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CONSTRUCTION OF AMATHEMATICAL MODEL FOR FINDING A DANCE
STUDIO IN THE FORM OF A LOGICAL NETWORK USING FINITE PREDICATE
ALGEBRA

The article is devoted to the research and implementation of methods and tools of finite predicate algebra for conducting
a systematic analysis of the subject area, exemplified by the formalization of the task of finding a dance studio based on selected
parameters. Specifically, the process of choosing a studio depends on a number of parameters. the type of subscription based on
the number of sessfons, groups, specific dance style, the professionalism of the instructor, the location and proximity to certain
types of transport, and the price. The goal of the work is to increase the processing speed of knowledge in the task of finding the
optimal subscription by decomposing the initial multi-parameter relationship into a composition of binary ones. The methodology is
based on the tools and methods of finite predicate algebra. The application of predicate decomposition in the method of
constructing logical networks ensures parallel knowledge processing, thereby increasing query processing speed, while formalization
through finite predicates provides universality in describing any subject area. Thus, the complex multi-parameter relationship was
decomposed into a composition of binary relations, described in the language of predicate algebra, considering a detailed analysis
of the subject area and further decompositions. The scientific novelty lies in the constructed mathematical model of the task of
finding a dance studio, represented as a predicate depending on ten variables. This predicate is characterized by the composition of
thirteen binary predicates, which are presented in the article as bipartite graphs and formulas of the corresponding predicates. The
predicate of the model is a composition of all the constructed binary predicates. The practical significance is determined by the
logical network built on the basis of the mathematical model, which allows transitioning from a "many-to-many" relationship to
"one-to-one" relationships and parallelizing the information processing. The result of the work is the constructed logical network for
the task of finding the optimal dance studio subscription based on specific input parameters, which facilitates the solution of
synthesis, analysis, and comparison tasks.

Keywords: finite predicate algebra, decomposition, logical network, mathematical model, binary relation, dance studio,
subject area.

Ipuna BEHIPCBKA

XapkiBChKNI HAIlIOHANBHHI YHIBEPCUTET PaiOeNeKTPOHIKI

Anna BEUIPCBKA

HanionansHuii yniBepcureT «JIbBiBCbka MO TEXHIKa»

IHOBYJIOBA MATEMATI/I‘"IHOi MOJIEJII MOIIYKY TAHIIIOBAJIBHOI CTYIII ¥V
BUI'JIAAI JTIOT'TYHOI MEPE’KI 3ACOBAMMU AJITEBPU CKIHHEHHUX
INPEJAUKATIB

CTarTio MpUCBSYEHO AOCTIIKEHHIO Ta BIIPOBAKEHHIO METOQIB Ta 3ac00iB asnrebpu CKIHYEHHUX [PEeanKaris Ansd
TIPOBELEHHS CUCTEMHOIO aHaslizy npeAMETHOI 06/1acTi Ha npuKkiadi opmasizadii 3a4a4i noLyKy TaHLUoBaIbHOI CTyii 3@ 06paHumMmu
napameTpamy. 30Kpema, rpouyec Bubopy CTyAll 3a/1€XuUTb Bif PSAY HACTYITHUX NapaMeTpiB. Bug aO0HEMEHTY B 3a/IEXHOCTI Bij
KifIbKOCTI  3a@HSITb, TPy, KOHKDETHOIO TaHUIOBA/IbHOTO HANpsMKy, B4 MPO@ECHIHOCTI BUKIaAaya, Micys pO3TallyBaHHS Ta
BIAAANEHHOCTI Bifl NEBHOrO BUAY TPaHCIIOpTa, B4 LiHN. MeToro poboTv € MiABUILYEHHS LBMAKOZI 06PO6KM 3HaHbL B 3a4aqi roLyKy
ONTUMA/IbHOrO GOOHEMEHTY 3a paxyHOK pPO36UTTS BXIAHOro 6araToMiCLUEBOro BIAHOWEHHS HA KOMIO3nLUito GiHapHux. Metoguka
TDYHTYETLCS Ha 3aC06ax 1@ METOAAX arebpu CKIHYEHHNX MPEANKATIB. 3aCTOCYBaHHS AEKOMIIO3NLIT NPEANKATIB y METOLI noby.a08u
JIOMYHNX MEPEX 336e3reyqye rapanesibHy 06pobKy 3HaHb | UMM [O3BOJISIE MIABULUNTY LUBUAKICTL O6POBKY 3annTy, a GopmMasii3aLlis
3ac06aMH CKIHYEHHNX MPEANKATIB AAE YHIBEDCA/ILHICTE ONCY BYAb-SKOI MPEAMETHIV 06/1aCTi.

