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ONTOLOGICAL METHODS AND TOOLS
FOR SEMANTIC EXTENSION OF THE MEDIAWIKI TECHNOLOGY

J.V. Rogushina, 1.J. Grishanova

Practical aspects of ontological approach to organization of intelligent Wiki-based information resources (IR) are considered. We analyze the
main features, capabilities and limitations of MediaWiki as a technological platform for development of the Web-based information resource
and suggest main directions of its refinement. We propose an abstract model of MediaWiki architecture that formalizes relations between the
main components of this software environment and analyze the ways of its semantic extensions based on ontological representation of
domain knowledge. An original algorithm of semantic Wiki pages matching with domain ontology is developed. We propose an ontological
model of IR that formalizes its knowledge base structure and explicitly performs main features of typical information objects (T1O) of this
IR. Such TIOs depend on domain specifics and purposes of IR, therefore their development has to involve domain experts and knowledge
engineers. Use of ontology corresponding to the set of Wiki pages (either with semantic markup or without it) provides new IR functions
associated with semantic search and navigation. Other important aspect of intelligent Wiki resource development deals with adaptation of
user interface to the specifics of IR: enabling various tools of navigation, visualization and content analysis by processing of TIO features
enriches IR functionality, reduces access time to information and makes usage of IR more efficient. Developing additional MediaWiki
functionality with new requests to the MediaWiki API using TIO templates, extends data analysis and integration capabilities, and offers
different, user-focused, IR content views expands the possibilities of data integration and proposes various user-oriented representations of
IR content. Wiki resource semantization allows the use knowledge acquired from such IR by external application, or example, by search
engines for intelligent Web retrieval. Domain ontologies based on various subsets of the Wiki pages and generated by them thesauri can be
used by various Semantic Web applications, both independently or in general technological chain for personified retrieval focused on
individual users and their tasks. Approbation of this approach is demonstrated by MAIPS retrieval system. We consider the use semantic
similarity of concepts represented by Wiki-pages of IR as an additional way of intelligent navigation between these pages. Such approach
allows to group Wiki pages according to user interests by different aspects of their content and structure. Wiki ontologies are considered as
the basis for estimation of semantic similarity between domain concepts pertinent to user task. Such elements of Wiki ontology as classes,
property values of class instances and relations between them are used as parameters for the quantitative assessment of semantic similarity of
Wiki pages. We propose to use local similarity and generate the sets of semantically similar concepts (SSC) that takes into account some
subset of page properties and categories defined by user needs. Such sets of SSCs can be considered as user task thesauri for other
applications. In addition, we propose to enrich the basic tools of MediaWiki used for access management to the IR content with specialized
software code that performs content classification that take into consideration separate namespaces, categories, templates and semantic
properties of TIO acquired from Wiki markup. We demonstrate the software implementation of proposed solutions by developing of portal
version of the Great Ukrainian Encyclopedia (e-VUE) that contains heterogeneous multimedia content with complex structure. We analyze
the specifics of e-VUE knowledge system and develop its formalized TIO representation based on Semantic Web technologies and
ontological analysis. Ontological model of e-VUE and original methods of its processing used for this project extend the functionality of the
portal in the area of search, navigation, integration and protection of content based on background domain knowledge. In addition, original
user interface of e-VUE is developed with an allowance for Encyclopedia knowledge specifics, substantially differs from the standard Wiki,
meets the requirements, goals and objectives of this IR and provides a lot of additional features.
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Po3risHyTO NMpakTHYHI aCTIeKTH OHTOJNOTIYHOIO IIXOMY IO OpraHi3amii iHTenekTyanbHHX iH(popMmamilinux pecypci (IP) Ha ocHoBi Wiki.
IpoananizoBaHo ocHOBHI (yHKLIT, MOXIHBOCTI Ta oOMexenHs MediaWiki sik TexHosoriuHoi matdopmu 11t po3podku Web-opieHToBaHHX
IP Ta 3anponoHOBaHO OCHOBHI HAIIPSMKH ii BIIOCKOHAJICHH. MU MPonoHyeMo abcTpakTHy Moenb apxitektypu MediaWiki, sika ¢opmaiizye
BIJTHOIIEHHSI MiXX OCHOBHHMH KOMIIOHEHTaMH IIbOI'O IIPOrPaMHOTO CEpPENOBHUINA, Ta aHANI3yeMO IUISXH ii CEMAHTHYHOTO PO3IIMPEHHS Ha
OCHOBI OHTOJIOTIYHOTO IMOJAHHS 3HaHb. MM BHKOPHCTOBYEMO OHTOJNOTIYHMH MiAXiZ 10 ympaBiuiHHs 3HaHHAMH IP Ta mpomonyemo
OpHTiHANBHI anroputMu criBcTaBieHHs Wiki-cTopiHok Ta oHTojorii nmpeamerHoi obaacti (IIpO) . Onronoriuna moxens IP dopmanizye
CTPYKTYpy Horo 6a3u 3HaHb i SBHO II0/1a€ OCHOBHI BITACTUBOCTI THIIOBHX iH(popManiitHux 06'ekriB (TIO) nporo IP.

