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Abstract: This research discusses designing an experimental framework to reinterpret the urban form of
self-organizing traditional Islamic cities with computational design tools. These types of ancient urban
tissues are characterized with emergent behaviour that is expressed through the incorporation, in their
spatial structure, of apparent randomness and inherent complex organization. The said framework
highlights some of the important physiological and organisational features of theses urban
environments before reinterpreting to be incorporated in a computational design process. A set of
functional constraints and objectives inspired by characteristics of the aforementioned urban settings
are defined for a form-generation algorithm. This methodology is described through a threefold process
comprising of formulation, generation and evaluation steps that allow for the optimization of the urban
form. While making use of algorithmic design software to define the components for a generative urban
design model, this research also uses multi-objective optimization evolutionary algorithms as a
theoretical basis for the optimization and analysis of this model. An evolutionary computing solver and
Pareto front evaluation methodology are used in order to evaluate and visualize a multitude of
optimized solutions. Built on these features, the development of an experimental urban model means
both to explore the generation of proposed results and to develop the design system behind it.
Keywords: Urban form; multi-objective optimization; Pareto efficiency; generative design.

1. Introduction
In a period of rapid urban expansion, it is now more important than ever to develop tools that can help
design urban tissues adapted to the needs of their environment. In the context of Arab-Islamic cities,
the transition from a traditional urban configuration to a modern was accompanied by issues related to
the lack of housing to meet the needs of urbanization. This led to the creation of multiple self-organized
settlements that, regardless of their safety or quality helped palliate the demand for housing.
Through the following simulation for designing social housing settlements, contextualizing the issue
means that it is relevant to make a model inspired by these factors of these unplanned, spontaneous
urban tissues, as a basis, in order to develop a self-organizing generative system that seeks to optimize
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their morphology as proposals for new developments. Approaching the solution through a
computational design methodology in the form of a self-organizing simulation model has the advantage
of proposing relative adaptability to design constraints and exploring a diversity of design configurations
(Narahara, 2008), which can be for the benefit of a more dynamic and evolving urban design.
The use of computational design for problem-solving as a methodology in urban design and
architecture became more prevalent in recent years. The present study follows on from these lines of
works(Beirao et al., 2010, Chowdhury and Schnabel, 2018) and contextualizes the problem-solving
process for formulating a framework that allows for automated-generation of constraint-specific urban
form proposals. Indeed, modern urban design is often criticized for being top-down, too rigid and fixed
in time. The advantage of employing an algorithmic model is that it can be modelled in order to offer
both predictive but also adaptive features. This can be done while also offering the possibility to modify,
adapt and evaluate defining parameters while the algorithmic processes are still ongoing.

2. Interpreting traditional Islamic urban tissues
Describing a traditional Islamic city can be a difficult task because its morphological dimension is deeply
entangled with a set of fundamental criteria that relate to the religion of Islam. This type of traditional
urban fabric reflects a living style that is organized around the cultural interpretation of Islam, the local
climate and several environmental and social factors. These old traditional Islamic towns are enclosed
by ancient city walls, blocks are of irregular shapes yet very compact in nature; they are also open to the
inside using interior courtyards that play the double role of keeping privacy and moderating the
environmental comfort inside buildings. These urban settings are of a strong local identity that is
organized around social cohesion and the respect of privacy, while always keeping a spatial logic when it
comes to the separations of functions and structuring the urban space and around neighbourhood
facilities such as mosques, traditional schools, public baths.
Nowadays, these settlements suffer from multiple urban and social related issues. Taking the case of
Morocco as an example, due to the housing segregation practice during the French protectorate, these
neighbourhoods still suffer from very high population density and a lack of public equipment. The
inhabitants are a relatively vulnerable population that consists of rural migrants or impoverished
populations. Although the modern project of the new city was made, the over densification in the old
medina, as well as the lack of adequate housing to accommodate the massive rural exodus, led to the
creation of precarious settlements (Navez-Bouchanine, 1997). These settlements are indeed
characterized by their high density and low-rise morphology, but many issues related mainly to over
densification have turned them into structurally unstable, unsanitary settlements. In comparison to
optimal conditions, before the modernization during the 20th century, the case of the city of Fes can be
taken as an example to show the high flexibility and upgradability of these types of urban contexts. Prior
to the colonization era, the old city of Fes had an optimum density of 400 inhabitants/ha. Because of the
housing segregation policy implemented during that period, the density rose to over 900/ha. As of now,
it is falling towards 500/ha, partially because of the structural instability of some houses that caused the
eviction of their tenants. Therefore, it is mandatory for us to consider the optimal historical condition of
these urban tissues as a conceptual basis for our system to aim for when designing the objective
functions that allow for optimization.
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2.1. Re-interpreting traditional Islamic urban tissues
The spontaneous urban tissues in the case of ancient Islamic cities are characterized by their
adaptability and incremental evolution without the intervention of any form of planned urbanism.
Although they seem as they are developed in an archaic way, a clear number of social, cultural and
spatial rules are set in order to guide their urban growth (Hakim, 2008)
While it is perhaps easy to argue about the consistency of the Arab-Islamic city form throughout
history, as it was pointed out in previous researches(O'Meara, 2007); for the case of North African
medina-type cities, it is a much bigger task to define the founding logic for the organization and of its
space it in a thorough way. Beyond a mere description of its urban form, it is more relevant for this
study to establish factors of reinterpretation that can define its interaction and. It was with Hakim’s
work (Hakim, 2008) on the study of the impact of scriptures on the organization of urban space, that the
founding principles behind its self-organization were pointed out in a manner more relevant to the
problem solving of urban-related issues. Then, a tentative definition of the factors of reinterpretation of
old Islamic urban tissues can be formulated through three main axes.
 Morphology. One of the main characteristics of an Islamic city's urban form is its constant
evolutive growth which, in certain cases lasted for more than a millennium. A kind of space that
can be assimilated to an architecture without an architect, that results from the organic
expansion and development of the city through hundreds of years of trial and error operations.
It is also known for being compact and of high density, allowing for a form that favours highly
mixed spaces. Similarly, it is highly adaptive to its specific context and shows a high capacity for
evolving through the flow of time.
 Organization. While it is known for its self-organization, it is achieved through the bottom upping
of local interactions between housing or spatial units to form one whole coherent form. Its
expansion is done through the incremental aggregations of spaces through time to adapt to the
needs of users. It can also be achieved through the flexible trading of spaces between these
users.
 Community. While there is a strong sense of living in a highly dense space together with a
community. There is also an emphasis on private spaces. The city is formed by its urban
function, which is also reflective of the functions of its communities, this can allow for highly
mixed and cohesive urban spaces
While considering the three points above as the key factors that can describe the Islamic city, with
the use of computational design tools and strategies, we are seeking to reinterpret them with a process
that can integrate them in a self-organizing urban development model.

