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PREFACE 
 

 

 

 

The historical analysis directed to the artistic artifacts has developed rigorous 
methodologies and for long runs well-defined streets. This is why the historian needs to 
work on immutable works, of which it is possible to grasp a definitive configuration. From 
this point of view, it is not possible o think of tracing a history of the city, an organism in 
continuous change. 

The city as a whole, in fact, precisely because of its mutability, ill-suited to this type of 
analysis. Historians, therefore, prefer to use the history of the individual elements that they 
compose the city, and at most, they try their hand at the history of urban planning, which 
allows us to analyze the changing of planning concepts. 

The verification of the change in the overall image of the city, due to small substitutions or 
additions of its parts, is nevertheless a fascinating theme that poses stimulating questions. 
What would have been the image of Rome if the project of Garibaldi to divert the Tiber, 
rather than build the embankment walls with the relative Tiber? What would have been the 
spatial configuration of Piazza Venezia, if it were not was the Sacconi project realized for 
the monument to Vittorio Emanuele II? And these questions are almost impossible to 
answer, since, as is known, the mutation of a single part acts on the overall image of the 
city. In fact, the image of the city is constituted by the choral relations that are established 
between all the elements that compose it 

If it is not possible to hypothesize "normally" the infinite variations that, concerning the 
change of the single elements, could take the city, today the mathematical research has put 
fine-tuned research tools to describe complex systems through mathematical models. 
Through these new methods, it is possible to analyze the processes of discontinuous 
change in the transition from order to chaos and this allows, thanks to the use of 
information technology, to develop new methods of analysis in the field of architecture. 
Celestino Soddu, who has been working in the field of computer graphic representation for 
some years, did not miss this opportunity, to try his hand at the analysis of urban forms in 
mutation, With this contribution on the "aleatory cities", which I have the pleasure to 
present, the author continues his previous line of research, aimed at transferring 
experiences borrowed from other disciplines, in the field of his interest. A panorama of it 
comes out stimulating urban images, which even in their abstraction, show the analytical 
potentialities of the method. The possibility of experimenting with a practically infinite 
series of forms it is a means for the designer to expand his experimentation range. Hence 
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the interest in the author's proposal to use algorithms capable of simulating changes in 
urban forms, starting from an initial hypothesis 

The aleatory urban forms that come out of Soddu's computer, stimulate very interesting 
reflections for those who want to find new ways in the analysis of the shape of the city.  

Rome, September 1989  

Mario Docci 
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PREMISE 
 

    The clouds move in the sky dilating and infinitely changing their image. The dunes are in 
constant motion, turning under the pressure of the wind and varying, without stopping, the 
very shape of the desert. The coasts regenerate their profile continuously under the impulse 
of the waves, currents, and tides, and this slow erosion, much often, it gives rise to random 
forms but of incomparable and unusual beauty. All this is due to natural events, or rather to 
the random and unpredictable combination of multiple events. Yet, despite the randomness 
of these sequences, the clouds always have the form of clouds, even if they can allude to 
other forms, the rocks maintain the image of rocks. Nature preserves the peculiarity, the 
recognizability of its events and elements, even if they undergo uncontrollable, chaotic 
sequences of external forces. Indeed, precisely these unpredictable external events amplify 
the recognizability, the formal characterization of the elements themselves. A cloud is more 
cloud if it is scrambled by the wind, a coast is more expressive if it has traces of storms and 
glaciations, an olive tree is more olive if it has been bent and twisted by the wind. 

     But sequences of natural events are random, chaotic, or instead, they follow an 
evolution that is ultimately linear, based on controllable cause-effect relationships and is it 
predictable? Each of these statements is, at least, too categorical. If we follow the 
movement of clouds recorded over a while by a satellite, we can identify perfectly, in 
retrospect, the reason for every single variation, since the logic and mechanics of the 
sequences of events appear clear. And this happens even if we operate an extrapolation 
trying to pass from the observation of events that have occurred to a prediction of possible 
events. If we try a meteorological forecast, we can hypothesize future events that really will 
have a high probability of happening. But at the same time, we understand that this is valid 
only for times extremely close. Only if we move from a forecast for a few hours to a 
prevision for few days, the probability that the predicted happens quickly dies to cancel 
itself, in fact, for longer times. This does not contrast with the fact that some aspects are 
predictable at longer times (in August it will be hot) because we switch from a dynamic 
system (clouds, wind, etc.) to another (earth's orbit, sun, terrestrial biosphere, etc) which 
has predictability times related to the structure of the system, and in this case more 
dilated. 

     This impossibility of foreseeing on relatively long (to the system) times do not detract 
from the fact that the devices of the cause that we had identified as determinants, for 
example, of the dynamic movement sequence of the clouds, they are not correct; far from 
it. This simply means that every event has, albeit extremely small, margins of uncertainty. 
The cloud, for example, under the pressure of that type of wind, in that particular thermal 
and pressure situation, etc. it will move, it will dilate, it will turn into a certain way, but it 
will be impossible to consider so deterministic every single minimum movement of each 
particle and arrive to foresee the apparent form that the cloud will assume after a relatively 
long time. The cause/effect logic is valid, but its use comes to consider events that operate 
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only at a certain scale. Beyond this limit, the phenomena are considered to be of incidence 
not significant and accepted as a margin of uncertainty. However, we proceed, even with 
very narrow margins of tolerance, this almost invisible frame of non-randomness it can be 
completely removed, since it is unthinkable to come to consider in an overall cause/effect 
logic, for example, every movement of every single molecule of a sky of clouds 

This is also valid for structured artificial systems to answer "always" in a predicted way. In 
these systems, especially in the most complex like the American shuttle, this "Always" is 
actually "almost always". Even in these cases, there is a margin of uncertainty, 
circumscribed and strongly reduced, but which can suddenly be decisive in a given 
moment, just as the tragedy of the shuttle has taught us. 

The result of all this is that, if these margins of uncertainty are insignificant for a short-
term reading (and forecast) of the process, in the long run, they always become more 
accidents as to each successive step the present randomness reproduces itself amplified. 
Each event conditions the following in a tree sequence. The small margin of uncertainty of 
an event is not only increased in the following event, given that the randomness is added, 
but is also found multiplied and amplified in all the events in which he had the opportunity 
to participate, and therefore to affect. 

In times (relatively) long, the randomness determines, in an unpredictable way, the shape, 
the development of the system itself, even if it does not substantially modify the structure, 
the logic of development, which remains recognizable. Every cloud, this is certain, will 
always be recognizable as a cloud, even if there is, undoubtedly, some difference between 
prehistoric and contemporary man. And this also happens in the artificial world. The Vespa 
scooter, for example, or the VW Maggiolino, despite having gone through decades of 
successive models, which involved a whole series of formal transformations, even 
substantial, are still recognizable as Vespa or VW and this transformation are called 
evolution. But this evolution, and the final image that represents it was not and could not 
be predictable.  

Even the shape of a city changes and changes over time, many times even quickly. But 
every city, Venice or New York, Rome or Florence, maintain their recognizability, their own 
identity, and uniqueness. In these transformations, natural and artificial, we see the 
existence of an evolutionary process, of the logic of development that, in retrospect, we can 
also rationalize but whose outcome cannot be identified univocally a priori. 

Moreover, these transformations are irreversible. And this leads us to consider these 
systems as unstable systems. A system in equilibrium like the pendulum, in fact, anyway 
be solicited by events that are not foreseen, it always returns to its initial state. 

The systems we are considering, however, are based on the persistence of an imbalance 
that, triggering a temporal dynamics, will still produce events able, over time, to get to 
affect and modify the same structure of the system. 
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Contemporary man is different from the prehistoric man. The atmosphere of the earth is 
different from that existing millions of years ago. Rome today is different from Imperial 
Rome. Between two moments the time is readable as a sequence of irreversible events. 

So, despite that in first approximation every dynamic system (natural and not) appears to us 
as deterministic, predictable and balanced if we evaluate it within a moment of its 
development, in practice it behaves and is, structurally, an unstable system if we evaluate 
it in the temporal dynamics. 

If we proceed with this type of approach, it is not possible to find or define a demarcation 
line between a consequential system and a chaotic system, or between a system in 
equilibrium and an unstable one. They are only two sides of the same coin and it is the 
relative dimension of the sequence of events that we consider that induces to opt for one or 
the other face. 

It is no coincidence that an inmate equilibrium system, like the one that could carry out 
perpetual motion, is only a theoretical abstraction. In reality, we consider in equilibrium a 
dynamic system that is stable over a "long enough" time. 

All systems, even the most deterministic ones, have their margins of uncertainty which, in 
the case of an artificial system with a univocal objective, a machine, are described as 
possible error margins. Therefore they can generate irreversible events due to temporal 
dynamics. Even the machine, like man, evolves and ages at the same time. 

In practice, a system should be considered in equilibrium only as a first approximation to 
the temporal dynamics. 

If the dimension of time is essential to the analysis that is being carried out, it is essential 
to opt for an evaluation of the system in terms of disequilibrium. 

A system that, like natural systems, operates by considering the temporal dynamics as 
essential, and therefore using the margins of randomness to its advantage, the random 
events it encounters, is much more reliable than a deterministic device and structured 
within a balance, like a machine programmed for a single objective, which can go haywire if 
the predictable error happens even just once in a million, and the balance is disregarded. 

But are unstable dynamical systems capable of evolution a feature of natural physical 
phenomena? A designer who proceeds with the drafting of his project, a city that grows and 
develops the artificiality and complexity of its spaces, which kind of dynamic system 
underlies? 

Does the temporal dimension play a fundamental role in the dynamics of drafting the 
project or in the growth of a city? 

And is instability, randomness, chaotic, irreversible events an integral part of these dynamic 
systems? 
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REPRESENTING  CHAOS 
 

Before assessing the possible congruencies between the growth of a city, the development 
of an architectural project and the dynamic systems of unpredictable development outlined 
above, we try to define the characters of such systems more clearly. 

To do so, we use an irreplaceable analysis tool to evaluate complex situations in which 
different and non-simultaneous elements interact simultaneously. 

Elements that are not necessarily related: the drawing, the graphic representation. 

After all, image representation has gained a prominent place in many disciplinary fields. In 
the advanced scientific research of recent years, we can find growth in the use of more 
sophisticated representation techniques. But above all, the use of images, taken on and 
produced as a direct tool not only for communication but also for analysis and theoretical 
research, has been performed and widened. 

From physics to astronomy, from meteorology to geology, many scientific disciplines have 
used advanced analytical representation and computer simulation techniques to represent 
and study through images that were not representable before except in mathematical 
abstraction. 

And this makes a quality jump. As these representations allow access to phenomena, 
problems, with a less reductive and not schematic approach, and so with a higher degree of 
approximation. 

The reference is above all to the extremely vast range of physical phenomena which, due to 
their complex dynamics, are cataloged as dynamic systems with no predictable, in other 
words, random systems, chaos. 

The use and evolution of computers have made it possible to geometrically probe and 
visualize the very structure of each peculiar chaotic system, identifying its character and 
peculiarity, analyzing, in sequence, its evolutionary logic. 

The calculator can simulate the dynamics of development as it operates on large amounts 
of data by repeating the same operations many times and varying the parameters ad hoc. 
One repetitive and "intelligence-less" operation, as it never synthesizes, but extremely 
useful to simulate a dynamic of complex and parallel events, in which it is not possible to 
find a general law, but which can be represented by repeating the same operations, as 
many times as there are infinite elements to consider, and doing interact each result with 
the mass of parallel results, and so on. 

The use of automatic calculation has made possible the mathematical representation, 
through algorithms, of chaotic events. Mitchell Feigenbaum, of Cornell University, has 
demonstrated, at the end of the 1970s, that, on a mathematical level, there is no structural 
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discontinuity in the transition from order to chaos. By making simple equations on 
themselves we are faced, after a series of "logical" results, with a series of chaotic answers. 
The relationship of transition to chaos, for any kind of equation, is always the constant 
4,669201. Instability becomes mathematically controllable. 

It is also possible to geometrically represent the characters of a specific chaotic dynamic 
system, identifying it among the others not for the results, which remain random, but 
because of his Modus Operandi, his formal logic. This "fingerprint" of a system in evolution 
is the attractor, which is a geometric representation of the set of points, in 
multidimensional coordinates that measure certain states of the system, towards which that 
particular dynamic system is attracted.  For systems in equilibrium, such as the pendulum, 
the attractor is configured in a simple figure, like a point. In chaotic dynamic systems the 
attractor, in this case, called "strange attractor", is a complex geometric figure but still 
closed in itself and recognizable. 

The strange attractor, with its existence and geometric recognizability, has made it possible 
to find possible analogies between different chaotic dynamical systems and provide 
possible approaches to the "hidden" order which, given these assumptions, must also be 
present in evolutionary dynamics that are at first sight unstructured. (The discovery of the 
first strange attractor owes to Edward N. Lorenz of M.I.T.). 

Another decisive contribution on the possibility to control, and represent with algorithms, 
an order hidden by the complexity and variability of the possible formal outcomes, was the 
fractal geometry. 

Fractal geometry, conceived by Benoit B. Mandelbrot, organizes the possibility to describe 
and evaluate the irregular and complex shapes of the natural. A fractal curve is, therefore, a 
mathematical device that represents the ratio between the rectification of a curve to one 
ladder and the next. Mandelbrot finds that this relationship (the fractal) remains unchanged 
at the following scale steps, to provide, theoretically up to the infinitely small, the 
possibility of representing and "measuring" curves as complex as natural ones. 

 

This has drawn new boundaries to image representation. Even considering that software can 
be an image representation itself. On the contrary, it is the most suitable tool to represent a 
system that has as a fundamental component the temporal dynamics, the growth, the 
evolution, the unpredictability of the results. And therefore it also lends itself to simulate 
chaos. 

Representing chaos with software allows us to recognize and identify the type of chaos, 
differentiating one chaos from another. (Since etymologically the term chaos has always 
referred to uncontrollable events without any order, perhaps it would be appropriate not to 
call this dynamic chaotic but "unstable to unpredictable development"). Simulating with 
software this kind of system we will have a different outcome every time we activate this 
representation. But the automatic calculation tool allows us to repeat this simulation 
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countless times along a predetermined time, and thus produce a set of results that can be 
evaluated by identifying the specific common characters: the identity of the species. 

The traced representation system simulates also for artificial events a typical behavior of 
the natural: a genetic structure that produces always different individuals, but identifiable 
in a species. 

Every chaos, every natural and artificial event identifiable as a chaotic dynamic system can 
be identified and represented today by a specific logic of development, by a "project" that 
characterizes, despite the unpredictable range of different alternatives, the possible 
outcomes. 

Also, the growth and training-transformation of the image of a city can be represented and 
simulated by software, as well as the definition sequences of an architectural project. 

The research I present in this book attempts this way. The aim has been to develop a 
representation tool that allows a less approximate work for those who want to investigate the 
transformation of the artificial environment in which we live. 

 

REPRESENTING MORPHOGENESIS BY 
SIMULATING TIME 
 

One of the central problems of knowledge is to get to the heart of the succession of events. 
History, and in particular investigating sequences, progressive shifts in time, is one of the 
most fascinating areas of research. 

If then our goal is an approach to formal aspects (evaluating the form of architecture and 
the city), the central problem, concerning historical knowledge, is to enter into the merits of 
the succession of forms. 

The first objection arises spontaneously and reflects a usual cultural model: if we want to 
enter into the merits of the succession of forms, we must analyze and establish the causal 
link between the form and the event that produced it, between the succession of forms and 
the succession of events. 

This would seem to be the most logical approach but it is also, in light of the current state 
of scientific research, not only the most difficult one to follow but also, in the end, the one 
that provides the least credible results, because the margins of approximation are too vast 
and uncontrollable. 

Let's see why. If it is true that form B derives from event A, it is also true that if we activate 
A several times and the system is complex (such as architecture or better the dynamics of 
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evolution of the urban image) we will have a whole series of B1, B2, B3, Bn different, even 
if all recognizable as family. The banalest example is that of the thousands of small 
buildings, all different but all recognizable as small buildings that have saturated our cities. 
It is evident that some margins of subjectivity, or randomness, or perhaps only due to 
causes that have not been taken into account to define A, have determined the generation 
of every single form B, making it different from any other. 

Even if we could identify and make measurable all the random precedents that have 
determined the formal event, and therefore reconstruct all the parameters of an inductive-
deductive succession from A to B, the universe to represent and control would be so vast 
and complex that this analytical approach, although theoretically conceivable, in practice is 
unrealistic. If it is implemented, it is so at the cost of such simplifications that it provides 
results unreliable. 

It's as if we wanted to study the succession of shapes that a dune takes on as the monsoon 
changes and we started from a sweeping analysis of every single grain of sand, how it 
interferes with the nearby one, etc.. 

An unexceptionable but impractical approach. 

There is another type of approach, which operates with mathematical procedures directly on 
the morphological and morphogenetic level. 

A scientific approach to the reality that surrounds us and its history that uses mathematical 
representations of morphogenetic dynamics, analyzing the succession of forms regardless of 
the causes that have generated such transformations.  

René Thom, in "Structural stability and morphogenesis", identifies a mathematical 
approach to reality based on the assessment of the succession, even discontinuous, of 
natural, artificial or abstract forms regardless of the causes (physical, chemical, biological, 
etc.) that the 

determine. 

This morphological approach starts from an assumption, which has been verified recently: 
the passage of a dynamic system from one form to another, in the universe in which we 
live, is never random, even if it is a chaotic system. 

If the sequence is not determined or determinable in causal terms because the evolution 
follows unknown and/or difficult to represent a priori factors, there is a formal logic that can 
represent this sequence. 

Let us, therefore, return to our problem of knowledge: to face history as a succession of 
architectural and urban forms, and to scientifically "detect" how these forms transform. 

The research that I present in this book follows this morphological approach, and analyses 
the transformation of the image of the city and its architecture regardless of the complex 
universe of causes that generate this dynamic. Directly representing the logic of formal 
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succession with algorithms, I have considered the formal becoming of the city as a complex 
dynamic system with unpredictable outcomes. 

Therefore, I have not analyzed why the successions of forms, only represented these 
successions. As we do with a drawing, which allows us to communicate contradictory and 
simultaneous events at the same time. 

The advantage of using algorithms for representation is twofold. On the one hand, we use 
the mathematical/geometric language, therefore a formal approach that is independent of 
the content; on the other hand, the structure of the algorithm is suitable to represent a 
sequence, a path regardless of the type of causal concatenation of events. 

In practice, I have built formal systems capable of generating sequences of three-
dimensional models of random cities that individually respond, despite their diversity, to 
the requirements of recognizability of the "urban species" to be represented. Through the 
simulation of formal evolution, these systems trace the possible scenarios of the urban 
image after a simulated time. 

