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Preface


This book is, in part, the result of a particular frustration that I have harboured for many years. Like many of you, I love books about digital design, and I am always impressed by the wizardry of their beautifully illustrated projects and examples. But by the time I reach the concluding chapters, I am invariably frustrated to find that these books never reveal the mechanisms that yielded such spectacular results. The question on my mind – and which I am sure is often also on yours – is ‘How did they do that?’


When I was approached to write a book about parametric design in architecture, I did not quite know what kind of book it would be, but I knew what kind of book it would not be. It would not resemble a magician’s show, where the magic tricks are spectacular but the secrets of their creation are well kept. Instead, I wanted to write a book that would explain the algorithmic techniques in parametric design as well as analyze contemporary case studies that take advantage of such techniques. I also decided, perhaps against conventional wisdom, to include full source code for the examples I discuss. This presents three major problems (in addition to the fact that the included scripts may not be the most elegant or the most efficient). First, to paraphrase Robert Woodbury’s words, books are a difficult medium in which to discuss computer code. I have to agree; books are not (yet) interactive and I am hoping electronic books will soon solve this problem. Second, there is a danger that inexperienced readers will simply copy the included scripts without investigating them. Third, the scripting environments for various 3D platforms differ in their syntax. There isn’t enough space in a book of this type to present the scripts for all popular scripting environments. However, one should keep an important fact in mind: parametric and algorithmic thinking is not about any one piece of computer software or any one particular syntax, but about logic, geometry, topology and interaction. If you approach this book with that idea in mind, then you will benefit from it regardless of the scripting environment and programming language it uses.


In the first two parts of this book, I decided to present the examples using two scripting environments: Processing and MAXScript. Processing is a free and open-source Javabased programming environment for visual designers. Its ease of use and simple interface make it suitable for the beginner scripter. It excels in 2D visual design without the need for any external plug-ins. That is why I chose it for the tutorial on generating the Fibonacci series and a golden rectangle. However, for advanced 3D parametric scripts, Processing pales in comparison to the power of MAXScript and that is why I use MAXScript for the remainder of the tutorials. I conclude the tutorials with a brief discussion of a new universal and hybrid programming language for design called DesignScript that was originated by Dr Robert Aish from Autodesk. DesignScript, although still in beta at the time of writing, promises to combine the power of several scripting and visual programming approaches. As in any other situation, always look at the problem at hand carefully and choose the best tool and environment for solving it.


To start experimenting with the ideas in this book, one of the first things you need to do is download Processing from http://processing.org. MAXScript is the built-in scripting language of Autodesk’s 3ds Max, a powerful engine for modelling, visualization and animation. At this point, even those of you who are familiar with those uses for 3ds Max might be thinking, ‘I didn’t know 3ds Max even has a scripting language.’ In the field of parametric design in architecture, MAXScript is perhaps 3ds Max’s best-kept secret. It is an extremely useful language that has the ability to expose and extend 3ds Max’s functionality in powerful ways. I have to note here that I have no affiliation with Autodesk nor would I derive any benefit from recommending its software.


The fact that I have chosen Processing, MAXScript and DesignScript as the scripting platforms for the tutorials should be of little consequence. Any code, if well explained, can be generalized into an algorithm and that algorithm, in turn, can be re-written using a different syntax for a different system. In this book, I will give you both the code and the algorithms, first by presenting functional scripts for a particular platform, so that you can try them out and see immediate results, and second by explaining them in detail, so that you can generalize and expand on them regardless of your computing environment. This book does not assume that you are a casual and passive reader, but an active one looking to solve a design problem in your practice or school using an algorithmic approach. However, becoming an expert in parametric design – and scripting in particular – is a journey that can take months, if not years. This book should be thought of as only one step in that process and a tool in your chest of resources.
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fig. 1 A systematic design exploration of two parameters: tapering and twisting.
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fig. 2 Soumaya museum, 2011, Mexico City, Mexico, Fernando Romero.


