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TEMPORAL REPRESENTATION OF THE ESSENCES OF THE SUBJECT AREA
FOR THE CONSTRUCTION OF EXPLANATIONS IN INTELLIGENT SYSTEMS

Abstract. The subject of research in the article is is the processes of constructing explanations in intelligent systems
using causal relationships. The aim is to develop a representation of the entities of the subject area, taking into account
the temporal aspect in order to represent the binary relations in time between the properties of the same entity. The
construction of temporal relations between the properties of entities makes it possible to determine the probabilistic causal
relationships between the states of these entities and use these dependencies to form explanations for the implemented
decision-making process in the intelligent system, taking into account possible alternatives. Tasks: structuring the objects
of the subject area, taking into account their essential properties for the decision-making process, including temporal;
definition of classes of essences of subject area; determination of equivalence classes of entities of the subject area taking
into account changes in the properties of these entities over time; development of a temporal model of representation of
essences of subject area for construction of explanations in intellectual systems on the basis of definition of dependences
in time between properties of essences. The approaches used are: set-theoretic approach, which is used to describe the
classes of entities and classes of equivalence of entities of the subject area; linear temporal logic, which provides a
representation of the relationship between entities in the temporal aspect. The following results were obtained. The
structuring of the objects of the subject area is performed taking into account their properties, which are used in the
decision-making process in the intellectual system; defined classes of entities; the classes of equivalence of entities of the
subject area are defined as a kind of class of entities with the same values of key attributes, which makes it possible to
take into account changes in these values over time; a temporal model of representation of the essences of the subject area
is developed, which takes into account their static, dynamic properties and properties of time. Conclusions. The scientific
novelty of the results is as follows. An equivalence class for entities is distinguished, which contains entities with the
same key static properties and different dynamic properties considering the time of their change, which allows to reflect
changes in the state of the entity in the decision-making process in the intelligent system. The temporal model of
representation of essences of subject area which contains classes of equivalence of essences, and also temporal
communications between properties of elements of these classes is offered. The selection of classes of equivalence of
entities makes it possible to present the decision-making process in the intellectual system in the form of a sequence of
temporal connections between the properties of entities of the subject area, and to form on this basis casual relationships

between states of entities.
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Introduction

Today, intelligent systems use sophisticated
decision-making algorithms that are not "transparent” to
users of such systems. The user usually uses only those
solutions that match his requirements and that he trusts.
Therefore, it is important to ensure user confidence in the
results of the intelligent system, making "transparent"
causal dependencies that justify the decision [1].

For example, the choice of items offered by the
recommendation system (goods, films, conferences, etc.)
largely depends on the user's trust in the proposals
received [2]. If the user believes that the proposed items
are not in his interests, but the interests of the owners of
the recommendation system, he will not take into account
the recommended items in his choice.

Explanations in the form of a sequence of causal
relationships that make the decision-making process
"transparent” and the intelligent system, allow the user to
understand why such a decision was made [3].
Presentation of the explanation in the form of a set of
causal dependencies makes it possible to compare the
obtained and alternative solutions. Decisions to be made
on the basis of counterfeits are considered as alternatives.
The latter are facts of possible actions that have not yet

been implemented in practice [4]. As a result, a
comparison of the solution obtained by the intelligent
system and alternative solutions can be used as an
explanation [5]. This comparison allows the user to make
sure that the solution is the most effective given the
requirements. Therefore, the use of explanations based
on causal relationships makes it possible to increase user
confidence in the results of the intelligent system.

To obtain causal dependencies that explain the
results of the intelligent system, it is necessary to take
into account the relationships between objects (entities)
of the subject area used in the decision-making process.
Dependencies between entities can be static or dynamic.
The first reflect the constant properties of the subject
area. They act as restrictions when performing actions in
the intelligent system. The second reflects changes in the
state of entities in the decision-making process and is
based on the temporal relationship between the properties
of such entities.

The relevance of the topic of this work is due to the
fact that the formal description of the essence of the
subject area, taking into account the temporal aspect
makes it possible to build temporal and then causal
relationships that reflect the relationship between input
and intelligent solutions. Such dependencies make it
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possible to explain the reasons for the decision and,
accordingly, increase user confidence [6, 7].

Modern approaches to building causal relationships
to obtain explanations are being developed according to
the XAl (Explanable Artificial Intelligence) program [8].
These approaches are based on a three-level hierarchy of
causality [9].

The first level reflects the existing statistical
patterns, the second - the impact of causal relationships
on new results, and the third is the level of explanation of
causal relationships [10].

In [11, 12] relational models of the set of entities of
the subject area are substantiated and proposed and the
importance of using such models to build causal
dependencies using d-separation for connections of
entities that are not identically distributed is
substantiated. However, this approach focuses mainly on
static relationships between entities and does not take
into account the change of such relationships over time
when performing the process of decision making in an
intelligent system.

