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The methodology presented in this paper is grounded on the analysis and
relational relocation of attributes of the urban body, deriving from the
reconstruction of the urban body as a network configuration. In contrast to the
hierarchical constructions, network constructions allow for multiple connections
between elements, therefore being closer to the complexity of the associative
forces found in the structure of the urban body.Similarity function is applied in an
attempt to restructure those attributes of the urban body which emerge from the
position of each element (node) in relation to other elements of the network and
not from the Cartesian topology. Being able to represent material elements as
nodes, counter-bodies deriving from autopoietic -network functions emerge,
allowing for an inquiry in what concerns the autopoietic features of the urban
body in general, focusing on the application of autopoietic functions which
generate the urban body parts and components and on the multiplicity of
elements' structure, in terms of association of crowds of elements and sets of
attributes' values, aiming at the redefinition of proximity as similarity and of
remoteness as difference.
Keywords: Similarity, Autopoiesis, urban body, Attributes, network, complex
systems

INTRODUCTION
Adopting a methodology towards an understanding
of the urban body whose elements include material ingredients (nodes) and their inscribed properties (attributes) through the construction of a network conﬁguration, the autopoietic dynamics of the
urban body emerge, as properties of things -urban areas inscribed on the Attic peninsula in Greece (Figure
1), revealed through the application of autopoietic network functions, measuring qualities which reﬂect

the network structure.
We call autopoietic those nodes' features which
emerge from the inner structure of the urban body
and are quantiﬁed through the application of community detection (Blondel et al. 2008, Rosvall et
al. 2009), centrality (betweenness centrality, degree
centrality, closeness centrality, Newman 2010) and
other algorithms which capture the network qualitative features of the network nodes and reveal the
real-time self-adaptation of the parts and compo-
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Figure 1
The network
conﬁguration of the
urban body
describing
supra-local nodes
inscribed on the
peninsula of Attica
in Greece.
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Figure 2
The re-adaptation
of the network
conﬁguration as
nodes deﬁning the
body parts and
components are
successively
introduced
according to
autopoietic
attributes which are
assigned at the
elements of the
network. The
nodes' colors
correspond to a
certain type of
identity/autopoietic
attribute .
nents of the urban body, on the basis of the successive introduction of nodes with diﬀerent autopoietic
features (Figure 1).
We focus on the autopoietic properties of the
network's nodes as they are quantiﬁed through the
application of certain autopoietic processes which
reveal the nodes' interrelations, translating the relationships between things into dimensions (attributes' values) of elements. Through the quantiﬁed expressions of the inner dynamics of the network
conﬁgurations the autopoietic properties emerge.
These deﬁne the 'species' of the elements according to their inner relations (network attributes in
general), the parts of the urban body as articulated
fractions/sub-networks (centrality measures), as well
as the components of the urban body as areas of
stronger interrelated elements (community detection), where the areas' boundary changes according
to the desired threshold of the interrelated strength.
The emergence of those features of the urban body
elements which are inherent in the network structure and the generation of the urban body parts and
components through the application of autopoietic

processes, reveals the inner structure of the urban
body, as a reﬂection of its inherent dynamics and
made possible through the examination of the urban body as a network conﬁguration. Following this
methodology and in order to reveal further relationships between network and urban body structures,
supra-local nodes are regarded as multidimensional
objects and the attributes emerging from the network conﬁguration appear as a set of values (dimensions), allowing for a clustering methodology of objects and their attributes, based on similarity studies and made possible through the application of different distance and linkage functions (Hastie, Tibshirani, Friedman 2003). The application of the distance
and linkage functions results in a data tree where
nodes, as well as their autopoietic attributes, are visualized in a color mosaic which captures the proximity of data values to each attribute's lowest and
highest extreme values and in an hierarchical tree,
where the position of each element reﬂects its relational similarity following a gradual procedure of selection of two sets of elements based on the strength
and the direction of their relation (Figure 2). This ap-
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proach suggests the transition from a clear perception of an object/urban site to the ambiguity of multiple properties of things, a set of data values rendered
in the form of scattergrams, color mosaics and dendograms. Among the possibilities originating from
this approach is the understanding of the concurrent
alterations taking place in a given network construction among all node's characteristics with the shift of
one property, a kind of structural coupling between
body and environment (Maturana 2002).