TakuM YuHOM, CKIGAHE 6araToMICLEBE BIAHOLLIEHHS BYJ/1I0 PO3OUTO HA KOMITO3MLItO GIHaPHUX BIAHOLIEHb, LO OITUCYIOTLCS
MOBOKO a/irebpu NPEAUKATIB 3 ypaxyBaHHIM AETa30BaHOI0 aHasli3y MPEAMETHOI 06/1aCTi Ta 104 bLIMX AEKOMITO3NLIV. HayKoBo
HOBM3HOKO SIBJISIETBCS 106y40BaHa MATeMatnyHa Mofesb 3aAadl MOWYKY TaHUIOBa/IbHOI CTy4ii, SIKY M04aHO MPEANKATOM, O
3a/1eKUTH BifI AECATU 3MIHHUX. LIedi npeanKkaT XapakTepU3yeTLCS KOMITONLIIEID TPMHAAUSTH GIHapHUX MPEANKATIB, SKi B CTaTTi
TIPEACTAB/IEHO ABOAOIbHUMU  rpagamu Ta GopmysiaMu  BIAMOBIAHNX PEANKATIB. [IpeauKkar Mogesni € KOMIIO3NLIED yCix
r1o6yfoBaHnx GIHapHUX MPEANKATIB. [IpakTu4dHa 3Ha4YuMICTs OBYMOBJIIOETLCS M06YAOBAHOKO HAa OCHOBI MaTteMatwyHoi MOAE/
JIOMTYHOK MEDEXKEID, WO AO03BONSE B BIAHOWIEHHS «6araro [0 6ararbox» eEpent [0 BIAHOWEHb <«OAMH [0 O4HOro» Ta
PO3r1apanesinTv rnpoLec o6pobku HGopmalii. Pe3ysibTaTtoM poboTu € roby[0BaHa J/IoridHa MEpEXa 3agaqdi rnoLyKy OrnTUMasibHOMo
a6OHEMEHTY TaHLIIOBA/IbHOI CTYAil 3@ MEBHUMYU BXIAHUMU 1apamMeTpamMy 1a [O3BOJISE PO3BA3YBATU 3a4aqyl CUHTE3y, aHasnizy 1a
TOPIBHSIHHS.

Kntodosi crioBa: anrebpa CKiHYEHHUX [PEANKATIB, AEKOMIIO3NLIS, JIOITYHa MEPEXE, MareMatudHa MOAE/b, OiHapHe
BIAHOLIEHHS], TAHLIIOBA/IbHA CTYIs, MPEAMETHA 06/1aCTb.

Introduction
The continuous accumulation of information and its increasing volume lead users to turn to search engines
more frequently. An important issue is finding approaches to processing knowledge of various natures and large
volumes of data [1]. The more diverse the forms of data presentation, the more types of search systems are
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developed. Sometimes, problems that arise when searching large volumes of data are addressed using technical
tools. However, there are often certain limitations in these cases, and sometimes, depending on the subject area,
significant errors may occur. An important task today is to find a mathematical framework and corresponding
methods that would allow for the construction of a mathematical model of a search system. To develop an intelligent
search system, it is necessary to analyze and be able to process knowledge [2].

