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Abstract—This interdisciplinary research aims to distinguish

universal scale-free and field-like fundamentalnpiples of self-

organization observable across many disciplineg ldgomputer
science, neuroscience, microbiology, social scicete Based on
these universal principles we provide basic presnaed postulates
for designing holistic social simulation models. \&kso introduce
pervasive information field (PIF) concept, whichn@s as a
simulation media for contextual information storagdynamic

distribution and organization in social complex watks. PIF

concept specifically is targeted for field-like wupled and indirect
interactions among social agents capable of affgcind perceiving
broadcasted contextual information. Proposed apgpraaexpressive
enough to represent contextual broadcasted infaymah a form

locally accessible and immediately usable by ndtwagents. This
paper gives some prospective vision how system'souees

(tangible and intangible) could be simulated asllasog processes
immersed in the all pervasive information field.

Keywords—field-based coordination, multi-agent
information-rich social networks, pervasive infotia field

|. INTRODUCTION

UE to the remarkable advances in a broad spectifum

technologies and topics the field of pervasive coting
and communications has been witnessing increagedtian
among many researches and application developkeseare,

though, some obvious concerns about our rUdimenta&ﬁvironments [11], etc

understanding of the underlying fundamental proeesghich
take place in the social domain, where these cangend
communication technologies finally subside.
understanding of the social self-organizing proesssay help
to envisage further technological developments ta@adds in
the field.

Hence, this paper draws attention to the underlgiogal
processes from the holistic systems view. In thegpkast sense,
it introduces an idea of a multifaceted field-likeedia for
pervasive
pervasive information field (PIF) concept.
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information storage and communicatiorg. i.

In fact, PIF can also be referred as a virtualltagory field
employed as simulation media to enforce indirecd an
uncoupled (contextual) interactions among agents.isl
expressive enough to represent contextual broasttast
information in a form locally accessible and imnzdly
usable by network agents [1]. In this way, PIF esras a basic
cornerstone in the proposed oscillations based i-ag#nt
system (OSIMAS) simulation paradigm. According ftoe t
OSIMAS paradigm, all social information processes de
simulated as self-organizing, dimensionless andd-fike
entitieg.

The proposed paradigm does not start from the fgtou
zero”, as literature review gave striking similest with some
other approaches in many research directions likeating
potential field [2], quantum computation as a moaxl
consciousness [3], formation of Bose-Einstein cosdee for
production of most organized light waves (i.e. bhiojns) in
the living tissues [4], intra and inter cellularnemunication
mechanisms [5], CEMI theory of consciousness [6ie t
neurophysics of consciousness [7], field computetion
fatural and artificial intelligence [8], field-bakeoordination
mechanisms for multi-agent systems in robotics donf@],
organic computing for emergent behavior of comgstems
[10], amorphous or pervasive computing in contextua

Review of the related research across the world/simany
other international groups like Self-organizing tsyss

Widerresearch group from Harvard University in Cambri§dSA),

Pervasive artificial intelligence (PAI) researchogp from
University of Fribourg (Switzerland); Center forraputational
analysis of social and organizational systems (C85om
Carnegie Mellon University, etc. A whole bunch @lated
projects are also implemented under EU researchrallab
called FET (future and emerging technologies) unteriCT
program of information and communication technadsgin
the FP7 (seventh framework progrdm)

It is beyond the purview of this article to provide

2 OSIMAS paradigm employs the conceptual trinity mbdels [1]: PIF
(pervasive information field or in other words vt oscillatory field), OAM
(oscillating agent model) and WIM (wave-like intetian mechanism).

3 FET-proactive initiatives carry some projects elggelated to the field-like
and self- organized approaches, which are dealitiga@mplex, autonomic,
adaptive, brain and neuro-bio inspired multi-leegktems, e.g. FOCAS,
QICT, PERADA, APF, initiative Awareness (projectsEROGNITION,
SAPERE, ASCENS, EPICS).
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comprehensive review of the surge of publicatioms the
field-based coordination and communication paradigihm
sum, a multidisciplinary literature review suggetitat there
are not separate laws of large (biological, sogjalal or
cosmological scale) and the physics of the
(atomic/subatomic scale), but rather universaleatibracing
laws of self-organized multifaceted information, ie¥h
permeates all living and nonliving states of energtter [12].

