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“SOFT” CALCULATION METHODS
IN THE EVALUATION OBJECTS OF COMPLEX SYSTEMS

Abstract. Today, humanity in its activities quite often interacts with complex systems of economic,
transport, construction and many other industries. The complexity of these systems will be manifested in a
large number of connections between elements that are connected not only to each other, but also to other
subsystems. Each of these industries consists of already well-studied and analyzed systems, such as
employee payroll. But, in addition, they also include systems based on a qualitative component that do not
yet have a developed mathematical description. Such systems include the influence of the internal climate
that unites the members of the organization's team on labor productivity. Scientists have proposed many
different approaches to solving this problem based on the use of statistical, differential methods. Even
machine learning, which is quite popular today, is also used in these tasks. But the vast majority of them
have a complex structure, which is manifested in the use of the apparatus of higher mathematics. Because
of this understanding of the model itself, its application recedes into the background. Accordingly, the first
place is the requirement to know and navigate in a complex mathematical description. Because of this, only
a narrow circle of specialists is able to use models built using this technology. The authors of this article
propose their approach, which is based on the method of artificial intelligence. We are talking about "soft"
methods consisting of such components as neural networks, genetic algorithms and fuzzy sets. It was on the
latter that the authors focused most of their attention for evaluating the objects of complex systems. Of
course, one method is not enough for the developed model to adequately represent the operation of the
system under study. And thus, to ensure the possibility of its dynamic description, genetic algorithm methods
were also used. Of course, these methods also have a mathematical description. But, in contrast to strict
mathematical methods, in these two approaches of artificial intelligence, the visual component is quite well
represented. This allows you to almost immediately answer the question of how this or that value was
obtained during the operation of the model, with the option of not using formulas for this. As a result of the
work carried out, a structural fuzzy model was created, which was expanded by the methods of crossing
over and selection.
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Moreover, it is apartment buildings that are taken into
consideration. As a result of the work of this model, ranks

In this article, it is proposed to consider and should be placed for each considered apartment. Since
investigate the objects of a complex system using the the factors have vague, blurred, qualitative, and
example of a model for evaluating the factors influencing ~ accordingly not quantitative indicators, fuzzy sets are
the choice of an apartment based on the comfort level. used for their processing. Let's consider the studied area

Introduction
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in more detail. The following factors are proposed for
analysis:

» the dimensions of the apartment, which is
understood as the existing area (respectively, if it is
provided in the technical passport) of the balcony or, in
the absence of such, the loggia;

» the spaciousness of the apartment, which means
the isolation of all available rooms, the entrance to which
should be through separate doors, and the spaciousness
of the kitchen, which should be convenient not only for
cooking, but also for its consumption at a separate table
by the whole family;

* apartment planning, which includes the
influence of existing values of solar insolation, air
humidity and average temperature;

» the location of the apartment, which means the
number of the floor where the apartment is located and
its relation to the total number of floors of the building,
excluding the elevator, as well as the view from all
windows of the apartment under consideration.

For the convenience of working with the considered
factors and their components, it is suggested to present
them in the form of Table 1.

Table 1 — Factors and their indicators of influence on
the comfort of the apartment

Name of the factor Indicator
dimensionality balcopy
loggia
. . room
infinitude Kitchen
insolation
planning humidity
temperature
location floor
kind

Accordingly, each of the indicated indicators of
influence factors has units of measurement presented in
Table 2.

Table 2 — Units of measurement
of indicators of influence factors

Indicator Units of measurement
balcopy dimensionality
loggia
room isolation
kitchen infinitude
insolation
humidity comfort
temperature
floor convenience
kind pleasure

The purpose of the article

The purpose of writing the article is to present the
structural diagram of the model that manages the objects
of complex systems on the example of assessing the
factors affecting the comfort of an apartment in an
apartment building. This model will be implemented
using artificial intelligence methods representing "soft"
computing.

Main part

To display the input parameters of the model, let's
present the factors and their indicators from Table 1
according to the following notations, indicated
respectively in brackets:

» dimensions (al)

v’ balcony (all)

v’ loggia (al2)

* spaciousness (a2)

v’ room (a21)

— the first (a211)

— friend (a212)
the third (a213)
kitchen (a22)
planning (a3)
insolation (a31)
humidity (a32)
temperature (a33)

* location (a4)

v' floor (a41)

v type (a42)

As can be seen from the presented list, only those
apartments with a number of rooms from one to three will
be considered. That is, studio apartments and apartments
with more than three rooms according to the technical
passport will not be considered. This is done for the
convenience of calculations.