Temporal relationships between the states of the
decision support process were considered in [13-15].
Such dependencies make it possible to order states that
occur directly after each other [14], or have intermediate
states [15]. The proposed approaches to the construction
of temporal dependences [16, 17] make it possible to
build statistical relationships between states. However, in
the selection of such states, insufficient attention is paid
to the relationship between the properties of the entities
of the subject area. These connections directly affect the
decision-making process, as well as reflect the results of
this process. Taking into account such relationships
makes it possible to justify the sequence of actions of the
decision-making process in the intelligent system.

Thus, the construction and use of the temporal
representation of entities makes it possible to build causal
relationships based on the relationships between the

properties of entities that change over time. Such
dynamic dependencies create conditions for adaptation of
the explanation in the decision-making process taking
into account current requirements of the user and external
influences.

The aim of the article is to develop a representation
of the entities of the subject area, considering the
temporal aspect in order to present binary relationships in
time between the properties of the same entity.

The construction of temporal relationships between
the properties of entities makes it possible to determine
the probabilistic causal relationships between the states
of these entities and use these relationships to form
explanations for the implemented decision-making
process in the intelligent system, taking into account
possible alternatives based on counterfeits.

To achieve this goal the following tasks are solved:

— structuring the essences of the subject area, taking
into account their essential properties for the decision-
making process, including temporal;

— definition of classes of entities of the subject area;

— determination of equivalence classes of entities of
the subject area, considering changes in the properties of
these entities over time;

—development of a temporal model of
representation of essences of subject area for
construction of explanations in intellectual systems on
the basis of definition of dependences in time between
properties of essences.

Temporal representation of the essences of the
subject area as objects of the decision-making
process in the intellectual system

The essences of the subject area used in the
decision-making process are characterized by many
properties.

A structured description of these properties is given
in the Table 1.

Table 1 — Structuring the properties of entities used in the decision-making process

Properties Differences Use in constructing explanations
Key (static) | Define the essence throughout the decision-making process Set limits on possible actions with entities
Dvhamic Determine the state of the entities in the decision-making Reflect the temporal relationships between the
y process actions of the decision-making process
. L Determine the periods of relevance of the
Temporal Moments of time or time intervals - - -
dynamic properties of the entity

Entity properties can be static or dynamic. The first
are key to the essence and characterize it throughout the
decision-making process. The second characterizes the
current state of the essence, i.e. changes over time. To
compare entities and select classes of similar entities, it
is necessary to take into account their static properties.
The sequence of actions of the decision-making process
in the intelligent system is reflected through the sequence
of states of entities in time. Therefore, the dynamic
properties of entities make it possible to reflect the
temporal relationships between the actions of the
decision-making process. Since temporal connections
reflect causal relationships between the actions of the
decision-making process, their generalization makes it

possible to build probabilistic causal relationships for the
decision-making process.

Formally define the essence of the subject area from
the standpoint of their use in the decision-making
process. Each entity e; is characterized by properties

(attributes) b}k) that are essential to the decision-making

process, forming a subset: Bj = B

Il 1Tk

B, _{bj },k_l,K. 1)

Properties (1) determine the differences of the

entity, its state, the operations performed by the entity,
the time intervals in which these properties are valid.
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For example, for the object "Contractor" such
properties may be:

bl(l) — role that determines the competencies of the
employee,
bl(z) — salary,

bl(s) — date from which the contractor receives this

salary.
The attributes of the "Goods" object in the
recommendation system, for example, are:

bél) — cost,
béz) — time for which the value was determined,

bf’),...,béK) — user properties that are of value to

the consumer and which were used in the construction of
recommendations.

A set of domain objects consists of subsets of
similar entities that have the same set of properties. Such
subsets represent classes of entities.

Definition 1. The entity class E; of the domain e is

a set of entities ; ; with the same finite set of properties
- attributes:

Ei Z{ei,j 1(Vi)3B; Z{bi(k)}}- )

Each of the attributes bi(k) has a finite set of values
Ci(k), and the values ¢(@  c®D of the different

attributes b(® ra b®) do not match:
ch = {c(k") (Va2 k) c@D c(k")}. 3)

According to (3), the set of attributes B; determines

the set of possible values of the properties of the entities
included in the class E; . That is, each class is defined by

a set of valid attribute values:

E, = {ei' i|(vivi)ekh e Ci(k)}' @)

Note that subsets Ci(k) differ for entities of different
classes, ie for classes E;, and E; with sets of values
k — attribute Cék) and Ci(k) accordingly the condition is
satisfied:

(vE)3h=i:c{) »c. (5)

For example, for the “Performer” and “Unit
Manager” classes, the possible values for the “Role”
attribute will be different.