METHOD
The methodology adopted is considered as a
schematic representation of the structure of network
attributes' association and a resulting dimension decrease when dealing with the inquiry of distinctive
autopoietic characteristics which aids in the interpretation of the resulting clusters' function. What is
more, it is a way of mapping the multiplicity of elements' structure, in terms of crowds of elements and
sets of attributes' values which redeﬁnes proximity
as similarity and remoteness as diﬀerence. Using
similarity function and being able to further explore
interrelations between things through values which
result from given network structures (Figure 2), it is
possible to acquire an overall understanding of the
autopoietic attributes' association, as well as to retrieve a cognitive structure which provides the frame
of interrelations of the properties of things.
This allows for the relocation of the ambiguity
of information, shown in a way which enables us
to arrive at an understanding of information in the
grounds of similarity, to look into the aspect of multiplicity of things, to draw upon a potential exploration
of proximity in terms of homogeneity and to capture an ever-evolving ﬁeld of diﬀerence and therefore
identity, with an altered degree of focus into the accepted divergence of things.
Supra-local nodes are treated as objects whose
attributes' values reﬂect the diﬀerent qualities of the
network structure. The application of the distance
and linkage functions results in a data tree where
nodes, as well as their attributes, are visualized in a
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color mosaic which captures the proximity of data
values to each attribute's lowest and highest extreme
values.
Through mapping of the gradual procedure of
nodes' union into clusters and being able to trace the
distance function results at each step, the visualization of the proximity of nodes in terms of similarity is
made possible, as well as the schematic plan of these
relations at the resulting hierarchical tree, where the
length of the branches reﬂects the similarity value between objects (Hastie, Tibshirani, Friedman 2003).
The interrelation of attributes resulting from the
structure of the network conﬁgurations allows for the
estimation of possible divergence or convergence of
other attributes in relation to one known attribute. In
the case where we ﬁnd, for example, that a node's
value has a proximity to a lowest/highest value of
an attribute, in what concerns its relational position
at the network and deﬁned by the application of algorithms which measure certain qualities of the network structure, other qualities could be estimated
beforehand through association. It is therefore possible, through the application of similarity/linkage
functions and through the production of scattergrams showing convergent/divergent relations between attributes, to shape the structure of network
attributes' association.
The methodology adopted is considered as a
schematic representation of the structure of network
attributes' association and a resulting dimension decrease when dealing with the inquiry of distinctive
characteristics which aids in the interpretation of
clusters' function. Using similarity function and being able to further explore interrelations between
things through values which result from given network structures, it is possible to acquire an overall
understanding of the network attributes' association,
as well as to retrieve a cognitive structure which provides the frame of interrelations of the properties of
things.
This approach suggests the transition from a
clear perception of an object/urban site to the ambiguity of multiple properties of things, a set of data

Figure 3
The cluster analysis
resulting from the
application of
similarity function,
visualized as colour
mosaic and
hierarchical
dendrogram of
supra-local nodes
and their
autopoietic
attributes .

values rendered in the form of scattergrams, color
mosaics and dendograms, or in the form of a network
of one or more levels. Among the possibilities originating from this approach is the witness through visualization and understanding of the concurrent alterations taking place in a given network construction among all node's characteristics with the shift of
one property, a kind of structural coupling between
body and environment (Maturana 2002).
Based on the results of the applied similarity/linkage functions in what concerns the nodes'
grouping of the supra-local nodes for 3 (minimum
similarity: 0.758-0.653) and 16 resulting clusters
(minimum similarity: 0.994) (Figure 3) and comparing
them to the community detection results (Blondel et
al. 2008, Rosvall et al. 2009) (Figure 5), the nodes'
integration to clusters is further explored, looking at
the issue this time from the angle of analogy and
identity of objects with certain properties and not focusing merely on the network's structure.
The resulting clusters, comprised of sets of
nodes, when applied at the network visualization, appear as sparse entities whose location on the network
map doesn't seem to originate at all from topological
network proximity, presenting a strong diﬀerence in
results and, of course, in methodology from Blondel
and Rosvall methods. The implementation of similarity results in the network structure shows that proximities of things this time resides in homogeneity and
heterogeneity and not in topological proximity.
The transition from the physical space to the network
structure means the retention of proximity through
network's connections only, exempting any other

