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ONTOLOGICAL APPROACH TO
DEVELOPMENT OF WEB-CONTENT
GENERATION METHOD

06’ exmom docniodnceis € npoyec AMOMAMU308aI020 CMEOPEHIHS 6e0-KONMeHmyY, Wo 6a3yemvbcs Ha ingopmaii,
npedcmasieniti 6 Onmonoziunomy uzasoi. OOnum i3 naubirvur nPoOIEMHUX MICUDL Y 620 -PO3POOUL € NPOUEC CMEO-
pennst inmepeticy kopucmyeaya. Ile nog’s3ano 3 mum, w0 0aHUL NPOUEC € KOMNIEKCHUM MA BUMAZAE BUMPATU
HAUOIILULOT KIADKOCTE YaACY MA KOWMIE Y NOPIGHANHI 3 THILUMU emandamu Po3pooKil.

B x00i docnidacenis 6o 3acmocosano mooeiv po3pooKu npozpamiozo sabesneueniis, wo 6a3yemvpcs na pospooui
OHMON02IL, a NOMIM NPOZPAMHO20 3acmocysanns 0is i 00pooxu. Januil nioxio nasusaemovcs <«Ontology-driven
developments (abo npouec po3pobru npozpamiozo sabesneuenns (I13), w0 Keposanuii OHMOL0ZIc10).

Ompumano inmenexmyaivity Mooeiv 0L nPedcmasieniis eleMenmie 6eb-pecypcie y euzindi onmonozii, a ma-
KOJMC npozpamme a0po cucmemu O1sl 2enepayii 6e6-cmopinok na 0cHoel ingopmauii, wo 36epizaemvcs 6 0HmMon0zii.
Ie noé’sizano i3 neobxionicmio ompumaniis nabopy Kinyesux eiemenmis inmepgeiicy xopucmyesaua (HTML, CSS,
JS enemenmis), i3 axux popmyiomocs 6e6-cmopinku.

Hanazooocenns adpecauii misc cmopinkamu 6e6-pecypcy Mae psao ocooiusocmetl, 30kpema, 01 36°93Y6ans.
aopecu Kinuesoi 6e6-cmopinku i3 KoHmpoiepom, wo 6ionogidac 3a zemepauyiio ii amicmy, Oyi0 3aNPONOHOBAHO
6i0nosionuil nioxio. Ileil nioxio Qyukyionye anaroziuno max 36aHoOMy <poymepys, AKU GUKOPUCIOBYEMbCS
6 Kaacuunux cucmemax (nanpuxiad, JSP ons Java). Biominnoiw ocobausicmio 0anozo nioxody € me, wo 6¢s -
popmauis, i3 aK010 PopMyemves 6e6-cmopinka, a maxodic ii aopeca 30epizacmvcs ma OMpPUMYEMbCSL i3 OHMON02IL.

3asdsaxu npedcmasnenomy nioxody 6id6yeaemvcs cnpouwenis nPoeKmyeanis ma pospodxu inmepgeticy xo-
pucmysaua 0ns 6e6-npoexmie, a 6 Nepcnexmuei 1 0 iHwux 0ooamxie (nacmiivrux, MooiivHUX Mma in.). Y nopis-
HAMHT 13 KIACUMHUM MemoOdoM PO3POOKU Mma npoexmyeaiis inmepgeiicy Kopucmysaua, 3anpononosanuil nioxio
NIOBUUUMY MONCIUBICMb NOBMOPHO20 BUKOPUCMANHS BICE POIPOOIEHUX eleMenmis inmepeiicy Kopucmysaud.
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1. Introduction

Nowadays, one of the most pressing tasks is the ef-
fective management of information resources. Information
resource management includes a number of tasks: storing
large amounts of information, expanding the knowledge
base, editing existing information, and effectively presenting
information to the user.

