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Abstract
The article analyzes the existing approaches and software tools for popularizing Internet
resources using external ranking factors. As the analysis showed, today there is a lot of software
that provides tools for automating the promotion of Internet resources, but all of them are
characterized by such main disadvantages as: commercial application, lack of
recommendations for promotion and, in most cases, limited functionality. The work carried out
was aimed at developing an algorithm for popularizing Internet resources using external
ranking factors, which was reflected using the algebra of algorithms and optimized by the
number of uniterms. The system was designed using an object-oriented approach in the CASE
tool IBM Rational Rose. The analysis of the available methods for solving the task was
conducted, the class of tasks that will be solved by each of them was determined, and the tools
that would ensure maximum efficiency were selected for the implementation of each of the
functions of the system being developed. The system was designed using modern software
tools, namely, Angular was used to implement the client part, and the server part was designed
using the ASP.NET Core Web API. The performed verification of the work confirmed the
correctness of the obtained results and the possibility of its application. Further research will
be aimed at creating related software modules in order to expand functionality and test their
work.
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1. Introduction
The popularization of Internet resources appeared along with the emergence and rapid development
of search engines and consists in a complex of work with external and internal factors in order to
increase incoming targeted traffic and determine ways to bring the site to the top positions of search
results. At the same time, internal search engine optimization is understood as actions aimed at
improving the structure of the site and its content. External optimization, on the contrary, determines
the formation of the site's reputation 'in the eyes' of search engines, that is, building up the link
environment, increasing the visibility of the resource, etc [1,2].
The main goal of all search engines is the ability to display the user links to the most relevant sites
containing exactly the information that the user is looking for in accordance with the entered query [3].
The degree of semantic correspondence of the texts of the site to the corresponding search query is
called relevance [4], and the process of assigning the display order in the search results, for a particular
query, is called site ranking [5]. There is an interesting fact that at the initial stage of the global Internet
development, it was enough for a webmaster to enter a topic, description and keywords in the meta tags
of the site for the search server to consider it relevant to this subject area. However, the number of
websites began to grow rapidly and in order to bring them to the top of search results, SEOs began to
add irrelevant keywords to the site's subject. This situation contributed to the improvement of ranking
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algorithms [6], which led to fierce competition in the search engine optimization market. Given, the
actual task is to study the field of popularization of Internet resources, with the aim of their
popularization using external ranking factors.

1.1

Analysis of recent researches and publications

The analysis of research [7-9] showed that there is a direct relationship between the position of the
site in search engine rankings and the number of visitors. Namely, the sites that occupy the first
positions receive an average conversion rate of 36.4%; sites in the second position receive 12.5% CTR;
the third search engine position receives 9.5% CTR.
Table 1
Conversion rates by Google search results according to Optify
Rank #
Average CTR
1
36,4%
2
12,5%
3
9,5%
4
7,9%
5
6,1%
6
4,1%
7
3,8%
8
3,5%
9
3,0%
10
2,2%

Median CTR
25%
9,1%
7,1%
5,5%
3,8%
2,7%
2,6%
2,0%
1,8%
1,5%

To be in the first place in Google, according to Optify, means to receive the number of conversions
to the site equal to the traffic from the second to the fifth position inclusive. Optify has concluded that
reaching a top position or even increasing a position from second to first position can triple traffic [10].
Given that, the next steps in the study were to analyze the main ways of promotion. Many works were
studied [11-13], which helped to show the presence of a significant amount of research based on internal
factors of promotion, namely, the rules of building a semantic core, design, design features, and so on.
With regard to external factors, this area not studied enough because most of the mechanisms that
regulate it, work in accordance with patented approaches [14].
The analysis of modern software showed that the market of these systems is extremely developing
and contains many systems, a brief analysis of the most famous:
•
Ahrefs is an automatic site promotion service that minimizes user involvement by relying on
the latter to determine promotion tactics and strategies. Advancement using Ahrefs can be divided
into three stages: compiling the semantic core; work with links (rent, purchase); assistance in
optimizing resources. Using a special module, you can select a list of relevant key queries, then
calculate the cost of promotion and estimate possible traffic. With Ahrefs, you can also purchase
links for relevant key queries [15]. The main disadvantages of the system are: the inability to
configure link purchase filters, lack of tracking tools for the position of the website and the
significant amount of commission.
•
PromoPult is an internet marketing system, the feature of which is the promotion of Internet
resources on certain high-frequency queries, aiming to attract targeted visitors. The result is a group
of links that meet certain criteria. In addition, the resource provides tools for pre-audit, attendance,
additional queries and content generation [16]. Disadvantages include: high cost of commission (for
high-frequency and low-frequency requests the commission is up to 25%, low quality of anchor
generation).
•
Moz Pro – is an automated site promotion service, which includes automatic selection of
recommended keywords, advanced statistics services, recommendations for improving the project,
the availability of a system for technical analysis of the site. Disadvantages include: low quality of

