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Introduction

Computing is becoming an ever increasing influence in architectural design 
and the resurgence of machine learning has provided architects another 
tool with which to experiment. It can be interesting to look at the broader 
picture and ask - to what extent can developments in computation offer 
new perspectives on design? Machine learning has the potential to re-
open discussions on the fundamental nature of the design process with 
particular insights into the relationship between one part and a whole. 
This aspect of design was, historically, a big part of the discussion and a key 
element in Postmodern architecture. The emergence of innovative ideas 
and technologies can allow us to reassess architectural styles rather than 
separate digital processes and previous architectural movements into two 
different camps. 

This thesis stemmed from my design work in which I have been using Image-
to-Image translation with Generative Adversarial Networks (GAN) - a type of 
Machine Learning process which learns using data in the form of paired digital 
images. Once the algorithm has been trained on a large dataset it produces 
a model which then can interpret new inputs and generate an output based 
on the data it acquired during the training process. Throughout my design 
process I have generated a series of models using architectural drawings, 
which, hand-in-hand, generate the several different elements of a building. 
The ability for these processes to produce new elements of architecture 
opens up a new insight into the modes of architectural composition and the 
fundamental ways in which we think about design.

The text is structured into two parts. Part 1 is an exploration of the theoretical 
ideas behind elements of composition in postmodernism and how these 
relate to the process of Machine Learning. This is narrowed down to focus 
precisely on an exploration of fragmentation and language and how this 
theme can be compared and contrasted with both. Syntactic and semantic 
theories, which were a part of this area of postmodernism, are also looked 
at in relation to the mathematical processes behind the algorithm of Image-
to-Image translation. Part 2 follows with a display of the tools and ideas 
developed in part 1 through the design project by showing examples of 
buildings generated by the algorithm. Two elements of these designs are 
given a critical analysis and compared and contrasted in a case study with 
existing postmodern buildings so we can attempt to understand what new 
aspects Machine Learning can add to modes of architectural composition. 

Postmodernism

Postmodernism was a movement that began around the mid-20th Century 
and influenced a broad range of disciplines such as art, architecture, 
philosophy and sociology. As a general cultural movement Postmodernism 
broke with the regular acceptance of the socially-conditioned nature of 
knowledge and value systems which had been the accepted way of thinking 
since the 18th century period of Enlightenment. The concept of rationality 
and linear progress in the sciences were ideas from this time that led to the 
Industrial Revolution and encompassed the period of history considered to 
be ‘modern’. In his highly influential book on the movement, ‘The Postmodern 
Condition: A Report on Knowledge’,  Jean-Francois Lyotard states, “Our working 
hypothesis is that the status of knowledge is altered as societies enter what 
is known as the postindustrial age and cultures enter what is known as the 
postmodern age.”(Lyotard, 2005, p.5) He describes postmodernism as being 
characterised by a mistrust and skepticism of the “grand narratives” that had 
formed an essential part of modernity, ‘‘I define postmodern as incredulity 
toward metanarratives” (Lyotard, 2005, p.24). As science, society and culture 
became more fragmented the postmodernists embraced this complexity 
rather than the order and simplicity that modernists chose to impose. This 
notion of fragmentation strongly characterised the cultural movement of 
postmodernity. 

In architecture, postmodernism manifested itself as a movement that also 
shied away from the ideologies of Modern architecture which advocated 
minimalist design that could be mass produced, was purely functional and 
devoid of any ornament. Postmodernists distanced themselves from these 
popular ideologies and criticised modernism’s lack of diversity and ignoring 
of history and context. From individual buildings to entire city urban plans, 
the Postmodernists picked holes in the theories behind these modern designs 
and instead the movement encouraged designs that referenced historical 
styles of architecture and collaged them in a new and contemporary way. 

In his seminal book, ‘Complexity and Contradiction in Architecture’ published in 
1966, Robert Venturi proposed incorporating historical elements, a subtle use 
of unusual materials and the use of fragmentation and modulations to make 
buildings interesting. The concept of fragmentation was further explored 
by Charles Jencks who began to define this element of postmodernism 
in relation to language. In his influential 1977 book, ‘The Language of 
Postmodern Architecture’ he began grouping elements of architecture into 
categories such as words, syntax and semantics. These experiments with 
fragments attempted to give definition to the relationships between parts 
and a whole - the basic theme of architectural composition - and the way 
these parts were combined became one of the main defining aspects of 
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Generative Adversarial Networks (GAN)

Generative Adversarial Networks are a type of machine learning system 
invented by Ian Goodfellow in 2014. The algorithm consists of two neural 
networks, a generator and a discriminator, which work against each other in 
order to produce an output with the same statistics as whatever dataset it 
is trained on. The algorithm has many applications which are continuing to 
expand in several different fields such as science, art and video games but in 
this thesis I will focus on its use with images and specifically Image-to-Image 
processing. In this interpretation of the algorithm, a dataset consisting of 
usually several hundred paired images is used to train the discriminator. The 
generator then produces images for the discriminator to evaluate and aims 
to eventually fool it by producing an image that has an acceptable level of 
accuracy and the discriminator does not recognise as synthesised. 

The code I have been using during my design project is called Pix2Pix and 
was developed by Philip Isola et al in their paper, ‘Image-to-Image Translation 
with Conditional Adversarial Networks’ (Isola et al., 2018, p.1) which was 
published in 2016. Their code proposes a resolution to some problems found 
with earlier iterations of image processing algorithms and they demonstrate 
this with various different image pairings, such as line map to satellite image 
and black and white to colour (fig. 2-3). The algorithm aims to be able to be 
able to achieve the same level of success with many different types of image 
data inputs. Since its release the code has been experimented with by many 
users in the online community and applied to different pairings. The authors 
state this shows the algorithms capability and is, “further demonstrating 
its wide applicability and ease of adoption” (ibid., 2018, p.1). Some of 
these experiments include artistics interpretations of the algorithm such 
as transforming small sketches of faces to portraits (fig. 4), colour pallette 
generation and even the arrangement of everyday household objects into 
images reminiscent of classic oil paintings (fig. 5). 
 
