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Abstract:   

Architectural practices and the planning and management of built environment development lag in adopting 
artificial intelligence (machine learning techniques, more correctly), and the sparse tools and approaches 
implemented provide only marginal contributions. A contrast reveals not only comparing to other industries 
and creative disciplines but to the opportunities at hand. The paper evaluates the situation both in the context 
of the AI field and in the sector of architecture and the built environment, points to the causes of the sector´s 
current setup in terms of the starting points of creativity, the technologies used, and approaches to their 
development, as well as in terms of the economic, social, and political framework, subsequently introduces the 
opportunities to overcome the falling behind, and outlines the paths. Across the paper, the critical review 
applies three fundamental perspectives: authentic, poetic creativity that passes and precedes parameterization 
and algorithmization, second, novel, in architectural designing not yet applied learning strategies and training 
approaches, and third, concurrence of the fundamental three- and more-dimensional spatiality of both 
architecture and recently developed virtual reality technology, as well as the new theory of human thinking 
and intelligence that waits for implementation in machine learning (together with other novel computing 
approaches). Given the coincidence of the three aspects, a singularity is predicted for the next development of 
architectural craft and field. 

Keywords: artificial intelligence, machine learning, generative pattern, parametric review and optimization, 
imitation-based learning, learning a behavior policy from demonstration, transfer learning, self-learning, mind 
and brain theory, decentralized AI 

(1) Introduction   

Architecture and the development of the built environment, in general, continue to be disoriented, let alone 
to be coherent, when it comes to adopting technologies referred to as artificial intelligence – AI for short, and 
machine learning more correctly; they stand aside from the current that has been invading our lives and 
professions since the 1980s. Concurrently, news in brain biophysics and related computer science along with 
new computer technologies have emerged recently that render to offer to architects, other project 
stakeholders, and the public creative and communicative means and tools that the field has been missing 
throughout its history: the three- and more-dimensional spatiality and modeling together with diachrony lay 
at the heart of both (i) the new AI computational models and technques to be developed based on the new 
computational theory of mind and brain to provide superb capabilities for design, planning, and parameters 
review and assessment, (ii) state-of-the-art virtual reality technologies featuring unprecedented abilities to 
design architecture and the built environment as it deserves – a diachronic way in space, to create architecture 
from spaces, to understand it and communicate - and (iii) latest contributions of architectural theory to design 
practice, the theory of public space in particular. (This regard requires a precursory knowledge: Architecture 
emerges when a work of (physical) construction, communicating cultural, social, and material values with 
humans and society, is exposed in public space [1].)  

And third, regardless of the novelties in biophysics, virtual and extended reality (VR/XR for short) 
technologies, and architectural theory, the AI practice, research and development (R&D for short) know and 
at a hectic pace further release strategies and techniques that have not yet been applied concerning 
architectural designing and planning so far - such as imitation learning, self-play, and transfer learning among 



others that could push the branch and the field forward - to the next level. Though easily overlooked as 
irrelevant at a superficial glance, AI-driven robotics is the realm where the main incentives for new AI 
developments for architecture and the development of the built environment are emerging. The 
opportunities, however, have met only a hesitant, if any, reaction in the respective professions so far, which 
aligns with the sidelining that architecture and the built environment, unnoticed, have been suffering for the 
past seventy years [2], losing the status and function as the summum templum [3], which they held and which 
represented their meaning and role within the societies, cultures, and economies throughout millennia.  

A question arises: can the confluence of circumstances - opportunities and challenges in general, and, 
in particular, the newly revealed fundamental interconnectedness between architecture within the built 
environment framework, virtual reality technology, and mental, thus computational activity stemming from 
shared aspects of spatiality, spatial modeling, and diachrony – the trinity of three- and more-dimensional 
spatiality for short - be a prerequisite for a singularity in the evolution of the profession and the field? 

The answer cannot be but a composition of - on the one hand - the computer scientist’s and 
developer’s ability to identify the problem niches and find cutting-edge solutions to fill them, and - on the 
other hand - the branch’s motivation and ability to adopt the new approaches and tools. A lack of mutual 
understanding of the needs, capabilities, and processes of one and the other expertise between architects on 
the one hand and AI applications developers and data scientists on the other appears to have contributed to 
the embarrassing results so far; and the gap continues to widen. Among other preconditions, correct 
understanding and grasping the aspects of authentic - poiétic [4] or poetic as will be asserted later in section 
(3) of the paper - architectural creativity on the one hand and parametricism in architectural designing on the 
other are essential.  

Contributing to understanding the situation, uncovering the causes, overcoming the unfavorable 
trend, identifying the prerequisites for effective cooperation in the development of truly productive 
applications of AI in architecture and the built environment development, and bridging the existing gap 
between the professions in general is the ultimate ambition of this paper. To stand to the ambition, the paper 
must address architects, construction and real estate professionals with AI researchers and developers, and 
also tech investors. Each professional field has its language that fails to be understood comprehensively by the 
others. While trying to bridge the gaps, some text sections may seem redundant or inaccurate for one or the 
other profession: for such cases, the author begs for leniency. Timeliness, eventually, is another challenge that 
faces working in the field developing at an unprecedented, more than hectic pace - more than ten thousand 
new solutions and hundreds of millions of new users within a year. However, a field that, so far, has been 
lacking a critical overview more than needs to shed light on the status quo to lay the foundations for efficient 
further research and development. 

Architecture (and the built environment development) on the brink of a revolution 

The amount of R&D efforts on AI in architecture and the built environment development significantly lags 
behind the influx of applications in the economy, insurance, healthcare, the social field and politics,  weapons 
systems development, the judiciary, environmental issues, and in general.  

In the field´s modest conditions, a gradually increasing flow of so-called AI applications has been 
entering the field of architecture since the 2010s, even before. After a decade, some of the applications 
integrate into the workflows of architectural teams; however, the results do not match the previously declared 
ambitions in terms of performance and quality. AI has not proven creative (not only) in terms of architecture; 
even the pioneers in the field are abandoning the projects the ambitious visions not achieved and reducing 
their efforts to pragmatic parametric tasks. On the other hand, AI-driven applications slowly-slowly start to 
spare the architect’s time and energy as his “new pencil” - making sketching faster - or substituting and 
widening the research of ideas and themes concepts. In addition, a complex AI-enhanced process has been 
introduced, from an expression of the client´s requests and expectations to the final design of architecture 
and construction solutions, as section (2) of this paper reports. All this, nonetheless, lags behind the vision of 
an (AI-driven) assistant, an apprentice of an architect that section (5) of the paper introduces as feasible, 
moreover realistic a prospect of the apprentice overcoming the master in terms of tirelessness, consistency, 
and accuracy. 

To lay a path to overcome both the architecture’s and built environment development’s sidelining and 
the field’s failure to keep up in terms of adoption of the progressive technologies, the paper offers a 
comprehensive approach: first, an assessment of the feasibility of the past and recent visions and goals and 



an analysis of successes, flaws, and failures of the last decade. The so-much-wished true creativity of artificial 
intelligence remains at the heart of research: is its unattainability only a question of state-of-the-art 
approaches and technologies, or is it a principal misconception? Second, the deployed machine-learning 
networks and algorithms are reviewed more deeply. Section (5) of the paper concerns the potential of 
generative adversarial networks and supervised learning techniques that, so far, have been ruling AI-driven-
designing attempts and proposes reinforcement learning strategies and imitation-based and self-learning 
techniques (all terms brought up in (2)) to take over. In terms of (non)availability and how to provide it, the 
respective training material is the third principal issue. And fourth, strategic fields of feasible and efficient 
deployment of AI in architecture and AEC (architecture, engineering, construction) are proposed and 
supported by arguments: “reverse prompting” and AI-fostered recherching, generative-patterns-based pre-
design, design-development support by "advice whispering", continuous and complex assessing of parameters 
of physical and quantitative aspects of an architecture and respective constructions, design reviews, and 
evaluations of solutions. Despite asserted incapability, let alone the true creativity of a learned machine, still 
a revolution may lay ahead of the architecture and the development of the built environment; the so-far 
overlooked potential of imitation-based learning and self-learn strategies may ignite it. Given the inherent 
computational demandingness due to the three- and more-dimensional nature of the tasks, a generally 
sought-for breakthrough in computational technologies, be it spatial computing, ternary semiconductor 
design and neural networks (introduced in section (4) of the paper), or another power- and performance-
efficient model may prove to be a prerequisite for practical development and deployment of these strategies. 

A breakthrough 

Until recently, R&D in AI in architecture has been challenging architectural creativity and threatening to make 
the architect redundant. Substituting the human brain’s work with the performance of computer networks 
and various, ever-new-developing algorithms should have been the means. However, principal flaws related 
have not ceased to emerge.  

A new theory of the human brain’s working mechanisms appeared recently to debunk the general 
working principles of today’s AI algorithms when it comes to substituting or competing with the brain’s or 
human Neocortex’ performance. Even then, however – further elaborated in section (3) of the paper - a 
computer remains incapable of consciousness and of true, poiétic creativity. In addition, such a “mission 
statement” fails to catch up with the natural potential of a breakthrough technology. If a technology is truly 
groundbreaking, it must perform unprecedented outcomes; if the new outcomes can compare to the existing 
ones, the technology is not a breakthrough. Had the father and son Stephenson's Rocket not been a 
breakthrough, railway carriages would have continued to be pulled by ropes wound on stationary winches 
located along railway lines [5] - and the development of rail transport, and with it the upswing of the global 
economy, living standards, and culture, would have been delayed by decades. Innovation is a breakthrough 
only if it changes not only the quantity of output but also the quality of performance – as we have been 
witnessing in the case of the Internet, originally intended only to enable an exchange of documents between 
institutions, but profoundly and globally changing social values and relations, modes of communication, 
economics, culture, and environment in the end - and still, it is not an end [6]. Today, however, both AI 
developers and (the few) interested architects are only thinking about improving winches - instead of 
dreaming of the next generation Rocket. It is time to start dreaming instead of plain coding: as Rutger Bregman 
points out, But the real crisis of our times, of my generation, is not that we don’t have it good, or even that we 
might be worse off later on. No, the real crisis is that we can’t come up with anything better [7]. Can architects 
offer better? They must; through architecture different from what we know so far, be designed not by AI but 
by architects grasping the AI opportunity hand in hand with computer and AI scientists and developers – and 
supported by tech investors that, so far, have identified close to no opportunity in this field. However, this is 
a misunderstanding: architecture stands at the launch of any real estate development: as such, it delivers the 
starting points for the business that amounts to hundreds of quintillions of EUR globally. Such is the figure that 
represents the basis of comparison. A five percent yield of such a figure is still a quintillion. It is not just 
investors who should finally take notice of this opportunity [8]; the field and the architectural craft deserve 
the investments – and ultimately, society as the end customer deserves them, too. 

How is the paper organized     



To unleash the potential – investment opportunity included - an essential interconnectedness between the 
three realms of the trinity of three- and more-dimensional spatiality and diachrony needs to be understood 
and the resulting singularity must be grasped in theory and deployed in practical use. Till then, however, even 
with “only” the approaches and tools that are already at hand though remaining not mainstream, there are 
still significant steps of improvement happening or to be undertaken. Today already, AI in architecture is 
asserted not only to generate images that help to articulate expression of the poiésis of the architecture within 
design concepts (or to customize them) or to shorten the way from a simple sketch to materiality-rich 
rendering. The trailblazers already coin the AI design process replacing the traditional design process from the 
client´s vague idea to final design with CAD/BIM (computer-aided design/building-information management) 
model integrated. Also, providing predictive simulations and models starts to be a business-as-usual today; 
section (2) and the second and fourth subheads of section (3) of the paper zoom in on all the state-of-the-art. 
In addition, processing generative patterns to a pre-design, a solution as close to the set parameters as the 
stock of generative patterns allows, final adapting the pre-designs and tailoring the final, specific solution, or 
continuous and complex advising through the design process, designs´ reviewing and solutions´ evaluating, or 
optimization criteria specifying – these are the strategies, practicals tool subsequently that render on the 
horizon currently and in sections (4) and (5) of the paper.  

To allow for this, new classes of the existing algorithms and strategies of imitation-based learning and 
self-learning zooming in on the design-development processes instead of the results (to be) achieved must 
enter the field of AI in architecture, perhaps supported by the new mind and brain theory-based 
computational models, XR, or ternary semiconductor design and neural networks (introduced in section (4)).  

Revealed within the research of the state-of-the-art, three focal perspectives of the critical review are 
introduced to launch the (3) section: authentic, poiétic creativity preceding and transcending parameterization 
and algorithmization, second, novel, in architectural designing not yet applied learning strategies and training 
approaches, and third, the trinity of three- and more-dimensional spatiality, spatial modeling, and diachrony 
that interweave architecture, recently developed virtual reality technology, and the new theory of human 
thinking and intelligence together with other novel computing approaches. The virtual twins' technology, its 
benefits and prospects are reviewed in [9]; this paper takes them for granted and only puts them into the 
context of the architecture – XR technology – and computational-model trinity of three- and more-dimensional 
spatiality and diachrony. The third section of the paper revisits existing deployments of AI in architectural 
designing and in general, introduces novel AI-learning strategies to be examined, and delves into starting 
points of true creativity - consciousness, reasoning, and poiésis. The next (4) section delves in the prospects of 
the new mind and brain (or Neocortex respectively) theory by Hawkins and Numenta in terms of computing 
model, the contributions the of state-of-the-art XR technology, ternary semiconductor design and neural 
networks, and nowel approaches in terms of architectural designing and built environment planning.  

Fundamental as incentive benchmarks for the "new wave" of AI in architecture and built environment 
development, the latest achievements in AI-driven robotics are introduced: Figure-1 starting from section (2) 
throughout the paper, and Phoenix by Sanctuary AI in section (5). 

Section (5) discusses the misunderstandings and limitations of recent attempts and expectations 
regarding the use of AI in in the branch together with proposals for new R&D. The "fantastic achievements of 
AI promising to make man redundant" discussed recently in the profession and beyond are debunked and, in 
contrast, other, so far not considered approaches and perspectives are rendered: in elaboration of the latest 
knowledge of human Neocortex working, in parametric pre-design and human-in-the-loop approach, in new 
classes of the existing algorithms and strategies that strive to mimick (first) the human-in-the-loop and (then) 
the processes learned, in continuous assessment of diverse outputs of creative architectural and urban design 
concepts, and in approaching to sustainable development (or, better, to the comprehensive resilience) tasks. 
The final (6) section concludes the today-available and to-be-developed productive applications of AI in 
architecture and the built environment development, the computing strategies and networks development 
„to-dos“, and the perspectives and a "mission statement" of the field. 

(2) State-of-the-art    

Since around 2010, young enthusiasts combining information technology and architecture background have 
been trying to turn the attention of well-doing, mostly global-star architectural studios towards AI’s potential 
contribution to architectural design or, better to say, disclose where such a contribution might stem from and 
what it might consist of. In 2020, DeepHimmelb(l)au - a video of a journey through an imaginary landscape of 



Coop Himmelb(l)au-like building forms - came into existence. The result of the elaboration of datasets 
comprising reference images of geomorphic formations on the one hand and actual Coop Himmelb(l)au 
projects on the other by CycleGAN and other forms of AI technologies provided "machine hallucinations" [10, 
11, 12] - represented prevailingly in two dimensions, substantially lacking both spatial comprehensivity and 
the for architecture inherent interconnectedness of the experiential (poetic, in other words) and material 
attributes.  

 
Fig. 1: Cloud augmentation of Deep Himmelblau Universe. Deep Himmelb(l)au. 2012. https://coop-himmel 
blau.at/method/deep-himmelblau/. (accessed May 12, 2023) 

How machines have been learning (recently and still today) 

The term machine learning covers various methods of how algorithms create models representing sample 
data that have been used to train the models to make decisions or proposals without being programmed to 
do so. The base for the learning is a set of data possessing the same characteristics as the data to be generated; 
a truly large file as a rule - what is not in it, the AI has been unable to learn. Recently, diverse machine learning 
strategies have been applied - supervised learning, unsupervised learning, reinforcement learning - and new 
variations and developments have emerged.  



In supervised learning, the system is given a series of categorized or labeled examples and told to make 
predictions about new examples it hasn´t seen yet, or for which the ground truth is not yet known [13]. 
Supervised learning uses labeled datasets, whereas unsupervised learning uses unlabeled datasets. “Labeled” 
means the data is already man-tagged with the requested answer [14].  

Unsupervised learning analyzes and clusters unlabeled datasets. These algorithms discover hidden 
patterns or data groupings without the need for human intervention - without the need for labeling the 
datasets. In unsupervised learning, a machine is simply given a heap of data and told to make sense of it, to 
find patterns, regularities, and useful ways of condensing, or representing, or visualizing it [13, 15]. 

Reinforcement learning concerns how intelligent agents ought to take action in an environment to 
maximize the notion of cumulative reward. Based typically on the Makarov decision process (a discrete- and 
also continuous-time stochastic control process in mathematics) [16], reinforcement learning differs 
from supervised learning in not needing labeled input/output pairs to be presented, and in not needing sub-
optimal actions to be explicitly corrected. Instead, it focuses on finding a balance between exploration (of 
uncharted territory) and exploitation (of current knowledge). In other words, placed into an environment with 
rewards and punishments, [the system is] told to figure out the best way to minimize the punishments and 
maximize the rewards [13, 17]. As the comprehension upgrades of learning processes and - especially - of 
consequences of their details for the outputs, the reward signals to fine-tune the models tend to be human 
preferences based (referred to as reinforcement learning with human feedback [18] that, as the subhead 
Production ecosystems and sensational novelties of this section explains, is to be distinguished from 
reinforcement learning from human feedback [19]) instead of simple automatic metrics. Indicated further in 
this section, the safety and alignment problems are the starting point for the deployment of these approaches 
that are much more time- and cost-consuming. Such is, for example, the case of InstructGPT - one of the most 
advanced language models today. 

 Concerning architectural designing and planning, reinforcement learning deserves highlighting as a 
platform on which diverse imitation-based learning strategies develop that this paper promotes as the future 
of AI in architecture; the next sections delve into the topic. 

New implementations of learning paradigms and new learning models evolve. Countless facets of 
motivation and reward has been studied and developed in this regard, comprising the dopamine-releasing 
mechanisms, possible-value- and/or actual-expectation-motivation, curiosity, a self-motivated desire for 
knowledge, imitation and interactive imitation, self-imitation, and transcendence. The results are random 
network distillation algorithms using prediction errors as a reward signal [20] or algorithms approximating a 
state-value function in a quality-learning framework [21], or knowledge-seeking agents [22]. Unplugging the 
hardwired external rewards not only makes the algorithm capable of playing dozens of Atari games with equal 
felicity (similarly as Alpha Zero will be reminded just as adept at chess as it is at shogi or Go [23]). In such 
algorithms, AI agents render able to come up with their own objectives, measuring intelligence in the end 
effect in terms of how things behave – not in terms of the reward function [24]. These schemes may render a 
significant part of building a general AI instead of the current models that only specialize in a specific, narrow 
task.  

Imitating the human and other cunning strategies 

Shifting the focus from the statistical approach of input-output matching to mimicking (not only) human 
processes appears to be a key innovation. Indeed, why a machine could not learn by observing the man acting? 
Still, learned in such a way, a machine can outperform a human, as is the rule: by working relentlessly, 
flawlessly, and much quicker. Given the nature of experiencing architecture and, most importantly, how 
architecture emerges in the design processes, such approaches could bring the so-much-sought-after support 
for the architects´ craft. Nonetheless, there is a much broader - almost unlimited field of deployment for the 
new philosophy represented by strategies and techniques of imitation learning, self-play, inverse Q-learning, 
adversarial imitation learning (AIL), action-guided adversarial imitation learning (AGAIL), world imitation 
learning (WIL), behavioral cloning from observation (BCO), augmented behavioral cloning from observation, 
inverse reinforcement learning, or transfer learning. 

In general, zooming on a (design) process - "how things come to existence" - instead of output - "how 
things shall be", imitation-based learning is a framework for learning behavior from demonstrations usually 
presented in state-action trajectories, with each pair denoting the action to take at the state visited [25]. 
Imitation-based learning provides three distinct advantages over trial-and-error learning: efficiency, safety, 



and, which also renders promising for AI´s deployment in architecture, the ability to learn things that are hard 
to describe [26]. As one of the techniques applied, behavior cloning treats the action as the target label for a 
state and learns a generalized mapping from state to action. Inverse reinforcement learning (IRL), on the other 
hand, views the demonstrated actions as a sequence of decisions and aims at finding a reward/cost function 
under which the demonstrated decisions are optimal. Reinforcement learning generally supports these 
techniques; an agent learns a policy - a mapping from states to actions - that maximizes some notion of 
cumulative reward. The agent iteratively updates its policy based on the feedback (rewards) it receives from 
the environment. It is inherently a process-oriented approach, as the agent is learning how to act in different 
states rather than just predicting the outcome of actions. 

In imitation learning, the primary focus is on mimicking the actions of an expert. The agent tries to 
replicate the expert’s behavior as closely as possible. While the outcomes of actions are certainly important 
(they can signal how well the agent is doing), the main goal is to learn the expert’s policy - the sequence of 
actions the expert takes in different situations [25].  

A radical alternative, world imitation learning goals to achieve similar performance to the expert 
without explicitly defining a reward function. Learning by observing the expert´s actions in a given 
environment, the agent constructs a model of the world (a "world model") based on the observed data. The 
world model captures the dynamics of the environment, including state transitions and outcomes of actions. 
To encourage imitation, an intrinsic reward is defined within the latent space of the world model. This reward 
guides the agent’s exploration during reinforcement learning. Addressing the problem of covariate shift 
(adapting to changes in the input data distribution during model training, adjusting the learning strategy when 
the rules of the game change [27]), where the data distribution during training differs from that during 
deployment, WIL can be applied offline using historical data without requiring additional online interactions. 
The approach leverages world models to bridge the gap between expert demonstrations and reinforcement 
learning. Combining imitation learning with reinforcement learning, the agent improves the performance over 
time [28, 29, 30]. Applied successfully in robotics, autonomous driving, gaming, and other domains where 
expert behavior can serve as a guide, the possibility of application in architectural design has escaped attention 
so far. The world model would certainly not capture the doing in the architect's studio but the architect's 
actions in the model of emerging architecture in a design- or CAD (computer-aided design) software 
environment; the paper will come back to the topic. 

The self-playing agent plays against itself and it updates its policy based on the outcome of each game. 
Its goal is to find a policy that maximizes the expected cumulative reward. The outcomes of the games drive 
the learning of the agent who, however, cares about the actions taken since they determine the outcome [31].  

Q-learning is a model-free, value-based, off-policy algorithm that searches for the best series of actions 
based on the agent's current state. With Q standing for quality, inverse Q-learning is a method for dynamics-
aware learning that avoids adversarial training by learning a single Q-function, implicitly representing both 
reward and policy. It obtains state-of-the-art results in offline and online imitation learning settings, surpassing 
other methods in both the number of required environment interactions and scalability in high-dimensional 
spaces [32]. 

Adversarial imitation learning is a class of state-of-the-art algorithms commonly used in robotics. In 
AIL, an artificial adversary’s misclassification serves as a reward signal, which is subsequently optimized by any 
standard reinforcement learning algorithm [33]. 

Action-guided adversarial imitation learning processes even demonstrations with incomplete action 
sequences. AGAIL divides the state-action pairs in demonstrations into state trajectories and action 
trajectories and learns a policy from states with auxiliary guidance from available actions [34]. 

Behavioral cloning from observation is a two-phase, autonomous imitation learning technique aiming 
to provide improved performance in diverse fields such as healthcare, autonomous driving, and complex 
game-playing [35]. Combining imitation learning and model-based learning, the method is to let the agent 
learn its agent-specific inverse dynamics model first and then show the agent the state-only demonstrations. 
The agent can use its model to infer the missing actions that the expert took. After the actions are inferred, 
the agent can use imitation learning.  

Augmented behavioral cloning from observation overcomes the BCO´s problem of reaching bad local 
minima by a self-attention mechanism that better captures global features of the states and a sampling 
strategy that regulates the observations used for learning [36]. 

In inverse reinforcement learning, the goal of the apprentice agent is to find a reward function from 
the expert demonstrations that could explain the expert behavior [37]. 



Applying beneficially in robotics, transfer learning is like borrowing knowledge from one task to help 
with another. It starts with a pre-trained model that has learned useful features from a large dataset, and then 
adapts the model to new tasks by removing the top layers of the neural network, adding new layers for the 
specific task, and training the modified model on a smaller dataset. The strategy proves not only to robotics; 
for production architecture, as coined in section (4), transfer learning is another technique that awaits 
exploration. Overcoming training from scratch, the transfer learning approach saves time; in addition, it can 
work even with limited data [38, 39, 40].  

Another "next level" of the extrinsic-reward-free schemes comes with interaction that allows the 
algorithm to work properly requiring incredibly little feedback as Ross´ dataset aggregation (DAgger) has 
shown [41]. Self-imitation and transcendence render to be a "top" of recent learning schemes [42].  

And multiple other sophisticated strategies adjoin to simplify the learning and increase the 
performance of the models. In-context learning allows "old models" to learn new tasks by providing them with 
just a few examples (input-output pairs). Like strategies based on imitation, these approaches, unfortunately, 
have not even tried to apply themselves in architectural design that, when attempting to embrace AI, 
continues to stick to the supervised-learned schemes (as this section shows later). (The expressive image 
processing, in which Midjourney, Stable Diffusion, and other applications show encouraging results, stay aside: 
they help architects only indirectly in the fields of analyses´ research or thematization - they do not directly 
participate in designing the architecture itself.) An opportunity awaits: it would be a mistake to miss it. 

