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SUMMARY

A major challenge of interdisciplinary description of complex system behaigionhether real
systems of higher complexity levels can be understood with at least the sae®e alenjective,
“scientific” rigour and universality as “simple” systems of classis@wtonian science paradigm.
The problem is reduced to that of arbitrary, many-body interactiool¢@asin standard theory).
Here we review its causally complete solution, the enstongept of complexity and applications.
The discovered key properties of dynamic multivaluedness and entanglemenisgite a
gualitatively new kind of mathematical structure providing an exact version of ys@ms
behaviour. The extended mathematics of complexity contains a trulysatidefinition of dynamic
complexity, randomness (chaoticity), classification of all possible dgnagimes, and a unifying
principle of any system dynamics and evolution, the universal symmetrynpledty. Every real
system has a non-zero (and actually high) value of unreduced dynamic comptexityirileg, in
particular, “mysterious” behaviour of quantum systems and relitivéffects causally explained
now as unified manifestations of complex interaction dynamics. The observed difdpehween
various systems are due to different regimes and levels of their unreducedcdyorapiexity. We
outline applications of universal concept of dynamic complexity emphasisincaseeof “truly
complex” systems from higher complexity levels (ecological and living systems, beagtionp,
intelligence and consciousness, autonomic information and communication systersisdw that
the urgently needed progress in social and intellectual structure of civilisati@akteinvolves
gualitative transition to unreduced complexity understanding (we cedhvibltition of complexity”).

It realises a new kind of knowledge combining intrinsic interdisciplinarity, untitgrseausal
completeness, and possibility of rigorous expression in various, universaibsiate forms.
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INTRODUCTION

A major challenge of emerging interdisciplinary studies of complestesy behaviour is
whether any higher-level system dynamics can be described at least with the same degree of
rigour and universality as that of usual, Newtonian science with respect to-ldowkr
“mechanical’” system dynamics. The problem is actually reduced to that ofna@y-body
interaction dynamics, which remains unsolved (or “nonintegrable”) alreadiyngtiiom three
interacting bodies (for arbitrary interaction potential). Herergxgew a recently proposed,
universally nonperturbative solution of arbitrary interactiosabem, the ensuing universal,
realistic concepts of dynamic complexity, chaoticity, self-organisafi@ttality and their
applications to real systems, especially those of higher complexity Idivelg, (intelligent,
social and ecological systems) [1-15]. We reveal the universal symmetry okzaynfl-5] as
a unifying principle of any system dynamics and evolution (and thus exterisdrparticular
laws), as well as intrinsic interdisciplinarity of universakeasce of complexity confirmed by
various problem-solving applications, from fundamental physicsetbumanities [1].

UNREDUCED INTERACTION DYNAMICS AND UNIVERSAL
COMPLEXITY DEFINITION

Consider arbitrary, many-body interaction described by a generaglerttynamic equation
called hereexistence equatioand simply reflecting initial system configuration [1-10]:

n(a)+ > v (a q)} r(Q)-E7(Q) ®

N

2

k=0 1>k

where h.(g) is the generalised Hamiltonian of the k-th system component (degrees of
freedomgqy), Viq (0, q) is the potential of interaction between the k-th and |-th components,
?(Q) is the system state-function depending on all degrees of fre€@des{y, @,..., v}, E

is the generalised Hamiltonian eigenvalue, and summations are performed d\uesytém
components. The Hamiltonian equation form does not involve any re@tion and can be
rigorously derived as universal expression of real system dynalrid¥,[where generalised
Hamiltonians express suitable measures of complexity (see below). Orenca@ eq. (1) in
another form, where a degree of freedop=¢, is separated as it represents common
system component or measure (such as position of other, localised emtspon

{ho(f)"'Z{hk(qk)""VOk (f,Qk)‘FZVkl (ak.q )}}W(fQ) =E¥($.Q) , (2)

whereQ={q,..., gy} andk,l >1 (also everywhere below).