Brockonanenns 3aco0iB HaBiraiii, Bidyamizauil Ta aHadizy KOHTeHTY muiixoM o0pobku TIO 36arauye ¢yuxuionamsbhicts IP. Po3pobOxa
nopatkoBoro ¢ynknioHanry MediaWiki 3a momomororo 3amutiB 10 MediaWiki API, ski BuxopucroByrots madnonu TIO, posmmuproe
MOJJIMBOCTI aHaNi3y Ta iHTerpaiii JaHWX i NPOIOHYE OpPi€HTOBaHE Ha KOpHCTyBada momaHHs koHTeHTy IP. Cemantmsanis Wiki-pecypcy
JI03BOJIsiE BUKOPUCTOBYBATH 3HAHHS, 110 3100yBAIOTHCS 3 HHOTO, IHIIMMHU 3aCTOCYBAHHSIMH, HANPHKIAJ, JUIS iHTEIEKTYallbHOTO MOLIYKY Y
Web 30BHIIIHIMU MOLNIYKOBUMH CHCTeMaMd. MU NPONOHYEMO BHKOPHCTOBYBAaTH CEMAaHTHYHY MOJIOHICTH MOHSATH ISl iHTEIEKTYaJIbHOL
Hagirarii Mix cropiakamu IP. Wiki-oHTo0rii BUKOPHCTOBYIOTECS SIK OCHOBA JUIsL OLIHKH CEMaHTHYHOI MOomiOHOCTI MiX moHsTTsIME [IpO
BIAMOBIJHO 70 33/1a4 KOPHCTyBaya. MU NPOMOHYEMO BUKOPUCTOBYBATH JIOKAIBHY ITOAIOHICTH Ta FeHEpyBaTH HAOOPH CEMAHTHYHO MOAIOHUX
nousats (CIIII), mpuiiMaoun 10 yBard TiNBKU BH3HAUCHY KOPHCTYBaueM IiIMHOXKHUHY IX BIaCTHBOCTEH Ta KaTeropii BiANOBIZHO IO Horo
iHdopMariiHuX moTped. MU JEMOHCTPYEMO NPOrpaMHy pealli3aliio 3alpONOHOBAHMX DillleHb Ha MPHKIAAi PO3pOOKH MOPTANBHOI Bepcil
Benukoi ykpaincbkoi enuumknonenii (e-VUE), 1o MiCTUTh TreTepoOreHHHMH MyJIbTHMEHIHHUA KOHTEHT 31 CKIAJHOI0 CTPYKTYpOIO.
Ontonoriuna moxens e-VUE Ta meromu ii 0OpoOKH, IO BHKOPHUCTOBYIOTBCS IS LBOTO MHPOCKTY, 3a0€3ICUYIOTH PO3IIHPEHHS
(byHKIIOHATBHOCTI TTOpTally B cdepi momyky, HaBiramii, iHTerpamii JaHnx Ta 3axucrty iHpopManii Ha ocHOBi (oHOBHX 3HaHE [IpO. Kpim
toro, e-VUE mae opuriHansHuil KOpUCTYBalbKuil iHTepdeiic, kil CyTTEBO BiApi3HsEThC Bin cranmaptHoro Wiki, BiamoBimae Bumoram,
3a/1a4aM Ta HUISIM CHIMKIONEIMYHOr0 BUAAHHS | HaJla€ KOPUCTYBaYaM IIOPTaly JOAAaTKOBI (DyHKII.

Kurouosi cioBa: onrostoris, inTenekryansauit Wiki-pecype, MediaWiki, cemantrusa moaiGHicTs.

PaccMOTpeHbI IPaKTHYECKHE aCIIEKThI OHTOIOTMYECKOT0 MOAX01a K OpraHU3alii HHTE/UIeKTyalbHbIX HHpopMannoHHbIX pecypcoB (UP) Ha
ocHoBe Wiki. [Ipoanani3upoBaHbl OCHOBHBIC ()YHKIMH, BO3SMOXXHOCTH U orpaHndeHus MediaWiki kak TeXHOIOrHYECKON MIaTGOpPMBI s
pazpaborkn Web-opuentupoBanuslx P M IpeIyioKeHbl OCHOBHBIC HAIpaBICHUS €€ YCOBEPIICHCTBOBAaHMSA. MBI HCIIOIB3yeM
OHTOJOTHMYECKHH IOAXOH K yHpaBleHWIo 3HaHMAMH VP u mpemmaraeM OpUTHHANbHBIE aIrOPUTMBI comocTaBieHus Wiki-cTpanun u
ontonornu npeamernoit odmactu (IIpO). Onromornueckas mozens VP ¢opmanusyer cTpykTypy ero 6as3bl 3HAHHH H SIBHBIM 00pa3oM
MPEJICTAaBIISICT OCHOBHBIC CBOMCTBA THIIMYHBIX MH(popManuoHHbBIX 00bekToB (THO) storo MP. Cemantusamus Wiki-pecypca mo3Boisier
HCIIONB30BATh 3HAHMS, U3BIeueHHbIe 13 VP, 11 nHTemIexTyanpHoro noucka B Web BHeIIHEMYU MOMCKOBBIMU cucTeMamu. Onrtonorun I1pO,
MIOCTPOCHHEIE Ha OCHOBE pa3NHYHBIX HabopoB Wiki-crpanun taxoro VP, u Te3aypychl 3aja4, TeHEpUPYEMBbIE 110 TUM OHTOJIOTHSIM, MOTYT
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HCIIONB30BAThCS PA3IUYHBIME IPIIOKEHISIME Semantic Web Kak caMOCTOSTENBHO, TAK U B COCTABE TEXHOIOTHYECKOTO IHEMOYKH IS
nepcoHU(UIIMPOBAHHOT0 ToKcKka. Kpome Toro, Mpl npejyiaraeM 00OraTHTh OCHOBHBIE HHCTPYMEHTHI yrpasieHus joctynoM MediaWiki k
xoHTeHTy Wiki-pecypca crenuanu3MpoBaHHBIM IPOTPAMMHBIM KOJOM, KOTOpBIH BBIIMONHACT KIACCU(HUKALMIO 3TOr0 KOHTEHTA C
HCIOIB30BaHNEM OT/CIBHBIX IPOCTPAHCTB MMEH, KaTeropuii, mabioHoB 1 ceManTudeckux cpoiicts TUO, n3pnedeHnbix u3 Wiki-pasmerku.
MbI IEeMOHCTPHPYEM MPOrPaMMHYIO pPEaTn3alyIo INPEUIOKEHHBIX DPElIeHHH Ha NpHMepe IOpTalbHOH BepcHH Bonbmioi ykpamHCKOM
sHuukionenuu (e-VUE), KkoTopasi COIEp)KUT IeTeporeHHbId MyJIbTUMEIMHHBIA KOHTEHT CO CIOXKHOM CTPYKTYpoil. OHTOJIOTHYECKask MOJIENb
e-VUE u wmertonsl ee 00paboTku obecneynBaroT paclidpeHne (yHKIMOHATBHOCTH IMopTana B cdepe MOMCKa, HaBUTAlUH, WHTETPALlUU
JaHHBIX M 3aI0UThl HHGOopManyu Ha ocHoBe (oHOBEIX 3HaHMII [IpO. e-VUE nMeer opuruHaIbHBIN [10JIB30BAaTEIbCKHI HHTEp(eiic, KOTOPBIi
CYILIECTBEHHO OTIMYaeTcs oT cranaaptHoro Wiki, cooTBeTCTBYeT TpeOOBaHMSAM, 3afadaM M LEIAM SHIHKIONCAMYCCKOrO H3JaHUS H
[PEIOCTABIISET TOTB30BATE/SIM [OPTAJa JOMOIHUTEIbHBIC (DyHKIHH.

