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Anomauia. Ilpoyec nputinamms piueHs y bazamvox npeomMemnux ooaacmsax — 3a0aia 0oCcums Hempusia-
JIbHA. 3ayYeHHs: «PO3YMHUX cucmemy OJisi NIOMPUMKU NPOYecie NPULIHAMMS pillenb 8UMA2AE HOBUX NiO-
X00i8 00 3000y6anHs ma 30epicantsi 3Hanb. ONUCYEMbCSL HOBA KOHYEeNnyisi N0OY00su 6a3 MOOeIbHUX 3HAHD.
B ocnosi konyenyii meeposicenns npo me, wo 3HAHHA 8I000paXicaromsvcs y hopmi iepapxiuHo2o NOEOHAH-
HA bazamonapamempuunux mooeneu. llepeddauaromoca KOMNIEKCHULI aHANI3 ICHYIOYUX Ni0X00i68 00 po-
bomu 3i 3HAHHAMU Ma ubIp modeni ix nodanus. Bionosiono 0o 3anpononosanoi asmopamu memooonozii
cmeopents 6a3 MOOeIbHUX 3HAHL ONUCAHO HOGUL MEmOo0 OHMON02IUHO20 MOOentoganus. [anuii memoo
IPYHMYEMbCA HA NPUHYUNOBO HOBUX NIOX00ax 00 (hopmysarHs modeni NOOAHHs 3HAHb, 00 noby008uU ap-
Ximexmypu 643 MOOeIbHUX 3HAHL Ma IHMeAeKmYanbHoi cucmemu 6 yinomy. Lle 0o36015€ 3nauno pozuiu-
pumu OYHKYIOHAbHI MONCTUBOCIE THINENCKMYANbHUX CUCTEM, 30KPeMAd, MOHIMOPUH2O8UX THIMEIeKmYad-
JILHUX CUCIeEM, A8MOMAamu3y8amu npoyecu cunmesy mooenel ma 21o0anbHux yHKYIOHANbHUX 3A1eHCHO-
cmetl, 3HUSUMU BNJIUBOBICMb CYO EKMUBHUX OYIHOK OOCHIOHUKA HA pe3yIbmamu NnepemeopenHs OaHUX.
Onucani pesyromamu 00CAiONHCeHb 3AC00I8 OHMONOLIUHO20 MOOENIOBAHHS, WO BUKOPUCHOBYIOMbCS Ol
Gopmanizayii ma cucmemamuszayii enemeHmis 2100aNbHUX DYHKYIOHATbHUX 3aMedHCHOCTMEl, AKI NOEOHY-
tomb mooeni 00'exmie cnocmepedicens. Lli modeni € po36’azkamu J0KANbHUX 3a0ay nepemeopents iHgop-
Mayii 8 oKpemux npeomemuux obracmsax. Y sanexcHocmi 6i0 NpusHaAdeHHs IHMeIeKmyanbHoi cucmemu
peanizyemvcsi NOCOHAHHS 2N0OATLHUX (DYHKYIOHATLHUX 3ANeHCHOCEN HA SUWOMY DIGHI | MAKUM YUHOM
8i00ysaemuvcs (hopmMy8anHs cmpyKmypu 0a3u MoOenbHUX 3HaHb. Bukopucmanns cmpameeii koopounayii
e/leMeHmiB, KA 3ACMOCO8YEMbC  MOHIMOPUH2080I0 THMENEKMYANbHOIO CUCTHEMOIO, 003801AE CPHopmy-
6aMU CUHEP2EMUYHI 36" A3KU MINHC OKPEMUMU IOKATbHUMU MOOENIMU Y CIMPYKMYPI 2100a1bHOT hyHKyioHa-
JILHOL 3A1€AHCHOCME Ma MIdHC 2100aIbHUMU (PYHKYIOHATIbHUMU 3ATIeHCHOCIAMU HA 8UWOMY DI6HI ba3u Mo-
OeNIbHUX 3HAHD.

Knwowuogi cnosa: inmerexmyanvii cucmemu, 6a3a 3Haub, MOOei NOOAHHS 3HAHb, MOHITMOPUHE.