It is convenient to express the problem in terms of free component eigeormst gy, (W) }
and eigenvaluege,,} :

hk(qk)(oknk(Qk)zgnk¢kr1<(Qk) ) (3)
PEQ= D Yn(ain (0)0un, (0 -0, ()= D WalEPr(Q) . (@)
) n

n=(ng,n ..My

where &, (Q) = ¢un, (&) @2n, (). onn () and n=(n,n,,..ny) runs through all
eigenstate combinations. Inserting eq. (4) into eq. (2) and performing eigeafunction
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separation (e.g. by taking scalar product), we obtain a systesuatiens fory,, (£):

[N ()+ Ve (&) JWa(E)+ Y Ve (EW (&) =nwol£) (53)

[ (£)+Van (€) Jwn(&) + Zvnri (W a(&)=nw &)= Vo()¥o(S) (Sb)

wheren, ' = 0 (also below) =7, =E —¢&,,

M=Een, &= Y €n: V(€)= Z{vko )+ >V } ©)

k 1>k

Vit ()= [ dQen (QMo(&.€)ow (Q). Wi -j dQ2; QM (a 4)2w(Q), ()

and we have separated the equation iig(<) descrlblng the generalised ground state of
system elements, i. e. system state with minimum energy and complexit

If we avoid any perturbative reductioof a problem and try to solve eqgs. (5) by expressing
v, (&) throughy, (&) from egs. (5b) with the help of Green function and substitutiag th
result into eq. (5a), we get teéfective existence equatitor y, (£) [1-12]:

ho (S5 (&) + Vert (S0 (8) = 1Yo (S) (8)
where theeffective (interaction) potential (EPY« (£;77) , is given by

Ve (E7) =Voo &)V (En) LV (Em)we (£ j AV (EEmwe(€) . (%)

Qg

V(f,f':ﬂ)=z on (£)¥/3 (6)o (5)%'(45), Eno=En—& (9b)

=18 — €no

n,i

and {y3%(&)}, { n%} are complete sets of eigenfunctions and eigenvalues respectively for a
truncated system of equations originating from “homogeneous” parts of egs. (5b):

[ (E)+Van (O W(E)+ D Vo ()W a(E) =nwr f€) - (10)

The eigenfunctions #,;(£)} and eigenvalues #;} found from eq. (8) are used to obtain
other state-function components and the general solution (see eq. (4)):

7(£Q)= ) { Qv (¢)+ Z%(Q)m(f)} ay

i n

0 o (£
v (€)= j d€'gni (£,8 )9 (£), gm(f,f')=vno(§')2 "”,;i'f?gﬂi)’ (12)
Q¢

o,
|

where coefficientsg should be found by state-function matching at the boundary where
effective interaction vanishes. The observed system dens(§;Q), is obtained as state-
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function squared modulusp(&,Q) =|? (£.Q)f (for “wave-like” complexity levels), or as
state-function itselfp(£,Q) =¥ (£,Q) (for “particle-like” levels) [1].

Although the effective problem formulation of egs. (8)-(X2Jjarmally equivalent to initial
equations (1), (2), or (5), it reveals in explicit forrmaw qualityof unreducedproblem
solution, thedynamic multivaluednes®r redundance and entanglemenphenomenon. It
emerges as aexcessivenumber of locallycompleteand thereforemutually incompatible
problem solutions, or systeraalisations which, beingequally rea) are forced by theame
driving interaction topermanently replacene another in dynamically randonorder thus
defined. Solution redundance follows e.g. from an elementary estimdugirohumber by the
maximum power of characteristic equation for eigenvalyesf the unreduced effective
equation (8)-(9) [1-14]. It reflects a physically transparent phenomefalynamic, or
essential, nonlinearitydue todynamic linksof real interaction process expressed by the
unreduced EP dependence on eigen-solutions to be found (egs. (9)) and rethaidey

in usual problem formulation, egs. (1)-(2), (5). Indeed, it idexit that unreduced interaction
between, for example, two objects withelements (eigenmodes) each will give at leigét
element combinationsN! combinations folN one-element objects), whereas there is only
the same number & places in reality for interaction products, which gives at Isafstid
redundance of interaction products properly reflected by the above estimate.

By contrast, any usual, perturbative reduction of a problem towards its “exac&d clos
solution is equivalent to incorrect rejection af but onesystem realisations (cf. standard
“solution uniqueness” theorems). Sutynamically single-valuedr unitary, approximation

of usual theory (including its versions of complexity, chaoticity, seJ&oisation, etc.) is
equivalent to aero-dimensional, point-like projectiasf dynamically multivalued, “multi-
dimensional” reality, which explains a strange combination of usu=ieisuccesses and its
“unsolvable”, stagnating old and growing new problems [1-10].

