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BUILDING A LOGICAL NETWORK FOR SOLVING THE PROBLEM OF CAR
RENTAL BY MEANS ALGEBRA OF FINITE PREDICATES

The article is devoted to the research of the tools of algebra of finite predicates for the system analysis and formalization
of the task of automating car rental according to the selected parameters. In particular, the process of optimal car selection
depends on the following parameters: car class, brand, availability of driver, type of trip and its duration, fuel type, tariff type, as
well as season and weather condiitions. Each of these criteria has its own area of definition, where you need to take into account all
the relationships and influences between the values of the entered variables (criteria). The aim of the work is to increase the speed
of data processing in the problem of car rental by dividing the input multi-place ratio into a binary composition. The technique is
based on the means and methods of algebra of finite predicates. Introduction of the predicate of object recognition in the specified
subject area allowed to formally describe data of any type, and the applied method of construction of logical networks provides
increase in speed of information processing due to parallelization of processing processes. Thus, a complex multi-place relation was
divided into a composition of binary relations described in the language of predicate algebra, taking into account the detailed
system analysis of the subject area. A scientific novelty is the constructed mathematical model of the car rental problem, which is
represented by a predicate that depends on thirteen variables. This predicate is characterized by a system of twelve binary
relations, which are represented in the article by dual graphs and formulas of the corresponding predicates. The model predicate is
a composition of all constructed binary predicates. The practical significance is due to the logical network built on the basis of a
mathematical model, which allows from the relationship "many to many" to move to the relationship "to each other"” and parallelize
the process of information processing. The result is a logical network of car rental problems, which works iteratively until it receives
stable results in two consecutive steps and allows you to solve problems of analysis and synthesis for car rental according to
selected parameters.
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Maxkcum KYYEPEHKO

HamionansHuii TexHiqHUN yHiBepcuTeT Ykpainu « KuiBcbkuii momitexHiuHmi iHCTUTYT iMeHi Iropst Cikopebkoro», Kuis, Ykpaina

