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Abstract: This article discusses the use of artificial intelligence systems in the architectural design of co-living. Coliving 

space layouts are developed on the basis of machine learning analysis of existing layouts of temporary housing 

for teachers, as well as foreign experience in coliving layouts. The design of the facades of the experimental 

building was implemented using the rendering method.

1 INTRODUCTION 

The modern approach to construction is constantly 

being modernized. And if at first technologies and 

materials during direct construction came to the fore, 

today more and more emphasis is shifting to the use 

of new information technologies at the stage of 

designing and operating buildings and structures. 

Based on the current level of development of 

computer technology, information systems, their 

mathematical algorithmic and software, which 

resulted in the creation of artificial intelligence 

systems. 

The article will consider the use of artificial 

intelligence and machine learning methods in the 

design of coliving. Coliving is becoming more and 

more popular form of living. The peculiarity of 

coliving is that it is intended for people with common 

interests and activities. Each resident has a 

comfortable personal space, and a vast public area 

allows people to get to know each other, unite and 

create new creative projects. The use of co-living for 

teachers with academic mobility seems to be relevant.  
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2 METHODS 

2.1 From the History of Artificial 
Intelligence Systems  

Although the term "artificial intelligence" was coined 

in 1956, the ideas and concepts behind artificial 

intelligence (AI) originated much earlier in the 19th 

century, when the English mathematician Charles 

Babbage developed a design for an analytical engine 

that could solve mathematical problems without 

human help (Thomsen, 2016). 

Serious study of artificial intelligence began in the 

1950s. At this time, American researchers John 

McCarthy, Marvin Minsky and others created the first 

programs that could solve complex problems, such as 

playing chess or logic games. 

In the 1980s, researchers began to actively use neural 

networks, which are a model of a computing system 

created in accordance with the principles of biological 

neural networks. Based on a learning algorithm that 

adjusts the connection weights to achieve the desired 

result, artificial neurons are trained based on a large 

amount of data. This gave a new impetus to the 

development of artificial intelligence (Gero, 1996; 

Frazer, 1995). 



In recent years, the development of artificial 

intelligence has accelerated due to the development 

of cloud computing and big data. Today, artificial 

intelligence is used in many industries: medicine, 

transport, security systems, finance, etc. It is able to 

solve complex problems, learn from large amounts of 

data, and work at speeds that humans cannot 

(Kamolov, Varos, Kriebitz, Alashkevich, 2022; 

Levin, Piskunov, Poliakov, Savin, 2022; Lysenko,  

2020; Unknown, 2021). 

Thus, we can say that artificial intelligence is the 

result of a long evolution and development of ideas 

and technologies related to computers and computer 

science, and cannot be attributed to a specific person 

or date. 

2.2 Application of Artificial 
Intelligence Systems in Civil 
Engineering 

Analyzing the capabilities of modern AI systems, one 

can see that it can be used at all stages of the building 

life cycle, from the moment of design, including the 

construction and operation process. Consider two 

functional groups of technologies for the use of AI 

systems (Seleznev, 2021; Broussard, 2018; Poliakov, 

2020; McCarthy, 2004). 

1. Machine learning (ML). With the help of neural 

networks, classification and clustering algorithms, 

the system is able to calculate and analyze data, which 

are then used to create new models. Neural networks 

are able to predict the performance of buildings, such 

as energy consumption, maintenance costs, user 

comfort (Laird, 1971). 

Machine learning allows you to analyze a large 

amount of data about past projects, and on their basis, 

optimize the design of new buildings and structures. 

In particular, with the help of machine learning 

algorithms, it is possible to design the optimal 

configuration of windows and walls, the use of solar 

panels and other technical solutions that can help 

reduce energy and heating costs (Broussard, 2018). 

2. Generative design - a design method in which 

algorithms and artificial intelligence programs are 

used to automatically generate various design 

options. Such a system can operate on several 

principles: 

- Mathematical models, when the program creates 

a model of an object using mathematical functions 

and algorithms. Then the algorithm changes the 

parameters of the model, which leads to a change in 

the shape and appearance of the object. 

- Genetic algorithms. The program creates a set of 

random object models and uses genetic algorithms to 

determine the most efficient for a particular task. 

3 APPLICATION OF ARTIFICIAL 

INTELLIGENCE METHODS IN 

CO-LIVING DESIGN 

The initial data for the analysis were objects intended 

for temporary residence. The analysis was carried out 

on the basis of facilities intended for temporary 

residence of teachers. Information about these objects 

is stored in archives, including the Federal state 

budgetary institution "department of integrated 

economic support" of the Ministry of Science and 

Education of the Russian Federation, the Shchusev 

Museum, the Russian state archivein Samara, the 

Main Archive of Moscow and others. The main 

source for this study was the materials of the Russian 

state archivein Samara. More than 4,500 inventories 

were analyzed for design, research and management 

documentation of the period 1957-1988, from which 

65 drawings of teachers' living arrangements were 

selected. Modern forms of temporary residence were 

also considered, including coliving. Coliving is a 

form of temporary living together that is becoming 

more and more popular and is intended for people 

with common interests and activities. Each resident 

has a comfortable personal space, and a vast public 

area allows people to get to know each other, unite 

and create new creative projects. This article 

discusses the options for using coliving for teachers 

with academic mobility. 

