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MARKUP ONTOLOGY DESIGN FOR A CONTENT MANAGEMENT SYSTEM

Low standards of written content and poor standard of search engine optimization (SEQ) are the main problems
in the content management area, especially, when we are talking about huge sitemaps with millions of pages. For
each webpage, the same content can be represented for two targets: for search robots which work with special
markup schemas and for users. As usual, the information for search robots is limited by keywords which cannot
describe clearly the meaning of textual messages on the webpage thanks for different reasons. The problem here is
content meaning synchronization for both users and for search robots across all the millions of pages. The different
components of the webpage have their own style and could contain something meaningful context which we are
going to synchronize with page meaning too.

The most famous markup schema was created by leaders of search engines in the market, namely: Google,
Yahoo, Microsoft and others (Schema.org, 2022). It helps the search engine robots better understand the content
of web pages. The schema can be extended by demand using a well-documented extension model including
vocabularies which describe entities and relationships between them.

We are going to resolve the problems of content synchronization and its single representation form for users
and for search robots, therefore, the text generation techniques are not considered in the paper. Sure, a matter
of control of the content through millions of pages is so hard to resolve even using modern content management
systems (CMS) systems. Thus, we resolve the content management problems by installing semantics for webpage
markup schemas, webpages and their content using a single knowledge representation in markup ontology. The
proposed ontology-based approach is able to synchronize the meaning between content for users and for search
robots of webpages and could be implemented as an extra plugin for CMS.
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NMPOEKTYBAHHSA OHTONOIII PO3MITKU ANA CUCTEM KEPYBAHHA KOHTEHTOM

Husbki cmaHOapmu HanucaHHs KOHMEeHmy ma HU3bKi cmaHdapmu rowykoeoi onmumisauii (SEO) € 2onosHuUmMuU
npobremamu 8 obriacmi yrpaesniHHs KOHMEeHMOM, 0Cob/IUBO KO/IU MU 2080PUMO PO 8er1U4e3Hi Kapmu calimy 3 Miflb-
tioHamMu cmopiHOK. [11s1 KOXXHOI 8e6-cmopiHKU 0OHaKo8uU KOHMeHmM Moxe bymu npedcmasneHul 051 080X yined: 0nsi
rowykosux pobomis, siKi fMpayrorome 3i crieyianbHUMU cxemamu po3MImKu, | 0ns kopucmyeadie. 3aseuyad, iHghop-
Mauis Onsi nowykosux pobomie obMexeHa K/HYo8UMU Crio8aMu, 5K 3 PISHUX MPUYUH HE MOXYmb YimKo onucamu
3micm mekcmosux rogidomreHs Ha eeb-cmopiHyi. [pobriema rornsizae 8 CUHXPOHI3auii emicmy sik Orisi Kopucmysadis,
mak i 05151 nowykosux pobomie Ha 8cix MinblUOHax CMOpPIHOK. Pi3Hi KOMMIOHEHMU 8e6-CMOpIHKU Maromb ceili enacHul
cmurb i MOXymb Micmumu 0e-sIKul KOHmMeHm, Wo MU makox 6ydemo y3200Kyeamu 3i 3MiCIMOM CIMOpPIHKU.

Hatigidomiwa cxema po3mimku byna cmeopeHa nidepamu MOWyKo8UX cucmeM Ha PuHKy, a came: Google,
Yahoo, Microsoft ma iHwumu (Schema.org, 2022). Lle doriomazae pobomam nowykogux cucmem Kpawie posymimu
KoHmeHm 8eb-cmopiHok. CxeMy MOXHa po3wupumu 3a nompeboro, sukopucmosytodu 0obpe 3ad0KyMeHmMogaHy
MoOerTb PO3MIMKU, 8KITOYAKYU C/I08HUKU, SIKi ONUCYIOMb CymHOCMI ma 36 13KU MiXK HUMU.