This is a book for what I would call advanced beginners. To get the most of out it, you should already be familiar with 3D modelling and geometry. It does not include any discussion of what a coordinate system is, what vector maths is or what matrix transformations are. It covers the concepts of programming at a basic level that allows the reader to follow the tutorials, but not much more. To gain a better understanding in this area, I highly recommend three books in addition to this one: Elements of Parametric Design by Woodbury, Architectural Geometry by Pottman et al, and Processing: A Programming Handbook for Visual Designers and Artists by Reas and Fry. Yet, the tutorials in this book are purposely kept simple and self-contained so that they are instructional, clear and can be completed in one session without a need to reference outside resources. Once you have mastered these tutorials, you are expected to find ways to expand and customize the provided code and use the presented ideas to suit your purpose.


Finally, you might be wondering why this book does not include any visual programming techniques. There are two reasons for that: a) the web is teeming with resources and ready-made examples for visual programming, and b) when you hit the limits of these systems and require customized code, you will find that there is a dearth of well-explained online resources for architects and visual designers. This is where books such as this one are most effective. They teach you the algorithmic logic behind built-in parametric and generative components so that you can write your own or augment them with custom scripting.


Before you embark on this journey, I want to offer my apology in advance for any errors or omissions in the book and for any lack of clarity you may encounter. Scripting, algorithmic thinking, parametric design, programming logic, geometry and trigonometry are all not easy things to absorb in the span of one book, but once you have mastered them they are incredibly powerful design tools. I wish you a productive and, most importantly, enjoyable journey.




Foreword by Robert Woodbury


To design well is to be in joyful flow. All good designers make copious – indeed massive – piles of media as they work. Somehow, from this mass of sketches, models and prototypes, something new emerges. To be a good designer, it has always been necessary to become an expert in the crafting of many different media, and today those crafts are mostly digital. Craft is always learned by doing and polished by practice, but these tacit acts are not sufficient. Designers must know the concepts that underlie the forms of media they use. In today’s digital media, it is primarily symbols, algorithms and programs that form the language through which we come to know what we are doing. In this book, Wassim Jabi gives two gifts to the field of design. First, through many code examples, he builds a crucial and explicit practical knowledge that can be used to navigate the complex computer-aided design system. Second, he takes us on a wisely guided tour of contemporary design that has been shaped by the new parametric craft.


Be wary of the first gift – indeed you should be wary of any computer program so offered! Using code well requires thought and work. In the hurly-burly of design, you will be tempted to use Jabi’s code quickly, as it is or with slight modification. This is fine, as long as you also, at some point, take the time to understand why the code works and, more importantly, why Jabi chose it and how he explains it. Try this. Explain it to yourself. If you think you understand it, explain it to a friend. If you can do that, use it explicitly as the central form-making idea in a design. If you can do all these things, you are beginning to understand.


Be even more careful with the second gift! It shows you success, but not the hours of joyful work invested in it. Look beyond the surface glitz. Contemporary computer-aided design and visualization systems make enticing renderings easy. Look for depth, for places and forms in which parametric ideas meet the design situation to create the ineffable ‘good’ in ‘good design’. Then try it yourself. Let parametric models tell you the most they can. To do this, you enter the cycle of design, in which you make, look, reflect, change and make some more. Eventually, you will find a resolution and will be a stronger designer for it.


There are too few books like this one. It lies between the mass of user manuals that show technique without design and the picture books that show design without technique. By joining the two, Jabi opens a gate to new possibilities. He does not – and cannot – show what lies beyond the gate. That is for you to discover, through joyful work with parametric design.
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fig. 3 Antoni Gaudí's hanging chain catenary model at Casa Milà, Barcelona, Catalonia, Spain. Gaudí frequently used hanging chain models to derive the structure of his projects. View the image upside down to see how this model translates into the actual project.




