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DESIGNING EXPLANATIONS IN THE RECOMMENDER SYSTEMS
BASED ON THE PRINCIPLE OF A BLACK BOX

Abstract. The subject matter of the article is the process of designing of explanations in the recommender system.
The goal is to develop a conceptual model for designing explanations in recommender systems based on the black box
principle. Such a model binds the conditions, the result and the constraints on the choice of objects from the user's
position. The user should receive justification of the recommendations taking into account context-oriented possibilities
of using the proposed objects. Tasks: to adapt the principle of a black box to the task of constructing explanations in the
recommender system; to develop a conceptual scheme for constructing explanations according to the functional
principle; to develop a conceptual model for the designing” of explanations based on the principle of a black box. The
principle used is: functional, or the principle of a black box. The following results are obtained. The principle of the
black box to the problem of constructing explanations in the recommender system was adapted. The conceptual scheme
of constructing explanations on the basis of a functional principle is developed, taking into account both the properties
of objects and the sequences of their use. The conceptual model of the explanation based on the black box principle is
developed. Conclusions. Scientific novelty of the results is as follows. The conceptual model for constructing
explanations with recommendations on the functional principle or the principle of a black box is proposed. The model
takes into account the characteristics of subjects and consumers, information on the use of objects in the subject area, as
well as recommendations in the form of a list of objects. The advantage of using the proposed model lies in the fact that
it takes into account the methods of applying the recommended objects for constructing explanations. This creates
conditions for personalizing recommendations in cases of a cold start of the recommender system, as well as artificial
increase in the ratings of individual items.
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Introduction

Recommendation systems are intended for the
designing of a rating list with offers of goods and
services for the consumer. Such systems form
personalized offers for the wuser. The task of
recommender system is to form an interesting list of
objects for the consumer and encourage him to buy
goods from this list [1].

These systems are typically part of e-commerce
systems and wuse their database to formulate
recommendations. The personalized list of objects
simplifies the search and selection of goods for the user.
This enables a group of loyal consumers to grow and
increase sales in the e-commerce system. Therefore,
such systems have become widespread [2, 3].

When constructing recommendations, account is
taken of both the characteristics of objects and the
characteristics of already known wusers of the
recommendation system. In the first case, products that have
similar parameters with the products selected by the current
user are recommended. In the second case, it is
recommended that objects previously chosen by consumers,
similar to the current user of the recommendation system.
Accordingly, inputs are used as product characteristics
and their consumer-generated ratings [1].

However, practical requirements for improving the
accuracy of the recommendations led to the problem of
building an inaccurate list of objects for cold start cases
and artificial distortion of the rating of objects.

The cold start situation occurs when building
recommendations for new users. Usually information
about the choice of such users is not available in the
recommender system or e-commerce system. This does

make it difficult to compare the new user with existing
ones and to find similar characteristics in them [5].

The situation of artificial distortion of rating of
objects is used for the promotion of individual goods [6].
The purpose of such actions is to sell objects with false
ratings.

An explanation is used to solve the problem of
building an inaccurate list of recommended objects. The
latter describe the sequence of obtaining and the
possibility of using the proposed recommendations.
Explanations allow the user to better understand the
reasons for the recommendations and the context and the
way to use the recommended objects [7]. Designing of
explanations is aimed at increasing consumer confidence
in the e-commerce system [8].

Modern approaches to constructing explanations in
recommender systems are the further development of
methods for constructing explanations in expert
systems [9]. When constructing explanations, the criteria
for evaluating explanations are used, as well as the
precedents for using explanations and restrictions of the
subject area that influence the explanation [10].
However, the context-based concept of explanation
based on the introduction of a reference system in the
form of a black box requires further research. The above
determines the relevance of this work.

The purpose of the article is to develop a
conceptual model for the formation of explanations in
recommender systems based on the principle of a black
box. This model uses the conditions, the result and the
restrictions on the choice of objects from the user's
position. The user should receive the justification of the
recommendations taking into account the context-
oriented possibilities of using the proposed objects.
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To achieve this goal, the following tasks need to
be addressed: to adapt the principle of a black box to the
task of constructing explanations in the recommender
system; to develop the conceptual scheme of
construction of explanations according to the functional
principle; to develop a conceptual model of explanation
based on the principle of a black box.