For an overview of modern facilities, foreign 

examples of coliving were considered, which were 

built in the period from 2015 to 2022. A total of 45 

objects were studied. According to the map, historical 

objects are mostly concentrated in Africa and Central 

Asia, most often in countries such as Angola, Tunisia 

and Congo. Modern places of residence, in turn, are 

concentrated mainly in Europe, China, Japan and 

Indonesia. 

3.1. Formation of layouts based on 
statistical analysis 

To carry out the analysis, the premises were zoned 

into four types in accordance with the proposed 

typology. 

The first type is a residential area, including 

bedrooms and children's rooms. We analyzed 142 

objects of this type from the original 65 layouts. The 



average number of living rooms per layout was more 

than 2. 

The second type is a public area with various open 

spaces for socializing and relaxing, such as a dining 

room, a living room, terraces and enclosed courtyards 

on the territory. 

The third type is the work area, which includes 

work spaces such as offices. It was identified only in 

25 out of 65 layouts. 

The fourth type is an auxiliary zone, including 

toilets, corridors, technical rooms, including boiler 

rooms and storerooms. The kitchens have also been 

relegated to this type as the eating area has been 

moved to the communal dining area. This resulted in 

a minimization of kitchen area, with the smallest area 

being 3.4 square meters and the average area being 

8.8 square meters. 

In the design of buildings in warm climates, open 

spaces such as large balconies, loggias, terraces and 

open courtyards are widely used. According to 

statistics, there are such spaces in every building, the 

areas vary from 2.5 to 60 square meters. The average 

open space is 13.7 square meters and its average area 

is 13 meters. 

For the analysis, the areas of personal, public 

areas and common areas were taken. 

A nonlinear regression method was used to 

determine the relationship between private, shared 

space and the total area of coliving buildings. 

The Accord.NET machine learning library and the 

LunchBoxML plugin for Grasshopper were used to 

calculate nonlinear regression. 

The results of the analysis are shown in the figures 

1, 2. Thus, when designing a coliving, it is possible to 

quickly identify the necessary room space balance 

and use this prediction to pick the necessary 

composition of the coliving from predetermined 

blocks to reach the balance in terms of economic 

means. 

 

 

 

Figure 1: Graph of relationship between total area and 

public spaces. 

 

Figure 2: Graph of the relationship between the total area 

and personal spaces. 

3.2 Design generation  

Machine learning rendering or AI rendering, is a 

process of using AI and ML techniques to generate 

photorealistic images or animations (Tamke, 

Nicholas, Zwierzycki, 2018; Geyer, Singaravel, 

2018; Sun, Burton, Huang,, 2020). 

Traditionally, rendering involves complex 

mathematical calculations that simulate the behavior 

of light and materials in a virtual environment. 

However, with AI rendering, a computer algorithm 

operates a neural network to alternate a provided 

image with textures, surrounding and lights using 

only a text description.  

AI rendering techniques can significantly reduce 

the time and resources required for the rendering 

process. They can make more renders per unit of time 

than a typical rendering process. This approach is also 

more energy efficient since the neural network does 



not require as much power as a standard renderer. 

Furthermore, an AI renderer can be used as a means 

of form finding and visual ideas generation, since the 

flexible settings allow adjusting the changing strength 

of the original picture. 

When designing coliving, a modular system is 

used. A modular typology has been developed, 

consisting of 45 residential, public, educational, 

auxiliary and commercial modules (Shirokova, 

Pavlyuk, 2018; Shirokova, Pavlyuk, Koshelev, 2022; 

Pavlyuk, Balakina, 2022). 

The issue of forming layouts from the developed 

modules was considered in the work ... 

In accordance with the above analysis, the 

experimental layout of Fig.4 on which the facades of 

Fig.5-7. 

 

Figure 3: Modular system. 

 

 

Figure 4: Area floor plans. 

 

Figure 5: AI renderer. Variant 1. 

 



 

Figure 6: AI renderer. Variant 2. 

 

 

 
 

Figure 7: AI renderer. Variant 3. 

4 CONCLUSIONS 

The article considers the use of AI methods in the 

design of colivig. Based on the analysis of the 

existing places of temporary residence of teachers, 

the ratio of the main zones was revealed: personal, 

public, total area of the premises. Based on the 

identified relationships, an experimental coliving 

layout was formed. For which facades were rendered. 
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