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Parametric Design as an Approach to Respond to
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Abstract—A city is an intertwined texture from the relationship
of different components in a whole which is united in a one, so
designing the whole complex and its planning is not an easy matter.
By considering that a city is a complex system with infinite
components and communications, providing flexible layouts that can
respond to the unpredictable character of the city, which is a result of
its complexity, is inevitable. Parametric design approach as a new
approach can produce flexible and transformative layouts in any
stage of design. This study aimed to introduce parametric design as a
modern approach to respond to complex urban issues by using
descriptive and analytical methods. This paper firstly introduces
complex systems and then giving a brief characteristic of complex
systems. The flexible design and layout flexibility is another matter
in response and simulation of complex urban systems that should be
considered in design, which is discussed in this study. In this regard,
after describing the nature of the parametric approach as a flexible
approach, as well as a tool and appropriate way to respond to features
such as limited predictability, reciprocating nature, complex
communications, and being sensitive to initial conditions and
hierarchy, this paper introduces parametric design.

Keywords—Complexity theory, complex system, flexibility,
parametric design.

I. INTRODUCTION

HE nature of cities and how they survive and grow are not

only accidental events, but also are the result and outcome
of social forces, economic, technological and other forces.
Today, all are agreed the fact that cities have a system with a
complex nature and infinity effective factors. It can be said
one of the main reasons for the failure of designing 20™
century cities is the lack of understanding of the complex
nature of them and the simplistic look to urban issues, as well
as the linear relationship between its components. One of the
issues arising from the complexity of cities is the
developments and changes which are almost unpredictable.
Today, the period of the formation of such developments in
cities is much shorter than in the past. The tools that we apply
to predict the changes and developments are slightly improved
in comparison with the past, but due to the impossibility of
predicting the future and its related factors - “Anonymity” - is
the factor of causing the form [1] Mashhoudi believes that
trying to change the face of a city is as hard as changing its
culture and climate, and pre-designed cities like Brasilia and
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Chandigarh show this inability to adapt the environment well.
Designing in a city and regional scale has a broader concept,
so the result is not only based on a definite plan but also on
flexible layouts and specific guidelines which will be formed
on an ongoing basis with effective political and socio-
economic calculations, and therefore it takes the shape of a
process. The process is complex according to the nature of the
system and cannot be implemented by using traditional linear
methods. Now the question arises as to how a complex system
like a city can be planned and designed with its myriad of
complexities and unpredictable behavior. Many people who
have different views provide solutions for the city and its
issues.

To address the above question, this paper has two parts.
First, studying the nature and characteristics of complex
systems and then introducing parametric approach as a
modern approach in urban studies, and finally, presenting
parametric design as a responsive method and tool to solve
complex urban issues.

II.CiTY NATURE

A. Complex Systems

Webster defines complexity as “the state of not being
simple” and complex as “a whole made up of complicated or
interrelated parts” [47]. But, what makes a system complex?
In other words, which qualities of a system cause to be called
a complex one? The concept of “complexity” as a technical
term applies to a system that is entirely different from the
familiar linear system encountered in Newtonian physics. It
should be emphasized that the concept is not difficult or
complicated, but neither is it simple. Batty [2, p.8] recognizes
the difficulty in finding a precise definition for complex
systems, "which lies at the basis of any attempt to understand
such complexity".

Complex systems exist everywhere in nature and in the
world created by human beings, and first of all, it is a science
which started at the Massachusetts Institute of Technology and
the Los Alamos National Laboratory in New Mexico.
Gradually, over decades, small groups of scientists from many
fields of research started analyzing and discovering the
common elements of complex systems, chaos, and emergence.
It is the most multidisciplinary science of all and it can be
called the same language for scientist in all fields to
communicate and recognize parallel behaviors, and gradually
to solve their more specific problems by applying their
knowledge of the behavior of systems and the rules that direct
them, expressing themselves in a kind of Esperanto
understood by all.
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Complex systems are ones in which numerous independent
elements continuously interact and spontaneously organize
themselves into more and more elaborate structures over time.
There have been many definitions regard to various trends. A
useful definition has been provided by Batty [3]. He states that
"a complex system is a system that is composed of complex
systems. This recursion makes considerable sense when we
ponder systems such as economies and cities for their
elements — individuals — clearly have the same order of
complexity as any aggregation in groups or institutions" [2, p.
2].