Kirouesble crioa: onTonorust, nHTeILIeKkTyansHbii Wiki-pecype, MediaWiki, cemanTnueckoe nogobue.

Introduction. Ontologies and Semantic Web technologies

Now the main direction of information technologies deals with problem of knowledge storing and processing .
Actuality of transition from data processing to knowledge analyzing is escalated by growth of data volume (Big Data)
generated by human society and heterogeneity of their representation. One of the most interesting approaches for data
semantization is realised by the Semantic Web project [1]. The author of this concept promoted by the W3C
Consortium is T. Bernes-Lee — the developer of the modern Web defines the Semantic Web is an infrastructure, not an
application. Semantic Web technologies are focused on the processing of IR content on a semantic level. Semantic Web
extends the existing Web aimed at automating the processing of Web content and transformation of the Web into the
global distributed knowledge base (KB) oriented either on human users and various intelligent application such as
software agents. Such transformation requires with a semantic descriptions of all IRs and means for the automated
processing of these descriptions. According to the W3C definition, the main idea of the Semantic Web is to represent
the Web data in such way that provides their integrated reuse in various applications and automatically generate
documents from a variety of sources for various complex tasks. Moreover, the Semantic Web is designed to provide
access not only to static documents that contain useful information, but also to services that enable intelligent agents to
analyse relevant information. Despite the ambiguity of the Semantic Web concept, some basic directions are repeated in
all its definitions and are supported by various Semantic Web application:

— description of IR semantics with use of metadata;

— the use of metadata for IR search on semantic level;

— representation of the Web as a global interoperable database;

— discovery, integration and use of the Web services on base of their semantics description;

— providing information to intelligent software agents in a form suitable for machine processing.

The core technological components of the Semantic Web are: ontologies used for interoperable and formalized
representation of domain knowledge for intelligent Web applications; Web services used for processing of these
ontologies in various tasks; software agents that act on the Web on behalf of and in the interests of their users by
activation of corresponding Web services. According to the "Semantic Web Challenge™ [2], Semantic Web applications
integrate, connect and logically process the information required by the user. Such applications are oriented on the open
world and have to meet the following minimum requirements:

1. Data values play a key role in their functioning, and processing of semantic information play a central role in
achieving results that can not be obtained with the help of alternative technologies;

2. Applications use heterogeneous IRs with different owners that contain real-world data;

3. The retrieval is carried out in the real information space of the Web. As a rule, these applications use in some
way such Semantic Web standards as RDF, RDF Schema or OWL, but this is not a prerequisite.

Ontologies are widely used now for domain knowledge representation in the intelligent Web-oriented
applications. In recent years, ontologies have regained interest also within the natural language community, specifically
in the context of such applications as information extraction, text mining, and question answering, in analysis of Big
Data metadata etc. These works are oriented on use of ontology representation language OWL developed by W3C.
However, ontology creation and analysis is very costly and complex, and their retrieval into repositories is not a simple
task [3].

Knowledge reuse and access is one of the leading motivations for the Semantic Web. The main objective of
using ontologies is to share knowledge between computers or computers and humans. We can consider ontology as a
special type of knowledge base (KB) with semantic information about certain domain. The components of ontologies
depend on the representation paradigm and approach but practically all ontological models contain certain concepts
(terms, classes), properties of concepts (attributes, roles), the relationship between concepts (dependencies, functions)
and constraints of their use defined by axioms. In the general case, the formal ontology model O is an ordered triple
O = <T, R, F>, where T is the set of domain concepts; R is the set of relations between concepts; F — set of
interpretation functions of concepts and relations. This formal model can be specified in accordance with the goal and
scope of the ontology. Now the most popular language of ontology representation is OWL (Web Ontology Language)
[4]. Ontology built on OWL is a sequence of axioms and facts with the addition of references to other ontologies
associated with it. The W3C-endorsed OWL specification includes the definition of three variants of OWL, with
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different levels of expressiveness: OWL Lite, OWL DL and OWL Full. They are based on and differ by expensiveness
and complexity of processing. Description logics (DL) of the SH family are used in their design: OWL DL is based on
SHOIN(D), and OWL Lite is based on SHIF(D) [5]. In 2007 the W3C OWL Working Group develops OWL 2 that
refines OWL and is based on the DL SROIQ(D) [6].

In this work we consider the use of the ontologies and the Semantic Web standards and technologies oriented on
their representation and processing as a theoretical and technological base for intellectualization of Wiki resources. This
approach expands functionality of IRs and provides sharing of their knowledge with other applications. The extension
of traditional Wiki resource results transformation of Wiki-portal into the Semantic Web application that provides
knowledge sharing with other intelligent Web software.

MediaWiki, its components and properties

MediaWiki is a free software with open code for development of shares Wiki resources. Now a lot of
applications are based on MediaWiki [7]. The most well-known of them is Wikipedia [8]. The multilevel architecture of
the MediaWiki engine is built on the LAMP architecture (server-side PHP and client-side Javascript, with MySQL
database). The MediaWiki kernel provides the basic functionality after installation and configuration. This allows to
create and edit pages, set their categories and links, view the content of those pages etc. In terms of information
structure, MediaWiki provides templates and page categorization. The basic unit of Wiki resource on base of SMW is
Wiki page. Wiki information can be stored at the informal, semi-formal or formal level, depending on the level of
collaboration of the content development community. By default, there is no such thing as the required structure, but the
lack of structuring makes the content very difficult to navigate. Therefore developers of Wiki-resources on the basis of
MediaWiki usually build their own structure according to the domain specifics. For low level operations e-VUE uses
one of the most popular and technological search tools Elastic Search. Architecture of MediaWiki at the most abstract
level consist of: - DB; - core kernel containing the API; — a set of plugins (extensions); — a set of skins (templates for
content displaying) [9].

MediaWiki proposes the following mechanisms for content structuring:

— Namespaces. All pages in MediaWiki are divided into separate hamespaces provided by the storage model.
Namespaces allow to reuse the base model for main content objects (for example, main e-VUE namespace is connected
with pages of encyclopedia articles), as well as for multimedia objects (e-VUE uses "File", "lllustration”, "Audio" and
"Video" namespaces), software blocks and fragments of structured text (“Template" namespace);

— Categories. The set of pages located into the “Category” namespace is intended to group pages. These
mechanisms provide construction of the Wiki-resource taxonomy;

— Templates. This pages are intended to include the reused elements of articles. This mechanism is also used to
avoid conflicts in Wiki content. Templates provide the common way for data structuring. For example, e-VUE
developers create templates for TIO (like persons, cities, countries, rivers etc.).