Allowing to quickly building models for new tasks without demanding fine-tuning, the strategy is often 
used regarding large language models (LLMs), which learn in context, using the provided examples without 
adjusting their overall parameters. Instead of fine-tuning the entire model, it is given a prompt (a list of 
examples) and asked to predict the next tokens based on that prompt. In-context learning works even when 
provided with random outputs in the examples. Traditional supervised learning algorithms would fail with 
random outputs, but in-context learning still succeeds like doing some implicit Bayesian inference, using all 
parts of the prompt (inputs, outputs, formatting) to learn [43]. 

As opposed to closed machine-learning strategies (to some extent, the vast majority of the state-of-
the-art models), open-ended machine-learning algorithms learn how to learn from data they encounter; they 
adapt and refine themselves based on past examples, when faced with new data, they predict outcomes or 
classify information without human intervention. Recommendation engines, speech recognition, fraud 
detection, or self-driving algorithms tend to adopt the strategy [44, 45]. 

A clever approach used specifically concerning LLMs, the tree of thoughts (ToT) machine-learning 
approach fits to be imagined as a tree where each branch represents a coherent sequence of language (a 
“thought”). These thoughts serve as intermediate steps toward solving a problem through deliberate decision-
making: Instead of just making decisions one after the other (like reading a sentence left to right), ToT allows 
the model to consider multiple reasoning paths, evaluate their choices, and decide the best next step. Thus, 
the problem-solving abilities of the model are enhanced to think more strategically, explore different paths, 
and make better decisions [46, 47]. 

Commonly used for pathfinding problems in video games, robotics, and more (however not in 
architectural designing tools), the A* algorithm is an informed best-first search algorithm that efficiently finds 
the shortest path through a search space using a heuristic estimate. It combines the best features of breadth-
first search (BFS) and Dijkstra’s algorithm, nevertheless, unlike BFS, which explores all possible paths, A* 
focuses on the most promising paths based on a heuristic function that guides A* toward the goal state, 
making it more efficient than traditional search algorithms. A* can be implemented in Python to find cost-
effective paths in graphs [48, 49]. 

Dreamer agent is a reinforcement learning strategy that combines world models with efficient learning 
techniques. Used in robotics, games, and real-world scenarios (then, why still not in architectural designing?!), 
this technique is like teaching an AI to dream, plan, and act smartly. Dreamer learns a simplified model of the 
environment (a world model) from raw images; this world model predicts what will happen in the environment 
based on the agent’s actions. Instead of trial and error, Dreamer imagines thousands of possible action 
sequences in parallel; by computing compact model states from raw images, it learns from predictions using 
just one GPU. Using a value network to predict future rewards and an actor-network to choose actions, 
Dreamer considers rewards beyond the immediate future. These networks help the Dreamer to make 
informed decisions even in new, unknown situations [50, 51]. 

Autoassociative algorithms learn to remember patterns and retrieve them from partial or noisy input. 
A smart way to remember things even when the details are fuzzy, these algorithms create a compressed 



representation of data to map input patterns for themselves. Then, when given a distorted or incomplete 
input, they reconstruct the original pattern to prove helpful in denoising (removing noise from data), memory 
recall (helping to recognize familiar patterns), or anomaly detection (raising an alert if something does not 
match the learned patterns) [52]. 

Though originally bound for Atari 2600, the observe-and-look-further learning strategy still today 
addresses challenges like reward processing, long-term planning, and efficient exploration. The insights gained 
from Atari environments can be applied to other domains, such as robotics, natural language processing, and 
autonomous vehicles. Designed to tackle challenges in reinforcement learning, the algorithm processes 
rewards of varying densities and scales, it can handle different types of rewards effectively. Using an auxiliary 
temporal consistency loss, the algorithm can reason over extended time periods, which is crucial for complex 
tasks. To address the exploration problem more efficiently, the algorithm leverages human demonstrations 
[53]. 

The first-return-and-then-explore strategy is another clever approach in reinforcement learning that 
helps agents explore their environment more effectively. Returning to familiar states helps the agent 
remember promising locations - preferably spots with potential rewards or interesting features. By revisiting 
them, the agent reinforces its memory. Once known states have been revisited, the agent can confidently 
venture into uncharted territory and make smarter decisions. The strategy helps agents handle sparse rewards 
(where feedback is infrequent) and deceptive feedback (where rewards can mislead). Balancing curiosity with 
wisdom, the approach has shown impressive results in solving challenging reinforcement learning tasks, from 
video games to robotics (and perhaps once, it can perform in the architectural designing realm, too) [54].     

Also self-supervised learning renders a promising path to advance machine learning. As opposed to 
supervised learning, which is limited by the availability of labeled data, self-supervised approaches can learn 
from vast unlabeled data [55], the model generating its own labels from the input data. Given a specific task, 
the self-supervised learning approach can outperform the reinforcement learning strategy in terms of data 
efficiency (learning from the structure of the input data itself, without needing explicit rewards or penalties), 
generalization (learning a more general understanding of the data, rather than optimizing for a specific reward 
function), stability (self-supervised learning often having more stable and predictable training dynamics than 
reinforcement learning that, especially in environments with sparse or delayed rewards, can sometimes be 
unstable or difficult to train), and in general being less demanding man-performed interventions like, for 
example, rewards design [56].  

Self-supervised learning is the strategy that, among others, "runs" Sora - a text-to-video model 
developed recently by OpenAI [57]. Mentioned further in this paper, Sora is designed to understand and 
simulate the physical world in motion, to solve problems that require real-world interaction - similar to how 
poiétic architectural concept designs come into existence. As promised, this paper will further delve into the 
idea of architectural robots elaborating designs of production architecture (the term coined in section (4)) 
making use and benefits of imitation-based, self-learning, and other novel machine learning strategies. 

Finally yet importantly, heading to AI understanding and predicting others’ actions like humans do, 
the machine theory of mind (ToM) asserts an intriguing concept inspired by how humans understand each 
other based on past behavior. Analogically, the machine observes how agents (or people or robots) behave. 
Using meta-learning (learning how to learn), the machine builds models of the agents and predicts, how agents 
might act in the future, even in unprecedented situations. Such a strategy performs better interaction with 
humans, advances multi-agent AI where multiple AIs collaborate or compete, and makes AI more 
interpretable, transparent, and safe [58].     

Artificial neural networks 

An artificial neural network is a collection of connected units or nodes called artificial neurons designed to 
model loosely how the neurons in a biological brain have been supposed to look and work. Like synapses 
in a biological brain, each connection can transmit a signal to other neurons. A deep neural network is an 
artificial neural network with multiple layers between the input and output layers; in a shortcut, a deep neural 
network makes machine learning deep learning [59, 60]. In essence, two computing principles apply in artificial 
neural networks today: feedforward computing and backpropagation. The goal is always to train the models 
generated to cope with the criteria typically inserted by vast sample datasets. Feedforward computing refers 
to a type of workflow without feedback connections that would form closed loops; the latter term marks a 
way of computing the partial derivatives during training. When training a model in the feedforward manner, 



the input “flows” forward through the network layers from the input to the output. By backpropagation, the 
model parameters update in the opposite direction: from the output layer to the input one. Backpropagation, 
a strategy to compute the gradient in a neural network, is a general technique; it is not restricted to 
feedforward networks, it works for recurrent neural networks (to be introduced soon) as well [61].  

In general, discriminative and/or decoding techniques identify objects and infer what is “true” and 
what is “fake”. As a principle, generative AI systems create objects such as pictures, audio, writing samples, 
and outline anything that computer-controlled systems like 3D printers can build [62]. Most often, generative 
and discriminative or decoding systems operate paired in generative adversarial network (to be introduced 
soon) models setting the business-as-usual rather than state-of-the-art of today´s AI industry. Typically, a 
system labeled as generative AI is self-learning, it uses unsupervised learning (but can use other types of 
machine learning, too), and deploys anomaly detection and problem solving - it can come up with innovative 
solutions or approaches based on its experience with similar outputs/inputs pairings in the past [63].    

First introduced in 1987, the pioneers were convolutional neural networks (CNNs), also known as shift 
invariant or space invariant neural networks, most commonly applied to analyze visual imagery [64]. 
ImageNet, a groundbreaking project from the 2010s builds on this technology [65]. Introduced by Geoffrey 
Hinton, capsule networks aim to overcome the limitations of traditional CNNs by representing hierarchical 
structures in images [66]. They focus on learning spatial relationships between features. 

Graph neural networks (GNNs) are another field of research aiming at processing of graph data. The 
concept of GNNs emerged in the 1980s exploring neural network architectures for processing graph-
structured data. Next, in 2015, the foundational work on graph convolutional networks (GCNs) was introduced 
by Thomas Kipf and Max Welling to leverage spectral graph theory and convolutional operations to learn node 
representations in graphs [67]. By extension of the GCN framework variants such as GraphSAGE, graph 
attention networks (GAT), and ChebNet were developed to address scalability, inductive learning, and 
handling heterogeneous graphs [68]. New architectures, attention mechanisms, and graph pooling techniques 
have been proposed recently to explore applications in recommendation systems, social networks, and drug 
development. The works continue focusing on scalability, interpretability, and handling large-scale graphs. 

Designed by Ian Goodfellow and his colleagues in 2014, generative adversarial network (GAN) is a class 
of machine learning frameworks that until recently, evolving, have represented state-of-the-art of the field 
[69, 70]. A composition of a generator, which produces data, and a discriminator, which evaluates the 
authenticity of generated data, through adversarial training, GANs learn to create data aiming to become 
indistinguishable from real (original input) data. … the generator gets no training to minimize the distance 
to a specific image, but rather to fool the discriminator. This enables the model to learn in an unsupervised 
manner; however, GANs have also proved useful for semi-supervised learning, fully supervised learning, and 
reinforcement learning [71]. GANs have revolutionized generative modeling across various domains, including 
computer vision. Over the years, numerous variants have emerged such as Conditional GANs, which condition 
the generator on specific attributes, Wasserstein GANs, which improve training stability, CycleGANs excelling 
in image-to-image translation, or StyleGANs known for high-quality image synthesis [72]. 

Over time, too, drawbacks of GANs have bothered both application developers and users: mode 
collapses, where the generator produces a limited variety of samples, failing to capture the full diversity of the 
target distribution - in other words, focusing on a few modes and ignores others; instability during training; 
hindering convergence and quality of generated samples; minimax game between generator and discriminator 
can be challenging to optimize - a Nash equilibrium can be found as a result, which is not always 
straightforward [73];  inconsistency of generated images, which may suffer from artifacts, blurriness, or lack 
of fine details; training large-scale GANs on high-resolution images can be computationally expensive;  finding 
optimal hyperparameters can be challenging; measuring the performance of GANs is difficult: common metrics 
like inception score or frechet inception distance have limitations and may not fully represent the quality of 
generated samples; understanding the latent space where the generator operates remains an open research 
question [74]; GANs rely substantially on the quality and diversity of the training data: if the dataset is biased 
or lacks diversity, the generated samples may inherit the limitations [75]. 

To overcome the shortcomings, modified GAN architectures (such as StyleGAN3 by Nvidia [76] or 
game-theoretical models [77), GANs for imbalance problems (improving the performance of computer vision 
algorithms [78]), SMOTE-GAN (combining synthetic minority oversampling technique (SMOTE) with GANs to 
generate synthetic minority samples for imbalanced datasets), CycleGAN (that focuses on image-to-image 
translation tasks, such as style transfer, without paired training data, and learns mappings between two 
domains using cycle consistency loss), or ConditionalGANs (incorporating additional information (such as class 



labels) during training, cGANs control the generated samples by conditioning on specific attributes) have been 
used.  

Various applications of GANs are still emerging: FrankenGAN for urban context massing, detailing, and 
texturing, Pix2PixHD by Nvidia for high-resolution photorealistic image-to-image translation, GAN Loci, or 
GauGAN [79]. Still then, as the field evolves, diffusion models continue to push the boundaries of generative 
AI and, in particular, tend to surpass GANs in training methodology (taking advantage of the denoising process, 
refining data step by step), offering stability and robustness during training, being more straightforward in 
terms of optimization, and excelling in producing sharp and detailed features - in short, better quality images 
than GANs [80]. Operating in a compressed or latent space, which can make them more computationally 
efficient,  latent diffusion models push the boundaries further [81]. 

Recursive (RvNNs) [82] and recurrent neural networks (RNNs) [83] represent state-of-the-art today, 
also in the context of imitation-based learning and self-learn. RNNs, capable of processing sequential data, are 
particularly useful for natural language processing (NLP) tasks given the sequential nature of linguistic data, 
such as sentences and paragraphs, where the time factor differentiates elements of the sequence. They 
process sequences until reaching an end token, regardless of sequence length; unlike other networks (e.g., 
CNNs) that handle only fixed-length inputs, RNNs can process variable-length inputs without changing the 
network architecture. As the network processes elements of a sequence one by one, the hidden state stores 
and combines information from the entire sequence. RNNs also share weights across time steps, simplifying 
the network architecture and allowing efficient training [84]. A type of RNN designed to handle sequential 
data, long short-term memory (LSTM) networks excel in tasks like natural language processing and time series 
prediction due to their ability to capture long-term dependencies [85]. Another type of RNNs, echo state 
networks (ESNs) with fixed random connections are particularly useful for time-series prediction and reservoir 
computing [86]. RvNNs can tackle hierarchical patterns to capture relationships in hierarchical structures, 
making them suitable for tasks involving nested or tree-like data. RvNNs know how to represent nested 
relationships and are well suited for tasks that involve tree-like data [87].  

Radial basis function networks (RBFNs) use radial basis functions as activation functions for function 
approximation and pattern recognition [88]. 

Introducing another class of neural networks, variational autoencoders (VAEs) and adversarial 
autoencoders (AAEs) also overcome some of the drawbacks of GANs. Unlike GAN, instead of the generator – 
discriminator pair, VAE combines two distinct approaches - encoding and decoding [89]. Encoder abstracts 
data by compressing while decoder brings the data back to its initial format. Through the decompression, or 
"reparametrization", the decoder generates variations of the respective phenomenon [90] - typically in 
furniture design, fashion, photography, or video generating, and also in algorithms concerning architecture 
and urban design [91]. VAEs combine generative and inference models - elements of both autoencoders and 
probabilistic modeling. They learn a probabilistic latent space and can generate new samples while preserving 
data distribution. Commonly used for unsupervised learning and generative tasks, in video generation, VAEs 
can learn a compact representation of video frames (or other data) in a lower-dimensional latent space, the 
encoder maps input data (video frames) to a latent space, and the decoder reconstructs the data from the 
latent representation. A hybrid of autoencoders and GANs, AAEs use adversarial training to learn a latent 
representation. They aim to improve sample quality and diversity [92].  

Networks they mimic 

Focusing on architectural designing and given its nature and complexity, this paper will further delve into the 
potential of imitation-based learning and self-learn strategies and techniques. To cope with the specificities 
and demands of such techniques (having not architecture or its design but robotics as an intention), various 
artificial neural network models have been developed. Autoregressive neural networks generate sequences 
element by element, making them suitable for imitation tasks. Aligning with imitation learning, they learn to 
predict the next element based on previous ones. Equipped with command compensation, they enhance 
imitation learning based on bilateral control, allowing robots to operate almost simultaneously with an 
expert’s demonstration [93]. A new autoregressive neural network model (S2SM) has been proposed to fit 
that requires only the slave state as input and predicts both the next slave and master states. (The goal of 
imitation-based learning is to learn a policy or control strategy that allows the system to mimic the behavior 
exhibited during demonstrations (usually performed by an expert). The slave state serves as the input for this 
learning process while the master state corresponds to the desired or reference state, which the algorithm 



aims to achieve. It represents the ideal or target configuration or behavior. In a bilateral control framework, 
the master state often comes from an external source (such as a human operator or an expert) and guides the 
system.) S2SM improves task success rates and stability under environmental variations. 

Brain-inspired deep imitation networks have been developed to enhance the generalization ability and 
adaptability of deep neural networks for autonomous driving systems across various scenarios. The model 
draws insights from inferring functions that are believed to be close to the ones performed in the human brain 
to improve neural network performance in diverse environments [94]. 

In transformer-based deep imitation learning, a variant of self-attention architecture - transformer is 
applied to deep imitation learning to solve dual-arm manipulation tasks in the real world [95]. Typically, 
transformers possess self-attention mechanisms allowing the network to focus on important features in the 
input data and ignore distractions, which can improve the performance of the network and the ability of 
parallel processing: unlike RNNs, transformers process all input data at the same time rather than sequentially, 
which allows for faster training. Other properties of transformers are scalability, which makes them suitable 
for a wide range of applications, from natural language processing to robot manipulation, and versatility, 
allowing for use for both sequence-to-sequence tasks (like translation) and single-input tasks (like 
classification). Not a standalone network, attention mechanisms enhance the performance of various models 
(including transformers) [96]. They allow networks to focus on relevant parts of input sequences, making them 
valuable for tasks like machine translation and image captioning. 

Inspired by the asymmetry of human neural networks, dual neural circuit policy (NCP) architectures 
are a design that helps improve the generalization ability of the networks [97]. 

In behavioral imitation with artificial neural networks, hidden layers of imitation learning models 
successfully encode task-relevant neural representations. These models predict individual brain dynamics 
more accurately than models trained on other subjects’ gameplay or control models [98].  

The introduced neural network approaches cater to different requirements and scenarios, offering 
solutions for diverse modifications in imitation-based learning. In summary, the landscape of deep neural 
networks is rich and diverse, with each architecture tailored to specific tasks and domains.  The research goes 
on to explore novel designs and strategies to improve the capabilities and characteristics according to specific 
purposes. Adaptations of such approaches may be forthcoming once imitation-based learning and self-learn 
strategies are considered that could address architectural design tasks, (not only) overcoming the 
shortcomings of GANs that are ruling the field so far.   

Production ecosystems and sensational novelties  

There are ecosystems of natural language processing, image and video processing, voice processing, and code 
or software processing and development, further robotics, and expert systems or business intelligence [99, 
100], altogether represented by DALL-E (DALL-E3 newly), ImageGPT, InstructGPT and ChatGPT, Bard or Gemini, 
Ernie Bot, Tongyi Qianwen, Sense Time SenseChat, Bedrock, and many other tools by OpenAI, Microsoft, 
Google, Baidu, Alibaba Group, Amazon, also MidJourney (that released version 6 recently), Stable Diffusion 
(currently released version 3, which demonstrates unmatched performance on the ControlNet network, 
designed to control diffusion models in image generation, and LayerDiffusion that introduces latent 
transparency, which allows the generation of a single transparent image or multiple transparent layers, 
combined into a single blended image [101]), Gong.io, Tellius, OPENNN, Theano, and many other tools by 
multiple producers. These ecosystems exist, evolve, and (some of them) work (though sometimes obscured, 
even covered up) already over decades and render mature. And most importantly, there are massive 
foundation models [102] - GPT (version 4 released in March, 2023) by OpenAI, Gemma, Gemini 1.5 Pro 
(successor to LaMDA and PaLM 2), Imagen Model Family, MedLM, or Codey by Google, foundation models by 
IBM, and others -  trained on large, unlabeled datasets and fine-tuned to become a starting point for a wide 
array of applications.                 

Social networks are teeming with posts recommending dozens of artificial intelligence applications 
that will provide users with greater performance, time savings, and effortless earnings [103, 104, 105, 106]. 
However, there is indeed a solid base of research and development that is delivering impressive technological 
progress at a pace that is nothing short of breathtaking. At the beginning of March 2024, a new generation of 
the Claude family of LLMs was released - Claude 3 foudation model, which sets new industry benchmarks 
across a wide range of cognitive tasks [107]. The family includes three state-of-the-art models in ascending 
order of capability: Claude 3 Haiku, Claude 3 Sonnet, and Claude 3 Opus. Each successive model offers 



increasingly powerful performance, allowing users to select the optimal balance of intelligence, speed, and 
cost for their specific application. Product of San Francisco headquartered Anthropic, Claude 3 challenges the 
hegemony of GPT 4 [108]. Launching Chat with RTX simultaneously, Nvidia also competes with OpenAI or its 
GPT respectively (plus, for free, running locally on a PC guaranteeing the user data privacy, enabling choice of 
AI model from Ilama or Mistral and choice of dataset, which can include getting answers from YouTube) [109].  

Nonetheless, Claude´s lead renders a more robust [110]. ChatGPT is optimized for dialogue using 
reinforcement learning (RL) with human feedback (HF); to enhance their helpfulness and harmlessness, Claude 
models have undergone fine-tuning using constitutional AI and reinforcement learning from human feedback. 
The preposition makes the difference: in RL with HF (ChatGPT case), the AI model is initially trained using 
supervised learning with human demonstrations. Human AI trainers provide example conversations where 
they play both the user and the AI assistant, and the model learns to generate responses by imitating these 
demonstrations. After the initial training, the model is fine-tuned using reinforcement learning: it interacts 
with users and receives feedback (rewards) based on the quality of its responses. The goal is to improve the 
model’s performance over time by adjusting its behavior based on this feedback. RL from HF (the Claude 3 
case) focuses solely on reinforcement learning. The model launches training according to an initial policy (a 
way of generating responses) interacting with users and receiving feedback (rewards) based on the quality of 
its responses; unlike RL with HF, there are no initial supervised demonstrations, the model learns directly from 
user interactions, adjusting its behavior based on the received rewards, aiming to optimize its responses 
without relying on pre-existing examples. In addition, involved in Claude´s training, constitutional AI can be 
considered a set of guiding principles - a rulebook that helps the AI make decisions and respond helpfully and 
ethically. Sharing similarities with rule-based algorithms, constitutional AI is not the same: instead of strict 
rules, constitutional AI operates based on guiding principles (a “constitution"); it is more flexible and adaptive 
allowing for context-aware decisions. Constitutional AI can self-correct and learn from feedback, it balances 
dynamically following principles with learning from real-world interactions [111]. 

Another challenge comes from Europe: Paris-based Mistral — a nine-month-old startup with only a 
few dozen employees — is corralling enough investment and attention, including a high-profile Microsoft, 
Nvidia, and Salesforce partnership, to put it in the top tier of AI companies globally. Mistral's top models 
Mistral Large and Mixtral already rival GPT-4's performance in accuracy and common sense reasoning. 
Designed for complex multilingual reasoning tasks, including text understanding, transformation, and code 
generation, Mistral Large is natively capable of function calling, facilitating application development, and tech 
stack modernization at scale. On the other hand, a sparse mixture-of-experts (SMoE) model pre-trained on 
data extracted from the open web, operating as a decoder-only model, Mixtral excels in efficiency, 
performance, and handling multiple languages and code generation, which is highly appreciated by developers 
that can fine-tune and modify Mixtral for specific business needs [112, 113]. Mistral also launched Le Chat, a 
chatbot "multilingual by design" [114]. 

In addition, Meta announces to release its newest LLM—Llama 3—in July 2023, which is expected to 
match GPT-4 capabilities and respond to image-based questions. Llama 3 aspires to handle challenging 
queries—offering context, instead of dismissing them—reducing inappropriate or inaccurate responses [115]. 
This timely announcement comes just as rival Google was forced to pause its Gemini-powered image-
generation feature after it misrepresented historical images. 

And there are not only large language models but small ones, too. Designed to perform well for simpler 
tasks and more easily to fine-tune to meet specific needs, these small models (SLMs) are more accessible and 
easier to use with limited resources, be it money, time, or training data. What the recent releases mean is not 
a start of a shift from large to small but an extension of available categories of models adjusted to fit best to 
specific performance scenarios. SLMs are well suited for those looking to build applications that can run locally 
on a device (as opposed to the cloud), where a task does not require extensive reasoning or a quick response 
is needed. A story of bedtime reading to an AI researcher´s 4-year-old daughter goes behind the formation of 
SLMs when he thought to himself "How did she learn this word? How does she know how to connect these 
words?" That led the Microsoft Research machine-learning expert to wonder how much an AI model could 
learn using only words a 4-year-old could understand – and ultimately to an innovative training approach that 
has produced a new class of more capable language models that promises to make AI more accessible to a 
variety of specific needs and purposes. At the end of April 2024, Microsoft announced the Phi-3 family of open 
models, the most capable and cost-effective SLMs available. Phi-3 models outperform models of the same size 
and next size across various benchmarks that evaluate language, coding, and math capabilities. [116] 
Performing better than models twice its size (Microsoft says), starting from the end of April 2024, the first in 



that family, Phi-3-mini, measuring 3.8 billion parameters is publicly available in the Microsoft Azure AI model 
catalog, on Hugging Face, a platform for machine learning models, as well as Ollama, a lightweight framework 
for running models on local machines, and as an Nvidia NIM microservice with a standard API interface that 
can be deployed anywhere [117]. 

As of 2022, we are experiencing a kind of artificial intelligence storm; yet for many reasons, it would 
be a mistake to forget history. After the first, largely experimental AI models - the percepton [118] and 
Samuel's checkers player [119] - slowly-slowly, practical or even commercial AI applications have been arriving: 
from ELIZA, the first chatbot in history that replicated a therapist giving general answers to users' questions, 
simulating a real conversation, developed in 1966 by Joseph Weizenbaum for MIT, through Siri, one of the first 
successful virtual assistants, developed in 2010 by Apple for iOS devices, still active and evolving, Alexa 
developed in 2014 by Amazon, to Google Assistant or BERT, an artificial intelligence model that can understand 
the context of the conversation and provide more accurate and personalized responses, used as the basis of 
many modern virtual assistants, both developed by Google in 2016 and 2018 respectively. The "good old" AI 
applications that have been reading postal codes for USPS since the very beginning of the 1990s, have been 
deciding on custody and bail in many US states and liquidating insurance claims, and have been a tool of 
economic efficiency of the US healthcare through last two or three decades [120] deserve noting, too. 