One of the key characteristics in the development of
software applications is its cost, which declares the competi-
tive ability in the market of developed software solutions.
This characteristic directly depends on the amount of time
that was spent on development. In practice, to reduce the
time needed to develop a software solution, the method of
reusing ready-made tested code proved to be effective. One
of the most costly in terms of time is the design phase of
the user interface (UI). The proposed method allows in
the long term to reduce the time for developing a software
application due to the automatic generation of UI elements
based on the information contained in the knowledge base.

Thus, the use of the proposed method and knowledge
model not only reduces the time for developing software,
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and therefore its cost, in addition, increases the possibility
of reusing ready-made solutions in the UI design.

The main disadvantage of the presented method is the
limitations of its use by systems based on ontological know-
ledge bases. To use the proposed method, it is necessary
to store the ontology separately and as part of the main
data warehouse and configure interaction with it.

2. The ohject of research
and its technological audit

The object of research is the process of creating struc-
tural elements of the UI for web pages. The main idea is
in providing automatic generation of UI elements based
on information stored in the knowledge base (KB) in an
ontological form. In the framework of this work, on the
example of the «Portal of Independent Evaluation of the
Quality of Higher Education» [1], the possibility of creating
an ontological description of UI elements and generation
of UI for web pages from [2] is considered. In particular,
structural elements that are described in an ontological form
include web page templates, block and structural elements.

.
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Finished web pages are generated using the system
software core, developed in the Java programming lan-
guage based on the ontological description located in the
knowledge base (KB) on a dedicated server. The main
elements of web pages are described in a hierarchical form.

Within the framework of the developed system, taking
into account the peculiarities of ontology construction,
three main entities are identified, on the basis of which
web pages are described: «Classes», «Properties» and «In-
stances» (or final objects that are instances of classes). It
should be noted that the ontological approach to work
with data divides «Properties» into two groups: «Object
Property» and «Datatype Properties». Object properties
combine class instances with each other. In turn, data
type properties combine class instances and target data.
Classes and properties are presented in a hierarchical form.
The class diagram is shown in Fig. 1.

It should be noted that in Fig. 1 is a diagram of a de-
veloped class hierarchy adapted for web page development.
This structure can be expanded and adapted to generate
UI for a number of other technologies, for example, An-
droid applications (XML interface), WPF (XAML markup),
Java FX (FXML markup), and software ontological sys-
tems with built-in proactive component [3]. The set of
classes governs the possible structural elements on the
basis of which the ontological model for creating the UI
will be further built.

The ontological model, or ontological representation of
a web page, is the basis for the formation of the HTML
structure of the document. The core of the system is re-
sponsible for interpreting the ontological model into the
final web interface of the page.

The hierarchical structure of representing UI elements
as a root element has the «Application» class.

The presentation entity class is inherited from the ap-
plication and combines the main classes of element groups
on the basis of which the UI will be built: «execute»,
«ui_element» and <«container».

The «execute» class combines classes to create dynamic
UI elements: loops, conditional statements, and the like.
For example, on the basis of the «for_each» class, it is
possible to create new password elements for displaying lists
based on a data collection obtained from the database.
The «ui_element» class combines classes to create basic
standard UI elements:
— «resource_tree» used to generate hierarchical struc-
tures based on data from the database;
— «label», which is a universal element for displaying
data obtained from the database. This class is used to
generate elements for displaying headers, resource pro-
perties, and the like. The «label» class is also a child of
the «value_of», used, in particular, inside the «for_each»
loop to access the list of received elements (term) re-
ceived as a result of the SPARQL query;
— «input» — the class on the basis of which input
elements are generated. This class has the «value» pro-
perty to generate element default values (similar to the
«value» attribute in HTML). In addition, «input» has
the «caption» property, which allows to generate the
corresponding element with a mask for input (similar
to the «placeholder» attribute in HTML) and «name»
for accessing the entered data and processing it;
— <button» — the class on the basis of which the but-
ton elements are generated. This class has three attri-
butes «caption», «value» and «name», which are used
to generate the attribute of the button header, and the
name <«name» pairs are the value «value», respectively,
from which information will be sent to server;
— «container» — the class based on which specific page
layout elements are generated for the vertical «verti-
cal_container>and horizontal <horizontal container»
layout of the elements. In addition, HTML code is
generated based on the «block container» containers for
a number of UI elements combined into a single block.
Such corresponding HTML elements can be <div>,