The great diversity among theoretical approachdiates
that there is not yet one single widely-accepteeitih of field-
based communication and coordination. Notwithstagdi
apparent diversity of approaches, there are sonneensal
scale-free  principles valid across various fielali
coordination approaches. In the following sectiong
systemized those basic principles and adapted foenthe
field-like simulation approach in the social domain

For instance, there are some studies from
neurophysiological approaches, which lead to thiéeghfield
models of consciousness [6,7]. It gives an imptdweaborate
on the idea of the unified field models of collgetmind-fields
of the coherently convergent (congruent) human ggoln this
way, information societies (macro world) no longem be
viewed as separate from the quantum effects taglage in
the conscious mind-fields of society members. lddee
societies can be understood as global processegiemé&om
the collective behavior of conscious and subcomscimind-
fields of individual society members. In this wamergent
social processes are produced by a collective fighdi-and
inherit some degree of coherent (synchronized)diée
behavior.

Following latest findings in the neurosciences [3,5we
hypothesize that self-organization and coherentatieh in
social systems is not so much correlated with thgiqular
patterns of agents’ actions, but with synchrony tbéir
activity*. A core motif of social behavioral synchrony coblel
convergence of otherwise dissipating and self-desue
activity patterns of individual society members.

In fact, this hypothesis is very important in theSIBMAS
paradigm as it offers a different worldview, whichens new
perspectives for modeling and simulating emergestias
properties as collective mind-field effects. Based this
hypothesis, we are designing collective mind-fiefibdel,

which potentially could simulate some complex sbcia

cognitive and behavioral phenomena [1].

I1. BASIC PRINCIPLES ANDASSUMPTIONS

In this section, we briefly summarize systemizedversal
principles of self-organization in social and otfmymplex
systems and integrate our findings into one cohesen of
postulates, which lays ground for the OSIMAS (datibns
based multi-agent system) simulation paradigm. tRersake

4 Regime of collective behavior is one of the basiberent states of globally
synchronized agents. The basic phenomenon of #taseture formations is
synchronization, which is universal in many dynaahisystems and can be
understood from the analysis of common models ciflatory networks [13].
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of clarity let us recall that proposed OSIMAS pagad
employs the conceptual trinity of models: PIF (@esive
information field), OAM (oscillating agent modelphé WIM
(wave-like interaction mechanism). This trinity ofiodels

smaditands as the cornerstone upon which all ideabule in the

paradigm, see Fig. 1.
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Fig. 1 Three major OSIMAS models: (i) all embracpegvasive
information field (PIF), (ii) oscillating agent meb(OAM), which
identifies each agent from a set {An} in the PIFdiii) wave-like
interaction mechanism (WIM), which realizes intei@ts between

those agents.

First of all let us emphasize, that while formuigti
postulates, we are looking for universalities asrd#ferent
spatial scales and time horizons. In essence, aearching
for the pervasive fundamental laws of self-orgamgzi
information not bounded by space and time congtalf) for
instance, some field-like fundamental principles aorking in
the quantum world and in the cellular biophysice admit
that the same principles are in one or anotheraxgyessed in
the mesoscopic world of social systems too. Howettes
form and expression of these fundamental principless
different scales varies. Only the most fundamental
(attributeless, dimensionless and timeless) uniherly
principles remain the same.

Second, while formulating basic assumptions andutetss,
we want to elaborate how field-based underlyinditseaould
be applied for modeling pervasive contextual emuinents in
complex information-rich social networks. In otheords, we
formulate foundations for modeling emergent andf-sel
organizing features of modern information-rich sbci
networks, where not only intangible but also tatgibatural
resources and even social agents themselves coeld b
simulated as oscillating processes immersed in dftle
pervasive contextual PIF. Hence, here follow thesiba
assumptions and postulates of the OSIMAS paradigm:

1 Postulate. Social systems can be modeled as complex
informational processes, comprised from half-autoois
interdependent organizational layers, e.g. indi@idwgroup
and society. Information is coded and spread glpkainost
with the speed of light via broadcasting telecomitation
networks. Modern information societies are like analated
potential fields of various information, where infwation is
propagated not rather via the peer-to-peer interasbetween
economic agents, but increasingly more like figtdsismitted
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through the broadcasting information channels (irde GSM, Hence, social order can be modeled as coheremsfief
radio, TV, etc). information resulting from superposition of the iwidual

2 Postulate. As all complex systems, social systems armind-fields of society members.
always on the edge of inward (inner organizatiorg autward 9 Postulate. Social order, i.e. self-organized and coherent
(behavioral) chaos. They are constantly balanciegvéen behavior in social systems is not so much corrdlatith the
order and disorder. Therefore, social systems Imatarally particular patterns of agents’ actions, but witmcdyony of
inherited property to change and adapt while séagcior the their activity. That multi-agent synchrony is acled via
niches to survive. Hence, the main feature of $@gistems is simultaneous (in the same phase) resonance. Syrcityds
not the capacity to stay in the inward and outwegdilibrium involved in the social binding problem— how inforioa
states (which are constantly changing), but rathercapacity distributed amongst many agents generates communiity
to change and adapt while searching for the inwand social binding process can be envisaged as a gtebahance
outward equilibrium. state.