Mu 36bupaemocs supiwuumu rpobaemu CUHXPOHI3auii KoHmeHmMy ma eduHoi chopmu (1020 npedcmaesrieHHs1 011sl
Kopucmysadig i 051 nowykosux pobomis, momy mMemodu eeHepauii mekcmy 8 daHili pobomi He po3assdaromeb-
cs. 3suvaliHo, MUMaHHs KOHMPOIT0 8Micmy MifibUOHI8 CMOPIHOK OyXe 8aXXKO supiluumu Hasimb 3a 00MoOMO20t0
cydacHux cucmem KepysaHHs koHmeHmom (CMS). Takum YuHOM, Mu eupiwlyemMo npobrnemu KepysaHHs KOHMeH-
moM, 8CMaHO8/HYU ceMaHmMUuKy Onsi cxeM po3mMimku eeb-CcmopiHOK, KOMIOHeHMIg 8e6-CMOpPIHOK ma IXHb0O20 KOH-
meHmy 3a 00roMo20to0 €O0UHO20 npedcmas/ieHHsI 3HaHb 8 OHMOsI0zii Po3MimKu. 3anponoHosaHull nidoxid Ha 0CHO8I
OHMornoeaii 30amHuli CUHXPOHI3y8amu CMUCI KOHmMeHmy 07151 Kopucmyeauie | noulykosux pobomie eeb-CrmopiHOK
i Moxxe 6ymu pearizosaHull sik dodamkosull nnaziH onss CMS.

Knrouosi cnosa: cucmema KepysaHHs KOHMEHMOM, OHMOI02il, po3mimka, nowykKosi pobomu.

Webpage as an object of content relationships between them and the texts which
representation. The webpage (fig. 1) is the main  should be located there.
place for content representation and doesn’t matter Generally, manual content management is a big
how big the site is. There are a lot of different  problem when we work with quite huge sites which have
approaches how to choose the right style in  milions of pages. Even content management systems
making the UI/UX design and as a consequence, (CMS) are not able to do this efficiently using their spe-
all the pages of the site followed it. Looking at a  cial tools because they required the control from content
webpage as an object of content representation  manager side. Let's look at CMS deeply (Barker, 2016):
we are aiming to define the webpage's structural — Some of the CMS have open-source options
components first and then inspect the semantic  and website builders capabilities.
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— CMS helps users create, format, edit, and
publish content. This may include support for
media, written content, or drop quotes based on
the CMS, but the core idea is that you can make
and publish some sort of content. The best content
management system is the one that makes users
comfortable when publishing.

— CMS stores the content in a database, so, the
content always gets logged inside a database.

— One CMS may have unique user permissions,
while another might allow for specific editor, author,
and admin roles.

— CMS presents the content. This usually
happens on the front end of a live website, but
some content management systems allow for
private or even offline publication.

There are some challenges in designing the
ontology-based tool for a content management
system, below.

As mentioned before, the common CMS has
its own taxonomies and dictionaries for content
management purposes so we should represent
the markup ontology in that format or prepare the
right plugins which can do that automatically.

The module of a webpage as an object of
content representation (fig. 1) definition must
define a webpage structure based on analysis of
the CSS styles, JS functions, HTML blocks and
other present components including DOM.

Content and keywords definition could be
resolved by machine learning algorithms which
extract the keywords from the content of each
webpage. Meanwhile, we should consider the
ability to manage a set of webpage keywords.

Based on the webpage structure and content
definiton we have to build the data model
(Lyashkevych, 2009) which are describing the feature
of web page structure and content specification. It's
a very important part of the job because we have to
connect web page structure and content meaning
(Lyashkevych, 2013) with pictured information as
well (Zhang, 2022; Yuan, 2022).

Data management tools assignments. Generally,
the data management tools on the high level of the
architecture definition can be seen in Fig. 2.

Data interpretation and classification task of
content. The classification task has to guarantee
the best webpage structure according to the
meaning of the proposed content but we still have
a question regards to styling here. The webpage
style creates a special atmosphere and focuses on
the user and these sentiments we can extract by
computer vision (CV) way if we represent the page
as an image. Having the defined architecture of the
neural network, we can choose the comfortable
interpretation of the data. This task is very
essential because we need to interpret the web
page structure and its content in a comfortable
form for the further learning process.

