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Abstract — The article considers the usage of ontological
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. INTRODUCTION

A. Purpose and Relevance

The work is devoted to the ontology-based approach to
constructing intelligent systems in the field of history, the
specific nature of this kind of systems and the features of their
design.

The need to formalize, systemize and process knowledge is
equally critical in historical studies as in any other science. At
the same time, humanities are the field where formalizing
knowledge is somewhat difficult, reasoning is less transparent,
and knowledge is based not on concepts, but on ideas, which,in
their turn, require clarification and specification [1].

The relevance of the intelligent systems' design in the field
of history is related to the growing interest of the society and the
academic community to retrospective methods that are making
history a tool for research, as well as to history as a way to
preserve and transmit culture in its broadest sense.

B. The issues to be addressed in order to achieve the goal

e compatibility of historical systems of various purposes
needs to be ensured for the most complete and effective
representation and usage of historical knowledge;

e in order to ensure wide dissemination and use of intelligent
systems in the field of history we need to move beyond
narrow specializations and to develop multifunctional and
multi-purpose systems.

e the large volume of dynamically changing knowledge
requires such a technology for designing the systems of
similar purpose that would allow to create flexible, easily
modifiable and reconfigurable intellectual systems;

e since formalization of historical knowledge needs
contribution from experts in specific areas of historical
knowledge, there is a need to support such teamwork in
development of knowledge bases that eventually turns
experts into knowledge engineers.

C. Proposed Approach

The proposed approach to building intelligent systems in the
field of history is based on the following provisions:
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e OSTIS Technology is set as a basis for building intelligent
systems which ensures compatibility of design solutions.
OSTIS is a technology for component-based design of
intelligent systems, which allows to develop intelligent
systems quickly and efficiently [2]

o the ontology-based approach to design of intelligent systems
that can solve the problem of compatibility of various
intelligent systems and their components ensures flexibility
of the systems under development and enables teamwork in
their design.

Il. THE SYSTEM OF ONTOLOGIES AS THE BASIS FOR BUILDING
INTELLIGENT SYSTEMS IN THE FIELD OF HISTORY.

The hierarchical system of subject domains and their
corresponding ontologies permits to specify all concepts used
withina particular paradigm, allocating them to subject domains
and specifying them within relevant ontologies.

The following types of ontologies can be identified:

e structural ontology

o set-theoretical ontology
¢ terminological ontology
e logical ontology

Each ontology is a model (specification) of a certain subject
domain, or, more specifically, it is a specification of a paradigm
of concepts that are used in a subject domain [3].

Explicit definition of ontologies in knowledge bases of
intelligent systems is necessary in order to:

o record the current coordinated version of interpretation
(clarification) of all concepts used,;

o ensure the efficient and continuous process of development
and harmonization of concepts used [4].

A number of subject domains common for all historical
systems can be distinguished within historical knowledge [5].
Such subject domains can include:

e Subject domain of artefacts describing all historically
significant artificial man-made material entities, produced as
a result of purposeful action.

e Subject domain of individuals and social communities,
which researches humans and all communities of people
emerged as a result of human activity.

e Subject domain of historical actions, events and situations.
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e Subject domain of ideas, describing all the ideas arising as a
result of purposeful activity.

Subject domain of artefacts is partial in relation to the
Subject domain of temporary entities, specification of which is
presented in IMS Metasystem [6]. Let us take a look at the main
classes of the research concepts in the Subject domain of
artefacts [7].

documentary artefact
= material information carriers in the form of texts, graphic
images, audio, video, and images, with historical and cultural
value.
<= partitioning*:
e written document
<= partitioning™:
o handwritten document
e printed document
<= partitioning*:
e cartographic document
o official document
e narrative document
<= partitioning*:
e personal document
o fiction document
e historical document
e scientific document
o film- and photo- document
¢ phonodocument

construction
= immobile man-made artefcat with historical and cultural
importance
<= partitioning *:
e building
<= partitioning™*:
o residential building
e public building
<= partitioning *:
e civic building
¢ administrative building
e religious building
e production building
<= partitioning *:
e industrial building
e agricultural building
e structure
<='partitioning*:
e hydraulic structure
o utility network
o fortification structure
=> inclusion™*:
e construction complex
e architectural complex