3 Postulate. Uncoupled and indirect interactions among 10 Postulate. We assume that primal spontaneous
social agents require the capability of affectimg @erceiving emergence of self-organized information has deitl whe
broadcasted contextual information. Therefore, aiato self-sustainment in the first place, and later witie self-
information network can be modeled as a virtualillesory  propagation. Therefore, these processes are pirgpnaged in
field (PIF), where each network node receives pmvea all self-organizing systems as fundamental law#ofeasing
(broadcasted) information field values. Such a rhagiees local negentropy (order, information). Hence, tloeecreason
appropriate means to enforce indirect and uncoupldédr the emergence of social synchrony is relateth whe
(contextual) interactions among agents. It is esgiv@ enough fundamental property of all self-organized systemns.e.
to represent contextual broadcasted informatioraifiorm preservation or increase of negentropy, which eseabcial
locally accessible and immediately usable by neitvegents. organized behavior (accordingly directing systerasources).

4 Postulate. Simulation results of social systems behavior In sum, all agents can be integrated into the comPid-
are not adequate to the observable reality, unksgjlated spectrum as individual sets of oscillation bandsjctv are
models acquire features of living systems, e.g.ptadality, memorized and managed by the oscillating agent mode
self-organization, field-like inner coordination canouter (OAM). The latter model realizes production rulesr f
communication. transformation of inward energy (a set of activeiltions),

5 Postulate. Individual society members can be modeled ashich can be a priori defined or induced by the ntige
information storing, processing and communicatiggras in  behavioral strategy [1]. In the proposed paradigienés can
the information network society. In the deeper eenscommunicate possessed information according to the
information societies operate through agents, whare behavioral strategy. Communication is taking plage
complex multifaceted self-organized information g@eses, common media, i.e. PIF, but it is managed by theedike
composed from mind-fields of quantum field-like pesses communication mechanism (WIM). Next section briefly
originating in the brains. outlines the OSIMAS paradigm setup and PIF model

6 Postulate. Agents, as complex multifaceted field-likespecifically.
information processes, can be modeled, adaptinghlsical

analogy of the multifaceted field-like energy, wiids Ill. CONCEPTUALDESIGN OF PERVASIVE INFORMATION FIELD
commonly expressed via spectra of oscillationshimway, an (PIF)

agent becomes represented in terms of a uniqueasitigm of  The major question we address in this study: whahé
oscillations or individual spectrum. natural and most efficient way of simulating comxple

7 Postulate. An agent's inner states can be represented jformation networking and interaction mechanismsrider to
terms of organized multifaceted information, whikpresses reflect the observed multiplicity of modern broastiag
itself in a form of preserved specific energy Séte latter is  telecommunication systems used by social agentsfhé&ars
realized via the SpeCifiC spectrum of oscillatioBsstribution are Starting to understand that, to Constructm@&nizing and
of agent'S oscillations over the individual Spem[‘lin contrast adaptive Systems’ it may be more appropriate tasfan the
to random diStribUtion, carries information abogem’s self- engineering of proper interaction mechanisms fgnm]ents

organizational features, i.e. negentropy (ordegné¢, social of the system rather than on the engineering af theerall
agents are complex processes, which dynamicallyngena system architecture [9].

multifaceted inner information-energy states dependon One obvious example can be seen in modern
their () past experience, (i) behavioral stragagiand (i) telecommunication networks, where peer-to-peer ection
received information from the PIF. protocols are no longer prevalent. This happensnigai

8 Postulate. Artificial societies can be modeled aspecause they are not efficient enough for multitagkparallel
superimposed sets of individual spectra or in otherds as processing, congested traffic control, conflictolation, etc.
PIF. Social order emerges as coherent superpositioifie  Hence, not accidentally, there is a striking sticadt similarity
individual spectra (self-organizing information pesses). petween modern telecommunications and social né&sydn
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fact, the main information traffic in social netwsr flows
through telecommunications networks, which act as
backbone of the modern network-based informatiamemy.

