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FEATURES OF CONTENT PRESENTATION IN MULTI-SCENARIO SYSTEMS

When software is developed, it is assumed that it can be used by different groups of users. The difference between these
groups may be not only in the level of technical qualifications, but also in physiological and psychological differences, features of
hardware, software, environment, and so on. Lead to the need of creation of the universal interface that can suit all users. Due to
the fact that all users are different, this problem has no solution and in fact the interface corresponds to the property "least
inconvenient"” instead of "most convenient". The problem of adapting software and hardware to the conditions of use is solved by
each team of developers with their own methods, but the approach to analyzing the problem and solutions is almost the same and
comes down to building scenarios for the use of hardware and software. The article represent a general approach to the creation of
multi-scenarfo systems for various purposes - electronic educational systems, hardware educational systems for the visually impaired,
medical diagnostic systems. The following problems of development were solved in the article: adaptive intelligent interface,
architecture and structure of adaptive intelligent interface and algorithms of functioning of adaptive system interface agents. The
presented examples of hardware and software solutions, and the visualization of the model of the adaptive learning system will allow
to develop own algorithms for the implementation of multi-scenario systems.
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OCOBJIMBOCTI HPEACTABJIEHHSA KOHTEHTY
B BATATOCHHEHAPHUX CUCTEMAX

Kosm po3po6isieToCs MporpamHe 3a6e3reYeHH s, NepEfbaqYacTbCs, WO BOHO MOXE BUKOPUCTOBYBATUCS DISHUMU rpyrnammu
KOPUCTYBaYIB. Pi3HULIS MDXK LMMU rpYyriamu MOXe 0/ISratv HE JIMLLIE y PiBHI TEXHIYHOI KBaJlighikaLlii, ane TaKox y ¢pisionoridHnx 1a
1ICUXOSIOMTYHUX BIAMIHHOCTSX, OCOO/IMBOCTAX anapaTHoro 1a rporpamMHoOro 3abesrneyerHHs, CepesoBmniya, TolLo. Lle npussBoanTs Ao
HEOOX[AHOCTI CTBOPEHHS YHIBEPCA/IbHOIO IHTEDQEVICY, AKMI MOXE IIJINTH BCIM KOPUCTYBa4YaM. Yepes Te, 1o BCi KOpUCTyBaYi pisHi,
ys rpobniemMa He Mac po3BA3Ky, | HACPaBAl IHTEp@ENC BIANoBIAaE BAACTUBOCTI "HAUMEHLL HE3PYYHUI" 3aMICTb "Hau3py HILLMI",
llpobrema agantayii nMporpamMHoro T1a anapaTtHoro 3abe3re4YeHHs [0 YMOB BUKOPUCTAHHS BUPDILLYETLCS KOXHOK KOMAaHAow
PO3POGHUKIB CBOIMM METOAaMM, asne nigxig A0 aHasi3y rpobsieMu Ta PilliEHb MavKe O4HAKOBUI | 3BOAUTLCS 40 06YA0BU CLEeHapIiB
BUKOPUCTEHHS anapatHO-porpamMHOro 3a6e3reqeqHs . CTarTs MpeqcTaB/ise 3ara/bHui Migxig A0 CTBOPEHHS 6araTocyeHapHux
CUCTEM PIHOIMO MPU3HAYEHHS - E/IEKTPOHHUX HaBYa/lbHUX CUCTEM, anapaTHuX HaBYallbHUX CUCTEM A/1S JIHOAEH [3 Bagamu 30Dy,
MEANYHUX CUCTEM IATPUMKU [IPUAHATTS PillieHb. Y CTaTTi BUPILLIEHO TaKi rpobrieMu po3po6Ku. aAaNTUBHUM [HTE/ICKTYa/IbHIA
IHTEPQhENiC, apXiTeKTypa Ta CTPYKTypa AaAarTBHOIO I[HTEIEKTYASIbHOIO IHTEPQENCY Ta a/iroputMu QDyHKLIOHYBAHHS areHTiB
AABMTUBHUX CUCTEMHUX THTEPQEUCIB. TPEACTaB/IEHI NPUKIGAN anapaTHuX Ta MporpamMHuX pPilllEHb, @ TaKOX BI3yasi3alis MoAes
CUCTEMU 348ITTUBHOMO HABYAHHS A03BOJISITb PO3POOUTH BIIACHI a/IrOPpUTMU PEasTi3aLlli 6araToLEHaPHUX CUCTEM.

