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KNOWLEDGE REPRESENTATION IN THE RECOMMENDATION SYSTEM
BASED ON THE WHITE BOX PRINCIPLE

Abstract. The subject matter of the article is the construction of a rating list of goods and services in recommendation
systems. The goal is to develop a knowledge representation model in recommendation systems using the white box
principle. Such a model contains knowledge about the possible sequences of choosing restrictions on the properties of
goods and services according to user preferences. The recommender system should provide a reasonable choice of the
object according to the requirements of the user, subject to restrictions on the key properties of this object. Tasks: to
structure the process of applying the principles of black and white boxes when building recommendations based on the use
of a knowledge base; develop knowledge representations according to the principle of the white box in order to combine a
static description of the properties of objects and a description of possible sequences for clarifying the requirements for the
properties of these objects. The principles used are: the principle of the white box, which provides an account of
requirements that take into account the properties of the constituent elements of the object selected by the consumer. The
following results are obtained. The key features of the processes of forming recommendations on the principles of black
and white boxes based on the use of the knowledge base are highlighted. The knowledge representation is developed
according to the principle of the white box, which allows taking into account both the properties of objects and the process
of their selection by the consumer. Conclusions. The scientific novelty of the results is as follows. A model for
representing knowledge in a recommendation system according to the principle of a white box is proposed. The declarative
aspect of this representation of knowledge is implemented in the form of predicates that define restrictions on the values of
the properties of objects offered to the consumer. The procedural aspect is implemented in the form of adapted temporal
dependencies that specify the sequence of refinement of time limits. This model combines the advantages of approaches
based on the similarity of customer requirements and the similarity of product characteristics, which makes it possible to
adjust recommendations online for a cold start situation. With this adjustment, it is advisable to use the similarity of the
user selection processes for given requirements for goods.

Keywords: recommender systems; e-commerce systems; presentation of knowledge; formation of recommendations;

principles of black and white boxes.

Introduction

Recommendation systems provide support for
consumer decision-making of goods and services and
are commonly used in e-commerce systems. They
enable the consumer to make an informed choice in the
context of a wide range of properties with similar
characteristics. For example, choose one of the same
smartphones or computers from different manufacturers.

Recommendation systems form recommendations
in the form of a rating list of goods and services, taking
into account known consumer choices and (or) known
features of the objects. The purpose of making
recommendations is to formulate a list of goods and
services that is relevant to the interests of the consumer
and motivates him to purchase the relevant objects [1].

Current approaches to building recommendations
are based on the use of consumer choice data or the
characteristics of objects (goods and services) that meet
the requirements of that consumer [2].

The first group of approaches uses information
about your purchase history, as well as product or
service ratings from similar users.

The second group of approaches uses information
about the properties of goods and services to make
recommendations. That is, consumer requirements are
predicted on the basis of similarity of properties already
as the goods already selected by him, so new, offered by
the recommendation system.

These approaches allow you to effectively build a
list of assets for regular users of recommendation

systems, based on an array of inputs of their choice in
the past. However, in situations of cold start [3] and
cyclic cold start, these approaches do not ensure that
recommendations are made according to the needs of
the consumer.

The first situation is typical for new users who
have not yet chosen products and services. Therefore,
there is no data set that allows us to formulate
recommendations based on the above approaches.

The second situation usually arises when choosing
complex goods and services. Such objects are usually of
high cost or have specific characteristics and are
therefore rarely selected by the consumer at large
intervals. This category of property includes, for
example, cars, sophisticated vehicles, books, hiking
tours, and more.

Knowledge-based approaches are used to build
recommendations in these situations [1, 2]. Such
approaches involve step-by-step (interactive)
personalization of proposals based on refinement of user
requirements. These requirements are set in the form of
a combination of properties of goods and services.

The process of refining the recommendation is
performed on the basis of a knowledge base containing
information about the properties of the goods and
services, their possible combinations, as well as a
formal description of the situations in which these goods
are used.

Knowledge-based recommendation systems use
two approaches to build a list of objects according to
user requirements:
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— interactive refinement of restrictions on the
properties of a group of goods or services [4];

— selection of goods on the basis of precedents
(cases).

In the first case, all known characteristics of the
goods are used to build recommendations, and in the
second case, only the target properties characterizing not
only the goods but also the situation of their use [5, 6].

Summarizing, both approaches use different forms
of constraints in order to find an implicit link between
product properties and user requirements. This makes it
possible to formulate recommendations in a cold start
situation. A key drawback of these approaches is the need
to build and continually expand the knowledge base. This
task requires a considerable amount of time, because the
specifications of the goods are usually different and in
most cases the automated replenishment of the
knowledge base is fraught with considerable difficulties.

