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Welcome Letter

Dear Colleagues,

We would like to personally encourage each of you to join us at IEEE Second International
Scientific Conference Data Stream Mining and Processing (DSMP’2020), which is held in
Lviv, UKRAINE, 21-25 August, 2020. Our main goal is not only to provide an opportunity
for networking and learning recent scientific achievements but also a chance to be involved
in real time panel discussions with IT representatives to review and discuss their practical
outcomes on real projects.

The DSMP is organized by IEEE Ukraine Section, IEEE Ukraine Section (Kharkiv)
SP/AP/C/EMC/COM  Societies Joint Chapter, IEEE Ukraine Section (West)
AP/ED/MTT/CPMT/SSC Societies Joint Chapter, IEEE Ukraine Section IM/CIS Societies
Joint Chapter, Ukrainian Catholic University, Manhattan College and Kharkiv National
University of Radio Electronics.

Agenda of the DSMP’2020 is very rich. This year we have nominated a 88 number of
accepted papers coming from about 12 countries which makes DSMP a truly international
high impact conference. Major highlights of DSMP’2020 are its keynotes speakers. This
conference proved to be extremely important given the fruitful dialog and a chance to
exchange ideas and sharing valuable hands-on experience.

This year program is based on the following topics: Hybrid Systems of Computational
Intelligence, Machine Vision and Pattern Recognition, Dynamic Data Mining & Data Stream
Mining, Big Data & Data Science Using Intelligent Approaches and also panel with
participation of IT Companies.

We are proud of the fact that DSMP proceedings have been included into the IEEE Xplore
Digital Library as well as other Abstracting and Indexing (A&I) databases (Scopus, Web of
Science and etc.). High quality of the DSMP program would not be possible without the
contribution of authors, keynote speakers, organizers, students, 53 reviewers who devoted
a lot of enthusiasm and hard work to prepare papers, presentations, organization
infrastructure and carefully review all submissions. We are very grateful for their efforts.

We would like to thank each of your for attending our conference and bringing your expertise
to our gathering.

We would like to express our gratitude to our partners and sponsors for being so generous
and sponsoring our conference.

We wish all participants an excellent conference, fruitful discussions and pleasant
stay in Lviv and Conference venue.

Sincerely

Yuriy Rashkevych Yevgeniy Bodyanskiy Igor Aizenberg

Vi



M. Anjay and S. Anjuli, "Assessment of Exit Requirements for Fire
Safety of Commercial Buildings, Kathmandu, Nepal", International
Journal of Emerging Technologies and Innovative Research, vol.4,
Issue 10, 2017, pp. 248-255. DOL: 10.1717/JETIR.17074

Building Department, Code of Practice for Fire Safety in Buildings,

2011, Available at:
[www.bd.gov.hk/english/documents/code/fs_code2011.pdf].
OSHA, Available at:

[https://www.osha.gov/OshDoc/data_General Facts/emergency-exit-
routes-factsheet.pdf].

G. Ma, S. Tan and S. Shang, "The Evaluation of Building Fire
Emergency Response Capability Based on the CMM", International
Journal of Environmental Research and Public Health, 16(11), 2019,
1962. DOI: 10.3390/ijerph16111962.

A. Rego, L. Garcia, S. Sendra and J. Lloret, "Software Defined
Network-based control system for an efficient traffic management for
emergency situations in smart cities", Future Generation Computer
Systems, 88, 2018, pp. 243-253. DOL: 10.1016/j.future.2018.05.054
S. Granda and T. Ferreira, "Assessing Vulnerability and Fire Risk in
Old Urban Areas: Application to the Historical Centre of
GuimarvV£es", Fire Technology, 55, 2019, pp. 105-127. DOI:
10.1007/s10694-018-0778-z.

N. Kwok, C. Bratiotis, M. Luu, N. Lauster, K. Kysow and S. Woody,
"Examining the Role of Fire Prevention on Hoarding Response

403

(91

[10]

(1]

[12]

Teams: Vancouver Fire and Rescue Services as a Case Study", Fire
Technology, 2017. DOI: 10.1007/510694-017-0672-0.

J.C. Cheng, Y. Tan, Y. Song, Z. Mei, V.J. Gan and X. Wang,
"Developing an evacuation evaluation model for offshore oil and gas
platforms using BIM and agent-based model", Autom. Constr., 89,
2018,pp. 214-224. DOI: 10.1016/j.autcon.2018.02.011.

R. Ratushnyi, P. Khmel, A. Tryhuba, E. Martyn and O. Prydatko,
"Substantiating the effectiveness of projects for the construction of
dual systems of fire suppression”, Eastern-European Journal of
Enterprise Technologies, 4, 2019, pp. 46-53. DOIL: 10.15587/1729-
4061.2019.175275.

O. Smotr, N. Burak, Yu. Borzov and S. Ljaskovska, "Implementation
of Information Technologies in the organization of Forest Fire
Suppression Process", in Proceedings of the 2018 IEEE Second
International Conference on Data Stream Mining & Processing
(DSMP), Lviv, Ukraine, pp. 157-161, August 21-25, 2018. DOLI:
10.1109/DSMP.2018.8478416

1. Malets, O. Prydatko, V. Popovych and A. Dominik, "Interactive
Computer Simulators in Rescuer Training and Research of their
Optimal Use Indicator", in Proceedings of the 2018 IEEE Second
International Conference on Data Stream Mining & Processing
(DSMP), Lviv, Ukraine, pp. 558-562, August 21-25, 2018. DOIL:
10.1109/DSMP.2018.8478486



IEEE Third International Conference on Data Stream Mining & Processing

August 21-25, 2020, Lviv, Ukraine

Increasing the Animation Study Management
Services Functioning Efficiency

Olga Smotr
Department of Project Management, Information
Technologies and Telecommunications
Lviv State University of Life Safety
Lviv, Ukraine
olgasmotr@gmail.com

Igor Malets
Department of Project Management, Information
Technologies and Telecommunications
Lviv State University of Life Safety
Lviv, Ukraine
igor.malets@gmail.com

Abstract—the research deals with the issues of animation of
the animation studio services market, and the advantages and
disadvantages of their functioning, both for the ordinary user
and from the developer. It made clear that it is appropriate to
provide information to the client about two areas: pricing policy
and content of services. The services automation methods within
animation studios are researched using modern methods of Data
Mining.