3. Urban form generation and optimization
Designing a city is a multifaceted task that is as much about imagining the solutions as it is about
predicting the problems. To approach this task, the urban space can be described as a complex
system(Batty, 2010) that can be represented through comprehensive models. Meanwhile, when
considering cities as living, growing organisms it is also essential to adopt a methodology that can allow
for natural growth and adaptability. In this regard, generative design as discussed more than 30 years
ago (Alexander, 1987) has the advantage of allowing for a more organic, bottom-up design method that
can be enough diversified and adaptive. The use of self-organizing development models with
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computational design as a means to formulate a bottom-up urban model has also been prevalent in his
field (Narahara, 2008). Following this method, the use of algorithmic design must follow a logical
conceptual framework that can define a model capable of formulating, generating and evaluating the
urban form (Duarte et al., 2012).
Subsequently, this kind of framework for urban generative design models, such as urban shape
grammars (Mandić and Tepavčević, 2015), when coupled with a comprehensive, site-specific
formulation model and an objective evaluation methodology such through evolutionary algorithms can
offer a relative diversification and optimization in results while also keeping a cohesive logic to the
urban space. Following this, we can notice a paradigm shift in the design process where the subject of
the design shifts from the actual architectural or urban space to the formulation of the system and
process of it.

4. Multi-objective optimization evolutionary algorithms
The use of evolutionary algorithms or genetic algorithms goes back to the early 1960s. It refers to
algorithms that use a number of variables, referred to as “genes” that are changed in order to find the
best combinations of input variables that satisfy an objective function and find the highest value in what
is known as the “fitness landscape”.

4.1. Evolutionary solvers
Evolutionary solvers in algorithmic design software, and especially applied to generative design, such as
WallaceiX plugin (Navarro-Mateu et al., 2018) in Grasshopper (GH), are programs that apply
evolutionary principles to problem-solving in the design process. This means that the chosen input
parameters, or “genes” will be selected as variables to be modified by the solver in order to achieve the
best possible range of solutions for the prescribed problem. The optimization data and geometry are
referred to as “phenotypes”, these are logged into GH and specific solutions can be reinstated as 3D
geometry in Rhinoceros 3D. While Galapagos is a single-objective optimization solver, WallaceiX is a
multi-objective solver, meaning that it can optimize a model with a more complex design problem
requiring differing objectives, and consequently more calculation time.

4.2. Pareto efficiency
In a complex optimization problem with multiple conflicting objectives (Figure 1), the Pareto front
methodology refers to the selection of solutions with the optimum distribution of resources when there
is no alternative to finding a better ranking position for all the criteria. There is no single dominating
solution for all of them, but rather multiple solutions variably optimized for all criteria. For a solution to
be in the Pareto frontline, making one criterion better will necessarily result in the decline of the others.
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Figure 1: Pareto front graph showing optimization results for three objective functions.