KIo40BI C/10Ba: afantvBHUI IHTEPQHENC, HABYAIbHI CUCTEMU, MEANYHI AIarHOCTUYHI CUCTEMM, 6AraToCLEHAPHI CUCTEMU

Introduction

Today, in the conditions of pandemic and quarantine, as never before, the question of transferring many
spheres of activity to the online plane has become acute. But provided that people not only have different levels of
technical training, but also differ in preferences, views, goals, and of course, technical equipment, in the development
of public software systems it is necessary to provide multi-scenario presentation of information with the ability to
choose user modes and automatically configure them.

In the case of mass use of a computer system, the convenience of working with the system is one of the key
factors that determine the choice of this system in the software market.

Research conducted in the development of adaptive interfaces and learning systems solve a wide range of
problems related to learning, however, the issues of providing a specific user with a comfortable working environment
with the system are not considered enough, mainly at the level of concepts [1]. Neglect of these conditions lengthens
the learning process, creates difficulties when working with the system and, in general, cannot but affect the
effectiveness of the systems.
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The question of finding further ways of adaptation is still open. One of the solutions to this issue is to provide
the user with conditions for comfortable work with the system, i.e., on the one hand, the provision of tools for solving
problems, taking into account his individual characteristics, and on the other hand, the admission to work with the
system, a user with a certain level of knowledge and skills of this work, as well as the participation of the teacher /
trainer in the learning process using traditional teaching tools and methods.

Related works

Research in the direction of multi-agent systems and multiscenario systems has recently become very
popular. The applicability of these approaches is used in almost any field. More than 50 articles from various scientific
fields were studied that describe the approach of multi-agent systems and multiscenario systems. The closest to our
approach is work in the direction of education and decision support in medicine. Articles [1] and [2] consider the
organization of the issues of building training courses, taking into account the needs and requests of users. Article [3]
discusses a method for constructing a multi-agent training system. The possibilities of using different approaches in
decision support systems in healthcare are discussed in the articles [4, 5]. Issues of informing the public are considered
separately in [6].

All scientific studies confirm the extended capabilities of the proposed approaches. At this time, theoretical
studies have been completed and the stage of practical implementation has begun. Practical implementation
distinguishes the described approaches

Multi-scenario approach in adaptive e-learning systems

Currently, the educational centers of the world's leading countries are looking for ways, methods and
techniques to improve the efficiency and quality of learning, providing for different groups of students support for
their independent cognitive activity, computer learning, collective and individual modes of learning and practical tasks
therefore, the term "adaptive educational system" has recently been increasingly considered in world research [7], and
the term "personalization" in software engineering has moved to the sections of pedagogy, which develop a theoretical
basis for distance learning.

As a result of the study of the learning process [8], the developers created a programmed learning model,
which served as the basis for subsequent models. Its essence is the adaptation of the educational process to clearly
defined goals, a reference result (correct answer). In accordance with the received grade, the next stage of the
educational process is selected. This model can be implemented by linear and branched training schemes.

The essence of the methodology proposed by the author is to create a user model that reflects his individual
characteristics, as well as means and methods that implement the functions of adapting this model in conjunction with
the information system. The main provisions of the concept of creating such an interface are:

1. Adaptation of the system to the needs of the user is carried out through the settings of the system services
for the user model, which is created when the user first accesses the system, and then adjusted during his subsequent
logins to the system. The system services are configured by installing a help and hint subsystem, connecting to the
Internet (filtering and searching), changing the intensity of information exchange for the individual characteristics of
the user, as well as connecting databases, hardware for specific tasks he solves.

2. When creating a model, personal and psychophysiological (state of health) characteristics of the user, his
information competence (knowledge of the capabilities of the system, computer) are taken into account. All this is
revealed through special testing. Moreover, information competence is determined twice: initially during the initial
testing and secondly when the user passes tests for knowledge of the computer software and hardware.

3. The user model is adjusted every time he logs on to the system, except for the first call to the system. At
the same time, information competence is specified based on the analysis of the actions of this user during the last
session and testing of his psychophysiological characteristics at a given moment in time.