Conceptual model of explanation
based on the principle of a black box

The proposed conceptual model is based on the
use of the principle of a black box, or a functional
principle. The latter is widely used in software testing.

According to this principle, the system is
considered at the level of "input-output". The internal
structure of the system and the sequence of the
interaction of its elements are not taken into account or
are unknown.

The conceptual scheme of constructing
explanations in the recommender systems according to
the functional principle is presented in Fig. 1.

We substantiate the use of the black box principle
to formulate explanations in the reference systems
according to the presented conceptual scheme.

Firstly, the explanation is intended to interpret the
recommended list of objects in the context of the subject
area. Such an interpretation makes it possible to clarify
the way of using the proposed objects. That is, an
explanation describes the links of the recommended
objects with other objects of the subject area. Such
connections are not static. They change over time,
depending, for example, on the season, new scientific
achievements, fashion, etc.

Therefore, the explanation in this case is context-
oriented and shows the possibility of using objects in a
defined context [11].

Secondly, the context of the explanation is
determined not only by the approaches to the use of
objects with similar characteristics, but also by models
of the subject area. For example, in the context of
buying a computer, a flash drive, a bag for that
computer, and the like can be offered.

When forming such a recommendation, it usually
takes into account the purchase of people with similar
interests who buy a computer and a flash drive or a bag.
However, this static information is not enough to
explain the recommendation.

You should also consider the sequence of user
choices in time. Buying a computer and a flash drive
defines a temporal rule that binds these two objects in
time. The set of such temporal rules forms a context-
oriented domain model. The domain model may also be
a priori known, formal or case-law. For example, a
formal model can set limits on the power of
recommended products.

The precedent model sets out the known methods
of their use in the form of a sequence of appropriate
actions.

The following example shows that additional
knowledge of the subject area can be obtained not only
a priori, but also as a result of the intellectual analysis of
existing data about objects, users, and their choice.

Limits on incoming data

Items

Catepories of items

v

Characteristics of items -

Users

Personal data

L Rating of items o

Information about buying

L .
items '
( Designing of exp]anations>47-

F 3

Recommendation

An ordered list of objects

{Context Constraints:
way of using objects in a subject
area

Analytical models

Models of precedents

Probabilistic temporal
models

Fig. 1. Conceptual scheme of designing a.n. -
explanation based on the black box principle
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A key feature of such an analysis is that it is
necessary to take into account the orderliness of the
events of the choice of objects in time. This makes it
possible to obtain heuristic dependencies characterizing
the context-oriented use of the recommended objects.

Thus, the key differences in the concept of
constructing explanations based on the principle of a
black box are as follows.

1) A combination of restrictions on incoming data
and restrictions on the use of recommended facilities.
The first restriction makes it possible to justify the
selection of a subset of the recommended objects. The
purpose of the second limitation is to identify the
context differences between the recommended objects.

2) The use of temporal ordering of the choice or
application of objects. Such orderliness is typical for
analytical, case-law and probabilistic models. In fact,
the use of temporal order adds another dimension to the
traditional static characteristics of objects. This makes it
possible to take into account the temporal changes of
such properties.

For example, when choosing a computer it is
necessary to take into account not only its current
properties (processor speed, memory size), but also
quantitative possibilities of its modernization. In
particular, the maximum possible amount of memory,
hard disk, characteristics of additional connectors, etc. It
is also advisable to take into account the cost and design
features of these elements, such as their interfaces,
performance. Additionally, it is also advisable to take
into account the sequence of upgrades. For example, the
amount of RAM can be increased in several stages,
depending on the cost of the components.

An example of the use of restrictions on incoming
data and temporal ordering in accordance with the
concept of constructing explanations based on the black
box is presented in Fig. 2

Initially, from the input subset of objects in the
process of forming recommendations, elements are
selected that satisfy the requirements for classes and
properties of objects:

Item” = {Item3,ltem4 :C= true}, )
Item” < Item
where C - the limit of the choice of the user; ltem —
input set of items that is available for user selection;
Item” — a subset of recommended items.