Namespaces allow to structure the content of Wiki portals and to separate its content by type. Within one
namespace, pages can be grouped by categories. Some names are reserved for namespaces: User — for separating of
users, MediaWiki — for official pages of MediaWiki kernel, File — for storing information about files, Special — for
special pages with various services, Template — for template pages.

MediaWiki access point are index.php for general purposes and api.php for high-level programmatic content
access through Application Programming Interface (API) query execution.

The MediaWiki API is a web service that provides easy access to all functions and manipulations of Wiki data
and metadata. There are currently several APIs in MediaWiki — the basic MediaWiki action API [10], as well as
RESTBase [11], the Wikidata request service using the SPARQL API [12], the Semantic Media Access API (Semantic
MediaWiki API) [13]. Action API is supported in all MediaWiki (with some changes in functionality and related
commands and options), and other APIs need to be installed separately. The APl Web service is used by developers for
search and integration of the Wiki content (search for category names or keyword into page titles and full text) and for
edit content of IR. This API is used also in internal MediaWiki processes. This API service receives an HTTP GET
request containing a set of input arguments and returns results in different formats (XML, JSON, WDDX, YAML,
PHP-serialized format) that can be processed according to a task and allows to create different types of web applications
for large-volume Wiki content. Each API service request has a mandatory parameter that specifies its action. The most
commonly used values of this parameter are "query", "edit" and "delete".

MediaWiki works by using one of interfaces: — server-generated html code implemented by libraries written in
PHP without frameworks; — HTTP API (api.php module) which is used both as a user interface and as an interface for
external client interfaces and for external requests; — service scripts executed task-dependently.

Semantic MediaWiki and its data model

Semantic MediaWiki (SMW) [14] is a semantic extension to MediaWiki that allows users to add relations and
properties to Wiki pages. Semantic MediaWiki stores semantic data in the MySQL database in MediaWiki, which can
also be exported as RDF [15]. SMW is an add-on to the MediaWiki Wiki builder tool.
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The benefits of SMW are semantic-level information processing, the availability of group-based knowledge
management, relatively high expressive power, robust implementation and a user-friendly interface, on-the-go
documentation and user communities. SMW allows to integrate information from different Wiki pages by searching at
the level of knowledge and to generate ontological structures on Wiki pages that other systems can use.

Basic semantic concepts in Semantic MediaWiki are categories that allow users to categorize Web pages
(present also in normal Wiki resources), semantic properties that allow the content of Wiki content to be linked to other
pages of the Wiki resource and to data ( date, number, text line, geographic coordinates, etc.), defining the semantics of
these relations, and semantic queries that can use categories and semantic properties. The results of semantic queries
can be inserted into the corresponding Wiki pages and are automatically updated if the content of the pages from which
they retrieve information changes. This ensures the integrity and relevance of the created Wiki-resource.

SMW allows users to annotate Wiki content with clearly defined information that is suitable for automatic
processing (machine readable). It supports the addition of structured and semantically annotated information in Wiki
using appropriate syntax. The benefits of SMW are semantic-level information processing, the availability of group
knowledge management tools, relatively high expressive power, robust implementation and a user-friendly interface,
the availability of documentation and user communities. SMW allows to integrate information from different Wiki
pages by searching at the knowledge level and to generate ontological structures on Wiki Pages that other systems
can use.

Use of SMW semantic elements solves the following major problems of Wiki technology:

— content consistency: information on different Wiki pages should be consistent;
— knowledge access: search and comparing of information from different Wiki pages on semantic level;

— knowledge reuse: semantization provides the access to Wiki content from other applications and exporting
knowledge into common formats.

In addition to categories, SMW uses such mechanisms as semantic properties to structure information. They
allow to semantically associate Wiki pages by relations fromRs 05 :{rs_propj},j=1, m with each other and with

various data with types from T. The following property types are supported in Semantic MediaWiki: String, Number,
Annotation, URI, Boolean, Email, Text, Geographic Coordinates, and more. Each semantic property has a type, a name

and a value, as well as its own Wiki page Pem propin a special namespace, which allows it to determine its place in the

property hierarchy and to document how that property should be used. Each semantic property has its own Wiki page
Peem_prop Where the type of values is explicitly identified by use of [[Has type :: xxx]] construct. “Has type” is

recognized by SMW as a special property, i.e. the value of such property is a link to another Wiki page.

SMW reuses the Category namespace to define classes. For example, a Wiki page called "Category: Images" is
intended to represent a class of all images, as well as a new namespace called "Properties” to define the properties of
concepts. With this approach, SMW supports both binary and n-ary properties.

SMW allows to declare a "class-subclass™ and "property-sub-property" relation. For example, you could
declare that the "Image" category is a sub-category of "Media" by adding the annotation "[[Category: Media]]" to
the page of that category. This makes it possible to create a taxonomy of categories and properties, which is
very useful both for navigating the Wiki resource and for correctly creating new categories and properties.
SMW also supports equivalence claims between two Wiki pages or between two classes using the redirection
mechanism in MediaWiki. For example, in e-VUE, with this mechanism, reference articles are organized when there
are several common formulations of the same term. SMW allows to declare a page as an instance of a class or an
RDF triple entity. For example, if the Khreschatyk Image Wiki page contains annotation "[[Category: Image]] and
[[Type :: Photo]]", this means that the Khreschatyk Image is a digital resource of the "Photography" type. You can
also create an instance of an n-ary property. For example, on the Image of Khreshchatyk Wiki page, an abstract
"[[General Keywords :: Image of Khreshchatyk; Landscape]]" means that Image of Khreshchatyk belongs to the
subject category of landscapes. From the point of view of functionality, the semantic annotation adds functionality
for semantic representation of relation between Wiki pages. Wiki templates use semantic properties of SMW for
unified representation of content.

Formulation of the problem

Development of complex IRs on base of semantic Wiki technologies requires improvement of knowledge
management methods oriented on specifics of these resources. MediaWiki needs in extension of its functionality that
provides more efficient processing of semantics and proposes to users more intelligent means of search, navigation and
data access. An ontological model of Wiki resource represented its KB structure requires the relevant methods that
process these structure elements with use of domain knowledge integrates with Semantic Web technologies.