Totally, each definition conveys an aspect of complexity.
Batty [3] believes, while there is no single widespread
agreement as to precise definition, there is a consensus about
the definitions of the characteristics that a complex system
displays. Therefore, instead of trying to coin a single
definition for the term, an analysis of characteristics of
complex systems can be attempted in order to develop a
general understanding of the theory.

III. CHARACTERISTICS OF COMPLEX SYSTEMS

Several people like Gleick [4]; Gribbin [5]; Durlauf [6];
Batty [2]; Cooper [7]; Portugali [8]; Wilson [9], have written
about characteristics of a complex system, but Haghani [10],
according to what have been used commonly and frequently in
the literature, suggests that the following 12 characteristics of
complexity are essential in the understanding of the theory.

A.Variety

It means a large number of components with dynamical
interactions. According to Haghani [10], complex systems
consist of a variety of subsystems or a large number of
elements. When the number is relatively small, the behavior of
the elements can often be given a formal description in
conventional terms. Nevertheless, when the number becomes
sufficiently large they cease to assist in easily understanding
the system. However, although the numbers of elements are
essential - it is not enough; for example, the grains of sand on
a beach do not make a complex system, because although they
are numerous, there is no interaction between them. This
interaction should be dynamic and cause the system to change
with time. According to Cilliers [11, p. 6], the most obvious
example can be seen in the economic system of a city, as the
economically active people in a city certainly comprise a large
amount of elements, usually several millions. The various
individuals interact by lending, borrowing, investing and
exchanging money and goods. These relationships change
continually.

B. Irreducibility

Another feature of nonlinear complex systems is
irreducibility. While a complex system consists of a large
number of elements, components, or subsystems, it cannot be
reconstructed by simply adding its elements together. The
notion that in general systems theory known as “gestalt”
implies that system structure emerged from the parts, but that
is not simply a process of adding up the bits to get the whole

[2].

C. Deterministic Chaos (Duality of Determination and
Randomness)

There are duality in behavior of complex systems, in other
words, it is neither completely deterministic nor completely
random; indeed, it exhibits both characteristics. This duality is
termed deterministic chaos or complexity through rules" [7].
In complex systems, this sensitivity to initial conditions can be
very acute during particular stages in their development - what
are called phase transitions. When they are far-from-
equilibrium, small fluctuations can push them into new basins
of attraction.

While a simple deterministic system with only a few
elements can generate random behavior, in a complex
deterministic system, random behaviors are generated without
violating the overall rules of the whole system [12].

D. Positive and Negative Feedback

A feedback could be defined as a channel or pathway
formed by an ‘effect’ returning to its ‘cause’, and generating
either more or less of the same effect. Feedback describes the
consequences of change in a system. It means that feedback
occurs where the behavior of an element influences the way
other elements act or react, but through a series of
relationships, the effect of its initial influence feeds back on
itself [10]. Feedback can be divided into two qualitatively
different types, what are called positive and negative
feedback. A negative feedback loop represents a relationship
of constraint and balance between two or more variables,
whereas positive feedback in contrast to negative feedback is a
self-reinforcing process. The increase in the values associated
with one element in the relation is correlated with an increase
in the values associated with another. In other words, both
elements either grow or decay together. However, According
to Byrne [13, p. 172], the significance of positive feedback —
as opposed to negative feedback — "is that it is not boundary
defending, but is likely to lead to boundary breaking and
transition to a new phase state".

E. Sensitivity to Initial Conditions (The Butterfly Effect)

Engagement or positive feedback is highly sensitive to
initial conditions. Through small and subtle change, you can
change the output. Perhaps the best example for this chaos
feature in complex systems is the "Butterfly effect" theory
presented by Lorenz [14]. It describes how a tiny action such
as the flapping of a single butterfly’s wing in the Indonesian
coast, can be magnified through a month’s time of cause and
effect process, resulting in a hurricane hitting Miami rather
than its expected target of Fort Lauderdale, for example. So,
when we have multiple interacting parts and basins of
attraction, small changes in the initial state to the system can
lead to very different long-term trajectories, and this is what is
called chaos.

F.Limited Predictability

Laplace states that under the conditions provided on the
behavior of a system and its initial conditions, behavior of the
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system after a given time could be predictable. However, this
precision does not exist in real systems. There is always
uncertainty about the outcomes of processes of change that
originate from the bottom up [15]. According to Waldrop [16],
when the number of elements/agents increases, it becomes
even more difficult to predict accurately the outcomes of their
interactions. Batty [15] states that the conception of the city as
a complex system changes from one where we assume that all
things about the system are ultimately knowable to one where
this assumption is no longer tenable.

