ics under consideration.

The hierarchical, multilevel structure of world’s complexity thus
defined is implied already by the basic EP formalism of egs. (4)-(5). In-
deed, the same analysis can be applied to the reduced system of equations
giving rise to eigen-solutions {w%(&)},{n%}, leading to their dynamical
splitting by the same mechanism and so on for a series of all lower-
dimension solutions. As a result, one obtains the causally complete final
solution and system structure in the form of dynamically probabilistic
fractal, containing many levels of permanently randomly changing reali-
sations of progressively decreasing scale, which gives rise to the rigorous
and universal definition of life [1,2,6,7,10]. It extends essentially the sim-
plified, abstract and dynamically single-valued model of ordinary fractals,
with their limited, always practically broken scale symmetry being now
replaced by the externally irregular but always exact symmetry of complex-
ity underlying thus real evolution dynamics (see section 3) [1,2,5-11,15].

This most complete, dynamically fractal general solution to the
starting unreduced interaction problem of eq. (1) can be presented as the
multilevel extension of one-level version of egs. (6), (7):

N R

p(ng): Z @prr'r”...(fiQ) , 9)

rrr..
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where r,r',r"...enumerate respective fractal level realisations, while the
dynamically determined probability «, . of realisation emergence is
I\Irr’r”...
Opyr,, =—— Z e, =1, (10)
N

rrr'.

with Ny being the number of empirically inseparable elementary reali-
sations within the corresponding observed composite realisation. The
permanent “horizontal” realisation change at any level is completed here
by “vertical” structure development to other levels, which has the trans-
parent physical interpretation of progressive emergence of new structures
as a result of interaction of structures formed at neighbouring levels. This
“evident” interaction process development and real structure creation
would be impossible, however, without much less evident dynamic multi-
valuedness at each interaction level. Even the average expectation value
Pex (£,Q) (for long enough observation time) hides in it a very complicat-
ed, multivalued and multilevel interaction development process:
Ny
Pex (g’Q) = Z Crrren. Prrrr... (gaQ) : (11)

rrr.

3. SPACE, TIME, EVOLUTION AND THE UNIVERSAL
SYMMETRY OF COMPLEXITY

We can now provide the above physical origin of time (emergence) and
evolution (structure formation) in the multivalued interaction dynamics
(section 2) with a rigorous expression. We first note that what actually
emerges in such real, dynamically multivalued interaction process is dif-
ferent, permanently mutually replaced system realisations forming its
evolving structure. Therefore one can start with universal definition of el-
ementary space (structure) element, Ax, as characteristic eigenvalue sep-
aration for the unreduced EP formalism, egs. (4)-(5), Ax=An, where r
enumerates realisations and i eigenvalues within the same realisation. One
should distinguish here between the elementary length of system jump be-
tween realisations, 4 =AX, =A,n" (neighbouring r values, fixed i), de-
termining the dimension of observed dynamic structures, and the minimum
size of effective space point, r, =Ax =A;n (fixed r, neighbouring i val-
ues), reflecting the smallest system dimension at a given complexity level.
Based exclusively on the unreduced (multivalued) interaction develop-
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ment, we obtain thus the totally consistent and universal definition of in-
trinsically discrete and physically tangible space structure resulting from
that interaction.

As physically real time (and evolution) originates from system re-
alisation change (section 2), one obtains now universal time definition as
intensity specified as frequency v of realisation change, with elementary
time interval (period) At for that frequency being At=7=1/v=214/v,,
where A =AX, is the above elementary length of system jump between
realisations and v, is the signal propagation speed in the material of inter-
acting components (known from lower complexity levels). Thus defined
real time is permanently flowing due to unstoppable transitions between
system realisations driven by its interaction and this time flow is irreversi-
ble because of the dynamically random choice of each next realisation.

Note that in usual, dynamically single-valued interaction models
there is only one realisation and therefore 1=Ax, =0, At=1/v,=0, S0
that there can be no either genuine structure formation or real time flow,
both of them being inserted only artificially (postulated), including con-
ventional “self-organisation” and “chaos” theories. By contrast, in our un-
reduced, dynamically multivalued description there is a multilevel, fractal-
ly structured hierarchy of real space and time corresponding to the hierar-
chy of developing interaction complexity [1,5,8,10,11,15]. Whereas each
individual (big enough) level of complex dynamics is observed and char-
acterised as stationary system mechanics, transitions between essentially
different complexity levels appear as explicit evolution phenomena, even
though in both cases one deals with the same process of dynamically mul-
tivalued interaction development. We shall specify now both these cases
within a unified description in terms of suitable complexity measures.