MOBYJIOBA JIOTTYHOI MEPEXI JIJIsI PO3B’SI3AHHSA 3A/IAUI OPEHIA
ABTOMOBUIIB 3ACOBAMMU AJITEBPU CKIHYEHHUX ITPEJIUKATIB

CTarTio npUCBSIHEHO AOCIAKEHHIO IHCTPYMEHTAPIS a/Irebpu CKIHYEHHNX MPEANKATIB A/15 MPOBEAEHHS CUCTEMHOIO aHasizy
7@ QOopMasni3aii 3a4a4i aBToMaTmn3aLii opeHan aBTomMobiIiB 3a 06paHuMK napameTpamu. 30Kpema, poyec OrnTUMasbHOro BMoopy
aBTOMOGINIS 3a/1eXUTb B HACTYIIHUX NapaMeTpiB. Kaacy aBTOMOGINs, Woro Mapkw, HasBHOCTI BOAiS, Turly M040OPoxi 1a ii
TPUBAJIOCT], Ty Naamea, Tiiy 1apu@y, a TaKkox CE30Hy Ta MOrofgHuX yMoB. KOXEH i3 3a3HaYEHnX KPUTEDIB Ma€e CBOK 06/1acTb
BU3HAYEHHS, A€ MOTPIOHO BPaxoByBaTH yci B3aEMO3BA3KM Ta BIUIMBYU CaME MK 3HAYEHHSIMU BBELEHUX 3MIHHUX (KpUTEDIiB). MeToro
POOOTY € MTIABULLEHHS LBUAKOAI 06POOKN [AaHHUX B 33434/ OPEHAN aBTOMOIIIIB 3@ PaxyHOK PO36UTTS BXiAHOro 6aratoMicLieBoro
BIAHOLLIEHHS Ha KOMIIO3uLito GiHapHuX. MeToguka rpyHTYETbCA Ha 3acobax 1a METOAAX a/Irebpu CKIHYEHHUX MPEaNKaTis. BBeaeHHS
MPEANKATY BITI3HABAHHS MPEAMETIB Ha BKA3aHIM MpegmMeTHivi 06/1acTi 403BO/MI0 OPMATIbHO OnMcaTv AaHi ByAL-sKkoro Ty, a
3aCTOCOBaHW METO4 IOGYAOBU JIOIMHHNX MEDPEX 3a6e3reyye MABULYEHHS LUBMAKOCTI 0Bpobkv iHGopMauii 3a paxyHoK
PO3rIapasnesitoBaHHS MpPoLeciB 06pobku. TakuM 4YuHOM, CKIGAHE 6aratomicyeBe BIfHOWEHHS Oy/10 pPO36UTO HA KOMIIO3NULIHO
GiHapHUX BIAHOLLIEHD, 1O OIMUCYIOTHCS MOBOIO a/Irebpu NPEANKATIB 3 ypaxyBaHHIM AETA/30BaHOI0 CUCTEMHOIO aHa i3y MpeamMeTHoOI
0671aCTi, HayKoBOK HOBU3HOKO SB/ISETLCS M0BYA0BaHa MaTEMATHYHa MOLESTb 334a41 OpeHAn aBToMObIfB, SKY MOAAHO MPEANKATOM,
LJO 3aNIKUTH B TPMHAALSTYU 3MIHHNX. Led MDEANKAT XapakTEPU3YETLCI CUCTEMOIO ABAHaAUATY GIHaPHUX BIAHOLEHDb, SKI B CTaTTi
TPELACTABIEHO ABOAO/IbHUMYU  rpagamu T1a @OpMysiamu BIAroBIAHNX PEAUKATIB. [IpeEaUKAT MOZE/N € KOMIIO3NLIED YCiX
ro6byfoBaHnx GIHapHUX MPeAnKaTiB. [IpakTu4dHa 3Ha4YMMIiCTs OBYMOBJTIOETLCS M0GYAOBAHOKO Ha OCHOBI MateMatnqHoi mogesti
JIOMYHOK MEPEXED, LYo JO3BOJISE Bif BIAHOLEHHS «6arato A0 6aratbox» MeperTH [0 BIgHOLWEHb <OAMH [0 O4HOro» T1a
PO3r1apanesinTv rpoLec 06pobku HGopmauli. Pe3y/ibTatoM poboTy € roby[OBaHa JI0rYHa MEPEXa 3a4ayql OpeHan aBToMoOIIB, Lo
MIPALIOE ITEPALIVIHO A0 TuX 1D, MOKU HE OTPUMAEE CTa/Ii Pe3y/ibTatv Ha ABOX KPOKax rnigpsa 1a AO03BOJISE PO3BS3yBaTH 3a4aqi
aHasizy 1a CMHTE3y A/15 OPEeran aBTOMOOI/IIB 3a BUOPaHUMU 1apamMeTpam.

Kto4oBi c10Ba. anrebpa CKIHYEHHUX MPEANKATIB, MPEANKAT VIT3HABAHHS MPEAMETIB, JIOridHa MEPEXE, MAaTEMAaTHYHA
MOAE/Ib, BIAHOLEHHS], OPEHAA aBTOMOGINIIB, MPEAMETHA 06/1aCTb, KPUTEDIH.

Introduction
The information processing and transmission, especially in large volumes, accumulates and intersects,
which in the wrong organization leads to the loss of some data or to finding the wrong result, the system can also
simply be overloaded. Relationships within the system are quite complex [1]. If we consider all the elements of the
system to be equivalent and consider their interactions, the structure of the object under study will be too complex
for automation and further improvement, as well as for the end user. In addition, the information in the system is
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often presented in different forms. Therefore, it is important to have the tools to formally describe such data, to
describe complex relationships and to build an appropriate mathematical model.

Related works

Nowadays, there are many programs for rent and lease accounting [2-4], designed to automate paperwork,
staff work, direct accounting and optimization of various equipment, vehicles, real estate and more. As a rule, they
allow you to set the price, fill in the nomenclature, attach a photo, barcode, specify the duration of the lease, even
different markups for certain categories of customers. However, little attention is paid (or not taken into account at
all) to the fact that the data themselves can be complex, and no direct interdependence between different data is
studied, which leads to duplication of information and reduce the speed of its processing.

It is very important to analyze the subject area in detail, and only then build a mathematical model. And to analyze
the system, it is advisable to formalize it, identify variables, values of variables and identify the essential relationships.

The language of algebra of finite predicates allows not only to formally describe the process of data
processing taking into account the detailed system analysis of the subject area, but also allows to build an
economical model in the form of a logical network by decomposing the input many-placed relationship [5,6].
Relationships are described by predicates of algebra of finite predicates, and the introduced predicate of object
recognition allows to describe data of any nature [7-9].

