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The entirety of Amazon’s sales being powered by Amazon Search, one 
of the leading e-commerce platforms around the globe. As a result, even 
slight boosts in appropriateness can have a major impact on profits as well 
as the shopping experience of millions of users. Throughout the beginning, 
Amazon’s product search engine was made up of a number of manually 
adjusted ranking processes that made use of a limited number of input 
features. Since that time, a significant amount has transpired. Many people 
overlook the fact that Amazon is a search engine, and even the biggest one 
for e-commerce. It is indeed time to begin treating Amazon truly as the 
top e-commerce search engine across the globe because it currently serves 
54% of all product queries. In this paper, the authors have considered two 
most important Amazon search engine algorithms viz. A10 and A11 and 
comparative study has been discussed.

Keywords:
Amazon business
Algorithm
Page rank
Visibility
Search engine algorithm
E-commerce

1. Introduction

Amazon is basically a world-based e-commerce com-
pany which has over 2 billion of users/clients directly and 
indirectly involves into this e-commerce platform [1-3]. 
Customers have convenient access to information about a 
product through the product detail page, which also makes 
it easier for customers to compare different offers that are 
currently available. On the product detail page, the Fea-

tured Offer will present the offer that it has determined the 
customer is most likely to select after conducting an in-
depth comparison of all of the available offers. Amazon 
determines whether an offer qualifies as a Featured Offer 
by taking into account a number of factors, including the 
price, the delivery speed, whether the offer is eligible for 
Prime, and the performance of the seller. As a direct con-
sequence of this, there might be more than one Featured 
Offer available for a product, or there might be none at 
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all. Customers can easily begin their shopping experience 
by browsing all of the available offers from the product 
detail page. The vast majority of customers who compare 
these offers end up selecting a Featured Offer as their 
preferred option. Please click here for further details re-
garding the Featured Offer. The requirements listed in this 
section, which are located there, must be adhered to in an 
order so that one can be eligible for the Featured Offer. 
We reserve the right to remove a seller’s eligibility for the 
Featured Offer or to not display a Featured Offer at all in 
order to prevent abuse or for any other reason that helps 
us maintain a positive experience for our customers. The 
provision of assistance to customers in the course of their 
product searches is the primary purpose of the Amazon 
Algorithm. In order to provide users with the most rele-
vant information possible, the system performs an analysis 
on a variety of businesses and the products that are offered 
on the website by those businesses. The A9 Algorithm and 
the A10 Algorithm [4] are very similar to one another and 
share a lot of similarities. The primary distinction between 
the two lies in the level of significance attached to the var-
ious criteria used for ranking [5]. It is imperative to keep 
the customer in mind at all times rather than focusing on 
the algorithm; doing so will allow you to gain an advan-
tage over your competitors. Because the primary objective 
of Amazon does not change, regardless of whether the 
algorithm is “A9” or “A10”: to satisfy the needs of the 
customer by providing an exceptional experience when 
making digital purchases. This objective is not dependent 
on which algorithm is used. It is difficult to be successful 
in the ever-increasing competition on Amazon because 
there are more than 2 million sellers expanding their busi-
nesses there. Amazon’s goal is to increase the number 
of new sellers and encourage healthy competition at all 
times in order to foster innovation. Advertising is one of 
the key strategies that must be utilized in order to domi-
nate Amazon; the other part of this strategy is to remain 
current with the Amazon A9 algorithm. However, despite 
the fact that some people have started referring to it as the 
A10 algorithm, it is extremely comparable to the A9 algo-
rithm. However, the most important distinction lies in the 
importance placed on various parameters. Amazon began 
providing customer searches with a greater degree of rel-
evance after the most recent update. Amazon discovered 
that customers tend to look further than what sellers are 
trying to promote in their listings. Therefore, Amazon is 
making adjustments to its A10 algorithm in order to make 
the search results more pertinent to the customer. Table 1 
contains information about A9 in more detail. The A10 al-
gorithm is the most powerful incarnation of the searching 
and ranking algorithm used by Amazon.com. A10, which 

taking over just for Amazon’s “A9” algorithm in 2020, 
provides more emphasis to a lot of ranking factors, en-
hancing its ability to match customer queries with appro-
priate products. Here, a comparison study of the two most 
significant Amazon search engine [6-9] algorithms, A10 and 
A11, has been presented.

Table 1. Information about Amazon A9 Algorithm

A9

Type Search Engine

Industry Communications

Founded 2004

Founder Udi Manber

Headquarters 	 Palo Alto, California

Parent Amazon

Website https://www.amazon.com/

2. Definition and Technical Implementation 
of Amazon A9 and A10 Algorithms

This section has discussed in brief the definition and 
technical implementation of the Amazon A9 and A10 al-
gorithms. 

2.1 Define Amazon A9 Algorithm

The Amazon A9 algorithm is a ranking system [10] that 
determines where your products will be displayed in the var-
ious search results on Amazon. It makes it easier for custom-
ers to find the product that best meets their needs by using 
the search keywords. This helps Amazon sellers gain traffic 
for their products, which in turn leads to a higher ranking 
of the products, which in turn helps Amazon sellers make 
more money. The Google algorithm [11,12] does not take into 
account the number of sales conversions that the Amazon A9 
algorithm does. Because of this, products that have a longer 
history of sales will rank higher and better than comparable 
products that have a shorter history of sales. This is due to the 
fact that Amazon’s A9 algorithm will promote the products 
that have a higher probability of being sold in comparison to 
other products. When determining where a product should 
be positioned in the list of results returned by an Amazon 
search, the A9 algorithm takes into account a wide variety of 
factors, including relevancy, reviews, keywords, sales histo-
ry, product promotions, search terms, availability of the prod-
uct, price, and many others. When determining the ranking 
of a seller’s products, it is at the very centre of what Amazon 
does.

2.2 Technical Implementation of Amazon A9 Al-
gorithm

The Amazon A9 algorithm is what customers use to 
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determine where a particular brand stands in the list of 
search results for their query. It presents the purchasers 
with the results that are pertinent to the key terms that 
they have entered into the search box. In addition to this, 
it includes the results that are recommended as well as 
other products that may pique the buyers’ interest enough 
to convince them to purchase them. It provides the results 
based on the customer’s previous search history as well 
as their previous purchasing history. This allows for the 
products to rank higher in the search results when they 
are searched for, which in turn increases the likelihood 
that they will be purchased, which in turn increases sales 
of the given product and brand. Because the Amazon A9 
algorithm is based on the relevancy of search terms, key 
search terms play an important role in the process of find-
ing results that are relevant to the item that customers are 
interested in purchasing.

2.3 Define Amazon A10 Algorithm

The Amazon A10 algorithm is the most recent iteration 
of the company’s search engine. Because of this, the al-
gorithm’s overall operation has been modified as a result. 
The A10 algorithm used by Amazon will guide customers 
straight to the results they are looking for, bypassing any 
recommended or other search products in the process. The 
products that are the most pertinent, popular, and highly 
ranked are highlighted for the purpose of increasing the 
likelihood of sales for the vendors, as well as the like-
lihood of buyers discovering the product that best suits 
their needs. The product that appeals to buyers more than 
the others does naturally better in rankings than the prod-
ucts that do not. Not only this, but the method of ranking 
is now determined not by advertisements but rather by the 
clicks that are generated organically by the content. Intro-
duction one of Amazon’s newest features is called Seller’s 
authority. This feature uses Amazon’s buy box or product 
listing to establish a seller’s credibility with customers. 
The duration of the seller’s Amazon activity, the number 
of feedback and ratings received, the number of products 
sold, and other factors all contribute to the seller’s au-
thority. Parallel to this, organic sales are those that come 
from products that customers not only view but also buy, 
as opposed to sales that come from paid advertisements. 
Parallel to this, organic sales are more valuable than paid 
advertisements. This is due to the fact that Amazon has 
been placing a greater emphasis on a secure organic SEO 
strategy for sales rather than a pay-per-click strategy. 
Aside from that, traffic that comes to Amazon from other 
websites is referred to as “offsite sourced traffic”. For 
example, Instagram, Facebook, YouTube blogs, TikTok, 
etc., it is important to make sure that the traffic is relevant 

because doing so will only increase the views of the page, 
not the sales. It is important to make sure that the traffic 
is relevant because it will only increase the views of the 
page. The internal sales are made up of products that 
come highly recommended and are frequently purchased. 
Because these are not the products that are returned by a 
search, but rather products that are shown to buyers in a 
separate section in order to boost the product’s position in 
search results, simply put, click-through rates measure the 
number of times prospective customers click on a compa-
ny’s products during their initial research phase. It is only 
taken into consideration once they have not only been 
clicked on but also purchased afterward. Because of this, 
the products require not only a descriptive name but also a 
primary image of the highest possible quality.

2.4 Technical Implementation of Amazon A10 
Algorithm

The Amazon A10 algorithm is an improved and more 
up-to-date version of the Amazon A9 algorithm, as was 
previously mentioned. Because of this, there have been 
many modifications made to the way the algorithm as 
a whole works. However, there are still some processes 
that have not been altered in any way. There are a few 
that play larger roles and others that play smaller roles in 
these, such as the pay-per-click (PPC) advertising model 
used by Amazon and the profitability of the products. The 
Amazon A10 algorithm has caused an increase in product 
visibility [13], which enables customers to have a better un-
derstanding of the items they are considering purchasing. 
The Amazon A10 algorithm has been modified a great 
deal in the past, and additional modifications are planned 
for the future as well. Because of this, both buyers and 
sellers are now aware of any potentially fraudulent prod-
ucts that are on Amazon’s marketplace [14-16], and they can 
take immediate action to remove these products from the 
website and search engine. It is essential for any kind of 
seller on the Amazon web page to have a working knowl-
edge of the Amazon A10 algorithm if they want their 
products to have the best chance of ranking higher in the 
Amazon search results.

3. How does the Amazon Search Algorithm 
Work

Here, we have discussed how does the Amazon search 
algorithm work. Each and every product ranking is de-
termined by the Amazon algorithm, which examines the 
product listings, compares them to online customers’ 
search terms, and then displays the most relevant ones on 
the top page of the search results. In order to better under-
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stand the ranking process, Amazon must take into consid-
eration the points listed below.

1) Amazon emphasizes boosting Revenue Per Custom-
er (RPC) at all times.

2) Every transaction a customer takes on Amazon is 
recorded.

3) The Amazon A9 Algorithm correlates the tracked 
data mentioned in point 2 to the objective indicated in 
point 1 by using a series of mathematical operations.

Relevancy, Conversion Rate, and Product Authority are 
the three main components of the Amazon A9 algorithm, 
which determines how well a product ranks on Amazon.
com. Figure 1 provides how does Amazon A9 algorithm 
works.

Every Amazon product needs to be sufficiently rele-

vant to be given a higher search ranking. It is the initial 
solution to the question of how to rank highly on Amazon.
com. The components that need to be taken into account 
are (i) the title, (ii) the bullet points, (iii) the descriptions, 
(iv) the brand and manufacturing number, (v) the category 
and sub-category, (vi) the search term, and (vii) the prod-
uct specifications. Different factors of A10 algorithm have 
been shown in Figure 2. Better conversion rates depend 
on different factors, and one can raise them by paying 
attention to the following factors which are (i) Sales (ii) 
Questions and Answers (iii) Product Image (iv) Pricing 
(v) Variant Products’ Placement (vi) Bounce Rate and (vii) 
Customer Review. When a customer searches for a prod-
uct on Amazon.com, the product details for the Computer 
Network Book are shown in Figure 3. 