<span>, their combinations, etc.
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Fig. 1. Class diagram
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An important aspect is the flexibility and extensibility
of the proposed method. So, in order to create a new,
additional, for example, block element, there is no need
to make structural changes to the existing class hierarchy
and the relationships between them, it can initiate the
process of structural modifications of the system software
core. But it’s enough, in case of expanding the UI element
base, add a new Instance of an existing class or a new
class and, if necessary, new properties to the knowledge
base. Also, this system can be modified to work with other
types of interfaces. At the same time, there is no need to
delete the existing element base; instead, new elements
are added to those already present in the KB. Thus, in
the case of a change in the subject area, extensions are
used instead of the processes of replacement and removal.
This allows the use of knowledge base equally for a new
subject area, and for an existing one; for various types
of applications or applications.

The disadvantages of this method are the increased
complexity of the primary design and the relatively large
amount of data that must be created. These factors sig-
nificantly increase the cost of initial system development.
There is also a risk of a significant loss in system perfor-
mance with a significant increase in the ontology volume.

3. The aim and ohjectives of research

The aim of research is development of an effective
method for the automated creation of a user interface
based on the ontological form of the structural elements
of a web page [4].

To achieve this aim, it is necessary to complete the
following objectives:

1. Design and develop an ontological description of
the structural elements of the interface.

2. Develop the software core of the system for gene-
rating structural elements of web pages based on the in-
formation contained in the ontology.

3. Develop a method for addressing web pages within
a web resource.

4. Optimize ontology processing processes [5, 6].

4. Research of existing solutions
of the prohlem

Among the main directions of solving the problem of
automated development of the user interface, identified
in world resources, it is possible to single out [7], but
in this proposed approach, the possibility of automated
generation of the interface is considered.

In [8, 9], the possibility of creating a user interface for
various technologies based on the so-called «Model Driven
Development» approach is considered, but the possibility
of creating a database of already created Ul elements to
ensure their reuse was not considered.

The authors of [10] consider a method for automati-
cally generating a user interface based on the use of XML
technologies for JavaFX applications, but the possibility
of adapting the developed UI to other technologies is
not considered.

The possibility of creating a user interface for diffe-
rent platforms, based on the «Model Driven Development»
approach, is shown in [11], but the question of the final
integration of the output Ul into real systems remains open.

An alternative solution to the problem is described
in [12], which presents technologies for creating a user
interface for the Internet of Things, does not provide
for the possibility of forming UI elements for compatible
technologies (e. g., GUI for desktop applications).

The author of [13] considers the possibility of creating
a human-machine interface by developing a special pro-
gramming language, but the question remains about the
possibility of expanding the existing base of Ul elements.

In [14, 15], technologies for forming the user inter-
face are presented, in specific technologies for web and
mobile technologies, respectively. However, the process of
integrating the created UI into existing systems and the
possibility of adapting it to other technologies remains open.

But the work [16] is devoted to the problem of creat-
ing a user interface for the main types of software: web
applications, mobile devices. But this work does not pro-
vide for the possibility of creating a UI for desktop ap-
plications, and the process of storing program code for
already developed Ul elements is not sufficiently disclosed.

Thus, the results of literature analysis allow to con-
clude that the approach presented combines the strengths
of analogues, takes into account their shortcomings and
expands the scope of application of the above methods.