For example, urban scenario A is represented through a set of algorithms present in the 
system. After some simulated time, Urban Scenario A turned into Scenario B. It will be 
possible to represent B and its three-dimensional computer model, always with a set of 
algorithms present in the system. The transition from A to B is not deterministic, as a whole 
series of random factors that cannot be controlled a priori are involved, which can also 
amplify their ability to affect the system as a function of time. Anyway B is generated by a 
controllable formal sequence starting from A, even if every time we activate this sequence 
starting from A we draw a formal model - always different (B1, B2, Bn). Each model is 
recognizable as a species because it is generated with the control of the formal sequence 
used. 

A sequence which, in part, also follows a logic of  "formal deduction" but which, above all, 
is a logic of formal management of random events. And it is the latter, first of all, that 
characterizes the image of the city as it is transformed into a progressive shift through its 
historical time. 
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THE ARCHITECTURE 

THE ARCHITECTURE PROJECT AS AN 
UNPREDICTABLE DYNAMIC SYSTEM 
 

 

 

The designer, at his working table, apparently works on two opposing and contradictory 
levels.  On the one hand, he stimulates his capacity for invention until he is in crisis when 
the creative vein dries up, on the other hand, he operates with strict control over the form 
and sequences of spaces, materials, technological and constructive options, by trashing or 
strongly resizing what the creative vein itself had produced.  

The first operation, of stimulation, is nothing other than the amplification, sometimes 
artificial, of the margins of randomness that every design choice allows.  This field of 
possible randomness becomes the fertile ground on which to graft the development of one's 
conceptual needs, one's subjective gestures, one's cultural references.  

The control that is carried out immediately afterward is that of verifying the "potential" of 
this same margin of randomness.  The careful designer, with experience behind him, knows 
that every idea is theoretically fascinating because it is capable of stimulation. However, he 
knows just as well that it is not so much the initial idea, which exploits the first margin of 
randomness that presents itself, as the potential of this very idea to proliferate in the 
project by generating the subsequent branches, which in turn will generate the leaves, 
which in turn will be decisive for the shape of the flower, so on until the final result, whose 
complexity will be strongly conditioned by the progression of randomness. The 
compositional quality will therefore also have been determined by the unpredictability of 
chaotic dynamic sequences that have randomly privileged the marginal aspect of a choice. 

One of the qualities of the designer is the strict control over his creative vein. Here we find 
in full the dynamic system unstable as it evolves. Random events, the proliferation of ideas 
is incessant. The designer must not lack the creative vein, the ability to instinctively 
identify the margins left uncovered by performance requests and related answers, and to fill 
them with unsolicited answers. But, as in chaotic dynamic systems readable in nature, 
most of the answers "added" using the margins of randomness will never affect the final 
quality. 
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These ideas will have to go through a whole sequence of further choices that may narrow or 
vary the margins on which they are hooked, or subsequent checks based on the relevance of 
these choices to the compositional logic assumed. 

And that's not all. The design choices born in the functional interstices, which will manage 
to be decisive for the final set-up, will be only a minimum percentage of those produced 
and, at the end of this path, will be so changed that they will be unrecognizable. Having 
grown in complexity, they will no longer univocally reflect the subjective gesture that had 
filled a small void in the deterministic system. 

When we proceed in designing each compositional choice that survives in the subsequent 
phases of design definition, it must necessarily grow and vary for subsequent amplification, 
for subsequent incorporations of further choices or the resizing of the same due to the 
narrowing of the margins on which it rests. In practice, it follows the tortuous but growing 
trend of the project. 

Design burns most of the ideas and makes some of them irreversible around which 
architecture is built. 

And the history of the project is the story of many small choices that, becoming irreversible, 
mark the development, the very time of design. 

Very often the only person capable of recognizing this compositional itinerary is the 
designer who made it. Every other user will identify his paths, his reading lines, his 
references. And the designer who decodes his project in terms of a cause-effect 
relationship, who "explains" it, does nothing but reduce its capacity of fascination. He 
redesigns a posteriori a deterministic coherence by reconstructing the development of the 
project in the opposite direction. Like someone who, with a flash of astuteness, solves the 
game of the labyrinth by doing with a pencil the path in reverse, and does not realize that 
he has denied himself the same possibility to use the game. 

Who doesn't remember when, as a student, one found oneself helpless in front of a blank 
sheet of paper, in a clumsy attempt to trace the first sign, and one always postponed this 
moment because one could still read the design as a cause/effect sequence and each sign 
was, therefore, an indelible presupposition of a final project? 

Apart from the methods adopted in teaching, the student designer often feels the need to 
identify and start a coherent design sequence, supported by clear concatenations of cause 
and effect. 

But the designer arrives at the design choices by successive attempts, discovering and 
experimenting possible paths, very often non-linear, within the artificial world he is tracing. 

It is therefore important, to discover and experiment further possible design sequences, to 
be available to operate logical jumps. Inconsistency, instability (even if naturally within 
one's compositional thinking) are the real spring of design. Inconsistency as a stimulus to 
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randomness within our compositional mode. Inconsistency as a logical jump to short-circuit 
impasses, dead ends, design ideas with no future. 

Incoherence, above all, is the key to access the discovery, which reorders, at a single 
stroke, everything that had been thought up to now, and which cannot be, in retrospect, 
smuggled for coherence, overturning and mystifying the very sequence of design. 

"The Weltanschaung of comfort. Move as little as possible, do not shake; those who seek 
comfort so much will never look where there is no security to find something. There is a 
game of patience in which you have to put one into the other three metal straws of different 
diameters that are in a closed box with a glass lid. You can try to solve the game 
methodically, and it usually takes a very long time, but you can also solve it differently, 
shaking it to your heart's content until it's done. And then? Is this going to be a case? It 
looks like a case but I don't believe it: because this case is driven by a precise idea, by the 
idea that the movement can provoke by itself what cannot be provoked by the method ... 
because only the movement produces what we could call growth, complete education, in 
short culture". A. Schoenberg, Harmony Manual, 1922. 

 

THE LOGIC OF DESIGNING 
 

We try to represent the logic of the moment of discovery and design definition of 
architecture. And we represent it with a device able to simulate its sequences and therefore 
to produce images. 

Let's consider the project as it is implemented in current practice. The design starts with 
the evaluation of the requests, from the consideration of the performances that the 
architecture will be called to satisfy. But it is unrealistic to confront the design by trying to 
identify consequential and deterministic logics that lead to utopian optimization of results. 

To reach the overall definition of architecture it is necessary to go through uncontrollable 
resizing and expansion of programmed functions, amplification of needs due to feedback 
and overlapping of contradictory requests. Each step is the achievement and formalization 
of unstable points of encounter between dynamic variables. 

This, without taking into account the unbridgeable distance between the architecture and 
the simple response to a program of quantifiable needs. 

If a design logic exists, it is certainly not due to an inductive-deductive logic that operates 
only through coherent sequences. 

Let's go through these sequences again. 
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The preliminary design operation, faced with a series of needs and empirical data to be 
introduced in the compositional choices, is to formulate a hypothesis of the overall 
organization. 

This first hypothesis, this indiziary paradigm of possible connections and organizations of 
relationships is not, and cannot be simply deduced from the empirical data present. 

It is already a tendentious and subjective representation, and therefore, compared to the 
system, an aleatory one. 

Like any organizational hypothesis that arrives at hypothesizing a form, this representation 
goes far beyond, amplifying in plans not covered by the program of needs, the basic 
demands. 

Where will the "excess" answers that will be present in this first hypothesis come from? 
From the conceptual needs of the designer, linked to his idea of architecture. 

The opportunity to express this idea comes from the possibility of filling the gaps, the 
margins of the randomness of the answers to the programmed requests. 

The next operation is the verification, the analytical evaluation of the proposed organization 
in the light of the patchwork of events and situations that the same choices of the 
organization have caused. 

This operation differs from the previous one in that it tends towards a rational and coherent 
evaluation of what we have in front of us. 

This is the moment in the design path that comes closest to a system in equilibrium, even 
if it is only an abstraction due to the momentary freezing of the temporal dynamics. This 
verification is operated as if the "time of the project" was over and we were faced with the 
outcome. 

But since it is only a moment of evaluation in itinere, the results of this verification produce 
new requests and therefore an adjustment of the proposed organization.  If this growth in 
complexity cannot be consumed within the organization, the identified hypothesis creates 
the premises for a further logical jump. 

Of course, it is possible to persist and remain anchored to the first organizational idea, if 
the growth of this hypothesis is possible. 

Very often new needs arising from the same design hypotheses proliferate incessantly and it 
is not possible to maintain the initial conceptual framework for long. To maintain it would 
mean being increasingly forced to make a series of exceptions. 

It is the moment of the uncontrollable growth of the chaotic aspects of the system. The 
subsequent increases in complexity lead, together with the exceptions, to a progressive 
deterioration of the "form", of the architectural image. 
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If the percentage of exceptions exceeds the guard level, we must make a reversal, we must 
adopt a new organizational hypothesis. 

This passage from one hypothesis to another, this logical jump, is described and analyzed, 
in other disciplines, by the theory of catastrophes.  Mathematically it is representable, in 
unstable dynamic systems, as the shift from one attractor to another, from a formal referent 
to another. 

To adopt a formal hypothesis, a more flexible reference paradigm, we are again faced with 
the need to abandon the logic of linear and deductive development. 

The new hypothesis will arise directly from our conceptual need to draw synthetically a 
framework of relations that is different from the previous one, but pertinent in that it can 
respond, simultaneously, to a greater number of requests. 

This gives rise to the problem of not losing, denying the work done, but finding it in the 
sequence of successive hypotheses. 

This is not very simple. The first things you tend to lose are the "excess" choices, even if 
these are the choices that tend to define the idea of architecture. 

The new conceptual framework, the new hypothesis, cannot be just an adaptation of the 
previous one. Each new hypothesis is, necessarily, a logical jump that shuffles the cards, 
that operates a new and different organizational synthesis, that offers new margins of 
randomness and therefore new spaces of maneuver for the formalization of one's idea. 

Each hypothesis cannot be deduced from the previous one given the lack of linear 
development. It will have, compared to the first one, a very precise relationship: it will be 
more open and available to subsequent events. It will try to incorporate all, or at least most 
of the answers in the previous one. It will re-evaluate the role of the exceptions present in 
the previous hypothesis, possibly bringing them back within the new paradigm. It will be 
recognizable as responding to the compositional logic, to the designer's idea of 
architecture. 

A new paradigm of reference presupposes new margins of randomness, new interstices 
capable of turning into opportunities for architecture. 

Many choices will be reduced in size, almost canceled out, finding no room for growth; 
others will find fertile ground to develop, to grow in importance, to become, after a 
sequence of these steps, characterizing elements, irreversible choices. 

In these passages, in these successive compositional hypotheses, the formal choices made, 
if they survive, will also accumulate a whole series of facets of meaning that will make 
them ever closer to the idea of architecture sought, cleaning them from that categoricality 
of references that made them immature, unripe, in the initial phase. 

Every subsequent hypothesis cannot be simplified and reduced to a proposal for a coherent 
organization of design solutions to dominate the whole; it is also the superimposition, 
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stratify linguistic levels, different and not communicable with each other, amplify the space 
of global ambiguity generated by random and sought exceptions, provide, to those who will 
use architecture, the stimulus for diversified and complex, subjective and tendentious 
readings of the living space. 

Each design episode, therefore, generates new margins of randomness, which are an 
opportunity for new design gestures, amplifying, in the course of the project, the capacity of 
incidence, of the architectural definition of the final result. 

The final project is like an individual of a species. it is different from all the others but it 
has the character of the species. This recognizability is due to the peculiarity of the 
compositional logic used and the unstable dynamic system that represents it. 

If this were not the case, it would be chaos, where irrelevant margins of randomness 
should, over time, amplify their incidence to such an extent that they produce architectures 
that are unpredictable and, at the limit, not identifiable and recognizable as belonging to 
an idea. 

The projects, instead, have their own identity and characterization. Each project refers, 
more or less explicitly, to a designer, to a working group, to a historical and cultural 
moment. 

The design process, although unpredictable, takes place according to its specific logic of 
development, a compositional logic that guarantees the character and the final result, 
although the latter has wide margins of randomness and characterization of its own. 

The compositional logic, as well as the genetic implantation of natural individuals, 
guarantees quality and recognizability that is upstream of the single result, operating a 
whole sequence of controls on the use of the opportunities generated by chance. 

In this book I try to tell the story of designing with dynamic representations, using 
simulation models of compositional logic and generating compositional sequences on the 
computer. 

By doing this, experimentally, I try to define what a compositional logic is. I wonder if 
playing with forms in unstable equilibrium is a process that takes place within the 
composition or if it is approached in a much more pertinent way as an aspect of 
representation: the representation of the compositional idea before it becomes a project, 
through the simulation of infinite possible spatial arrangements, of infinite facets of spatial 
sequences capable of alluding, in their multiplicity, to the very idea behind them. 
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REPRESENTING THE COMPOSITIONAL 
LOGIC: THE ALEATORY ARCHITECTURES 
 

Communication through images is in constant development, and representation techniques 
are the most advanced sector within this disciplinary field. 

On closer inspection, however, the techniques of representation take second place.  What 
appears extremely interesting, especially because it is full of perspectives, is the expansion 
that has been determined, and continues to develop, of the very range of phenomena that 
can be represented. 

Today what until recently could only be represented through images can only be narrated, 
and with difficulty. It is enough to think of computer simulations of physical phenomena, 
endoscopic shots inside the human body, analytical and three-dimensional representation 
of living parts of the human body, to identify the great steps taken not only in techniques 
but above all concerning what can be represented. And this development does not end 

As far as techniques are concerned, television and computer images have become 
commonplace. The custom is such that the electronic image, even in its subsequent 
elaborations as well as, of course, in direct television images, often has, for those who look 
at them,  realism connotations that can overcome the same reality. 

The results achieved by the techniques, especially in the field of simulation, are exciting, 
and they are so because they allow us to glimpse further evolutions, further attainable 
goals. In architecture, all of this, as techniques, has been incorporated and has become 
part of the tools of representation indispensable to this disciplinary field.  Cad systems of 
automatic drawing have taken the place of technographers and three-dimensional 
simulations have become common use, even in film sequences of preordained movements, 
of computerized architectural models. 

But all this still does not change the limits of the representable. 

In architecture, even the most modern techniques, do nothing but speed up the creation of 
representations that have always been based on drawings: plans, elevations, perspective 
and axonometric views of particular architectural configurations, even in films. 

What can instead be assessed, in the light of current tools and the specific needs of the 
discipline, is precisely the opportunity to expand the field on which to investigate and 
communicate with representation. 

But what is this field? 
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In architecture, but often not only in this discipline, drawing is also born from the need to 
communicate the characters, the quality of a peculiar event, be it an idea of architecture or 
a peculiar spatial situation. 

To communicate with others and, very often, also to oneself. The annotation of an idea of 
space, as an operation repeated several times during design work, allows us to arrive at 
compositional results not only more desired but also with a greater charge of design, 
complexity, and richness. 

Operationally we trace on the sheet of paper signs capable of referring to a particular 
articulation of space that we have in mind at that moment. 

As every person with a long experience in the field knows perfectly, a good drawing is not 
born from manual skill but from the ability to mentally control even extremely complex 
spatial organisms. 

The representation is but a copy of one of the possible images of the mentally conceived 
spatial organism in its totality. to increase the fact that, however, there 

we are faced with a partial and tendentious image there is the same operational procedure 
that presupposes wide margins of approximation. 

In the end, the drawing only illustrates one of the possible facets of the idea of space that 
we have, at that moment, in our mind. 

To fully communicate this idea, even if it is only one of the many hypotheses that arise 
within a project definition process, we have only one means: to operate a whole series of 
representations, from technical and conventional elaborations to three-dimensional 
simulations.  In short, a mountain of drawings and annotations that, when referred to the 
final architectural idea, is commonly called the executive project.  

In this way, we have not communicated an idea of space, but only a particular spatial 
configuration; or rather only the last ring (until now) of a sequence of possible spatial 
arrangements, of parallel hypotheses, that we have run through during the whole design. 
Not to mention all the hypotheses, all the possible ideas that, even if they are part of 
previous projects, have entered into the definition of architecture, and that are omitted in 
this type of communication. 

Even an exhaustive representation, therefore, is but the communication of one of the 
possible facets of our idea of space; one of the possible configurations produced by our 
compositional logic which, in its totality, cannot be communicated with representations 
until now. 

The objective of this work of mine is to identify and make operational a system of 
representation capable of communicating a specific idea of space before it materializes in a 
particular spatial arrangement. To communicate and represent an idea of architecture 
understood as a compositional logic able to generate recognizable architectures. 
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I have therefore tried to develop a "drawing" that represents the architectural object with 
the same ease with which it can be represented, the specific compositional logic that 
generated it. 

A representation that traces the genetic structure of a set of possible architectural images, 
always different but identifiable as species. 

It is a matter of varying, or rather widening the field of the representable. 

Once the objective has been defined, what are the requirements of a representation that 
has a specific compositional logic as its object? 

Let's define some of them. 

1.   Ability to communicate and simulate the modus operandi.  Represent therefore the 
management modalities of the "project opportunities" (the performance requests, etc.) and 
the "further opportunities" ¿ margins of randomness generated in itinere). 

2. Ability to communicate and simulate the logic of using guide ideas in terms of: 

- characters of the single spaces/architectural elements 

- characters of the spatial and temporal sequences connecting the various elements. 

3. Type of hierarchy of the choices mentioned in the previous point concerning the various 
possible project scales. 

4. Ability to communicate the urban image of reference, and therefore the form of the city 
towards which the compositional logic tends. 

5. Ability to simulate the mechanism of production of alternatives, among which to make 
compositional choices. 

6. Ability to simulate the mechanism of production of the exceptions. 

7. Ability to simulate the sequences of "logical jump", passing from one formal reference to 
another. 

While it seems clear that this representation will not be just a drawing in the usual sense of 
the term, it seems obvious that this representation will "produce" drawings if, as has been 
indicated, it has to simulate the modus operandi of a compositional logic, and thus 
generate architectural drawings. 

In other words, this representation is configured, in the image of the real development of a 
project, as a dynamic system of a random type, since the subsequent events it generates 
are not predictable. The architectural drawings it will generate cannot be predictable, for 
two main reasons: 

- it must not be a collection of projects but a representation that simulates and makes 
explicit a logic of development. 
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- each architectural design will depend on randomly generated and always different project 
occasions, to make explicit how to manage the occasions themselves. 

Each compositional choice made using the margins of randomness present will affect 
subsequent choices making the architectural events represented later unpredictable (but 
recognizable). 

Given the need to simulate a complex dynamic system of a random type, the support of this 
representation can only be a software, a device capable of triggering an uninterrupted and 
always different sequence of design occasions concerning which to simulate successive 
sequences of compositional choices that, using specific logic, produce, through the self-
growth of the margins of randomness, an architectural image. 

Representing using a computer program is nothing new. On the contrary, I would say that 
many computerized search programs are representations since this is the only way to 
communicate and analyze a complex dynamic system. 

The system, and its formal logic, therefore define the "how" of development. In our case, 
therefore, they define and represent architecture. 