The method with which the images are analysed is pixel analysis. The image 
is broken down into what is essentially a grid and the algorithm’s job is to 
predict pixels from pixels. The computer (generator) will then attempt to 
create an image by analysing these components and putting together the 
most probable outcome based on the knowledge it has gathered from 
many examples. We can interpret this method of production as another 
form of fragmentation and the combination of different elements to create 
something new. The nature of the system allows the user to input any kind 
of data, so long as it fits a 256x256 pixel square. In every approach the 
computer cannot recognise if the information it is reading is, for example, an 

postmodern architectural design. 

The study of linguistics has also had a huge influence on the development 
of computing and this concept of fragmentation and part-to-whole 
relationships can be found in some forms of machine learning. In this thesis 
I will focus solely on the theme of language and fragmentation that was 
explored in Postmodernism, how this relates to the systems of Generative 
Adversarial Networks and how these networks are now able to offer us a new 
perspective on this concept of design. 

After its initial boom, Postmodern buildings fell drastically out of fashion 
and their style became, “often derided as gaudy and excessive” (Wainwright, 
2017). However, recent revivals of interest in Postmodernism have been 
appearing around the world, particularly in America. The Chicago Biennial, 
first established in 2015 is, as its organisers claim, “the largest exhibition of 
contemporary architecture in the history of North America” (Balch, 2015), has 
had postmodernism at the heart of many of it’s exhibitions in recent years. 
Their 2017 exhibition entitled ‘Make New History’ included inviting architects 
to revisit Adolf Loos’ famous postmodern design for the Chicago Tribune 
Tower. These designs, however, still remain quite faithful to the original ideas 
of the movement, “...the new generation...no longer enamored of the kind of 
radical parametric design we saw at the turn of this century—is not afraid to 
look to the past” and the exhibition organisers state that they have, “...seen a 
renewal of interest in historical precedents among a generation of architects 
perhaps less encumbered by the past 30 years” (Minutillo, 2017). This newborn 
interest in Postmodernity makes it even more appropriate to examine the 
theories of the movement but looking how they can be reinterpreted with 
the embracement and availability of new machine learning technologies.

Fig. 1
2017 Chicago Biennial 
‘Make New History’ 
models revisiting the 
Chicago Tribune Tower 
design competition. 
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Fig. 2 
Line to aerial map

Fig. 3
Black and white to 
colour photograph

Fig. 4
Sketch to portrait by 
Mario Klingemann

Fig. 5 
Household items to 
oil painting by Memo 
Akten

INPUT OUTPUT

Fig. 6 
A sample of a dataset used to train the algorithm 
on plans of Venetian churches 
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architectural drawing or a photo of a cat, but works purely on the probability 
and likelihood of placement of pixels. Whatever we choose to input as our 
dataset will create an output which is a mathematical ‘collage’ of all that 
information. The dataset I have been working with in my design project 
encompasses a wide range of architectural drawings of Venetian church 
styles, scales and complexity that date from the 11th through to the 18th 
century, covering the glory years of the Venetian Republic and also its decline 
(fig. 6). Their styles range from the Romanesque and Byzantine through to 
Gothic, Renaissance and Baroque. Using this software creates a church design 
that is a very specific combination of all these styles and reflects a visual 
amalgamation of the history of Venice and its many interesting influences. 

Adopting this process to design with a dataset of different styles of buildings 
has the potential to offer an interesting comparison with the theories of 
fragmentation in the Postmodern movement. The concept of fragmentation 
is clearly a part of the process as the different images are broken up into 
many thousands of parts and the rearrangement of these parts offers us a 
whole new, unique image. Yet, as their rearrangement is based on probability, 
the fragments are so small and abstract and the task is performed with a 
dataset of several hundred examples - we are presented with an alternative 
interpretation of the theme. The method of arrangement of parts is purely 
mathematical but it is still capable of producing an image - for example a 
building plan (fig.7) - good enough to fool the discriminator into thinking 
it could be part of the data on which it is trained. Using digital processes 
that work in this way can add something new to the debate between syntax 
and semantics that was a big part of the conversation in Postmodern design. 
A main part of this debate was conducted through comparisons between 
design processes and language which also draws specific comparisons with 
elements of GAN. In the following section I will explore in more detail the 
different interpretations of language, syntax and semantics in Postmodernism 
and how elements of GAN can give us a new way of approaching this debate.

PART 1
Postmodernism to Parametricism: Language, Syntax and Semantics 
in Architecture

Applying language and semantics to analyse architecture began and was 
pioneered by a group of Italian theorists, including Umberto Eco and 
Maria Luisa Scalvini, in the early 1950’s. The link between language and 
signs was developed by other influential figures such as Ferdinand de 
Saussure, considered one of the founders of 20th-century linguistics and 
semiotics. Sassure first developed the idea of the “signifier” (the physical 
manifestation of something) and the “signified” (the concepts and ideas 
behind this manifestation) (Jencks, 1980). From these initial ideas stemmed 
several other interpretations on the subject and the application of such 
theories to architecture soon followed. These links between language and 
design were all, essentially, a way to explore the theme of the arrangement 
of fragments and composition of design. Some academics, such as 
Charles Jencks,  felt that, fundamentally, the link between language and 
architecture is the idea that a series of elements come together in a certain 
way which expresses a meaning or sends a signal to the viewer/user. The 
way a building is constructed with spaces, volumes, materials etc is akin 
to the words arranged to make a sentence to give a message, but the 
exact way in which this is achieved has many different interpretations by 
scholars and subsequently started a long running debate about syntax 
and semantics. Jencks described how architecture is “irreducibly plural” 
and includes a wide range of aspects within its design from sociology, 
planning, politics, psychology and more. The combination of these in a 
building is when ‘“..a various set of codes come together at any one time 
to make the practice of architecture recognisable and coherent” (Jencks, 
1980, p.72). 

