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Abstract. This paper presents a novel language-driven and artificial 
intelligence-based architectural design method. This new method 
demonstrates the ability of neural networks to integrate the language of 
form through written texts and has the potential to interpret the texts 
into sustainable architecture under the topic of the coexistence between 
technologies and humans. The research merges natural language 
processing, computer vision, and human-machine interaction into a 
machine learning-to-design workflow. This article encompasses the 
following topics: 1) an experiment of rethinking writing in architecture 
through anexact form as rhetoric; 2) an integrative machine learning 
design method incorporating Generative Pre-trained Transformer 2 
model and Attentional Generative Adversarial Networks for sustainable 
architectural production with unique spatial feeling; 3) a human-
machine interaction framework for model generation and detailed 
design. The whole process is from inexact to exact, then finally anexact, 
and the key result is a proof-of-concept project: Anexact Building, a 
mixed-use building that promotes sustainability and multifunctionality 
under the theme of post-carbon. This paper is of value to the discipline 
since it applies current and up-to-date digital tools research into a 
practical project. 
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1. Introduction 

1.1. WRITING AND RHETORIC 

Language has the power to create novel, generative architecture that could change the 
shape of the world, and writing aids the iterative process of creation (Steenson, 2017). 
The necessity of writing in architecture is mainly embodied in its ability to convey 
abstract feelings of architectural space imaginatively through words and effectively 
extend the aesthetics of architecture. Writers use various rhetorical devices to compose 
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narratives, and architects use forms that can be constructed with geometries to shape 
architecture and create space. ‘Geometry is the preferred language for architectural 
communication, and its interrogation has become the dominant form of writing in 
architecture’ (Lynn, 1998, p. 79). For architects, geometry or form is rhetoric in 
architectural writing. By writing down words to describe designs in spatial terms, 
architects can use geometry rhetoric as a strategy that connects different spatial feelings 
and functional needs to form a complete architecture. 

1.2. ANEXACT FORM 

Just as writers use different rhetorical devices, architects’ understanding of geometric 
rhetoric changes from time to time. Recently, Greg Lynn used ‘anexact’ to establish a 
new geometric understanding of architecture (Lynn, 1998). Anexact forms can be 
described with local precision yet cannot be wholly reduced, so they differ from exact 
forms that are precise and can be reduced eidetically or inexact forms that cannot be 
fixed or reduced because their contours cannot be described (Derrida, 1989). In Lynn’s 
view, anexact form may supply architecture with the ability to measure amorphousness 
and undecidability, creating a new model of architectural practice. Figure 1 shows that 
Project Anexact Building uses anexact form to detail the feeling of space visually and 
fix it into an architectural expression from the new perspective of artificial intelligence 
(AI) and synthesize the theory of form and space using rhetoric devices.  

Figure 1. The conceptual model of ‘Anexact Building’ consists of anexact forms. (Image: Yuxin Lin, 
Yuchun Huang, Taubman College Thesis 2021) 
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1.3. MACHINE LOGIC 

‘The language is a universalizing concept meant to explain every single act of building 
in the world’ (Alexander, 1978, p. 192). Christopher Alexander here sees language as 
a structuring system that gives each person who uses it the power to create an infinite 
variety of new and unique buildings (Alexander, 1978), and there must be a sense of 
order inside language. Deep Learning for Natural Language Process (NLP) was first 
introduced in 2012. Moreover, research proved that machine learning (ML) methods 
in NLP can achieve state-of-the-art results in many natural language tasks, such as 
learning and recombining patterns of association between several parts within text 
datasets (Goldberg, 2016; Goodfellow et al., 2016). ‘The more we understand the 
complex nature of form and the complex nature of the function, the more we shall have 
to seek the help of the computer when we set out to create form’ (Christopher, 1964, p. 
54). ML in computer vision helps to give computers human-like capabilities to sense 
data, understand data, and act based on instances and experiences (Khan and Al-Habsi, 
2020). The ML model makes it possible to recognize and detect objects in images then 
label them using text. Conversely, identifying objects in descriptive texts and seeking 
the relations between them to do text-to-image translation is also becoming feasible. 

