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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 ldomputer
science, neuroscience, microbiology, social scicete Based on
these universal principles we provide basic presnaed postulates
for designing holistic social simulation models. \&so introduce
pervasive information field (PIF) concept, whichn&s as a
simulation media for contextual information storagéynamic

distribution and organization in social complex watks. PIF

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

locally accessible and immediately usable by netwagents. This
paper gives some prospective vision how system'sourees
(tangible and intangible) could be simulated asllatiag processes
immersed in the all pervasive information field.

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

|. INTRODUCTION

UE to the remarkable advances in a broad spectfum

technologies and topics the field of pervasive caiing
and communications has been witnessing increagedtian
among many researches and application developkese®re,

though, some obvious concerns about our rudiment

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

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

information storage and communicatiorg. i.

In fact, PIF can also be referred as a virtualllzdory 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 imnadly
usable by network agents [1]. In this way, PIF esras a basic
cornerstone in the proposed oscillations based i-agéint
system (OSIMAS) simulation paradigm. According te t
OSIMAS paradigm, all social information processes be
simulated as self-organizing, dimensionless andd-fike
entities.

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

vironments [11], etc.

Review of the related research across the worldisimany
other international groups like Self-organizing teyss

Wide[}esearch group from Harvard University in CambriddSA),

Pervasive artificial intelligence (PAI) researchogp from
University of Fribourg (Switzerland); Center forroputational
analysis of social and organizational systems (C85@om
Carnegie Mellon University, etc. A whole bunch @fated
projects are also implemented under EU researchraliab
called FET (future and emerging technologies) urilerlCT
program of information and communication technatsgin
the FP7 (seventh framework progrdm)

It is beyond the purview of this article to provide

2 OSIMAS paradigm employs the conceptual trinity rmbdels [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 elgselated to the field-like
and self- organized approaches, which are dealitilgs@mplex, autonomic,
adaptive, brain and neuro-bio inspired multi-leggstems, 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 paradigtm
sum, a multidisciplinary literature review suggestat there
are not separate laws of large (biological, sogigal or
cosmological scale) and the physics of
(atomic/subatomic scale), but rather universaleafibracing
laws of self-organized multifaceted information, igvh
permeates all living and nonliving states of energtter [12].

The great diversity among theoretical approachdiates
that there is not yet one single widely-acceptesbith of field-
based communication and coordination. Notwithstagmdi
apparent diversity of approaches, there are soniensal
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 théeanfield
models of consciousness [6,7]. It gives an impgiwaborate
on the idea of the unified field models of collgetmind-fields
of the coherently convergent (congruent) humangsoln this
way, information societies (macro world) no longem be
viewed as separate from the quantum effects taflage in
the conscious mind-fields of society members. lddee
societies can be understood as global processagieamé&om
the collective behavior of conscious and subconscimind-
fields of individual society members. In this wamergent
social processes are produced by a collective ffihdl-and
inherit some degree of coherent (synchronized)ddiéke
behavior.

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

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

which potentially could simulate some complex sbcia

cognitive and behavioral phenomena [1].

I1. BASIC PRINCIPLES ANDASSUMPTIONS

In this section, we briefly summarize systemizedvensal
principles of self-organization in social and ott@ymplex
systems and integrate our findings into one cohieseh 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 ciflary networks [13].

the

of clarity let us recall that proposed OSIMAS pagad
employs the conceptual trinity of models: PIF (@esive
information field), OAM (oscillating agent modelhaé WIM
(wave-like interaction mechanism). This trinity ofiodels

the smaditands as the cornerstone upon which all ideabul@ in the

paradigm, see Fig. 1.

(Aphe(ag ap aguuay) /

>
s 4

Fig. 1 Three major OSIMAS models: (i) all embracpeyvasive
information field (PIF), (ii) oscillating agent med(OAM), which
identifies each agent from a set {An} in the Pl diii) 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 asrdgferent
spatial scales and time horizons. In essence, weearching
for the pervasive fundamental laws of self-orgamgzi
information not bounded by space and time conggalf) for
instance, some field-like fundamental principles aworking in
the quantum world and in the cellular biophysicg admit
that the same principles are in one or anotherexgyessed in
the mesoscopic world of social systems too. Howetes
form and expression of these fundamental principleoss
different scales varies. Only the most fundamental
(attributeless, dimensionless and timeless) uniherly
principles remain the same.

