ISSN 2079-0023 (print), ISSN 2410-2857 (online)

CUCTEMHMI AHAJII3 1 TEOPISI IPUAHSTTSA PINIEHD

CUCTEMHBIN AHAJIU3 U TEOPUSI IPUHATUS PEIIEHUM

SYSTEM ANALYSIS AND DECISION-MAKING THEORY

UDC 519.2 DOI: 10.20998/2079-0023.2019.02.01
A. E. GOLOSKOKOV, A. A. YAKOVENKO

ASSESSMENT OF THE COMPLEX SYSTEM CONDITION (ON THE EXAMPLE OF AN IT
COMPANY)

The paper considers the problem of estimating the state of the enterprise (on example of the IT company). The problem is presented in the form of two
problems. The first problem is the aggregation of the initial information and the second problem is the identification of the state of a complex system.
Authors formulated the problem and selected methods for solution of the problem. It is possible to form software for solving research problems. To solve
the problem of aggregation of initial data authors used the fuzzy cluster analysis, namely the fuzzy k-means method. A numerical research was carried
out and a test case was figured out in the MATLAB environment. In this test case the source data was reduced to a dimensionless form. Thereafter,
already reduced to the same scale, the initial attributes were reduced to fuzziness. The results allow to formalize linguistic variables, which are
characterized by the term-sets and definition range. The numerical results were approximated by analytical membership functions. The solution of the
first task allows to generate a set of possible fuzzy reference situations, which reflect the possible state of the system. Each situation is characterized by
the reference informational granule, which contains information about formalized linguistic variables. The second problem was solved by using the
method of fuzzy logic in the MATLAB environment. The test case was calculated. In this test case, the search of the situation in which the IT-company
is located was performed. At this stage, the current situation belongs to comparison with each reference situation. In this way, authors determined the
most similar reference situation to the current situation. An analysis of the resulting situation allows to argue the state of the IT company. The solution
of the second task allowed to establish assessment of IT company state. The theoretical and practical results can improve the efficiency of complex
system management.

Keywords: complex system management, condition assessment, fuzzy cluster analysis, situational approach, reference situations, informational
granule.