Game developers have been adept at creating artificial worlds and telling stories based on them by 
their very nature.  Expertise of game developers in creating and deploying diverse algorithms that generate 
the game narratives and scenes often goes back decades before AI was defined as an umbrella term [121]. 
Generative AI shapes ever-more the fashion industry and the art world, where brands and artists - or AI users? 
- can create original designs that look like human artists created them. Such is the case of Lalaland.ai [122], a 
Dutch startup that provides a self-service platform where users can create their own hyper-realistic AI-driven 
fashion avatars in just minutes. Users may customize the virtual models' size, body type, shape, and identity—
even down to whether they are happy or sad. In the financial sector, banks are using generative AI to automate 
tasks such as checking account openings and loan approvals [123].    
 Founded in 2016 and becoming the GitHub today of AI in the next wave, Hugging Face is a platform on 
which developers can discuss anything from bug tracking to API integration to overall project development 
[124]. With AI drawing massive enthusiasm about being the potential epicenter of future economies, the 
startup is in a good position to stand the test of time. 
 Cofounded only in 2023 by OpenAI-backgrounded Aravind Srinivas, Perplexity AI developed the first-
of-its-kind LLM-powered answer engine in just six months as a low-cost project. Perplexity does not have its 
own LLM, it uses language models via an API. In the free version, ChatGPT or Claude Instant, in the paid version 
top models GPT-4, Claude 3, or Gemini Ultra (subscribers can choose) [125]. According to the Wall Street 
Journal, Perplexity is finalizing the acquisition of new investments that could value the company at around $1 
billion, making it a "unicorn" [126]. Jeff Bezos, among others, invested in Perplexity two months ago, and 
Daniel Gross [127] should bring new money. The company has annual revenues of about 10 million dollars and 
about 50 million users: the figures deserve attention showing the extremely low revenue ratios that the 
investors are ready to accept when it comes to AI. 
 Not only professionals but the general public, too, has started to employ AI: from initial 
embarrassment and doubts to more mature approaches and understanding. Today, AI copilots are 
revolutionizing productivity, creativity, and efficiency across diverse domains from general use (Microsoft 
Copilot [128]) through coding (GitHub Copilot [129]), sales, marketing, and customer service (Salesforce 
Einstein [130]), and cross-system communication (Moveworks [131]) to Stable Diffusion [132] that replaces a 
need for multiple specialized applications by handling tasks like report building, customer service replies, sales 
emails, and more.   
 To advanced users, chatbots serve as a sixth sense or a counterpart able to respond to questions. The 
quality of the responses is disputable as a whole, however better and worse questions exist that generate 
better or worse answers. Labeled as prompting, the art of questioning that stands behind any authorship 
creation since time immemorial experiences a revival and an upgrade to the next level. Throughout history, 
originally invented to transmit and preserve information of prime importance and quality, literacy has evolved 
from a unique skill and knowledge of a narrow circle of high-ranking experts [133] to general elementary 
education of the entire population that spread to apply in everyday life, also for banal purposes. Similarly, 
today, the range of computer non-professionals is rapidly expanding who benefit from the bold AI support to 
create specific amateur applications - or are getting used to exploiting handy AI applications for the most 
common needs. Musavir.AI [134], for example, offers to generate movie-like renders, architecture, and sci-fi 



in general, tailor refined lighting aesthetics - or, through MyAvatar feature, generate diverse new hairstyles 
for oneself. Enjoyed as a hobby or for entrepreneurial purposes, countless popular text-to-image models set 
another class of AI applications: in March 2024 released in version 1.0, Ideogram [135] is an example.           

AI does not hesitate to enter good old familiar tools like Microsoft Windows, Excel, or Word to enhance 
productivity, data analysis, and decision-making. Ideas is an AI-powered insights service that identifies trends, 
patterns, and outliers in data sets, allowing users to analyze and understand their data rapidly and providing 
functionalities like taking a picture of a printed data table using Android device and converting it into an 
editable Excel spreadsheet, automatically converting the pictures into fully editable tables, eliminating manual 
data entry and allowing formulas to spill over multiple cells dynamically, adapting to changes in data size [136]. 
Windows 11, too, introduces several AI-powered features that enhance productivity, creativity, and overall 
user experience, including copilot, updated paint functionality for photo editing and "art" creation, photo 
movie editor, clip champ assisting with footage editing, enhanced ink drawing, smart (and safe) app control, 
and security tool [137].  

Targeting professional users, Devin is a groundbreaking AI software engineer designed to revolutionize 
software development through collaboration with humans. Devin´s key features include autonomous coding 
assistant - a fully autonomous software engineer, capable of planning and executing complex coding tasks, 
learning new technologies on the fly, building and deploying full applications from scratch, automatically 
finding and fixing bugs, training its own AI models, and contributing to production codebases. Devin handles 
long-term reasoning, dynamic learning, coding, and design skills [138]. 

It is a real influx of ever-new AI tools what the present experiences. Thousands of startups, along 
wealthy industry tycoons and their spin-offs, have begun applying generative AI to create virtual assistants 
who can respond appropriately to human requests with natural language processing with dialogue 
management capabilities, image -, and video processing. During 2023, more than ten thousand new 
applications were released [139]. Obviously, keeping up with all of them is beyond the limits of any human - 
unless AI is involved. In March 2023, OpenAI released yet another state-of-the-art large language model, GPT-
4, equipped with multimodal capabilities and superior performance on benchmarks designed for humans. 
Stanford released Alpaca 7B, a relatively small open-source model that matches the performance of GPT-3.5. 
Concurrently, Google introduced Bard that became Gemini recently - the "creative and helpful collaborator, 
here to supercharge your imagination, boost your productivity, and bring your ideas to life" [140], Chinese 
search engine behemoth Baidu released (just before April 14, 2023) Ernie Bot [141], Alibaba Group introduced 
(April 11, 2023) chatbot Tongyi Qianwen, Sense Time SenseChat [142], and Amazon its new AI application 
Bedrock, which makes available to developers generative tools for creating texts and images.  

Through 2023, Amazon has been offering four AI applications, the native Titan included, and employs 
the most people in AI development – more than both Google and Microsoft [143]. In addition, Amazon has 
been investing massively into the OpenAI rival Anthropic: the September 2023 deal put $1.25 billion into the 
company, the investment to be topped to a maximum of $4 billion, which became a reality at the end of March 
2024. Lacking the capability to develop adequate models independently, companies like Amazon and Microsoft 
have had to act vicariously through others, primarily OpenAI and Anthropic. The two have reaped immense 
benefits by allying with one or the other of these moneyed rivals, and as yet have not seen many downsides 
[144].  

X´s or Elon Musk´s answer to OpenAI´s Chat GPT is Grok - an AI search assistant designed to answer 
your queries while keeping you entertained and engaged. xAI launched the Grok-1.5 chatbot on the social 
media platform X at the end of March 2024, with the enhanced version aiming to surpass current AI 
technologies. On popular benchmarks, Grok-1 is about as capable as Meta’s open-source Llama 2 chatbot 
model and surpasses OpenAI’s GPT-3.5, xAI claims [145]. And thirdly, Databrick released DBRX concurrently, a 
new generative AI model akin to OpenAI’s GPT series and Google’s Gemini. Available on GitHub and the AI dev 
platform Hugging Face for research as well as for commercial use, base (DBRX Base) and fine-tuned (DBRX 
Instruct) versions of DBRX can be run and tuned on public, custom, or otherwise proprietary data. Databricks 
says that it spent roughly $10 million and two months training DBRX, which it claims (quoting from a press 
release) “outperform[s] all existing open source models on standard benchmarks.” But — and here is the 
marketing rub — it’s exceptionally uneasy to use DBRX unless you’re a Databricks customer: to run DBRX in the 
standard configuration, a server or PC with at least four Nvidia H100 GPUs (or any other configuration of GPUs 
that add up to around 320GB of memory) is needed [146]. 

In January 2024, OpenAI has laid another touchstone, launching a specialised AI chatbot store called 
GPT Store that offers a wide range of applications based on advanced AI models such as GPT-4 and DALL-E3 



[147]. The store is accessible free (so far) to subscribers of OpenAI’s premium programs like ChatGPT Plus, 
ChatGPT Enterprise, or ChatGPT Team. The chatbots are categorised into areas such as lifestyle, writing, 
research, programming, and education, democratizing the accessibility of AI technology by enabling users to 
create and utilize custom GPTs tailored to their specific needs. No less importantly, contrary to the initial hype 
surrounding the technology, opening GPT store indicates that in the upcoming years the emphasis will shift 
away from artificial general intelligence (AGI) towards more specialized chatbots designed to meet 
personalized demands. 

As another example of the trend, Google Maps has got an AI boost [148]: immersive view that includes 
street-level imagery and 3D models of any location, live traffic and weather simulations, navigation around 
congestion and unfavorable weather; lens in maps - AI-driven feature for enhanced environmental 
understanding that identifies and labels every object with the camera; improved navigation providing highly 
accurate and detailed maps for navigation, information about local businesses, landmarks, and must-see 
spots, and exploration along the route, including comprehensive information on charging stations and 
compatibility and convenience for electric journey; new areal view API (application programming interface) 
enabling 3D birds-eye view for applications and websites and Google’s AI for object identification and 
extraction; photo-first results for search terms and AI image recognition for accurate matching [149]. 

Concerning image processing, also applications Leonardo AI, Playground AI, Bluewillow AI, Bing AI, 
Adobe Firefly, or Bright AI deserve attention [150]. In March 2024, Google has introduced VideoPoet, literally 
ChatGPT for text-to-video, image-to-video, and video editing [151]. The year-to-year progress in the quality of 
the images and  generated is undeniable [152]. At the beginning of 2024, significant text-to-video applications 
were released: Sora by OpenAI (to be discussed in section (5) [153]), Lumiere by Google [154], and EMO [155]. 
Powered by a state-of-the-art "space-time" neural network and self-suervised learning (its competitors alike), 
Lumiere effortlessly crafts 5-second video clips in one go (Sora works up to 1 minute, but ...). It masters stylized 
generation, video editing, cinemagraphs, and video painting [156]. EMO, short for emote portrait live, is an 
artificial intelligence system developed by researchers at Alibaba’s Institute for Intelligent Computing that 
transforms a single image and audio input into expressive portrait videos. It can take a single portrait photo 
and bring it to life using a direct audio-to-video synthesis approach, bypassing the need for intermediate 3D 
models or facial landmarks. The system ensures seamless frame transitions and consistent identity 
preservation throughout the video, resulting in highly expressive and lifelike animations - not only convincing 
speaking videos but also singing videos in various styles [157]. In the context of this review, it is the state-of-
the-art neural networks and learning strategies allowing for understanding the physical word and variety of 
action scenes [158] - a common ground with approaching to architectural concepts - what makes these 
applications worth attention.   
 In March 2024, OpenAI introduced a new language model, the Voice Engine, which can clone a 
speaker's voice based on just 15 seconds of audio recording. The technology has been successfully tested in 
collaboration with several partners, for example, to create a synthetic voice for a young girl who lost the ability 
to speak normally due to a brain tumor: such is a class of use allowing people with speech disorders to talk in 
a natural-sounding voice that is developed by the Brazilian company Livox. Further applications show in 
education, where it helps generate educational content, or when localizing videos into different languages 
while preserving the speaker's original accent [159]. OpenAI has not yet released the model as a separate 
product because of possible misuse - creating deepfakes as an example. 
 And the race continues; one month later, Microsoft Research introduces VASA-1, which takes a single 
portrait photo and speech audio and produces a hyper-realistic talking face video with precise lip-audio sync, 
lifelike facial behavior, and naturalistic head movements generated in real-time [160]. 

Concurrently, in an interview with Bill Gates, Sam Altman of OpenAI revealed what was coming up in 
GPT-4.5 (or GPT-5) [161]. Altman highlighted integration with other modes of information beyond text, better 
logic and analysis capabilities, and consistency in performance as priorities for AI progress over the next two 
years. OpenAI has already launched image and audio capabilities for their current models; but those 
capabilities will go much further, aligning with people's desire for AI systems engaging with more elements of 
the real world beyond just text. Improving logical reasoning and inferencing is another key priority for the next 
two years. The aim will be for models to become better at analyzing prompts, synthesizing information, and 
drawing insightful conclusions rather than just generating speculative or untrustworthy responses. Hopefully, 
reliability will stem from better reasoning. 

As hectic and chaotic as this overview may seem, actually, it is quite a polished picture - which, 
moreover, skips the field of hardware in general, and (with some exceptions) financing and investments. The 



overview lacks attention to architecture and the development of the built environment: this is not an omission 
or a narrative intention, but an image of reality: abundance and glut on the one side and lagging on the other. 
Architecture and the built environment are on the edge of current attention to application development and 
investment in specialized tools and productive AI environments. 

Spatiality and robotics to enhance AI in architecture 

Also, VR introduces processes of AI-driven 3D model creation: HTC Viverse offers 3D model generators for the 
VR/XR community. AI enables text to be turned into VR 3D models, 2D images transformed into dynamic 3D 
models, and even extract intricate models from videos [162] 

Naturally, AI merges with robotics. Neural networks taking video in and delivering trajectories out have 
taught Figure-1 to make coffee after watching humans at the activity [163]; other repetitive, though variable 
manual tasks can follow to deploy end-to-end AI solutions. Recently, Google DeepMind and Stanford 
researchers introduced Mobile Aloha - an open-source robotic system capable of completing complex tasks 
like cooking, cleaning, and more [164]. Noting deserves that humans remotely controlled the cooking skills.  

 Advancements include AutoRT for data collection, SARA-RT for faster transformers, and RT-Trajectory 
for better motion generalization [165]. The solutions deliver critical improvements in both areas essential for 
progress in AI-driven robotics: improving the robots´ ability to generalize their behavior to novel situations 
and boosting their decision-making speed. The systems also  can understand practical human goals and enable 
robots to gather training data in new environments. 

Nvidia is entering the field of humanoid robotics with the ambitious GR00T project. A new model of 
artificial intelligence is intended to give robots a human level of understanding and dexterity. Machines 
powered by the GR00T will be able to understand natural language and mimic human movements just by 
observing. As a result, they quickly learn the coordination, skills, and other abilities needed to effectively 
navigate, adapt, and interact in the real world. In the training workflow, Nvidia Isaac Lab - a lightweight 
reference application optimized for robot learning - and Nvidia OSMO - a cloud-native workflow orchestration 
platform that scales workloads across distributed environments and coordinates training and inference 
workflows across different Nvidia systems - are involved. Further, Nvidia has established a partnership for this 
project with leading robotics companies such as Figure AI, Boston Dynamics, and Apptronik.  

A general-purpose foundation model designed specifically for humanoid robots, GR00T is trained using 
imitation and transfer learning, which allows humanoid embodiments to learn from a small number of human 
demonstrations. The model leverages reinforcement learning to enhance its understanding and decision-
making abilities. Taking multimodal instructions (including natural language) and past interactions as input, 
GR00T shall generate robot movements by analyzing video data, enhancing further its adaptability and 
responsiveness [166,167,168]. 

Similarly, specific SMLs will likely come into play when developing AI to deploy in architectural 
designing and planning development of the built environment. 

Keeping in mind AI deployment in architecture and the built environment development, the successes 
in robotics deserve particular attention. Imitation-based learning, self-learn, or transfer learning are the 
common denominators: if Figure-1 could have learned to prepare coffee by mimicking a human, AI must be 
capable of learning to develop architectural designs by mimicking human architects at work. Not by a video 
like Figure-1 but by following the progress of the solution in a CAD or VR environment. This learning will 
probably be much more complex and demanding, but ... step-by-step, it will proceed. After all, it should be a 
question of a kind of scaling up.  

Milestones 

In terms of image recognition, it was AlexNet that set a benchmark in 2012 [169]. Designed by Alex Krizhnevsky 
in collaboration with Ilya Sutskever and Geoffrey Hinton, a composition of eight layers, the first five 
convolutional layers, some of them followed by max-pooling layers, and the last three fully connected layers, 
AlexNet competed in the ImageNet Large Scale Visual Recognition Challenge on September 30, 2012. The 
network achieved … an error of 15.3%, more than 10.8 percentage points lower than that of the runner up [59]. 
The paper introducing AlexNet is considered one of the most influential in computer vision, having spurred 
many more papers published employing CNNs and GPUs to accelerate deep learning. As of early 2023, the 
AlexNet paper has been cited over 120,000 times according to Google Scholar [170].  



 When IBM´s Arthur Samuel developed a machine learning system for playing checkers in 1959 [171], 
he used thirty-eight considerations determining the strength of a position – like the number of pieces on each 
side, the spatial distribution of stones, mobility and space, safety and risks, and on. By 1990, the IBM team 
working on the chess supercomputer Deep Blue used eight thousand such considerations. This chess 
evaluation function … probably is more complicated than anything ever described in the computer chess 
literature, put the team lead Feng-hsiung Hsu – and it deserves noting in this paper´s framework that perhaps 
similarly complicated is the structure of considerations on – let´s say – a residential building spatial layout 
development … In Deep Blue nonetheless, those thousands of considerations were brought into balance 
neither by trial and error (as would be typical for reinforcement learning) nor by human labeling of diverse 
alternatives (as in supervised learning) but by imitation of human moves employing one of the that time novel 
machine-learning technologies [172].  
 Fifteen years later, DeepMind´s AlphaGo system finally implemented Arthur Samuel´s vision of a 
system that could concoct its own positional considerations from scratch. Instead of being given a big pile of 
thousands of handcrafted features to consider, it used a deep neural network to automatically identify 
patterns and relationships that make particular moves attractive, the same way AlexNet had identified the 
visual textures and shapes [173].  
 The second and even more important lesson learned shall be a focus on the process instead of the 
output/result, as implemented already in Deep Blue. In October 2017, Google DeepMind brought the proces-
focus instead of the output-result paradigm to a (so far) ultimate level by going through with the playing-
against-itself strategy in AlpahGo Zero [174].   
 AlphaGo combines advanced search tree with deep neural networks. The “policy [neural] network”, 
selects the next move to play, and the “value network”, predicts the winner of the game: a reinforcement-
learning paradigm. Initially, the developers introduced AlphaGo to numerous amateur games to help it develop 
an understanding of the play. Then it played against different versions of itself thousands of times, each time 
learning from its mistakes. Over time, AlphaGo improved and became increasingly stronger and better at 
learning and decision-making. AlphaGo went on to defeat Go world champions in different global arenas and 
arguably became the greatest Go player of all time [175]. AlphaGo Zero is a next-level version of the Go 
software. AlphaGo's team article published in the journal Nature on October 19, 2017 introduced a novel 
learning strategy: by playing games against itself, without using data from human games, AlphaGo Zero 
exceeded all the old versions of AlphaGo in 40 days [176].       
 Combining biological inspiration, cognitive capabilities, adaptability, and open standards that go 
beyond traditional approaches, the distributed intelligence strategy proposed and in development by Verses 
may mark the next milestone, perhaps matching the new theory of mind and brain proposed by Jeff Hawkins 
and the Numenta team; both innovtions presented in sections (3) and (4) of the paper. If these visions prove 
feasible, AGI mght be at hand - and perhaps, an AI breakthrough in architecture and the built environment 
development along with it. Sam Altman claims to see hints of AGI in the embryos of the GPT-5 model. As early 
as 1999, futurist Ray Kurzweil predicted the advent of AGI by 2029. Metaculus, a platform that tries to compile 
various scientific predictions of future developments, said in 2022 that a very weak AGI would be available in 
2042, now the consensus is that it would after all, it could have been created by 2030. However, Niall 
Fergusson states that the brain's "computational capacity" can handle 100 trillion parameters. The current 
most advanced GPT-4 model works with 1 trillion parameters. Handling a hundredfold increase can be 
extremely difficult [177]. 
 The milestones displayed represent a history, in which imitation-based learning and self-learn 
gradually promoted. The history, on the one hand, culminates today in projects like Figure-1, Sara, GR00T, or 
Phoenix (introduced in section (5) of this paper) and, on the other hand, can lay a path to a truly efficient and 
productive deployment of AI in architecture. The second would be a game-changer that would demand the 
abandoning of a substantial proportion of the recent paradigms relying on statistical approach and input-
output pairings, and GANs probably, too. 

The Black Box problem, security issue, and a threat to humanity   

With all these nice results, it is not clear what these models are learning, as Mathew Zeiler puts an issue [178]. 
Inevitably, due to the learning paradigm, AI systems are vulnerable to various types of attacks and data 
"poisoning". In addition, by hostile input or action, an attacker can gain unauthorized access or control over 
the system. 



 Another significant challenge in the development and use of AI systems is the black box problem. 
Retrieving the training stock that cannot be but a pile of digital data, general pre-trained transformers – 
ChatGPT typically - compress the content. This compression is lossy as in the case of jpeg: we can imagine 
ChatGPT as a blurred jpeg of all text information on the web as Ted Chiang [179] puts it. The algorithm 
preserves a part of the information, just as a jpeg preserves much of the information of a higher-resolution 
image, but if looking for the exact bit sequence, it is not there. Only an approximation is always the result. 
However, since this approximation renders in the form of grammatical text, which ChatGPT is excellent at 
producing, it is usually acceptable. It is still a blurry jpeg, but the blurring occurs so that the image as a whole 
does not look less sharp. This comparison to lossy compression is not just a way to understand LLM's ability to 
repackage information found on the web using other words. It is also a way to understand the "hallucinations", 
surprising, or nonsensical answers to factual questions that LLMs are all a bit prone to. These are unsurprising 
results of compression; if a compression algorithm is designed to reconstruct text after 90 % of the original 
has been discarded, a significant portion of what it generates can only be fabricated from scratch. 
 Obviously, such a fabrication is impossible for humans to interpret or understand; a lack of 
transparency and accountability in AI decision-making is a result. Such a threat cannot be overestimated as it 
is inherently embedded in the nature of the learning process. The algorithm does not work - because by 
definition it cannot work - with the categories "true" or "false", but deduces the degree of conformity or 
deviation according to patterns arrived at by own judgment, either without human supervision or under 
human supervision or direction, but always covertly in detail. Confusion of cause and effect in access to the 
data, wether training or task ones, diverting attention to the background of graphic inputs (bokeh) instead of 
their core, or similar is usually shown as the cause.  
 The bokeh salience feature of AI provides a comprehensive clarification of „famous“ Coop 
Himmelb(l)au “machine hallucinations” [10,11,12]. Not the creativity of AI appears, but a misleading 
perception of visual information hidden in the algorithm´s black box; not creativity, but an error and accident. 
Computer hallucinations by unintended bokeh salience are examples of how technology can be misused either 
to manipulate and misinterpret visual information, to fake art, or to distort scientific research. The AI 
development community deserves credit for looking for and already delivering the first applications that solve 
this problem [180,181]. As a response, techniques also evolve that can be used to diagnose problems with the 
network's training, identify biases in its decision-making, or optimize its performance for a specific task [68,69].  
 Starting with "fake news" up to cyber-attacks and war escalations, the issue is much more than 
"hallucinations". It has been nicknamed "Oppenheimer moment" labeling a pivotal event in which a 
breakthrough technology or scientific discovery reaches a level of progress that has far-reaching consequences 
for society, ethics, and humanity. While nuclear technology was used in combat and resulted in hundreds of 
thousands of lives affected, it dramatically changed the world in general having delivered the energy our lives 
would have hardly be the same without. Just as nuclear technology dramatically changed the world in the last 
century, the development of AI is prone to revolutionize everything from industries to culture, politics, and 
humanity in this century and the centuries to come. The nuclear era has raised profound questions about the 
responsible use of scientific discoveries - no reason to exclude AI. Encountering responsibility, AI raises an 
unprecedented question: will man still be the most intelligent creature on the planet? Or, later this year or the 
next, GPT-5 will sideline humanity [182]. Alexander Karp, head of Palantir (founded in 2004 by him and Peter 
Thiel) that provides data mining services to government agencies like the Department of Defense, the FBI, and 
Immigration and Customs Enforcement, recently claimed that we are currently experiencing a kind of 
"Oppenheimer moment" concerning the development of AI for military use and that there is no way for free 
democratic states not to continue developing AI, even if it is a risk to humanity, because other (non-
democratic) countries will certainly not stop their AI development [183]. 
 In addition, an opinion prevails today that technological development (of AI) is ahead of international 
law. Striving to react in practice, at the end of March 2023, Italy blocked ChatGPT [184] to secure the privacy 
of people and tycoons of global business claim pausing "giant AI experiments" - read the development of AI 
for six months [185] to prevent an unmanaged reaching of the singularity phase of AI development, when a 
spontaneous technological growth breaks out, and not only the society begins to be irreversibly changed by 
the effects of technology but humanity loses all control over further development of AI.  
 The subject of concern is not only security immediately, but also the power of the big players in the AI 
field. Elen Musk (who fails to keep up with the cutting edge in this area) asserts (addressing OpenAI) that tech 
giants are inciting existential fears to evade scrutiny [186]. 