1.4. POST-CARBON THEME 

Population growth and sustainability goals require us to seek effective ways to address 
the reality of high-density cities, as well as prepare for profound future challenges. 
Corresponding to the post-carbon framework, anexact forms with the ability to 
measure amorphousness and undecidability mentioned above can describe and 
organize spaces across sustainability and multifunctionality, helping architecture 
increase its resilience and respond to the internal and external environment effectively. 
The application of AI makes it possible to evaluate and understand the trends and 
consequences of sustainable correlations through big data, leading to the production of 
post-carbon architecture. 

Figure 2. Workflow. (Image: Yuxin Lin, Yuchun Huang, Taubman College Thesis 2021) 

2. Method 
Figure 2 shows the whole process step by step. The NLP process takes the first step to 
write descriptive texts based on form language. Then the generated texts will be put 
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into a text-to-image translation algorithm. Here CV helps to visualize form rhetoric 
within the texts into 2D images. The third step is to exact the images by geometric 
recognition and do 2D-to-3D modeling through human-machine collaboration.  

2.1. ALGORITHMIC MODEL 
The selection of neural networks that can achieve NLP and image-based translation is 
critical in this article. Previous research about NLP succeeded in using the Generative 
Pre-trained Transformer 2 (GPT-2) to generate synthetic text samples in response to 
arbitrary input (Radford et al., 2019). ‘Attentional Generative Adversarial Network 
(AttnGAN) allows attention-driven, multi-stage refinement for fine-grained text-to-
image generation’ (Xu et al., 2018, p. 1). Microsoft COCO is a new dataset with the 
goal of object recognition in the context of scene understanding (Lin et al., 2014). In 
the field of architecture, the application of the AttnGAN with the COCO dataset can 
serve as a successful design method for a complex architecture program by translating 
written form into visual output and interrogating shape through language (del Campo, 
2021; Yuan et al., 2019). In their research, the algorithm helps visualize the dialogues 
from GPT-2 so every sentence can be related to an image containing complex shapes 
and forms that imply space. Instead of manually writing the detailed description of the 
whole space then translating each sentence into architectural components separately, 
the combination of GPT-2 and AttnGAN allows the inputs of fragments. Then it can 
predict the next word and generate coherent paragraphs of text by looking for inter-
relationships and connecting the same symbols to organize the compositions through 
images. 

2.2. DATASET 

The content and structure of the dataset are under consideration since the ML process 
depends highly on a valid dataset. For this paper, dataset gathering focused on all the 
factors to a post-carbon future by articulating specific form language datasets, 
including A) architectural form and B) sustainable form. There are 4,720 sentences for 
database A describing the space configuration and spatial organization of different 
parts in architecture in a format that organizes all the parts through relational patterns. 
Database B contains 2,250 sentences that explain spatial form in terms of natural 
sustainability and multifunctionality. For example, unique forms of termite nests 
enable the whole structure to maintain a stable internal temperature and humidity 
through natural ventilation in the face of changing external environmental conditions. 
Mixing sustainable form from natural structures with architectural form through words 
is a new vision to use to think of sustainable design methods, and a total of 7,000 
sentences is enough to fine-tune the GPT-2 model to achieve the desired result. 

2.3. HUMAN-MACHINE COLLABORATION 
Generating shape is a bottom-up process; it needs to collaborate with a top-down 
process where we make decisions as architects. Design is a multidimensional process, 
and it makes possible the emergence of intellectual activities which consist of a 
combination of creativity and perception (Kahvecioðlu, 2007; Oxman, 2006). When it 
comes to multiple variables, AI can now help link these factors point-to-point in a linear 
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and potentially interlinked way. This paper does not see AI as a fully automated tool 
but as a catalyst to stimulate intuitive human thinking. So human-machine 
collaboration is inevitable and necessary to turn unexpected outputs into 
conceptualized designs. 