It is proposed to build the work logic using data mining
methods, Decision Trees methods, for the animation studio
management services effective functioning. It is determined that
in case of client priority search criteria choice is related to
pricing policy, it makes sense to organize the operation of the
animation studio management service based on the
backtracking algorithm. In the case of client's search criteria
choice priority are content-related topics of services, apply
algorithms for constructing decision-making tree.

Keywords — information technology, Data Mining, Decision
Trees, animation studio, entertainment

I. INTRODUCTION

Recently, there has been a rapid development of the
entertainment industry worldwide. This is the entry into a
post-industrial stage of development most the developed
countries in the world, a characteristic feature is the
significant growth of services and service industries. Despite
the fact that the entertainment industry is one of the youngest
sectors of the socio-cultural sphere, it accounts for about 6 %
of the world's capital [1].

In today's conditions of informatization and
computerization of the society [2] and the rapid increase in
demand for services of the entertainment industry [3-4].
Business development in this area requires new approaches
to information processing and decision-making.

The most notable change is in the travel companies that
actively involve organizations for process activities advanced
digital technology [5-9]. These include global computer
reservation / reservation systems, integrated communications
networks, multimedia systems, smart cards, management
information systems, and more.

However, they are mostly dedicated to addressing the
digitization of tourism animation services and, unfortunately,
very little attention has been paid to digitizing the children's
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animation studio segment. Modern animation is the activity
of developing and implementing special leisure programs
[10]. Although the demand for services in this particular
segment of the entertainment industry is huge. With a data
web - site for parents Britain Netmum, parents spend on
children's holiday from $ 200 to several thousands of dollars,
and in general, the market value of children's parties is over $
1.5 billion [11]. Similarly, in Ukraine, on average, the
organization of children's holidays costs about 5 thousand
UAH [4].

II. PROBLEM STATEMENT

Of course, today most animation studio, event -agency
etc. have their own web services, where the highlight
information about their services and show potential
customers their own successful experiences conducted their
activities, etc. However, this is not enough. The client
(animation customer) needs the ability to quickly and
conveniently view the offerings of different animation studios
with the ability to compare their services, pricing, quality of
service and the ability to provide these services in the right
location and time range, etc.

Analyzing typical for the market of Ukraine, web services
animation studio "Children's Planet" [12] "Igroland" [13],
"Papashon" [14], event - agency "Empire holidays" [14] it is
difficult not to notice, that the data the services are not
convenient and do not meet the above requirements.
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Fig. 1. View of the main pages of services of children's animation studios: a)
children's animation studio "Igroland"; b) children's animation studio "Children's
Planet"; c) the PAPASHON entertainment complex; d) "Empire of the Holiday"
event-agency
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Obviously, all four main pages of web services (Fig. 1)
are not radically different and do not carry information
regarding the choice of possible services. They do not have
an intuitive or adapted interface. After pressing certain
buttons and selecting menus, which, by the way, are not easy
to find, the information becomes not much more. So, for
example, to find the list of services of the children's animation
studio "Children's Planet", you must use the page scrolling,
on the website of the children's animation studio " Igroland "
you need to find the "Menu" button, and click on the "Details"
button on the main page of the entertainment complex
PAPASHON. However, even after such manipulation of
information comes not much more. None of these services is
immediately accessible to the complex of services that can be
obtained based on a certain budget. Also, none of these
services has the opportunity to introduce, for example, topics
that are interesting for the child to get information about the
range of services that the company can provide and the price
range of these services, it is difficult to find differentiation of
services by age categories and so on.

In addition to imperfect client-side work, these services
are not functional enough to meet the needs of animation
studio staff. Here are some of the main unsolved problems:

. does not have a cumulative database of
customer preferences and needs;
. there is no service of forming comparative

characteristics (cost, duration in time, age restrictions
and number of participants, etc.) of different offers;

. when ordering a client an offer to the
administrator comes just a message about this event,
which is not processed by the service itself, respectively,
with a large influx of people who want to order the same
service, the service will not help the administrator with
this problem;

. there is no dynamic selection of the set of
possible offers for the client according to the criteria he
/ she has set;

. there is no dynamic selection of possible
offers for the client, taking into account time and
quantitative parameters, the possibilities of the studios
themselves, etc.

III. THE METHOD OF IMPROVING THE WORK OF
CHILDREN’S ANIMATION STUDIO SERVICES WITH
THE USE OF DATA MINING METHODS IS PROPOSED

For fast and qualitative sampling of data, modern methods
of analysis of intellectual data must be applied by certain
criteria. We believe that it is most appropriate for the
organization of the effective operation of a service for
managing the work of animation studios to use the Decision
Trees methods, such as to enable, step by step , based on the
client's answers, to form from the existing set of services, the
set of the most client-friendly solutions.

To construct Decision Trees most widely used in practice,
algorithms binary search tree (BST) ; returning search
algorithm ( backtracking algorithm) and algorithms decision
tree.

In our opinion, to sample a variety of possible services, it
is most advisable to use the backtracking algorithm when
choosing a client as a priority, the direction of pricing.

The operation of this algorithm can be interpreted as a
process of bypassing a tree. Each peak corresponds to it a
sequence (x1, ..., x;), with peaks that correspond to sequences
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of the form (xi, ..., x;, v), sons of the summit. The root of the
tree corresponds to an empty sequence.