As the elementary space and time intervals introduced above are
determined by system transitions between realisations, a major physical
measure of complexity determined by the number of realisations (eq. (8))
emerges as the generalised action A as the simplest quantity proportional
to both time and space (increments) and now extended to any level of
complex world dynamics [1,5,8,10,11]:

AA= pAx—EAt, (12)
with coefficients p and E recognised as (now generalised) momentum and
(total) energy:

AA A

p:Ht:const:T ) (13)
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AA A
e =22 14
At X =const r ( )

where A, is a characteristic action value at a given complexity level,
while x and p should be properly understood as vectors where necessary.
We see thus that these omnipresent quantities, momentum and energy, are
also universal differential measures of complexity, whereas action is its
integral measure, which extends essentially the meaning and importance
of these originally mechanical quantities. We can see also that, following
space and time discreteness, action is a dynamically discrete, or naturally
quantised, quantity at any level of complexity, leading to fundamental
quantum-mechanical discreteness at the lowest complexity levels (with the
elementary action increment A, =7#, Planck’s constant) [1,2,11,15] but
also to discrete structures and evolutionary transitions at higher complexi-
ty levels (section 4).

For irreversibly growing time and always positive total energy,
complexity-action 4 as determined by eq. (12) will always decrease with
time, irrespective of interaction development details. It is but another ex-
pression of dynamically random realisation choice underlying time irre-
versibility [1,5,8,10,11,15]. On the other hand, there is certainly also a
growing form of complexity in the same (arbitrary) interaction process
development that describes emergence of ever growing number of its frac-
tally structured realisations (in agreement with the universal complexity
definition of eq. (8)). It generalises traditional entropy to any (real) inter-
action process, and therefore we call this growing complexity form dy-
namic entropy, S. Because both decreasing complexity-action and growing
complexity-entropy account for one and the same process of interaction-
driven structure emergence, with the same underlying universal definition
of dynamic complexity of eq. (8), it becomes clear that one of them, com-
plexity-entropy, grows exactly at the expense of the dual form of complex-
ity-action, so that the decrease of action, also called dynamic information |
[1,2,5,7-11,15], produces just the same quantity of dynamic entropy.
Whereas dynamic information expressed as action accounts for system
(interaction) potentiality to produce new structures (realising thus the uni-
versal integral extension of “potential energy”), dynamic entropy de-
scribes the irreversibly produced tangible result of that potential power, in
the form of real-structure complexity.

In summary, any interaction process can be universally described
as conservation and transformation, or symmetry, of the total dynamic

E=—
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complexity C defined as the sum of dynamic information (action) |1 =.A
and dynamic entropy S (measured in the same units of generalised action),
C=1+S=A4+S, where the first summand permanently decreases to the
exact amount of simultaneous growth of the second summand:

AC=AA+AS=0, AS=—-AA>0. (15)

Dynamic complexity-entropy of real emerging structures thus simply real-
ises their “plan” described by dynamic complexity-action, while the entire
process is a result of the exact symmetry (conservation) of total complexi-
ty, rather than any conventional extremum principle (e.g. maximum entro-
py or often evoked maximum or minimum entropy growth rate, etc.).
Symmetry of complexity is derived thus as the absolutely universal law
eventually underlying all (correct) particular laws and “principles” always
only empirically postulated in usual theory [1,5,8-11,15] (see also below).
Contrary to regular, always limited and somewhere broken symmetries of
unitary theory, the universal symmetry of complexity remains always ex-
act but relating externally irregular structures and sequences. As it simply
connects system’s consecutive dynamical states, it also represents the most
precise expression of any system’s evolution understood now as the neces-
sary result of dynamic conservation by inevitable transformation of total
dynamic complexity. Internally irregular and chaotic change is seen now
as a result of a perfect and universal symmetry, contrary to opposite ideas
of unitary (dynamically single-valued) science, where change is rather a
(conceivably small) deviation from (always inexact) particular symmetry
due to its explicit violation by an extraneous influence.

