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COMPLEX NETWORKS THEORY IS A DISCIPLINEthat aims to understand those systems
composed by a large number of elements interaciomg linearly. Its starting point
consists on modeling these systems as networksewther interacting entities are
represented by nodes, and interactions among resldinks if a relation exist. The
mathematical framework further developed in orderekplore both the static and
dynamical properties of these networks is whatniewn as complex networks theory
(Newman 2006). The conceptual simplicity of thiprgach facilitates its application to
very different areas of knowledge such as physizdpgy or social sciences, with an
spectacular increase in the number and varietybligations during the last years.

The conceptual simplicity seems to partially explis success for two reasons.
On one hand we observe that some common (non l}rigetterns arise from the
analysis of very different systems. In the otherdjat is possible to generate models in
an empty-of-contenfiashion intended to reproduce a given pattern. &tbeg, when the
modeled process generates the desired patternayt be considered as a suitable
starting point to explain its emergence in a vgriet systems. This fact confers an
extraordinary generality to the analysis and maodeliof complex systems. A
paradigmatic example comes from the observatiort, thm many systems, the
probability distribution of the number of links perode (known as the degree
distribution) follows an scale free behaviour (Basi 2009). It has been proposed
within the same formalism a simple model to expl#is pattern, the so called
preferential attachment procegBarabasi 1999), that generates scale free nesnarl

it is easily modified to account for a particulankng exponent.
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Therefore if, as it happens in this example, thelehed process generates the
desired pattern, it may be considered as a suitataging point to explain the
emergence of the observation under analysis iniatyaf systems. This fact confers to
this theory an extraordinary versatility for theabsis and modeling of complex
systems.

But, although the application of complex netwotksdry implies a commitment
with strong assumptions arising from the very fisbdeling step -i.e. the system
definition- the epistemological aspects of comphetworks theory have received poor
attention. Our aim here is to explore the epistegiohl basis of the complex networks
theory.

The approach we will follow highlights the abilityf the complex networks
framework to deal withdialectic concepts (Georgescu-Roegen 1971). Dialectic
concepts are better understood in contrapositi@itomomorphicconcepts, which are
those concepts that can be discretely differertidtellowing the words of Georgescu-
Roegen: “(arithmomorphic concepts) conserve a miffeate individuality identical in
all aspects to that of a natural number within #eguence of natural numbers”.
Arithmomorphic concepts are suitable for formalse@ng, and therefore compatible
with a quantitative treatment. On the other handledtic concepts intrinsically make
reference to processes where qualitative changeprasent. An accessible example
may be the concephase transitionFor instance, in the transition from water to map
both phases are conceptually well characterized.itBa the process of change itself
what challenges our ability to quantitatively déserthe system. How can we properly
characterize both concepts, water and vapour, iakgen a regime where both phases
coexist? Scientific modeling may be viewed as aivigg where the construction of an
arithmomorphic scheme is critical, and systems tadgt be described through dialectic
concepts challenge scientific modeling. Conceptshsas the adjectivelemocratic
being defined with a wide variety of implicit qualiive variables changing in space and
time, make difficult to propose an arithmomorphitheme oriented to provide an
objective measure (therefore discretely differéaty of this concept, and must be
understood as dialectic.

An illustrative example of what is understood atharomorphic scheme and its

relation with dialectic concepts comes from tldassification problem. The
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classification problem can be considered withindbmplex networks framework if we
link objects when they share certain similarityd dhis leads to disjoint clusters where
elements within each cluster are transitively cated In general, when the entities
considered in any attempt of classification cont@mincreasing amount of dialectic
concepts, there are also increasing chances ahdeaith a frustrated problem (Binder
1986). In biology the problem of classification hlsen historically fundamental.
Species definition is a classical example whererdgancies do exist nowadays, see for
instance the discrepancies between Ecdysozoa aedr@ata hypothesis (Philip 2005;
Philippe 2005), or the difficulties in the defimiti of bacterial species (Cohan 2002).
And frustration in the classification problem ist specific of species definition. It also
appears when we deal with other entities such gwesgion profiles or protein
structures, and this is why it has been recogné=ed central epistemological problem
in computational biology (Dougherty 2006).

We argue that it is precisely in those scientifieas where dialectic concepts are
found more frequently, as it is in biology, socgyoor economy, where the formal
development is being slower than in other sciesces as physics. It has been pointed
out that a specific feature for the maturity of @atyjence comes from a growing interest
on “processes in which things have become what #éneystarting out from what they
once were, and in which they continue to changetaritecome something else in the
future”, rather than an interest on “the basic ieal and properties that define the
mode of being of the things treated in that sciér{Bo®hm 1971), typical of earlier
stages of its development. This may be the reasoy 3chrodinger predicted that
biology would have increasing attention for expedsing from formal disciplines, as
an also increasing amount of available data woatddifate any attempt of formalization
(Schrodinger 1992).

With the following epistemological approach to cdexpnetworks theory we
will try to show that the success of complex neksotheory is not only due to its
conceptual simplicity. We will show that, after thery hard process of conceptual
reduction of the system to construct an arithmotniorglescription, the analysis that
follows obtains patterns which are compatible vatldialectic interpretation. We start
with a brief introduction to the system descriptmmnstructed in the standard modeling
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process within complex networks theory, in orderutalerstand the parallelism we
propose with an epistemological approach.

