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COMPETENCES AND BEHAVIOR OF THE LEADERS
IN DIGITAL ENVIRONMENT

lvaylo Stoyanov

Abstract: The publication addresses key issues related to the competencies and
behavior of leaders in the digital environment. Digital technologies are a part of the
modern business practices of organizations and find application in all spheres of
society. This requires knowing the basic requirements for leaders' work and their

competencies in a digital environment.
Keywords: Competencies, Behavior, Leadership, Digital environment.

ITHEA Keywords: J.1 Administrative Data Processing: Business

Introduction

Digital technologies are part of today's work and behavior requirements for the
people in the workplace. They help companies and organizations to adapt to the new
requirements of the business, to open new market niches and opportunities, to
introduce new technologies for competitive advantage. On the other hand,
digitalization is entering in all spheres of the society which reflects on the business
strategies of the companies, the management of corporate assets and their

relationships with stakeholders.

Today, a large part of social processes are digitalized, and the economy is
transformed from physical to digital, ie. Information technologies and systems have in
entered all spheres of the social and economic activity. The basis is the
transformation of the analog information into digital, the transformation from
traditional media to digital, social media and technologies have emerged and
changed not only people's personal lives, but also ideas about business in digital
environment [Temelkova, 2018(a), Wilen, 2018, Gutkowski, 2018].
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In the nowadays business, conventional approaches for impact on people and work
are rethinking attitudes and behavior, and new competencies are being imposed in
the digital environment. The requirements for behavior in the organization are
integrated. The reflection of the global tendencies in the economic system is used for
optimization of the business processes in order to increase the efficiency of work and
to achieve optimal results of business activity. A connecting element in this process
is automation, new business models and technologies, as well as people's
competencies to adapt to the demands of work and behavior in the digital
environment. The importance of digital technologies and business models,
opportunities for implementation are becoming increasingly clear in the Web 2.0,
Project Management 2.0, Business 4.0, Leadership 4.0 and others [Temelkova,
2018(b), Dimcheva, 2016, Otsetova, 2017, Kolev, 2019].

Leadership in digital environment

The digital transformation of the organizations is a complex process of adaptation to
the dynamics and needs of the business environment, where large data sets and
electronic forms of business determine their management policy. The leaders should
have a clear vision, strategy and tactics for managing in a digital environment, which

is quite difficult in practice.

Digital transformation requires contemporary leaders to support the transformation
process from a hierarchical organizational structure to a flexible, team-
oriented/project-based approach to achieve the goals [Wilen, 2018, Gutkowski, 2018,
Lambovska, 2018]. In this way, it responds quickly and adequately to customer
requirements so that the product/service is delivered at the right time, at the right
price and high quality. For this purpose, leaders need to have not only competencies
to work in the digital environment, but also behavioral techniques to communicate,
motivate and inspire their followers, apply new digital technologies and business
models. In addition, emotional and practical intelligence are required, to acquire new
knowledge and skills, to adapt to the conventional and digital changes in the

business environment.

Leadership 4.0 requires not only IT competencies, but also “soft” skills, which
are a symbiosis of computer literacy, responsiveness and social behavior to achieve
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the effect of adequate management in a digital environment. In the organizations'
literature and practice there are different competencies of the leaders in the digital
environment. The most important of these competences are as follows [Temelkova,
2018(a), Qualman, 2012, Brett, 2018, Wilen, 2018, Gutkowski, 2018, Angelova,
2017]:

1. Strategic e-leadership

This is a leadership that requires implementation of long-term trends for development
of the organization in the context of business digitalization. This leadership requires
not only to provide opportunities for competitive results, but also finding ways to
innovate, conventional and digital business solutions that optimize business
processes and organizational performance. Strategic e-leaders inspire people to
achieve results, support them, help them learn and adapt to changes and new job
requirements. They need to create an organizational culture that fosters values
oriented towards digital technology and social interaction within the organization.
Understanding the business environment is very important to the strategic priorities
of the organization, for which e-leaders learn from mistakes, make sense of the

current situation and anticipate future changes.
2. Digital Competences

The modern business requires leaders to have competencies in information
technology and systems, to respond to the digitalization of business processes. The
Leaders and the employees need to be computer literate, to be aware of artificial
intelligence trends, to be able to process large amounts of information. In the context
of the Fourth Industrial Revolution, the technology is constantly evolving and
transforming jobs. This is the reason for leaders to communicate in Internet, to use
social media, to discover, analyze and prepare business data, to use software

products, etc.
3. Communication competences

The leaders in the digital environment not only interact virtually, but have personal
contact with their followers. The digital communication is essential not only for the

internal construction of information and communication infrastructure and access to
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databases, but also for interaction with external audiences. The leaders need to have
a well-established communication strategy for the online generation and transmission
of information, use of social networks and Internet. It is important for leaders to have
a constant connection with their followers, to have two-way communication, to be
inspiring, to provoke sharing, and to be intelligible. In the presence of real-time digital
communication, the employees are informed of current or future tasks, business

priorities corporate news and so on.
4. Competences for cooperation

The leaders in the digital environment cannot make authoritarian decisions and
exercise total control over the activity. Working in a digital environment, sharing
corporate information, engaging professionals on-line are prerequisites for
cooperation and decentralization of power. The leaders build trust among their
followers, teamwork, mutual assistance, and commitment to business analysis and
decision-making. Cross-functional virtual teams are skillfully used to accomplish

tasks or scrum projects, work closely with clients, business partners, institutions, etc.
5. Competencies for training and mentoring

The leaders in the digital environment need to bridge the gap between employees
who have a high degree of training in digital technology and those with professional
knowledge but no digital competencies. This is an important part of the overall
digitalization strategy of the organization, which requires a targeted training and
mentoring policy. Much of the resistance of employees is due to a lack of preparation
for meeting the goals and objectives, including working with digital tools. The leaders
should have competencies for coaching and mentoring employees in an “online”
environment and personal contact, which will enhance their skills to use new
technologies. They need to develop their human resources talent and digital

experience so that they can achieve long-term success.
6. Competencies for innovation and organizational change

The leaders in the digital environment are taking risks in creating new ways of

working and implementing cutting-edge technologies and systems, which requires
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them to respond appropriately to change and innovation. This cannot be done
without creativity and improvisation, stimulating employees to make decisions about
digital transformation, to offer innovative methods and mechanisms. They need to
encourage creative thinking, create an environment where the followers develop their
intellectual potential. The innovations leads to competitive market behavior create
new business opportunities, a chance for prosperity and rapid optimization of
business processes through IT technologies. The latter are at the heart of change
dynamics, redesigning business processes, reducing costs and increasing business

efficiency.

Conclusions

In the industrial sectors, organizations are adapting to new trends in the economy,
adapting to digital changes and managing business processes. The need for digital
transformation has required leaders to rethink business, product and service
offerings, access to markets and customers, and their relationship with human
resources. But digitalization is not only about technology and cutting-edge business
solutions, it requires a strategy to create, stimulate, maintain and develop people's
competencies and leadership potential for impact in the digital environment
[Sheninger,2019].

The digital economy and the need for digital governance require organizations to
transform, in line with cutting-edge technologies in business and designing a new
organizational culture. The latter is the result of the implementation of new ways of
working, automation, technology of business processes and behavior of people. The
new job requirements are a prerequisite for the change of the human resources
numbers, high technology and social competences, team behavior and leadership in

the digital environment.
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POSTAL SECTOR TRANSFORMATION IN DIGITAL ECONOMY

Anna Otsetova

Abstract: In today's rapidly changing world, the essential role that postal services
play in ensuring the right to communication through the exchanges of messages and
goods, and sending of money is more relevant than ever. Postal services market
around the world is currently undergoing rapid and significant changes. The Internet
and the digital revolution are fundamentally changing the worlds of communications,
business and commerce. The digital economy continues to grow at a rapid rate.
Technological change, digitalization and big data have transformed customer needs,
thus leading to the creation of new products and services. The boundaries of many
industries have therefore become even more blurred. The postal sector is no
exception in this regard. Electronic substitution of traditional postal services is
accelerating as both consumers and businesses adopt electronic processes across
multiple domains. In the conditions of digital economy postal services need to
modernize theirs role to accommodate for the digital age. Postal operators should
offer new products and services that reflect the evolving mandate to bind the nation
together in a new world where people are increasingly communicating digitally. In this
regard the present paper discusses the postal sector development in condition of
digital economy.

Keywords: Postal Services Market, Digital Economy, E-commerce.
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Introduction

Nowadays, the world is on the cusp of a new digital era. Digitalization is dramatically
reducing the costs of collecting, storing and processing data, thus transforming
economic activities around the world. This new digital era will require changes to
existing legal and regulatory frameworks, and has tremendous implications for the
transformation of postal sector.
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In today's rapidly changing world, the essential role that postal services play in
ensuring the right to communication through the exchanges of messages and goods,
and sending of money is more relevant than ever. Postal network are vital to e-
commerce and contribute to trade facilitation. In all over the world postal networks
constitute an essential infrastructure for an inclusive and effective economy.

Postal services market around the world is currently undergoing rapid and significant
changes. The Internet and the digital revolution are fundamentally changing the
worlds of communications, business and commerce. The digital economy continues
to grow at a rapid rate. Technological change, digitalization and big data have
transformed customer needs, thus leading to the creation of new products and
services [OumyeBa, AHrbHoBa, 2017]. The boundaries of many industries have
therefore become even more blurred. The postal sector is no exception in this regard.
Electronic substitution of traditional postal services is accelerating as both consumers
and businesses adopt electronic processes across multiple domains. Now customers
are attracted to greater convenience, faster service, and lower costs. In the
conditions of digital economy postal services need to modernize theirs role to
accommodate for the digital age. Postal operators should offer new products and
services that reflect the evolving mandate to bind the nation together in a new world
where people are increasingly communicating digitally.

The general definition of postal services include any kind of service provided by
postal operators — is characterized by the varied presence of both public and private
operators offering a broad range of services and products. This includes the
traditional services of collecting, sorting and delivering letters, documents and
parcels on national territory and abroad, as well as more recently express, courier
and home delivery services, city messenger etc. The services provided by postal
operators may also include communication, logistics, retail, money transmission and
other financial services, and many others besides [European Foundation for the
Improvement of Living and Working Conditions, 2016].

In the European Union (EU) Postal Directives the most basic division in the postal
market is between universal and non-universal services. Universal postal services
(UPS) are those which a government assures will be provided on a permanent basis
throughout the national territory.
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The UPS consists of the provision of basic postal services (essentially letters and
light-weight parcels) subject to certain quality requirements: collection and delivery in
the entire territory, at a stipulated frequency and at prices that are affordable and
normally uniform throughout the territory. Providing this service normally also
requires the existence of certain infrastructure, such as offices open to the public.
The UPS is provided every working day, at least five days per week. There is at least
one clearance and one delivery to the home or premises of every person.

Each country designates a postal operator (known as a designated operator (DO))
responsible for ensuring access to the postal service. In contrast to other postal
operators the designated operators are obligated to cover the entirety of the national
territory and to offer their services at a uniform rate. UPS are very important to many
people, including older people, people living in rural and remote communities (where
internet connections can also be sporadic or non-existent), and those less able to
travel.

The services included in the scope of the UPS are:

* The clearance, sorting, transport and distribution of “postal packets” up to 2
kilograms in weight;

* The clearance, sorting, transport and distribution of parcels up to 20 kilograms
in weight;

* A registered items service;
* Aninsured items service;
» Postal services, free of charge, to blind and partially-sighted persons.

The postal items that do not fall within the scope of universal service are considered
to be non-universal postal items. Non-universal postal services are domestic and
international postal services which are not covered by the UPS, e.g. postal services
from the UPS domain, exceeding the set limits for weight. These services include all
types of postal services with added value to UPS, which are developed and will
develop as a consequence of the information and communication technologies
(ICTs) development. Combining the various additional components can meet almost
all the requirements of individual and business users of these services: from simple
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letter deliveries, monthly statements, accounts and brochures to inventory
management or management of distribution networks.

During the last three decades, the organization and delivery of postal services have
undergone considerable change, as a result of both new consumer demands and
also the restrictions imposed on public expenditure by a new economic and political
environment. The transformation, which was largely facilitated by technological
innovation, led to full market opening. Thus, an increasing number of private
providers were able to emerge and secure a significant share of the high value-
added services. At the same time, postal operators considerably expanded the range
of their activities, which currently include financial, insurance, e-services and other
services besides the more traditional postal facilities.

Faced with potential competition and the likely loss of market shares in the former
monopoly areas, the DOs in many countries adopted internationalization and
diversification strategies to maintain or increase revenues.

The postal services market has seen substantial change over the past decade. It has
become more competitive. The regulatory regime has changed. So the postal
services market has started to look much more like a private sector market. But in
common with many other sectors that have followed the same path, regulatory
intervention has been needed to ensure that wider social objectives continue to
remain at the heart of the market.

Hence the aim of this paper is to analyze the postal sector development in condition
of digital economy and to emphasize its most characteristic aspects that can attribute
to a stable and profitable postal market.

Postal Sector Development

The aggregated real revenues of DOs all over the world have grown modestly over
the past decade, at an average of nearly 2% per year (Figure 1). In 2018 the postal
revenues is about 267 billion Special Drawing Rights (SDR).

Postal industry revenue is growing solidly despite ongoing traditional letter decline.
Postal statistics saw year-on-year growth of 2% or more, which clearly demonstrates
that postal operators continue to develop through broadening their service offerings
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and improving their existing network and efficiency. E-commerce does remain the
main and common growth driver and postal operators are expanding their networks
and capacity to respond to the increasing demands.

The last decade has been characterized by two major opposing pressures in the
postal sector:

(1) letter volume decline, and
(2) growth in e-commerce parcels volume.

These contrasting pressures underpin different challenges for all stakeholders in the
postal sector.
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Figure 1. Postal Revenues (SDR)

Source: Universal Postal Union, Postal Economic Outlook

As a result of the complex mix of factors influencing postal revenue growth, DOs
have shifted their core activities significantly in the past 12 years. Figure 2 shows
that, over the past decade, the single major change has been the decreasing reliance
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on letter post as the main source of revenue, dropping from 45.90% of total revenues

in 2007 to 38.20% in 2018.

While the share in “other” and financial services has remained almost stable, total

revenues from parcels have grown steadily every year, increasing from 14.80% in

2007 to 25.6% in 2018.

Postal operators have always been a part of the nation’s vital infrastructure. Today,

the postal providers still provide infrastructure services, facilitating economic activity,

improving quality of life, and benefiting society in a variety of ways.

Postal infrastructure is an infrastructure that has a capability of laying institutional,

financial, economic and social foundations for a country's broader development

process [Walsh, 2002].
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Figure 2. Breakdown of Global Postal Revenues
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Source: Universal Postal Union, Postal economic outlook

B Financial services

The number of postal offices in the world (657 959) shrank slightly over the last

decade: a decrease of 1.7% was estimated for the 2007-2018 period (Table 1).
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Table 1. Distribution of Postal Offices

Types of offices Number (2018) Change 2007-2018 (%)
Outsourced offices 222 552 - 4,05%
Offices managed by the DOs 435 407 - 0,25%

Total number of permanent
_ 657 959 -1,7%
offices

Source: UPU official statistics

Many DOs have re-engineered postal networks and processes to cut costs. In order
to compensate for lower scale economies, postal operators have made the pursuit of
economies of scope as a key target, leading to integration of activities, e.g. merging
letter and parcels delivery networks, and using post office networks for financial
services [European Commission, 2018].

Figure 3 summarizes access modes to postal services globally. Overall, in the world
almost 85.80% of the population has postal items delivered to their homes, 9.40% of
population has to collect postal items from postal offices and only 4.80% of the world
population has no access to postal services. In 2018, more and more people had
access to postal services. However, almost 5% did not have access to basic
services.
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Figure 3. Delivery Modes and Access to Postal Services

Source: UPU official statistics
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Delivery modes and access to postal services differ across regions. The proportion of
the total population without access to postal services is negligible in the group of
industrialized countries as well as in Eastern Europe and the Commonwealth of

Independent States (CIS), but remains high in Africa (26.5%) (Table 2).

Table 2. Delivery Modes and Access to Postal Services by Regions

Population Population having to .
. . Population
. having postal collect postal items )
Region . : without postal
items delivered from a postal .
. services
at home establishment
Africa 19,20% 54,30% 26,50%
Arab region 88,40% 9,80% 2%
Asia-Pacific 94,00% 3,40% 2,60%
Europe and CIS 97,30% 2,70% 0,00%
Industrialized countries 96,60% 3,40% 0,00%
Latin America and 89,70% 5,10% 5,20%
Caribbean

Source: UPU official statistics

Total employment by DOs worldwide has decreased over the past decade by almost
6%. The number of full-time employment decrease by 7.41%, at the same time the
number of part-time staff increase by 4.03% (Table 3). Full-time employment
continues to dominate (4.15 million or 78.9%), while part-time employment accounts
for 1.11 million. There is an increase in the share of part-time staff.

Table 3. Distribution of Postal Staff

Type Number (2018) Change 2007-2018 (%)
Total staff 5260911 -5,97%
Full-time staff 4 149 550 -7,41%
Part-time staff 1111 361 4,03%

Source: UPU official statistics

On the one hand there is a decrease of employment at DOs, forced by the decline in
letter post volumes and growing competition in the parcel segment, majority of DOs
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have decreased the number of employees. Part-time workers have shown to be more
vulnerable to staff reductions than fulltime workers.

On the other hand, there is an increase of employment at other postal operators —
growing e-commerce and consequent increase in parcels and packets volumes are
driving growth in employment at couriers and other postal operators. This growth
offsets the decline at DOs employment, increasing overall postal and courier sector
employment [European Commission, 2018].

In the context of increasing competition in the postal market, one of the important
issues is a question of market power and market concentration as a specific indicator
of market power [Otsetova & Nedelchev, 2018].

Figure 4 presents the market shares of DOs in different postal segments. While DOs
remain dominant in letter post, the picture is inverted when it comes to parcels,
precisely the area that is growing fastest.

It can be summarized that the level of competition in postal market varies across
market segments. The competition in letter segment is moderate; the competition in
parcel and express services is intensive.
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Figure 4. Competition in Postal Sector

Source: UPU official statistics
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National DOs experienced growth in the parcel and express segments of the market,
but for the most part their revenue growth has not been commensurate with the
revenue growth of the market.

Although postal operators throughout the world are faced with widely diverging
economic conditions and business models, most are confronted with the same
challenges of declining or low letter-post volumes and the need to enter new
business areas or develop postal services according to customers’ expectations.

In conclusion there are three principal trends which are likely to shape the postal
sector over the next years (Figure 5).

A continued
declane in
letter volume

Continued A significant

competition treats to letter
and growth in volume arising

parcels and from electronic
express sector substitution

Figure 5. Trends in Postal Sector

Digital Economy and Postal Sector

The digital economy refers to a broad range of economic activities that use digitized
information and knowledge as key factors of production and delivery of services. The
internet, cloud computing, big data and other new digital technologies are used to
collect, store, analyze, and share information digitally and transform social
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interactions. The Digital Economy is rapidly driving transformational disruption across
every sector. By 2022, over 60% of global Gross Domestic Product (GDP) will be
digitized. An estimated 70% of new value created in the economy over the next
decade will be based on digitally enabled platforms [World Economic Forum, 2019].

In order to be successful in digital economy postal operators will need to rely on their
competitive advantages and transform key aspects of their business.

ICTs have become widely available to the general public, both in terms of
accessibility as well as cost. A boundary was crossed in 2007, when a majority (55%)
of households in the European Union (EU-28) Member States had internet access.
This proportion continued to increase, passing three quarters in 2012 and four fifths
in 2014. By 2018, the share of EU-28 households with internet access had risen to
89%, 34% point higher than in 2007 (Figure 6).
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Figure 6. Internet Access of Households, 2007 and 2018 (% of all households)

Source: Eurostat

The highest proportion of households (above 90%) with internet access in 2018 was
recorded in the Netherlands, United Kingdom, Germany, Finland, Denmark,
Luxembourg and Sweden (Figure 7). The lowest rate of internet access among the
EU Member States was observed in Bulgaria (72%). However, Bulgaria, together



International Journal "Information Models and Analyses" Volume 8, Number 2, © 2019 121

with the Romania, Cyprus, Greece, Portugal, Lithuania and Croatia recorded a rapid
expansion in its proportion of households with internet access, with increases within
the range of 15-25% in past five years.
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Figure 7. Internet Access of Households in EU Member States

Source: Eurostat

The proportion of individuals aged 16 to 74 in the EU who ordered or bought goods
or services over the internet for private use continued to rise. In 2018, it stood at
51%, an increase of 26% when compared with 2008 (Figure 8). Three quarters or
more of individuals in Germany and Sweden ordered or bought goods or services
over the internet in 2018 and this share reached at least four fifths in the Netherlands
(80%), the United Kingdom (83%) and Denmark (84%). By contrast, this proportion
was lowest in Cyprus (32%), Bulgaria (21%) and Romania (20%) [Eurostat, 2018].

Figure 8 shows that consumers are increasingly purchasing online, domestic as well
as cross-border. As a result businesses are prioritizing their online offerings. This
change in consumer and business behaviour has presented a significant opportunity
for the postal operators to contribute to e-commerce growth and further cross-border

trade.
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Figure 8. Individuals who ordered goods or services over the internet for private use
in (% of individuals)

Source: Eurostat

E-commerce has facilitated the way by which consumers are able to purchase from
abroad, and enabled enterprises to sell across borders.