 As another example, an issue can be AI enabling cyber criminals to generate lifelike images and make 
convincing videos that impersonate taxpayers to steal their refunds. Tax identity fraud "is a great crime, 
because so many tax refund dollars are transacted" and it's harder to spot suspicious behavior with a once-
per-year transaction, Ari Jacoby, founder and CEO of cybersecurity firm Deduce. Tax professionals may also be 
caught off-guard by cyber criminals trying to get them to hand over sensitive client data by posing as real 
taxpayers. AI is particularly difficult for tax professionals to deal with "because it is self-learning, trying 
techniques and failing until it succeeds" [187].  
 The issue does need to be a straight risk of war. OpenAI's Sora video generator (discussed in section 
(5) of the paper), approaching being available to the public this year as confirmed by the company's chief 
technology officer Mira Murati, illustrates the everyday nature of the fears and risks „at hand“. Concerns arise 
about possible misuse, for example for the creation of deepfake pornography or compromising footage of 
public figures. Polls show that most Americans support introducing regulatory measures and safeguards to 
prevent abuse of AI video-generating tools. More than two-thirds of respondents believe these tools' 
developers should be held legally responsible for any illegal activities. According to cyber experts, there is an 
urgent need to adopt rules for user authentication, content flagging, risk assessment, and restrictions on the 
export of AI-generated videos [188]. 
 Since Italy blocked ChatGPT, the EU - slowly but persistently and consistently as usual – has been 
finding and codifying a balanced approach to AI, which has been treating possible risks in a structured way 
but, at the same time, shading attention to cases where the technology can support the economic 
development, a comprehensive sustainable development, and well-being of the population, has been 
establishing support for the development of AI [189,190,191].  
 Global powers (also) in AI do not lag behind Europe. Significant steps to address the safety and security 
implications of AI have been undertaken including the US/China agreement to prevent the development and 
deployment of AI-powered weaponry that could pose risks to global security [192]. International agreement 
on AI safety gains signatures from 18 countries: the US, UK, and other major powers (excluding China) have 
unveiled a 20-page document with general recommendations for companies developing and deploying AI 
systems. These recommendations include monitoring for abuse, protecting data from tampering, and vetting 
software suppliers [193]. During a British summit, China agreed to work with the United States, the European 
Union, and other countries to collectively manage the risk from AI. This collaborative effort recognizes the 
need for international cooperation in addressing the challenges posed by AI technology [194]. Naturally, on 
national levels, the legislation starves to catch up with the hectic development, too [195].  

Lawsuits 

Obviously, training dataset quality in terms of size, comprehensivity, and relevance is of critical meaning for 
an AI application´s performance. Not always but often, the objects that assemble the set represent the 
intellectual property of respective authors. The authors feel mishandled and affected if someone - no matter 
whether a human or an AI - takes and compiles their creations (or their digital representations) to put them 
on display or to submit them individually. At issue, mainly, is generative AI’s tendency to replicate images, text, 
and more — including copyrighted content — from the data that was used to train it. Indeed, image-generating 
AI models like Midjourney, DALL-E, and Stable Diffusion replicate aspects of images from their training data. 
As a result, together with generative AI entering the mainstream, each new day brings a new lawsuit. 
Microsoft, GitHub, and OpenAI are currently being sued in a class action motion that accuses them of violating 
copyright law by allowing replicating licensed code snippets without providing credit. Two companies behind 
popular AI art tools, Midjourney and Stability AI, are in the crosshairs of a legal case that alleges they infringed 
on the rights of millions of artists by training their tools on web-scraped images. And stock image supplier Getty 
Images took Stability AI to court for reportedly using millions of images from its site without permission to train 
Stable Diffusion, an art-generating AI [196]. 

Let us zoom in: what is the issue? Is it the use of other authors' performance - even though an adaptive 
use? Or is it the use of other authors' performance by a machine - without a creative input of a man? Labeling 
them as paraphrasing, history and present is rich in cases of such use, shall the examples be William-Adolphe 
Bouguereau or Alexandre Cabanel paraphrasing Botticelli´s Birth of Venus, Joos van Cleve´s paraphrasing-
slash-counterfeiting of Leonardo da Vinci´s Mona Lisa, Michal Ozibko paraphrasing Girl with a Pearl Earring by 
Jan Vermeer van Delft, Tadao Cern paraphrasing Selfportrait by Vincent van Gogh, Peter Lindberg featuring 
Julianne Moore in paraphrases of Gustav Klimt´s or Egon Schiele´s portraits, Paul Cezanne paraphrasing Édourd 



Manet´s Olympia paraphrasing Francesco Goya´s Maja, and many others paraphrasing many other works by 
many other authors. Probably none of the cases of paraphrases of authors' works has provoked rejective 
reactions either from the authors (not only because they are often already dead) or from the professional 
public; on the contrary, paraphrases are often perceived as a tribute to the original author. 

It looks like the problem is the machine - the AI taking what it can get. Let's leave aside that that's not 
entirely true either - AI only takes what trainers - supervisors tell it to or allow it to go to if they do not serve 
the AI directly with it. The anonymity of the „independent machine´s“ tackling renders to be the core of the 
issue, underlined by the black-box nature of AI that, in a way, hides even more the author. No wonder then: 
How should AI cope with expectations, and legal paradigms, too, that emerged and evolved without having 
even a glimpse of a notion of something like AI? Maybe general understanding and legal framework only need 
to catch up with a new, unprecedented, and unexpected phenomenon.  

Nevertheless, the latest evolution does not come close to solving the problem, rather the opposite. In 
late December 2023, the New York Times, publisher of the famous newspaper of the same name, filed a 
lawsuit against OpenAI and Microsoft for massive copyright infringement in their ChatGPT and Copilot 
products. The entitlement of the complaint is declared the crucial role independent journalism plays in a 
democratic society and how The New York Times finances its activities: through subscriptions and licensing 
arrangements. Also deploying a subscription model, ChatGPT competes directly with the New York Times. The 
defendants' activities are far from unprofitable: "The use of valuable content belonging to others was 
extremely lucrative for the defendants, ... OpenAI being on track to generate $1 billion in sales by 2023, and 
Microsoft increasing its market value to a record $2.8 trillion (up $1 trillion from a year ago)." the lawsuit states 
[197].  

The infringement is twofold, according to New York Times representatives. Primarily, ChatGPT can 
reproduce copyrighted content "word for word" on a larger than small scale. The difference between how 
search engines treat newspaper content and how a chatbot treats it is obvious. ChatGPT helps a user bypass 
the security of a locked article. Of course, internet search engines also show parts of the text. That is what the 
current online information environment is built on, and the New York Times benefits from it, too. However, 
the snippets that ChatGPT or Bing Chat (later Microsoft Copilot) lists are much longer and thus can be argued 
to infringe significantly on the editorial copyright. The second type of infringement is no less serious, according 
to the NY Times: it is the "hallucinations" that occur in LLMs by the very principle of their operation, generating 
a plausible-looking text, but one that is out of touch with reality [198].     

The New York Times (and Times) lawsuits are not isolated; more news organizations—The Intercept, 
Raw Story, and AlterNet among others—have filed separate lawsuits against OpenAI, alleging ChatGPT-related 
copyright infringement [199]. 
In addition, the allegations are not coming only from outside the AI industry. On the precious 29th day of 
February of the leap year 2024, Elon Musk filed a lawsuit against OpenAI and its CEO Sam Altman, alleging 
they have abandoned the company's founding agreement to pursue AI research not for profit but for the 
benefit of humanity as he, Altman, Greg Brockman, and other co-founders had agreed. [199]. The issue is that 
upon releasing its GPT 4 model, OpenAI Inc. has transformaed into a closed-source de facto subsidiary of the 
largest technology company in the world - Microsoft. The true motivation of the lawsuit may reveal later; at 
the time being, a business motivation cannot be excluded.  

Also, Verses (see section (3) of this paper) asserts that generative AI market leader OpenAI is breaching 
its charter by not engaging with Verses´ revolutionary approach. Having taken a full-page advertisement in the 
New York Times in December 2023 that has been announcing its progress and methods [200], Verses 
challenged OpenAI to cooperate — asking the nonprofit firm to fulfill its charter promise to "stop competing" 
with any "value-aligned, safety-conscious project that comes close to building AGI before we do." Verses 
believes it qualifies for such cooperation and offers collaboration to ensure safe and beneficial AGI 
development. Therefore, the competition is the friction point as Verses with its roughly 100 employees and 
$65 million in revenues feels - no wonder – threatened when entering a battlefield of tycoons. Even if its 
founders are right in theory, there is no guarantee that their approach will take off in the market. 

Big expectations - and challenges       

During the World Economic Forum Davos gathering in 2024, AI was given a big say. Chief AI Scientist at Meta 
Yann LeCun was speaking on the power of open-source AI and how to keep AI progressing fast, CEO of Cohere 
Aidan Gomez assured that AI is about to accelerate even more due to improvements in architecture and 



hardware, Microsoft´s CEO Satya Nadella´s speech presaged how AI can improve lives, from healthcare 
through education to products and services, Rwanda Innovation Minister Paula Ingabire reported on the 
economic boost of the country of up to 6% from leveraging AI, CEO of IBM Arvind Krishna forecasted AI to 
generate 4 trillion dollars of annual productivity in economies worldwide, U.S. Senator of South Dakota Mike 
Rounds asserted that AI will be transformational in healthcare and that the U.S. public will become optimistic 
about AI after seeing the quality-of-life improvements, Qualcomm´s CEO Cristiano Amon explained 
advancements in AI released very recently at CES 2024 [https://www.ces.tech; https://www.ces.tech/] such 
as the ability to have a conversation with one´s car, and Google´s CFO Ruth Porat was bringing to mind the 
importance of cybersecurity and preventing misinformation in the age of AI [201]. 

Exploring the transformative potential of AI on the global economy and humanity, the International 
Monetary Fund expects AI to redraw the map of the world economy. The Fund´s research asserts a global 
employment impact of up to 40% of jobs worldwide and 60% in advanced economies, addressing primarily 
skilled jobs. Advanced economies are expected to experience both significant risks and opportunities from AI 
while emerging markets and developing countries, less exposed to AI, may face less immediate disruption; the 
second, however, are assumed at risk of falling behind due to insufficient infrastructure and skilled labor 
strength. Within countries, AI can exacerbate income and wealth inequality. It can boost the productivity and 
wages of those who can use AI but leave behind those who cannot. Policymakers are requested to address the 
challenges posed by AI and focus on comprehensive social safety nets and retraining programs. A need for 
both developed and developing economies to adapt to the AI era is regarded as urgent. Advanced economies 
are encouraged to focus on AI innovation and regulatory frameworks while emerging and developing 
economies should invest in digital infrastructure and workforce skills.  

However, some skepticism remains as to whether the application of artificial intelligence will usher in 
a new era of sustained acceleration in productivity. US Federal Reserve Chair Jerome Powell’s take last month 
was “probably not in the short run,” though “probably maybe in the longer run.” What deserves attention is 
the emerging major difference between the world’s two largest economies concerning how AI research and 
applications will be funded. And that, in turn, may affect the extent to which experimentation and diffusion of 
generative AI, or that which creates new content, evolves in the US versus China. 

The Chinese Communist Party is making it increasingly clear that it wants to call the shots on how 
capital gets allocated. Beijing reported this week that president Xi Jinping led a call for the party’s Central 
Committee to set up a mechanism to steer technology work in the country. In the meantime, a debate surfaced 
on whether to shut the domestic stock market to initial public offerings—something hardly thinkable in the 
US. American capital markets are just the opposite: a forum that allows anything to happen, including hype 
and mania, as witnessed this week with Nvidia corp.’s record surge. While that makes US markets vulnerable 
to crashes and volatility, it also means they are a venue for funding big dreams. And that may prove decisive 
in determining which of the two big rivals enjoys the productivity gains that—sooner or later—materialize 
from AI. 

And Europe? Rather unexpectedly, Europe shows the capability to attract talented people for AI and 
European education systems prove to be proficient enough to generate about the same amount of top AI 
experts as the US. This good news breaks the notion that Europe is unable to generate experts. However, so 
far only half of them stay to work in Europe. Among other things, this relates to the strength of the capital 
market, the business environment, and the flexibility of jobs and entrepreneurship [202].    

AI market leaders naturally have their ideas about what comes next.  Microsoft and OpenAI (which is 
substantially co-owned by Microsoft [203]) have ambitious plans to collaborate on a massive data center 
project with an estimated cost of up to $100 billion. Aiming to create cutting-edge infrastructure to support 
AI R&D, the AI supercomputer "Stargate" anticipated to be operational by 2028 is at the heart of the project. 
The project budget is not only hundreds of times larger than the cost of any of the existing "competitors"; for 
comparison, it is equal to the gross domestic product of Bulgaria in 2023 [204], leaving behind the gross 
domestic product of two-thirds of the world's national economies. 

With its renowned customer drive and unique ability to connect research and development with 
marketing, Apple Inc. has set teams recently to launch investigating a push into personal AI-driven robotics, a 
field with the potential to become one of the company’s ever-shifting “next big things.” After the electric 
vehicle project gets nixed, the search is on for new growth sources: naturally, AI-driven robotics is the goal - 
and, when it is Apple, where else than in the field of home devices [205]? 

AI has become a phenomenon in economic, cultural, and also political terms. In March 2024, Demis 
Hassabis, co-founder and CEO of Google's AI subsidiary DeepMind, has been knighted for his contributions to 



the field of AI. His work at DeepMind—particularly the development of the AI system AlphaGo—has been 
appreciated as pivotal in advancing AI technology, and the knighthood has been declared to reflect his role in 
positioning the U.K. as a leader in AI research and development. Hassabis´ acknowledgment reflects 
concurrently the broader impact of AI on the global stage, highlighting the significance of AI innovation in 
contemporary society [206]. 

Concurrently, OpenAI´s co-founder and CEO Sam Altman worries about upcoming hardware parts 
shortages that would not allow raising the overall computing power quickly enough accordin to the needs of 
ever-novel and mightier AI algorithms. Proactively, he seeks to raise seven billion USD to establish a bold 
network of chipmakers [207]. In the shadow of AI, the future renders not only intelligent but groundbreakingly 
expansive, too. Symptomatically, the April 3, 2024, magnitude 7.4 Hualien earthquake in Taiwan showed 
Altman´s worries not so detached from reality, though the reasons differed [208]. 

To fully appreciate AI expectations, a look at the amounts being invested is needed. Global corporate 
investment in AI from 2013 to 2022 goes to trillions and starts to be backed by the public sector, too (if Saudi 
Arabian wealth funds are considered public) [209]. Venture capital investors have lavishly funded a pipeline of 
additional upstarts; eight of the most prominent were recently valued at an average of 83 times their projected 
annual revenue in the process. In March 2024, the markets impatiently outlooked the 2023 leading companies´ 
economic results - and breathed a sigh of relief when Nvidia showed to have beaten Aramco (after overtaking 
Amazon and Alphabet six months ago) to become the third-most valuable company in the world. The largest 
technology firms in the world known as the "Magnificent Seven", which includes Microsoft, Apple, Nvidia, 
Alphabet, Amazon, Meta, and Tesla, together have such a huge market value that they would create the 
second-largest stock market in the world only by themselves (the largest being the American New York Stock 
Exchange). The comparison can go further: Microsoft and Apple are each separately valued at a similar value 
to all firms listed on stock exchanges in France, Saudi Arabia, or Great Britain. Deutsche Bank warns that such 
a high concentration of titles has come dangerously close to the levels of 1929 and 2000, when there were 
huge falls in the markets [210]. 

Reminded in the pre-previous subsection, the clashes between tech tycoons may signalize an 
economic „bubble“ in the branch that also current economic data may indicate. Also, the Market cap to GDP 
ratio, nicknamed the Buffet indicator, achieving 193% currently, suggests that the (US) stock market is 
overvalued relative to GDP [211,212]. In addition, primarily the high-performing stocks of the "Magnificent 
Seven" have been driving much of the market growth while other stocks have been stagnating or 
underperforming. Market concentration risk renders apparent, strongly advising spreading investments across 
various sectors and companies; a "bubble" may be looming. Could the turn of AI R&D to new application areas 
- such as architecture and the built environment development - help to avert such negative prospects? 

 



Fig. 2: Studio ZHA: Design idea for a project. Dezeen. 2024. https://www.dezeen.com/2023/04/29/patrik-
schumacher-ai-generated-images-this-week/#disqus_thread. (accessed Nov. 16, 2023) 

AI in architecture and engineering  

The previous subhead demonstrated big expectations the field of AI lives with: nothing similar refers to 
architecture and the built environment development. As annotated in concluding the overview of AI 
production ecosystems, the scale of insight must change to examine this field. 

Among multiple others, also Zaha Hadid (studio) met AI using the technology to render forms not so 
free to cease resembling antic temples patterns that served as imagery datasets to feed the GAN [213]. 
In doctoral research under the supervision of Patrik Schumacher of ZHA in 2017, Daniel Bolojan created 
Parametric Semiology Study using machine learning algorithms and other tools of gaming AI implemented in 
Unity 3D to model the behavior of human agents in order to test the layout of a proposed space [214]. 
 Stanislas Chaillou and Nvidia company, and also others efforted providing AI applications to generate 
floorplans and apartment layouts [215]. ArchiGAN uses generative networks to create 2D and 3D building 
designs based on input parameters such as dimensions and space requirements. Another model is CityGAN, 
which generates drafts of city blocks and buildings. From a practical point of view and concerning the efficiency 
of deployment, the results of both applications are questionable - as in all other similar cases. On the principle 
of image-to-image translation with conditional adversarial networks (CANs), Phillip Isola Research Group [216] 
provided series of machine-generated facades following the “style” and character of the pattern deployed as 
the “input”. [217,218] Introduced by the same team, Pix2Pix is shorthand for an implementation of a generic 
image-to-image translation using CANs [219]. Having investigated building façades generation, the team 
opened the door to architectural designing using GAN. Andrew Witt expanded on this work in his QUILTING 
exhibition; showcased as one linear, endless animation of an urban skyline, larger facade designs were created 
by enlargement of the final layers of Pix2Pix [220].  
 The use of GANs for floorplan recognition and generation was first studied by Zheng and Huang in 
2018 [221]. Their Pix2PixHD [222] GAN architecture transferred floorplan images into programmatic patches 
of colors, and inversely, patches of colors were turned into floorplans. The same year, Nathan Peters [223] in 
his thesis at the Harvard Graduate School of Design researched laying out rooms in a framework of a single-
family home footprint; an empty footprint represented in color patches was the output. Developed in 2019 by 
Kyle Steinfeld [79], GAN Loci tries to generate perspective images-like of urban scenes assembled with given 
facades-like textures, pathways, street furniture, pedestrians, cars, etc., by training to achieve the required 
"mood" - suburban, public park, etc. [224, 225] Blending the outcomes of Isola´s team and Steinfeld´s R&D, 
Sketch2Pix provides an interactive application for architectural sketching augmented by automated image-to-
image translation [226]. 
 Having investigated a different approach, Nono Martinez’s thesis at the Harvard Graduate School of 
Design, 2016, deserves noting [227]. The idea of a human-in-the-loop rests at the heart of the method that 
tackles GAN as a design assistant. Martinez trained models for specific sketching tasks and proposed an 
interface allowing the human designer further "hand-elaborate" the model at any moment of the design 
process. Section (5) of this paper will appreciate and further elaborate the principle of human-in-the-loop. 

Tom Mayne of Morphosis employed AI to develop operational strategies to generate output that could 
never be predicted. The studio developed Combinatorial Design Studies: a Grasshopper definition of one formal 
study elaborated by GAN technology provided a range of further combinatorial options [228]. Characterizing 
the 2010s state-of-the-art AI in architectural designing when giving credit to true creativity, adaptability, and 
intuition of a learning machine, a misconception reveals already at this elementary level when the research´s 
mission statement finds itself in explicit contradiction with the theory that has (yet) not been disproved [229]. 
On the other hand, an approach of the breakthrough paradigm deserves appreciation.  

Foster+Partners, another global-star architectural studio cannot stay aside; in its Applied R+D team 
architects and engineers together with expert programmers combine the best of human intuition and 
computational rigor working with new technologies such as augmented reality, machine learning, and real-
time simulation [230]. 

In terms of practical use, based on the experience from other fields such as image processing, 
predictive simulations have been considered an etalon. ComfortGAN, for example, investigates the challenges 
of predicting a building´s indoor thermal comfort [231]. Also structural design was on the lookout for AI. Using 
variational autoencoders, for instance, research development at MIT investigates how diverse structures can 



be generated while ensuring performance standards [232]. However, due to the essential material liability of 
the structural design, the not yet-solved problems of the algorithm´s black box that do not allow to rely on the 
machine curb so far the deployment of AI in structural design to the theory and conceptual drafting. 

Typically deploying supervised learning, ZMO.AI promises interior design driven by AI that, however, 
soon reveals unable to cope with professional standards [233]. During 2022, hundreds of generative models 
were released to give the year the label: a proportion of them are (separately) no more supported in 2024. 
Stable Diffusion - an unheard-of state-of-the-art AI model available for everyone through a safety-centric open-
source license [234] - has been creating hyperrealistic art, ChatGPT dared to answer questions about the 
meaning of life, and Galactica by Meta has been learning humanity’s scientific knowledge but also revealed 
the limitations of large language models [235]. The innovation arrivals offered hierarchical text-conditional 
image generation with CLIP latents, high-resolution image synthesis with latent diffusion models, a dataset 
(LAION-5B) containing 5.85 billion image-text pairs being used to train models such as Stable Diffusion and 
even CLIP itself, personalizing text-to-image generation using textual inversion, fine-tuning text-to-image 
diffusion models for subject-driven generation, text-to-video generation without text-video data, frame 
interpolation for large motion, trainable "bag-of-freebies“ setting new state-of-the-art for real-time object 
detectors, building open-ended embodied agents with Internet-scale knowledge, human-level play in the game 
of Diplomacy by combining language models with strategic reasoning (Cicero), training language models to 
follow instructions with human feedback, language models for dialog applications, robust speech recognition 
via large-scale weak supervision (Whisper),  instant neural graphics primitives with a multiresolution hash 
encoding, scalable large scene neural view synthesis (Block-NeRF), Text-to-3D using 2D Diffusion 
(DreamFusion), or Point-E - a system for generating 3D point clouds from complex prompts [236]. None of 
these tools adresses the architectural field directly but early-adopting architects are getting acquainted with 
them to learn the benefits they provide: more to be zoomed on in the next section.   
 On an urban scale, attempts are ongoing to contribute by generating "typical style" road- 
and circulation patterns and networks using - among others - the Neural Turtle Graphics. [237,238] Over the 
past decade, the deployment of online platforms has provided an adequate infrastructure to the end users, 
[239] also to deploy Generative AI: (former) Spacemaker [240,241], Cove.tool [242], Giraffe [243], or Creo 
[244] are a few examples of this growing ecosystem, offering simplified access to AI-based predictive models 
[245], generative design, real-time simulation, additive manufacturing, and IoT to iterate faster, reduce costs, 
and improve product.  
 City digital twins are also embracing machine-learning algorithms. Commonly used in engineering and 
manufacturing sectors, digital twins are increasingly being adopted by cities for various purposes including 
emission reduction (from buildings primarily). AI-fostered digital twins also aid municipalities in managing 
traffic effectively, they contribute to economic development planning, assist in climate action planning and 
monitoring, and for facility-management purposes, they represent streets, buildings, trees, fire hydrants, and 
other urban assets, using both live and historical data. Notable city digital twin implementations include Las 
Vegas, Transport for London, and Mannheim. Additionally, ABI Research predicts that over 500 urban digital 
twins will be deployed by 2025, resulting in US$280 billion in savings for city planners by 2030. AI strategies 
and models, in particular, contribute to addressing challenges related to data availability and awareness that 
render crucial for successful adoption of the technology [246]. 
 Block-NeRF is a variant of Neural Radiance Fields that can represent large-scale environments, 
specifically, to render city-scale scenes spanning multiple blocks. Waymo built a grid of Block-NeRFs from 2.8 
million images to create the largest neural scene representation to date, capable of rendering an entire 
neighborhood of San Francisco [247]. 

Not only start-ups, academia, and spin-offs of global architectural star-studios go in for AI: the global 
CAD-tycoon Autodesk runs Machine Intelligence AI Lab – and much of Autodesk´s software, including Fusion 
360, is (said to be) AI-enhanced and applying generative design today [248]. Nonetheless, as broad as all this 
listing may seem, the development of AI for and in AEC is still in its infancy, failing to catch up with LLMs, text-
to-image processing, deployment of AI in internet search, content placement, and advertising, but also 
healthcare, pharmaceuticals, insurance, or justice referring to custody and bail [249]. 

In the narrow field of architecture itself, the results so far are, if anything, lowly. So far, none of the 
above applications has been widely used or appreciated in architectural practice. After years spent studying 
and (sort of) basic researching the limits of deployment of AI in architectural design, Stanislas Chaillou, one of 
the most distinguished protagonists of the field, accepted that AI is not capable of replacing the human 
architect: in architecture (more than in other professions) AI shall not replace human intelligence but augment 



it. The question remains how. Today, as the co-founder of Rayon, a Paris-based startup, sermons building the 
next generation of space design tools - a collaborative, online platform aspiring to provide an updated toolset 
to the "architecture of the 90%" [250] - the production architecture, as this paper puts the term and elaborates 
it later. The results, however, do not seem to be able to address professionals; so far, the application more 
resembles customer "design" tools that furniture producers offer to their clients to ease their purchasing. 
[251,252]    

 
Fig. 3: Svarovska, E.: PromeAI deployment at progressing from a simple volumetric model to near photo-
realistic rendering. Student´s design. Department of Architecture, Faculty of Civil Engineering, CTU in Prague. 
2023. author´s archive. 