Introduction


The architectural design process is almost always iterative. Designers create solutions that, in turn, pose new questions, which are then investigated to generate more refined or even entirely new solutions. Designers often use computer-aided tools to build models and help them visualize ideas. However, the vast majority of these models are still built in such a way that they are difficult to modify interactively. The problem becomes more severe when bespoke 3D models are geometrically complex. Changing one aspect of such a model usually requires extensive low-level modifications to many of its other parts. To address this problem, designers have begun using parametric design software, which allows them to specify relationships among various parameters of their design model. The advantage of such an approach is that a designer can then change only a few parameters and the remainder of the model can react and update accordingly. These derivative changes are handled by the software, but are based on associative rules set by the designer. Associative and parametric geometry, in essence, describe the logic and intent of such design proposals rather than just the form of the proposal itself. This kind of design both requires and helps to create powerful interactive tools that allow designers to explore and optimize a multitude of possibilities while reducing the amount of time it takes to do so in a rigorous manner. Engaging these parametric and algorithmic processes requires a fundamental mindset shift from a process of manipulating design representations to that of encoding design intent using systematic logic. Algorithmic thinking calls for a shift of focus from achieving a high fidelity in the representation of the appearance of a design to that of achieving a high fidelity in the representation of its internal logic. The advantage of algorithmic thinking is that it can build ‘... consistency, structure, coherence, traceability and intelligence into computerized 3D form’.1 Parametrically and algorithmically built models can react with high fidelity to their real-life counterparts when subjected not only to user changes of geometric parameters, but also to structural forces, material behaviour and thermal and lighting variations, as well as contextual conditions. Because they accurately represent the internal construction logic of the structure at hand, parametric models can also be unfolded or translated into geometries that can be digitally fabricated. This powerful digital workflow of parametric form-finding that is influenced by design intentions as well as performance analysis and digital fabrication logic is one of the defining characteristics of current digital architectural practice. Contemporary architects, such as Patrik Schumacher, partner at Zaha Hadid Architects, have gone as far as coining parametricism as the name of a new movement in architecture following modernism. He writes: ‘We must pursue the parametric design paradigm all the way, penetrating into all corners of the discipline. Systematic, adaptive variation and continuous differentiation (rather than mere variety) concern all architectural design tasks from urbanism to the level of tectonic detail. This implies total fluidity on all scales.’2 He points out that the fundamental themes in parametric design include versioning, iteration, mass-customization and continuous differentiation. It is helpful to briefly define these terms.


Versioning


Borrowed from the software development field, the term versioning refers to the process of creating versions – or variations on a theme, if you will – of a certain design solution based on varying conditions. Parametric software allows the designer to create a prototype solution that, rather than being cast in a static CAD file format, is wired – almost as a string puppet would be. This wiring allows the design solution to be tweaked and manipulated, creating new versions when new forces and conditions arise.


Iteration


Again borrowed from the software development field (see a pattern here?), the term iteration refers to cycling through or repeating a set of steps. In the case of parametric architecture, iteration can, in principle, create variation at every pass through the same set of instructions. Examples may include varying the size and shape of a floor plate as one builds a skyscraper, or changing the angle of a modular cladding system as it is tiled over an undulating surface. In addition to producing variation, iteration can be a powerful tool for both optimization and for minimizing the time needed to achieve that optimization. Using a fluid parametric system, which can give immediate feedback, a designer can generate solutions and test them rapidly by iterating through many possibilities, each created with a different set of parameters.


Mass-customization


One of the main successes of the industrial revolution is the idea of mass production. Factories and robots are able to produce thousands of copies of the same prototype. However, given the advent of digital fabrication technologies, we are now able to change the manufacturing instructions between each object. Given that the process is parameterized and robotic, it often costs the same to mass-customize the manufactured products as it does to mass-produce the same quantity of identical products.