Purpose
The problem of automating car rental is solved by building an appropriate logical network by describing the
subject area by means of algebra of finite predicates, decomposition of the original multi-place predicate into a
binary composition and introduction of additional internal variables characterizing the subject area. The aim of the
work is to increase the speed of data processing in the problem of car rental in the form of a logical network by
dividing the input multi-place relation into a composition of binary means of algebra of finite predicates.

Proposed technique and Results

The subject area "Car Rental Company" was taken to perform this task. The task consisted of building a
logical network using predicate algebra and building a mathematical model.

Regarding the formal description and selection of criteria, three criteria were selected, namely: x;— car
class, X3 — car name, X3 — presence of a driver. It should be noted that the attribute of the presence of the driver
actually determines the type of service provided (taxi or car sharing).

Regarding the allowable values of the first attribute, it was decided to use six main classes of cars. It should
be noted that this classification is generally accepted, but may differ due to certain conditions, for example, if all
cars of a certain class are not in sufficient demand. This phenomenon may be caused by insufficient earnings of
citizens of the settlement.

xi- Economy, x} — Comfort, x? — Comfort+, x} — Business, x] — Premium, x% — Elite

The company's fleet consists of the following cars:

a2 — KIA Rio, x% — Chevrolet Lacetti, x3 — Volkswagen Polo, x5 — Hyundai Solaris, x5 — Renault Logan,
x§ — Skoda Octavia, ¥ — Hyundai Elantra, x§ — Toyota Camri, xJ — Kia Optima, x3° — Hyundai Sonata, x3* —
Mercedes-Benz E-class, 3% — BMW 5, x1% — Audi A6, x3* — Mercedes-Benz S-class, x4% — BMW 7, x4% — Audi
A8, x37 — Mercedes-Maybach S-class

The last attribute can take only two values, and it was decided to order the order of any car listed in the list
of available, both with the driver and without him.

The predicate x3 means a presence of a driver, the predicate *3 means a driver is not present

The general view of the car rental company will be as follows (table 1), where the intersection of all
attributes instead of a certain value will contain an expression obtained from the algebra of predicates and a pre-
specified list of attributes and their valid values.

Table 1
Relationship between class, car name and driver availability
Class Car Name With driver No driver
1 2 3 4
Eeonomy KIA i g, TR
Chevrolet Lacetti xi-x%xé -q, xfx%x% —qy0
Volkswagen Polo xi-x%xé =qs xfx%x% =
Hyundai Solaris xi’x%xé —qy xfx%x% —qq
Renait Logn xlxix=as xhaiaizay
Comfort Skoda Octavia xfx%xé =g xfxgxg =3
Hyundai Elantra xfxgxé -q; xfxgxg — Qa4
Comfort+ Toyota Camri xfxgxé =qq xfxgxg =5
Kia Optima xfxz‘?xé:qg xfngxg:qzﬁ
Hyundai Sonata xfxéﬂxé =q4p xfxé.ﬂxg =qy7
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1 2 3 4
Business Mercedes-Benz E-class xf xél xé =4y xf xél x% =g
4..12..1 412 .2

BMW 5 XiXz"X3=0q32 X X357 X3 = fag

Aud A6 SR E I Er

Premium Mercedes-Benz S-class xf x %4 Xé =G4 xf x é"“ x% =31
5,15..1 _ 5.-15..2

BMW 7 XjX3"X3=15 X]X3 X3 =33

A 58 BRE xind =g,

Elite Mercedes-Maybach S-class x8xi’xi=qy7 xPx37 %% = qay

Next you need to use the variable m — determination of the name of the car according to its class and the
presence of the driver. To define 71 you must consider the values of all possible combinations of attributes x,%;
and X3. In this case the predicate of the car name will look like this:

m(xy,X,,%3)=x{x5x3 vV xtxdxd v aiadad v atadad v atadad v atadad v adadad v xfadad v xtadad

1,522\ 329621\ 2220622 v x2x70d v x22722 v 31801 v 131822 v 13590l \/ 43292\ 434101 \/ 13,102
Voadadad Voddagad V addagad v xiagxs v g as Vodadag Vadadad Vadagad Vadadad v afag®ad v ajxi’ad
V XTX3 X3V ATXS X5 VAT g VATt Vadadad vadaal vaiaad vaiafag vadaPad vaiaPadv

S 1601 \/ 15006, 2 \/ 08,1701\ 1B 17,2
x7xa3%x3 Vagaz®xs Vagas'ag Varagag .