4. The adaptation of the user to the system is carried out by teaching him to work with the system through
various kinds of trainings, tips and explanations [7].

To solve the problem, we must:

- to develop and research a model of an adaptive intelligent interface for user interaction with the system;

- develop the architecture and structure of an adaptive intelligent interface;

- to develop and research the general algorithm of the adaptive intelligent interface;

- to investigate the algorithms of interaction between the user and the system when entering the information
system (first mode), when re-entering the system (second mode) and when it ends;

- to develop and research algorithms for the functioning of agents of the interface system, taking into account
the peculiarities of their functioning in the subsystems of coordination and control, user modeling and interaction
history.

Building an adaptive learning system combines user models, e-learning system (contains a model of learning
resources) and adaptation system. Each of the elements is represented by a group of parameters that must fully
characterize the object to be able to model the system and predict the effectiveness of its use.

In general, the user can be represented as follows:

U= {OP,SP},
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where OP = {opl, opy, ..., 0Py, }, SP = {spl, 5Py s Spn} ,

where OP is the set of objective parameters, SP is the set of subjective parameters.

The process of filling the user model must have the following classification features: implicit accumulation,
individuality, dynamism, longevity, descriptiveness.

The e-learning system can be reduced to two sets of parameters:

1) interface parameters (include parameters of training resources);

2) functional parameters:

ESE={IP, FP},

where IP={ip|, ipy, ..., ipg}, FP={fp1, 02, 0 f01}.

where [P is the set of interface parameters, FP is the set of functional parameters.

In general, the process of adapting the training system is reduced to a set of rules for modifying each
component of the interface of the training system for each user. To represent the processes of modification of the
educational system [7], we use the following formula:

PA = {palﬁpa29"'npa0} )
where pa is the rule of modification of system parameters in accordance with user parameters:

0=(m+n)-(k+l).
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Fig. 1. Graphical representation of the model of adaptive e-learning system

Multi-scenario approach in learning systems for blind people
According to statistics, about 70,000 blind people live in Ukraine. In the absence of sight, blind people have
to rely on other sources of information, such as sound and tactile sensations. Braille is one of the most common tactile
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fonts for reading. There are fiction and non-fiction printed in Braille in Ukraine. Even despite the cost and size of
these books (for example, the geometry textbook for the eighth grade program fits in the four volumes), in Ukraine
no more than 10% of visually impaired people know Braille. The high cost of such books is due to the complex process
of their production and small circulations. And large editions are not needed, because there are not enough people
who have the ability to read in Braille.

In this way, we get a vicious circle when there is no need to print a books in Braille, because this books has
a small number of readers, but due to the lack of variety of books in Braille can not have more readers.

Instead of expensive devices called Braille displays (1000-5000 Euros depending on the configuration), a
simplified system for studying Braille has been developed.

The general principle of operation of the educational complex is presented in the diagram of Figure 2. The
data is sent to the device via USB (unit 1). If the control unit (unit 3) does not have a built-in implementation of the
USB interface, but only the implementation of the UART interface, then the appropriate converter (unit 2) must be
used to convert the signals. The data received by the controller is processed by a computer algorithm.

After data processing, the controller sends signals to the display driver (unit 4) (in this case, the driver is the
electronic keys Q1-Q6). The display driver determines the state of the display according to the received signals.

The tactile display (unit 5) is an electromechanical device for outputting information. The electromechanical
part of the display is made using electromagnets. Influence on the control unit is possible by means of
electromechanical elements of the user interface (unit 6).

1 2 3 4 5

Fig. 2: Schematic representation of the hardware-software educational complex

The hardware implementation is shown in the figure 3.

Fig. 3. Components of the hardware-software complex of learning Braille (1. Power button, 2. miniUSB connector, 3. Power connector, 4.
Input button, 5. Cancel button, 6. Left navigation button, 7. Right navigation button, 8. Six dots)

The software development was based on past experience in developing systems for working with texts, in
which most of the functions were brought to automatic mode [9].

The program interface is shown in Figure 4.