However there were some quite dramatically different interpretations of 
how language related to architecture. Linguist Noam Chomsky published 
his highly influential book, ‘Syntactic Structures’ in 1957 in which he 
proposed a model of transformational generative grammar. Here he argued 
sentences could be broken down into smaller parts and then, following 
a series of ‘transformations’ or ‘rules’, these parts could be reassembled 
into different sentence structures and demonstrate that it was possible 
to compute language. “Chomsky’s aim, although not clearly stated, was 
to write algorithms for the generation of sentences” (Broadbent, 1980, 
p.128). With this method Chomsky took a very different stance on the idea 
of syntax and semantics. He used an example sentence to explain this: 
“colourless green ideas sleep furiously” - a grammatically correct sentence 

Fig. 7
An example of two 
outputs from the plan 
generator.

INPUT OUTPUT
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that has no discernable meaning to an english speaker. With this example 
he argued syntax and semantics should be separate from each other. 

Chomsky’s ideas were influential for architect Peter Eisenman who 
explored some of his theories through a series of houses he designed 
throughout the 1970’s. These building designs, “searched for the nature 
of the form-meaning relationship in architecture” (Eisenman, n.d.). For 
instance, with House VI Eisenman began with a grid and applied a series of 
rules governing the positioning and movement of various parts to create 
his design (fig.8) , with the finished building described as a, “cinematic 
manifestation of the transformational process” (Eisenman, n.d.) (fig.9). 
The result was a complicated structure with seemingly nonsensical 
internal spaces and design elements. There are columns with no structural 
purpose, views of the surrounding nature are blocked and stairs have no 
handrails (fig.10). As Jencks describes, “...pure architecture is signifying 
its own syntactical meanings to the exclusion of use and semantics…” 
(Jencks, 1980, p.91) 

This interest in looking at architecture through the lense of language also 
demonstrated an example of postmodernists distancing themselves from 
modern theories by using the methodologies of syntax and semantics 
to introduce a critique on functionalism. The introduction of these two 
concepts to architecture showed that it was possible design could be 
analysed through other means than function only and also proposed 
new tools to compose form in a more complex and varied way. This, they 
hoped, would begin to disassemble the strict ideas of functionalism and 
introduce a more diverse and open design process.

More recently some Architects believe advancements in computing have 
offered a solution to the syntax/semantics debate. Patrik Schumacher, a 
company director of Zaha Hadid architects, argues that Parametricism has 
achieved what postmodernists theorised but failed themselves to execute, 
“It is important to note that a semiotic system can neither be reduced to 
syntax nor to semantics. This was the mistake of the attempts in the 1970s. 
Eisenman’s work had no semantic dimension, and Jencks had no syntax” 
(Schumacher, 2012). He believes that new computational tools allow 
designers to create a, “parametric semiology” where the complex syntactic 
and semantic elements of a project can be merged together in design via 
scripting, “The most important innovation of architectural semiology’s 
re-foundation as ‘agent-based parametric semiology’ is the introduction 
of crowd modelling as crucial device to represent the meanings of 
the designed architectural communications within the design model” 

Fig. 10
Another example of 
Eisenmans unusual 
interior spaces - a slit 
window cuts through 
a bedroom meaning a 
double bed cannot be 
placed there.

Fig. 9
House VI

Fig. 8
Drawings showing 
Eisenmans’ 
tranformative design 
process
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(Schumacher, 2015). Here he proposes that the ability to simulate users/
crowds interacting with the building whilst it is still in the design process 
can thus inform the subsequent iterations and bridge the gap between 
the signifiers and signified. 

The core of his idea is to create a computational design system capable 
of dealing with large amounts of information simultaneously, “Everything 
must resonate with everything else. This should result in an overall 
intensification of relations, which gives the urban field a performative 
density, informational richness, and cognitive coherence.” (Schumacher, 
2012). This idea is similar to those proposed by Stan Allen in a series of 
essays written in the 1980’s and 90’s. In his 1985 essay, ‘Field Conditions’. 
Allen proposes the definition of his theory of field conditions as, “any formal 
or spatial matrix capable of unifying diverse elements while respecting 
the identity of each” (Allen, 2001, p.2). His essays explore this theme 
through a variety of studies including art, architecture and music where 
he highlights the compositional techniques in each, “Field conditions are 
bottom up phenomena: defined not by overarching geometrical schemas 
but by intricate local connections. Form matters but not so much the 
forms of things as the forms between things.”(Allen, 1997, p.24). It could be 
said modern day computer modelling has allowed for some of Allens ideas 
to be realised and Schumacher’s parametricism is an example of this but 
with each element more blended than Allen’s proposal. The subsequent 
progression in the field of artificial intelligence means there are now 
aspects of machine learning that may be able to provide us with another 
approach to the syntax/semantics debate via the algorithms that power 
them. 

Markov Chains in GAN

A Markov chain, named after Russian mathematician Andrey Markov, 
is a statistical model describing a sequence of possible events in which 
the probability of each event depends on the state of previous events. 
Markov first published his theory in an experiment from his 1912 paper, 
‘An Example of Statistical Investigation of the Text Eugene Onegin Concerning 
the Connection of Samples in Chains’ (Markov, 2006). In this he analysed 
the 20,000 characters in the Russian verse ‘Eugene Onegin’ by Alexander 
Pushkin, studying the way vowels and consonants alternate and then 
calculated the probabilities of a vowel being followed by another vowel or 
by a consonant, and so on. This was one of the first mathematical models 
that went beyond the probability of independent events and instead 
created a self referential model. 

In his book, ‘Archaeology of Algorithmic Artefacts’ (Link, 2016, p.1), David 
Link explores, in detail, the methods Markov used to apply probability 
to language and other historic examples of others attempting to find a 
mathematical explanation for language forms. He argues that attempting 
to codify language as a whole is too complex but, given enough 
examples to work with, a series of underlying patterns can be found, “For 
mathematics, language is a system of non-describable order, although 
through probability calculations it has the ability to discover regularities 
even in highly chaotic data.” (Link, 2016, p.29).

