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Abstract— In this paper complex adaptive systems theory
(CAS) and social autopoiesis have been interpretedith the
aim to identify factors realising emergent propertes in
organisations structured as social networks. Undetanding the
complex dynamics of such communities requires a wieof their
infrastructure as a network of interacting agents nvolving
both goals and constraints. We analyze the networktructure,
showing that it defines a complex weighted networkwith
scaling laws at different levels. We also presentsample model
of network growth involving non-local rules.
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l. INTRODUCTION

Looking back there have been a few distinctivemarketing service than it

technological innovations that have radically chethghe
way society operates and is able to interact. Jodmn
Gutenberg’s printing press is the earliest exampt@. the
first time knowledge could be shared to a widerysaton
and what this did was take away the control of Kedge
from the nobility and transfer it to the generapplation,
this was the first step towards the democracy oikadge.

Radio and television and the Internet are more ntece risks,

examples but the most exciting step, social netingrkas
just arrived and will once again have a major intgac all
elements of society.

The Internet has been around for almost 20 yeatdhas
made drastic changes in the way we run our lives the
manner in which we conduct our business. The ietenas
provided us with a platform to exchange informatimd
create knowledge in exponential quantities. Wehangever
only now beginning to truly collaborate globally ow we
exchange and create knowledge.

One place that we are beginning to see this kirglaifal
collaboration and knowledge creation is in socithorks.
It took radio 28 years to reach a market audielicenfion,
13 years for TV, 4 years for the internet and dhlyears for
FaceBook.

More and more of our personal data are making b on
the web every day. From applications as pedestisaword
processing to social networking tools such as Loapich
allow one to share their GPS location with frierttig, web is
supplanting the classic Personal Computing paradifjme
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smart phone is accelerating this trend. Users éxpete
able to view data produced on the desktop whilthergo.

Centralized application services have many positive

properties. They are easy to use. They make it teaslyare.
It is fun and easy to discover new friends, to aisr who
your friends have as friends or to reconnect withfeends.
Users do not need to worry about software upgradethe
application provider automatically updates the \gafe as
needed. Third party application developers haveyutjh
independent development, made these platforms osafel
and fun than ever before.

All of this freedom does come at a cost however Th
risks created by centralized service providers dsthy of
concern, and one can consider that in less thanyiears a
network like Facebook is worth more as a direct|mai
is as a social networking
application. Even worse seems to be the freedosodamal
networks communication for businesses. With a dligit
connected social world in which the line betweenspeal
and corporate lives is increasingly blurred, pognisks to
businesses also rise. It's clear that businesses ree
proactive— and powerfully persuasive—communications
plan to educate their user community about sociatlian
personal and company impacts, and expected
behaviors.

On the other hand, despite the risks, many compame
ill-prepared. To safeguard critical data, mitigdsta leakage,
and control intellectual property, one must adogtrategy
that leverages the experience and leadership dbubmess
and technology sides of the companies. As an altern
solution, we propose to use in social network mansmnt a
distributed platform that retains the core funcdiities of a
centralized service with the additional advantaigeturning
ownership of the data to the user. The existencea of
distributed solution offers consumer choice and puéssure
on centralized services to treat our data with ¢hee and
discretion we desire.

Il.  THE POLICIES AND PROCESSES FOR SUCCESSFUL
SOCIAL NETWORKS

As with any policy implementation, the first step
concerning social media is to form a business egjsathat
includes a long-term adoption plan for policiesyqadures,
and solutions.
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It is essential that the business classify datathed  of identifying mechanisms or strategies that ratbe
employees understand precisely what is—and is not—-emergent properties of social business enterpf®eSocial
sensitive information. This process also shouldngefvho is  autopoiesis was chosen as it focuses on socialeelsnof
authorized to access and share corporate contedtita emergence, such as communication, collaboratiorraleo
should lay out procedures that delineate how enegleynay trust, etc., whereas CAS theory concentrates mare o
use sensitive data. As part of data classificatioe business adaptive mechanisms that make a CAS produce emntergen
should also establish a data-retention policy fidormation  order, such as inter-relations, interconnectivigdge of
created on social media. chaos, feedback, etc. Based on this a frameworkbkaes