Ontological representation of KB structure of Wiki-resource

We use practical aspects of ontological approach for organization of Wiki-based IRs. Ontological model
formalizes the knowledge base structure and explicitly represents main features of IR [16]. Now ontologies are widely
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used for domain knowledge representation by the Web-oriented information systems [12]. Ontology is a special kind of
KB that contains semantic information [17] from a certain domain and consists of domain concept sets and statements
about these concepts. Ontology formalizes their classes, objects, relations, functions and theories. Various models of
ontologies usually contain concepts (classes and instances), properties of concepts (attributes), relations between
concepts (dependencies, functions), and additional constraints defined by axioms [18].

The most general formal model of the O ontology can be represented by the ordered four O = <T, P, R, F>,
where T is a finite set of domain concepts; P is a finite set of concept properties; R is a finite set of relations between the
domain concepts; F is a finite set of axioms defined on the concepts, properties and/or relations of an ontology O.
Relations represent the type of interaction between the domain concepts. Axioms are used to model statements that are
always true. This ontology model can be concretized depending on development aims.

Wiki ontology is a special case of ontology [19]. It formalizes the knowledge represented by IR designed on
the base of Wiki technology and its semantic extensions. Expressive capabilities of Wiki ontology are limited
(ontology contains only the knowledge that can be directly acquired from Wiki markup) and do not imply the use of
characteristics for object properties and data properties such as equivalence and possibility of intersection. Wiki
ontology and the structure of the Wiki-resource are different forms of representation of the same knowledge system.
Wiki ontology can be built automatically by the semantically marked Wiki-resource (for any collection of Wiki
pages), but in practice such ontology is developed before the resource development process and is used for its
structuring.

Wiki resource is a copy of social software that consists of collection of commonly created and used articles
that contain Wiki-structured text (oriented on human usage) and hyperlinks to other Wiki articles or external IRs.
Wiki resources provide the basis for knowledge sharing. Common features of all Wiki resources are the presence of
Web-based interface, simple syntax for content structuring and the ability to define hyperlink to other pages. Wiki
ontology O represents knowledge of a semantically marked Wiki resource — a set of Wiki pages containing

semantic markup. All knowledge contained incharac this ontology can be directly acquired from semantic markup
elements of corresponding Wiki resource. Such characteristics of ontology classes, their individuals and properties as
equivalence, absence of intersection, etc., are not used.

Owiki = <Xwiki _categor Y Xwik _page!{rier_d}u{r”nk }U{rsem_prop},{fequ}v®> .

In this model the set of concepts X is built as combinations of Wiki pages Xy pagea@nd categories
Xwiki _categor: X =Xwiki _categor Xwiki _page connected by relations from R:{rier_cl}u{r"nk}u{rsem_pmp}. The
class set of Wiki ontology is the set of Wiki categories connected by hierarchical relations Mior cl’ the set of its

instances is a set of Wiki pages that contains hyperlinks link and semantic properties r, prop; 11 =0,m ; the set of data

types contains a specific class "Wiki Page". This model can be refined by such Wiki elements as templates, forms,
special etc.

Formal model of Wiki ontology O,k for non-semantic Wiki resource contains the following components:
X=X UXjng is a set of ontology concepts, where X is a set of classes coincides with Wiki categories represented

by a set of category pages Peaeq; Xingis a set of class instance built as a combination of Wiki pages set
P =Pyser “Pemplate W Pspec Where Pygeris a set of pages created by users, Pemplateis @ set of pages describing Wiki
templates, Pgpecis a set of other special pages;

R is a set of relations R =iy categor U{li}{P;j} contains hierarchical relations between categories fier categor>
relations between Wiki pages {I;,i =13 ={"link" "is_a","use"} where "link" is a hyperlink relation of one Wiki page
of this resource to another one, "is_a": X — Pcateg defines the categorization of Wiki page, and "use": X — Ptemplate
relation defines the use of tempate into the Wiki page; {feqy}defines the equivalence of Wiki pages; F={fequ} is a

single-element set of the equivalence relation between Wiki pages that can be used for logical inference on ontology.
The other elements of the ontological model for this Wiki ontology are represented by empty sets.

The formal Wiki ontology model for semantically enriched Wiki resources Og \yikj is more complex in

comparison with Wiki ontology of non-semantic Wiki resources (such as Wikipedia) and includes a number of elements
related to semantic properties [20]: a set of Wiki pages X is enriched by the set of pages of semantic properties
Psem_prop (Some of them are semantically defined links to other Wiki pages Psem prop_page < Psem_prop » @nd others

link pages to values of other data types); a set of relations R =rig; ¢ U{i} R prop is enriched by relations related

to the semantic properties of Wiki pages by domain-specific semantic properties Rg prop ={rs_propj}, j =1 mwith type
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“Page” that link Wiki pages by semantically defined characteristics; ligr ¢l =lier categor'“lier _propertylS €nriched by
relations Figr property that defines hierarchical relations of semantic properties. T is a set of types for values of

semantic properties.

We propose to define typical information object (TIO) of developed IR that are characterized by similar
structure, properties and elements. In ontological analysis T1Os are considered as individuals of one class. TIO
templates allow to research the area of object property values of Wiki ontology, and vice versa, the characteristics of
object properties of Wiki ontology are the basis for correct creation of templates of TIOs. Semantic markup of Wiki-
resource allows to automate the process of Wiki ontology development, and therefore the use of semantic technologies
based on ontological knowledge representation is simplified for Semantic MediaWiki-based IRs.

Wiki ontology can be generated by analysis of Wiki resource or created by domain expert before the
development of this IR as a basis for its semantic markup (concepts and their attributes are used to indicate the
categories and semantic properties of the Wiki resource). In practice, both variants are usually used iteratively: at first
the domain ontology is generated, then it is used for markup of IR, then semantic markup of the Wiki-resource content
is used for ontology improvement by new element that then are used for semantic markup.

Therefore we try to define correspondences between main elements of ontology and Wiki resource for
automation of such transformations. An analysis shows that only some correspondences are one-to-one and can be
detected automatically. Some others require additional clarifications and definition from the user.