However, instinctively, applying probability to the placement of letters in 
order to find words and meaning in language seems that it will not work. As 
Link points out, “At the level of the speaking or writing human individual, 
the random theory does appear completely absurd, because people 
implement their uninhibited intentions in such actions and say what they 
want to say” (Link, 2016, p.41). How can probability be a factor when a 
person’s own internal decisions cannot be determined? We may argue 
though that it is the underlying rules of language that can be observed by 
applying mathematics to language in this way. Speaking about the author 
of Eugene Onegin (the text analysed by Markov), Link states, ‘‘Although 
Pushkin was free to choose what he expressed and which chains of letters 
he strung together, he utilised a repertoire of well-formed words that was 
already established at the time he was writing. Moreover, the manner 
in which words were put together was to a certain extent governed by 
syntactic and grammatical rules” (Link, 2016, p.41).

So, despite this purely syntactic method of analysis the algorithm can 
still grasp some understanding of the text and the Russian language as 
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a whole. This point is clarified by using Markov’s algorithm to analyse 
another example of Russian text. In this text words are selected at random 
from a list of alphabetical Russian words (used by hackers and in password 
security analysis) until they amount to a certain number of characters, 
thus, giving us a long list of Russian words but ones that do not construct 
grammatical sentences and make no sense together. When Markov’s 
algorithm is used to analyse them the results are much the same as the 
results from his analysis of Pushkin’s poem which is a highly crafted piece 
of text. Clearly the results show the algorithm has grasped some kind of 
understanding of the underlying structures of the language as a whole. 

Markov chains are now widely used in many areas of computer science 
and statistical modelling, predicting things from the weather to Google 
web searches. Some of its applications show the power of the algorithm’s 
ability to understand patterns from large sources of data. For example, it is 
commonly used in marketing analytics in order to predict when customers 
may want to buy certain products and when they should be targeted 
with certain advertising. The core theory behind the Markov chain has 
also been used to further develop the field of artificial intelligence. The 
Pix2Pix algorithm employed in this project uses a Markov Random Field in 
its architecture to achieve Image-to-Image processing. A Markov Random 
field follows the same concepts as the chain but is instead applied to a 
multidimensional space or a network of connected items - in this instance 
the field is the pixels that make up an image (fig.11). The image is then 
divided up into smaller ‘patches’ and it is the relationship between each of 
these smaller fragments in relation to the whole image that is observed. 
This then creates a chain of dependencies with clusters of pixels in the 
image and analyses their conditional probability distribution (fig.12). 

This method of analysing images, again, is along the same theme of 
fragmentation and the relationship between one part and a whole that 
the postmodernists explored in their analysis of language. But, in the 
same way Markov’s algorithm was able to extract the underlying patterns 
of Russian language it can be argued that the Markov field applied to 
analysing the drawings of Venitian Churches is also finding some kind 
of underlying theme between them too. This is why Image-to-Image 
processing can offer a new perspective on the relationship between syntax 
and semantics; it is a purely syntactic method but the presentation of a 
large dataset means patterns and meaning are found within that wealth 
of information. When we use Pix2Pix to analyse architectural drawings 
we can explore a new way of morphing together fragments of different 
building styles.

A

B

D C

E

Fig. 12
Diagram showing the 
method of  image 
patch analysis. 

Fig. 11
Diagram showing the 
way connections are 
made in a Markov 
Random Field

Input Image

Level 1: Image 
divided into patches

Level 2: Hidden layer 
with connections

Connections: 
The Markov field 

makes a network of 
connections where 

instances rely on 
each other
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Modes of Composition

The core themes investigated in this thesis - fragmentation, language, 
syntax and semantics -all relate, at their heart, to the relationship of parts 
to a whole and fundamentally the way architecture is composed. The 
insistence of this technique that defines postmodernism and has been 
explored in different as has been discussed. 

‘Collage City’ by Colin Rowe and Fred Koetter, published in 1976, is a 
theoretical piece of writing that focuses on, “Theories of urban planning 
and design and of the role of the architect-planner in an urban context” 
(Rowe and Koetter, 1981, p.188). To begin, the authors state their critical 
opinion of modern architectural city plans and reject its grand utopian 
visions. This is followed by a historical investigation into the ideal city 
design or ‘utopia’ and why they believe modern ideas are not able to deliver 
the perfect city and it infact should include elements of ‘bricolage’; ‘‘The 
disintegration of modern architecture seems to call for..a strategy..and 
enlightened pluralism..and, possibly, even common sense…” (Ibid.,  p.181) 
. Their analysis is done through the examination of a number of existing 
cities deemed to be aesthetically successful in some ways (for example 
Rome) and that their existing urban structure is the end product of a 
continuous process of fragmentation and collision of many diverse ideas 
over time. Ultimately,the authors suggest that designers should aim for 
something in between - a mixture of the scientific and functional approach 
of the modernist but collaged with the historical elements and influences 
of a city to produce solutions which can be contemporary and also able 
to adjust to future situations.The ‘Collage City’ is a city of fragments and 
layering of smaller designs into a whole (rather than a totalitarian, fresh 
slate approach). In this proposition the fragments are strategically placed 
components such as “memorable streets” and “splendid public terraces” 
and intended to be recognised and experienced in order to allow the 
city to develop itself. Rowe had the same ideas for architecture as he did 
for city planning; advocating eclecticism and historical references within 
buildings.

Architecturally, Venturi expressed a similar concept in his designs as his 
architecture fragments are still legible but subverted in some way. They 
are also intentionally placed and intended to be seen and interpreted, 
“...to ‘read’ Venturi’s design one needs a thorough knowledge of classical 
architecture - in its Beaux Arts iconology - to understand just what rules 
he is deliberately breaking” (Broadbent, 1980, pg. 147). An example of this 
can be seen in the Guild House (fig.13), a building designed by Venturi in 

Fig. 14
Galaxy Soho

Fig. 13
Guild House
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Philadelphia and completed in 1963. The building was, ‘“..a complex blend 
of banal commercialism and sophisticated historicism” (Gartman, 2013, 
p.290) which can be seen in the subtle use of classical motifs in the facade. 

