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GENERAL DESCRIPTION OF THE DISSERTATION
Relevance of the research subject. The rapidly evolving
computer technology in the world today has had a significant impact
on many different fields, as well as the art of architecture and design.
Creative research in the field of architecture and design has led
designers to create projects with non-standard appearance and new
features through new computer technologies and programs. At the
same time, thanks to computer technology, the optimal, purposeful
and original use of different and wide range of colors and shades in
design work has become an increasingly important part of the work.
Along with the acceleration of the development of technical
means, the connection of architectural and design fields with computer
technologies has become stronger, and architectural methods have
changed as a result of these processes, creating qualitatively new
products. Using traditional CAD (computer-aided design) software,
designers have been able to create asymmetrical visual images close
to reality in a variety of styles, in contrast to traditional methods.
Thus, new computer technologies have allowed the
implementation of projects that have a different appearance and
characteristics than ordinary buildings, which could not be
implemented in the past.
In the design process, the wishes and desires of customers,
knowledge and experience of specialists (architect, designer, engineer)
are widely used. Experience and intuition play a big role in solving
this problem. For this reason, in most cases it is not possible to solve
the design problem by analytical methods. Because analytical methods
do not allow the use of human knowledge and experience. On the other
hand, some of the parameters involved in the design process are
verbal. Therefore, these parameters cannot be used in mathematical
methods. On the other hand, the design process is influenced by factors
that cannot be accurately measured. From this point of view, it is
expedient to use the theory of fuzzy sets, which allows to use the
knowledge and experience of specialists in the solution of such
problems, ie in the design process.
The further development of the design process can be achieved
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through the application of fuzzy logic tools to computer design.
Given this, it can be said that one of the most pressing issues today
is the effective use of knowledge, experience and intuition of designers
in solving design and engineering problems.
Economic, social, aesthetic and similar requirements in design
work allow solving such problems based on the application of fuzzy
logic methods, taking into account the quality parameters.
Degree of study of the problem. The application of computer
technology in the field of architectural design as a topical research
issue is reflected in various aspects, in the numerous works of
researchers at home and abroad.
Areas of architectural design and modern scientific and technical
approaches to the application of computer technology in them are
comprehensively studied:
1. Ways of application of modern computer technologies in the
field of architectural design are reflected in the scientific works of the
country's scientists RK Sharifov, FD Dorsay, LM Sahand, SF Sadigov,
LN Mammadova, FV Mustafayeva, SH Murat and others.
2. Applications of Computer Aided Design in architectural design
Nicholas Senske, Dina S. Taha, Rizal Husin, Robert Patz, Matthias
Rippmann, Henry Achten, Yasser Sakr, Dolores Ochoa, Sarah Eloy,
Luis Santos, Yuting Wu , Panagiotis Parthenios, Claudio Labarca,
Sahika Ozdemir, Alfonso Ippolito, Mahmoud Heristchian, Samir Al
Qeisi, Alberto Sdegno, Ariadi Susanto, Satakhun Kosavinta, Mikkel
Austin-Bennett, Tami A. BELHADJ, Huda Salman, Richard Laiff,
Richard Laiff , Has been studied in the works of foreign scholars such
as Rabee M. Reffat and others.
3. Application of fuzzy logic model in architectural design
Mayarani Praharaj, Elixir Sustain, N. Zemmouri, M.E. Schiller, Asma
Naz, Mihai Nadin, Burçin Cem Arabacıoğlu, Ö. , Studied in the works
of foreign scholars such as Saad Y. Yasin and others.
A number of researched problems are reflected in the dissertation
works, their list is given in the literature sources of this dissertation.
On the other hand, the problems of applying a fuzzy logic model
in solving the problems of lighting and spatial selection and analysis,
which are among the most pressing and necessary issues in the field
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of architectural design, have not been considered. This, in turn, was
due to the need to address the issues at the intersection of different
scientific and technical fields.
All this led to the statement of the chosen research topic, its goals
and objectives.
Research goals and tasks. The purpose of the dissertation is
to develop theoretical, practical and methodological bases for the
application of computer technology, CAD programs in the field of
architectural design on the basis of fuzzy logic.
To achieve this goal, the following issues must be addressed:
1. Development of a mathematical spatial analysis model based on
fuzzy logic of spatial selection in architecture and obtaining a 3D
image through CAD programs;
2. Problems of artificial lighting in architectural design works
prepared with CAD programs on the basis of fuzzy logic.
3. Problems of application of fuzzy logic methods in order to solve
the problems of natural lighting in architectural design works
developed by means of CAD programs.
Object of research. Kurdamir logistics center designed in 36hectare area of Karrar settlement of Kurdamir region.
Major claims to be defended:
1. Complex development of quantitative and qualitative indicators
influencing the solution of lighting and space selection issues
2. Fuzzy logic model for solving the problem of spatial selection in the
process of architectural design
3. Fuzzy logic model for solving the lighting problem
4. Integrated software module with CAD systems of space selection
and lighting problem solving models.
Scientific results. For the first time:
- Qualitative indicators influencing the solution of lighting and spatial
selection issues were studied and the application of quantitative
indicators with qualitative indicators in the solution of architectural
design issues was developed in a complex way;
- It was determined that based on the results obtained by architectsdesigners before the implementation of any project on the basis of
fuzzy logic to determine the choice of space, the correct layout of
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buildings, the correct placement of artificial lighting, the effect of
selected colors on light, maximum use of natural lighting must
implement the project through computer-aided design programs.
- Comprehensive research on the study of modern computer
technologies based on fuzzy logic for the analysis of spatial selection
in the field of architectural design;
- A modified method has been developed to determine correct lighting
based on a fuzzy logic model using computer-aided design software to
reduce electricity costs in interior design areas;
- Integration of models of spatial selection and solution of lighting
problems with CAD systems, a software module has been developed.
Theoretical and practical importance. The main
methodological recommendations and scientific-practical results
contained in the dissertation can be used in the development of design
projects based on fuzzy logic models using modern computer
technologies in the field of architectural design. The results obtained
can be used by regional architectural departments and organizations
for various designed buildings.
Approbation. The main results of the dissertation work were
presented at many international, national and regional conferences and
symposiums, including the XIV International Conference
"Applications of Fuzzy Systems, Soft Computing and Artificial
Intelligence Tools" (ICAFS 2020) in Budva-Montenegro, "Intelligent
and Fuzzy" in Turkey. Techniques: Smart and Innovative Solutions
”International Conference (INFUS 2020),“ Azerbaijan and Turkey
Universities: Education, Science, Technology ”I International
Scientific-Practical Conference (2019) in Azerbaijan,“ Digital
Economy: Modern Challenges and Real Opportunities ” »It was