Policy also must clearly specify who is responsifile  derived that summarises the so-called factors fixilitate
particular types of communications; these operationles organisational emergence. The framework classféetors
typically fall within the marketing and customerrngee as tangible and intangible, and it differentiatestween
departments. The company also should establistynamics, enabling infrastructure and controls, rRgsb
management oversight for social media—both a chieémergence factors. By enforcing factors faciligtin
strategist and a community manager, for instance. emergence and avoiding factors prohibiting emergeitds

When developing roles and policies, the businessildh argued that organisational emergence will be |gexta
include a strategy for employee separation to ramint leaving space to project teams to innovate andiraomiisly
ownership of intellectual property and social idtéeg. evolve appropriate solutions in order to adapt ioeser-

Establishing these policies is only the beginning,changing business environment.
however. The real work lies in behavioral changdés o
employees. Businesses must educate employees oredde

to protect intellectual property and sensitive infation, and lll.  CHARACTERIZATION OF THESOCIAL NETWORKS AS
they should fully detail the consequences of norgl@mce COMPLEX ADAPTIVE SYSTEMS
for both the company and the individual. Self-organization has been subject of discussions

Typically, technology incubated by Computer Scienceconcerning the question of the interrelationshipwieen a
professionals in universities and companies evégtomke  system and its environment in various discipliregart from
its way to consumers. Distributed systems havemade DAl (Distributed Artificial Intelligence). The ditfrent
th_ls leap. Consumers have the same need to shdia wiéh  theoretical approaches have in common that thelyars
friends over the Internet. We envision that persseavers  kind of system self-organizing if it is able to eehine its
of tomorrow may become as prevalent as today'sopets internal structure by itself as the environmentngjes. The
computers. Obviously we still have a long way tobgdore  houndaries of a self-organizing system and itscaire (i.e.
today's social applications. The key is to cregterohigh-  the relation between its elements) are not detehiny
level distributed programming interfaces and frame®w  environmental factors. Rather, these systems genera
that enable independent software vendors to creaihange and adapt their internal organization witheir own
distributed applications that run across theseessrv logic in a dynamic process to cope with environrakent

Privacy, the key factor in our new design, must enak changes. As a result of more recent social thedtiesnotion
possible a new class of viral applications andgmesand  of self-organization has become a primitive in stogy
even enhance the ability of advertisers to makerdditp  when it comes to describe social entities (gromesworks,
W|th_out_ privacy, an entire class of financial _an_dadmal organizations). In particular in MAS (Multiagent ssgms)
applications will not be accepted. In fact, privaisyalso |iterature the concept of self-organising MASs Hzeen
useful for applications involving interpersonalat@nships, partially considered by researchers interested eisigiing
a particularly viral category. While it is geneyaliccepted  the best match among task, environment, structumg a
that the younger generation has less qualms ové&inma performance. A prevalent opinion is that sociolatjiheory
personal information public, few would be willing make  can help overcoming difficulties in modeling MAS this
public their negative feelings about other indiatiu spirit it is to mention a new sociological concepthe study

Concluding that in turbulent business environmentsf self-organization in MAS, the habitus-field tigoof
organisations need to react quickly and creatitelynake  pierre Bourdieu which describe organizations as- sel
the most of new opportunities and business modelthis  organizing social entities (“autonomous fields”).[3
paper we consider as a possible solution to rezeetnew Most of the work on complexity and the developmeht
Imperatives which require organisations to becom@em complexity theories have been undertaken in theesorof
flexible to handle change, the model of compleX-se the natural sciences and there has been relafittégywork
organizing systems, where of key importance inaeéimg  on developing or applying such theories in the aloci
successfully to change is the concept of emergencgciences. A thorough review of complexity and socia
Complexity science is a way of addressing and imMp®  autopoiesis literatures is undertaken in this sactbased on
such capabilities in organisations, as it is comegiwith the  the work of Alaa [4], with special focus on manageita
role of chance, emergence and contingency in the &  related contributions to extract mechanisms or girms of
frequent and continuous change [1]. factors that are argued will facilitate emergenceacial and