When re-examining this theme in the digital age fragments are no longer 
legible and recognisable pieces of architecture. Stan Allen speculated 
on the implications technology could have on fragmentation, “Digital 
electronic technology atomizes and abstractly schemetizes the analogic 
quality of the photographic and cinematic into discrete pixels and bits 
of information that are transmitted serially, each bit discontinuous, 
discontiguous and absolute - each bit ‘being in itself’ even as it is part 
of a system” (Allen, 1997, p.28). Patrik Schumacher believes projects 
undertaken at Zaha Hadid architects have successfully executed this 
theory of compiling fragments digitally in architecture. One example 
he uses to display this is Galaxy Soho, an urban complex built in 2008 
in Beijing (fig.14). He states, “The designed urban space as information-
rich social environment, a navigable and legible 360 degree interface of 
communication where interaction offerings are presented above, below 
and all around in layers, and where new deep vistas open up with each 
step forward” (Schumacher, 2015) As we can clearly see from the design 
there are no identifiable historical architectural references in the building 
because the parts included in the computer modelling are more abstract 
fragments. 
 
What Image-to-Image processing and machine learning offers us now is 
a new way of creating relationships between these pixels via the use of 
Markov chains. Subsequently, we can add to this long running discussion 
on the modes of creating architecture with part-to-whole relationships. In 
the same way Allen discussed, we are analysing our input data as pixels but 
the algorithms ability to run this process through hundreds of examples 
means it can find deep underlying patterns. The output this creates gives 
us a building that is strongly reminiscent of a church and contains many of 
its key features but with form that is manipulated and distorted in many 
subtle ways. Pix2Pix has a similar approach in respect to Allens theories in 
that the fragments used in the the composition of design are not legible - 
they are pixels or ‘bits’ but the resulting forms generated from the outputs 
is akin to the collage ‘style’ that Rowe theories and Venturi executed, where 
the pixels become recognisable pieces of architecture.

PART 2

This section will explore two case studies comparing designs created with 
the Pix2Pix algorithm and established Postmodern buildings. Each Pix2Pix 
building has been generated through a series of models each trained on a 
specific aspect of the existing churches in Venice. The output of each step of 
the process is then used as an input for the next model to generate another 
part of the building, thus creating a chain of generative models (fig. 15). 
All these outputs are in the form of 2D images so the next step is to begin 
modelling them three dimensionally guided by the information generated - 
for example, placing sections on their cut line in the plan. This process allows 
me to begin with only a small amount of site information and through this 
chain generate the components needed to create a new design based on the 
collective information of this specific type of existing building in Venice. 

Continuing with the theme of part-to-whole I will look at two examples: 
one examining the overall form and the other examining one single part - a 
column. By studying these in relation to other postmodern buildings that were 
constructed with the ideologies of collage and fragmentation we can compare 
and contrast the designs produced by the Image-to-Image version of these 
methods. I will compare methods of syntax and semantics within the different 
design processes and see how this influences the composition of the design. 

MODEL 1 - FOOTPRINT MODEL 2 - PLAN MODEL 3 - ZONING PLAN 

MODEL 4 - SECTION OUTLINE

MODEL 5 - COLUMNS AND ENTABLATURE

MODEL 6 - DOORS, WINDOWS AND ALCOVE

A B C D

A B C D

A A1 C D

A

D

B

C

1 1A 2 2A 3

Fig. 15
Diagram showing 
the evolution of 
the design through 
generated outputs 
beginning from the 
site plan. 



22 23

Building Form

The mode of composition for some postmodernists was a collage of 
eclectic influences. One very famous example of this can be seen in the 
house Robert Venturi designed for his mother Vanna in Philadelphia, 
Pennsylvania (fig.15). Constructed between 1962 and 1964 the house 
was the embodiment of Venturi’s manifesto, signifying his departure 
from modernism, and built alongside the publication of his book on the 
subject of Postmodernism, ‘Complexity and Contradiction in Architecture’ 
(Venturi, 1977). Venturi wrote about this house in the book, “This building 
recognises complexities and contradiction: it is both complex and simple, 
open and closed, big and little” (Venturi, 1977, p.118) The complexities and 
contradictions, a key part of Venturi’s writings on the subject, were his way 
of manifesting the concept of fragmentation and collage in his designs. 
He paid great attention to the delicate balance between each design 
element in relation to the whole composition and discussed this part-to-
whole relationship in the Vanna house, “It achieves the difficult unity of a 
medium number of diverse parts rather than the easy unity of few or many 
motival parts.” (Ibid., p.118). 

At first glance, the building form appears to resemble a child-like 
interpretation of an American suburban house, “The front in its 
conventional combinations of door, window, chimney and gable creates an 
almost symbolic imagery of a house” (Ibid., p.118). The choice of a pitched 
roof was also important in showing Venturi’s departure with modernism, 
which typically would have had a flat roof structure. Venturi then made 
several deliberate design moves to manipulate these familiar features and 
emphasise certain things about them. “Outside the manifestations of big 
scale are the main elements...In front the entrance loggia is wide, high and 
central. It’s big scale is emphasized by its contrast with the other doors, 
smaller in size yet similar in shape…” (Ibid., p.119) Throughout the house 
there is a carefully balanced interplay between each component, “the 
big scale in the small building achieves tension rather than nervousness” 
(Ibid., p.119) showing it is undoubtedly a carefully choreographed piece 
of architecture. 

Now, if we compare Venturi’s process with the Pix2Pix process we find they 
are very different. In a series of models created to enable the design of a 
‘collaged church’ and generate the overall form, a dataset was designed to 
allow the algorithm to generate section drawings. Following on from the 
plan generator, this set is designed to utilise the output from that previous 
model in order to provide information needed to make a section outline. 

Fig. 16
Vanna Venturi house - 
side view

Fig. 15
Vanna Venturi house 
- front view.
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Fig. 18
The plan generated 
from the previous 
section is cut and 
formatted in order to 
give several section 
outputs.

Fig. 17
Diagram showing 
how original drawings 
of the buildings 
are adapted for the 
training set.

Fig. 19
A sample of a dataset used to train the algorithm 
on sections of Venetian churches 



26 27

When making this set it was important to consider how the pixel analysis 
would influence the reading of an architectural drawing so the input data 
was changed accordingly, distilling the drawings of the churches to very 
conventional, simple outlines (fig.17). 