Overall, e-commerce has grown significantly in all EU Member States. The e-
commerce markets in the EU Member States have increased its revenues from
around EUR 307 billion in 2013 to EUR 602 billion in 2018 (Figure 9). The average
growth rates were 14% per year and the experts predict that this growth will continue
in the future. The main drivers for this growth according to WIK Consult report include
an increasing share of consumers’ online purchases (domestically and across
borders), more frequent online purchases, and the expansion of online purchases to
new product categories like groceries and furniture.

Around 9.7 billion parcels, and at least 1.9 billion small packets, were delivered in
Europe in 2018. Since 2013, total revenue increased by 4.3% per year, reaching
more 65 billion Euros in 2018, and is expected to amount to around 73 billion Euros
in 2020 [WIK Consult, 2019].
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Figure 9. Revenue from E-commerce in EU Member States (2013-2018)

As the market is constantly evolving, so do the postal operators. The reality today is
that both buyers and sellers expect more from postal services. Postal services are
not just about delivering a letter or parcel from one point to another. The digital era of
communications has enabled postal operators to develop innovative solutions to
deliver efficient and high-quality services. The postal operators have fostered a range
of online and mobile options for small and medium enterprises (SMEs) to quickly
calculate cross-border postage prices and delivery options. They are responding to
the specific rise in electronic goods ordered online by providing insurance and
“signature upon delivery” options. Through creative solutions such as these, postal
operators have a valuable role in ensuring a positive shopping experience for
consumers [International Post Corporation & PostEurope, 2018].

As e-commerce delivery service encompasses the collection, transportation,
distribution, exchange and return of products purchased on the web. Delivery is the
most basic (and also most important) service the postal operators offer to the e-
commerce market. E-commerce customer demand more features and information
than other customers of postal services. For this reason e-commerce delivery calls
for quality, agility, reliability, technology integration, and the lowest price possible.
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E-commerce consumers have very high expectations in terms of quality — they want
to be sure that they will receive what they order and that there will not be unexpected
delays. A best practice for e-commerce is the establishment of a service-level
agreement (SLA) to better organize the relationship between the postal operators
and the retailer and increase the confidence. An SLA has to define deadlines,
expected performance, bonuses and fines.

The e-commerce market is highly competitive, and services must be quickly adjusted
to meet customer needs. This is a particular challenge for postal operators, which
must contend with organizational decisions, as well as restrictions related to hiring,
resource allocation, and the equitable treatment of all customers (adjusted services
must serve the entire market equally).

At the same time e-commerce business greatly depends on the buyer experience.

For e-commerce, information about delivery is just as important as the actual
delivery. The seller needs to have access to delivery information through an IT
structure. It is therefore important to develop an application programming interface
and protocols for integrating processes between postal operators and e-shops.

High competition and the attractiveness of free shipping for buyers exert pressure on
delivery prices in the e-commerce market. In this regards postal operators can offer
multiple shipping options with different service agreements.

Digital Postal Services

Nowadays, with the business embracing digital technology at an ever faster rate,
customers are increasingly expecting to interact directly with the postal operators
through digital channels. According to Universal Postal Union report 73% of postal
operators indicate that they have increased their investment in digital postal services.
At the same time 93% of postal operators provide digital postal services, either
directly or in partnership with other companies [Universal Postal Union, 2019b].

Digital postal services are services delivered by postal operators to their end-
customers (individuals, businesses or governments) through digital channels. The
Internet is the main digital postal services delivery channel, while other
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telecommunications channels (e.g. mobile phones, tablets, call centers or televisions)

are also considered.

The digital postal services were classified into four groups: e-post and e-government,

e-finance and payments solutions, e-commerce, and support services. The focus

was on the digital capabilities of the services — the “physical’ elements of the

electronic services (for example, delivery or logistics) are excluded.

Table 4 summarizes global penetration rates for digital postal services. The e-post

and e-government services are marked in green, e-finance services are marked in

red, e-commerce services are marked in yellow, support services are marked in blue.

Table 4. Global Penetration Rates for Digital Postal Services

Service Rate Service Rate
Online management: documents /
Track and trace 90% _ : 21%
merchandise delivery
Online information on services and Calculation of estimated total
i 83% 21%
tariffs landed costs
Online contact and customer :
_ 74% | Performance reports and analytics 21%
service
Online lookup (postcodes, . ;
i 73% | Digital signature 21%
addresses, post offices)
Online philatelic and postal ; o ; .
54% | Online facilitation of hybrid mail 21%
products shop
Electronic notification 49% | Digital archive 20%
Hybrid mail 49% | E-invocing 20%
Pick up service 38% | E-administration 17%
Electronic remittances 37% | Postal electronic registered mail 17%
Public internet access point in post .
_ 33% | Digital postage 16%
offices
Online postal shopping portal _ _
_ 33% | Online customs declaration 15%
(shopping mall)
Postal electronic mailbox 33% | Electronic postal certification mark 15%
Integration of postal web services _ _ _
. . 32% | Online address cleansing services 13%
with e-merchants sites
Payment solutions 27% | Reverse hybrid malil 13%




126 International Journal "Information Models and Analyses" Volume 8, Number 2, © 2019

E-cards 27% | Online direct mail 13%
Online bill payment 24% | Digital customized postage 11%
) - Virtual international address
Electronic postal invoicing 22% : 11%

service
Digital identity services 22% | Credentialing services 11%
Holding of mail delivery online 21% | E-health services 7%
Online change of address 21% | Online burofax 7%
Online account management 21% | Escrow services for e-commerce 5%

Source: Universal Postal Union, Measuring Postal E-service Development — A Global

Perspective

Only five services have been implemented by more than half of the countries - track
and trace (90%); online information on services and tariffs (83%); online contacts and
customer service (74%) and online information on the postal infrastructure (73%).

In most of the countries, the portfolio of e-post and e-government services is built
around a core of three products: hybrid mail, postal electronic mailbox and e-card.

Support services are the most widespread digital postal services. Seven of the top 10

digital services are support services.

E-commerce services and e-finance services widely seen as important components
of modern core postal offerings are still underdeveloped.

According to the Universal Postal Union report the fastest-growing services in terms
of the percentage of countries providing them are e-cards, digital identity services,
online contact and customer service, digital postage and e-health services.

In accordance with new digital reality top priorities for postal operators have to be
services that accompany and support the growth of e-commerce: the integration of
postal web services with e-merchants’ sites, payment solutions and online
management of documents and merchandise delivery options.

Digital postal services enable postal operators to give customers seamless access to
more than one service within the same online transaction. The main advantages of

digital postal services are:

e Expanding access to mere customers;
e Improving customer experience;
e Simplifying the selling process for e-merchants.
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The global trends that are expected to impact digital postal service development in
the future can be summarized as follows:

e Big data and cloud computing technologies;

e New delivery technologies such as drones;

e Cyber-attack, cyber-security standards and technologies;
e New payment technologies such as mobile wallets;

e Crowd shipping.

In the digital economy the major strategic priorities of postal operators should be
directed towards:

e Customer interaction - to develop more customer-centric services; meeting
customer needs by innovating and launching new products and services
focusing on one or more dimensions of the customer experience,;

e Innovation capabilities - the ability to design new operational processes,
products and services;

e Digital culture - postal operators have to encourage collaboration across
teams and the acquisition of new skills, and train managers to take make data-
driven decisions;

e Operational capabilities - linking physical and digital services to become a
multichannel operator.

Conclusions

During the last three decades, the organization and delivery of postal services have
undergone considerable change, as a result of both new consumer demands and
digital economy. The transformation, which was largely facilitated by technological
innovation, led to full market opening. Thus, an increasing number of private
providers were able to emerge and secure a significant share of the high value-
added services. At the same time, postal operators considerably expanded the range
of their activities, which currently include financial, insurance, e-services and other
services besides the more traditional postal facilities.
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The internet revolution has transformed the economics of postal operators around
the world. It has reduced the demand for letters and has boosted the demand for
parcels as online shopping has taken a growing share of the retail market.
Nowadays, the postal operators whether public or privatized enterprises, are facing
common pressures to generate new revenues and provide more cost effective
service.

Faced with potential competition and the likely loss of market shares in the former
monopoly areas, the DOs in many countries adopted internationalization and
diversification strategies to maintain or increase revenues. There are three principal
trends which are likely to shape the postal sector over the next years: a continued
decline in letter volume, electronic substitution, continued competition and growth in
parcel sector.

In order to be successful in digital economy postal operators will need to rely on their
competitive advantages and transform key aspects of their business.

ICTs have become widely available to the general public, both in terms of
accessibility as well as cost. In 2018, 89% of households in the EU Member States
had internet access. The proportion of individuals aged 16 to 74 in the EU who
ordered or bought goods or services over the internet for private use continued to
rise (51% in 2018). Consumers are increasingly purchasing online, domestic as well
as cross-border. As a result businesses are prioritizing their online offerings.

As e-commerce market is constantly evolving, so do the postal operators. Delivery is
the most basic and important service the postal operators offer to the e-commerce
market.

A fundamental shift in communications behaviour is challenging the postal sector.
Nowadays, the postal sector is focused on growth opportunities in the parcel by
offering a wide variety of digital postal services. Postal operators are investing
significantly in the development and marketing of digital postal services. These are
still at the very earliest stage of market development and are perceived across the
sector as highly sensitive and competitive areas.
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DIGITAL MANAGEMENT AND ENTREPRENEURSHIP AT THE
UNIVERSITY OF TELECOMMUNICATIONS AND POST

Gergana Dimcheva

Abstract: Some theoretical statements related to the concepts of "entrepreneurship”
and "digital entrepreneurship" are discussed. The consumption of information and
communication technologies in Bulgaria for the period 2016 - 2018 is analyzed as
part of the digitalization of the business in Bulgaria.

Keywords: Entrepreneurship, Digital Entrepreneurship, Information and
Communication technologies.
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Introduction

Information and communication technologies have been undergoing rapid
development and continuous progress in the last 20 years. They are also the main
driving force in our development and evolution. With the advent of the so-called an
information society, anyone can create, access and share information and
knowledge.

Each organization is an open system that operates in a dynamically changing
environment that is influenced by many factors -external and internal [CTosHOB,
2017]. From this point of view, it must be flexible and adaptable to these changes.

The dynamic development of technologies necessitates changes in business
organizations not only in technological but also in organizational management
aspect, which necessitates new ways and mechanisms for business implementation.

The speed and dynamics with which technological changes occur in the global
economy require more tangible synthesis of qualitatively new concepts of leadership
in the digital environment [Temelkova, 2018, p. 353].
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Powered by digital technologies, the requirements related to workplaces are
becoming more flexible and complex [Otsetova, Dudin, 2018].

Not only the technology of work and automation, but also the human factor [Kolev,
2017] - the entrepreneur and his role in the entrepreneurial process stand out.
Educational institutions are essential precisely in the formation and preparation of
knowledge and skills in management practice and entrepreneurship - the basis of the
small and medium business of the national economy.

From this point of view, every educational institution, including the University of
Telecommunications and Post, should take into account the new trends and patterns
in business organizations and direct its efforts to change the educational product it
offers. This change is related to the emergence of new management and
entrepreneurial skills needs in the conventional and digital business environment.

Entrepreneurship and digital entrepreneurship

Education has a strong influence on entrepreneurial intentions and therefore on
entrepreneurial behavior [AHgoHoBa, KpbcteBa, 2017, c. 67]. In the digital age we
are in, educational institutions need to prepare successful entrepreneurs by
combining the specifics of conventional and digital governance and entrepreneurship.
Developing conventional and digital skills and competencies in the management and
entrepreneurial process enable business organizations to be competitive and to cope
with the changes and challenges of the business environment.

The etymological root of the terms "entrepreneurship” and "entrepreneur” is from the
French word "entrepreneur”, whose translation means an intermediary or an
opportunity seeker (of some public activity) [MapuHoB, Benes, "'epackosa, 2008, c.
18]

Management professionals define an entrepreneur as a person who not only shows
initiative and skill in building a new business, but then develops it effectively, creating
new customer values. His actions are seen not as a one-off act, but as a specific
management style. The entrepreneur demonstrates his / her skills in formulating the
goals, in planning the roads and the means for reaching them, in the organization of
production and in controlling and responsibility for the activity of the enterprise
[MapwuHoB, Benes, ["'epackoBa, 2008].



International Journal "Information Models and Analyses" Volume 8, Number 2, © 2019 133

Digital entrepreneurship, defined as the practice of pursuing new venture
opportunities presented by new media and internet technologies” . [Davidson, Vaast,
2010 p.8; Ngoasong, Michael Zisuh, 2018, p. 2]

It is similar to traditional entrepreneurship with regard to pursuing entrepreneurial
opportunities by creating new enterprises or commercializing products and services
[Davidson, Vaast, 2010 p.8; Ngoasong, Michael Zisuh, 2018, p. 2]

In other words, digital entrepreneurship includes everything new and different to
entrepreneurship in the digital world, including [Allen, JP, 2019]:
v" New ways of finding customers for entrepreneurial ventures.
New ways of designing and offering products, and services.
New ways of generating revenue, and reducing cost.

New opportunities to collaborate with platforms and partners.

DN N N

New sources of opportunity, risk, and competitive advantage.

The main difference arises because in digital entrepreneurship “some or all of the
entrepreneurial venture takes place digitally instead of in more traditional formats”
[Hair et al., 2012, p. 3]

A digital entrepreneur is therefore an individual who creates and delivers key
business activities and functions, such as production, marketing, distribution and
stakeholder management, using information and communication technologies (ICTs)
[Hair et al., 2012].

According to the European Commission® Digital entrepreneurship embraces all new
ventures and the transformation of existing businesses that drive economic and/or
social value by creating and using novel digital technologies. Digital enterprises are
characterized by a high intensity of utilization of novel digital technologies

lEuropean Commission (2015). European Commission (EC), Digital Transformation of European Industry and
Enterprises; A report of the Strategic Policy Forum on Digital Entrepreneurship, available from:
http://ec.europa.eu/DocsRoom/documents/9462/attachments/1/translations/en/renditions/nativ
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(particularly social, big data, mobile and cloud solutions) to improve business
operations, invent new business models, sharpen business intelligence, and
engage with customers and stakeholders. They create the jobs and growth
opportunities of the future [Zhao, Collier, 2016].

Digital entrepreneurial competences are a combination of entrepreneurial
competencies [Manolova et al., 2007; Marvel, 2011] and competencies in information
and communication technologies [Ashurst et al., 2012].

Entrepreneurial Digital Digital

competencies competencies entrepreneur

Figure 1. Relationship between Entrepreneurial competencies and Digital
competencies

Source: Adapted by [Ngoasong, Michael Zisuh, 2018, p. 36]

Establishment of the Training Center for Conventional and Digital Management and
Entrepreneurship in the University of Telecommunications and Post will enable the
trainers to acquire specialized knowledge and skills for starting, realizing, developing
and refining the entrepreneur's business idea in the digital business environment.
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Digitization of business in Bulgaria

According to the Digital Economy and Society Index (DESI)?, in 2018, Bulgaria is
ranked 27th out of a total of 29 participating countries in Europe in the digital
economy. Denmark, Sweden, Finland and the Netherlands have the most advanced
digital economies in the EU, followed by Luxembourg, Ireland, the United Kingdom
and Belgium. Romania, Greece, Bulgaria and Italy have the lowest index scores?.

In 2019, all EU countries have improved their digital performance. Finland, Sweden,
the Netherlands and Denmark have achieved the highest DESI 2019 ratings and are
among the global leaders in digitalization. However, some other countries still have a
long way to go and the EU as a whole needs to improve in order to compete on the
world stage. Bulgaria is displaced by Romania and Greece, falling from 27th place to
29th°,

Digitization is a concept that is associated with the use of information and
communication technologies. In order to track the extent of their use in Bulgaria,
enterprises are grouped into three groups: use of computers and Internet by
businesses; e-commerce and the use of automated data exchange (Fig. 2).

The analyzed data cover the period 2016 - 2018, with the exception of the heading
"Use of automated data exchange”, where the data are for the years 2015 and 2017.
The reason is the lack of such data for each of the years during the studied period.

! The Digital Economy and Society Index (DESI) is a composite index that summarises relevant indicators on
Europe’s digital performance and tracks the evolution of EU member states in digital competitiveness. The five
dimensions of the DESI: 1. Connectivity (Fixed Broadband, Mobile Broadband, Fast and Ultrafast Broadband and
prices); 2. Human Capital (Basic Skills and Internet Use, Advanced skills and Development); 3. Use of Internet
Services (Citizens' use of Content, Communication and Online Transactions); 4. Integration of Digital Technology
(Business digitisation and eCommerce); 5. Digital Public Services (eGovernment and eHealth),
https://ec.europa.eu/digital-single-market/en/desi

® Digital Economy and Society Index Report 2018 Use of Internet Services, https://ec.europa.eu/digital-single-
market/en/desi, 2018.

® Integration of Digital Technology, Digital Economy and Society Index Report 2019 Integration of Digital
Technology, https://ec.europa.eu/digital-single-market/en/desi, 2019.



https://ec.europa.eu/digital-single-market/en/desi
https://ec.europa.eu/digital-single-market/en/desi
https://ec.europa.eu/digital-single-market/en/desi
https://ec.europa.eu/digital-single-market/en/desi

136 International Journal "Information Models and Analyses" Volume 8, Number 2, © 2019

Use of
computers
and Internet
by
businesses
Use of
E- automated
commerce data

exchange

Figure 2. Use of information and communication technologies in Bulgaria

Source: According to data from the National Statistical Institute, www.nci.bg

» Use of computers and the Internet by businesses. One of the key
dimensions of advancement in the digital economy is the use of computers and the
Internet by businesses, in particular: businesses with Internet access; employees of
enterprises that use computers; employees of enterprises using the Internet;
businesses that use electronic invoices; enterprises using cloud services (Table 1).

As observed from the data over the period considered, the number of enterprises
with Internet access increased only in 2017 compared to 2016, as opposed to 2018
compared to 2017, when their number remained unchanged. The change in the
number of employees using computers and, respectively, using the Internet is almost
insignificant in the three surveyed years.

Businesses using cloud services have seen an increase every year. Large
enterprises with more than 250 employees significantly increase their access to cloud
services between 2016 and 2017, but fail to reach 30 percent in 2018. Medium-sized
enterprises (50 to 249 employees) reach 15 percent in 2018, and the small ones (10-
49 employed) do not exceed ten percent.


http://www.nci.bg/
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Table 1
Use of computers and the Internet by businesses

Source: According to data from the National Statistical Institute, www.nci.bg

137

. . Enterprises Enterprises
Enterprises having Persons Persons : ]
. . sending and/or using cloud
access to the employed using | employed using 2 .
receiving e- computing
By size Internet computers Internet invoices services
0, 0, 0
class (%) ©0) ) (%) (%)
2016 | 2017 2018 | 2016 | 2017 | 2018 | 2016 | 2017 | 2018 | 2016 | 2017 | 2018 | 2016 | 2017 | 2018
Total 91,3 | 94,6 94,6 | 29,7 | 30,2 (31,5(|258|26,7|28,1]|46,9|47,4|47,8| 6,7 | 8,0 | 8,3
10 - 49 89,7 | 93,7 93,7 | 30,8 |{32,0(33,3(27,7|29,0|30,6|44,3|454|456| 55 | 6,7 | 6,6
employed
50-249 | g4 | 985 | 985 |27.8 |27,5|280]|253|253|258|57,6|56,3|585|11,1 (11,7148
employed
250+ | 998 | 100,0 | 100.0 | 30,3 |30,7 |32,8|24,5| 257 | 27,6 | 67,4 | 59,0 | 58,7 [ 17,9 | 28,6 | 29,7
employed

» E-commerce - Includes: businesses that have received online orders (sales)
and businesses that have purchased goods or services online (Table 2).

Table 2
E-commerce
Source: According to data from the National Statistical Institute, www.nci.bg

SR havmg e Enterprises having purchased on-line
i orders on-line 5
By size class (%) (%)
2016 2017 2018 2016 2017 2018
Total 8,6 10,5 8,1 10,7 13,0 17,0
10 - 49 employed 7,9 9,5 7,2 9,5 12,3 15,7
50 - 249 employed 11,2 14,6 11,5 15,7 15,4 22,8
250 + employed 17,4 18,5 15,4 22,1 22,0 28,5

An interesting fact seen in the table is the increase in businesses that received online
orders (sales) in 2017 compared to 2016 and about the same percentage decrease
in 2018 compared to 2017 (22%). For businesses that have purchased goods or
services online, the upward trend is continuing over the three surveyed years.
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» Use of automated data exchange - this includes businesses that have used
a resource management system (ERP), customer information management (CRM)
software applications, and businesses whose business processes are automatically
linked to those of their suppliers or customers.

Table 3
Use of Automated Data Exchange
Source: According to data from the National Statistical Institute, www.nci.bg

Enterprises using software
Enterprises using application for managing Enterprises sharing
) ERP software package | information about clients electronically information
By size class (%) (CRM) on the supply chain
(%) management
(%)
2015 2017 2015 2017 2015 2017
Total 24,9 23,3 17,2 18,6 17,6 17,3
10 - 49 employed 20,7 20,0 15,6 16,9 16,1 15,9
50 - 249 employed 41,4 35,5 22,8 25,7 23,0 22,3
250 + employed 60,8 59,2 33,6 32,9 34,0 34,7

It can be seen from the table that the change in the use of different information
systems by the enterprises, although in the course of the year, is hardly observed.
On the contrary, some of them show a decline.