Continuous differentiation


Another borrowed term, this time from the field of calculus, continuous differentiation alludes to a feature of versioned, iterative and mass-customized parametric work that allows for difference to occur within a continuous field or rhythm. As opposed to mere variety, parametrically varied instances within an overall group, curve or field maintain their continuity to other instances before and after them while uniquely responding to local conditions.


The characteristics of a parametric design system


The question then becomes, what is a parametric design system, and how can it help improve the design process or more rigorously explore possible design alternatives? In addition to the themes defined above, all parametric design systems share several characteristics and have similar constructs: object-orientation, classes or families , methods and, of course, parameters. Let us briefly define these concepts.


Object-orientation


Modern parametric software usually uses an object-oriented approach in its design. Object-oriented programming is a well-established computer science topic that is beyond the scope of this book, but a brief description is in order.


The user interacts with a parametric system in a manner that reflects its internal algorithmic structure, by creating and modifying objects such as circles, spheres, doors and walls. A parametric system usually stores these objects in an object-oriented database that can be accessed, searched and modified.


Each object then has values that determine its attributes. For example, a circle will almost always contain an attribute called centre or position and another one called radius [fig. 4]. It will also probably contain an attribute called name that identifies the circle. It is usual for a certain value of an object to be represented with reference to the object and attribute with which it is associated. A popular notation is to use a full stop to separate an attribute from its parent object: object.attribute. Thus, if one wishes to reference the value of the radius of a circle named circleC, one might encounter the following term: circleC.radius. Similarly, the X-axis position of the same circle could be the X attribute of the position attribute of the circle, as in circleC.Position.X, and the Y-axis value could logically follow as circleC.Position.Y.


Values can either be constants (e.g. 100 m) or functions, which need to be evaluated to compute a final value. The power of a function in the value placeholder of an attribute is that it can derive its value from the values of other attributes, which can belong to other objects. Consider the following hypothetical function of a radius of a circle:


C.Radius = distance(PointA, PointB)


The above expression specifies that the radius of a circle is not a constant number, but is derived from the distance between two points (PointA and PointB). In such a case, we call the variable C.Radius a dependent variable as it depends on other values. We also describe such constructs as associative – as in associative geometry. Association of parameters with one another allows us to derive unknown entities from known ones. In the above example, if the distance between the two points ever changes, the circle’s radius will change accordingly. We call this feature of updating the value of one object based on changes in other values propagation. Imagine a large network of wired or associated values. A change in one or few parameters would propagate through the whole network, modifying the values of attributes and changing the characteristics of the final design solution. This is the power of an associative parametric system. Objects, attributes and values are associated with one another and parameterized so that a change in the value of one parameter can have ripple effects throughout the design.
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fig. 4 The attributes of a circle in Autodesk’s 3ds Max software.
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fig. 5 A family of Scottish doors.


Families and inheritance


Objects that share certain characteristics can be organized as members of a class or family of objects. A class or family of doors [fig. 5], for example, can contain many individual family members (hinged doors, sliding doors, folding doors, etc.). The advantage of grouping several objects into a family is that they can then share certain attributes with their siblings and inherit certain attributes from their parents. It is much more efficient to organize these shared attributes only once, in a parent object, than to have to customize all the attributes and values for each offspring.


Methods


In an object-oriented system, methods are functions and algorithms that act on an object by modifying its attributes. Rather than have a large set of centralized instructions that specify how to draw circles, squares and triangles, an object-oriented system delegates, encapsulating these instructions in the class or family of each object. How an object is to be constructed or modified is thus encoded as a method in the object itself. In the case of a circle, one such method could be to construct the circle by specifying the position of its centre and the value of its radius attribute. Another method could be to specify three points that circumscribe it. The system can simply tell a circle to draw itself – or it can ask a door to reverse its opening. In a modern parametric system a typical object, even one as simple as a sphere, can have many parameters and methods [fig. 6].