Second, while formulating basic assumptions andutatss,
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 tategibatural
resources and even social agents themselves coeld b
simulated as oscillating processes immersed in dfle
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-autoos
interdependent organizational layers, e.g. indi@idwroup
and society. Information is coded and spread glplamost
with the speed of light via broadcasting telecomicetion
networks. Modern information societies are like analated
potential fields of various information, where infmation is
propagated not rather via the peer-to-peer intereebetween
economic agents, but increasingly more like figldsismitted
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through the broadcasting information channels (e GSM, Hence, social order can be modeled as coheremtsfief
radio, TV, etc). information resulting from superposition of the iwidual

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

3 Postulate. Uncoupled and indirect interactions among 10 Postulate. We assume that primal spontaneous
social agents require the capability of affectingl @erceiving emergence of self-organized information has dedt the
broadcasted contextual information. Therefore, aiato self-sustainment in the first place, and later witle self-
information network can be modeled as a virtualillagory  propagation. Therefore, these processes are prapnated in
field (PIF), where each network node receives pmvea all self-organizing systems as fundamental lawsofeasing
(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 systems.e.
to represent contextual broadcasted informationaifiorm preservation or increase of negentropy, which eseabcial
locally accessible and immediately usable by ndtveggents.  organized behavior (accordingly directing systerasources).

4 Postulate. Simulation results of social systems behavior In sum, all agents can be integrated into the comfl-
are not adequate to the observable reality, unksgjlated spectrum as individual sets of oscillation bandsjctv are
models acquire features of living systems, e.gptaddlity, memorized and managed by the oscillating agent mode
self-organization, field-like inner coordination danouter (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 rdige
information storing, processing and communicatiggrds in  behavioral strategy [1]. In the proposed paradigianés can
the information network society. In the deeper esenscommunicate possessed information according to the
information societies operate through agents, whaie behavioral strategy. Communication is taking plage
complex multifaceted self-organized information g@eses, common media, i.e. PIF, but it is managed by theeaike
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, adaptingllysical

analogy of the multifaceted field-like energy, whids 1ll. CONCEPTUALDESIGN OF PERVASIVE INFORMATION FIELD
commonly expressed via spectra of oscillationshismway, an (PIF)

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

7 Postulate. An agent’s inner states can be represented jRformation networking and interaction mechanismsrider to
terms of organized multifaceted information, whigkpresses reflect the observed multiplicity of modern broastiag
itself in a form of preserved specific energy Séte latter is telecommunication systems used by social agentgfinéers
realized via the SpecifiC Spectrum of oscillatioDsstribution are Starting to understand that, to Constructm@&nizing and
of agent’s oscillations over the individual spentrin contrast adaptive systems, it may be more appropriate tasfan the
to random distribution, carries information abogEIat'S self- engineering of proper interaction mechanisms fo‘nm]ents

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

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

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 superpositioihe Hence, not accidentally, there is a striking sticatt similarity
individual spectra (self-organizing information pesses). petween modern telecommunications and social n&svon
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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 efficiergtqrols
for complex information traffic in the telecommuaton
networks, where (i) each agent can instantly semtiraceive
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 mudté of
multimedia networks with the speed of light. Afal, it does
seem like we are immersed in emanating fields ofuai
information [1].