According to (4) and (5), each instance ¢ ; of a

class entity E; s completely specified by a set of values

of its attributes {ci("‘j")} :

6 ={c§"). (6)

Information about the essence can be obtained at
different times in the formation of decisions in the

intelligent system. Therefore, elements of a class E; can
represent one entity in different states. Each state is
determined by the current attribute values bi(k) . The state

of the decision-making process in the intellectual system
contains a set of states of entities with which this process
operates.

Changing the state of entities is associated with the
implementation of actions in the decision-making
process.

Therefore, the study of transitions between states
makes it possible to identify causal links between these
actions.

According to the performed structuring, the set of
attributes B; of each entity ¢ ; contains subsets of key

attributes B{® |, attributes with variable values BYY"a™c

, and time attributes: B/™® :

B, = Bikey U Bidynamic U Bitime_ )

Key attributes distinguish between entities. These
attributes do not change in the decision-making process
in the intelligent system, they are static. Attributes with
variable values characterize the state of the entity and
change over time.

Time attributes define the time points or time
interval for which the values of the attributes in the subset

BYMAMIC are valid.

Selecting a subset of key properties B®Y makes it

possible to compare entities and combine identical
entities into equivalence classes. We consider entities to
be equivalent when they have the same values of key
attributes. That is, equivalent entities differ only in their
state.

Based on the definition of the set of attributes (7),
we introduce the equivalence relation of entities.

Definition 2. The equivalence relation of entities
& j ~ & m fromone class E; is a binary relation that is

satisfied in case of coincidence of values cik,*j' and c,kn']
of the key attributes of these entities:

& j ~&m:(Vkv)el =cfh ‘(VK)bi(k) B (8)

This relationship makes it possible to determine the
equivalence of instances of the same entity at different
times

Therefore, expression (8) considers only the

attributes of the subset Bf®Y and does not consider the

variable properties and attributes of time.

The equivalence relation has the properties of
symmetry, reflectivity and transitivity.

The first property specifies the equivalence of entity
& j and ¢ , from class E; instances if attribute values

were fixed at different times t, and t;:

(Vij)(ei’j ~ei|m):>(ei,m ~ei,j),tm ¢tj. (9)

The property of reflectivity determines the
equivalence of the same entity in different decision-
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making processes in an intelligent system that run
simultaneously:

(VJVI)(QLJ ~ei'j). (10)
The property of transitivity for entities of one class
is defined as follows:

(VjVQVm)(ei‘j ~ 8 g )/\ (ei'g ~&m )

In accordance with (11), the set of equivalent
entities can be supplemented at each implementation of
the decision-making process in the intelligent system. In
addition, information about new entities is compared
with known entities € ;.

(11)

Thus, it is possible to compare equivalent instances
of the entity that were involved in the decision-making
process at different points in time. Such entities
constitute a class of equivalence.

Definition 3. The equivalence class [e;] contains
instances of the entity ¢ j, that are related by the

equivalence relationship (ie have identical values of the
key attributes:

[ei]:{ei’j (Vi)e ~ei’j}.

Thus, an entity class E; is an equivalence class [ei ]

(12)

if its elements e, #¢€ j contain the same attribute
values cf; =ci'f'j' from the set: Bf® :
Ei =

(13)
= [ei ]‘(Vk :bi(k) S Bikey)(Vei'm e ei’j ) Clk'r'.:] = Ck’I

i)

The practical significance of expression (13) is the
ability to combine in one class of equivalence all records
of the use of essence ¢; ; in different implementations of
the decision-making process in the intelligent system.

For example, for a recommendation system,

information about the nature of the product "Painting"
may contain attributes of the name and author of the

painting. These attributes belong to the set B . The

attribute "Price” belongs to the set BY™@™C  The set

Bit'me contains the attribute “Date”, which indicates the

date the price changed.
The elements ¢; ; of each equivalence class differ

only in the values of the properties from the subset
BIYNAMIC indicating the time when this value was set.

This makes it possible to set binary temporal

relationships r,'JS (for a pair of elements) between an

attribute bif‘(j) and 8b{%) for an entity from class [g;] at
time points ty, >t;.

Temporal dependence is set by the temporal
operator O :

i,k k k

i =b5)on;) (13)

Equation (12) specifies the binary temporal

relationship between the elements of the class [e;] . This

relationship, depending on the temporal operator, sets the
following sequence of changes in the value of thek —
attribute of the ¢; entity:

—the value of the attribute changes to the next
discrete point in time t,, after the current moment ty;

the value of the attribute changes at one of the
following time points, ie there may be intermediate time
points between t; and ty, ;

— the value of the attribute changes when a certain
condition is met.