The developed software performs the following functions:

1) opens text files, adds service characters. There is no uppercase or lowercase letter in Braille, and a special
character is added before each number;

2) allows you to use almost any font. By writing the alphabet symbols and service symbols to the file in a
special way, it is possible to use the selected alphabet;

3) generates a packet of characters for transmission to the Braille display. In addition to the character codes
converted to the alphabet, the number of characters in the packet is transmitted, which can vary depending on the
length of the line in the display [11];

4) displays the current letters on the computer screen, both in the usual letter form and in the form of Braille
dots;

5) implements automatic scrolling, which allows you to automatically move to the next character, with a
specified interval;

6) receives feedback from the device to implement control.
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Fig. 4: Program interface of learning complex

Additional description of the software and hardware are presented in the in the patent documentation (Patent
of Ukraine 105395 MPK (2016.01) G09B 5/00 G09B 21/00. Modul pidiomnoho mekhanizmu prystroiu taktylnoi
indykatsii).

Multi-scenario approach in medical diagnostic systems

Of great diagnostic value are pathognomonic symptoms, the detection of which is sufficient to establish a
reliable diagnosis. But the number of pathognomonic symptoms is strictly limited, they do not always manifest
themselves in the relevant diseases and not at all stages of the disease, forms and variants of its course, and therefore
the diagnosis is mainly focused on non-specific and specific symptoms, especially in their combination. The
combination of related symptoms is a syndrome [11].

In the case of lung cancer, almost complete descriptions of syndromes and treatments are defined in pre-
designed and prescribed protocols from leading cancer treatment associations, such as the NCCN (National
Comprehensive Cancer Network) [12] or Cancer Research UK [13, 14].

When examining a patient, the doctor essentially recognizes the visual, sound, temperature and other images
on the basis of which he makes the diagnosis. But in a difficult epidemiological situation, it is necessary to limit direct
contact between patients and doctors, if possible. It is the use of widely used computer diagnostic systems that makes
this possible.

The main purpose of such systems is to reduce the waiting time for intermediate results in collecting the data
needed by the doctor to make a final decision. In developing such a system, which is currently undergoing
experimental operation [15], it was first necessary to conduct research to determine sufficient information space of
the parameters that are necessary for the formation of the diagnosis.

When forming the parameters that will be processed by the system, the developers have the following
problems [16]:

1) implementation of analysis of biosignals and medical images;

2) assessment of the informativeness of diagnostic signs;

3) synthesis of decisive rules on the basis of which the decision on the diagnosis is made.

But the implementation of such systems is possible only if there is a complete description of the procedure
of medical examinations and storage in a single place of the results of these examinations, because it is impossible to
collect insufficient signs and it is unacceptable to force patients to conduct optional examinations. very expensive).

At inspection of the primary patient it is necessary to pay attention to detection of "cancer signals":

- symptom of "unsuccessful treatment" (peptic ulcer, gastritis, laryngitis, pneumonia, cystitis, hemorrhoids);

- symptom "plus tissue", ie the growth of volume formation;

- syndrome of "small symptoms" (increased fatigue, decreased efficiency, loss of interest in others,
discomfort, loss of appetite); - pathological secretions (bloody, mucous);

- persistent dysfunction of the body;

- paraneoplastic syndromes.

The basic (pathogenetic) symptoms of cancer are

And - the fact of the presence of tumor formation;

II - local symptoms:

- dysfunction of the body,

- pain,

- pathological discharge;

IIT - general symptoms:

- intoxication,

- paraneoplasia;

IV - symptoms of complications and metastasis.
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Moreover, at each k-th level of interaction between the internal and external environment, each i-th subsystem
of the organism R; (cardiovascular, respiration, nervous, immune, etc.) is in a certain j-th state s;‘. of the multitude

Sy ={skh: k=014 i=lng;j=Ln

where 5y is the number of body subsystems at the £-th level of interaction with the environment;

n; is the number of possible states of the i-th subsystem at the &-th level.

The set of states S; is conventionally divided into subsets: S;,—norm, S;; — borderline state and Sj, — pathology,
that is:

Si = Sin USig USlp
The set of states of the whole organism S is determined by the set of states of all its subsystems
S= {8}, i=ln,

where n,. = maxnj, .
k

With the development of medicine, the set of diagnoses expands by detailing some diagnoses and taking into
account both lower levels of interaction (cellular, biomolecular, and below), and higher (level of the subtle etheric
body and above). In this formulation, the problem of diagnostics using a computer medical diagnostic system is
reduced to the problem of determining whether the current state of the organism or its individual subsystem belongs

to one of the formalized states from the set of diagnoses {Di} .