The above data on the degree of use of information and communication technologies
as the main criterion for digitalization of business in Bulgaria are confirmed by the
latest positions of our country according to the DESI index in Europe.

One of the main reasons for this is the lack of sufficiently competent digital
entrepreneurs in Bulgaria.

Even the most successful entrepreneurs need to develop digital skills in this modern
business environment. Unfortunately, few organizations still invest in this type of
training.

Digital platforms are enabling collaboration, communication, document management,
scheduling, resourcing, talent management, troubleshooting, training and everything
else in project management. This is reducing the lag time between communications
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and task updates, providing real-time and relevant information directly to the people
that need it most [Alexander, 2018].

Established companies recognize that digital technologies can help them operate
their businesses with greater speed and lower costs and, in many cases, offer their
customers opportunities to co-design and co-produce products and services
[Sambamurthy et al. 2003; Snow, Fjeldstad, Langer, 2017]

The rapid development of information technologies and systems has led to new
requirements in the management mechanisms as well as the ways of organizing
entrepreneurial activity. There is an awareness of the need for intelligent solutions to
various problems in management practice and business in order to increase
competitiveness in the context of complex organizational processes and trends.

Technology is a way of getting work done [Perrow, 1967]. New technologies are
seldom “invented” but rather are developed by combining technologies that already
exist. Unlike older technologies, which mostly produce fixed physical outputs, digital
technologies are generative [Zittrain, 2006] -- they can be combined and recombined
endlessly for fresh purposes [Arthur, 2009] [Snow, Fjeldstad, Langer, 2017]

Managers in many organizations leverage new technologies to create new or refine
existing business processes, to do business analytics, to make decisions, to improve
communication with customers, suppliers, partners, and other stakeholders. This is
achieved through good preparation, in combination with conventional and digital
governance and entrepreneurship.

According to research, it has been found that Bulgarians have understood that
entrepreneurship is a complex and demanding endeavor that needs both a specific
way of thinking and specific skills [Bosma, Kelley, 2018, p. 70]".

! Global Entrepreneurship Monitor (GEM) is a consortium of national country teams, primarily associated with top
academic institutions, that carries out survey-based research on entrepreneurship around the world. GEM is the
only global research source that collects data on entrepreneurship directly from individual entrepreneurs.
https://www.gemconsortium.org/about/gem/5
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According to the National Report on Entrepreneurship in Bulgaria in the survey of
national experts, Bulgaria has many significant weaknesses. The most important
ones concern entrepreneurship education, both at school level and beyond.

Education has a strong influence on entrepreneurial intentions and therefore on
entrepreneurial behavior. The negative assessment of the quality of entrepreneurship
education at school level clearly shows that the school system in Bulgaria fails to
adequately prepare students for successful participation in the economy [AHLOHOBA,
Kpbctea, 2017, c. 60].

As the figure 3 shows, although there is a growing trend, Bulgaria still has a low
score on entrepreneurship education, both at school and post-school levels.

4.5 4-20

4.05
4 3.73
35
3
2.5
2
15 = Entrepreneurship training
at school level
1
05 = After-school
' entrepreneurship training
0

2016/ 2017 2017/2018 2018/2019

Figure 3. Average assessment of entrepreneurship training

Source: According to data from [Bosma, Kelley, 2017/2018; Bosma, Kelley
2018/2019]

Provision of training and further evaluation of high school and university graduates
for soft skills, including entrepreneurial awareness, emotional and social skills. It is
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likely that the emphasis on good practices and role models will be an advantage for
such efforts. In particular, to allow universities to participate in the equity of
commercial enterprises using on-site technologies. Creating educational
opportunities at the intersection between entrepreneurship and science [AHOOHOBA,
KpbcteBa, 2017].

These results indicate that there is a need to establish a Training Center for
Conventional and Digital Management and Entrepreneurship at the University of
Telecommunications and Post. Its construction will lead to:

- Creating opportunities for starting your own business;

- Opening entrepreneurial workshops;

- Continuous improvement of new knowledge and skills of both current and future
entrepreneurs;

- Solving practical cases in a real work environment by combining conventional and
digital tools in the field of entrepreneurship.

Conclusions

In a digital economy, more and more organizations are developing and delivering
products, services and solutions and interacting with their stakeholders digitally. With
the help of new technologies, organizations offer their customers reliable services at
flexible prices.

The development and refinement of management's conventional and digital skills is
becoming a must for all entrepreneurs in Bulgaria in all sectors of the economy.
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STRATEGIES FOR INTERNATIONAL BUSINESS AND
ENTREPRENEURSHIPS

Dimitar Kolev

Abstract: This research paper is dedicated to small business and entrepreneurship.
A theoretical framework about multi-level marketing and its similarities with franchise
has been drown. In order to determine the new wave of entrepreneurial ideas and
models, some examples of successful business startups have been described. On
that basis, some key conclusions and recommendations about entrepreneurship and

small business in Eastern European countries have been outlined.
Keywords: entrepreneurship, international business, multi-level marketing.

ITHEA Keywords: J.1 Administrative Data Processing: Business

Introduction

Small business is the basis of any economy, the relative share of small and medium-
sized enterprises in the total number of organizations in developed countries ranges
from about 70% in the UK to over 95% in the USA, Japan, Germany and France.
They create about 2/3 of new jobs, and their share in the public product (GDP) is in
the range of 40-60%. In all countries, small organizations are the bearers of technical
progress and innovative entrepreneurship. The important role of small business in
business life is proven by the state that small organizations in one country are a kind
of indicator of the general situation of the economy.

The expansion of the small business sector in the western countries is estimated as
a signal for the transition from managerial to entrepreneurial economy. In Bulgaria
and other Eastern European countries, it is indicated by the willingness of not only
the managers of the old enterprises but also the thousands of other people to
achieve the material basis of their independence (small business ownership) and
take advantage of the opportunities offered by economic freedom.
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There are varied opinions for the causes of small business and self-employment
growth in recent years. Some experts see the growth of small businesses as a short-
term response to the restructuring of large companies; others see them as the result
of long-term changes in the economic structure, which is expected to produce
positive outcomes. A large number of macroeconomic factors are cited as an
explanation for the increasing number of new small business enterprises — the
growth of services sector in comparison to industry production, the unemployment
rate, the progress in electronics and technology and so on.

The main purpose of this research paper is to present some of the strategies for
startups of small and medium enterprises and entrepreneurship in correspondence to
the economy conditions of Eastern European countries.

The goals are:

— To make a theoretical review of multi-level marketing as an opportunity for
small business;

— To examine the similarities and differences between franchise and multi-level
marketing;

— To highlight some of the modern entrepreneurship business models.

I. Multilevel marketing and franchise

One of the most popular modern strategies for entrepreneurship and international
business is multi-level or network marketing. In 2013, it reached a turnover of $ 179
billion with 96 million representatives worldwide [Makni, 2015]. On the one hand, this
type of activity can be considered as entrepreneurial because it requires initiative,
risk taking, and allows generation of income directly dependent on the entrepreneur
himself. On the other hand, the risk here is minimized because the business does not
start from zero, but you join an existing business network and develop it depending
on the scope of your social contacts and activity.

According to the European Union Consumer Commission [Makni, 2015], network or
multi-level marketing involves suppliers / manufacturers who set up a distribution
network by attracting consumers to sell their products to their acquaintances.
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The US Federal Trade Commission defines this type of activity as direct sales of
products in which distributors profit not only from their sales, but also from the sales
of other parties involved in the business network [Makni, 2015].

This activity is based on three main pillars [Makni, 2015]:

— Personal consumption of the products / services of the company by the
distributors (direct business partners), which makes them their long-term loyal
customers. Therefore, it is advisable for distributors to partner with a company
whose products they like and would like to promote;

— Recommendation of products from business partners to other users / end
customers. This process is most effective only if the aforementioned condition
is met, because only then the distributors are aware of the qualities of what
they offer; the professional approach in this process, which increases reliability
and confidence in it, requires the acquisition of more knowledge and
competence about the products and the company they represent.

— Sponsorship (networking) - seeking, supporting and training by business
partners to new business collaborates on a ready-made system that gives
knowledge of how products are offered and the business opportunity. Usually
the system is developed by the first distributors of the company (its leaders)
and if it is effective, the organization can grow to tens of thousands of
distributors in different countries.

The characteristics discussed here from entrepreneurial logic are very much like a
franchise, which is a license that allows one (franchisee) to sell and market the
other’s (franchisor) products in a specific location under specific conditions, using
the trademark. Some of the main similarities and differences between the two models
can be seen in Table 1.

From all the features in the table, attention should be payed to the low cost of starting
a multi-level marketing business, and quite often it includes a bundle of products that
are distributed through the network. Other important feature is the ability to create an
international network and the fact that in this type of business the distributor creates
its own network with unlimited profit opportunities. In both cases, however, the
biggest winner is the organization whose products are distributed either through
franchise or through multi-level marketing.
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Table 1. Comparison between franchise and multi-level marketing

Indicators Franchise Multi-level marketing
40 000 USD on average 200 USD on average

Yes - Franchisee pays No — the business partner

3-10 % of its income (distributor) receives 3-28%
on its network turnover
Yes No

They increase with the Self-employment

business growth(rent,

office expenses, cars

and so on)

Limited Potential for international
business network

the franchisee builds a Distributor makes its own

foreign network

network

Lineal growth Exponential growth

II. New entrepreneurship business models

The aforementioned models enable the development of entrepreneurial activities and
small business. At the same time, new concepts are emerging, such as internal
entrepreneurship, which is an opportunity for initiative employees in an organization
to develop according to their vision in the company structure [Narlev, 2007]. Such
developments may apply to individuals as well as to a particular team, enabling
organizations to retain their employees and obtain alternative research and
development opportunities. However, it is more common practice for individuals who
have gained experience in an organization to decide to establish their own
businesses. This is typical for people working in the field of construction and repairs,
personal services and so on.

The other main modern entrepreneurship strategies are [Bulgarian Ministry of Youth
and Sports, 2018]:

— Digital Entrepreneurship - represents the unification of traditional
entrepreneurship with a focus on new technologies, the opportunities created
by these technologies and new business forms. Digital startups are
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characterized by the use of many new technologies, social media, big data
analytics, mobile cloud services, predictive analytics, etc. that improve
business processes, create new business models and develop relationships
with customers and stakeholders. These companies create jobs and
opportunities for growth. Digital businesses have been recognized by the
European Commission as an extremely important impetus for the economic
development of countries in the European Union due to the generation of jobs
and high incomes for people engaged in the digital sector.

— Social entrepreneurship - this is a different way of economic activity (doing
business) that mixes the ingenuity of business with a social mission, skillfully
combining and balancing social and economic goals. Social entrepreneurship
is an activity aimed at solving important social problems, but generating
income for the entrepreneur. It is related to the "non-profit" sector, as well as
to the concept of "social economy"”, which emphasizes on benefiting the
community and society as a whole, and not entirely aimed at the profit of the
company. Not all social service providers are social enterprises. For example,
an enterprise providing luxury rehabilitation services works in the social sector
but is not a social enterprise if its workers do not benefit from its activity or if
the enterprise needs funding from the state to work. To clarify it some
examples are given below.

Green entrepreneurship or “eco” entrepreneurship is an economic activity which
deliberately addresses an environmental problem and / or need by realizing an
entrepreneurial idea that has a positive environmental impact and is financially
sustainable at the same time. Green entrepreneurship is directly linked to social
entrepreneurship because it works for a social cause in the environmental field.

— Entrepreneurship in the field of education is the launching and development
of a business related to the educational process of children, young people or
adults. Well-known examples of this type of entrepreneurship are the learning
centers where a trainer works with a small group of students. Recently, many
innovative companies and associations based on non-formal learning methods
have emerged.

— Creative or art entrepreneurship is in the fields of music, theater, art, dance,
animation, cinema and other creative sectors. For example, Grozen



150 International Journal "Information Models and Analyses" Volume 8, Number 2, © 2019

Entertainment is a Bulgarian cultural organization, a production company for
2D & 3D animation and comics, a publishing and educational center whose
activity is focused on promoting worldwide the quality of contemporary art,
created in Bulgaria and abroad by the best Bulgarian comic book authors,
illustrators, designers and animators.

— Entrepreneurship in healthcare - can be related to the opening or renovation
of a health establishment, the creation of a new device or treatment method,
or the clinical trial of new medicines. It is an industry that simultaneously
encourages innovation and drives companies within it to operate in a risky
environment. For example, the DivaCare platform is a telemedicine application
that allows doctors and therapists to connect with their patients and clients via
a mobile smart phone or tablet. It consists of 2 parts - a mobile application for
patients and a desktop web application for doctors. The platform allows for a
two-way relationship between therapist and client - sharing information,
scheduling appointments and exercises, collecting biometric data and other
treatment-relevant information. All this in real time and without the need for
personal meetings.

From all the given examples of modern entrepreneurship models, the most popular in
Bulgaria is the social type. There are many entrepreneurship businesses currently
working in this field, such as [Open mind project, 2018]:

Bulgarian food bank: saves unnecessary but still worthy food that would otherwise
be wasted. The food is sorted, fresh and of good quality. Most often, it has lost its
market price because it is not in perfect commercial condition or because of various
logistical, technological or marketing reasons it cannot be sold. This bank relies on its
network of collaborators from civic organizations across the country who work with
socially disadvantaged families and individuals, orphanages and retirement homes.

— Hope Soap is a workshop for soap for underprivileged young people. Their
main goal is to give job and social inclusion opportunity for young people from
orphanage homes. The soap is made from ready-to-use preparations,
fragrances and colors, the required operations and manipulations from people
are very easy to follow.

— Bread house network aims to inspire people and communities around the
world to discover and develop their creative potential and to collaborate
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through collective bread bakery and the accompanying arts and sustainable
environmental education. The Bread House Programs include various
initiatives: the Bread Therapy Program, made for small groups of people with
different special needs; Bread Breaking Boundaries Lifelong Learning
Programs; Bread Building team building program; HedgeHope children's
program; environmental and nutritional education program.

— Listen Up App was originally developed by top students from Samsung Tech
Institute in Bulgaria, participants in a mentoring program that allows them to
work with a team of professional developers. With the exclusive support of
Samsung Bulgaria, the mobile app was recognized by the Listen Up
Foundation and launched in the country to help 8,000 hearing-impaired
children and students gain access to previously unavailable educational
resources.

These are just a few samples of Social entrepreneurship done in Bulgaria, which
seems to be very attractive field. On the one hand, in recent years, social
responsibility has become an integral part of doing business and instead of having it
as an addition to your main business, it is your main purpose. On the other hand,
employing underprivileged people has not only social effect but also benefits the
organization with government funding and low taxes. The only considerable downfall
is the supposed low income from the social activity.

Conclusion

In the context of the fourth industrial revolution, starting small business or
entrepreneurship is very difficult especially in Eastern European countries, which are
considered to be relatively small markets. One of the most common ways to do it is
via entering an existing business network, such as franchise or multi-level marketing.
Both models have their advantages/disadvantages and the one point outlining the
others is that you enter an already working business with well-known branding.

There are some new approaches for stating small business correlated to the modern
society - digital, green, education, art, social, healthcare and so on. All of them give
ideas and inspiration for entrepreneurship, which is very important economy asset.
One of the most popular in Bulgaria is social entrepreneurship, which inclines on
combination of meaningful social goal and profit orientated organization.
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TOWARDS A PREDICTIVE MODELING OF SELF-CONTROL MOBILE
NETWORKS

Diana Poselentseva, Elena Zamyatina

Abstract: Abstract: The problems of investigations of routing algorithms and data
transfer algorithms in mobile self-controlled networks by simulation methods are
considered. This class of networks has specific properties: dynamically moving
nodes, "limited distance" between nodes, and the absence of a centralized node. The
mathematical model of such a network is a dynamic graph. It is important to predict
the conditions when the connection failure of nodes occurs during the execution of
various routing algorithms. Simulation experiments are performed in the AnyLogic
environment.

Keywords: ad hoc networks, simulation modeling, simulation systems, dynamic
geometric graph, routing algorithm

ACM Classification Keywords: 1.6 SIMULATION AND MODELING 1.6.8 Types of
Simulation - Distributed : 1.2 ARTIFICIAL INTELLIGENCE 1.2.5 Programming
Languages and Software - Expert system tools and techniques

Introduction

Nowadays a class of computer networks (wireless decentralized) is widely used, for
which mobility is characteristic: nodes can move in space, join a network, or be
excluded from it.

In addition, such networks are characterized by limiting the distance between nodes.
Each node is characterized by the power of the signal source and the sensitivity of
the signal receiver. If the nodes are separated from each other by less than a certain
distance r, then we can say that between them there is a connection for transmitting
signals. If the distance between the nodes exceeds the specified distance r, then the
connection between the nodes can be interrupted, since there is no direct
connection.
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The mathematical model of such a network is a graph. Since the network is mobile,
the graph is also dynamic, in this graph the number of vertices randomly changes,
edges appear and disappear. The operability and qualitative characteristics of the
network in this case can be described through such characteristics of the geometric
graph as connectivity, number of components, length of routes, etc. A graph at some
points can be connected, at some moments - non-connected.

For a certain pair of nodes at different points in time, there may be no routes at all,
there may be a single route, or there may be several routes.

An opportunistic mobile system can ensure the transmission of a message even if
there is no route between two nodes of network at some time periods, one of which is
the source, the second is the receiver. This can be achieved due to the fact that the
message moves from the source first to the intermediate node (to which there is a
route), waits in it (buffered), and then moves on when the opportunity arises due to
the movement of nodes .

The routing algorithm must dynamically find a route consisting of partial routes for
each message. A knowledge accumulated about the system and its environment
may be used for this purposes. The behavior of nodes is difficult to predict. For this
reason, it is necessary to use the apparatus of graph theory and probability theory
(random graphs) [Mikov A.]. For the analysis of information flows in computer
networks, in addition to the methods presented by graph theory, analytic methods of
queuing theory and simulation methods are used.

Simulation models are one of the most important tools for the investigations of
routing algorithms for the reason that mobile networks and the behavior of objects of
mobile networks are quite complex and do not always make it possible to use
analytical methods. Since the mathematical model is a dynamic graph, the tools for
simulation should be flexible and efficient.

The AnyLogic simulation system was chosen [Grigoriev I.] as a software tool for
simulation.

Currently, there are a large number of different classes of mobile networks: MANET,
VANET, FANET, etc.
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At first, we’ll focus on networks of the FANET class, give an overview of these
networks and their research methods.

Routing algorithms in FANET

FANET is a type of peer-to-peer VANET network (Vehicle Ad-hoc Network - a self-
organizing network of vehicles), the nodes of which are UAVs [Leonov Al]
(unmanned aerial vehicles). The movement of UAVs in FANET is controlled
exclusively by algorithms without any human interference, so UAVs can easily be re-
deployed to an ad-hoc network [Sami O.]. The nodes of this network are connected
via wireless technologies: WiFi, LTE, WIMAX, etc.

Although FANET is very similar to VANET and MANET (Mobile Ad-hoc Network - a
self-organizing network of mobile devices), but FANET also has some specific
characteristics.

FANET Mobility Models and their practical application

There are two types of communication that can be established in FANET [Sami O.]:

— Wireless air-to-air connection: UAVs can communicate with each other using
only ad-hoc architecture to avoid the restrictions associated with the
transmission range imposed by the communication between UAVs and ground
base stations. In addition, the aforementioned type of wireless communication
can be used in multi-hop communications, in which nodes can transmit a data
package to another node that is out of range.

— Wireless air-to-ground connection: in FANET, not all UAVs can communicate
with different infrastructures (infra-structure hereinafter refers to the
combination of software and hardware complexes of telecommunication) such
as ground base stations or satellites. However, only some of the FANET
nodes communicate with infrastructures to improve connectivity.

As noted earlier, the movement of nodes in FANET is usually predetermined, i.e. it is
defined by means of some algorithm. However, in a real environment, the movement
of nodes can be changed due to some external factors: due to weather conditions,
the nature of the mission which network performed, etc. [Sami R.]. In accordance
with this, there are several mobility models (from the English Mobility models) of the
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nodes that make up the FANET. FANET node mobility models can be classified into
five categories [Bujari A.]:

— Random model of mobility (Randomized mobility model), - the simplest model
of movement, which is used in the study of networks. The behavior of an
individual network node (its movement) in this type of mobility model is
absolutely independent of the behavior of other nodes included in this
network, as well as of the node’s previous actions. Examples of random
mobility models are RW (Random Walk), RWP (from the English Random
Way-Point) and RD (Random Direction). In these models of mobility, each
node selects an arbitrary direction of movement and speed with which it will
move in a certain period of time. Another example of this type of mobility
model is the MG model (Manhattan Grid), which uses the topology of a real
transport network. At the same time, the movement of nodes is accompanied
by some difficulties, since the nodes must change the trajectory of their
movement, either horizontally or vertically, taking into account the peculiarities
of the map of the area (city).

— Mobility models that depend on spatio-temporal characteristics (Time / space
dependent mobility models) - mobility models belonging to this category are
based on eliminating sharp changes in the speed and trajectory of nodes. For
this, various mathematical equations are used. The following mobility models
can serve as examples: BSA (Boundless Simulation Area), GM (Gauss-
Markov). In similar mobility models, the current speed and path of the nodes
are selected based on the relationship with the path and speed of the nodes in
the previous step. The ST mobility model (Smooth Turn) allows network nodes
to move along curved paths. At the same time, a certain point is chosen in
space, which will be the final point of the trajectory of the node.