All the plans of Venetian churches were taken and split where the section 
cut is located. The plan was then filled in black with the only exception 
being the presence of a dome (highlighted in yellow) as this would 
respond to a significant feature in the section outline. A ground plan is 
then inserted above that and the section is simplified to a clear black 
outline. Here we are setting up the system so we may invite the algorithm 
to fill in the rest for us based on what it has learnt from the data. After 
training the model on these examples (fig.19) the next step in the design 
is to adapt our previously generated plan to this format and generate a 
section. I, in fact, took a series of sections by slicing the plan in different 
places and at first glance the sections looked incompatible (fig. 18). 
However, when placed onto the plan and modeled together (fig.20), they 
give us a form that does strongly resemble a church (fig. 21-22). Several 
key features instantly recognisable in Venetian churches, such as a dome 
or shape of roof, are still visible but composed in a highly unusual way 
which is reminiscent of Venturi’s manipulation of the classic features of 
the house. However, Venturi very intentionally included the subversion 
of classic architectural forms to portray meaning - he relied heavily on 
semantics. Here our system is purely syntactic - the algorithm was not 
aware it was reading abstracted drawings of church sections - but the 
overall form it has created is very similar to Venturi’s style and intention.
The syntactic approach has generated a semiotic output.

In the Vanna House Venturi included fragments that were still recognisable, 
for example, the chimney on the front facade remains still like an ordinary 
chimney - long, rectangular and standing vertically. It is the fact that 
he has placed it noticeably off-centre that makes it part of an unusual 
combination in the whole building facade. These types of elements were 
considered the ‘linguistic units’ within Venturi’s mode of postmodern 
design. With the Pix2Pix generated buildings, the overall form has more of 
a morphed appearance. There are no specific elements that remain wholly 
intact but rather there is a continuous subtle distortion throughout the 
entire form. This most likely comes from the fact the fragments used in the 
algorithm are taken at a minutley smaller scale to the fragments Venturi 
would have been working with. These fragments are then placed based 
on probability and so become slightly more ‘scattered’, therefore causing a 
more fluid distribution of parts. 

Fig. 22
A second exampled 
generated by the 
same process but with 
a different site.

Fig. 21
Example 1 

Fig. 20
Example 1: Church 
modeled bridging 
generated sections 
from fig. 18  by their 
placement on  the 
generated plan 
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The Column

Another element of postmodern architectural design is the inclusion of 
certain historical and classic architectural elements but interpreted in 
a contemporary collage way. The way these elements are interpreted 
can often change the meaning they may previously have had attached 
to them. Semiotician Umberto Eco published a piece entitled, ‘A 
Componential Analysis of the Architectural Sign/Column’ in which he takes 
one specific architectural element (the column) and begins to analyse 
what it represents and how it can be interpreted. Eco is also interested in 
the Saussurean-esque theory of signs - the ‘Primary Function’ which is the 
basic purpose that element is serving (in the case of a column this could 
be support) and the ‘Secondary Function’ which are the connotations that 
element also translates (for a column this could be strength). Geoffrey 
Broadbent summarises his article by saying, “...a semiotic analysis of this 
kind confirms certain home truths, but it also provides us with a vehicle for 
the detailed contemplation say of a column, its parts and its relationships 
with other parts of the building, thus forcing us to think about a column 
with all its connotations much more profoundly, thus encouraging our 
own personal insights into the nature of a column” (Broadbent, 1980, 
p.206). 

A good example of this can be seen in Les Espaces d’Abraxas, a housing 
complex on the outskirts of Paris designed by Ricardo Bofill and 
completed in 1983. The architect stated the scheme intended to create a, 
“...monumental and symbolic character in order to make them a meeting 
place and point of reference for the new town” (Ricardo Bofill Taller de 
Arquitectura, 1982). Throughout the scheme the architect has used 
columns in a variety of scales and forms which help express this desire of 
monumentality. For example, on the outside of a semi circular building 
that encloses one side of the complex we can see the regular repetition 
of columns along the full height of the facade (Fig.23), but here they are 
not used in the ‘traditional’ sense. Instead the columns are inhabited with 
stairwells on the outer side and rooms within the flats and balconies 
on the inner side. The relationship of entire rooms with the column has 
completely changed the reading of this feature into an inhabitable space 
thus changing its primary function and meaning. Similarly the building 
in the center of the scheme, L’Arc, is based on a traditional element (the 
Arc de Triomphe) but also reinterpreted in a non traditional way (Fig. 
24). The architects state, “We wanted to render functional a symbol 
considered non functional throughout its long historical use. Diverted 
from its usual symbolism, its final aspect will be that of a romantic, rather 

We also find that several elements of the church are nonsensical, departing 
from the classic symmetry and order found in most of the training data. 
Windows and doors are placed at difficult points and they are not regular. 
This, strangely, has similarities with elements of Venturi’s design where he 
deliberately exaggerates parts to the point they become non-functional, 
“The house is big as well as little, by which I mean that is a little house with 
a big scale. Inside the elements are big: the fireplace is ‘too big’ and the 
mantle ‘too high’ for the size of the room; doors are wide, the chair rail is 
high” (ibid, p.119).

