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1. The Interlaced Problem of Separation and Connection
The nature of urban space concerns the most fundamental and most pervasive
properties of the space occupied by urban space-uses. The most fundamental and
most pervasive are those properties that rely on the very reason why cities exist.
Cities exist for the sake of the benefits that accrue from living in close proximity to a
large number of other people. A definition of urban space has thus to account for the
basic conditions for the possibility of realising these benefits. In order to realise the
benefits of close proximity to a large number of other people, the activities making
up a city have to be both densely packed and allowed to freely connect and interact.
Dense package of activities gives rise to interferences and disturbances that have to
be damped or prevented before the overall proximity becomes beneficial, if viable at
all. The most pervasive and in fact indispensable solution to this screening problem
lies in accommodating the activities in spaces separated and shielded from one
another. Since, however, the activities packed in urban agglomerations are not
isolated from one another but related to each other, the rooms accommodating them
have to separated from one another not only, but to be made accessible also from all
the other rooms. The solution to the problem of access, though seemingly selfunderstandable, is far from trivial. First, unconditional access undermines the
shielding function of the room dividers. Second, direct connection of each room with
each other is excluded since the connections rapidly grow space filling. The solution
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to the two-fold problem of separation and connection lies in a systematic mixing of
occupied space and circulation space. The solution, put through in settlements world
wide, is this: each room is accessible via another room and is itself giving access to
one or several other rooms. By thus being connected each room is accessible from
each other room, if however to the effect of an unequal distribution of accessibility
within the configuration of spaces. Characteristically, the rooms giving access to
neighbouring rooms do not connect to all adjacent rooms equally. The connections,
rather, form chains or trees: The main street gives access to the side street, the side
street gives access to the lane, the lane gives access to the door way, the door way
gives access to the staircase, the staircase gives access to the hall of the flat, the hall
gives access to the corridor, the corridor gives access to a series of more private
rooms, some of which give access to even more private rooms as, e.g., to closets,
which, eventually, may give access to caskets. Floor plans, houses, building blocks,
neighbourhoods, quarters, districts result from folding these chains, or trees, of
connected rooms in a space-filling way.1

The sequences thus packed are not isotropic: they have a central root and peripheral
ends. They are inherently hierarchical, leading from central places at top to the most
peripheral addresses at bottom. On each step of the ladder, the room giving access is
a step higher in the hierarchy than the room given access to. The higher the position
of a room on the ladder the higher is its overall accessibility.

2. Space Syntax
Remarkably, there is a method for measuring the differences of accessibility in the
overall configuration of urban space: Space Syntax. Space Syntax, as developed by
Bill Hillier and collaborators2, works with a graph-theoretic representation of the
chains and trees of connected spaces. The rooms are the nodes of the graph, the
connections the links. Since the rooms organised in a floor plan tend to be clear-cut
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Paper to be presented at the European November Conference on Public Spaces and the Challenges of Urban
Transformation in Europe: Politics and culture, Vienna 2010
1
This is equivalent to saying that spatial organisation, in architecture and urban design, amounts to
the simultaneous solution of 1. an assignment problem and 2. a packing problem. Assignment
concerns the adjacency (and thus access) relations of the rooms, packing concerns the fitting of the
connected rooms into the outline of buildable space. See Elezkurtaj & Franck 2002.
2
See Hillier & Hanson 1984 and Hillier 1996.
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and separated from one another, the construction of the graph of a floor plan uses to
be straightforward. In order however to translate a grid of streets into a chain of
connected spaces, an intermediate step of segmentation is needed. In space syntax,
the segmentation is through the construction of an “axial map” of the street layout.
In an axial map, the longest lines passing down streets are considered as partitioning
segments that form a unity by being overlooked by one view. The lines are thus
treated as nodes and their intersections as links in the graph. This graph can then be
analyzed in terms of properties such the topological distance between the nodes. The
topological distance, measured by counting the number of nodes that lie between the
node in question and the totality of the other nodes in the graph, is called depth. The
reciprocal of depth is integration, which means that rooms or places with shallow
depth are highly integrated and those with deep depth are segregated. Space syntax
has found a consistent correlation between the shallowness of streets (in terms of
integration) and pedestrian flows in the city.