Figure 1. Work flow of Amazon A9 Algorithm

Figure 2. Factors of A10 Algorithm
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4. Amazon A9 Algorithm vs. A10 Algorithm

Both the A9 algorithm and the A10 algorithm that Am-
azon uses are very similar to one another because they 
both assist Amazon sellers in increasing the amount of 
traffic that is directed to their websites and the number of 
sales that are made using their products. However, there 
are some distinctions between the two when it comes to 

the activities that the algorithms perform. Amazon A9 is 
an older Amazon algorithm that helps sellers on Amazon 
achieve a higher ranking with search keywords, pay-per-
click (PPC), and Amazon’s paid advertisements. Amazon 
A9 is an algorithm that was developed by Amazon. On the 
other hand, the Amazon A10 algorithm raises a seller’s 
product to a higher position in the list of search results 
based on the number of times that result is clicked. It 

Figure 3. Details of Computer Networks Book by A. S. Tanenbaum, N. Feamster and D.J. Wetherall
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ranks the products that are most viewed or clicked on the 
website, along with the products that are most bought and 
the items that are most likely to be purchased. In addition, 
it displays the products of your competitors directly below 
the product that your brand offers. This is the point in the 
programming where the Amazon A9 and A10 algorithms 
diverge from one another. The first is for pay-per-click 
advertising and paid advertisements, and the second is for 
unpaid, organic selling that is determined by the number 
of views and purchases. In any case, both of these results 
come from the same search engine that is used by Ama-
zon. This search engine is designed to locate the appro-
priate product for customers and the appropriate rank of 
products for sellers on the Amazon web page. 

5. Conclusions
The primary objective of the Amazon Algorithm is 

to provide support for customers during the course of 
their product searches. The system analyses numerous 
businesses and the products they offer on the website to 
provide users with the most pertinent information possi-
ble. There is a lot of overlap between the A9 Algorithm 
and the A10 Algorithm. The level of importance placed 
on various criteria for ranking is the primary difference 
between the two. Instead of focusing on the algorithm, it 
is imperative to keep the customer in mind at all times; 
doing so will allow you to gain a competitive advantage. 
Because the primary goal of Amazon remains the same, 
regardless of whether the algorithm is “A9” or “A10”: to 
fulfil the requirements of the customer by delivering an 
outstanding experience when making digital purchases.
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This article proposes a new approach based on linear programming 
optimization to solve the problem of determining the color of a complex 
fractal carpet pattern. The principle is aimed at finding suitable dyes for 
mixing and their exact concentrations, which, when applied correctly, gives 
the desired color. The objective function and all constraints of the model 
are expressed linearly according to the solution variables. Carpet design has 
become an emerging technological field known for its creativity, science 
and technology. Many carpet design concepts have been analyzed in terms 
of color, contrast, brightness, as well as other mathematical concepts such 
as geometric changes and formulas. These concepts represent a common 
process in the carpet industry. This article discusses the use of complex 
fractal images in carpet design and simplex optimization in color selection.

Keywords:
Fractal
Optimization methods
Simplex-method
Geometric transformations
Computer graphics
Pascal’s triangle

1. Introduction

At present, special attention is paid to the study of the 
mathematical aspects of the theory of fractals, as well as 
methods for describing natural processes and phenomena 
using the ideas of the theory of fractals. Especially when 
constructing fractal equations, fractal theories, methods 
and systems of computer graphics are widely used. There-

fore, one of the important tasks is the development of 
geometric models and algorithms for objects with a fractal 
structure, as well as methods for their implementation. 
Much attention is paid to solving theoretical and practical 
problems in the development of technologies for the use 
of fractal geometric shapes in the design of urban plan-
ning and light industry.

The development of technologies for applying fractal 
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geometric shapes in the field, creating textures and design 
remains one of the most important problems. In particular, 
interest in studying the processes that serve the fractal 
geometry of nature has led to the emergence of new sci-
entific areas in biology, physics, mathematics, computer 
graphics, light industry, electronics, radio engineering, as-
trophysics, materials science, medicine and other sciences. 
As you know, the development of pattern design is carried 
out mainly by hand, including fractal patterns, which are 
quite difficult or impossible to draw by hand, are drawn 
using computer graphics technologies.

The main attention is paid to new areas of application 
of fractal analysis of engineering problems. This work 
is devoted to collecting new results on the application of 
fractals in technology, both from a theoretical and numeri-
cal point of view.

A number of monographs and scientific articles are 
devoted to the problems of geometric modeling of objects 
with a fractal structure using analytical methods. B. B. 
Mandelbrot, G. M. Julia, G. O. Peitgen, R. P. Tylor, B., 
B.A.Bondarenko, Sh.A.Nazirov [1,2] and other scientists are 
striving to expand the scope of fractal geometry, including 
all over the world, by applying them in practice, in the 
fields of radio engineering and radar, from predicting the 
value of securities in the market to new discoveries in the-
oretical physics. In the Republic, Academician B.A. Bon-
darenko [1,2] contributed to the construction of generalized 
Pascal triangles, Pascal pyramids and equations of their 
fractals based on the theory of binomial basic polynomials 
with arithmetic properties [3].

In 1980, the famous researcher Benoit Mandelbrot dis-
covered the principle according to which the whole world 
of such structures is formed in some unexpected way, and 
in 1984 he developed the concept of a fractal [4].

The science of fractals is very young, as they began to 
emerge with the development of computer technology. So 
much remains to be learned and so much remains to be 
explored.

The main reason why fractals are used in various 
sciences is that they sometimes represent the real world 
better than traditional physics or mathematics [5].

The study of fractals has expanded in such a short 
space of time that it is applied to over 200 fields of art and 
design. In industry, fractals are used to compress images 
by reducing data redundancy, creating an ideal platform 
for textile design [1].

The monograph [6] states that fractal structures or ge-
ometry currently play a key role in all models of natural 
and industrial processes that demonstrate the formation 
of rough surfaces and interfaces. It is noted that computer 
modeling, analytical theories and experiments have led 

to significant progress in modeling these phenomena in 
the wild. In particular, many problems originating in en-
gineering, physics or biology are characterized both by 
the presence of different time and space scales, and by 
the presence of contacts between different components 
through (irregular) interfaces that often connect media 
with different characteristics. Thus, this work is devoted 
to collecting new results on the application of fractals in 
technology, both from a theoretical and numerical point of 
view. 

Methods for determining the optimal sequence of tech-
nological operations belong to the category of problems 
that can be solved by objectively placing binary decisions 
about the analysis or synthesis of processes, taking into 
account certain optimization criteria, as well as the cor-
responding conditions and accuracy requirements or the 
capabilities available in the production process.

The charm of similarity inherent in fractal elements is 
associated with many textile patterns. The little subtleties 
that lead to the decorative variability these designs create 
is the design. Jane Barnes was the first woman to use frac-
tals. She redefined the fashion textile trend and defined the 
use of textile software to create designer fabrics [7].

Another of the most important stages of carpet produc-
tion continues to introduce advanced technologies and 
new stages of carpet production. One important process 
takes center stage in carpet design: dyeing to add color 
and beauty to patterns produced for contemporary carpets. 
Carpets and fibers are dyed in many different processes at 
different stages of production, from fibre, yarn or carpet, 
depending on the use of the product, the economics of the 
process and the market demand for the color. In this pa-
per, which discusses the technology of carpet dyeing has 
evolved into advanced processes in the carpet industry [8]. 

In the carpet industry, carpet and its design are of great 
importance. Design and production represent the history 
and experience of generations, changing from culture to 
culture, from artist to artist. In the modern technological 
world, fractal design carpets have become another wave 
of new ideas in design.

The quality of the performance and environmental 
friendliness of paint in the production of carpets and tex-
tiles is one of the important stages in the carpet industry. 
The use of non-toxic and environmentally friendly natural 
dyes for textiles has received much attention due to the 
strengthening of environmental protection to avoid some 
dangerous synthetic dyes. Therefore, we used natural dyes 
for flowers in the production of carpets [9]. Natural dyes 
and their extraction methods have been the subject of sev-
eral recent studies. Natural dyes are renewable, biodegrad-
able, and they can replace synthetic dyes already used in 
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the textile industry, as they will lead to cleaner and more 
sustainable processes.

At the present time, also special attention to the carpet 
production plays an important role in the optimal choice 
of colors, taking into account the cost of production.

The carpet industry research partnership involved 13 &  
9 Design, a Fractals Research consulting firm founded by 
the Mohawk Group and Taylor. Two of Richard Taylor’s 
graduate students, Julian Smith and Conor Rowland, 
worked on the project. At the end of this project, the glob-
al flooring and carpet market is expected to reach $450 
billion by 2025 [10].

2. Research Methods
A method for constructing images of a fractal form, 

taking into account the theory of algebraic structures and 
prime numbers based on Pascal’s triangle and geometric 
transformations.

Using the method of the theory of binomial polyno-
mials, methods and algorithms for visualizing images in 
a fractal form have been developed, taking into account 
algebraic structures based on Pascal’s triangle and the the-
ory of prime numbers based on Mod p. 

Binomial coefficients are the simplest combinatorial 
objects and are defined as the number of separate combi-
nations of m elements, except for k:

( )(1 ) ,
0

nn n mõ xkk
+ = ∑

=
� (1)

The general formula for the degree x of a generalized 
Pascal triangle of the sth order is written as follows:

( ) ( )( 1)2 11 , 2.
0

s nns n nx x x x sk sk

−−+ + + ⋅⋅⋅+ = ≥∑
=

( ) ( )( 1)2 11 , 2.
0

s nns n nx x x x sk sk

−−+ + + ⋅⋅⋅+ = ≥∑
=

� (2)

For s=2, the binomial coefficient will be as follows:

( ) ( ) ,2
n n
k k=  ( ) ( ) ( )1 .1 1

n n n
k k k
+ = ++ + � (3)

Pascal’s triangle has many interesting properties, and 
one of them follows from considering two of all modules. 
The elements in Pascal’s triangle can be colored by mark-
ing them as follows, as shown in Figure 1, all odd num-
bers are yellow, all even numbers are red.

The points of the sides of the triangle in the initial ele-
ment of Pascal’s triangle are located in the first quadrant 
in the coordinate system. In this case, the following re-
lationship is established between the point located in the 
coordinate system and the elements of Pascal’s triangle:

Figure 1. Fractal based on Pascal’s triangle Mod=2.

( ) ( )
!

! !
xn

k y x y
=

− � (4)

where , .n x k y= =
In the coordinate system, the recurrent relation between 

geometric shapes (triangle, quadrilateral, hexagon) in the 
elements of Pascal’s triangle is written as follows:

1
1 1

xx x
y y y

    + = +     + +     
� (5)

The formula for determining the elements of Pascal’s 
triangle when dividing it by Mod p is written as follows:

( ) ( )1 1
1

n n n
m m mp p p

 − −= +  −   � (6)

When reducing the elements of Pascal’s triangle to 
prime numbers, when in particular Mod p consists of 
prime numbers, the appearance of Pascal’s triangle chang-
es by coloring depending on its division into prime num-
bers (Figure 2).

Further, based on the method of binomial polynomials, 
an object with a complex fractal structure was created, 
taking into account algebraic structures and the theory of 
prime numbers based on Pascal’s triangle. At the first step, 
we used a transformation in the form of a reflection of 
computer graphics. Using the geometric reflection trans-
formation, we have:

;
.

x x
y y
′ =
′ = −

, 	
;

.
x x
y y
′ = −
′ =

� (7)

Using this formula, the corresponding results are ob-
tained. Applying the geometric transformation of reflec-
tion and displacement, the fractal has the form shown in 
Figure 3a.