The nature of the paired images means we can also speculate that the 
algorithm may be finding some other unique connections between 
fragments. As an abstraction of the floor plan for each building is an 
essential part of the training data so this too will become part of the 
analysis. Venturi spent much effort refining the relationship between the 
inside plan and the outside appearance of the building, “...inside the plan 
as a whole reflects the symmetrical consistency of the outside; outside 
the perforations in the elevations reflect the circumstantial distortions 
within” (ibid, p.119). As we are using part of the plan in the Pix2Pix training 
data it is worth considering that something similar is happening here too. 
Although the plan is blocked out and does not show the layout we can 
be certain it is being included as a fragment in the process and therefore 
connections may be being found between the building extents and 
the section outline. Overall, we can see there are several comparisons 
between the two designs and to some extent they are achieving similar 
effects in the meaning they portray to the viewer. What is interesting is the 
very different design routes they have taken to get there which employ 
either syntax of semantics. 
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than a triumphal arc” (Ricardo Bofill Taller de Arquitectura, 1982). Bofill 
continues his reinterpretations of the column throughout the scheme 
and many more references to the form can be found as he introduces a 
range of scales. He incorporates columns that span almost the full height 
of the largest 18-storey block and smaller ones closer to the scale of a 
person. In some instances he cuts a column short or removes the entire 
middle section (Fig. 26.). A series of false ‘porticos’ are placed around the 
scheme and in some cases light fixtures are hidden within the top of an 
abruptly stopped column (Fig. 25.). Some are functional in the classic way 
of bearing a load others are ‘decorative’ - there as purely symbolic features. 
It is clear throughout the design Bofill has carefully considered the column 
as a part within the whole of the scheme. The significance of their forms 
comes from their unusual relationship to the rest of the building and in 
most cases the consequential subversion of their ‘secondary function’. This 
in turn affects what he intends the columns to signify within the scheme. 

Using the Pix2Pix algorithm, again, we can design a dataset which also 
enables us to generate new columns based on existing columns found in 
the churches of Venice. Using the output from the previous trained models 
we can design another to specifically generate columns and entablatures 
by using section outlines from the previous model and a corresponding 
plan. Designing this dataset also involves simplifying each church section 
drawing into a colour coded diagram, extracting only the information 
needed as done previously and highlighting within the plan the location 
of the columns (Fig. 27). 

After running several hundreds of these paired images (Fig. 29) through 
the process we are then able to generate columns from inputting our 
own simple section outline and plan (Fig. 28). Like Bofill we have taken 
our historical inspiration from a style of architecture and collaged it 
together to create new columns. However, this computational method 
is able to produce an infinite number of unique columns within each 
section outline given to the computer, which differs from the design of 
Les Espaces d’Abraxas. Bofill often repeats the same manipulation several 
times and although the columns have been reinterpreted there is still a 
level of regularity to the scheme. While both designs clearly still bear a 
resemblance to columns, the ones generated by the algorithm have more 
of the ‘morphed’ appearance Pix2Pix creates (Fig. 32) whereas Bofill’s 
remain closer to the rigidity of the classic orders. 

Again, as with the section generator, we cannot determine exactly what 
has happened in the generative process, often referred to as the ‘black box’ 

Fig. 26
The columns on this 
elevation have had 
their middle section 
removed 

Fig. 23
The inhabited 
columns in the inner 
facade of the Le 
Théâtre

Fig. 24 (left)
L’Arc
Fig. 25 (right)
This arrangement of 
columns supporting 
a pediment 
resembles a portico 
which is classically 
a porch/entrance 
to the front of a 
building. Here four 
have been placed 
in a square in the 
middle of a corridor - 
entrance to nowhere. 
There are also light 
fixtures hidden in the 
top of the columns.
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INPUT OUTPUT

Fig.28
 The results after 
inputting a previously 
generated section 
and plan

Fig. 27
Interpreting the 
section drawing, 
highlighting columns 
and entablature.

Fig. 29
A sample of a dataset used to train the algorithm 
on columns in Venetian churches 
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problem, but we know, based on the probability distribution of pixels, that 
these columns are made up of smaller fragments of the several hundred 
examples. However, similarly to producing the sections, the generation of 
these images may also possibly be influenced by the shape of the section 
outline as this is a key part of the generative process. The algorithm could 
be finding relationships between the curvature of the roof or outline of the 
walls which is in turn influencing the shape of the column. This method 
of design means the algorithm is attempting to imitate all the columns 
it has seen in the training data and in the process creates something 
new; a mashup of all that information. Because it does not appreciate 
the historical and cultural significance of a column in the same way Bofill 
would have known they are overall a less dramatic part of the design. This 
part-to-whole relationship system performed by the algorithm means 
they are more integrated within the scheme whereas the columns in Les 
Espaces d’Abraxas are more distinctive elements because they have been 
specifically chosen by the architects to be made larger or obscure. Within 
Bofiil’s design the smallest architectural elements employed in the part-
to-whole relationship in the design were governed by the signal/signifier 
concept. With Pix2Pix the smallest unit in the composition becomes an 
even tinier fragment and is independent of meaning attached to it.  

Fig. 30
Section cut showing 
dripping columns.

Fig. 32
Section cut showing 
the ‘morphed’ and 
uniquely individual 
columns within the 
building

Fig. 31
Sainsbury Wing of 
the National Gallery.
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The primary function of a column in the periods of time the churches in 
the dataset were built was structural, therefore they are usually spaced out 
at regular intervals which can be seen in the existing section drawings. Yet 
when we generate a new image we tend to find the algorithm does not 
put columns in places which are structurally viable. This has also been a 
design method used before in postmodern buildings. The Sainsbury Wing 
of the National Gallery in London, designed in 1985 by Robert Venturi 
and Denise Scott Brown, is an extension of the main Neoclassical building 
in Trafalgar Square (Fig. 31.). One of the most striking elements of the 
building is the arrangement of columns on the main facade. While the 
pilasters on the original nineteenth-century gallery building are arranged 
in regular intervals, following neo-classical ideas of structural logic, Venturi 
and Scott Brown’s merge into one another and undermine this rhythm. 
Some other examples generated by the algorithm have even completely 
inverted the primary function of a column. Instead of supporting the 
structure of the building then instead appear to be ‘dripping’ and hang 
down from within the architecture, not touching the ground (fig.30.). Bofill 
also has many columns within his scheme that do not serve their primary 
function of supporting a load but this is made perhaps less obvious. This 
type of column is perhaps more indicative of the syntactic method that 
has been used to generate it and is reminiscent of some of Eisenman’s 
houses and the way columns were used in there. 

Comparing these two scales of design we can highlight many similarities 
between some of the original buildings constructed at the birth of the 
postmodern movement and the outputs created by Pix2Pix. They are 
often achieving the same visual outcome but designed with different 
methods. It is this ambiguity which makes it interesting to look at how new 
technologies can reinterpret architectural movements and add new ideas 
and working methods to the theoretical debates that underpin them.