Performing a disjunction operation on a variable:

xq

1

1.1 1.,1.2 _ _
xzxz VO Xjxaxz = qqV gig=my,

2

2.1 1.3.3 _ _
xXyx3%3 V X1x3%5 = g3V 9=y,
1,31 1,32 _ _
X1X3x3 V Xjx3x3 =q3V zp=Mg,
XTAXGV X{X3XG = quV Gy =my,

1.5.1v; +1.5.2 _ _
X3x3x%3 V X1X3%5 = G5V g2 =Ms,

X{AFA3V X3x5%5 = qgV Ga3= M,
X{IXTV X733 = q;V gaa=my,
xixfxi v xixfxi = qaV qs=mg,
xfx3xgV x§x3x5 =gV Gye=ms,

3,101, 3,102 _ _
Xjxg AV x1x3 X3 = @10V gz27= My,
4, 11,1y ydy itz

xquizxf x{ixfzx% =q11V gzg=Mmyy,
X7x3° X3V Xyx5°x3 = @13V 9= My,

4,131, .4.13.2 _ _
X7x Az V XX X5 = @13V gzp=Mys,
5,041y, 5,14 2 _ _
X]x3" Az V x{x7 X3 = q14V g3 =My,
x]x°x5V x3x3°xF = qisV Gz =My,
5,16, 11, 5,162 _ _
X7x3°A3V X7x3°X3 = @16V 33 =My,
xx37 x5V 2523725 = q17V Qaa=mys

The motive that prompted the operation of a disjunction operation on a variable is the desire to obtain an
economical system of influences of definitions, in which each influence of the definition of the name of the car
would correspond to one and only one name.

Binarization of a predicate that combines ™M with variables Xy, Xz and X3

Py (X1, ™) = X{(M1V My V MgV MaVMs) V X{(MeVM7) V. x3(MgV MgV yg) V XM 13V M VM g3) V
X3 (M 14V M5V ) V X§ My,
Py(x5, m) = X3y V X5myV x3my V x3my V x3mg V x§mg V x3m; V x§mg V ximg V x3%m,o vV
X3 myy V xgtmy, Voadmgg V xstmy, V xdimy s V x3omy v xy my;,
Py(x3,m) = (X3 V x3)(mMy V MV MaV MV MgV MgV MaV MgV MgV MgV MyqV MypV MgV MV
MysV MygViny7).

Let's represent the relations obtained by binarizing the predicate using graphs.
Graph of the relationship between 71 and x; variables shown on fig.1.
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Fig.1. Graph of the relationship between mt and xj variables

Graph of the relationship between m and x; variables shown on fig.2, where N belongs to the range from 1

to 17 inclusive.
N

N

Fig.2. Graph of the relationship between #t and x> variables

Graph of the relationship between mt and X3 variables shown on fig.3.
1 2

Fig.3. Graph of the relationship between m and x3 variables

Let's classify further the cars available for rent according to the following criteria: y1— rate type, ¥ — trip
type.

According to the first attribute, rates are divided into: ¥ — morning, v — day, yi — evening, v — night, yi
— mixed, for the second attribute, it can take the following values: V4 — trip through the city, ¥Z — trip between
towns.

Table 2
Relationship between rate type and trip type
Rate type Trip through the city Trip between towns
morning ylyl:}'{ 1}11}2 =k

S1Y2 1 L1152 6
day yiyi=k yivi=k;
Evening 'pf'yl :ffg 'pf'yz:.lfg
Night yiys=ks yiyi-k
Mixed 'pfvl:ff5 'Ff'i"zzkm

Next you need to use the variable 7 — determination the name of the car according to the type of available
rate and trip. To determine 1 you must consider the values of all possible combinations of attributes Vyand ¥s. In
this case the predicate of the car name will look like this:

n (VLY =Vivivyivi vyiys vyivivyivi v yivivyiy v yiviv yivi v yivi
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Performing a disjunction operation on a variable:

VivaVyiyi =k Vkg=n,
VEVIVyiyi=k,Vk; =n,,
VviviVyivi=ksVkg=mns,
VIVa VYiy: =k, Vkg=ny,
Viva Vyivi=ksVkyp=ns.