Taking into account the geometric transformation of 
displacement, we have:

,
.

x x
y y

λ
µ

′ = +
′ = +

� (8)

Using the formula for the geometric transformation of 
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reflection and displacement, it can obtain the following re-
sult (Figures 3b and 3c). Also using the rotation (rotation) 
geometric transformation formula:
x  x cos sin ,
y  x sin cos ,

y
y

φ φ
φ φ

′ = −
′ = +

� (9)

as well as scaling (if necessary):
' ,
' ,

x x
y y

α
δ

=
= � (10)

It can get the following result attached in Figure 3d.

Figure 2. Fractal based on Pascal’s triangle Mod=5.

a)

b)

c)

d)

Figure 3. Images of complex fractal structures based on 
Pascal’s triangle according to Mod=5.

3. Method for Optimizing the Color of Fractal 
Structure Images

The choice of color variants of paints for the manu-
facture of a particular carpet product is a complex issue, 
since it is necessary, on the one hand, to ensure the spec-
ified accuracy of dyeing, on the other hand, to be able to 
produce carpets at the lowest cost and at the same time 
maintain the highest productivity. To solve these prob-
lems, in general, methods of mathematical programming 
and optimization are used.

In real problems, connections inevitably arise between 
objective functions, criteria:

1) Criteria can be consistent with each other;
2) Criteria may conflict with each other;
3) Criteria can be independent.
Preliminary expert evaluation of selected criteria [11] 

will allow solving the problem of multicriteria optimiza-
tion in the simplest, but sometimes most effective ways.

Methods for determining the optimal sequence of tech-
nological operations belong to the category of problems 
that can be solved by objectively placing binary decisions 
about the analysis or synthesis of processes, taking into 
account certain optimization criteria, as well as the cor-
responding conditions and accuracy requirements or the 
capabilities available in the production process.

In the carpet and textile industry, Pascal’s triangle and 
formulas are used to create patterns, optimization methods 
for choosing colors and estimating the cost of a product, 
calculating its cost.

Therefore, it is necessary to develop procedures and 
algorithms aimed at finding the optimal structure of the 
synthesized object. These procedures are usually based on 
the use of mathematical programming methods (mainly 
discrete programming), sequential and iterative synthesis 
algorithms, network and graphical design models, as well 
as heuristic methods of decision theory.

One of the optimization methods is the genetic  
method [12]. This method has also been considered in the 
textile industry. This article discusses the genetic algo-
rithm in the textile industry. The genetic algorithm can 
contain a large number of answers and find the best of 
them by getting feedback from the tasks. In the jacquard 
knitting system, several designs of different colors can be 
made. However, many patterns can be unattractive and 
lack beauty. According to the customer, it is not easy to 
choose interesting and stylish models from such a variety 
of designs. An interactive genetic algorithm can be used 
to optimize colors for price and select ideal patterns based 
on desired user feedback. We can use it to optimize color 
when producing rugs with complex designs.
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At present, technology, considered as the science of 
methods and means of converting materials, or in general 
the production processes used to produce a product, has 
evolved recently thanks to approaches aimed at systema-
tizing scientific knowledge, developing strictly reasoned 
methods capable of developing rational solutions for 
building modern technological systems. Now, in many 
areas of industry, the technological preparation of the 
manufacturing industry is forced to solve many problems 
and complications in a short time, a situation that often 
requires summing up decisions in project activities that 
are aimed only at execution with obviously unfavorable 
results [13].

Finding the optimal solution in many important tasks 
involves the analysis and selection of an element in a 
certain set of feasible solutions, in which the enterprise 
will receive the maximum profit. Here, “tolerable plan” 
means a plan that can realistically be carried out taking 
into account all the capabilities of the enterprise, i.e. sub-
ject to restrictions on material, energy, human and simi-
lar resources. In this case, the optimality criterion is the 
achievement of the maximum objective function - income. 
Thus, the problem under consideration is the problem of 
finding the maximum of the objective function on the set 
of feasible solutions. The latter is determined by a number 
of restrictions on the variables of the problem, which are 
given in the form of inequalities and equalities. Problems 
of this kind are usually called resource allocation prob-
lems.

In carpet design, it is formed using complex fractal 
images and parameters. The fractal image uses iy  types 
of colors, of which 1,i p= . Natural colors are used in 
the production of carpets. Natural colors have jx  prices, 

1,j m= . m  is the number of pieces in the price set of nat-
ural color (Table 1). The buyer offers maxS  and minS  prices 
for the carpet and can choose k  color in the fractal image, 
when choosing k p< . k  values of maxS  and minS  are recal-
culated using the following formulas.

1
min min

1
, 1,

k

l l
l

S S x y l k
=

= − =∑ , � (11)

1
max max

1
, 1,

k

l l
l

S S x y l k
=

= − =∑ . � (12)

Here ix  is the price of recognition of colors chosen 
by the customer and natural colors are excluded from 
the price list, iy  indicates how many times the selected 
colors are used in the fractal image. The carpet manu-
facturer must find a ix  way to keep costs to a minimum 
with 1,i p= , 1p p k= − . This optimization problem can 

be solved by the simplex method, for which the objective 
function and conditions are written as follows.

1

1

1
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1 1
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Computational algorithm:
Step 1: The values n  and p  are given instead;
Step 2: The k  value is set;
Step 3: The values minS  and maxS  are given;
Step 4: Found , 1,iy i p= ;
Step 5: k colors are selected. 1p p k= − , then 1, 1,iy i p=  

will be. ( maxS  and minS  are found by formulas (11) and 
(12));

Step 6: According to the formula (13) the values of ix  
are found;

Step 7: If there are equal cases in ix , the first value is 
the current value and the second value is the price of the 
next color that is more expensive.

4. Computational Experiment

Carpet company manufactures and sells carpet prod-
ucts. For the production of carpets, natural dyes are used.

A fractal pattern with 7 colors of a certain size was 
chosen and the cost of painting the carpet was calculated. 
The number of each color in Pascal’s triangle, consisting 
of seven colors, taken for example 489, 263, 66, 140, 97, 
84 and 136. Let’s imagine that the client chose the main 2 
colors and the number of 489 and 263. And he designated 
an intermediate amount for the carpet. This is ours there 
will be a maximum and a minimum. max 75,000.00=  and 
min 65,000.00= .

min 65,000.00 489*50 263*40 30,040.00S ′ = − − = ,

max 75,000.00 489*50 263*40 40,040.00S ′ = − − = .

In the process of solving the problem, we use the val-
ues given in Table 1 for each color.

Let’s select 7 colors from the preset paints CEDAR 
YELLOW EXTRACT Myrobalan, MALLOW GOLD 
EXTRACT Pomegranate Peel, ESTEBIO INDIGO Indi-
go, CANDY ORANGE EXTRACT Annatto, WINE RED 
EXTRACT 4001 Lac, ONION PEEL EXTRACT Onion 
Skin, SUN YELLOW EXTRACT Marigold) from the Ta-
ble 1.

1 50õ =  c.u. and 2 40õ =  c.u.
Let’s denote 1 2 3 4 5, , , ,y y y y y the corresponding amount of 

paint for carpets.
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Table 1. Prices for natural dyes

S. 
NO

Product
ENGLISH NAME/
COMMO

Prices/
Kg/c.u.

1
MICHIGAN BROWN 
EXTRACT

Black Catechu/Kattha 11

2
CEDAR YELLOW 
EXTRACT

Myrobalan 24

3
MALLOW GOLD 
EXTRACT

Pomegranate Peel 26.5

4
GARNET BROWN 
EXTRACT

Bark of Acacia 35

5
GALLNUT EXTRACT 
Tannin Grade

Aleppo Oak/Oak 37

6 CEDAR GRAY EXTRACT Myrobalan 37

7
GALLNUT EXTRACT 
Dyeing Grade

Aleppo Oak/Oak 39

8 ESTEBIO INDIGO Indigo 40

9 NUT BROWN Areca Nut 42

10
CANDY ORANGE 
EXTRACT

Annatto 47

11 WINE RED EXTRACT 4001 Lac 50

12
APSRA YELLOW 
EXTRACT

Himalayan Rhubarb 50.5

13
TURKEY RED EXTRACT 
RT

Madder 61

14 ONION PEEL EXTRACT Onion Skin 78

15 SUN YELLOW EXTRACT Marigold 85

Constraints that task variables must satisfy:

1 2 3 4 5, , , , 0x x x x x ≥

( )50 32,98,.......n = line

( )( )7 2,3,5,7......P m= fuzzy numbers

Next, we solve the optimization problem for the re-
maining three colors for. The remaining colors are select-
ed by the simplex optimization method from the remain-
ing colors of the tables remaining by 13 colors.

Then calculate the maximum and minimum:

min 65,000.00 489*50 263*40 30,040.00S ′ = − − = ,

max 75,000.00 489*50 263*40 40,040.00S ′ = − − =

We select Indigo Blue (ESTEBIO INDIGO) and Wine 
Red (WINE RED EXTRACT 4001, Lac) from the color 
table as preset colors.

Target function of the task:
1

1
min .

p

i i
i

F x y
=

= →∑

Denote F -income from the sale of carpets, then the 
objective function of the problem is written as follows:

1 2 3 4 566 140 97 84 136 minF x x x x x= + + + + → .

Thus, the task is to find min 1 2 3 4 566 140 97 84 136 minF x x x x x= + + + + →, 
1 2 3 4 566 140 97 84 136 minF x x x x x= + + + + → under the constraints:
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.

Using the simplex method to solve this optimization 
problem, it get the following results:

1 2 3 4 547.00; 78.00; 26.50; 24.00; 85.00;x x x x x= = = = =

1 2 3 4 5( , , , , ) 30,168.50F x x x x x = .

So, the cost of the flowers that used for the carpet, if it 
is equal to 1 47.00x =  c.u.; 2 78.00x =  c.u., 3 26.50x =  c.u.; 

4 24.00x =  c.u.; 5 85.00x = c.u; 6 50.00x =  c.u, 7 40.00x =  c.u ; 
carpet 65,138.50F =  c.u. equal to the total cost of produc-
tion.

Below is Pascal’s triangle and hexagon for the design 
of the carpet, obtained from the simplex by optimization 
at the best prices of the 7 color paints that we used for the 
carpet (Figures 4, 5)

Figure 4. Images of complex fractal structures based on 
Pascal’s triangle by Mod=7 for a carpet obtained from a 

simplex by the optimization method.

Figure 5. Images of complex fractal structures based on 
Pascal’s triangle by Mod=7 for a carpet obtained from a 

simplex by the optimization method.
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5. Discussion

It has found that fractals can only be used in the exact 
sciences, carpet design and much more.

Nowadays, a great potential for increasing the level of 
profitability and profitability of industrial enterprises pro-
ducing carpets lies in the use of mathematical program-
ming methods in the development of the main production 
plan of the factory. At the same time, the profit of the 
enterprise can be increased not only from the sold carpets, 
but also by reducing costs as a result of a more rational 
mixing of individual components and color dyes in the 
manufacture of carpet products.

Therefore, in the production of carpet products of a 
given size, it is advisable to use mathematical program-
ming methods to select the optimal set of colors, which 
can be done at the lowest cost and maximum benefit.

A great potential for increasing the level of profitability 
and profitability of industrial enterprises producing car-
pets lies in the use of mathematical programming methods 
in the development of the main production plan of the 
factory. At the same time, the profit of the enterprise can 
be increased not only from the sold carpets, but also by 
reducing costs as a result of a more rational mixing of in-
dividual components and color dyes in the manufacture of 
carpet products.

6. Conclusions

Using the method of the theory of binomial polynomi-
als with arithmetic properties, an algorithm for the method 
of visualizing images in fractal form has been developed, 
taking into account the theory of algebraic structures and 
prime numbers based on Pascal’s triangle. This method 
and algorithm made it possible to visualize fractal shapes 
based on Pascal’s triangle.