— A mobility model with a predefined path (Path-planned mobility models) -
mobility models belonging to this category define a path of a certain shape for
nodes. The nodes follow a specific path until they reach the end point of this
path, then the nodes randomly select a new path or repeat the movement
along the same path. The SRCM mobility model (Semi-Random Circular
Movement) also belongs to this category, since the model is intended for
cases when network nodes move along curved paths. The PPRZM mobility
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model (Paparazzi mobility model) is a good example of a stochastic mobility
model. Stochastic mobility models are based on a state machine, each of the
states in which is one of the possible trajectories of the node: Stay-At, Oval,
Eight, Scan, Way-Point. Each of the network nodes selects a specific
trajectory and random speed of its movement.

— Group mobility models (Group mobility models) - these models impose certain
spatial restrictions on all network nodes. The RPGM mobility model
(Reference Point Group mobility) simulates random node movements near the
starting point, using a simple RWP mobility model. Special cases of RPGM are
also distinguished: in the NC mobility model (Nomade Community) each of the
nodes moves near the starting point, which in turn also moves randomly in
space. The PRS mobility model (Pursue) is similar to NC, but at the same time
the network nodes try to follow a specific goal without resorting to random
movements near it.

— Mobility models based on the control of network topology (Topology-control
based mobility models) - used in cases where it is necessary to constantly
monitor the network topology in real time. A classic example for this category
of mobility models is the DPR model (Distributed Pheromone Repel), which is
used in networks designed for reconnaissance or implementation of search
missions. In this model, each node has its own map of pheromones
(pheromone map). The Mobility Model SDPC (Self-Deploy Point Coverage) is
designed for networks that are designed to solve problems associated with
natural disasters. This model deploys a UAV network at the scene in order to
create a communications infrastructure that can be used by the injured. The
goal of each of the nodes in this network is to reach as many people as
possible and to maintain communication with other nodes of the network.

Although FANET is a kind of subclass of MANET and VANET networks, FANET has
its own data routing techniques. These techniques have their advantages and
disadvantages. Next, we will consider the most popular techniques currently used for
routing data in FANET, and we will also classify the existing routing protocols.
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FANET Package Routing Techniques

Routing technique Store-carry and forward

At a certain point, when periodic communication disruptions occur in the network, the
sending node may not find the node to which it could transmit a data package. As a
result, the sending node cannot send a data package to a specific node that would
be within the radius of its transmission (transmission range). In this case, the sending
node must physically move in space itself until it reaches any node to which it could
transmit this data package (or the node to which this data package is destined) [Sami
O., Nadeem A.].

LCDR Routing Protocol

The most popular routing protocol in terms of use and reliability, which is based on
this principle, is called LCDR (Load, Carry and Deliver Routing). The principle of
operation of this routing protocol is described in detail in [Yassein M.]: this model is
designed to transmit data from one ground-based base station to another. For this,
UAVs and single-hop communication are used.

This model is suitable for transferring images and videos. First, the data is
downloaded from the access point to one of the UAVs, and then the data UAV moves
to the recipient's access point in order to transmit a package of data to it. From a
security point of view, the considered routing protocol is quite reliable: the data
package does not carry out additional “jumps” (from the English hops) during
transmission. The time required to deliver a data package from one base station to
another depends on the speed of the UAV and the distance between access points.
One of the options for reducing the time for delivery of data packages is to increase
the number of UAVs that would receive and transmit data.

In addition, you can increase the speed of UAV movement or divide the entire
network into subnets, inside which LCDR routing will also be used.

Greedy forwarding routing technique [Sami O.]

This technique is recommended to be used if FANET has a high density (contains a
sufficiently large number of nodes). The main task of the “greedy” routing is to



International Journal "Information Models and Analyses" Volume 8, Number 2, © 2019 159

minimize the number of “jumps” of the package of data during its transmission from
node to node.

The principle of operation of the technique is quite simple: at each step it is
necessary to choose the node that, from the geographical point of view (using the
geographical coordinates of the nodes), is closest to the receiving node as a relay
node. The package forwarding process ends when the package reaches the receiver.

However, there are some drawbacks to this technique. The process of transmitting a
data package can be blocked if the node to which the data is transmitted is
recognized as the closest to the receiving node, but there will not be a single node
(including the receiving node) within its radius of operation it could potentially
transmit a data package to continue the routing process.

To ensure the reliability of data transmission, it is necessary to use the proposed
approach in combination with other approaches.

RGR Routing Protocol

Significant improvements in the technique of "greedy" routing can bring the RGR
method (Reactive-Greedy-Reactive routing), proposed by Rostam Shirani in [Shirani
R.]. This protocol is a typical representative of reactive routing protocols. The
principle of reactive routing is to find all possible paths (from the English path
discovery) from the source of the package to the destination node. However, do not
confuse this type of routing with proactive routing: in proactive protocols, all possible
paths between each pair of nodes in the network are calculated, therefore this
technique is not entirely suitable for FANET, due to the high dynamism of the nodes
of this type of network.

In reactive routing protocols, the calculation of paths from the source to the
destination node occurs “on demand”, when it is not possible to make a path
between two nodes because the sending node does not know the geographic
location of the receiver [Sami O.].

The path search process is based on the distribution of route creation requests
(RREQ). The RGR routing protocol uses a mixed technique: the package is delivered
using the reactive routing technique, but if for some reason the package transmission
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process is interrupted, the alternative branch of the algorithm, GGF routing, will be
used.

The paper [10] presents the results of modeling taking into account changes in UAV
speeds. Reactive routing protocols include the AODV and OLSR protocols. A.V.
Leonov and G.A. Litvinov [11] gives a characterization of these protocols and also
demonstrates the results of modeling in the NS-2 environment.

Routing Techniques Single-path and Multi-path

The name of the Single-path routing technique speaks for itself - it searches for one
path from the source of the data package to its recipient. However, it is worth noting
the main drawback of this approach: if for some reason the network connection is
broken (the connection between the UAV or one of the nodes through which the
found path passes will be lost), then the package will not have an alternative sending
channel. This situation may lead to serious loss of data on the network. The solution
to this problem can be the use of the Multi-path technique: it searches for several
alternative paths for package delivery from source to destination. This method is
effective, because in the event of a failure in FANET, this error will be quickly
detected and the data package will be routed to an alternative delivery path.
However, this method also has its drawbacks: it is rather difficult to configure this
type of routing, because even minor errors can lead to the appearance of a "loop"”
(from the English loops), which can block the delivery process.

Prediction Routing Technique

The principle of operation of this method of routing consists in predicting the position
of a network node at a particular time, based on its current geographical location,
speed of its movement, direction of its movement, etc.

Swarm Intelligent Technology

The routing approach, based on the concept of “swarm intelligence”, became very
popular. The term was proposed in 1989 by Gerardo Beni and Jing Wang [Beni
G.,1989]. The algorithm describes the collective behavior of a decentralized self-
organizing system [Beni G.,2004]. The approach is based on modeling the behavior
of animals or insects that adhere to a pack or swarm lifestyle.
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Author in [Leonov A.] suggested to use the “bee colony” algorithm for modeling
mobile networks. The algorithm of the bee colony is widely known; however, we will
describe it in more detail. The algorithm imitates the behavior of a bee swarm, which
searches for pollen and nectar in a certain area

The main goal of the bee swarm is to determine the largest source of nectar (from a
mathematical point of view, this is the task of optimizing some objective function)
[Leonov A. and Litvinov G.].

All the routing techniques discussed above are widely used in real FANETS.
However, each routing technique has its advantages and disadvantages. The study
of the advantages and disadvantages of the certain routing protocols when using real
FANET networks is not only labor-intensive and quite time-consuming, but also quite
expensive.

Thus, it is necessary to find a method that could give the opportunity to carry out
research experiments on a process constantly changing its parameters, without
resorting to working with a real system. Moreover, it is necessary that this method
allows one to take into account a significant number of parameters, changes of which
can lead to changes in the results of the algorithm. It is this method that is simulation.
This is confirmed by a large number of publications exploring mobile computer
networks with the use of various tools of simulation [Gudov A.].

Let us consider one of the routing algorithms (GGF) and the results of a simulation
experiment performed using AnyLogic tools [Grigoriev I., Borshchov A., Anylogic].
AnyLogic is a domestic development and there is a version available to all users.

Description of the GGF Algorithm

The greedy geographical routing algorithm is as follows: the node that is currently
holding the package must transmit this package to its neighbor node, which has the
following properties:

- it must fall within the range of the transmission of the carrier node;

- it should be closer to the recipient of the package than the current host
node and its other neighboring nodes.
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Thus, the node selected at each step of the algorithm should minimize the number of
data package transfers from node to node. Routing will be considered completed
successfully if the package is delivered to the recipient in a time less than (or equal
to) the package "lifetime".

Network simulation using AnyLogic

There are a lot of simulation tools for designing and analyzing computer networks,
these simulation systems may  be divided into specialized ([COMNET, 2019],
[OMNet++,2019], [OPNET,2019], [NS-2,2019] and etc.) and general purpose one
(JANYLOGIC,2019], for example). Some of them allow analyzing networks; others
are focused on solving network design problems. Let us briefly discuss the
advantages and disadvantages of these simulation tools.

— COMNET: Advantages: (a) an ability to enter traffic data in real time; (b) a
simplicity of entering traffic hypotheses; (c) an ability to fine-tune network
parameters;(d) a presence of additional modules for various tasks.
Disadvantages: (a) a complexity of implementation; (b) a difficulty in perceiving
network circuits; (c) a high cost.

— OMNet ++ : Advantages: (a) a presence of discrete event simulator.

— Disadvantages: (a) a complexity of user training.

— OPNET : Advantages: (a) a convenience of network objects designing; (b) a
flexibility of the resulting models. Disadvantages: (a) a high cost; (b) an
insufficient ability to import and configure existing product components.

— NS-2 : Advantages: (a) an ability to use two-level programming (C++ and OTcl)
and an object-oriented approach (provides flexible configuration of models and
scenarios). Disadvantages: (a) a poor visualization; (b) a limitations of the
component library; (a) a complexity of the models and analysis of the results.

— Anylogic : Advantages: (a) a presence a high-level programming language
(Java) (provides flexible configuration of models); (b) a convenient visualization;
(c) an ability to collect various statistics and display graphs. Disadvantages: (a) a
restriction on the maximum number of agents in the free educational version.

To study the GGF algorithm, a simulation model was constructed using the AnyLogic
tool. The development language is Java.
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It is well known that routing algorithms must be correct, so the algorithm must deliver

every package that arrives in the network, exactly as intended ((to the designated

recipient).

The model allows to build data package transmission routes inside FANET. Nodes

can move at a certain speed in a certain limited area. In the simulation, the RWP

mobility model was used. The constructed model does not take into account some

characteristics: it happens that in real FANET there are technical problems that can

interfere with the package transfer process, in addition, external environmental

influences, etc. are not taken into account.

Test No. 1: determining the dependence of the functioning of the algorithm on the
number of nodes in FANET.

Test Ne 1.1;

Number of nodes in the network: 50.

Type of arrangement of nodes: Random.
Communication distribution range: 81.125 cu
Package lifetime: 4483.3 ms.

Package source node index: 34.

Package Receiver Node Index: 24.

The results of the GGF routing algorithm for given parameters are presented in

Fig. 1. The number of relay nodes: 3. The package was not delivered to the recipient.

The package remained with the drone with the No.17.
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Fig. 1. Test No. 1.1
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Test No. 1.2

- Number of nodes in the network: 100.

- Type of arrangement of nodes: Random.

- Communication distribution range: 81.125 cu
- Package lifetime: 4483.3 ms.

- Package source node index: 9.

- Package Receiver Node Index: 3.

The results of the GGF routing algorithm for given parameters are presented in Fig.
2.

Number of relay nodes: 5.

The package was delivered to the recipient.
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Fig. 2. Test No. 1.2
Test number 1.3:

- Number of nodes in the network: 200.

- Type of arrangement of nodes: Random.

- Communication distribution range: 81.125 cu
- Package lifetime: 4483.3 ms.

- Package Source Node Index: 93.

- Package Receiver Node Index: 58.
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The results of the GGF routing algorithm for given parameters are presented in Fig.
3. The number of relay nodes: 4. The package was delivered to the recipient.
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Fig. 3. Test No. 1.3
Test No. 1.4:

- Number of nodes in the network: 400.

- Type of arrangement of nodes: Random.

- Communication distribution range: 81.125 cu
- Package lifetime: 4483.3 ms.

- Package source node index: 4.

- Package Receiver Node Index: 60.

The results of the GGF routing algorithm for given parameters are presented in Fig.
4. The number of relay nodes: 5. The package was delivered to the recipient.
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On tests 1.2, 1.3 and 1.4, the model gave good results. The paths laid between the
nodes can be considered acceptable, because there are no loops in this paths, and
the package was delivered to the destination in each of these cases. However, in test
No. 1.1, a problem is discovered: the package did not reach the recipient and
remained with drone No. 17 for the reason that there were no drones in the
communication radius of drone No. 17 to which it could transmit the package so that
the process continued.

From this we can conclude that the algorithm considered above shows good results
only in networks with a high density of nodes. The more nodes in the network, the
better the algorithm works.

Conclusion

The paper presents a comparative description of such types of ad-hoc networks as
FANET, MANET and VANET. The most popular data routing techniques in FANET
were reviewed. The paper presents the possibilities of using simulation methods and
AnyLogic tools. Moreover, FANET networks are considered. A simulation model of
the greedy geographic data routing algorithm in FANET was built. A drawback was
identified related to the applicability of this algorithm to FANET networks with a low
density of nodes. It is established that the algorithm shows good results for networks
with a high density of nodes.

Thus, the algorithm needs refinement and optimization. One of the solutions to this
problem may be the implementation of the RGR algorithm, which combines two
alternative paths: reactive routing and the GGF algorithm.
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PASPABOTKA APXUTEKTYPbI UHTEJNJNEKTYAJIbHOIO YAT-BOTA

AHHa JluteuH, Butannn Bennuko, Bnagucnae KaBepuHckum

AHHOMauyus: B cmambe paccmompeHa obwasi KOHUEenuus rnpunioxeHut muna 4am-
6omos, passumue udeu 4Yam-6oma u uUX fpakmuyecko2o 3HadeHus. [lpoeedeH
aHanu3 cyuwecmeyruwux Ha O0aHHbIU MOMEHM CO8pPeMeHHbIX 4Yam-6omoe u
nnamgopm 0O ux rnocmpoeHus. [lposedeHa knaccugbukayuss HYam-6omos o
criocoby co3daHusi, MO apxumekmype U o f[puHyuny ebida4yu omeema.
lpednoxeHa KoHUenuyusi uHmesiekmyanbHo20 Yam-6oma, coemeuwarou,e2o 8 cebe
B803MOXHOCMb UHMe2payuu ¢ nonynspHeiMU mMeccedxepamu U OBHOBISIEMYHO Ha
OcHogsaHuu nnompebHocmed ronib3osamernel 6aly 3HaHUl.

Knroyeeblie croea: 4am-60m, aHasu3 €CcmecmeeHHO-513bIKO8020 MmeKcma,
ceHepayus OCMbICIIeHHO20 meKcma, 6a3a 3HaHud.

ITHEA Keywords: D.2.11 Software Architectures

BBepeHue

Npesa yaT-60Ta — BUpTyanbHoro cobecegHmka B Lenom He HoBa. Mctopusa yaT-60ToB
BoCcxoauT K 1966 roay, koraa BenseHbaym Hanucan KOMNbIOTEPHYO NporpamMmy noj
Ha3BaHnem ELIZA. OHa umena Bcero 200 cTpok koga [Weizenbaum, 1976]. Ha
CEroAHSALHNA AeHb 4aT-00Tbl MPOLUNM 3BOMOLUMID OT AOCTATOYHO MPUMUTUBHBIX
nporpaMm C MUHMMAanbHON (PYHKLMOHANbHOCTLIO, OCHOBAHHbLIX UCKMOYUTENBHO Ha
3aN0XeHHbIX B HUX WabnoHax M OrpaHMYeHHOM ManoMm Habope npasun, OO0
NPOABUHYTLIX MNPOrpamMm, He TONMbKO oOwawwmxcs C MNonb3oBaTesieM, HO MU
aBTOMATU3NPYHOLLNX BbINOSIHEHNE PYTUHHBLIX 3a4ay.

[Ona BHewHen o06onovkn yar-60tTa MHOrMe cuctembl obMeHa CcoobLeHNAMM
(Mecexepbl) NpeaocTaBnAalT rotoBble pewweHus un APl (Application Programming
Interface) gnsa paboTtbl ¢ HUMKU. Co3gaHne BHYTPEHHEro fTOrMYEecKoro CoaepKaHus
yat-60oTa 4BnseTcsa 3agaden 6Gonee cnoxHon. B nmwbom cnyyae, nepepq

pa3pabotymkomMm 4vaT-6ota (0COBEHHO MHTennekTyanbHoro 4ar-6ota) ctout 3agada
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NOCTPOEHNS CUCTEMbI, paboTaloLLEN C eCTECTBEHHbIM A3bIKOM (B HaLLEM Cry4yae — CO
CNaBAHCKUMU (PNEKTUBHbIMU A3blkaMu) M 6a30M 3HaAHMK, CNOCOOHOW ajeKkBaTHO
aHanuampoBaTb MocTynawLlne coobLlieHns u reHepupoBaTb OTBEThl. PakTU4ecku,
yaT-60T 4OMKEH B TOM UNU MHOW Mepe peanuaoBbiBaTb naer «Tekct — Cmbicn —
Tekct» [Melchuk, 1995]. To ecTb, nporpaMmma LOSPKHa M3 MOCTynaroLwero Tekcra
BblAENUTb CMbICI COOBLUEHNS U B COOTBETCTBUM C 3TUM CMbICIIOM NpeaocTaBUTb
agekBaTHblM OTBeT. Ho HecMOTpsa Ha TO, YTO KOMMbIOTEPHbIE CUCTEMbI OOCTUIIU
HemarblX yCnexoB B 3aia4yax pacnosHaHus, npobrieMbl NOHUMaHMsA CMbicna BCE eLlé
OCTalTCA He [0 KOHUua pelwéHHbiMKu. OHUM K3 NepcrnekTUBHbIX BapUaHTOB

cpenctea p860TbI CO CMbICJIOM TEeKCTa ABJI1AeTCA OHTOJ10TnA.

MocTtaHOBKA 3apaum

OCHOBHbIMM LenssMKU  AaHHOM paboTbl sBnsieTcs 0030p NPUHUMMIOB paboTbl U
apXMUTEKTYpbl M3BECTHbIX YaT-60TOB M nnatopm Ans MxX co3gaHus, npoBedeHue
knaccudpmkaumm 4at-60TOB, MOCTPOEHUE apPXUTEKTYpPbl WHTEMSIEKTyanbHOro 4at-
bota, paboTatowero ¢ nononHsemon (obydyaemon) 6a3on 3HAHWN, OCHOBAHHOW Ha

OHTOJOornn.

O630p cucTemMm U noaxoaoB pa3paboTku yar-60ToB

YaTt-60T — 3TO NporpaMMHbIN NPOAYKT Ha OCHOBE WMCKYCCTBEHHONO WHTESNNEKTa,
AENCTBYIOLWNA B YCTPOWCTBE, MNPUNOXEHUN WNn Beb-canTe, KOTOPLIN MbiTaeTcs
oueHUTb noTpebHOCTM nonb3oBaTenen, a 3areM [MOMOYb WM  BbIMOMAHUTb
onpefeneHHy 3agady, Hanpumep, KOMMEpPYECKyl TpaH3akuuio, OGpoHupoBaHue
rOCTMHULbI, NoflyYeHne MHopMauun O NpoAaykuMM U MHoroe gpyroe. Ha gaHHbIN
MOMEHT CYyLLIECTBYIOT MHOXECTBO 4aT-60TOB, NOCTPOEHHbIX HA OCHOBE Mapaaurmbl

06pa6OTKM TEeKCTa noJjib3oBaTtend n BoO3BpalleEHNA pefieBaHTHOIo OTBeTa.

Bce 4at-00Tbl MOXHO NPUHUMNMANBHO pPas3nenuTb Ha Te, KOTOpble OCHOBaHbl Ha
YETKO YCTaHOBMEHHbIX NpaBunax M Ha obyyaemble. B nepBom cnyyae 4art-60T
OTBEYaET Ha BOMPOCHI, OCHOBbIBASACb Ha HEKOTOPbLIX, 3aIOXXEHHbIX B HErO NpaBuiax.
OTO BOBCE He 0O3Ha4YaeT NPUMMUTUBHOCTbL Takoro 6oTa. 3anoxeHHble npaBuna MoryT
OblTb Kak O4YeHb NPOCTbIMK, TaK U O4YEeHb CrOXHbiMW. OH MPOCTO CTaTUYeH, He
cnocobeH K cbopy HOBOM wuWHGoOpmMauMm U e€é wuHTepnpeTtauumn [SiteActive].
O6y4yaembin 4aT-60T wucnonb3yeT B cBoen paboTte nogxodbl, OCHOBaHHbIE Ha
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MalwnHHOM 06yqu|/||/|. Mo npuHUMNyY Bblda4vyn oTBETA YyaT-60Tbl MOXHO pa3gennTtb Ha

ABa Knacca: OCHOBaHHbIE Ha Noncke u Ha reHepauun [Melnichuk, 2018].

