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MULTILEVEL PERSONALIZATION
OF EXPLANATIONS IN RECOMMENDER SYSTEMS

Abstract. The subject matter of the article is the process of building a personalized list of objects in recommendation
systems. The goal is to develop a generalized formal description of the multi-level presentation of explanations in
recommendation systems to personalize these explanations, taking into account the features of the use of recommended
subjects. Such a description provides a formal framework for constructing a multi-level model of explanation, taking
into account the static and dynamic characteristics of the subject area. Tasks: structuring the multi-level presentation of
explanations in recommendation systems taking into account differences in the possibilities of personalizing
explanations using data and knowledge; development of a formal presentation of explanations at the levels of data,
information, knowledge and metacognition, taking into account the relationships between these levels. The approaches
used are: approaches to the construction of explanations based on the similarity of user interests and properties of user
demand items. The following results are obtained. The levels of explanation description are structured taking into
account knowledge about the context of consumer choice. A formal description of the multi-level presentation of
explanations in recommendation systems is proposed. Conclusions. The scientific novelty of the results is as follows. A
formal description of the explanations of the recommended personal list of objects in the form of a hierarchy of levels of
data, information, knowledge and meta-knowledge about user behavior and characteristics of objects is proposed. At the
data level, a description of the variables and their values is given, taking into account the instant of occurrence of these
values. Information at the next level is represented by the relationships between individual facts. Knowledge is
represented by causal or temporal explanatory rules that generalize the relationship of the information level to a subset
of facts. Meta-knowledge sets the key patterns that determine the benefits and relevance of the proposed choice for the
user of the recommendation system. In a practical aspect, the proposed formalization of explanations determines the
typical sequence of constructing and personalizing multilevel explanations regarding recommendations, taking into

account the characteristics of the subject area.
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Introduction

Recommender systems provide personalized
support for the selection of goods, services, information
and are widespread in e-commerce, finance, health and
education [1-4].

Such systems form the recommended list of items
taking into account interests of the user. The received
recommendation reduces time spent on search of
necessary goods and services among set of subjects with
similar characteristics, increases trust of the user of the
recommendation system and simplifies online sales of
the goods and services [5].

Recommendations are formed on the basis of
information about the past choice of the user and users
with similar preferences. The characteristics of goods
and services are also taken into account [6].

However, the dependencies used in the
formulation of the recommendations are not always
clear and understandable to the user. Therefore, the user
considers the recommendation system as a "black box".
The lack of justification for the proposed list of items
reduces the credibility of the recommendation, which
may lead to a refusal to choose a product or service [7].

To maintain user confidence in addition to the
recommendations in such systems use explanations [8].
The explanation allows the user to understand the logic
of the recommendation and, as a consequence,
simplifies the choice of items by the consumer, which
increases his satisfaction with the received personal
recommendations [9].

recommender systems; representation of knowledge; recommendations; formation of explanations;

The possibility of justifying the user's choice based
on explanations depends on the chosen approach to
calculating the value of the explanation and the
appropriate form of presentation of the explanation. The
chosen method and form of presentation must meet the
criteria for evaluating explanations [8]. The following
criteria make it possible to assess the results of
interaction with the user before and after the use of
explanations. In particular, the criteria for evaluating
explanations include transparency and trust. The first
criterion actually shows whether the logic of selection
of recommendations was presented to the user. The
confidence criterion makes it possible to determine
whether the user has used the explanation to select a
product or service.

Thus, the explanation should represent both the
general patterns or conditions of the recommendation,
and personalized relationships that take into account the
interests of the user. This determines the relevance of
the formation of a multilevel presentation of
explanations, with varying degrees of personalization at
each level.

Existing approaches to constructing explanations
are based on methods used in precedent and expert
systems [10]. A number of studies in recent years have
considered the problem of automated knowledge
formation for explanations, as well as the use of
knowledge to adjust the recommendations. Changes in
the interests of users over time have been considered in
[11 - 13]. Temporal rules [14] were used to form such
explanations.
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However, the existing approaches to the formation
of explanations are focused only on covering one of the
aspects of the recommendation. The problem of
developing a comprehensive, multi-level formal
description of the explanation, which provides step-by-
step personalization, needs to be solved.