The temporal entity set model includes entity
equivalence classes and binary temporal relationships
between entity instance attributes within a single

equivalence class [g;]:

e ={lal{ra]}

Consider an example of the implementation of such
a model to describe the entities with which the
recommendation system operates when building a
recommended list of goods and services.

An example of recording five instances of the "4
PURPLE FLOCK DINNER CANDLES" entity is shown
in the Fig. 1.

(14)

StockCode Description Quantity InvoiceDate UnitPrice
728008 4 PURPLE FLOCK DINNER CANDLES 2 01.12.2010 12:49 2,55
728008 4 PURPLE FLOCK DINNER CANDLES 12 05.12.201010:52 2,55
728008 4 PURPLE FLOCK DINNER CANDLES 2 20.12.2010 13:43 5,06
728008 4 PURPLE FLOCK DINNER CANDLES 1 05.01.2011 15:56 2,55
Fig. 1. Description of instances of entities
Static properties are StockCode, Description. .
D : ; : ; Conclusions
ynamic properties are Quantity, InvoiceDate,

UnitPrice. Temporal dependencies, in particular, for the
attribute UnitPrice are

(UnitPrice = 2,55)O (UnitPrice = 5,06)
for the Quantity attribute are
(Quantity = 2)O(Quantity =12).

The structuring of the essences of the subject area is
performed taking into account their properties, which are
used in the decision-making process in the intellectual
system.

Structuring has shown that the construction of causal
dependencies on the decision-making process is based on
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the formation of temporal relationships between the
properties of these entities.

Binary temporal connections are typical of entity
equivalence classes. They reflect the change in the value
of one of the attributes of the entity over time.

The set of temporal connections reflects the decision-
making process in the intelligent system. Therefore, the
comparison of current, implemented dependencies with
possible alternatives provides an opportunity to build
explanations for this process.

An equivalence class for entities that contains
instances with the same key static properties and different
dynamic properties, taking into account the time of their

change, which allows to reflect changes in the state of the
entity in the decision-making process in the intelligent
system.

The temporal model of representation of essences of
subject area which contains classes of equivalence of
essences, and also temporal communications between
properties of elements of these classes is offered. The
selection of classes of equivalence of entities makes it
possible to present the decision-making process in the
intellectual system in the form of a sequence of temporal
connections between the properties of entities of the
subject area, to form on this basis casual relationships
between states of entities and construct explanations.

REFERENCES

1. Tintarev N., Masthoff J. (2007) A survey of explanations in recommender systems. _The 3rd international workshop on web
personalisation, recommender systems and intelligent user interfaces (WPRSIUI'07)._. P. 801-810.

2. Tintarev N., Masthoff J. (2012), “Evaluating the effectiveness of explanations for recommender systems”, User Model User-
Adap Inter., Vol. 22, pp. 399- 439, https://doi.org/10.1007/s11257-011-9117-5.

3. Halpern J. Y. and Pearl J. (2005), “Causes and explanations: A structural-model approach. Part I: Causes”, The British Journal
for the Philosophy of Science, Vol. 56 (4), pp. 843-887.

4. Yammii C. ®., Jlenmucekuit B. O., Jlemmnceka I. O. (2021) KorTpdaxryansHa TeMnopaibHa MOAENb IPUINHHO-HACTIIKOBHX
3B'SI3KIB [UTs MOOYIOBU MOSICHEHD B iHTENIEKTYaIbHUX cUcTeMax,/ BicHuk HamioHansHOro TexHiuHOTO yHiBepcurety "XIII".
Cep. : CucteMuuit anaiis, yrpasiinss Ta inpopmaniitni Texnosorii = Bulletin of the National Technical University "KhPI".
Ser. : System analysis, control and information technology : 36. Hayk. np. — Xapkis : HTY "XTII", Ne 2 (6), C. 41-46.

5. . Miller T. (2019), “Explanation in artificial intelligence: Insights from the social sciences”, Artificial Intelligence, vol. 267,
pp.1-38, DOI: https://doi.org/10.1016/j.artint.2018.07.007

6. JleBukin B. M., Hana O. B. (2018), [TinTprMKa IpHAHATTS pillIcHb B iHYOPMALIITHO-YIPABIITIOYHX CUCTEMaX 3 BHKOPUCTAHHIM
TeMnopaibHoi 6a3u 3HaHb. CydacHi iHdopmaiiini cucremu. Tom 2, Ne 4. C. 101-107. DOI: 10.20998/2522-9052.2018.4.17.

7. Castelvecchi D. (2016), “Can we open the black box of AI?” Nature, Vol. 538 (7623), pp. 20-23.

8. D. GunningiD. Aha, (2019) “DARPA’s Explainable Artificial Intelligence (XAI) Program”, Al Magazine, Vol. 40(2), pp.44-
58, doi: 10.1609/aimag.v40i2.2850.