Figure 1. Mean depth of the Vienna street grid. Source: Claudia Czerkauer,
Organizing the city: Morphology and dynamics; Phenomenology of a spatial
hierarchy, Dissertation TU Wien, 2007
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3. Shortcomings of Space Syntax
Space Syntax is a particularly useful tool for measuring the configuration space of
urbanised areas, and thus for making the concept of urban space operational. As an
account of the nature of urban space it suffers from shortcomings, however. First, it
does not account sufficiently for the generation of the public or, respectively, private
character of the spaces making up an urban area. Second, the approach is purely
spatial, i.e. topological. What is lacking is a dynamic account of urban space-time.3

3a. The Spatial Organisation of Privacy
When stepping down the chains or (top down hanging) trees of connected spaces we
pass a series of levels where the relation of giving access and being given access finds
itself iterated. On each level we find an access relation and a filtering function
working together in a self-similar way. It is through this series of self-similar
repetitions that a gradient regarding the public or, respectively, private character of
the rooms emerges. Each room giving access is a degree more public than the
room(s) it gives access to; each room accessible through another room is a degree
more private than the room giving access to it.

This public-private gradient is one of the most basic traits of urban space. It results,
however, not only from differences in space syntactic depth. What it relies on as well
is the working of the entrances to rooms as filters. The privacy of rooms that are
nevertheless accessible presupposes that access is selective. Access becomes selective
through furnishing the entrances with filters such as doors or signposts. The
thresholds working as filters may be of physical nature as, e.g. doors and barriers, or
symbolic as, e.g. architectural marks and road signs. Privacy, as a product of spatial
organisation, is accomplished through combining the separation and the connection
of rooms in a way that does not exclude or seriously hamper one another. It is the
function of thresholds to resolve the conflict between enclosure and connectivity.
Thresholds thus solve a far from trivial problem. No wonder that they belong to the
oldest topics of architectural figuration.
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Privacy, brought forth by thresholds, is not a question of all or nothing, but a matter
of degree. What emerges through the chaining of rooms, which are both separated
and connected by thresholds, is a gradient of privacy or, respectively, publicity. It is
misleading thus to juxtapose public and private space as if it were separated
dichotomically. There is no problem of public space as such, but only a problem of
accounting for subtle differences. The denser the package of spaces making up a city,
the longer tend the chains or trees to grow and the finer the gradual steps wait to be
tuned. It is through this fine-tuning that ‘urbanity’, understood as a mode of
sophistication, enters spatial organisation. The nature of urban space remains poorly
understood as long as this mode of sophistication is underestimated.4

The chains of rooms establishing overall accessibility extend throughout the city. Or,
to put it differently, architectural space continues without break into urban space. On
each level, the difference between the space connected and the space connecting is
just a step on that ladder. The ladder extends between the spaces of intimate privacy
at the one end and the spaces of maximum publicity at the other. On each level the
relation of being given access and of giving access in turn repeats itself. On each
level, we thus find an access relation and a filtering function working together in a
self-similar way. Series of self-similar repetitions is what fractal geometry describes.
In the mathematical definition of fractality, the sequence of iterations is infinite. In
nature and artificial environments, the number of iterations is finite. Nevertheless,
fractal geometry, as a field of mathematics, is particularly interesting because it
allows forms, which look typically natural, to be described in a very compact way.
The foldedness of our skin, the branching of trees, the roughness of rocky mountains
result form the repetition of the same formative operation over a series of scale levels.
The shape of cities and, in particular, of city edges has been successfully described by
means of fractal geometry as well.5 Remarkably, though, the hierarchy of spaces
giving access and being accessed by one another is fractal not in the sense of
geometry but of topology. To my knowledge, there is no mathematical theory of
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These points are not the only ones that can be raised, for further criticism see, e.g., Montello 2007.
The public-private gradient and the dynamic account of urban space are the most relevant in the
present context, however.
4
For elaboration of this point see Franck 2009, 2010.
5
See Bovill 1996 and Batty & Longley 1994.
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fractality in the context of topology. Even though it is unclear, thus, how far the
description of the hierarchy can be formalised there is a structure characteristic of
urban space that is both remarkably general and remarkably clear-cut.