Related works

Currently, the application of finite predicate algebra as a mathematical framework of a high level of
abstraction, which allows for the formalization of knowledge of any nature (text, numerical data), has been
considered [3-5]. The article proposes an approach to constructing a model for finding a dance studio in the form of
a logical network [6-10]. The method for constructing a logical network is based on the use of predicate algebra
tools and allows for the model to be constructed in such a way that the dimensionality of the original multi-
parameter relationship is reduced, and the corresponding partitions are divided into groups of nodes that can operate
in parallel [11]. In addition, in the nodes, not specific data but domain-specific knowledge is processed, which is
characteristic of intelligent systems [12].

The task is to construct an intelligent system that automates the process of finding a dance studio that meets
specific requirements (criteria).

Construction of a mathematical model for finding a dance studio in the form of a logical network using finite
predicate algebra

Various factors influence the choice of a studio, such as location, price, the level of the instructor, or the
number of classes included in the subscription. Certain categories of criteria are interrelated, while others are
independent of each other. Therefore, a crucial initial task is to create a paradigmatic table that lists the maximum
number of attributes that allows the selection of a studio. Subsequently, it is necessary to identify the internal
relationships between the criteria, which will help to delineate subgroups of relevant criteria, as well as the
relationships between these subgroups [13].

The following attributes are distinguished: studio name, type of subscription based on the number of
classes, subscription price, presence of a studio branch, instructor level, type of subscription by age, and distance to
the nearest metro station. An intelligent system in the form of a logical network was constructed for finding dance
studios in Kyiv.

The construction of the logical network is based on the concepts of finite predicate algebra, where a
predicate serves as a function that defines a one-to-one correspondence between a multi-parameter relationship and
the logical variables 0 and 1. Therefore, an important stage in the construction is the analysis of the subject area by
identifying essential subject variables and their features, recording the corresponding multi-parameter relationships,
and the connections between them. A challenging aspect of this analysis is the identification of groups of features
from the set of essential attributes that are semantically similar, which means they reflect related relationships.

We examine the dependence of the subscription price on the studio, the number of classes, the instructor's
level, age, and the branch’s district. A paradigmatic table will be constructed to present the main data influencing the
choice of the studio.

Table 1
A paradigmatic table of the dependence of the studio name, cost, and number of classes in the subscription
Studio name Subscription type
1 4 8 12
Dside 300 1180 1870 2700
350 1350 1970 2850
400 1500 2070 2990
MyWay 170 1140 995
240 540 1425
1815
345 865 970
1360
Mix Style 150 560 960 1320
Dream Team 250 1500 2160
1200 1800
All Stars 250 1390
Open Art 200 750 1350 1650
720 1280 1490
FREEWAY 150 580 900 1150
JIIM 300 1000 1300
350 1300 1750
400 1400 2100
MDKHAPOJTHU HAVKOBUI XKYPHAJI 7
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The table shows that the studio name and the type of subscription do not uniquely determine the cost. There
are other factors affecting the price: the instructor's level, the type of subscription by age, and the type of
subscription by district. Accordingly, each of these factors has its own domain of definition. For example, the price
of "240 UAH" is defined for the studio "MyWay" for one class with a basic-level instructor; while the price of "1425
UAH" is the cost for 8 classes at the same studio, with the same basic-level instructor, but for children (the price for
an adult group would be different). The price of "750 UAH" at the studio "Open Art" is for a subscription of 4
classes in the Poznyaky area, indicating that another influencing factor is the location of the branch.

Next, for constructing the mathematical model of the given problem, it is necessary to introduce subject
variables, each corresponding to the following values:

x1 —studio (DS — «Dside», MW — «MyWay», MS — «Mix Style», DT — «Dream Team», AS — «AllStars», OA —
«Open Arty, FW — «FreeWay», D — «Dimy);

x — type of subscription by the number of classes (1, 4, 8, 12);

x3 — type of subscription by the instructor's level (S — «Start», B — «Base», T — «Top»);

x4 — type of subscription by age («children's» - K or «adult» - A );

x5 — type of subscription by location of a branch («Pozniaky» - P, «Borshchahivka» - B). The cells of the
paradigmatic table will be numbered.