This tree is being traversed by searching deep. In addition,
a predicate P is specified on all tree vertices. If P(v) = False,
then the subtree vertices with root at vertex v are not
considered, and the volume of the bust decreases. The
predicate P(v) acquires the value False when it becomes clear
that the sequence (xi, ..., X;), corresponding to vertex v cannot
in any way be added to the complete solution. To apply this
method, the solution of the problem must look like a finite
sequence of elements (xi, ..., Xn).

In our case, the elements xi, ..., x, of this sequence are
the cost of the services that can be provided to the client
within the budget that he or she determines (predicate P). This
is exactly what a client wants, based on a specific budget.

Initially, the client is offered a set of services that can be
provided within a given budget, considering a possible set of
services, the client is able to remove / add certain of them,
then the budget for other services increases / decreases. The
algorithm returns the customer to the previous selection step,
with the other set of service elements until the desired set of
services within the client's budget is formed.

Description of the backtracking algorithm

After entering in the search window the "budget" of the
amount that the client focuses on, the logic of the system
employs a backtracking algorithm , which allows to form
from the existing set of services, the set of services that can
be provided within the specified budget.

Let us illustrate the algorithm for generating multiple
offers (search with returns) in case the client chooses as a
priority, the direction of the pricing policy, that is, according
to the criterion "budget", in a specific example.

Suppose that table 1 sets the sets of services {pi, ..., pa}.

TABLE 1. SET OF EXISTING SERVICES

Code Service Cost Duration
pl Costume photoshoot 1000 UAH 1 hour
p2 Rolledrome 600 UAH 1 hour
Birthday greetings .

p3 . 550 UAH 30 minutes
with cake

p4 | Weaving of African 500 UAH 1 hour
pigtails

p5 Soap bubbles show 500 UAH 1 hour

p6 Trampoline arena 120 UAH 1 hour

p7 Aqua makeup 90 UAH 30 minutes

P8 Trampoline «Treasure 80 UAH 30 minutes
Island»

p9 Maze 60 UAH unlimited

Each service is matched by its cost. You need to find a
subset of which the cost of the elements does not exceed the
client's criterion "budget" (CB). If the sum is so large that the
addition of any new number exceeds CB then we go back and
change the last addition of the sum. Let
CB = | thousand UAH. Figure 2. illustrates part of the
backtracking algorithm for the problem of finding a subset of
a set of services {pi, ..., p»} with the criterion “budget” equal
to 1 thousand UAH.

In general, when a subset of the set of services
{p1, ..., pn}, given in Table 1. from the criterion “budget” is
equal to 1 thousand UAH. The client may be offered 6
possible service options. Formed variants of subsets of
possible services are given in Tables 2-7, respectively. And it
should be noted that these options are provided, with
information on the possible duration of the organized holiday.



{p2. p6} {p3.p6} {p4.p5} o4 o)
Sum = 720 Sum =670 Sum = 1000 Sem = 620
I I
4,96, p7F
{p2.p6.p7} {p3.p6.p7} {.pd. p6
Sum =810 | Stom =760 Sum =710

{p2. p6. p76. p8} {p3. p6.p76, p8}
Sum = 890 Sum = 84

Sum =950 Sum =

{p2. p6. 76, pE. p9} ‘

{p3. p6.p76. p8. p9}
900

{p4..p6. P76, pB}
Sum =790

{p4. p6.p76.p8 pO}

Sum = 850

Fig. 2. Part of the backtracking algorithm for problem of finding the subset
of a set of services {p, ..., p,} With the criterion “budget” equal to 1

thousand UAH.

TABLE II. SET OF OFFERED SERVICES

p9 |Maze 60 UAH unlimited
Sum| 820 UAH unlimited
TABLE VII. SET OF OFFERED SERVICES
Code Service Cost Duration |
p5  [Soap bubbles show 500 UAH 1 hour
p6  [Trampoline arena 120 UAH 1 hour
p7  |Aqua makeup 90 UAH 30 minutes
p8 Trampoline «Treasure 80 UAH 30 minutes
Island»
p9  Maze 60 UAH unlimited
Sum| 820 UAH unlimited

Once a client is selected, a subset of the solutions that are
most appropriate for him / her, he / she can make changes by
removing / adding certain services (this will result in a certain
budget change) and make an order.

If the client chooses as a priority, the content area of
services, the most appropriate is to use the algorithm of
building a decision tree. In this case, we need to solve the
typical classification problem.