Use of Wiki templates for representation of TIOs of semantic Wiki resource

Mechanisms of content templating are used in the Wiki to give content authors the ability to fill a pre-defined
schema (model) of Wiki page with specific values. Templates can be used into the Wiki pages with similar elements
(with homothetic structure, with the same elements and properties) that correspond to the same TIO type. There is
important to understand that every TIO of Wiki resource are usually linked with one or more templates (several
templates are used for TIO with very complex structure or in situations where different TIOs have the similar parts,
i.e. in e-VUE TIO “Personality” uses templates “Personality” and “Award”. The template-based model provides for
flexible design of the Wiki-resource scheme. Each template defines a class with freely selected attributes (equivalent
to "entity type"), instances of which can be freely embedded in other objects. Template instances can be
hierarchically linked. For example, e-VUE uses a hierarchically organized set of templates to provide knowledge
about TIOs.

There are two types of Wiki pages involved in template processing: template page (for example, Template:
River) is the template definition page which content is used by the pages that called this template; template instance
page (for example, Dnipro) is a page which content is constructed using a template call with certain specific values of
its parameters that can define the corresponding semantic properties for SMW.

The main important features of Wiki templates are: strong and permanent link between the template and its
instances (changes made by user into the template page are immediately displayed on all pages where this template is
called); different source code for templates and their instances.

Matching of Wiki ontologies as a Tool for KB structure management

Dynamics of Wiki resources is an important and very useful feature that improves the efficiency of their
application. Each time, IR developers can change not only the content of Wiki pages but also the structure of their
relations and properties. An important feature of Wiki ontologies deals with their use to automate the control of changes
in accordance with Wiki resource structure. Instead of recording all changes in IR in natural language (NL)
descriptions, it is advisable to create temporal versions of Wiki ontology that correspond to different time states of
that IR.

Such changes can be caused by the following user actions: adding new semantic properties 0 Lgem prop;

changing the value types of semantic properties to T; adding new templates that use semantic properties to Piempiate;
adding Wiki pages for typical 10s (by corresponding templates from Py pnic 10 S Piemplate); establishing links between
Wiki pages deal with typical 10s by elements of Lsem prop; modifying the structure of templates Prio < Pemplate that

use semantic properties. If the information about changes in KB structure is fixed in the form of NL descriptions, it
takes a lot of time to search for differences between versions of complex IR with branched knowledge system. The use
of Wiki ontologies corresponded to different temporal states of this resource provides automated search of such
differences with the help of ontology mapping tools (mapping operations are very difficult for independently created
ontologies, but they are quite simple for those ontologies that share a common basis). In addition, restrictions on Wiki
ontology expressiveness also greatly speed up such processing.

Semantic similarity of Wiki pages as an instrument of domain representation for navigation
in intelligent IRs
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Semantically similar concepts (SSC) is a fuzzy set of concepts with the semantic distance less than the selected
threshold. Now similarity measures used in various applications, such as information retrieval, unstructured data
analysis [21], Big Data processing etc. Measures to determine the semantic similarity of concepts on the basis of
ontologies use various semantic features of these concepts — their properties (attributes and relations with other
concepts), the relative position in ontological hierarchies. Semantic similarity can be considered as a special case of
semantic relation between domain concepts. In [22] the assessment of similarity in semantic networks is defines with
the help of taxonomic links. Although other types of links such as “part-of” can also be used for assessment of
similarity [23].

Similarity analysis of hierarchical (taxonomic) relations is probabilistic. The assessment of the similarity of
concepts from different ontologies may be based on the positions of these concepts in the hierarchy of classes for which
similarity has already been determined: if the superclasses and subclasses of these concepts are similar, then concepts
may also be similar. The similarity of two concepts can take into account similarity estimation of: direct superclasses of
these concepts; all superclasses of these concepts; subclasses of these concepts; instances of these concepts.

Similarity estimation that allows another (non-hierarchical) connections between concepts are constructed by
analogy. For example, if it is known that the classes "Human" and "Person" are similar and the relation "work" and "be
an employee™ are also similar, and in the first ontology the class "Human" is related by the relation "work" with the
class "Organization", and in the second ontology the class "Person™ is related by the relation "to be an employee™ with
the class "Company", then concepts "Organization" and "Company" represented by the classes of different ontologies
are similar.

A common and long-known way of evaluation of semantic similarity in taxonomy lies in measuring the distance
between net nodes that correspond to the elements being compared — the shorter path from one node to another means
their higher similar. In general all criteria of estimation are based on the shortest path length between concepts built by
various relations [24]. Some works estimate similarity of concepts in semantic networks only by taxonomic relation
“is-a”, others take into account different types of relations, i.e analyze relation “part-of-part”.

The similarity of concepts is also related to their content. The more information is shared by two concepts, the
more similar they are, and the information co-shared by two concepts is determined by the information content of the
concepts included in them into taxonomy. Concept similarity can be defines by similarity of strings and words.
Feature vectors are widely used for knowledge representation, especially in case- based reasoning and machine
learning. They can be applied for representation of words. In real task, there is great variability of distances covered
by a single taxonomic relation, especially if some subsets of taxonomies (such as biological categories) are much
denser than other ones. Therefore, it is advisable to take into account the semantics of relations between concepts for
different taxonomic relations and to consider the number of instances in subclasses. All these researches use such
aspects of ontological knowledge representation (hierarchical and domain-specific relations of classes and
individuals, properties of class individuals) that can be represented by semantic Wiki resources. Therefore we
consider the use of Wiki resources as a source for generation of sets of semantic similar concepts for intelligent
systems [25].

We propose to extend e-VUE navigation and search functionality by retrieval of semantically similar 10s —
both globally similar (similarity is estimated by the full set of features — either categories and values of semantic
properties) and locally similar (similarity is estimated only by certain subset of these features). Concepts similar for
the current Wiki page are defined by its characteristics. We analyzed the advantages and disadvantages of scientific
researches deal with of the semantic similarity of concepts and considered the possibility of scaling them to the big
volumes of data that are inherent to the set of e-VUE articles and categories. The use of ontologies for knowledge
structure formalization provides an effective establishing semantic similarities between the concepts. We pay
particular attention to handling special cases of ontological relations (e. g. “is-a” relations, synonymy, hierarchical
relations “Class-subclass” and “Class-class instance”) implemented by the basic means of the SMW technological
environment.

