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IHTETPALIITHA MOJEJIb
MPEJICTABJIEHHS 3HAHB JIIs1 CEMAHTUYHOI'O WEB

INTEGRATION MODEL FOR KNOWLEDGE
REPRESENTATION FOR SEMANTIC WEB

L{s cTraTTs npeacTaBiisie iHTErpaliiHy MOJIeb IPEICTABICHHS 3HaHb Y TIPUPOJI-
HO-MOBHHX 0a3axX 3HaHb, SIKa JO3BOJISIE TOCSITTH TapHOI OOYMCIIIOBATILHOI CKJIAIHOCT1
oreparliif 10aBaHHs Ta MOLIYKY JaHUX y 0a3i 3HaHb. Taka MojeIb MOKe OyTH BUKO-
pHUCTaHa SK MPOMIKHA CTPYKTYpa JaHUX MiXK CIICIiali30BaHUMH CUCTEMaMU 00pOOKH
TEKCTY Ta 3HAHHSA-OPIEHTOBAaHUMH CHUCTEMaMHU B ekocrucTeMi Semantic Web.

Kurouosi ci1ioBa: kBaHT 3HaHb, 6a3a 3HaHb, 00pOOKA MPUPOIHOT MOBH, IHTETpaA-
[IAHAR TIX1.
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This paper presents an integration model for knowledge representation in
natural language knowledge bases that allows to achieve good computational
complexity of operations of adding and searching data in the knowledge base. The
model can be used as an intermediate data structure between specialized text-based
and knowledge-based systems in Semantic Web ecosystem.

Key words: quantum of knowledge, knowledge base, natural language
processing, integration approach.
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Relevance of research topic. Creating of Semantic Web and instruments based
on it has been a well-established area of research for at least last two decades. It
remains an active topic, worked on as part of the “Web 3.0” by the W3C committee
[1] as well as by independent researchers around the world. Despite this fact, there are
still unresolved problems with fully implementing it [2], many of which are linked
closely to the data model used in the underlying knowledge base.

Formulation of the problem. Recent research in the field shows promising
success in solving some of the underlying problems, namely mining existing Semantic
Web for domain-specific tasks [3], fine-tuning user tools in order to retrieve more
precise results [4] and creating knowledge bases both for raw natural language data [5]
and structured knowledge [6]. However, there still remains the problem of
coordinating different parts of the system to achieve cohesive structure of knowledge
in it that would allow to coordinate processing of natural language data and structured
knowledge. This paper proposes a new model for knowledge representation for natural
language knowledge base to be used as a part of Semantic Web ecosystem.

Analysis of recent research and publications. The Semantic Web
technologies rely on various data models to store semantically interlinked knowledge,
which together can be generalized as knowledge bases, most prominently ontologies,
frame networks and semantic networks [7]. On the other hand, data structures for
storing text information are mostly based on language-specific syntactical structure,
such as parse trees, grammars and n-grams [8]. Both groups of models work with
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fundamentally similar types of data, from words to texts in natural language models
and from concepts to rules systems in knowledge bases, but they typically are not
well-suited to handle the other type.

Both knowledge bases and natural language data structures are used for various
high-level tasks, but their functions can be typically brought down to the basic 1/O
operations of “read-write”. Taking into account specifics of aforementioned systems,
these operations represent two major functions of a knowledge base:

- reading, or searching and reading, knowledge according to a specific query;

- writing, or adding new knowledge into an existing knowledge base.

Both these functions require additional operations to be executed inside the
system, and both natural language and structured knowledge bases introduce
additional complexity to these operations.
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Fig. 1. Data flow in natural language and structured knowledge bases.

Selection of unexplored parts of the general problem. Natural language
knowledge bases rely heavily on parsing syntactic structure of the incoming text. This
allows for easier addition of new information, as the knowledge structure of incoming
text is by definition same as that of the knowledge base, but searching data over such
base requires traversing all text-based data structures, which makes applying advanced
searching algorithms very hard or outright impossible.

Structured knowledge bases, on the other hand, provide rigid data structure that
allows for effective searching, but require any incoming data to be adapted and
possibly trimmed in accordance with this structure, making expanding the knowledge
base an algorithmically and computationally complex task.

This allows existing knowledge models to be efficient in certain tasks that
demand good performance from only certain part of their functions, but effectively
prevents any of the models to be used as an average ubiquitous solution.

Presentation of the main material. In this work, a new model of combined
knowledge representation is presented that allows to combine best parts of existing
models while avoiding their downsides. The model is based on the ideas of integrated
approach to modelling of human speech activity, described in [9—11], most notably the
proposed basic semantico-syntactic structure, or BSSS, that represents a single
“situation”, or quantum of knowledge in human brain.
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Given that a single BSSS represents a single unit of knowledge, closely tied to
corresponding sensory memories, and any fragment of text can be decomposed into
several BSSS and relations between them, it can be used as an intermediate structure
between knowledge bases of natural language and of structured knowledge.
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Fig. 2. Data flow in integration model knowledge base.