Annomauus. Ilpoyecc npunsmus pewenuii 60 MHO2UX NPeOMEemHbIX 06Iacmsax — 3a0aua 00CMAmMoOyHO
HempusuanvHas. Ilpusiewenue «yMHBIX cucmemy 07 NOOOEPICKU NPOYeCco8 NPUHAMUSL peuienutl mpeoy-
em HOBbIX NOOX0008 K NOAYYEHUIO U Xpaneruto 3Hanutl. Onucvléaemcs HO8As KOHYenyus NOCmpoenus 6a3z
MOOENbHbIX 3HAHUU. B 0CHOGe KOHYenyuu YmeepicoeHue 0 mMoM, Ymo 3HAHUSL OMPAdNCAIOMCsL 6 hopme
UepapxuyecKo20 coHemanus MHo2onapamempuyeckux mooeiei. Ilpeononazaiomes KOMNIEKCHbIL AHATU3
cywecmsyrouux nooxo008 Kk pabome co 3HAHUAMU U 6b100p Modenu ux npedcmagrenust. Coenacto npeo-
JIOJCEHHOU ABMOPAMU MeMOOOL02UU CO30aHUSL 0A3 MOOEbHBIX 3HAHUL ONUCAH HOBbIL Memoo OHMOI02U-
yecko20 MOOenUuposanust. JJaHnvlil Menmood OCHOBLIBAEMC HA NPUHYUNUATLHO HOBLIX NOOX00aX K (hopmu-
PoGanuio mMooenu npedcmagieHust 3SHAHUL, K NOCPOEHUIO apXUmeKmypvl 643 MOOEIbHbIX 3HAHUL U UH-
MENLIEKMYATbHOU CUCHEMbL 8 YeNOM. DMO NO3605em 3HAYUMENLHO PACUUPUMb QYHKYUOHATbHBLE 803~
MOIHCHOCMU UHMETNEKMYATbHbIX CUCTHEM, 8 YACMHOCMU, MOHUMOPUH208bIX UHMELIEKMYAIbHbIX CUCTHEM,
ABMOMAMUZUPOBATL NPOYECChl CUHMe3d MoOeell U 2N00ATbHbIX (PYHKYUOHATLHBIX 3A6UCUMOCHIE, CHU-
3UMb GUAHUE CYOBEKMUBHBIX OYEHOK UCCTe008aMeNs HA pe3yibmamyl npeodpazoeanus dannwix. Onuca-
Hbl pe3yibmamvl UCCACO08AHUL CPEOCME OHMOLOSULECKO20 MOOETUPOBAHUS, UCHONIb3Yemble 05 (opma-
AUZAYUY U CUCTHEMAMUZAYUYU FINEMEHMO8 2NI0OANbHBIX (DYHKYUOHATbHBIX 3A8UCUMOCTEN, KOmMOopble Coye-
marom mooenu 06veKmo8 Habarvde . dmu Modeau A8AA0MCsL peuleHUsIMU TOKATbHbIX 3a0ad npeobpa-
308aHUA UHDOPMAYUU 8 OMOETbHBIX NPEOMEMHbIX 00aacmax. B 3asucumocmu om HasHauerus uHmeniex-
MYATbHOU CUCMEMbL PeAU3yemcs couemanue 2100a1bHbIX (YHKYUOHATLHBIX 3A8UCUMOCTEN HA 8bICUIEM
YpOoBHe U MmaKum 00pazom npoucxooum opmuposarue cmpykmypvl 6asvl MOOenIbHbIX 3HaHUl. Mcnoav3o-
6anue cmpameuu KOOPOUHAYULU INEMEHMO8, KOMOPas NPUMEHIeMCs MOHUMOPUHE080U UHMeIeKMYdlb-
HOU cucmemou, No360Jsem CHopmMuposams CUHepLemUyYecKue Ces3U Mexcdy OmOeibHbIMU JIOKATbHbIMU
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MOOensamMu 8 cmpykmype 2100aibHol QYHKYUOHANLHOU 3A8UCUMOCTIU U MeHCOY 2N00ATbHbIMU (DYHKYUO-
HAIbHLIMU 3A8UCUMOCTIAMU HA BbLCULEM YPOBHE OA3bL MOOEIbHBIX 3HAHUIL.

Kniouesvie cnosa: unmeniekmyanvhvle cucmemvl, 6a3a 3HAHUL, MOOEIU NPEOCMABIEHUS 3HAHUL, MOHU-
mopune.

