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Abstract. Customer satisfaction can be enhanced by reducing the gap between what the customer really needs (cus-
tomer requirements) and what the manufacturer can provide (product specifications). The carpet industry’s customer 
design approach, in which products are created by converting customer needs into product specifications (in a mass 
production system) or into product diversity (in a mass customization system), cannot provide optimal satisfaction to all 
customers. Some carpet buyers are still forced to soften their requirements and agree to a pre-determined product in the 
assortment. This study proposes a new carpet design concept and an optimal price per customer order to increase customer 
satisfaction by opening the maximum possible channel for customers so that they can participate in value creation, so 
that they are no longer only looking for goods, but can, if necessary, involve in the production cycle to specify their own 
design. To ensure the viability of the proposed concept, this article presents the integration of the point of separation of 
the participation of several customers, the analysis of product attributes, crowd screening and a new production strategy. 
Real resin-based desktop clock products are used as a practical example to test the applicability of the concept and dem-
onstrate its advantages.
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Introduction

Optimization problems are problems in which 
it is required to find the best solution; at the same 
time, as a rule, there are various restrictions on the 
scope of changes in control a variable, which does 
not allow using the methods of classical mathemati-
cal analysis, but requires the use of various com-
putational methods. In this article we will look at 
optimizing the colors of fractal patterns of carpet 
design. Optimizing carpet colors we used a genetic 
algorithm. The concept of design is different from 
the scientific research that we sometimes analyze, 
design is a design that consists not only of studying 
the essence of what exists, but of creating innova-
tion. When designing carpet designs in the carpet 
industry, the choice of color is of great importance.

General customization and automation in the 
carpet industry, this method of creating a bar mat 
for the buyer is considered in quality. The genetic 
algorithm is the direction of optimizing those stim-
ulated by an environment that works in addition, 
such as interrelated; mutation and the survival of the 
most suitable one’s work for machine learning. This 
method is widely used in optimization and classifi-
cation work.

This method used two databases; one with basic 
patterns and the other with colors. This work devel-
oped software to optimize the selection of paints in 
carpet design in the production of complex images 
of fractal carpets based on a genetic algorithm. As 
parameters of the genetic algorithm, crossover and 
mutation probabilities are used. They can be from 
0 to 1. Thus, they are considered probability. If the 
operator is assigned a value of “0”, it means that as 
a result of this operator, no individual will change in 
this population. Likewise, if “1” is indicated as a pa-
rameter, it means that all individuals, in other words, 
all populations, change. Both of these values are 
usually not specified, since they do not contribute to 
the efficiency of the algorithm. So, in this study, we 
will select a value from 0 to 1 for the crossover and 
the probability of mutation.

Literature Review

This method was also considered in the textile 
industry. This article will discuss the application of 
genetic algorithms in the textile industry. The ge-
netic algorithm allows you to contain a large num-
ber of answers and select perfect designs from them 
by receiving feedback from assignments. However, 
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many patterns are unpleasant and may not be suit-
able for customer demand. According to the cus-
tomer, it is not easy to choose interesting and stylish 
models from such a variety of designs. To find the 
optimal price, an interactive genetic algorithm can 
be used to optimize colors and select ideal patterns 
based on the user’s necessary feedback. We can use 
it to optimize color in the manufacture of carpets of 
complex designs (Nuraliev F. M. N.A., Narzulloev 
O. M., 2019). Attempts to eliminate these problems 
led to the creation of a theory of genetic algorithms. 
The founder of the theory of genetic algorithms is 
rightfully considered the American researcher John 
Holland, who in the late 1960s, it proposed the use 
of methods and models of the mechanism for the 
development of the organic world on earth as the 
principles of combinatorial registration of options 
for solving optimization problems. In 1975, John 
Holland published his most famous work “adapta-
tion in natural and artificial systems” (Panchenko 
T. V., 2007). In it, he first introduced the term” ge-
netic algorithm”. John Holland’s Students Kenneth 
De Yong and David Goldberg continued his career 
in the field of genetic algorithm. Goldberg’s most 
famous work is “search optimization and genetic 
algorithms. in machine learning” (Gladkov L. A., 
2006). In the carpet industry, several carpet designs 
of different colors can be created in a complex frac-
tal image system. However, given the time, many 
patterns may not be attractive and beautiful enough, 
and choosing patterns among a wide range of cus-
tomer tastes can be a big problem. To solve such a 
problem, an optimization and design scheme based 
on artificial intelligence can be used. This method 
develops a design system that is consistent with the 
requirements of customers and is based on market 
demand, which gradually connects with users, col-
lects feedback and gives optimal results for users. 
In the carpet weaving system, several designs of dif-
ferent colors can be made. Also, many patterns may 
not be unpleasant and in demand. According to the 
buyer, it is not easy to choose interesting and styl-
ish models from such a variety of designs. With the 
help of an interactive genetic algorithm, it is possible 
to optimize colors by price and select ideal images, 
taking into account the necessary feedback from the 
user. We can use the genetic algorithm to optimize 
the color of fractals in carpet production with com-
plex image carpet designs (Dariush S., Mehdi H., 
Hamed A. and Mohammad Sh., 2014). To create an 
optimal color selection plan, a genetic algorithm is 
used in the design of carpet production. The inter-
active genetic algorithm was also used to optimize 