In our work factors facilitating organisational emence management contexts. The analysis resulted in a
have been identified by interpreting complex adepti classification into several groupings; dynamics ci@lo
systems (CAS) and social autopoiesis theories thighaim  construction factors/intangible dynamics and adapti
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factors/tangible dynamics), enabling infrastruct(teangible
& intangible), and control factors (tangible & ingible).
Dynamics are factors that realise emergent pragserthe
enabling infrastructure include elements that ematble
dynamics to become effective, whereas controlliagtdrs
attempt to ensure balance of dynamics to prevesteu
into chaos.

A. Social Construction Factors/Intangible Dynamics

The social

behaviour are presented as follows:

form an essential driver of emergent behaviour.

e Facilitation of interaction in the development of
social organisations put co-operative interactiod a

drivers and stimulators that have been

suggested as important in facilitating emergentiatoc Thus

Complexity thinking is about wholes and complex
inter-relationships.

Difficulties created by the unpredictability of
complex human processes and interdependencies are
problematic, therefore short-term orientation and
simple solutions (simplicity) are likely to resuit
better outcomes.

Conditions for experimentation and exploration of
possibilities implies small-scale orientation irder

to quickly try out various options and get quick
feedback without requiring large scale resources an
time.

the adaptive factors reflect the degree of

o . . interdependence, connectivity, structural coupkng quick
* The development of autopoietic society requirese-formation of internal arrangements. These elésnbelp

communication, meaning and consciousness thahgilitate fast response and quick, internal adaptaand re-
formation of system components.

relationships at the centre of organisationalC. Enabling Infrastructure

emergence, which can be achieved
participation, collaboration and team working.

creation and emergence of global structures.

through Aspects of an enabling infrastructure that fadiisa

emergence in social contexts include:
« Local interactions are responsible for new order e

* The quality of interactions between human agents is
a function of the diversity, density, and intensify
those relations. These may be formal or informal,
designed or un-designed, implicit or explicit

e Individual motives or intentions and individual
emotions and morale act as driving forces for $ocia
autopoietic systems influenced by interests, social
context and forms of co-operation and collective
behaviour towards achieving a specific goal.

Thus, the important social construction factors are

communication, collaboration, interaction, trustianorale.
These appear to be the important elements of conspleial
systems as they are responsible for social inferectand
stimulation of creative thinking that will lead touman
empowerment and leveraging self-organisation.

B. Adaptive Factors/Tangible Dynamics

The dynamic of an evolving social entity is detareul
by inter-component relationships that outline isni and
internal arrangements. Adaptive factors are reduite
improve the ability of the social system to re-age, re-
form its structure and quickly respond to chandeyt
include the following elements:

Hierarchy and structure are pre-conditions that
enable or inhibit the emergence of new behaviours
and working ways.

Action of organisation members is shaped to a high
degree by the existence of specific organisational
form and structures.

Conditions that facilitate the day-to-day managetmen
of an organisation, for example management style,
are necessary for learning and emergence to occur.

Analysis of the influence of external factors like

power, money and control regulations like contracts
and conventions act as constraints that limit $ocia
dynamics in complex situations.

D. Control Factors

Complexity theory in social contexts is designed to
enable creativity, spontaneity and emergence bualso
requires some kind of moderating or control mechasi
which seeks to balance excessive change with isyabil
possibilities with constraints, innovation withditon, etc.

* In a social context each individual belongs to many
groups and different contexts and the contribution

depends partially on the other individuals witHiatt
group and the way they interact.

