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Abstract. Rapid changes caused by large-scale urban projects stimu-
late sacrificing the existing urban forms that are already entailed to the 
culture and identity of local. One of the reasons is because maintain-
ing basic-formal structures in local terms that the citizens could identi-
fy with is an arduous undertaking with conventional urban design 
techniques. Shape Grammars are a favourable formal endeavour to 
figure out this phenomenon. Enhanced with the capability of an algo-
rithmic optimisation search engine to achieve specified design goals, a 
shape grammar with parametric capabilities is most likely to provide 
the flexibility demanded in urban design. The computational combina-
tion of Shape Grammars with algorithmic optimisation is to produce 
analytical, generative as well as malleable responds to the dynamism 
involved in large-scale urban projects. This paper initially talks about 
the workflow and structure of the urban design strategy of Shape 
Grammars. Later does it inform Processing programming language 
for a shape grammarist. 
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1. Introduction  

In the movie of Amadeus (1984) set in Vienna, Mozart's music is described 

by Salieri, played by Abraham, whose jealousy leads him to a personal con-

flict through the movie as such "...Displace one note and there would be di-

minishment. Displace one phrase and the structure would fall..." Therein lies 

the inference that complexity is called by simple notes with local parameters 

coded in compliance with holistic design goals. 

Likewise, an urban design entails contextually responsive components to 

reciprocate the entire complexity on their own. A similar type of individuali-
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ty is described by Shape Grammars with algebraic methods that are useful in 

a specific context where a formal language and spatial relations interlocked 

therein gains significance. The problem to which the aforementioned context 

appealed is urban operations -- which are inferred by this paper as large-

scale urban renewals including all phases starting from design through con-

struction – charged with having detrimental effects on existing sites that are 

often quaint in style and likely to be of heritage values. Recent works (Bei-

rao and Duarte, 2005; Duarte et al, 2007) in Shape Grammars have brought 

out a novel approach to rapid urbanisation, focusing on its analytical strength 

while undermining the argument that they are complete and mundane in 

generating new designs. Here is the case to maintain an already existing 

form, crediting the use of Shape Grammars for urban operations. Built upon 

the Shape Grammars (Duarte et al, 2007), GENE_ARCH develops a context 

sensitive method optimised by Pareto Genetic Algorithms (Caldas, 2012). 

This paper implies the use of Genetic Programming in optimising shape 

grammar rules with its ability in generating more variation in principle. 

Touching on its own problem, namely urban operations, this paper will 

not suggest a discussion on reasoning the use of Shape Grammars that often 

becomes a vicious cycle similar to the Newcomb’s Predictor paradox in 

game theory that is somehow related to the ‘free will’ of a designer or design 

process thereof. Nevertheless, it is an initiative of the author’s research titled 

quasiGRAMMARS (Aydin, 2012) that will ensure a new direction in shape 

grammar discussions. Instead, its focus is to show Shape Grammars’ capa-

bility to describe an urban pattern to be developed fast.  

One can simply solve a shape grammar mechanism with manual calcula-

tions but the complexity of the problem in urban operations requires a com-

putational arrangement. The proposed arrangement that necessitates script-

ing is covered in the last part that shows simple fundamentals in Processing 

(Fry and Reas, 2001). Simultaneously, the questions ‘why?’ and ‘how?’ are 

summarised to support the idea of combining Shape Grammars with optimi-

sation techniques. 

2. Shape Grammars 

The entire process uses two paradigms in this paper where the design is net-

worked with optimisation within a nested framework, i.e. algorithmic opti-

misation interferes to drive the system to a set of ideal solutions (Figure 1): 
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Figure 1. Stages of a parametric urban design tool using Shape Grammars 

The first stage is to analyse and parameterise the rules by descriptive 

Shape Grammars. Defined by variables, Shape Grammars can be manipulat-

ed parametrically. A parametric shape grammar formula consists of four el-

ements, i.e. a vocabulary set S, an initial shape I, transformation rules R and 

a label set L. Theoretically this could be summed as below (Halatsch et al, 

2008; McGill, 2001): 

 I: Shape definition; defining geometry and attributes such as position, 

 L: Shape relations; arbitrary configuration of shapes and selection of rules, 

 R: Rule notation with shape operations such as placement and transformation, 

 S: Design and element repository; the library of possible results. 

This formula needs to be adopted to meet the requirements of a so-called 

nested structure, with more flexibility that softens the completeness of Shape 

Grammars. Here is a new formula not going to be exposed to avoid a devia-

tion of the main focus of this paper that is to talk about Processing eventual-

ly. However, a new formula could be encapsulated by a greater system that, 

in turn, could cause the loss of its own shape grammar identity. Instead a 

collaborative system is more likely to prevent a generator from having the 

absence of the features found inherently in Shape Grammars. 

In essence, the universal goal of designing is to explore alternative con-

figurations, being eventually a grammar of a design process. In a stylistic 

context, Shape Grammars have been presented as a successful tool for de-

signers for three decades, adversely raising its own questions within the ar-

gument whether the style is still applicable. To evaluate this, they are sup-

ported by external systems such as Pareto Genetic Algorithms (Caldas, 

2012). As mentioned, a nested correlation between Shape Grammars and op-

timisation, where Genetic Programming techniques are manipulated, is to be 

handled by the present work. 