If we consider now manifestations of the universal symmetry of
complexity for the case of system mechanics (see above), i.e. relatively
small changes at a given complexity level, then we can produce its more
convenient, differential form by dividing eg. (15) by a small real time in-
crement At|y_const (COnsistently defined above):

%x—const H(Xa%t—consnt):o , H=E>0, (16)
where the generalised Hamiltonian, H = H(x, p, t), is the differential ex-
pression of complexity-entropy, H = (AS/At)|,_const, iN agreement with
the definition of generalised (total) energy E (= H ) through complexity-
action, eq. (14), and generalised momentum definition, eq. (13). We obtain
thus the discrete complex-dynamic extension of the well-known Hamilton-
Jacobi equation provided now with a new, essentially generalised meaning
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and time-flow direction towards growing dynamic entropy and decreasing
dynamic information (complexity-action). The latter condition can be fur-
ther amplified, if we introduce the generalised Lagrangian, L, as the (gen-
erally discrete) total time derivative of complexity-action:

AA AA AA AX

L=—="2  const+——t—const — = pv—E=pv—H, (17

At At |X const AX t =const At p p ( )
where v=AXx/At is the (global) motion speed and the scalar product of
vectors is implied if necessary. The same fundamental feature of dynami-
cally random choice among multiple incompatible realisations implies
permanently decreasing dynamic information of action:

L<0, H,E>pv>0, (18)

which is the generalised and stronger version of the extended second law
of egs. (15), (16) determining the time arrow direction.

The generalised Hamilton-Jacobi formalism of eq. (16) describing
the evolution of “regular”, localised and entangled, system realisations can
be completed with the equally universal Schrédinger equation for the gen-
eralised wavefunction, or distribution function, % of intermediate, delocal-
ised and disentangled, realisation (section 2) [1,5,8-11]:

Ao%|xconst =H (Xaihconst 1t)5U(X,t) ) (19)
where A, is a characteristic action value from the generalised quantisation
rule (see below) that may include a numerical constant (.4, =17 for quan-
tum complexity levels), while the Hamiltonian operator, H(x, p,t), is ob-
tained from its ordinary form of eq. (16) by replacement of momentum
variable p=(AA/AX)|;_const With the respective “momentum operator”,
P=A(A/AX) |i_const - The generalised Schrodinger equation, eq. (19), is
related to the generalised Hamilton-Jacobi equation, eq. (16), by the dy-
namic quantisation rule,

A(A¥)=0, AAz—AO%U , (20)

which results from the same dynamic complexity conservation law of eq.
(15) (first equality) implying here that each regular realisation is obtained
by intermediate realisation (generalised wavefunction) “reduction” due to
entanglement of interaction components, with further disentanglement
back to intermediate realisation [1,5,8-11,15]. The same multivalued dy-
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namics for the case of measurement process leads to the generalised
Born’s rule [1,5,8-11,15] providing another, extremely convenient expres-
sion for regular realisation probabilities (cf. egs. (7), (10)):

oy =|5”(X,r)|2 : (21)

where X, is the r-th realisation configuration and ¢, its probability. This
extension of respective relation of usual quantum mechanics (simply pos-
tulated but never causally derived there) to arbitrary system dynamics ex-
plains the importance of the generalised Schrédinger equation, especially
for cases of sufficiently “smeared” dynamics with many close realisations.
The resulting Hamilton-Schrédinger formalism, eqs. (16)-(21), ex-
presses thus the universal symmetry of complexity, eq. (15), especially for
cases of relatively smooth system evolution within the same (big) com-
plexity level. We can see now the origin of universality of the starting
Hamiltonian description, eq. (1), referred to at the beginning of section 2.
Moreover, we can see how the symmetry of complexity and its Hamilton-
Schrodinger formalism underlies (and now unifies) many popular, actually
postulated dynamic equations and principles. For example, if we consider
generalised Hamiltonian expansion in powers of its momentum variable,

H(x, p,t)=zhn(x,t)p” , (22)
n=0

with generally arbitrary functions h,(x,t), then its substitution into the
generalised Hamilton-Jacobi and Schrédinger equations gives respectively
(for ordinary, continuous versions of derivatives):

o, ghn(x,t)(%jn ~0, (23)

Ao——Zh

For various h,(x,t) and series truncations one can obtain here many par-
ticular model equations. Other models result from simplification of dy-
namically nonlinear dependence of unreduced EP, egs. (4)-(5), on eigen-
functions and eigenvalues to be found. In addition to universal conserva-
tion and transformation of complexity (including generalised first and se-
cond laws of thermodynamics), one can derive other fundamental laws
and principles from this universal description of multivalued dynamics,

(24)
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including now causally substantiated quantum behaviour and elementary
particle properties intrinsically unified with equally dynamically explained
laws of special and general relativity [1,11,15].