G. Emergence

Complicated and unexpected patterns and behavior emerge
within complex systems with no apparent cause or design
[16]. “Emergence” means that new systems appear with new
properties, which are not to be accounted for either by the
elements into which they can be analyzed, or by the content of
their precursors [17].

H. Self-Organization

The capacity for self-organization is a property of complex
systems which enables them to develop or change internal
structure spontaneously and adaptively to cope with, or
manipulate, their environment [11]. However self-organization
refers to harmonic behaviors of a complex system without any
up-to-down controls and disciplines.

1. Adaptability

In fact one of the most important aspects of complexity
science is that the visible order is the result of proceedings and

decisions which are made by peoples and agents. Self-
organizing complex systems have the ability to adapt to new
situations in their environments. Adaptation is the result of
evolutionary processes whereby a system will simply not
survive if it cannot adapt to new circumstances [10].

J. Interconnectedness (Synergy)

Interaction theory among different people, on which is
based during the time, determines and defines the nature of the
city; the different processes that gather people together that
take place in cities can define many network groups. These
physical and social networks as continue to expand willing to
strengthen bilateral each other. Cities are dynamic systems and
their spatial and social configuration is a result of an
interaction of numerous effective factors.

K. Hierarchy and Levels of Scale

A complex system self-organizes by creating an ordered
hierarchy of interconnections on several different levels of
scale [10]. Fig. 1 shows a hierarchical organization at a
number of levels, which is a logical representation of complex
phenomena as systems of subsystems. A simple example of a
hierarchic structure can be observed in a city street network
[10]. Alexander [19] defined two types of hierarchy: the tree
and the semi-lattice. Both the tree and the semi-lattice are
ways of thinking about how a large collection of many small
elements or sub-systems goes to make up a system with
hierarchical structure, but only the latter leads to complexity.

WIDER SYSTEM
ENVIRONMENT

WIDER ENVIRONMEN

(d)

Fig. 1 Interconnectedness and levels of hierarchy (a) A subsystem, (b) a complex system of some sub-systems, (c) the hierarchy of complex
systems within an environment, and (d) the hierarchical environments within a wider environment. (Flood and Carson, 1993, quoted in
Haghani [10, p. 100])

L. Self-Similarity and Fractal Pattern

Fractals are both physical phenomenon and mathematical
objects, exhibiting a repeating pattern that is displayed at

various levels of magnitude, what is called scale invariance,
creating self-similar patterns under magnification. Gleick [4,
p-103] wrote, "Self-similarity is symmetry across scale. It
implies recursion, pattern inside of pattern.... when a chaotic
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system is represented graphically, the resultant object is
fractal". Symmetry across scales means that the patterns or
images that appear at each level of scale in a complex system
are self-similar to the whole.

IV. COMPLEXITY IN RELATION WITH FLEXIBILITY

Some of these factors are difficult to control and some of
them such as topography, geographical location, climate, and
social and economic factors due to their high relative
importance are examined in most urban issues. Jacobs [18, p.
61] believes that the city is a mystery of regular complexity
which has complex behavior. What is seen in the past, and
especially in medieval towns, is a common growth pattern and
self-organizing which was adapted to the needs of people over
time, and on the other hand, technology growth rate was
synchronous with people’s needs. After the 20th century, as
technology advances urban designs and linear models for
these designs (designs from top to bottom) became common.
This view considers a city like a machine which assembles
definite, independent, predictable and controllable systems
together. This view was first used by Tony Garnier in his
industrial city and then entered in the Athens Charter [19].
Considering a city as a machine causes loss and death of
contrast and diversity in them [3]. Jacobs is one of the first
people protesting the vision of the machine city and she
believes that cities should have known, understood and treated
neither as a simple machine system, nor as a unorganized
complex system, but should be considered as an organized
complexity [18]. Variety of approaches such as bottom-up in
order to respond to complex urban issues is discussed.
Alexander believes that urban patterns and designs cannot be
created or performed in the short term. He believes that step
by step growth, which has separate activities in order to create
larger patterns, is the basis. This growth has been slow and can
create a society after so many years which have these patterns
inside. He also believes that such large-scale patterns that can
change the structure of the city or a neighborhood cannot be
run with the help of a central power, lows or urgent plans [20].
One of the main challenges is how designs and proposed
patterns should be and what the steps of production process
design are needed in order to respond the complexity of urban
issues and the city as a complex system.