Let's binarize the predicate that combines 7 with variables yyand y5:

Py(V1, ) = iy V¥in, v ying v ying v yins,
Ps(va, ) = (¥ V y5) (1, V Ny Vg Vg V nig).

Let's represent the relations received at binarization of a predicate using graphs.
Graph of the relationship between 1t and ¥, variables shown on fig.4, where N belongs to the range from 1

to 5 inclusive.
N

N

Fig.4. Graph of the relationship between n and ¥; variables

Graph of the relationship between 1 and Vv, variables shown on fig. 5.
1 2

1 2 3 4 5

Fig.5. Graph of the relationship between 1 and y;variables

In the case of long trips or long-term car rental, cars should be classified according to the following criteria:
z,— a fuel type that is accepted by car, 2Z; — a duration of trip with a full tank (table 3).

According to the first attribute, its allowable values are the three most popular fuels, namely: zi — petrol,
z% — electricity, z3 — diesel. As for the second attribute, it was decided to divide it into the following values: 23 — up

to 2 hours, 2% —up to 6 hours, z3 — until a day, z5 — more than a day.

Table 3
Relationship between class, car name and driver availability
Trip duration Petrol EleF;:ilctiyt}ll)e Diesel
Up to 2 hours ZJ{‘Z%:I]_ ZJZ_Z%:IE —
Up to 6 hours zlzZ-1, zizi -1, zizi=1g
Until a Day zizi=1, zizi=1; zizi=1ly,g
More than a day Zi‘zgzh zfzé‘:lg —

Next, you need to use the variable b — determining the name of the car according to the type of fuel and
duration of the trip. To determine b you must consider the values of all possible combinations of attributes z; and
Z;.In this case the predicate of the car name will look like this:

b (2y,2,)=z1z3 v ziz5V z}z3 v zizi v zizi v zizi v 2323 v ziz5 v 2322 v 2§23
Performing a disjunction operation on a variable:
zizivzizi=1,vig=h,,

zizivziziv zizi =1,V ig Vig=b,,
zizdvzizivzizi=13vi; Vi =b,,
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zizdvzizi=1,vig=h,.
Let's binarize the predicate that combines b with z;T1a z; variables:

Pg(zy, b)= (21 V z§)(by V by V bV by )V z§(b, V by),

Let's represent the relations received at binarization of a predicate using graphs.
Graph of the relationship between b and z; variables shown on fig. 6.

3
1 2

1 2 3 4 2 3

Fig.6. Graph of the relationship between ™ and Y2 variables

Graph of the relationship between b and z; variables shown on fig. 7, where N belongs to the range from 1

to 4 inclusive.
N

N

Fig.7. Graph of the relationship between b and z3 variables

In order to increase the safety of our customers and eliminate unwanted traffic accidents while driving, it
was necessary to classify all cars according to the following criteria: 13— season, 73 — weather conditions (table 4).
According to the first attribute, its allowable values are the three most popular fuels, namely: 7i* — summer,

7 — autumn, 1 — winter, 73* — spring. Regarding the second attribute, it was decided to take into account the

following weather conditions: 73 — fog, 75 — rain, 13* — wind, 75* — snow, 75° — sleet.
Table 4
Relationship between season and weather conditions
Weather conditions Summer Autumn Seapen Winter Spring

Fog i =py 15 = Py =P Ty =Py

Rain Y =D 1 = ps - Y =pis

Wind 1175 = ps 75 = P 15 = Py N =Pia

Snow - - 13 =Po -

Sleet — - 713 T25 =Pio —

Next you need to use the variable ¢ — determination of car name according to season and weather
conditions. To determine € you must consider the values of all possible attribute combinations 13 and 73 . In this case
the predicate of car name will look like this:

SRR I [P . PG O R JONs (R JOU S U0 JAPUIR: JU (RN S SR SO SR DO
c(r.nm)=nn VI VR VR VS VS VIEs Vv vidg v v
il v iind v g

Performing a disjunction operation on a variable:

riry v ?;12?;21 v 213;"21 v :"142’;’"21 =V Vpr Vpg =cy,
NI VETE VR =pVps Vi =Cy,
RV VPRV i =pa Vpg Ve Vi =c¢3,
3 4
T = Pg=Ca,
3.5 _ _
T = P1g=FCs.

Let's binarize the connecting predicate ¢ with 73and 7; variables:
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Py(ry, €)= (' VI VI (e  V €,V c3) V(e V e3V 4V cs),
Py(ry, €)=l Vit ViV te, Vidcs.