Abstract. The decision-making process in many subject areas is a rather nontrivial problem. The use of
“smart systems” to support decision-making processes requires new approaches to knowledge acquisition
and storage. A new concept of building models of model knowledge is described. At the heart of the con-
cept is the assertion that knowledge is displayed in the form of a hierarchical combination of multipara-
metric models. A comprehensive analysis of existing approaches to knowledge work and the choice of
their presentation model is envisaged. In accordance with the methodology proposed by the authors for
the creation of models of model knowledge, a new method of ontological modeling is described. This
method is based on fundamentally new approaches to the formation of a model of presentation of
knowledge, to the construction of the architecture of the bases of model knowledge and the intellectual
system as a whole. This allows to expand significantly the functionality of intelligent systems, including
monitoring intelligent systems, automate the processes of synthesis of models and global functional de-
pendencies, reduce the influence of the subjective judgments of the researcher on the results of data con-
version. The results of investigations of ontological modeling methods used for formalization and systema-
tization of elements of global functional dependences, which combine models of objects of observation,
are described. These models are solutions to local problems of information transformation in selected
subject areas. Depending on the purpose of the intellectual system, a combination of global functional
dependencies is realized at the highest level, and thus the formation of the structure of the base model
knowledge. Using the strategy of coordination of elements, which is used by the monitoring intellectual
system, allows to form synergies between individual local models in the structure of global functional de-
pendence and between the global functional dependencies at the highest level of the model knowledge
base.

Keywords: intellectual systems, knowledge base, knowledge representation models, monitoring.
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1. Introduction

Computer scientists have adopted the technical term «ontology» from philosophy and use it as an
analogy or metaphor for the formal definition of concepts and their relationships as a basis for a
knowledge representation. This is useful for knowledge-based applications. The most common
definition of term «ontology» is the definition of T.R. Gruber [1], according to which «ontology
is a formal explicit specification of a shared conceptualization». From this point of view, every
specification should be built based on some conceptualization for each of the knowledge bases, or
knowledge-based systems for the automation of decision-making. Therefore, the actual practical
task which solution is proposed in this paper is development a new approach to the formal explic-
it specification of knowledge acquisition. This approach involves other principles of knowledge
saving for inductive modeling that will simplify the procedure of new knowledge acquisition.
New approach is based on the main items of the hierarchical multilevel system theory and on the
method for complex systems multilevel modeling.

2. Technology of multilevel intellectual monitoring

The term «intelligence» covers many cognitive skills, including the ability to solve problems,
learn, understand language, and knowledge working. Therefore in the knowledge engineering, as
a branch of artificial intelligence, the interrelated terms those ties together are “knowledge man-
agement” and “knowledge modeling” stands out. Knowledge management and knowledge mod-
eling are processes that unfold through several steps and include subprocesses that define them.
Such subprocesses usually include: knowledge presentation, knowledge mining and knowledge
using. Working with knowledge also requires the implementation of techniques and tools that
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would promoteclarity of interpretation of them. Also, any of these subprocesses is based on the
models of knowledge presentation as a part of the intellectual system knowledge base.

Knowledge is a very specific resource, it is difficult to identify, it is measured poorly both
qualitatively and quantitatively and it is difficult to formalize. In addition, knowledge of any sub-
ject area can only be formed on the basis of consolidation and the subsequent comprehensive
analysis of large data arrays, which becomes possible only by knowledge-oriented models crea-
tion, which defined by Newell [2] as a main tool for supporting the intellectualization of decision
making systems.

The main disadvantage of existing knowledge models, which applied in the programs that
achieve expert-level competence in solving problems in task areas by bringing to bear a body of
knowledge about specific tasks, such as expert systems first [3], or later the question answering
dialogue systems [4], or, for example, natural language dialogue systems [5] and computer-
assisted and control problem solving systems [6] is to don’t support the relevance of the
knowledge base in accordance with new tasks. Therefore, the creation of a KBM based on a
combination of several global functional dependencies, which solves its monitoring tasks in a
specific subject area, create a single informative intelligent environment that can comprehensive-
ly describe any objects and predict the current of objects states. The KMB created in this way will
could correct the deficiencies between existing knowledge-oriented models and simplify the way
of maintaining knowledge updating by subject area which will contribute to multilevel modeling
for automation of decision-making in the conduct of intellectual monitoring.

OBJECTS SET (0)

KNOWLEDGE MODEL BASE (KMB)

KNOWLEDGE BROKER (KB) ANALYTICAL SYSTEM (AS)
Ontology Modeling synthesizer

e Class of concepts e Model synthesis algorithm 1
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e Roles (relations) e Model synthesis algorithm n
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Figure 1 —The architecture of knowledge model base

In fig. 1 presents the architecture of the KMB as a part of the multi-level intellectual sys-
tem of information processing with hierarchical control that's interacting with multi-agent system
by knowledge broker (KB), which in turn interacting with decision-maker by application soft-
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ware. As illustrated in fig. 1, the information is transferred to high-level reasoning modules for
knowledge accumulation and progressively compressed (simplified), or for decision making to
the situation (action script) in applications based on smart environments for implementation of
the intellectual monitoring.