Parameters all and al2 are considered only one at
a time or are omitted altogether, since the apartment can
have either a loggia or a balcony. Apartments without
balconies and loggias can also be evaluated.

It can be represented schematically with the help of
fig. 1.

< |

DN

ar

C

Figure 1 — Schematic representation of the calculation
of parameters all and al2

a2

rl in fig. 1 is the result of a vague estimation of
parameters all or al2. It can have intermediate values
from O to 1 or exactly 0 in the absence of both a balcony
and a loggia.
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Parameters from a211 to a42 will be evaluated
together according to the influence factor, as for example
in fig. 2.
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Figure 2 — Schematic presentation of the calculation
of parameters a2ll - a22

r2 in fig. 2 will contain the result of not only one
parameter a211 or a22, but all four. Therefore, there is no
OR designation in this figure.

Each parameter will be evaluated using a fuzzy set
consisting of three terms of the membership functions,
which will have a triangular shape.

Accordingly, table 3 presents terms for each unit of
measurement according to table 2.

Table 3 — Terms of measurement units
of indicators of influence factors

Units of
measurement

The name of
the term

The value of
U

dimensionality

insignificant

average

high

isolation

inconvenient

average

good

infinitude

insignificant

average

high

comfort

bad

average

wonderful

convenience

unlucky

average

nice

pleasure

inconvenient

average

good

[0...100]

Table 3 presents the column responsible for the

(stage 2) in order to obtain the defuzzification value r5.
This process is schematically presented in fig. 3.
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Figure 3 — The main stages of fuzzy logic
inference in the model

Figure 3 shows the following designations:

*  WI is phase 1 phase;

* W2 is defuzzification (intermediate) and phase
2 fuzzification;

» W3 is the final defuzzification.

Accordingly, stage 2 phase phasing will be carried
out according to the terms presented in Table 4.

value of U, which contains the value of the universal set,
the elements of which will measure the units of the
indicator at the stage of fuzzification.

By the way, the fuzzification stage will be carried
out in two stages. At the first step, the parameters for each
indicator will be estimated: rl...r4. After that, the
obtained four defuzzification values will be phased again

Table 4 — Terms of units of measurement

of phase 2 phase
The value of The name of | The value of
defuzzification the term U
from 0 to 0.3 small
from 0.31 to 0.6 average [0...100]
from 0.61 to | high
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In order to provide a model of dynamism, as
mentioned in the abstract, the value of U is planned to be
influenced by selection and crossbreeding. The authors
took this step in order to change the values of U and to
check the adequacy of the model. It is schematically
presented in fig. 4.
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Figure 4 — Effect of genetic algorithm on U value

In fig. 4 aj is the designation of units of
measurement of indicators of influence factors, and ri is
the value of defuzzification before the second stage of
fuzzification.

Thus, different values of r5 will be obtained, which
explains the different views on the evaluation of the
selected apartment by influencing factors. After
conducting at least 10 such experiments, the average
value taken will tell about the R rank of this apartment.
The saved R data can be used to determine the comfort
of a particular apartment.

We present the general structural diagram of the
considered model in Fig. 5.

The created model uses genetic algorithm methods
to replace the opinions of experts. Since fuzzy logical
derivation requires the participation of an expert who
determines his professional opinion when specifying data

for stages of fuzzy sets. But this leads to significant costs.
In order not to constantly involve experts in this subject
area on the one hand and to provide the system with
dynamic development.
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Figure 5 — General structural diagram of the model

Conclusion

In this article, the authors presented a structural
diagram of the model for assessing influencing factors
that determine the comfort level of an apartment in an
apartment building. For its construction, approaches
using artificial intelligence technologies were proposed:
"soft" computing. Precise sets and genetic algorithm
methods became the basis of the described model. In this
way, conditions were created for conducting experiments
in real life. In the following scientific studies, the authors
plan to use this model in brokerage activity. The obtained
data will be compared with the data existing in the field
of buying and selling apartments. This will, firstly,
provide an impetus for further optimization of this fuzzy,
fuzzy, complex system, and secondly, help to improve
the model proposed by the authors.
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«W’AKI» METOAU OBYUCJIEHHSA B OHIHII OB’€EKTIB CKJIAJJHUX CUCTEM