The aim of the article is to develop a generalized
formal description of the multilevel presentation of
explanations in the recommender system in order to
provide personalization of interpretations taking into
account the method and conditions of use of the
recommended subjects.

This description provides a formal framework for
constructing a multilevel model of explanation, taking
into account the static or dynamic characteristics of the
subject area.

To achieve this goal the following tasks are
solved:

—structuring of multilevel presentation of
explanations in recommendation systems taking into
account differences in possibilities of personalization of
interpretations on the basis of use of data and

knowledge;
—development of a formal presentation of
explanations at the levels of data, information,

knowledge and meta-knowledge, taking into account the
links between these levels.

Multilevel representation of explanations
in recommender systems

The proposed representation of explanations is
based on the traditional DIKW hierarchy [15], which
establishes a link between data, information and

knowledge. The data is a sequence of “raw” signals or
symbols that are the result of observations. The key
difference between information and raw data is the
contextual links between the first level elements. The
level of knowledge adds to the information ways to use
it. The level of wisdom determines the conditions for
the application of knowledge.

Generalized information about the proposed
multilevel structure of personalized explanations is
given in table. 1.

The first level of the proposed presentation of
explanations contains a time-ordered sequence of data
on the selection of the user of the recommendation
system. Selection information is established on the basis
of both explicit and implicit feedback. Explicit feedback
is provided by product ratings from the user. Implicit
feedback is more objective and is determined by the
user's purchases. Additionally, data on the movement of
the user on the pages of the site that uses the referral
system can also be used.

The first level data contains implicit links that
reflect the reasons for consumer choice. Such
relationships can characterize the static or dynamic
characteristics of consumer choice, which are essential
for the formation of explanations. Static characteristics
establish relationships between the properties of goods
and services that a user or group of similar users
chooses. Dynamic characteristics set the preferences of
users over time.

These implicit connections determine the
conditions and possibly the reasons for the consumer's
personal choice. However, at this level they are not
reflected formally.

Table - Multilevel structure of personalized explanations to recommendations

Level

Presentation of explanations

Presentation of explanations

Data on the known choice of
consumers and the
characteristics of selected items

Average data on consumer choice and ratings of
recommended items; the selection data for popular
products and services only

Impersonal explanations

Information on  consumer
choice and characteristics of
items related to the context of
their use

Distribution of ratings and information about the
context-oriented benefits of the recommended
subject

Partially personalized explanations: the
consumer chooses the method of
effective use of the subject based on the
presented context and the time interval

Knowledge that determines the
use of selected items

Subject-oriented knowledge about the
characteristics or features of the application of the
offered goods and services; temporal rules that
specify an increase in ratings or purchases

Personalized explanations, consisting of
the recommended method and time of
application of the selected subject

Meta-knowledge that sets the
conditions and possibilities of
using  the  recommended
subjects

Determining the user's preferences from the
purchase and use of the recommended item:
quantitative  benefits for certain qualitative
conditions of use; quantitative assessment of the
timeliness of the purchase of goods or services

Personalized explanations presented by
qualitative, quantitative and temporal
characteristics of conditions, restrictions
and relevance of use of the selected
product or service

To formalize these relationships, it is advisable to
perform pre-processing of data. It consists of selecting a
subset of data from user behavior records that contain
implicit links. To determine static relationships,
selection is based on the characteristics and groups of
products, or on the similarity of interests of users of the
recommendation system. When determining dynamic
relationships, the time interval at which these data are

valid is set, as well as the degree of detail of the data
over time.

At the current level, the links between the data are
hidden and therefore explanations should have been
formed on the basis of generalized product data showing

the choice of many wusers or the exceptional
characteristics of the items that have been
recommended.
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For example, information about the popularity of
items from the recommended list is used as an
explanation based on user preferences. An explanation
based on the characteristics of the items may include a
description of their unique characteristics (for example,
the ability to unlock the device with a fingerprint, high
resolution camera), as well as reflect price discounts,
promotions, etc.