anchor generation, lack of influence on the behavioral characteristics of users, lack of funds for the
purchase of contextual links [17].
•
SEOHammer is a service for automatic site promotion, based on the filtering of Internet links
by certain parameters, the result of which should be effective Internet links. The basic technology is
built on the evaluation of the so-called donor-link-acceptor chain. In addition, SeoHammer allows
you to intelligently select queries, purchase links and monitor their quality [18]. The main
disadvantage of the system is the significant amount of commission.
•
KW Finder is a system that contains a significant set of tools for automatic site promotion. In
many ways, it is similar to the PromoPult system, as it also places links on well-known exchanges.
In addition, it provides a choice of keywords for promotion on high-frequency, medium-frequency
and low-frequency queries [19]. Among the disadvantages identified: the complexity of interaction,
lack of recommendations for promotion and the commission.
•
SEMRUSH is a service with a wide range of functionalities, including tools for promotion
budget analysis, automatic receipt of resources, multiple forms of payment, a large number of
affiliate programs, viewing and analyzing statistics separately for home and internal pages, no
restrictions on investment levels [20]. The disadvantage is the significant amount of commission
(20% when selling links), complexity of the interface. The analysis shows that there are many similar
systems, but they have significant disadvantages, which are determined by both limited functionality
and commercial use. Given the fact, that the urgent task is to create a system for promoting the
Internet resource using external ranking factors.

1.2

The main objectives of the study and their significance

The aim of the study is to design and construct a system for promoting Internet resources using
external ranking factors. It is necessary to analyze both the relevance of the pages (determines the
degree of compliance of the information on the search query) and ways of ranking links (determined by
the number of links from other resources to the pages of the studied Internet resource). Improving
positions according to these criteria is the main goal of search engine optimization and will help the
latter to get into the TOP search engine results.
To achieve this goal, it is necessary to solve the following main tasks: to analyze existing approaches
and software tools used in the process of search engine optimization; build an algorithm for the analysis
and promotion of Internet resources using external ranking factors and present it using the algebra of
algorithms; determine the basic requirements for the system and carry out its design and construction
using modern software tools.
The results of the study solve the current scientific and practical problem of creating software for
monitoring and promotion of Internet resources using external ranking factors.

2. Major research results
Analysis of the commercial Internet resources development on the World Wide Web has shown that
today almost every company faces a problem how to promote their product. And for each situation the
set of technologies and tools can be radically different, namely some companies can use the tools and
develop successfully, others can use the same tools and have only losses. Among the tools of Digital
Marketing are: CPC, SMM, SEO. The first two tools have been analyzed in details in previous studies,
which show their strengths and weaknesses and features of usage. In this study, we will focus on the
features of SEO, which is to attract traffic from organic search results. Proper search engine
optimization is a slow and long-term tool that gives 'natural', long-term results and is the most powerful
means of promotion [21].
The peculiarities of external search engine optimization are: increasing the citation index (depends
on the volume and importance of web resources that point to the web page and helps to raise the
relevance of the site in terms of search engines); increase the weight of the resource pages, which
determines its popularity and authority as a source of information (the weight increases due to incoming
links and decreases due to outgoing) and the formation of an anchor list (contains a list of all links

leading to the page, for successful external optimization is of great importance is the quality of links).
The values of these parameters vary depending on the individual resource, so in order to form a
universal approach to promotion, an algorithm to promote Internet resources using external ranking
factors was formed, which was presented using the apparatus of algebra algorithms [22]. The first stage
in the implementation of the algebra of algorithms is the description of uniterms and the synthesis of
sequences. Formed uniterms: G - uniterm for setting search promotion goals; B - uniterm of concept
and analysis of competitors; A(s) - uniterm of analysis of page load speed analysis; P - uniterm of
popularization in thematic media; Z - uniterm of attracting the target audience by forming a reference
environment; R - uniterm for estimating the number of transitions to the studied resource; K - uniterm
of application of crowd marketing methods; Vb - uniterm of use of link exchanges; Col - uniterm of
creation of collaboration with common on thematic results; Sres - uniterm of support; M - uniterm of
audit and promotion of the mobile version of the Internet resource; A(p) - uniterm of analysis of the
reference mass of the Internet resource; D (q) - uniterm of inquiry research; O - uniterm of optimization
for voice requests. As a result of using the apparatus of algebra of algorithms, the following sequences
were synthesized:
S1 - sequence of system operation in case of increase in the number of transitions:

S2 - sequence of system operation in case of reduction of number of transitions:

S3 – general sequence of system operation:
where L1 – elimination of the check for increasing the number of conversions, L2 – elimination of
checking the resource in the search results, which have the following form:

S4 – the sequence of the system operation at the time of the Internet resource ‘reference mass’
analysis:

S5 – the sequence of the system in case the resource falls into the search results:

As a result of substitution of eliminations L1 and L2 into the general sequence of functioning of
system S3 we will receive the following algebra of algorithms formula:

The next step is the substitution of the corresponding sequences and the elimination of L2:

After substituting the eliminations L1 we have the following formula:

Take out the elimination of L1 as a sign of the sequencing operation. One of the last stages is the
substitution of sequences S1 and S2:

Using the properties of the algebra of algorithms [22], we make common uniterms for the sign of
the elimination operation, resulting in a formula describing the algorithm of operation:

Given the above algorithm, the main stages of promotion are: analysis of page load speed, analysis
of the link environment of the resource (external links), audit of the mobile version of the resource,
resource analysis using BM25 and BERT algorithms.
Page load analysis is determined by the Largest Contentful Paint (LCP), which shows the time it
takes to display content in the visible part of the screen and is used to demonstrate the usefulness of the
page to the end user. According to data [23], the limit values of this parameter are up to 2.5 s. Depending
on the obtained results, either further performance optimization or detailed audit of internal elements
of the resource and hosting parameters is performed.
Formation and analysis of the link environment of the Internet resource is to increase the number of
links to the studied Internet resource to improve its ranking in search engines. There are the following
external links: natural (useful information for users and usually posted on thematic resources) and
leased (in most cases, they are used for search engines to increase the level of promotion). In case of
satisfactory indicators regarding the quantity and quality of the link environment, it is necessary to use
the following methods: crowd-marketing (is to promote the site by posting comments containing links
to the resource in thematic forums or social networks); link exchanges (resources for selecting quality
sites for selling / buying links); mutual exchange of links (Internet resource acts as both a donor and an
acceptor). In carrying out this activity, it is necessary to take into account the operation of the algorithm
"Google Penguin" [6], which is used by the search service to combat poor quality linking environment.
Getting under the influence of the latter contributes to a significant reduction in the ranking of the
Internet resource. Therefore, in the process of creating a link environment, it is necessary to choose
donors who have high-quality content, related topics and a high rate of unique content.
Along with the desktop view, the mobile version of the resource is important, so auditing the latter
is an integral part of modern search engine optimization. The importance of the mobile version is
confirmed by the Mobile First algorithm [24], according to which the ranking of resources is carried
out by mobile versions, regardless of the type of device the search query is implemented. This issue
was discussed in detail in [25], which presents the features of such promotion. An important indicator
that must be directly taken into account in the process of promotion by external factors is BM25 [26],
which is a ranking function used by search engines to organize documents by relevance. This feature
estimates the frequency of a query in each document without considering the relationships between
content keywords. For example, there is a query 𝑄, containing keywords (𝑞! ), then the BM25 function
determines such an assessment of the document 𝐷 relevance of 𝑄 request.
"
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where 𝑓(𝑞! , 𝐷) – word frequency 𝑞! in D document;
|𝐷| – page size (number of words);
𝑎𝑣𝑔𝑑𝑙 – the average page size in the collection;
𝑘$ , 𝑏 – 'free coefficients', the average values of which are 2 and 0.75, respectively.
𝐼𝐷𝐹 – Inverse Document Frequency (IDF) 𝑞! word, defined as the logarithm of the total number of
pages in a collection to the number of documents that contain the corresponding keyword. Given (1), it
can be concluded that the larger the page size, the less relevant it is. Therefore, it is necessary to optimize
it, which relies on the mechanisms of internal promotion. The BERT (Bidirectional Encoder
Representations from Transformers) algorithm is used to analyze the context of user search queries in
the Google search engine [27]. This algorithm works on the principle of clarifying the content of the
website with the user's request. At the same time, the greatest influence is exerted on the ranking of
search results when using voice search technologies and the construction of advanced search snippets,
which must be taken into account in the process of search engine optimization. As can be seen from the
study, conducting these operations for manual analysis of the state of the Internet resource and ways of
its search engine optimization is extremely time-consuming. Thus, it is advisable to use automated tools
for promotion, which on the one hand increase productivity, and on the other hand allow real-time
monitoring of possible changes. Given the development of a prototype system, in addition to analyzing
the resource and reflecting its main characteristics, will provide recommendations for optimization
using external ranking factors. The next step in the study was to design a system using an object-oriented
approach. At the beginning of the design, a diagram of use cases is created, which is shown in Fig.1.