Thus discoverechtrinsic, genuinechaoticity of unceasingealisation change is expressed by
the really completedynamically probabilisticoroblem solution providing system density
p(£,Q) as acausally probabilistic surof individual realisation densitie§p,( & Q)} :

Ng
p(£Q)= Y “pi(¢Q). (13)

where Ng (= N) is realisation number, while ti@ sign stands for the causally probabilistic
sum meaning defined above. One obtains alsadyimamically deriveda priori values of
realisation probabilities{ ¢} :

N
o =—' Nr=1,...,NgK;E N = Ng |, Ear=:, (14)
Ng

r r

where N; is the number of elementary realisations remaining often unreswiviée r-th
“‘compound” realisation. It is important that eqgs. (13), (14) contain nbt the standard
“expectation” value for large event series, but remain valid figrsingle event occurrence
and even before it, providireypriori probability and itsuniversal dynamic origin

A related specific property of the obtainedreducedproblem solution (andeal system
structure) isdynamic entanglemendf interacting components appearing as a sum of
dynamically weighted functions of interacting degrees of free{©®@) (see egs. (11)-(12)).
Being further amplified by grobabilistically fractal realisation structure (see below), it
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gives rise to a mathematicaligorousdefinition of tangiblequality of anyreal structure that
doesnot exist in the standard, unitary theory necessarily operating with mabslyact
“bodiless” imitations of reality within itseparable exact-solution “model”. Indeed, system
components can be physically disentangled, separated within angdtleslution of usual
theory, whereas such separation is impossible for a real, dynamicallygksat structure.
Those two major properties of unreduced problem solution (and reainsygtucture it
describes), redundant realisation number and dynamic entanglemieint egth realisation
structure, are inseparably related to each other, so that any real interastdin(and
meaning) can be describeddysmamically multivalued entanglemaeatitinteracting entities.

Dynamic complexityC, can beuniversally defined now as a growing function of system
realisation number, or rate of change, equal to zero for only oneatiadisC = C(Ng),
dC/dN; >0, C(1)=0. ltis the latter, unrealistic case of zero unreduced complexity that is
invariably considered in canonical, dynamically single-valued theociug¢ling its imitations

of complexity), which explains its old and new difficulties at @asi levels of reality [1].
Unreduced dynamic complexity is expressed by the majority of actuallyuneeaguantities
(now properly understoo@s unreduced complexity measures), such as energy (temporal rate
of realisation change in @aoticorder), mass (proportional to energy), momentum (spatial
rate of realisation change), various charges, action, and entampyrovided with aunified

and essentially nonlineamnterpretation in terms of underlyingteraction [1-10] (see also
below). Note that the universal complexity definition thesivedis based essentially on the
obtained causally complete, dynamically probabilistic solutioh unreduced interaction
problem egs. (8)-(14), thatannotbe replaced by formal counting of arbitrary, empirically
inserted entities (as it is done in unitary science). It explaingriicular, why the unreduced
complexity represents also a universal measugendiineand omnipreserghaoticity.

Thewholediversity of world structures is reproduced by a unified classificatioradisa¢ion
change regimes [1-10]. As can be seen from the unreduced EP formalisn8)gd),
similar parameters of interacting entities (conveniently represented by chatact®rstem
frequencies) lead tessentially differentealisations and their relatively frequent change
(N, =1 and o, =1/Ng for all r in eq. (14)), giving rise to stronglobal, or uniform chas
regime. The opposite case siifficiently differentcharacteristic parameters of interaction
process is reduced tynamically multivalued self-organisatiancluding extendedghaotic
version ofself-organised criticality (SOCandchaoticchange okimilar realisations giving
rise to more distinct structures and (externally) regular dynanfios whole diversity of
existing, always complex (dynamically multivalued) structures and motions is détdaby
system parameter variation between those two limiting cases (inclsduegions with
several or many complexity levels, see below). Specifically, theiti@am to strong, global
chaos regime occurs when ttfeaoticity parameterx; is close to unity:

L (15)

IAV/ O

where An; , w: and An, ~ Ae, axy are characteristic energy-level separations and frequencies
for inter-component and intra-component system motions, respigctit ¥ <1 one obtains

a relatively regular structure/motion wiultivaluedSOC regime, while at growing from O

to 1 one obtains a series of transitions to progressively more chaoti@segitminating at

x =1 in a global chaos regime (at>1 one gets transitions to ever more regular regimes but
with a different, “inverse” system configuration) [1-5]. Besides the evidemantages of
obtaineduniversalclassification oiny dynamics, one may note such extensions with respect
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to usual, unitary picture as existencgpefmanentaindchaoticrealisation change withiany;,

even externally “regular” structure or motion (providing ty@mamic origin of timend truly
universal entropy growth principlesee below) and unification within our chaotic SOC
regime of extended (multivalued and chaotic) versions of various segarases of usual
“science of complexity”, such as self-organisation, SOC, adaptability, various
“synchronisation” cases, mode locking, and fractality.