In fact, the information era has shaped efficierdtqcols
for complex information traffic in the telecommuaion
networks, where (i) each agent can instantly semtraceive
information simultaneously through multiple comnuations
channels, (ii) information flows are locally mandgby the
agent’s preferences as if having the ability ton&u to
different broadcasting channels, (iii) agents
processing, storing and retransmitting nodes in sbeial
networks. Information is spreading through a mudié of
multimedia networks with the speed of light. Aftl, it does
seem like we are immersed in emanating fields ofuai
information [1].

In essence, the PIF model serves as a mean famiafion
(and associated energy) storage, dynamic distabutind
organization. According to OSIMAS paradigm, pervasi
information is distributed in fields, and fields although
expressing some global information — are locallscpred by
agents, who are inseparable from the PIF. In thag, WwIF
simulates universal media, which contains all puossi
multifaceted self-organizing information present thre real
system.

Hence, multifaceted information is modeled in arfaf all-
embracing virtual field, which can be realized as
programmable abstraction, where all tangible andnigible
observables are represented as a set of oscilafiemergy
equivalents). In other words, all that is in suclsyatem is
represented via spectra of oscillations. ConsetyydplF is a
grand total of all individual spectra. PIF modekinstructed
following these principles:

1. Social systems constitute yet another layer eif- s
organizing information, where principally the sasmle-free
and field-like universal laws apply.

2. Social systems behave in a coherent way bethegeare
integral holistic units, where each part is insepér from all
the rest. Each part is a summa summarum of theeinfle of
all the other parts. Likewise each part directlyimdirectly
influences all the other parts.

3. Such systems should not be fragmented to
independent parts, i.e. separate agents as suehefdte, we
should simulate agents as local processes of sgdfized
information in the global all embracing multifacgte
information field (PIF).

4.In the PIF, dimensionless self-organizing infation
processes, i.e. agents can be modeled using sstfactons
like sets of standing waves or in other words rasbn
frequencies. An agent has as many resonant fremseas it
has degrees of freedom. At resonant frequenciest agjeres
energy, i.e. self-organized information. This imf@tion is

used to enhance inner processes and outward beddavi

patterns.
5. Homeostatic agent can be represented in termheof
local energy spectral density (LESD) distributiowhich
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describes how the inner energy (or its varianctnie series)

ia distributed with frequency. Meanwhile, systenuevi
distribution of LESD gives global energy spectransity
(GESD) distribution, which uniquely describes ttege of PIF
for each moment.

6. The main way for the agent to increase negewntrop

(negative entropy or information) is via adoptiodnsome set

of resonant frequencies, which may yield to theeffieral
behavioral patterns in the dynamic environment. gidm of

bexanthe new resonant frequencies (information) charegent's

LESD and GESD distributions accordingly.

7. Homeostatic agents, i.e. self-organized infoiomat
processes, are self-programmed and usually preaciiliey
are searching how to sustain and increase selfizga
information via increase of inner negentropy. Thare many
ways to reach the same level of negentropy empmoyin
different LESD distributions.

8. In general, information is represented by theelie of
synchronization (and of coherence) locally withimasgent and
globally within agents’ populations. Deviations fiorandom
oscillations constitute local and global negentrapy self-
organizing information. Local field potentials mdt the
degree of synchronization among the agents.

9. Coordination between agents can be realizedohiarent
convergence, i.e. synchronization of oscillatiomgds. Large-
acale integration or ‘social binding’ involves syinenous
oscillations of local field potentials. Coherentngergence of
resonant oscillations leads to the synchronizatioong self-
organized information processes (agents).

10. Synchronization as a process locally invokescteng
for the beneficial information and globally mean&imizing
system'’s entropy. In that sense, both local anbajlprocesses
are homeostatic and self-organized to maintain norease
negentropy.

PIF computation is a theoretical model of inforimat
processing operations that take place in naturstesys. PIF
can be treated mathematically as a multifacetedtifum ¥/
over a bounded spatial s& The value of the functio/is
restricted to some bounded subset of real numBéra— K
for a K-valued field. Thus, for the time-varying field vave

tHéKk, t), wherek K.

In general, we require tha¥ for each moment and space
location are uniformly continuous, square-integeabfinite
energy, Hilbert spacdunctions[8]. In fact, we are interested
in the continuous dynamics of local and nonlocétriactions
of pervasive information fields. Hence, dynamidahicges can
be defined by fields’ transformations and differaht
equations. Fields’ linear transformation can becdbed using
integral operators of Hilbert-Schmidt type as comtius
mapping functions, which map one or more inpudfe¥into
one or more output field@=K ¥ for K —valued fields over2.