Let's represent the relations received at binarization of a predicate using graphs.
Graph of the relationship between ¢ and 77 variables shown on fig. 8.

1 2 3 1 2 3 4
Fig.8. Graph of the relationship between ¢ and r; variables

Graph of the relationship between ¢ and > variables shown on fig. 9, where N belongs a range from 1 to 5
exclusive.

N

Fig.9. Graph of the relationship between ¢ and 3 variables

Let's build a mathematical model for determining the car in relation to its characteristics by class and car
name, as well as rate.
A paradigmatic relationship table between m and 1 displayed in Table 5.

Table 5
Relationship between car class, name and rate
Class Name Rate
Morning Day Evening Night Mixed
Economy KIA Rio xiadyi xixiyi xiadyi Xixgy; X1A3YE
Chevrolet Lacetti xixdyi xixiyd xixiyi xixdyf xixZyf
Volkswagen Polo xfx%yll xi‘x%yf xi‘ x% }if xi x% }if xf x% }ff
Hyundai Solaris xfx%yll xfx%yf xfx%vf xj]:x%}jf xi‘-’“’%'yf
Renault Logan xfx%yf xi‘x%yf xi‘x%}if xix%yf xfx%}ff
Comfort Skoda Octavia xix8yi xix8y? xixby} xixbyd xixby?
Hyundai Elantra xixiyi xixiy} xixlyi xix3yy xfxgy?
Comfort+ Toyota Camri xixEyl xixfy? xixfy? xixfyd -
Kia Optima xixdyi xix3yi xix3yi - xix3yi
Hyundai Sonata - xf xéo ‘5}12 xfx%n 1if xfx%n 1ff x]?X%U “ﬁ?
Business Mercedes-Benz E-class xf xél yf‘ xf xél 3’1,2 xf xél yf - -
LE iyl | aiaiyl | aialyd | ahaPyr | ahily
Audi A6 xixByd xixddyl afxPy - -
Premium Mercedes-Benz S-class - xf xé"“ 3’12 xf x%‘i }if - X fx %4 }ff
BMW 7 xS yd xSyl | xPxdyf - -
A AS kv | iyl | oyl | ey -
Elite Mercedes-Maybach S-class - xf xé? ylz xfx%T }if - X fx %T }ff

We binarize:
—ydrdad vorda2 voada3 vordad v aleB voaZab v vZa? voadaB v 349 v vdyll v xdyd2
Pro(X1,X2, Y1) = Vi(X1 X3 VXTX3 Vagas VXTXZ Vagas Vagxs VATX; VaiasVaixs Vayxy Vagxs® Vv
AP vaiaB vasxd®) vyiegag vaias v xiad varas v adad v aiad v aixl v afad v adad v xfxd® v afagt
£,12\, 4 13\, 25,14\, 25215 \/ 25216 v 26217\ v v (el v i a2 Vo elad v alad v alad v v246 v 2yl
O v iaiey ooy sboh bty s Db iy 2o AL vorhely Abadpy X2 VA2 Y
adafvadadvadiaPvaixa varx vaixP vaiat vaias v xfxds v afxdhv
yilxixd v xixd v xfxd v xfad v adad v xfaf v xial v adad v xixd® v afxdf v 3d3®) vy (xdxd v
xixg vt vaiadvadad vaixsvaix] v adad v xdxd® v xfad? v adadt v xfxdT).
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Let's build a mathematical model for determining the car in relation to its characteristics by trip type and
car name, as well as fuel type.
Paradigmatic table of relationships between entered intermediate m and b variables shown Table 6

Table 6
Relationship between trip type, car name and fuel type
Name With dr?v.er i Withm.lt' driver i
Petrol Electricity Diesel Petrol Electricity Diesel

KIA Rio x3xizi — - xixizi - -
Chevrolet Lacetti xixizi - - xixizi - -
Volkswagen Polo — — ngxézf — — xzax;fzf
Hyundai Solaris - - x%xézf - - xéx%zf
Renault Logan x%xézll - - x%x%zf —

