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Abstract  

 

Generative computational design approach is highly linked to the neo materialism concept of “morphogenesis”, 

thus possessing biological inspiring characteristics. Generative design’s relevance to perfomative digital design 

reveals the potential of integrating itself with sustainable design objectives. Rather than simply being a form 

finding tool, generative design could be a bottom-up process for achieving top-down sustainable goals. This 

relation combines stakeholders of form, building behavior and integration of multiple behaviors, as well as 

design methodology of using environmental factors as system inputs and a multiple objective optimization 

process using genetic algorithms (GA). Example of personal experiments as a whole workflow of generating 

environmental-affected forms and then optimizing the genome with sustainable fitness criteria is introduced. 

 

I. Introduction 

 

Manuel Delanda, the French architect and philosopher refers to terms such as “self-organizing” and 

“morphogenesis” when introducing Gilles Deleuze’s philosophical concept of “abstract machine”. He argues the 

“abstract machine” to “indeed points towards a new form of materialist philosophy in which raw matter-energy 

through a variety of self-organizing processes and an intense power of morphogenesis generates all the 

structures that surround us.”[1] One could without much effort to recognize the materialism ideology behind 

those terms. This neo materialism definition points at a “generative matter”, which captures mattering as 

simultaneously material and representational, rather than opposing one of them to another.[2]  

 

Broadly defined as an algorithmic or rule-base process through which various potential design solutions could 

be generated[3], generative design could be read as a wider implication of “morphogenesis” in the field of 

architectural design, after the fast development of computational technologies which could be adopted by 

designers. Holland argues that the proper generative computational work includes a “mechanism” of generative 

system and constrains limiting possibilities.[4] In this case, forms, or simply called “phenomena” could be 

emergent from the base of a complex individual and systemized rules. So it is reasonable to state that 

generative design’s connection with Deleuze and Delanda’s neo materialism ideology could reflect it 

fundamental character of biology inspired, imitating the Darwinist natural evolution process and its diversity. 

 

Meanwhile, the intention of sustainable design is defined as to “eliminate negative environmental impact 

completely through skillful, sensitive design”, which requires designs to comply with the principles of social, 

economic, and ecological sustainability.[5] While perfromative design, which deals with building’s behavior and 

its influence in multiple levels of society and ecology, possesses largely similar attributes as sustainable design, 

its dependence on computational design due to the possibility of digital simulation and generation would reveal 

the potential relevance between sustainable design and generative design approaches. This article will provide 

some basic investigation into this topic. 

 

II. Verification of the relationship 
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problem solving process.[9] In this way the generative design become no longer pure form-finding, but a more 

convinced integrity of form and content which could be “affected” by environmental inputs with a convinced, 

informed and intelligent materiality.  

 

So it is reasonable to state that the relationship between generative and sustainable design gains its validity 

only when these two design approaches are integrated into one continuous process. If described more 

accurately, it is sustainable design to act as the top-down objective for designers, and generative design to 

serve as the bottom-up design methodology. Being different from traditional design thinking in which the 

methodology usually tend to possess a top-down attribute, in generative sustainable design it is the defined 

goals to become top-down decision. With computational algorithms becoming bottom-up “generator”, the whole 

design will pass through deductive verification and be finished with artificial-intelligent efficiency. 

 

III. Integrated methodology 

 

To name one thing “integrated” is to reveal its complexity. In generative design aiming at being sustainable, this 

integration is composed of two layers of meaning: top-down set up stakeholders and bottom-up design 

methodology. The former again consists of two principal components: one is the integration of generated forms 

and building performance, the other one is integration among multiple building systems such as structure, solar 

accessibility, inner climate, etc.[10] As with the bottom-up design strategy, there are also two major approaches 

to integrate generative system with sustainable objectives. One is to use various environmental factors as inputs 

of the generative system to affect the initial form finding process at the earlier phase of design. The other is to 

run a multiple objectives optimization algorithm after the earlier building components are generated, by which 

the building “representation” could go through a significant update in order to perform better sustainable 

behaviors. 

 

One crucial phase of this integration is the process of multi-objective optimization. If defined broadly, 

optimization is a searching progress with a problem-solving methodology in purpose to satisfy a prescribed 

need within several constrains using available means.[11] Nevertheless, when applied as multi-objective process 

in the field of generative design, it could be restricted into certain methodology as genetic algorithm (GA). We all 

know the term “genome” is used in describing biological transcription. It is the identification, in order, of the 

sequence of nucleotides which are the “ladder rungs” of its DNA strands. Human beings, with just four 

nucleotides types, are able to possess individual characteristics. The key factor here is the sequence of the 

three billion long DNA chain. When this “genome” is made into analogy in architecture, a genetic algorithm 

relies on a combination of randomness methods and goal-driven methods to search out the fittest members of 

a given population based on the theory of natural selection is identified.[12] GA transforms a set of individual 

objects into new generation using the Darwin principle of reproduction and survival of the fittest. The algorithm 

assumes that if a particular genome achieves a strong fitness score, then other genomes which are similar to it 

or are derived from it may perform even better.[13] In this way all design variables with genomes throughout the 

entire solution space are tested. This multi-optimization with GA once again could reflect generative design’s 

connection with biological field.  
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because of its vast probability to be discovered yet, as well as computational design and sustainable design are 

almost two leading research field in our current era of information revolution and global environmental crisis. 

We need to be specifically aware that the coorporation of these two design thinking will be constantly in a state 

of updating in terms of being reflected by design outcome, just as our post-structural society is in “continuous 

differentiation”. 
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