Code Service Cost Duration After all, when we consider a client's request in terms of
pl Costume photoshoot 1000 UAH 1 hour the content topics of animation studio services , we need to
— 3000 AR Thour makfa dems.lons abogt the set of existing objects (gnlmatlon
studio services), assigning them to certain thematic classes,
TABLE III. SET OF OFFERED SERVICES i that is, providing these objects with classification features. So
Code Service Cost Duration we need to solve a typical classification problem whose set of
p2 Rolledrome 600 UAH 1 hour diti 1 attributes A4 will b d by th lient'
pé Trampoline arena 120 UAH 1 hour conditional attributes A4 w1 ¢ made up by the clients
p7 | Aqua makeup 90 UAH 30 minutes requirements. The set Wis an active animation studio service;
p8 Trampoline «Treasure 80 UAH 30 minutes the set d is a decision attribute - two elements {"good luck",
Island» "bad luck"}.
p9 Maze 60 UAH unlimited
Sum 950 UAH unlimited o e . - -
Description of the algorithm for building a decision
TABLE IV. SET OF OFFERED SERVICES tree
Code Service Cost Duration
p3 Birthday greetings with cake | 550 UAH | 30 minutes After selecting a search box of your request priority area
p6 | Trampoline arena 120 UAH 1 hour "subject", the customer will be asked to answer a few
p7 | Aguamakeup S0UAH | 30 minutes questions that are conditional attributes and accordingly help
p8 Trampoline «Treasure 80 UAH 30 minutes . . ..
Islandy shape due to the algorithm for constructing Decision Tree ,
P9 Maze 60 UAH unlimited the set of possible proposals for a client under given his
Sum| 870 UAH unlimited attributes.
, . . ..
TABLE V. SET OF OFFERED SERVICES Let's use one of the' algorithms for bulldlr}g a Degls1on
Code Service Cost Duration Tree, namely the algorithm ID3 (Iterative Dichotomizer-3
p4  |Weaving of African pigtails 500 UAH 1 hour algorithm) [15]. To illustrate the algorithm for generating set
p5__ [Soap bubbles show 500 UAH 1 hour of proposals using the algorithm for constructing Decision
Sum 1000 UAH] 2 hour Tree to a specific example.
TABLE VL. SET OF OFFERED SERVICES Let Table 8 provide information on options for a
Code Service Cost Duration children's holiday. We construct Decision Tree for given
p4  [Weaving of African pigtails 500 UAH 1 hour Table 8.
p6  |Trampoline arena 120 UAH 1 hour
p7  |Aqua makeup 90 UAH 30 minutes
p8 |Trampoline «Treasure Island» 80 UAH 30 minutes
TABLE VIIL. SET OF OFFERED SERVICES
Versi Number of . Type of Duration of Budget .
on Age Gender participants Subject entertainment entertainment (UAH) Holiday
1. up to 5 years boy up to 4 not thematic are active unlimited Yes
2. up to 5 years boy up to 4 ninja science 30 minutes — 1 hour 5000-1000 No
3. 5-10 years boy 4-8 ninja science 30 minutes — 1 hour 5000-1000 Yes
4. up to 5 years boy more than 8 Peppa art 10 2 hour unlimited No
5. up to 5 years girl more than 8 Peppa art unlimited 5000-1000 Yes
6. 5-10 years girl 4-8 ninja team entertainment unlimited 5000-1000 No
7. 5-10 years girl 4-8 Lady bug team entertainment unlimited 5000-1000 Yes
8. 5-10 years boy more than 8 Lady bug team entertainment unlimited 5000-1000 No
9. 5-10 years boy more than 8 pirates team entertainment unlimited up to 500 No
more than .
10. 10 years girl more than 8 Peppa art 10 2 hour 5000-1000 No
more than .
11. 10 years girl up to4 Peppa art 10 2 hour 5000-1000 Yes
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12. more than girl more than 8 Peppa are active unlimited 5000-1000 No
10 years

13. ilz)o;zﬁlsan girl more than 8 not thematic beauty and fashion 10 2 hour unlimited Yes

14. %O;EJ?San boy more than 8 not thematic beauty and fashion 10 2 hour unlimited No

A holiday is a decision-making attribute. The set of all
conditional attributes 4 = {"age", "gender", "number of
participants", "subject matter", "type of entertainment",
"duration of entertainment", "budget"} corresponds to the
root node. Select the attribute "age" and mark it the root
vertex. The set of values of this attribute consists of three
elements: up to 5 years, 5-10 years, more than 10 years. Put
the root vertex in correspondence with three edges, each of
which is attributed to the value of the attribute "age". Set
examples will be divided into three subsets that correspond
to the values of the attribute "age"; these subsets
correspond to each of the vertices 2, 3, 4 of the tree shown
in Figs. 3 We remove the attribute "age" from the set 4 and
get the set 4 = {"gender", "number of participants",
"subject matter", "type of entertainment", "duration of
entertainment", "budget"}.

Age @
I

up to 5 years 5-10 years

more than 10 years

‘ B1,B2,B4 B3 ‘ | B3,B6,B7, B8, BY | ‘ B10,B11,B12,B13,B14 ‘

® g OR

3. The first step of the ID3 algorithm (removing the "age" attribute).

Consider the vertex number 3. It is matched by the
subset of examples {B3, B7} that have the value of the
decision attribute "yes" and the subset of examples {B6,
B8, B9} that have the value of the attribute of the decision
"no". We select the following attribute from the set 4; let it
"gender". Denote by vertex 3, construct two edges with the
values of this attribute, and divide the set of examples in
vertex 3 into two subsets, in each of which the values of
gender are the same.

Consider the vertex number 6. It corresponds to the
subset {B3}, which has the value of the decision attribute
"yes", and the subset of examples {BS, B9}, which have
the value of the decision attribute "no". We select the
following attribute from the set A4; let it be the "number of
participants". Denote by vertex 6, construct three edges
with values of this attribute and divide the set of examples
in vertex 3 into two subsets, in each of which the values of
the number of participants are the same.

[ O

up to 5 years more than 10 years

5-10 years
3 ~
I B1,B2,B4,B5 ‘ ’ B3,B6,B7,B8, B9 P | B10,B11,B12,B13,B14 ‘
. girl boy
| B6,B7 ] ‘ B3,B8,B9 |

® ©

Fig. 4. The second step of the ID3 algorithm (removing
the "gender" attribute)

| Age |®
|
up to 5years 5-10 years more than 10 years
I B1,B2,B4,B5 | I B3,B6,B7,B8,B9 d | B10,B11,B12,B13,B14 |
® g ®
. girl boy
6
[ B6,B7 l I B3,BS8,B9
7
@ up to 4 4‘8\ more than 8
| N
o )= )[=»]
Q) ®

Fig. 5. The third step of the ID3 algorithm (removing the "number of
participants" attribute)