If we consider now the situation of very uneven, “revolutionary”
transformation of complexity-action to complexity-entropy between big
enough complexity levels (complementary to the above mechanics within
each level), then the universal Hamilton-Schrodinger formalism of egs.
(16)-(21) will be much less useful because of “singular”, relatively great
complexity (and structure formation) leap involved. One may analyse such
transitions in more detail applying other, more qualitative approach to
manifestations of the same symmetry of complexity of eq. (15).

A general scheme of evolutionary complexity transformation pro-
cess is shown in Fig. 1 [8]. Here the characteristic increment, AS, of dy-
namic complexity-entropy during system “revolutionary” transition from
I-th to j-th complexity level is much greater than its maximum variations,
ASi, ASj, in each level dynamics, AS > ASi, AS; ~ A, 4j, where
Aoi, Avj are characteristic (absolute) action values for respective levels.
Therefore complexity evolution analysis in terms of differential equations,
egs. (16), (19), becomes inefficient on this global scale. However, we can
clearly specify the fundamental origin of both system evolution as such
and its strongly uneven, step-wise dynamics clearly seen in Fig. 1. It is
reduced to dynamic multivaluedness of any real interaction process (sec-
tion 2) giving rise to permanent, irreversible (dynamically random) reali-
sation change and new structure formation, as well as inevitable realisa-
tion discreteness (related to dynamic entanglement of interacting system
components) taking relatively huge proportions at those greater, revolu-
tionary transitions (involving proportionally greater system volumes and
dynamical depth).

Note once again the related important feature of permanent dynam-
ic entropy growth during evolutionary process in our dynamically multi-
valued description (in full agreement with the generalised second law of
thermodynamics), as opposed to the well-known persisting problem in
usual dynamically single-valued theory, where the appearance of new ex-
ternally ordered structures enters in contradiction with the second law
(usually “solved” by incorrect reference to Ssystem openness to a greater
environment becoming unnecessary in our dynamically multivalued de-
scription). We obtain thus the totally correct (and strong) evolution possi-
bility (and even necessity) in a totally isolated system, as any new, howev-
er externally “ordered” structure contains a huge multiplicity of new, cha-
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otically changing realisations and corresponds thus to essential entropy
growth [1,2,4,5,7-11].

dynamic entropy Fractal hierarchy of complexity

change
L
-Al, AS A S L P
e ennanaan n=3
,l
,I
//
o/ e n=2
//
//,
,/

praBRRLELLLLILILL LTI LU LU ELECLIELILLIELE n= 1

4

,I

> Complexity
t levels, n

Fig. 1. Scheme of universal system evolution by permanent transformation of its dynamic
complexity-information (I) into complexity-entropy (S).

Note that the mentioned and other evident, persisting (and press-
ing!) contradictions of usual, dynamically single-valued theory lead to
recognition of fundamental failure of respective traditional, positivistic
science method, with striking conclusions and far-reaching beliefs, such as
the alleged absence of any scientifically certain law governing arbitrary,
complex enough system evolution [16]. As we can clearly see now, this is
only an artefact of conventional, positivistic science paradigm that replac-
es the (absent) correct solution of unreduced many-body interaction prob-
lem with its incorrect “model” approximations neglecting all but one sys-
tem realisations. By contrast, the unreduced, dynamically multivalued
problem solution (section 2) naturally leads to general evolution law, eq.
(15), that can be specified down to respective particular laws, eqgs. (16)-
(21), or even (now correctly derived) dynamic models that should always
be analysed, however, within a dynamically multivalued description, such
as the universal EP method applied above. The obtained universal evolu-
tion law and its versions include dynamically specified (true) randomness,
uncertainty/probability and irreversibility as its integral constituents.
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4. THE STRUCTURE OF COMPLEXITY TRANSITION
AND SOCIAL TRANSFORMATION

Let us now consider the detailed structure of such greater complexity tran-
sition illustrated in Fig. 2, with explicit reference to a social system trans-
formation [8] (although the analysis remains, of course, absolutely univer-
sal and applicable to any system evolution).

dynamic entropy change, AS, period of perioq of
Hamiltonian (energy), AS/At = H, E progress decline
A