discussed at the International Conference (2020), the International
Conference on Eurasian Economies held in Azerbaijan (2020), as well
as at scientific seminars held at the university.
Publication. 10 scientific works reflecting the final results of
the dissertation were published in local and international journals.
The dissertation work was performed at Odlar Yurdu
University of Azerbaijan Republic
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The structure and volume of dissertation. The volume of the
dissertation is approximately distributed among the chapters as
follows:
- Total character count – 186400 symbols
- Introduction – 8500 symbols
- First chapter – 96200 symbols
- Second chapter – 45000 symbols
- Third chapter – 29400 symbols
- Conclusion – 7300 symbols
SUMMARY
The first chapter As a result of the analysis, it was determined
that AutoCAD, ArchiCAD, 3DsMAX, Revit, etc. are used to solve
architectural design and design issues. CAD software systems such as
Numerous projects have been developed and implemented on
the basis of these CAD software systems.
Studies have shown that in some projects based on CAD
systems, deficiencies have been identified either after completion or
during operation. Examples include the WeTown residential complex,
the Hill Wind Hotel & Resort, the Chinese restaurant Fengyuan, the
K11 Musea shopping center, and the Ranwu camping hotel. The
analysis of these projects revealed that undesirable factors that led to
the suspension of the design process or during its operation, such as
location selection, lighting, incorrect assessment of the environmental
situation (bad odors, pipelines or premature deterioration of lighting
facilities). Despite the high cost of these factors in the design process,
the work was stopped in time or did not allow to achieve the expected
efficiency in the post-commissioning period. This in itself is due to the
fact that these factors do not take into account the uncertainty and
difficult formalities in the design process during the analytical
calculations.
The issues of spatial selection, environmental factors and
lighting factors in the design process, which are difficult to formalize
and take into account in terms of uncertainty, have been studied in
existing literature and the application of fuzzy set theory is justified.
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However, the analysis showed that the application of fuzzy set theory
to the solution of spatial selection and lighting problems has not been
fully considered.
Studies have shown that:
- The rapid development of modern technical design tools has
strengthened the connection of architectural design with computer
technology, and as a result, architectural methods have undergone
significant changes and led to the emergence of new products. On the
other hand, using CAD programs has made it possible to implement
projects that were different from traditional methods and could not be
implemented in the past.
- As a result of the study of the literature, it was determined
that the application of existing CAD systems in modern times does not
allow to obtain the expected results in solving some problems. For
example, the solution of the problem of optimal lighting of design
objects is based on predetermined accurate interval estimates of
pollution and light reflection factors. However, the transition between
these intervals is not considered. On the other hand, in solving the
problem of spatial selection of design objects, factors such as
environmental factors, time orientation of the object to daylight
(artificial lighting) and accessibility to other objects are not taken into
account.
- The fact that the above-mentioned influencing factors are not
taken into account when solving the problem of lighting and spatial
selection in the design process is that they are directly vague, difficult
to formalize and are mostly verbal in nature.
An analysis of the existing literature on the solution of such
problems has shown that the most effective solution is based on the
application of fuzzy set theory, which allows the use of experience and
intuition in this area.
Thus, the dissertation is devoted to a very topical issue - the
solution of problems of lighting and spatial selection of design objects
on the basis of fuzzy set theory, which allows effective use of
knowledge, experience and intuition of designers.
In order to achieve the set goal, it is necessary to solve the
following in the dissertation:
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- The application of modern computer technologies in solving
architectural design problems and the problems encountered in the
design process and their modern solutions should be analyzed.
- Among the design issues, the most important issues of
lighting and space selection and the factors affecting it should be
analyzed and their quantitative and qualitative indicators should be
developed systematically.
- The problems of applying the theory of fuzzy sets to the
solution of lighting and spatial design problems should be
investigated.
- A fuzzy logic model should be developed to solve the
problem of spatial selection design.
- A fuzzy logic model should be developed to solve the lighting
design problem.
- A fuzzy logic software module integrated into the CAD
software system used to solve architectural design problems and its
architecture should be developed.
The second chapter: Architectural design issues are explained
in detail on the basis of various examples, and the factors influencing
the solution of these issues are developed in a complex way.
The main factors influencing the choice of space and lighting:
Spatial selection: Ecological condition of the environment,
distance from other buildings, proximity to other buildings, logical
proximity of different buildings to each other, proximity to important
buildings, etc. developed.
Lighting issues: Color reflection, ceiling, wall and floor
contamination, Color brightness index, Lamp operation factor, etc.
It has been argued that these factors are uncertain and difficult
to formalize.
For the application of complex factors influencing the choice
of space and lighting in the design process, fuzzy affiliation functions
were selected based on the opinions of their experts and developed as
linguistic concepts.
As can be seen, the issue of spatial planning should be
addressed as a matter of optimization within the constraints of all
construction sites.
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On the other hand, the factors influencing the solution of this
optimization problem are of different nature and include the
requirements of government agencies, expressing the wishes of the
end user.
When carrying out spatial planning, architects, based on their
intuition and experience, place all the necessary design components in
the project, but at the same time they consider the quality of individual
buildings in solving the problem. The computational model, which is
the goal of this research, allows architects to use Computer-Aided
Architectural Design (CAD) in multi-criteria decision-making.
Analysis of architectural design issues allows to substantiate
the following:
1. When deciding on the choice of location, the customer and
the experts usually make their demands and suggestions using fuzzy
concepts.
For example, in the process of designing the Kurdamir logistics
center, the proposals of customers and experts were as follows:
- Taking into account the ecological condition of the space
(heat, humidity, etc.), for example, windows in recreation buildings
should not be too large
- The overpass should be close to the entrances
- Let there be a lot of night lighting
- Farm facilities (zoo, agricultural facilities) should be close to
the recreation area, but not too close
- Trade facilities should be close to the hotel and the wedding
hall, as well as warehouses
- The kindergarten should not be too close to other buildings
- Refrigerated warehouses should be close to the railway line
- The hotel should not be close to the highway, as well as the
distance from the railway line
- The fair for agricultural goods should be close to the highway,
but not too close
- Taking into account the nature of Kurdamir region, there
should be a lot of greenery so that it is not too hot in summer
- Filling stations should not be too close to other buildings
10