The unreduceddynamically probattistic fractality represent®essential complex-dynamic
extension of usual fractal hierarchy and is obtained as inevitl@bielopment andltimately
completecontent of dynamic entanglememo(separability and complexity [1,5,7,8]. It
appears due to EP dependenceunknownsolutions of truncated system of equations, egs.
(10), expressing problemonintegrability The generalised EP formalism of eqgs. (8)-(9) can
be applied now to the truncated system (10), transforming it into a sifedé\ef equation:

[ 1o (&) +Vetr (&50) [wa (€)= al$) (16)
where the second-level EP action is similar to the combined vert&gs. (9),
VA j ) | v (Vo)
Vet (&57n)Wn(&) = Vol &) (&) + . (A7)

M — 77n’i + &no — Eno

n#n, i

and{z//f,)»i” ($), n,?ir} is the eigen-solution set for a second-level truncated system:

ho(é:)l//n’(é:)+Zvn’n’(§)l//n’(§):77n’l//n’(§) ’ n # n, n1n,¢ 0. (18)

7

n"£n

Similar to the first-level EP of egs. (8)-(9), thssentially nonlineaEP dependence on the
eigen-solutions to be found in eqgs. (16)-(17) leads to the ddewal splitting (now of
truncated system solutions) into many incompatible realisatiomsi{@red by index”):

{wa (&) mt > {ws (&)} - (19)

That hierarchy of multivalued realisation levels continues untifimadly get one integrable
equation for one function “closing” problem solution. The otgdiruly completesolution is
represented by thalynamically probabilistic fractalproviding the ultimately exact,
dynamically unifiedstructure of real-world complexity, at any its level or part:

No;
p(§1Q) = Z EBprr’r”...(&Q) ’ (20)

rrr...

where indexeg,r’,r”,... enumerate chaotically changing realisations of consecutive levels of
dynamic (probabilistic) fractalityThe time-averagedxpectation valudor the dynamically
fractal system density is obtained as

Ng

p(§1Q): Z arr’r”...pn’l’...(&Q) ’ (21)

rrr...

wheredynamically detenined probabilitieseproduce eqgs. (14) at various fractality levels:
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N~
Oy, = ARRt ) Z Oy .. =1. (22)

Ny
rrr...

Note that contrary to any perturbation theory expansion, eqgs. (20)-(22) lfevitmderlying
EP formalism of egs. (8)-(19)) provide thely exact totally realistic problem solution,
where each term describes a really emerging structure elementediiieng dynamical
fractal is an essential extension of canonical, purely abgtrathematical) and dynamically
single-valued fractals: the former does not possess, in general, thiedngoale symmetry
of usual fractals and describes the propertypadbabilistic dynamic adaptabilityand
purposeful evolutiorof all real structures due to permaneinteraction-drivenrealisation
change. It reflects a deeper real-world symmetryutiieersal symmetry of complexithat
actually determines any real (complex) system dynamics andtiewo]1-5] (see below).

A major feature of unreduced complex-dynamic fractality (absent imitary imitations) is
its very big,exponentially huge operation powg.g. state change rate) dueatdonomous
creativity and realisation change driven only by the main interaf&id®]. If N = Npi:Nink

is the total number of interaction links in the system (whgg, is the number of interacting
units andny,, the number of links per unit), then the system operation pByamoportional
to it realisation numbemMy, is determined by théotal number of link combinations.e.
Ny = N!: Poc Ny = N!'=2zN(N/ @™ ~ N'. As N is a large number itself (for example,
N >10" for brain or genome interactions [5,7,8]), one obtains really huge,igaiact
infinite P values. Any unitary (basically regular and sequential) modehefame system
has the poweP, that can grow only adl” (3 ~1), so thatP/R, ~ NV7# —~ NN — e, which
clearly demonstrates the advantages of complex-dynamic operation regime anglinhef o
“magic” properties of living and intelligent systems.