To overcome these difficulties, given the irregular
choice of goods and services, it is advisable to use the
methods of automated construction of knowledge bases
[7, 8]. Such methods make it possible to account for
changes in the washed consumer over time based on
weighted temporal rules [9, 10]. This makes it possible
to take into account the peculiarities of cyclic cold start
[11], which indicates the relevance of the problem
presented in the paper.

The purpose of the article is to develop a model
of knowledge representation in the white box
recommendation systems.

This model contains knowledge about the possible
sequences of selecting restrictions on the properties of

goods and services according to user requirements. To
achieve this goal, you need to solve the following
problems:

— to structure the processes of applying the
principles of black and white boxes when building
recommendations based on the use of knowledge base;

— develop a white box representation of knowledge
to combine a static description of the properties of the
objects and a description of the possible sequences of
refining the requirements for the properties of those
objects.

Apply black and white box principles
when building recommendations based
on the use of a knowledge base

Restrictions used to build knowledge-oriented
recommendations may take into account the context of
the use of the product or service by the user, or may
meet the specific characteristics of the product. In the
first case, the constraints are constructed according to
the principle of the black box, and in the second - the
white box [12, 13]. These principles are widely used in
solving the problem of software testing.

A comparative description of the principles of
using black and white in relation to the interactive
construction of recommendations based on the
knowledge base is given in Table. 1.

The principle of the black box allows you to check
the capabilities of the system without taking into
account its internal structure. This principle is to review
and test the functionality of a particular system at the
level of its inputs and outputs.

Table I — Comparison of black and white box principles when building recommendations based on the use

of a knowledge base

Features

The principle of the black box

The principle of the white box

Goal
of the product or service.

Make recommendations based on the context of use

To formulate recommendations taking into
account both the values of the set of
properties of a product (service) and the
acceptable combinations of these properties.

Input information

from a user perspective.

A subset of the target properties of a product
(service), which is key in the context of their use

The set of wvalid values, as well as
combinations of values of the properties of
the goods (services).

The process of getting
recommendations

Selection of the use case of an object that
corresponds to many of its target properties.

Based on the received case, a selection of goods | In the
with the specified properties is performed.

Forming a list of objects that satisfy the
constraint.

case of an empty set of
recommendations, the restrictions are relaxed.

Representation of the
process of obtaining

A set of situations, each characterizing a unique
context for the use of a product or service. Each

The set of linear sequences of dependencies
between combinations of values of the

recommendations situation is represented by a hierarchy of temporal | properties of the product, reflecting the
dependencies. Hierarchy elements can be | refinement of requirements.
sequences of temporal dependencies

Approach Case-based Constraint-based

The implementation of this principle in the
formulation of recommendations based on the
knowledge base is as follows. The input specifies the
context for the application of the product or service
being offered, and the output specifies the properties of
that object in the given context. Making
recommendations is to determine the case from known

inputs and then select the properties of the object
according to the selected case.

Thus, this principle determines the precedent
approach to building recommendations.

According to the principle of the white box, when
analyzing or describing an object, it is necessary to
consider not only the relationship between inputs and
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outputs, but also its internal structure. That is, the
implementation of the principle of the white box
requires consideration of the chain: input information -
the interaction of internal elements - the output
recommendation.

The knowledge base of the recommendation
system in this case should characterize the possible
values of the properties of the recommended object, as
well as the acceptable combinations of these values.
That is, the principle of the white box makes it possible
to clarify the restrictions in the process of making
recommendations online.

Development of generalized representation
of knowledge in the recommendation
system according to the principle
of white box

These differences in the use of the principles of
black and white box make it possible to draw the
following conclusions about the representation of
knowledge in the recommendation system.

First, restrictions on the properties of goods and
services according to the white box principle may be
represented by temporal dependencies. The antecedents
and implications of these dependencies determine the
possible combinations of user-selected object property
values.

The type of temporal dependency determines the
sequence of refinement of these properties by the user.

The sequence of recommendations is determined
by the linear sequence of temporal dependencies.
Interactive choice of a product or service is realized by
changing the restrictions on the important properties of
the objects for the user.

This choice is set by moving to the second linear
selection sequence.

Schematic representation for the selection process
are presented in Fig. 1.