- The market should be equally close to warehouses and
recreation facilities
2. In solving the lighting problem, the customer and experts
usually make their demands and suggestions using fuzzy concepts:
- The colors of the walls of the bedrooms should not be too
bright
- The ceiling colors of the bedrooms should not be too dark
- Dark colors should be used a lot in a young boy's room
- Let there be a lot of lighting in the living room
- Let the lighting in the bedrooms be a little less
- The color of the floor should not be too dark
- Use light colors in the color of furniture, etc.
As can be seen, the factors influencing the design process are
in the form of fuzzy linguistic variables:
1. The color of the floor is dark, very dark, a little dark, really
dark
2. Lighting - a little more, a little less, normal
3. Distance - close, very close, a little close, very far, very far
4. Proximity to important buildings - a little close, very close,
very close
5. Windows - big, a little big, very big, very small
6. Room maintenance factor - clean, very clean, very dirty,
really dirty
7. Lamp operation factor - dirty, very dirty, a little clean, very
clean
The next section discusses the descriptive issues of quality
variables in the form of fuzzy linguistic variables that affect the choice
of space and the solution of lighting problems.
The following example illustrates the multiplicity of colors.
Formally it can be written as follows:
B = { set of dark colors }
Given that the dark color starts at 0, the lower limit of this set
must be 0. It is a bit difficult to set the upper limit. First, let's take the
upper limit as 18. Thus, the boundaries of B are a smooth interval A =
[0.18]. The question arises: if we increase 18 by 1, that is, if we make
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19, how dark is it? Apparently, this problem persists no matter how
much the upper limit increases.
The simplest way to create a set B is to weaken the critical boundary
values of "dark" and "non-dark". Use more flexible judgments such as
"Yes, it's dark enough" or "No, it's not too dark" without using the
obvious "Yes, it's in the dark" or "No, it's not in the dark." Let's create
a set B.
Let's define the phrase "not so dark" with the help of a fuzzy plural. In
the example above, we rated all elements of the set as 0 or 1 in terms
of affiliation. The simplest way to continue this idea is to evaluate
affiliation with values between 0 and 1. More precisely, an infinite
number of values between 0 or 1 can be used in the interval I = [0, 1] 1.
In this way, the interpretation of all the elements of the set
becomes more complicated. Thus, the value 1 corresponds to an
element that is unambiguously included in set B, and 0 indicates that
the element is not included in the set. Other values determine the
degree of belonging to set B 2.
The third chapter: In solving the problem of architectural design, the
theory of fuzzy sets was applied to the problem of lighting and spatial
selection:
In modern times, several CAD systems, the wishes, knowledge and
experience of customers and experts are widely used in the
development of a specific project in solving architectural and design
problems.
For example, during the development of the architectural planning
department of Kurdamir Logistics Center, we used CAD systems, the
wishes, knowledge and experience of customers and experts in the
following stages:

Lotfi A Zadeh, Rafik Aliev, Fuzzy Logic Theory and Applications: Part I and
Part II, https://doi.org/10.1142/10936 | December 2018, Pages: 61
22
Rafik Aliev, Alex Tserkovny, Fuzzy Logic for Incidence Geometry, In book:
Beyond Traditional Probabilistic Data Processing Techniques: Interval, Fuzzy etc.
Methods and Their Applications, February 2020, DOI: 10.1007/978-3-030-310417_4
1
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1. Based on the wishes and opinions of customers and experts on the
basis of AutoCAD software system, the issue of spatial selection of
design objects has been resolved.
2. A master plan has been developed based on the AutoCAD software
system.
3. Based on the master plan project, a 3D view model of each object
(large or small window sizes, etc.) was developed using the 3DsMAX
software system.
4. Based on the results of the 3rd stage, the exteriors (textures) of the
objects were developed using 3DsMAX + V-Ray software systems,
taking into account the wishes of the customer and experts.
5. The light-reflecting factors of the textures determined in the 4th
stage were implemented by 3DsMAX software system taking into
account the opinion of the experts.
6. Developed through 3DsMax + Forest Pack software systems to
solve the landscaping design issues (landscape design) envisaged in
the project.
7. The solution of the problem of exterior and landscape lighting in the
project (change of direction and time of the sun in daylight, artificial
lighting in night lighting, etc.) was developed through 3DsMax
software system.
8. As a result of expert opinions, interior design of each object
3DsMax + V-Ray developed through software systems.
9. Lumion software system was used to solve 3D animated videos of
the project.
10. Project documents were submitted to the customer in coordination
with experts.
Based on the knowledge and experience of experts-designers and
designers, the following production rules have been developed to
solve the problem of spatial selection:
Table 1. Production rules for solving the problem of spatial
selection
№

Production rules
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1
2
3
4
5
6
•
•
•
342