This model allows to consolidate the knowledge itself in a single, universal
structure, filled with BSSS’s and relations between them, that provides certain
benefits compared to other approaches.

First, like in structured knowledge bases, data is stored in structured, formally
well-defined form, which allows for easier processing and automatic manipulation of
this data.

Second, like natural language knowledge bases, a model like this provides
structural links between the contents of the knowledge base and structure of the text
linked to these contents, which preserves easiness of adding new knowledge to the
knowledge base from natural language text.

Third, unlike the other approaches, in integrated knowledge base new
knowledge 1s added to an existing structure without altering it — that is, complexity of
expanding the base remains relatively constant regardless of its size and doesn’t
require mandatory rebuilding of previously added data.

It 1s also worth noting that an integrated knowledge base can be linked to
separate natural language and structured knowledge bases, thus allowing to use
language-specific language processing tools and domain-specific logic and resolution
engine to enhance capabilities of the whole system.

Conclusions. Future work will involve improving building links between natural
language constructs, especially multi-word and artificial ones like abbreviations, and
complex semantic concepts. More research is also required to create a linguistic
processor capable of working with the data model presented in this paper.
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IHTETPALIIFTHA MOE/JEJIb
MPEJCTABJIEHHS 3HAHB JIJIS1 CEMAHTUYHOTI'O WEB

AKTyanabHicTh TeMu gociaigxennsa. CtBopenHs Semantic Web Ta iHCTpyMeH-
TiB JIJIs HBOTO, € JOOpE PO3BUHEHOIO C(HEeporo JOCHIIKEHb, K B pPaMKax pO3poOOK
W3C, Tak 1 cepes TakoX He3aJIeKHUX JOCTIAHUKIB IO BCbOMY cBiTy. He3Bakaroun Ha
1€, BCE III€ 3aJIMIIAIOTHCA HEBUPIIIEHUMH MPOOJIEMH 3 IIOBHUM MOTO BIIPOBAKCHHSIM,
3HAa4YHA YaCTHHA SIKUX TICHO MOB'A3aHA 31 CTPYKTYPOIO MOJIENI JaHHX, sIKa MPH LbOMY
BUKOPHUCTOBYETHCSI.

IloctanoBka mnpo6Jsemu. BincyTHiCTh MOfeNi NpeACTaBICHHS 3HaHb, SKa
MOXK€ OJTHAKOBO SIKICHO TMPAIIOBATH 3 MPUPOJIHO-MOBHUMHU JIAHUMHU Ta CTPYKTYypOBa-
HUMU 3HaHHSMH.

AHaJii3 ocTaHHIX AocaizkeHb i myoaikauniil. HegaBHi mocmikeHHS TEMOHCT-
PYIOTh YCIIIX y BUpilIeHHI 6aratbox 3aiau SemanticWeb, 30kpemMa yTOUHEHHS 3alHTiB
JUIS TIEBHOI raiy3i MOMIyKy, po3poOKa okpeMuXx 0a3 3HaHb JUIsl MPUPOJIHO-MOBHHX Ta
CTPYKTYpPOBAaHMX 3HaHb, B3a€EMOJIis 3 30BHIMIHIMU cucTeMamu Tomo. [Ipu npomy
3aJIMIIAETHCSI HEBUPIIICHOIO MpoOiieMa KOOpJAUHAIT MDK pI3HUMH 0a3aMu 3HaHb B
pamMKax CUCTEMH.

IlocTanoBKka 3aBAaHHs. 3aBJaHHSAM € PO3POOKAIUTICHOI MOJIENI 3HaHb, IO
JI03BOJIUTH KOOPAUHYBATH 0OPOOKY MPUPOTHO-MOBHUX JIAHMX Ta CTPYKTYPOBAHUX 3HAHb.

Buxiiagennss ocHoBHOro matepiaJjy. [IpencraBieno monenb 3HaHb ISl TIPH-
POJIHO-MOBHUX 0a3 3HaHb, 110 J03BOJISIE CTBOPUTH 0a3y 3HAHB, KA MOEJHYE TepeBaru
CUCTEM IPEACTABICHHS TEKCTOBUX 3HaHb Ta CTPYKTYpPOBaHHUX 0a3 3HaHb 1 IPU LILOMY
HE HACJIAy€ iX HEeJOJIKH.

BucnoBku. Po3pobnena mojaenb 103BOJISIE CIPOCTUTH aBTOMATUYHY OOpOOKY
JAaHUX y TPUPOJHO-MOBHUX 0a3zax 3HaHb, 30epirarouyu MOBHOTY 3HaHb, 30€pirarodyu
MOCTIMHY CKJIQJHICTh Omeparlii 104aBaHHs HOBUX 3HAHb.

Kuaro4doBi ciioBa: KkBaHT 3HaHb, 0a3a 3HaHb, 00pOOKa IPUPOTHOT MOBH, IHTETpa-
[MAHUA T IX1T.