The structure of e-VUE Knowledge Base

Now Ukraine is actively working to create the Great Ukrainian Encyclopedia. The quality of the information
represented in this encyclopedia is ensured by focusing on peer-reviewed author articles with original content
prepared by specialists in relevant fields. It provides verified facts and theories recognized by the scientific
communities.

e-VUE (vue.gov.ua) is a portal version of the Great Ukrainian Encyclopedia. In addition to textual content,
e-VUE pages may contain other types of information (images, maps, video, audio, etc.) and links to trusted sources.
This is an innovative project to create a national encyclopedia based on modern means of knowledge representation.
The creation of this IR is based on modern knowledge-oriented technologies (in particular, on the Semantic Web)
and intelligent Wiki software. The portal version of the Great Ukrainian Encyclopedia uses the free software
MediaWiki version 1.29.1. and its semantic extension Semantic MediaWiki version 2.5.5. e-VUE uses Foreground
style set that focuses on content selection, supports adaptive layouts and has special predefined classes to support
Semantic MediaWiki functionality. This set is built on the Zurb's Foundation Framework (v4.3.2) focused on
supporting mobile devices and an extended adaptive front-end framework. Foreground style set completely changes
the layout of the Wiki page representation and allows to add new interface elements.
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Specifics of e-VUE causes the development of original methods and software solutions. This IR contains multi-
domain knowledge with very complex structure represented by heterogeneous elements. Therefore we use e-VUE to
demonstrate the effectiveness of the described above approaches and methods.

The advantages of e-VUE via other online encyclopedias based of traditional Wiki technology are:

— the explicit establishment of meaningful links between the pages of articles and their elements;

— search for information by meaning - by categories and values of semantic properties of pages;

— the ability to integrate information from different articles and automatically generate integral content;
— the ability to export knowledge in the formats of modern Web-technologies.

e-VUE becomes a knowledge source not only for humans, but also for other Semantic Web applications that can
use knowledge exported from e-VUE in generally accepted presentation formats.

The basic principles of the e-VUE knowledge management are as follows:
— the main tools for KB organizing are categories and semantic properties provided by Semantic MediaWiki;

— an extensible collection of independent taxonomies connected with the sets of corresponding categories is
used for structured representation of information (each article can be assigned to the arbitrary set of categories, and their
hierarchical relations don’t cause conflicts in categories processing);

— TIOs represent the sets of reused semantic properties (articles that belong to some 10 type have a specific set
of categories and properties with fixed names and values);

— the sets of TIO semantic properties in the process of refinement of the e-VUE database can be expand, but
can't be decreased (non-used properties cannot be deleted for correct processing of prior articles);

— the estimation of the similarity score of article take into account the knowledge from the relevant domain
ontologies (the number of links between concepts and the level of significance of these relations), taxonomies of
categories and the category volume.

Nepcoranil Npwpona Usainisayin Tanysl swams AsrTopu L ":».:' " ( )

EEAMKA VEKPAINCKKA ENUMKAONEALN

Ackve Orickogy | Enfles | Clsses | Ofject ropares | DabaPropartiss | Anmolation PropeeSes | bkeisuss | OWLVIZ | L Gusry | Orbodeat | Oodoogy Difersncss. | SPARGL dusry | maktc

Mpo Yxpainy Ta ceir — pocrosipwo | AT

¥ X
® Anusapt_Bennenit

Nepconanii

L——Tj. 2 # oceita I
w3

&) :
nepcoHanisa

Y kpaina n

+ "
S HANPAM_AiANLHOC
* & Anubepr_Benuwii - 2.

.

& Himewunna

@ Mpupopa

!

1
MICTO

Wiki ontology

Amienoni6Hi (Amiiformes) Of e'VU E "
Hepax prb, Wo HANEXTE A0 Ibpaknacy kicTRoa aynea
A. C. Nyuexso
first page e-VUE (b)
Auinasu interface ontolo

dhepmenTy, abo e CY MAPONas, Wo KaTanisywTs raponil KpOXMAanK, riikoreHy

plaHex iv

2020

& N. B. Kebpina

Fig. 1. e-VUE ontology (a) and user interface (b)

The main e-VUE elements described by its Wiki ontology are Wiki pages and semantic properties of these
pages. In this ontology Wiki pages of e-VUE articles and research subjects (such as authors of articles, moderators of
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scientific branches etc.) are represented by the individuals of classes, and Wiki pages of e-VUE categories and
templates are represented by ontology classes (Fig. 1a). Semantic relations of e-VUE are represented depending on
their domain of values by object properties (for relations with other pages) and data properties (for all others). For
classification of e-VUE pages several independent taxonomies are used as a source of category hierarchies. Now
e-VUE use taxonomies that classify articles by scientific topics; by sets of structural elements represented by
templates of TIOs; by the publication form and degree of readiness etc. Categories can be applied to Wiki pages
individually or together. Elements of e-VUE ontology are used in development of original user interface with various
templates and semantic queries for data integration (Fig. 1b).

These principles provide a fundamental distinction between e-VUE and non-semantic Wiki resources, such as
well-known Wikipedia: e-VUE supports arbitrary meaningful relations between concepts, while Wikipedia can use
only two types of relations — a hierarchical relation of categorization “Class-Class Element” and page hyperlink. The
use of relations with explicitly defined semantics significantly expands both the expressiveness of knowledge
representation and the search and navigation ways. The structure of e-VUE knowledge base is formally fixed by
Wiki ontology based on the described above formal model for semantically enriched Wiki resources [26]. This
ontology is the result of the collaboration of domain experts that moderate the knowledge branches of encyclopedia
with knowledge engineers. This formalization makes possible to describe complex knowledge structure more clearly
and to prevent the reuse of category names with different meanings. e-VUE ontology allows visualization of
encyclopedia categories relations, describe their characteristics and provide annotations. Wiki ontology is
implemented in OWL using the Protégé ontology editor. Ontology provides the basic set of tags for semantic markup
of the NLL content of e-VUE articles.