5. Methods of research

The so-called ODD (Ontology-Driven Development —
a method for developing software applications, which involves
first creating an ontology, and then programming code) is
chosen as a basis, in the framework of this research [17].
This approach consists in designing and creating an onto-
logy in the first stage of development and writing program
code in the second stage. In the study of systems that
provide adaptation to changes in the subject area, it is
discovered the advantages of using this approach [6].

For the design and development of the software kernel,
a stack of technologies based on Java [18] is used, the
main of which is Apache Jena [19]. To access the infor-
mation stored in the KB, the SPARQL query language is
used [20]. A universal Virtuoso server was used for storage
and processing of knowledge bases [21]. In addition to
the main purpose, Virtuoso also provides additional opti-
mization of the processes of interaction with the KB by
creating an object model based on a loaded ontology. This
model is also used by Jena, which simplifies the process
of accessing information stored in the database.

6. Research results

In the course of research, an ontology-based method
for generating web content is created, an ontological model
is designed and developed to describe the structural ele-
ments of the UI for web pages. An example of the page
and its ontological description is shown in Fig. 2.

Web page in Fig. 2 consists of the following elements:
data input field, horizontal block, in which it is from left
to right: hierarchical structure of resources located in the
database; list of selected resources; resource description. The
ontological description of the web resource is shown in Fig. 3.

Fig. 3 depicts an ontological description of the final
web resource, presented in object form. The basic unit used
to describe the object is an object, within the ontology
has the definition of «Instance».

5
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Fig. 3. Ontological description of the web resource

«Instance» is an object built on the basis of a particular
class, connected by object properties or data type proper-
ties with other objects. Instance is also called a resource.
Instance may contain specific data or other instance. In
order to place objects in Instance, object properties are used,;
in order to add data to Instance, use data type properties.

It should be noted that all data in the ontology is
typed. Complex data types can be created based on existing
ontologies. So, during the development of the ontology, addi-
tional data types are created: «elementType», «sparqlCode»,
«updateFreaquency».

The proposed structure of UI elements is built in the
form of a hierarchy, has a root element, siblings and child

elements. The root element is «Application_1», which com-
bines all the pages of a web resource.

For the structure of a separate web page, which is
shown in Fig. 3, the root element is «page 1». This ob-
ject contains the address at which the page is placed, as
well as the name of the controller that is associated with
it, used by the kernel to generate web content with an
ontological model. This information is presented in the
ontology using the properties of data types.

«Page_resource_details» is an object of the «page_view»
class and includes the elements that make up the page. In
this case, «page_resource_details» includes a single <hori-
zontal view 1» element, which in the ontology context
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means that «page resource details» is connected via the
«element» property to <«horizontal view 1».

«Horizontal _view_1» is an object of the <horizon-
tal container» class, which inherits from the «container»
class and determines the location of Ul elements on the
page. <horizontal view 1» represents the construction of
the page in the form of structural elements located hori-
zontally relative to each other. This object is connected
through the object «element» property with «block con-
tainer_1», «Resource Tree 1», «achievements for_ each»
and <«block container 2».

«Resource Tree 1» is the object of the «resource_tree»
class, which is inherited from the «ui_element» class. This
element is used to describe the hierarchical data structure
that will be built on the page.

«Block container 1» and «block container 2» are ob-
jects of the «block containers class that inherit from the
container class and represent a description of the block
elements of a web page (for example, «div»).

Container elements (that is, class objects that inherit
from the «container» class or its descendant classes) can
include simple elements from which the UT will be gene-
rated — these are class objects: «label», «button», «input»,
and also objects used to dynamically create Ul elements:
«for_each», «condition». The object classes of the first

dateTime

priority

last_modification

| anyURl |4 address
‘/change_frequency

Applicatio...

group of elements are descendants of «ui_element». The
object classes of the second group are inherited from the
execute class.

The objects of the «execute» class are used to dynami-
cally generate UI elements. Based on the data labeled
in these elements, the software core can generate web
page elements for displaying data from the knowledge
base: «achievements», «property _list»>. These elements cor-
respond to the HTML «select> and <option» structural
elements, respectively.