3b. Self-Organisation
The hierarchy of levels where the interplay of active and passive access is iterated is
found in any kind of settlement: within buildings, in villages and towns, in newly
planned as well as in historic towns, in favelas. The emergence of the hierarchy
cannot be explained thus as a feat of central planning. Rather are we lead to assume
that the hierarchy comes into being by way of self-organisation. Wherever we meet
fractal structures in nature, we face self-organisation as soon as looking after the
processes they are generated by. The theory of self-organisation, though well
developed mathematically and successfully applied in the natural sciences, still
awaits to be applied in the social sciences. The reason lies in the enormous
complexity of human interaction. It is only through assumptions that radically
reduce complexity that human interaction becomes susceptible to mathematical
modelling (as, e.g., in economics and game theory). So far, no set of assumptions is in
the offing that could render the self-organisation of the hierarchical nesting of urban
space a suitable object of modelling. Nevertheless, the mathematical theory of selforganisation provides valuable hints as to where to look when investigating the
processes underlying structures such as the hierarchies of nested spaces.

According to its theory, self-organisation results from a coupling of stable processes
with instable processes. Stability, in the context of dynamics, does not mean that
nothing happens, but that, what happens, happens over again and again. Processes
are stable if they tend to return to their initial conditions. The measure of the stability
of processes lies in the relaxation time, i.e. the time that the cycling needs to recover
after disturbances. In contrast to stable processes, instable processes tend to amplify
disturbances to the effect of distancing themselves further and further away from the
initial conditions. Highly instable processes are called chaotic. Since processes that
amplify disturbances become highly susceptible to tiny variations in the initial
conditions, chaotic processes, even if deterministic in principle, are hard to forecast.
The measure of the instability of a process is again a measure in time, it is the time
horizon within which sensible forecasts are possible.
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The distinction between stable and instable processes proves to be extremely helpful
when we ask after the processes that correspond to the characteristic order of urban
space. Urban space is not only densely packed, but also intensively used. The
characteristic configuration of spaces should thus correspond to a characteristic
configuration of activity patterns. It would be hopeless to describe these activities in
detail. Nor is it possible to account for the sum total of the trajectories of the agents
(people and vehicles) populating the city in terms of, e.g., time geography6. In order
to describe the city as a process, certain statistical features of the activity patterns
have to be identified that have the potential of depicting the entirety in a
representative way.

Dynamically, activities that crystallize into patterns – and thus entities capable of
being addressed as space-uses – are configurations of stable processes. They are
processes in which, what happens, happens over and over again. They are processes
that tend to recover after disturbances. The epitome of a stable process is a rhythm.
Rhythms are the regular form that activities assume when crystallizing into
distinguishable patterns of space use. The most basic and pervasive rhythm that
makes cities to behave like organisms (the paradigm case of a self-organised system
of synchronised rhythms) is the daily redistribution of day population and night
population. Day population is more centralised since work places tend of be
localised more centrally than residences. The redistribution of day and night
population is like the blood circulation in an organism. Its rhythm overarches all the
shorter rhythms that the daily activities of production and consumption consist of,
while itself being locked into longer rhythms such as the weekly, monthly, quarterly,
yearly and multi-yearly rhythms.

6

In the sense of Hägerstrand 1970.
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Figure 2. The circadian redistribution of day and night population in Vienna (Frames
of a dynamic visualisation by Arnold Faller, Institute of Architectural Sciences,
Vienna, 2005)

When comparing the hierarchy of synchronized rhythms with the hierarchy of
nested spaces we face an almost perfect match. In both time and space we observe a
structural invariant repeating itself in a self-similar way over a hierarchy of scales.
The hierarchy of nested rhythms is a projection into time of the same configuration of
activity patterns that project into space as the hierarchy of nested spaces.