If the distance is far and the neighborhood is very close
and the convenience is close, then the output value is
included in the close majority
If the distance is too far and the neighborhood is too close
and the availability is average, then the output value is
included in the average set.
If the distance is close and the neighborhood is close and
the convenience is very close, then the output value is
included in the close majority
If the distance is far and the neighborhood is too far and
the convenience is too close, then the output value is
included in the average set.
If the distance is far and the neighborhood is too far and
the convenience is far, then the output value is included
in the remote set
If the distance is too far and the neighborhood is far away
and the convenience is average, then the output value is
included in the remote set
•
•
•
If the distance is too far and the neighborhood is too far
away and the convenience is close, then the output value
is included in the distance set
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Graph 1. Linguistic variables of distance
Operations on linguistic variables
𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 → 𝐶𝐶𝐶𝐶𝐶𝐶(𝜇𝜇 (𝑥𝑥) ) = 𝜇𝜇 (𝑥𝑥)2
𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 → 𝐶𝐶𝐶𝐶𝐶𝐶(𝐶𝐶𝐶𝐶𝐶𝐶 (𝜇𝜇 (𝑥𝑥))) = 𝜇𝜇 (𝑥𝑥)4
𝐴𝐴 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 → 𝐷𝐷𝐷𝐷𝐷𝐷 (𝜇𝜇 (𝑥𝑥)) = � 𝜇𝜇 (𝑥𝑥)
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 → 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑒𝑒𝑒𝑒ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
2𝜇𝜇 (𝑥𝑥)2 ,
0 ≤ 𝜇𝜇 (𝑥𝑥) ≤ 0.5
�
2
1 − 2 [1 − 𝜇𝜇 (𝑥𝑥) ] , 0.5 < 𝜇𝜇 (𝑥𝑥) ≤ 1
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Graph 2. Fuzzy Inference System - FIS
Now let's define linguistic variables as follows. Close, Far, Very close,
Very close, Medium, A little far, A little close, Not too far, Not too
close, Really close, Really far. The mathematical calculations of
linguistic variables according to formula (1) are as follows.
1, 𝑥𝑥 < 25
𝜇𝜇𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥) = �50−𝑥𝑥
, 𝑥𝑥 ∈ [0,50]�
25
0,
𝑥𝑥 > 50

𝜇𝜇𝑓𝑓𝑓𝑓𝑓𝑓 (𝑥𝑥) = �

0,

𝑥𝑥−50
,
25
1,

(1)

𝑥𝑥 < 50
𝑥𝑥 ∈ [50,75]�
𝑥𝑥 > 75

2

𝜇𝜇𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑓𝑓𝑓𝑓𝑓𝑓 (𝑥𝑥) = 𝜇𝜇𝑓𝑓𝑓𝑓𝑓𝑓 (𝑥𝑥) = �

(2)

1,

𝑥𝑥−50 2
1−�
� ,
25
0,
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𝑥𝑥 > 75
𝑥𝑥 ∈ [50,75]�
𝑥𝑥 < 50

(3)

y

𝑥𝑥 < 25
1,
2
2
50−𝑥𝑥
(𝑥𝑥)
𝜇𝜇𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
= 𝜇𝜇𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥) = �1−�
� , 𝑥𝑥 ∈ [25,50]�
25
0,
𝑥𝑥 > 50
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𝜇𝜇𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥) = 𝜇𝜇𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥) = �

1,

50−𝑥𝑥 4
�
� ,
25
0,

𝜇𝜇𝐴𝐴 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥) = 𝜇𝜇𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 √𝑥𝑥 = �

1,

50−𝑥𝑥
��
�,
25
0,

𝑥𝑥 < 25
𝑥𝑥 ∈ [25, 50]� (5)
𝑥𝑥 > 50

𝑥𝑥 < 25
𝑥𝑥 ∈ [25, 50]�
𝑥𝑥 > 50

1,

𝑥𝑥 > 75
𝜇𝜇𝐴𝐴 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑓𝑓𝑓𝑓𝑓𝑓 (𝑥𝑥) = 𝜇𝜇𝑓𝑓𝑓𝑓𝑓𝑓 √𝑥𝑥 = ���𝑥𝑥−50� 𝑥𝑥 ∈ [50, 75]�
25
0,
𝑥𝑥 < 50
𝜇𝜇𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥) =

50−𝑥𝑥 2

2𝜇𝜇𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 �

(6)

(7)

50−𝑥𝑥

� ≤ 0.5
25
(8)
�
2
50−𝑥𝑥
50−𝑥𝑥
1 − 2 �1 − 𝜇𝜇𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 �
� � , 0.5 < 𝜇𝜇𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 �
�≤ 1
25

�

(4)

25

, 0 ≤ 𝜇𝜇𝑐𝑐𝑙𝑙𝑜𝑜𝑜𝑜𝑜𝑜 �

25

𝑥𝑥 > 75
1,
𝜇𝜇𝑁𝑁𝑁𝑁𝑁𝑁 𝑡𝑡𝑡𝑡𝑡𝑡 𝑓𝑓𝑓𝑓𝑓𝑓 (𝑥𝑥) = 1 − 𝜇𝜇𝑓𝑓𝑓𝑓𝑓𝑓 (𝑥𝑥)2 = �1−�𝑥𝑥−50�2 𝑥𝑥 ∈ [50, 75]�
25
0,
𝑥𝑥 < 50
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(9)

𝑥𝑥 < 25
1,
2
2
50−𝑥𝑥
(𝑥𝑥)
𝜇𝜇𝑁𝑁𝑁𝑁𝑁𝑁 𝑡𝑡𝑡𝑡𝑡𝑡 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
= 1 − 𝜇𝜇𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑥𝑥) = �1−�
� , 𝑥𝑥 ∈ [25, 50]�
25
0,
𝑥𝑥 > 50

(10)

The sugeno-type Fuzzy Inference System determined the most
successful location of each planned building in the existing area,
resulting in an optimal layout plan. For the implementation of the task
solution in the MATLAB program was prepared a logical statement
on a fuzzy model with 3 inputs - 1 output type, 342 production rules.
The input parameters are:
1) Distance: Optimal location of buildings taking into account the
above factors
2) Neighborhood: Different buildings should be logically close to each
other,
3) Convenience: Important buildings should be closer than other
buildings.
The output parameter is unique: Value.
The six fuzzy values of each linguistic variable with triangular
membership functions are as follows:
Input variables - Very very far; Very far; Far; Average; Close; Very
close, Very very close.
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Figure 1. Belonging functions of the distance linguistic variable

Figure 2. Description of the rules of logical deduction
The results of some values of the rules of logical derivation are given
in Table 2
Table 2. Results obtained for the application of the logic
derivation module
Distance
(meters)
223
307
801
247
524
259
741
500

Neighborhood
(meters)
669
705
271
271
367
392
861
512

Convenience
(meters)
367
500
283
837
440
500
392
295
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Output value
(meters)
152
581
121
136
353
100
643
403

Figure 3. Location plan of buildings by traditional method in
designing Kurdamir logistics center

Figure 4. Location plan of buildings based on the values of
logical extract obtained in the design of Kurdamir logistics
center Table 2.
Development of a fuzzy logic model of the light reflection factor of
colors:
20