Since one of the reference elements that most conditions the formulation of an idea of 
architecture is the urban context, a device of representation of compositional logic cannot 
fail to take into account the mutual relationship between compositional choices and the 
dynamics of formal evolution of the city. 

This is also the case if one is working on the development of one's theoretical compositional 
approach. In this case, the city of reference can be identified as an ideal city understood as 
the projection of the same idea of architecture, up to the definition and configuration of a 
complex urban image. An urban image that therefore amplifies and controls the quality of 
the same choices made on the architectural scale. 

Or it can be a real city, which then identifies a specific urban character, an image of a city 
to refer to. 

However, to implement a device of representation and simulation of a compositional logic it 
is necessary to implement, in parallel, a device of representation and simulation of urban 
development to propose, in its complexity, the architecture/city cycle. 
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THE CITIES 

SIMULATING THE CITY SYSTEM 
 

 

A systematic approach that attempts to probe the continuous transformation of the 
contemporary urban image requires the development of appropriate control and 
representation tools. Tools that allow evaluating the morphogenetic dynamics, the 
structure of the "historical urban time" as it is marked by the irreversibility of architectural 
events and their interference and conditioning in the progression of urban growth. 

The representations that we usually use have an identifiable limit: the difficulty of probing 
one of the essential aspects of the problem area addressed: time. 

A representation that operates approximately concerning temporal dynamics, that limits 
itself to tracing and controlling the urban image referring to the static nature of a 
hypothetical momentary equilibrium, denies the very substance of being a city. To consider 
the transformations of the urban image as a sequence of successive moments of 
equilibrium, each one frozen in representation, is an abstraction that is difficult to control, 
in which the essential role of "urban time" does not emerge. 

The city is, in fact, a patchwork of events with different and often contradictory objectives, 
with an unstable structure that evolves towards unpredictable outcomes. 

A "positive" approach to the knowledge of urban construction and the project also passes 
through tools that can capture and probe this dynamic of transformation. That they are 
relevant to the morphogenetic dynamics before the occasional and contingent 
transformation. 

If the purpose of representation is to investigate the urban form and its progressive 
shattering and/or redevelopment, the tool used must retrace and probe the processes of 
urban image formation through the simulation of the architecture-city cycle. 

Each architectural event modifies the urban image just as each urban image conditions the 
subsequent architectural event. 

If we tried to investigate this architecture-city cycle by analytically evaluating all the 
causes, the events that have determined every single formal arrangement, we would be 
faced with the impossibility to continue our work.  Every architecture, every formal detail, 
is, in fact, the product of several causes that refer to different and non-integrable areas. 
From cultural to technological references, from economic to functional choices, from 



Celestino Soddu, Generative City Design 
Aleatority and Urban Species; Unique, Unrepeatable and Recognizable Identity, like in Nature 

Page 33 

 

subjective to random aspects. Even if we left aside the randomness of some choices, we 
would not be able to approach, with sufficient approximation, a causal scenario capable of 
responding positively to a verification. 

This is because to arrive at a deterministic relationship between causes and formal effects, 
it is necessary to analyze all the causes, without omitting any. As far as the city system in 
its formal evolution is concerned, this means analyzing and evaluating the importance of all 
events, from the great urban and economic choices to the mood of an unknown master 
builder who, one hundred years ago, departed from the original project, from the great 
political choices of the city's image to the randomness of neglect that caused the collapse 
of a building.  

If instead, given the impossibility of controlling everything, we disregard the causes that 
generated the forms present in the city and try to operate within a specific ontological field 
that can be controlled, such as that of form and its transformation, we have (paradoxically 
compared to the cultural model based on cause-effect determinism) less approximate and 
more relevant results. 

This involves identifying a formal logic capable of representing "how" and not "why" one 
form is transformed into another, "how" and not "why" a set of forms accumulates image 
until it is characterized as a recognizable urban image. 

The interest of this approach is twofold. On the one hand, it redefines a disciplinary field, 
that of representation, giving it autonomy, and thus enhancing the evolution of scientific 
research in this field. On the other hand, it creates the conditions for real use of the results 
also by other disciplines. 

Research carried out within a closed field, such as the formal one, does not reduce the 
scope of the results obtained but, on the contrary, makes them more relevant to the 
problem and therefore more verifiable and available to be used outside the ontological field 
in which they were generated. 

Let's see why. The importance and reliability of a formal logic identified for a succession of 
formal events are not in its "truthfulness" about the system to be simulated. The 
acceptability and usability depend only on the ability to respond to empirical verifications 
of other disciplines. 

After all, many scientific discoveries are representations of formal successions that are, or 
have been useful in understanding and controlling reality, even if they do not respond to 
"truth". Atoms, for example, are certainly not formed by larger spheres, called the nucleus, 
around which smaller spheres, called electrons, rotate, divided by successive orbital planes. 
This formal representation, despite being untrue, however, responds perfectly to empirical 
verifications, and indeed can "explain" chemical processes, therefore events related to 
another discipline. was also essential to "predict" the existence of natural elements not yet 
discovered. 
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Going back to the cities, it is possible to try a direct approach to its formal dynamics, to the 
subsequent transformation of its image, representing this succession, this formal logic 
through appropriate algorithms. 

For example, to draw a model that represents the dynamics of a city's growth (in 
planimetry) it is not useful, because it is dispersive and necessarily reductive, to 
systematically analyze all the causes that have determined it. it is less approximate to 
define with an algorithm the formal logic of these transformations. 

An algorithm that produces, on request, successive urban contours in an oil slick way, 
based on the pre-existence of other formal elements, such as the roadways, the morphology 
of the terrain, the formal relationship with nearby centers, etc.. 

This algorithm will be identified and "discovered" within the dynamics of formal succession 
regardless of the causes "external" to the form itself.  Its correspondence to a set of real 
situations will be calibrated through successive verifications. 

Since the algorithm will produce always different urban contours, the verification must be 
performed on a sufficiently large number of formal outcomes. The algorithm can be 
accepted only when all the simulated forms, in their evolution, will be congruent to a 
specific "species" of urban contour, read in the formal dynamics of its development. Every 
produced urban contour, although random and unpredictable, will have to be identifiable as 
part of a whole characterized and verifiable in reality. 

For the shape of a square, for its formal genesis and its evolution, we proceed with the 
same approach. for example, an algorithm can be traced that can represent the becoming 
of the formal relationship between built and free spaces. Or rather, it will define the formal 
logic of the succession of architectural forms to generate, even if each time differently, the 
same type of square. An urban space with the same 

size and formal characterization requirements, as the genius loci is a consequence of the 
logic behind each outcome. 

This exclusively morphological approach allows reproducing the complexity of an urban 
image in its morphogenetic dynamics. But can all this be used in real life, can it be an 
operational tool to control the growth and evolution of the cities in which we live? 

Like all formal models, also the models that represent the formal logic of urban becoming 
are an effective tool for the simulation of reactions between the parties. Every variation that 
is made to the model generates formal transformations that can be evaluated and analyzed 
in the outcomes, also and above all about the temporal dynamics. 

Each outcome presents itself, in the whole and the parts, as an identifiable and 
characterizing event, but always reflects the specific identity of a single city.  Each 
outcome is like an individual, recognizable and characterized. Each series of formal 
outcomes is instead recognizable and characterized as a species, as a logic of growth.  
Representing the species, rather than the individual, offers us advantages. First of all, it 
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allows us to assess how single and limited "genetic" modifications interfere, after a 
"simulated time", in the urban image. And this can be seen from the infinite range of 
images produced by the simulation. It can also mean identifying in which temporal phases 
our simulated model produces images in which the formal identity of the city is 
progressively lost, the identity of individual architectural events and/or the simultaneity of 
different and contradictory elements capable of characterizing the quality of the city image 
itself. But which are the characteristics of the formal transformation of the 'city system', 
and how can it be represented and simulated? 

 

RANDOMNESS AND EVOLUTION, 
INSTABILITY AND TIME. 
 

Like clouds, cities, artificial par excellence, move in time, expanding, contracting, 
transforming their very shape, their image, their character under the push of economic, 
cultural, political, technological impulses. 

But, like clouds, cities are not predictable, unless they lose the very character of a city that 
arises from the simultaneous proliferation of different and often contradictory elements. 

"Pure chance has decided which overall form should arise from the interweaving of the 
recent and the ancient, of what is preserved and what goes to ruin, of assonances and 
dissonances. And since, however, the whole has developed in such a unitary way, as if a 
conscious search for beauty had guided its elements, the strength of Rome's charm stems 
precisely from this wide and reconciled detachment between the randomness of the parts 
and the aesthetic meaning of the whole. This guarantees that any disharmony and 
insignificance of the individual elements do not prevent them from being reconciled in the 
form of beautiful totality. The impression that Rome produces, and which is completely 
unparalleled, and that the differences in time, style, personality, and lived experience, 
which have left their mark here, distant from each other more than anywhere else in the 
world, have come to a unity, a determination, an affinity greater than in any other place" 
Georg Simmel. 

As with natural systems, it is, in fact, easy for cities to predict development in the short 
term. Everything, in the immediate future, takes place according to precise rules dictated, 
for example, by the transformation and development plans, the type of technology in use, 
the economic criteria of choice, the dynamics of the market. 

In the long term, on the other hand, any projection becomes impossible, given that even in 
the artificial world man lives and every choice, every subsequent step, however, involves 
margins of randomness, even if insignificant and irrelevant in the short term. 
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Every choice is loaded with a surplus of unsolicited answers. For the most part, this surplus 
of answers is identifiable and controllable as it reflects requests that are not explicit but 
related to the historical/cultural moment. However, there will always be a margin of 
randomness due not only to chance but also to the subjectivity component of each choice. 
The subjectivity that produces one of the essential characteristics of the urban image: the 
formal diversity between events that respond to homologous needs. 

In evaluating all this, it is necessary to remember that many of the subjective, random 
aspects of the choices made, or of the events that occurred, perhaps most of them, will be 
irrelevant or will disappear reabsorbed in the successive transformations of the city. 

But some of these events or marginal aspects will remain and, due to the subsequent 
proliferation of a whole series of concomitant coincidences, may increasingly assume a 
value, a capacity to influence the direction of development. This incidence, once 
consolidated and made irreversible, can grow in an unthinkable way concerning the scope 
of the original event that had produced it. 

In this path of traveling through transformations, in this process of expanding one's 
capacity to influence the whole, these elements, these forms born from the contingent, 
random or subjective choices very often lose their reason for being original, the possibility 
of unambiguously expressing the same functional opportunity that had generated them. 

They become pure formalization of the relationships between successive events, and in this 
perspective, very often, they disappear physically surviving as a trace, as a scan of time. In 
this role, they can strongly characterize the image of the city itself. 

Piazza Navona, for example, has been determined in the form, size, and character of the 
relationships and sequences between the architectures present in a building that now does 
not exist, and whose exact use cannot even be identified. 

This building, or rather its formal, stereometric layout, had an irreversible impact on the 
city that was unthinkable at the time of its birth. Its shape was able to condition the 
development of the surrounding architecture so much that it stimulated the formation of 
one of the most fascinating places in Rome. 

Other Roman buildings of the same period, of which it was perhaps more predictable an 
impact on urban development for their very function within the city, such as the Forum 
Trajan, did not have the same fate. 

Of the many fragments that detach from a glacier, only a few, by chance, become 
avalanches; and only some avalanches involve the environment so much that they change 
its shape; and only some forms of the environment can widen in time its character, and the 
same capacity of fascination with the random contribution of rivers, winds, vegetation and, 
why not, architecture. 

All this is not predictable, because the succession of ever-increasing quantities of random 
events cannot be predicted, and above all, because the subjective, random event that will 
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have the possibility to generate an avalanche and become an accident on the form and 
often on the same logic of development of the whole system cannot be imagined 
beforehand, defined a priori. 

It is not predictable, but the system itself can be simulated, and the simulation repeated a 
suitably large number of times, to produce a range of possible results. So wide as to 
concretely represent the system. 

Empirically, it means to trigger a "time" simulation device in an unstable system designed 
to represent the patchwork of contradictory objectives and logics that characterize urban 
complexity. 

Once this representation is triggered, the device must produce a set of urban events 
"temporally parallel" and recognizable as different individuals of the same species. 

This implies as it happens in current scientific research, abandoning the idea of being able 
to identify and define an order, even a dynamic one, that can guarantee, over time, an 
urban quality, if this order arises from static evaluations. That is if it is born from the 
analysis of a moment of equilibrium that is frozen, extrapolating it from temporal dynamics. 

Evolution and time itself are born from the breaking of equilibrium, being defined and 
characterized by the type of instability of the system. 

Given these premises, a dynamic of urban growth can be better analyzed if it is represented 
not as a temporal stratification of successive equilibriums, but as an unstable system that 
proceeds through irreversible modifications even if it maintains an identifiable and 
characterizing modus operandi. 

This instability, once mathematically represented, is the evolutionary characteristic of an 
unpredictable dynamic system. 

The city, in other words, is considered as a complex entity but identifiable in its 
uniqueness. And above all as an entity in evolution and capable of modifying its form 
unpredictably. 

Evolution, the passage through irreversible events, morphogenesis are unquestionable 
characteristics of urban forms, but they are also the characteristics of living entities. 

The city, in fact, despite being the artificiality par excellence, from this point of view is not 
very different from the natural world, on the contrary, according to a trend in contemporary 
scientific debate, it can be considered a living entity. 

The scientific debate on what should be understood as a living entity is still open. Every 
single cell of the human body can be considered a living entity due to its independence and 
ability to evolve, but, on the contrary, the whole earth can be considered a living entity, 
since, as James Lovelock ("Gaia", 1979) demonstrates, it behaves like an organism capable 
of self-regulating. In this sense, a city, with its ability to regulate itself and evolve, and also 
to control modifications and variations of the same model of growth while maintaining 
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recognizability through history, can undoubtedly be identified as a living entity, and as such 
be represented and analyzed. 

Moreover, the dissipative processes present in an evolving entity such as the city (and like 
the universe, the earth, animal and plant species, etc.) do not necessarily produce disorder 
(the need to make entropy coincide with the disorder has been overcome) but irreversible 
transformations which, by marking time, produce new forms and, if the natural/artificial 
difference were completely annulled, evolution. 

"We must re-examine the meaning of the second principle of thermodynamics: instead of a 
negative principle, of destruction, we see another conception of time emerge. Classical 
physics had produced only two notions of time: Einstein's "illusion time", and the 
"degradation time" of entropy. In its first moments the universe, still very small and very 
hot, was a universe in equilibrium. Now it has instead transformed itself in a universe of 
imbalance. ... The evolution of the universe has not been in the direction of degradation but 
in that of increasing complexity, with structures appearing progressively at every level, from 
stars to galaxies, to biological systems", Ilya Prigogine, Nobel Prize winner for chemistry, 
"The Birth of Time" 1988. 

If, therefore, the characterization of a specific imbalance is given by the type of presence 
and the dynamics of "use" of irreversible events, this characterization can be analyzed and 
represented only with the dynamic simulation of the modus operandi of the system and the 
modes of time generation. 

A characteristic that formally redefines the species as a way of a progressive shift from one 
irreversible event to the next. The random and contingent aspects, then, define the identity 
of every single city. 

Working within this problematic field we can make some considerations on how to 
morphologically deal with the transformations of the contemporary metropolitan image. 

One of the aspects that, today, are considered negative in urban development is the 
progressive loss of formal characterization, the loss of image. This aspect is certainly linked 
to the subsequent increase in complexity that each city must implement to respond to the 
contemporary challenge. 

By redefining the problem, we must, first of all, choose between operating within the 
individual sphere (each city in its uniqueness) or a "species".  There is no doubt that some 
aspects of the deterioration of the urban image are contingent, due to characteristics 
peculiar to a specific local situation; but these aspects are marginal concerning the 
deterioration of the image that affects cities with extremely different forms, traditions, 
formal characteristics. 

We can, therefore, ask ourselves if, and "how", the city system identified, in its evolutionary 
structure, already contains within its formal logic the possibility of losing (and acquiring) 
image. Whether this loss can be considered reversible or irreversible. If and how it is 
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possible to identify and control the parameters properly to the logic that presides over these 
transformations. 

 

THE CITIES 

REPRESENTING URBAN DYNAMICS.  

THE ALEATORY CITIES 
To work on the urban image I have developed an experimental device of representation 
through which it is possible to simulate at the computer the formal dynamics of the city 
system, or better of a particular city system identified in its specific characters. Simulate 
then, starting from a representation of the instability of the system, the scanning of time in 
the city, the possible outcomes of the morphogenesis of the urban image. 

This experimental representation is software that, simulating the formal logic of an urban 
"species", produces three-dimensional computerized models of aleatory urban layouts. 
These models, although produced with the same set of algorithms, are always different and 
unpredictable in their uniqueness. 

Since they are configured as three-dimensional models, they can be visualized using 
different techniques (perspective, curved perspective, total cylindrical perspective, 
axonometric views, etc.) and can be seen inside. But above all, they must be read as an 
urban image, indeed as a series of many different urban images that characterize a 
particular logic of development. 

Taken as a whole, these images, these three-dimensional models, identify unequivocally 
what is the logic of "use" of unpredictable events, of managing the margins of randomness 
that have gradually formed alongside functional growth. 

The very incidence of irreversible events that are capable of modifying the structure of the 
growth system in itinere is represented by the plurality of formal outcomes that the system 
itself produces. 

The experimental software realized is, therefore, an instrument of representation capable of 
generating dynamic sequences of urban images along possible temporal paths. On the 
contrary, an almost infinite plurality of temporal sequences of random images because, the 
more images it produces, the more relevant the representation is. The objective is in fact to 
represent the dynamic logic of urban image development and not one of the possible and 
ephemeral moments of equilibrium. 

The urban scenarios B1, B2, Bn of a time T+t are formally derived from scenario A of a 
time T through a process of formal case management along time t. 
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We analyze this process in its overall structure and then step by step. 

First of all, it is necessary to specify that both scenario A and scenario Bn do not represent 
moments of equilibrium of the system, but moments of unbalance as they must contain the 
assumptions of the dynamics of evolution. Time, in fact, (Prigogine op.cit.), can only arise 
in an unbalanced dynamic system. 

What does this assumption imply for the formal urban system we are tracing? In practice, 
the algorithms that I have used to represent the starting urban scenario are not only 
different and autonomous but can also be mutually contradictory. Not only the individual 
algorithms but also the sets of algorithms are not mutually integrable. For example, the set 
that provides the formal logic of the urban growth can also be contradictory with that which 
controls the processes of formalization of architectures; and the latter is necessarily made 
up of separate and autonomous sets that can, in turn, be mutually contradictory. 

The simultaneous and/or cyclical operation of these sets (which in their simultaneity 
represent imbalance) provoke the triggering of time. 

The moment of generation of architecture and the moment of verification/organization of 
the urban layout are the two moments that mark the cycle of urban development and, in 
practice, measure the time. 

Each architecture that is born modifies the overall urban image, each new urban layout 
conditions the image of the next architecture, and so on. 