Skoda Octavia xgxézf' — — xzﬁx;fzi' — -
Hyundai Elantra - x%xézf - — x%x%zf —
Toyota Camri — — ngxé‘zf — — ngxfzf
Kia Optima x3xdzl — - x3xdzi - -
Hyundai Sonata — - xéﬂxézf — - x%oxng
Mercedes-Benz E-class x%lxézf — — x%lxng — —
BMW 5 x3%xtzt - — x3ixszt — —
Audi A6 - aiadzl — - x3BPxizt -
Mercedes-Benz S-class — x%“xézf — — xé”‘x%zf —
BMW 7 - — x3%adz - — x2xizd
Audi A8 - x36xizd — - x36xizi -
Mercedes-Maybach S-class x%?xézf — — x%?xng — -

We binarize:
Py1(x2,%3,21) =

zZidgvaidvadxdvaiadvaddvallgdvalidvadTxd v xdd vaixivasaiv i vadxvxiixiv
x32x2 v xiTxd)
V z2(xxd v vadiadvadtad valxdvaBxdvadtaivalsxd) vai(3xd vadxdvalid v xitxlv

g vaddvaixdv x8xd vad®xdvalsxd)

Let's build a mathematical model for determining the car in relation to its characteristics by trip type and
rate type, as well as weather conditions.
Paradigmatic table of relationships between entered intermediate 7 and ¢ variables shown on Table 7.

Table 7
Relationship between travel type, rate type and weather conditions
Rate type Weather conditions In town Between cities
1 2 3 4

Fog yiyar yiyirs

Rain yiyars yiyirs

Moming Wind Vv f‘ ‘V%TZB V f‘ ‘V% ?"23
Snow j’f}’érzq yf}jgrzq

Sleet v j} 1’%7125 y J} 1%7125

Fog yivirs yivirs

Rain y f }’é 7"22 y 12 ¥ 22 TZZ

Day Wind viyird viyir?
Snow yiyars yiyirs

Sleet yiyir® yivire

Fog yivers yiviry

Rain yivars yiyin

Evening Wind yf }% TZB }}13 3}227"23
Snow 'Ff 'Fé' T;‘ y J.3 1’227124

Sleet yivir? yivirs
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1 2 3 4
Fog Vivits ViyiTs
Rain v f }’% Tzz y f 3’227122

Night Wind 1y f‘ 1}% 7‘23 v f 1:227*23
Snow yivars yivirts
Sleet yiyar® yivire
Fog yivem yivir;
Rain yEyars Vi virs

Mixed Wind V. f 1}% 7‘23 V f 1:221123
Snow yiyant viyin'
Sleet — _

We binarize:
Pio(V1,¥2i13) =
(rFVREVEE V) iys V yE vy vyt vy v vyl vi vyiviv yivi vyiyi v yivi)
ViR (viya VyEyvyiy: Vyiys vylyivyivivydyivyiyd).

Conclusions
Thus, a mathematical model was built in the course of the work. This model combines certain
characteristics and with the help of this model it is possible to accurately determine the attribute — car name. The
multi-place predicate, which reflected all the selection criteria (9 variables) by the user for car rental, is presented in
the form of a composition of binary:

P2y, %5,%5, M, V1, V2,M4,11, T2, €, 21, 22, 0) = Py (a0, m) AP, (x5, m)AP; (x5, )ALy (v, 1) A
AP (Vo MNP (24, B)AP; (25, B)NPy(1y, €) APy (13, C)nPyg (M, B)AP (N, c)AP 2 (m, ).

We see that the constructed mathematical model in the form of a predicate P depends on 13 variables: 9
selected parameters and 4 intermediate variables. It is the introduction of these intermediate variables that made it
possible to break the multi-place relation into binary ones. The complexity of the method of building a logical
network is precisely the analysis of the system for optimal input of intermediate variables. To solve this problem, it
was necessary to systematize all parameters in the form of tables, write the values obtained by the formulas of
algebra of finite predicates through predicates of object recognition, then write the predicates corresponding to
paradigmatic tables, and conduct, where possible, disjunctive gluing operation, binarization.

The results and data obtained during the work can be taken to the next display of the logical network
(fig. 10):

Fig.10. Logical car rental network

It should be noted that in addition to network performance, due to the parallelization of processes, it is
important to be able to solve the network not only analysis problems, but also synthesis problems [10-11]. That is,
the network can not only issue a car brand (or some other unknown parameter) based on the values entered in the
nodes, but, working iteratively, allows you to set the value on all nodes and determine its truth, or, conversely, the
known value of one of the parameters, find all relevant possible solutions.
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