SYMMETRY OF COMPLEXITY AND THE DYNAMIC ORIGIN OF TIME

The emergentaxiom-free structure of the universal science of complexity reflects thenddct

any real entity isexplicitly obtainedas a result of interaction process development, in exact
agreement with its real emergence. Chaotically changing realisations anddbps fgrm the
observed diversity of world structures and dynamics (see previous section). Its most
fundamental levels, including elementary particles with all thetrinsic and dynamic
properties, space and time appear from the simplest possible interactignredion, the one

of two attracting, initially homogeneous (and physically real) fields edianspecified as
electromagnetic and gravitational protofields [1,4,5,13,14]. Furtheuctstal levels
progressively emerge through interaction of lower-level strucamesform the hierarchy of
complexity levelsr probabilistic dynamical fractal of tlwmifiedworld structure.

Each complexity level produces the corresponding levehgsically real, emergent spaaed
naturally flowing time Theelementary space distancex, is explicitly obtainedas eigenvalue
separation found from eq. (8\ = A7, where eigenvalue separation between neighbouring
realisations gives theelementary lengthor size of system jump between realisations,
A=Ax, =A,7, while eigenvalue separation within one realisation determines the minimum
size of emerging structuiitself, r, = Ax, = A7 . Thus, at the lowest complexity levél= Ac

Is the Compton wavelength determining internal complex dynamicss amal electromagnetic
interactions of the electron, whilg is the “classical radius of the electron” provided now with
a well-specified physical meaning (the heaviest particles give extreme values of spacgsele
coinciding in our theory with the consistently modified Plaamekength unit) [4,13]. Note that
any level of space structure hasaasally quantiseddynamically discretéexture (as opposed

to both usual space continuitgand its arbitrary, postulated discreteness). Thagible
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“material’ nature of space is due to (frac@ynamic entanglementf interacting entities (see
above) represented by the two protofields at the lowest leveirdiféeding” physical space.

The elementary time intervalAt, is explicitly obtained througlntensity in the form of
frequency v, of causally specifie@ventsof realisation emergen¢ehange(the latter directly
following from causally deriveduniversaldynamic multivaluednessit =z =1/v . Time leap

At =7 is none other than duration of system jump across the elementgtly fes Ax, and
therefore can be expressedras 1/v,, wherev, is the material signal propagation speed in a
lower-level component structure. It is important that we obthims ta physically real,
permanently flowinganddynamically irreversiblebut not materially tangible time (icannot
therefore be really “mixed” with space in a unified “manifold”, contrary to fortimé of
unitary theory). Unceasing time flow is dueincompatible realisation changdriven by the
underlying interaction itself, while impossibility of its meal@l reversion follows from
dynamic randomnessf realisation change, which demonstrates a deep, intosicection
between time and randomnessmpletely ignored by unitary science paradigm that tends
instead to consider time as a manifestation of bagjalarity of world dynamics (and remains
thus with a stagnatingnysteryof irreversible time flow).

As emerging, physically real space and time thus obtained contain na@rairand dynamic
properties of appearing complex-dynamic structure, a naturairanersal complexity measure
is provided by the simplest function proportional independently to space andtemals, i.e.
(generalisedaction 4 [1-10,13,14]. Intrinsic discreteness of complex dynamics (S)jsteps
between incompatible realisations) gives riseansal quantisationf action:

A4 = pAx— EAt , (23)

wherep andE are initially just coefficients, but immediately recognised, by apainglassical
mechanics, as generalisedmentunand (totallenergy

;| A,
== const==2, 24
Y Ax | =const= (24)
AA
E:_A_t|x:const:%, (25)

where 4, is a characteristic action value (by modulus) at a given complexity levelloivs
that action isntegral, while momentum and energy atéerential complexity measuresote
that here and below x and other quantities can be considered as vectors if necessary.

Irreversible time flow (At >0) and positive total energy/mask £ 0) in eq. (25) imply that
AA<0, i.e. generalised action alwaglecreasesn real interaction process development. It
represents thereforepatential latentform of dynamic complexity calledynamic information

| =4 and given to the system at birtieforeactual interaction development. The appearing
new structure is characterised by a complementary form of compldyitgmic entropys,
which describes th@nplementedunfolded structure complexity. A permanent aspect of a
system (interaction process) is provided bytatsl complexityC = 4+ S that remains thus
unchangedn any system evolution:

C=4+S=const, AS=-A4> (. (26)

The obtained absolutelyniversal law of conservation, or symmetry, of complexatyrally
includes, thereforehoth conservatiorof total complexityand unceasing chang# its form,
from decreasingdynamic information/action tmcreasingdynamic entropy (= generalisation
of entropy growth principle) [1,3-5]. It means that due to dynamic multivalusdngseven
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externally “regular” structure emergence reflects definite entgypwth, as opposed to the
respective contradictory situation in usual, dynamically singleed theory.