Table 2
Paradigmatic table
Studio Subscription type
1 4 8 12
Dside 1 4 7 10
2 5 8 11
3 6 9 12
MyWay 13 16 19
14 17 20
21
15 18 22
23
Mix Style 24 25 26 27
Dream Team 28 29 31
30 32
|All Stars 33 34
Open Art 35 36 38 40
37 39 41
FREEWAY 42 43 44 45
DIM 46 49 52
47 50 53
48 51 54

For further construction, it is necessary to express the numbers g of the cells in the paradigmatic table
through the above-mentioned features x1-x5:

DS, 1.5 — D5 1.8 — D5, 1. T — DS, 4,5 _ -4 .DS. 4, B _ DS, 4. T — D5, 8.5 — 7.
Xy xzxa =g’ x] xzxa g% x{*x3x] = @ x] xzxa—‘? xP¥xsxf =q% xP x3x] = g% x:l Xzx3 —q°.
xPSxByE = gf xpsxaxr = g% xP5x %S = qm xPSxi2yF = q 1y PSy12,T =ql“ xwxglxg?x‘; =g “Mxnlxafé'xf -
14. oW oMW _ MW 3T P P
q xL x3xixg =g x3xfxg =q'® xixzxf =q" x3xixf =q* x3eixg =q*® x5 x5 xf
= g20. XMW B Ty A =21 (MW, B S K _ q_z xi’”"’xgxgxf; =q° xf”xé = g% xusx:t =25 xMSxE = q_e. XMy 12 =

qZ? xf‘i" l—q23 xDTxng—q_'}‘ xfl'xgxh—qEU xDT'xJ." A—qEL xDT'xl" K—q32 xﬂ-?xL—qES xi‘ls 3=q34=-

DAyl _ 35 04,4 . L 044 . LOA_B P _ 0A_8_B _ . LOA_12 P _ 0A. 12 B _
X{X3=q .xl qus—q ,xl xzxs—q ,xlxx- q° .x1 xsz_—q .xL x5 xE q* ,xl X3 x-—q
FW .1 _ qu_ 43. FWS_ 4. Fle_ 45, D, 1.5 _ D1 B _ D, 1.T_ D 4.5 _
xypxg "-? q q q xszx t? xszxs f? C Xy X3Xg t? - Xy XaX3 =
49. . D_4 B _ D 4. T_ 51 _D 8 5 _ D8 B _ DST_
q - XpXzXxz = fl' 2 Xy XoXz T Q. X XXy Q - Xp Xa X3 q Xz X3 —ti‘

The element-wise disjunction operation will be performed on as many related equalities as possible, and the
dependence of the influence number r of the considered group of features that determine the subscription price will
be formed based on the cell numbers g of the paradigmatic table:

8 MDKHAPOJIHUI HAVKOBUIA KYPHAJI )
«KOMIPIOTEPHI CUCTEMMU TA IHOOPMAIIUHI TEXHOJIOTII», 2024, Ne 4



INTERNATIONAL SCIENTIFIC JOURNAL ISSN 2710-0766
«COMPUTER SYSTEMS AND INFORMATION TECHNOLOGIES»

I
-

a5 (Va3 VxEValt) = ¢tVqtvg Vgl?
x5 xE (edVxiVaivxi?) = ¢*vgtVgtvgtt = r*
xf*x3 (2 VazVagVas®) = ¢°Va®Va Vg™ =3,

o Waled(xfvxivxl) = QLEV‘IHVQ‘H r,
fWaixixd = q*® = 1",
x‘fn“’rxzx‘t (xg‘u"xg] = q'm'""fi‘m re,
MW Bxd (xVaEVal) = q1Vg2 Vgt =17,