Thus, the explanation at this level is not yet
completely personalized. It motivates the user to buy a
recommended item with outstanding characteristics for
the subject area. Such characteristics are an advantage
for the typical consumer and may not always meet the
requirements of the current user of the recommendation
system.

The second level contains explicit information
about the context of the user's choice, i.e. determines the
relationships between the data of the first level. Such a
context can be obtained both directly from the input
data and presented as additional information about the
subject area. For example, information about the
cyclical choice of certain goods or services.

At this level, the following information can be
used to generate explanations:

- distribution of ratings of the recommended
subject which were exposed by users with similar
interests;

- information on the context-oriented advantages
of the recommended subject, for example: names of
outstanding actors or producers for a feature film;
description of the used advanced technologies for
environmental protection, etc.

Note that in contrast to the characteristics of the
subject at the first level of explanation, the information
of this level determines the characteristics of the
selected subject, taking into account the context of its
use. Such information complements the consumer's
knowledge and implicitly emphasizes the possible
benefits of using the selected item in the way that the
applicant chooses. In other words, at the information
level, a frame is set for the use of the selected subject.
The wuser fills in this frame according to their
preferences.

Therefore, such information plays the role of a
partially personalized explanation, which motivates the
user to choose and use in a personal way the proposed
product, information, service.

The third level contains dependencies that
determine  consumer  choice.  The  following
dependencies can be represented as follows:

- in the form of latent factors that determine the
similarity of wuser preferences when choosing
information, goods and services;

- as subject-specific knowledge that determines the
similarity of characteristics or features of the proposed
recommender system of goods and services;

- as temporal rules that determine the sequence of
selection of items for a particular user or for a group of
similar consumers.

Latent factors are used in the construction of
recommendations through collaborative filtering. These
factors are the result of matrix factorization, i.e. the

inverse of the matrix operation. Accordingly, latent
factors do not meet the criterion of transparency in
explaining the recommendations and therefore cannot
be used for interpretation.

Additional knowledge that determines the features
of the recommended subject, give the opportunity to
form a personal explanation as an approach to obtaining
maximum user benefits when choosing the proposed
product. It is the "explanatory" method (or methods) of
use should motivate the consumer to choose the
recommended subject. Such an explanation can usually
be presented in the form of a list. Each item in the list
contains a description of the possibilities of using the
product or service. For example, the explanation may
present knowledge about the possibility of attaching the
trailer to the car, the professional use of power tools, the
method of effective application of herbicides, and so on.

Temporal rules define explanations through the
sequence of subject choices. They are a probabilistic
representation of the causal relationships that
determined the sequence of choice of a user or group of
similar consumers. These rules can be used for a
qualitative, non-quantitative, explanation of the
recommended subject. They can, for example, reflect an
increase in positive feedback on the proposed product or
service.

At the fourth level of personalization of
explanations the conditions and possibilities of
application of a subject which are value for the
consumer are presented.

The key difference of this level of personalization
from the previous ones is that the advantages are given
not to the item itself, but to the user's benefit from its
acquisition and use.

Terms of use can be reflected in qualitative,
quantitative and temporal aspects.

In the first case, set restrictions on the scope of the
selected subject. For example, for a CNC machine,
woodworking capabilities and metalworking restrictions
may be specified.

In the second case, quantitative indicators make it
possible to estimate the gain for the presented
qualitative conditions of use.

For example, in the personal sale of equipment
modules are selected by comparing their capabilities
and their cost. If there is no such explanation, i.e. only
the cost of additional modules is provided, then the
consumer must search and analyze additional
information on the Internet. The need for additional
time due to lack of explanation may force the consumer
to disregard the recommendation and choose the
products of competitors.

Temporal characteristics determine the relevance
of the purchase of goods or services and can be formed
on the basis of generalizations of temporal rules. The
moment of choice must meet the urgent needs of the
consumer.