5. Previous works
The first iteration of this research started from the assumption that it is now possible to understand
intricate systems by the use of what is called “complexity science” through the analysis of the relations
between the component parts of that system and how they act to constitute an integrated whole
autonomous and self-organizing system (Ikeda, 2013). Indeed, cities can also be considered as complex
systems made up of smaller components that interact in an autonomous and interdependent manner.
Based on observations made by studying spontaneous urban tissues, such as Venezia or the old city of
Fes, where there is a tremendous diversity in design, yet the apparent spontaneous characteristic of
these urban spaces also shows a certain awareness of the context in its organization. The study later
argues that the intricacy of these urban can be explained by the complexity of human activities in them
explaining that inhabitants naturally learn from and adapt to already existing urban spaces even though
they do not know who made them.
The previous iteration of our research was centred on urban settlements in Morocco(Cheddadi et
al., 2019), it studied the distinctiveness of urban form in urban settings known for their self-growth and
organization. It took the slum of Douar Al Garaa, Rabat city as its setting for the model’s site constraints
and discussed the use of a multi-objective evolutionary algorithm (MOEA) in order to incorporate
characteristics of old Islamic urban form as a base for the optimization of spatial solutions. Two
conflicting objectives were used in order to test the model, the first one is physical accessibility whereas
the second one was environmental sun exposure. With this, a set of algorithmic rules and functional
objectives were used for an objective-based generative model.
Based on these features, the development of a parametric model sought to grasp certain
characteristics of spontaneous urban tissues in old Islamic cities and incorporate them into an
experimental social housing proposal. Using genetic algorithms, the model aimed at keeping a degree of
similarity to the distinctive aspects that define those settlements. The use of a genetic solver proved
itself to be a method that can simulate and offer a wide range of objective-based spatial that are
considerably adaptive to urban contexts.
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6. The experiment
6.1. Conceptual framework
As discussed in our previous works, our model founded its conceptual framework on observation and
analysis of spontaneous urban tissues in Islamic settings and how an algorithmic design methodology
can be correlated to the same organic urban generation process. The main axis of this framework can be
summarized in the three points discussed previously. These include morphology, organization, and
community. More specifically for our model, the morphological factor translates into a high-density, low
rise urban form that can adapt to environmental and accessibility constraints. For the organizational
factor, it is interpreted as the capability of the model to operate with cell-based local interactions of
housing units that are evaluated as a whole, thus reflecting an iterative system. As for the community
one, it is reflected with the model’s capability to create nodes of interest around which each block is
created, thus ensuring a consistent programming distribution that encourages social cohesiveness.
In order to attain objectives relative to the above points, a complex generative system must show
enough adaptability to be resilient against physical constraints and change in context. Moreover, it has
to prove to be flexible enough to allow enough stability against complex constraints. Also, it should be
capable of diversifying of solutions, which indicates variation in its spatial solutions, thus enabling
enough interactions between elements of the generative systems on lower levels.
Using algorithmic design for form generation, the model aims for adaptability and more
diversification of forms which while keeping a degree of distinctive aspects that define those
settlements. The use of an MOEA is a problem-solving method that can simulate and offer a wide range
of objective-based spatial solutions that are considerably adaptive to urban contexts.

6.2. Research approach
6.2.1. Methodology
Using computer simulations and precisely three-dimensional cell-automaton calculations, this study
analyses automatically generated self-organizing geometrical components that represent housing units
as simulation factors. This kind of constant rearrangement of modules allows an optimization formfinding. These generated components are then measured to find out their degree of adaptability and
evolution in the face of external factors, and to prove that the system can show a certain level of
performance in the face of those aforementioned factors as well.
6.2.2. Objectives
The main outcome of the research is to show that the use of an MOEA as a self-organizing urban
simulation model, can propose a variety of optimized urban forms while also offering a degree of
resiliency and adaptiveness to change. Using a generative solver as a self-organizing system is expected
to offer the advantage of adaptability while exploring a diversity of possibilities in the urban form that
break from the redundancy and lack of flexibility of modern planning.
The model is expected is to show, as other researches about evolutionary generative have pointed
out(Makki and Showkatbakhsh, 2018), that by consideration of both exploration and exploitation of
generated forms; a global trend of diversification of solutions that show the potential for the
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improvement of resiliency to environmental factors by optimization of morphological definitions while
also keeping room for the urban space to be fit to volitivity of users and designers.