B mopensix, ocHOBaHHbIX Ha Moucke, 4aT-b0T ocyllecTBnseT BblIbop oTBeTa U3
Gubnuotekn npegonpeneneHHbIX OTBETOB OCHOBbLIBAsACh Ha aHanu3e KoHTekcTa. He
criegyet nonaratb, YTO B [AaHHOM rogxode npegnonaraeTcd TOnbKo Habop
MOMHOCTbLIO 3apaHee 3aroToBrfeHHbIx ¢pas. LWabnoHbl MOryT MMeTb HEKOTOpyHo
rMOKoCTb B MNNaHe MOACTAHOBKM TMOHATUA, Ha OCHOBE aHanu3a KOHKPETHOro
KOHTeKcTa. KOHTEKCT MOXeT BKMoYaTb B cebs TeKyLLyto No3nuuio B Aepese aunarnora,
BCe npedblaywme cooblieHns B guanore, paHee COXpaHeHHble MNepeMeHHble
(Hanpumep, nmsa nonb3osatens). Onvpascbk Ha aHanu3 onepaTMBHO MOMyYEHHbIX B
xode [Juarora [aHHbIX, B uMmewwmecs wWabnoHbl BcTpavBaeTcs Heobxoavmas
nHopmauusa. bBoTbl, OCHOBaHHble Ha reHepauun CrNOCOOHbI reHepupoBaTb
opurMHarnbHble 0TBeThl 6e3 MCMoNb30BaHUA 3aroToBneHHbIx WwabnoHos [Glek, 2018].

CrnepgyeT OTMeTUTb, YTO B nocnegHee Bpems npuobpeTatoT nonynapHOCTb YaT-00Thl,
paboTa KOTOpbIX OCHOBaHa Ha HEMPOHHLIX CEeTsX ¢ npuMmeHeHnem Deep Learning
[Tarasov, 2015]. Takue ©OOTbI C nepBOro B3rngga MOryT MNPOU3BECTU Xopolluee
BrneyaTneHne. Ho pgetanbHbln aHanuM3 M paboTa C HUMKU NO3BOMSET BbIAENUTb
HEeKOTopble UX CyLLeCTBEHHble HedocTaTKu. B nepByto oyepedb — 3TO MeaSieHHas
CKOpPOCTb 00y4yeHus. YTtobbl 0O6yunTb YyaT-60Ta, OCHOBAHHOIO Ha HEMPOHHBLIX CETSX,
TpebyeTca MHOro BpemeHu un 6onblune o6bLEMbI AaHHbIX. ITO HE BCerga BO3MOXHO U
paumoHanbHo [Levin, 2016].

NHTepecHon ocobeHHOCTbLIO YaT-60TOB, paboTatolwmnx Ha OCHOBE HENMPOHHLIX CETEN
3TO TO, YTO OHM MUCMbITLIBAKOT TPYAHOCTU C TEM, YTOObLI NPOCTO CKa3aTb «He 3Hao». B
criyyae HepoctaTka WM OTCYTCTBUSI PENEBAHTHOM WHopMauun no 3agaHHOMY
BOMPOCY reHepunpyeTcs CTPaHHbIN OTBET, HE CoAep KaLLnin NonesHon nHdopmaumm, a

TO 1 BOBCE NMULLUEHHbIA CMbICNA.

TpeTun HeOocTaToK, 4acTo OTMEeYaeMbli y BCexX CUCTeM, paboTawwmx Ha
HEMPOHHBIX CETSX — 9TO TO, YTO HE SACHO KakMM 06pa3oMm, pyKOBOACTBYSACh YeM Obin
AaH TOT WM MHOW OTBET, a Tem bBonee coseT. A, cnefosaTesnibHO, U NPOBEPUTH

afleKkBaTHOCTb TaKOro oTBeTa CrioXxHo [Levin, 2016].

MpMepomM M3BECTHOIO COBPEMEHHOrO 4aT-60Ta MOXET CnyXuTb pa3paboTaHHbIN
CtuBom Yopcsukom yaT-60T Mitsuku [Mitsuku]. Ona paspaboTkm gaHHoro ©GoTa
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ncrnono3oBaH A3blk AIML (Artificial Intelligence Markup Language) [AIML]. Ero
Has3blBalOT O4HMM M3 Nyywnx 4aT-60TOB, OH sBnseTca 4-X KpaTHbIM naypeaTtom
npemumn JlobHepa. OgHako TecTuposaHne Mitsuku No3Bonuno onpeaenuTb BaXHbIV
HegocTaTok: 60T MMOXO yaepXuBaeTcs B KOHTeKCTe guanora. To ecTb, npolle
roBops, 3abbiBaeT, 0 YEM TONMbKO YTO WNa peyb. IATO MOXET MpPUMBOAUTb K
HeafekBaTHbIM oTBeTaM. Hanpumep, 60T cnpawwmBaeT nonb3oBaTens: «What is your
favourite film?» («Kakon TBOn ntobumbin dunbm?»). MNMonb3oBaTens oteBevaeT: «Tell
me a story», umesi B BUAY Ha3BaHWe HekoToporo cdunbMa. boT xe, B cBOKO ovepepb,
BOCMpUHMMaET 3Ty dpaly Kak obpalleHne K Hemy ¢ NpocbBon pacckasaTb UCTOPUID
N pacckasblBaeT HEKOTOPY uctoputo. Kpome Ttoro, Mitsuku paccunTtaH Ha obuieHune
Ha HecneuManuanpoBaHHble TeMbl. Ecnin 6eceaa nepexoauT B y3Kyto NpeameTHYHo
obnacTb, BO3MOXHbl HeaeKBaTHbIe, NMULEHHbIE CMbICa OTBETHI.

OaHUM 13 NpMMepPOB COBPEMEHHbLIX NnaTdopMm (ppenmMBOpKOB) ANs CO3haHNAa vaT-
60TOB, UCNOMbL3YOLWNX B TOM YUCrEe N Noaxodbl, 6asnpyowmecs Ha pekyppeHTHbIX
HEeNpPOHHLIX ceTsax, asnseTcsa DeepPaviov [DeepPaviov]. bonee nogpobHo peyb O

Her NOMAET HUXKe.

AnbTepHaTMBOM MOXHO cuMTaTthb NapagurMy ©6asbl 3HAHW, CTPOSALLYIOCS Ha
oHTOnormn. OHTONMOrMen HasbiBaeTCa Mepapxmyeckui cnocod npencraBneHus
Habopa NOHATUI N UX OTHOLWEHUN. Takasn 6a3a MOXeT ObITb 06y4YaeMon — OHTONOrS
MOXET CTPOUTBCA Ha OCHOBE €CTECTBEHHO-513bIKOBbIX TEKCTOB. Kpome Toro, cneayet
OTMETUTb, YTO OHTONMOrMM MOryT ObITb NepeHeceHbl Ana paboTbl C ApPYrvM

€CTeCTBEHHbIM A3blkoM. Heobxoanm nuiib nepesoa TepMnNHOB.

Takke cyLlecTByeT MHOXECTBO KOHCTPYKTOPOB 4aT-00TOB, KOTOpble€ MNO3BOMSOT
co3gaBaTtb MNpOCTble 4aT-60Tbl. BONBLIMHCTBO Takmx OOTOB peanuayloT MOAENb
ApXMUTEKTYPbl, OCHOBAHHYIO Ha MoucKke. ATO O3Ha4aeT, YTo 4vaT-6oT ocyliecTBnseT
BblOOp oTBeTa M3 6GuBNUoOTEKM npedonpedeneHHblXx OTBETOB OCHOBbIBAsSCb Ha
aHanuse koHTekcTa. KOHTEKCT MOXET BKIoYaTh B cebs TeKyLlyo No3nuuio B AepeBe
avanora, Bce npegblgywive coobuweHnss B guanore, paHee COXpaHeHHble
nepemeHHble (Hanpumep, UMs Nonb3oBaTens).

MosiBunoce Hemano nnatopMm, nNO3BOMAWMX co3gaTb 4vaT-6oTa paxe 6e3
HanucaHms nporpammHoro koga [Cristina Krestu, 2019]. MoxHO npuBecTu
cnegywowme npumepsbl: Aimylogic, Bot Kits, Botmother, Botsify, Chatfuel. Mbl He
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Oyaem octaHaBnuBaTbCsA Ha MNOAPOOHOM OMNUCAHUM KaXOOW M3 NEepPevUCIieHHbIX
nnatgopm, oHM B uUenoMm nofobHbl. HO cnegyet OTMETUTb, YTO Takume CUCTEMbI
obnagalT psSAOM CyWeCTBEHHbIX HepocTaTkoB. Bo-nepBbiX, OHWM He SBRAKOTCS
CcBOBOAHBLIMU MPUMOXEHUSMN C OTKPbLITLIM UCXOOHBbIM KOLOM, YTO YCIOXHAET aHanuns
nx paboTbl, MoAMMMKAUMIO N BO3MOXHOCTb paclMpeHns ¢yHKUMOHana Ha
yCMOTpeHne paspaboTymka. BTOpoM BaXKHbI HEAOCTATOK — 3TO OrpaHUYeHHOCTb
nepeyHs  cepBucoB obmMeHa  COOOLWEHWAMW, C  KOTOPbIMM  OHW  MOTYT
B3anmogencteoBaTb. Hanpumep, Ttonbko ¢ Face Book-om wnu Telegram-om. U
OCHOBHOW, BaXXHbIN N9 HAC HEAOCTAaTOK — OHWM B OCHOBHOM HE MHTemNneKkTyasnbHble.
To ecTb UCMOnb3ylT roToBble LWabnoHbl OTBETOB, MaKCUMyM HEKOTOpble MOryT
peanu3oBbiBaTb MNPOCTYI aHANUTUKY UNKU noaknvaTeca kK RSS-kaHany (Hanpumep,

AN perynsipHoro coobLleHns CBEXNX HOBOCTEN).

Yacto MOXHO BCTPETUTb  YMNOMWHAHWSA  WUCMOMb30BaHUA MpPU  NMOCTPOEHUN
NPOABUHYTBIX UHTENMEeKTyanbHbIX 4aT-60TOB CEpBUCOB NMHIBUCTUYECKOTO aHanu3aa.
Haunbonee nssecTtHble n3 HUX — ato IBM Watson Conversation, Dialogflow, LUIS.

IBM Watson - 3TOo cynepkomnbioTep ompmel IBM, OCHAaLLEHHbIN
CUCTEMOWN UCKYCCTBEHHOIO MHTENNEeKTa, Co34aHHbIA rPynnon uccrnegosatenen nog
pykoBogctBoM [aoBuaa Pepyyun. Ero cosgaHme — dactb npoekta DeepQA.
OcHoBHas ero 3agada — NOHMMaTb BONPOChI, CHOPMYNIMPOBaHHbIE HA €CTECTBEHHOM
A3bIKe, U HAXOAUTb Ha HMX OTBETLI ¢ NomoLbo VA [IBM Watson].

IBM Watson Conversation npegcraBnseTr cobon nnatgopmy C OpyXKecTBEHHbIM
NHTEepPdENCOM, KOTOpasi MO3BONSAET ObICTPO co3aaBaTb U pa3BopaymBaTb YaT-60TbI U
BMPTYyanbHble areHTbl ANs pasnu4yHbiX KaHanoB, BKMYas nnatdopmbl oOMeHa
coobLeHnamMmn, MobunbHble yCTporcTBa 1 gaxe pobotos. IBM Watson Conversation
Nno3BofdeT Nofb30BaTeNo co3aaTh NPUMNOXEHNE, KOTOPOE NMOHUMAET €CTECTBEHHbIN
A3bIK M cnocobHO gaBaTb OTBETbI B XxoA4e Auanora. BupTtyanbHbii areHT Watson
MOXeT ObITb HacTpoeH Ans crneumduyeckon npegmeTHon obnactn [Watson
Conversation].

Dialogflow — aTt0  cepswuc, no3BonsaAwWMA  co3gaBaTtb  vat-60ToB  Ans
pasHbIX NNaTOpM N A3bIKOB HA  pasHbiX YCTpONCTBax. JTo nnatdopma  Ans
NMOHMMaHMUA €eCTECTBEHHOro #3blka, KOTOpas MO3BOSISIET JIErKO NPOEKTUPOBaTb U

WHTErpMpoBaTb  OWanoroBbid  MOMb30BaTENbCKMA  UHTEpdENc B  MOOBUNbHOE
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npunoxeHue, BeOB-NpUNOXeHUe, YCTPOUCTBO, ©OOT, WHTEPaKTUBHYIO CUCTEMY
roniocoBoro oteeta u T. 4. Dialogflow moxeT aHanuaupoBaTb pasnuyHbie TuUnbl
BBOZA [MOnb30BaTens, BKIOYaA TEKCTOBble WM ayauoBxoAbl (Hanpumep, C
TenecdoHa wunu 3anucy ronoca). OH Takke MOXeT oTBeyaTb HECKONbKUMMU
cnocobamu: ¢ NOMOLLbIO TEKCTa UMK C MOMOLLBIO UCKycCTBEHHOM peyn [Dialogflow].

LUIS — 23710 TexHonorusi, KoTopas Mno3BonsieT paspaboTynkam co3gaBaTb
WHTENMNEKTyarnbHble  MNPUIOXEHUS,  MOHUMAalOLLIME  E€CTECTBEHHbIA  A3bIK WU
B3aMMOAENCTBYOLWLME C nNonb3oBatenamMu. Hanpumep, nomoraeT MPUNOXEHUIO
aHanuanpoBaTb BbiCKa3dblBaHMe «3abpoHnpyn MHe ©OuneTr B JIOHAOHY», W
pacrno3HaBaTb HaMepeHue KnneHta «3abpoHupoBaTb» U HanpasneHue «JIOHAOHY.
LUIS aktmBHO obyyaeTcsi U COBEpLUEHCTBYETCA B rnpouecce paboTbl NpUIIOXeHUs
nog pykoBoACTBOM paspaboTtumka. LUIS oTmMeyaeT Te crnyvam, Koraa OH HE MOXeT
OAHO3HA4YHO OUEHUTb BbICKasblBaHWA, W Oa€T BO3MOXHOCTb YyKas3aTb, Kak
aHanuaupoBaTb NoAaobHbIM criydan B cnegywowmn pas. LUIS nogpepxuBaet
aHIMUACKUK, PPaHLY3CKUA, WUTAlNbAHCKUMA, HEMEeLKUA W KUTAUCKUN A3blkn. OH
npegnaraetr Habop REST API, koTopble ucnonb3yetca Ansi asBToMaTtusauuu
npouecca cosfaHus MNpurioXeHnn wn mnx nyoénukauuun. LUIS Takke paboTaeT C
cepBMCcOM pacno3HaBaHus peun Microsoft Cognitive Service [LUIS].

Ho 3aKkpbITOCTb MCXOAHOrO KOO4a W OPUMEHTMPOBAHHOCTbL B OOMbLUEN CTEneHu Ha
aHIMUNACKUMA A3bIK FOTOBbIX PELIeHUn B AdaHHOM 00nacTu JMHIBUCTUYECKOTO W
CMbICIIOBOrO aHanu3a CyLEeCTBEHHO OrpaHM4MBaeT BO3MOXHOCTb WX MPUMEHEHUS

ANA HaluX 3aaad.
Nanee paccMoTpyM NpUMepbl CEPBUCOB AN co3aaHus 4aT-60ToB.

CepBuc Ana [Ana] nosBonsieT cos3gaBaTb 6O0OTOB ANd  pasnuyHbIX  cdep
AEeATENbHOCTU: 3NEeKTPOHHas KOMMepuusi, aBTOMOOWNW, HeABMXMMOCTb. [aHHbIN
cepBuc nogaepxueaeTt mHTerpauyuto ¢ Android n iOS SDK (software development
kit), copepXxutT wHTepdenc ana agMmuvHucTpaTtopa, rge MOXHO MpouM3BOOUTL
aHanuTUKy U ynpaensTb cepBUCOM. DaKTUYEeCKM — 3TO (PPEMMBOPK C OTKPbITbIM
MCXOAHBIM KOAOM, CHABGXEHHbI KOHCTPYKTOPOM AN aBToMaTu3auuu co3faHus u
agMunHucTpupoBaHus 6otoB. MHTepdenc Ana npegoctasnseT ang paboTbl YeTbipe
OCHOBHbIX KOMMOHeHTa: nnaTtdopma (platform); crtygua (studio); cumynsaTop
(simulator); SDK.
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OcHOBHble KOMMOHEHTblI npeAcTasneHbl B nnatgopme. 310 API, koTopbin
obcnyxuBaeT 3anpockl, npuxogsdwme u3 4Yata. IATOT KOMMOHEHT oOTBevyaeT 3a
obbegmHeHne wabnoHa [ManoroBoro MOTOKA C TEKYLWMM COLAEPXMMbIM 4vata U
BO3BpaT NO3nLMN ANAnNoroBoro NoToka no 3anpocy KIMeHTOoB.

CTyamsa cnyxuT onst MoaenupoBaHus WabnoHOB pa3roBOpoB (4ManoroBbiX NOTOKOB).
B Hen KOHCTpyMpyeTCcs CMbICIIOBbIE NOTOKM AnanoroB. B KOHCTPYKTOpe CMbICNOBbIX
MOTOKOB MNPeayCMOTPEHa BO3MOXHOCTb MNOAAEPKKM HECKOMNbKUX SA3bIKOB B OAHOM
notoke. MmeeTcsa nogaepka paclUMPEHHOro TeKcTa (3agaHue CTUNen TEKCTY),
cmannukoB, HTML n megma-koHTEHTOB (rorilocoBon yaTt). CTyansa no3BonsieT nogsam,
He sBnAKOWMMUCA pa3paboTynkamMn pedakTMpoBaTb CMbICIIOBOM MOTOK M €ro
cogepxummoe B nOOGOM yyacTke aumanora. BHeCEHHble M3MEHeHWst OoTpaxkatoTcs
MIHOBEHHO.

CvmMynaTop ucnonb3yeTcs Anis TEeCTMPOBaHWs M MPOBEpKM paspabaTbiBaeMbix
[ManoroBbIX NOTOKOB.

SDK gna iOS u Android nomoraloT uHTerpupoBaTb 4aT-00Ta C NPUITOXKEHUAMM,
paboTarLwmmMm Ha MOBUNbHbLIX YCTPOUCTBAX.

Cos3gaHHbI npu nomown Ana roToBbI 4aT-00T pasgensercs Ha OBE OCHOBHbIE
KomnoHeHThbl: Ana Chat Server n nHtepdencHoin moayne 6oTta. NocneaHnin moxer
ObITb NpeacTasneH B 3-x BapuaHtax: Web Chat, Android Chat n iOS Chat. Ana Chat
Server Tpebyetca ans nybnukauum CMbICAOBbLIX MOTOKOB U 0BCNyXMBaHUS
onybrMKOBaAHHOrO KOHTEHTAa MO pa3HbiM KaHanaw, Bknoyas MHTepHeT (B TOM 4nucne
Facebook n mHorve pgpyrne cepsucbl obmeHa coobuweHuamun), Android, iOS. Ana
Chat Server coctouT M3 MUKPOCEPBUCOB, OOCNyXuBawLwmne onpegeneHHble
npeamMeTHble JoMeHbl. Bcero nmeetca 12 MMKpocepBUCOB, U3 KOTOPbIX 7 OCHOBHbIX

n 5 gononHutenbHbIX. MmetoTcs cnegywuwme MUMKpocepBUCHI.

OcHoBHble: 1. peructpatop (service-registry); 2. cepep koHdwurypaumm (config-
server); 3. ToYka JOCTyna K yrnpasreHuio NporpaMmMHbiMu pyHKUMSAMK (api-gateway);
4. ws-customers; 5. cepBuc, BbIMNOMHAOLWNN PyTUHHbIE 3aaa4n (business-service); 6.
pernctpartop nonb3oartenen (user-service); 7. agpo (core).

OnuunoHanbHble: 1. cepBuc xpaHenua uctopum (history service); 2. nnarvH gns
paboTbl ¢ 0bfayHbIM cepBucoM cooblieHnn n ysegomneHmn gna Android, iI0S u
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Beb-npunoxenun (fcm-plugin); 3. cepsuc areHToB (agents-service); 4. cepsuc
paboTkl ¢ hannamu (file-service); 5. byHKUMKN aHanNUTUKK (analytics).

MuKpocepBu1Cbl AOCTYMHbI HA OHOM XOCT€E, HO Ha pas3HbiX NopTax.

B uenom Ana — nnatgopma ana 4aT-60ToB OCHOBaHHasi Ha LWabnoHHOM Noaxoae.
Mpn 3TOoM wWAaBMNOHbI HEe COBCEM MNPUMUTMBHBLI. A WMEHHO, nnatdgopma
npegocraBnseT BO3MOXHOCTb OTMNPaBKW 3anpoCOB K HEKOTOpbIM (B TOM 4ucre wu
CTOPOHHUM) API Anga nosydyeHnsa unv oTnpaBkU JaHHbIX, BO3MOXHOCTb BCTpanBaHUs
YHKUMOHANbHbLIX  KHOMOK, AobaBneHne u3obpaxeHun, BMOEO WM ayaguo
KOMMOHEHTOB W [axe BO3MOXHOCTb nepexoda K Apyromy 00Ty wnu Jpyromy
CMbICIIOBOMY MOTOKY. Takum obpasom, Ana nogxoauT Ans A0CTaTOYHO MPOCTbIX
PYHKUMOHarbHbIX 4aT-60TOB, He nNpPeTeHAYLWNX Ha WHTENeKTyanbHOCTb, HO
CMOCOBHbLIX OTBETUTL Ha TUMUYHbIE MPOCTbLIE BONPOCHI NOSib3oBaTesNs, NpegoCTaBUTb
nonb3oBaTenio HeobxoauMble CCbINKW, ainbl, Bbi3BaTb NPOrpaMMHble Npoueaypbl
B pexume [OpYXeCTBEHHOro WHTepdenca. K HekoTopbiM rnpuMmedaTesibHbIM

0coBEeHHOCTSIM Ana MOXXHO OTHECTU apXUTEKTYPY, OCHOBaHHYK Ha MUKPOCEPBUCAX.