household item
= article of daily use
= household product
<= partitioning™>:

o tableware

e clothing

o furniture

® Weapons

o jewelry

o tools of trade

e means of transportation

visual art item
= artifact created as a result of creative actions of humans
<= partitioning™:

e painting item

e sculpture

¢ decorative-applied item

The following subject domains are partial for the subject
domain of artifacts:
e Subject domain of archaeological artifacts
e  Subject domain of ethnographic artifacts

Let us consider the main classes of research objects for the
Subject domain of individuals and social communities [8], [9].

person
= individual
social community
= group of people with similar functions, goals, social statuses,
social roles, and cultural requirments.
<= partitioning*:
e ethnic community
<= partitioning*:
e race
o tribe
e ethnos
¢ nationality
e nation
e socio-territorial community
<= partitioning™*:
o City
o village
e quarter
e region
e social stratum
<= partitioning*:
e caste
e estate
e etacratic group
e socio-professional stratum
o class
e primary group
<= partitioning™*:
o family
o friend
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e classmate
o colleague

e social organization

<=

<=

partitioning *:
o formal organization
¢ informal organization
partitioning *:
e labor organization
<= partitioning™:
e manufacturing organization
e scientific organization
e educational organization
e medical organization
e cultural and educational organization
e administrative organization
<= partitioning™:
e governmental organization
e cooperative organization
e joint stock organization
e organization owned by labor collective
e private organization
e joint organization with foreign capital
o foreign organization
¢ public organization
<= partitioning*:
e environmental organization
e sports organization
e political organization
e leisure organization
e charitable organization
e cultural organization
e religious organization

=> inclusion*:
e crowd

Let us consider structural ontology on the example of the

Subject domain of constructions.

Subject domain of constructions
=> ontology*

Structural ontology of the Subject domain of constructions

=[*
Subject domain of constructions
<= partial subject domain*:
Subject domain of historical artifacts
=> partial subject domain*:
e Subject domain of buildings
e Subject domain of structures
> maximal class of research objects':
construction

5 nonmaximal class of research objects' :

e building

e structure

e construction complex

e architectural complex
e ruin

e authentic construction
e restored construction

e lost construction

3 concept researched in other subject domain':

e architectural style

e construction element
> researched relation';

e architect*

e material of structure*

e owner*

*]

Let us consider the set-theoretical ontology of the Subject
domain of constructions.

e quasigroup
e audience
Subject domain of constructions
=> ontology™*:

Set-theoretical ontology of the Subject domain of

Subject domain of historically important actions, events, and
situations is a partial subject domain to the Subject domain of
actions. Let's take a look at some of the classes of research

objects:

historically significant action
=> inclusion™:
e goal-oriented rational action
e action of value
e affective action
o traditional action
=> inclusion*:
e labor action
e intellectual action
o religious action
e creative action
e communication

* play

constructions
=[*
construction
e historical artifact
<= partitioning*:
e building
<= partitioning*:
e residential building
e public building
<= partitioning*:
e civic building
e administrative building
o religious building
e production building
<= partitioning™*:
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e industrial building
e agricultural building
e structure
<= partitioning™*:
¢ hydraulic structure
o utility network
« fortification structure
=> inclusion™*:
e construction complex
e architectural complex

material of construction*
€ binary relation
=> definitional domain™:
construction W construction material
=> first domain *:
construction
=> second domain *:
construction material

architect*

€ binary relation

=> definitional domain*:
construction v individual

=> first domain*:
construction

=> second domain*:
individual

location*:

€ binary relation

=> definitional domain*:
construction w geographic coordinates

=> first domain *:
construction

=> second domain *:
geographic coordinates

*]

Each logical ontology contains the ‘entire set of axioms,
definitions, and statements over the concepts of a subject
domain, helping to build a logical ontology-based set of logical
reasoning about this subject domain. Let us take a look at a
fragment of logical ontology of the Subject domain of family
relationship. This subject domain is a partial subject domain of
the Subject domain of individuals and social communities.