6.3. Parametric design methodology
The GH parametric model is made to follow a logical data flow that loops in order to optimize formfinding (Figure 2). First, it subdivides the site’s surface into smaller plots using the Voronoi division.
Then, it generates a 3D geometry based on a grid system that represents the dimensions of precast
modules. These modules are duplicated following a 3D grid and then randomly reduced to define the
density. Next, weather data in the form of sun vectors are also input in the algorithmic model, sun
exposure has been set to the winter solstice. After that, the resulting geometry is meshed and run
through a colour gradient visualization algorithm, which reflects the number of sun vectors that can
reach each surface of the geometry. Finally, the algorithm goes through the evolutionary solver in order
to generate, evaluate and rank the solutions using graphics and visuals.

Figure 2: Urban generative design algorithm workflow.

6.4. MOEA evaluation strategy
In this experiment, WallaceiX is used as a solver for the generative algorithm. The simulation is set to a
generation count of 50 and a size of 50, making for a population of 2500. The input genes include plot
counts, variation seeds, and density definition with a total of 9 varying values. The phenotypes (Figure 3)
in this case include the meshes and geometry of the building cells and plot surfaces.
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Figure 3. Visualization of generated geometries represented on a grid.

7. Findings
The simulation assumes a construction method based on prefabricated modules that can be rearranged
to form an urban entity that is low rise and high-density residential complex. However, there is a need
to evaluate how the system behaves so that the results and consequently the algorithm cannot be
judged as being purely arbitrary, but rather adaptable to their context. In an iterative process, the
system generates geometries on the base of its algorithm by modifying the inputs, and later evaluates
how it behaves in the face of environmental factors such as sunlight, accessibility, and airflow.

7.1 Results

Figure 4. Standard deviation across generations and mean value trendline for the fitness objectives.
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The solutions calculated through the MOEA solver have been running through data analysis and have
shown a global trend for evolving optimization through the flow of the simulation generations. While
analysing the solution's data (Figure 4), there is a clear trend for further optimizing the mean value of
the evaluation scores for all three objectives. Moreover, narrowing the standard deviation graphs
through the generations, especially for FO1 and FO2, proves the system’s ability for diversification of
results.

7.2. Selection
Beyond the study of general optimization trends, it is also crucial in this methodology to select the
optimum outputs for the design problem. This is achieved with the exploration of the Pareto front
results. After a generation count of 50, the number of solutions represented on the Pareto line is 20.
The dynamic change and diversification of results have also shown that the solutions represented on the
Pareto front have changed throughout the generations. Visualizing the Pareto front results (Figure 5) is
key to select the appropriate solutions and comparing any physical discrepancies between the results
and the visual forms. Some first iterations of the model have indeed show inconsistencies between data
and generated form, this was caused by a poorly defined evaluation factor that needed to be revised.

7.3 Shortcomings
While being the first version of a model that aims to design a tool for self-organizing urban form, the
results have shown potential for optimization. As this is more of a system design that a spatial design,
both the evaluation of the spatial output and the verification of the system performance to attain its
objectives are crucial for this study. The framework for designing and formulating the algorithm’s genes
based on observational studies is also a critical point that needs to be further explored.
However, the nature of this algorithmic model, especially its non-permeability to proof-checking that
is external to the system, requires the use of external evaluation factors for the solutions outside the
application of MOEA solvers. While the model might have partially answered to the morphological and
organizational factors discussed in the paper, the community one is still poorly defined and evaluated.
Thus, it would be relevant to evaluate the solutions with a second algorithm that evaluates the urban
form’s connectivity and potential for maximizing social encounters. Comparing and cross-checking, the
optimized model with factors external to the multi-objective optimization algorithm can also be
methods to evaluate its reliability and adaptiveness. This can also be done through a community design
approach in which the inhabitants can take part in the process design and shorten the gap between the
design and the users.
Finally, in order to further verify this algorithmic design model, it is also necessary to experiment
with several different multi-objective algorithms beyond MOEA. They must be tested and compared in
order to make use of the most suitable one for the self-generated model.

8. Conclusion
Relying on an algorithm to design a city shows to be a challenging endeavour since cities can be
considered as being complex systems that require more than input parameters in order to self-organize.
Learning how to define those characteristics in the form of parameters is, therefore, a priority when it
comes to designing such an algorithm. Indeed, design a city through this approach can show itself as
being as complex as designing the correct algorithm itself. From this perspective, relying on other tools
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in order to design these algorithms in the future, such as AI or machine learning might help reach a
model that is complex and inclusive enough to self-organize on an urban level.
The result of this study shows that it is possible to allow a degree of diversification of possible
configurations with a generative form-finding algorithm while still maintaining rather commendable
adaptability that is intrinsic to self-organizing systems. However, we conclude that the uses of
computational models are to be considered as being only one tool –among others- to be used to design
complex tools to support architecture and urban design. As in the end when it comes to computational
design, it is not to design with the algorithm but to design the algorithm.
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