Modeling within the framework of complex networkkebry necessarily begins
with the definition of the system, which is an uo@able exercise for any standard
observer dealing with scientific knowledge (Matwaak®75). This exercise implies that
an important number of variables are either negteor simplified with operations such
as averaging, what constitutes a dimensionalityicgdn process and defines system
boundaries. In our case, we consider a set of netiesh are characterized by a finite
setxi € X of variables. These variables can be quantitativgualitative (including the

observatiorthe node A interacts with)Bbeing binary variables in the latter case. From

the specific values of the considered variables; , links between nodes are defined
after a suitable operation defined by the obsemvbat allows her to determine what is
understood as relation, typically an interactiohe operations intended to define links
constitute an additional dimensionality reductiomgess and highlight the relevant
variables and values in the linkage process. Oapgsal consists on relating these
ingredients with an epistemological formal desadooipt

We will follow the formal epistemological approagroposed in (Boniolo

2008), particularized to our problem. We will catesi that the syster® is composed

by objects® € @ that correspond to nodes in the standard modglingess. We will
not ask ourselves whether the observer has diesa to the objects or not as in
(Boniolo 2008), what has been proposed as a Kargjgproximation to formal
epistemology, although it is absolutely compatii¢h this interpretation. As objects

are fully described by the different variabkes together with its correspondent values

xi any analysis can be accomplished just by knowhege variables and values, what
will constitute the conceptual apparatus of thewking subject. Therefore, we can
define the potential conceptual appardusf the knowing subject as composed by a set

of elementary concep&€ € (Frege 1892), once the system has been defingdhBu
actual conceptual apparatis consists just on particular values associatedh wie
measurements provided to the subject that constrtiee model. We propose a

parallelism where the characteristics are assatwatth particular viable values of the

variables & —¢i') and we further define concepts which are finite subsets of
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characteristics? = {CEI'I C;F}. For a finite network we can consider a finite to@mof
characteristics as its construction requires aicststapshot for the values of the
variables, or alternatively thresholds can be iregog-or instance, a characteristic
can be defined as variablex: taking a value larger than.

Following this parallelism, we define a binary ctigion relation * that,
given any? €9 and any¥ €4 | the statemen® ¥V means that is one of the

concepts cognitively constituting . Of course the constitution relation for a given
concept involves its set of characteristics, whatk to the followingonstitution rules

ovv cev (YcEv) ol-{c}
ow {c} olkv

From the constitution relations we want now to disely describe any object.
Let ¥E4&4 be a concept. We define as the extension of a pbribe subset of the

objects in? constituted by’ :
Ext(v) = {oe 0] o v}
In order to guarantee that each object is complededsped with a subset of

concepts, which is the initial scenario we constafiore linking objects, let us céil
the subset of concepts constituting a given object This object is discretely
differentiated of any other if the following conidih holds:

n Ext(v) = {0}

vrell

A complete parallelism between both formalisms widug reached if we finally
relate the link definition in the standard modelwdh an operation between sets of
concepts in the epistemological counterpart. Angrapon oriented to construct a link
between two object&: and@= will need to consider the subsets of conceptsriteisg
these objects, namel. andUz respectively, in such a way that the extensionthef
final concepts relate both objects according tosthedard models. The operation:

Ext(U, A U;) = Ext(Uy) n Ext(U,)

maps the binary relation defined by a link in th@ndard formalism with the
epistemological formalism and implies a dimensigpakduction, as the concepts that
allow us to discretely differentiate both objedtsdut the intersection.
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It is now possible to show (Valentini 2005), thia¢ tset of concepta together
with a binary relatiort from A to the set of object® constitute a concrete topological

spacex = (0.A.®) and allows for a formal definition of open ands#d sets. The
topological objects constructed in this way haveerbeised to propose a formal
definition of vagueness (Boniolo 2008).

Equipped with the above definitions, we will invgate whether the formal
definition of vagueness is compatible with the iiferation of dialectic concepts. We
will analyze the sets obtained through the propgsaallielism for different patterns
found in real networks.

In particular, we will analyze three types ®hodesubgraphs that have been
widely found in different systems and may be vievesdbuilding blocks in complex
networks (Milo 2002). We will further relate thegmtterns with real biological
examples containing dialectic concepts. First, dbgctive definition of proteirfold,
which is directly related with the classificatioroplem and that will allow us to recover
the paradigmatic example of scale free networkdrgSev 2009; Pascual-Garcia 2009).
The second example will address the problem ofideatification of remote protein
homologs, that can be solved through transitiveisece similarity operations (Roessler
2008). The third example will consider a recentposal for species coexistence
through transitive competition (Allesina 2011).

We will finally discuss those critiques claimingathdisciplines that make use of
these kind of approaches, such as systems biodrgyreductionist (Mazzocchi 2008;
Van Regenmortel 2004). The fact that the descnptid the system is necessarily
reduced does not imply that it is a reductionisprapch. It is rather a necessary
epistemological exercise to deal with complex systdéhat allows to the scientist to
propose general questions and that otherwise waatltie possible to handle. We claim
that these approaches circumvent the difficultiesireg from the study of systems with
intrinsically dialectic concepts, opening a doorthe establishment of general laws.
And it would be nothing but time and experimentsatwvill allow us to test both the

predictive power of complex networks theory andskepticism.
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