A challenge of creativity 

Design starts with a poiétic idea emerging way before any "early stage design" CAD tool can apply. A 
misunderstanding of this starts with missing the poiétic starting points and nature of architecture (as alleged 



in section (3) of this paper), even disregarding the general definition of architecture (as put by Encyclopedia 
Britannica in (3), too). The misconception is widespread and entrenched throughout the AEC field and is close 
to a rule in the CAD field; consequently, the situation cannot be better regarding AI-driven architectural design 
"creative" tools development. Displayed repeatedly in this paper, the intractable situation not only leads to 
wasting efforts on trying to make an algorithm truly creative but, so far, has been sidelining R&D in perspective 
fields such as generative-patterns-based pre-design, design-development support by "advice whispering" - 
continuous parameters assessing, design reviews, and evaluations of solutions or extended-reality 
technologies, imitation-based learning, spatial computing, novel networks- and algorithms paradigms, and 
computing efficiency and performance.  

Nonetheless, the issue of poiésis in architectural designing (section (3) delves into the concept), 
represented by the marginalized phase of pre-parametric, conceptual ideas designing, has been addressed 
recently by Prague, the Czech Republic-based startup Wearrecho [253]. Released towards the end of 2023, 
the 1.0 operational version provides a comprehensive working platform that not only allows architects to make 
architecture as it deserves - from spaces, a diachronic way in space and motion - but also liaises this creative 
realm seamlessly with the parametric BIM domain (Autodesk Revit being the backbone of the latter). The 
unique workflow elaborates a virtual twin of the architecture to be designed; embedded in both domains - 
VR/XR and CAD/BIM - and allowing to be approached in the domain that better accommodates the feature to 
be used, the twin is a dual one keeping all properties and aspects regardless the domain from which they 
originate.  

As inspirations from robotics give rise to the concept of production software for designing the 
development of the built environment as a robot, the question of creativity takes on a new form. Further 
elaborated in section (3) of this paper, poiésis, a precondition of true creativity, precludes parametrization, 
which is a starting point of CAD software. On the other hand, the seamless connectedness of the free, 
diachronic architectural creation and the parametric design realms as provided by Wearrecho may be opening 
a path to grasping at least a part of the domain of true creativity. Until the question is surveyed, the prospects 
shall be kept open considering either state-of-the-art CAD platforms or an extension beyond the parameters 
to become the world in which the design robots will learn and perform. 

So far however, the deployment of AI in architectural designing has been lagging far behind any idea 
of a design robot. After purely experimentally getting acquainted with AI in the 2010s, along with many others 
involved in design disciplines and artistic professions, Zaha Hadid Architects studio adopted AI applications 
such as DALL-E to their standard workflows. The core is project development – support of – using AI images – 
via generating images that step-by-step proceed to articulate expression of the poiésis of the architecture 
within design concepts [254]. The approach sets a clear position in terms of the deployment of AI in 
architecture and artistic design: AI should be embraced by architects rather than met with skepticism or fear 
… „I am not at all worried about facing the newly empowered competition enabled by AI“, Patrik Schumacher 
puts it. On the other hand, a critical voice sounds, too, such as The Guardian's architecture critic Oliver 
Wainwright´s, who claims all this can be dismissed as superficial because it works via mere image generation 
[255], though putting architects´ jobs … at risk [256,257].  

A calm, artisanal point of view can prevail in positive terms: challenging the poiésis – the architectural 
narrative represented by the step-by-step AI-generated images may have the ability to develop the conceptual 
idea more straightforwardly, or, better to say more quickly and more consistently. Labeling the approach as a 
reverse prompting can, perhaps, explain the technology by itself rather understandably. Economizing the 
process is a benefit of AI´s deployment. Simulating human phantasy as this practical use of AI applications 
could be labeled, turns out to be an augmentation of an architect´s creative potential - not replacing him, not 
making an architect obsolete, and not to confuse with true creativity as will be elaborated in section (3) of the 
paper. And the skill of prompting only confirms the role of „a pencil and brush“ in a trained architect´s hand 
in the new era.  

Tools like Lookx.AI and Krea.ai fill the role of the new pencil and brush in a straightforward manner. 
Lookx.AI allows the architect to generate images directly from his Sketchup drafts easily and quickly [258]. 
Furthermore, pairing the first Lookx.ai outputs with Krea.ai can follow [259]. Upscaling, and also enhancing 
details and correcting uneven lines produced by lookx.ai, krea.ai shows promising potential, too. 

Architecture students tend to be early adopters of the new tools. At the School of Architecture, Faculty 
of Civil Engineering, Czech Technical University in Prague, Czech Republic, students use AI tools such as DALL-
E3, PromeAI, Midjourney, Runaway, PhotoshopAI, Adobe Firefly AI, Inpaint AI, or Lookx.AI to shorten the way 
from a simple sketch to materiality-rich rendering or from photo to a video. The benefit is a time cut, valuable 



for architecture students beyond popular opinion, and, in addition, uplift of the results of designs and their 
presentations. A new generation of architects that, instead of fearing AI, will master it as a natural creative 
and economical aid and tool, and will be eager to the advances in the field may enter the practice soon.  

Though only experimentally, to "replace"—or rather enhance—the "traditional design process", an "AI 
design process" is being applied in the studio led by the author of this paper. Starting from the first encounter 
with the client through sketching, development of the CAD/BIM model of the architecture, and its 
visualizations or a tour in VR to final design, diverse AI tools apply concurrently to standard CAD tools like 
Sketchup, Enscape, or Revit, and Wearrecho - a unique working platform developed by the studio´s internal 
startup that through a dual virtual twin of the architecture to be elaborated allows both for free diachronic 
creation of architecture from spaces (in Unreal Engine environment), parametric elaboration of the design (in 
BIM Revit environment), seamless switching between the two environments, and fluent communication 
between the design- and project stakeholders who can join the scene of the design both in place and remotely. 
After Midjourney [260] in the first phase, Stable Diffusion [261] joins the workflow pipeline to get the sketches 
ready for CAD/BIM model development. To provide visualizations or a VR tour, ControlNet [262] joins.  

Beyond practical application, but still, in a very useful manner, studies of Carlos Baňon together with 
his online workshops are leading to mastery in the deployment of Stable Diffusion, Midjourney, and 
ControlNet [263,264]. Text-to-image, diffusion, and other AI tools are gradually entering the role of design 
assistants, quickly and tirelessly, against prompts, delivering variant impressions - depictions of possible 
architectural solutions with different levels of adjacency to the specified spatial parameters. The prompting 
technique improves constantly both in terms of prepared templates and request categories, and user training. 
Nevertheless, not exceptionally, the supplied images are ultimately rejected in general. Even then, the use of 
inspiration can remain. Mastery in using a tool is the challenge, the necessity of the craft and true creativity 
remaining untouched.    

 
Fig. 4: Labbe, J.: Diverse AI-tools deployment at a multi-level design development. Luka Developent Scenario, 
Prague. MS architekti, Prague. 2024. author´s archive. The process launches with a 3D model of the current 
situation of the locality. To be continued in figures 4 to 11. 



 
Fig. 5: Labbe, J.: Diverse AI-tools deployment at a multi-level design development. Luka Developent Scenario, 
Prague. MS architekti, Prague. 2024. author´s archive. Poiétic conceptualization: prompted, Midjourney 
(Model Version 6) offers impressions of the locality development options. The complete workflow in figures 3 
to 11 and in the text, section (2) of the paper. 

 
Fig. 6: Labbe, J.: Diverse AI-tools deployment at a multi-level design development. Luka Developent Scenario, 
Prague. MS architekti, Prague. 2024. author´s archive. Human-in-the-line drafts the volumes/buildings´ 
capacities. The complete workflow in figures 3 to 11 and in the text, section (2) of the paper. 



 
Fig. 7: Labbe, J.: Diverse AI-tools deployment at a multi-level design development. Luka Developent Scenario, 
Prague. MS architekti, Prague. 2024. author´s archive. Respecting the set volumes only loosely, Stable 
Diffusion (3.0) delivers options for the architectural form. The view is set within the prompt. The complete 
workflow in figures 3 to 11 and in the text, section (2) of the paper. 

 
Fig. 8: Labbe, J.: Diverse AI-tools deployment at a multi-level design development. Luka Developent Scenario, 
Prague. MS architekti, Prague. 2024. author´s archive. Respecting the set volumes only loosely, Stable 
Diffusion (3.0) delivers options for the architectural form. Another view set within the prompt. The complete 
workflow in figures 3 to 11 and in the text, section (2) of the paper. 



 
Fig. 9: Labbe, J.: Diverse AI-tools deployment at a multi-level design development. Luka Developent Scenario, 
Prague. MS architekti, Prague. 2024. author´s archive. Based on the outcomes of the previous human-
controlled Stable Diffusion performance, the volumes of the buildings = the geometry of the model is stabilized 
by ControlNet (1.1), the solution to be further developed by Stable Diffusion. The complete workflow in figures 
8 to 11 and in the text, section (2) of the paper. 



 
Fig. 10: Labbe, J.: Diverse AI-tools deployment at a multi-level design development. Luka Developent Scenario, 
Prague. MS architekti, Prague. 2024. author´s archive. A scheme of how AI customizes a 3D model of the 
building. The complete workflow in figures 3 to 11 and in the text, section (2) of the paper. 

 



Fig. 11: Labbe, J.: Diverse AI-tools deployment at a multi-level design development. Luka Developent Scenario, 
Prague. MS architekti, Prague. 2024. author´s archive. The prompt to customize the given 3D model of the 
building. The complete workflow in figures 3 to 11 and in the text, section (2) of the paper. 

 
Fig. 12: Labbe, J.: Diverse AI-tools deployment at a multi-level design development. Luka Developent Scenario, 
Prague. MS architekti, Prague. 2024. author´s archive. The volumes of the buildings = the geometry of the 
model stabilized by ControlNet, Stable Diffusion delivers options for the architectural forms of the buildings. 
The complete workflow in figures 3 to 11 and in the text, section (2) of the paper. 

(3) AI revisited in architectural designing and in general  

Today, the early-adopting professionals are witnessing AI performing well concerning parametric aspects of 
diverse materializations of architecture (such as construction, energy efficiency, daylighting, or noise in 
buildings and neighborhoods) and failing to be effective and productive in conceptual architectural designing. 
Rather than a temporary swing in the performance of particular efforts, it is a consequence of AI applications´ 
developers failing to grasp and follow the starting points and the workflow of creating architecture, be it 
buildings or areas of the built environment. However, the flaws not only stem from the gap between 
understandings of architects on the one hand and AI developers and computer scientists on the other. The 
core is that the truly creative architectural tasks are objectively unsolvable by state-of-the-art AI; two principal 
reasons will be discussed later: unavailability of the computing performance needed and, more substantially, 
the nature of true creativity that state-of-the-art AI algorithms and networks cannot cope with.   

Critical review´s focal perspectives 

To be followed to understand the position and prospects of AI in architecture and the development of the 
built environment, three focal perspectives appear throughout researching the state-of-the-art. Across the 
sections, the critical review must adopt all three viewpoints. 

An architectural design process starts way before the parametrization can involve that lays at the heart 
of all the so-called computer-aided design (CAD) tools and all the existing AI strategies to develop layouts, 
whether in a building or a locality scale. This phase is where authentic creativity – poiésis as Heidegger revives 
the term coined by antic philosophers – applies as opposed to mimetic approaches that represent techné – 
mathematics as well as parametric design whether of spaces division within a building, construction, or 
pattern-based elaborating of architectural form; and, significantly, this is the design phase, which IT AI 
developers, computer scientists, also the general public, and surprisingly, many members of the architectural 
profession are not aware of. The consequences are social – undervaluation of the profession´s members – 
branch´s concerns – sidelining and downgrading of the architectural craft– and the misconception embedded 



in efforts to perform mimetic, parametric ways the authentic creativity that is inherently poiétic. Leaving both 
the social and branch-affecting consequences for else elaboration, the last of the consequences is the first of 
this paper´s critical approach´s starting points. 

Second, in the hectic conditions of rapid development and radical innovations in today's AI scene, 
architecture and built environment development appear not only sidelined but outdated, or perhaps misled 
in terms of technologies applied and considered, too. Leaving aside image-processing tools deployed in 
architectural studios to spare time and boost efficiency in topic researching, ideas thematization, and concept- 
and mood-options articulation, the efforts (though disputable in terms of actual contribution) to deliver 
generative tools to design architecture at least in a form of layouts are stuck in statistical approaches of input-
output pairings implemented by supervised learning algorithms and generative adversarial networks. At the 
same time, impressive results are being achieved in autonomous driving, robotics, gaming, and other areas 
where expert human behavior can serve as a guide. There, instead of supervised learning, which no longer 
enjoys state-of-the-art status, reinforcement learning, self-learning, meta-learning, and other new approaches 
supporting imitation-based- and transfer learning, tree of thoughts, auto-associative, and other revolutionary 
algorithms apply that active and proactive agents perform. These strategies appear to be very adherent to 
architectural design processes; however, the possibility of adopting this class of applications has so far escaped 
the attention. Unlike an autonomous vehicle, a "design robot" would not learn from real-world scenes - it 
would learn from processes - sequels of steps taking place (in the parametric stages of architectural design or 
even before as Wearrecho allows) in a CAD or a VR/XR extended software environment (as annotated in 
section (2) of this paper).  

Overlapping partly (when it comes to architectural design applications) with the second, third starting- 
and focal point of the critical review is the concurrence (already coined as the trinity) of the fundamental 
three- and more-dimensional spatiality and diachrony of both architecture and recently developed virtual 
reality- and spatial computing technologies together with the new theory of human thinking and intelligence 
that may be waiting for implementation in machine learning. 

AI in AEC: Results achieved   

With respect to the undoubted qualifications and ingenuity of the authors, the results of the Phillip Isola 
Research Group, Kyle Steinfeld, the “typical style” road- and circulation patterns and networks delivered by 
Neural Turtle Graphics, and others can be considered interesting outputs of research efforts in computer 
science or perhaps graphics, but only scarce contributions can be identified in terms of architectural workflow 
and solutions. Similarly, the parametric semiology outcomes of Daniel Bolojan or Tom Mayne´s operational 
strategies render too speculative to provide some practical analytical starting point. DeepHimmelb(l)au alike 
early results of ZHA in AI show outputs of hundreds (rather thousands) hours of dedicated work of talented 
multi-expertise teams: outputs (in terms of conceptual approach and contribution – leaving aside the “video 
show” that, factually, has little to do with architecture) that the principal of the studio would sketch by hand 
within half an hour or so - and at the same time, opposed to the AI, would consider the spatial and operational 
concept represented by the sketch.  

So far, the values of deliverables provided by the AI of (former) Spacemaker, Cove.tool, or Creo are 
appear undeniable, though not without caveats. Starting from a better organization of the working 
environment of a design engineer, Creo contributes to the productivity and efficiency of his work by model-
based defining, simulations, additive and subtractive modeling, and manufacturing; Creo fosters the creative 
potential of a designer through generative design [265]. Similarly, Cove.tool, a cloud-based network of tools 
that provides interconnectivity within the teams working in the design and pre-construction cycle on issues of 
daylight, carbon footprint, climate, geometry, HVAC, or cost, delivers performance data of the building 
solutions in real-time, employing AI's power [266]. Nevertheless, being acquainted with the working paradigm 
of Creo or Cove.tool challenges whether it is true AI – in terms of network, algorithm, and the principle of 
training – what makes the software able to deliver: an ordinary rule-based algorithm would provide the same 
information.  

Also famous as the two hundred and forty million acquisition of the tycoon AEC-software-producer 
Autodesk [97], Spacemaker was promising not only to give the architects and developers the automation 
superpower to test design concepts in minutes and explore the best urban design options. It enables users to 
quickly generate, optimize, and iterate on design alternatives, all while considering design criteria and data 



like terrain, maps, wind, lighting, traffic, and zoning, with the help of AI. Utilizing the full potential of the site 
from the start, it allows designers to focus on the creative part of their professional work [267].  

A practical deployment of Spacemaker raised doubts, though: the workflow was the issue. The user 
entered the address of the location and the boundaries of the territory; with the help of an open database like 
OSM, the terrain was generated, and it was also possible to generate existing buildings and structures. Roads 
could be added; buildings could be placed either manually by inserting individual floorplans as objects that 
could not be subject to later adjustments or the buildings could be generated automatically by the software 
based on input parameters entered: width, height, object shape, minimum/maximum number of floors, 
and/or by apartments´ sizes mix. Then the tool generated options for site plans and the user could assess the 
options based on gross- and/or netto-floor area totals and modify the chosen option by some of the spatial 
transformations: shift, rotation, ... Spacemaker evaluated the finally proposed solution in terms of noise, wind, 
sunlight, daylight, and microclimate. Exports of the parameters to Excell and of the model to Autodesk Revit 
or to .ifc format were available. All in all, the evaluations of the designed locality´s microclimate parameters 
and the imports of entry parameters were valuable and efficient functionalities. What happened in between - 
how the design came to existence, Pavel Shaban of MS architekti [268], a Prague/Czech Republic-based 
architectural studio claims, could suit a shortsighted real estate trafficker, but it was far from a creative and 
responsible architect´s workflow: in short, a comprehensively sustainable built environment develops along a 
grid-and-grain public space structure and not vice versa. A network and profiles of vital, livable, and 
responsible public space do not fall from the skies nor emerge by chance. The public space - streets, squares, 
parks, places, public amenities areas, ... - has to be designed carefully, responsibly, considerably, and poetically 
first, to adopt particular buildings only after [269]. However, this is a process that Spacemaker not only did not 
support but also did not allow.  

The career of the startup Spacemaker was brilliant - the life of the tool was short. Shortly after the 
acquisition by Autodesk, Spacemaker "dissolved" into Autodesk Forma, a cloud-based early-stage planning 
and design software [270], a more advanced successor to the former Autodesk Formit. 

The presentation of Carlos Baňon´s achievements in mastering Midjourney, Satble Diffusion, and 
ControlNet are impressive [271]. However, delving into the proposals delivered fails to reveal a true 
architecture - if not added by a human architect in the loop. In general: the more impressive the performance 
of a generative application presented by the developer, the more essential for the user is to understand that 
it is just a tool at the designer´s hand, not a feature that could make the human author redundant. 

Similarly, up-to-date AI applications to generate floorplans and apartment layouts emerge to be 
ambivalent when it comes to the effectivity and practical usability of their outputs: tens of options are 
delivered to ease an architect´s task when taking over a load of mechanical generating various options and to 
be considered by him finally [272] – appearing prematurely published if not useless at the end. On the other 
hand, when designing the furniture layouts of a prepared floorplan, results that are more satisfactory emerge: 
as a rule, a corrective AI tool instructed through careful and detailed prompts by a human architect renders 
more capable than a conceptual one - better to say, it provides usable output, unlike a conceptual AI tool. 



 
Fig. 13: Real-time analysis and visual information about design proposals. Autodesk Forma: Cloud-based 
software for early-stage planning and design. 2023. https://www.autodesk.com/products/forma 
/overview?term=1-YEAR&tab=subscription&plc=SPCMKR. (accessed Nov. 3, 2024) 

Mimicking the workflow 

Opposed to fine arts, literature, poetry, dance, or drama, whose production is only consumed, architecture is 
always also used. The "almost consumer goods" characteristic may turn attention to the processes of emerging 
the architecture – rather than its final form. Subsequently, deploying algorithms (even rule-based algorithms 
that do not bear the characteristics of AI), pre-defining parameters, and patterns in the design process come 
into consideration. 

One of the first authors and researchers active in this field was Makoto Sei Watanabe already in the 
1990s [273]; however, having focused on machine-aided design rather than on analyses and the use of 
patterns, he remained unsatisfied with what AI was able to deliver in terms of design compared to the intuition 
of the (human) architect. Others, like Immanuel Goh or Andrea Banzi searched for explicit rules-scripting-
based design generators working with inferred rules drawn from the dataset of samples. Not a patterns´ 
assessment and appropriation, but recognizing the internal logic of the pattern, and then extrapolating a 
broader design based on that logic that could potentially continue forever ... [274] in reality failing to contribute 
to the design practice eventually.  

Recently, XKool, an AI startup in Shenzhen, China, developed a web-based platform for using AI across 
a range of tasks from architecture to urban design [275]. Though not-so-easy to be used practically or to be 
tested by non-Chinese residents [276], the approach of the studio and results achieved so far by the 
application awaken hope to overcome the lack of attention to the immense richness of patterns provided by 
the existing building stock and design representations. XKool appears an efficient AI application for 
architectural design, streamlining the design process and making it more efficient in terms of both analyzing a 
vast range of possibilities and generating designs (or pre-designs, more accurately said) based on samples – 
to evaluate and return the most suitable outcomes, and, moreover, to develop them further according to the 
given constraints [277]. XKool´s way of working is revolutionary - and no worry that the outcomes do not look 
very novel as a rule: the core is it copes with the "consumer goods" characteristics of the design category. The 
mission to challenge "the architect genius" [278] that, so far, has been the motivation behind the efforts to 
develop an AI-based design tool (almost) as a rule, shows debunked by XKool approach and results achieved. 



In general, a new approach emerges consisting of AI "designing" by - first - delivering pre-designs, it is solutions 
close to set parameters - as close as the available patterns allow, and then - second - "assisting" the human 
designer in adapting the pre-designs, tailoring the final, specific solution; the nature of the "assisting" is 
quantitative, parametric assessment, feedback concerning the goals and result assessment including finding 
the system of criteria, specification of the particular criteria, and evaluation criteria sets that AI can develop 
and complete continuously. The patterns-oriented approach, when confirmed and developed, and developed 
the patterns stock – libraries of parametric examples, representations of solutions existing so far, promises to 
bring a paradigm change within AI in architecture and AECO (architecture, engineering, construction, and 
operation) ; more to be elaborated in section (4) of the paper. 

Ultimately, not only solution patterns - layouts, computer 3D models of architecture - can and should 
be mimicked. Examples of robots mimicking humans in diverse activities - Figure-1 preparing coffee as an 
example together with diverse self-learn and imitation-based learning strategies, as introduced in section (2) 
of this paper, suggest focusing on the design process itself. Opposed to the Figure-1 case, learning will not take 
place by observing a person at work (with a video camera), indeed: it will be the steps of design development 
proceeding in the CAD or an into VR/XR extended environment - the sequences of the drafter´s or designer´s 
actions in a parametric design tool, Autocad, Revit, Allplan, or Bentley CAD software typically, or within the 
Wearrecho platform. Such a strategy may sound self-evident: however, it has not yet been implemented for 
architectural design or development planning of the built environment, even experimentally, perhaps with a 
partial exception of the experiments mentioned at the beginning of this sub-chapter, XKool primarily. Finally, 
the proposal of such an approach in this article also makes comprehensible the extensive introduction of 
learning strategies and network types in section (2). If AI in architecture has been dominated by supervised 
learning and GANs so far, the future - and a breakthrough - may be reinforcement learning strategies and 
autoregressive, brain-inspired deep imitation neural networks, attention mechanisms, dual neural circuit 
policy architectures, and transformers (so far dedicated to robotics primarily). 

When AI Works   

Put in the previous sub-section and more in deep elaborated later, the using aspect of architecture is not a 
denial of the poetic essence of architecture. Inevitably, two realms of architectural design and a plan to build 
a building can be identified and distinguished; the first one comprises properties and performances that 
concern (even though not exclusively) the use, and the other delivers poiésis, poetry, mood, excitement, or 
experience. The interface between the two realms does not match the interface between architecture, as 
characterized by concerns to use by humans, to human activities and needs, and the communication of 
experiences and ideas by its form, and construction that materializes the architecture. It circumscribes the 
material opposed to the mental, emotional, artistic - whatever you like to call the architectural poetics. E.g., 
set by architecture, the spatial structure of a building gives the ergonomy and efficiency of movement within 
the building: it is the architectural design, not the construction solution that determines these material, 
quantitative parameters of the building. 

Anything material can be parameterized, anything parametric can be quantified, and anything 
quantitative can be compared and evaluated objectively - or at least (very) close to objectively. And this is the 
case for a large part of an architectural design, a proposal of a building or an enclave of the built environment. 
Concerning the quantitative, objective and comparable assessment of the complex of diverse phsical 
performances of buildings´ and built environment´s designs – such as operational and energy efficiency, 
acoustics, ergonomics, daylighting, and other physical benefits that architecture provides to man, community, 
and society – the state-of-the-art performs mature tools related to particular parameters. This is what 
software applications like Cove.tool, Creo, Giraffe, the applications used by MVRDV as outlined further in this 
chapter, and many other tools already introduced and proven in architectural and planning practice deliver, 
though not always distinguishing between physical architectural respects and respects of the construction. 

The construction is another story: parametric, “mathematic” by nature, the mimetic, imitative 
creativity of designing constructions welcomes algorithms and parametric patterns. Such is the starting point 
for the excellence of generative AI software systems, their leading computational approaches being 
optimization and optioneering, analysis and simulation. The examples of most advanced aplications are ETABS, 
SAP 2000, STAAD PRO, RAPT structural engineering software, SCIA Engineer [279], or Tribby3D [280,281]. 
Generative AI may be an approach deployed in multiple structural engineering software tools "from time 
immemorial", however, a black box must not have a final say when it comes to responsibility, such as in the 



case of structural design. So far, “good old” computational practices and rule-based models are proving 
indispensable in this regard.  

Mimetic, too, is urban design, its supportive disciplines being parametric by nature. Examples of 
application of AI in the field have been overviewed in (2) zooming in on tools such as (former) Spacemaker, 
Creo, or Cove.tool – in terms of both succesfull and contributing use of AI and of misconceptions.  