IL x2x4 (xavxz] = q'm'""fi'm =",

XM (x2VxBVal?) = g25Vg2ovg? = r°.
xPTxB(x 2V xK) = g2V = 110,
xPTx2(xVxE) = g3lvg® = rit
xA5y8 = g% = p12.
204 P (x3VaBVxl?) = g%Vg®tvg®® = 113,
x4 (x3VaVa®)xd = q¥TVgP Vet = rt,
xWixdvadval?) = ¢Bvg*tyg*t = 115,
(B5VaPTVEPE v fAva ™) x3 = q**Ve VgV Vet = 118
x5 VEVaD) = q*Vg¥ Vg = rV
xPxd(xsVaEval) = q49Vq°ﬂVq°L =rl8,
P23 (3Vag VD) = g% Vg™Vt = ',

The established dependencies of the influence number r on the variables x1, x2, x3, x4, x5 enable the
binarization of the relations connecting the variable r with the variables x1, x2, x3, x4, x5 (1)-(5). The obtained

relations will be represented as bipartite graphs (Fig. 1-5.).
Py(xy,7) = xP5(rt v r2 v rd) v MWt v S v e v T v pB) v xMEp? y o DT (10 y 1) y 4 85,12 y

x4 B vty v xWrlsy (xf’Sfoerf‘ngfA\-‘xfwjrm v xf(rl? v rifvrl®) (1)

AAJAMALY A

12 13 14

15
Flg 1 Graph of the relatlonshlp between r and x1 varlables

Similarly, the binarization of the relation with respect to the variables x», r (2) is performed and represented
as graphs (Fig. 2):
Py(xs 1) = GAvadvaBvaiDGiv et v valrt vt v k) vxd (S v b v rtB) v
BT vrB vt v e v et ?) v (GVaBVa2)(r? vt v ettty e S) v xd2el (2)

1 4 8 12 1 4 8 4 8 12
1 2 3 4 16 17 5 6 1 7 8 10 12 19 9 13 14 15
Fig.2. Graph of the relationship between r and x2 variables

The relation Ps(xs, ) (3), which connects the variables x; and r, is identified and represented as
the corresponding graphs (Fig. 3):
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Pi(xs,7) =xirtvalrival(@d ved) v (ESvaDrtvr®) v

V0SBVt vr vrt v rtf v rlt v p 12y p B3y 1y 15y 18y 17y 18y 19), (3

T S T S B T
3 5 1 1 1 15 16 17 18 19

8 4 7 9
Fig.3. Graph of the relationship between  and x3 variables
The relation Ps(xs, v) (4), which connects the variables x4 and r, is identified and represented as
the corresponding graphs (Fig.4):
Pixgr)=x(r*veriver vt vetB v k) vt vr) v efvaBirtv et vrivelt v 0y ity
VL2 y p 13y sy 15y 16y (@)

Ny P

Flg 4 Graph of the reIatlonshlp between r and x4 varlables

The relation P5(x5, r) (5), which connects the variables x5 and r, is identified and represented as
the corresponding graphs (Fig.5):

P:(xs, 1) = xtrt® v xfrit (5)
P B

13 14
Fig.5. Graph of the relationship between r and x5 variables

The location of the studio also plays a significant role in its selection. Therefore, an analysis of the
availability of branches and the distance from the studio to the nearest metro and bus stops must be conducted. The
distance from the studio to the nearest stop will be denoted by the variable x6x_6x6, with corresponding values
representing time intervals in minutes. This information will be added to Table 3.

Table 3
Studio Branch Time to the nearest stop, x6
metro bus
Dside Livyi bereh 15 minutes 2 minutes
Pravyi bereh 7 minutes 3 minutes
MyWay 15 minutes 5 minutes
Mix Style Holosiievo 16 minutes 3 minutes
ITroieshchyna 80 minutes 3 minutes
Dream Team 5 minutes 2 minutes
IAll Stars 5 minutes 5 minutes
Open Art Pozniaky 7 minutes 9 minutes
Borshchahivka 62 minutes 3 minutes
Free Way 15 minutes 5 minutes
Dim 14 minutes 2 minutes
10 MDKHAPOJIHMIA HAYKOBUI )XYPHAIJI
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Next, it should be noted that x1 represents the studio name (DS — «Dside», MW — «MyWay», MS — «Mix
Style», DT — «Dream Team», AS — «AllStars», OA — «Open Arty, FW — «FreeWay», D — «Jlim»), x5 refers to the
branch location (LB — «Livyi bereh», PB — «Pravyi bereh», G — «Holosiievo», T — «Troieshchyna», P —
«Pozniaky», B — «Borshchahivka»). Additionally, variable xs is introduced with the values M — «metro station», 4