Moreover, each new architecture, with its being an irreversible event, traces and marks the 
historical time of the city. 

Although the process takes place within the same formal logic, every time we activate the 
system and simulate the same historical time starting from A, we find ourselves with an 
urban scenario always different, although it formally derives from A. 

The fact that all Bn are formally derived from A means that all Bn are recognizable as 
belonging to the same species. The urban image produced is always recognizable as 
belonging to a specific city, even if they are parallel aleatory cities. 

Let's see, more in detail, how the morphogenetic device operates in the sequence of urban 
historical time simulation. 

To simulate this process it is necessary to define an initial situation of disequilibrium and, 
on this, to trigger the sequence of transformations. 

In practice, it works to simulate a "big bang" able to start the time of the city and its 
evolution. 

The situation of unbalance is defined, in the beginning, like an unconnected series of 
algorithms that represent as many development logics, even contrasting ones, but that must 
operate simultaneously. The increasing complexity that this corpus of logics generates in 
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the tracing of the urban form simulates the sequence of irreversible events of the "history" 
of a city. 

We follow this cycle starting from any moment, for example, the generation of a new 
architecture. 

1. The urban context generated A is compared with a set of algorithms (SCn) that grows 
and adapts cyclically and represents the components that act to direct the formal 
development of the urban image. 

2. The result is a series of formal growth requests that correspond to the expectations of 
SCn concerning A. 

3. The requests are addressed to the set of algorithms that represent one of the 
compositional logic adopted for the formalization of the architectural object (SAn). SAn 
evaluates the presence of functional interstices, of margins of formal usability within the 
due functional responses. These margins are structured in architectural occasions 
concerning which to provide formal answers not required by the needs formulated by SCn. 
These unsolicited answers reflect a specific attitude, conceptual formalization that can be 
characteristic of the historical/cultural moment that is to be simulated. 

This formalization does not happen using an abacus of elements, because this type of 
response would be predictable and therefore not suitable to simulate an evolutionary 
process. 

Formalization occurs by simultaneously activating, through access selectors, different 
generators (formal, geometric, dimensional, integrator, etc.) and autonomous generators 
that respond to the same formal world but are not necessarily mutually congruent. 

4. The result of the previous operation is a formal "architectural" event that has a more or 
less accentuated charge of exceptionality, depending on the random encounter between the 
various generation devices. This event is compared again to the SCn which evaluates the 
acceptability of the event itself. 

If the formal event is normal, it is however accepted, if the charge of exceptionality is 
strong it can be accepted or not depending on the availability (even only percentage) 
recorded in the SCn. If it is not accepted, we return to point 3. 

5. The event is inserted in the context. A becomes A+1. The immediate result is the 
historical time runs, as the event becomes irreversible. Even if it will then be eliminated, it 
has nonetheless existed irreversibly and has conditioned the evolution of the urban form. 

6. Faced with this irreversible formal change, it is necessary to at least adapt the SCn. SCn 
-> SCn+1. 

It may simply be an adaptation if the architectural event is to be considered within the 
norm, or, in the case of an exceptional event, it may be necessary to change the formal 
reference point itself, a substantial modification of some propositions of the SCn. 



Celestino Soddu, Generative City Design 
Aleatority and Urban Species; Unique, Unrepeatable and Recognizable Identity, like in Nature 

Page 42 

 

This involves the passage from one form to another and is representable (René Thom 
op.cit.) through the catastrophe theory, which deals with the processes of discontinuous 
change. This formal variation can be described as the passage from one attractor to 
another, thus identifying the attractor as a model capable of representing the formal 
characteristics of an event in a dynamic sequence. 

It is like when a drop of water that has in tendency the shape of a sphere, falling, impacts 
on another liquid; the formal referent changes and passes from the sphere to the torus. 

7. We proceed cyclically starting from point 1, using the context A+1. And this until all the 
time (t) that we intend to represent has been simulated, and the initial urban image has 
been transformed into the image of the context A+t. 

Based on this approach, I tried to represent some cities, or rather some types of cities, 
identifying and reconstructing the elements characterizing the imbalance in its becoming. 

Since my research did not have, in the experimentation carried out, a philological 
reconstruction purpose, I did not bother to reconstruct the unstable dynamic system and 
the logic of development aimed at simulating the becoming of a specific existing city, even 
if this remains one of the possible outcomes and uses of these representations. The 
objective was to identify the structure of the formal transformations of cities, to represent 
with software the possible characters of a dynamic transformation of urban events along a 
simulated time that starts with the simultaneous presence of different development logics. 
The imbalance that triggers the evolution, in each of these representations/software, is 
given by the simultaneous presence, in the initial moment of the time simulation, of 
different dynamic logics, very often even contradictory. 

In fact, at the moment of triggering, the logics of urban growth, the compositional logics, 
and those of controlling exceptions that seem pertinent to the urban dynamics to be 
simulated are activated. The subsequent representation is, after the first moment of 
hypothetical sequences, absolutely unpredictable. 

The development dynamic of an unbalanced system goes through a whole series of events 
capable of amplifying the margins of randomness present in a choice, even marginal, to be 
overturned and, often, to modify the same characters of the development logic. In other 
words, the system proceeds by successive bifurcations whose potentiality (due to the 
difference between the alternatives) greatly exceeds the reasons, very often random, that 
determined the choice itself. But, once the choice is made, a whole series of events 
become irreversible and can, at the limit, condition and modify the same "rules" of the 
game. The output of the representation program is an almost infinite series of urban images 
alluding to what the shape of the city might look like after a certain "time". They are, of 
course, images of "parallel" times. Each image, that is, tells a possible formal outcome of 
the same city. 

The possibility of operational use of the program is that of all other forms of representation. 
Although it is a representation that arises autonomously within a disciplinary field limited to 
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formal aspects, indeed precisely because of its autonomy that guarantees a non-reductive 
approach to complexity, it is useful as a tool for identifying and focusing on the problematic 
aspects of other disciplinary and research fields, from the history of the city to urban 
planning, from architectural design to environmental impact assessments.  Being a 
representation structured as software, it can be used to simulate and verify hypotheses. 

 

THE IMAGE LOSSES 

AND THE EXCEPTIONAL EVENTS 
One consideration of the current debate on metropolises is the loss of image, which current 
cities present in response to the relentless proliferation of increasingly complex demands. 

If urban development follows, as it seems, a subsequent increase in complexity, the 
resulting fragmentation of form can be identified as the dissipative process of an unstable 
dynamic system. A dissipation that produces entropy but that can also operate towards 
irreversible transformations identifiable as evolution. 

If we make a comparison between the growth of a city and the development of a project, we 
realize that, very often, the loss of identity, of the image is the first step of a substantial 
evolutionary moment.  In design, the shattering of the formal image occurs when, in the 
uncontrolled proliferation of new demands, we respond only with adaptation, working by 
exception, dilating until it deteriorates completely the backbone of the project. This is also 
a moment of evolution because every designer knows perfectly well that, faced with the 
multiplication of exceptions, it is appropriate to modify the conceptual framework of 
reference, the paradigm that, up to that moment, had been the supporting structure of the 
design. And this change, given the character of design, is a logical jump. 

A similar sequence is proposed in the development of the urban image. The growing 
complexity of cities leads to the acceptance of more and more exceptions, to the point of 
destroying the identity of the urban image and its architecture. But the progress of this 
shattering brings the possibility of the traumatic moment of change closer. When a new 
formal referent replaces the previous one, the city, as a dynamic system, will float towards a 
type of urban image that was unthinkable and unpredictable before. 

This morphogenetic dynamic can be simulated by computer for what concerns the city. The 
process can be mathematically represented as the jump from one attractor to another in a 
dynamic system that goes through a traumatic transformation. 

In particular, I have experimented on models of urban growth the incidence of exceptions 
on the transformation of the image of the city. 
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In the software of formal logical simulation, I have inserted an algorithm of control of the 
exceptions and management of their presence and incidence on the evolutionary process. 

In these experiments, every exceptional event that is (randomly) produced, can be accepted 
or not. The acceptance of the exceptions depends on the structural availability of the 
system and/or on some selection grids. 

If the exception is accepted, the architectural event thus configured conditions the 
subsequent development of the city, or rather, modifies the same logic of development 
adopted until now. While all architectural events are the representation of the irreversibility 
of time, exceptional events have an additional incidence possibility. They modify, in itinere, 
the same logic of development of the city, and therefore alter the formal referent, the 
identity of the urban image.  Therefore, the identity of every single outcome, the possible 
urban scenario, varies, but the identity as a species, the recognizability of the character of 
that particular city remains, because the dynamic system that has been activated is, in the 
beginning, the same. 

In the experiments, a variation in the percentage of acceptance of exceptions corresponds 
to the progressive loss or acquisition of "image". In particular, I have verified that in the 
urban growth models represented if no exceptions are accepted, the urban image loses 
characterization, as the "difference" between architectural events stratified in simulated 
time is lost. 

The urban image progressively acquires identity and characterization by increasing 
percentages of acceptance of exceptions, up to a limit that varies depending on the growth 
models represented and simulated. 

By progressively higher percentages, the urban image progressively deteriorates; the 
structure of relations between events loosens, beginning to be affected by a large number of 
exceptions, and loses formal effectiveness. If the exceptional event has been connected (as 
I have done in some experiments) with the increase in free space (simulating the respect 
that in reality exists for the exceptional building) spaces without an artificial identity begin 
to appear and merge. The city effect is replaced by a sort of country effect, where the 
relationship between built and unbuilt prevails over the relationship between architecture. 

That the maximum shattering of the urban image takes place with the absence of 
exceptions must make us think. And above all, it must make us reconsider the importance 
of the differences between events on the quality of the urban image. 

The differences arise from the dynamics of the succession of forms over time. In urban 
time, the evolution of the image is marked by irreversible events, by the architectures that, 
born from and for the context, can modify it and, if exceptional, also to modify the 
collective mental image of the city. 
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THE CITIES OF GIOTTO AS URBAN SPECIES 
The occasions used to experiment with this instrument of representation have been many: 
from the ex-novo construction of urban development logics to attempts to simulate possible 
developments of existing, and historically located, cities. 

The medieval city, and above all the urban image that the paintings and tables of the 
masters of the 14th and 15th century have handed down to us, has been one of the 
occasions for experimentation. Based on these images I tried to represent, through 
algorithms, a logic of composition and urban growth that had as its purpose the "urban and 
architectural character" of these images. 

A theme, this, which, precisely because of the characteristics of the research and the tool 
developed, was not developed with a preference for philological and historical references, 
but operating only through the compositional stimuli that some pictorial images of the time 
are still able to give the contemporary designer. 

To do this, and to find a compositional reference as univocal as possible, a whole series of 
images of urban spaces and architecture represented by Giotto has been taken into 
consideration. 

The operative choice was not, however, to form a "library", an abacus of elements to be 
composed because this could only provide "predictable" images therefore far from the 
complexity of possible urban layouts. 

The objective was, above all, the representation of the conceptual dynamics, of the logic 
through which such elements (at various scales) can be generated.  And the representation, 
in parallel, of the temporal dynamics of the construction of the urban image. 

The same devices of form generation act separately on different facets of the same 
element, activated by the simultaneous presence of different logics. 

Each logic has its specific way of using the margins of randomness that are generated in 
the process of formal growth. Everything is structured in such a way as to produce even 
elements that are unforeseen, therefore not present in Giotto's images. But it is conceivable 
that such elements if the formal logic identified was exactly in line with Giotto's could also 
have appeared in possible canvases of the master. 

The production of unpublished images but endowed with a "patina of time" is, in fact, one 
of the characteristics of the instrument of representation developed. 

The images that this instrument traces are in fact simulations of spatial arrangements 
recognizable as produced by a temporal path, a common "history". They, therefore, belong 
to a specific species, (in this case the medieval city and more specifically Giotto's urban 
image) but cannot be found in archive images. 
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Naturally, this instrument of representation, as it has been configured in this 
experimentation, while it is suitable for use within the development and analysis of the 
mechanisms of compositional logic and the formation of the urban image, is at least 
approximate if it is used as an instrument of historical analysis. After all, this is not its 
purpose. 

The logic identified experimentally is not and does not want to be a philological 
reconstruction of Giotto's logic, but only contamination between that which can be read in 
Giotto's images and that of the contemporary architect who reads it. 

This does not preclude that theoretically a "historical" use of this tool can be implemented, 
structured in such a way as to activate the simulation of the development of urban layouts 
or the production of images recognizable as belonging to specific cultural moments. 

But the contamination, if in the historical disciplines can be an element of pollution, in 
architecture, and in the disciplines that deal with design, is an element of verification and 
stimulus. 

Verifying the simultaneous existence of one's logical matrices with acquired matrices, as in 
the case of the simulation of images of Giottesque cities, creates a further tool for the 
growth of one's compositional logic, of one's idea of architecture. 

Continuing along this path, and therefore tracing successive temporalities, further 
experimentation of these representations has been that of "living" these random medieval 
cities up to a pseudo/current momentum. Naturally without retracing the entire historical 
itinerary, which would have been useful only for a philological approach, but simply by 
grafting algorithms capable of progressively contaminating the initial dynamic system into 
the growth logic, into the DNA of these representations. 

In practice, already from the moment of "the beginning of time" there are simultaneously 
different and contrasting compositional logics, which, living together without integrating, 
generate the complex reality of an urban image. 

The image thus arises from the cyclical redefinition of the metropolitan order based on the 
successive proliferation of architectures whose mutual difference is based on the 
progressive shift from one formal compositional logic to another. And this until the 
formation of architectural events has marked all the time concerning which the urban 
image was intended to be drawn. 

Because time, in cities, is marked by architecture. Every architecture that is born closes 
one cycle and opens another. Each form differs from the previous one, and this difference 
punctuates the "cultural" evolution of the city. The irreversibility of an architectural event 
redefines the previous urban image as the past, even if this architecture is later replaced. 
Every new architecture, if we want to operate without approximations, requires and 
proposes a redefinition in real-time of the system of relationships and simultaneity that 
represents and characterizes the dynamics of evolution of the city's image. 
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Fig. 1 "historically stratified" Model of an aleatory city. The image is produced by software 
of representation of compositional logic and urban growth realized by the Author. 

 

Fig. 2 Aleatory city represented in a 360-degree curved perspective. 
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Fig. 3 3D model of an aleatory city in a moment of its "temporal" development. 

 

Fig. 4 The basic natural context (morphology and trees) is generated through fractal 
geometry. Each time it is different but recognizable and identifiable in its characters. 

 

Fig. 5 Each formal element is unpredictable because it does not come from a predefined 
catalog but is produced simultaneously by autonomous devices that operate simultaneously 
on different facets of the form.  
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Fig. 6 Each generation device operates in its specific field (shape, geometry, dimension, 
complexity, etc.) filling and formalizing the aleatory spaces left uncovered by the "demands" 
of urban growth. 

 

Fig. 7 Aleatory city identifiable, with the models of figure 4-5-6, as a recognizable urban 
"species". The models were produced by the same representation/software and reflect the 
same "idea" of a city. 
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Fig. 8 The shape of open space as a result of discontinuity in growth generated by 
"exceptional" events. 

  

 

Fig. 9, 10  Growth sequence of a 3D model of n aleatory city on a fractal plane simulating a 
natural morphological context. The dynamics of urban development is represented as a 
formal logical sequence. 
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Fig. 11 The formation of a "square" in a context that simulates a stratification of historically 
differentiated compositional logic. 

 
Fig. 12 The curved perspective of a model that represents a "contemporary" compositional 
and urban logic. 

  
Fig. 13 Total perspectives of an aleatory city model in which growth is simulated 
simultaneously in four blocks. It is interesting the "casual/exceptional" concentration of 
greenery to form a "park". 
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Fig. 14 The formation of "squares" in a model of simulation of the dynamics of 
transformation of the urban image over time. 

 
Fig. 15 The arrangement along "streets" of formal events of an urban context. 
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Fig. 16 The limit of the growth of "open" spaces and "exceptional" events. The generated 
context has lost its metropolitan connotation. 

 

Fig. 17 A high view of a simulation model of urban development on an impervious 
morphology. The natural context is simulated by fractal algorithms. 

 

Fig. 18 Aleatory city in an impervious context. The identity of the urban image is 

also defined by the simulated compositional logic that defines the sequential relationship 
between constructed, natural and green morphology. 
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Fig. 19 Sequences of architectural events realized by narrowing the field of the dimensional 
generator almost exclusively to the golden ratio. 

 

 

Fig. 20, 21 The relationship between open spaces and constructed spaces is dynamically 
defined by the proliferating king of events considered as "exceptional" and by their ability to 
interfere with the formal logic used. 
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Fig. 22 A, B, C Growth sequence of an aleatory urban context. The view from above allows 
reading the dynamics of the successive interferences between irreversible architectural 
events, urban spaces, and greenery. 
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Fig. 23 Simulation of urban growth around a road axis. The total perspective representation 
at 360 degrees allows reading the compositional logic of the sequences between 
architectural events. 

  

Fig. 24 The division into blocks in the simulation of the temporal dynamics of growth of the 
urban image allows widening the identity and recognizability of individual architectural 
events. The view is a total circular perspective from the center of the crossroads. 
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Fig. 25  360-degree curved perspective of an aleatory city at a time of its development. 

 

Fig. 26 Close-up view of an aleatory urban image and its formal components. Each model is 
different, in the total shape and its parts from any other, but it is identifiable as belonging 
to a species. 

 

Fig . 27 360-degree perspective view from a space within the simulated context. 
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Fig. 28 Giotto.  Detail of one of the images used to develop the simulation software that 
produced the subsequent urban representations. 

  

Fig. 29 Aleatory "medieval" city. The realized software is a tool for the representation of an 
idea of architecture and city. 
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Fig. 30 The generation and transformation of the Urhana image are represented using a 
formal logic that freely interprets and recounts Giottesque imagery. 

 

Fig. 31 The formal generation devices used (simultaneous and mutually autonomous) 
represent Giotto's compositional world according to different interpretations (shape, 
dimension, geometry, complexity). 
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Fig. 32 The result is. every time, unpredictable, but is recognizable as belonging to the 
"species" represented (in this case the medieval town of Giotto). 

  

Fig. 33 A further "Giotto's" random city like the previous images (fig. 30-31-32) is 
generated by the same representation/software of compositional logic and urban 
morphogenesis that derive (freely) from the reading of Giotto's images. 
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Fig. 34 Experimentally identified the limit point of the relationship between the identity of 
the urban image and the presence of exceptions. When architectural events, in their 
diversity, do not trigger a discontinuity in the logic of development. they determine a 
flattening and shattering of the image of the city itself. 

 

Fig. 35 Contrary to the previous image, here the loss of identity and characterization is due 
to the excessive incidence of some events (considered exceptional) on the dynamics of 
development that has destroyed, excessively dilating the free spaces, the structure of the 
differences. 



Celestino Soddu, Generative City Design 
Aleatority and Urban Species; Unique, Unrepeatable and Recognizable Identity, like in Nature 

Page 63 

 

 

Fig. 36 Zenith's view of a simulation model of urban growth. 