An algorithm for constructing complex images of a 
fractal structure using two-dimensional geometric trans-
formations in the space of computer graphics was devel-
oped. Based on this method and algorithm, triangular, 
square and hexagonal spiral fractals, as well as complex 
fractal shapes based on Pascal’s triangle, were created.

The current widespread use of complex fractal shapes 
in the carpet industry, the creation of its mathematical 
model, as well as the use of linear programming methods 
and optimization methods, can move to a new innovative 
modern stage in the carpet industry by evaluating the cost 
of production and creating cost optimization.

Therefore, in the production of carpet products of a 
given size, it is advisable to use mathematical program-
ming methods to select the optimal set of colors, which 
can be done at the lowest cost and maximum benefit.

Based on this, an algorithm was developed to improve 
the efficiency of the carpet factory using complex frac-
tal image forms and the simplex method was applied. In 
addition, natural colors were used for carpets of a certain 
size, and prices were taken from India. The optimal price 
of carpet colors selected on the basis of this algorithm is 
determined at the request of the customer. As an example, 
50 rows and 7 color numbers from Pascal’s 7-color trian-
gle were used. We had 5 colors and let the buyer choose 2 
colors so that we can find the most optimal price using the 
maximum and minimum amounts set by the buyer to the 
best of their opportunities.

One of the optimization methods is the genetic meth-
od [14]. This method has also been considered in the textile 
industry. This article discusses the genetic algorithm in the 
textile industry. The genetic algorithm can contain a large 
number of answers and find the best of them by getting 
feedback from the tasks. In the jacquard knitting system, 
several designs of different colors can be made. However, 
many patterns can be unattractive and lack beauty. Ac-
cording to the customer, it is not easy to choose interesting 
and stylish models from such a variety of designs. An in-
teractive genetic algorithm can be used to optimize colors 
for price and select ideal patterns based on desired user 
feedback. We can use it to optimize color when producing 
carpets with complex designs.
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Electrocardiogram (ECG) is a commonly used tool in biological diagnosis 
of heart diseases. ECG allows the representation of electrical signals which 
cause heart muscles to contract and relax. Recently, accurate deep learning 
methods have been developed to overcome manual diagnosis in terms of 
time and effort. However, most of current automatic medical diagnosis use 
long electrocardiogram (ECG) signals to inspect different types of heart 
arrhythmia. Therefore, ECG signal files tend to require large storage to 
store and may cause significant overhead when exchanged over a computer 
network. This raises the need to come up with effective compression 
methods for ECG signals. In this work, the authors investigate using BERT 
(Bidirectional Encoder Representations from Transformers) model, which 
is a bidirectional neural network that was originally designed for natural 
language. The authors evaluate the model with respect to its compression 
ratio and information preservation, and measure information preservation 
in terms of the of the accuracy of a convolutional neural network in 
classifying the decompressed signal. The results show that the method can 
achieve up to 83% saving in storage. Also, the classification accuracy of the 
decompressed signals is around 92.41%. Furthermore, the method enables 
the user to balance the compression ratio and the required accuracy of the 
CNN classifiers.

Keywords:
BERT model
Convolutional neural networks (CNN)
Data compression
Deep learning
ECG diagnosis

1. Introduction

Recently, cardiovascular diseases (CVDs) have become 
one of the main causes of mortality in the world. The 
number of people died from CVDs is estimated at 17.9 
million in 2019 according to the world health organization 
(WHO) [1]. ECG signal represents the electrical signals 
changes during a cardiac cycle. It shows heart muscle 
polarization and depolarization, and it is widely used by 

automatic system to inspect different types of heart ar-
rhythmia. ECG consists of three main components: the P 
wave, which represents atria depolarization; QRS com-
plex, which represents ventricles depolarization; and the 
T wave, which represents ventricles repolarization [2]. Fig-
ure 1 illustrates the components of an ECG signal. ECG 
signals need to be long to obtain an accurate diagnosis 
of a patient condition. Therefore, developing a practical 
automated system for dealing with ECG signals requires 
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compressing these signals before storing or transferring 
them over a computer network [3]. 

Figure 1. ECG components

The main challenge is to compress an ECG signal in 
such a way that retains its discriminating features. This is 
a major challenge especially if we want to attain a high 
compression ratio, at the same time. It is therefore im-
portant to evaluate compression performance in terms of 
both high compression ratio and quality of decompressed 
signals to ensure that the reduction in size does not cause 
a serious loss in diagnostic information.

Deep learning methods have proved to be good predic-
tors in many domains, and according to information the-
ory, good predictors can be utilized as effective compres-
sors [4]. Many existing compressors attempt to learn from 
data and perform prediction-based compression. Deep 
convolutional auto-encoders have been used to compress 
ECG. The encoder section of the suggested model reduces 
ECG signal to low-dimensional vectors, and the signals 
are reconstructed by a decoder [5]. Also, auto-encoders 
with long short-term memory (LSTM) were proposed for 
ECG signal compression, where LSTM network helps to 
reconstruct the original data from its compressed file [6],  
a deep compression approaches can learn to compress 
different ECG records automatically and perform well in 
terms of compression ratio and quality of reconstructed 
signal [7].

In this paper, we introduce a novel Bert-based ECG 
compressor for ECG. BERT was originally designed for 
natural language applications. We design a Tiny BERT 
that is pre-trained on unlabeled ECG beats and then fine-
tuned to predict next beats based on previous ones. We 
exploit the BERT predictor as a compressor for ECG sig-
nal. Our method is faster than transformational methods, 
as it can learn automatically from different ECG records 
without any need to analyze the domains. It achieves a 
competitive compression ratio while retaining much of 
diagnosis information. This is evident as we can use the 
reconstructed (decompressed) signal to classify it using 
1D-CNN with a high accuracy. 

We can summarize the main features of our compressor 
as follow:

i.  The proposed method does not perform any anal-

ysis of the domain to generate the compressed file. The 
model is pre-trained to learn ECG beats using the MIT-
BIH data-set, and then the model is fine-tuned (trained) 
for different ECG records to predict next beats based on 
a number of saved beats and thus act as a compressor for 
different ECG signals. 

ii.  The proposed model performance -in terms of its 
ability to retain diagnostic information- has been validated 
by using 1D-CNN to diagnose heart problems using the 
decompressed ECG signals as input data. Our empirical 
work shows that the classification accuracy of decom-
pressed signal using 1D-CNN is very close to the accura-
cy of the original ECG signals. 

iii.  Our system can be used in real time clinical diag-
nosis, where ECG can be recorded, compressed and then 
transformed through different channels to other parties 
who can decompress it and use for classification. 

The organization of this paper is as follow: in Section 
2, we review some related works. Then in Section 3, we 
describe the proposed method. Section 4 evaluates our 
compression algorithm and describes ECG data-set. In 
Section 5, we present and analyze the results. Section 6 is 
the conclusion. 

2. Related Works 

In this section, we describe the different methods for 
compressing ECG signals and we review transformers in 
general and the BERT model in particular.

2.1. Compression Methods for ECG Signals

ECG signal represents Cardiac electrophysiology, and 
it has been widely used in cardiac medical diagnosis and 
has the advantages of real time. ECG recording is long 
and there is a need to compress the recordings during stor-
age and transmission phases to make an efficient use of 
channels. 

Many automatic compression techniques have been 
proposed in the literature to compress ECG signals and 
they can be classified into three main classes of parameter 
extraction methods, transformation methods and direct 
methods [7-15]. These three classes differ mainly in process-
ing domain. Direct methods analyze time domain features 
to extract samples from ECG to act as compressed file, 
and then the original signal is reconstructed by an inverse 
process. Direct methods require time and efforts in design-
ing an appropriate compressing algorithm signals through 
the extraction of a subset of samples from the original sig-
nal sample set, they are usually fast because they use heu-
ristic analysis [7]. Transformation domain methods trans-
form ECG signal to frequency domain or other domains 
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to analyze energy distribution and compress ECG signal, 
then an inverse transformation is performed to reconstruct 
the original signal [14-18]. Parameter extraction method is 
based on extracted optimized and discriminated features 
from original signal to reduce the size of ECG signal [4].

In time-domain based methods, a subset of representa-
tive samples is extracted from ECG time domain. Usually 
this task is tedious and time consuming; the reconstruction 
method is performed by an inverse process. Kumar et al. [19]  
developed an improved Amplitude Zone Time Epoch Cod-
ing (AZTEC) over existing (AZTEC). Statistical param-
eters of ECG signal are extracted and adapted in-accord-
ance with the nature of signal by calculating a threshold 
value. The proposed method optimized a tradeoff between 
ECG information and data reduction. The performance of 
method was evaluated on the basis of compression ratio 
and reached a value of ranges between 2.76 and 9.91. L. 
Zheng et al. [7] proposed a decomposition method utilized 
singular value decomposition (SVD) to decompose ECG 
signals and compress it; the ECG signal in the proposed 
method is divided into segments by QRS peak detec-
tion of length n, each segment represents a part of ECG 
morphology. At end, the ECG signal is represented by a 
matrix composed of the normalized ECG segments to be 
compressed. SVD is applied on the matrix to compress 
ECG signal then the decompressed data are passed to a 
convolutional neural network (CNN) and supporting vec-
tor machine (SVM) for ECG classification. They obtained 
an average accuracy exceeds 96%. 

In transformation-domains based methods, ECG signal 
is transformed to another domain and the energy distribu-
tion is analyzed to compress ECG in the new domain. S. 
M. Ahmeda et al. [20] used four different discrete wavelet 
transforms, then the wavelet coefficients are linearly pre-
dicted and errors are minimized. A compression ratio of 
20 to 1 is reached after encoding the residual sequence 
obtained using linear prediction. J. Chen et al. [21] present-
ed a new ECG compression technique based on adaptive 
quantization strategy and orthogonal wavelet transform, 
by which a user-specified percent root mean square differ-
ence (PRD) of the reproduced ECG segments is guaran-
teed at the minimum entropy. 

H. M. Tun et al. [22] proposed transform ECG compres-
sion technique, and the method optimized compression 
ratio by removing redundancy in ECG signal. They used 
different types of wavelet to decompose ECG signal. The 
decomposed signals are compressed by applying global 
and local thresholding and run-length encoding. The per-
formances of different types of wavelet are evaluated in 
terms of compression ratio (CR) and percent root mean 
square difference (PRD). M. Elgendi et al. [15] transformed 

ECG signal to frequency domain using discrete cosine 
transform to compact ECG signal energy to lower fre-
quency coefficients, then coefficients normalization pro-
cess is performed. Finally, the normalized and rounded 
coefficients are encoded using Huffman encoding and run 
length encoding to compress data. 