« Propagation of influence through social system

depends on the degree of
interdependence and strength of coupling.

connectivity,

* In human systems, connectivity between individuals

or groups is not a constant or uniform relationship

but varies over time.
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Change and stability are balanced and the edge of
chaos is a critical point of the system, where alsm
change can either push the system into chaotic
behaviour or tip the system back into a stablestat
Edge of chaos is controlled by equilibrium models
which attempt to bound a system to ensure that the
system is always pushed back to stable conditions.
The mechanisms by which complex systems
maintain control and achieve certain goals is by
feedback, learning and frequent small adjustments t
counteract any excessive tendencies to change.
Continuous reflection, learning and circular caitigal
mutually reinforce social relationships and
interactions.

Simple high-level rules are a way to achieve a
balance between dictation and freedom enabling
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team members to interact with each other guided by V. AN INFRASTRUCTURE MODEL FOR SOCIAL NETWORKS

these rules

Based on the above analysis we identify the ﬁrSRNit

grouping of factors facilitating emergence, i.enamics that
include those factors that operationalise the eemdrg
behaviour. The factors of a complex social systeenadso
classified into intangibles and tangibles. Intategb
represent the social factors that uniquely chariaetesocial
human systems, as opposed to natural systems, agher
tangibles represent the mechanistic/adaptive factibrose
elements responsible for the internal connectigitpystem
components.

The second grouping is the enabling infrastructhed
enables or allows the social and adaptive elentengither
be effective or inhibited. This includes organisadl
structure, hierarchies, management style, work umyt
leadership, etc. These elements can also be tangilth as
structures, hierarchies and external factors anigible, such
as culture, management style and leadership. Thd th
grouping is control, as in order to facilitate eget
behaviour without complete chaos or anarchy, ctstieed
to be in place and maintained, but they need ndietdoo
restrictive. The different groups and elements athe
category are illustrated in Fig. 1 that collates tharious
factors. It is argued that this forms a useful fearark for

identifying and understanding factors that fadiita
organisational emergence.
Intangibles Tangibles
Reflection (Circular Feedback
caisality) Continuous adjustment
Learning

High-level Rules

(These will ensure a balance between excessive change and stability

and thus sustaining the edge of chaos)

| —‘—-\\
Intangibles Dynamics
= Tangibles

Communication Flexibility

.4——-/

Collaboration Simplicity

Interaction Short-term orientation

Trust Small scale

Morale Rapidity
(These will raise human
empowerment & thus improve
self-organisation.)

(These will reflect on degree of
interdependence, connectivity
and quick mechanistic
adaptation)

Enabling Infrastructure

Intangibles Tangibles

Management style Organisational structure

Leadership Hierarchies

Work culture External factors (regulations,

etc)

(These enable or allow the dynamics of emergence to either be effective or inhibited )

Figure 1. Framework of Factors Facilitating OrganisationalgEgence
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Social network analysis represents agent relatipash
h nodes and links. Every node i represents &orac
within the network and linkg,(j) denote social ties between
agents andj. More representative models of social networks
decorate each link (i, j) with the strength of 8uial tie or
the amount of information flowing through it, heitea
called link weightw;;. The statistical analysis of link weights
i, between pairs of vertices in the social netwodidates
an heterogeneous pattern of interactions, typidallpwing
a power law:P(w;) ~ w; “. In addition, the heterogeneous
distribution of link weights might be related to eth
hierarchical organization of the social network.

We have chosen as specific example for which it is
possible to reconstruct the social network, théasoetwork
of open source software communities (OSS). Thigeays
define a network of interacting agents with verynitr
features in common, reflecting the presence oftéititns in
the information shared by agents. It has been drghat
decentralization leads to a distinctive organizattmat solves
the communication bottleneck associated to largavace
projects [5]. The amount of submitted e-mails frame
programmer to other members is a good indicatohisf
social position in the software community. Howeveot
every e-mail message has the same influence ipribeess
of software development. In order to reduce the lamof
noise, here we will consider only e-mail trafficsasiated to
bug-fixes and bug reporting. The rest of e-maile ar
discarded from any further consideration. From shisset of
e-mails we can reconstruct the social network efsthftware
community as shown in [6].