the color detection of carpet products, and was used 
in a similar way to previous research databases that 
included initial reserves to begin the optimization 
process.

Methodology

The genetic algorithm is similar to an interactive 
genetic algorithm; however, there is a slight differ-
ence where there is primarily a fitness function (tar-
get function) and the user sees the level of compat-
ibility for each chromosome. The interactive genetic 
algorithm can communicate with users and therefore 
affect the user’s emotions and is used in the arts and 
design fields and is used in production. In the car-
pet manufacturing industry, the application in color 
optimization is blurred in accordance with the pur-
pose. For this, too, a program was developed by the 
Python programming language to express design 
through complex fractal images. The developed soft-
ware consists of the following main section. Com-
plex fractal image patterns and colors created by the 
program are displayed to the user in the main part, 
which is evaluated by the user. In other parts, the 
user can view existing carpet design samples from 
the carpet design sample base and create, edit or de-
lete the desired design samples and place them in the 
database. The user can do the same for the colors in 
the software component and finally enter the knit-
ting machine pattern and color boundaries.  Using 
the method of binomial polynomial theory, methods 
and algorithms for visualizing images in fractal form 
have been developed, taking into account algebraic 
structures based on the Pascal triangle and The The-
ory of prime numbers based on Mod p (Nuraliev F. 
M. N.A., Narzulloev O. M., 2019). Each pattern is 
shaped on the basis of a Pascal triangle, in which 
each component is taken into account, the number of 
rows indicates the number of rows and the number 
of columns indicates the number of rows in the pat-
tern. For example, the first size in the Pascal triangle 
indicates the amount of red, the second – green, the 
third – blue. Genetic algorithm parameters such as 
population number, number of parents transferred to 
the next generation, intersection coefficient, muta-
tion rate, number of generations, and time limit are 
shown. There is no time limit for the algorithm to 
work, and the chromosome population is considered 
as a vector, that is, all chromosomes are sent to the 
fitness function through a matrix, where the number 
of rows is equal to the number of chromosomes. The 
number of columns is equal to the number of chro-
mosomes genes. Thus, the fitness function is called 
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only once for each generation, and the speed of ex-
ecution of the algorithm increases. After determin-
ing the required parameters, the task of the genetic 
algorithm is performed. In the recorded function, 
the number of genes, the upper and lower limits and 
previous parameters of each gene are used as inputs, 
and the final population of chromosomes and their 
assumptions are used as the final product. Since in 
the final population some chromosomes may be the 
same as other chromosomes, samples of a similar 
design need to be eliminated and a new population 
with different chromosomes formed, and the best 
samples are installed on the user. After optimizing 
the carpet design, the color is optimized in the se-
lected carpet designs. 