In Fig. 5 in verse 7 we have an empty set, which
indicates that under such criteria given by the client, we
will not be able to offer him anything, that is, a holiday
cannot be organized, so we will mark this vertex "no" and
it will become a leaf. In verse 9, examples B8 and B9 have
the same attributes of the game attribute - no. Therefore,
we denote this vertex by "no" and it will become a leaf.
Similarly, we denote vertex § as "yes" and it will also
become a leaf

| Age |®
|
5-10 years

up to 5 years more than 10 years

~
3
l B1,B2,B4,B5 | | B3,B6,B7,B8, B9 p | B10,B11,B12,B13,B14 ]

girl boy

6

I B6,B7 I l B3,B8, B9 C‘)
A1

@ up to 4 4-8\

e |
[ [ » [mw]

Ol ol o]

No Yes

more than 8

Fig. 6. The fourth step of the ID3 algorithm.
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IV. CONSIDERATION OF THE DEVELOPED
FUNCTIONAL OF THE SERVICE

The main page (see Fig. 7) of the service for managing
the work of children's animation studios, includes buttons:
"Offers" - for viewing, all available offers, "Order" - go to
the window where you can place an order, "Register" - to
register for service, "Login" - to enter the service and also
3 offers that can be accessed by clicking on the "Details"
button.

# Offes  Order Register  Login

Search by subject
Animation studios «Kapitoshka»
Search by budget

W

T
4

o ¥:
Trampoline “Treasure Island” Show “Soap bubbles”

Fig. 7. The main page web service

After the user, when logging in to the site, chooses a
budget search option and enters the amount for which he
wants to organize a holiday, he will be offered as many
services as possible within the selected budget, as shown in
the figure. 8.

Birthday greetings with cake
Trampoline arena

Aquagrim

Treasure Island Inflatable Hill

Weaving of African pigtails
Maze

W Trampoline arena
Aquagrim
Treasure Island Inflatable Hill
Maze

Rolledrome
Trampoline arena

Al Soap bubbles show
Trampoline arena
Aguagrim Aquagrim
Treasure Island Inflatable Hill Treasure Island Inflatable Hill
Maze Maze

Fig. 8. A list of suggested holiday options

If someone at the entrance to the site will select the
search option offers the direction of "subjects" and
introduce subjects on which it wants to organize a holiday,
he will be asked to respond to several questions, such as:
the age of the child; to become a child; budget, the number
of children on holiday, he will be offered as many services
within the chosen subject. One of the variants of the
proposals when choosing the theme "Active entertainment"
and given attributes: "age" - 11 years; "gender" - boy ",
budget - 1000 UAH, shown in the figure. 9.

Having determined the optimum number of services,
the user can order the selected offers.

V. CONCLUSIONS

To organize the effective functioning of animation
studio management services, taking into account the
specifics of their work, the logic of query processing
systems must be built using modern methods of Data
Mining, namely the "Decision Tree" methods. In order to
provide quality services, in a user-friendly format, it is
most appropriate to provide information to the client in the
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context of two areas: price policy and content topics of
services. If the client chooses as a priority , the direction -
pricing policy, it is advisable to use the backtracking
algorithm when choosing the client, as the priority ,
direction - the content of services - algorithms for building
a decision tree.

Tour choce: (__ACHVE GAMES._)

Age: Gender: Budget:
11years Boy 1000 UAH
Our offers:

Rolledrome

Trampoline arena

Aquagrim

Trampoline “Treasure Island “

Fig. 9. A list of the proposed "Active Entertainment" holiday option
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Abstract—The article examines the behavior of an
intellectual agent in a competitive environment. An OODA
loop is selected to model the behavior. The interaction of the
stages of the OODA loop (observation, orientation, decision-
making, action) with the ontology of the tasks and the domain
within which this agent functions is considered.
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L INTRODUCTION

According to the ideas of John Boyd and his followers,
any activity in a competitive environment (for example, in
the military field) with some degree of approximation can
represented as an OODA cybernetic model [1]. This model
involves repeated repetition of a loop of actions, consisting
of four consecutive interacting processes (Fig. 1):
orientation, decision, action. This model has successfully
used to model activities and decision-making in business,
politics, sociology, etc., in those areas where there is a
competing party. According to Boyd's theory, every person
or organization has its own decision-making and activity

loop in solving tasks.
Decision

—»  Observation

Orientation

John Boyd's loop
(0O0DA)

N

Fig. 1. OODA loop processes

Action

v

Develop an approach to improve the performance of a
management entity in a competitive environment. The
purpose of the study is to develop and validate a method for
modeling the OODA loop using the knowledge base
ontologies of the environment in which the control object
operates.

II. ANALYSIS OF RECENT RESEARCH AND PUBLICATIONS

According to the literature on the theory of J. Boyd,
summarized in [1], the purpose of the loop stages and their
functional purpose is as follows. Observation is the process
of gathering the information needed to make a decision in a
particular case. The necessary information can obtained from
both external and internal sources. Internal sources of
information are understood as feedback elements of the loop.
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As external sensors and other channels of information are
used. In order for the observation to be scientific, it must:

e Systematic, not accidental;
e (Carried out consistently and systematically;

e Sufficiently broad information was provided about
the phenomenon being monitored (as many facts as
possible should be operated on);

e provided accurate recording of observation results.
Data can collected:

e Mechanically. Mechanical registration of data is that
the source of information, i.e. «event» or
«phenomenony, manifests itself as a change of some
physical state, and this new state is recorded
mechanically.

e Expert observation, followed by the recovery of
memory results, which is referred to as «recordingy.

e Through experimental research, the peculiarity of
which is that the phenomenon (the subject of the
study) is studied under different conditions and
circumstances; the use of this method of research
contributes to a deep and very accurate study of a
certain psychological patterns.