Nodes and links (i, j) of the OSS social netwonresent
members and e-mail communication froto j, respectively.
At any time, a new software bug is discovered bg th
member i who sends a notification e-mail. Thengotxpert
members investigate the origin of the bug and exadiyt
reply with the solution. Typically, several messagare
required to solve the problem. Here, we defiie(t)=1 if
developeri replies to developej at timet, or E; (t)=0
otherwise. We also define link weight; as the amount of e-
mail traffic flowing from memberi to member j,

.

W, =ZDi’j(t) where T is the timespan of software
t=0

development.

TR T T
L1

Cumulative Frequency

3

10

—
(=]
=1

Figure 2. Heterogeneous interaction in small software comtiemi
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In fig.2 we put an emphasis in the link weight
distributions P(w;). Here P.(w;) is defined as the
probability of having a link with weightv;. In order to
reduce the noise in the statistical data, we maleaf the

cumulative ~ distribution P.(W ;) , defined as

P>(vvi,j)DTP(a))dw . For the standard case where a

W

scaling behaviourP(w;;) ~ wi;™
P>(Wi,j ) ~wi

There is a characteristic pattern of asymmetri
interaction, where a few strong units dominateatigvity of
the whole OSS. Interestingly, the distributionioklweights
in large software communities also follows a poveev:
with an exponent consistent with the observed & ghall
software communities. Most real networks typicalbntain
parts in which the nodes (units) are more highlyneted to
each other than to the rest of the network. The sksuch
nodes are usually called clusters, communities,esiob
groups, or modules having no widely accepted, wmiqu
definition.

In general, each nodef a network can be characterised
by a membership numbem, which is the number of
communities the node belongs to. In turn,

communitiesx andp can shares,’; nodes, which we define

as the overlap size between these communities.raligtu
the communities also constitute a network with dkierlaps
being their links. The number of such links of coumity o

can be called as its community degrek,". Finally, the

size of any community can most naturally be defined as
the number of its nodes. To characterise the coritgnun
structure of a large network we introduce the tigtions of
these four basic quantities. In particular, we Wditus on
their cumulative distribution functions denoted Bgg™™,
P(d™M), P(s), andP(m), respectively.

The basic observation on which our
definition relies is that a typical community castsi of
several complete (fully connected) subgraphs tkad tto
share many of their nodes. Thus, we define a coritypwor
more precisely, &-clique-community as a union of at
cliqgues (complete subgraphs of sikethat can be reached
from each other through a series of adjag&etliques (where
adjacency means sharing-1 nodes). This definition is
aimed at representing the fact that it is an esddntiture of
a community that its members can be reached threwgh
connected subsets of nodes. There are other phitiseo
whole network that are not reachable from a pdeick-
clique, but they potentially contain furthek-clique-
communities. In turn, a single node can belongeeesl
communities. All these can be explored systemdyicaid
can result in a large number of overlapping commiesi
Notice that in most cases relaxing this definiti@ng., by
allowing incompletek-cliques) is practically equivalent to
lowering the value ofk. In the same time ank-clique
(complete subgraph of siz@ can be reached only from the
k-cliques of the same community through a

is observed, we have
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any two

community

adjacentk-cliqgues (two k-cligues are adjacent if they share
k-1 nodes) [7].

The algorithm for numerical determination of thd fet
of k-cligue-communities is based on first locatingdifjues
(maximal complete subgraphs) of the network anch the
identifying the communities by carrying out a startt
component analysis of the clique-clique overlaprixd8].
We use our method for binary networks (i.e., witidlivected
and unweighted links). An arbitrary network can ay& be
transformed into a binary one by ignoring any dielity
in the links and keeping only those that are steortan a
threshold weightv*. Changing the threshold is like changing

Ghe resolution with which the community structure i

investigated: by increasingv* the communities start to
shrink and fall apart. A very similar effect can dleserved
by changing the value d&f as well: increasingg makes the
communities smaller and more disintegrated, bthe@same
time, also more cohesive.