9. Pearl J (2009) Causality: Models, Reasoning and Inference, 2nd ed. Cambridge University Press, USA.

10. Halpern J. Y., Pearl J. (2005), Causes and explanations: A structural-model approach. Part I1: Explanations. The British Journal
for the Philosophy of Science. VVol.56 (4). P. 889-911.

11. . Maier M, Marazopoulou K, Jensen D (2014) Reasoning about Independence in Probabilistic Models of Relational Data. arXiv

12. Marazopoulou, Katerina, Maier, Marc, and Jensen, David. Learning the structure of causal models with relational and temporal
dependence. In Proceedings of the Thirty-First Conference on Uncertainty in Articial Intelligence (2015).

13. Chalyi, S., & Leshchynskyi, V. (2020). Temporal representation of causality in the construction of explanations in intelligent
systems. Advanced Information Systems, 4(3), 113-117. https://doi.org/10.20998/2522-9052.2020.3.16

14. Chala O. (2018) Models of temporal dependencies for a probabilistic knowledge base. Econtechmod. An International
Quarterly Journal. Vol. 7, No. 3. P. 53 — 58.

15. Yana O. B. (2020) Mopgens y3araabHEHOTO TIPEACTAaBICHHS TEMIIOPAIbHUX 3HAHb IS 337ad IMJTPUMKH YIIPaBIiHCHKUX
pimens. Bicauk HamionansHoro texHiuHOoro yHiBepcutery «XIII». CucremHmil aHami3, ympaBiiHHSA Ta iH(opMariiHi
texnoJorii. Ne 1(3). C. 14-18. DOI: 10.20998/2079-0023.2020.01.03.

16. Chalyi S., Leshchynskyi V. and Leshchynska I. (2019), Modeling explanations for the recommended list of items based on the
temporal dimension of user choice. Control, navigation and communication systems, Vol. 6 (58), pp. 97-101.
doi:https://doi.org/10.26906/SUNZ.2019.6.097.

17. Chala O. (2019), Development of information technology for the automated construction and expansion of the temporal
knowledge base in the tasks of supporting management decisions. Technology audit and production reserves. Vol. 1/2(45). P.
9-14. DOI: 10.15587/2312-8372.2019.160205.

Received (Hapniiinuia) 22.02.2022
Accepted for publication ([Tpuitasrta 10 apyky) 28.04.2022

B1IOMOCTI ITPO ABTOPIB / ABOUT THE AUTHORS

Yanuii Cepriii ®eaopoBuY — JOKTOp TEXHIYHUX HayK, mpodecop, npodecop xadenpu iHGOPMALIHAX YIPABIAIOUNX CHCTEM,
XapKiBChKUH HAIlIOHAJILHAHN YHIBEPCHTET PaIioeeKTPOHIKY, XapKiB, YKpaiHa;
Serhii Chalyi — Doctor of Technical Sciences, Professor, Professor of Professor of Information Control Systems Department,
Kharkiv National University of Radio Electronics, Kharkiv, Ukraine;
e-mail: serhii.chalyi@nure.ua; ORCID ID: http://orcid.org/0000-0002-9982-9091.

JlemuHcskuii Bosoguvmup OsexcaHAPOBHY — KaHIUIAT TEXHIYHUX HAYK, JOLEHT, JOIEHT KadeapH IporpaMHOi iHKeHepil,
XapkiBChKHIT HalliOHAJIBEHUH YHIBEPCUTET PafioeNeKTPOHIKH, XapKiB, YKpaiHa;
Volodymyr Leshchynskyi — Candidate of Technical Sciences, Associate Professor, Associate Professor of Software
Engineering Department, Kharkiv National University of Radio Electronics, Kharkiv, Ukraine;
e-mail: volodymyr.leshchynskyi@nure.ua; ORCID 1D:_http://orcid.org/0000-0002-8690-5702.

46


https://doi.org/10.1016/j.artint.2018.07.007
https://doi.org/10.20998/2522-9052.2020.3.16
http://orcid.org/0000-0002-6446-5523

ISSN 2522-9052 CyuacHi iHopmariitai cuctemu. 2022. T. 6, Ne 2

TeMnopaJibHe MpeICTaBJIEHHSI CYTHOCTel nmpeaMeTHOi 00J1acTi 1J1s1 o0Y/10BH MOSICHEHb
B iHTeJIEKTYaJIbHUX CHCTEMaxX