Subsequently, the elements of the subset Item” are
compared by the methods that are usually used, in
particular on the basis of temporal ordering of their
application or modernization. Such orderliness can be
represented in the form of temporal rules [12, 13]. In the
future, these rules can be used to formulate explanations
based on the probabilistic output [14]. Also, a multi-
layered graph [15] approach can be used to present
constraints by way of use.

In Fig. 2 shows the sequence of use / product
upgrade stages, for example, for a computer: incremental
memory (step 1); replacement of hard disk (step 2); the
next increase in RAM (Stage 3); complementing the
computer to the WWAN module (step 4).

Constraints on items

7/

[I——

Item,
Stage,

Constraints on using items

Fig. 2. An example of using restrictions
in the concept of constructing explanations
on the principle of a black box

The sequence has an additional possibility of
upgrading - the connection of the WWAN module. But
this feature is not necessary for all users.

Therefore, it is advisable to use this distinction
when formulating explanations, thereby personalizing
recommendations.

The conceptual model B of explanation formation
in the recommendation system based on the black box
defines the display of the conditions S of the choice of
the user for the recommendation R , taking into account
the general constraints. The latter are presented by
restrictions C on user selection C and contextual
restrictions M on the use of objects from the
recommended list.

This model has the following form:

B:S—>R|CAM. ()

User-selectable rules for the BlackBerry model
take into account only the results of choosing other
consumers and do not take into account the interaction
of the current user with the recommendation system.
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Therefore, such conditions are presented in the form of
a set of object ratings for an explicit feedback situation
(3) or the number of purchases of a product for an
implicit feedback situation (4).

S={(sp)):5 2G.05p, <p}"}. (3)

where g, — the object (product, service), which has

been chosen by the consumer; p, — ranking of the

object; G — a set of objects in the recommendation
system.

Sz{(gi’aj):giEG’OSaj}’ 4)

where 0, — the number of units of the object that has

been purchased by the j — the consumer.

The received recommendation R contains an
ordered list of objects g, according to the rating 7, that

is, it consists of a set of pairs (g,,7).

The restriction on the user's choice is a
combination of restrictions on the characteristics of
goods and user data. The restriction C on the user's
choice is a conjunction of restrictions on the
characteristics of goods and user data.

Characteristics of goods are set both through the
permissible values of all their properties, and through

the generalized values of individual properties, that is,
the affiliation of goods to a particular category.

Restrictions on users are asked in the same way,
based on similar values of the characteristics of these
users:

Restrictions on the use of objects are given on the
basis of temporal rules [13], which relate the separate
stages of the use or improvement of these objects, as
shown in the example in Fig. 2.

Conclusions

The conceptual model of construction of
explanations to recommendations on the principle of a
black box is proposed. The model takes into account the
characteristics of objects and users, information on the
use of these objects in the subject area, as well as a list
of objects recommended to the consumer.
Characteristics of objects and users are used in the
model as constraints. Information on the use of objects
specifies the conditions for constructing explanations to
the recommendations.

The advantages of the proposed model are that it
allows for additional contextual information on how to
apply the recommended goods or services.

Unlike the model based on the white box, this
model should be considered as an explanatory model
interpreting the recommendation, rather than the process
of its designing in the recommender system.
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IloGynoBa nosicHeHb B peKOMeHIALIHHUX cHCTeMAaX
32 MPUHIMIIOM YO0PHOTO SIIUKY