Among the set of problems solved in the development of diagnostic medicine systems are two relevant tasks
of optimization are allocated: selection of informative signs and optimization of decisive rules. If the optimization of
the decisive rules to some extent finds a satisfactory solution, due to the presence of a well-developed theory of testing
statistical hypotheses, the problem of the actual analysis of different survey methods is poorly covered. The system of
initial diagnostic signs must meet the following requirements:

1) completeness of the description. The system of initial features should cover all selected aspects of the
measured concept;

2) minimization of the description. The most common mistake of many researchers is an attempt to analyze
an extremely large number of features, which, according to researchers, should help increase the informativeness of
the sample [14]. However, for the synthesis of computer diagnosis (as for the solution of any classification problem)
should be used useful information for this task, which does not carry "noise" and irrelevant information (not related
to the purpose of the study), so when developing a system of features should avoid excessive amount of source
information;

3) the structure of the system of signs. Signs should be grouped, relatively evenly describing all aspects of
the measured phenomenon;

4) quantitative certainty of diagnostic signs. This certainty is provided by the formalization of the description
of the features, which is discussed above.

These studies include:

- computed tomography (CT);

- bronchoscopy;

- biopsy;

- histology;

- immunohistochemistry (IHC);

- positron emission tomography (PET).

The procedure for conducting surveys is presented in Figure 5. This procedure provides for the sequence of
examinations, in which PET is performed only if necessary, which was determined by biopsy.

These requirements are not exhaustive. In the case of obtaining data using questionnaires, much attention
should be paid to techniques to reduce the possibility of falsification of answers and reduce the systematic error of
testing. In some cases, the selection of useful information for substantive reasons is performed by the researcher
himself (perhaps not quite successfully), otherwise the fight against redundancy is carried out by formal methods by
assessing the informativeness of the space of diagnostic features.
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2. Bronchoscopy 3. Biopsy

6. PET

A 4

4. Histology

A 4
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Fig. 5: Software interface hardware and software training complex

The program realization of output tree presented on Figure 6 [17].

As a result of solving the tasks set in the appropriateness of the chosen path in the organization of the work
of the program support system for decision-making in the treatment of lungs' cancer was shown. On the basis of the
presented data it is envisaged to obtain a set of new scientific results that will allow to consistently substantiate the
methods of determining the necessary diagnosis in patients' examination and effective treatment.

Test xray Test
bronchoskopia
} T
[ | 1 ( | )

Added xray Enter xray clinic Added Enter clinic

bronchoskopia bronchoskopia

. . Result message

Result xray message xray form CmraE ot form

message form

message form

Fig. 6: Some forms of application that display the necessary diagnostic procedures and regulate data entry to the system

Experiment

The proposed approach was used to build three described systems: e-learning system for studying MS SQL
(100 participants for 13 days — 2 scenarios (Table 1)), hardware-software complex of learning Braille (50 participants
for 15 lessons — 3 scenarios (Table 2)) and Lung Cancer Treatment Decision Support Program (500 participants for
30 days — 2 scenarios (Table 3)).
Students took the training course remotely for an average of 3 hours a day. Due to the peculiarity of teaching
Braille, children usually did not study in classes and at the same time. On average, the lessons lasted 40 minutes a
day. In the Lung Cancer Treatment Decision Support Program users worked 25-30 minutes a day.

The tables contain information about the scenarios that users worked on at the beginning of the day / lesson
and the number of users who changed the scenario at the end of the day/lesson.