At this point (in previous subsection), Spacemaker "got spanked" for many other AEC software tools 
that are parametric and shorthand imitative by nature and yet they are pushed to architects as creative tools, 
which is not so rare in today´s practice. Fortunately, better cases have been witnessed - also in the deployment 
of Generative AI. MVRDV, Dutch by origin, today a global architectural studio, shows up as a successful 
pathfinder in terms of AI use and development. In response to the need to push the limits of technological 
possibilities for the sake of innovative architecture, MVRDV NEXT - shorthand for New Experimental 
Technologies - was founded in the 2010s as an internal startup. Headed by one of the studio´s partners Sanne 
van den Burgh, a group of in-house specialists develops and implements computational workflows and new 
technologies. Through a mixture of project-based work and standalone computational research, they 
rationalize designs and setup configurations, unlock potentials on an urban and particular buildings´ scale, 
optimize workflows, speed up processes, and make projects more efficient and adaptable in the face of change. 
Represented by projects such as HouseMaker, VillageMaker, The Vertical Village, Barba, Space Fighter, or 
Porocity, and site specifically Rotterdam Rooftops or FAR MAX for Bordeaux, their methods allow the studio 
to explore a future that is equitable, data-driven, and green [282]. Awarded the best skyscraper of 2022 in the 
Emporis Award competition, the MVRDV Valley at the South Axis, the central business district of Amsterdam, 
is a showcase of successful AI technologies deployment alongside authentic architectural creativity. Machine 
analyses allowed for developing a rich, truly sculptural form and maximizing the efficiency of the land´s and 
space´s use while ensuring generous sunlighting and daylighting of all apartments and providing views and 
livable garden terraces to them. In planning the project, a Grasshopper script optimized the architectural form 
and detail to make the construction economical and efficient and to provide for sustainability thus. Alongside 
the comprehensive use of information technology to analyze the tasks and the opportunities and to support 
and streamline the creative design process, the rigorous avoidance of the terms AI and machine learning in 
the studio´s communication is notable [283]. 

 
Fig. 14: Design optioneering. MVRDV NEXT. 2023. https://www.mvrdv.com/projects/515/la-serre. (accessed 
Feb. 18, 2024) 

Computer Consciousness  

Consciousness … is not merely the process of learning. It is not, strangely enough, required for many rather 
complex processes. Conscious focus is required to learn to put together puzzles or play the piano. However, 
after a skill is mastered, it recedes below the horizon into the fuzzy world of the unconscious. As Jaynes [284] 



saw it, a great deal of what is happening to you right now does not seem to be part of your consciousness until 
your attention is drawn to it. What evokes consciousness is an impulse from - or induced by contact of "a self" 
with the external world. Perhaps surprisingly, a physical substance proves herewith to be a prerequisite of 
consciousness; and not only any physical substance, but also a substance that shows a degree of independence 
of the world of its existence [285], but, on the other hand, it can perceive the world around, and can and wants 
to react to it. Posessing an individual, specific history of being in the world and experience, any human 
performs individual and specific relation to the world of his existence - a specific, individual consciousness. 
And a computer? The world is not only World Wide Web and digital data; by far.  

A brief list of a random choice of experiences undoubtedly forming a man´s consciousness: visiting St. 
Peter´s Basilica in Rome, sitting in the silent auditorium of Teatro Olímpico in Vicenza, chatting and drinking 
beer with friends in a pub, walking along Champs Elysées in Paris, jogging in Central Park in NY, a dinner in a 
posh restaurant, a bivac when climbing a mountain, fishing, to fall in love, to have sex, to give birth to a child, 
to raise it, and so on and so on ... When and how will be computers able to grasp such experiences? Erich 
Maria Remarque wrote his novel All Quiet on the Western Front as a veteran of the First World War: is anybody 
prone to pay his reader´s attention through all two hundred pages to a computer´s attempt to catch up? 

Consciousness is also a mind-and-body creation, literally interwoven with the body and the body´s 
support systems, a sort of thing a robot can hardly experience.     

On the other hand, in terms of connectedness with the world around or how the information is coming 
in, a strong parallel exists between a computer and the Neocortex that is the place where the thinking and 
learning of mammals - man not excluded - takes place. Like a computer, the Neocortex has no direct 
informational connection to the physical world: all of the Neocortex's connection to the world around us goes 
(both ways) through the "old brain" the workings of which are much less known than the workings of the 
Neocortex. Could this be significant for the next development of AI? 

Moreover, just as AI can perform complex calculations without understanding arithmetic, creatures 
(including humans) can display finely tuned behavior without understanding why they do so. The rationale for 
their behavior is “free-floating”—implicit in the creatures’ design but not represented in their minds. 
Competence without comprehension is the default in nature [286]. The mental items that populate 
consciousness are more like fiction than accurate representations of reality. Computers may continue to 
increase in competence but hardly will develop genuine comprehension, since they lack the autonomy and 
social practices that have nurtured comprehension in humans. As a result, the computer comprehension can 
never align with the human.  

"Life dwells in stories," Salman Rushdie [287] claims. The qute implies a strong double-sided 
interconnectedness of a real story and life: not only there is not a story that might be considered true (which 
property is in no conflict with phantasy!), which is not embedded in life, but there is also no authentic life that 
not composed of stories - of multiple, intertwinning layers of stories. Yes, there are “life-stories” of computers 
- monotonous, parametric, and boring even if they had not been predictable. 

A sensorical equipment coping with the one of man together with (to some extent) free motion in the 
physical world and physical interaction with it render a precondition for consciousness; a precondition out of 
today´s imagination when it comes to computers. Paradoxically, man in the loop might be a solution at the 
closest at hand. The Neuralink project [288,289] may be the first step: aiming to let people control computers 
with thoughts, the researchers inserted a sensorical and comunicational chip into the first patient´s brain. But 
how many chips in which particular positins in a human brain will do to forward a consciousness to a 
computer? And still then, it would not be the computer´s conscioucness but a consciousness of the human 
that would transmit to the computer. A weird idea ... A quote of Daniel Alarcón for BBC [290] fits: "Here in 
Caribean [a cab driver says], we all have wonderfull stories. Gabo [Gabriel García Márquez] only types well." 
So far, AI is a superb typist - but its stories are only retrieved, moreover, often only stupidly taken over.      
The long story can bear shortening: So far, all the efforts in machine learning have been challenging cognitive 
processes that take place in the (human) Neocortex. Human consciousness, however, also arises outside the 
Neocortex, in the so-called "old brain" as various findings of recent biomedicinal research show [291]. 
Inseparable from receptors, the diverse parts and regions of the "old brain" "think and learn" in ways that are 
far from being revealed (at least as the processes in the Neocortex do) but surely resist any so far thinkable 
imitation by artificial neural networks. As a result, the today-most-promising way to endow a machine with 
consciousness would be a kind of reversion of Elon Musk´s Neuralink project - attaching the ("old") human 
brain to an artificial neural network as its interface to the world and, in addition, as a "co-thinker". Research 



projects like DreamDiffusion [292] generating images from brain EEG signals and MIT´s Mark Harnett´s 
investigation of how electrical activity in mammalian cortical cells helps to produce neural computations that 
give rise to behavior [293] delve into this realm. 

The idea of a truly, in a sense/terms of poiesis creative AI shows rather a naivety.  

Reasoning   

Representing the state-of-the-art deep learning or AI today, GPT (the shortcut for Generative Pre-trained 
Transformer) is a kind of computer program that anticipates what shall continue after particular words or 
phrases; GPT models can create a new text that may look like created by man. It is not about the truth of the 
statement or the text that has been generated respectively (for architecture, authenticity represents “the 
truth”). It is only about the text generated to be in the pre-trained, pre-defined relation to the learning dataset; 
it is about following the pattern that has been discovered in the learning dataset and articulated explicitly in 
the process of training, whether following the criteria of regression (in supervised learning) or cumulative 
reward (in reinforcement learning), or criteria induced based on the analysis of the unlabeled dataset (in 
unsupervised learning). It is the pattern saying what is "correct" and what is "false". And, once we know how 
this "correctness" emerges, we can regard it as "usuality" – which, by the way, is by itself another explication 
that - and why AI is not truly intelligent and cannot truly create, when human intelligence is defined - among 
others - by the ability to think critically, to master successfully unprecedented and unusual situations, to 
articulate unprecedented ideas, and to create, adapt, and transform the living environment; most notably, the 
principle of disruption being inherent to human creativity. 

In general, it has been LLMs what have been seting benchmark recently: not only in terms of 
popularity,  frequency of use, and contribution credited by professionals and general public, but by level of 
development and results achieved, and by volumes of financial investments, too. The amounts provided as 
well as the eagerness to invest exceed any expectation. From technical point of view, a LLM tends to be at 
heart of most AI applications revealed today, not only the so called assistants or personas - digital characters 
that, by means of AI algorithms, imitate the behavior and qualities of a real human persona, used in marketing, 
virtual conversation, conversational interfaces, search, and more.   
 Current language models fall short in understanding aspects of the world not easily described in words, 
and struggle with complex, long-form tasks (as is characteristic, among others, for architecture and the built 
environment). Video sequences offer valuable temporal information absent in language and static images, 
making them attractive for joint modeling with language. Such models could develop an understanding of both 
human textual knowledge and the physical world. However, learning from millions of tokens of video and 
language sequences poses challenges due to memory constraints, computational complexity, and limited 
datasets. Large world model (LWM) is not a specific class of network or a learning strategy, but a deep learning 
model that uses transformer models and is trained using massive datasets by playing a guess-the-next-word 
game with itself over and over again. LWMs provide the ability to generate coherent and contextually 
appropriate responses over extended interactions, giving the impression of understanding or modeling the 
world. However, it’s important to note that these models do not have an understanding of the world in the 
way humans do. They do not have consciousness or beliefs. Instead, they learn patterns from the data they 
are trained on and generate responses based on those patterns [294,295]. 
 Above the business-as-usual and also state-of-the-art R&D, still behind the horizon, there is the vision 
of artificial general intelligence (AGI). The path to the meta is expected to require a different approach than 
today's generative AI models, still - in a way, as reviewed in section (4) - inspired by the McCulloch-Pitts theory 
of neural networks of 1943. Evidence is missing for the assumption that the machine-learning methods behind 
ChatGPT and other advances in AI during the past 20 years could act outside training data, which is considered 
a precondition for AGI. Verses, a California-based cognitive computing company that proposes a paradigm 
shift in the approach to AGI [296]. Specializing in cognitive computing, Verses aims to build next-generation 
intelligent software systems inspired by the wisdom and genius of nature. Within an alternative approach 
called active reference, Verses proposes an unparalleled model, which could resemble the new, in section (4) 
introduced, Hawkins´/Numenta´s theory of mind and brain. The team is working on what it calls distributed 
intelligence, a system that can self-organize and retrain in real-time - identify its mistakes and fix them by re-
training as biological organisms do. Digital intelligence based on a web of intelligent agents is believed to be 
cheaper, more environmentally sustainable, and more geopolitically defensible than one vast system trained 
on billions of data points. To date, Verses has developed Genius, an operating system for "continually learning 



autonomous agents" operating at the edge of the company´s connected devices. Genius combines biological 
inspiration, cognitive capabilities, adaptability, and open standards to create a unique AI platform that goes 
beyond traditional approaches. NASA's Jet Propulsion Laboratory and Volvo are among the beta users of 
Genius. "Minimizing complexity" is what is believed to be the finding of the way at the road fork. Instead of 
building ever-bigger AI models, Verses AI aims to deliver "99% smaller models" without sacrificing quality and 
performance and promises to release a public beta version of Genius in summer 2024 [297]. 
 Verses´ concept of distributed intelligence is closely related to and a predecessor of the field of multi-
agent systems. It executes AI algorithms across multiple nodes or devices that can act independently and 
communicate asynchronously, exploits large-scale computation and spatial distribution of computing 
resources, and, not requiring all relevant data to be aggregated in a single location, it operates on sub-samples 
or hashed impressions of large datasets. Due to its scale and loose coupling, the system of distributed AI is 
robust and elastic. An alternative to it, also (perhaps) inspired by the human brain reasoning strategy similar 
to what Jeff Hawkins proposes [298], decentralized AI also executes algorithms across multiple devices or 
individuals, though, organizing the devices in a network, goes a step forward; it often uses blockchain 
technology to create transparent and secure platforms for collaboration. Both approaches involve distribution, 
distributed AI specifically focuses on solving problems using distributed approaches, whereas decentralized AI 
emphasizes the decentralized execution of AI algorithms [299, 300]. Currently, the second attracted the 
attention of one of the icons of AI, Emad Mostaque, founder and recently CEO of Stability AI who together 
with several high-profile researchers left the company in March 2024 to "pursue decentralized AI" [301]. 

Poiésis: Architectural design within and against AEC ecosystem   

From architecture and urban design over construction and MEP (Mechanical, Electricity, Plumbing), 
environmental, climatic, meteorological, and microclimatic expertise to transportation expertise, economy, 
demography, and sociology, multiple professions engage in the development of the built environment. The 
background of some of the fields is natural sciences whilst, for the others, it is social sciences or even arts – 
poetics or poiésis [302] as will be explained soon. According to the nature of the contribution provided by the 
respective expertise, the design and evaluation approaches range from "hard" to "soft" ones, from 
quantitative, parametric, and material to qualitative and emotional ones. According to such an origin and 
nature, quantitative parameters define the approach as well as the output in some cases, while it is 
manifestations of consciousness in others; let´s call it feelings, moods, or emotions to keep it simple. 
Obviously, as explained in the previous subchapter, manifestations of consciousness resist following 
parametric algorithmization as well as entering datasets.  

There is a saying in Czech that goes something like “Just as one calls into the forest, so it echoes back”. 
A rephrasing of the saying in terms of training dataset and the algorithm may sound you can get the requested 
parametric answers if you address the right question to the correct forest; however, no forest and no question 
exist to give the coveted emotion back - to give it in any situation, not to say an unclear situation, as it is the 
rule with man´s feelings.  

Creativity, to be authentic and true, cannot be but poiétic or poetic [302]. The poetic principle requests 
consciousness together with intention: only consciousness together with intention is able to deliver poiésis 
[285]. In terms of architecture and built environment, consciousness is reserved for a man, or, more precisely, 
to Dasein, as Heidegger coined a proved. An algorithm, however complex and sophisticated is the artificial 
network it works on, can deliver only based on the principle of equality (or similarity, which, however, is only 
a deficient mode of equality) or by random choice. Face-to-face to new solutions, advance knowledge is the 
prerequisite. Prior knowledge is another aptitude reserved for consciousness [285] - to a human, not to a 
machine, and not to an algorithm. No consciousness, no own will, and no true creativity, but algorithms and 
immense data searched through, assessed, and prioritized according to the defined criteria are the attributes 
of today´s AI. And even the state-of-the-art theory does not show a vision of how machines could overcome 
the shortcoming. 
 Inevitably, when deployed on buildings, AI works in some respects and cannot but fail in others. 

Approaching architecture as the most significant among the built environment creators, let us be clear: 
it is not a natural science scheme, algorithm, or calculus that is the architecture´s starting point. Moreover, it 
is not a linear sequence of signs - opposed to speech or text. On the other hand, among many other attributes, 
architecture can be consumer goods, too; and the more a consumer goods a practical architecture shall be, 
the more a pattern, a calculus, and an algorithm contribute to the delivery; but even then, the environment, 



the narrative of the development, and/or the people passing, entering and using the building or the structure 
„make the difference“.  

In theory, architecture unanimously distinguishes from arts. But even so, even when architecture shall 
not be an art like painting, sculpture, drama, dance, or literature, let us not be shy: It is poetics or poiésis as 
Martin Heidegger coins in antic Greek that is the starting point and method of architectural creativity. 
Poetically dwells man, puts it Heidegger [302]: full of merit, yet poetically dwells a man. Poiésis precludes 
algorithm and vice versa, and similarly, a training dataset limits poiésis. By definition, in this regard, as claimed 
above in this section, a dataset must always be far from being comprehensive. Then, it cannot but limit the 
creativity for which,  inevitably, the training dataset is „the whole world“ –  there is nothing beyond.    

Also, Encyclopedia Britannica distinguishes and confirms the emotional, social and societal, non-
parametric nature of architecture, … the art and technique of designing and building, as distinguished from 
the skills associated with construction. [303] The characteristics that distinguish a work of architecture from 
other built structures are (1) the suitability of the work to use by human beings in general and the adaptability 
of it to particular human activities [and needs], ..., and (3) the communication of experience and ideas through 
its form. Obviously, “use by human beings”, “human activities and needs” as well as “communication of 
experiences and ideas” cannot but resist algorithmization as well as digital parametrization. These needs, 
experiences, and ideas tackling and elaboration represent the heart of the initial and most important phase of 
any design process that precedes any parameterization and refuses it. Significantly, this is the phase and 
process that IT and AI developers and computer scientists do not know about (unfortunately, given the decline 
of both the architectural profession and theory during the last 70 years [8,304], a good proportion of architects 
are no better at it): hence, wherefrom the gap (pinpointed in section (1) of the paper) stems in mutual 
understanding of the needs, capabilities, and processes of one and the other expertise involved in the design 
and development of AI tools for architects. To make the long story short: a good proportion of the issue behind 
recent flawed attempts to foster the architectural design process is the AI developer teaching the machine to 
design architecture without knowing what architecture is. 

Among all types and natures of creations by humans, architecture intertwins the most with human 
consciousness; not by accident. In the essay Poetically Dwells Man [302], elaborating further his seminal opus 
Being and Time [285] and the theme of Dasein - being-there or existence in English - after the Second World 
War in relation to the timely and pressing topic of housing, architecture by extension, Heidegger coins the 
concept of das Geviert - the fourfold in English - the union of the earthly and the heavenly, the human and the 
divine in man's existence and in the world of his being - thus, as we have seen, in architecture. This is not only 
another strong argument refuting the vision of architecture created by an algorithm. It is no coincidence that 
materiality manifests itself in both consciousness and architecture: materiality manifests itself in them in the 
same way and is a strong link between them. This recalls the dual nature of architecture - of ideas, emotions, 
and experiences on the one hand and material, physical on the other - that slowly-slowly begins to lead to 
uncovering the feasible way of deployment of AI in architecture and grasping its prospects. 
 Dalibor Vesely featured and reviewed critically another face of architecture´s duality starting in the 
heading of the groundbreaking book Architecture in the Age of Divided Representation The Question of 
Creativity in the Shadow of Production [305]. Creativity never can be substituted by production; however, the 
material side of architecture - its physical properties both in terms of microclimate convenience, durability, 
security, ergonomy, operational efficiency, and sustainability - deserve and are keen to enjoy productivity - 
productivity, that is parametric and algorithms-inclined by nature. 

So far in the field of AI in architecture, as in the whole AEC field, however, all the time only analogical, 
parametric-oriented approaches have been witnessed (the differences between diverse neural networks and 
AI algorithms, as outlined in (1) make no difference in this regard). Tackling data by a computational algorithm 
can provide poetics only by chance and randomly. It is not a question of learning or training; by definition, a 
poetic "output" cannot be trained. Even if bokeh salience offers a "hallucination", it's not poiesis nor a creative 
act; it's just a random interpretation of training data that we only additionally realize it was misleading. In a 
conclusion, the idea of a creative contribution of AI to conceptual architectural design is debunked; and 
together with it the theoretical collateral and all the AI´s outputs in the field so far. On the other hand, 
debunking the vision of AI or an AI´s "superuser" replacing "the architect genius" [306] as erroneous should 
not prevent algorithmizing and machine-generating what fits; and this is the physical aspect of architecture.  

(4) Prospects   



So far, slowly, AI has been showing helpful in architectural practice regarding imagery and parametric analyses 
- and failing when it comes to spatial creativity. However, what else is at the heart of architecture but physical 
spaces? Previous sections of the paper strived to lay a base to elaborate interconnectedness of spatiality 
(physical, three- or more-dimensional, when time and other-than-sight senses are included) that the 
Introduction features tentatively in terms of first, architectural space as such and its embeddedness in public 
space, second, the computer technology of virtual and extended reality that provides an unprecedented 
opportunity to tackle the space instantly (not only through its representations as has been the rule so far), and 
third, the recently disclosed essential spatiality of thinking (and of "intelligent computing" thus). Now it is time 
to zoom in on the third area.       

Catching up with the human brain 

In 1943, neurophysiologist and cybernetician of the University of Illinois at Chicago Warren McCulloch and 
self-taught logician and cognitive psychologist Walter Pitts published the foundations-laying article A Logical 
Calculus of the Ideas Immitent in Nervous Activity [307]. Building on Allan Turing´s work On Computable 
Numbers [308], McCulloch´s and Pitt´s paper set a path to describe cognitive functions in abstract terms 
showing that simple elements connected in a network can have a huge computational capacity. The 
computational model that is the core of the McCulloch-Pitts theory of neural networks stems from the idea 
that neurons in the brain can be considered as simple binary switches that either fire or do not fire, depending 
on the input they receive. Within the already lively community of biophysicists doing mathematical work on 
neural networks at that time, McCulloch and Pitts´ approach was novel in their use of logic and computation 
to understand neural, and thus mental, activity. Their contribution included [a] a formalism whose refinement 
and generalization led to the notion of finite automata (an important formalism in computability theory), [b] 
a technique that inspired the notion of logic design (a fundamental part of modern computer design), [c] the 
first use of computation to address the mind–body problem, and [d] the first modern computational theory of 
mind and brain [309, 310]. 

The McCulloch-Pitts theory of neural networks is a useful computational model that has been 
influential in the development of artificial neural networks. Emphasized their neurobiological aspects, artificial 
neural networks are modeled after the computational principles of the brain (as McCulloch and Pitts imagined 
them), with the specific aim of understanding and replicating human abilities. Such neural networks are being 
used for many machine learning tasks such as function approximation and pattern recognition - see for 
example [60,65,311]. However, these ideas no longer correspond to the state-of-the-art description of how 
the human brain works: the updated knowledge delivers an essentially different model. Since 1990s, Jeff 
Hawkins and the by him founded Numenta company develop neuroscience to dramatically increase 
performance and unlock new capabilities within the AI realm [298]. The field of their research is, first and 
foremost, Neocortex. The mantle of the large brain (telencephalon), also known as the cerebral cortex, 
phylogenetically the youngest part of the central nervous system, Neocortex can only be found in mammals 
to be fundamentally involved in functions such as perception, learning, memory, thinking, and others, unlike 
the "old brain" inherited by Synapsida (and mammals) from Amniota reptiles in the Late Carboniferous period. 

First identified by Mountcastle in 1957, the fundamental "processor" of cognitive functions is Vertical 
Column (also called Cortical Column or Module) [312, 313], composed of six differntiated layers of neurons 
making together two to three mm of the human grey matter. There are roughly 150.000 Vertical Columns in 
Neocortex, interconnected mutually by dendrits and by axons that also, mediated by the cortical projection 
areas of "the old brain", ensure the transmission of information from sensory cells, to locomotor apparatus, 
and the like. [t] This apparatus "thinks" by creating - learning models of the objects encountered - a spatial, 
three- or more-dimensional object is the result - and [u] placing them into reference frameworks. [v] Learning 
runs in motion concerning the object to be learned, in other words, learnig happens diachronically; [w] 
movement and perceiving run repeatedly and continuously update the model - as opposed to one-time 
training and "freezing" of todays AI models. [x] All senses that can are involved, within a breakthrough machine 
learning, novel types of sensors - radar as an example - can adjoin. [y] In our knowledge, there is not just one 
model for a particular object of reality: knowledge about particular object is distributed across many 
complementary models learned by many Vertical Columns. The structure of the Neocortex comprehending 
many models offers flexibility. [z] The key to making the many-model system work is "poll" or "conciliation". 
Each column works independently to some extent, but the extensive connections in Neocortex allow the 
columns to coordinate the perceiving. 



The discrete nature of the Neocortex, or the complex of human cognitive processes, deserves 
emphasizing. At any moment in time, some neurons in the brain are active and others are not. The active 
neurons represent what we are currently thinking and perceiving. Our cognition and thinking is not in direct 
contact with the world around us, including our own body; all information comes to the Neocortex from the 
"old brain underneath", in the knowledge of whose functioning we still have large gaps. Crucially, these 
thoughts and perceptions relate to the brain's model of the world, not the physical world outside the skull. 
The world we live in is a simulation of the real world. This not only provides a state-of-the-art science´s proof 
of Descartes´ philosophical claim "cogito ergo sum" but also shows importance of the comprehensiveness of 
the respective simulation and the at least three-dimensional spatiality of the models and their reference 
frameworks that are the platform on which the simulation takes place.   

A deep mutual interconnectedness shows between three so far discreetly taken realms: spatiality and 
diachrony of thinking and learning, the spatial and diachronic performance of the state-of-the-art immersive 
virtual reality technology, and spatiality and diachrony of architecture. (In all the cases, the spatiality conceives 
three or more dimensions.) The first two spatialities and diachronies apply broadly, and the third renders 
specific for the field reviewed by this paper - architecture and development of the built environment. 
However, the specific concern turns out broad enough as soon as the ubiquity of architecture in terms of 
human life is considered.  

Spatiality and diachrony of thinking and learning surveyed and elaborated by Jeff Hawkins and 
Numenta raise questions that remain sidelined in today´s race for ever-improving LLMs. Though a long way 
since, the current AI models still come from the McCulloch-Pitts essentials derived in the 1940s and 
recapitulated above under [a] to [d] above. However, these principles do not catch up with Hawkins´/Numenta 
model, as characterized by [t] to [z] above. Does this not mean a dead end, or rather a glass ceiling concerning 
development of AI models as practiced so far? Can the processes of tokenization, vectorization, and operation 
of two-dimensional, though in multiple layers arranged neural networks that "power" today's LLMs (and 
image- and video-processing models alike) cope with [t] three-plus-dimensional spatiality and [u] reference 
networks´ embeddedness, [v] diachrony and [w] continuous updating, [x] sensorial and [y] models´ plurality, 
and [z] "conciliation" principle that altogether make learning and thinking run in the human Neocortex?   