— «bus stop».
ps. LB _, ..DS PB_ . . MW _,_ . MS G_, .. M5 .T_, ..DT_, . AS_ _ . . 0OA_P_, . OA B _
X1y Xg T 1-X1 X5 Tz X1 T 3% Xg T4 X7 Xy T (5. Xy T e Xy T4y X3 o Xg T g X Xg T
L LW oD —
Q. X3 = Gi1o: X1 = Q11-

Disjunctions will be combined where possible:

WBGEV A8 =g,V g = 2%

MW _ _ _ _Z.
X1 Tg3= I

MS; Goy Ty — _ .3
xp (x5 VX5)=qaVqs=2z";

DT _ . _ .4
Xp TQe=Z

xf® = q;=2%
x{A(x5 V) = qg V g5 = 2%
W = gy=2"
X =g = 2%
Thus, the following disjunctive-conjunctive normal form is obtained:

= D51y y MW 52 s 4 MS 53y 2 DT o4y 3 AS 5 vy 3w OAL6 \p o FW 7 s 5D 8
Pe(xy, z)=x"zt vaxyWetvx "  z3valiz*va z2 valzova Wz valzt

In graphical form, our function is presented in Fig.6.

DS MW MS DT AS OA FW D

1 2 3 4 5 6 7 8
Fig.6. Graph of the relationship between z and x1 variables

Next, it is necessary to examine the dependence of the branch (based on the studio's location) on the
auxiliary variable z, which will allow the relationship with the studio's name to be presented in a more compact
form:

Pr(xz. z) = (x28 vx2B)zlv (xEG vaxl)z? v (xf v xE)z®.

The constructed function will then be presented as the following bipartite graph:

LB PB G T P B

1 3 6
Fig.6. Graph of the relationship between z and x2 variables
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Table 4
Studio Branch Adult groups Children's groups
Hip-Hop Jazz-funk Contemporary Hip-Hop Jazz-funk Contemporary
Dside Livyi bereh 4 7 2 3
Pravyi bereh 10 8 3 4
MyWay 2 5 1 2
Mix Style Holosiievo 3 1 2 5 1
Troieshchyna 1 1 1 5 2 1
Dream Team 1 2 1 5 2 1
|All Stars 5 10 4
Open Art Pozniaky 1 7 7 3
Borshchahivka 1 4 3 2
Free Way 2 1 4 2
Dim 3 6
The cells of Table 4 will be numbered.
Table 5
Studio Branch Adult groups Children's groups
Hip-Hop Jazz-funk Contemporary Hip-Hop Jazz-funk Contemporary
Dside Livyi bereh 1 2 3 4
Pravyi bereh 5 6 7 8 9
MyWay 10 11 12 13 14
Mix Style Holosiievo 15 16 17 18 19
Troieshchyna 20 21 22 23 24 25
Dream Team 26 27 28 29 30 31
|All Stars 32 33 34
Open Art Pozniaky 35 36 37 38
Borshchahivka 39 40 41 42
Free Way 43 44 45 46
Dim 47 48

An additional subject variable x7 «Style» has been introduced with the following values: H — «Hip-Hop»,
J —«Jazz-funk», C — «Contemporary».
Next, it is necessary to express the cell numbers of Table 5, resulting in a total of 48 relations.
os_ A LB _H D5 A g J_ _ . DS A LB . C__ .. DS K LB H ___ ..D5 A PR H_ _ .
X1 Xy X5 X7 = (p. XXy X5 X7 T Q2. X1 Xy X5 Xy T {30 XXy X5 X7 T T X1 Xg X5 X7 T (s,

ps A P J_ . DS A PB C__ .. DS K PB H__ .. .D5 K PB_J_ . MW,A H _ LMW AT B
Xy Xg X5 Xy T e Xy " Xg X5 X7 T 7. X Xg Xz X7 T (g X7 XgXg X7 T (0e. X1 X X7 T {10- X1 X3 X7 = q13.