De Neufivlle [21, p.70] believes that one method of dealing
with complex systems is the management of an uncertainty
feature and limited predictability of these systems, because a
complex system with a small change can affect the long-term
in regard to many aspects of a community. In a complex urban
system this uncertainty can be seen in various aspects, for
example unpredictability of economy, politics, technique and
technology - what can be dealt with against uncertainty in a
complex urban system is presenting flexible layouts [22].

A. Flexibility and Flexible Design

The term of flexible design, and particularly flexible urban
design, although widely used by architects and urban
designers, lacks a formal definition [23]. In recent years, many
experts in a wide range of fields have been attracted to the

concept of flexibility such as logic, economics, planning and
construction [24, p. 165]. Flexibility is a term which is used in
the design of engineering systems to refer to the ability of a
system to deal with uncertainty [23]. Allen [25] believes that
flexibility is a characteristic of a system which enabled
changes with relative ease. The flexible design subject in
urban design and architecture has been used in the field of
housing [26]. Bentley [27] believes that flexibility is being
ready to accept any possible changes in a system and also
believes flexibility is a proper characteristic for a system in
which uncertainty is one of its features. He assumes that ever
increasing attention to the subject of flexibility reflects a
growing awareness of the importance of uncertainty in the
planning and decision-making.

Complex issues that require quick and adaptive responses,
create the demand for flexibility in these systems [28, p. 167].
What is considered here about complex systems like cities and
their designs is finding a designing system that is able to
respond to uncertainty and changes in the step of a problem
statement [29]. This means that flexible ways of dealing with
rules and procedures which can provide system solutions
instead of a final solution. For example, Alexander's pattern
language proposed a structure with algorithmic formulas that
has the ability to make numerous interpretations [20]. Beiro
[29] states that flexible design, instead of the traditional fixed
formula, is a series of solution designs for formulating a
specific design problem which is defined by a series of
specific laws. He also acknowledges that this particular
definition for flexible urban design exclusively refers to
flexible design for urban planning and must be able to meet
the required variables. And finally, he claims two general
cases for flexibility in urban scales; the flexible design and
design flexibility. The first definition refers to the capacity of
method, the design process to accept changes in problem,
while the second definition (design flexibility) refers to the
issue of whether the design can be changed during or after
running or not. Finally, what is needed for flexible urban
design is the third level of flexible design which contains the
flexible design and design flexibility in tools and techniques of
urban designing. Flexible design is a complex approach which
should have applicability in different fields with various
strategies in order to provide different solutions.

In order to design (either flexible or not), designers need to
run multiple analytical programs, provide different solutions,
and evaluate possible solutions before reaching a definite plan,
and when faced with new problems or unwanted solutions, the
proposed solutions must be revised from the first inevitability.
This matter reflects how much phased design is important and
how flexibility of designs can be useful for revising them in
order to provide urban projects [30].

V.PARAMETRIC URBAN DESIGN A NEW TREND TOWARD A
FLEXIBLE DESIGN

Urban design is a process which includes problem
statement, data analysis and evaluation of designs that are not
necessarily in a chronological order. Design is not only the
process of finding appropriate solutions to a problem, but also
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redefines the design problem and also it should be in a
framework. Because of the scale and complexity of the nature
of urban problems, a lot of factors must be considered in
design process in order to respond to urban issues. Parametric
design as a subset of a larger trend is generative design.

Davis [31] mentions two main approaches regarding to
design and parametric modeling. In the first one, many
architects have spent more decades to produce parametric
modeling, and in other words, the process of achieving has
taken a long time. In the second one, it is thought that since all
definitions in the design parameters are derived from the
architecture, so architects always have generated parametric
designs. Such a definition of parametric design is expressed by
Woodbury [32, p. 152] as well. He does not believe that
parametric design is a new phenomenon, because
compatibility with the field has happened in construction of
building components many centuries ago. Similarly, [33], [34,
p-18], [35, p. 54] have similar views about this subject. The
first draft of the program for tool design was done in 1963 by
Ivan Sutherland, in which a series of parametric functions is
also proposed. In the 1980s, successfully achieving the
development of digital technologies in the field of architecture
was done in particular with regard to computer-aided design
tools, such as two-dimensional software, three-dimensional
modeling and digital animation and computer-aided design
tools (CAM), such as rapid prototyping. Basically, by the
application of these two tools simultaneously, designers are
able to make the connection between design and production as
well as integrating the entire designing process from design to
manufacturing. This digital tool eliminates geometric
constraints that existed in traditional design systems and
through them, the use of non-Euclidean and complex
geometry was possible. But this matter contradicted both
production constraints and standard production and also mass
customization with the concept of Fordism - mass production
[36].