Complexity conservation law can be provided with a unified diffeakerexpression, the
generalised Hamilton-Jacobi equatidhwe divide the second part of eq. (26) Mfx- const:

A AA

Tt|x:const+H (X,Eh: consttjzo , H>0, (27)
where the HamiltonianH = H(x, p,t), is a differential measure of unfolded, entropic form of
complexity, H = (AS/A|,_const» @and the condition of its positivity { >0) provides a
universal expression of therrow/direction of time(towards permanently growing dynamic
complexity-entropy) [4,5,13,14]. Since action increment is proportimndiat ofgeneralised
wavefunction, or distribution functio#(x,t), A4 =-4,A%¥/¥ (causal quantisation[1,3-
5,8-10,13,14], eq. (27) has its dual partgeneralised Schrodinger equatitor ¥ (x,t):
A¥Y |

Ay ——

~ A
AL x=const= H (X,Eh: consttj l[/(X,t) ) (28)

where the Hamiltonian operatét is obtained from its functional fortd with help of causal
guantisation. The generalised wavefunction describes a spddiitsiently disentangled
system state during its transitions between regular, entangled realisations aedotaained
as a part of unreduced general solution of a problem [1]. At the layvesttumlevels of world
complexity it provides a&ausally completerealistic extension of usual quantum-mechanical
wavefunction, now liberated from its postulated “mysteries” [1,4,54]1.3lhe above causal
guantisation rule describes tfeal process of systetmansition between realisations giving rise
to causally extended, universal version of another “quantum” postiates probability rule

o =¥ (X,) f (with the r-th realisation configuratioX, ), that provides another expression for
realisation probabilitiesr, (cf. egs. (14)). At higher complexity leve¥g(x,t) takes the form
of distribution function determining realisation probal@ktdirectly (“particle-like” complexity
levels) or by its squared modulus (“wave-like” levels).

Expanding the HamiltoniarH = H(x, p,t) in power series on momentumand using the
result in egs. (27), (28), it is easy to see [1,4,5] that these equatiorsergpa unified
extension ofall usual, “model” (both “linear” and “nonlinear”) equations of unitary theory,
confirming universality of the obtainddamilton-Schrédinger formalisrand the underlying
symmetry of complexityrhe latter actually describes the symmetry between all progressively
taken system realisations at a given complexity level (the symmetry of complexstytutes
thus thebasis of system dynamies such), while general, multi-level complexity unfolding
provides theuniversal evolution lavanddirection/meaning of progres$3,4]. It is important
that contrary to regular but always finally “broken” (inexact) symieetormally postulatedn
unitary science, the universal symmetry of complexity is alweayact (unbroken) but
irregularly structured symmetrgquivalent to system dynamics and evolutibherefore it
gives rise to essential extension of exact-science methods and a real possibiitgirio o
rigorous and totally consistent (completedlescription of higher-complexity systems and
phenomena [1] usually only studied by purely empirical methods in humanities.

UNREDUCED MATHEMATICS OF REAL WORLD DYNAMICS

We have already noted above that the intrinsically realistic, unrécases of the universal
science of complexity allows for its direct expression in intelgiviransparent, generally
understandable form (as opposed to irreducible abstraction and mystificdt unitary
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knowledge projection). On the other hand, that realism is obtained duettalyhegorous
non-simplified mathematical description that does regeallitatively newphenomenon of
dynamically multivalued entanglemenf any real interaction components, giving rise to
universal dynamic complexity and its various manifestations. In thisoeeaie provide a
summary of distinctive features of thatreduced mathematics of complexititained simply
due to the truly consistent analysis of arbitrary interactioneg®a@voiding any “model”
approximations of usual mathematical framework (including its approachesgexity).