For both “progress” and “decline”:
LN Progressive development (creation):

43 W = 8HIdt = 8°SIof > 0
Decline (decay, degradation):
W = aHlat = 8°Slet’ < 0
Max progress results (‘happiness”):

branch aHlot = 8°Slor® = 0, 8°HIor < 0

Max decay results (“ennui”):

LH 8Hlat = °Slot® = 0, 9°Hiot > 0

Transition max (“moment of truth”):
&°Hlot = 0, &°HIot <0

> Decline crisis (“moment of sin”):

time, t &*Hlot? = 0, 3°HIat > 0
moments of happiness  moments of ennui

Fig. 2. Universal periods of a real system progress, decline and transitions between them
in terms of dynamic complexity-entropy (or action) change AS =-AA, generalised
Hamiltonian H =S / ot orenergy E = —6A/ ot=H and higher derivatives.

This graphical illustration shows a part of step-like complexity-
entropy growth (evolutionary) curve of Fig. 1 completed with respective
time dependence of its (partial) time derivative, the Hamiltonian
H=0aS/ot or energy E=-0A4/0t=H . As shown in the insert on the
right, higher time derivatives of dynamic complexity-entropy also play
important role in practical tendency analysis marking various critical (and
easily recognisable) moments in social system evolution around its big
complexity transition [8]. It should be emphasized that the underlying def-
inition of dynamic complexity, eg. (8), takes into account all system inter-
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actions, in our case all social interactions in all their real economic, politi-
cal, psychological and other aspects, rather than their various severely lim-
ited “models” emphasizing separate (e.g. economical) aspects. The result-
ing social complexity development laws illustrated in Fig. 2 and having
clearly observable, strong manifestations possess therefore totally objec-
tive, (new) exact-science nature liberated from usual social-science uncer-
tainties, which implies complete reliability of conclusions derived from
those observable manifestations.

A major feature of this universal complexity development curve in
Fig. 2 is the complexity transition, or revolution, which is a sharp and high
step-wise rise on the temporal dependence of dynamic entropy-complexity
(AS) corresponding to a narrow maximum on the temporal dependence of
generalised energy (E=H =0S/ot) and separating neighbouring periods
of progress and decline. If we start at the end of the last decline period, at
the “moment of ennui” where oH/dt=02S/0t2=0, 02H/ot2 >0, then we
enter in a very short period of bifurcation of system’s dynamic selection
between creative (rising) tendency of complexity transition and destructive
tendency of the “death branch”, which is simply the default continuation
of the previous decline tendency in the absence of complexity revolution.

Complexity revolution leading to the superior complexity level oc-
curs if the system has a high enough potential (stock) of hidden interaction
complexity-action, or dynamic information, which is to be transformed
into explicit complexity-entropy of the emerging higher level of system
structure. In the opposite case, for example in the case of too “old” and
“tired” social system, there is no enough (potential) energy in the system
to perform that big structure transformation and it is condemned to a rapid
degradation of the death branch. In this connection we emphasize again
the highly uneven, discrete, or “nonlinear” character of this specific phase
of complexity transition contrasting with previous smooth evolution,
where the former contrary to the latter cannot proceed in a gradual regime
of “small steps”. That “sudden” (and practically often “unexpected”)
switch to a qualitatively different regime of change is deeply rooted in the
unreduced, holistic interaction dynamics, where the entirely formed sys-
tem structure of existing levels (attained precisely at that time and not be-
fore) constitutes itself the main obstacle for its further “smooth” develop-
ment. It is related to the physical origin of system realisation discreteness
(e.g. quantum-mechanical discreteness at the lowest complexity levels [1-
3,11,15]), where a system can only “jump” to another realisation or higher
complexity level as a whole, through its complete restructuring (disentan-
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glement and new entanglement of interacting components) occurring nec-
essarily in a step-wise manner (sections 2, 3). That is why the necessity,
origin and dynamics of complexity transition cannot be adequately de-
scribed within usual, dynamically single-valued theory framework, irre-
spective of its model sophistication (including computer simulations).
Note also the equally important implication of the symmetry (transforma-
tive conservation) of interaction complexity that constitutes the underlying
integral, genuine reason of system (complexity) development, as opposed
to any particular tendency (including falsely understood entropy growth in
the unitary theory).