  

Fig. 37 View, from above, of an aleatory urban context generated on a plane. 
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Fig. 38 The "Giottesque" aleatory city. An image that, with the other "temporally parallel" 
ones, is identifiable as "species". 
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OBJECTS 

DESIGN THE SPECIES AND REPRESENT 
THE IDEA: THE CONTROL OF THE 
ALEATORY DIMENSION IN DESIGN AND  IN 
ARCHITECTURE. 
 
In the current development of design disciplines, a trend in production methods is 
increasingly emerging as a necessary step, and cannot be underestimated as it changes the 
type of approach to design. 

We have reached the threshold of the use of techniques that allow the passage from the 
production of objects that can be reproduced in series of identical events, to the production 
of series of objects each of which is different from the other, but which all maintain the 
specificity, character, and recognizability defined by the design choice. 

Robot production cancels, even if only theoretically, for now, the economic advantages of 
mass production in a high number of examples. 

The commitment of the machines for two identical objects can be the same as for the 
production of two different objects. An example comes to us from the same tools we use to 
draw: the plotter, which is then nothing more than a particular robot, engages the same 
time, and the same energy to draw two identical tables or two different tables. 

The possibility of passing from the mechanical reproduction of elements in series and 
always the same, typical of the culture of industrial production, to a technical reproduction 
of a dynamic type, is a real and imminent trend. 

The objects are always made in large numbers and based on a single project, but each unit 
is different from any other, has its unique characteristics of recognizability. 

These "individual" aspects are added to the characteristics and recognizability that it has in 
common with the other objects in the same series, and which are the specific attributes 
defined by the project. 

All this, at present, is only conceivable on the level of the image, of form. The 
technological-structural and functional aspects remain in the field of constant attributes. 

Despite these current limitations, the fact that this development is in the field of the 
possible and predictable already offers stimuli and creates new problem areas, redefining 
the field of what is the project. 
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Let us try to define more clearly what the character of these open series could be and what 
the project that defines them should look like. 

A first comparison, even if partial, could be made with natural products. In the latter, each 
object has its specific characteristics (each rose is different from any other, each olive tree 
has a different shape, each cat has a particular image, etc.) but is perfectly and 
unequivocally identifiable in a type, in a species. 

The "natural project" is, in fact, the same, and its physical representation is DNA. 

The substantial difference consists in the fact that, while a natural species is in evolution, 
i.e. it possesses a mechanism of self-refining of some characters and progressive loss of 
others, technical production of a dynamic type does not create progress in the quality of the 
product which always remains the mirror of the project and its objectives. 

In nature, the random event triggers a process of adaptation to the context, which is 
memorized and reproduced, since each element, in the plant and animal world, is capable 
of self-reproducing by amplifying, in this succession, the "opportune" random events that 
have occurred. 

This process is, in fact, a sequence of irreversible events that define and mark the time of 
the system. 

In the hypothesized dynamic technical production different individuals are always produced 
by the same device. The variations, diversities and the same irreversible events that trigger 
adjustments and development exist only within a "time" that starts again every time the 
system is activated. 

The mechanism of characterization and recognizability of every single object is therefore 
not due, as in nature, to the successive evolution along with a single temporal dynamic, but 
each element is the final point of a different and parallel "time" that the device produces by 
iteratively retracing all its possible, infinite, stories. 

Recognizability stems from the specificity of the individual formal logic used in the 
discovery of the interstices of randomness. As well as the logic used to make these margins 
appropriate opportunities for amplification and formal characterization within the project 
itself. 

The incidence of these operations in the final form is unpredictable but is defined in its 
characters by the formal development logic adopted. 

And to make even less predictable the single final results contribute to the unstable 
structure of the system. The development logics that characterize it, since they cover 
different fields or different facets, do not necessarily have to be mutually consistent. On the 
contrary, certain levels of complexity can only be achieved through the simultaneous 
presence of different logics operating in the same field. The hierarchy of the ability to affect 
the project may vary concerning the momentary state of the system. 
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The opportunity to work on the project is random, the project management of the occasion 
is systematized in its instability as a simultaneous offer of compositional and development 
logics not mutually integrable. 

How is the project configured, what does the project become at this point, at least as far as 
the definition of a formal image is concerned? 

First of all, it must operate with two different orders of choices: the univocal choices and 
the choices that identify development logic. 

It is added to the possibility, which however remains, of expressing a unique formal 
gesture, the possibility of dynamically defining the character of possible formal gestures. 

In this sense, the design quality can no longer arise from the unconscious randomness of a 
single moment of choice (if this has ever happened) but from the awareness of having 
inserted, within one's project, the temporal dimension as the logic of a dynamic of 
transformations, as the character of the instability of the possible equilibriums, through 
which there is the possibility to take the design opportunity of a gesture, even irreversible. 

In an object born from such a project, both the quality of the single event and the quality of 
the project itself will be appreciable, just as we appreciate the quality of the ivy in general 
and the quality of the plant climbing the wall of our garden. 

If for the objects of industrial production all this is directly applicable and is already 
artificially simulated with the first attempts to customize the production, for architecture 
the evaluation of the possibilities of a design definition process that involves a random 
dynamic is more complex. It is decidedly out of any interest, in fact, the possible 
differentiation and characterization of architectures produced with the same project, and 
only invest marginal and irrelevant situations. 

The interest is another. it is given by the fact that the range of different "outputs" does not 
configure a range of projects at all, but propose an unparalleled instrument of 
representation for the development of its compositional logic and, in particular, of the 
project that is developing. 

The dynamic simulation of the compositional modus operandi is, in fact, the only tool 
capable of representing the design idea as it is formed. 

The experimentation I have carried out concerns the development of this instrument of 
representation. The field of use is mainly the sphere of the definition of an architectural 
and urban image. 

Like all the drawings that are used in the definition phase of a project, this representation 
is also a flexible tool if it operates within the research of its compositional logic. 

It is in fact, like all project drawings, a representation in progress, modifiable and evaluable 
by the results it produces. In practice, it is an interactive tool for one's compositional 
research. 
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In contrast to a graphic note, which can make possible potential and latent inconsistencies 
of the particular spatial arrangement identified, this representation allows an evaluation of 
the development dynamics of design choices extended, in fact, to the set of infinite 
possibilities that such a compositional attitude can produce. and is also a stimulus to the 
enrichment of the project by making available an incessant proliferation of images that the 
same choices made have generated. 

The immediate objective of this instrument of representation is therefore not the fine-
tuning of the project (for which, in any case, he works) but the fine-tuning and verification 
of the designer's compositional logic, in the light of the generation of images that this logic 
allows producing. 
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STRUCTURES OF THE FORMAL 
SIMULATION DEVICES OF COMPOSITIONAL 
AND LOGIC SIMULATION OF URBAN 
GROWTH. 
The experimental device of representation that I developed has, as a disciplinary ontological 
field of reference, the representation of form in its variation and, as a field of application, 
the birth, and transformation of the architectural image and the urban image. The results of 
this research, on the other hand, define a communication and analysis tool that can be 
used in a whole series of disciplines, from the history of architecture and the city to urban 
planning and environmental impact analysis to architectural design. 

This approach develops completely and autonomously within the problems related to the 
representation of form as it aims to identify and communicate the formal logic capable of 
"drawing" the morphogenesis of the architectural and urban image. 

In terms of image, and therefore about the chosen theoretical and operational approach, 
the urban and architectural scale are parallel and mutually dependent moments. The "time" 
of urban growth is marked by architecture, but every architecture is born and acquires 
meaning with the urban context. 

Each architecture redefines the urban image, but the urban context provides the key to the 
architectural image. 

To identify and trace the formal logic of this process it is unthinkable to separate the urban 
field from the architectural one, and it is necessary to represent these two scales 
simultaneously. 

The development of architectural design and urban growth processes is, moreover, 
extremely complex and involves, beyond the specific plan of the image, the distributive 
one, the technological-constructive one, the economic one, etc., and these fields are not 
and cannot be considered separately, given the character of architecture. 

A representation that aims to simulate a logical-compositional path must simultaneously 
take into account all aspects and mutual interferences; and it is worth remembering here 
that one of the characteristics of design is simultaneity: the simultaneity of evaluations and 
simultaneity of choices on different fields. 

The problem, therefore, arises of how to operate in a non-reductive way, having, on the one 
hand, a disciplinary field relating to formal aspects, to the sequences of forms and their 
representation and, on the other hand, the need to involve many different sectors that 
contribute to defining these forms. 
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Operating autonomously in the morphological field does not mean to disregard the fact that 
some forms are caused by events that other disciplines control. It simply means not 
evaluating these forms and their succession and transformation starting from the causes 
that generated them but evaluating and controlling them only within the formal logic that 
presides over their generation and transformation. 

For example, structural needs intervene, without a shadow of a doubt, as the cause of some 
formal genesis in architecture. If we intend to simulate this in a device of representation of 
a compositional logic, we are faced with two choices: on the one hand, to broaden the 
disciplinary field, inserting directly into the object of research all that concerns the science 
of construction as well as outlines and controls the cause/effect relationship between 
stresses and resistant forms; on the other hand, on the contrary, it is possible not to leave 
the specific field of morphology by identifying (and representing with algorithms) the formal 
logic that traces how the structure of an element changes as the shape of the context 
changes in its dimensional, geometric components, etc.. 

Therefore, we do not enter into the merits of the causes, of the structural whys and 
wherefores concerning which some forms have been generated, but we describe, we 
represent the "how" some forms change and modify as the context formalizes, just as this 
variation is indicated to us by the experience of other disciplines. The identification of the 
morphogenetic logic, even if it tells, systematizes and makes accessible to the analysis the 
formal transformations due to different causes, for example structural, remains within the 
disciplinary field of form and its representation.  The transformation dynamics will be 
represented with algorithms that trace the serial and parallel congruence between different 
formal characters, reflecting the dynamics that can be experienced in real events. 

The structure of the representation is therefore formed by sets of algorithms each of which 
represents a possible itinerary of the "how". These devices simulate a complex system in 
unbalancing by operating simultaneously and autonomously, generating interferences and 
taking the opportunity to produce formal evolution in the urban image. 

These logical sequences can be differentiated and grouped in some homogeneous sectors. 

ALGORITHMS A. This set of algorithms represents the system's modus operandi. Since the 
objective is to trace a particular and specific modus operandi of formal growth of the city-
architecture system that leads to formally recognizable results, these algorithms are an 
integral part of the system, as they are the very structure of the representation: the urban 
species.  Every representation-software that I realized draws a city that, although always 
different, is identifiable as a species. it is as if we wanted to make a jazz concert: the 
algorithms A are the group of musicians who are allowed to improvise. If we replace a 
soloist we have to redefine, structurally, our design. 

These algorithms are manipulable, but their manipulation varies the character of the urban 
species we are representing. To modify them means to operate for their fine-tuning, to tune 
the logic represented to the logic sought, wanted or experienced in reality. 
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This series of algorithms can be, in turn, divided into two subgroups: 

A1 algorithms, which regulate the how of formal sequences related to the "compositional" 
development of architectures. 

Algorithms A2, which regulate the how of the succession of forms concerning the 
morphogenesis of the urban image. 

ALGORITHMS A1. The mathematical sequences simulate, dynamically, the path of the 
definition of the compositional choices, simultaneously deploying their possible formal 
outcomes. 

To do this, each set of algorithms is structured in such a way as to retrace the decisional 
nodes of a compositional discovery, from the formal organization of the structure of the 
basic requests to the production of the final formalized outcomes. 

The sub-program, configured concerning a specific compositional logic, works on inputs 
that are parameters to identify the type of design opportunity and the urban context of 
reference. It interacts with the other logics represented within the system and produces, as 
output, a three-dimensional computerized model always different formed by a series of 
formal entities diversified and structured like an architectural event. 

Each of these architectural images will be, on the one hand, always new in the whole and 
the parts and will have an individual characterization; on the other hand, it will refer to the 
matrix, to the formal logic of compositional type that has been adopted. 

Each image, therefore, will simulate an individual, recognizable and characterized, 
belonging to a species, also recognizable and characterized. 

Given the input/output ratio, this representation in the representation, which produces a 
continuous flowing of architectural images, is already configured as an interactive operating 
tool for the verification and development of specific compositional logic. 

It is an interactive tool because it is possible to modify, integrate, develop in the course of 
one's research the same logical structure that is the basis of it, immediately verifying, 
through the production of architectural images, the formal outcomes that this logic implies. 

But architecture is born and evolves in the intersection of a thousand disciplinary fields. 
There is, perhaps, no other human activity that is so strongly influenced by political, 
economic, cultural, historical, fashion, aspects of technological innovation, climate, rocks 
in the geographical context, problems of the image, commercial target, etc.. If we were to 
follow the cause-effect logic instead of the formal logic, and widen the field of research for 
each problematic field in which it is possible to analyze the causes that have generated 
some forms, we would find ourselves with such a vast territory of research that it is 
impracticable. We would find ourselves in the need to simplify, and therefore to produce 
structurally reductive results. 
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Even the logical-formal approach that has been used is certainly not easily practicable.  
However, it must consider the whole universe of references and conditionings that intervene 
in the genesis and transformation of the architectural image.  But, instead of bringing the 
entire disciplinary corpus of the related sectors back into the operational sphere, it operates 
directly on the results experienced by the other disciplines, systematizing them formally. 
The disciplinary field remains dimensionally viable. 

The operational results can be used by the other disciplines, although their "external" 
credibility depends on the quality of the input data. The theoretical results (and therefore 
also the operational results as they grow, due to subsequent adjustments of the input data) 
are decidedly less reductive than those operated by following causal analysis since the 
closer control of the research field allows a relevance to the problems and a greater 
approximation. 

In the experimental representation of the architecture design path, the technical, 
constructive, dimensional, distributive, etc. aspects are represented with "formal 
congruence grids" that simulate the multidisciplinary control operated by the designer on 
his creative vein. 

These grids select the proliferation of spatial arrangements and their sequences through the 
plausibility of formal successions that represent possible distributive organizations and 
constructive logic. These choices are evaluated at the scale of representation adopted for 
the three-dimensional computer model that is generated. 

The distributive and technological-constructive aspects assumed as congruent series of 
successive forms, then enter the evolutionary dynamics respecting the real-time of design: 
simultaneously with the choices of formalization of spaces and with a direct contribution to 
the construction of the architectural and urban image. 

But the basic element of the simulation of a compositional process is the relationship 
between the formal becoming of the project and the charge of subjectivity that responds to 
the conceptual need of the designer to work towards a formal outcome that conforms to his 
idea of architecture. 

To represent this decision-making mechanism with algorithms, I operated according to four 
successive logical moments: 

1. the design request is assumed in its functional data and is formally systematized in the 
paradigms of relationships. 

2. the interstices of randomness are identified and formalized by formalizing the paradigm. 

3. these interstices are filled with formal added responses responding to the "conceptual 
need of the designer". A three-dimensional model of the "architectural event" is proposed to 
the "urban context", and therefore to the logic of development of the urban image that 
operates in parallel.  If the answer is positive, we proceed, otherwise, we start again. As will 
be specified below, exceptions will also be accepted. 
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ALGORITHMS A2. If we move from the architectural event to the image of the city, we 
cannot simply transfer, in an urban key, the same formal logic used to simulate a 
compositional approach. 

The urban image is born and transformed in historical time. This involves representing the 
sequences of variation in time of the compositional logic as they intervene in the 
relationship between architecture and urban context. 

In the overall dynamic system that is traced must, therefore, be present the possibility to 
generate architectural forms with different cultural and historical references, and to define 
the ways of the succession of these forms in simulated time. 

In the experimental systems created I have simultaneously grafted various compositional 
logics, different and not directly integrable, but structuring their succession and progressive 
overlapping along a simulated time that hierarchically quantifies the interference of one on 
the other. 

In other words, the "historical" progressive shift from one compositional logic to another is 
implemented through a dynamic variation of the weight of each logic in the formalization of 
architectural choices. 

The result is the simulation of the variation of architectural trends as it can be read 
synchronously in a metropolitan image. 

But the metropolitan image is not only born from the proliferation of architecture and the 
architecture-architecture and architecture-context micro-reports. it is also essential to work 
directly on specific formal sequences characterizing urban growth. 

Moreover, evaluations at this scale cannot be simulated with "congruence grids", but must 
intervene directly on the formal logic of the system. 

In these experimental representations, the urban and architectural scales are involved in 
the same way and are therefore the object of parallel representations. The urban image, 
indeed, becomes the most relevant key to the quality of the possible formal outcomes of the 
design and as such one of the primary objectives to be achieved. 

Activating a "congruence grid" on an urban scale similar to that used for the 
technological/constructive and distributive aspects would be to limit to plausibility checks a 
field that instead must be represented as a further formal logic structuring the dynamics of 
the system. 

Experimentally I designed a series of algorithms that represent different formal modes of 
urban growth and evolution. 

To trace a "complex" urban image it was necessary to use a series of different growth logics 
in parallel.  During the simulation, reference is made to each of them according to a 
dynamic of variation of the hierarchies that simulate the instability of the system. 
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The structure of each of these logics is based on three series of algorithms. 

The first one, operating on the input of a possible environmental arrangement including 
morphology of the ground and a natural structure of the green (both generated through 
fractal geometry algorithms, see algorithms C1) controls the logic of progressive geometric 
artificialization of the site and the progressive shift of the basic parameters related to the 
degree and mode of the possible use of the available space (dynamics of variation of urban 
density ratios, etc.). 

The second manages the compositional occasions about the variation of the relationship 
architecture/site and architecture/architecture, which is about the relationships of 
simultaneity and sequence.   This by not setting rules, norms, but by identifying the 
relevant formal behavior in episodes considered parallel (the identity of the architecture 
and identity of the context) and in those considered in series (differences between 
temporally and/or spatially successive architectural events). 

The third device manages exceptions, reviewing and reformulating the same logical 
structure in the light of the possible acceptance of exceptional formal events that the 
randomness of the process has generated. 

The overall system of A algorithms is therefore formed by the formal logic that represents 
and identifies a specific evolution of the urban form (the variation in itinere represents the 
possibility of differences within the species) and a set of formal logics that represent 
different compositional attitudes that are activated along a simulated time. 

The result is a plurality of images that represent possible outcomes of parallel "stories"; and 
each image has a complex dynamic order, which is then the unstable equilibrium of a 
temporal moment. So a relationship structures very far from a "regularity" or static order 
that would have been the characteristic of urban images produced through processes of 
standardization by categorical rules and processes of aggregation of elements in the 
catalog. 

The use of these dynamic simulations to represent the growth process of the urban 
aggregate has given surprising results, so much to pose the problem of assessing whether 
this type of representation was not an essential tool for the analysis and management of the 
image of the territory: a tool that triggers the experimental potential of a discipline that is 
now practically devoid of it. 

The urban images that are generated manage to simulate complexity, richness, the 
overlapping of contradictory elements, unpredictability and, I would say, the capacity for 
the fascination that characterizes the shape of metropolitan environments that have gone 
through their history. 