Temporal indicators make it possible to determine
the selection cycles for groups of regular users and
provide an explanation in the form "this product is
recommended because over the past month the demand
for it from similar consumers is steadily growing by
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10% per week." Such an increase in demand may be
associated, for example, with the holidays. The user has
information about the holidays and therefore the
explanation complements his knowledge and confirms
the compliance of personalized recommendations to his
interests.

The proposed formal presentation of a multilevel
personalized explanation includes a description of all
four levels.

At the data level, the basic elements of the
description D are subsets D,,. Each of subsets contains

one data element. The data element consists of three: the
name of the variable, its value, as well as the time when
this value was obtained:

The representation at the data level has the form:

D={D,},D, ={%: V1,1 } (1)

where x, — the name of the variable; v, ; €V, — value

of the variable; ¢, —the moment of receiving data.

At the information level, a personalized
explanation contains a set of facts and relationships
between facts. Each fact f,; determines the truth of the

value v, ; of the variable x,, at the time ¢,

)

{true, if X, =V |t >t,,
nl =

Jalse, if t <t, v x, #v,,

where ¢ — the moment of time when the truth of the fact
S, 18 determined.

Thus, the fact in the proposed representation sets is
a logical description of individual data. This approach
makes it possible to abstract from the specifics of the
subject area at the information level.

Information at this level is defined as a set of
relationships A that determine the relationships
between individual facts:

A= f b = LaP Son o 3)

where p — the operator that determines the type of

causal or temporal relationship between individual facts.

At the knowledge level, relations (3) are integrated
into the rules that determine local conditions or
restrictions on user choice.

Conditions R” are based on individual facts that

are determined as follows:
RY = {rk :Vkﬂ(fn,l,fm,_,-):fn,;pfm,j}. (4)

That is, the rule - condition is formed at this level
only if for at least one pair of facts there is a
corresponding relationship A .

The rule - constraint must be true for all possible
pairs of facts from the input data set:

R® = {1 kY (fugs Fonj )32 i | (5)

Summarizing (4) and (5), we define the conditions
and constraints for the conjunction of facts. A

generalized fact F is given by a conjunction of facts
Jn.1 - 1t becomes true at the moment of the truth of the
last of the facts f, ;:

Fs=fn,l/\"'/\fm,i|t2tn/\"‘AtZtm’ ©)

where f,,¢, — the moments of time when the facts

tm
Suis Jm,j become true.

Generalized rules-conditions and rules-constraint
have the form:

RY ={R;; :VkEI(Fn,FS):anFS}, ()
R° ={R,§ :VkEIp:V(Fn,FS)EIanFS}. )

The level of knowledge covers sets of rules (7) and
(8) under conditions of temporal constraints:

R=R’ |J R" 9)
R ,RY 1, €T

where T' — the time interval at which the input data are
taken into account; ¢, —the moment of truth of the rule,

which corresponds to the moment of truth of the last of
the facts of this rule.

The time constraint (9) at this level is significant,
because when constructing explanations, it is advisable
to take into account the changing context of consumer
choice over time. That is, purchases of many goods and
services are relevant only at certain times (weekends,
holidays, etc.).

The level of meta-knowledge integrates the rules
R, forming simple explanations of the conditions and
possibilities of using the obtained product.

The algorithm for forming explanations at this
level depends on the subject area. In general, the meta-
rules P, of this level determine the result, which in a

condensed form specifies the dependence that motivates
the user:

13:{13g P, =A(R*)},R*gR, (10)
where A4 — analytically or algorithmically implemented
function for determining meta-patterns based on a

subset of rules R .
The formal presentation of the explanation
generally combines all four levels and has the form:

I1={D,A,R,P}. (11)

Thus, the proposed multilevel description provides
the possibility of evolutionary construction of
explanations with the possibility of more accurate
personalization at each subsequent level of the
hierarchy.

Conclusions

A formal description of the multilevel presentation
of explanations in recommendation systems is proposed.
The description is based on the structured levels of
explanation presentation taking into account static and
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dynamic dependencies that describe the context of
consumer choice.