Thus, knowledge sharing and exchange is particularly important in multi-agent systems.
An agent is usually described as a persistent entity with some degree of independence or autono-
my that carries out some set of operations depending on what he perceives. In multi-agent sys-
tems, an agent usually cooperates with other agents. In order to communicate, agents must be
able to deliver and receive messages, parse the messages, and understand the messages. An agent
is able to communicate only about facts that can be expressed in some ontology. This ontology
must be agreed and understood among the agent community (or at least among its part) in order
to enable each agent to understand messages from other agents. So, their understanding requires
formalize the mechanisms of explicit specification of knowledge acquisition. Therefore,
knowledge broker allows transmitting ontological basis to agents.

The focus of this architecture is on the perception role in acquiring knowledge from the
environment and events for responsive and reactive adaptive applications which afford the ability
to solve the problems of classification of states, forecasting detection, risk exposure, etc., and are
a sign of intellectual monitoring.

According to the proposed methodology any characteristics of the object cannot conform
to describe only by unique model. Every object, considered as a black box, can to describe by an
infinite number of models with different, or identical external manifestations.

The characteristics of the object are a data space, which include observed and latent
(dummy) data. Structuring of information from data space for analysis will be considered as an
inductive synthesis of knowledge, realized as a result of the automatic generation the classifica-
tion multiparameter models based on dataset (training samples). Training samples, as a rule, are
small sets of data describing known objects.

A set of the object representation (initial feature map) will to produce on every level. On
the low-level will to produce a set of the simple object representation based on the observed data.
Low-level models are the explicit knowledge about object. Then, the iterative process could to
repeat, and on the higher-level building up multidimensional matrix feature map, or r-rank ten-
sors. In this way, not only explicit knowledge about object building up on the higher-level, but
specific implicit (tacit) knowledge about object within subject area.

All inductive models look like a set of knowledge samples that identifies a similar object.
All models makes possible to its test to determine the indicators of the characteristics influence
by object study. After analyzing any
model conclusions can be drawn about
latent (dummy) characteristics of the
object within subject area.

The complexity of model com-
binations at each level of information
processing has steadily increase, de-
pending on the number of new imagina-
tions of object that are taken into ac-
count in the process of the model syn-
thesizing. Model combinations form the

Bl ?ler;rchlcal structures, such as view on
~ = :
ig. 2.

Results of the sampling — implicit
knowledge

The inductive approach in this

Observed data

Figure 2 — Global function of the subject area particular case is to consider specific
models, and step by step complicating
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them from model including the monitoring data to complex implicit dummy knowledge of the
object.

The main goal is to find a knowledge subspace of lower dimensionality than the original
knowledge space, on which to project the dataset, while retaining its features. It is useful to re-
duce the computation time of subsequent data analysis. As a result, on every level there will be a
bottom-up synthesis of the new knowledge that will be better than the last one.

Such approach to knowledge modeling is based on the basic principal points of the hierar-
chical multilevel systems theory [7], conforms the point of view of the individual elements coor-
dination in complex system, and is based on the method of complex systems multilevel modeling
of according to observational data in conditions of incompleteness of information [8], that is fully
corresponds to the architecture of open, distributed and decentralized smart environments.

3. Formal explicit specification of knowledge acquisition

One of the most important tasks of scientific methodology is the unequivocal explication of its
basic concepts. The traditional knowledge hierarchy first appears in knowledge management lit-
erature with the work of M. Zeleny in his book [9]. Therefore, let us consider of basic concepts
such as data, knowledge, and conceptualization from the authors submission.

Data is an unorganized and unprocessed facts, raw numbers, figures, images, words,
sounds, derived from observations or measurements or indicators in qualitative or quantitative
forms that are necessary for the initial cursory experience to know object, process or phenomenon
at a certain point in time that characterize its condition. Usually data is static in nature, a set of
discrete, objective facts about events. Data are not knowledge. Data are the raw material for
knowledge creation.

There is no consensus on a definition of knowledge. We should note first of all that the
term «knowledge» creates an ambiguity. In most theories of the knowledge society, any explicit,
sociologically relevant definition of knowledge is absent. Thus, according to the authors, the
knowledge is always based on data, because they represent information about the trends for the
observed object, process or phenomenon at a certain time interval, as well as quantitatively or
qualitatively reflect its properties and their changes under the influence of external factors. In
other words, knowledge characterizes the dynamics of the observed object, process or phenome-
non. In addition, knowledge is contextual and it can be re-used.