3. Achieving an evolutionary model 

Apart from providing fast solutions, algorithms are used to make sure a de-

signer finds optimum solutions where the complexity of the problem exceeds 
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her ability. In an urban operation, maintaining a certain formal style might 

not be satisfactory because the scope of the problem is far from a mere style 

issue. While Shape Grammars are concerned with the side of formal solu-

tions, seeking algorithmic analysis to more ambiguous problems, such as be-

havioural/spatial relationships and energy performance, gains significance. 

Once a correlation between a formal language and meaningful configura-

tions of its components is achieved, a shape grammar can be leveraged in 

urban design problems. To optimise Shape Grammars, we need to decide at 

which point and to what extent they are applied to the system which may be 

otherwise led to either unrelated forms or low performances. 

 

 

Figure 2. Shape Grammars and Genetic Programming 

4. Genetic Programming vs. Genetic Algorithms 

In his book, Coates (2010) compares two ways of genetic code-scripting; 

Genetic Algorithm (GA) and Genetic Programming (GP). The results driven 

from these two techniques have distinguishable features in terms of variation 

that is essential for a complex language. Basically, two different things go on 
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in an evolutionary algorithm, one of which is the process of development 

and the other is the process of genetics (Coates, 2010, 95). The major differ-

ence between GA and GP is the way of crossover step that also works in the 

natural world to differentiate the new generations from their parents.  

According to Koza et al (2005), GP may be well suited to a particular 

problem instead of GA if one or more of the characteristics are a major part 

of a problem: 

 discovering the size and shape of the solution, 

 reusing substructures, 

 discovering the number and type of substructures, 

 discovering the nature of the hierarchical references among substructures, 

 passing parameters to a substructure, 

 maintaining syntactic validity and locality by means of a developmental pro-

cess, or 

 discovering a general solution in the form of a parameterised topology con-

taining free variables. 

The problem solving strategy of GP emulates the way of nature in which 

rules are constant but the outcome varies according to environmental condi-

tions. This leads us to describe the process rather than the form. Only then, a 

more distributed network, as described by Alexander (1964), could be im-

plied to see a flexible result at the end. And, GP is more capable to do so 

than GA that has recently come into use in architectural optimisation. 

5. Scripting in ‘Processing’ 

Conducted by examining, comparing, modifying and mixing relative sketch-

es from an official online sharing platform (OpenProcessing, 2012), hands-

on experiments demonstrate fundamentals of scripting in Processing. Expla-

nations are kept pretty simple, attempting to correlate basic scripting 

knowledge in relation with creating shape grammar rule sets. Meanwhile, 

key libraries that are essential to write a programme in Processing are in-

formed to assist designers who want to use it for their own purpose. 

Based on ‘Java’, Processing is an object-oriented programming software, 

whereas other programmes where shape grammar examples are/may be con-

veyed include but not limited to ‘AutoLISP’, ‘CityEngine’, ‘Houdini’ and 

‘Python’ (Duarte et al, 2007; Halatsch et al, 2008). Having compared Pro-

cessing with ‘AutoLISP’, the former is found to provide more user-friendly 

environment though another programming is required to generate an archi-

tectural model, whereas ‘AutoLISP’ is built in ‘AutoCAD’. Nevertheless, 
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visualisation capabilities of Processing are fairly enough to design a concept 

model which may be later taken into any architectural programming out 

there. The most important advantage found out is that one can be literally a 

scripter and an artist or an architect indirectly in Processing while other 

software packages are complete which, in turn, does not allow exploiting the 

flexibility of scripting and programming. But in Processing a designer is di-

rectly into the programming paradigm whose interface is not dull but user-

friendly. 

In Processing, where scripting takes place is in the main body with a 

white background called text editor. Built-in commands prompt functions 

that are concepts parted as classes named objects which interact with the 

whole body whenever called by commands. The body of codes are of three 

sections; at the most top the definition and classification of values that will 

be manipulated, next setup (void setup) and then draw (void draw) para-

graphs (Figure 3). Another thing that should be expressed is libraries ac-

cessed from the 'Sketch' dropdown menu (Fry and Reas, 2001). 

The compliance of technical attributes inherent in Processing for pro-

gramming a set of shape grammar rules with GP optimisation is fundamen-

tal. The dependence on these attributes enforces explanations of major ele-

ments and libraries used in the programme in general. In essence, the scheme 

of explanations comprises of six parts in this paper; points, vectors, boolean 

operations, combinatorial optimisation, parametric controlling and visualisa-

tion. 

 

Figure 3. Outlook of the ‘Processing’ programming language 

4.1. POINTS 

In Processing, there are several different geometrical elements available, 

such as points, lines, curves and rectangles. But point command can be as-
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sumed the most suitable one in order for a parametric shape grammar to ex-

ploit vectors of the rules more flexibly.  