K.C. Hung et al. [23] proposed a genetic algorithm (GA) 
to optimize the quantization of wavelet ECG signals to 
compress data, where GA define stationary relationship 
property to control quantization scales of multi-resolution 
levels by using a single variable. Quantization scheme 
with linear distortion characteristic that does not depend 
on ECG signal is derived to reduce error. C. K. Jha et al. [24]  
proposed a method that used adjustable parameters to 
compress ECG depending on the tunable Q-wavelet 
transform that reduce the energy of ECG signal to lower 
transform coefficients, quantization and rounding of coef-
ficients is performed to discard small values and then ap-
ply encoded using run-length coding. ECG records of the 
MIT-BIH arrhythmia were used to measure algorithm per-
formance. The average compression performance obtained 
in terms of CR is 20.61. Also, they used support vector 
machine to measure the quality of reconstructed signals, 
results reported accuracy of 98.35%. It indicates that the 
proposed method compressed ECG signal efficiently and 
preserved diagnostic information. S. K. Mukhopadhyay  
et al. [25] proposed a compression technique of ECG sig-
nal, first the ECG signals was de-noised and threshold, 
then ECG beats were extracted and arranged into (2D) 
matrix, the generated matrix was decomposed by (SVD), 
the number of singular matrices are truncated and encoded 
into ASCII characters, the LLACE compressed left trun-
cated singular matrix coefficients. Performance of method 
is expressed in terms of subjective measure, where results 
indicated that quality of reconstructed ECG is very good. 
Discrete wavelet transform was applied to first intrinsic 
mode and four sifting functions. Then quantization and 
rounding were performed on the transformed coefficients. 
ECG compressed file was generated by running length 
encoding. The proposed methods outperformed existing 
methods in terms of quality of reconstructed data [26]. P. 
Kanjalkar et al. [28] applied wavelet transform to the ECG 
signal which reduces energy to a smaller number of trans-
form coefficients. The coefficients are quantized and all 
small-value coefficients were discarded while others were 
kept according to the formulated quantized output inter-
val. An average value is assigned to some coefficients, 
and then the coefficients are encoded using modified run-
length coding. The average compression ratio was 17.18 
for 84 ECG records. In most cases, direct methods are 
better than transform methods with respect to system 
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complexity and error control mechanism, but transform 
methods usually achieve higher compression ratios and 
elaborate noise contained in original ECG signals.

Deep learned features systems have outperformed 
hand-engineered features in the field of ECG arrhythmia 
classification systems, and it is known from theory of 
information that a good predictor can act as a good com-
pressor. So, many of new suggested compressors attempt 
to learn models for the data and accomplish compression 
using prediction. Neural networks show excellent results 
in many predictions tasks. Recurrent neural networks were 
used as data compressor and the results show that deep 
learning models can be good alternatives for traditional 
compression techniques [4].

2.2 Transformers and the BERT Model

BERT, which stands for Bidirectional Encoder Rep-
resentations, is based on transformers and its main princi-
ple-attention, which understands the textual relationship 
between different input words by determining the impor-
tance of each word with respect to others in a sentence 
or which words are relevant to come together. BERT 
produces language model through encoding rather than 
decoding the encoded information, so using an encoder 
of a transformer is sufficient. Contrasted to directional 
models such as RNN and LSTM which process each input 
sequentially (left to right or right to left). Transformer and 
BERT are non-directional, because both do not perform 
sequential ordering; they take in the whole sentence as 
input. The non-directional property allows models to learn 
the textual information of a word with respect to all other 
words in the sentence. BERT has been used in language 
representation models and it shows good results in natural 
language processing tasks such as text classification, sen-
tence classification, and semantic similarity between pairs 
of sentences, question answering tasks, and text summa-
rization. The novelty of BERT is that it acts as language 
model that uses attention to solve tasks which contains 
sequences without using recurrent connections, which de-
lay the training process, so we felt motivated to use it as a 
language model for ECG signals.

As we mentioned earlier BERT is a transformer-based 
model, it composed of encoder only, while the transformer 
is composed of an encoder and decoder. BERT uses dif-
ferent hyper-parameters such as attention heads to achieve 
the best performance than typical transformers.

A transformer is a deep learning model that weights the 
significance of each input through adopting self-attention 
mechanism; it is designed to process the entire sequential 
input data at once. It has Encoder-decoder architecture, as 
can be seen in Figure 2 [29]. 
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Figure 2. The transformer model architecture

Encoder: Encoder makes up of a stack of a number 
of identical encoding layers and each layer’s input is the 
output of the previous layer. Each encoding layer gener-
ates encoding representation of each input, which contains 
information about relevancy of each input to others and 
passes it to the next encoding layer as input. Each layer 
has multi-head self-attention sub layer, and fully connect-
ed feed-forward network sub layer. A residual connection 
followed by layer normalization is performed around each 
of the sub-layers. 
Decoder: The decoder is also composed of a stack of 

a number of identical layers; each decoder layer performs 
the opposite of the corresponding encoder, taking all the 
encoding representation of inputs to generate an output 
sequence. To accomplish this, the decoder has a third 
sub-layer, which performs multi-head attention over the 
output of the encoder stack. Similar to encoder a residual 
connection followed by layer normalization is performed 
around each of the sub-layers.

Encoder and decoder layers use attention mechanism. 
We give a brief description of self-attention mechanism.

Self-attention mechanism: The transformer building 
blocks are attention units that produce embedding for 
every input. Each embedding contains information of oth-
er relevant inputs, each weighted by its attention weight. 
Attention in transformers is based on scaled dot produc-
tion attention, which is performed with the definition of 
three concepts: queries (Q), keys (K), and values (V). 
Keys represent input; queries represent requests for keys 
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of significant information while checking all available 
keys. And values represent the retrieved values of queries 
matched keys. The definition of attention layer is given in 
Equation (1):

� (1)

where d is the dimension of the input vector.
For each an attention unit the transformer model needs 

to learn three weight matrices; the query weights , the 
key weights , and the value weights . One set of 
( ) is called attention head, and each layer has 
multiple attention heads. Each attention head attends to 
the inputs that are relevant to each input, the transformer 
can do head attention for different types of relevance. For 
each set of weights (i), the head definition can be seen in 
Equation (2):

� (2)

3. Proposed BERT-based Compression (BBC) 
Method

In this section, we describe how to use BERT as a data 
compression method for ECG signals. The main idea is 
to save only the beats that BERT cannot predict and that 
are not predicted with good accuracy by the BERT model. 
First of all, we need to train the BERT model to under-
stand different types of ECG arrhythmia. To accomplish 
this task, we pertained BERT to predict the next beat 
based the previous n beats. We conducted several exper-
iments to determine n, which is the number of beats that 
we need to predict the next beat with good accuracy. The 
best accuracy was obtained when we set n to 10. 

We then used a number of saved beats to predict the 
same number of beats; we tried four numbers of beats, 
25, 20, 15 and 10 with 32 for different data sets. After 
performing pre-training stage, our Bert model can now 
understand different types of arrhythmia types and can 
be used in a fine-tuning phase to compress different ECG 
signal. It is worth mentioning that we used Tiny-BERT 
which is a multi-layer bidirectional transformer encoder 
based on implementation [29]. In our model architecture, L, 
H and A refer to number of layers (Transformer Blocks), 
Hidden size, and number of self-attention heads, respec-
tively. Since four types of beats only, which is much 
smaller than the number of words in a natural language, 
we used Tiny-BERT [29] instead of the full BERT architec-
ture. Tiny-BERT is very small compared to word language 
diversity. We trained number of tiny models with a dif-
fering numbers of self-attention, namely 6, 4, and 2. We 
also experimented with different number of layers namely 
4, 3, and 2). The hidden size was set to 128 in all models. 

The best number of layers was 2 regardless the number of 
self-attention heads. We used a model of self-attention of 
4 and number of layers of 2 with hidden size of 128. We 
call the chosen model CBERT (for Compression BERT).

Next, we train (fine-tune) CBERT to predict the next 
block of beats based on the current block of beats. A block 
has a fixed size of n beats. We set n=20 during this stage.

We use the trained CBERT to compress the ECG sig-
nal file as follows; we start with the first block of n beats 
in the ECG signal file and store it on the output file. We 
also use this block as input to BERT to predict the next 
block; also of n beats. We then find the maximum number 
of consecutive beats p in the predicted block with a good 
classification accuracy, i.e., above a certain threshold t. 
We replace the n-p beats that where not predicted correct-
ly in the predicted block with the corresponding beats in 
the ECG file; we store the block in the output file as use 
it as input to BERT in the next iteration. The process con-
tinues until the end of the ECG signal file. Algorithm-1 
describes the compressed method in details.

The decompression method is straight forward. We use 
the fine-tuned BERT to decompress the ECG signal file 
as follows; we a start with the first block of n beats in the 
ECG compressed file and store it on the ECG output file. 
We also use this block as input to BERT to predict the 
next block; also of n beats. We concatenate first predicted 
p beats with n-p in the corresponding compressed file, and 
store the block in the output file as use it as input to BERT 
in the next iteration. Process continues until the end of the 
ECG compressed file. Algorithm-2 describes the decom-
pressed method in details.
Algorithm-1. Bert-Based-Compression

Input: ECG signal file

         : n a block consists of n beats ;

         : t is an accuracy threshold

Output: compressed ECG signal file

1 Let vector V be the first block of n beats in the ECG signal

2 Store V on the output file (the compressed file)

3 While not end of ECG signal file do

4
Let P be the block of n beats predicted by BERT given V as 
the input block

5 Let p first consecutive beats in P with c

6
Replace the remaining n – p beats in P with the 
corresponding beats in the ECG signal file

7 Let V=P

8 Remove the first p beats from P

9 insert the integer number p at the beginning of P

10 Sotre P in the output file

11 end
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Algorithm-2. Bert-Based-Decompression

Input: ECG compressed file

          : n represents a fixed number of beats

Output: ECG signal file

1
Let vector V be the first block of n beats in the ECG  compressed 
file

2 Store V on the output file (ECG signal file)

3 While not end of ECG  compressed signal file do

5 Read p which is the number of correctly predicted beats

6 Use CBERT to predict p beats, based on V

7 Read n-p beats from the input file file

8
Let V be the concatenation of the predicted beats with the 
read beats

9 Store V on the decompressed output file

10 end

Our empirical work showed that CBERT gives better 
results than BERT; this is probably because our problem is 
much simpler than the natural language processing appli-
cation that BERT was designed for. The full BERT seems 
to over-fit our training data. 

4. Evaluating the Proposed Bert-Based 
Compression Method

In this section, we describe the empirical results we ob-
tained when using our Bert-Based compression method to 
compress some real world ECG signal files. Data accuracy 
is very important to help cardiologists making an accurate 
diagnosis. It allows quick treatments and can save patients 
life. So, while compressing ECG signal during transmis-
sion and storage, the performance of ECG compression 
technique must evaluate. The most important issue is to 
verify quality of the reconstructed ECG signal and pre-
serve the morphological features which are significant to 
obtain high classification accuracy. Therefore, evaluate 
BBC not only with respect to the compression ratio but 
also to the quality of the decompressed file with respect to 
the diagnostic information it retains. This is done be using 
the decompressed ECG as input to a pre-trained 1D-CNN 
to classify it. The closer the obtained accuracy to the accu-
racy of the 1D-CNN classifier on the original ECG signal, 
the better the compression method.

Compression ratio (CR) is defined as the ratio of the 
original signal size and compressed signal size. The CR 
provides information about how compression algorithm 
can remove redundant data. The higher the CR is, the 
less space is used to save it. CR is used as an indicator of 
how much data has been compressed and thus save space. 
Also, we use accuracy and F1- measure to measure the 

performance of reconstructed ECG Signal. The definitions 
of these measures are given by Equations (3), (4) and (5), 
respectively.

� (3)

� (4)

� (5)

where, SC and SO represent the size of compressed file and 
the original file, respectively. True Positive (TP) refers to 
number of normal beats correctly classified; True Nega-
tive (TN) refers to number of abnormal beats classified as 
abnormal beats, False Negative (FN) refers to number of 
abnormal beats classified as normal beats, False Positive 
(FP) refers to number of normal beats classified as abnor-
mal beats, .
ECG Data

We acquired benchmark data-sets, which are available 
from public domains such as MIT-BIH arrhythmia da-
ta-set. MIT-BIH is the most commonly used database that 
was developed to act as an objective evaluation tool for 
different arrhythmia classification systems; it consists of 
48 records of ECG data, each record is 30 minutes long, 
23 records of the 48 records were chosen randomly from a 
large set of long-term ECG Holter recordings to represent 
variations of ECG data, while the remaining records were 
chosen specially to represent complex arrhythmia such as 
supra-ventricular arrhythmia that may encounter arrhyth-
mia classification systems. The recordings were digitized 
at 360 samples per second per channel with 11-bit res-
olution over a 10 mV range. Each ECG record contains 
two leads, each lead is recorded by placing electrodes on 
classification places on the skin. MIT-BIH data-set was 
pre-processed and digitized, a set of rhythm labels and 
beat labels were added to each record, during the early us-
age of the data-set; some of these labels were revised and 
corrected several times.