Table 1

Scenario usage in the system e-learning system for studying MS SQL

Day Scenario 1 at the beginning Change of scenario at the Scenario 2 at the beginning Change of scenario at the
of the day end of the day of the day end of the day
1 85 9 15 5
2 81 8 19 4
3 77 5 23 3
4 75 8 25 2
5 69 7 31 3
6 65 4 35 1
7 62 3 38 1
8 60 7 40 1
9 54 8 46 1
10 47 7 53 2
11 42 6 58 1
12 37 5 63 0
13 32 4 68 0
Result 28 72
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Table 2
Scenario usage in the hardware-software complex of learning Braille
Scenario 1 Change of scenario at Scenario 2 Change of scenario at Scenario 3 Change of scenario at
at the the end of the day at the the end of the day at the the end of the day
Lesson | beginning beginning beginning
of the 1->2 1->3 of the 2->1 2->3 of the 3->1 3->2
lesson lesson lesson
1 35 5 1 10 3 1 5 0 2
2 32 3 2 13 2 1 5 1 1
3 30 2 1 14 4 1 6 0 2
4 31 2 2 13 2 2 6 1 1
5 30 3 1 12 2 1 8 0 0
6 28 4 1 12 1 2 10 1 0
7 25 5 2 13 2 1 12 1 0
8 21 2 1 15 1 3 14 0 1
9 19 2 0 14 2 2 17 1 1
10 20 3 1 13 1 1 17 0 2
11 17 4 0 16 0 3 17 1 1
12 14 2 1 18 1 2 18 0 1
13 12 5 0 18 0 1 20 1 1
14 8 3 1 23 1 2 19 0 1
15 5 2 1 24 1 2 21 0 1
Result 3 24 23
Table 3
Scenario usage in the Lung Cancer Treatment Decision Support Program
Day Scenario 1 at the beginning Change of scenario at the Scenario 2 at the beginning Change of scenario at the
of the day end of the day of the day end of the day
1 424 15 76 3
2 412 9 88 2
3 405 8 95 2
4 399 8 101 1
5 392 9 108 1
6 384 10 116 2
7 376 12 124 2
8 366 13 134 2
9 355 5 145 3
10 353 6 147 2
11 349 4 151 4
12 349 4 151 2
13 347 4 153 1
14 344 3 156 1
15 342 7 158 2
16 337 8 163 3
17 332 4 168 2
18 330 4 170 2
19 328 3 172 0
20 325 8 175 1
21 318 7 182 0
22 311 5 189 1
23 307 8 193 0
24 299 8 201 2
25 293 5 207 0
26 288 4 212 1
27 285 5 215 1
28 281 8 219 0
29 273 6 227 0
30 267 3 233 1
31 265 5 235 0
Result 260 240

complete rejection of simple scenarios in Learning Systems.
Conclusions

In each of the systems, there is a gradual transition to scenarios of higher complexity. There is an almost

As a result of solving the tasks that were set in the study the relevance of the chosen path in the organization

of software in the implementation of multi-scenario methods of information presentation was shown. On the basis of
the presented data it is supposed to receive set of new scientific results which will allow to substantiate consistently
universal methods of formation of scenarios of behavior of system.
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Based on the analysis of existing approaches to the creation of electronic educational complexes for the blind,
the lack of experience for teaching visually impaired children was revealed., which required to develop a scenario of
the system for this category of users. The world uses standard Braille displays with 40 or 80 letters per line for learning.
All other projects have remained at the stage of describing the idea or conceptual scheme - they include the advertised
touch smartphones and tablets with Braille, and educational electronic devices are not even considered as a concept.

Software testing has shown that despite the large amount of work that must be done before the
implementation of hardware and software in the educational process, the use of the program individually is already
possible.

And based on the review of existing software solutions to support decision-making in the diagnosis of lung
cancer, it was proved the feasibility of implementing a new software system that will use modern approaches to work
with all groups of system users. The construction of this system is impossible without the development of a
mathematical model that will describe the relationship of treatment methods and the necessary diagnostic procedures
with the parameters of the patient. The difficulty of obtaining a mathematical model is due to its dimension,
multicriteria and uncertainty of a number of conditions, and today is solved through the use of expert opinion or a
priori protocols for diagnosis and treatment.

The multi-scenario approach allows to realize the results of diagnosis by the method of logical inference,
taking into account the available data and the level of qualification of the system user. The use of fuzzy logic makes
it possible to build evaluation systems based on natural language expert statements about causal relationships.

And the application of a multi-scenario approach to the automatic change of settings in video surveillance
systems allows to adapt the system to external parameters of the environment without operator intervention, which is
especially useful in cases where devices are in hard to reach places.

The presented solutions prove the power of the mechanism of information systems with a multi-scenario
ideology of functional implementation.
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