KMB should be stay updated. Therefore, we must have to describe such representation of
terms which can for knowledge updating have to be renewed or maintained. In this way, before
conceptualization let’s look at hierarchical typology of explicit knowledge by M. Zack presents in
his book [10]. He tells that explicit knowledge is further classified into declarative, procedural,
and causal knowledge.

Declarative knowledge, or «knowledge about» or «know whaty, refers to the concepts,
categories and things that are important. It is the ability to recognize and classify concepts, things
and states of the world, routine knowledge about which the expert is conscious. It is shallow
knowledge that can be readily re-called since it consists of simple and uncomplicated infor-
mation. This type of knowledge often resides in short term memory.

M. Zeleny defines in [11] procedural knowledge as «knowledge how», represents the un-
derstanding of how to carry out a specific procedure and refers to the ability to perform a particu-
lar set of actions.

Causal knowledge, or «knowledge why», refers to an understanding of why something
occurs. It is description of causal links among a set of factors, or describe how best to achieve
some goal.

The KMB contains all knowledge types, such as declarative, procedural, and causal.

The basic concepts that are sufficient and necessary to describe any subject area include:
an abstract object and event. A subject matter of abstract object is defined in terms of a compo-
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nents set, for example: category and elements forms, their relative position, means of communi-
cation, size distribution, percentages, weight, proportion etc. of different materials; and the states
of the object expressed in qualitative or quantitative form, etc. A subject matter of abstract event
is defined in terms of technological tools employed, for example: the technological process and
its purpose (monitoring, control, etc.), series of procedures in technological process and their se-
quence, temperature or time profile, set of the physical facilities involved in the process, etc.

Before knowledge structured, we make number of assumptions: knowledge can be repre-
sented as set of concepts that are ordered in a certain way; knowledge must be indexed or unique.
Therefore, the process of development formal explicit specification of knowledge acquisition is
best illustrated from ontology of the any subject area [12], such as view on fig. 3.

Knowledge model base Perception

Ontology of the any
subject area

Models within
the ontology

Outside world

PR O=(D, W, RY) Conceptualization

Extensional Intensional
interpretation: interpretation:
I: V-DCR I': V=DCR'

Figure 3 — The process of development formal explicit specification of knowledge acquisition

Let the subject area is made up of many objects O that interacting with each other. Then
the tuple (D, R) it’s an extensional relational structure, where D is an entity type set that we’ll
call a domain that includes a certain subset of objects O, and R are a wide range of the relation-
ship set on D with different relationship degree.

Under the system S we’ll understand the part of the outside world (subject area), which
we monitoring try to investigate, which is perceived by an outside agent to the system S. S in-
clude a set of variables obtained by monitoring.

The outside world is a linearly ordered set of states W , which describe the evolution of
the system S in time. States W are the unique values of observed variables which characterize
the system S .

Then the intensional p

n

relation with n relationship degree on (D, W) is a function

p":W — 2 of the set W on the set of all extensional relations with n relationship degree on
D.

Thus, the intensional relational structure it’s a triple (D, W, R), where R is the set of
extensional relations between objects O. If we assume that unary relations are unchanged and
binary relations changing, that we can specify intensional relations as functions with constraint
language.

Thus, the intensional specification it’s the choice of language L and constraint of its in-
terpretation by introducing a set of rules (axioms). And ontology is a set of axioms to represent
only relevant models of knowledge acquisition in KMB structure.

If the language L it’s the first-order language with the vocabulary V and S =(D,R),
then the first-order extensional structure (model L) it’s the tuple M =(S, 1), where | is a func-
tion of extensional interpretation 1 :V — DUR , which displays the vocabulary V into D or R.
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Consequently, this approach can be successfully used for develop a common concept
structure in the decision-making by application software, that are based on a model-based ap-
proach. This approach allows to build an abstract metamodel of interconnected concepts (de-
scribes the structure and principles of other models in KMB) and to exchange rules between on-
tology and multiparameter computing models that consolidate knowledge within heterogeneous
domains, by combining them in formed global functional dependencies. Also, this approach will
make possible to unify the process of structural identification of the global functional dependen-
cies, by checking them to build ontology rules.

4. Conclusion

In this paper we have discussed how to build the formal explicit specification of knowledge ac-
quisition for decision-making in intellectual monitoring process based on the ontology theory,
basic principal points of the hierarchical multilevel systems theory, and the method of complex
systems multilevel modeling of according to observational data in conditions of incompleteness
of information.

A new approach proposed in this paper can be applied to implementation for development
of the systems of the intellectual monitoring in any subject area.

Also, in this paper were viewed the principles of ontology modeling and knowledge rep-
resentation by inductive approach.
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