Conclusion

‘Chomsky, as we have seen, limited the generative possibilities of his 
grammars to the use of algorithms. But it is unlikely, as we have also seen, 
that architecture will ever be generated exclusively by the use of algorithms’ 
(Broadbent, p.138) 

Writing in 1980 we can imagine why it would have been difficult for 
Broadbent to imagine how much advancement there would be in the 
world of computing and the effect this would have on architecture. 
Algorithms now aid the generation of the vast majority of building 
projects in some regard by their inclusion in the underlying systems 
of 3D computer modelling software. But, in respect to the concept of 
architectural composition - the topic Broadbent was focusing on in his 
essay- this thesis has explored how algorithms and machine learning can 
perhaps become a more integral part to the generation of architectural 
form. This thesis has shown the how Generative Adversarial Networks 
have allowed the creation of design that re opens and challenges the 
concepts of architectural composition that were evident in postmodern 
design. Artificial Intelligence and machine learning are fast becoming an 
intrinsic part of everyday life for people all over the world and it is only 
natural that this technology will permeate into the world of design and 
create new conversations about architecture. The increasing availability of 
data available, coupled with these powerful algorithms, means a whole 
host of new opportunities are within reach. 

AI is a tool that takes human knowledge and can significantly expand 
it through the process of sorting through vast amounts of information 
extremely quickly. These systems can be an aid to developing long held 
ideas and, in terms of design, we need not always separate the ‘digital’ into 
its own category. In the context of postmodern architecture, the syntax/
semantics debate can be reopened and aided with the emergence of this 
mathematical system that can produce meaningful outputs. Machine 
learning can contribute to the revival of Postmodernism rather than being 
separated into a movement of its own. 

There are, unsuprisingly, still some problems with machine learning, for 
example, the fact we can never be sure what exactly has happened in the 
process. This limitation of the ‘black box’ problem arises because we are 
not currently able to visualise the immensely complex calculations taking 
place within the computer. At the moment it is only possible to speculate 
why certain outputs are generated based on the knowledge of how the 
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system works which, in this instance, creates a lack of transparency in the 
design process. Whereas postmodern architects in the past could have 
themselves explained exactly why certain fragments were incorporated 
in specific ways, this system means we can only hypothesise as to why 
the output is a certain way. The meaning has to be read into the finished 
product - the dataset and algorithms serve as evidence of the process. 
This may not necessarily have negative implications for design - it just 
encourages us to design in different ways. If the output from the algorithm 
is not what is desired, it is possible to change the information you given to 
the system. Design can become equally about curating and composing a 
dataset as much as what you chose to do with the outputs you get. 

Through the case studies in this thesis we have shown the ‘complexity 
and contradiction’ that Image-to-Image processing can add to the design 
process. Despite fundamental differences in the projects there are many 
correlations to be found. The process may also challenge and in turn 
develop crucial elements of postmodern theory. The arrangement of 
fragments is an essential part of the movement and the interpretation of 
fragments through algorithms extends this concept.  The analysis of the 
mathematics behind the process, such as the Markov random field, shows 
this kind of  algorithm is in fact finding the essence of a certain typology 
rather than simply collaging different elements together. The power of this 
algorithm can be seen using this very essay as an example. Running this 
text through a code called ‘Markovify’ (Jsvine, 2018), which uses a Markov 
chain, produces this result:

‘Using digital processes that work in this thesis - fragmentation, language, 
syntax and semantics; it’s reading is, for example, an architectural drawing 
so the input data was changed accordingly, distilling the drawings of church 
sections - but the exact way in which the probability of each event depends on 
the modes of creating architecture with part-to-whole relationships.’

Although the sentence is not completley gramatically correct it has 
capture a summary and essence of the whole essay, demonstrating 
just how powerful this algorithm is at finding underlying meaning by 
mathematically sorting through data. 
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Appendix

Markovify by Jsvine is an extensible text generator which builds Markov 
models of large corpora of text and then uses the model to generate 
random sentences and phrases. This code was used to generate the final 
quote in this text and to help to generate a title. Testing this with my 
thesis is an interesting way to see what underlying themes of the text the 
algorithm is able to discern. 

Process
# Get raw text as string.
with open(“thesis final.txt”) as f:
    text = f.read()

# Build the model.
text_model = markovify.Text(text)

# Print five randomly-generated sentences
for i in range(5):
    print(text_model.make_sentence())

1. Using digital processes that work in this thesis - fragmentation, language, 
syntax and semantics; it’s reading is, for example, an architectural drawing 
so the input data was changed accordingly, distilling the drawings of 
church sections - but the exact way in which the probability of each 
event depends on the modes of creating architecture with part-to-whole 
relationships
2. The result was a collage of eclectic influences.
3. We also find that several elements of architecture into categories such as 
words, syntax and semantics; it is commonly used in there.
4. So, despite this purely syntactic - the basic theme of the section is 
simplified to a whole that the algorithm may be finding relationships 
between parts and a discriminator, which work against each other in order 
to produce an output.
5. The output this creates gives us a new perspective on this concept of 
fragmentation and the section cut is located.

# Print three randomly-generated sentences of no more than 280 
characters
for i in range(3):
    print(text_model.make_short_sentence(280))

1.Modes of Composition The core themes investigated in this project uses 
a Markov Random Field in its architecture to achieve the same level of 
accuracy and the merging of styles.
2.From these initial ideas stemmed several other interpretations on the 
modes of creating relationships between the signifiers and signified.
3. This point is clarified by using Markov’s algorithm was not aware it was 
reading abstracted drawings of church sections - but the resulting forms 
generated from the classic way of approaching this debate.

To help give ideas for a title, the number of characters was changed:

# Print four randomly-generated sentences of no more than 50 characters
for i in range(4):
    print(text_model.make_short_sentence(50))

1.The link between language and design elements.
2.The concept of fragmentation and the use of Markov chains.
3. An investigation of the discussion and a whole.
4. Algorithms now aid the generation of architectural form.
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