Based on that universal complexity transition dynamics and cur-
rently observed economic, social, psychological and bio-ecological
tendencies (cf. Fig. 2) we can state therefore that the entire planetary hu-
man civilisation — acquiring right now the characteristically unified,
“globalised” structure of a “phase transition” — is situated just at that criti-
cal bifurcation point of selection between the “revolution of complexity”
(transition to the superior level of its dynamic complexity) and the “death
branch” of mere irreversible destruction (inevitably ending at a much low-
er complexity level) [8-10,17]. The unprecedented and actually historical-
ly unique scale of (very rapid) divergence between those two incompatible
(and the only real) possibilities certainly necessitates equally unprecedent-
ed efforts in order to realise the progressive development tendency and
avoid the only alternative of self-destruction, the more so that the latter
corresponds to the default, “inherited” tendency of previous “natural” (not
any more!) smooth growth. Those extraordinary efforts can only be based
on the unreduced understanding of complexity transition and its manifes-
tations (see below) within the holistic description of all real social-system
interactions uniquely provided by our analysis.

Let us emphasize once more two key, practically important results
of this causally complete description of modern critical state of global civ-
ilisation development. The first is the fact of unique, unavoidable choice
between two qualitatively big changes, those of global progress by com-
plexity revolution and equally rapid degradation within the dominating
(default) death branch. Contrary to various, especially economic “models”
of dynamically single-valued imitation of real interaction processes, there
is no other possibility somewhere “in between” those two extreme, quick-
ly diverging choices. In particular, one cannot separate, especially near
this critical point, any particular, e.g. economical aspects of development
from other, equally important (e.g. “human”) dimensions. Therefore after
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the complete (unprecedented, including technological) saturation of the
current complexity level the system cannot simply find its way out of to-
day’s “economic crisis” by analogy to previous economic difficulties oc-
curring within yet unsaturated complexity level development.

The second particularly important result uniquely provided by the
present analysis is that the necessary progressive change cannot be smaller
than the qualitatively big growth of unreduced complexity of civilisation
dynamics up to its superior level, which implies a qualitative change of the
entire social system structure, including its “human” (intellectual and spir-
itual) dimensions. This feature strongly limits the scope of suitable chang-
es and provides the indispensable general direction of their realisation.
Thus all partial, “technical” system modifications at existing complexity
level become now fundamentally, qualitatively insufficient, irrespective of
efforts applied (including any resource/effort redistribution and amplifica-
tion of particular development aspects, such as “education”, “computerisa-
tion”, or “ecology”, often evoked as the necessary “revolutionary” change
within unitary development concepts). By contrast, based on our unre-
duced interaction complexity understanding we can specify changes objec-
tively necessary and sufficient in order to realise the revolution of civilisa-
tion complexity towards its superior levels.

5. COMPLEXITY REVOLUTION AND THE NEXT-LEVEL
CIVILISATION

Referring to our more detailed description [8], we can specify now essen-
tial features of the superior level of social system complexity determining
also the direction of complexity transition towards that next-level civilisa-
tion. As various ideas of a necessary social transformation become in-
creasingly popular in this very special epoch of change and uncertainty,
one should emphasize first of all what the sustainable new level of com-
plexity cannot be, in order to avoid easy but misleading imitations of that
important transition. Namely, one should exclude from consideration any
modification of existing, Unitary System of social organisation, with its
centralised and obligatory (linear) power dynamics and eventually equally
linear economic and human relations. The latter may seem to possess
greater freedom and complexity than political system as such, at least
within any basically liberal version of Unitary System (“market econo-
my”, “democracy”, etc.). However, eventually every aspect and dimension
of such social system dynamics is forced to follow the same unitary, cen-
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tralised and characteristically limited (artificially and mechanically “en-
forced””) dynamics inevitably ending up in self-destructive saturation.

We can see that this mechanically fixed system of orders cannot
overcome its fundamental complexity limits and becomes saturated and
obsolete just at the stage of its highest possible perfection corresponding
to all tried and imaginable technological applications. Thus today’s “fi-
nancial” problems are not due to limited power of available computer cal-
culations and they can hardly be solved by any increase or “stronger” ap-
plication of that power. By contrast, in terms of a popular biological anal-
ogy of social system, one can say that what is definitely missing is social
system’s (conscious) intelligence considered as a property of the entire
social organism (starting, of course, from any national or even smaller
scale). It is easy to see indeed that any most allegedly “advanced” version
of unitary social system, with all its “scientific” and “intellectual” depart-
ments, still represents nothing more than a version of the same primitive
tribal organisation, with the eventually dominating “power of the crowd”
devoid of any real (collective) mind by definition and only formally dele-
gated to and realised by respective “central units”. The limits of complexi-
ty development of any such unitary system are simply due to its highest
possible empirically driven use of available resources that inevitably at-
tains (right now) its evident technical limitation due to physically com-
plete (empirical) comprehension and quantitatively limited stock. At that
point any version of Unitary System loses any further (general) purpose
and thus meaning of existence and becomes inevitably unstable against
dissociative degradation.