Takke cyuwectByeT nnatopma Rasa [Rasa], koTopas paboTtaeT B CBs3ke C
nHctpymeHtom NLU (Natural-language understanding), koTopbln nogpasymeBaeT
«MNOHUMaHWe ecTecTBeHHOro dsbika». [log noHaTmem NLU noHumaeTcs nocT-
obpaboTka TekcTa nocne wucnonb3oBaHus anroputmoB NLP (Natural-language
processing — naeHTudmkauma vyactenm peyun m T. 4.). ATO O3Ha4aeT MnpeBpaLleHne
Nonb3oBaTENbCKNX COOOLEHUIN B CTPYKTYpPUPOBaHHbIE AaHHble [Semaan, 2012].

Ctek TexHonormm Rasa u NLP nossonsioT ocywectBnsaTb 06paboTky TekcTa Ha
€CTeCTBEHHOM £13blKE M Ha OCHOBE 3TOro opmmpoBaTb 06Llee NMOHWMMaHWEe 3TOro
TekcTa. [eHepauusa oTBeTa MOMb30BaATENO NPOUCXOAUT HA OCHOBAHWW LWIABNOHOB,
KOTOpble 3agatoTcsa co3gatenemM (agMmHUCTpaTtopom) YaT-6ota ¢ npumeHeHnem NLP
n NLU anroputmoB. Yem Gonblie Takmx wabnoHoB bygeT 3agaHO, TEM TOYHeEE u
nonHee 6yayT oTBETHI.

Ha pucyHke 1 npuBedeHa apxuTekTypa TUNMYHOIO YaT-60Ta, CO30aHHOrO Ha OCHOBE

nnatgopmbl Rasa.
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Interpreter
2
Message In
3
6 Tracker Policy
Message Out
5
. 4

Action

PucyHok 1. Apxutektypa yaT-60Ta, co3gaHHOro Ha ocHoBe nnatgopmbl Rasa

CoobueHre npuHnMaeTca u nepegaetcs obbekTy Interpreter, koTopbi npeobpasyeT
€ro B CnoBapb, BKMOYAKLWNA WUCXOOHbLIM TEKCT, HaMepeHue, a Takke ntobble
HangeHHble O6beKkTbl. 3OTa CTpykTypa obpabaTtbiBaeTca NLU. Cxemy paboThbl

CnCcTeMbl MOXHO onncaTtb cneagyrwnm o6pa30M:

1. O6bekT Tracker oTCNexXmnBaeT cocToaHne ananora. OH nony4yaet
NMHopMaLuIo 0 TOM, YTO MPULLITO HOBOE COObLLIEHNE.

O6bekT Policy nonyyaet TekyLiee cCOCToAHNE 0bbekTa Tracker.
O6bekT Policy BbibrnpaeT, kakoe oenCTBUE NPEeANPUHATL AanbLue.

BbibpaHHOe aencteume pernctpupyetcs o0bekToM Tracker.

a M w0 DN

OTtBeT oTn paBnAaeTCcd noJib3oBaTENIO.

HenoctaTok nogoGHOM apXMTEKTypbl 3akn4daeTcs B TOM, 4YTO Takas Moaerb
MeasfieHHo oOy4yaeTcsa W CyllecTBYeT HeobXoOMMOCTb YBENMYEHUsI KonuyecTea
lWabnoHoB AOnNs BeOeHUs afekBaTHOro Awuanora. Takas Mofenb He sBnseTcs
reHepaTMBHOW, a KOPPEKTHOCTb oTBeTa 60Ta 3aBMCUT OT 3adaHHbIX TEKCTOBbIX
wabnoHoB. OHa Heckonbko Oonee NpoABUHYTas, YEM OMMUcaHHas Bbile Ana, B TOM
OTHOLLEHWN, YTO MOXET OCYLLECTBNSATb aHanu3 cMbicra coobLUeHMIn nonb3oBaTens,
3TO0 paét Oonbwyk cBoboaoy BedeHus guanoroB, a 60T MOXeT BbiCTynaTb B
HEKOTOPOW CTEMEHWN Kak BUPTYyarbHbI cobeceqHUK, a He TONbKO Kak MHTEPaKTUBHbIV

nHTepdenc. B 1o xe Bpems YMCTO LWabnoHHbIE OTBEThI CHMKAOT TMOKOCTb NOA06HOM
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CUCTEMbI, B TOM CMbICIE, YTO B HEN HEe MOXeT BblTb NONy4eHO HOBOW MHGOPMaLMK
(nyckan n SBNSOLWENCS NOTMYECKUM CEACTBMEM U3 UMEOLNXCS AaHHbIX), 8 TONbKO
OOWH U3 MHOXecCTBa LabnoHOB. B TO e BpeMs B UMEILUXCA ONMUCAHUSAX HET
yrNnoMUHaHWUA 06 apXUTEKType, OCHOBaHHOW Ha MUKpocepBucax, koTopasl siBfsieTcs
OOHUM W3 HEMHOrMX MMncoB Ana, TakkKe CUIbHO OrpaHU4YeHbl BO3MOXXHOCTM
OTHOCUTENbHO YMNpaBfeHns Npu noMowmn 4aT-60Ta HEeKOTOPbIM AOMONHUTENbHbLIM

nporpaMMHbIM OYHKLMOHANOM U noaaepKka CTOPOHHMX API.

Mnatgopma DeepPavlov — 3910 6GuBNMoTeka WCKYCCTBEHHOrO WHTEnNnekra ¢
OTKPbITbIM UCXOAHBIM KOOOM, MOCTpoeHHas Ha Tensor Flow n Keras [DeepPavlov]. 310

nnatcopma, obnagatowas pagom BO3MOXHOCTEN, Cpean KOTOPbIX MOXHO BblOEMNUTb
cnefylolme OCHOBHble: OTBETbl Ha BOMPOCHLI MO TekcTy (TekcT QA); oTBeTbl Ha
BOMPOCHLI, B YacTHOCTU moaesnib ODQA; pacrnosHaBaHMe WUMEHOBaHHbIX CYLLHOCTEN
(NER); aHanun3 ToHanbHOCTMU.

OTtBeTbl Ha BoOMpocbl MO TeKCcTy (TekcT QA) — 9TO 3agada novcka OTBETOB Ha
BOMPOChlI B 3apaHee 3aJaHHOM dparmMeHTe TekcTa (Hanpumep, B naparpade u3s
Buknneann).

Hanpumep, ecnv umeeTcs cneayoLwmnin TEKCT:

«YpbaHusayussi (om nam. Urbanus — 2opodckol) — rnpouyecc rnosbieHus
posiu 20p0008, 20p0dcKoU Kynbmypbl U «20p0OCKUX OMHOWEHUU» 6 passumuu
obwecmea, ysenu4yeHue YHUCIEHHOCMU 20P0OCKO20 HacesieHUsi Mo CPasHeHUto C
CeNbCKUM U «MpPaHCsayusi» cchopMuposasLuuxcs 8 2opodax 8bICUUX KYIbMYyPHbIX
obpa3suoe 3a npedesibi 20p0008».

Bonpoc MoxXeT 6bITb TaknMm:
«Ymo denaem ypbaHuzayusi?»
B cBow ovepenb oTBET ByaeT TaknMm:

«yesesriu4ueaem 4YuUCIIeHHOCMb ZOPOOCKOZO HacesieHUd T[10 CpaeHeHUrw C
cesibCKUM»

MpakTu4yecknm NpuMeHeHnemM gaHHOro yHKUMOHana MoxeT ObiTb, Hanpumep, Nouck
OTBETOB Ha BOMPOCHI M0 AOKYMEHTaLUW.
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KpaTko paccMoTpym nogxoAbl, fiexailime B OCHOBE MNoucka OoTBeTa Ha BOMpoC B
€CTeCTBEHHO-A3bIKOBOM TekcTe. B DeepPavlov ons gaHHoOM 3agayv nmerTca aOBe
mogenn: BERT mn R-Net. O6e mogenu npenckasbiBalOT HayasbHYt) U KOHEYHYHO

no3nuuio oTteeta B JaHHOM KOHTEKCTe.

BERT (Bidirectional Encoder Representations from Transformers) npegcraBnsiet
cobonn npeobpasoBaTenb, npenBapuTeNbHO O0OyYeHHbIM paboTe € MoAenbto
«MaCKMPOBAHHOIO A3blka» U 3a4a4am NporHo3npoBaHUS crnefyoLwero npeaoxeHus
[Devlin, 2019]. B ctpykType paboTtbl mogenu BERT Bbigensiotca nBa aTtana:
npeaBapuTenbHasa NoAroToBka U TOYHas HacTpovka. Bo Bpems npeaBapuTernibHOroO
obyyeHunsa mogenb oby4yaeTcst Ha HEMapKUPOBAaHHbIX AaHHbIX. [Na TOHKOW HAaCTPOMKK
mogenb BERT cHayana uvHuUManuMavMpyeTcsa npeaBapuTeNnibHO NOLroTOBNEHHBIMN
napameTpamu, U BCe nNapamMeTpbl HacTpaumBawTCA C  WUCNOSIb30BaHUEM
MapKMpPOBaHHbIX AaHHbIX M3 nocrneaywwmux 3agad. OTnnumMTensHOM O0CODEHHOCTLIO
mogenn BERT saBndetca e€é yHUpUMUMPOBaAHHAs apxuTekTypa Ans peLlieHuns
pas3nuyHbiX  3agad.  Apxutektypa Mogenm  BERT  npeacrtasnsetr  cobown
MHOTIOCINOWHbIN ABYHanpaBfeHHbIN npeobpasoBaTernb, OCHOBaHHbIN Ha
OpUrMHanbHOM anroputMe, onucaHHoMm B paboTte [Vaswani, 2017], nporpammHO
peanu3oBaHHOM B Oubnuoteke tenor2tensor. B BERT He wncnonbayoTtcs
TpaguUMOHHbIE A3bIKOBbIE MOOENW CrfieBa HanpaBo WNW CchpaBa Haneso [N
npeaBapuTenbHON NOArOTOBKW. Bmecto aTOro MCNONb3YTCA ase
HEKOHTpoNMpyemMble npoueaypbl, HasbiBaemble Masked Language Model (manee
«Masked LM» wnnu MLM) un «[lpeackasanune cnegytowero npeanoxeHus» (Next
Sentence Prediction unn NSP). [Ina co3gaHus AByHanpasneHHOro npeacTaBfeHns B
mogenu BERT npocto cnyyalHbiM 00pa3omM MacKMpPYHT HEKOTOPbIN MNpPOLEHT
BXOOHbIX TOKEHOB (TOKEHOM MOXET BbICTYNaTb CrOBO WM MOCMeAoBaTeNbHOCTb
CNnoB), a 3aTeM MpPOrHO3MpPyT 3TW 3amMackMpoBaHHbIE TOKeHbl. JOTa npoueaypa
nexut B ocHoBe «Masked LM». OBbl4HO criydyarHbiM ob6pa3om mackupyoT 15 % ot
BCEX TOKEHOB B KaXaoMm obpabaTtbiBaeMoM yyacTke TekcTa. NpeackasbiBaloT TOMbKO
3aMacKMpoOBaHHble CrioBa, He CTPEeMSAChb MOSTHOCTbIO BOCCTAHOBWUTH BCH BXOAHYHO
nHpopmaunio. XoTs yKasaHHbIN NOAX04 M NO3BOMSET MONyyYnTb ABYHANPaBEHHYO
npenBapuTenibHO OOy4YeHHYIO MOAENb, €ro HeaoCTaTKOM SBASETCA TO, YTO
CO34aéTCHa HeCOOTBETCTBME MeXAY npeaBapuTenbHbiM 00yvyeHneM 1 nocneayroLen
TOHKOW HaCTPOWMKOW, MNockonbky TokeH [MASK] (KOTOpbI CTaBUSICA Ha MECTO
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MacCKMpyeMbIX TOKEHOB) HE BUAEH BO BpPeMSI TOHKOW HACTPOMKW. YTOObI CMArYMTH
3TOT 3pPeKT, «3aMacKMpoBaHHbIE» CroBa He BCerga 3aMeHsTCs (akTUYecknum
TokeHoMm [MASK]. eHepaTop oby4atowmx gaHHbIX BoloupaeT 15% no3mumin TOKEHOB
cnyyYanHblM obpa3oM Ans NPorHo3mpoBaHus. Ecnuv i-n TokeH (crnoBo) BbibpaH ans
MacCKMPOBKK, Mbl 3amMeHsieM ero Ha TokeH [MASK], Ho Tonbko B 80 % cny4yaes. B
octanbHbiX 20 % crnydaeB criydyasx nocrynaeMm ogHuMM ux AByx cnocobos: B 10 %
NpPOn3BOAUTCA 3aMeHa TeKyLlero TOKeHa Ha criydarHbli ToKkeH, B octaBlumxcs 10 %
TOKEH OCTaéTCA HEM3MEHHbIM.

Cnepytowen 3agayen aBnsgeTcs npenckasaHve cneaywowero npegnoxenus. MHorune
BaXKHble 3agayun, Takme kak «OTteeT Ha Bonpoc» (QA) un «BbiBog» coobuieHus Ha
ectectBeHHOM a3blke (NLI), oCHOBaHbl Ha MOHMMaHUM B3aUMOCBSA3N MeXay ABYMS
npeanoXeHUaMn, KoTopasi HeNnocpeaCcTBEHHO He OTpaxaeTcs B SA3bIKOBOW MOAESW.
UTobbl 06y4nTL MOAENb, KOTOPas NOHUMAET OTHOLLEHUS MeXay NpearioXeHUsIMn, B
pamkax wmogenu BERT npousBogutcs npeaBaputenbHoe oOy4vyeHne 3agade
NPOrHO3NPOBaHUA creayLero NpeanoXeHusi, KoTopast MoXeT OblTb CreHepupoBaHa
13 nboro 0AHOA3LIYHOrO Kopnyca. Hanpumep, B npoaHanuanpoBaHHOM Kopriyce B
50 % cny4yaeB B saBnseTtca npeanoxeHuvew, criegylowum 3a npegrnoxeHvem A
(nomeyeHo kak IsNext), a B gpyrnx 50 % cny4yaeB 3TO CnyyanHoe npeasiokeHne m3
kopnyca (nome4veHo kak NotNext).

ToyHaa HacTpourka (cnegywowmi 3Tan) He SABMASETCH CNOXHbIM - NPOLECCOoM,
NMOCKOSbKY MEeXaHM3M CaMOAOCTaTOYHOCTM B npeobpasoBaTene nossonset BERT
MOAEeNuMpoBaTb MHOrMe nocreaylwme 3agaydym nyteM 3aMeHbl COOTBETCTBYHOLLMX
BXOOOB M BbIxogoB. [lo cpaBHeHWO C npeaBapuTeribHbIM 0by4eHueM, TOo4Has
HacTpoOMKa ABNAeTCS OTHOCUTENbHO ManosaTpaTHOM npoueaypon. Bece pesynbrathl
TECTUPOBaHUSA, nNpuBeAeHHble B AokymeHTauum [BERT, 2018], moryT ObiTb
BocnpousBeaeHol He 6ornee 4yem 3a 1 4ac Ha ogHom obnadyHom TPU (Tensor
Processing Unit) nnu 3a HECKONbKO YacoB Ha rpadnyeckom npoLeccope.

MpeaBapuTenbHO 06yYeHHbIi BERT MOXHO Mcnonb3oBaTh ANd OTBETOB HA BOMNPOCHI
B Habope gaHHbIXx SQUAD (Stanford Question Answering Dataset), npocTo NpuMeHnB
ABa NMHENHbIX Npeobpa3oBaHns K BbIXOOHBbIM AaHHbIM. [1lepBoe 1 BTOpoe NMHENHOe
npeobpasoBaHMe MCMNOMb3YTCA AN MPOrHO3UPOBAHUA BEPOATHOCTM TOrO, YTO

TEKYLLMN NOATEKCT ABNAETCA Ha4YanbHOW U KOHEYHOW No3uumnen oTeeTa.
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B DeepPavlov nomumo BERT Takke ucnonb3yetca gpyras Mofenb OTBETOB Ha
BOMpPOChLI, KOTOpas ocHoBaHa Ha R-Net, npeanoxeHHon Microsoft Research Asia [R-
Net, 2018]. OnucaHne gaHHoM Modenu npmeeaeHo B pabote [Wei, 2017].

R-NET no cBoen cytm — 3TO npAmMas MoAenb, OCHOBaHHAs Ha HEMPOHHbIX CETSX,
npegHasHayeHHasa ANg OTBETOB Ha BOMNPOCHI B CTUME MOHUMaHUSA, Lienblo KOTOPOW
ABNSAETCA OTBETUTb Ha BOMPOCHI MO AAaHHOMY OTPbIBKY TekcTa. [aHHasa ceTb Obina
npoTecTMpoBaHa Ha OonbluMx Habopax AaHHbIX, TakKMX Kak Habop AOaHHbIX And
oTBeToB Ha Bonpocbl CTaHdopaa (SQUAD) m Microsoft MAchine (MS-MARCO).
Cxema mogenu R-NET npuBegeHa Ha pUcyHke 2.

P{Begin) P{End)

re — Il. —_— jx‘

- Answer Prediction

pooling
@

PP
attention

hF‘
—

I
_J Passage Self-Matching

L

Question-Passage Matching

Question & Passage Encoding

Word

Question Passage

PucyHok 2. Apxutektypa R-NET

Ons ¢dopmmpoBaHnss oTBeTa Ha BOMPOC B CTUNE MOHUMAHUS MNPOYUTAHHOIO
3a4atoTcsl HEeKM OTpbIBOK TekcTa P m Bonpoc Q. 3apgaya coctoutT B TOM, 4TOObI
npenckasatb otBeT A Ha Bonpoc Q Ha OCHOBE WHOpPMaUuUK, MU3BreYeHHou us P.

Apxutektypa R-NET conoctaBnseT BOMPOC M OTPbIBOK, 3aTeM nepexoamuT K
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PEKYPPEHTHLIM CETAM, YTODObI NOMYyYNTb CXEMY TEKCTOBOW MocrnefoBaTenbHOCTU (B
KOTOPOW MLLETCA OTBET) C Yy4eTOM Bornpoca. 3aTeM MexaHM3M CamMOCOrfiacoBaHHOM
00paboTkn YTOYHHAET MOSlyYEHHYD paHee CXeMy, COMOCTaBnss TEKCTOBYH
nocrnenoBaTenbHOCTb C camoin coboi, YTO MO3BONSAET KoANPOBaTb MH(OpMaLno 13
BCEM [JaHHOM nocregoBatenibHOCTU. Ha nocnegHem a3Tane ceTu ykasateneu
NCNOnb3ylTCs ANs onpenernieHns MeCcTononoXeHns OTBETOB B 3aaHHOM TEKCTOBOM

OTpPbIBKe.
MogpobHocTn peanusauum mogenn R-NET packpbITbl B paboTte [R-Net].

MHorve 4at-60Tbl peanusyoT NoAXo4 Ha3biBaeMblil «OTKPbITas JOMEHHas cuctema
OTBETOB Ha Bonpocbl» (aHrn. Open-domain question answering unu ODQA)
[Harabagiu, 2006], [Sun, 2018]. ODQA — 3TO 3agada noucka oTeBeTa Ha nobon
BOMNPOC BHYTPW KOMNMEKUMM OOKYMEHTOB, Hanpumep, B Bukunegun. PeweHne 3agaun
naetT B ABa Liara: CHayana BblOMpaloTCs peneBaHTHble OOKYMEHTbI; 3aTEM B HUX
nwyTcs otBeTbl. BusHec-peleHnsa Ha ocHoBe ODQA — 370, Hanpumep, AManoroBble
AaCCUCTEHTbI, OTBEYalLlMe Ha BOMPOCbI MO KOprnopaTMBHbIM ©as3am 3HaHuN,

cnpaBquon N TEXHUYECKOWN OOKyMeHTauun.

3apgada ODQA coyeTaeT B cebe peanusauuio 3agadm noucka AOKYMEHTOB (MOWUCK
COOTBETCTBYIOLUMNX CTaTeN) C 3agavert MalMHHOIo NOHNMaHUA TekcTa (onpeaenexHune
AnanasoHa oTBeToB U3 aTux ctaten). Cuctema ODQA MOXeT MCNosib3oBaTbCsA BO
MHOIrMX npunoxeHunax. Yar-6otel npumeHstoT ODQA ana oTBeTa Ha 3anpochl
nonb3oBatesien, B TO BpeMsa Kak Ou3Hec-OopueHTMpoBaHHble pelleHus Natural
Language Processing (NLP) wucnonb3ytoT ODQA panss oTBeta Ha BOMpPOCHI,
OCHOBaHHble Ha BHYTPEHHEeW KoprnopaTMBHOW AOKyMeHTauun. Huxe Ha pucyHke 3

nokasaH TUNu4HbIn gnanor ¢ cuctemon ODQA.
Q: What's the name of Anakin Skywalker?
A: Darth Vader.
Q: Who destroyed the Death Star?
A: Luke Skywalker.