Figure 1: Diagram of use case
The main external entity is: the user (gets limited access to system resources and contains tools for
changing profile data, adding tasks / comments / launching an SEO company, etc.). The functions of
the system are: selection of keywords according to the topic, analysis of the Internet resources'
competitors, analysis of page load speed, formation of a link environment, audit of the mobile version,
etc. In order to show the interaction of the objects ordered by the time of their appearance, the sequence
diagram shown in Fig. 1 was used. 2. The diagram implicitly has a time axis, which allows you to
visualize the time relationship between the transmitted messages. This diagram shows the User Actor
and the objects that represent a typical system scenario. The 'Replenish balance' object is created not at
the initial moment of time, but as needed to ensure the replenishment of the account, and is destroyed
after the successful completion of this operation. After successful completion of all these steps, an SEO
company is launched.

Figure 2: Sequence diagram
So as to describe the basic procedures and business processes, a diagram of the activity presented in
Fig.3 was constructed. It reflects the dynamic aspects of system behavior and helps to describe the
features of construction using direct and inverse design methods.

Figure 3: Activity chart

The main purpose of the developed system is to determine the polarization indicators of the Internet
resource, provide recommendations for promotion, determine the overall strategy of promotion and,
accordingly, obtain the desired results regarding the placement of the site in the TOP search results.
Based on the analysis, the main functions of the system were identified:
1. Creating a project: involves the registration of a new project for further promotion in search
engines. At this stage, the customer must specify the name of the site he wants to promote, its URL
and select the region in which you want to promote it.
2. Analysis of Internet resources of competitors: involves analyzing the content of sites that the
search engine displays on the relevant keyword or phrase. That means that traffic indicators and
relevant pages are analyzed, the number of resources containing relevant links is counted. After that,
the customer will be provided with information about competing sites, which will simplify the choice
of the necessary promotion strategy.
3. Analysis of page load speed: page load speed affects the conversion of Internet resources. In
particular, if the page loads in more than 5 seconds, most potential visitors will simply leave it
without waiting for the process to end. It is planned to use the PageSpeed Insights plugin to
determine it [28].
4. Generating keywords: involves generating keywords by which the search engine will find the
customer's Internet resource. The system will analyze the content of the resource and generate the
necessary list of keywords. At the same time, the customer needs to decide on the purpose of
promotion (TOP 5, TOP 10), which will stop the purchase of new links, thus saving the budget for
promotion.
5. Creating a link environment: involves the selection of reliable and high-quality donor links
(sites) that will provide the maximum number of conversions to the required resource and thus
promote it in the TOP search engine results.
6. Estimation of the cost of the resource promotion: involves calculating the approximate cost of
promoting the resource for certain key queries. The user enters a keyword or phrase and the system
gives the cost of output of the TOP-10 search engine resource for this query.
7. Selection of relevant pages: is to display the corresponding page of the resource depending on
the search query. Namely, depending on the location of the latter (title / title / main part), the analysis
and display of potential search results relevant to users is performed.
8. Generation of text links: generation of texts that will contain links with anchors (keywords)
specified by the customer. For example, a customer wants to promote their site on a specific request.
After entering the appropriate keyword, the system will generate a dozen of small texts with this
keyword, which will be a link to the promoted page.
9. Search for broken links', links that lead to a non-existent resource. They can occur due to
inattention of editors and site administrators when posting, editing and deleting site materials;
changing the structure of site links and the lack of correct redirects from the old structure to the new
one. This feature involves periodic checking of links to the customer's resource. If broken links are
found, the customer will be issued a message, and the broken link will be removed from the
corresponding resource.
10. Monitoring of the Internet resource: involves the output of relevant information on the state of
popularization of the resource. Output is carried out in numerical indicators and graphical display.
The next stage of the study was the choice of means of implementing the system of popularization
of the Internet resource using external ranking factors. The developed promotion service is divided into
client and server part. The Angular framework was used to write the client part, which is based on the
graphical user interface, and the server part was written using ASP.NET Core Web API technology.
The choice in favor of Angular [29] was made taking into account the following features: when creating
templates in Angular, it is used a declarative programming paradigm (allows you to build an Internet
resource from a set of modules) and provides tools for its modification in the process of updating or
expanding functionality; availability of a significant number of ready-made solutions that allow you to
solve various problems; Angular uses two-way linking: any changes to the user interface are
immediately reflected in the program objects and vice versa. The framework itself monitors browser
events, model changes and user actions on the page to immediately update the desired templates.
As for the server part, the use of ASP.NET Core was associated with cross-platform and highperformance product that supports cloud application development tools. In addition, this technology