Figure 5. Light reflection factor of colors
(https://www.diamondvogel.com/architectural/blog/what-is-lrv)
As can be seen from Figure-5, the light reflection coefficient
of the colors is given between 0-100. Here, 0-full black, 100-white,
and other shades of color must match one of these ranges. Due to the
large number of shades of one color, it is not possible to achieve
optimal results with the values given in the table in the lighting
calculations. As you can see, only 11 shades of white and black are
given. But there are many shades between white and black. For
example, "very very light", "very light ", "dark", "very dark", "very
very dark", "a little light", "a little dark", "really dark", "really light",
" usually not dark "," not usually light "
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Graph 3. Linguistic variables of color
Thus, according to the light reflectance values of the colors
given in Table 3, for example, the graphs of the linguistic variables
“Very Dark”, “Slightly Dark” and “Really Dark” are as follows (graph
4).
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Graph 4. Linguistic variables of color
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Graph 5. Graphical representations of the functions of the
belonging of possible term sets on the linguistic variable of color
Now let's define linguistic variables in the following abbreviated
form
Dark-D
Light-L
Very Dark-VD
Very Very Dark-VVD
A Little Light-LL
A Little Dark-LD
Not Very Light-NVL
Not Too Dark-NTD
Really Dark-RD
Really Light-RL
The mathematical calculations of color linguistic variables according
to formula (1) are as follows.
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𝑥𝑥 < 25
1,
𝜇𝜇𝐷𝐷 (𝑥𝑥) = �60−𝑥𝑥
, 𝑥𝑥 ∈ [25, 60]�
35
0,
𝑥𝑥 > 60

(11)

𝑥𝑥 < 40
0,
𝜇𝜇𝐿𝐿 (𝑥𝑥) = �𝑥𝑥−40
, 𝑥𝑥 ∈ [40, 75]�
35
1,
𝑥𝑥 > 75
2

(12)

1,

𝜇𝜇𝑉𝑉𝑉𝑉 (𝑥𝑥) = 𝐶𝐶𝐶𝐶𝐶𝐶𝜇𝜇𝐷𝐷 (𝑥𝑥) = �

60−𝑥𝑥 2
�
� ,
35
0,

4

𝜇𝜇𝑉𝑉𝑉𝑉𝑉𝑉 (𝑥𝑥) = 𝐶𝐶𝐶𝐶𝐶𝐶𝜇𝜇𝐷𝐷 (𝑥𝑥) = �

1,

60−𝑥𝑥 4
�
� ,
35
0,

𝜇𝜇𝐿𝐿𝐿𝐿 (𝑥𝑥) = 𝐷𝐷𝐷𝐷𝐷𝐷𝜇𝜇𝐷𝐷 √𝑥𝑥 = �

1,

60−𝑥𝑥
��
�,
35
0,

𝜇𝜇𝐿𝐿𝐿𝐿 (𝑥𝑥) = 𝐷𝐷𝐷𝐷𝐷𝐷𝜇𝜇𝐿𝐿 √𝑥𝑥 = �

𝑥𝑥 < 25
𝑥𝑥 ∈ [25, 60]�
𝑥𝑥 > 60

1,

𝑥𝑥−40
��
�
35
0,

𝑥𝑥 < 25
𝑥𝑥 ∈ [25, 60]�
𝑥𝑥 > 60

𝑥𝑥 < 25
𝑥𝑥 ∈ [25, 60]�
𝑥𝑥 > 60

𝑥𝑥 < 40
𝑥𝑥 ∈ [40, 75]�
𝑥𝑥 > 75

25

(13)

(14)

(15)

(16)

𝜇𝜇𝑅𝑅𝑅𝑅 (𝑥𝑥) = �

60−𝑥𝑥 2

2𝜇𝜇𝐷𝐷 �

35

�

1 − 2 �1 − 𝜇𝜇𝐷𝐷 �

60−𝑥𝑥
35

60−𝑥𝑥

, 0 ≤ 𝜇𝜇𝐷𝐷 �
2

��

35

� ≤ 0.5
60−𝑥𝑥

, 0.5 < 𝜇𝜇𝐷𝐷 �

𝑥𝑥 < 40
1,
2
2
𝑥𝑥−40
(𝑥𝑥)
𝜇𝜇𝑁𝑁𝑁𝑁𝑁𝑁
= 1 − 𝜇𝜇𝐿𝐿 (𝑥𝑥) = �1−�
� 𝑥𝑥 ∈ [40, 75]�
35
0,
𝑥𝑥 > 75
𝑥𝑥 < 25
0,
2
2
60−𝑥𝑥
(𝑥𝑥)
𝜇𝜇𝑁𝑁𝑁𝑁𝑁𝑁
= 1 − 𝜇𝜇𝐷𝐷 (𝑥𝑥) = �1−�
� , 𝑥𝑥 ∈ [25, 60]�
35
1,
𝑥𝑥 > 60

35

�≤ 1

(17)

(18)

(19)

Based on the knowledge and experience of experts, designers and
designers, the following production rules have been developed to
address the light-reflecting factors of colors:
Table 3. Production rules of light reflection factors of colors
№
1
2
3
4

Production rules
If the ceiling color is light and the wall color is very
dark and the floor color is dark, then the output value is
included in the set of dark colors.
If the ceiling color is very very light and the wall
color is very very dark and the floor color is medium, then
the output value is included in the average set of colors.
If the ceiling color is dark and the wall color is light
and the floor color is very very dark, then the output value
is included in the set of dark colors.
If the ceiling color is light and the wall color is very
light and the floor color is very dark, then the output value
is included in the average set of colors.
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5
6
•
•
•
342

If the ceiling color is light and the wall color is very
light and the floor color is light, then the output value is
included in the set of light colors.
If the ceiling color is very light and the wall color is
light and the floor color is medium, then the output value
is included in the set of light colors.
•
•
•
If the ceiling color is very very light and the wall color is
very very light and the floor color is very very dark, then
the output value is included in the set of light colors.