Note, first of all, the explicitlyintrinsically unified mathematical bastd the universal science
of complexity including theiniversal symmetry of complexéyg thesingle unified and always
valid law that gives rise to all particular laws, equations, etc. and the corraspaittle
mathematical structuref dynamically probabilistic fractabbtained as theausally complete
solution of unreduced interaction problem (see previous sections). Boske t@mEpects of
obtained intrinsically unified knowledge are in agreement with the physigaified nature of
observed reality and in strong contrast to irreducible ruptures of ymptajgctiveimitations of
reality (whose true origin is now clearly specified), including recent attempkeio artificial,
inconsistent joining thatannot contrary tantrinsic unity, provide aeal problem solution.

We emphasise the followinggmergent rigorously derived features of the unreduced
mathematics of real, complex world dynamics (see egs. (8)-(22) spettive explanations):

(1) Nonuniquenessf any real problem solution is expressed by the major propedynaimic
multivaluednessilt is a qualitative extension of conventional solution uniquertésslatter
being obtained due to a characteristic “vicious circle” trap of reductive, paruertapproach
(whereassumediniqueness of interaction potential leads to uniqueness oibspthile that
“natural” initial assumption appears eventually to va®ng with respect to real, effective
interaction potential). Note that dynamic multivaluedness dhoilclearly distinguished from
its various unitary imitations, such as semi-empirical “multistabititypurely abstract “strange
attractors”, which are obtained by an artificially “intricate” stroetof usual, dynamically
single-valued solution (similar to a strongly entangled one-dimeaisthread) and describe
compatible coexisting parts adne and the san{eeduced) solution.

(2) Clear mathematical expression of expldynhamic emergenaaf structures, well-specified
dynamic originof eventsandtime are obtained in the form ahceasingealisation change and
can be expressed by the general propertgbsence of self-identityf any mathematical (as
well as real) structure( =21, as opposed to absolute domination of (often implicit) self-
identity postulate in usual mathematical constructions.

(3) Fractally structured (and chaotically changidgiamic entanglemenf interacting entities
provides aigorous expression of tangiblguality of emerging structures (again totally absent
in unitary mathematics dealing exclusively with “immaterial”’, alostiraitations of reality).

(4) Absence of “exact”, closed solutions to real interaction (or rbady) problems has a
clearly specified origin, dynamic multivaluedness (see item pidyiding aunified causally
completemeaning ofandomnessonintegrability nonseparabilitynoncomputabilityetc.

(5) Dynamic discretenessr causal quantisationof real interaction dynamics follows directly
from itsunreduceddevelopment and involves solution (and thus system evolut@m)nitarity
and causal, dynamically discreiggin of spaceDynamic discreteness should be distinguished
from any kind of formal, artificially imposed discreteness orydastd quantisation.

Note that thentrinsically unifiednature of the extended mathematics of complexityexest
correspondence treal world structure/dynamics and all its particular aspects (1)-(5) expres
theinbred interdisciplinarityof the universal science of complexity and reveal the true, equally
deep origin oflisciplinary, irreducibly broken structure of traditional, unitary knowledge.
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PROBLEM-SOLVING APPLICATIONS OF THE UNIVERSAL
SCIENCE OF COMPLEXITY

All the above properties and advantages of the unreduced problem solution thbtain
definite confirmation by successful application of the proposed framework riousa
particular, otherwise stagnating problems at different levied®mplexity, from fundamental
physics (elementary particles and cosmology) to emerging consciougndsgs most
sophisticated products usually studied in humanities [1-15]. It is impdaamphasise that
we are talking here not about usual reduced imitations (or “modelling”) bpheaomena,
but about their exact, causally complete description explicitlyrsplunsolvable” problems.

Before proceeding with a brief summary of particular application resulislspecify a few
generabprinciples of complex system operation and desigerging in all applications [10]:

(1) Complexity correspondence principtefers to efficient interaction between units of
comparable complexity [1,4,5]. In particular, higher complexity eresldower complexity,
while low-complexity toolscannotcontrol/simulate higher complexity behaviour.

(2) Complex-dynamic control principlemphasisesomplexity developmerifrom dynamic
information to entropy) as the purpose of efficiesrgative control (as opposed to usual,
restrictive control paradigm), leading to the universal concephi@duced sustainabilitg].

(3) Unreduced interaction principlesveals the huge power of natural interaction complexity,
in the form ofexponentially huge operation powef dynamically probabilistic (chaotic)
fractal underlying the “mysteries” of life, intelligence and conscieasi4-10].