C. ®. Yamuii, B. O. JlemuaChKHI

AHoranis. IlpexMeroM BHMBYEHHS B CTAaTTi € Mpouecd NoOyJOBH INOSCHEHb B IHTEICKTyalbHHUX CHCTEMax 3
BUKOPHUCTaHHAM NMPUYMHHO-HACIIIKOBHX 3aJeKHOCTEH. MeTo10 € po3poOKa MpeACTaBICHHS CYyTHOCTEH MpeAMETHOT 00IacTi
3 ypaxyBaHHSM TEMIIOPAJILHOTO aCleKTy 3 TUM, 100 MpencTaBUTH OiHAPHI BiIHOIIEHHS Yy Yaci MiXK BIIACTUBOCTSIMH OJIHi€l
i Tiel xk cyTHOCTi. [loOynoBa TeMIOpadbHUX BITHOIIEHb MiX BJIACTHBOCTSMH CYTHOCTEH J1a€ MOXKIIMBICTh BH3HAUHUTH
HMOBIpHICHI Kay3aJbHi 3aJIEXKHOCTI MI’K CTAHAMH IIUX CYTHOCTEH 1 BUKOPUCTATH IIi 3aJIEXKHOCTI I popMyBaHHS MOSICHEHb
IIOI0 Peai30BaHOTO MPOLECY NPUHHATTS PIilICHHS B IHTEJCKTYyaJbHIH CHCTEMi 3 ypaXyBaHHSIM MOXXJIHMBHX albTEPHATHB
TaKoro Imporecy. 3aBIaHHSI: CTPYKTypu3alisi 00'eKTiB mpeaMeTHOI o0nacTi 3 ypaxyBaHHSAM IX CYTTE€BUX UL IPOLECY
OPUHHATTS pPilIEeHb BJIACTHBOCTEH, B TOMY YHMCIII TEMIOpAJIbHHX; BU3HAUEHHS KIACIB CyTHOCTEH mMpeaMeTHOi o0iacTi;
BU3HAYEHHA KJAaciB €KBiBAJIEHTHOCTI CyTHOCTEH MpeAMETHO1 00s1acTi 3 ypaxyBaHHSAM 3MiH BIACTUBOCTEH IIUX CYTHOCTEH 3
4acoM; po3poOka TeMHOpajbHOI MOJENi NPEICTAaBICHHS CYTHOCTEH HpeAMeTHOI o6nacTi uis HmoOyAOBH MOSCHEHb B
IHTEJICKTyaJbHUX CHCTEMaX Ha OCHOBI BH3HAYCHHS 3QJIOKHOCTEH Yy dYaci MK BIaCTHBOCTSAMH CYTHOCTEH.
BukopHCTOBYBaHMMH MiAXOAAMHM €: TEOPETHUKO-MHOKXUHHAN MiAXIA, SKHH 3aCTOCOBYETHCS AJIS OIUCY KIIaciB CyTHOCTEH Ta
KJIaciB €KBIBAJIEHTHOCTI CyTHOCTEH IpeaMeTHOi oOuyacTi; JNiHilfHA TEeMIOpaJbHA JIOTiKa, sSKa 3a0e3ledye IpeaCTaBICHHS
BiTHOLICHb M)XK CYTHOCTSIMH y TEMIIOpajJbHOMY acmekTi. OTpuMaHi HACTyNHI pe3yJabTaTH. BUKOHAHO CTPyKTypH3alliio
00'eKTiB MpeIMETHOI 00JacTi 3 ypaxyBaHHSIM IX BJIACTHBOCTEH, SIKi BUKOPHCTOBYIOTBHCS y NMPOLECi MPUHUHATTS pPillieHb B
IHTeJIeKTyallbHIi CUCTEM]; BUSHAUEHO KJIACU CYTHOCTEH; BU3HAUCHO KJIacH €KBIBAaJCHTHOCTI CYTHOCTEH MpeAMETHOI 00nacTi
SIK PI3HOBHJ KJIaCy CYTHOCTEH 3 OJJHAKOBHMHM 3HAYEHHSAMU KIIOYOBHUX aTpUOYTIB, IO JAa€ MOXKIUBICTh BpaXyBaTH 3MIiHH LIUX
3HAYCHb 3 YacOM; PO3pOOJIEHO TEMIOPANbHY MOJENb MPEACTABICHHS CYTHOCTEH mpeaMeTHOi o0JyiacTi, sika BpPaxoBYeE ix
CTAaTHYHi, AMHAMIYHI BIACTHBOCTI Ta BIACTUBOCTI 4Yacy. BucHoBku. HaykoBa HOBH3HA OTPUMaHHUX PE3YJbTATIB IOJISTAE B
HacTyHmHOMY. BunineHo kiac eKBiBaJ€HTHOCTI JUIS CYTHOCTEH, SIKMH MICTHTh CYTHOCTI i3 OJHAKOBHMH KIIOUYOBHMH
CTaTHYHUMH BIACTHBOCTSAMH M Pi3HUMH JUHAMIYHUMHY BIACTHBOCTSIMHM 3 YPaxyBaHHSM Yacy IX 3MiHH, IO Ja€ MOXIJINBICTh
BioOpa3uTH 3MIHM CTaHy CYTHOCTI y Tpoleci NpHHHATTS pINICHHS B IHTENCKTyaJbHIH cHcTeMi. 3alponoHOBAaHO
TEMIOpPaIbHYy MOJENb MPEACTABICHHS CYTHOCTEH MpeaMeTHOI 00lacTi, sika MICTUTh KJIacH €KBiBaJCHTHOCTI CYyTHOCTEH, a
TaK0)X TeMITOpaJIbHi 3B'SI3KM MiXK BIAaCTUBOCTSIMH €JIEMEHTIB IIMX KJIaciB. BUIiNeHHS KiIaciB eKBIiBaJIGHTHOCTI CyTHOCTEH Ja€e
MOJKJIUBICTh IPEICTAaBUTH NPOIEC IPUUHATTA PIIICHHS B IHTENEKTYaNbHIl CHCTEMI Y BUTIIAI ITOCTIAOBHOCTI TEMIIOPAIBHUX
3B'I3KiB MK BIACTHBOCTSAMHU CYTHOCTEH MpeAMeTHOI 00nacTi, Ta chopMyBaTH Ha LIl OCHOBI Ka3yalbHi 3al€KHOCTI MiXk
CTaHaMHM CYTHOCTEIl 3 MOJaIbIIO0 T00YI0BOIO MOSCHEHB SIK JIAHIIOXKKA Kay3aJbHUX 3aJICKHOCTEH.