According to the proposed structuring, the
explanation can be presented at the levels of data,
information, knowledge and meta-knowledge. At the
data level, impersonal explanations are formed, in
particular regarding the popularity of goods and
services. At the level of information, partially
personalized explanations can be formed, which
determine a group of possible and attractive to the
consumer properties and ways of using the
recommended subject. At the level of knowledge,
personalized explanations determine the recommended
way to use the selected subject, which should
correspond to the preferences of the consumer. At the
level of meta-knowledge, the explanation should
determine the benefits of purchasing the item by the
user.

Formal presentation of explanations at the data
level specifies the description of variables and their
values, taking into account the time of acquisition of
these values. The time parameter makes it possible to

present knowledge about the temporal dynamics of the
user at the following levels.

At the information level, explanations are
presented in the form of relationships between facts.

At the level of knowledge, these relations are
generalized in the form of rules. Such rules make it
possible to present explanations in the form of causal or
temporal dependencies that motivate the user to choose
the recommended subject.

At the level of meta-knowledge, the rules are
analytically or algorithmically transformed into
generalized patterns that emphasize the benefits and
timeliness of the choice of the recommendation system
for the user.

The developed formalization of explanations
provides a framework for building and quickly adapting
a set of models of multilevel explanations that provide
step-by-step  detailing  of  interpretations  of

recommendations, taking into account both the
requirements of the recommendation system and
available information and knowledge about the

characteristics of selected subjects and user behavior.
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BararopiBHeBa nepcoHajiizanisi NosCHeHb
B PeKOMEHIaliHAX CHCTEMAaXx

C. @. Yanui, B. O. Jlemnucekui, 1. O. Jlemunacbka