Genetic method of color optimization of fractal 
structure images

 Like chromosomes, which change in nature due 
to changes in genes, in the genetic algorithm these 
elements are constantly changing, turning into full 
and strong populations. The size of the chromo-
somes and the number of genes depend on the type 
of problem. Genes are actually a true determinant of 
the variables needed to optimize the problem. The 
suitability of chromosomes determines their effec-
tiveness and the function of solving the problem. 
Such tasks related to the tastes and feelings of people 
use a direct definition of fitness instead of its func-
tion by a user called an interactive genetic algorithm. 
The choice of color options for paints for the manu-
facture of a particular carpet product is a complex 
issue, since it is necessary, on the one hand, to en-
sure the established accuracy of painting, and on the 
other, to be able to produce carpets. The main goal is 
to maintain the minimum cost and at the same time 
the highest productivity. To solve these problems, in 
general, methods of mathematical programming and 
optimization are used.

In real problems, a connection between objec-
tive functions, criteria inevitably arises:

1. criteria can match each other;
2. criteria may contradict each other;
3. criteria can be independent.
The initial expert assessment of the selected cri-

teria (Dariush S., Mehdi H., Hamed A. and Moham-
mad Sh., 2014) allows you to solve the problem of 
multi-criteria optimization in the simplest, but some-
times most effective ways. The genetic algorithm 
(Panchenko T. V., 2007) is based on the theoreti-
cal advances of synthetic evolutionary theory and C. 
Darwin uses the basic principles of evolution theory: 
heredity, variability, and natural selection. The ge-
netic algorithm works with a set of individuals (pop-

ulation) with rows (chromosomes) that encode one of 
the solutions to the problem. This genetic algorithm 
differs from other optimization algorithms in that it 
only works with one solution and improves it. Each 
person is evaluated by a measure of his “suitability”, 
depending on how “good” it is to solve the problem 
that suits him. For this, the fitness function (Glad-
kov L. A., 2006) (target function) is used, which 
highlights the most adapted solutions (which will 
continue to be used further) and the worst solutions 
(which will be removed from the population and will 
not affect the search for the optimal solution). So we 
strive to increase fitness, and therefore approach the 
desired solution and approach the desired decision. 
The operation of the genetic algorithm is an iterative 
process. Each new iteration over current individuals 
uses different genetic operators that give birth to new 
individuals. After that, all individuals are evaluated 
using the target function, and the most suitable ones 
are used in the subsequent iteration of the genetic 
algorithm. This process continues until the desired 
results are achieved, or the number of iterations ex-
ceeds the limit value (the limit of the number of iter-
ations allows you to limit the time of operation of the 
algorithm from above). Also, one of the symptoms 
that must stop the iterative process is the approach 
of the population (the state of the population, all its 
individuals have been in a certain extreme region for 
several generations and are almost identical). The 
convergence of the population usually indicates that 
a solution closes to the optimal one has been found. 
Usually, the final solution to the problem is the most 
adapted person of the last generation. Genetic op-
erators are a means of showing one set to another. 
They allow the application of the principles of he-
redity and variability to virtual populations. All ge-
netic operators have probabilistic properties, which 
brings a certain degree of freedom to the work of the 
genetic algorithm. The most commonly used genetic 
operators are the crossing over (cross) operator and 
mutation operator. The transition Operator models 
the process of crossing individuals. This genetic op-
erator leads to the creation of new individuals based 
on existing ones.

Results &Discussion

Currently, there are many different models 
and modifications of the genetic algorithm. In test 
functions, an experimental comparison of all their 
strengths and weaknesses with each other is impos-
sible to construct within the framework of one arti-
cle. The size of the chromosomal population is 6, the 
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number of chromosomes transmitted to the next gen-
eration is 5, there is activity and 4 generations. The 
first generation of patterns was created from simple 
patterns stored in the database to run the genetic al-
gorithm, but they could be modified by the user. The 
rating of users is from 1 to 9, the more attractive the 
design, the higher the rating. Subsequently, the first 
generation was evaluated, the next generations will 
be created on the basis of user ratings. Selection op-
era is an interactive operation performed by the user, 
the number of patterns in the database is the same for 
each generation, so patterns with a low compatibility 
value are excluded and will not be passed on to the 
next generation.  The best design in each generation 
is the one with the highest fitness value or the best fit-
ness value in this generation, and the average fitness 
value is the average value of all fitness values in this 
generation. With the production of new generations, 
the average fitness will be higher, which will show 
the well-being of the developed design samples and 
good user ratings.