The subject domain of family relationship
=> ontology*:
Logical ontology of the subject domain of family
relationship
::[*
parent*
=>explanation™:
[A parent* is a binary relation that connects two
persons, one of whom is a parent of another one]
€ Russian language

mother*

=>explanation*:
[A mother* is a binary relation that occurs at the
place of a parent*, if the second domain is an person
that belongs to a class of woman.]
€ Russian language

€ key sc-element’:

estatement
=> sc-text translation™:
[Every person can have only one person, which is
mother* for that person]
€ Russian language
sibling*
=>explanation*:
[A sibling* is a binary relation that connects two
persons whose both parents* are identical]
€ Russian language
<= used constants*:
{
e parent*
e person

¥

female cousin*
=>explanation*:
[A female cousin* is a binary relation that connects
two persons, the second of which belongs to a class
of woman and whose parents are connected with a
sibling* relation]
€ Russian language
<= used constants*:
{
e parent*
e individual
o female
o sibling*
}
*]

Let's look at how formal definitions, corresponding to given

explanations, appear in SCg language [6]:
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Figure 1. Definition of sibling* relation
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Figure 2. Definition of female cousin* relation

The above mentioned ontology fragment shows that it can
be a good basis for performing a number of tasks in historic
systems. In particular, for finding an individual's relatives of
different degrees of kinship, even if these links are not evidently
present in the subject domain. Or, for finding possible family
relationship between any two individuals in the knowledge base.

Distinguishing subject domains and their data ontologies
allows to distinguish independent areas within the system,
which can be developed without the need to harmonize actions
in the subject domain with the developments in other subject
domains. At the same time, it clearly prescribes the development
stages that would require such harmonization.

I11. TYPES OF INTELLIGENT SYSTEMS IN THE FIELD OF
HISTORY

A large number of various historical systems is present at the
moment. Historical systems can be classified as following, by
the subject of research:

o systems describing a specific area of historical knowledge:
history of mathematics, history of literature, archeology and
history of archeology [10], [11];

e systems describing a specific period of time: history of the
Middle Ages, the Modern history [12];

e systems describing the history of a certain territory: history
of Europe, history of the city of Minsk [13].

And, accordingly, any possible intersection of these three
sets.

By purpose all historical systems can be divided into:

o reference systems, which provide structured information in
the required subject domain [14]

e training systems, which have a knowledge monitoring
complex along with the structured material [15].

e systems supporting scientific research in the field of history,
or tools for historians.

e guiding systems supporting ciy or museum tours [16] [17]
[18].

All these systems have two major drawbacks:

e it is impossible to use knowledge from the knowledge base
of one history system for solution of any kind of problems
in another one;

o the knowledge bases of these systems are ultimately
incompatible due to the absence of common ontology.

However, as the systems operate with the same type of
knowledge, it might provide the basis for the development of
common ontologies of such systems. The ontological approach
in the design of systems in the field of history, will provide an
opportunity to integrate various systems, as well as to borrow
the necessary components that are present in one of the systems,
but not in the other ones.

IV. CONCLUSION

General ontology of historical knowledge as a reusable
component will accelerate the development of intelligent
systems in the field of history and provide opportunities for
using solutions from one system within the framework of
another one in order to address the necessary applied problems.

Ontology-based approach to design of intelligent systems in
the field of history will provide for the flexibility of the systems
being developed and for the possibility of organizing project
activities in a way that these activities are maximally
independent in detail elaboration of various subject domains,
while preserving - the integrity of the systems under
development.
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®16P-102) and also BRFFR-SFFRU (®16K-068).
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OHTOJIOTUYECKOE ITPOEKTUPOBAHUE
UHTEJUIEKTYAJIbHBIX CUCTEM B OBJIACTU
NCTOPHUU

I'y6apesuu A.B., Mopocur O.J1., Jlarmp 1.B.