analogy or dependency from the objects' Cartesian's
coordinates at the physical space. This second transition, from network structure to treating network
characteristics as object's properties and conducting
comparative studies, produces clusters whose conﬁgurations do not keep a straight link or analogy to
the network's proximity of objects, in spite of the attributes' emergence from those qualities of proximity
between things.
While focusing on higher values of minimum
similarity and therefore producing a higher number
of clusters, things that belong to each cluster get
more similar to each other and the reasons why one
cluster is comprised from certain nodes and not others become clearer. However, even in the case of
the production of three clusters, where the value of
minimum similarity is rather high, the ability to track
and comprehend similarity is less viable but remains
reachable.
In the case where the minimum similarity is deﬁned to contain a range of values between 0.758 and
0.653, the concentration of values referring to each
of the three clusters, for pairs of attributes reﬂecting
network structure, is rather dinstinct, even suggesting an evident qualitative dissociation, as is shown for
the pairs of betweenness centrality - closeness centrality, eigenvector centrality - betweenness centrality, eccentricity - closeness centrality.
Being therefore able to track the concentration
of values for each cluster and detect the interrelation
of attributes reﬂecting network structure, identity is
being traced and redeﬁned, in this case as a set of distinctive characteristics for each cluster which show a
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Figure 4
The scattergrams of
pairs of autopoietic
attributes, for each
one of the three
clusters produced
when the minimum
similarity is set
within a range of
values from 0.758 to
0.653.
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Figure 5
The application of
the
similarity/linkage
functions results on
the network's
visualization, for 3
(minimum
similarity:
0.758-0.653) and 16
clusters (minimum
similarity: 0.994)
respectively.

Figure 6
Community
detection (24
communities)
based on
modularity class
(Blondel et al. 2008)
and according to
mapequasion
method (Rosvall et
al. 2009). Colouring
of communities
reﬂects the
diﬀerences
between the two
methods.
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certain amount of distinction for each group of elements and as a relocation of elements in a map of associations deriving from network structure.

CONCLUSIONS
Rather than proposing a discussion on overall equality, the research presented here is a discourse on the
autopoietic properties of things. The methodology
proposed here is a way of mapping the multiplicity
of elements' structure, in terms of crowds of elements
and sets of attributes' values which redeﬁnes proximity as similarity and remoteness as diﬀerence. This
allows for the relocation of the ambiguity of information, shown in a way which enables us to arrive
at an understanding of autopoietic features of urban
body's elements in the grounds of similarity, to look
into the aspect of multiplicity of things, to draw upon
a potential exploration of proximity in terms of homogeneity and to capture an ever-evolving ﬁeld of
diﬀerence and therefore identity, with an altered degree of focus into the accepted divergence of things.

REFERENCES
Blondel, VD, Guillaume, JL, Lambiotte, R and Lefebvre, E
2008, 'Fast unfolding of communities in large networks', Journal of Statistical Mechanics-Theory and
Experiment, 10, p. P10008
Hastie, T, Tibshirani, R and Friedman, J 2003, The elements
of Statistical Learning, Springer-Verlag, New York
Hillier, B and Vaughan, L 2007, 'The city as one thing',
Progress in Planning, 67, pp. 205 - 230
Maturana, H 2002, 'Autopoiesis, Structural Coupling and
Cognition', Cybernetics & Human Knowing, 9(3-4), pp.
5-34
Maturana, H and Varela, F 1980, Autopoiesis and Cognition, The realization of the living, D.Reidel Publishing
Company, Holland
Newman, MEG 2010, Networks: An Introduction, Oxford
University Press, Oxford New York
Rosvall, M, Axelsson, D and Bergstrom, CT 2009, 'The
map equation', Eur. Phys. J. Special Topics, 178, pp.
13-23

78 | eCAADe 34 - CITY MODELING | Applications - Volume 2