Evolution algorithms use different evolution 
simulations in three stages of genes – chromosomes, 
human and generational. The genetic algorithm uses 
evolutionary modeling at the level of genes and chro-
mosomes, in which the population consists of chro-
mosomes with arguments of the same size. The emer-
gence of a new generation is usually caused by chro-
mosomal binding and partial mutation. In the genetic 
algorithm, the population of possible solutions in the 
search field, that is, the so-called individuals, the it-
erative evolution, becomes better solutions through 
the process. The population in each iteration is called 
the generation. Each generation assesses the physi-
cal fitness of individuals, which is usually the value 
of the target function in the optimization problem. 
Then a small set of individuals (parents) is selected 
and a transition mechanism is used to obtain a new 
generation of individuals (offspring). In addition, the 
mutation operator can be applied to maintain genetic 
diversity. The operation of any search algorithm de-
pends on the balance between two opposing goals: 
using the best solutions found so far (local search) 
and at the same time studying the search field of oth-
er promising solutions (global search). Genetic algo-
rithms have proven to be effective as a global search 
method, which means that they can quickly deter-
mine the area in which the optimal solution is avail-
able. Optimization problems over finite sets have a 
finite set of feasible solutions that can be enumerated 
and the best one can be selected from them, provid-
ing the extremum of the objective function (CF). 
The subject area of such tasks is the processes of op-

erations research (IO), the theory of which has been 
formed for several decades. In our previous work, 
we used the symplex optimization method, but the 
result gave us one result. The simplex method has 
developed an algorithm for optimizing colors in the 
production of carpets of a given size, it is advisable 
to use mathematical programming methods to select 
the optimal set of colors, which can be done with 
the least cost and maximum benefit. In this paper, 
a genetic algorithm for optimizing the colors of the 
carpet industry is considered. One of the optimiza-
tion methods is the genetic method. This method has 
also been considered in the textile and carpet indus-
try. The genetic algorithm is a method for solving 
optimization problems based on the processes of 
natural selection (mutation, crossing, selection) and 
is part of a broader direction of artificial intelligence 
— evolutionary computing. In a genetic algorithm, 
each possible solution to an optimization problem 
is called an individual. Individuals form a popula-
tion. The task is that in the process of evolution, each 
new generation of individuals (i.e. solutions to the 
optimization problem) becomes more perfect. In this 
work, with the help of a genetic algorithm, we got 
some of the best options.

The production of natural paints used in the 
production of carpets is an important environmen-
tal problem, the economic consequences of which 
are numerous and diverse. This article begins with 
the assumption that reducing greenhouse gas emis-
sions is a necessary policy that must be developed 
in a cost-effective way. It is well known that market 
instruments are the best option in terms of economic 
efficiency. Customer satisfaction can be increased 
by reducing the gap between what customer really 
needs (customer requirements) and what manufac-
turer can provide (product specifications). The ap-
proach of Design for Customer where products are 
generated by translating customer needs into prod-
uct specifications (in mass production system) or 
into product variety (in mass customization system) 
is not able to give optimum satisfaction to all cus-
tomers. Some customers are still forced to relax their 
requirements and to accept predefined product in 
the assortment. This study proposes a new concept 
of Design by Customer to increase customer satis-
faction by opening maximum possible channel for 
customers to involve in value creation so that they 
are no longer only searching for goods but they can 
also, when necessary, involve in production cycle 
to specify their own design. In order to ensure the 
viability of the proposed concept, the integration 
of multi customer involvement decoupling point, 
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product attribute analysis, crowdscreening and new 
manufacturing strategy are introduced in this paper. 
Real products of resin-based table clocks are used as 

practical example to verify the concept applicability 
and to demonstrate its merit. Figure 1 presents the 
block scheme of the algorithm structure.