Pabora paccMaTpuBaeT OHTOJNOTMYECKHH TMOAXOA K
MOCTPOCHUIO MHTEIUIEKTYAIBHBIX CUCTEM B O0JACTH UCTOPUH,
cnenuUKy JAaHHOTO poOJa CHUCTEMbl MW OCOOCHHOCTH HX
MOCTPOEHUSI.

Bomnpoc 0 HEOOXOANMOCTH (dopmanuzanumu,
cHCTeMaTH3alUH 1 00pabOTKU 3HaHMH CTOUT B MCTOPHYECKOU
HayKe HE MEHee OCTpo, 4yeM B Jrobod apyroi. [lpu sTom
TYMaHWUTapHOE  3HaHWE  SBIAETCS  OOJNACTBIO  TPYAHO
(¢opMmannzyeMoro  3HaHMS, TAE PAacCyXICHHS  MCHee
[IPO3payHbl, & 3HAaHUE ONMPAETCS HE Ha MOHATUA, a HA UACH,
KOTOpPBIE B CBOIO OUepe/ib TPEOYIOT yTOYHEHUS M OTIPEACTICHHUS.

AKXTYalbHOCTh pa3pabOTKH HHTEIUICKTYaIbHBIX CHUCTEM B
obnacT UCTOpHH 00YCIOBJIEHA BCE BO3PACTAIOIIAM HHTEPECOM
oOIIecTBa ¥ HayKH K PETPOCHEKTHBHBIM METOAAM H3YyUEHH,
I7Ie UCTOpHUS CTaHOBUTCS HHCTPYMEHTOM HCCIICOBaHUA, a
TaKXkKe K HUCTOPUM KaK CHOCOOY COXPaHCHHS W TPAHCISIMU
KyJIbTYpbl B CAMOM LIMPOKOM €€ TIOHUMaHUH.

OHTOIOTHYECKH TTOIX0M K TMPOCKTUPOBAHUIO 0a3 3HaHUA,
B TOM 9YHCJE B 00JIAaCTH UCTOPHUH, IMOAPAa3yMEBACT BBIACICHHE
IOPEMETHBIX 00JacTel W OHTOJIOTHH IAaHHBIX MPEIMETHBIX
obnacTeil, pa3paboTka B paMKaX KOTOPHIX MOYKET BECTHUCH 0e3
HEOOXOTMMOCH COTJIACOBAHUS NCHCTBUI B TAaHHOM IpeAMETHON
001acTH ¢ pa3paboTKaMK B APYTHX MPEIMETHBIX 00IACTSIX.

Ha pnaHHBIi MOMEHT CyIIECTBYeT OOJBIIOE KOJIHYECTBO
Ppas3IMYHbIX HCTOPUICCKHUX CUCTEM. I/ICTOpI/I‘IeCKI/Ie CHUCTEMBI 110

npeAMeTyY  HCCIEIOBAHHA  MOXHO  KIaCCH(UIMPOBATH
CIIEIYIOIINM 00pa3oM:
® CHCTEMbI, OMKCBIBAIOIINE  OMNpEJACICHHYI  00JacTh

HUCTOPUYCCKOI'0 3HAaHUA: HCTOPUSA MATEMATHUKH, HUCTOpHUA
JIATEPATYpPhbl, apXCOJIOTUSI U UCTOPUSI apXCOJIOTHH,

®  CHCTEMbI, ONMCHIBAIOLINE ONPEACIICHHBIN EPUO: UCTOPUS
CPEIHHX BEKOB, HCTOPHS HOBOT'O BPEMEHH;

® CHCTEMBI, ONNCHIBAIOIINE HCTOPHIO  OMPEACICHHON
TeppuTopuu: ucropust EBpormnsl, ucropus ropona MuHcka.

n COOTBETCTBCHHO, JI00BIC BO3MOXKHBIC MEPECEUCHU ITUX
TPEX MHOKECTB.