2.4. WORKFLOW 

The first step was to fine-tune the GPT-2 model with the collection of two text datasets 
describing architecture form and sustainable form in DOC files. After training, the 
model generated coherent and continuous descriptions of space by looking for inter-
relationships to organize the compositions, merging two forms. Then system prompts 
which refer to the content in the dataset aid to trigger dialogue generation. For example: 

● Prompt 1: when arranging living groups, ventilation is required in our pursuit of 
comfort and should be designed in a more sustainable way.  

Prompt 2: A vibrant community must be composed of different households. Small spaces are the 
small elements that make up the entire architecture. 

Figure 3. GPT-2 model and AttnGAN algorithm results. (Image: Yuxin Lin, Yuchun Huang, 
Taubman College Thesis 2021) 

Figure 3 shows the detailed results generated by GPT-2: texts in bold italic come 
from the architectural form dataset, and white texts come from the sustainable form 
dataset, proving that the algorithm combines two datasets and generates realistic and 
coherent continuations or descriptions about one specific design problem.  

The next step was to interpret or visualize output sentences generated by the GPT-
2 model as input to the AttnGAN. The algorithm visualizes the generated dialogues 
from GPT-2 by permutating and combining shapes and forms that imply space. Figure 
3 also shows that the AttnGAN was used several times to get multiple outcomes by 
switching prompts, and similar features were selected to identify forms such as walls, 
rooms, and gardens. 
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The final step was to transfer 2D pictures into 3D models. The output features are 
perspective images that get extruded into 3D assembly unit models, rationalized by the 
architect as a building design. This prospective form-finding pipeline with a taste of 
collaborative intelligence resulted in a specific inexact shape recognizable as exactly 
geometric lines in Figure 4. Then human intelligence continued to piece together the 
blobs into the final building, guided by the functionality of living, working, and 
entertaining spaces as well as our understanding of sustainable architecture.  

Figure 4. 3D assembly models. (Image: Yuxin Lin, Yuchun Huang, Taubman College Thesis 2021) 

3. Result 

The results of this research are visually presented as a complete design project called 
Anexact Building. We rely on the detailed architectural drawing of plans, sections, and 
renderings to describe how AI helped to seek unexpected opportunities and reassemble 
them into innovative and sustainable designs. We have proved that this method can be 
practically used by implementing a novel design method into an actual design project. 
The project is located close to the Roosevelt Loop along the Chicago River, and we 
aim to build a liveable and sustainable new community. This project, which serves as 
a mixed-use building, will rethink how to promote the growth and sustainability of a 
community towards a post-carbon future.  

3.1. ARCHITECTURAL DRAWING 

Figure 5 represents the four typical plans of the building. The first plan is at the bottom 
of the building, offering retail and shopping areas for public use. The second plan is at 
the hotel lobby level along with different office buildings. We start to see some roof 
gardens that can be entered from different levels on this plan. The third plan represents 
the leisure and cultural space in the middle, transitioning from more public to more 
private. The fourth plan shows the residential area at the top. The surrounding 
apartments and the recreation areas in the middle are mainly grouped by massing 
blocks that have anexact boundaries. Diverse functional parts with different heights are 
distinguished both by layer and mass. In general, each part is relatively independent 
but works together. 

348



RHETORIC, WRITING, AND ANEXACT ARCHITECTURE 

Figure 5. Plans. (Image: Yuxin Lin, Yuchun Huang, Taubman College Thesis 2021) 

The primary language for the facade is vertical lines created from concrete and 
glass. The colour changes were turned into the blocks and kept as the ceiling or floor 
patterns. Figure 6 (Left) is the view from the middle part of the building, showing the 
roof garden, city balcony, and the hotel lobby, referring to the AI-generated sentence: 

● At larger scales, structures become special places which invite people to come 
together and feel closer in a communal space. 

Figure 6 (Right) represents the view from the rooftop showing all the gardens 
generated out of the colour patterns responding to the AI-generated sentence: 

● Make each house a distinct piece of open land, with a garden at its front and back, 
and perhaps a small garden at its side.  

Figure 6. Renderings. (Image: Yuxin Lin, Yuchun Huang, Taubman College Thesis 2021) 

3.2. SUSTAINABILITY 

Sustainability in this project includes 1) ecologically sustainable design that 
emphasizes environmental consciousness in energy and natural resources, and 2) 
socioculturally sustainable design that improves the quality of life and enhances 
comfortable living conditions (Yavasbatmaz and Gultekin, 2013). 