Orientation is the most responsible and cognitively
complex stage in the entire OODA cycle. The orientation
stage consists of two sub-stages: destruction and creation.
Destruction involves breaking the situation into smaller
elemental parts that are easier to understand. The decision-
maker or organization will seek to decompose the task to
such a level until the newly created components of the task
are close to the standard or typical situations for which the
decision-maker (ODA) has an action plan. Being acquainted
with these elementary typical sub-tasks is achieved through
training, coaching, experience and coaching. ODA identifies
the current situation, that is, assigns it to a specific sub-task,
and applies a pre-prepared action plan for that sub-task. Then
these constituent elemental subplots are combined into a
general plan of action, which corresponds to the sub-stage of
«creation». If there are no plans from which to choose a
solution, then the process remains at the orientation stage and
further decomposition of the task is carried out. Failure to
develop a plan with a real chance of success can further grind
to the last cycle. Orientation uses methods of analysis and
synthesis, which are closely linked. They are designed to
process information obtained through the application of
research methods. Analysis is the study of the qualities,
properties and characteristics of the object under study by its
conditional separation into separate components. In turn, the
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synthesis is to summarize information about individual
components and to form a set of information data on the
object of study as a whole. The results of the analysis and
synthesis process are the basis for making various forecasts
for the near and far future. Prediction can done by calculation
and extrapolation methods.

At the stage of decomposition of the system is carried
out:

- Defining and decomposing the overall purpose of the
study and the main function of the system as a limitation of
the trajectory in the space of states of the system or in the
field of acceptable situations. Most often, decomposition is
performed by building a goal tree and a function tree:

e [solation of the system from the environment

(division into «system» and «non-systemy);
Description of influential factors;
Description of development trends;
Description of the system as a «black box»;

Functional (by function), component (by type of
elements), structural (by type of relations between
elements) decomposition of the system.

Decision-making is the third stage of the OODA cycle.
If, at this stage, the ODA has been able to form only one real
plan, then the decision is made whether to implement the
plan or not. If several alternative options are formed, the
ODA at this stage selects the best one for further
implementation. Choosing the best plan can made on the
criterion of value for money. With a time limit, the plan that
meets the requirements of fast reliability is preferable. The
following methods are used to make a decision:

The cost-effectiveness method takes into account
three stages: construction of the model of efficiency,
construction of the model of cost, synthesis of cost
and efficiency;

Methods of theory and practice of reliability are based
on the application of the apparatus of probability
theory and random processes, mathematical statistics
and modeling.

Action is the final stage of the cycle, which involves the
practical implementation of the chosen course of action or
plan. There are two main ways to achieve competitive
advantage in pursuing different types of professional activity.
The first way is to quantify your action cycles faster. This
enables us to be the first to make decisions and make
competitors react to our actions. The second way is to
improve the quality of the decisions made, that is, to make
decisions that are more relevant to the situation than the
competitors are. Improving the quality of one's own
decisions can achieved in various ways, which include the
use of modern formal mathematical methods, the use of
automated control systems, decision support systems, and
expert systems. If the latter are used, the modern approach to
their construction is used as the nucleus of the ontology
knowledge bases [2]. Therefore, the task of developing
ontology usage methods in the OODA loop arises.
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III. BASIC MATERIAL

The distinguishing feature of the OODA cycle from other
cyclical models is that in any situation, it is always assumed
that there is a competitive side. In Fig. 2 lists three controls
that are in some of their initial states and have their own
states of purpose. The fact that these objects operate in a
competitive environment, during the passage of the OODA
loop, to analyze the states in which the competitors are and
their actions, as shown in the figure by the appropriate
arrows. It is proposed to use the OODA loop system to use
an intelligent system whose core knowledge base is an
ontology consisting of domain ontology and task ontology
that may arise in this environment. In our opinion, the
content of the ontology directly affects the 2" and 3 stages
of the cycle, and the structure and content of the ontology
depends on the 1% and 2" stages (Fig. 3). Let's take a closer
look at each stage of the OODA loop as it interacts with the
domain ontology and the tasks that arise in this area. The
observation phase enables the ontology development process
to analyzed and analyzed to select the relevant information
that is required in the next stages of the OODA loop.
Formally, an ontology consists of terms (concepts, concepts)
organized into a taxonomy, their definitions and attributes, as
well as the associated axioms and rules of inference.
Therefore, the model of ontology O is understood as three

types [2]

0=(C,R,F), (1)

where C is a finite set of concepts (concepts, terms) of
software, R is finite set of relations between concepts
(concepts, terms) of a given software, F' is interpretation of
concepts and relations (axioms). Axioms impose semantic
constraints on the system of concepts and relations [3].

In order to build an ontology that adequately describes
the semantic software model, it is necessary, first, to solve
the tasks of obtaining knowledge from different sources to
identify many concepts and establish a hierarchy on that set.
Since much of the information is contained in natural-
language texts (NLTs), it is promising to gain knowledge of
textual information as well as intelligent processing of
specially selected NLT collections. One of the most effective
approaches to complete ontology is its automated teaching of
natural language texts. Automated filling can implemented
by analyzing text documents using a knowledge processor
(Fig. 4). This approach is discussed in more detail in a
monograph [4]. In the given scheme, the task of the linguistic
processor is to perform its lexical, grammatical, syntactic and
semantic analysis. As a result, the ontology is replenished
with concepts, TLDs (subject - action - object) and cause and
effect relationships between TLDs. The other part of the
important relationship between concepts and their properties
is established by the ontology processor, which builds an
ontological structure for each concept obtained after
analyzing the text.