MW_A,.C_ LMW K. H _ LMW K] _ M5 A G H _ L LMS_ A G T _ W MS_ A G C_ .
Xy XgX7 T (a2. X1 Xa X7 T 13- X1 Xa X7 T 4. X X3 Xg X7 T (s X Xa X X7 T Qe X1 X3 Xg X7 = 7.
MS_K.G.H _ L MS. E.G.C_ S WMS_ AT H _ CMS_ AT ] _ M5 A T.C _ W MS_ K. T H _ )
Xy Xy Xg XY T (qug. Xy XgXg Xy T qye. Xy XFX X T fo0: Xy XFXXT T 2. X T XEXg Xy T {22 Xy Xy Xg XT T (a3

DT .. A D

H— . DT = . A K..H
X7 T Qze. Xy X5X7 T q27. %

M5 T — o - DT = - DT Ko d —
Xy XgXg = (ag. Xy Xg X7 = a9, Xy X3 X3 =

EoTol = M5, K, T.C__ .. .DT.,A
X3 Xg X7 =24. Xy X3 XgX7 = {25. X7 X3

L DT K. € _ CLVAS R OH . AS KT _ - L .04 A P T _ . 04
G3p- X1 XaX7 = {31, Xy Xg X7 =32, X1 X4 X7 =33, X1 X4 X7 = (34. Xy Xy XgX7 = {35, X4

oA_K._p_ T _ LO0A_K_P_C _ L 04 _A B T _ . OA _K_B_H _ oA K. B T _ L 04 K. B _© _ .
Xy Xg X5 X7 = Qz7.X1 Xg X5 X7 T 3g. X1 XaXg X7 T ({39, X1 XaXg X7 T (a0- X1 Xg X5 X7 T a3, %1 XaX5%7 = {ao.
Fw_A_T _ CLFW A C_ CLFW_ K H _ 2 L L D _A_H _ Y SOV U

Xl Xg X7 T fa3. X1 Xy X7 T (aq. X1 Xg X7 T 45, %) Xy X7 T {ag. ¥1 Xg X7 T a7, Xy X3 X7 = {ag-

The operation of pairwise disjunction of as many related equalities g1 — qas as possible will be performed.

K_P._H _ _
X4 X5 X7 = 36-

D5 _A. LBy H I Cy _ _ :
Xy X3xg (AF VxzVaz) =qVagzVas =sy:
DS K _LE_H _ . _ _ .

X) X4 X5 X7 — (4 = 53,

DS._A. PB c: .
xS xfxEB (B v xd v xf) = qs v qe V g7 = 53

xS xExER (e v xf) = g5 V g9 =54
(ct™ V2T v aP)xgxf = qi0 V Gze V qa7 = 55
(eI v xPT v xfW v xP)xfx] = 11 V 27 V Gaz V qas =56
(et™ v xPT V™ )xgxF = q12 V q28 V Gas = 57

3 AS - _ .
(MW xPTv a ™ v afW)xExf = qu3 V g29 V g32 V qas = 55
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DT
(™ v T v 2 v W }I4x~ = Qa4 V Qap V gaz V Qug = Sa:
(xPT V xf)xxf =3 V G35 = 5401

M5 _A_Gr H I c _ )
xyoxg g (xF Voxz VX7) = q1s V q1e V q17 = 11

M5
xFxfxf (xF V§) = qug V i3 = 5y

M5 .

xxgxl (xF v x? VxE) = qa9 V g2y V G2z = 533

MS_ KT C _
Xy xfx—(x{-‘“.-’x}rvx?} = 23V 24V Q25 = 514.

xl. x4 (xs sz }x? = G35 V 39 = 535:

04 ] — )
xP4xg o (xF v x3 V) = qag V sy V qag = 54

04 By. H I C _
xpAxgxf (xF Va3 VafF) = qag V Gag V qaz = 517.

Next, the corresponding binary predicates are written.