Anotanisi. IIpegmeroM BHUBYEHHS B CTaTTi € MpPOLECH NOOYIOBH HEPCOHAII30BAHOIO IEPEIiKy IPEIMETIB B
peKOMeHaliHHUX cucTeMax. MeTor € po3poOka y3aranabHEHOro (hOpMabHOro onucy 0araTopiBHEBOIrO IPEICTABICHHS
MOSACHEHb B PEKOMEHJALIMHUMX cHCcTeMax Juld MepCOHAi3allil TaKUX MOSACHEHb 3 YypaxyBaHHAM OCOOJIUBOCTEH
BUKOPHCTaHHs PEKOMEHJIOBaHUX npeaMeTiB. Jlanuil onuc 3anae popMasbHi paMku Juisd no0ynoBu GaraTopiBHEBOI Mopei
MOSICHEHHS 3 YypaXyBaHHAM CTaTHYHMX Ta JAMHAMIYHHMX XapaKTEPUCTHK NpeJMeTHOI obiacrti. 3aBAaHHA: CTPYKTypu3alis
6araTopiBHEBOr0 NpPECTaBICHHS MOACHEHb Y PEKOMEHIAUIHHUX CUCTEMAaX 3 ypaXyBaHHSAM BiAMIHHOCTEH y MOMJIMBOCTSAX
nepcoHalizalii BUTIyMadeHb 3a IOINOMOIOI0 JaHMX Ta 3HaHb; Po3poOka (OpMaJbHOrO IpeACTaBICHHS MHOSACHEHb Ha
piBHAX naHMX, iH(MopMawii, 3HaHb Ta MeTa-3HaHb 3 YPaxyBaHHAM 3B'3KiB MiX IMMHU DiBHAMH. BukopucroByBaHMMU
MiAX0AaMM €: TiAXO0IU 1O TOOYIOBH MOSICHEHh Ha OCHOBI CXOXKOCTI IHTEpEeCiB KOPUCTYBadiB Ta BIACTHBOCTEH MpeIMETIiB
KopHUCTyBalbKoro monuty. OTpuMaHi HAacTyHHI pe3yabTaTH. BUKOHAHO CTPYKTypH3alil0 DPiBHIB ONKCY IIOSICHEHHS 3
ypaxyBaHHSIM 3HaHb I0JO KOHTEKCTY BHOOpY CIIO)XHBaya. 3ampornoHoBaHO (opmanpHUil omuc GaraTopiBHEBOIrO
IIPEJCTaBICHHA NOACHEHb Y peKOMEHAaliiHuX cucremax. BucHoBku. HaykoBa HOBH3HA OTPUMAaHUX Pe3yJbTATiB IOJIATae
B HACTYMHOMY. 3alpoNOHOBaHO (opMalbHUN ONUC HOSCHEHb PEKOMEHIOBAHOI'O IEPCOHAIBHOIO IEpelliKy NpPeAMETiB y
BUTIIAAI iepapxii piBHIB naHuX, iHGoOpMamii, 3HaHb 1 MeTa-3HaHb IIPO IOBEJIHKY KOPHCTYBada 1 XapaKTE€pUCTHKU
npeaMetiB. Ha piBHI JaHMX MICTHTBhCS ONMC 3MIiHHHX 1 iX 3Hau€Hb 3 ypaxyBaHHSAM MOMEHTY 4acy IOSBH IUX 3HA4CHb.
Indopmaniss Ha HacTynmHOMY piBHI IpeACTaBi€Ha BiJHOCHMHAMM MiXK OKpeMUMHM ¢akTamMu. 3HaHHA MpeACTaBIICHI
IPUYMHHO-HACHIIKOBUMH a00 TEMIOPAIbHUMH IOACHIOIOYMMHU HpaBWIaMHM, $Ki y3arajJbHIOIOTh  BiJHOLIEHHS
iHpopManiiiHoro piBHA 118 HiAMHOXMH (akriB. MeTa-3HaHHA 3aJal0Th KIIIOYOBI 3aKOHOMIPHOCTI, 110 OOYMOBIIIOIOTH
IepeBary i akTyaJlbHICTh IIPONOHOBAHOIO BUOOPY JUIsl KOPUCTYBadya PEKOMEHJALINHOT cuCTeMH. Y NPaKTUYHOMY aCHEKTi
3aIporoHOBaHa (opMaiizalis BU3HAYa€ THIIOBY HOCTIZOBHICTh MOOYMOBHU i IepcoHaizamii 0araTopiBHEBHX HOSCHEHB
010 PeKOMEHAAlil 3 ypaXyBaHHSIM OCOOJIMBOCTEH IpeaMEeTHOI 00IacTi.