The so-much-needed answer to this question does not need to regard the McCulloch-Pitts theory or 
the up-to-date AI networks and algorithms as flawed. The model is the question: AI may be on a similar 
threshold to the next-level development as physics was when Euclidian geometry and Newtonian physics 
showed unable to respond to questions raised by the theory of relativity and quantum physics. In day-to-day 
life, we still follow Newton´s laws and dwell in Euclidian space; to learn the more tricky reality of the universe, 
we strive to get aligned with the Standard model and to put the theory of everything. Vice versa, without 
unraveling the problem of compatibility of the two models of thinking on the one hand and computing on the 
other, not only the AGI but, perhaps, also a fully potent architectural AI may remain just desire. As Abby Betrics 
of The Economist comments on the current state-of-the-art AI models: “[There is] no reason to believe…that 
this is the ultimate neural architecture.” [314].   

Computing performance, impacting the environment        

In 2023, MIT’s Schwarzman College of Computing launched a research delving into the opportunities and 
challenges of the computing age. Steven Gonzalez Monserrate’s case study addresses the environmental, 
social, and health impacts of skyrocketing computing power ubiquitous in contemporary life [315]. Until 2020, 
perhaps 2022, the main consumer of electricity for computing and the main producer of waste heat, burdening 
the environment, was the mining of cryptocurrencies. Since then, machine learning has taken over, and the 
acceleration has accelerated. With AI, energy consumption is skyrocketing and sustainability is at risk. The 
means of mitigation of the unwanted effects ought to comprise but not be limited to efficient model 
architectures, hardware innovations, efficiency policies and regulations, green data centers using renewable 
energy sources, measuring the environmental footprints of the services as a starting point for the impacts´ 
management and control, and - on the other hand - harnessing AI to address sustainability challenges - to 
optimize energy distribution, predict climate patterns, or enhance energy efficiency in buildings.  
 The Biden administration, too, wants to accelerate its conversations with big technology companies 
regarding how to generate more electricity — including nuclear power — to meet the massive energy demands 
of AI [316]. 



The hundreds of GPUs running AI foundation models, LLMs, and other applications consume tens of 
kilowatts of electric energy each, and about 80% of the energy converts into heat to burden the global climate. 
As a popular saying, the energy consumption of Google AI-search tools and LLMs copes with Ireland's total 
consumption. Other elements of the performing AI ecosystem add on top: cloud servers that host the model 
and handle user requests, load balancers distributing incoming requests across multiple servers to ensure 
efficient utilization and prevent overload, networking infrastructure that needs to be robust enough to ensure 
seamless communication between servers, data centers, and clients; this includes routers, switches, and 
firewalls. Then come the storage systems for the models to rely on storage solutions for model checkpoints, 
training data, and other resources; distributed file systems manage large-scale data storage. Database systems 
store metadata, user profiles, and other relevant information; relational databases or NoSQL databases may 
be used. Monitoring and logging tools track system performance, resource usage, and errors; examples include 
Prometheus, Grafana, and ELK stack (Elasticsearch, Logstash, Kibana). Authentication and authorization 
services secure access, services like OAuth, JWT, or API keys authenticate users and authorize their interactions 
with the model. Further, docker containers and Kubernetes orchestration manage deployment, scaling, and 
updates of the model´s instances. Content delivery networks optimize content delivery by caching responses 
closer to users, reducing latency and server load. Backup and disaster recovery systems ensure data integrity 
and system resilience; and other components apply to contribute to the model´s reliable operation [317]. 
 One way or another, despite all the advances in hardware, namely chip performance, AI developers as 
well as hardware producers are increasingly facing the challenge of optimizing the computing performance. 
Nvidia, as has happened to be a rule, has hurried up to lend a hand: its Blackwell is four times faster than the 
previous model Hopper. The Blackwell transformer engine utilizes fine-grain scaling techniques called micro-
tensor scaling to optimize performance and accuracy enabling 4-bit floating point precision (FP4). This doubles 
the performance and size of next-generation models that memory can support while maintaining high 
accuracy. Optimized to work with shorter decimal numbers, Blackwell is at 20,000 FLOPS (floating-point 
operations per second) at the 4-bit precision [318]. 

A contribution to higher computing power at lower energy consumption and lesser environmental 
impact is revealed with the development of ternary computing. In the still-emerging field, ternary neural 
networks (TNNs) make deep learning more resource-efficient using only ternary weights and activations 
instead of traditional binary values. The models match full-precision transformers in terms of perplexity with 
the student TNN learning to mimic the behavior of a teacher network without using any multiplications. In 
addition, TNNs inherently prune smaller weights during training, making them more energy-efficient; ternary 
LLMs offer the potential for orders of magnitude faster inference and significantly improved power efficiency.  

Samsung-backed researchers have debuted ternary semiconductor design, introducing a 1-bit LLM 
variant - BitNet b1.58. The 1.58-bit LLM defines a new scaling law and a recipe for training new generations of 
LLMs that are both high-performance and cost-effective. Furthermore, it enables a new computation paradigm 
and opens the door for designing specific hardware optimized for 1-bit LLMs [319]. 

Potentially much more powerful for certain tasks than traditional computers, quantum computers can 
process a vast amount of possibilities simultaneously. Quantum computing is a type of computing that uses 
quantum-mechanical phenomena, such as superposition and entanglement, to perform operations on data. 
While traditional computers use bits as the smallest unit of data (which can be either 0 or 1), quantum 
computers use quantum bits, or qubits, which can be both 0 and 1 at the same time. The state-of-the-art in 
quantum computing is developing. As for prospects, quantum computing has the potential to revolutionize 
various fields by handling complex problems that are currently unsolvable by classical computers. This includes 
areas like cryptography, drug discovery, financial modeling, AI of course, and more. 

There are still many technical challenges to overcome before they will be ready for widespread use. 
Researchers are making progress in building more stable and larger systems of qubits, which are necessary for 
practical quantum computers. Along the way, there are multiple issues. In the field of error rate, the 
developers proceeded from an error rate of 8×10−3 to 10−5. This is still the beginning; Microsoft has set an error 
rate of 10−8, allowing some useful calculations on a quantum computer. 

Quantum AI is another topic - so far nebulous and full of strong statements. It was very promising 
when for specific processes quantum neural networks needed less learning for the same quality of results than 
traditional networks. However now, Chinese scientists have presented experiments with optical neural 
networks using common light, not individual photons. Such optical neural networks behaved quite similarly to 
quantum ones, including their potential advantages [320]. Therefore, quantum computers will not have an 
easy time showing any advantage.  



There is significant progress in quantum communication and security: 100 kilometers of quantum-
encrypted transfer [321]. And of course, there are turmoils in business, investments, and politics concerning 
quantum computing R&D [322,323,324,325]. 

Not only computing strategies and hardware novelties are trying to enhance machine learning. 
Verses,  a company that develops intelligent software systems based on the wisdom and genius of nature [326], 
proposes revolutionary neural network, learning strategy, and output-delivery technique (that seem inspired 
by Jeff Hawkins´ “A thousand brains” theory) to boost the computing power of its distributed intellignece 
model. Focus on biologically inspired distributed intelligence and transforming disparate data into coherent 
knowledge models are the starting points of Verses´ technology. Introduced in section (3) of this paper, 
patterned after natural systems and neuroscience, Verses´ flagship product - Genius operating system of 
thousands of intelligent agents minimizes complexity to deliver substantially smaller models that compromise 
neither computing power nor the performance quality. 

Extended reality technologies 

Together with the boom of the development of "practical" AI applications offering (though not always 
delivering) contributions to industries, the development of the once-promising technology of virtual and 
extended reality (VR/XR) has met its plateau. Leaving aside entertainment and social media in the metaverse, 
the promises for industry, design, engineering, planning, and architecture have been deferred and the 
development has slowed down as money - immense money dedicated originally to XR technologies has found 
a more promising investment target - AI. 

The impact of the slowdown on AEC is one of the most graving within industries. The material 
architects work with is primarily space. So far, no tool to handle space existed, the only chance has been 
working only with representations of the space - various pictures of it. But a picture and a reality, it is two 
different things. XR allows the architects to work with space as it deserves - in space, motion, and real size - 
for the first time in history. And perhaps even more, the laymen - clients, authorities, the public - appreciate 
the chance to grasp spaces in XR perceiving and to understand the designs before implementation. A state-of-
the-art XR technology [253] provides a break-through in three essential performance areas: (i) instant 
modeling of spaces in space and motion, real size; nothing else even remotely as good exists when it comes 
to conceptual designing; (ii) communication and collaboration in the scene; stakeholders can be in place or 
remote; (iii) seamless integration of XR and BIM environment; high visual quality of rendering of materials, 
surfaces, lighting, day and night, seasons of the year atmospheres is provided within the immerses into the 
virtual reality rendering of the BIM model. Even though however, the penetration of the technology within 
architectural practices and the AEC industry is still low. 

On the brink of 2024, the XR field raises its head and anticipates a breakthrough. It is not only and 
most probably even not primarily about the famous Apple Vision Pro. As these lines are emerging, the entire 
rumor goes about the unprecedented quality of visual perception and (visual) control of action provided by 
the overpriced gadget that, however, so far lacks a sufficiently robust embedding in other than entertainment 
and social realm. The actual starting points are cloud solutions and (another) streaming capacity uprise, and 
spatial computing [327]. Merging the digital and physical realms, the concept of spatial computing is intended 
to allow computers to understand and interact with people more naturally in their everyday environment 
(which, importantly in this paper´s framework, architecture and the built environment articulate). Sensors, 
computer vision, and techniques like augmented reality contribute to this transformative approach [328]. 
Spatial computing, indeed, can be a liaison between XR and AI that was not even hoped for and that not only 
could channel investment flows back to XR but could bring both the technology fields to (another) take off. 

Spatial computing (and the industrial metaverse) is exceptionally prone to adopt beneficially the 
Hawkins´/Numenta model of three-plus-dimensional spatial thinking. Practical results and implementation are 
still far ahead but the motivation for respective R&D is strong: from revolutionizing the ways we interact with 
the world around us - both the real and the not yet implemented - through abilities to drive efficiencies and 
improve processes. Whatever the AI applications and networks to bring architectural designing to the new 
level are or will be, the patterns´ retrieving and elaboration as well as generating, pre-generating for the 
human-in-the-loop engagement, processings´ imitating and transferring, predictive simulations, designs´ 
reviewing and solutions´ evaluating (not only ex-post but real-time, following state trajectories and action 
trajectories), or optimization criteria specifying (all the/and other concepts elaborated later in (4)) will achieve 
(next level of) productivity and efficiency if implemented by spatially structured computing algorithms. 



Space: the essence of architecture  

Along with nature, it is architecture that creates the world of human existence - a space that has three or more 
dimensions with diachronic, sensory and experiential, social, cultural, and other knowledge "inputs" that add 
to the geometric dimensions of the rooms and places we inhabit. The theory of public space puts it clearly: As 
soon as and only exposed in public space, a construction becomes architecture. … Architecture is a physical 
spatial structure created by man, lasting in a given place and resonating with the socio-cultural values of the 
environment, which has the nature of a public space [1].  

Comprehensive spatiality is the key to understanding architecture. (In addition to being worthy of 
emphasis,) the fundamental spatiality of architecture is intertwined with the (above brought about) spatiality 
of our thinking probably more deeply than explored so far: the key may be the spatiality of diachrony, which 
underlies activities both in our cognition of and interaction with the world around us and in their processing 
in the Neocortex. In any case, today, the two are combined with the unprecedented spatiality of perception 
brought about by immersive XR. The processing of spatiality of thinking in AI networks and algorithms should 
naturally embed itself in the computational structures of XR. This will be the next level of both AI and XR; for 
architectural designing, this moment may be a singularity that - unlike the often futile catching up with human 
to date - will bring real breakthroughs that will provide the unexpected. 

Nonetheless, the technological breakthrough alone will hardly be enough. An adoption of the 
unprecedented creative tools and possibilities by the industry will be needed. Today, architects should be truly 
motivated to bring their field and prefession to summum templum architecturae after decades of sidelining 
again [8,304]. It is time for architects to prove Rutger Bregman err when saying  that the real crisis [of our 
times] is that we can’t come up with anything better [7]." It is time for architects to grasp the singularity given 
by the encounter of the trinity of three- and more-dimensional spatiality and diachrony (the term coined in 
the Introduction to this paper) with the acute opportunities to overcome the lasting lapse of attention to the 
poiétic nature of architectural creation and to employ in architecture and the built environment development 
not the "proven" but the state-of-the-art deep-learning strategies (as identified in the introduction to section 
(3) of this paper). 

Design patterns: lessons that have been skipped mistakenly      

Opposed to the "sky is the limit" architectures whose form is often pre-defined neither by existing neighboring 
structures nor by short-term financial perspectives and approaches, there are architectures – buildings 
designed and constructed according to given spatial conditions, terms of future usage, and strict economic 
templates. In fact, this is the case for the vast majority of architectures - which, nevertheless, neither 
diminishes their importance nor makes the role of their architects less responsible and demanding. The vast 
majority of what is being designed, planned, and eventually built to saturate the needs of a growing population 
and living standards in terms of dwelling – it is residential buildings - work, and production – from office 
buildings to production objects - transport and logistics – among others logistic complexes and storage 
facilities - and many other buildings´ typologies falls into the category of mass production and, kind of, 
consumer goods. Such a categorization does not challenge the contribution of the respective authors, 
designers, and planners in terms of "creativity used", craft, and efforts. Many such architectures launch their 
way to existence in architectural competitions - formal and non-formal - and not a few of them get their "five 
minutes of fame" in architectural websites, magazines, and exhibitions; nevertheless, they remain a 
"stardust", a sort of "no name" (except for specialist history scholars or local patriots); not to make anybody 
offended, let us label them "production [ones]" - production architectures and production architects. In a 
consequence, such architectures make the complex performance of the built environment: estimated the 
occurrence of the phenomenon very similarly to Chaillou [329], more than 90 % of the performance in terms 
of environmental impacts, sustainability, and macro economy, but also the majority of the performance in 
social, cultural, and economic terms. It is not the architectural icons but these production architectures that 
the entire population is exposed to on a day-to-day basis – at home, at work, at school, at leisure and social 
activities, at commuting, at going in for sports and recreational activities, and at walking pets as well as at 
tackling the household budgets. In terms of design and planning, the obvious richness of examples and models 
may balance the complexity of multiple limits and constraints that intervene in the design process; however, 
it does not make a creative architectural approach redundant or expendable.  

Until recently, little was more overlooked in the field of AI than this opportunity and challenge - both 
in architectural and planning practice and in research and tools and processing standards development.  



Further discussed in section (5) of this paper, a vast and promising field of pattern-based AI-driven 
development of architectural designing reveals. Advanced reinforcement learning techniques, imitation-based 
learning, self-learn, and transfer learning strategies shall take over R&D in AI in architecture to concentrate 
not only on the input-output images´ pairings but primarily on the design development processes. AI-driven 
robotics shall be welcomed as the inspiration. The performance of advanced reinforcement-learning agents 
becomes the focal point: instead of complementarily to general models, particular studios and architects can 
be equipped with specific, personalized design assistants that may enhance general craft on the one hand and 
specific knowledge and skills on the other. Fostering, fine-tuning, and strengthening the unique capabilities 
and talents of particular architectural studios and individuals is an image of the future of the profession and 
the branch that, as a concept and in its consequences, may resist understanding and grasping today; a true, 
game-changing breakthrough. 

Advice Whispering 

Not a straightforward supervised-learned layout outputs deriving from image inputs that section (5) discusses 
as a dead-end but "sampling" of generative patterns = already existing solutions, selected by AI as the most 
suitable not only in terms of floor-plan or/and spatial solutions but in terms of structural solutions, too, and, 
even more importantly, learning the techniques of design development appears a key. Based on the given goal 
parameters and constraints, an adaptation (first human, soon AI-supported, and finally AI-driven) of selected 
patterns is proposed. 

Moreover, both the selection and adaptation processes interweave with outcomes and adaptation 
solutions evaluation in terms of microclimate qualities – daylight and sunshine, or temperature stability – 
energy efficiency and consumption, acoustics, as well as area capacity and other qualities of the solution in 
process. An ability to infer the properties of the solution to which the design development is heading – whether 
led by a human or AI – stemming from the experience gained in learning on a set of solutions is natural to 
advanced AI models. The predictive inference can be available starting from the earliest phases of design – 
from the first sketch in terms of how a human drafts and develops a design. AI can go conveying the inference 
continuously in a way we can call whispering, providing the designer – human as well as AI – with 
comprehensive feedback on his or its design decisions and heading of the design. This way, the design will be 
optimized not in the mode try – error – correction – another error – another correction – and so forth till the 
designer is satisfied with the feedback parameters or too tired to continue trying, which is the state-of-the-art 
today, but continuously. The effect in terms of time and cost spent, and quality of the solution achieved is 
obvious and huge. 
 However, challenges remain: how to access the immense sum of the preceeding architectures records 
when a paradigm of protecting the authorship by hiding the representations of the architecture designed to 
the public. In this respect, the approach of the architectural community contrasts the approach of the IT 
developers community. Even the law contributes the „jealousy“ approach – „jealousy“ compared to the liberal 
approach of the IT developers community – of architects to the outputs of their work puting that an 
architectural drawing is an author´s work, whilst a software code is not. However, the IT developers’ 
community feels no disadvantage: the opposite is the reality. IT developers are used to providing each other 
with their achievements in widely shared libraries; Github [330], Gitlab [331], or Patternforge [332], and many 
others are the platforms. Who makes the profit are not only particular IT developers that can fulfill their tasks 
and achieve goals more quickly, with less effort, and for lower cost, whilst making available the results of their 
previous work costs them nothing; the whole field makes a profit developing quicklier and better, a more 
efficient way based on the joint efforts of all memebers of the community. The perspective of the benefit of 
free approach to the existing solutions – in particular parametric representations of architectures both built 
and only designed - appears an incentive for reconsideration current approaches in terms of architectural 
design – and whole AEC, too. A particular architecture is „a product“ of public space, public space is outlined 
by particular architectures, and public space is, as a substance, an inclusive goods that all people are entitled 
– and welcome! – to use. So why not to share „all architectures“, too – at least virtually. 

Debunked the vision of AI replacing „the architect genius“ [306], the supreme involvement and role of 
a human in a creative process remains untouched or, better to say, becomes upgraded. Maybe it is not always 
„the genius“ – sometimes it may be rather a craftsman -  but it is only his intuition, creativity – however you 
want to address it – that makes the authentic poiésis of architecture real. Opposed to poetic, authentic 
architectural creativity, the nature of design development of parametric and material aspects of architecture 



is mimetic – developing patterns in an imitative way by definition: it is the field for AI. The parametric aspect 
of architecture may become "an output" of AI; to be authentic, the poiétic aspect must always be a humn 
creativity issue - and consequently, the whole architecture, too. Today, architecture as an inherently 
comprehensive discipline is developed in teamwork as a rule. Along with the development of AI´s deployment 
in architecture, new roles will emerge: among others the „superuser“ tackling the AI, an architect with a strong 
IT background, or an IT expert with a strong architectural background. Nonetheless, the „superuser“ will 
replace the leading architect neither in his conceptual role nor in aesthetic respects. The „superuser“ will 
economize leading architect´s efforts and forces for the sake of indispensable creativity. By the way, it is about 
a position that renders to be not so far (though undoubtedly distinct) from today´s BIM (Building Information 
Management) Coordinator …   

Considering the three currently emerging main task-realms for AI in architecture – patterns´ collection 
and choice, patterns´ processing, and patterns´ based continuous evaluation of to-date design outcomes, 
though not yet matured, even only sketches – a prospect for next-generation AI models, learning strategies, 
and (reinforcement learning) agents - apprentices reveals.  

(5) Discussion  

AI is a super-parrot: it is superb in repeating what it has learned, explains Tomas Mikolov in a chat with Dan 
Vavra [105]. In other words, for a Generative Pre-trained Transformer, the magnitude and comprehensiveness 
of the training dataset is the starting point, the algorithm is the method or, running on an artificial neural 
network, the tool respectively, and the computational performance is the limit.  
  Nonetheless, financing appears to be another limit. Touched on in section (2) concerning security 
issues, the Alexander Karp story also illustrates eloquently the economic starting point for the deployment of 
AI in architecture. If he had invested as an architect the same talent, the same significant skills, and the same 
intense effort he put into AI, he would never have become the billionaire he is; most likely, neither he nor any 
of his fellow AI tycoons would become a billionaire also in the field of built environment development. 
Obviously, in economic and investment attractivity terms, designing architecture and even developing real 
estate cannot compete with data mining (not only) to ensure national security.  

Obviously?  The United States allocates approximately three percent of its gross domestic product 
(GDP) to defense outlays [333]. On the other hand, the finance, insurance, real estate, rental, and leasing 
industries (that one way or another could not perform without architects) contributed to the US GDP at 20.2 
percent, and the construction industry alone at approximately four percent [334,335]. The only objective 
justification for consistently underestimating, even ignoring the potential of monetizable or otherwise tangible 
benefits of architectural designing and the built environment development can only stem from mistrust or 
even rejection of a possibility of improvement in their performance. These benefits can be economic, 
environmental, cultural, and social. Climate change has turned attention to the issues of environmental 
impacts and sustainability of construction: even in these respects, there are still no major efforts to improve 
the performance of architectural design and construction planning by applying machine learning. Other 
aspects of the built environment development and architecture remain oblivious to AI; better to say, AI 
remains oblivious to these fields. Any doubt that this deserves to be changed? Cui bonum? What profession 
shall intervene? Or is it a public interest, and the governments shall act? 

Employing another, more technical perspective, the market potential of AI in architecture and built 
environment development should bear a comparison with the BIM software market. Providing advanced 3D 
modeling solutions for architecture, engineering, and construction professionals, the BIM software market 
was valued at $5.2 billion in 2019 and $5.71 billion in 2020; the projected BIM for 2027 is $11.96 billion with 
a compound annual growth rate (CAGR) from 2020 to 2027 of 11.1%. Another study suggests that the BIM 
software market was valued at USD 9,665 billion in 2021 and is expected to reach as high as USD 23,950 billion 
by 2027, with a projected CAGR of 16.33% [336,337]. Enhancing operational performance, decision-making, 
cost estimation, and collaboration, BIM software tools are benefiting from government support. Appreciating 
its boost for operational efficiency and (accelerated during the COVID-19 pandemic) remote collaboration 
support, private builders’ implementation further contributes to the BIM software market growth. All these 
incentives could apply to AI´s support for the professions involved; nonetheless, the reality is still far behind. 
Following the patterns witnessed in the economy of R&D in AI today, a prospect of $10 billion (almost) 
immediate market value should be able to attract some half-trillion in investments. However, architecture and 
the built environment development experience no warm welcome of this kind in AI R&D (and investment). 



Not primarily but still, Carlota Perez's call [338] for understanding AI in a broader context addresses 
the contradiction; though often behind common understanding, architecture and the built environment 
fundamentally contribute to such a context.  

Often regarded as the next technological revolution, AI may be better understood as a pivotal 
development within the ongoing information-communications-technology (ICT) revolution, which began with 
microprocessors in the 1970s. The ICT revolution accelerated in the 1990s when the US government privatized 
the Internet, which led to intensified innovation and globalization. AI may indeed represent a third leap; 
however, it is essential to recognize that ICT has already brought us to the brink of a golden age. Realizing this 
potential hinges on understanding the role of market-shaping public policy during previous technological 
revolutions. Without such policies, AI will fall short of its potential to drive inclusive social and environmental 
progress. The question of whether AI constitutes a new technological revolution remains significant. Early 
stages of revolutions involve creative destruction across the entire economy, not just specific sectors. During 
these periods, new technologies create and eliminate jobs, reshaping industries and regions. To maximize 
social gains, institutions and regulations must guide these technologies. AI relies on a massive energy supply 
and the Internet, which, in turn, depends on powerful microprocessors. These technologies mechanize mental 
work, and their future evolution may combine AI with biotech, new materials, new dwelling concepts, and 
new public spaces (among others) within the context of an ongoing ICT golden age. The historical context 
matters for economic decisions made by investors, firms, governments, and households. For sustainable 
progress, AI’s development must occur within a regulated system, avoiding detachment from the real 
economy, real life that, as reminded, is fundamentally embedded in architecture and the built environment. 