The representation of constraints C on the
knowledge base of the recommendation system is
consisting of a set of predicates C; on the properties

x,, of the objects that the consumer chooses:

C Z{C,- ()c].’1 3 X gsees X ooy X o ) :

. (1)
Vj,k (xj,k =Vii VX € V/k} >

where v, , —value k — properties in j — restriction;
V., — set or range of valid values k — properties
in j —constraint.

An example of a screen fragment is shown in
Fig. 2.

Temporal dependencies [9] make it possible to
formalize the process of refining recommendations over
time.

The dependencies R, that are adapted to this task

determine the sequence of constraints selected for one
Or More users:
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Fig. 1. An example of a sequence of recommendations
based on refinement of constraints according
to the white box principle
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Fig. 2. Fragment screen constraints
on the example of “Electronic World” store

where T — temporal operator, which determines the
sequence of constraints;
C,; and C, —restrictions included n —rules;

K —is a quantifier that determines the sequence
of conditions on which rule (2) will be true.
Depending on the particular quantizer, rule (2) will
look like (3) or (4):

¥(C,.C,)C, AT=C,, (3)
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Temporal operators T wusually determine the
sequential choice of constraints, the refinement of
constraints after the condition, the associated choice of
constraints.

In the first case, a direct sequence of actions to
select a product or service by the user is specified.

Refinement of constraints makes it possible to
describe the cyclic change of constraints in the case of
an empty set of recommendations.

The temporal operator for related choices sets such
constraints that determine similar or more detailed
product characteristics.

In particular, in the example in Fig. 3 after selecting
the range for the diagonal of the screen of the mobile
phone, you can further select the exact screen size.

This choice is made both in the next refinement
cycle and in one of the next steps to adjust the
requirements.

The generalized representation of knowledge
according to the principle of the white box contains both
limitations and temporal dependencies between these
limitations:

where Item = {Item,} — set of products or services

offered by the referral system.
According to expression (5), each product or
service can be distinguished by following a series of

rules (R,,..., Ry ).

Conclusions

A generalized model of knowledge representation
in the recommendation system according to the white
box principle is proposed.

The resulting presentation combines a declarative
and procedural description of the process of making
recommendations.

The declarative aspect is represented by
restrictions in the form of predicates on the permissible
values of the properties of the objects offered to the
consumer.

The procedural aspect is given in the form of
adapted temporal rules that specify the sequence of
refinement of restrictions.

The key advantage of the proposed model is that it
combines the benefits of approaches based on the
similarity of consumer requirements and the similarity
of product characteristics.

w =(R{Rn}’C: ) This makes it possible to tailor recommendations
Vitem, € Item 3 < R,... RN> :C,y . =Tru e)’ in real time bgsg:d on the similarity of user selection
' processes for similar products.
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IloGynoBa npeacraB/ieHHs 3HAHb B peKOMeHaliiiHii cucTemi
HA OCHOBI NPUHIMITY 0iJ10T0 AMMUKY