To point out the positions of particles over time during a growth process, 

the Traer Physics Library (2012) is suggested to download and use to define 

the attributes of shapes. This library would pave the way for creating parti-

cles, namely points, leading the growth, applying live physical forces and 

calculating the positions of them in the whole population of particles at the 

same time. Imported into the code as shown below, ParticleSystem com-

mand calls the rules of library. Different values are then inserted to apply 

forces and directions on particles. 

import traer.physics.*;  

ParticleSystem physics; 

void setup() {physics = new ParticleSystem( float gravityY, float drag ); 

} 

4.2. VECTORS 

As the aim is to organise a computational growth of a grammar, vectors lead 

the entire process through an algorithmic growth of points and lines. There is 

an original vector command in Processing, which is typed as "PVector". 

However, the calculations that the library of point2line provides is relatively 

more applicable for the geometries in two dimension (Carlsen 2008). Yet, 

there are other libraries doing the same work. So, library selection depends 

on users' preference in this case. 

At below, there is how to import point2line library in order to specify the 

number of vectors after which their direction values could be inserted. 

import point2line.*;  

Vect2[] vertices; 

void setup() {vertices = new Vect2[ number of vectors ]; 

} 

In order to design an L-system growth that helps explain how GA and GP 

iterate, Diffusion Limited Aggregation (DLA) can be inserted into the code. 

The reason for this is simply because it is a vector-led and self-recursive 

growth like L-systems that induce the development of algorithmic growth in 

computation (Lindenmayer and Prusinkiewicz, 2004, 16).  

4.3. BOOLEAN OPERATIONS 

GP functions terminates the growth at the end of each branches of the trees 

that represent a GP script. The thing which helps Processing recognise ter-

minals in a GP code is boolean operations working conditionally. For exam-

(1) 

(2) 
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ple, if boolean namely true or false function is settled on 1, the process will 

maintain unless it is changed to 0. 

boolean a = false;  

if(!a) {point( x, y ); 

} 

a = true; 

if(a) {line( x1, y1, x2, y2 ); 

} 

The above example shows that the code draws a point in the first condi-

tion. Otherwise, a line will be drawn instead of a point. 

4.4. COMBINATORIAL OPTIMISATION 

Optimised by GP, the generation of Shape Grammars is made up of trans-

formation of geometries, such as move, rotate and scale. Processing allows 

the combinatorial logic of transformations which is also a part of an area in 

mathematics called linear algebra (Terzidis, 2009, 187). That is to say, it in-

augurates the type of algebraic transformations required by Shape Gram-

mars. Then GP is able to dissolve these complex transformations within a 

reasonable time with the real-world issues solved simultaneously such as en-

ergy performance of spatial relations, essentially in 3D modelling. 

4.5. PARAMETRIC CONTROLLING 

To manage a parameterised coding, adding original controllers in Processing 

would be adequate. Yet, preferably, other libraries named as GUI in Pro-

cessing language could be applied to the code as a class after which it could 

be set up in the generator of the code in order to induce the class. Here, the 

author will suggest the use of ControlP5 library since its graphics are mostly 

used in architectural sketches in the web-resource and run more conveniently 

(Schlegel, 2012). 

import controlP5.*;  

ControlP5 cp5; 

void setup() {cp5 = new controlP5(this); 

 cp5.addSlider( name ); 

    .setPosition( x, y ); 

    .setSize( x, y ); 

    .setRange( x, y ); 

    .setValue( x ); 

} 

(4) 

(3) 
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4.6. VISUALISATION 

Sketches prepared in Processing primarily turns out to be on a two dimen-

sional Cartesian platform unless a camera for a three dimensional visualisa-

tion is put in the code. PeasyCam provides a mouse-driven camera (Fein-

berg, 2012). Having been downloaded, it could be used by inserting the 

library as below. 

import peasy.*; 

PeasyCam camera;  

void setup() {camera = new PeasyCam(this, 0, 0, 0, 50); 

} 

6. Conclusion 

To conclude, it is a reasonable assertion that programming shape grammar 

solutions in Processing is creative, productive and explorative for versatile 

urban design problems. There are two paradigms, scripting and design re-

spectively. As long as the key features of scripting are kept intact in used 

tools, their output as a design would exceptionally run useful solutions no 

matter what scripting language is used. But Processing is proved to be very 

powerful in both senses while the other packages slightly alter these features. 

Some of the advantages of the prospective parametric urban design tool 

created with Shape Grammars and GP could be listed as below: 

 More comprehensive design solution for urban operations 

 Recordable urban design process instead of intuitive development, which 

could result in reusable design patterns 

 Manageable complexity for complicated urban design problems 

 Discovery of new design patterns and geometries 

 Faster generation and visualisation of design solutions for urban operations 

But there are threads of some downsides as well: 

 It may come to an abrupt end inadvertently 

 It may fuel unfeasible concepts unless provided with practical applications 

 It may be a sluggish process due to the amount of information to be carried 

It can be summed up that combining Shape Grammars with GP optimisa-

tion for urban design needs more effort to come up with a practical solution. 

Nonetheless, Shape Grammars are still able to declare the value of bits de-

spite the doubts cast on their generative, creative and practical use. 

(5) 
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