5. Discussion and Results

We acquired data from ECG signal and pre-trained 
Tiny-Bert models, then fine-tuned multiple ones for dif-
ferent ECG records. In this section, we discuss the results 
for different cases related to multiple ECG records. Each 
ECG record is fine-tuned using a pre-trained defined mod-
el. During the compression process, we monitor average 
predication accuracy using BBC algorithm, which ensures 
that predication accuracy does not go beyond specific 
threshold. We present three different threshold values of 
98%, 95%, and 90% and calculate the efficiency of com-
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pression ratio in terms of saving space of three different 
ECG records donated as (DS1, DS2, and DS3). Each da-
taset represent 1-hour ECG recording of patient extracted 
from MIT-BIH database and each data-set has four differ-
ent types of beats, Normal beat, Left bundle branch block 
beat, Right bundle branch block beat and Bundle branch 
block beat We address different model size with a differ-
ing number of layers and attention heads to give more 
insight into the effect of model size on the performance of 
the model during compression.

We calculate the compression performance of each re-
cord in terms of saved space (S). We run different models 
with various multi head attention and encoders (layers) 
number. The results are presented in Tables 1, 2 and 3. 

Then we calculated the average saved space for each 
multi-head attention number to clarify the effect of mul-
ti-head attention number on different datasets. The results 

are represented in Table 4. Based on all results in Table 
4, it can be observed that there is no significant evidence 
that number of multi-head attention has strong effect on 
S. Furthermore, the classification accuracy of all cases 
differs in range of 0-2.62% which gives an indication that 
the number of multi heads attention has a small effect on 
model performance. In addition, we calculate the average 
accuracy of saved space per number of layers. The results 
are indicated in Table 5. In most cases, using two layers 
has the highest performance in term of saving space. To 
give more insight into our compression technique, a vis-
ualization of the reduction rate percentage in each block 
of the compressed ECG file of DS1 is given in Figure 3. 
As we can see from Figure 3, the reduction rate in blocks 
after the first block is between 75% and 85% which gives 
an indicator of a high compression ratio and thus a good 
compression technique.

Table 1. Save space with different data-sets and threshold of 95%

Threshold 95% Multi heads attention number

Layers number 6 4 2 6 4 2 6 4 2

DS1 DS2 DS3

4 81.42% 80.76% 81.12% 79.25% 81.22% 81.25% 80.42% 81.87% 80.35%

3 82.87% 83.77% 83.96% 82.14% 82.35% 82.40% 82.54% 80.76% 81.12%

2 83.76% 83.91% 82.31% 83.11% 83.13% 83.25% 82.77% 81.14% 83.22%

Table 2. Save space with diffrent dat-sets and threshold of 90%

Threshold 90% Multi heads attention number

Layers number 6 4 2 6 4 2 6 4 2

DS1 DS2 DS3

4 82.54% 80.43% 81.10% 83.55% 81.75% 81.25% 80.63% 80.44% 81.51%

3 83.11% 82.67% 83.43% 84.14% 82.68% 82.78% 83.48% 83.89% 83.65%

2 83.56% 83.88% 83.34% 84.77% 83.44% 83.56% 81.84% 81.75% 83.23%

Table 3. Save space with different data-sets and threshold of 98%

Threshold 98% Multi head attention number

Layers number 6 4 2 6 4 2 6 4 2

DS1 DS2 DS3

4 80.05% 80.46% 80.50% 77.35% 80.27% 82.44% 81.55% 81.22% 81.25%

3 81.67% 82.75% 83.11% 80.13% 82.35% 81.60% 82.31% 80.51% 81.12%

2 83.11% 83.88% 84.17% 82.40% 82.44% 83.14% 81.78% 80.34% 83.15%
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Table 4. Average Save space and classifcation accuracy for diffrent head attention number

Threshold 95% Multi head attention number

6 4 2 6 4 2 6 4 2

DS1 DS2 DS3

S 82.6% 82.81% 82.46% 81.5% 82.23% 82.3% 81.91% 81.25% 81.56%

Acc 92.78% 91.65% 92.88% 93.22% 93.13% 93.14% 92.67% 93.13% 93.71%

Threshold 98%

S 81.61% 82.36% 82.59% 79.69% 81.68% 82.19% 81.88% 80.69% 81.84%

Acc 93.73% 92.98% 92.24% 93.67% 92.56% 92.42% 93.43% 92.84% 92.13%

Threshold 90%

S 83.07% 82.81% 82.46% 84.15% 82.62% 82.55% 81.98% 82.02% 82.79%

Acc 91.44% 91.54% 91.64% 92.11% 91.11% 91.13% 91.99% 91.10% 91.13%

Table 5. Average save space for different layers number

Threshold 95%

Layers number 4 3 2 4 3 2 4 3 2

DS1 DS2 DS3

S 81.1% 83.53% 83.32% 80.57% 82.29% 83.16% 80.88% 81.47% 82.37%

Threshold 98%

S 80.33% 82.51% 83.72% 80.02% 81.36% 82.66% 81.34% 81.31% 81.74%

Threshold 90%

S 81.47% 83.61% 83.26% 82.18% 83.2% 83.95% 80.86% 83.67% 82.27%
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To measure the quality of reconstructed ECG signal, 
we calculated the average classification accuracy of the 
reconstructed ECG with respect to original files. This 
process is performed by passing it to 1D-CNN and com-
pared the classification accuracy with respect to original 
files. The average accuracy of all cases of reconstructed 
original files reached 92.41% which is less by approxi-
mate 2% than our obtained classification accuracy of ECG 
signal using ensemble model which prove the robustness 
of our compressor model and prove that it can be used in 
real time diagnosis. The accuracy is presented in Table 6. 
Also, we obtained an average F1-score of 0.8266 as indi-
cated in Table 7. In addition that we have achieved a high 
classification accuracy of the reconstructed ECG with 
respect to original files, a visualization of an original ECG 
signal block (before compression) and the reconstructed 
one (after compression) is shown in Figure 4 and Figure 
5 respectively. A key challenge for data compression is to 
reconstruct the original data that maintains the correct in-
formation. If data compression results in the loss of infor-
mation; it will reduce the performance of the compression 
technique. According to our data compression it can be 
easily verified that it is information-preserving. 

Our proposed method based on deep learning method. 
Conventional compression methods like parameter extrac-

tion methods, transformation methods and direct methods 
usually process different domains to extract features. Di-
rect methods analyze time domain features to compress 
ECG signal. Which require time and efforts [7]. Transfor-
mation domain methods transform ECG signal to frequen-
cy domain or other domains to compress ECG signal, then 
an inverse transformation is performed to reconstruct the 
original signal [14-18]. Parameter extraction method is based 
on extracted discriminated features from original signal to 
reduce the size of ECG signal [4]. Since our proposed com-
pression algorithm used deep learning model, it does not 
perform any analysis of domain to generate compressed 
file. It acts as an end-to-end model, where there is no need 
to extract any domain features. Also, it achieved a com-
petitive saving space reached to 83% conventional meth-
ods in-terms of save spacing. 

In contrast to M.Goyal et al. [4] method which used 
RNN that represents a shallow concatenation of a left-to-
right and a right-to-left model. Our model is a truly bidi-
rectional learning model based on attention mechanism, 
where the model learns information from left to right and 
from right to left, which make our model more powerful 
than their method. Furthermore, our model is designed for 
ECG signal, which is huge and consume storage over net-
work, so our systems can be used in diagnose systems. 

Table 6. The (%) accuracy of different threshold values

Threshold value 95% 98% 90% Average

Accuracy 92.9 92.88 91.46 92.41

Table 7. The F1 score of different threshold values

Threshold value 95% 98% 90% Average

F1-score 0.82 0.84 0.82 0.8266

Figure 4. Original ECG signal (before compression)
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6. Conclusions and Future Work

ECG plays an important role in ECG diagnosis; deep 
learning has become a state of the art ML approach that is 
widely used in many applications. In this paper, we built 
a compression system where ECG signal can be recorded 
and compressed using a novel suggested TinyBERT mod-
el, then it can be reconstructed. The quality of the recon-
structed ECG is measured by passing it to another deep 
learning model, 1D-CNN, and achieved a high classifica-
tion accuracy that is near an ensemble 1D-CNN for clas-
sifying 4 types of arrhythmia, proving the effectiveness 
of our compressor frame. For future work we can apply 
transfer learning to compress new ECG signals based on 
pre-trained ECG signal. 
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The coronavirus (nCOV-19), which was discovered, has now spread around 
the world. However, managing the flow of a large number of cases has 
proven to be a significant issue for hospitals or healthcare professionals. It 
is becoming increasingly challenging to speak with a medical expert after 
the epidemic’s initial wave has passed, particularly in rural areas. Thus, it 
becomes clear that a Chatbot that is well-designed and implemented can 
assist patients who are located far away by advocating preventive actions, 
and viral updates in various cities, and minimising the psychological harm 
brought on by dread. In this study, a sophisticated Chabot’s design for 
diagnosing individuals who have been exposed to COVID-19 is presented, 
along with recommendations for immediate safety measures. Additionally, 
when symptoms grow serious, this virtual assistant makes contact with 
specialised medical professionals.

Keywords:
Chatbot
COVID
Cloud

1. Introduction

To stop the country from seeing an increase in COV-
ID-19 instances, numerous research projects are now be-
ing conducted. Before the successful development of these 
kits, our nation imported medical supplies, including PPE 
(Personal Protection Kits) and masks, from abroad. Our 
nation has taken steps to raise awareness of the disease as 

well as initiatives to combat it. The news and media play 
an important role in fostering this knowledge by educating 
the public about the preventive steps that can shield them 
against infection. Keeping a virus from spreading can be 
made much harder if people are more aware of the need to 
take all precautions.

COVID-19 has been quickly spreading around the 
world. Many people have started to show various viral 
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symptoms. When persons with impaired immune systems, 
the elderly, or those with chronic conditions experience 
COVID-19 symptoms, it might cause considerable com-
plications [1-4]. Because of the burden, this put on hospitals 
and medical call centres, people began to become enraged 
with the COVID-19 virus, especially after multiple false 
reports about it were spread on social media. For instance, 
in March 2020, the developing coronavirus resulted in 
more than 1,400,000 calls to Saudi Arabia’s Ministry of 
Health in a single month [5]. AapkaChikitsak, an Indian 
Chabot [6], and ANA, a Brazilian Portuguese Chabot [7], 
both of which were developed to counteract fake news 
and misinformation and provide trustworthy information 
regarding COVID-19. Furthermore, several recently re-
leased research studies have chosen to use chatbot tech-
nology, which is useful in providing telehealth services 
in the COVID-19 pandemic scenario [8,9] or for numerous 
goals connected to the healthcare industry, such as medi-
cal diagnosis, treatment of drugs, and pathology queries, 
or even for general medical awareness purposes [10,11].