Ilo Ha3HaveHHIO BCe HUCTOPUYECCKUE CUCTEMBI MOXKHO
pa3acinTh Ha:

® CIIpaBOYHEIE, KOTOpBIE MIPEAOCTABIISIOT
CTPYKTYpHUpOBaHHYl0  uHpopmamuio B  TpeOyemoit
MIPEAMETHOMH 00J1acTy;

®  CHCTEMBI y4eOHOTo Ha3HAYCHS, rrue KpoMme
CTPYKTYPHPOBAaHHOTO  MaTepHaja  €cTb  OTACIbHBIN

KOMIUIEKC, OTBEYAIOIINI 32 KOHTPOJIb 3HAHU.

e CHCTEeMBl NOJICPKKA HAYYHBIX HCCICNOBAHUN B OOJIACTH
HUCTOPHH, KOTOPBIC SBIITIOTCS HHCTPYMEHTOM paOOTHI
HUCTOpHKA.

®  CHCTEMBI-THUIBI — CUCTEMBI MOAICPKUBAIOIINE
JKCKYPCUOHHOE CONIPOBOXKIAEHHUE IO TOPOJIaM, My3€sM.

YV Bcex NEPCUYUCTICHHBIX CHUCTEM €CThb JIBa OCHOBHBIX
HEOOoCTaTKa:

® HEBO3MOXXHOCTbH HCHOJIb30BaHUS 3HAHUH M3 0a3bl 3HAHHI
OJIHO# CHCTEMBI [0 HCTOPUH IS PELICHHUsI KaKuX-0bI TO HH
ObLIO TIPOOJIEM B IPYrOH;

e | NPHUHIUITHATGHAS HECOBMECTHMOCTh 0a3 3HAHHI 3THX
CHCTEM B BHIY OTCYTCTBHS OOILIECH OHTOJIOTHH.

Tor akT, 4TO BCE ITH CUCTEMBI ONEPUPYIOT OJAHUM M TEM
JKe TUIIOM 3HAHUs, JaeT OCHOBAaHMA Ui Pa3pabOTKH OOLIMX
OHTOJIOTHH NMOJOOHBIX cucTeM. IIpH OHTOIOTHYECKOM IOIX0/1e
B NPOEKTHPOBAHMU CHCTEM B O0JAacCTH HCTOPUM MOSBUTCS
BO3MOXHOCTb MHTErpalu pasjinvyHbIX CHUCTEM, a TaK¥XKe
BO3MOXXHOCTh 3aMMCTBOBAHUSI HEOOXOAMMBIX KOMIIOHEHTOB,
KOTOpBIE TIPEJICTABICHBI B OJJHOH UX CHCTEM, U OTCYTCTBYIOT B
JIPYrou.

OO0miasi OHTOJIOTUS HUCTOPUYECKOTO 3HAHUSI B KauyecTBe
MHOTOKPATHO MCII0JIb3yeMOIr0 KOMIIOHEHTA MI03BOJIUT YCKOPHUTh
mporecc pa3pabOTKH HHTEIUICKTYAIbHBIX CHCTEM B 00JIACTH
HUCTOPHUHU U 00CCIICYUT BO3MOYKHOCTh MCIIOJIB30BAHUS PEIICHUIN
U3 OJTHOHM CHUCTEMBI B paMKaXx JPYroil CUCTEMbI ISl PelICHUs
HEOOXOAUMBIX IPUKIIAIHBIX 33734,

OHTonorn4eckuit MOXO0J K MPOEKTUPOBAHUIO
MHTEJJICKTYalbHBIX CHCTEM B OOJIACTH HCTOPHUU TO3BOJHT
obecrieunTh  THOKOCTh  pa3pabaThIBAEMBIX  CHCTEM W
BO3MOXHOCTH OpFaHI/I3aHI/II/I HpOGKTHOﬁ JCATCIIBHOCTU TAaKUM
oOpazoMm, YTOOBI 3Ta JEATENBHOCTh ObUIa MaKCHMaJbHO
HE3aBUCHMAa TIPU JCTAIH3AIUU PA3IMYHBIX IPEIMETHBIX
oOnacteidl, W OJHOBPEMEHHO TIPU 3TOM  COXPAaHSIACH
LIEJIOCTHOCTh pa3padaThIBACMBIX CHCTEM.
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