State of the goal

State of the goal

State 2
(Observation)

State of the goal

State 2
(Observation)

State 1
(Observation)

Fig. 2. Operation of facilities in a competitive environment

e il

Orientation

—  Observation Ontology Decision
K — /
v

Fig. 3. Using ontologies in the OODA loop

Fig. 4. Structural and functional diagram of the knowledge processor

Ontology
processor

Linguistic
processor

Text
ontology

The work of the ontology processor is supported by the
corresponding database, the main components of which are:
first, a set of rules, and second, a universal logical database
MModWN [5] type WordNet [6]. The Knowledge Processor
is used in a system of automated learning from text
documents, which in turn is used to solve the task of
semantic search in full-text databases. Among the systems
developed in Ukraine, it should noted that the development
of the staff of the Department of Mathematical Informatics at
Taras Shevchenko National University of Kyiv is a system of
text processing in natural language [7]. The system is
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Decision

designed to solve tasks such as analysis and synthesis of
texts in natural language, automated generation of abstract
text, automated indexing (definition of the subject) of the
text. Our system is described in detail in [4, 8-12]. The main
advantage of our approach is to build an Intelligent Agent
(IA) that determines the value of the messages that are
proposed to added to the ontology depending on the
management plan chosen. The peculiarities of the
functioning of a specialized IA are determined by its interest
- a vector of estimates of the desirability of possible states of
the agent. To describe the agent's interest, by which he
distinguishes the states of the surrounding world and
positions himself in it, a utility function is used, which is a
numerical evaluation of his desirability for the agent [13-18].
Utilities are combined with action probabilities to determine
the expected utility of each action. Suppose U (S)the
usefulness of the condition S from the point of view of the
agent making the decision to perform some action 4. An
arbitrary undetermined action can cause a result state
Result,(A) where the index 7 runs over all possible results.
Before taking action 4 , the agent evaluates the likelihood of
each of the possible outcomes P(Result,(A)|Do(A),E),
where E is the set of parameters available to the agent of its
state, and Do(A) is the statement according to which in the
current state the action is performed. Thus, it is possible to

calculate the conditional utility of the action based on known
status parameters:

EU(A|E)=Y P(Result,(A)| Do(A),E)-U(Result,(4))-(2)

If the Maximum Expected Utility (MEU) guides a
rational intellectual agent, it is forced to choose an action that



maximizes the expected utility for the agent. This is how a
mechanism for motivating the behavior of a rational
intellectual agent works, regardless of its scope. In the case
of an information retrieval agent Maximum Expected Utility
— MEU, its interest may be determined by evaluating the
novelty of the messages received, which requires the use of
methods of intellectual analysis of natural-language texts.

We believe that the text is constructed as a message. The
message structure is oriented to the perception of another
agent, so it consists of two parts (Fig. 5): the ascertaining
part, by which the addressee evaluates the relevance of the
message (1) and defines its context (2), and the constructive
part - potentially new to the reader in in this context (3).

Agent-correspondent

Message

Knowledge

—

Statement part
base

Agent-addressee
Constructive ::> Knowledge
part base
A X
2 3 New knowledge T

Context

Assessment of relevance

If the new knowledge is not a complete algorithm, but
only a single fact or rule that clarifies the algorithms already
known to the agent, changing their utility functions serves to
evaluate the novelty of the fact (rule) and their importance to
the agent. This approach is described in more detail in a
monograph [9]. The representation of knowledge in the form
of an ontology implies that any possible generalization, that
is, a complex, complex concept, is always explicitly
articulated, named, and appears as a separate concept in the
knowledge base. At the orientation stage, a plan of action is
drawn up. In order to reach the target state of IA, a plan to
achieve this state with all possible alternatives must first be
developed [10]. Planning is based on decomposition. The ZP
planning task has three components: the set of states.S , the
set of actions A | the set of target states Goal (goal states):

7P :<St,A,G0al>.

Further, we will assume that the goal state is the same. If
there are several states of goal, then the goal can written as a
disjunction of these states. Then achieving this state is a
solution to some sub-task, so assuming the uniqueness of the
goal state is normal. The action 4, in turn, has four parts:
action name, parameter list, prerequisite, and result. The plan
itself is defined as a four-element tuple - <Multiple Actions,
Multiple  Organization Constraints, Multiple Causal
Relationships, Multiple Prerequisites Multiple> [11]. The
condition S(i) is given as a set of facts with appropriate

probabilistic estimates. The action is presented as a mapping
from state S(i)to state S(j)with a corresponding

probability p, , that is S (i) — §( /). a probability p, . The IA

must be able to evaluate the condition in order to select the
necessary actions. It is easier to do this with states in which
he was already. It is more difficult to estimate future states.
Heuristic functions or metacognition are used to evaluate
them. So first, let's look at the assessment of the completed
states, then the actions and finally their combination, leading

to a new (future) state. Let v(S(i)) is an assessment of the

condition §(i). We will use software ontology to evaluate
states that already had IA. The goal state Goal is determined

Fig. 5. Recognition of new knowledge in a message to fill their knowledge base

3)
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by the need for some set of attributes to reach certain
values z(x,Goal) Vx € X . Each state S(i) is defined by its

many traits that acquire value z(y,S(i)) VyeY,. To
evaluate a conditionS(i), it is necessary to mapy the

plurality of features and their status valuesS(i) to the

plurality of features and status values Goal . Obviously, the
BR, namely the optional module of the Semantic Web Rule
Language (SWRL) ontologies, should use such a mapping.

y -2

i

/88 X. 4)

Then an assessment of the condition V(S(i)) is calculated

o(st(0)

d(S(i),Goal ) =§X: 9(z(w(»).5(i)),z(x.Goal))-
®)

where X, is many essential features. For example, to
determine the weight of the elements of ontology [4, 12]. ¢

is a certain metric that depends on the specifics of the
software [4, 12]. In our research for choosing IA actions, we
will rely on the agent's rationality as an effort to minimize
the cost of resources to reach the end state. Therefore, we
assume that each action a; is uniquely determined by the cost

of resources g:; (cost of transition from state to state), where
k =1,2,...,n, - the number of alternatives ¢z, for making the
transition a - Therefore, in the future, we denote the action
by three indexes: g; transition from state S(i) to state S (),
using the alternative ¢, [13].