ALGORITHMS B. This series of logical sequences represent the set of formal interference 
devices that each logical corpus (architectural or urban) can activate. 
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Belong to this group of algorithms are all the formal, dimensional, geometric generators, the 
structural, typological, technological congruence grids, the modelers for formal integration, 
etc. 

If we refer to the previous example, in the jazz concert type A algorithms are the 
improvisational musicians and type B algorithms are the musical instruments. If the 
instruments vary, the "species" of urban images produced does not vary, but the "family" 
varies. In reality, for example, the availability of technology to realize some architectural 
forms changes the character of the urban image, but not substantially how a completely 
different logical approach could change it. 

An example of "tools" is the geometry generator and the dimensional generator. The 
geometry generator has been structured to modify any shape (that comes from the formal 
generator) through different geometric grids (even fractal) and symmetries or 
dissymmetries. for example, the cube shape can become, maintaining its character of 
centrality in a formal reading of the reference context and passing through one of the 
formal logical sequences of the geometric generator, either a sphere or, in a tetrahedron.  
These forms, according to a subsequent formal reading of the relationship with the context, 
and passing through the dimensional generator, can, for example, transform into an 
ellipsoid or pointed pyramid with a triangular base, and so on for subsequent differences, in 
a labyrinthine path through the whole series of available generation devices. The formal 
outcome is unpredictable and characterized in its identity. 

ALGORITHMS C1. this series of algorithms construct the morphological and functional 
context on which to simulate the genesis of the urban image. Each context, of course, is 
built based on specific and contingent requests which, when taken over by the program, 
model a site three-dimensionally. In the case of the simulation of the natural (hills, trees, 
etc.), mathematical sequences are used that refer to fractal geometry. 

Again in our example, these algorithms trace the basic theme on which to improvise. 

ALGORITHMS C2. These algorithms update the starting natural three-dimensional models 
with subsequent architectural events.  They transform the "idea" of an architectural form 
into a three-dimensional model inserted into the context. They transcribe the "designed" 
formal event as a subsequent adaptation of the urban context, updating it for a new formal 
event. 

The importance of this passage is precisely in the representation of the impact of 
architecture on the urban context, and that of the context itself on the subsequent 
architecture. 

ALGORITHMS D. They are the generators of random events that amplify the 
unpredictability of the outcomes with random contributions to the formal definition 
sequences that are activated in the various phases. 
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In particular, concerning algorithms A they simulate subjectivity, concerning B the 
contingency of some events and concerning C the randomness of the natural formal 
sequences within fractal forms. 

ALGORITHMS E.  They are the ones in charge of visual simulation of three-dimensional 
images. They work on computer models produced by previous algorithms to trace 
perspective images, curved perspectives, and axonometric outputs. 

Given the need to represent architectural and urban images with views close to the 
perceptual habit of man, the first treatment for the perspective simulation of the model is 
to select the faces hidden from view and rearrange the visible ones in sequence, to trace 
the overlaps. 

Given the considerable complexity of the images produced, which does not easily allow us 
to regenerate the drawing every time a new shape is inserted in the context, I designed 
algorithms that operate, in two distinct phases, the reordering of the architectures and the 
reordering of the successive faces. Each architecture is then defined according to the 
sequence of urban growth, even in the visibility of its faces, but is drawn, compared to the 
other architectures, according to the sequence far/near the chosen point of observation. 

The three-dimensional simulation, moreover, can vary from axonometry to the most varied 
perspective modes including curved perspective and, above all, total and anamorphic 
perspective whose feasibility through algorithms was developed by me in the previous book 
"L'immagine non euclidea". 

The total perspective is a three-dimensional simulation that addresses and provides 
solutions for one of the structural limits of the usual perspective representations: the 
impossibility of representing space as a whole from a point of view inside the space itself. 

To represent the totality of an urban space with the traditional perspective you have to 
choose a "bird's eye view" to embrace the whole spatial arrangement, but you lose that 
connection to reality that a visual simulation linked to the real perceptive habit of the man 
who lives the city can give. 

If one uses a point of view at human height and the observer himself is placed, as is 
natural, within the city represented, with the usual perspective one cannot grasp except a 
fragment of the entire space. If you try to make the optical cone grow, to embrace more 
elements, the distortion increases and the credibility of the simulation quickly loses 
effectiveness. 

The total perspective, on the contrary, makes all this possible, tracing, inside a cylinder, 
without interruption, the totality of perspective images possible from a certain point of view 
even if it is inside the represented object. 

If we imagine the inside of a road and look towards the end of the road itself, we see, as 
perspective has taught us, the lines converge towards an escape point; but if we turn and 
look the other way, we still see the "same" lines converge towards a different point at 180 
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degrees opposite, from the previous one. In total perspective, a beam of parallel lines has 
not one but two vanishing points. The lines drawn for the simulation are not a beam of star-
shaped lines concerning a point but a beam of curves with variable curvature intersecting at 
two points. 

If everything remained like this we would have overcome some limits, avoided some 
distortions and then we would end up with drawings made of curved lines instead of 
straight, and therefore with a "diversity" for the vision. But if we draw these lines inside a 
cylinder, and we make sure that it always happens that the curvature of the cylinder and 
the curvature of the lines cancel each other out by returning inside a plane that passes 
through the point of view, we will always see straight lines, however, we turn around and 
look at the landscape around us in a 360-degree cyclic sequence. 

The anamorphic devices that can be used, like the drawing on the cylinder, can be 
multiple.  However, the goal achieved is a natural total view of the simulated spatial 
context. Because it is natural to be inside architecture and appreciate its totality. With the 
usual perspective tools, it is instead possible to represent it only from above in a bird's eye 
view, or from the inside but with the blinkers of an image that distorts as soon as the visual 
cone is enlarged. 

The totality is, in fact, an important aspect of a representation that can be used in the 
design and evaluation of the urban image. Only a simulation of the totality of the context 
allows evaluations on the complexity of the sequences between the various spaces, on the 
simultaneity of the elements, in short, it communicates the quality of the architecture. 
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OPERATING PROCEDURES FOR THE 
"BEGINNING OF TIME" 
To analyze, in detail, the operational structure of this representation device, we retrace the 
logical route that is simulated by the program. 

In the initial moment, the "time" is triggered by the simultaneous presence of different and 
not integrable compositional logic and urban development. 

This co-presence of dissimilar and contradictory elements produces and represents an 
imbalance, thus triggering a dynamic of evolution. 

 

CONTINGENT INPUTS 
However, an opportunity is required to start the procedure. We must have some data that 
allow us to trace the context to unleash the "beginning of time" of the city we want to 
represent. 

The occasion, or rather the subsequent occasions for architecture, will arise from the 
development of this aleatory city. 

If the objective is to verify the "species" of an urban image that our system can develop 
when the city is born and grows in a particular type of morphological situation, we use 
several times the same formal logic of urban growth simulation in similar but aleatory 
differentiated natural contexts. If, on the contrary, we are interested in verifying how the 
image of an urban-type is transformed in structurally different contexts, we activate the 
same procedure by varying the contingent inputs that define the occasion. 

The data that is entered at the beginning of the simulation concern, therefore, only the 
choice of the contingent occasion to be used. These data can concern an existing urban 
context that we intend to verify in the possible dynamics of evolution (and in this case the 
type and quantity of data depend on the complexity of the starting situation) or, if we 
simulate an ex-novo development, the necessary data can be grouped in three sectors: 

First sector: indication of the general connotations of the form of the site. 

A. The type of natural morphology. The morphological character of the environmental 
context in which the city will develop is identified. The possibilities of choice cover the 
range from the simple horizontal plane to the morphologically complex natural site which is 
identified, like type, through the parameters of fractal forms. 

B. The type of roughness of the site, identified through the dimensional and scalar 
parameters of the development of the fractal form identified. 
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C. The type of presence and development of vegetation in the initial moment of the 
"history", identified through a parameter indicating the relative quantity and formal 
structure, and one indicating the type(s) of tree presence. 

Second sector: indication of the general connotations of the space to be controlled, and 
about which urban images are to be produced. 

A. Indication of the size of the space. These dimensions are not absolute but are intended 
as phases of development of the basic fractal grid. For example, an N*N dimension does 
not define, except as exceptional randomness, a square, but only an urban excerpt at the 
base of which the extension of the sequences of the formal definition is equal in the two 
axes. 

Moreover, the dimension of the urban excerpt is not indifferent to the urban image that will 
be produced. An excerpt that is too "small" for the type of urban logic represented can only 
produce an image pertinent to an architectural scale. On the contrary, an urban section that 
is too large, created with the same logic of growth, can produce excessive homologation and 
therefore a loss of characterization. The formal identity is in fact due to the presence of a 
recognizable structure of differences. 

In this case, it is appropriate to reproduce, as a simulation of reality, a growth by districts. 
In each neighborhood, the system of reciprocal conditioning is stronger and more 
characterized because there are still exceptions that have not become the norm because 
they are too reproduced in the infinite facets of the possible. The image of a neighborhood, 
although it is part of the image of the city, can acquire its characters. Also, in this case, the 
recognizability of each neighborhood arises from the unpredictability of the sequences of 
use of the margins of randomness, although each set presents formal recognizability that 
identifies, however, the belonging to a specific city. 

B. Indications of quantitative data on urban development. These data are also not absolute 
as, for example, the ratio of the total area covered to the area available may vary in itinere 
as a result of exceptional events; another parameter that may be indicated is the acceptable 
amount in percentage, of exceptions (formal exceptional events that go beyond the 
'expected' and define the "unpredictability" of the system) capable of reconditioning the 
same characters and parameters of urban growth, and therefore modify in itinere the same 
modus operandi of the system. But even this "structural" transformation that follows a path 
of discontinuity is internal to the formal logic that represents the urban species. 

Third sector: choice of the type of three-dimensional simulation to be used for the 
production of images, which can vary from axonometry to the various types of perspective, 
to the total cylindrical perspective. 
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FORMALIZATION OF THE NATURAL SITE 
Once acquired the basic parameters for the identification of the type of context on which to 
operate the compositional simulation, it is necessary to move from the type to the 
characterization and specification of the occasion; that is, the natural site on which to 
operate must be formalized, characterized and sized. 

Naturally, a "real" site could be used but, for the objectives of the experimentation, it was 
more useful to "produce" natural sites with a continuous range of variations in morphology 
to refer the subsequent representations of growth logics of the urban image to a continuous 
universe of natural contexts differentiated by progressive shifts. 

These operations are carried out using fractal-type geometries to reproduce the natural (C1 
algorithms), but since these geometries are not random, as they repeat each time if 
activated with identical modes and parameters, identical results, it is necessary to vary, in a 
random way, parameters and trigger moments. The initial events are morphologically 
identifiable as to species but always different. 

A random event generator (D algorithms) is then activated that provides the margins of 
randomness in the morphological structuring of the natural site and the formalization of the 
green. 

This can be useful even if you ask the program to work on a horizontal plane, and not on a 
simulation surface of a natural context. 

The complex structure of relationships that are created through the formalization of a 
simulated natural site becomes itself the source of organized sequences of randomness that 
through the structure of the context that is being formed are the key to the simulation of 
margins of randomness that will then be the basic elements for the "contextual" definition 
of the compositional occasions. 

The generated fractal plan can, therefore, be used both directly, given that the shape of the 
natural site conditions the building, and indirectly as a generator of unpredictability. 

A complex formal structure such as this trace, in fact, a connected map of random events 
with possible and differentiated codes of sequential reading. 
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ARTIFICIALIZATION OF THE NATURAL SITE 
AND SUBSEQUENT FORMULATIONS OF 
DESIGN OCCASIONS AT DIFFERENT 
SCALES 
Subsequently, on the computerized model of the natural site (formalized in the previous 
operation) a progressive artificialization is carried out using geometrization and dimensional 
distribution procedures. 

These procedures are gradually checked by comparing the fractal shape of the natural site 
with the basic indicators of urban development logic that are within the program. 

Operationally they are associated to the sequences of morphological events (generated by 
fractal geometry algorithms called, in the previous chapter C_ associated with those of 
randomness D), dimensional and geometric sequences that allude to a type of urban 
organization (generated by the formal logic of urban evolution, algorithms A2). A map of 
occasions for architectural interventions is then drawn that responds, in first approximation, 
to the type of urban development to be represented. 

This is for the start procedure. In the following cycles, the artificialized natural context is 
replaced with the evolving urban context, that is, with all the elements, natural and 
artificial, until then defined and formalized by the program (from algorithms C_ to C2). And 
the map of architectural opportunities is redrawn.  

This at each subsequent event, that is at each new architecture that is generated. 

The cyclical redefinition of the urban development plan at each birth of a new architecture 
guarantees the passage from an approach to the city operating for successive moments of 
equilibrium, to a representation of the same dynamics and instability of the metropolitan 
becoming. A transformation is represented more effectively with a continuous sequence 
than with a broken one, especially if the sequence presents points of discontinuity. 

Each new architecture enters the universe of the context. It is assumed as an irreversible 
event of a "story". This irreversibility does not deny that the same element (not the event) is 
modifiable in time, or can be eliminated later. 

Irreversibility consists in the fact that, at a given moment in "time", one alternative has 
been chosen instead of the other. And this, since the past does not return, remains as an 
irreversible event as it influenced subsequent choices. 

The device that simulates the history of an urban image, therefore, operates, cyclically, 
through the two logical fields of the architectural and metropolitan scales, reproducing the 
mechanics of real progressive shifts in the shape of the city. 
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Each formulation of a subsequent choice regarding urban planning is followed by the 
formulation and implementation of a design event on an architectural scale. 

Each architectural event, with its potential charge of irreversibility and, sometimes, 
exceptionality, is followed by an adjustment or reformulation of the same logic of urban 
growth; and so on cyclically until the irreversible events have marked all the time 
concerning which it is intended to draw an urban image. 

 

OPERATING MODES OF THE 
ARCHITECTURE/CITY CYCLE SIMULATION 
THE ARCHITECTURAL EVENT 
The compositional process on an architectural scale is simulated by retracing the 
successive temporal phases that mark, in real life, the design approach. 

As for other simulations of a temporal path, it is necessary to identify the imbalance that 
triggers the process: the simultaneity of two (or more) sets of different and contradictory 
requests and objectives.  The functional and image requirements that the evolution of the 
city requires (and which therefore respond to the formal logic of the dynamics of urban 
growth, and which are "objective" for the architectural scale) and the image objectives that 
respond to the conceptual need of the designer, to the need of the city's designers, to the 
"cultural" needs to pursue architectural features identifiable in a "how” and that therefore 
responds to the subjectivity of the choices that can be made using the interstices of 
randomness that escape all the previous requests. 

The formal logic that represents and simulates the compositional work by defining "how" 
the form is generated and modified, "momentarily" reconnects the two sets of requests and 
objectives, formalizing an architectural image.  

This same event, with its birth, "burns" the possibility just crossed of this ephemeral 
reconnection (if it did not, time would stop) because becoming a past event, and therefore 
irreversible, changes both the set of objectives proper to urban evolution (the reference 
context has changed) and the subjective objectives. Experience has slipped, the designing 
subject is another or, even if it is the same physically, the contingent moment, fashion, 
cultural references, etc. are changed. 

What is the logical mechanism that is simulated to represent this moment of reconnection 
of different elements?   The set of "objective" requests is formalized in a (subjective) 
paradigm that is verified (a first time) through the grid of distributive and constructive 
congruence that simulates the "disciplinary simultaneity" of the design approach. This 
paradigm highlights possible "interstices of randomness". 
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These spaces of possible directions are transformed into compositional occasions, i.e. into 
occasions of making "subjective" requests explicit.  

The overall response, the formal event that is about to be produced, comes from this 
systematized stratification of different logics that formalizes the design occasion. 

To formalize a design occasion, it is also necessary to work towards successive approaches, 
cyclically retracing the same operations and rechecking the results through the grid of 
distributive and constructive congruence that formally simulates the complexity of the 
design approach. 

This is done using the formal sequences typical of the compositional logic adopted, to 
define a set of possible choices from which to choose, a set of choices that must be 
congruent and relevant to the achievement of the set image objectives. 

The production of the forms is carried out using generation devices controlled by access 
filter-selectors that verify, by following the sequences, the formal congruence of the choices 
that the devices themselves can produce. 

To simulate the real compositional process, these filter-selectors respond to the two main 
categories of relationships that interconnect architecture: the formal identity of every single 
space, and the "how" of the sequence between various "different" spaces. 

The first, which we call the parallel access selector, evaluates, when activating the formal 
generators, the choices that the compositional logic adopted imposes on the form of the 
individual spaces, therefore on the congruence between the formal, dimensional and 
geometric aspects of each space. The second, which we call serials, evaluates the 
congruence between different formal events, i.e. the quality of the sequences between 
spaces. 

While filters are still part of the algorithms of a specific compositional logic, formal 
generation devices are the tools that each logic can use to formalize images. 

Despite this, it is clear that the use of a particular set of tools conditions and modifies the 
character of an architectural image, even if it does not alter its compositional identity. 

These devices of formal generation, moreover, pose themselves as a further moment of 
internal imbalance (thus generating simulated temporality, sequences of irreversible events) 
because they propose, at the scale of the formalization choices, algorithms that operate 
simultaneously but cannot be integrated.  The generation and production of the form could 
also be realized using a trivial finite universe of elements in the catalog, but this would 
have involved referring to a balanced system and not a system in transformation, and 
therefore the impossibility of evolution and production of unpredictable events. 

The system used, on the contrary, produces unpredictable events because it always 
activates in a different way (the "objective" and "subjective" requests structured in 
contingent/aleatory occasion are always different) a series of simultaneous devices that 
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cannot be integrated and that control different facets of the formal character of the 
element.  The result is therefore always unpredictable in its identity, even if it responds to 
the character of the image sought. 

The generation devices that were used in the experimentation are of four types and respond 
to four sides of the formal image: the type of shape, geometry, size, complexity. 

A. The generative device of the formal "how", which identifies, according to the occasion 
that presents itself, the formal arrangements that could be suitable for the compositional 
choice; 

B. The device of the geometric generation that identifies the types of the geometric matrix 
that may apply to the selected shapes, and meet the requirements of the compositional 
logic adopted; 

C. The dimensional generation device that proposes possible sizing and dimensional ratios 
to the geometrical shapes referred to the previous devices; 

D. The device that generates integrating elements of the spatial arrangement, and has the 
task of integrating, according to a grid of functional and constructive congruity, the shape 
of the spaces defined by the previous devices. Moreover, this device, operating integrations, 
reactivates the composition cycle, and in this sense generates an increase in complexity. 

The use of the activation sequences of these devices varies according to the logic adopted; 
one of the structures that I used most frequently in the experimentations carried out was to 
activate, at first both access selectors, giving however a higher hierarchical value to the 
parallel, and using the serial congruence selector from E to C excluding D. At a second time 
reactivate only the serial congruence selector, retracing the generation devices in the 
opposite direction from D to B excluding A. 