C. ®@. Yaymuii, B. O. JlemuHchkuii

Anoranis. Ilpexrverom BUBYEHHS B CTaTTi € NpOLECH NOOYJOBH PEHTHHIOBOIO IEPENiKy TOBapiB Ta IOCIYT B
pekoMeHaniiiHuX cucreMax. MeTor € po3poOka MoJeni NpeCTaBICHHs 3HaHb B PEKOMEHIaliliHIA cUCTeM 3a MPUHIUIIOM
6inoro simuky. Taka Mozjenb MICTUTh 3HaHHS IPO MOXIIMBI MOCIIZOBHOCTI BUOOpY OOMEXEeHb Ha BJIACTUBOCTI TOBapiB Ta
IOCIYr 3TiJHO BUMOraM KOpHUCTyBada. PexomeHpalliiiHa cucTeMa IOBHMHHA 3a0e3neuuTH oOIpyHTOBaHMII BuOip 00'ekTa
BIZIMOBIZIHO 10 BUMOI KOPHCTYBaya 3a YMOBH OOMEXKEHb II0 KIOHYOBUMH BIIACTUBOCTAMH LBOro 00'ekTy. 3aBIaHHA:
CTPYKTYpYBaTH MpOIEC 3aCTOCYBAaHHS NPHHLHIIB YOPHOIO Ta OLIOro SIIMKIB NpH MOOYAOBI pEeKOMEHIalii Ha OCHOBI
BUKOPUCTaHHS 0a3M 3HaHb; PO3POOMUTH NPEJCTaBICHHS 3HAHb 3TiJHO NPHUHIMIY OULIOrO SMHMKY 3 THM, II00 IOEIHATH
CTaTUYHUH ONHUC BJIACTUBOCTEH O00’€KTIB Ta ONHUC MOMXIJIMBHX IOCTIJOBHOCTEH YTOUHEHHS BHUMOI [O BJIaCTHBOCTEH IHX
00’exTiB. BUKOpPHCTOBYBaHMMHM NPHHIHMIAMH €. HPUHIMI Oiloro smuky, mo 3abesnedye BpaxyBaHHS BHUMOT, SKi
BPaxOBYIOTh BJIACTHBOCTI CKJIJIOBUX €JIEMEHTIB 00’ekTy BuOOpY cnokuaya. OTpHMaHI HAacTYNHI pe3yJbTaTu. Bunineno
KJIIFOYOBI 0COONMBOCTI mpoleciB GopMyBaHHS PEKOMEHIANIN 3TiIHO NPHUHIMIIB YOPHOrO Ta OLIOr0 SIMIMKIB Ha OCHOBI
BUKOpHCTaHHS 0a3n 3HaHb. Po3po0iieHO mpejacTaBieHHs 3HaHb 3TiAHO NPHHLOUILYY OLIOro SIIIMKY, IO A3a€ MOXKJIMBICTH
BPaxoBYBaTH SIK BJIACTHBOCTI 00’€KTiB Tak i mpouec ix BubOopy crnoxuBaueM. BucHoBku. HaykoBa HOBHM3HA OTpUMaHHX
pE3yJbTaTiB MONATA€E B HACTYIHOMY. 3alpOIIOHOBAHO MOJEJIb INPEACTABICHHS 3HaHb B PEKOMEHJALiMHIl cucreMi 3riHo
npuHOUIy Outoro smuky. JleknapaTHBHHMH acleKT NaHOrO IPEJCTaBICHHS 3HAaHb pealli3oBaHMU y ¢opMi Ipeaukaris, L0
BU3HAYAIOTh OOMEXKEHHsS Ha 3HAu€HHs BIACTHBOCTEH 00’€KTiB, sIKi NpPONOHYIOThCS croxkuBaueBi. IlponenypHuii acrnexr
peanizoBaHMil y BUIVIAZAI aJaNTOBAHUX TEMIIOPAJIbHUX 3aJIeKHOCTEH, IO 3a/al0Th IIOCIiJIOBHICTE YTOUHEHHS OOMEXKEHb Y
yaci. /lana Mozenb MOEIHYE NepeBary IMiAXo/iB Ha OCHOBI CXOXKOCTI BUMOTI' CIIOXKHBAYiB TA CXOXOCTI XapaKTEPHCTHK TOBApIB,
IO J1a€ MOXIIMBICTh KOPUI'YBATH PEKOMEHJALIl B PEXUMI OH-JIAMH Ul CHTyalii XOJIOZHOrO CTapTy Ha OCHOBI BU3HAYCHHS
CXO0XKOCTI IpoLeciB BUOOPY KOPUCTyBaya NpH 3alaHUX BUMOrax 10 TOBapiB.

Karo4doBi cioBa: pekoMeHaliiiHI CUCTEMH; CUCTEMH EJIEKTPOHHOI KOMEpLii; NpeACTaBICHHS 3HaHb; (JOPMYBaHHSI
PEeKOMEeH1alliii; MPUHIMITA YOPHOr'o Ta 6170ro SIHKIB.

IMocTpoenue npencTaB/ieHNsi 3HAHMI B PEKOMEHAATEJILHON cHCTeMe
HA OCHOBE NPHHLMIIA (eJI0r0 sSIIMKe