Using text or voice, a chatbot is computer software that 
converses with users in normal language, interprets their 
intentions, and then responds following the organization’s 
business policies and data. ELIZA [12] was among the ini-
tial chatbots. It served as an early test case for the Turing 
Test, which examines whether a machine’s intellect can be 
compared to or is indistinguishable from that of a person. 
Early consumers felt they were speaking with a person 
who understood their input since the computer utilised 
“pattern matching” and replacement methods to offer pre-
pared responses. The software’s scripts restricted its func-
tionality. In the middle of the 1960s, Joseph Weizenbaum, 
a researcher at MIT’s Artificial Intelligence Laboratory, 
developed a pioneering natural language processing meth-
od. It was supposedly created to demonstrate how tenuous 
ties existed between humans and computers at the time. 
On the other hand, when it was put on computers, people 
found it quite entertaining. Chatbots have a wide range 
of uses in the modern world, including online commerce, 
ticketing, news reporting, meal ordering, etc.

More safety and caution regarding this condition are 
provided by this chatbot system. The AWS platform, 
which enables users to forego expert advice, can be used 
to develop this system. It is designed to determine the 
user’s ailment and deliver pertinent information about the 
disease. With enhanced access to information regarding 
diseases, this method is designed to be cost-effective. 
Only when a Chatbot can diagnose any illness and give 
consumers the information they need will it be of bene-
fit to them. The suggested system uses a conversational 
agent to interact with individuals and learn more about 

their medical issues in order to get an accurate diagnosis. 
Today’s digital environment allows for very high amounts 
of information interchange per minute, enabling people 
to conduct business from afar without having to be phys-
ically there. Using Human Machine Interaction (HMI) 
technology, which cut out humans from the process, is 
used in many services and interaction settings. Despite re-
cent technological advancements, humans will still be an 
integral part of the contact loop for a very long time. They 
mostly act as “answers” machines, which is their funda-
mental issue; they are unable to reliably and effectively 
react to human inquiries. We propose a novel HMI scheme 
to address this issue that is based on SPN discourse rather 
than providing responses to inquiries and is capable of 
improved communication and engagement with human 
users.

The objective of the proposed work

The following are the observations of my proposed 
work:

(i) To determine the possible outcome and analysis 
COVID report based on some given health conditions. 

(ii) This chatbot will store all the responses given by 
the users and then after analysing the data available doc-
tors or executives call them and discuss their situations.

(iii) The chatbot is used by users to comprehend the 
facts and news surrounding the sickness, to learn how to 
protect themselves from the coronavirus, and to help stop 
the spread of the illness.

(iv) This chatbot gives us information about the com-
parative situation of COVID-19 trends in different cities.

2. Related Work

There have been several text-based human-computer 
interaction systems created, such as ELIZA [12], which 
mimics a psychiatrist, and PARRY [13], which indicates 
the thoughts of a patient who is paranoid. In two different 
trials, Raij et al. [14] contrasted virtual human interactions 
with real human interactions in the context of medical 
consultation. Their findings demonstrate parallels between 
real-world and virtual interactions. An article by Fadhils 
et al. [15] demonstrates the use of intelligent conversation-
al systems to communicate with elderly people in order 
to gather data and conduct ongoing health condition 
monitoring, particularly after hospital release. A medical 
recommendation system particularly created to engage 
with users and take on the role of a doctor is presented by 
Amato et al. [16,17]. Pharmabot is a paediatric generic med-
icine consultant chatbot that Comendador et al. introduce. 
It is intended to refer to and give relevant data on generic 
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drugs for kids.
A chatbot that is a personalised conversational assistant 

was built by Poongothai. M. et al. [18] to aid students in 
asking inquiries and resolving problems regarding current 
and completed Internet of Things projects. The advantag-
es of this system include a few characteristics including 
auto-scaling, real-time notifications, and quick response. 
Later, their laboratory system was upgraded to include 
this chatbot.

Ali Parsa founded Babylon Health [19] in 2013, which 
is a provider of value-based healthcare, that combines 
an AI-powered stage with virtual clinical procedures for 
sick persons. Through its website and mobile application, 
patients are connected with healthcare providers. Users 
can email queries or photographs to the medical specialist 
in a manner similar to text messaging. Patients can also 
video chat with doctors to seek guidance for their health 
problems. Additionally, users can get referrals to doctors, 
have their prescriptions for pharmaceuticals delivered to 
them or forwarded to a pharmacy, and consult with ther-
apists to discuss problems like depression and anxiety. 
When a physical examination is required, users in London 
can book health exams with a select group of institutions; 
nurse visits, however, are only offered at one location.

According to its website, this healthcare chatbot [20] 
attempts “to assist doctors in their daily work”. It func-
tions as an assistant that gives medical users precise data 
through chat by offering helpful advice and keeping track 
of a woman’s health while she is nursing. Additionally, 
it assists healthcare professionals in advising women on 
the appropriate drugs to take while they are breastfeeding. 
This can be incredibly beneficial for people to search for 
quick, accurate information anytime it’s needed, saving 
time by having all the information at their fingertips rather 
than having to spend time looking it up.

Florence [21] chatbot, which functions on Facebook 
Messenger, Skype, or Kik, is essentially a “personal 
nurse”. She can remind people to take their medication, 
which could be a useful feature for elderly patients. You 
simply need to enter the drug’s name, how frequently you 
need to take it, and when in the chat window. Florence 
then casually reminds you to take the prescription every 
time you need to. The user’s health, including things like 
body weight, mood, and menstruation, may also be mon-
itored by Florence, who will help them succeed in their 
goals. The chatbot can also assist you in finding the near-
est pharmacy or medical facility if necessary. 

To enable objective data reception and transmission 
in real-time, “Smart Wireless Interactive Healthcare Sys-
tems” (SWITCHes) [22] are being developed. In addition to 
engaging users with customised feedback in an interactive 

manner through a health chatbot powered by artificial in-
telligence, the SWITCHes app can also connect users with 
healthcare professionals who can offer them more precise 
medical advice depending on the customer’s data collect-
ed from the app and auxiliary data from medical devices. 
SWITCH’s technology differs from researcher-controlled 
and commercial apps because of an integrated health chat-
bot. Users can converse with the health chatbot and re-
ceive information in real-time, or they can heed the bot’s 
counsel and adhere to its recommendations for healthy 
living, which may include diet and exercise regimens. 
The AI-powered health chatbot may provide real-time in-
formation as well as assist users in keeping track of their 
health issues and staying motivated by providing inspira-
tion and reminders. The healthcare practitioner can give 
the user more precise medical recommendations based on 
the user’s data collected from the SWITCHes app and the 
supporting data from medical equipment. A health chatbot 
powered by artificial intelligence can also communicate 
with SWITCHes app users to provide personalised feed-
back.SWITCHes distinguishes itself from researcher-con-
trolled and for-profit apps with its built-in health chatbot. 

With the aid of Tidio’s [23] conversational AI chatbot, 
you can improve your customer service and increase 
sales. You can design your AI bot exactly how you want 
because it is simple to use. You may also use a visual 
builder interface to watch how it develops. Your bot will 
use NLP technology to interact with and serve your cus-
tomers more effectively. And you’ll be accessible to your 
clients around the clock to ensure that you don’t miss any 
chances to close deals.

3. Proposed Method

Conversational voice and text interfaces can be creat-
ed using Amazon Lex. Your applications can incorporate 
chatbots that you create with Amazon Lex. Internally, 
Amazon Lex uses the same deep learning platform as Am-
azon Alexa. Amazon Lex’s internal technology combines 
natural language understanding (NLU) and automatic 
speech recognition (ASR) to comprehend the intent of 
the text and convert speech to text. As this course pro-
gresses, we’ll go into more detail on these subjects. Es-
sentially, Amazon Lex frees you from the difficulties of 
speech recognition and natural language understanding 
so that you can quickly create really engaging chatbots. 
A budget-friendly option is Amazon Lex. Like the major-
ity of AWS services, Amazon Lex offers pay-as-you-go 
pricing and has no upfront expenses. Utilizing a mixture 
of aliases and versioning, Amazon Lex offers deployment 
functionalities that let you rapidly roll out your conver-
sational interfaces across numerous environments with-
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out any difficulties. You may scale up with Amazon Lex 
without worrying about bandwidth usage because Ama-
zon Lex does not place restrictions on it. Finally, there is 
seamless integration between Amazon Lex and a number 
of other AWS services. Natural language understanding 
and automatic speech recognition, or ASR, for speech-to-
text conversion offer sophisticated ways to transform your 
voice or text commands into commands that can be car-
ried out. Intents, utterances, slot kinds, slots, and channels 
are just a few examples of the many child configuration 
pieces that make up a bot. As we go on, we’ll discuss each 
of these in more detail. Within Amazon Lex, the bot itself 
serves as the building and deployment unit. Developers 
are able to create and deploy a variety of bots, each with 
its own unique set of capabilities. Several child config-
uration pieces, including intents, utterances, slot types, 
slots, and channels, to mention a few, make up a bot. In 
the coming sections, we’ll go through each of these in de-
tail. Within Amazon Lex, the bot itself serves as the unit 
of construction and deployment. The ability to create and 
deploy numerous bots, each with a unique set of abilities 
and behaviours, is available to developers. The results that 
the bot might take are represented by intent. For instance, 
scheduling an appointment, booking a flight, or reserving 
lodging are all examples of intentions. A term that accu-
rately conveys what the objective achieves, Utterances. 
The user says or enters one or more phrases that trigger 
the purpose, and fulfilment procedure- how the intent 
was carried out or fulfilled. Aside from the built-in inten-
tions that Amazon Lex offers, you can also use your own 
custom intents. For each goal, the user may need to give 
more qualities, also called slots, in order to get the desired 
result.

The working method of this chatbot is that the user first 
gives some query-related statement to the chatbot, and 
the chatbot will check the spelling with its stored intents. 
After that, if both statements are the same, the chatbot 
will reply, and then our chatbot will ask for some personal 
information from the user. The next user asks questions as 
per their demand. If they want to check COVID status or 
COVID-related basic questions, or if COVID updates in 
different cities, our chatbot will reply as per stored value 
in the database. In the end, the chatbot will show the thank 
you, and if the user gives some wrong inputs, it will show 
an error response. Here in Figure 1, we briefly describe 
the working flow diagram of our chatbot.

Figure 1 describes when a user or patient gives some 
input or comments as per their needs, then CO-BOT will 
start replying. Before that, CO-BOT will check the input 
coming from the user with its database. If it matches the 
database, it will give a suitable response. CO-BOT will 

save all the information given by a user for further re-
sponse. 

Figure 1. Flow Diagram of COVID Chatbot

In this project, we used Amazon Lex API to create the 
sample utterances and intent from a chatbot, then connect-
ed this Lex with a lambda function and did the validation 
also. Then create IAM and Cognito for authentication and 
connect these with S3. Also, connect S3 with a lambda 
function for static web hosting. Here, by using Figure 2, 
we have given a clear architecture of our project.

Figure 2. System Architecture of Chatbot

Figure 2 briefly describes the actual working system 
of CO-BOT. The Amazon Lex API is used to create a bot 
and configure it with one or more intents that you want 
to support. Configure the CO-BOT as per the basis of the 
patient goal, and engages in conversation with the user or 
patient to elicit information. Next, lex is connected with 
lambda which allows us to add custom logic to AWS re-
sources such as Amazon SE bucket and also allows quick 
calculation or processing as the input to other functions. 
When we connect projects with Amazon S3 organizer, 
and manage our data in such a way that supports specific 
use cases, enables cost efficiencies, enforces security and 
meets compliance requirements. When we connect with 
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a CSV file, it will store all the responses of a patient or 
user and use them for future reference. Here, using tem-
porary security credentials, Amazon IAM roles offer a 
mechanism to access AWS. A role is not associated with 
a specific user or group, but rather with a set of rights for 
requesting AWS services. With Amazon Cognito, adding 
user sign-up and authentication to your mobile and online 
apps is a snap. With the help of Amazon Cognito, you can 
use AWS or any service behind Amazon API Gateway to 
get to the backend resources of your app. Amazon Cogni-
to also gives you temporary security credentials.