A complete list of elements contained in the ontology
with the indicated relationships between them (Object
Property, Datatype Property, Datatype) is shown in Fig. 4.

Fig. 4 shows the structure of the ontology with the
indicated properties connecting the objects of the classes.
In addition, Fig. 4 shows the data types pointed to by
the properties of data types.

From the point of view of economic profitability, the
use of this method will reduce in the long run the time
spent on designing and developing the UI and, as a result,
will reduce the cost of development. In addition, the use
of this approach in the future will increase the chances
of unifying the UI for web resources and facilitate the
migration of the finished UI for other technologies, such
as «WPF», «fxml», etc.
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Fig. 4. Schematic representation of an ontology with properties
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7. SWOT analysis of research resulis

Strengths. Using this method, in the long run, will
reduce the cost of designing and developing UI for pro-
jects of various kinds: web resources, desktop applications,
applications for mobile devices, etc. This is possible by
unifying the description of already created UI elements,
forming a base from them, may expand or change; at the
same time, the effect of changes on existing elements in
the knowledge base is minimized.

Compared with the analogues of this system, the cost
of development is reduced and the productivity of UI
development as a whole increases.

Weaknesses. The weaknesses of this method include the
necessary initial time spent on designing the elements on
the basis of which the UI will be built. In addition, the
use of this approach will increase the complexity of the
development and increase its initial complexity.

Opportunities. The development prospects of this method
include expanding an existing set of descriptions of Ul
elements, simplifying ontology design and adding data to
it, by developing a specific software application for the
automated generation of an ontological description of ele-
ments according to its description in a natural language
of communication. Using the proposed approach at the
enterprise will allow end developers to create a common
space in the form of corporate memory for storing the
created descriptions of UI elements and the practice of
their implementation in ready-made solutions.

Threats. The threats of the main threats associated
with the use of this method include the risk of using
methods that are easier to implement at the enterprise.
In addition, to support the design of the knowledge base,
which will contain a description of the elements of the
Ul, it is necessary to have a specialist who is qualified
in the use of ontologies. In this regard, it may be neces-
sary to hire an additional employee at the enterprise, or
invest in the development of specialists, already at the
enterprise, to obtain the necessary knowledge and quali-
fications in this area.

1. The ontological description of the structural ele-
ments of the interface is designed and developed. The
result is a consistent ontology for storing elements of
the developed interface. The developed ontology consists
initially of 17 base classes, 15 properties and 18 objects.
It also provides for the possibility of expansion for the
integration of UI elements of related technologies (mobile
solutions, desktop applications) and addition of UI ele-
ments for creating web applications.

2. The expanded software core of the system [1] to
provide the possibility of generating structural elements
of web pages based on the information contained in the
ontology. As a result, additional classes and methods of the
system software core were developed that are integrated
into the existing system architecture.

3. A method for addressing web pages within a web
resource is developed. As a result of this, the main on-
tology is expanded to provide storage for internal links.
The software core of the class hierarchy system is also
expanded with methods for organizing addressing between
pages within a web resource.

4. After carrying out the necessary modifications to
the system core and creating and integrating an additional
ontology, a 5-10 % loss in system performance is detected.
To restore the system’s speed, a set of methods for optimiz-
ing the work are described [22]. As a result, an increase in
system performance by an average of 10—15 % is obtained.
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DETERMINATION OF INTELLECTUAL

ACTIVITY IN SOLVING THE PROBLEMS
OF BANK FUNCTIONING OPTIMIZATION

06 cxmom docaiorcens € nPoyec GYHKUIOHYBaHH KOMePUiin020 6anka. O0nuMm 3 HaTOLIbW NPOOLEMHUX MICUb