State-of-the-art floorplan generation  

As mentioned in (2), the till recently achieved results of AI´s deployment in architecture show that the so-far-
ruling principle of lossy compression and subsequent "creative" decompression within the supervised (or 
unsupervised) learning has exhausted its possibilities without being able to deliver truly usable results. Not 
only the strategy reduces the comprehensive three-plus-dimesion-spatial architectural task to image 
processing; the training stock is another issue. Hundreds of thousands of images, each labeled by humans, 
that are a precondition for the "statistics" to work properly, are unachievable in real life: unachievable for two 
distinct reasons. First, such images are available on the internet and in public resources in general only very 
sparsely. Training datasets – in section (4) predicted open source platforms pose first questions on materials 
assembly, materials quality, and size. Given state-of-the-art machine learning, the size should (significnatly) 
exceed the Nth power of two, where N is the number of parameters to specify the AI task: thousands rather 
than hundreds of parameters when it comes to the comprehensive parametric and physical structure that 
materializes architecture: a building. Even if it were "only" lower hundreds, the number has a hundred and 
more zeros - a googol: the question of computing power - or rather, the optimization of the parameters 
structure - is immediately raised when googol exceeds the estimate of the number of elementary particles in 
the known universe. Considering the issue of computing power and the needed volumes of training datasets 
combined, the efforts to generate floorplans and apartment layouts using GANs render futile.  
  Stanislas Chaillou carried out and introduced bold research and development [329] as the starting 
point of the „next era“ of his approach to the use of artificial intelligence in architectural design - an approach 
effectuated in co-founding the start-up Rayon (introduced in (2)). Engineering a road map "from the parcel to 
the building footprint, from the footprint to a room split, from a room split to a furnished one," and to a room 
rendering, Chaillou intends to equip the "design pipeline" with a „catalog“ of (four) pre-defined „styles“ to 
satisfy subjective preferences. Further on, "design categories" of „footprint, program, orientation, thickness 
and texture, connectivity, and circulation“ are to be tracked and algorithmized. By reducing the quantity of 
design parameters, the approach successfully deals with the computing power problem. Nonetheless, 
confronting Chaillou´s design categories with the poiétic, truly creative design aspects that, as section (3) of 
this paper recollects, a computer algorithm can never grasp and perform (unless the computer acquires 
consciousness and ability of a true reasoning together with it), reveals another issue instantly. Chaillou´s or, 
better to say, Rayon´s "design pipeline" does not respect the distinction; the design categories lying in or 
running into the sphere of piétic creativity, the "design pipeline" is doomed to provide fruitless outputs at any 
design stage. No matter if "the designer is then invited to “pick” a preferred option and modify it if needed, 
before actioning the next step. Browsing through the generated options however can be frustrating, and time-
consuming," Chaillou admits. "To that end, the set of metrics defined in the “Qualify” chapter can demonstrate 



their full potential here and complement our generation pipeline. By using them as filters, the user can narrow 
down the range of options and find in a matter of seconds the relevant option for its design. This duality of 
Generation-Filtering is where the value of our work gets all the more evidenced: we provide here a complete 
framework, leveraging AI while staying within reach of a standard user. Once filtered according to a given 
criterion (Footprint, Program, Orientation, Thickness & Texture, Connectivity or Circulation), we provide the 
user with a tree-like representation of her/his choice. At the center is a selected option, and around it, its 
nearest neighbors classified according to a user-selected criterion. The user can then narrow down the search 
and find its ideal design option, or select another option within the tree, to recompute the graph."  

As the metrics run into the poiétic creativity sphere, "the set of ... "Quality" metrics" has no "potential 
to complement ... the generation pipeline" in fact – as opposed to Chaillou´s expectations and promises. Not 
only by Chaillou´s application (the Rayon) but by AI generally, in terms of authenticity, poiésis, a truly 
satisfactory output can come into existence only haphazardly. Browsing through piles of substandard 
proposals turns out to be a waste of time and energy, and diversion to man-made modification renders a 
deliverance; the sooner approached, the better. Inevitably, such "design pipeline´s" outputs can only compare 
to AI-generated elevator music: not any architecture an architect would go in for. Only either a layman with 
scanty user experience and cultural background, and lacking outlook can be satisfied with what the algorithm 
performs, or a software professional who, however, appreciates not architecture but how the application 
works and how it produces.  

The gap between architects - and authors across creative fields in general - on the one hand and AI 
applications developers and data scientists on the other renders again. OpenAI revealed the Sora AI application 
[153] in February 2024 that, in response to a text prompt, can create videos up to a minute in length. Sora is 
supposed to be able to generate complex scenes with multiple characters, specific types of movement, and 
precise details of individual objects and backgrounds. "Our model understands not only what the user asked 
for in their input, but also how those things exist in the real world," OpenAI representatives said in a post on 
the company's blog [339]. Impressive: however, a gadget like Sora, anyhow further developed and perfected, 
will never replace author teams headed by Quentin Tarantino or Jonathan Glazer - for reasons starting from 
the simple fact that a prompt that could capture all the poetics that the screenwriter, director, actors, 
cameraman, and other co-creators put into the work would have to be a performance more complex than the 
resulting film itself; as an example, the detail that during the production of the film, the creators communicate 
not only with language but also employing other senses and means of expression, is worth mentioning as an 
illustration. Nonetheless, this does not imply that Sora, as a representative of a class of algorithms, is doomed 
to be useless. The authors can, and probably will use it in place of picture script, as a research tool, as other - 
in addition to natural human senses and communication tools - means of communication.   

In its processes of birth and elaboration, architecture is more similar to filmmaking than a non-
architect would say. In terms of a competent architectural design workflow, by contrast with world imitation- 
and other advanced reinforcement learning strategies, the strategy and the technique recently introduced by 
Chaillou turn out to be a cul-de-sac, and all the other applications, which reduce spatial making to image 
supervised-learning processing, too. 

 
Fig. 15: Supervised-learned GAN: a pattern-driven development from the plot over the building footprint to 
room split and furniture layout. Chaillou. S.: AI + Architecture Towards a New Approach. Academia.edu. 



Harvard GSD, 2019. https://www.academia.edu/39599650/AI_Architecture_Towards_a _New_Approach. 
(accessed Jan 15, 2024)  

R&D Anew 

Being right and wrong at the same time, Chaillou reveals the core of the misconception when concluding his 
paper [329]: ... our belief is that a statistical approach to design conception shapes AI’s potential for 
Architecture. Its less-deterministic and more holistic character is undoubtedly a chance for our field. Rather 
than using machines to optimize a set of variables, relying on them to extract significant qualities and 
mimicking them all along the design process is a paradigm shift. Then, nesting models one after the other will 
ultimately allow ... to encapsulate relevant pieces of expertise. „Relevant pieces of expertise“ is the keyword, 
indeed. However, it is not the expertise hidden in input-output pairings but pieces of expertise representing 
steps and milestones of the (design) process as the AI-driven-robotics benchmarks of Figure-1, GR00T, and 
others introduced within the state-of-the-art (2) section suggest. The statistical approach and supervised-
learned GANs, on the contrary, appear doomed to remain just an etap of the history of the deployment of AI 
in architecture that was treading a dead end. In this field, supervised-learned GANs exhausted their potential 
before they could deliver qualified results.   

New classes of imitation-based learningand self-learning paradigms zooming in on the design-
development processes instead of the results (to be) achieved must be welcome to "customize" the most 
suitable pattern to the requested final proposal. Two kinds of patterns are to be considered. A pattern of an 
existing architectural solution - an existing building, and a pattern of the process of how the solution came to 
existence. Fitting well with the so-far ruling supervised-learning image processing paradigms, the first strategy 
suffers two bottlenecks: computing power needed, further elaborated in the previous subsection, and training 
database availability as annotated in section (4). As the links put it, any attempt to develop with this strategy 
an architectural design of a building from scratch to a 3D model, even to layout drafts only, is doomed to fail. 
However, the task does not need to be so comprehensive. In the production architecture realm, most often a 
similar solution already exists and can be accessed. Launching the design process, this is a step undertaken by 
an experienced professional as a rule. After, the comprehensiveness of the task is reduced to bridging the gaps 
between the pattern and the current brief. Even a simple choice of a convenient sample from a limited 
database provides a significant reduction in the comprehensiveness of the task to be fulfilled. And it is easy to 
imagine that a machine can be fully competent to make the choice.  Then, to bridge the remaining deviation 
from the current brief is easier, indeed. 

The sequence of steps to develop the design up to the requested solution - a 3D model of the building 
or its layouts - is the second pattern. Here, the experience of AI-driven robots will apply. Not the way Figure-
1 has trained the robot to make coffee - taking videos watching humans at the aktivity; unlike an autonomous 
vehicle, a "design robot" would not learn from real-world scenes but "watching" the design-development steps 
in a CAD software o ran into VR/XR extended environment (in the parametric stages of architectural design or 
even before), their sequence, and sequels. This way, either a general algorithm to develop designs from a 
given situation according to the brief or a "private" agent to do this can be designed and trained. A general 
algorithm would learn how diverse designs have been developed, a "private" agent would be an apprentice of 
a particular (human) architect or a studio; the nomenclature of reinforcement learning becomes true to the 
real-life - hence world imitation learning concept. Reinforcement learning, self-learning, meta-learning, and 
other new approaches supporting imitation-based- and transfer learning, tree of thoughts, auto-associative, 
and other revolutionary algorithms that active and proactive agents perform - welcome to the sphere of 
architecture and the built environment development. The possibility of adopting this class of applications has 
so far escaped the attention of the branch; nonetheless, these new strategies appear to be very adherent to 
architectural design processes.  

World imitation learning turns out to be a promising strategy with CAD BIM environment as the world. 
Uniquely parameterized both in terms of geometry and physical properties, i.e. attributes of entities of this 
world, and in terms of their making, i.e. commands and steps of software work, the world of BIM software 
environment is an ideal living or working environment for reinforcement-learning (RL) agents. In implementing 
the strategy, the motivation of the RL agents is crucial. Examples of state/action-related intrinsic motivation 
techniques such as curiosity-driven exploration technique encouraging an RL agent to explore uncharted areas 
of a game world out of curiosity, even if there’s no immediate external reward associated with it, or novelty 
detection technique rewarding intrinsically the agent for encountering novel states or actions that it has not 



encountered before, resemble quite intimately the thoughts of an architect making architecture. Intrinsical 
rewarding of the deep-learning agents emerges as a specific issue at the heart of the models; nonetheless, 
policy-related motivation that modifies the agent’s policy to provide goals due to (extrinsic) rewards for 
learning specific behaviors shall not be ovelooked.  The nature of the rewards fundamentally sets the 
performance of the models: the performance not only in quantitative terms but - more importantly - in terms 
of quality that interconnects the abstract world of AI model with the real world. This renders an essential 
quality for AI models to succeed in architecture, which most probably rests behind the horizon of our 
understanding so far. To launch R&D in this direction, lessons from Claude models fine-tuning using 
constitutional AI and reinforcement learning from human feedback (annotated in section (2) of the paper) 
seem promising, "from human feedback" being the keyword. Also, a full and both-sides understanding of this 
problematics renders a precondition for bridging the gap between architectural and computer-science and -
technic thinking that has been almost a rule in the realm of AI in architecture so far. 

A strategy proposed already in 2016 by Nono Martinez (see section (2) of this paper), human-in-the-
loop renders essential. Starting from following the human-in-the-loop in the phase of "customizing", the 
algorithm shall learn by self-training to master the design process better than the man in the end – hopefully; 
the apprentice surpasses the master and, also uniquely, eventually becomes a personal or home apprentice, 
but his craft can draw on a global background at the same time.  

The basis of the algorithm structure could be a pair of mutually interfering loops: a generative loop 
and an advice-whispering loop, or there can be more advice-whispering loops particularized according to the 
diverse natures of the parameters, which will be "switched-on" only in a cascade. In the beginning, a suitable 
pattern will be selected from the database, which will be tested and optimized due to the specified outlines 
and with respect to a benchmark of independent parameters. The parameters of the spatial structure of the 
proposed building, the parameters of the physical properties of its constructions, and finally the parameters 
of the internal environment in the object will certainly come into consideration. A pragmatic optimization of 
the involved parameters structure appears a key task. 

To take up such a challenge in the architectural design and building planning realm, lessons from the 
in section (2) reminded trailblazers such as AlexNet, Deep Blue, and especially AlphaGo Zero, Figure-1 and 
GR00T have to be learned. The evolutionary algorithms approaches and genetic programming have to undergo 
a deep survey to be subsequently considered as an option. Such a concept ought not to be refused or 
underestimated pointing out the gap between designing production (residential) buildings and playing chess 
or Go on the masters level: deployment of analogical algorithms deserves to be studied thoroughly first. After 
all, given the data format with which the AI algorithms can efficiently work in architecture and built 
environment development, the strategy can be quite straightforward: let BIM CAD software (or an into VR/XR 
extended platform, such as Wearrecho) be a robot! Concurrently, to facilitate the communication between 
the master and the apprentice, SMLs introduced in section (2) of this paper appear to have entered the scene 
just in time. 



 
Fig. 16: From AI-aided to AI-driven architectural design workflow: pattern-based generative predesign – AI-
assisted human-in-the-loop customizing – imitation-based/self-learned processing by reinforcement-learned 
apprentices. graphics Bahdanovich, K. 2024. author´s archive. 

Let BIM CAD software be a robot! 

Current achievements in robotics offer great and straightforwardly transferable inspiration for architectural 
designing. Towards the end of April 2024, headquartered in Vancouver, British Columbia,  Sanctuary AI 
revealed a 7th-generation humanoid robot Phoenix that, after a week-long pilot test in a retail store, completed 
over 110 retail tasks, confirming Sanctuary AI´s mission to create the world’s first human-like intelligence in 
general-purpose robots [340,341]. Its pioneering AI control system Carbon allows the robot to learn and 
automate tasks in less than 24 hours, closely mimicking subsystems found in the human brain, including 
memory, sight, sound, and touch, and incorporating sophisticated human behavioral data-capture 
technologies; subsequently, this high quality, high-fidelity data accelerates the development of foundational 
AI models and customer deployments. Integrating state-of-the-art AI technologies for reasoning, task 
execution, and motion planning, Carbon translates natural language into real-world actions executing 
explainable and auditable reasoning, which ensures transparency and accountability, symbolic and logical 
reasoning coupled with deep learning and reinforcement learning, agency and goal-seeking behaviors, which 
enables autonomous decision-making, and human-in-the-loop supervision, which allows for fine-tuning and 
safety. Sanctuary AI envisions Phoenix as an augmentation to the human workforce; as such, the robot can be 
both directly piloted by humans for specific tasks, operated with a pilot-assistant combining human guidance 
and autonomy, or performing tasks autonomously when supervised by Carbon [342]. A cognitive architecture 
and software platform specifically designed for humanoid general-purpose robots, Carbon leverages symbolic 
reasoning, deep learning, and reinforcement learning to learn from data and improve over time adapting to 
different scenarios and making informed decisions; deep learning recognizes patterns, while reinforcement 
learning guides the robot´s decision-making [343]. Carbon exhibits adaptability and robustness when 



encountering uncertainty or novel situations during learning. It harnesses uncertainty; perhaps surprisingly, 
instruction with inherent uncertainty can promote learning and transfer more effectively than certain 
instruction. Thus, uncertainty triggers curiosity, which, in turn, facilitates learning [344]. To adapt to uncertain 
scenarios, Carbon employs adaptive neuro-fuzzy inference system (ANFIS), a hybrid model combining fuzzy 
logic and neural networks, and extreme learning machine (ELM), a single-layer feedforward neural network. 
These models allow Phoenix to learn from data and adjust its behavior based on uncertainty. Also, providing 
generalization ability, Carbon stands out in responses to novel situations performing goal-oriented behaviors, 
seeking to achieve objectives efficiently [345]. 

The experience of architectural practice combined with the ability to perceive and evaluate the 
processes of making an architectural design, and supported by knowledge of the fundamentals of machine 
and deep learning reads the previous lines as applicable to the work of CAD parametric, BIM software systems 
(or an into VR/XR extended platform, such as in section (2) said Wearrecho) in most, if not all categories and 
aspects. Moreover, a CAD software tool is well parameterized and digitized and, unlike a physical, humanoid 
robot,  does not address gravity issues.  

If understanding the nature of designing architecture and planning the built environment 
development, and comprehending the design- and planning workflow, an architect would appreciate an AI 
apprentice or assistant that would learn and automate tasks in less than 24 hours, closely mimicking the 
master´s attitudes and techniques of making, able to grasp natural language commands and transfer them 
into real-world-design actions, executing transparency and accountability, and, in addition, autonomous 
decision-making. An augmentation to the human workforce, such a design robot could be both directly human-
piloted for specific tasks, operated with a pilot combining human guidance and autonomy, or would perform 
tasks autonomously. Leveraged its symbolic reasoning, deep learning, and reinforcement learning, the 
apprentice or assistant would learn from data and improve over time adapting to different scenarios, 
recognizing patterns, and making informed decisions, exhibiting adaptability and robustness when 
encountering uncertainty or novel situations during learning. On top of it, it would harness uncertainty when 
instruction with inherent uncertainty could promote learning and transfer more effectively than certain 
instruction; uncertainty would trigger curiosity, which, in turn, would facilitate learning. In general, by 
providing generalization ability, such an apprentice or assistant would stand out in responses to novel 
situations performing goal-oriented behaviors and seeking to achieve objectives efficiently. Where is the 
problem then? 

Also, the new (in 2023 introduced) machine learning algorithms for 3D modeling and rendering - both 
new diffusion models and NeRFs deserve investigation in this relation, leaving for the moment aside the 
capability of these deep neural networks of generating high-quality, photorealistic images of complex scenes 
from multiple viewpoints that, as an unprecedented AI and VR/XR fusion, would mark out the next level of 
exploiting the immersive VR-environment for (among others) instant designing and communicating 
architecture as it deserves - in space and motion, diachronically, from spaces, and in "life-size".  

Introduced in section (4) of the paper, spatial computing shall also be surveyed and developed as 
another marriage between AI and VR/XR, that can push forward a state-of-the-art deployment of AI in 
architectural designing. Promising in regard to AI-aided designing architecture and planning of the 
development of the built environment may also show MeshDiffusion [38], appreciated for direct generating 
3D meshes without any post-processing, and also LERF, the new marriage of NeRF with CLIP (contrastive 
language-image pre-training); with it, natural language queries in a 3D fashion can apply within NeRF, targeting 
different objects in the scene. And many other 3D objects considering outputs of AI development, though 
originally not focusing on architecture, need to be reviewed within the new R&D paradigm of AI´s deployment 
in architecture and the built environment.  

 Motivated not by architecture but by (the example of) machine learning industrial robots working in 
the isolation of individual production plants, the ERC Advanced Granted FRONTIER project led by Josef Sivic 
from the Czech Institute of Informatics, Robotics and Cybernetics of the Czech Technical University in Prague 
can also help to show the way to approach architectural design effectively eventually. Issues of computer 
vision and perception of the "environment" can, if a suitable approach would be found, also benefit the field 
of architectural design and planning of the development of the built environment. Applications for this field 
could include new neural architectures that credibly represent physical and geometric structure as well as new 
algorithms that enable learning of complex multi-step tasks from just a few examples ... like how humans can 
learn [346]. Algorithmic sharing of experiences between projects could address the problem of training 
database size and building, which, most probably, will be difficult and only slow given the already entrenched 



conservatism and autarky of the field. Similarly, the work of Josef Urban´s team (of the same institution) in the 
field of large-scale computer-assisted reasoning can eventually contribute to effective deployment of AI in 
architecture [347]. 

(6) Conclusions     

Artificial intelligence (machine learning, more correctly) has not proven creative (not only) when it comes to 
architecture; even the pioneers in the field are abandoning the projects whose ambitious visions have not 
been achieved and reducing their efforts to pragmatic parametric tasks. Intoduced in section (2) of this paper, 
models like Stable Diffusion, Midjourney, and ControlNet represent state-of-the-art AI-deployment in 
architecture and built environment development shortening the way from a simple sketch to materiality-rich 
rendering, and easing and enhancing the process of visual conceptualization and image representation in 
phases from the (client´s brief) ideation through sketches drafting, CAD BIM (or better an into VR/XR extended 
working platform) model development, over rendering to final design. Currently, whatever of the multiple 
applications deployed, AI is a "clever", more sophisticated pencil in an architect´s hand. 

Nothing more and nothing less remained of the decade and more old threats to make architects 
useless. "Machine hallucinations" by DeepHimmelb(l)au, Tom Mayne's operational strategies ... to generate 
output that could never be predicted, or Daniel Bolojan's Parametric semiology study under the supervision of 
Patrick Schumacher (all cited in section (2)) neither took over the architects' work nor they delivered a new 
quality. Towards the end of the 2010s, creative AI efforts in architecture focused on designing facades and 
room interiors, and creating floor plans of buildings: in both areas without providing a solution applicable on 
a professional level. These models generally apply statistical approaches of image processing based on input-
output pairings in supervised learning on GANs; as a representative of the latter class, Rayon has deserved 
notice in sections (2) and (5) of this paper. Giving way to diffusion models and other types of networks suitable 
for imitation-based, self-learn, or transfer learning techniques, in the architecture field, GANs and supervised-
learning techniques represent no more state-of-the-art today. 

Another class of AI-driven tools for architects are parametric tools such as Spacemaker, Cove.tool, 
Creo, or Autodesk Forma, delivering predictive simulations of technical infrastructure, and physical conditions 
in the interior and exterior of buildings, or preliminary proposals for urban-design solutions - the last, however 
of unusable quality as a rule.  

In general, AI in architecture and built environment development experiences a plateau today. It was 
never a trailblazer, indeed; nonetheless, the current inactivity in the field sharply contrasts with the hectic 
making and emerging of LLMs, image- and video applications, robotics, and alike. Even the clashes of naturally 
conflicting interests in the field of training data and the use of R&D results avoid the field of AI in architecture 
and development of the built environment. This review, nonetheless, identifies novel impulses and 
opportunities that emerge both in the reviewed narrow field and its general/broad hinterland to revive the 
scene. No science fiction or beyond-the-horizon visions but feasible actions and currently or soon achievable 
incentives to R&D are concerned. 

Starting from distinguishing between truly poetic, fundamentally individualistic creations and 
production (or, as other authors coin, of the 90%) architecture, the paper proposes to leave the first realm 
primarily to human creativity and concentrate the efforts on AI deployment to the latter. Consequently, the 
question of patterns´ exploitation arises. As opposed to software developers, architects are lagging in the 
utilization of existing solutions: even if the solutions´ databases were not organized and shared across the 
profession (as is a good practice and praxis with software codes) but only within studios, already the current 
state-of-the-art AI could enhance the efficiency, productivity, and quality of productive architecture making. 
The contribution can start with choice and evaluation - objective according to a set of criteria that can be as 
comprehensive as possible thanks to machine learning deployment. Specifying the criteria (that would later in 
the design workflow apply to optimize the proposal, too) is a question of human experience and remembering; 
as opposed to man, AI is significantly less prone to flaws in practice and remembering. A well-chosen and 
assessed pattern shortens the path to the final solution. Evaluating the design-in-process according to the 
already said set of criteria, AI can contribute along the path: not only at the end setting the trial-and-error 
approach that is a standard today but at any stage, after any step, enhancing the pace and efficiency and 
cutting costs of the process; the term advice whispering not only labels but spontaneously explains the 
technique. 



Until this moment, state-of-the-art machine-learning approaches and techniques may do to fulfill the 
strategies proposed. Nonetheless, there is a vast realm of advanced AI models, networks, algorithms, and 
techniques that are waiting to be invited to the field of architecture and the built environment. Robotics and 
advanced imitation-based, self-learn, and transfer learning strategies offer a variety of approaches and 
solutions that fit architectural designing and built environment development planning much more than 
thought so far. In section (5), starting points and principles of the novel approach are discussed. A standard 
CAD/BIM software or, better, a platform liaising the parametric CAD realm and VR/XR realm of authentic 
architectural making such as Wearrecho (which section (2) introduces), shall be the robot, which a by Figure-
1 and Phoenix (for both, see section (5)) inspired deep-, reinforcement-learning model shall steer and control. 
Every creative architect served by an AI assistant, apprentice-agent learning through encountering the task 
challenges, whether from a general or the studio´s background, is the vision. 

Also, introduced in section (2), SMLs represent a novel class of strategies likely to have a say in the 
upcoming R&D on effective deployment of machine learning in architecture and built environment 
development due to their fundamental ingeniousness and adaptability. 

As pointed out repeatedly in the paper, the gap in understanding the making of architecture on the 
one side and the thinking of computer scientists and code developers on the other has been an obstacle to 
faster and more productive R&D in AI in architecture and built environment development so far. To bridge it, 
introduced in section (3), three focal points have to be pursued in parallel: in short, the poetic nature of the 
conceptual making of architecture that precedes any parametrization, (second) concentration on making - on 
processes rather than on input-output pairings, and (third) the concurrence of the fundamental three- and 
more-dimensional spatiality and diachrony of both architecture and recently developed virtual reality- and 
spatial computing technologies together with the new theory of human thinking and intelligence that may be 
waiting for implementation in machine learning. Not only for architecture and the development of the built 
environment, in the light of the results of the ongoing research on the human Neocortex (which section (4) 
introduces) and in section (3) annotated Verses´ R&D in distributed AI together with novel, so far experimental 
computing techniques said in section (4), the question of the (possible) glass ceiling of existing paradigms of 
neural networks and machine learning algorithms also deserves exploration. The research and consequent 
development may, as annotated in the Introduction of this paper, turn into a singularity that, based on a three-
plus spatiality and diachrony, intertwines human thinking and AI, the technology of VR and spatial computing, 
and architecture. 

Beyond the understanding-gap issue, there are economic reasons to sideline AI applications for 
architecture. Delivering data essential for ensuring national security or enabling hundreds of millions to chat 
with a machine shows (much) more profitable than leveraging the quality of the living environment. Such 
reasoning has proven flawed by hard economic data, but still, it works; is it up to architects, governments, or 
society who profits from the qualities of architecture and the built environment to make the investors change 
the approach? 

Essentially, the outcome of a singularity must be a breakthrough. In terms of this paper´s focus, the 
breakthrough will not have a form of catching up with and overcoming man in poiétic creativity. Today, we 
can only assume the form and nature of the breakthrough contribution; but we can take for granted that it 
will be technological. Not technological in the sense of today´s smart home or a smart city, not in the sense of 
today´s AI applications delivering images or videos when prompted. In the realm of architecture and the built 
environment, groundbreaking approaches and construction solutions, and materials shall be expected that 
will accommodate the visions of unleashed architectural creativity and achieve unprecedented levels of 
comprehensive sustainability and resilience. 
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