The first group of applications includesunified complex-dynamic, causal origin of the
Universe, its laws, fundamental structures and their propeftie$5,13,14]. Space, time,
elementary particles and fields, their properties are explicitly derivech unreduced
solution of interaction problem with the simplest possible cordignm (two attracting,
initially homogeneous protofields). One gets totally realisticugally complete) and
intrinsically unified versions of quantum mechanics and relgtiwith all usual, postulated
“mysteries” explained as being due to artificial reduction of standardryrapproach. New
and old “difficult” problems of standard theory (dark matter/enepgyticle mass spectrum)
have the same origin and are solved now (or even do not appear), withoutalartific
introduction of “hidden” and abstract entities (dimensions, particlddsfietc.). As a result,
the real world structure is consistently obtained as it is, not as an abstract”*model

The second group of applications provides a consistent descriptionio&ducibly complex
dynamics of real nanobiosysteis6]. We show that genuine, dynamically multivalued and
strong chaoticity isnevitableat the smallest scales of atomic and molecular interactions and
consistently explains the “magic” properties of biosystems. Weicikpldemonstrate the
fundamental, purely dynamic origin génuine quantum cha¢$,5,6,11,12], thus solving the
whole bundle of related problemSomplex dynamics of causal quantum measureiiig¢nt
anddynamic emergence of classical behaviousimplest bound systems (multivalued SOC
regime) [1,13] complete thebnsistent, universal basis for nanobioscience applications

The third group of applications further extends these results to foundationcamplex-
dynamic biologyemerging now as axact, causally completend of science, with its major
applications taeliable geneticandintegral medicing1,5,7]. Our dynamically probabilistic
fractal, obtained asinreduced solutiorto many-body interaction problem, shows major
observed properties of Bving structure, includingautonomic adaptability purposeful
dynamics objectively specifiedbirth, life, and death of a systerand exponentially huge
operation powerReliable geneticss based on thenreducedanalysis of all relevargenome
interactions and we show rigorously that their practicaibtal neglectin the dominating
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empirical approach inevitably creates a delayed-time genetic bomb witktroptac
consequencefntegral medicineextends our approach to the whole system of gatitidual

organism interactions and includes complex-dynamic, reliable and creativel dsa& the
above principle (2)) of the resulting dynamically probabilistic fractdife.

Thefourth group of applications provides the causally complete understandingnoérging
genuine intelligence and consciousnasdoth natural and artificial systems [1,8]. We show
that unreduced intelligence and consciousness are natural propettigh @nough well-
specified levels otinreducedinteraction complexity, absent in any its unitary imitation b
“involved” but regular dynamics. We obtain thus the unique way of creatiowigles of
design and specific properties aftificial but genuine intelligence and consciousness,
including a major property of exponentially huge power (complex-dynamitgism).

The fifth group of applications deals with creation of newgomplex-dynamic information
systems including intelligent softwareand autonomic communication networks0]. The
related complexity transitionin operation and design of information and communication
systems increases dramatically their operation power towards the new qudiityngf and
intelligent behaviour, including such applicationskaswledge-based networks

The sixth group of applications deals with the necessaimansition to genuine sustainability

at asuperior level of civilisation complexjtgr revolution of complexityl,9]. Werigorously
substantiate the necessity of transitiomai$ied anduniqueissue from the current ecological

and development crisis and consider various aspects of the proposed solution, siech as t
underlyingnew kind of knowledgef the universal science of complexity with its rigorously
specified concept of progresscomplexity-increasing productipnnon-unitary social
structure andnew kind of settlement

The seventh group of applications deals with consistent description of superior complexity
levels usually studied in the humanities, such as ethics, aesthetics, @udlspaues [1]. We
provide rigorously specifiedconcepts ofgood (as optimally growing complexity-entropy),
beauty(as relative attained complexity), asirit (as unreduced superior-level complexity).

One should emphasise the important unifying role ofnig content and organisation of
scienceoriented tounreducedunderstanding o€omplex-dynamiceality within aliberal,
creative structureof knowledge production and exchange [1,15]. One obtains thus a holistic,
complex-dynamic universe picture, from the lowest to highest complexiys, proving its
efficiency byexplicit solutionof otherwisestagnatingproblems at all levels. In that way, the
universal science of complexity demonstratespifowably uniqugand efficient) opportunity

of genuine knowledge progress towards its intrinsically unifiedfigeeand ultimately useful
state, giving a well-specified positive answer to our initial inquiry (see Intriodict
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