Kuaw4oBi ciaoBa: iHTeJICKTyallbHA CUCTEMA; TIOSCHEHHS; CYTHICTh; Kay3albHICTh; MPUYUHHO-HACTIAKOBUH 3B'30K;
TEMIIOPAIBHICTD.

TemmnopaJjbHOe MpecTaBJeHHe CYIHOCTEH NMpeAMeTHOH 00J1aCTH AJ15l TOCTPOEHHSI MOSICHEHH
B MHTEJIEKTYAIbHBIX CHCTEMaxX

C. ®@. Yansmi, B. A. Jlemuuckuit

AnHoTanusa. IIpeameroM wuccieqoBaHHA B CTaTbe SIBISIOTCA MPOLECCH MOCTPOEHHS OOBACHEHHH B
UHTEJIEKTyallbHbIX CHUCTEMax C BHEAPEHHWEM NPHUYHHHO-CIEICTBEHHBIX 3aBucuMocteil. lleablo sBisiercss pas3paboTka
MPEACTaBICHHS CYIIHOCTEH MPeIMETHOH 00JIacTH ¢ y4EeTOM TEMIOPAIBHOTO acleKTa ¢ TeM, YTOOBI MPEeACTaBUTh OMHAPHBIE
OTHOIIECHUS] BO BPEMEHH MEX]y CBOWCTBAMH OIHOW M TOH ke cymHocTH. [locTpoeHHe TeMIOpalbHBIX OTHONIEHUH MEXIy
CBOICTBaMU CYITHOCTEH MO3BOJISET ONPECIUTh BEPOSTHBIE Kay3aIbHblEe 3aBUCUMOCTU MEXAY COCTOSHUSAMU 3TUX CYIIHOCTEH
U HUCIOJB30BaTh TH 3aBHUCHUMOCTH sl ()OPMHUPOBAHUS OOBSCHEHHH OTHOCHTENIFHO PEATM30BAHHOTO ITIpolecca HMPUHSTHUSL
pelIeHUs] B MHTENJICKTYaJIbHOI CHCTEME ¢ y4eTOM BO3MOXHBIX aJbTEpHATHB TAKOIO Ipolecca. 3aJaHUs: CTPYKTypHU3aLus
00BEKTOB MPEIMETHONH O00JIACTH C YYeTOM HX CYLIECTBEHHBIX IS Tpoliecca MPUHSATHS PEIICHUH CBOWCTB, B TOM YHCIIE
TEMIIOpPaIBHBIX; OTpeIeNICHHE KIIACCOB CYIIHOCTEH MPeAMETHON 001aCTH; OIpeieNIeHHe KIIACCOB SKBUBAIEHTHOCTH CYIIHOCTEH
MPEeIMETHOI 00NacTH ¢ y4eToM KOH(QUTypaluuil mapaMeTpoB 3THX CYIIHOCTEH CO BpeMeHeM; pa3paboTka TeMIIOpalbHOM
MOJIETIH MIPEACTAaBICHUS CYIHOCTEH NpeaMeTHOI 00JacTH Ul IOCTPOCHUSI OOBSICHEHHH B MHTEIUICKTYaJIBHBIX CHCTEMaxX Ha
OCHOBE OIIpe/IeTICHUS 3aBHCUMOCTEI BO BPEMEHH MEX[y CBOICTBaAMH CYMIHOCTEH. VCHonb3yeMbIMH MOAXOAAMM SBIISIIOTCS:
TEOPETHUKO-MHOXKECTBEHHBIM IOJIXO0J, NPUMEHSEMBIH I ONUCAHMS KJIACCOB CYIIHOCTEH M KJIacCOB SKBUBAJICHTHOCTH
CYIIHOCTEH NpeaMeTHOI o0nacTy; JIMHelHHas TeMIIopalibHas JIOTHKa, 00ecleunBaronias MpecTaBIeHHe OTHOMIEHHH MEXIY