C. @. Yanuii, B. O. Jlemuucekui, 1. O. Jlemunacbka

IIpeameromM BHBYEHHS B CTaTTi € mpouecd (OpMyBaHHsS IOACHEHb B PEKOMEHJIALIMHUX cucTreMax. Merow €
po3poOKa KOHIENTYyaJIbHOI MoJelli GOpMyBaHHS MOSACHEHb B PEKOMEHIALIHHUX CHCTEMaX 3a INPHHLUIIOM YOPHOT'O SIIHUKY.
Taka Mozenb 3B’s3y€ yMOBH, Pe3yJbTaT Ta OOMEKEHHs L1010 BUOOPY 00’ €KTiB 3 mo3uuiii kopucrysaua. KopucryBau mae
OTpUMaTH OOIPYHTYBaHHA PEKOMEHJAllii 3 ypaxyBaHHSIM KOHTEKCTHO-OPI€HTOBAHUX MOXKJIHMBOCTEH BHKOPHUCTAHHS
3alpONIOHOBAaHMUX 00’ €kTiB. 3aBAaHHA: aJanTyBaTH NPUHLUI YOPHOrO SILIMKY A0 3aaadi MoOyIOBH IOSICHEHb B
peKOMEHaliiHIl cucTeMi; po3poOUTH KOHLENTYalbHY CXeMy I0OYJOBM IOSACHEHb 3a (DYHKUIOHAJIBHUM IPUHIIMIIOM;
pPO3pOOMTH KOHIENTYyaJbHY MOZAEIb (OPMYBAaHHS IIOSCHEHb 3a IPHUHIMIIOM YOPHOrO SIIMKAa. BUKOPUCTOBYBaHHMMHU
NpUHOUNAMHu € QyHKIiOHANbHUH, a00 npuHUMI YopHOro sAmMKy. OTpUMaHI HACTYNHI Pe3yJbTATH. AJANTOBAaHO
IIPUHIIMIT YOPHOTO SILIMKY O 3aJa4i No0yI0BU NOSCHEHb B PEKOMEHAALiHHIN cucTeMi. Po3po0ieHo KOHLIENTyalbHy CXeMy
noOyZ0BH TMOSICHEHb Ha OCHOBI (YHKLIOHAJIBHONO NPUHLMUIY 3 BpaxyBaHHSIM SK BJIACTHBOCTEH 00’€KTiB, Tak i
IIOCJII JOBHOCTEH X BUKOpHCTaHHA. Po3p0o0ieHO KOHIENTyalbHy MOAEIb (OpMyBaHHS HOSCHEHb 3a IMPHUHIUIOM YOPHOTO
AmuKy. BucHoBku. HaykoBa HOBH3HA OTPHMMaHHUX PE3YJIbTAaTiB MOJIAra€ B HACTYIHOMY. 3alpONOHOBAHO KOHIIENTYaJIbHY
MoOJIe]Ib MOOYIOBU IOSACHEHb 10 PEKOMEHJalidl 3a (yHKIIOHAJIbHMM IPUHIMIOM a00 NPHHIMIIOM YOPHOrO SAIIUKY.
Mopnenb BpaxoBye XapaKTEpHCTHUKH IIPEIMETIB Ta CIIOKHBAUiB, iHGOpMAIio PO BUKOPHCTaHHA 00’ €KTIB B IpEeIMETHIN
obnacTi, a TaKOXX pPEKOMEHJALil0 y BHUIJAAI Iepeniky o0’ekriB. [lepeBarm 3acrocyBaHHS 3ampOIIOHOBAaHOI MOl
MOJSTaloTh B TOMY, 110 BOHA BPaXOBYE CIOCOOM 3aCTOCYBAHHS PEKOMEHJOBAHUX 00 €KTIB Ul MOOyI0BU HOsICHEHb. Lle
CTBOPIOE YMOBH JJIs IIepCOHaNi3alii pekoMeHalii y BUIaJKaX XOJOAHOIO CTapTy PEKOMEHMAliiHOI CHCTEMH, a TaKOX
IITYYHOro 3011bIIEHHS PSHTHHI'IB OKPEMUX IIPEIMETIB.

Karo4doBi cioBa: pekoMeHIALilHI CUCTEMHU; CUCTEMH €JIEKTPOHHOI KOMepLii; MOSCHEHHS; KOHTEKCT NMPUIHATTS
pileHb; (opMyBaHHS peKOMEHallii; (HOpMyBaHHS IOSICHEHb.