The extent to which different communities overlalso
a relevant property of a network. Although the engf
overlap sizes is limited, the behaviour of the clative
overlap size distributiofP(") is close to a power law for
each network, with a rather large exponent. Thimank
leaded us to consider that the most suitable tgyotf a
social network is that of a scale free network [9].

Figure 3. The network of the most influent 27 blogger prcfien Twitter

In order to establish whether sociak networks adeed
scalefree, we determined the degree distributitk), which
is the probability of finding a node with a degieén the
Romanian Blogosphere (the interconnected network of
romanian bloggers). The obtained distribution isleid
scale-free and satisfies the power law with theoarptial:
A=2.65 which satisfies the condition to be betweesnd 3
for a scale-free topology. As expected, the mofitent
persons in the Romanian Blogosphere will also have
accounts on a large social network as Twitter aitidkeep
their superiority there also. From the first 100dd, in July
2008, already 27 were also on Twitter. Figure Gushthe
interconnection between these most influent bloggefiles
which are also interconnected on Twitter. The stale
topology following the preferential attachment lsaeasy to

seriés OObserve.
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To determine the connectivity degree of such a adtw
we have made simulations using Ns2 simulator [@b@] the
Nam animation tool [11]. Fig.4 illustrates the ttggy of a
free scale network with 128 nodes that started faonmitial
core of 4 nodes; in the connection of other nodeshave
applied the law of the preferential attachmentfi¢n 5 is
represented the distribution of the connectivitgrée from
the most connected node till the less connected fanet
scale free networks with nodes from 100 to 100G6e,
similarity being evident.

°f o8 )

Figure 4. A scale free network with 128 nodes having 5 hubs

—— N=100
—— N=1000
25 —— =1 |
N = 100000

\ . L \ | . | . J
0o 05 1 15 2 25 3 35 4 45 5
lag10()

Figure 5. The evolution of the node conectivity for 4 freescnetworks

The specific scaling of the community degree distibn

is a novel signature of the hierarchical natur¢hefsystems
we study. We find that if we consider the network o
communities instead of the nodes themselves, wé stig;

observe a degree distribution with a fat tail, bat
characteristic scale appears, below which theibligton is
exponential [12].

CONCLUSION

In this paper complex adaptive systems theory (Cifs))
social autopoiesis have been interpreted with tine t&
identify factors realising emergent properties ligamisations
defined as social networks. Social constructiormelats,
such as communication, collaboration, interacttaust, etc.
are argued to be critical drivers of human empovesinand
thus self-organisation, whereas mechanistic,
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adapti

dynamics like flexibility, short-term orientatiosmall scale
approaches, simplicity and rapidity will ensuret fessponse
and quick adaptation to the problem situation. Hove
emergence cannot be fully realised without the smagy
enabling infrastructure that will allow the dynasiiof

emergence to become effective, e.g. managemeast sigrk

culture, organisational structure etc. The elementi&ctors
in each category have been identified and relatedh i
framework, to help understand and analyse the phenon

of emergence in social organisations.

This framework can be seen as a significant impreerg
on generic complexity principles suggested inditere, such
as diversity, large number of agents, interactiadge of
chaos, etc. that refer to emergence charactertsticaithout
providing a clue on how to realise these conceptstion.

Especially, it is important to notice that the fewwork
represents a holistic approach where the varioastified

factors are intertwined and some of them may preduc

counteracting effect. Future research will focus forther
validation of the framework through other empirical
applications. Especially of interest is to teghié framework

does help better understand and manage the emergenc

phenomenon and put forth intentionally factors tiagde the

emergence of new work arrangements. Generality and

completeness of the framework are also importaiédoin
future work.
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