CYLIHOCTSIMH B TeMImopanbHOM acnekTe. [lomyueHsl cienyromue pe3yJbTaThl. BblnongHeHa cTpyKTypusauusi OOBEKTOB
npenmeTﬂoﬁ 00acTH ¢ Y4€TOM HX CBOﬁCTB, HUCIIOJIB3YEMBIX B IMPOLECCE NPUHATUA peLl_leHI/Il\/'I B I/IHTCJ'[J'IeKTyaJ'leOI\/'I CHCTEME,
ONpEJeNeHbl KIACChl CYIIHOCTEH; ONpeaeNeHbl KIacChl SKBHBAJIEHTHOCTH CYIIHOCTEH IpeaMeTHOil obmacTu Kak
Pa3sHOBUIHOCTH Kilacca CYIIHOCTEH C OAWHAKOBBIMH 3HAYEHUSIMU KIIOUEBBIX aTPHOYTOB, YTO MO3BOJISIET yUECTh H3MEHEHHS
STHX 3HAUYCHHWH CO BpeMeHeM; pa3paboTaHa TeMIOpanbHas MOAETb IPEACTABICHUS CYNIHOCTEH NpenMeTHOH obmacTH,
YUUTHIBAIONIAs UX CTAaTHYECKHe, TMHAMHUYECKHe CBOWCTBA M CBOWCTBAa BpeMeHH. BbIBoabl. HayuHas HOBH3HA IOJyYEHHBIX
pe3yIbTaTOB COCTOMT B CIEAyIOIeM. BBIeNneH Kiacc SKBHBAJIEHTHOCTH JUIS CYNIHOCTEH, COJEpKAIlUi CYNIHOCTH C
OJIMHAKOBBIMHU KIIIOYEBBIMHM CTaTUYECKMMU CBOMCTBAaMU U Pa3HbIMU AMHAMUYECKUMHU CBOMCTBaMHU C y4e€TOM BPEMEHM HX
HM3MEHEHHs], YTO M03BOJIIET OTPA3UTh U3MEHEHUS COCTOSIHUSA CYIIHOCTH B IIpOLeCCE MPUHATUS PELICHUs B MHTEJIEKTYaabHOU
cucreme. IIpeanoxena TemmopanbHash MOJIETb INPEJICTABICHHUsS CYIIHOCTEH MpeAMETHOH 00JacTH, cojepiKaias KIaccsl
SKBHBAJICHTHOCTH CYLIHOCTEH, a TakkKe TEMIIOpalbHBIE CBSI3M MEXIy CBOMCTBaMH 3JIEMEHTOB 3THX KJlacCOB. Brinenenue
KJIaCCOB SKBUBAJICHTHOCTH CYIIHOCTEH JaeT BO3MOXKHOCTH MPEJICTABUTH NMPOIECC MPHHATHS PEUICHUS B MHTEIUIEKTyalbHOU
CHCTEME MOCPEACTBOM ITOCIEJ0BATEIPHOCTH TEMIOPATBHBIX CBSI3eH MEXIY CBOMCTBAMH CYIIHOCTEH MpeAMETHOH obmacTH, n
c(OpMHpPOBATh HA ATOH OCHOBE Ka3yaJIbHBIC 3aBHUCHMOCTH MEXIY COCTOSHHUSIMU CYITHOCTEH C HOCIIEAYIONINM IIOCTPOCHHEM
00BSICHEHNH KaK [ETIOYKH Kay3aJIbHBIX 3aBUCHMOCTEH.

KiawueBble cjoBa: MHTCIJICKTYyalbHAasl CUCTEMA, OGLHCHCHI/IQ; CYIIHOCTbh, Kay3aJbHOCTh; HPUIYUHHO-CICICTBCHHAS
CBsI3b; TCMIIOPAJIBHOCTD.
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