In essence, the PIF model serves as a mean fomafion
(and associated energy) storage, dynamic distobuand
organization. According to OSIMAS paradigm, pervasi
information is distributed in fields, and fields although
expressing some global information — are locallscpved by
agents, who are inseparable from the PIF. In thay, WwIF
simulates universal media, which contains all pdesi
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 anednigible
observables are represented as a set of oscilafiemergy
equivalents). In other words, all that is in suclsyatem is
represented via spectra of oscillations. ConsetyyePIF is a
grand total of all individual spectra. PIF modek@nstructed
following these principles:

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

2. Social systems behave in a coherent way bethegeare
integral holistic units, where each part is insepé& from all
the rest. Each part is a summa summarum of theeindle 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 ggdfized

2517-9942
No:1, 2012

describes how the inner energy (or its variancénie series)
ia distributed with frequency. Meanwhile, systentevi
distribution of LESD gives global energy spectransity
(GESD) distribution, which uniquely describes theges of PIF
for each moment.

6. The main way for the agent to increase negewtrop
(negative entropy or information) is via adoptiohsome set
of resonant frequencies, which may yield to the effieral
behavioral patterns in the dynamic environment. g of

bexanthe new resonant frequencies (information) charagent's

LESD and GESD distributions accordingly.

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

8. In general, information is represented by theelk of
synchronization (and of coherence) locally withinegent and
globally within agents’ populations. Deviations ftorandom
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 realizedolig@rent
convergence, i.e. synchronization of oscillatiomag#s. Large-
acale integration or ‘social binding’ involves shinenous
oscillations of local field potentials. Coherenngergence of
resonant oscillations leads to the synchronizatioong self-
organized information processes (agents).

10. Synchronization as a process locally invokesceng
for the beneficial information and globally meansimizing
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 multifacetedtium ¢
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

tHeK, t), wherekZK.

In general, we require tha¥ for each moment and space
location are uniformly continuous, square-integeabfinite

information in the global all embracing multifaceéte energy, Hilbert spaée‘unctions[B]. In fact, we are interested

information field (PIF).

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

used to enhance inner processes and outward bedlavi

patterns.
5. Homeostatic agent can be represented in terntheof
local energy spectral density (LESD) distributiowhich

in the continuous dynamics of local and nonlocétriactions
of pervasive information fields. Hence, dynamidahicges can
be defined by fields’ transformations and differeht
equations. Fields’ linear transformation can becdbsd using
integral operators of Hilbert-Schmidt type as combius
mapping functions, which map one or more inputfed into
one or more output field@=K ¥ for K —valued fields over2.
én the presence of multiple stimuli, we can use titiubar
integral operators. Such mapping represents a gogiéion of

5 Hilbert spaces are widely used as models of contis knowledge
representation, but not all elements of Hilbertcgpare physically realizable.
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all the stimuli.lt is important to note, that weositd care not Based on the proposed framework, the following Goes
only about superposition of fields’ frequencies amagnitudes arises — how to visualize the entire PIF model sirgle yet
but phases are very important too. Phases argytalgnificant 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 phasiequency representations, visualizing some splecarsd
synchronization theory of chaotic systems, dynacgiberent temporal information simultaneously, see pseuddspec
behavior emerges as a consequence of nonlinghwstration in Fig. 2. JTFR depicts how informatienergy
synchronization in the complex networks [13]. THere, states (represented by frequency distributionsnghaover

fields are treated as complex valued. time. JTFRs are useful for the representation aralysis of
dynamic LESD and GEST containing multiple time-wagy
frequencies.
JTFS: one agent (local self-organized negentropy) JTFS: white noise (max entropy)
— E . 3
= S S
g £ g
=] K] s 2
2 s 8 S
= § w s
—é —
Timé; t 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

Frequency, f
v
\4

Magnitude, c.u.

--------- é Coherent (syncronous) oscillations]

\ A
A4

Thfe procéss of glabai/ negentropy

A

The prac.éss of local negentropy

e
Dynamics of global (MAS based) synchronous oscillations

Fig. 1 Pseudospectra diagrams used for illustraifdhe joint time-frequency power spectra (JTFR)r@ach as a mean for visualization and
analysis of local agent-based and global PIF engiags containing distributions of multiple timerying frequencies. In the top right
diagram, white noise oscillations are uniformlytdizited (with maximum entropy). In the top lefadram, LESD exhibits ordered structure
of oscillations depending on agent’s behavioralguas and inner states. In the down left diagrafESTexhibits overall superposition of
LESD, i.e. PIF representation.