€ onmumizayis pobomu 6anKa 32i0H0 3 BUMOZAMU KILEHMIE 68 YMOBAX 0OMENCEHUX PeCypCis, moOmo, ax nompiono
PO3NOIIUMU NeGHY CYMY THEECTNUUITL N0 PISHUM HANPAMKAM OisSavHoCmi 6anka onmumaivhum uunom. ITio yum
C10 PO3YMIMU MAKCUMATLHY 3A0080JCHICD KAIeHMie npouecom dynxyionyeanns 6anxa. Taxoxc caio eusnavamu
BANCIUBICID HANPAMKIG OLANDHOCI 8 3ANCHCHOCTE 810 360POMHBO20 36 A3KY 3 KAIEHMAMU — 30UPAIOUU KIIEHMCLKY
inghopmayiio, maxy Sx ckapeu, nodaxcanis, pesyivmamu onumie ma inue. Taxi dani ne € inmeiexmyarvHumu, ix
mpeba opmarizyeamu ma na uiti 0cHosi nobydysamu cmpameziio QyHKUIoHYeanms 6anKa Ha neeHuil nepioo uacy.

B x00i docridncenns 6yno suxopucmano eucxionuil nioxio do cmeopenns cucmem wmyunozo inmeiexma. Ha
OCHOBI 1He THMeACKMYaivhux 0anux (niocucmemu 6anKa, KIEHMCoKi 0ani, CMmamucmuxa,) USHAUACMbCS tHpopMais
02151 nOOYOOBU THMEACKMYANLHOT ISAADHOCTE CMOCOBHO NPUUHAMMS Plulenb wodo onmumizauii npoyeca Gynx-
uionyeanms 6anKka 6 yiiomy, ax eounoi cucmemu, moomo nobyoosu ONMUMAILHOL cmpamezii disivrocmi 6anka.

B pesynvmami 0ocioxcenms ompumano npoexm iHmeiekmyaivHoi CUCmeMu, aKy npusnaueno 0is nobyoosu
ONMUMANLHOL cmpamezii 0isivHocmi 6 ymosax obmexcenux pecypcis. /s sanoenenis 6a3u 3nanv yiei cucmemu
nposedeno CmpyKxmypyeanis ma Gopmarisauiio suans. Onmumarvium eapianmom 0ns ubo2o 00CHioxNcens OYLo
BUSHANO POPMATLHO-T02IUHY MOOb HA OCHO8I N0OYO08U NPEOUKamis nepuLozo nopsoxy.

3aedsaxu ubomy 3abe3neuyemvcs MONCIUBICNY Peani3auii inmeiexmyaivhoi cucmemu 0ls eupiulenis npobie-
MU PO3N0OINY SHYMPIUNIX THEECTNUYIT OaNKA ONMUMALLHUM ULLAXOM, MOOMO, 3 MAKCUMALLHUM NIOGUULCHHAM
piens 3a00801enocmi Kiienmis. Buxopucmanis yiei cucmemu na npaxmuyi mae 00nomozmu xepisnuymey 6amnxa
Po3nodiiumu nesnutl 06csz SHYMPIUNIX THECCMUUIL Y HANPAMKAX OLAAbHOCIE OaHKA ONMUMAIOHUM ULAXOM,
Kepyiouucs nobaxcannsmy KiieHmie.

Kmouosi cnoBa: egexmueni 6ionocunu <OanK-KAeHM>, THMEICKMYANbHA CUCTIEMA, ONMUMISAUIL QYHKYio-
Hysanns 6anxa, po3snooil iHeecmuyiil.
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1. Introduction

To date, artificial intelligence systems are already used in
banking [1-3]. This allows to save time manual processing
of some banking information, to reduce the amount of the
same type of work that bank employees perform and so on.

(http.//creativecommons.org/licenses/by,/4.0)

Standard financial products and services designed for
a wide range of consumers — this is yesterday. The modern
client needs the personified conditions for deposits, loans
and other offers. To realize this without an individual
approach is impossible. Here, the banks come to the aid
of artificial intelligence.
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