342 production rules with 3 inputs and 1 output were developed in the
MATLAB program for the implementation of the task solution. Input
parameter Color factor - »Very Very Dark" -VVD, "Very Dark" -VD,
Dark-D, "Average" -A, "Light" -L, "Very Light" -VL, Very Very
Light-VVL, Output The parameter is unique: Value.
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Figure 6. Belonging functions of the ceiling linguistic variableı

Figure 7. Description of the rules of logical derivation
28

Table 4. Results obtained for the application of the logical
derivation module
Ceiling (%)

Wall (%)

Floor (%)

62
30.7
36.7
78.9
84.9
91
80.1
24.7
53.6
66.9

50
50
69.3
75.3
64.5
82.5
86.1
65.7
47.6
42.8

28
50
78.9
35.5
28.3
54.8
78.9
23.5
18.7
45.2

Output value
(%)
41.2
18.6
57.1
55.2
50
65.4
90
11
16.6
39

Development of a fuzzy logic model of the pollution factor:
Although the performance factor values listed in the standard tables
are given linguistically, their description is given as a single value, not
as a fuzzy affiliation function 3 . In other words, each of the "very
clean", "clean", "normal" and "dirty" linguistic variables considered
here has been given an exact value over the years. But the question is,
if the room is not "very dirty," "very dirty," "a little clean," "a little
dirty," "not very clean," "not very dirty," "really dirty," then what is
the role of these linguistic variables in the calculation? will be To
overcome this problem, it is necessary to approach it on the basis of
fuzzy logic.
Now let's define linguistic variables in the following
abbreviated form:
Clean-C
3

https://www.trilux.com/en/lighting-practice/indoor-lighting/generalrequirements/maintenance-factor/room-maintenance-factor/
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Dirty-D
Very Dirty-VD
Very Very Dirty-VVD
A Little Clean-LC
A Little Dirty-LD
Not Very Clean-NVC
Not Very Dirty-NVD
Really Dirty-RD
As an example, according to formula (1), the mathematical
calculations of linguistic variables, taking into account the values of
the pollution factor, are as follows.
𝑥𝑥 < 0.53
1,
𝜇𝜇𝐷𝐷 (𝑥𝑥) = �0.70−𝑥𝑥
, 𝑥𝑥 ∈ [0.53, 0.70]�
0.17
0,
𝑥𝑥 > 0.70
0,

𝜇𝜇𝐶𝐶 (𝑥𝑥) = �𝑥𝑥−0.70
,
0.13
1,

𝑥𝑥 < 0.70
𝑥𝑥 ∈ [0.70, 0.83]�
𝑥𝑥 > 0,83

𝑥𝑥 < 0.53
1,
𝜇𝜇𝑉𝑉𝑉𝑉 (𝑥𝑥) = 𝐶𝐶𝐶𝐶𝐶𝐶𝜇𝜇𝐷𝐷 (𝑥𝑥)2 = ��0.70−𝑥𝑥�2, 𝑥𝑥 ∈ [0.53, 0.70]�
0.17
0,
𝑥𝑥 > 0.70
𝑥𝑥 < 0.53
1,
𝜇𝜇𝑉𝑉𝑉𝑉𝑉𝑉 (𝑥𝑥) = 𝐶𝐶𝐶𝐶𝐶𝐶𝜇𝜇𝐷𝐷 (𝑥𝑥)4 = ��0.70−𝑥𝑥�4, 𝑥𝑥 ∈ [0.53, 0.70]�
0.17
0,
𝑥𝑥 > 0.70
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(20)

(21)

(22)

(23)

1,
𝑥𝑥 < 0.53
𝜇𝜇𝐿𝐿𝐿𝐿 (𝑥𝑥) = 𝐷𝐷𝐷𝐷𝐷𝐷𝜇𝜇𝐷𝐷 √𝑥𝑥 = ���0.70−𝑥𝑥�, 𝑥𝑥 ∈ [0.53, 0.70]�
0.17
0,
𝑥𝑥 > 0.70
𝜇𝜇𝐿𝐿𝐿𝐿 (𝑥𝑥) = 𝐷𝐷𝐷𝐷𝐷𝐷𝜇𝜇𝐶𝐶 √𝑥𝑥 = �

1,

𝑥𝑥−0.70
��
�
0.13
0,

𝜇𝜇𝑅𝑅𝑅𝑅 (𝑥𝑥) =

2𝜇𝜇𝐷𝐷 �

0.70−𝑥𝑥 2

𝑥𝑥 < 0.70
𝑥𝑥 ∈ [0.70, 0.83]�
𝑥𝑥 > 0,83

(25)

0.70−𝑥𝑥

� ≤ 0.53
0.17
(26)
�
2
0.70−𝑥𝑥
0.70−𝑥𝑥
1 − 2 �1 − 𝜇𝜇𝐷𝐷 �
� � , 0.53 < 𝜇𝜇𝐷𝐷 �
�≤1
0.17

�

(24)

0.17

, 0 ≤ 𝜇𝜇𝐷𝐷 �

2

𝜇𝜇𝑁𝑁𝑁𝑁𝑁𝑁 (𝑥𝑥) = 1 − 𝜇𝜇𝐶𝐶 (𝑥𝑥) = �

2

1,

𝑥𝑥 < 0.70
𝑥𝑥 ∈ [0.70, 0.83]�
𝑥𝑥 > 0,83

0,

𝑥𝑥 < 0.53
𝑥𝑥 ∈ [0.53, 0.70]�
𝑥𝑥 > 0.70

𝑥𝑥−0.70 2
1−�
�
0.13
0,

𝜇𝜇𝑁𝑁𝑁𝑁𝑁𝑁 (𝑥𝑥) = 1 − 𝜇𝜇𝐷𝐷 (𝑥𝑥) = �

0.17

0.70−𝑥𝑥 2
1−�
� ,
0.17
1,

(27)

(28)

Based on the knowledge and experience of experts-designers and
designers, the following production rules have been developed to
address pollution factors:
Table 5. Production rules of pollution factors
№

Production rules
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1
2
3
4
5
6
•
•
•
342

If the ceiling is clean and the wall is very dirty and
the floor is dirty, then the output value is included in the
dirty set.
If the ceiling is very clean and the wall is very dirty
and the floor is normal, then the output value is included
in the normal set.
If the ceiling is dirty and the wall is clean and the
floor is very dirty, then the output value is included in the
dirty set.
If the ceiling is clean and the walls are very clean
and the floor is very dirty, then the output value is
included in the normal set.
If the ceiling is clean and the wall is very clean and
the floor is clean, then the output value is included in the
net set
If the ceiling color is very clean and the walls are
clean and the floor is normal, then the output value is
included in the net set.
•
•
•
If the ceiling color is very very clean and the wall is too
clean and the floor is dirty, then the output value is
included in the net set.