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

characteristic for chaotic systems to behave phaﬁﬁ)bm processes emerging from the collective oatiter
synchronized is the existence of characteristi¢hig which |- vior of conscious and subconscious mind-fietfs

;:IOV]Y to obsefrve ar?d LO invest(ijng:lte coherent bme.[s\ll?]ﬁltn individual society members. In this way, emergeatia
€ frames of such pnase and irequency approasnquite processes are produced by a collective mind-field iaherit

n_atural, that sync_hronlzatlon processes in varsy ems_of some degree of coherent (synchronized) field-lilkehavior.

different nature will have close similarities arahdbe studied P d fieldik h (PIF N .

by using common field-based tools. roposed field-like approach ( concep). 'S e3pNeE
enough to represent contextual broadcasted infiman a

form locally accessible and immediately usable leywork
IV. CONCLUSIONSAND DISCUSSION agents'

We have formulated a set of fundamental postulaibigh This paper gives some prospective vision how system
form OSIMAS paradigm, i.e. a novel way for theresources (tangible and intangible) could be sitadlaas
understanding and simulation of self-organized dempocial ~oscillating processes immersed in the all pervasif@mation
processes. Specifically, we introduced an idea of field. It provides fundamental premises for designpervasive

143



International Journal of Information, Control and Computer Sciences
ISSN: 2517-9942
Vol:6, No:1, 2012

information simulation models, which are employsugle-free
universal principles of field-like coordination.

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

REFERENCES

[1] Plikynas D.: A virtual field-based conceptual framoek for the
simulation of complex social systems. Journal a§t&ys Science and
Complexity 23, 232-248 (2010)

[2] Yokoi H., Mizuno T., Takita M., Kakazu Y.: Amoebaeaching
behavior model using vibrating potential field. B4th SICE Annual
Conference (SICE '95), pp. 1297 — 1302. Hokkaidovéhsity (1995)

[3] Hameroff S.: Quantum computation in brain microtes@ The
Penrose-Hameroff 'Orch OR' model of consciousnBslosophical
Transactions: Mathematical, Physical and Engingef@tiences 356
(1743), 1869-1896 (1998)

[4] Popp F.A., Chang J.J., Herzog A., Yan Z., Yan YidEnce of non-
classical (squeezed) light in biological systentsysits letters A 293,
98-102 (2002)

[5] Rossi C., Foletti A., Magnani A., Lamponi S.: Neergpectives in cell
communication: bioelectromagnetic interactions. Beans in Cancer
biology 21(3), 207-214 (2011)

[6] McFadden J.: The Conscious Electromagnetic Infaona{CEMI)
Field Theory. Journal of Consciousness Studie9, 8860.

[7] John E. R.: The neurophysics of consciousness.nBRe&search
Reviews, 39, 1-28 (2002)

[8] MacLennan B.J.: Field computation in natural artdieial intelligence.
Information Sciences, 119, 73-89 (1999)

[91 Mamei M., Zambonelli F.: Field-based coordinatioor fpervasive
multi-agent systems. Springer-Verlag, Berlin (2006)

[10] Mulle-Schloer C., Sick B.: Emergence in Organic @oinmng Systems:
Discussion of a Controversial Concept. Autonomicd amrusted
Computing. In: LNCS, pp. 1-16. Springer 4158 (2006)

[11] Servat D., Drogoul A.: Combining amorphous compyitamd reactive.
In: AMAS’02, pp. 441-448. ACM, Bologna, Italy (20p2

[12] [12] Laszlo E.: The Systems View of the World: Alidtic Vision for
Our Time (Advances in Systems Theory, Complexityd he Human
Sciences) (2nd ed.). Hampton Press, Inc., Cresbki|IUS (1996)

[13] [13] Osipov G. V., Kurths J., Zhou C.: Synchroniaatin Oscillatory
Networks. Springer Series in Synergetics, Berlid0o@)

[14] [14] MacLennan B.J.: Field computation in motor toh In: Self-
Organization, Computational Maps and Motor Contioh. 37-73.
Elsevier, Amsterdam (1997)

144