PucyHok 3. Tunu4dHein guanor ¢ cuctemonn ODQA [Konovalov, 2019]
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CyulecTBeHHOM 4acTbio NOOOM AManoroBon CUCTEMbI, KOTopas Heobxoguma Ans
n3BneYyeHns uHoOpMaumMmM u3 TeKkcTa HABMSETCH pacno3HaBaHWE WMEHOBAHHbIX
cywHocten (aHrn. Named Entity Recognition unn NER). NER B coctase cucrtembl —
9TO KOMMOHEHT And  pacno3HaBaHWA MMEHOBaHHbIX CcywHocTen. 3ajaya
3akn4aeTca B Knaccmgukaumm TOKEHOB TEKCTa NO M3BECTHbIM KaTEropusiM — UMeHa
nogen, KoNnM4ecTso, fiokauuun, opraHMsaumu, Bpems n aaTta, LeHa 1 BaniTa, u T. M.
Hanpumep, ¢ nomowpbio nnatgopmel DeepPaviov MoxHO pacnosHate o 19
cywHocten [NER].

Eweé ogHon meToamukon, nonyvmBLUEN pacnpoCTpaHeHue Npu co3gaHumn yaT-60ToB
ABNSAETCA  aHanu3  TOHaIbHOCTW. 910  3apauva, 3akrnoyaroascs B
aBTOMATU3NPOBAHHOM MPEACTaBMEHUN TEKCTOBbIX W 3MOLMOHAMNbHbIX OLEHOK
aBTOPOB (MHEHMI) NO OTHOLUEHWUIO K OBbeKTaMm, pedb O KOTOPbIX MAET B TEKCTe.
Moao6HbI KOMMNOHEHT, eCnn OH MPUCYTCTBYET B CUCTEME, MO3BOMSET, Hanpumep,

NpOBOAUTbL OLEHKY KOMMeHTapueB [Text QA].

B cywHocTtn, DeepPavlov npeactasnseTr cobon gocratodHo 6onbLluon hpenmMmeopk
ANs paboTbl C €eCTECTBEHHbLIM S3bIKOM AN NOCTPOeHUs YaT-60oToB. B 4acTHOCTH, OH
npenocrtaBnseT cnefywwme nakeTbl: Habop npeaBaputenbHO 00y4veHHbIX NLP
Moaernen, KOMMOHEHTOB [MarnioroBOM CUCTEMbl M LWABMNOHOB; (OperiMBOpPK Aris
peanu3auunm U1 TeCTMPOBaHUA CBOMX COBGCTBEHHbIX AWANOroBbiX MoAEnew;
WHCTPYMEHTbI ANA  WHTErpaumm npUNoXeHUN CO CMEXHOW WHMpacTpyKTypomn
(Mmeccemxepsbl, crny0Obl NOAAEPXKKM U T. A.); MIHCTPYMEHTbI Ans gocTtyna n paboTbl ¢
COOTBETCTBYHOLWMM Habopam AaHHbIXx. CornacHo oduumnanbHOM OOKyMeHTauum
[DeepPaviov Doc] obwas CcTpykTypa CUCTEMbI, MNOCTPOEHHOW MpU MOMOLLMN
DeepPavlov BbIMSANT Kak NOKasaHO Ha PUCYHKe 4.

AGENT SKILL

DATA STORAGE

‘:> SKILL : COMPONENT

SKILL bt

( PRETRAINED ( <::| MANAGER SKILL COMPONENT CHAINER
MODELS SKILL COMPONENT

PucyHok 4. KoHuenTyanbHas cxema apxuTekTypbl nnatgopmel DeepPavlov
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MpeacTaBneHHass CTPyKTypa MMeeT B CBOEM cocTaBe creaywolive 6a3oBble

cocTaBndowimne:

- areHT (AGENT) — ananoroBbin areHT, obuarwminca ¢ nonb3oBaTensaMm Ha

€CTeCTBEeHHOM A3blKke (B TEKCTOBOM pemmme);

- «HaBbIk» (SKILL) — BbINnoOnNHSET 3agayun, Heobxoanmble nonb3oBaTtento. Kak
npaBuno, 9TO nNpefoCTaBfeHMe WHopMauun wnu peanusaumsa  TpaH3akuum

(Hanpumep, OTBET Ha Bonpoc, bpoHMpoBaHMe GuneToB U T. 4.).

- XpaHunuwie gaHHbix (DATA SORTAGE) — cepBuc, xpaHawmm 6a3sbl 4aHHbIX
n npegsaputenbHoO obyveHHble mMoaenu u npegoctasnsawowmn APl gnsa paboTtbl C

HUMWU;

- MeHepxep «HaBblkoB» (SKILL MANAGER) — KOMMOHEHT, BbIMOSTHAKOLNI
BbIOOp «HaBblka», HeobxoOuMOro Ans KOPPEKTHOW Ans reHepauuyM oTBeTa B

KOHKPETHOM Cryyae;

- 06beguHuTens (CAINER) — cTpouT CBSI3M MexAy areHToM U MogensMu u3s
Pa3HOPOAHbIX KOMMOHEHTOB. OTO MNO3BONSET obyyaTb M paboTaTb C HECKONbKUMMU

MOOEensaMmM Kak ¢ eauHomn CYLHOCTbHO,

- koMnoHeHT (COMPONENT) — dyHKuMoHanbHaa obosiovka mMogenu unm
«HaBblKay;

- mogens (MODEL) — nwbas NLP mopenb. B nnatdpopme DeepPaviov
BblAeNsalTCA 3  OCHOBHbIX TuMa Mofernen: OCHOBaHHble Ha  npasunax
(HeobyyaemMble), OCHOBaHHble Ha MPOCTOM MalUMHHOM o00y4yeHun (obyyaroTcs
BHayane oguH pas), OCHOBaHHble Ha rnybokom obydeHun (moryt obyyaTbes

camMoCTosTENbHO, 6e3 yyqynTenad B npouecce pa6OTbI).

HavmeHblwnM cTpouTernbHbIM - BrIOKOM  Takon cucTtembl sBnseTca  KOMMNOHeHT
(COMPONENT). KoMnoHeHT oTBeYaeT 3a ogHy onpeaenéHHyo yHkunio. OH MoxeT
ObITb peanu3oBaH B BUAE HEWPOHHOW CeTU, UM ApYyro Moaenu MalluMHHOro
obyyeHus wnu npeactaBnATb coboM CUCTEMY, OCHOBaHHyH Ha npasunax.
KomnoHeHTbl MoryT 6bITb 06beanHeHbl B Mogens (MODEL) unu Habik (SKILL).
Mogenb pelaeT HeECKONbKO Oonbliyld 3agadvyy MO CPaBHEHWIO C OTAENbHbIM
KomnoHeHTOM. Tem He MeHee, C TOYKM 3peHns peanusaunn Moaenu He oTnuyarTCs

ot KomnoHeHTOB. OTnnune Haeblka oT Mopgenu 3aknio4aetca B TOM, YTO BXo4 U
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Bbixod HaBblka OoMmkHbI ObITb cTpokamu. MosaTomy HaBblku 0GbIMHO NpeaHa3Ha4YeHbI
Ans 3agady BegeHus guanora. Npeanonaraetcs, YTo AreHT — 3TO MHoroueneBast
avManoroBasi cUcTema, KoTopasi BKNo4yaeT B cebs Heckonbko HaBblkOB M MOXeT
nepeknoyaTbCs Mexay HUMKU. OTo MoxeT OblTb AuanoroBasi CUCTeEMa, KoTopast
coaepXuT HaBblki, OPUEHTUPOBaHHbIE Ha AOCTUXEHME Tekylen uenu 4at-6oTa, u
BblOMpaeT, kakol 13 HaBbIkOB MCNOMNb30BaTh AN reHepauun oTeeTa, B 3aBUCUMOCTHU

OT AaHHOro noJib3oBaTesibCKOro BBoAa.

DeepPaviov MOXHO nogkntovaTb K CBOEMY MpoekTy Ha Python kak BHeLUHo
6mMbnunoTeky, M MCNonb3oBaTb B MPUNOXEHUN Heobxoammbin dOyHKUMOHan. Takke
npeaycMoTpeHa BO3MOXHOCTb WMHTErpaumm COOCTBEHHbIX MOAENen B CUCTEMY,
nocTpoeHHyto Ha DeepPavlov. 3710 sABNseTcs €€ BaXXHbIM NPEMMyLLECTBOM.

Kak Hepgoctatok DeepPaviov MOXHO Bblgenutb TO, 4YTO 93Ta nnatdopma
OpVEHTMPOBaHa B MEpBYD OYepedb Ha WUCMONb3oBaHWE MOAENeN, OCHOBaAHHbIX Ha
HEMPOHHbIX CETSAX, creaoBaTenbHO, OHAa MMEEeT W XapaKTepHble Ansi HEMPOHHbIX

ceTen npobrnemsl.

Y paccMOTpeHHbIX Bblle nnatpopm And co3gaHus 4aT-00TOB  anropuTMbl
opMMpPOBaHNA OTBETOB NOSb30BAaTENsIM, B OCHOBHOM, OCHOBaHbl Ha MPOCTbIX UMK
CMNOXHbIX WabnoHax, KOTOpble, ONMPasiCb Ha CoAEepXaHue KOHTEeKCTa, MbiTalTcs
copMynMpoBaTb OCMbICIIEHHbIV OTBET. [pyrMmM BapnaHTOM SIBMSeTCS NPUMEHeHne
reHepaTUBHbLIX anropuTMoB, 6a3npPyOLWNXCA Ha MalMHHOM 0bydeHun (06bIYHO
PEKYPPEHTHBIX HEMPOHHbLIX ceTaX). MeToabl hopMmnpoBaHNA OTBETA NOSb30OBATESIO Y
pasnu4YHbIX YaT-60TOB BECbMa CXOXW. VX OCHOBHOW HEOCTATKOM SABMSETCH TO, YTO
OHM He obnagalT [OCTaTOMHOW TMOKOCTbI, OPUEHTUPOBAHbLI, B OCHOBHOM, Ha
OfpaHU4YeHHOe  KONMUYeCcTBO  nNpegMeTHblX  obnacten, 3TO  NpUBOAUT K
AONOMHUTENbHLIM BPEMEHHBIM 3aTpaTtam Ha obydeHune BbIOpaHHOM Mogenu Ons
MHOXeCTBa npeaMeTHblXx obnacten. [loaTomy Hamu 6bin paccMOTpeH noaxon
reHepatMBHOro cnocoba npefocTaBneHuss OTBETa Ha OCHOBE OHTONOrMn W
caMoHanosnHsemMon 6a3bl 3HaHW, KOTOopasi He NPUBS3aHa K KOHKPETHOW NpeaMeTHON

obnacTtw.

CyulectByeT MHOXECTBO MHOPMALMOHHBLIX CUCTEM, UCMOMb3YIOLLMX OHTONOMMN ANns
peanusauun OTAenNbHbIX KOMMOHEHTOB Mporpammbl, Hanpumep, Ontology-Driven
Automation of loT-Based Human-Machine Interfaces Development [Ryabinin, 2019],
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[Chuprina, 2019]. YkasaHHass cucTtemMa MO3BONSET MNPOBOAUTL BU3yarbHYHO
aHanuMTuMKy BapuaTUBHOCTW pevyeBOro MNoBeAEHWs Mofb3oBaTenen coumanbHbIX
ceTen B 3aBWCUMOCTM OT MCUXONOIMYECKMX 4epT nuyHocTu. B crtatbe [Ryabinin,
2018] paccmatpmBaeTca co3gaHve  yHAAMEHTanbHOW KOHUENUUW FINYHOCTH,
koTopass 6bl Mo3BONMMa OMUCbIBaTb, OBBACHATL M MPOrHO3MPOBaTb peyeBoe U
HepeyeBOoe MNOBedEHWEe 4enoBeka W couuarnbHbIX Tpynn, BKAYas rpynnbl
nonb3oBaTtesien coumarnbHbIX MHTepHeT-cepBucoB (aHrmn. Social Network Services,
SNS). HecmoTps Ha TO, YTO 3TU NPUNOXEHUSA HE ABNAOTCA YaT-6oTamn, noaxonbl
pa3paboTaHHble Npu ux co3gaHun MoryT ObITb 3(PEPEKTUBHO MCNONbL30BaHbLI MNpPU

pa3paboTke MHTEeNnNeKTyanbHbIX 4aT-00TOoB.

MprHUMN 00y4YyeHus UHTENNEeKTyanbHOro areHTa Ha OCHOBE OHTOSIOMMW OMMcaH B
paboTe [Smirnova, 2012]. BeigensatoTcsa cneayowme atanbl:

1. BbiiBfieHMEe OCHOBHbIX KITHOYEBbLIX CMOB, CBSI3aHHbIX C MpegMeTHOM

obnactblo. CocTaBneHue rnoccapus.

2. CUCTEMHO-OHTOSIOrMYECKM aHanuM3 npeameTHon obrnacTtu, B pesynbraTte
KOTOPOro CTPOUTCSA MHTEpnpeTaunoHHas Modenb NnpeameTHbIX 3HaHui. B npouecce

aHalrnun3a 3T 3HaHUA pa3aeniarnTcd Ha NHBaAapUaHTHbIe U nparMmaTn4eckme 3HaHu4.

3. CospgaHne Heobxoaumbix LWwabnoHoB Ha 6ase oHTONOrMKM, OBy4yeHue
WHTENNEeKTyanbHOro areHTa B COOTBETCTBUM C NOCTPOEHHOW OHTOMorMen. Ha gaHHom

9Tane B OCHOBHOM UCMOJIb3YHOTCA MHBAPUAHTHbIE 3HAHUA.

4. MNMpopaboTka cBA3en pensnuk ¢ NpeabiCTOpUen pasroBopa € Nosib3oBaTenem,
YCTaHOBIIEHME «SIKOPEWY», MO3BOMSAIOWNX areHTy BeCTU CBA3HbIM Auanor. Takue
uenoykn B guanore paspabaTbiBalOTCA C Yy4eTOM CBA3EW Mexay pasnuyHbIMu

NMOHATMUSIMM B COCTaABIEHHON OHTOSIOMNN.

5. [dononHeHne 6asbl 3HaHUM 6Gonee TOYHbIMM (pOpMyNUPOBKaMuU B

COOTBETCTBUM C NpeaMeTHOM 06nacTbio.

6. [ononHuTtenbHas paspa60TKa LabroHoB, cogepikalwmne BCe OCHOBHbIE

onpeaeneHus NnpeaMeTHon obnacTu.

7. YacTto cknagblBaloTCs CUTyauuun, Korga WHTENNeKTyanbHbI areHT «He
NOHUMAaeT» PEennuKy nosfb3oBaTens, Torga OH AOSKeH 3adaTb MoNb3oBaTento

YTOYHSOLLMI BOMpPOC.
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8. NpopaboTka pennuk areHTa nocne NPOAOIPKUTENBHOIO OXmnaaHus (nayabl B
becene).

9. [lpopaboTka cuTyaumin AOyONUPOBAHUA KIOYEBLIX CFOB B KayectBe
CMrHanoB [Ans Bbi3oBa wWwabnoHoB. Tak, ecnu Krw4yeBoe CrioBO BCTpevaeTcs
HECKONbKO pa3, 3TO MOXET CIYXWUTb BECKUM aprymeHTOM AN Bbl30Ba HEKOTOPOW
dyHKUUKM unm Bblbopa cneunduyeckon wabnoHa ons oTeeTa.

10. AHanus pasroBopoB areHTa C nosnb3oBaTenaMu, BbISBIIEHNE HENOTMMYHbIX
OTBETOB N KOPPEKTUPOBKA €ro peakuuu, T. e. nocnegoBartenbHoe obydeHne areHTa.
[aHHbIn 3Tan MOXeT NPOAOSKAaTbCsA B TEYEHWE BCEr0 BPEMEHU CyLLECTBOBAHUSA
areHTa.

MpenmyLlecTBo noaxoda, OCHOBAHHOIMO Ha OHTONOMMK, B CPaBHEHUW C NOAXOOO0M,
MCNOMb3YHOLWNM ANs reHepaumm OTBETOB HEMPOHHBLIE CETUM — 3TO B NMEPBYO ovepenb
BO3MOXHOCTb MHTEpnpeTauun, NoHUMaHUA M onucaHus pesynbtata paboTbl 4vart-
6oTa npu Bblgade oTBeTa. OTO Xe obneryaet npuM HeOoOXOAMMOCTU pPY4YHYH
KOPPEKTUPOBKY OTBETOB MNYTEM BHECEHUS MW3MEHEHWA B OHTOMOMMK Wn B
NporpamMmMHyto cMcTeMy, paboTaroLLyto ¢ HeW. Mbl MOXXEM CKOJb YrOAHO PaCLUMPSTb U
mMacwTabupoBateb  oHTOnormw. Kpome  TOro, cywectByeT  BO3MOXHOCTb
aBTOMATMYECKOro MOCTPOEHMS OHTONMOIMMIM Ha OCHOBE Habopa TEKCTOB HEKOTOPOro
npeamMeTHoro gomeHa. Takoe obyvyeHMe NPOUCXOAUT 3HAYUTENbHO ObiCTpee, 4Yem
oby4yeHne HEenpoHHOW CEeTU, a BEPOSATHOCTb OLWMOBOYHOro OBy4yeHMs 3HAYUTENbHO
Hwke. bonee TOro, Kak ykasbiBarioCb BbIlE, MNPU KEnaHUW, HEKOPPEKTHOCTW,
BO3HUKLIME B XO4E aBTOMATUYECKOrO MOCTPOEHWUS OHTONOMMW MOXHO MCMpPaBUTb
BPYYHYIO, Yero Tak NpocTo He cAaenaelb C HEBEPHO OOYYEHHOW HEMPOHHOW CEeTbHO.
Kpome TOro, OHTOMOrMS nuweHa MHOMMX APYrMX MPUCYLLUUX HEWPOHHBIM CEeTsIM
npobnem, Takmx kKak nepeobydeHune, «3abbiBaHMe» cTapbix obyvarowmx Habopos,

J1OKallbHbIX MUHUMYMOB OLIMOKMN.

MNogbiTOXMB, MOXHO npoBecCTUn HEKOTOpPYHO KJ'IaCCI/I(*)I/IKaLI,I/II'O yaT-60TOB.

Knaccudukauus gns HarnsgHoOCTU npeacTaBrieHa B BUAe CXeM Ha pUcyHkax 5 — 7.
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PucyHok 5. Knaccudpumkauus 4at-601oB no cnocoby cos3gaHus

]

EniHali cepame

C npocToit Gasoi

[aHHBIX

Yar-0ot
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PucyHok 6. Knaccudmkauus 4at 60TOB N0 apXUTEKTYPHON cxeme
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PucyHok 7. Knaccudpukauymus 4at 60ToB No NpuHUmMy Bblgadm oTBeTa

B nepByto ouepeab 4aT-60T MOXHO KnaccuduuMpoBaTb MO TOMY, Kakum o6pasom OH
Obin co3gaH. Tak oH MOXeT ObITb cAenaH npy NoOMOoLLM creLmanbHOro KOHCTpYKTopa
naxe 6e3 HanucaHus Koaa. B OCHOBHOM 3TO [OCTATOYHO MPUMUTUBHBIE YaT-GoTbI
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ANSA TUMWYHBIX TpMBMAanbHbIX 3agady. bonee npoasuHyTble 4YaT-60Tbl CO3aalT C
NPUMEHEHNEM COOTBETCTBYIOLLINX (PPenMBOPKOB. Ho paxe 3Toro MoxeT ObiTb
HegocTaTouHo. ®PyHKuMoHan nwboro dperimBopka oOrpaHuMyeH. [na  CRoXHbIX
9KCNepUMEHTarnbHbIX U HETPUBMANbHbLIX 3a4a4y NULLYTCHA MOSIHOCTbIO OPUrMHAsbHbIE
yaT-60Tbl. TO HE O3Ha4aeT, YTO KoA Takoro 6ota nuweTca abContoTHO € Hynda. 3T0
MOXeT ObITb nepepaboTka WNW [OOMOMHEHME HEKOTOporo ¢penmMmBopKa, MOryT

NMPUMEHATbCA NporpamMmmMmHbIe 6mubnunoTekn onsa peweHnd CI'IeLI,I/ICbI/I‘-IeCKI/IX 3ajad.

YaT-60T B BUOe eamMHOro cepsuca B Halle BpPeEMSI BCTpeYaeTCa LOCTAaTOYHO penkKo.
OTO cKopee ycTapeBLUasi KOHUEeNUUsi, NPUMEHSIBLUAACS B PaHHUX U MPUMUTUBHBIX
Bepcusax 60ToB. BOMbLMHCTBO COBPEMEHHbIX YaT-60TOB MCNOMb3YIOT pa3fgenéHHyo
N gaxe MynbTUAreHTHYK apxuTektypy. [pu 3TOM 4acTto OTAenbHO BblaenaeTcd
cepBuc paboTbl ¢ gaHHbIMU. B npocTtenwmx cnyyasx — 9To Nnpocto 6asa gaHHbIX C
CYB[. B 6onee npoasuHyTbiXx BapnaHTax 6a3a JaHHbIX MOXeT copepXaTb Habop
npoueayp, aBTOMaTU3NpyKOLWMX €€ obcnyxuBaHne. 3OTO MOXeT OblTb CepBuC
nononHsawWwmm e€ B xoge obydeHua 60Ta, Opyron BapuaHT — 3TO nNpeBpalleHue
6a3bl OaHHbIX B 6a3y 3HaHWW, B KOTOPOW €€ CTpyKTypa OpraHusaoBaHa Tak, 4TO
obcnyxuBawowme npoueaypbl MOryT BblAENMUTb M3  Heé uHopMauuo, He
cogepxawlytocss B 6ase Hanpsmyk, a SBNSAOLWYCA CNeaCcTBUEM M3 UMEKLLNXCS
NOrnYecKmx MOCBISIOK. HanbHenwmnm pasBUTMEM ABNsAeTca Gonee
crneumnanu3aMpoBaHHOE pasgeneHne QyHKUMOHaANbHOCTU B BUOE MUKPOCEPBUCOB.
Mpy 9TOM BO3MOXHbI BapuaHTbl, NPU KOTOPbIX 3TU CEPBUCHI TMOKO KOMOUHMpPYOTCA
Mexagy cobon unn xe ABNAKTCA HE3aBUCUMbIMWU, HO MPWU 3TOM, Kak NpaBuno, He

CTOJ1b Y3KO crneunanmn3npoBaHHbIMN.