We identify the following e-VUE TIOs (https://vue.gov.ua/Help:Basic_Templates VVUE) that are supported
by Wiki templates: City; Continent; Personality (Fig. 2a) ; Battle; Country; Group of persons; Historical event; Lake;
Mineral; Ocean; River; Sea; Taxon; Organization etc ). Moreover, the special templates are used to represent other
typical e-VUE objects distinct from encyclopedia articles (authors, moderators, media content, etc.): e-VUE Author
(Fig. 2b); Moderator; Illustration; Literature source; Video etc. Other additional TIO templates allow to structure
content of special elements of the articles (e. g. Citation, Publication, Awards, etc.).
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Fig. 2. Templates of TIO “Personality” (a) and “VUE author” (b) in e-VUE

Semantic search on e-VUE

One of the most important factors in the efficiency of IR use is the organization of search procedures that allows
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the user access to information. Access efficiency depends on both access time and user-friendly interface. Use of
semantics for search organization substantially optimizes this process and increases the possibilities of requests.

Content of Wiki pages from the viewpoint of information retrieval is a semi-structured data where content is
marked up by Wiki tags defined by categories and semantic properties.

e-VUE search procedures are classified by search parameters into the following groups by: keywords placed
in the page title and NL content; domain topics represented by Wiki categories; T10s with specific sets of semantic
properties defined by corresponding TIO templates; semantic similarity of Wiki page that is defined locally by
the arbitrary collection of categories, semantic properties and their values. Search by keyword (for encyclopedias by
the article title or by the initial letters of the title and words in natural language content) is traditional, practically
implemented by all electronic encyclopedias. But it requires users to know the exact name of what they are looking
for. This search provides the fastest access to the information. Search by domain topics is more flexible and uses
the common classifiers (it makes search more formalized but complicates queries for ordinary users). The third
and fourth ones take into account the semantics of the information needs of the user and allow to find semantically
related articles. The e-VUE search by the type of 10 is supported by the large number of templates for TIOs.
Each template is associated with corresponding e-VUE category, and the user can apply these categories and
their hierarchy for navigation. Such search is more convenient for users that know exactly what kind of information
they need.

Search by semantics is more complicated for users and demands skills in SMW-QL query language and
knowledge about specific properties of retrieved 10s. But the results of this search are much more personified and
pertinent to individual user needs. Semantic MediaWiki supports SMW-QL query language for semantic search within
Wiki resources. Such queries allow to filter pages by specified criteria and to display as a result of a request only the
user-interested information, not the entire text of a Wiki-page. The results of such requests dynamically integrate the
current information from various Wiki pages and display it in user-friendly form of diagrams, maps, tables and charts,
etc. Modification of pages that satisfy to query conditions causes automatic update of query results.

One of the significant advantages of e-VUE as a semantic portal is the ability to find semantically similar
concepts (SSC). Now these possibilities are realized in test version. Wiki page categories, semantic properties and their
meanings, as well as natural-language content of e-VUE can be used to SSCs search. Such information cannot be
generated by Semantic MediaWiki's built-in tools [27] and therefore this search is implemented through separately
designed API requests. We demonstrate the capabilities of the described above approach by search of such local SBPs
(by a combination of categories and semantic properties) as domain experts (fig. 3) and compatriots. This search is
usually related to some TIO. In details this method is described in [25].
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Fig. 3. Search of experts for domain of selectes wiki page

Use of SSCs for information retrieval by MAIPS

MAIPS (Certificate of copyright registration for the work # 32015 "Computer program™ Multi-Agent
Information Search System "MAIPS". Authors — Grishanova 1.Yu., Rogushina J.V. Join Date 09-02-2010) is a
information retrieval system that uses the ontological knowledge representation, agent paradigm and Semantic Web
technologies to information search on a semantic level [27]. MAIPS is an example of metasearch information system
that processes domain ontologies as an instrument of representation of user professional or scientific interests.
Ontologies provide domain knowledge about user interests and are used in MAIPS for personification of search results.
MAIPS uses thesauri based on domain ontologies for user task representation. The system is focused on users with
continual and structured information interests that require a regular supply of relevant information from the Web
(functionally MAIPS is aimed at the implementation of complex reusable queries in a fairly narrow areas associated
with professional or scientific interests of users; user requests can be repeated from session to session or be changed but
deal with the same domain of user expertise).

MAIPS uses two types of ontologies — internal and external. Internal ontologies are created directly by MAIPS
developers and can be replenished by new individuals (not by classes) during the interaction with MAIPS users. The
main feature of such ontologies is the structure fixed by developers that helps in prediction of the algorithm
convergence and calculation time. External ontologies allow to integrate into MAIPS the dynamic and distributed
knowledge accessible by the Web. The search of such ontologies can be performed in the various ontological
repositories [3], or they can be formed in the process of the user interaction with other intelligent applications. In
general, we have no information about the complexity of the ontology structure, about DL on which they are based,
completeness of their knowledge, and this lack prevents to predict the work time of algorithms for deep analysis and
processing of these ontologies. Therefore MAIPS handles external ontologies by specially simplified algorithms that
use only the most general properties of ontologies (e. g., processing only of taxonomic relations “Class-subclass™) for
generation of task thesaurus. That is enough for the majority of information search tasks oriented on TIOs. But
generation of thesaurus by domain ontology and NL task description requires from user some simple skills in operation
with ontology components.

Structure of Wiki resource KB is much more intuitive and understandable for users. They can select the initial
set of task-pertinent Wiki pages and define the criteria of similarity with the help of TIO characteristics. Therefore we
propose to use the sets of SSCs generated by API requests to Wiki resources that take into account user-defined
properties of concepts as task thesauri into MAIPS. Such requests exempts users from manual analysis of domain
ontologies. We test this approach on examples from various spheres of sciences and find out that its effectiveness
depends of IR pertinence to user information needs.

Conclusions

We consider practical aspects of development of intelligent Wiki-based IRs by MediaWiki technological
platform and analyze the ways of its semantic extensions based on ontological representation of domain knowledge. We
propose an ontological model of IR that formalizes its knowledge base structure that is based on explicitly represented
system of domain-specific typical information objects (T10) of this IR. Use of ontology corresponding to the set of
Wiki pages (either with semantic markup or without it) provides new IR functions associated with semantic search and
navigation. The ways of user interface adaptation to the IR specifics are developed. Proposed intelligent means of
navigation, visualization and content analysis by processing of TIO features enriches IR functionality, reduces
information access time and makes IR usage more efficient. We demonstrate the software implementation of proposed
solutions by developing of portal version of the Great Ukrainian Encyclopedia (e-VUE) that contains heterogeneous
multimedia content with complex structure. Wiki ontology of e-VUE and original methods of its processing used for
this project extend the functionality of the portal in the area of search, navigation, integration and protection of content
based on background domain knowledge.
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