Data and sets of entities design. The
management tools can update the content, styles
and other components including ontology. Let’s
consider a set of data models for markup ontology.

The schema.org proposed a quite big data
model which includes already described sets of
entities and relationships between them. Using
the existing data model we have built the webpage
model which can be seen in Fig. 3.

On par with the data interpretation, we are
considering the data integration task. The difference
is that the task will make an analysis of data and
will propose the best place to append the needed
data. This analysis has to be provided by abstract,
semantic and structural levels of the ontology. At
the time, we have to have a description of new
data on a conceptual level because we want to
manage it automatically. This description we can
consider as a meaning vector too.

Generally, regardless of the used techniques, we
will end up creating RDF graphs that use concepts
and properties from the ontology, that describe part
of the entities of interest we need for the system.
For instance, a small RDF graph for each data
model (tree/graph) we have. Possibly, we may

Fig. 1. Common webpage structure: a) visible components on the webpage;
b) common HTML tags of the webpage
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have to add information about entities that are not
directly the topic of interest of the application, but
that may be useful for managing your system, such
as the organisation that takes care of some trees.
So we may need to use ontologies for organisation,
people, agriculture, health care, etc. We may need
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to devise new ontological terms that are only useful
for your application or system. Then, we should
make changes in the reasoner or inference engine
to get the right knowledge from the ontology.

The knowledge we keep in the semantics in the
markup ontology but data instances we save in the
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databases (fig. 4). We can easily get the right data
instance by an appropriate link from RDF storage.

Usually, the ontology is built following the
situational approach which involves the expert
analysis of the subject domain. We used the
sheme.org data model for keywords extraction and

represented them in our ontology which is shown
in Fig. 5. The keywords are prepared for saving
in RDF format. The use case of the task is when
we want to change one logic part of ontology by
another don’t append, only change. So, we cannot
do it so easily because taxonomy reflects the
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T I
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logical relations into ontology and we have to do
it safely without any data and relationships losing.

Query processing is hard due to the recursive
function. The query, the same as areasoner, returns
us the logical graph schema with knowledge and
links to the data instances. Actually, we query the
concepts (fig. 6) in the dictionary on the structural
level of ontology and meta-ontology.

On the conceptual level, ontology is represented
by entities, their object and data properties with
semantic relationships between them and other
concepts.

Website entity design. In defining a site entity
we cover the site structure, its components and
content. We can define the structure of the site
on an abstract level of definitions that we can
combine together the site functionality with its
components. In general, the website entity looks
like a graph schema (fig. 7). The different leaves
of a graph have to describe a different part of the

isBasicDataType

isEntityName (1}

functionality. Here we will use the already existing
results from the data modelling task.

A website entity is not so detailed and can
be enhanced per demands. The main idea is
controlling the content type, webpage components,
keywords and content as well. As can be seen in
Fig. 7, we are going to control the webpages by
grouping them thematically.

Conclusions. The proposed ontology-based
solution can describe the webpage’s styles,
content, and media content on conceptual and
semantic levels. Also, ontology allows us to
integrate the results from deep learning solutions.

The solution modelling shows that we can
efficiently manage the content of the sites with
millions of pages. Even if we use text generation
techniques in the future it is possible to lose control
due to differences of actual and generated content.

The proposed features of CMS as an ontology-
based plugin can significantly increase the
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ability to control and manage the content on the  the similarity on the same level using the markup
site. Assuming, we have a branch of webpages ontology.

thematically grouped and we want to add a new Using different data models in ontology, we
webpage there, for example, for a new type of can easily represent the same content to different
product. So, we are going to generate a new needs based on an appropriate set of product
webpage and put the content about a new type rules for inference.

of product there. As a result, when we are so far Content generation techniques are one of the
from the root webpage of the site, the similarity of  hottest topics for our future investigation and it
the generated content might be less but we keep  might be the next step for proceeding.
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