Despite all the achievements and development of the
technology which had occurred by the 1990s with the help of
CAM/CAD in the field of architecture, there is practically not
any means to apply sophisticated computational and
algorithmic methods in designing regard to the parameters of
the production plan [37]. But since the 1990s, with the
introduction and development of parametric design tools, this
approach entered a new phase of the design.
Thus, many architects began to design parametric and
presenting their intricate and avant-garde designs [38].

The first attempt to wurban parameterization using
mathematical simulation was conducted in 1969 by Haggett
and Chorley (Pooler quoted in [39]), and then GIS enabled
designers to perform geographical calculations on larger
scales. In 1976, Hillier proposed the theory of spatial layout
and performed mathematical calculations on the morphology
of places. Batty [40] began to examine the influence of limited
aggregation on models of urban growth on a regional scale
and studied the cellular automata and self-organizing features
of urban systems. Recently, Koenig and Mueller [41] offered
an application of Meyer and Land, and other modeling

systems that are used today in the gaming industry, in order to
optimization the modeling of urban spaces which provide
more realistic scenarios of these spaces. Several definitions of
parametric design are offered such as the Varaku definition.
For defining parametric design, firstly, he begins to define the
design term. He believes that design is a process for finding
proper solutions to certain issues that eventually leads to the
production of a product. According to this, he considers
parametric design as a tool for designing based on parameters,
variables and constraints [42].

Burry [33] introduces parametric design as a method that
allows designer to define design scenarios according to the
rules and basic databases in a reciprocating process by using
certain parameters [43]. Also, he believes that this technique
can be generalized and applied at all stages of the design, and
it can be used in different situations and industries.

Parametric design has a feature of process design which its
goal is performing different stages simultaneously and also
considering various and effective factors as a parameter in a
way that any tiny changes in each parameters causes
production of new option [44].

Hanan Taleb [45] believes that parametric design turned out
to be a complex process by defining variables and complex
relationships and interactions between them. In other words,
the parametric design approach is one of the suitable options
in response to solving complex in urban problems.

As a result, parametric design is a kind of approach which
uses algorithmic design rules for providing different solutions.
As well, it can be broadly described as a design problem using
defined variables. In other words, in parametric design
systems, the specific parameters can define the design process,
not an explicit form. Also, it can be said that, parametric
design and modeling are object relations which are controlled
by their variables [46, p. 7]. In addition, applying the theory of
parametric design without having the right tools is almost
impossible. As a result, this approach is also a thought which
has been defined as an instrument that makes possible
simulation of the environmental conditions on the basis of
parameters which are involved with the context of space.
Then, the possibility of making complex relationships among
variables in the design process is created based on the
direction and trend which are based on mathematical and
algorithmic calculations. Other feature in the design process of
parametric design is having the dependency of final design on
initial condition, in a way that even with a slight change in any
of the parameters; the final design will be changed. This
system offers a set of solutions instead roof fixed design.
However, according to the degree of complexity and
unpredictability, each city requires more tools and methods for
flexible urban designing. A system which could offer a set of
solutions instead of a definite solution, in which adapting to
the environmental conditions will be possible.

VI. CONCLUSION

Although there are different definitions and thoughts of
various aspects of complexity theory, as to how urban issues
can be answered remains highly challenging. Today, this idea
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that the nature of urban systems and its issues are complex is
widely accepted. This paper, by providing a glimpse of the
nature of complex systems and a better understanding of them
through the features of these systems, tries to find a way to
solve urban issues. The outstanding characteristic of these
systems is their limited predictability. As a result, in order to
design and plan for complex urban issues, it is necessary to
define a system which has high flexible ability to be changed
along with the environment conditions or initial system
conditions. In this regard, parametric design through creating a
flexible design process, which has both the ability to change
and update information in all stages of design, and the
possibility of involving a wide range of parameters and urban
indicators, enables the designer to design a complex system, in
which all components communicate and affect each other.
Thus, in conclusion based on what was said, parametric design
is a new approach in responding to urban complex problems.
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