3.2.1. Ecologically sustainable design 

Figure 7 shows that the overall shape successfully brings in the passive stack effect to 
promote the resilient and sustainable design. In Chicago, generally cool conditions in 
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winter require interior heating, and the vertical stack effect will help reduce some of 
the heating usages. Also, natural ventilation will help reduce the usage of the 
mechanical cooling system in moderately warm conditions during summer. Two core 
areas that work as the circulation systems ensure overall system efficiency, and their 
massive concrete structures can store natural heat to reduce energy consumption.  

Figure 7. Stack effect and natural ventilation diagram. Summer: Reduce the interior temperature by 
drawing outside air and delay the use of air conditioning. Winter, spring, and fall: Reduce the 

difference between the actual interior temperature and the comfort set points to control heating or 
cooling usage. 

Figure 8. Introduce daylight, nature air, and views into the building. 

3.2.2. Socioculturally sustainable design 

Figure 8 shows that there is a glass room on each side of this building to ensure sunlight, 
and the distance between different groups enables natural ventilation as well as the 
maximize daylight penetration. Roof gardens with plants inspired by the algorithm 
create a high-quality living environment by keeping the users in touch with the outside 
space, and residents can have communal activities here. To some degree, the colours 
from the images will be kept inside to retain the original design of the building and 
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bring a unique aesthetic feeling through visual expression. The logic to provide the 
building occupants with a connection between indoor and outdoor space by introducing 
daylight, nature air, and views into regularly occupied areas can improve the health and 
wellbeing of all community numbers. 

4. Discussion 

The output of Anexact Building is an experiment of combining texts, visualizing 
machine logic, and artificial intelligence. This research succeeds in 1) proving that AI 
can synthesize the sense of order inside the architectural language that describes 
different spatial forms, 2) giving architecture the ability to measure and visualize 
uncertain, heterogeneous writing characteristics through form rhetoric, and 3) 
integrating anexact aesthetics with indeterminacy in sustainability computation. 

In the context of anexact, the AI-generated description with translated images 
brings architecture the possibility to be constantly manipulated and interpreted by 
different viewers, continually generating new meanings. In this process, architecture, 
like writing, has the characteristic of inexactitude. AI image processing generates 3D 
assembly models that are then made into the entire building by human interpretation, 
ensuring exact and rigorous methods using reasonable functional partition and 
integration. This process is precise and can be induced eidetically based on the design 
requirements. The result obtained by refining these two processes is anexact that is 
recognizable as precisely functional units yet cannot be wholly reduced to a style. 

For post-carbon, the form can lead to a sustainable design with the assistance of our 
understanding of sustainable architecture. Human agency here helps to enhance 
sustainability in the final form of the building. However, this cognition does not 
question or undermine AI’s agency and authorship in sustainable design but 
emphasizes its creativity. We see AI as a tool to speculate on the conventional method 
with the thinking in a different field when faced with a similar problem. The role of AI 
here does not work as automation but as automatism (Schmitt and Weiß, 2018) to 
stimulate human imagination. 

5. Conclusion 

In the ‘second digital turn,’ which Mario Carpo defines as designers now seeing new 
kinds of digital tools as tools for thinking (Carpo, 2017), new ways of thinking derived 
from new technologies can result in new styles and aesthetics. AI brings to the 
architectural field a new design thinking that shifts from integrating all parts of a design 
problem in advance to breaking them apart along natural lines to better understand and 
recombine the parts during the process. In this project, AI provides a way to organize 
a sustainable system by composing a set of interacting elements within. From text to 
image as a sustainable form-finding logic, it is a combination of theoretical, historical, 
and technical conversations within the discipline. 

The next generation of the algorithm should focus on translating input prompts into 
a series of scene images consisting of forms directly, and image discrimination can be 
automated by semantic segmentation or object detection. In the future, AI could even 
generate 3D models automatically based on arbitrary text inputs and conduct 
quantitative calculations on energy consumption simultaneously. 
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