Karo4doBi cioBa: pekoMeHIaliiHI cHCTeMHU; NPEACTABICHHS 3HaHb; PEKOMEHAllii; (OpMyBaHHS NOACHEHb; 3HAHHS,;
MeTa 3HaHHS; TEMIIOPAJIbHI IIPaBUIIA.

MHoroypoBHeBasi NepCOHAIU3ANUSA 00bSICHEHMIT
B PEKOMEHJaTeJIbHbIX CHCTeMAaX

C. ®@. Yaimrit, B. A. Jlemmackwuii, 1. A. JlemmHCcKas

Annoranus. IIpeaMeToM n3ydeHHs B CTaTbe SBISIOTCS HPOLECCHl IOCTPOCHUS IEPCOHATU3UPOBAHHOIO MEPEUHS
IIPEeJMETOB B peKOMeHIaTenbHbIX cuctemax. Ilesblo sBnsercs pa3paborka 00OOLIEHHOrO (OPMAJBHOIO ONMUCAHUS
MHOTOYPOBHEBOT'O IPEACTABJICHUS OOBSCHECHUI B PEKOMEHIATENIbHBIX CHCTEMax Il IIePCOHANN3aLMN STHX IMOSICHEHHUH ¢
y4eTOM 0COOCHHOCTEIl NCIONIb30BaHNUsS PEKOMEHIOBAHHBIX IpeaAMeToB. Takoe omucaHMe 3agaeT GOopMalbHBIE PAMKHU UL
IIOCTPOEHYsI MHOTOYPOBHEBOH MOZEIH OOBSCHEHMS C YIETOM CTATHYSCKUX M JMHAMHYECKUAX XapPaKTEPHUCTHK IIPeIMETHON
obnactd. 3amauM: CTPYKTYpU3alUsi MHOIOYPOBHEBOIO HPEACTaBJICHUS OOBSICHEHUH B PEKOMEHIATEIBHBIX CHCTEMax C
y4eTOM pa3iIM4Mii B BO3MOXHOCTSX HEPCOHAIM3ALMM IOSICHEHUH ¢ IIOMOLIBIO NAaHHBIX ¥ 3HAHMI; pa3paborka
(bopManbHOro mpeacTaBieHus OObSCHEHUII Ha YPOBHSIX JAHHBIX, HHGOPMALUM, 3HAHUH U METa3HaHUH C y4eTOM CBs3eil
MEXIy THMH YPOBHSIMH. MCHONB3yeMBIMH NMOAXOAAMH SBJISIOTCS: IOIXOIbI K MOCTPOCHUIO OOBSICHEHUH Ha OCHOBE
CXOJICTBA MHTEPECOB IMONB30BATENEl M CBOMCTB IIPEIMETOB IONIB30BATEIBCKOr0 crpoca. IomydeHBI cieayromue
pe3yJbTaThl. BEINOIHEHO CTPYKTypHpOBAaHHE YPOBHEH OHHCAaHUS OOBSCHEHMS C Y4ETOM 3HAHHH O KOHTEKCTEe BBIOOpa
notpedureis. IlpeanoxeHo GpopManbHOe ONUCaHHEe MHOTOYPOBHEBOI'O HPEICTABICHUS O0BSICHEHUH B PEKOMEHIATeIbHBIX
cucreMax. BeiBoabl. HaydHas HOBU3HA MONYyYEHHBIX PE3yIbTAaTOB 3aKI0YaeTcs B clenyromeM. IIpemnoxkeno ¢popmanbpHoe
ollMcaHue OOBSCHEHHIl PEKOMEHIOBAHHOI'O IEPCOHANBHOIO IIEPEYHs NPEAMETOB B BHIE HEPapXUH YPOBHEH NaHHBIX,
nHbOpMaIMY, 3HAaHUH W MeTa3sHaHMH O NOBEIEHHH IIONB30BaTeNs M XapaKTepHCTHK IpeaMeToB. Ha ypoBHe maHHBIX
COZICPXKUTCS ONMCAHNE IIEPEMEHHBIX U MX 3HAUCHUH ¢ y4eTOM MOMEHTA BPEMEHH HOSsBICHUS 3THX 3HaueHud. NHpopmarus
Ha CJIEIYIOIEM YPOBHE MPEACTAaBICHAa OTHOIICHUSIMH MEXAY OTIEIbHBIMU (akTaMH. 3HAHHS HPEACTaBJICHBI MPUYUHHO-
CJICJICTBEHHBIMHM WJIM TEMIIOPAILHBIMHU ITOSCHSIOIMMH IIPaBUIaM, KOTOpPble 00OOLIAIOT OTHOLICHHE HH(OPMALMOHHOTO
YPOBHS JUIs TOAMHOXKECTB (akToB. MeTa-3HaHHS 3aJal0T KIIOYEeBbIE 3aKOHOMEPHOCTH, 00yCITaBINBaIOMINE IPEUMYIIECTBA
U aKTyaJbHOCTb IpelaraeMoro BbIOOpa Uil IOJNB30BaTesl PEKOMEHIATENbHOH CHCTEMbl. B IpakTHYecKOM acleKkTe
npeIokeHHas GopMann3anus oO0bsICHEHHH ONpeJeNnseT THIIOBYIO ITOCNIEN0BATEIBHOCTh MOCTPOCHUS U IT€PCOHATH3AI N
MHOT'OYPOBHEBBIX 00BbsSCHEHHH OTHOCUTEJIBHO PEKOMEHIAINI C y4eTOM OCOOCHHOCTEH NMpeaMEeTHONH 001acTH.

Kaw4ueBnle cJioBa: PEKOMCHAATCIIBHBIC CUCTEMBI; IIPEACTABICHUC 3HaHHﬁ; PEKOMCHAANH; (bOpMI/IpOBaHI/Ie
061;ﬂCHeHHﬁ; 3HaHU; METa3HAHHSA; TEMIIOPAJIbHBIC IIpaBUJIA.
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