Because the lower the score, the better, the action

estimate is directly proportional to the cost of resources, that
is:

v(ai/;):E-g;;, (6)



where E is a scalar value that reduces the measurement of an
action estimate to a single dimension with a state estimate.
Choosing the best plan is at the decision stage. In general, the
decision to choose an action based on an alternative is made
according to some relationship between condition and action:

0,(a§)=5(v(a[.’;),v(S(]))) (7
In particular, this relationship can be linear:
o(as)=ov(a})+(1-@)v(5()). ®

where we [0,1] is part of the alternative action that the 1A

gives when making the decision, the other share belongs to
the state in which it will pass.

After evaluating actions and states, the path selection task
is reduced to the task of asynchronous dynamic
programming [14]. We get the following model of transitions
between states:

S(j)=a(S(i),0,) 9)

with the optimization criterion
S(j)=a(S(i),0,) 9)
©(5(0),6) = min(max) . (10)

Task (9) - (10) is a dynamic programming task. Using
methods suitable for the solution of such tasks, we find the
solution in the form of a path from transition to the initial
state, that is, the path of the plan. In our further works, it is
planned to complicate model (9) - (10) taking into account
the states of competitors and to use the developed
mathematical support for the modeling of military actions.

IV. CONCLUSIONS

This paper deals with the modeling of the behavior of an
intelligent agent that functions in a competitive environment.
An OODA loop is selected to model the behavior. To
improve the efficiency of the OODA cycle, it is proposed to
use the ontology of the domain within which the intelligent
agent operates and the ontology of the tasks that arise in this
field. The influence of the stages of the OODA loop on the
ontology content and vice versa - the ontology content on the
course of the stages is determined. The interaction between
the ontology and the stages of the OODA loop is suggested.
The task of planning the activities of an intellectual agent in
a competitive environment is reduced to the task of dynamic
programming.
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Abstract— The article describes the procedure for
analyzing information resources of the system of dynamic
integration of weakly structured data in the web-environment
to determine the common features of information resources
and identify links between them. Model-based shared resource
definitions and language describing the rules of access to
resources, examines the process of creating an object adapter
defining the common features of the information resources and
identify relationships between them using the rules of the
method of "black box". The process of determining the
structural-dynamic model of the domain Mashup-application
is described.
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I. INTRODUCTION

The growing number of resources and services available
on the Internet and the opportunities that Web 2.0 offers are
pushing end users to evolve from passive consumers of
information into information producers who are able to
access and manipulate existing information resources in
order to generate new content. In terms of human-machine
interaction, this requires new communication paradigms that
should allow people to access content, move it to personal
interactive workspaces where they can integrate it, and, if
necessary, create new content using existing content. The
solution of this problem requires the use of methods and
means of dynamic data integration. The data integration
system frees users from the need to know which data
sources, other than integrated, they use, what properties of
these sources and how to access them [1-4]. Today, due to
the rapid development of the Internet, a huge number of
information resources of various nature and content has
accumulated and is constantly growing [5-9]. This raises the
problem of their operational, dynamic integration, while
highlighting the content of information and preserving the
semantics of data [10-13]. The complexity and nature of the
methods used to solve this problem depends significantly on
the level of integration that needs to provided, the properties
of individual data sources and the totality of sources as a
whole and the necessary methods of integration [14-19]. Due
to the rapid growth of Ukrainian and world information
resources, methods of determining the common features of
information resources and dynamic integration of
information are in the focus of researchers of federated

978-1-7281-3214-3/20/$31.00 ©2020 IEEE

Lyubomyr Chyrun, Ivan Dyyak

Programming Department
Ivan Franko National University of Lviv
Lviv, Ukraine
Lyubomyr.Chyrun@lnu.edu.ua

environments and are of scientific and practical interest to
developers of modern distributed intelligent information
systems, but numerous problems still remain unresolved.
Therefore, at present especially urgent task to develop new
approaches, technologies, architectural solutions and flexible
tools for analyzing the information resources of the system of
dynamic integration semi-structured data in a web
environment for defining common information resources and
identify relationships between them.

II. ANALYSIS OF RECENT RESEARCH AND PUBLICATIONS

Speaking about the dynamic integration of data in the
web-environment, the research and development of data
integration systems, working using the technology of Mash-
Up [4, 20-23]. Mashups are an application development
approach that allows users to combine data from multiple
sources into a single integration tool. [4, 24-26] Some
Meshes can created by a simple combination of JavaScript
code with XML, which makes it possible to build a new
innovative web service. Other, larger Meshes, which are the
basis of relevant web sites, use the technology of services
such as Google Maps and an address database, linking them
together and showing project information on a map. Unlike
web service compositions, where the focus is only on
combining business services, the Mashup framework is
expanding, which has more functionality and allows for the
integration of heterogeneous resources, such as data services.
Programs created with the help of Mash-Up technology are
called Mashups or Mashup applications. Research shows that
there is a high level of interest within Mashup. In addition,
with the rapid development of IT-technologies, the needs for
dynamic integration of heterogeneous data in the web-
environment become especially urgent. Mashups technology
opens up new and wide opportunities for data transmission to
consumers. However, the fact remains unchanged that the
user of Mashups should know, at least, how to write program
code using programming languages (for example, Java
Script, XML / HTML), how to use various web APIs. In
order to solve this problem, there is a considerable amount of
effort that is put into developing tools that are designed to
support users with little programming knowledge to develop
Mashups applications [27-32].

Since the content, nature and structure of a Mashup
application cannot fully known in advance, because the
Mashup is formed as a response to a user request. Therefore,
it is advisable to choose such a method of constructing the
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