BaxHbiM BapuaHTOM Knaccudukaumm 4aT-60TOB NABMAETCA Knaccudukaumsa mno
NPUHUMNY Bblgayn oTBeTa. TyT Bce 4aT-00Tbl MOXHO rnobanbHO pasaenvTb Ha Te,
KOTOpble OCHOBaHbl Ha MOWCKE W Ha reHepaTuBHble. YaT-60Tbl, OCHOBaHHbIE Ha
NMoucke, CyLLIECTBYIOT B [ABYX BapuaHTax. B mepBomM crny4ae Nouck Mpou3BOAMTCA
cpean MMelLLMXCA 3apaHee 3aroTOBMEHHbIX LWabnoHoB, 3To 6onee NPUMUTUBHBIN
nogxon. bBonee npoaBuHYTas KoHUENUMA COCTOUT B MOUCKE WHGOpMaLuu,
ABMAIOLLENCA OTBETOM Ha BOMPOC B MMewlleicsas 6ase TEeKCTOB, KOTOpble
NnoABepralTca B CBOK ovepeb CEMaHTUYECKOMY aHanmay. Ho, K coxaneHuio, Takomn
noaxond MOAXOAUT B OCHOBHOM ANA AOCTATOYHO MPUMMUTUBHBIX HEMHOTrOCOBHbIX
oTBeTOB. [eHepaTMBHbIE YaT-00Tbl OCYLLECTBNSAT CUHTE3 OTBETa HAa €CTECTBEHHOM
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A3blke. Takme cuctembl MoryT paboTaTb Ha 3apaHee 3agaHHbIX npasunax. [lpwu
KOPPEKTHO pa3paboTaHHOM BOMbLIOW CUCTEME NPaBuUiT MOXHO NOSTyYNTb JOCTATOYHO
KayeCTBeHHbI amanor. Ho paspaboTka npaBwun gonras u ckpynynésHas 3agada.
Takasa cuctema nonyvaetcsl ovYeHb CNoxHowW. NMoatoMy npu paspaboTke 4aT-60TOB
pacnpocTpaHeHne nony4uMno MawmHHoe obyyeHne. B OCHOBHOM npuMeHsATCA
HEMPOHHbIE ceTU. XOTA He WUCKMYEHbl U Apyrne BapuaHTbl MalUMHHOMO Oby4eHus
(Hanpumep, NOCTpoeHue OepeBbeB MPUHATUS pelleHnn). B cnyyae ncnonb3oBaHUs
HEMPOHHbIX CeTel Takke BO3MOXHbl ABa BapuaHTa. B nepBom criyyae 3910 MOXeT
ObITb CTaTUYHaA npeaBapuTesibHO ObyyeHHas HEMPOHHasA ceTb. [pyron BapuaHT —
3TO0 AnHamumyeckme (OBblMHO PEKYPPEHTHbIE) HEMPOHHbIE ceTu, obyvatouwmecs 6e3
yunTtena B xofe paboTbl yat-6oTa.

CnenyeT oTAENBHO YNOMSAHYTb MECTO B AAHHOMW Knaccudukaumm NHTENNeKTyanbHbIX
yaT-60TOB, 0asa 3HaHWN KOTOPbIX MOCTPOEHa Ha oHTonorumu. CornacHo nepBou
Knaccudpukaumm (no cnocoby cosgaHusl) 3To OyaeT ckopee BCEro OpUrMHarbHbIN
yaT-60T. B npuHUMNe, HEe WCKMYEHO UCMNONb30BaHME U (PPEVMBOPKOB AONA 4YaT-
60TOB, HO NULb Kak BCMoOMoratesnbHbIX cpeacTB. 10 apXUTEKTYpHOM cxeme — 3TO
yaT-00T Ha pacnpefenéHHbIX cepBucax, C OTAENbHbLIM CEPBUCOM [aHHbIX, C 6a3omn
3HaHUN, He OOHOBNSIEMOW Ha OCHOBaHMM HEMOCPEACTBEHHO penniMk, HOo
obHoBnsiemon B xoge cbopa faHHblX, B TOM YMCNEe W Ha OCHOBAHUW MJlOXO
pacrno3HaHHbIX pennvk nonb3oBartenen. o cnocoby Bblgayn oTBeTa Takon 4aT-00T
MOXHO OTHECTM K reHepaTUBHbIM 4YaT-60TaM, Bblgada OTBETOB KOTOPbIX OCHOBAHa Ha

Habope npasun.

KoHuenuusa n HTeINnJeKTyasribHOro yar-60Ta

Cnegyetr OTMETUTb, 4YTO OOMLWNHCTBO O6bIYHBIX 4YaT-60TOB He HABNAKTCS
NHTEeNNeKTyanbHbIMU npunoxeHnsamn. OHW MCNONb3YOT ANS BblAauyu OTBETa MULUb
3apaHee 3arnoXeHHble WAabMoHbl, He afanTuMpylTCcd caMu nog  Tekywue
noTpebHOCTN nonb3oBaTenen, peako aBTOMATUYECKM BbIMOSTHAKT aHanuTuKy, He
ABNATCA 0OyvyaeMbiMK, HE peanuayoT aBToMaTUdeckoe nonosiHeHne 6asbl 3HaHWN,
nUnNn BOBCe He cogepxaT 6a3sbl 3HaHMI, a orpaHn4eHbl NPOCTO Ga3on AaHHbIX. Bcé
YTO OHW MOTFYT, 3TO ONpPeaenUTb HaMepeHne B COOBLLEHMM NOSMb30BaTESNS U BEPHYTb

eMy Hambonee peneBaHTHbIN U3 UMetLNXCH B 6a3e OTBETOB.
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Ha pucyHke 8 cxemaTtmyeckum npeactaBrieHa TUNUYHAS apXMTEKTypa NPOCTOro He
WMHTEennekTyanbHoro 4yat-6ota. [laHHas cxema ABNsSeTcs HEKOTOopbIM 0606LeHneEM,

COCTaBJ1IEHHbIM Ha OCHOBE aHalrim3a pa3JIn4HbIX yaT-60TOB.

YaTt-60T gomkeH ObITb MOCTPOEH Tak, YTOObI ObITb CNOCOOHBIM B3aMMOOENCTBOBATL
C nonynsipHbIMWU MeccemkepamMmn, Takumu kak Telegram, Face Book, Viber. 310
NnoBbILWAET BHEAPSEMOCTb, a, CrefoBaTefnibHO, M MNOTEHUManbHYy0 MOMNE3HOCTb, U
BOCTpeOOBaHHOCTb Takoro npunoxeHna. MHorme meccepxepbl NpenoCTaBNsAOT
rotoBbl Beb-cepBuc, kotopbit obecneunsaet paboty ¢ APl meccepxepa. N3 aToro
cnefoyet BaXHbI BbIBOA, YTO nNepes HamMu He CTOMT 3agdaynm  MOCTPOEeHUs
nonib30BaTeNibCKOro UHTepdenca dat-6ota u Beb-cepBuca obecneymBaroLero
paboTy npunoXeHns 3 3TUM WHTepdencom. IOTU 3adayn  BbICOKOKAYECTBEHHO
pelleHbl U peann3oBaHbl NONYNAPHbLIMU cepBucaMm obmMeHa coobLieHnamMn BBUAY
MOHMMAHNA UMW BaXXHOCTU M aKTyanbHOCTU NpuMeHeHus YaT-6oToB. CyulectByeT

Bonblloe KONMYeCcTBO YaT-60TOB, paboTatoLmnX N0 TaKOMY MPUHLNMY.

(" web-cepBuc
obecneqyusaem
pabomy ¢ API

\_ Meccedxepa

CreHepupoBaHHbIE i COOGLL‘EHHQ

CoahLguA nonb3oBaTenA
YNpasnAwLWME CUTHanbl

Meccenxep

npegocTaBnAeT

h J

Cuctema
yBeaoMNeHun
peaaupyem Ha

cobbimus
Y

CreHepupoBaHHbIe coobLleHus ans
oTBETHI aHanusa
sanpoc - X
A8HHbIX O6paboTumK-
Basa [ aHanusaTop
OaHHbIX COXpaHeHue ' .
AaHHble

daHHble ONA reHepaunn oTBeTa

PucyHok 8. TunnyHasa apxutektypa yat-6oTa

Mpennaraemas apxuTekTypa UHTENNeKTyanbHoro YyaT-60oTa npvBedeHa Ha PUCYHKe
9.
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OBblYHbIA YaT-60T

SnNeMeHTbl MHTeNNekTyansHoro Yar-6ota

Meccenxep
HOBbIE
npegocTaBnAeTcs AaHHbIE
web-cepBuc Cepauc Moaynk noucka AHanusaTtop
obecneyusaem pabomy ¢ nepuoanseckoro cBszen AaHHbIX
00HOBIEHNA
API meccedxepa
7 HOBblE 3anpoc
c00BLWEHUA OTBETHI U AaHHble AZHHbIX C60pl.|.|,HI{
nont3ogaTens | YNPasnaoliie OaHHbIe OaHHbIX
CUrHanbl
ANs 3an1cu

Cepeuc
cKpanuHra
web-canToB

Ba3sa

cucTeMa yBeaoMneHun sanpoc
3HaHuUH

peaaLpyem Ha cobeimus AAHHBIX

3 onAa
OTBETOB
cooBLUeHNs oTEETHl OaHHble AnA 3anpoc
ANS aHanusa oTBeTa HOBbIX
— o OaHHbIX
Y AHanusatop N Momoyne
notpebHocTen HOPMUPOBAHUS

nons3oBarternen

Co00LWEHU}
Ob6paboTumnk-
aHanusaTtop Basbl 3HaHWIA
OaHHble Ans
reHepauuun oTeeTa

| dopmupoBaTens
| NOrMYECKUX CTPYKTYP
OTBETOB

PucyHok 9. MpepnaraeMas apxuTekTypa MHTENNEeKTyanbHoro Yyat-6ota

B cBoeln TexHM4yeckom OCHOBE (NeBasi YacTb CXEMbl) npennaraemMasi apxmTekTypa
COOTBETCTBYET apxuTtektype obbl4HOro yaT-60Ta. 3TO cAenaHo Ans Toro, YTodbl He
HapywaTb CTaHOApPTHOCTb BHELWHEeN napagurmbl ero pabotel M obecneunTb
BO3MOXHOCTb BCTpamBaHusi G0Ta B MNOMNynsipHble MeCCemKepbl U MCMNONb30BaHUSA

rotoBbIx paboTtaroLwwmx web-hook-oB (cuctem yBegomneHun).

[MaBHOM OTANYMTENBHON YEPTON SBNSETCS MWCMNOMb30BaHME He npocTo 6asbl
AaHHbIX, @ 6a3sbl 3HaHWN N MNOCTPOEeHUs cucTembl, obecnedvnBaloen eé paboTy.

Cama 6a3a 3HaHuI MOXET coaepKaTb B CBOEN OCHOBE OHTOSOMMIO.

Tak, B OaHHOM crnyvae, AaHHble COOOLIEeHWA, MOAroTOBMEHHble 06paboTYMKOM-
aHanuM3aTtopomMm, MOCTynalT Ha adHanusatop MnoTpebHoCTen U HaMepeHui
nonb3osatens. OH, B CBOI o4epeb, He TONbKO HanpasnsaeT 3anpoc K 6ase 3HaHWiA,
KOTopas MOXeT, Kak codepxaTb, Tak W He coaepXaTb rOTOBbIA OTBET Ha
nocTaBneHHbIN Bonpoc. Ho 6a3a 3HaHWi TeM 1 OTNMYaeTcs oT NPOCTO 6a3sbl AaHHbIX,
YTO OHa MPOU3BOAUT WHTENMEKTyanbHbIi aHanM3 Npu NOMOLLM BCTPOEHHbIX B Heé

XpaHnMbIX npoueayp, W nMNblTaeéTCca MNOJIy4UTb HOBbl€ [OaHHblE, KOTOpPble HeE
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cogepXatcsa B Hel HenoCcpeACTBEHHO, HO SABMSIOTCS CMEACTBMEM U3 MMEIOLLMXCS B
He pOdaHHbIX. HO paxe 9TOro MOXeT ObITb HeOoCTaTOYHO [Ans  MNOonyyYeHus
peneBaHTHOro oreeta. [JONyCTUM OaHHble NO OAHHOW TEME WM MO COCTOSIHUIO Ha
3anpaluvBaemMyo JaTy Hanpoyb OTCYTCTBYIOT. [109TOMYy ApYyron curHan aHanusaTtop
notpebHoOCTEN nonb3oBaTens OTnpaBnseT Moayni dopmupoBaHust 6asbl 3HAHWN.
Moaynb dopmunpoBaHna 6asbl 3HaHWA ynpaBnseT COOPLUMKOM [aHHbIX, KOTOPbLIN
ncnonb3yeT CepBUC CKpannuHra Beb-CanToB ANA noucka HOBOW HedoCTaroLllen
MHpopMauun B CETU MHTEPHET M BO BHELIHMX XpaHunuuwax AaHHbiX. CobpaHHble
Takum 00pa3oM cCbipble [aHHble NOCTynawT Ha aHanmMsaTtop, KOTOpbIv
B3aMmoaencreyeT co crneumarnbHbIMK AOMNOMNHUTENBHbIM mMoaynem,
npeaHasHa4YeHHbIM A1 NoMcka W YCTaHOBMEHUSA CBS3€WM B MOMYYEHHbIX CbIpbIX
AaHHbIX. CHoOpMMpPOBaHHbIE TakuM 06pa3oM HOBblE JaHHble BO3BpaLLaloTCa MOAYIIHO
dopmmpoBaHuss 6asbl 3HaHWK. [locne aToro oH npou3BoanT OOHoBMeHWe 6asbl
3HaHWW 3a CYET NOMOSIHEHUS €€ HOBOW BHELUHEW MHopMauumen. Tak Kak Mup He
CTOMT Ha MeCTe M HOBbl€ 3HAHWA U OaHHbIE NOSABMASTCHA NOCTOSAHHO, B apXUTEKTYpe
npeaycMOTpeH cepBUC nepuogmyeckoro obHoBneHns 6asbl 3HaHuMKW. OH C
yCTaHOBMEHHOM NEPUOLMYHOCTBIO BbINOSHAET MO cpeacTBamM cOopLuMKa AaHHbIX U UX
aHanusaTtopa OOHOBNeHue wumerwenca 0asbl 3HaHUN. OTOT NPOLLECC MOXHO
caenatb camoHacTpamBawwmMmcs. To eCTb eCcnu Kakve-TO AaHHble OOHOBNATCSA
peako, MOXHO YBEnuMuUTb nepuog Mx OOHOBNEHUsA, U HaobopoT, ecnn Kakas-To
MHpopMaLmnsa OYeHb M3MEHYMBA BO BPEMEHMU, CUCTEMA MOXET YMEHbLUUTb Nepuos
e€ obHoBneHunsa. B oTBeT Ha nocTynawwmin 3anpoc 6asa 3HaHWK NpenaéTt AaHHbIe
Ana oTtBeTa Moaynt (OpPMUPOBAHUSA JIOTMYECKUX CTPYKTYp OTBETa, KOTOpbIn
dopMUpyeT AaHHble Ons reHepauuu oTeBeTa B dopme, ygobHom ans obpaboTku
06paboTunkom aHanu3aTopoMm, B KOTOPOM MPOUCXOAUT CUHTE3 OTBeTa Ha
€CTeCTBEHHOM £i3blke. OTOT OTBET Yepes3 CUCTeMy yBEAOMIIEHUIN NOCTyKaeT Ha BeO-
cepBUC Mecceaxepa, a OH yxxe obecnevmBaeT, To, 4TOObl MHTEpPdENC Mecceaxepa

BbIBEJ1 3TOT OTBET NOJ1Ib30OBAaTES1I0.

BbiBOAbI

ﬂpm co3gaHnm MHTEINNEKTYyalrlbHbIX yaT-60TOB OCHOBHOE€ BHUMaHUE
nccnegoBaTenbCKON OeATeNbHOCTH criegyeTt cocpenoToydnTb Ha Moayne reHepauunm

OTBETOB.



International Journal "Information Models and Analyses" Volume 8, Number 2, © 2019 195

Mpn peanusaumm Beb-cepBuca yaT-60Ta cregyeT BOCMONb30BATbLCS OAHOW U3
nnatcpopm nopaepxkuBarollen paboTy C  KOHKPETHbIM  MEeCcCeKepoM  Unwu
coumanbHON ceTblo. ATO NOBLICUT 3PPEKTUBHOCTL MCMNONb30BAHNSA M MPAKTUYECKYHO

LleHHOCTb boTa.

[na paboTbl ¢ PrIEKTUBHBIMUK A3blKaMKU HEOOXO0AUMO pa3paboTaTb NMUHIBUCTUYECKUI
aHanusaTop Ans npeacraBneHns Bxoaswen nHoopmMmauum B BUAE CUHTAKCUYECKNX K
CEMaHTMYECKMX rpadpoB U MOAYIb AS1sl CUHTEe3a OTBETOB HAa €CTECTBEHHOM S3bIKE Ha
OCHOBaHuN 6a3bl 3HAHWN.

Ans obecnevyeHns MHTENNEKTyanbHOCTM U OOHOBNSIEMOCTM crnefyeT cHabauTb yar-
6oT cepBucamm cbopa M aHanmMsa AaHHbIX B CETU WHTEPHET WX aHanusa, U
obHOBNEHUA NHpopMaLMOHHON 6a3bl. Kpome Toro, Takom YaT-60T TpebyeT Hanuuus

MoOyInA UHTENNEKTyallbHOro CUMHTE3a JIOr’M4eCKMX CTPYKTYp OTBETAa.

Mcnonb3oBaHne oOHTOMOrMM B KadecTBe 06asbl 3HaHWKM Anda 4aT-0oTa aBnsieTcsa
HaOEXHbIM M TMBKMM cnocobom MonyyeHus B xoge Awuanora MHgopmauuun, B TOM
ynucrne u He coaepxalenca B SIBHOM BUAE, HO SBASKOLWENCA crneactBuem
MMEIOLNXCA OaHHbIX M cBA3ern mexay Humn. Yar-6ot, 6asa 3HaHMIA KOTOPOro
OCHOBaHa Ha OHTONorumn sBnseTcs ObICTpo obyvyaemMbiM U He JAET HepeneBaHTHbIX
OTBETOB B Clnyyae HegocTaTka WM OTCYTCTBUSA MHopmMauum no 3agaHHOMY

BOMPOCY.
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DEVELOPMENT OF AN INTELLECTUAL CHAT-BOT ARCHITECTURE
Anna Litvin, Vitalii Velychko, Vladislav Kaverinsky

Abstract: The article discusses the general concept of chat-bots applications, the
development of a chat-bots idea and their practical significance. The analysis is
carried out of the currently existing modern chat-bots and platforms for their
construction. A special attention was given to the chat-bot platforms Ana, Rasa and
PeepPavlov. Conclusions were made on their functionality and usability. Ana is
suitable for rather primitive chat-bots able to answer typical questions, provide the
user with the necessary links, and invoke program procedures. RASA can analyze
the meaning of user messages at the same time, purely template answers reduce the
flexibility of such a system. PeepPavlov is a platform with a number of features:
answers to questions on the text; answers to questions, in particular the ODQA
model; Named Entity Recognition; tonality analysis. A brief review of BERT and R-
NET used in PeepPavlov technologies is presented. A review on the most popular
and powerful linguistic analysis services is given, namely on IBM Watson
Conversation, Dialogflow, and LUIS. The article also describes the principle of
training an intellectual agent based on ontology. Basic concepts of this process are
listed. The chat-bots were classified by the method of creation, by their architecture
and by the principle of a response making. The classification defines a place for
intelligent chat-bots based on ontology. It could be a chat-bot on distributed services,
with a separate data service, with a knowledge base that is not updated on the basis
of replicas directly, by the method of issuing an answer, such chat-bot can be
attributed to generative ones which is based on a set of rules. The concept of an
intelligent chat-bot is proposed, which combines the ability to integrate with popular
messengers and update the knowledge base in accordance with the needs of the
user. It is declared that to ensure intelligence and updatability, the chat-bot should be
provided with services for collecting and analyzing data on the Internet for their
analysis, and updating the information base. Additionally, such chat-bot requires
intelligent module for the synthesis of the response logical structure. Using the
ontology as a knowledge base for a chat-bot is a reliable and flexible way to obtain
information during the dialogue, including information that is not explicitly contained
there. A chat-bot which knowledge base is based on an ontology could be quickly
trained and does not give irrelevant answers in case of lack or absence of
information on a given question.

Keywords: chat-bot, analysis of natural language text, generation of meaningful text,
knowledge base.
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