6n the presence of multiple stimuli, we can use titmgar

integral operators. Such mapping represents a gogiéon of

5 Hilbert spaces are widely used as models of contis knowledge
representation, but not all elements of Hilbertcepare physically realizable.
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all the stimuli.lt is important to note, that weosiid care not Based on the proposed framework, the following tjoes
only about superposition of fields’ frequencies amagnitudes arises — how to visualize the entire PIF model single yet
but phases are very important too. Phases aregtalgnificant comprehensive manner. In fact, joint time-frequency
part in the synchronization phenomena in the ssiffatory representation (JTFR) provides a bridge betweer tand
and excitable systems [8]. According to a phaskequency representations, visualizing some splecard
synchronization theory of chaotic systems, dynacaberent temporal information simultaneously, see pseuddspec
behavior emerges as a consequence of nonlinglmstration in Fig. 2. JTFR depicts how informatienergy
synchronization in the complex networks [13]. Tliere, states (represented by frequency distributionsh@haover
fields are treated as complex valued. time. JTFRs are useful for the representation aralyais of
dynamic LESD and GEST containing multiple time-wagy
frequencies.

JTFS: one agent (local self-organized negentropy) JTFS: white noise (max entropy)
— =1 “— 3
= S = S
5 R E
g S g S
o 2 T %
= =
—
Time, ==+~ : Time, t
Dynamics of local (agent based) resonant oscillations Uniform distribution of energy in frequency and time domains
JTFS: MAS (global self-organized negentropy) Spectra: white noise, agent, MAS
. g 5
= S > &
18 I 2 <
S < = .
] 3 8 ]
<3 S S <3
o g 5 |ls .
w > a 2 A o
& - = B 0 IR v Coherent (syncronous) oscillations]
> S
- La s
NNl Fig &

\

Dynamics of global (MAS based) synchronous oscillations

Fig. 1 Pseudospectra diagrams used for illustraifche joint time-frequency power spectra (JTFR)raach as a mean for visualization and
analysis of local agent-based and global PIF enstiajgs containing distributions of multiple timaxying frequencies. In the top right
diagram, white noise oscillations are uniformlytdizited (with maximum entropy). In the top lefagram, LESD exhibits ordered structure
of oscillations depending on agent’s behavioralgsat and inner states. In the down left diagraBEST exhibits overall superposition of

LESD, i.e. PIF representation.

In fact, coherent MAS (multi-agent systems) can bmultifaceted field-like media for pervasive infortima storage
identified from the JTFR as time persistent disitibns of and communication, i.e. pervasive information figlF)
synchronous oscillations. The process of self-omgdion  concept. We argue that PIF approach is beneficaltlie
increases negentropy in a form of distribution eSanant simulation of collective mind-fields of the cohetlgn
frequencies in the otherwise uniformly distributestillations convergent (congruent) human groups.
field (see the right down diagram in Fig. 2). Theim  According to OSIMAS, societies can be understood as

characteristic for chaotic systems to behave phaﬁfobal processes emerging from the collective caier
synchronized is the existence of characteristithihg which  .ovior of conscious and subconscious mind-fietidfs

E:IOV: to obsefrve al:d :‘0 invest(;g?te coherent bein;_[s\lri?].&j'ltn individual society members. In this way, emergeatia
€ frames of such phase and frequency approasnquite processes are produced by a collective mind-field iaherit

natural, that synchronization processes in vargysems of . . . .
different nature will have close similarities arghcbe studied 0 degre_e Of. coherent (synchronized) field .Illemawlor.
Proposed field-like approach (PIF concept) is esgqirke

by using common field-based tools. T
enough to represent contextual broadcasted infooman a
form locally accessible and immediately usable eywork

IV. CONCLUSIONSAND DISCUSSION agents.

We have formulated a set of fundamental postulatbs;h This paper gives some prospective vision how system
form OSIMAS paradigm, i.e. a novel way for theresources (tangible and intangible) could be sitedlaas
understanding and simulation of self-organized dempocial ~oscillating processes immersed in the all pervaisii@mation
processes. Specifically, we introduced an idea of fild. It provides fundamental premises for degigrpervasive
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information simulation models, which are employsugle-free
universal principles of field-like coordination.

Like all pioneering approaches, this study needsotiigh
further investigation. This work, however, givesre clear
outlines and their explanatory sources for furihgestigation
exploring the OSIMAS paradigm and PIF model in igatar.
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