The only possible alternative to resulting Unitary System destruc-
tion and the unique way of further progress can therefore be attained at a
superior level of social conscious intelligence, or genuine “social mind”,
with its respective social and individual realisation. This fundamental con-
clusion is in perfect agreement with our description of (any) consciousness
as a high enough (and well-specified) level of the same unreduced dynam-
ic complexity [18]. It is thus the right moment now for any real social or-
ganism to acquire this higher level of conscious dynamics or, in other
words, to become a truly conscious adult organism, after previous stages
of social “childhood” with essentially limited consciousness and basically
only empirically driven, animal intelligence. As with any kind of con-
scious behaviour, it practically implies the prerequisite genuine, causally
complete understanding of any real situation and way of development or
problem solution, here at the level of entire society, which is driven thus
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by such power of ideas, rather than unitary power of individuals (or prac-
tical needs). Naturally, this essentially new quality implies serious social
structure change and progress towards the one explicitly guided by respec-
tive (new) organs and priorities.

This superior level of social structure and thus human civilisation
development, provided with the ensuing solutions of known major prob-
lems of the degrading Unitary System, can be called the Harmonical Sys-
tem, in agreement with its intrinsic sustainability [8]. The superior possi-
bilities of Harmonical System are well illustrated by the phenomenon of
exponentially huge power of unreduced complex dynamics with respect to
any unitary model, related to the dynamically multivalued fractal structure
of the former (section 2) [2,3,7-11,17,18]. This enormous, practically
“magic” efficiency jump is the unique way to span the current equally im-
pressive and always growing gap between practical development needs
and failing unitary system stagnation. We can only mention here major
aspects of qualitatively new, harmonical social organisation and dynamics
after the jump (all of them rigorously substantiated by progressive com-
plexity growth criterion, cf. section 4), including emerging (rather than
fixed) decision power and social structure, complexity-increasing produc-
tion ways, new kind of settlement and infrastructure and the underlying
new kind of understanding (and organisation of science) of the universal
science of complexity (with its unreduced, multivalued dynamics) [8,19].
The latter inevitably becomes thus an integral (and major) part of this true
knowledge-based society, contrary to now dominating but strongly limited
unitary, dynamically single-valued science “models” fundamentally sepa-
rated from any real system dynamics and its consistent understanding, as
well as from any technologically “advanced” society dynamics and gov-
ernment. Essential knowledge development from unitary imitative models
to causally complete understanding of unreduced, dynamically multi-
valued real-system complexity is therefore inseparable from, and thus can
only occur together with, the necessary social system progress from its
ending unitary to the forthcoming harmonical level.

The emerging new civilisation of harmonical level automatically
overcomes the tragic destructive purposelessness of the ending unitary
civilisation and acquires the universal superior Purpose of now unlimited
and dominating progressive growth of complexity-entropy (guided by its
superior conscious levels), which corresponds to vanishing depressions on
the H(t) curve in Fig. 2. Contrary to old and new unitary religious and
ideological imitations, the unified Purpose of harmonical levels is natural-
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ly integrated into any practical activity, so that there is no more contradic-
tion between the end and the means and no blind domination of the latter.
In particular, the Purpose is indistinguishable from the clearly specified
“entailing law” (cf. ref. [16]) of the universal symmetry of complexity,
provided with all necessary emergence and uncertainly aspects of exact
dynamic origin (sections 2, 3).

Note finally that as any kind of higher-level “phase transition”, this
social revolution of complexity can occur as a locally great but spatially
gradual, self-propagating process of qualitative change, which essentially
simplifies its practical realisation. By contrast, it cannot occur in a locally
gradual way implied by any unitary development concept inevitably relat-
ed to the dominating Unitary System and its way of thinking, which just
determines today’s critically high evolution barrier and the necessity of
complexity revolution in both knowledge and society development.
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