Figure 1 – Operation block scheme of the genetic algorithm

Unlike design chromosomes with the same num-
ber of genes, the number of colored chromosome 
genes can vary and is determined by the color vari-
ety of the selected designs. The number of genes is 
equal to the number of colors of the selected design. 
The color chromosome has an auxiliary gene that 
determines the number of colors, or in other words, 
the number of genes that are destroyed after the for-
mation of the structure of the color chromosome. 
The genes of the main color chromosomes will have 
the desired value depending on the number of col-
ors available in the color database. For example, if 
there are nineteen colors in the color database, the 
first gene will have a value from 1 to 19 after the 
auxiliary gene is excluded. The following genes can-
not accept the values of the previous genes, since 
there may be undesirable changes in the design. In 
relation to the selected chromosome of the pattern, 

if the pattern was formed from a single pattern, the 
number of colors on the color chromosome is equal 
to the number of colors in the first pattern, if from 
two patterns, then the number of Colors is equal 
to the number of patterns. Wider color variety. Af-
ter the auxiliary gene is removed, the limited color 
chromosomes are sent to the algorithm. The selected 
carpet design color chromosome and Color Matrix 
are sent to the coloring function of the selected de-
sign, and this feature paints the selected design in 
different colors and sends it to the fitness function 
to show the user when evaluating it. Similar to the 
automatic evaluation section in the design suitability 
function, similar colors from different generations of 
the selected design are included in the color suitabil-
ity function. This function also imposes restrictions 
on color chromosome genes for painting images and 
edits them as needed.
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Computational experiment
A fractal pattern of 3 colors of a certain size 

was selected and the cost of painting the carpet was 
calculated. The number of each color in the Pascal 
triangle consists of three colors, for example 63, 78 
and 30, here    are these unknown price natural dyes 
our function is blurred in the resulting drawing: 

Computational experiment
A fractal pattern of 3 colors of a certain size 

was selected and the cost of painting the carpet was 
calculated. The number of each color in the Pascal 
triangle consists of three colors, for example 63, 78 
and 30, here    are these unknown price natural dyes 
our function is blurred in the resulting drawing: 

1.	 Constraints that task variables must satisfy:
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Denote F - income from the sale of carpets, 
then the objective function of the problem is written 
as follows:

Thus, the task is to find 

min 63* 78* 30* minF x y z= + + → , 

under the constraints:
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11 140
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x
y
z

≤ ≤
≤ ≤
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Using the genetic algorithm to solve this 
optimization problem, it get the following re-
sults:

Here we used mutations similar to reproduction, 
a certain number of individuals are selected from 
mutants and changed in accordance with predeter-
mined operations.

A mutation was carried out to improve the gen-
eration. For each color in the process of solving the 
problem.

Minimize 63* 78* 30*F x y z= + +   

over  {0,1,2…..18}

Representation: binary code e.g. 00111 for 7
Chromosome length is 5 (10010 is 18)
Population size  4
3 point crossover
Roulette wheel Selection
Randomly generated Initial Population: 1.

Figure 2 – Randomly generated Initial Population



29

F. Nuraliev et al.

Figure 3 – Computational experiment. Selection

Figure 4 – Computational experiment. Crossover

Figure 5 – Computational experiment. Crossover
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Figure 6 – Computational experiment. Crossover

Figure 7 – The average adaptation situation of the generation and the best

Figure 8 – Images of complex fractal structures based on Pascal’s triangle  
Mod=3 for carpet obtained from genetic algorithm by optimization method
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Conclusion

This article analyzes the basic principles of the 
functioning of search genetic algorithms, presents 
the most important genetic operators, models and 
strategies used in the genetic algorithm. Also, a posi-
tive experience of practical application of the genet-
ic algorithm for optimizing multi-extreme functions 
is considered. Carpets are important both artistically 
and commercially. Research shows that the initial 
desire to buy a carpet is based on its design pattern 

and color composition. Therefore, the developed al-
gorithm has optimal capabilities for design and color 
optimization. The user interface is a powerful appli-
cation to extract data and tastes from the user, which 
can adapt to different postures and experiences. 
This program can create more beautiful and attrac-
tive designs and colors from the user’s point of view 
when creating new generations, and will extract dif-
ferent variants of carpets on demand, reducing the 
cost based on the customer’s demand. Compatibility 
charts also show improvements in color and design.
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