C. ®@. Yammrit, B. A. JlemmHCKMi

AnHoTtanusn. I[IpegMeToM HM3ydeHHs B CTaThe SIBISIOTCS HPOIECCHI MOCTPOCHUS PEHTHHIOBOTO IEPEYHsI TOBAPOB M
yCIIyr B peKOMeHJaTeNbHbIX cucreMax. Llesblo siBisercst pa3paboTka MOIENU NPEICTABICHUS 3HAaHUI B PEKOMEHIATEIbHOH
CHCTEM C HCIOJIb30BaHHEM NpHHIMIA Oenoro siuka. Takas MOIENb COAEPKHUT 3HAHUS O BO3MOXKHBIX ITOCIIEJIOBATEIBHOCTSIX
BEIOOpa OrpaHMYEHHH Ha CBOMCTBA TOBAapOB M YCIYI COIJIACHO NPENNOYTCHUSIM II0Jb30BaTelsl. PexomenaarenbHas cucreMa
JIOJDKHA 00ecredYnTh OOOCHOBAaHHBIH BHIOOP OOBEKTa COTIacHO TPEeOOBAHUSM IOIB30BATENS NMPU YCIOBHH OIpAaHWYEHHH II0
KJIFOYEBBIMU CBOMCTBaMH 3TOro 0OBbeKTa. 3agadml: CTPYKTYpHpOBAaTh IMPOLECC HMPUMEHEHHs IMPUHIHUIIOB YepHOro WU 0Oeoro
SIIMKOB TP ITOCTPOCHUH PEKOMEHJAIMi Ha OCHOBE WCIIONB30BaHMS 0a3bl 3HAHMI; pa3paboTaTh NPEACTaBICHHs 3HAHUMA
COTJIaCHO HPHHIMITY OeNoro SsmpKa C TeM, 4TOOBl COBMECTUTH CTaTUYECKOE OIMCAHHE CBOWCTB OOBEKTOB M OIHCAaHHE
BO3MOXXHBIX IIOCIIE/IOBAaTEIBHOCTE} yTOYHEHUS] TPeOOBaHUI K CBOWCTBAM 3THX OOBEKTOB. VCIONb3yeMbIMH NPHHIUNAMHA
SIBJISIIOTCS: TIPUHIOUI OENoro sIuKa, KOTOPBI oOecrednBaeT y4eT TpeOOBaHWI, YUHTBHIBAIOIIMX CBOMCTBA COCTABILIOLINX
3JIEMEHTOB BbIOMpaeMoro norpebureneM obbekra. IlomyueHsl cinenyromme pe3yJabTaThl. BbijeneHs! KitoueBble 0COOCHHOCTH
MIPOLIECCOB (POPMHUPOBAHMS PEKOMEHAAIMH 110 IPHHIMIIAM YE€PHOT0 U OEJIoro SIIUKOB HA OCHOBE HCIIOIb30BaHUS 0a3bl 3HAHUIL.
Pa3paboraHo mpescraBiieHre 3HAHUI COTJIACHO HMPHUHIMITY OJIOro SIIUKa, YTO MO3BOJSIET YUHTHIBATH KaK CBOMCTBA OOBEKTOB,
TakK ¥ Ipolecc Ux BbIOOpa norpedureneM. BeiBoabl. HayuHas HOBU3HA MOTY4EHHBIX PE3yJIbTATOB 3aKIIFOUAETCS B CIIEIYIOLIEM.
IpennokeHa Mozesb IPEACTaBICHUS 3HAaHMH B PEKOMEHIATEIBbHOM CHUCTEME COIJIACHO NPHHLUIY Oenoro  sIuka.
JlexnapaTUBHBIN acCIEeKT JAHHOTO MPECTaBICHUS 3HAHUH peaM30BaH B (hopMe MPeauKaToB, ONPEIelSIONINX OrpaHUYeHUS Ha
3HAUEHMs] CBOWCTB OOBEKTOB, Ipe/yiaraeMbXx HorpeOurenmto. [IporenypHbI acmekT peajn30BaH B BHUJE aJallTHPOBAHHBIX
TEMIIOpPaJIbHBIX 3aBUCUMOCTEH, 3aJaloluX IMOCIeJOBaTeIbHOCTh YTOYHEHMs] OrpaHMYeHHMH BO BpeMeHH. [laHHas Mouenb
codyeTaeT MPEeUMYIIECTBA MOJX0/I0B HA OCHOBE CXOACTBA TPeOOBaHUM MOTpeOUTENEeH 1 CXOACTBA XapaKTEPUCTHK TOBAPOB, YTO
JTaeT BO3MOXKHOCTH KOPPEKTHPOBaTh PEKOMEHIAMM B PEKMME OH-JIANH JUId CUTYallMH XojoxHoro crapra. [lpm Takoit
KOPPEKTHPOBKE  LIeJIeCO00pa3HO MCIIONB30BATh CXOICTBO IIPOLECCOB BBIOOPA IIONIB30BATENs IPH 3aJaHHBIX TPEOOBAHMAX K
TOBapaM.

Kamo4deBnle cioBa: PEKOMCHAATCJIbHBIC CHUCTEMBI; CUCTEMbI 3J'I€KTpOHHOﬁ KOMMEpLUH; NPEACTABICHUEC 3HaHHﬁ;
(bOpMI/IpOBaHI/Ie peKOMeHZ[aLIHﬁ; TMIPUHIMIIBI YEPHOT'O U Oesoro SIIUKOB.

86