342 production rules with 3 inputs and 1 output were developed in the
MATLAB program for the implementation of the task solution. Input
parameter pollution factor - "Very Very Dirty" -VVD, "Very Dirty" VD, Dirty-D, "Normal" -N, "Clean" -C, "Very Clean" -VC. "Very
Very Clean"-VVC. The output parameter is unique: Value.
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Figure 8. Belonging functions of the ceiling linguistic variable

Figure 8. Description of the rules of logical deduction
Table 6. Results obtained for the application of the logical
derivation module
Ceiling
0.3

Wall
0.71

Floor
0.5
33

Output value
0.6

0.76
0.76
0.88
0.83
0.91
0.84
0.33
0.33
0.63

0.71
0.87
0.87
0.27
0.58
0.54
0.42
0.91
0.91

0.33
0.54
0.83
0.34
0.58
0.72
0.69
0.69
0.69

0.5
0.87
1
0.33
0.69
0.97
0.27
0.51
0.90

Figure 10. Interior design illuminated by the traditional method
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Figure 11. Integration of logical extract values obtained in Table
5 and Table 7 into the CAD program

Figure 12. Illuminated interior design based on logical
extract values
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The practical experience gained in designing the Kurdamir Logistics
Center suggests the algorithm of the design process described in
Figure 12 in terms of using the knowledge and experience of experts
during the design.
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Figure 13. Algorithm of the design process based on the use of
knowledge and experience of experts
The colors of the CAD systems used in the algorithm were
taken into account in the data and knowledge base of the algorithm
accordingly.
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As shown in the figure, the design process is carried out in the
following sequence.
Step 1. The issue of spatial selection is solved in accordance
with the database
Step 2. A master plan is prepared in accordance with the
database
Phase 3. The developed master plan is submitted to the
customer and experts. If the developed master plan does not satisfy the
customer and experts, their suggestions and the knowledge base are
addressed to solve the relevant problem and return to stage 1.
Stage 4. 3D modeling of objects is prepared according to the
general plan.
Stage 5. Landscaping is prepared according to the master plan.
Step 6. The exteriors and interiors of the objects are covered
with textures.
Step 7. Natural and artificial lighting works are prepared
(taking into account the light reflectance and pollution factor of the
textures used here). If the customer and experts are not satisfied with
the information received, their suggestions and knowledge base are
addressed to solve the relevant problem and return to stage 6.
Step 8. Internal and external visual images of objects are
prepared. If the obtained Visaul image does not satisfy the customer
and the experts, their suggestions and knowledge base are applied to
solve the relevant problem and return to stage 4-7 to solve the problem
accordingly.
As can be seen from Figure 13 and the algorithm of the design
process, the knowledge and experience of experts are widely used in
the design process. Thus, at the end of most stages, the customer and
experts are asked to confirm the results, and if the results do not satisfy
the customer, they are returned to the required stage using their
requirements and knowledge base. This process is repeated until the
customer and the experts are completely satisfied.
A special software module based on Matlab toolkit has been
developed to take into account the knowledge and experience of
specialists and apply it to the design process. This module allows you
to take into account the quality parameters as well as the quantitative
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parameters when designing the CAD systems used. Thus, the
suggestions of customers and experts are included in the input of the
created software module, and the corresponding values of the design
parameters are calculated at the output. For this purpose, special fuzzy
extract models are used, which are explained in detail in the sections
of Chapter 2.
Recently, the integration of CAD systems with other software
systems is considered one of the most pressing issues. As can be seen
from Figure 13, a large number of CAD systems are used for various
purposes in the design process. Most of these systems have special
integration requirements. However, because their practical solutions
require a lot of resources, we used the intermediate file sharing method
(scripts) for integration as the simplest method.
The interaction of logic output modules created in addition to
CAD systems in the design process is shown in detail in the solution
of the problem of spatial selection in Figure 14 and in the solution of
the problem of illumination in Figure 15.
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Figure 14. Solving the problem of spatial selection in the
design process
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Customer CAD
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Figure 15. Solving the lighting problem in the design process
As can be seen from the pictures, the design process is based
on the suggestions and opinions of customers and experts, and the
design process continues until they receive positive feedback.
It should be noted that in normal cases, if the repetition of the
design process costs 40-50 iterations until the positive feedback from
the customer and experts, the design problem is performed on the basis
of 2-3 iterations based on the application of fuzzy logic derivation
models.
On the other hand, design data and technical tasks are first
formed and included in the input of CAD systems in the form of
quantitative variables. The obtained results-visual images are analyzed
by the customer and experts. If there is no positive feedback on the
results, the designers are informed about them. Designers enter this
information into the input of the logical output block, and based on the
results obtained at the output of that block, quantitative changes are
made in the project data in CAD systems, and the obtained resultsvisual images are repeatedly discussed with customers and experts.
The above steps are repeated until the results fully satisfy the customer
and the experts. As can be seen from Figure 14, customers and experts
express their comments and suggestions mostly vaguely. From this
point of view, fuzzy logic extract modules were used to effectively
solve these problems.
When the design results fully satisfy the customer, design
documents and special video recordings are prepared and presented to
the customer.
The design of Kurdamir logistics center was based on the
algorithm proposed above. AutoCAD, ArchiCAD, 3DsMax, V-RAY
software systems and logical extract software modules based on
Matlab software were used during the design.
Approval of the proposed models in the dissertation:
1. Customer “Dalga-94” LLC. Ruslan shopping center located
in Jallilabad district
2. Customer “Dalga-94” LLC. Woodpecker shopping center
located in Atakishi settlement of Kurdamir region
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3. Customer “Bayramoğlu İnşaat”. 4-storey hospital building
of Bilasuvar district
4. Customer “Memar-1” LLC. Sumgayit market and flour
products
5. Individual customers. Zagatala 7-storey residential complex
6. Individual customers. Recreation center in Ismayilli
7. Individual customers. Recreation center in Gusar
was carried out on the design processes of facilities.
The results obtained and the results of the approbations proved
the effectiveness of the results obtained in the dissertation and the
importance of the application of fuzzy theory to the design process.
Spatial selection and its fuzzy logic model built (342production rule developed)
A fuzzy logic model of the lighting problem was developed
(342 product-rules were developed to solve the problem of pollution
in lighting, and 342 production-rules were developed to solve the
problem of color light reflection).
Spatial selection, software implementation of lighting issues
was implemented as a software module developed in addition to CAD
systems. The software module is developed using the capabilities of
the MATLAB instrumental software system.
CONCLUSION
The main scientific and practical results of the dissertation can
be given as follows.
1. Rapid development of modern technical design tools
strengthened the connection of architectural design with computer
technology, and as a result, architectural methods underwent
significant changes and led to the emergence of new products. On the
other hand, using CAD programs has made it possible to implement
projects that were different from traditional methods and could not be
implemented in the past.
As a result of the study of the literature, it was determined that the
application of existing CAD systems in modern times does not allow
to obtain the expected results in solving some problems. For example,
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the solution of the problem of optimal lighting of design objects is
based on predetermined accurate interval estimates of pollution and
light reflection factors. However, the transition between these
intervals is not considered. On the other hand, in solving the problem
of spatial selection of design objects, factors such as environmental
factors, time orientation of the object to daylight (artificial lighting)
and accessibility to other objects are not taken into account.
In the design process, the knowledge, experience and intuition of
specialists (architects, designers, engineers) are often widely used, as
well as the wishes and desires of customers. This in itself often reduces
the effectiveness of analytical methods in solving design problems.
Because analytical methods do not allow the use of human knowledge
and experience. On the other hand, some of the parameters involved
in the design process are verbal. Therefore, it is not possible to use
them in mathematical methods, and also the design process is
influenced by such factors that it is impossible to accurately measure
these factors.
From this point of view, the application of the theory of fuzzy
sets to the solution of design and design problems, which allows to use
the knowledge and experience of designers as the main goal of the
dissertation, is realized algorithmically and programmatically.
Application of fuzzy set theory to the solution of design problems:
The use of uncertainty and difficult formalities that affect the design
process
To effectively use the knowledge and experience of specialists
along with analytical methods in the design process
allows.
The dissertation consists of an introduction, chapter 3,
conclusion, list of references and appendices.
In the introductory part, the expediency of applying the theory of fuzzy
sets, which allows to use the knowledge and experience of specialists
in solving design and design problems, and the relevance of the
research topic, the degree of study of the problem, research goals and
objectives, A brief explanation of all issues, the main provisions of the
defense, scientific innovations of the research, the practical
significance of the results of the research and the approbation of the
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results of the dissertation are given.
2. The architectural design that was determined as a result of the
analysis
and AutoCAD, ArchiCAD, 3DsMAX, Revit, etc. to solve design
problems. CAD software systems such as are widely used. Numerous
projects have been developed and implemented on the basis of these
CAD software systems.
Studies have shown that in some projects based on CAD
systems, deficiencies have been identified either after completion or
during operation. Examples include the WeTown residential complex,
the Hill Wind Hotel & Resort, the Chinese restaurant Fengyuan, the
K11 Musea shopping center, and the Ranwu camping hotel. The
analysis of these projects revealed that undesirable factors that led to
the suspension of the design process or during its operation, such as
location selection, lighting, incorrect assessment of the environmental
situation (bad odors, pipelines or premature deterioration of lighting
facilities). Despite the high cost of the design process, these factors did
not allow the work to be stopped in time or to achieve the expected
efficiency in the post-commissioning period. This is due to the fact
that these factors do not take into account the uncertainty and difficult
formalities in the design process during the analytical calculations.
The issues of spatial selection, environmental factors and
lighting factors in the design process, which are difficult to formalize
and take into account in terms of uncertainty, have been studied in
existing literature and the application of fuzzy set theory is justified.
However, the analysis showed that the application of fuzzy set theory
to the solution of spatial selection and lighting problems has not been
fully considered.
As a result of the analysis, the relevance of the application of
fuzzy set theory, which allows to use the knowledge and experience
of specialists in solving the problem of spatial selection and lighting,
is substantiated and its solution method, algorithm and program
implementation are explained in detail in the dissertation.
1. A variety of architectural design design issues
The factors influencing the solution of these issues have been
comprehensively developed on the basis of examples.
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The main factors influencing the choice of space and lighting:
Lighting issues: Color reflection, ceiling, wall and floor
contamination, Color brightness index, Lamp operation factor, etc.
Spatial selection: Ecological condition of the environment,
distance from other buildings, proximity to other buildings, logical
proximity of different buildings to each other, proximity to important
buildings, etc. developed.
It has been argued that these factors are uncertain and difficult
to formalize.
For the application of complex factors influencing the choice
of space and lighting in the design process, fuzzy affiliation functions
were selected based on the opinions of their experts and developed as
linguistic concepts.
2. Lighting and spatial selection issues in solving the problem
of architectural design design
The theory of fuzzy sets was applied to the solution:
A fuzzy logic model of spatial selection and its fuzzy logic
model was developed (18 production rules were developed) (30
product rules were developed to solve the problem of pollution in
lighting and 26 production rules were developed to solve the problem
of color light reflection)
An algorithm for the design process was developed using fuzzy
logic output models. Normally, the repetition of the design process
costs 40-50 iterations until the customer and experts receive positive
feedback, but the design task is completed on the basis of 2-3 iterations
based on the application of fuzzy logic output models.
Spatial selection, software implementation of lighting issues
was implemented as a software module developed in addition to CAD
systems. The software module is developed using the capabilities of
the MATLAB instrumental software system.
The texts of the program execution modules of the fuzzy logic
model created to solve the problem of lighting and spatial selection
and the results of their application are given on the basis of special
examples.
One of the key issues that needs to be developed in the future
in terms of the use of a large number of different software systems in
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the design process is the real-time integration of the proposed fuzzy
logic output models into existing CAD systems. To solve this problem,
it is proposed to develop a package of proposals for the integration of
fuzzy logic output models with CAD systems and take them into
account in the future development of CAD software systems.
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