Figure 3. The circadian profile of the fill rate of the subway system in Vienna (Frames
of a dynamic visualisation by Arnold Faller, Institute of Architectural Sciences,
Vienna, 2005)
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The activities that architects and planners call space-uses are of the characteristic
form of a process that returns to the point, or state, from which it had started. Our
daily work starts when we leave home in the morning heading to the work place. In
the office, we type line for line, always returning to the place where the previous line
had started. We write letter for letter, paper for paper, survey after survey, always
coming back to the starting point. Even physically, we move back and forth between
desk and shelve in our room before leaving it for visiting a collaborator in her or his
room. We go back and forth in the office tracts so and so often before leaving it to
have lunch in the coffee house nearby. In the coffee house we meet friends or
colleagues that behave like ourselves and return to their working place after lunch.
Back there, they resume the characteristic oscillatory pattern until, in the evening
they go home, i.e. to where they started in the morning. It turns out that we commute
a number of times within our city before leaving it for other cities in our own
country, that we travel back and forth so and so often within our country before
leaving it for foreign countries or continents, from which, however, we again return
to from where we started. It is always thresholds separating spaces more private and
space more public that we cross when leaving (or coming back). The office room is
more private and less public than the corridor, the corridor is more private and less
public than the staircase, the staircase is more private and less public than the
doorway , the doorway is more private and less public than the lane, the lane is more
private and less public than the transit road, the transit road is more private and less
public than the arterial road, the arterial road is more private and less public than the
highway, the highway is more private and less public than the interstate. It is always
this kind of hierarchy that we are climbing up and down when switching from
shorter rhythms to longer ones (and back again).

The description in terms of rhythms is superior to the description in terms of stocks
and flows. The distinction of stocks and flows suffers from a dependency on scale.
What looks as a stock in the perspective of weeks or months may very well appear as
a flow in the perspective of years or decades. Buildings, e.g., are stocks on short term,
but investment and re-investment cycles on longer terms. Buildings are material
flows with, again, a rhythmic character. Certain parts need renewal or replacement
within five to ten years, others within ten to twenty years, still others may last twenty
to fifty years. For practical reasons, the renovating activities in the various terms are
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synchronized. When renewing roofs and facades it is most probable that windows,
doors and wall painting will be renewed as well. Even the building stock thus shows
the typical form of a hierarchy of synchronized rhythms.

4. Conclusion and Outlook
When described in terms of usage and maintenance, urban space turns into urban
spacetime. The hierarchy of nested spaces on the one hand and the hierarchy of
synchronized rhythms of the other hand show as projections of one and the same
spatial process. The matching of these views is as perfect as posing a hen-and-egg
problem. It is impossible to arbitrate whether our daily activities have the form of
rhythms because they take place in specifically configured rooms or whether the
rhythmic nature of our daily activities shapes the specific configuration of urban
space. As soon, however, as activities organising themselves play a constitutive part
in the emergence of urban space, this emergence has become susceptible to selforganisation. As soon, of course, as self-organisation enters the picture, processes are
involved that do not return to their initial conditions. It becomes clear, rather, that
stable and instable processes are of equal importance in the life of cities. Instable
processes are much harder to model, though. Nevertheless, it should be possible, in
principle, to simulate the fundamental process of self-organisation that lies at the
base of the emergence of urban agglomerations.

Agglomeration as such is an instable process since it tends to amplify the attractive
forces that drive the very process. The driving forces of agglomeration are economies
of scale: the bigger the agglomeration grows the bigger grow the attractive forces. A
process thus amplifying itself is a characteristic example of an instable process. The
nucleus of urban agglomerations is made of central functions that have started to
realize the economies of scale. Central functions are not without a hinterland,
however. The hinterland, considered as a process, consists of the bundle of
commuter processes that swing between centre and periphery. Hence, we have to do
with a characteristic coupling of stable with instable processes: the coupling that lies
at the basis of self-organisation. In a prototypical model, at least, the basic process of
the self-organisation of urban agglomerations should thus be capable of being
demonstrated.
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