IMocTpoenue 00bACHEHUI B PEKOMEHIAaTEIbHBIX CHCTEMAX
HA OCHOBE NPHHIHMIIA YE¢PHOTO SIIAKA

C. ®@. Yaimrit, B. A. Jlemmackuii, 1. A. JlemuHCcKas

IIpeameTom u3ydeHUs B CTaThe ABISIOTCS Hpouecchl (GOPpMHUPOBaHUA OOBACHEHUH B PEKOMEHATENIbHBIX CUCTEMAaX.
Heasto sBisercs pa3paboTka KOHLENTYalbHOI Monenn GopMUpoBaHUs OOBICHEHHI B PEKOMEHAATEIbHBIX CUCTEMAX I10
MIPUHIIMITY YEPHOrO SAlUKa. Takas MOJeIb CBA3BIBAET YCIOBUS, PE3yNbTaT U O'PAaHUYCHUS 110 BEIOOPY 00BEKTOB C MO3ULUI
nonb3oBatens. I1onp30BaTeNb NOMKEH HMONYYUTh OOOCHOBAHME PEKOMEHIALMN C YUETOM KOHTEKCTHO-OPHEHTHPOBAaHHBIX
BO3MOXKHOCTEH HCIIOJIB30BAHUS IPEIUIOKCHHBIX OOBEKTOB. 3agauM: aJanTHPOBaTh NPHUHIMI YEPHOro fAIIMKA K 3ajade
MOCTPOEHUs O0BSICHEHUH B PEKOMEHJIATeNIbHON cucrteMe; pa3paboTaTh KOHLENTYaJIbHYIO CXEMY IOCTPOCHMS O00bACHEHUI
1o (GyHKIHMOHAIBHOMY NPHUHIMIY; pa3paboTaTh KOHLENTYaJIbHYI0 MOJENb (OPMUPOBAHUS OOBSICHECHMH IO NPUHLUILY
4epHOro Amuka. Mcronabp3yeMbpIMU NIPUHIUIAMH SIBJISIOTCA: (YHKIMOHAIBHBINH, WM IPUHIUII YEPHOTo AuKa. IToydensl
clelyole Ppe3yabTaTbl. AJAaNTHPOBaH INPHUHIMII YEPHOro AIMKAa K 3ajJaue II0CTPOeHHs OObACHeHHH B
pekoMeHzarenpHOl  cucTeme. PaspaGoTaHa  KOHLENTyajdbHash CXeMa IIOCTPOEHUs OOBACHEHMH Ha  OCHOBE
(GYHKIMOHANIBHOIO NPUHLIKIA C YY€TOM KaK CBOHCTB OOBEKTOB, TaK M IOCIEAOBATEIBHOCTEH HX HCIOIb30BaHHUSL.
Pa3zpaborana koHUeNTyajlbHas MOAEIb (POPMUPOBAHUS OOBSACHEHMH 10 NPUHLUILY YepHOro siuka. BeiBoabl. Hayunas
HOBH3HA IIOJNy4E€HHBIX PE3YJIbTaTOB 3aKiiodaerca B cueayromeM. Ilpennoxkena KoHumenTyanbHas MOAEIb MOCTPOECHUS
00BSICHEHHH C PEKOMEHJALUAMH 110 (YHKIMOHAJIBHOMY NPUHLUILY MM NPHUHIHIY YEPHOro SluKa. MoJelb yYUTHIBAET
XapaKTepUCTHKH NpeJMeTOB M rnorpebureneil, HHGOpMaLu0 00 MCHONB30BaHHMM OOBEKTOB B NpPEIMETHOH o0iacT, a
TaKXKe PEeKOMEHJALUHU B BHUJE NepedHs o0beKToB. [IpenMylecTBo NPUMEHEHHS MPEJIOKEHHOH MOJENHN 3aKII0YaroTcs B
TOM, YTO OHA YYHTHIBAET CHOCOOBI NIPUMEHEHHS PEKOMEHJOBAHHBIX 0OBEKTOB JUISl IIOCTPOCHUS 00BSICHEHUH. DTO co3aaeT
YCIOBUS JJIs NEPCOHANIM3alUM PEKOMEHJALUK B CIydasX XOJIOJHOIO CTapTa PEKOMEHJIATEJIbHOW CHCTEMBI, a TaKXKe
HCKYCCTBEHHOI'O YBEIMYEHHs PEUTHHTOB OTAEIBHBIX NPEIAMETOB.

KnroudeBble cJIOBa: pPEKOMCHAATENbHBIE CHUCTEMBbI; CHCTEMbl DJIEKTPOHHOW KOMMEpLHH; OOBSCHEHHE; KOHTEKCT
NPHUHATHUS pelleHuit; popMupoBaHus pekoMeHIalui; GopMUPOBaHUS 00bACHEHUH.
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