Anomauia. Ha cbo2o00mni 1100cmeo y ceoiii disnbHocmi 008071 4acmo 83acmo0ic 3i CKIAOHUMU CUCIeMAMU eKOHOMIYHOT,
mpancnopmuoi, 6ydigenvHoi ma bazamvox inwux 2anyzeil. CKIaoHicms yux cucmem nNpoAeIAmMuCa y 6eIUKill KilbKoCmi 36 A3Ki6
MIdIC eneMeHmam, Wo NOEOHAHI He uwe Mixc coboro, a Ui 3 inwumu niocucmemamu. Koswcna 3 maxux eanyseii CKiaoaemuvcs 3 yice
0obpe gugueHUX | NPOAHANIZ06AHUX CUCTEM, K, HANPUKNAO, HAPAXYEAHHA 3apodimuoi niamu npayienukam. Ane, okpim moeo, 0o
iX cknady 6x00smv MaKodiC cucmemu, sKi CRUPAIOMbCA HA AKICHY CKAA008Y, WO e He MAlomb PO36UHEHO20 MAMEMAMUYHO20
onucy. [lo maxux cucmem HanexdCumv GNIUE GHYMPIWHLO20 KIIMAMY, WO NOECOHYE HAEHI@ KOAeKMmusy opeauizayii, Ha
npooykmugnicmu npayi. Haykosysmu 3anpononosano ons eupiwienns yici npooremu bazamo pisHux nioxoois, uwjo tpyHmyOmscs
HA BUKOPUCIMAHHI CMAMUCIUYHUX, Oughepenyitinux memodis. Hagimb 0080111 nonyasphe Ha cb0200HI MAWUHHE HABYAHHS MAKONC
BUKOPUCIOBYEMbCA 6 MAKUX 3a0ayax. Ane nepesajicna Oinbuwiicmsv 3 HUX MAE CKIAOHY CMPYKMYPY, WO HPOAGIAEMbCA Y
sukopucmanni anapamy suwoi mamemamuku. Yepes ye posyminna camoi mooeni, it 3acmocyeanus 8i0Xo0umv Ha Opyeuil niaH.
Omoice, Hacamnepeo nOCMAE 8UMO2a 3HAMU Ul OPIEHMYBAMUC 8 CKIAOHOMY Mamemamuunomy onuci. epes ye nuuie 8y3vKke Kono
cneyianicmig 30amme 3ACmMocogyeamu Mooeni, wo nodyoosani 3 GUKOPUCMAHHAM MaKoi mexnonocii. Aemopu cmammi
nponouyioms citi nioxio, 6 OCHOGI AK020 NeJCUnb Memood wimyuHozo inmenexny. Hoemvcsa npo «wm’axiy memoou, o
CKNIA0aomscs 3 MAKux CKIA006UX, AK HEUpOHHI Mepedici, 2enemuuni ancopummu ma Hewimki muodcunu. Came Ha ocmauHix
asmopu i 30cepeounu Haubintvuie ceor y8azy 01 OYiHKU 00 €Kmie CKIaoHux cucmem. 36Utaiino, 00H020 Memooy 3amano, uod
po3pobnena mooerb 3mMo2na A0eK8AMHO NpeoCcmagumu pobomy cucmemu, wo oocuiodxcyemocs. Omoice, 0na 3abe3neyenus
Modcnugocmi i OUHAMIYHO20 onucy maxodic Oyau 3a0iAni Memoou 2eHeMmuyHo20 aneopummy. 36u4aiino, maxki Memoou Mmaxodlic
Marome mamemMamuyHull onuc. Ane, Ha 8iOMIHY 8i0 CIPOUX MATNEMATNUYHUX MemOOI8, Y YUX 080X NIOX00AX WIMYYHO20 IHMENeKNY
0o601i 006pe npedcmasnena Haoyna ckaiadosa. Lle dae smoey maiisxce 6idpazy gionogioamu na NUMAHHA, K 610 OMPUMAHO me
Yy iHWe 3HAYeHHs 8 npoyeci pobOMU MOOE 3 MONCIUBICIIO He 6UKOPUCIOBYBAMU 05l Yb0O20 Qopmyau. Y pesynomami npogedeHoi
pobomu cmeopeHo CMpYKMypHy HeuimKy Mooeib, Wo Po3uupera Memooamu Kpocuneoeepy ma cenexyii.

Kniouogi cnoea: 06’ckmu cknaonux cucmem; «m’aKiy 00uUCIenHA; haKkmopu enaugy; KOMGopmuicms; He4imKi MHOMCUHU
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