This system, of course, privileges in the first phase the search for the shape of the single 
space, even if it does not forget to evaluate in general terms the congruence of the space 
itself with those close to it. In the second phase, it integrates with further elements and 
modifies geometrically and dimensionally, but not formally, the proposed architectural 
event, in the light of a compositional logic that concerns the sequence of the spaces 
themselves. 

Naturally, this type of sequence reflects a particular and subjective choice, which 
characterizes a specific compositional logic. Other logical pathways can be implemented 
as, after all, normally happens in real approaches to the project, which are often different, 
reflecting the same diversity of designers. 

Once defined, for an architectural occasion, the set of possible choices, it is necessary to 
opt for one. This option is implemented through a grid that works in parallel on indications 
and indexes of preference and randomness. This means that all the choices identified can 
be chosen, but some are more likely to succeed than others. 
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The indications of preference do not arise, naturally, from a pre-constituted classification of 
possible choices, but from the comparative evaluation of indications of preference on the 
single facets of the choices, therefore on the formal, geometrical and dimensional assets 
that have generated the single choices; indications that, moreover, are continuously 
updated by the evolution of the "context". 

Given that, in the set of possible options, exceptions can also be configured, i.e. spatial 
arrangements that follow exceptional geometries, dimensions or shapes, the final choice 
can also be an exception. 

The production of exceptional events, born from particular and unpredictable encounters 
between the various generation devices, is an inevitable fact. We do not use bookshelves, 
abacus of pre-constituted elements, but only generation devices that operate on single 
facets of the element that will then be used. 

The production of exceptions is, moreover, a moment that reflects and simulates the real 
sequence of design. Even the designer, now and then, comes up with "different" solutions; 
very often they are eliminated, sometimes they can be accepted. 

The experimental program I have implemented provides for the possibility of defining, as a 
basic datum, whether and to what extent exceptions can be accepted.   Moreover, the type 
of "predisposition" of the designer to accept unusual formal events characterizes the 
compositional approach. 

Once a finite series of choices have been made, i.e. several choices that, as a whole, 
possess an identity as an architectural object, it is necessary to re-evaluate whether these 
choices, born above all from the compositional logic adopted, and therefore based on 
specific requirements regarding the architectural image, are still, as a whole, plausible in 
terms of distribution and construction, and achieve the objective required in the sequence 
with the other elements. 

The path is then retraced (even if at a different scale) and we return, through the access 
selector that evaluates the serial congruence between the elements, to the integrator 
element generation device and then, later, to the dimensional and geometric generator, 
excluding the formal one that has been replaced in this next step by the integrator one. 

This verification forces us, in defining an architectural event, to retrace, as many times as 
necessary, the phases of the definition of a set of possible choices, which will then be 
configured as a set of possible variants, until the insertion, in the context, of the chosen 
element. 

Since the objective of these representations is not limited to outlining the image of 
individual architectural events but tends towards an urban image, a single compositional 
logic cannot be used. 
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The simultaneous presence of different compositional modus operandi in the urban image 
seemed to be an aspect not to be underestimated even in experimentation.  This is mainly 
to simulate with less approximation the characters of a historically stratified urban context. 

In some experimental representations, different compositional logics have been associated. 
These logics, different and sometimes contradictory, reflect approaches to the project 
typical of different cultural and historical moments. 

To simulate the final urban image and the progressive shift from one architectural culture 
to another that, in reality, marks the time of the city, the hierarchy of incidence of the 
various logics on subsequent architectural events has become unstable, mirroring the 
system. 

In other words, the various compositional logics operate simultaneously generating 
instability. But the ability of each logic to affect individual architectural events varies 
dynamically during the simulated "time". 

The result has been to generate images of "historically stratified" aleatory cities, in which it 
is possible to read history as a progressive variation of the formal referent. 

  

URBAN EVOLUTION 
 

M nt0opg §To insert an element in the context (be it artificial or, at first sight, natural) 
means to redefine the context itself in its components, but also its relationships. 

The insertion of a new formal element operates, in our representation, a progressive, 
irreversible shift of the urban image in simulated time. Since the algorithms that control 
the evolution of the image are representations of successions and morphological 
transformations, if the starting form is modified, the outcome will also depend on this 
modification, therefore on the choices made on the margins of randomness.  

The final formal outcome will be conditioned by the progressive amplification of 
randomness, and it will be all the more so because of time and length. 

Operationally, the simulation device is structured to introduce into the formal paradigm of 
the "assumed urban context" the element produced by the compositional simulation 
devices. The "new" element, therefore, occupies one of the boxes provided by the evolution 
paradigm. But the element does not fit perfectly in the box since it has developed some 
unpredictable potentialities. The "excess" formal answers it contains (and which depend on 
factors simulating subjectivity and randomness) become irreversible data to be considered 
in the reformulation of the same development paradigm, which is thus updated in an 
unpredictable way to every architectural event. 
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If then the inserted formal element is configured as an exception (in practice it does not 
find in the development paradigm, not even a box that adapts, even with margins of 
tolerability, to its form) the simple updating of the evolutionary paradigm is no longer 
possible. The evolutionary structure of the urban image is faced with a moment of 
discontinuity that presupposes a change of the same logic that presides over transformation 
and formal generation. 

Of course, not all exceptional events can be accepted. This selection is made using grids 
calibrated to a percentage of acceptability that depends on the image objectives that are 
considered primary. The percentage of acceptability of exceptions varies greatly the final 
urban image, acting on the relationship identity/difference. 

If the exception is accepted, this involves the variation of the same urban development 
logic, which is implemented by acting (episodically or definitively) on the quantitative 
parameters contained in the algorithms that this logic represents (A2 algorithms). The 
parameters are modified but not the structure of the algorithms, therefore the species does 
not vary. 

For example, one of the elements that characterize the urban image is the relationship, of 
formal interdependence that is established between exceptionality, complexity, and mode 
of subsequent concentration in the built environment. 

While in the experimentations carried out, concentration, as a percentage, has been used 
as one of the possible basic parameters to define the initial moment of the dynamics of 
urban development, the modalities of subsequent variation of concentration are part of the 
package of indications proper to the logic of growth that we want to represent. 

Effective simulation of the characteristics of a metropolitan development linked to the non-
linear evolution of a "story" has been achieved by using a representation capable of linking 
the presence of spaces free from "construction" to the generation of "exceptional" events. 

In this way, it has been possible to pass from indications and evaluations of the incidence 
of the built-up to definitions, in itinere, of the open space and the built-up space as two 
architectural entities whose image and acceptability is linked to the character of the mutual 
interference. 

In practice, it was decided to calibrate the margin of possible acceptance of formal events 
that have the character of exceptions concerning some codified congruence grids, on a 
perspective of the complexity of the built environment. 

In other words, the exceptions, if accepted as elements that can be used in the 
representation of the urban image, can be loaded with the possibility of producing a sort of 
"environmental respect" around them and therefore define the presence of free spaces 
whose size and formalization will be linked to the very character of the exception. 
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The character of "exceptionality", of course, can be re-indexed and redefined several times, 
and applied to the type of situation that is intended to be used for the generation of open 
spaces having the character of architectural spaces, squares, gardens. 

For example, even the initially random presence of a tree can be configured and used as an 
exception if supported by an additional sequential presence of a second tree.  This 
"exceptional" event, always following this particular example, can be used as a basic 
element for the generation and formalization of an urban episode such as a park. 

The most interesting results in the simulation of urban growth have been achieved by 
evaluating as an exception (acceptable only rarely) the presence of "different" architectural 
elements, such as those that are disjointed concerning an orthogonality identified as 
normal, or larger and more compact than the others, or richer in formal characterizing 
details (quantity of formal elements produced in the compositional sequence). 

The type of geometry for the context and/or some specificity of the architectural presence 
were, in these cases, used as generating elements of the shape of open spaces that, in this 
way, assumed the character of squares. This procedure reflects and simulates a possible 
dynamic operating within urban events because, often, the square is linked to the presence 
of important, exceptional and characterizing buildings. 

Another possibility that has been experimented could concern the square that is formed 
concerning a characteristic architectural event, but when this exceptional event is no longer 
present in the urban context. 

To simulate this, the exceptional event, although accepted, is not traced in the drawing in 
the urban image, but the interference of the element "no longer present" that, in these 
simulations, has left only a "historical" imprint in the urban fabric. 

And the representation accesses new complexities, widening the same field of the 
representable and including the possibility to simulate in images a logic of urban 
development only proposed. 

Once the general layout has been redefined, and also, if necessary, the indexes and control 
parameters have been re-adapted on an urban scale, the urban context thus evolved 
replaces the natural site that had been used in the first place, or the same urban context 
defined so far. And the process begins again, which will be cyclically retraced until the 
formation of irreversible architectural events will have marked all the time for which the 
urban image was intended to be drawn. An urban image, however, cannot live alone.  

To fully represent and communicate a formal logic of composition and/or metropolitan 
development, it is necessary to produce a considerable quantity of images, relating to 
parallel times and stories, therefore always different and with elements that are always 
different, but identifiable in any case because of the logical matrix that generated them, 
which can thus finally be "represented". 
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A repetitive work of dynamic simulation of infinite parallel unstable balances that can only 
be done using a machine.  

But the result is exciting for the man who has a tool to represent and explain the facets, 
even unpredictable, of his idea of architecture. 

 

 

 

 

 

 

Sequences of growth of an aleatory city model 
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Part Four 

IMAGES SIMULATING THE EVOLUTIONARY 
DYNAMICS OF ARCHITECTURAL AND 
URBAN FORM 
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Increasing complexity and scanning of time 
in the architecture/city cycle. 
The beginning of time is generated by the triggering of the imbalance in a previous 
equilibrium. The state of equilibrium, before time, can theoretically be imagined as the 
coincidence of the architecture with the city, and the city itself with the natural site. All 
without evolution. In the moment in which one opts to differentiate the natural from the 
artificial, and in artificiality, being architecture from being a city, a parallel structure of 
differences is determined, therefore an imbalance. The "urban time" is born from the 
scanning of the successive formal transformations that this imbalance generates through a 
certain formal logic. In the scheme, the beginning of time is represented by the entity 
architecture/city splitting into its two components generating the beginning of a sequence 
of relations between two entities defined by their difference and their simultaneous 
presence. When started, the cycle architecture/city can be represented ideographically as a 
spiral whose increasing radius indicates both the evolution of time and the increasing 
complexity of the system. Cyclically the city, as context, determines the need for a new 
architecture and conditions its form. Architecture, with its existence, and with its form 
(which reflects the demands of the context, amplifies them unpredictably using the margins 
of randomness) modifies the urban context, reformalizing it. The interference of the context 
over each new architecture is filtered by the formal logic that represents the design act. 
Naturally, the design attitude evolves, reflecting the progressive cultural shift of the system. 
The interference of architecture on the city is given by its irreversibility. 
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The formal event needs an acknowledgment by the structure of the context, also because it 
contains "unforeseen" facets. This acceptance of architecture can be configured as a 
subsequent adaptation of the formal logic representing urban growth or, if the architectural 
event is exceptional, as a re-foundation of the same logic. In the evolution of the cycle, the 
difference between successive architectures tells and formalizes the development of 
compositional logic over time. The shift between an urban image and the subsequent one 
formalizes and draws the development of urban evolution over time. 

 



Celestino Soddu, Generative City Design 
Aleatority and Urban Species; Unique, Unrepeatable and Recognizable Identity, like in Nature 

Page 94 

 

Fig. A - (aleatory "contemporary" cities. Experimental definition in progress of a 
compositional logic and an idea of a city) 

This series of metropolitan scenarios represent a defined "species" of aleatory cities: they 
are simulations realized tracing ex-novo some formal logics that represent an idea of urban 
image and a compositional attitude in its possible transformations. In this case, something 
already existing was not represented, such as a logic of compositional management of the 
specific forms of a particular historical-cultural moment, but a formal logic was drawn 
directly, verifying in real-time its correspondence to an idea of architecture, to a subjective 
conceptual need of formal identity (in this case of the author). The experimentation has 
tended to develop how it is possible to "design" in representing a specific formal 
compositional logic through subsequent adjustments. It was, therefore, a work in progress 
of an experimental nature since every minimal variation of the algorithms that design the 
compositional attitude can be empirically evaluated in the many and always different 
formal outcomes. It was, therefore, a calibration, for subsequent adjustments, of an 
architectural idea.  The interest and relevance of the verifications that can be carried out 
lies also in the evaluation of the urban reference image that is produced by the simulation 
system. The fact that it is possible to carry out a computer simulation of a compositional 
iter up to the point of outlining the possible consequent urban scenarios, confers an 
experimental character to a discipline, such as the compositional one, that previously did 
not have. The real times in which it was possible to evaluate the interference of a small 
modification to the compositional logic using a series of design outcomes sufficiently 
numerous to identify the "species" are, without the computer simulation, so great as to be 
imperceptible. Moreover, they are so large that they undergo, in itinere, "physiological" 
modifications to the same compositional logic that, with the flow of time, evolves and 
transforms in the same designer. 
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Fig. A (1-3) - Growth sequences of an aleatory city model. 
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Fig. A (4-9) - Perspective views of the urban image. Each image belongs to a different 
three-dimensional model. All images represent an identifiable and recognizable urban 
"species" in its formal characters.  
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Fig. A (l0-11)- Views from above. The structure of the differences between "architectural" 
events is given by the requests made by context, "simulated subjectivity" and chance. 
Identity as "species" is given by the uniqueness of the modus operandi on chance.  
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Fig. B - (The medieval urban image interpreting Giotto) 

This series of images of aleatory cities is born from the representation, by algorithms, of a 
modus operandi that belongs to a historically identifiable cultural moment. It attempts to 
reproduce the genius loci of the medieval city, understood as "species".  The references 
used to "draw" this urban character were the fourteenth-century paintings of city scenes, 
and more specifically the images of Giotto. Of course, these are only references. Given the 
character of this experimentation, which aims to verify the possibility to represent the 
formal logic of urban development, directs the research on the extension of the discipline of 
representation.  

A philological and historical reconstruction of Giotto's idea of architecture and city came 
out of the immediate aims of this approach. This does not mean that a philological-
historical application of this type of instrument cannot be implemented.  

Actually, in this representation, the detachment from a philological attitude was even more 
accentuated. A synthetic compositional approach was preferred, contamination between 
these Giotto's images that allude, in their ambiguity and capacity for fascination, to a 
complex architectural becoming (see the author's reading of a painting by Simone Martini 
in the volume "L'immagine non euclidea", Gangemi 1987) and the idea of space of those 
that, dealing with architecture in the contemporary world, read, even tendentiously, Giotto's 
images.  

This approach, moreover, provides a key to understanding how, in reality, the compositional 
world of a designer is constructed: through successive contaminations of different and 
apparently unrelated events which, if on the one hand increase the complexity of the 
approach to space, on the other also create imbalance, contradiction, movement capable of 
triggering and evolving a path of research. 

 

 

 

 

 

Fig. B (1-8) - A walk through a series of aleatory medieval cities. A series of perspective 
views of three-dimensional models of "medieval" urban layouts generated by the same 
formal logic and therefore recognizable as "species". The "natural" site on which these cities 
are built is always different and often inaccessible. This diversity has been generated by the 
use of different parameters in the fractal algorithms used. 
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Fig. B (9-13) - Medieval urban images of aleatory parts of cities born on a flat site and with 
the presence of open spaces that, expanding, formalize themselves as squares. These 
spaces are generated during the temporal growth of the model as a contingent modification 
of a usual coverage ratio due to the presence of exceptional formal events. 

 

 

Fig. B (14-15) - An open tree-lined space that, in urban dynamics, becomes a square. 
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Fig. B(16-21) - Simulated growth sequence of a three-dimensional model of an aleatory 
city in a flat site, and the progressive definition of the relationship between open 
spaces/built spaces. 
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Fig. B (22-24) - In this sequence of urban development slightly different formal generators 
were used compared to previous simulations. 

 

 

 

 

Fig. B (25-27) - Sequence of formalization of the urban image with perspectives 
At the human height. In this representation the availability of the development logic to 
accept height increases in buildings.  
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Fig. B28- image realized with the same formal logic of the previous ones, therefore 
belonging to identical "species". 

 

 

 

 

Fig. B(29-32) - Growth sequence of a medieval city more "realistic" than the previous ones. 
The parameters introduced in the compositional and urban growth algorithms generate a 
type of size and complexity of the buildings "plausible" and a presence of free spaces 
(streets and squares) formally close to the one sought. There are, of course, some 
exceptions that confirm, however, the unpredictability of the formal outcomes of these 
representations.  
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Fig. B33 – An aleatory image. This generation has been expanded beyond the limits 
experimentally identified as "urban" the interference between exceptional events (in this 
case only disassociated for an orthogonality) and the dimension of contiguous free spaces. 

 Fig. B34 - Here has been found (experimentally) a more effective control factor on the 
dynamic concentration/free-space ratio. 

 

Fig. B(35-38) - Four examples of three-dimensional models of medieval aleatory cities 
represented with perspective views from above. Although they are different models, the 
identity of the "species" is identifiable. They have been generated with the same formal 
logic, with the same parameters, starting from a common time beginning and simulated at 
the same time. They are aleatory temporally parallel cities and with the same environmental 
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character. They are different only for the individual identity that derives from the 
aleatory/subjective components.  

 

 

 

Fig. B39 - Perspective zenithal view of a model of a medieval aleatory city. The structure of 
the free spaces is born, in this model, from the presence of exceptional events (even if only, 
as in this example, in their arrangement concerning an orthogonal grid) whose acceptance 
determines a modification, even if momentary, of the same logic of development.  In this 
generation it is simulated a real sequence of the formalization of an urban structure: the 
particular architectural event, "important", creates around itself a band of respect, an 
unbuilt space that can, under certain circumstances, also take on the shape and character 
of a square.  

 

Fig. C - (Simulation of historical stratification in the urban image) 

The images of this series of aleatory cities attempt to simulate the formal complexity due, 
in reality, to historical stratification. That is, they attempt to produce urban images with a 
"patina of time". To represent all this, an algorithm has been inserted in the simulation 
device that formalizes the relationship between temporal dynamics and the progressive shift 
from one compositional mode to another. To make the change of the compositional 
referents in the unfolding of the "simulated time" more plausible, the progressive change of 
the availability of formal generation tools has been associated with this variation. In other 
words, the variation of the compositional modes is associated with the variation of the 
"technological-constructive options" which, in the algorithm, are represented by congruence 
grids through which every formal choice must be accepted. For example, if in a T(O} 
moment the compositional logic used and the "medieval" one, and the formal tools are 
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those proper to the simulated historical moment (the formal logic used triggers relevant 
generation and formal transformation sequences, which produce elements that can be 
"historically" identified as battlements, towers with overhangs, etc.), then the "medieval" 
one is the "medieval" one. i.e. elements that in any case do not go beyond some formalized 
constructive limits), in the moment T(n), intermediate of the simulated time, and especially 
in the final moment T(t) both the compositional logic and the willingness to activate formal 
instruments will reflect the technological potential and the contemporary compositional 
mode (projections, a plurality of shapes and geometries freed from constructive constraints, 
free relative dimensions, etc.).  