Palxy,s) =xP5(s vl v vst) v (2™ vl val)sb v (™ v alT vl v aP)sb v (™ v PT v ai™)s” v
V (MW oy DTy xS v W58y (MW oy xPT v 185 v xPW)s® v (xPT v xf)s10 v x M5 (s1ly 12y sBBy sl y
v xfm(sis v gls v 5.1?_}:

Py(xy,s) =xf(s*vsivs®v sPvs'vstlvsBvst®)val(s®vstvsBy s vstlvstvsttysl® visl?):
Piolxs,s) = x28 (st vs)valB (¥ vs) v xS v val (3B vs™) v (xf v x5t v als®® vxfs!™):
Ppy(x7,5) = (x¥ v x; VvxS)stvsPvstty sBvs*ysfystv (¥ v x?}s v (xH vax)stPvaf(stvsty

Vv s8) v xd(s6 v s? v s15) v x§(s7 v 510).

Thus, the multidimensional relation, with all its connections depicted in the corresponding paradigm tables,
has been decomposed into 13 relations of smaller dimensions. This enables the processing of information and
performing the required search simultaneously in three internal nodes of the constructed network. Thus, a
mathematical model for searching dance studios has been developed in the form of a logical network. It is
characterized by a composition of binary relations:

P(x1, X2, X3, X3, X5, X, X7, 1, 5, Z) = Py (%, 7)AP2(x2, 7)AP3(x3, ) APy (x4, 7) AP35 (x5, 7) APg (x4, Z)AP7 (x5, Z) A

APg(xy, 5)nPg(x4, S)APo (x5, 5)0Pyy (X7, S)APy2 (1, Z)nPy5(r, 5).
Xq
X X5
X3

X4

X5

X7
Fig.7. Logical network

Conclusions

The constructed mathematical model can be represented as a logical network. The logical network consists
of poles and branches. Each pole corresponds to a specific domain variable of the model, which is referred to as the
attribute of that pole. Each pole is denoted by its corresponding domain variable. Each pole is linked to its domain,
which is the range of values for the attribute of that pole. Each pole of the logical network, at a given moment,
carries knowledge about the value of its attribute. This knowledge is called the pole's state and is one of the subsets
of the pole's domain. If the state of all poles in the network is specified at a given moment, the state of the network
at that moment can be determined.

For our model, the logical network will have the following structure:

The network allows to determine the type of dance studio subscription based on the studio’s location and
price range.

Thus, the value of the method for constructing a logical network lies in its ability to represent a multi-place
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relation as a composition of binary relations. In this case, information can be processed simultaneously in several
nodes in parallel. The developed model clearly demonstrates the sequence of all steps required to construct the
network. However, the complexity remains in representing information about the system. Since it is necessary not
only to account for all entities and their relationships but also to analyze these connections and understand what is
the best way to group the features, in order to ensure that no information is neglected while simultaneously
eliminating redundancy in the model [14, 15]. Clearly, a single system may correspond to multiple models [16].
Therefore, the search for the most economical and logically justified input information remains outside the scope of
the logical network construction method, as it requires consultation and evaluation by experts in the relevant subject
area. However, this does not diminish the significance of the method itself, which provides a mathematically
grounded framework for the parallel processing of binary relations instead of sequential processing of multi-place
relations, given the possibility of appropriate implementation.

The prospects for further research involve the development of a user-friendly application that would
implement the constructed formal model of a logical network. The advantages of the method for constructing a
logical network at the hardware level are evident, as confirmed by the model-building method itself through process
parallelization and corresponding implementations in other subject areas within the scientific school of M.F.
Bondarenko and Yu.P. Shabanov-Kushnarenko.

However, the task of evaluating query execution time compared to other approaches, such as SQL query
generation in databases or specific machine learning methods, remains unresolved. Moreover, building various
logical networks to study and identify patterns in describing subject areas during the formation of a paradigmatic
table, as well as highlighting internal variables, is also of significant importance.
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