3.1 Amazon Lex Component Design

In Amazon Lex, a bot is the main kind of resource. 
Intent, slot type, alias, and bot channel association are the 
additional resource kinds in Amazon Lex. You can devel-
op a bot using the model-building API or the Amazon Lex 
console. You can create a production-ready bot for your 
application using the graphical user interface offered by 
the console. You can develop a bot using your own cus-
tom software using the model-building API through the 
AWS CLI if you’d like. You can either integrate a bot into 
your own application or deploy it on one of the supported 
platforms after it has been created. When a user interacts 
with the bot, the client application uses the Amazon Lex 
runtime API to make queries to the bot. For instance, your 
client uses one of the runtime API calls to transmit the 
user’s input to Amazon Lex when they say, “I want to buy 
pizza.” Users can enter information orally or in text form. 
Sample utterances are structured as:

<what is the condition in {city}>
<tell me {city} affection>
<Want to know about covid>

3.2 Lambda Function in AWS

Lambda functions are supported by Amazon Lex so 
that the bot can get code hooks. These features can ac-
complish a variety of tasks, including enhancing user 
engagement with the bot by utilising existing knowledge, 
validating the user-provided input data, and carrying out 
the user’s goal.

Figure 3 is a snapshot of our lambda function. By 
using this lambda function, we have done all the condi-
tion checking like whether the patient has a fever or not, 
breathing issues or not, checking 10-digit contact details, 
etc. and also connected a CSV file to store all the details 
of the patient’s physical health and contact details for 
future reference. For searching, add more queries, and to 
control these queries, add some functions that check if 
certain conditions are met. 

 

Figure 3. Sample Lambda function

3.3 Amazon Cognito

AWS’s Cognito service makes it simple to integrate 
user management into online and mobile applications. 
It works with SAML 2.0 and provisions social identity 
providers like Facebook, Google, and business identity 
providers. This is an effective service and hard to grasp at 
first.

The fact that there are two main components of Ama-
zon Cognito is one of the things that causes the most con-
fusion:

1) User Pools for Amazon Cognito
2) Amazon Cognito Identity Pools, second (aka Feder-

ated Identities)

3.3.1 Cognito User Pool

This means an anonymous user of our application 
(e.g. a mobile or a Single Page Application) can fill out a 
registration form and then become a registered user. The 
chosen credentials (i.e., username and password) will be 
safely stored in the Cognito User Pool.

In this case, Amazon Cognito acts as an Identity Pro-
vider (IdP). When this registered user wants to log in, the 
User Pool will be used as the source of truth to assess the 
authenticity of provided credentials; if valid, a JSON Web 
Token (JWT) will be returned.

3.3.2 Cognito Identity Pool

Usually, REST APIs are protected through the use of a 
token – e.g., a JSON Web Token (JWT) –and that’s why 
Amazon API Gateway with the help of Cognito User 
Pool, supports this scenario natively. Alas, the vast major-
ity of AWS resources don’t support a JWT as a means of 
authentication! For instance, if our application reads order 
item 42 directly from DynamoDB, we need an IAM Role 
that has permission to read data from the Orders table.

3.3.3 AWS Credentials

// Initialize the Amazon Cognito credentials provider
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CognitoCachingCredentialsProvidercredentialsProvider = 
new CognitoCachingCredentialsProvider(getApplication-
Context(),
“us-east-1:77511a8f-cb2d-488f-8cd5-233e16e3137c”, // 
Identity pool ID
Regions.US_EAST_1 // Region
);

3.4 Amazon S3

In order to store and access any amount of data or in-
formation from anywhere online, Amazon S3 [24] (Simple 
Storage Service) provides object storage. It was designed 
for developers to help with web-scale computing and of-
fers 99.999999999 percent durability and 99.99 percent 
availability of items. Data file up to 5 terabytes in size can 
also be stored on it.

Figure 4 describes the web hosting of our project. Us-
ing this feature, we can create a bucket and upload a .html 
file for accessing the chatbot. After enabling static web 
hosting we can use that chatbot virtually by using a single 
link. 

 

 Figure 4. Static Web Hosting from S3

3.5 Data Storing Process in Amazon s3
Objects are used to store data on Amazon S3. With 

this method, cloud storage is greatly scalable. Different 
physical disc drives dispersed around a data centre can 
house various objects. Amazon datacentres use specialised 
hardware, software, and distributed file systems to offer 
great scalability. The block storage method implements 
features like redundancy and versioning. By default, when 
a file is kept in S3 as an item, it is simultaneously stored 
in several locations (such as discs, data centres, or avail-
ability zones). Control hash sums are frequently checked 
as part of the S3 service’s data consistency verification. If 
data corruption is found, redundant data is used to recover 
the object. S3 buckets are used to store objects. Objects in 

S3 storage can, by default, be viewed and handled through 
the web interface [24].
Object URL for error.html
https://webbucket07.s3.amazonaws.com/error.html
Object URL for index.html
https://webbucket07.s3.amazonaws.com/index.html
Bucket Policy

{
“Version”: “2012-10-17”,
“Statement”: [
{
“Sid”: “PublicReadGetObject”,
“Effect”: “Allow”,
“Principal”: “*”,
“Action”: “s3:GetObject”,
“Resource”: “arn:aws:s3:::webbucket07/*”
}
]
}
Figure 5 shows the bucket to upload HTML files like 

index.html for the front-end interface of the chatbot and 
error.html represent the error that occurs interface of the 
chatbot. From this terminal, we can also enable the web 
hosting part that helps to access our chatbot project.

Figure 5. Upload the HTML file to the bucket

For storing data, we have used a CSV file which stores 
all the records of COVID feedback. Patients will give 
their health situation by selecting the different conditions 
from the auto-generated options. On the basis of given 
feedback, the bot will analyse if COVID has been or not. 
Then this CSV file will store the name of the patient, con-
tact number, and status of COVID. Later on, the patient 
will get a call from an executive and discuss COVID over 
the phone.

Figure 6 shows the CSV which stores all the records of 
patients and from this given contact number we can con-
tact that patient in the future as per need.
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Figure 6. Store user COVID report data

3.6 Valuation of Dataset

Any chatbot should appear normal when reacting to 
user input, and it must have a clean dataset and long-last-
ing backend logic for result production. We have created a 
ten-question COVID-19 basic symptomatic questionnaire 
at the Telemedicine department at the University of Came-
rino. Simple Yes/No questions make up the entirety of this 
survey. The bot delivers a score of one if the user selected 
“Yes”, and a score of zero if the user selected “No”. The 
chatbot anticipates using AIML logic to respond to human 
input and maintain input that could feed the machine. 

Table 1 lists the early symptoms that can be used by the 
chatbot to determine whether or not a person is infected. 

Table 1. Characteristic analysis dataset

No. Questions Type

1 Confirm your age.
Enter an int 
value

2 Do you have a fever? Yes/No

3 Do you have a cough? Yes/No

4 Do you have a sore throat Yes/No

5 Do you have chest congestion or a runny nose? Yes/No

6 Do you facing any breathing issues Yes/No

7 Do you have diabetics? Yes/No

8 Do you have Hypertension? Yes/No

9 Do you have lung disease? Yes/No

10 Do you have heart disease? Yes/No

11
Have you travelled in the past 14 days to any 
states?

Yes/No

12  Which city do you want to know? Select any city

4. Result and Discussion

Initially, the chatbot successfully provided the right 
output in about 40% of cases. However, as the training 
data improved with continuous interaction with the chat-
bot, this accuracy improved to 70%. For queries unrelated 
to the intents described in the chatbot, a generalized re-
sponse is generated, and such questions are logged to be 

checked later and included in the datasets. The Amazon 
S3 connected to the chatbot has successfully monitored 
the traffic to various sections of the chatbot by capturing 
the general purpose of the user. This information can be 
further used to analyse the kinds of people visiting the site 
and their purpose. Hence, more emphasis can be put on 
such for performance testing. Two parameters were eval-
uated: answer delivery delay and question matching accu-
racy. 1) Answer Delivery Delay: It is defined as the time 
from the question sent by the user until he/she receives 
the answer. This latency was constantly under 3 seconds, 
with an average of 1.76 seconds. 2) Matching Accuracy: 
In this, we check whether the chatbots work even when 
the sentences are mistyped, and the proposed system has 
successfully matched the sentences to the predefined ut-
terances in 70% of the cases.

When a user gives some statements to the chatbot, it 
will then ask for some information from the user. Here 
users have to put some basic information to us for valida-
tion. The user must respond as required, after which the 
chatbot will ask for the user’s contact information and 
confirm whether or not the user has COVID. Snapshots 
of this feature are given below in following Figures 7 and 
8. Getting all the information regarding COVID will be 
stored in a CSV file from where an executive or doctor 
can call the patient. 

Figure 7. Response for COVID validation
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Figure 8. Response for COVID confirmation feedback

Here we have one option if a user wants to know about 
the information regarding COVID-19, what are the symp-
toms of COVID-19 and what precautions also? We can 
also get information regarding rumours and fake news. So, 
from this chatbot, users can also get information regarding 
that. Snapshots of this feature are given below; following 
Figures 9 and 10.

Figure 9. Response for COVID information 1 

Figure 10. Response for COVID information 2
From this application, we also got some information re-

lated to the COVID situation in a different city. What are 
the COVID rate, and the active situation of a city we can 
easily get from this chatbot? Figures 11 and 12 describe 
this part.

Figure 11. Choose a city to know COVID update 
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Figure 12. Response from chatbot

5. Conclusions

The design and execution of a clever chatbot applica-
tion utilized to certify help and e-awareness during the 
COVID-19 epidemic are described in depth in this study. 
The purpose of this study is to develop smart chatbots 
that can provide consumers with information about the 
coronavirus during pandemics like COVID-19. A chat-
bot’s goal is to start a real-world discussion. In our work, 
we suggest using the Amazon Lex, Cognito, and S3 ap-
proaches provided by Amazon Web Services in order to 
properly address customer inquiries. Our chatbot, CO-
BOT, operates by going through three steps in succession: 
connecting, understanding, and replying. The user delivers 
a query via the user interface in plain text during the con-
nection stage. Processing the user’s question is enabled by 
the comprehension phase. Building the chatbot responses 
is the responsibility of the response stage. An English ver-
sion is one of the two CO-BOT versions that are used and 
tested. In addition, CO-BOT can raise awareness of these 
disorders and offer support. This study takes an innovative 
approach to raise awareness of COVID-19 symptoms, pre-
venting misunderstanding, taking precautions, providing 
facts and myths, reducing infection-restricting behaviours, 
and even assisting in mitigating the pandemic mental 
health burden. The key data have been compiled with the 
help of interviews conducted to promote this study. After 
reviewing the collected data, the researcher will assume 

that the chatbot has been rated very highly on the basis of 
user experience. In terms of usability, it was found func-
tional and simple by all the respondents. The chatbot is 
very accurate, well-formatted, and readily accessible due 
to the nature of the information delivered.

6. Future Scope

With the aid of the input provided from the interviews, 
the potential direction of the research study can be con-
cluded. It can be inferred after data is evaluated that ad-
ditional functions can be incorporated into the system. In 
future work, we want to compare our application’s analyt-
ical performance against that of other COVID-19 applica-
tions and chatbots. We also intend to improve our chatbot 
by taking into account some extended versions viz.: 1) 
Include a module related to speech recognition; 2) Offer 
a virtual doctor meeting and best practices for a healthy 
lifestyle; and 3) Improve COVIBOT’s data interpretation 
by incorporating features like graphical and pictorial 
representation. 4) Link a real-time database to obtain the 
most recent COVID status.
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