Parameters


At the heart of any modern parametric system is the term parameter and so it would be wise to define that term at this point. The word parameter derives from the Greek for para (besides, before or instead of) + metron (measure). If we look at the Greek origin of the word, it becomes clear that the word means a term that stands in for or determines another measure. The word parameter is often confused with variable, but it is more specific. In mathematics parameter is defined as a variable term in a function that ‘determines the specific form of the function but not its general nature, as a in f (x) = ax, where a determines only the slope of the line described by f (x)’.3


In parametric CAD software, the term parameter usually signifies a variable term in equations that determine other values. A parameter, as opposed to a constant, is characterized by having a range of possible values. One of the most seductive powers of a parametric system is the ability to explore many design variations by modifying the value of a few controlling parameters [fig. 7].


The remainder of this book presents a series of parametric design patterns of increasing complexity followed by exemplar case studies that reflect the potential of the associated patterns. The book ends with a discussion of the future of parametric design and its potential to form a language of design. The afterword by Brian Johnson closes the discussion with advice on how to craft new solutions, based on knowledge gleaned from this book.
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fig. 6 The parameters and creation method options of a sphere in Autodesk’s 3ds Max.
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fig. 7 In the Matière à Rétro-projeter! (Material Projects) exhibition at the Centre Pompidou, Paris, France, young visitors affect a regular field of light and shadow patterns as they move in front of it.



Case study Austrian Pavilion, Shanghai, China


Designer SPAN Architecture & Design


Client Austrian Government


Design 2008–09


Construction 2010
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Night view of the pavilion from the southeast.


The Austrian Pavilion was designed and built for the Shanghai Expo 2010, a forum that has traditionally served as a scene for the trial and display of experimental forms and avant-garde architectural ideas. The pavilion was designed by SPAN (Matias del Campo & Sandra Manninger), in collaboration with Zeytonoglu, a Viennabased architectural firm. SPAN brings a new approach, informed by contemporary issues, to an appreciation of the ‘opulent repertoire of formations’ that they find in nature. This approach derives from the firm’s close attention to three ‘desires’, as they put it. First, they strive to explore architectural form and its corresponding underlying geometry in relation to animated matter and material. Second, they are inspired by the Baroque formal tradition, which is characterized by a sensual, curvilinear iconography, and by a new ability to extend these forms to infinity. Finally, computer technology, with its ability to reveal dormant forms through algorithmic and generative processes, is the main method they use in order to generate and compose their design proposals.


The firm’s general views, outlined above, have found an expression in the design of the Austrian Pavilion, a project for which it was commissioned after winning an architectural competition in 2008. ‘The main driving force behind the design’, the firm argues, ‘can be described as acoustic forces or more accurately as music. Music as a concept that reflects continuity in terms of architectural articulation that seamlessly connects the various spaces within the programme.’ Beginning with this thesis, and using TopMod software, the designers devised a topology: a computerized mathematical construct endowed with spatial properties (such as seamless circulation, a recessed entrance and roof garden, and a separate entrance for a restaurant) that could be maintained even while the topology underwent subtly varying transformations such as deformations, stretching or twisting. The software produced a number of alternatives that were evaluated according to functional, structural and aesthetic requirements. This process greatly reduced the number of acceptable solutions; the remaining designs were again run through a series of algorithms (various re-meshings, subdivisions, optimizing the size of spatial pockets) that led to the final layout of the pavilion.
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Daytime view of the pavilion from the southwest.
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View of the staircase.
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The pavilion’s red room.
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Ground, first-floor, and roof plan drawings.
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Sectional drawings.


The main aesthetic quality with which the designers sought to endow their project was fluidity. This is most clearly expressed in the spatial continuity of the interior and in the seamlessly flowing surface between the interior and the exterior. It is also present in the smooth functional transition between some of the interior spaces as well as in the arrangement of the core spaces, including the exhibition spaces of the ground floor and the restaurant facilities on the first floor.
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