supports the Model-View-Controller (MVC) template, Razor Pages technology (a programming model
that simplifies and improves the efficiency of web user interface creation) and provides easy integration
with common client platforms, including Angular and libraries. The interaction between the Client and
the Server is based on the RESTful architecture [30]. REST (REpresentational State Transfer) is an
architecture for building distributed hypermedia systems, including universal methods for processing
and transmitting resource states over HTTP. REST to date has virtually supplanted all other approaches,
including design based on SOAP and WSDL. For a distributed system to be considered a REST
architecture, it must meet the following criteria [30]: Client-Server, Stateless, Cache, Uniform Interface.
The REST architecture itself is not tied to specific technologies and protocols, but in the realities of the
modern web, building a RESTful API almost always involves using HTTP and any common resource
representation formats, such as JSON, XML. After selecting the development tools, the system was
designed, the main window of which is presented in Fig.4. On this page, there is an opportunity to get
acquainted with the functionality of the developed system.

Figure 4: The main program window
The user has the opportunity to analyze the Internet resource by various indicators, entering its URL
in the appropriate field (Fig.5). The author's resource https://photo-lviv.in.ua/ was chosen for the
analysis.

Figure 5: The results of conducted analysis

The main functionality of the intelligent information system for popularization of the resource
includes: implementation of SEO-promotion and providing recommendations for improving the
structure of the Internet resource. To start an SEO campaign, you need to create a new project by logging
in or pre-registering with the system. After successfully logging in, on the Projects tab, select Add New
Project. The process of creating a new project is divided into several stages. First, the user needs to
enter basic information about the resource, the region of promotion, select the sources of links and the
main search engine (Fig.6).

Figure 6: Filling in the project profile
Next is the transition to the further stage: the selection of keywords for which the site will be
displayed in the relevant search engine. The information system generates a list of possible keywords,
according to the theme of the site (Fig.7).

Figure 7: Automatically generated keywords
The user independently selects the necessary words from the list, makes adjustments and adds them
to the project if needed. Users have the ability to add their own keywords. The next step is to select
relevant pages for keywords. The system automatically generates a relevant page for the keywords
selected in the previous step, the subject of which best corresponds to a particular word (Fig.8). This
allows the user to make adjustments to the generated relevant pages.

Figure 8: Selection of relevant pages
After successfully completing all the steps above, the user has the opportunity to run the project for
promotion (Fig.9).

Figure 9: Launch of a project for promotion
This will automatically calculate the expected budget of the SEO-campaign and if there are
insufficient funds on the user's balance, it will be proposed to replenish it. All created projects will be
displayed in the personal account of the user, with the possibility of flexible management. In addition
to the paid promotion campaign, the designed system provides tools for analyzing the Internet resource
and making recommendations to improve its search positions. In order to do this, enter the address of
the researched resource in the appropriate field. After the analysis, the window will display
recommendations for improving the efficiency and optimization of the page (Fig.10).

Figure 10: Recommendations for page optimization
Following these recommendations will allow the Internet resource to rise in search results using
optimization factors.

3. Conclusion
The article shows that there is a relationship between the position of the site in search engine
rankings and the number of visitors, namely the resources that occupy the top positions in search engine
rankings receive the highest level of conversion. According to the analysis, today there is a lot of
software that provides tools to automate the promotion of Internet resources, but they are all
characterized by such major shortcomings as: commercial application and limited functionality. Further
work was aimed at developing an algorithm for popularizing Internet resources using external ranking
factors, which was reflected using the algebra of algorithms and optimized by the number of uniterms.
The next step in the study was to design a system using an object-oriented approach. The design results
are presented in the form of a set of diagrams showing the main functionality of the system. The system
was designed using Angular (for the client part) and ASP.NET Core Web API (for the server part). The
developed prototype of the information system provides tools for analysis and promotion of Internet
resources using external ranking factors, provides flexibility in creating projects and setting up a
notification system. Further research will be aimed at creating related software modules to expand the
functionality and test their work.
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