It is interesting to analyze the formal events that are produced in the intermediate times 
T(n), and that reflect unpredictable contingencies of contamination between modes and 
compositional tools. In fact, in this experimentation we wanted to simulate the dynamics of 
transformation with progressive variations of the "probability of use" of one compositional 
mode for the other (or the others), keeping them all present and hierarchizing their impact 
on the processes of formalization. With the same criteria was represented the subsequent 
variation of the formal generation tools and congruence grids. The structure of the 
persistence and transformation over time of the differences is therefore programmatically 
indicated, not denying a priori the possibility of simultaneous co-presence in particular 
moments of aspects that are not congruent with these different logics. This can, of course, 
generate events configurable as "historical exceptions", and improbable even in reality. 
Events in which an architectural form anticipates future compositional modes. But possible 
events.  

Decio Gioseffi, in "Palladio today: from Wittkower to Postmodernism" proposes an example 
of a historical exception, a "Brunelleschian" portico built in the II-III century AD in a 
Roman villa in Bulla Regia. It is instead more likely and must be considered as such in 
tracing the representation, that an architectural form rediscovers compositional ways of the 
past. What, in the end, is interesting to simulate is the complexity of elements presents 
simultaneously, stratified by a temporal dynamics that sharpens the differences. Elements 
that can trace and identify the shape of the city as only the flow of time can produce. 

 

Fig. C(1-2)- "Historically" stratified aleatory city in two successive images of the three-
dimensional model design, in which it is possible to find, for example, multiple formal 
references in the sequence of building elevations on squares and streets. 
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Fig. C(3-12) - Sequence of subsequent development of a model of a stratified aleatory city. 
The formal references proper to each compositional logic present in the representation 
come into play with hierarchically different relationships in each "architectural" event, to 
configure a range of outcomes, from "ancient" to "contemporary" buildings to 
"anticipations", to subsequent contaminations. In the second, third and fourth images of 
the series, it is interesting to note how the conditions are created for the creation of a small 
"urban park" that is born through the subsequent presence of some trees that, once 
exceeded a given numerical threshold, assume and pursue the formal referent of "park".  
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Fig. C(l3-l7) - Aleatory city stratified "historically". It is an image of a model "temporally 
parallel" to the previous sequences. Although the same logical matrix is recognizable, which 
makes these cities formally twin cities, there is a strong characterizing individual identity.  
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Fig. D - (the generators of architectural form. An example of the use of a "golden" 
dimensional generator}. The formal elements that are used to generate the architectural 
images that make up aleatory cities are not born from a catalog. from an abacus of pre-
formalized possibilities, but are directly "invented" each time by a device structured in a 
series of generative algorithms that operate independently and simultaneously on certain 
facets of the formal "how". In the experimentation to which the images belong, the 
activated devices are related to the shape, size, geometry and subsequent complexity. 
Given that each element is generated, in its components, independently from the individual 
generators, the formal outcome is unpredictable. In the images, one of these generators, 
and specifically the dimensional generator, was deliberately limited to the production of 
dimensional ratios governed by the gold and by derivatives section or the side/diagonal ratio 
of the square. For example, the present algorithms produce sequences of dimensional 
transformations traceable to the ratio based on the root of two or the ratio based on 0.618. 
The characterization of the formal outcome is affected by this "limitation", but also by the 
order that the univocity of the dimensional ratios has provided despite the proliferation of 
the differences generated by the other parallel devices. The order is so incidental that the 
urban context generated by the order of a unitary architectural project is assumed. 

 

 

 

Fig. D(1-5) - Some examples of aleatory architectural forms simulated by a formal 
compositional logic in which the dimensional generation device has been limited to the 
golden ratio or a defined succession of the ratio between side and diagonal of the square.  
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Fig.  E - (congruence grids; the vertical development of forms) 

The congruence grids reproduce within the simulation tool, assessments of the tool's 
experience in other disciplines, representing them through formal logic. For example, a grid 
is activated, among others, that controls (or better selects) the how of the vertical growth 
sequences of the elements of every single architectural event, and specifically how the 
dimensionally and geometrically diversified spaces overlap. In practice, space above can be 
smaller, larger or equal to space below and the relative geometries can be different. The 
dimensional variation, for example, can be a constant in the vertical sequence, it can be 
intermittent, it can be used only once or more times in the development of the formal 
event, it can depend on the shape and geometry of the single spaces that overlap, etc.. All 
these possibilities, of course, also depend on the technological/constructive references that 
are simulated. A serial sequence of increasingly smaller spaces, which at the limit produces 
an overall pyramidal shape, is also acceptable in terms of non-advanced, and therefore 
"historical", construction technologies. The same sequence, if inverted, is acceptable only 
in terms of sophisticated construction technologies, as well as non-linear sequences in 
which moments of dimensional decrease alternate with moments of increase. But with 
exceptions. 

The dimensional increase limited to one or two times, i.e. the overhang of a sequence of 
forms overhanging a complex of forms below, is also a feature of the medieval architectural 
image, which was not made with advanced and sophisticated technology. On the other 
hand, a dimensional "continuity" upwards (the curtain wall), although with the possibility of 
limited and well-formalized exceptions, is instead, despite the structural "ease", one of the 
characteristics of the contemporary architectural image, a form that reflects significant 
technological and constructive advances. If to simulate all this, we were to find "rules", 
these would have to contain a whole series of exceptions that deny them. But a formal logic 
is not a set of rules, but the description of the "how" of the sequences. The control of 
sequences is operated by describing the formal evolutions along with a series of successive 
bifurcations, for which one operates based on the previous sequence, subjectivity 
(simu1ata) and randomness. To develop an algorithm that produces, as in the examples, 
"medieval" or "contemporary" images, there is only one way: experimentation. Which is then 
the verification of the multiple outcomes of a sequence of events repeated more times, to 
ensure that, most likely, each time that particular logical sequence is triggered, the 
outcome will have a formal character identifiable as meeting the "medieval canons" even if 
the form produced remains unpredictable in its identity. 

It is interesting at this point to note that this type of experimentation, widely used in other 
disciplines, enters as a "novelty" in the field of architecture. As has already happened in 
recent years in other disciplines, the possibility of simulating on the computer evolutionary 
dynamics that are difficult to experience in reality (such as the dynamics of evolution of the 
urban image), both for the time needed and for the number of sequences necessary for the 
credibility of the persistence and relevance of the results, gives an experimental character 
that previously did not possess the science that deals with the built environment.  
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Fig. E (1-8) - Comparison between four "medieval" and four "contemporary" models of 
aleatory cities. In the various images, there are also some exceptions to the custom and 
"credibility" of possible superimpositions of spaces. The images are in a total cylindrical 
perspective, and therefore cover, with continuity, the totality of 360 degrees around the 
point of observation.  
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Fig. F - (site morphology and urban growth) 

The morphology of the natural site where the aleatory city will rise is one of the elements 
that contribute to identify and characterize the urban image that will be produced and 
identified among the others of the same species since the urban character does not derive 
from the contingency of the site, but from the modus operandi of urban growth, by the way 
of managing the random, and therefore also the natural forms on which it must operate. It 
is interesting to observe how the same formal logic applied to extremely different natural 
sites (on the one hand to a horizontal plane and the other to a mountainous natural context) 
produces image results that are recognizable as belonging to the same urban species, while 
the individual images also have an extremely strong individual recognizability. On the 
contrary, the more the site is "impervious" the more the individual recognizability is 
accentuated. Since the rules of these simulations are the unbalanced/evolutionary 
sequence, the production of explicit differences in the plot of formal "naturalistic" 
sequences (generated by fractal geometry) accelerates the "creative" production of urban 
images. 

It is interesting to note how, in the simulation images of an aleatory natural site, the trees 
tend to group in discrete groups, as if the causes of the simulation had been recreated, the 
natural, climatic conditions that, in reality, affect the extension of a forest or make the 
trees, in nature, mostly in groups. At the same time, it is interesting to note that this 
tendency of aleatory events in clustering is also frequent in other events, natural or not. If 
we, in the evening, look at the sky, we see that the stars are not uniformly distributed in the 
apparent image (in fact, apparently close stars can be stratified in incredibly large real 
distances, and this contributes to the randomness of this visual image), but we read them 
in groups. Just as when we throw a dozen of balls disorderly onto a billiard table, and they 
begin to bounce and collide randomly, the result is not, except as an extremely rare 
exception, a uniform distribution of the balls, but presents sets of elements that are 
mutually close and identifiable as a group, and some exceptionally iso1ated elements. This 
phenomenon, common in the form of chaos, is found in the computer simulation of 
randomness and is an essential component to confer "naturalness" to the structure of the 
green. 

In reality, the formal structure of these aleatory constellations of events depends on the 
structure of chaos, on the "type" of chaos. Every chaotic dynamic can be represented by an 
attractor, said strange attractor, which identifies the singularity of the system, and 
differentiates it from any other. This attractor is nothing else than the geometric place (in 
multidimensional coordinates) of the possible states of the system, and is a defined and 
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closed geometric place. The distribution by spots of the aleatory elements that the system 
produces is nothing more than a beginning of the representation, in a two-dimensional 
space, of the attractor that represents and characterizes that particular chaotic system, and 
that traces the difference from any other possible chaos. 

As for the "artificial" elements, which are not extracted from a preconstituted abacus but 
are gradually formalized ex-novo at the moment of the definition of an architectural shape 
(and therefore they are always different even if they belong to an identifiable and 
recognizable species) also for the formalization of the "natural" elements a similar 
generation device has been developed. After all, this approach based on the identity of the 
species and the difference between individuals is a peculiarity of nature. Each tree is, 
individually, different even if it is recognizable as pine, cypress, plane tree. Each tree is 
therefore represented through a formal logic that outlines its morphogenetic sequences. In 
the urban images. given the objective of identifying and representing images at the urban 
scale, a simplified formal logic has been used for the trees, but sufficient to delineate the 
relationship identity/species at the scale of representation of the three-dimensional models 
of the city to be produced. The formal logic used is, in fact, extremely simple. From an 
identified point of the "natural" surface of the context two, or more segments are born, 
which are placed, for the vertical, in a solid angle between a and b (variables identified by 
the tree species). Subsequently, from the upper end of each segment two or more further 
segments are born whose length is in a ratio (variable) with the previous segment, but 
predetermined, like ratio, by the type of tree. The solid angle, between these segments and 
the "branches" that generate them, is, for the vertical or the arrangement of the previous 
"branch" (still depends on the type) included within the solid angles a1 and b1 which, 
concerning a and b have a transformation ratio defined by an algorithm. The sequence 
repeats cyclically and the colors of the branches can also vary for progressive slippage (the 
younger branches are greener, or yellow than the older branches, which are darker, etc.), up 
to the leaves. All this 1ogic formal device produces, in a simple and pertinent way, each 
time a different tree but, if you don't change the parameters, always the same species of 
tree. Given this procedure of representation, the species can be identified by experimentally 
varying all the parameters, in their relative combinations. To find the recurrent form of the 
cypress, or the plane tree, or the olive tree, it is necessary to proceed experimentally. And 
the form can be represented in its species identity without having to analytically examine 
the "why" a cypress tends to assume its characteristic elongated form but representing 
"how" this form is reached by the sequence of successive bifurcations, drawing these formal 
sequences experienced in reality with that "pencil of the species" which is the algorithm.  
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Fig. F(1-2) - Aleatory natural site with greenery. 

 



Celestino Soddu, Generative City Design 
Aleatority and Urban Species; Unique, Unrepeatable and Recognizable Identity, like in Nature 

Page 116 

 

 

 

 

 

Fig. F(3-4)- Natural aleatory site with greenery, once it has been "geometrized" for urban 
settlement. 

 

  

Fig. F(5) - Geometrical and "urbanized" aleatory natural site, and therefore redefined as 
urban context.  
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Fig. F(6) - A particular relationship between artificial and natural forms can be simulated as 
a modus operandi of the system about particular events, such as roads. But in this case, 
The amplification of the possible presence of trees is not configured as an exception, but as 
a progressive shift of the same shape of the road event towards different recognizability of 
its own identity. 

 

Fig. F (7) - An event that can be represented, in the simulation, also as an exception is a 
presence of a recognizable green structure that can have the characters of a zone to be 
“respected”, or a natural park. Of course, in real cities, this presence is not (or should not 
be) an exception. Representing it, in the simulation, as an exception offers us some 
advantages as it is formally a natural/artificial structure as a diversity/continuity ratio. In 
this sense, an algorithm has been designed to amplify the natural trend of a chaotic system 
to agglomerate its random points in "galaxies". Considering the green point as an 
irreversible event of the permanence of the pre-existent natural morphology within the 
simulated urban fabric. the algorithm tends to promote and accelerate the "natural" 
condensation of green in the case that some formal relations between events that the 
simulation system reads as exceptional. In the image an increasing and geometrization of 
greenery in an aleatory urban context. 
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Fig. G - (complexity and identity of the urban image) 

One of the objectives of the simulation of formal dynamics in urban systems is the 
development of a tool capable of clarifying how and when there is a loss or acquisition of 
formal recognizable identity in the city. That is, how and when the image of the city takes 
on a character and how and when this quality deteriorates and shatters. One of the reasons 
for the loss and crumbling of the current metropolitan image is, without a doubt, the 
increase in the number of requests, and therefore the increase of "due" responses to which 
does not correspond, in real-time, the increase of complexity of the city system in its 
paradigmatic formalization. This happens when the city system, in its structural form, is no 
longer able to directly answer to the progressive proliferation of increasingly sophisticated 
needs and following that, uses the "exceptions" in an increasingly massive way, polluting 
the very formal recognizability of the system. The role of exceptions is more complex. In the 
experimentations, I have carried out it is possible to identify how the incidence of the 
quantitative ratio of exceptional/regular events on the recognizability of the urban image 
varies. As the percentage of exceptions increases from zero to a value that is specific to 
each logic represented, there is an increase in the recognizability of the image. Beyond this 
limit, the image is progressively shattered.  This experimentation has been implemented by 
conferring to each "accepted" exception a capacity of incidence and modification of the 
overall logical system, i.e. on the same formal sequence that represents urban growth. 
Moreover, it is unthinkable that the formal evolution of the city is indifferent to the 
irreversible presence of events outside the "rules". The images represent the progressive 
shattering of the metropolitan form as the percentage of exceptions varies. 

 

 

 

 

 



Celestino Soddu, Generative City Design 
Aleatority and Urban Species; Unique, Unrepeatable and Recognizable Identity, like in Nature 

Page 119 

 

 

 



Celestino Soddu, Generative City Design 
Aleatority and Urban Species; Unique, Unrepeatable and Recognizable Identity, like in Nature 

Page 120 

 

 

Fig. G(1-11)- Two sequences of development of a 3D model of an aleatory city in which the 
structural adjustment of the system to exceptional events has been deactivated. In practice, 
exceptional events are missing because they are not recognized.  

In addition to this, the rather large size of the models (which are not divided into 
"neighborhoods" to widen the image characterization processes) make the produced image 
tend towards a progressive deterioration and fragmentation of the formal recognizability. 

 

 

Second sequence 
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Fig. G(12-15) - Two sequences of development of aleatory cities in which the acceptance of 
exceptions by the system approaches the maximum limit, and therefore generates highly 
recognizable images. Beyond this limit, there is a progressive shift towards the shattering of 
urban identity due to the "excess" of exceptions.  

 

Fig. H - (the square) 

In some simulations, and the presence of some "catalytic" events, the difference between 
built and open artificial space triggers a process of formal evolution of an urban site 
towards the formal characteristics of a complex event identifiable as a square. In the 
process of formalization of the urban image, the square can be born as an evolutionary form 
of an exception that triggers processes of differentiation.  

The following images have been generated by simulating the logic of transformation of the 
urban form in the presence of events capable of modifying "regular" sequences. In 
particular, each of the urban scenarios was born from a built/free space relationship in 
which the latter arises from the presence of "built" forms having particular characteristics 
(for example, a different basic geometrical arrangement concerning a grid considered 
normal, a different relative dimension, etc.). The free space grows, initially, as an added 
area of respect to become, then, itself irreversible event that affects the subsequent 
building, helping to characterize, for subsequent shifts in the cycle architecture/town (also 
produced by the growing anomaly of the relationship built / not built) the identity of the 
urban place.  

In some images (with a low concentration of forms) the free spaces are transformed until 
they become essential elements of formal identity for all the "architectures" present. In 
other images (with a high concentration of forms) the square space identifies itself by 
characterizing itself in the relationship with some limited architectural events and 
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differentiating itself from the contiguous free spaces that therefore begin to assume the 
identity of streets. 
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Fig. H(1-12J - Images of low-concentration aleatory urban spaces in which the relationship 
between free and built space is essential to the identity of the site and the architecture.  

                                                                        
Fig. H(13-14) - Aleatory city squares with simulated "historical" stratifications. 

 

 

Fig. H(15-16) - Aleatory medieval city squares. 

Fig. I - (the blocks) 
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A parameter that helps to identify and build a specific urban image is the relative size of 
the simulated growth sequence. If we apply the same formal logic to very large growth 
sequences and small sequences we generate different urban images. For example, if we use 
the same formal logic for an N*M field (indicating with these variables the dimension of the 
theoretical field of the represented logical sequences, which then translates into a relative 
urban dimension) we would have a result formally characterized differently from the one 
obtained by using the same formal logic on four N/2*M/2 fields side by side.  

The dimension is not indifferent to the recognizability of the urban image since the 
repetition of the cyclic architecture/city process that is simulated produces, together with 
the "time", an increase in randomness and unpredictability. The genius loci of those cities, 
their image, will always be identifiable as a species, but it will differ in its dating. This 
because the time and the size of the building depend on the number of processed cycles. 
To obviate this distortion between space and time, it is necessary to subdivide the field into 
parts and simulate the time in parallel. As in reality, where the city grows subdivided by 
neighborhoods, by blocks, and for architecture. This subdivision guarantees the control of 
the dimension of the formal logical sequences of form generation, and therefore of the 
successive margins of randomness that structure the mutual difference between events. In 
the images some examples of urban growth by blocks. The images simulate, in the same 
models, the presence and absence of blocks. When this subdivision is absent, a further 
differentiation by sets is provided by the presence of greenery, which appears essential to 
the formation and characterization of the urban image. 

 

 

Fig. I (1- 18) - Sequences of growth of "contemporary" aleatory cities in which it has been 
carried out a subdivision by blocks and, subsequently, welding of these using an 
incremental of the edified space. Each image represents four blocks divided by streets and 
is represented in a total cylindrical perspective (360 degrees) from a point of view placed at 
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the intersection of the streets. This type of view makes possible the perspective 
representation of the totality of the urban environment from a point of view inside the same 
space represented. 
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Fig.1(19-30) – generation with and without blocks of aleatory medieval cities. 