O. €. T'O/IOCKOKOB, A. A. IKOBEHKO
OIIHKA CTAHY CKJAJHUX CUCTEM (HA IIPUKJIAJI I T-KOMITAHIT)

VY poGoTi po3risiHyTa mpobiemMa OLiHKH CTaHy ImianpueMctsa (Ha npukiani IT-xommanii). [Ipobiema mpencraBieHa y BUNIIIL JBOX 3a/ad, a caMe:
arperyBaHHs BUX1IHOI iH(popMaii i inenTudikanis crany ckiansoi cucteMu. ChopMysIbOBaHO NOCTAHOBKH 3a/1aui Ta 00paHi MeToau iX BupitieHHs. Lle
JI03BOJIMIIO ChopMyBaTH MaTeMaTH4HE 3a0e3NeyeHHs Ui BUPILIEHHS 3amadi JociifpkeHHsA. J[is BUpILIEHHS 3amadi arperyBaHHs BXiJHHUX ITaHHX
BUKOPHCTAaHHI HEWITKUIl KJIacTepHHIl aHaii3, a came HediTkuil Meron K-cepenHix. 3milicHEHO YHCIIOBI JOCIHIJUKEHHS Ta IMPOPaxXOBaHHI TECTOBHH
npukiaz B cepenosumi MATLAB. B paMkax gaHOro TECTOBOTO NMPHKJIALy 3AiHCHEHO MPUBEACHHS BXIHUX AaHUX O O0e3po3MipHoro Burisay. Ilicis
1BOTO, BXKE MPUBEJICHI J0 €ANHOI [IKAIH, BXiIHI 03HAKH OyJIM IPUBEICHI 10 HEYITKOCTI B pe3yJIbTaTi 400 BAATIOCS (POpMaITi3yBaTH JiHT BICTUYHI 3MiHHI,
SKI XapaKTepH3YIOThCS TEPM-MHOXXMHAMM 1 oOjacTsMu BH3Ha4eHHS. OTpUMaHUH YHCENBHUH pe3ynbTaT OyB alpOKCHMOBAaHUII aHANITHIHHMU
(yHKIIIMH HaneXHOCTI. BupilleHHS NepuIoro 3aBJaHHS O3BOMHIO C(HOPMYBATH MHOXHMHY MOKJIMBHX HEUITKHX ETAJIOHHHX CHUTYalliid, 10
BiI0OpaXkatoTh MOXKJIMBI CTaHH cucTeMd. KO)KHa €TajJoHHA CHUTYyallis XapaKTepU3yeThes iH(GOpPMALIHOI rpaHysIo, sSKa MICTHTH iH(pOpMaLio mpo
hopmaimizoBaHi JTiHrBicTHYHI 3MiHHI. [[pyra 3ama4ya Oyia BHpillIeHa 3a JOMOMOTOI0 METOAY HewiTkoi Jioriku B cepenoBuii MATLAB. IlpopaxoBanuii
TECTOBMH MPUKJIIAJ, IKUI NOJIATAE B MOIIYKY CUTYallil, B sKiii 3Haxonutbes IT-kommanis. Ha nanomy erami moTo4Ha CUTYalisl MiAsrae MOpiBHAHHIO 3
KOXKHOIO €TAJIOHHOKO CUTYAIlI€l0, B PE3YJIbTaTi YOr0 BU3HAYAETHCS HAHOUIBII CX0Ka CHTYallis 10 MOTOYHOI. B pe3ynbTaTi aHami3y OTpUMaHOi cuTyaii
3MIMCHIOETBCST apryMeHTyBaHHs crtany [T-kommanii. BupimenHs apyroi 3amaui J03BONMIO BCTaHOBHTH OWIHKY cTaHy IT-kommanii. Otpumani
TEOPETHYHI Ta MPAKTUYHI Pe3yJIbTaTH J03BOJISIOTH HiJBUIIUTH €(EKTHBHICTh MPOLIECY YIPABIIHHS CKIIaJHOK CHCTEMOIO.

KaiouoBi ciioBa: ynpaBiiHHS CKJIQJIHOK CHCTEMOIO, OLIHKA CTaHy 00’€KTy, HEUiTKHH KJIaCTepHHW aHalli3, HeUiTKMH CUTyalidHuWil miaxin,
eTaJIOHHI cHUTYallii, indopmariiiHa rpaHyna.

A. E. 'O/IOCKOKOB, A. A. AKOBEHKO
OLEHKA COCTOSIHUSA CJOXHbBIX CUCTEM (HA IIPUMEPE I T-KOMITAHUN)

B pabote paccmoTpeHa mpobieMa OLEHKH COCTOSHHUS npeanpustus (Ha npumepe IT-xommanum). [IpoGiema mpencrapieHa B BUJE ABYX 3ajad, a
HMMEHHO: arperupoBaHie UCXOAHOH HH(POPMaNUK 1 HACHTU(DUKAIHS COCTOSHHS CI0XKHOH cucTeMsl. ChopMyIHpOBaHEI IIOCTAHOBKH 33124 H BHIOPAHBI
METOJIbl MX pelIeHHs. DTO TMO3BONHIO c(OPMHPOBATH MaTeMaTHYECKOoe OOecredeHne JUlsl PelleHus 3ajaun uccienoBanus. s perienHus 3agadu
arperupoBaHMs HCXOJHBIX JaHHBIX HCIOIb30BaH HEYETKHI KJIACTEPHBIHA aHaIH3, a MMEHHO HedeTkuil Meton K-cpennux. OcyIiecTBIeHbI YHCIEHHbIE
HCCIeIOBAHUSA M MPOCUUTAH TeCTOBEII mpumep B cpene MATLAB. B pamkax JaHHOTO TECTOBOIO IpHUMepa OCYIISCTBICHO MPUBEACHUE HCXOIHBIX
JTaHHBIX K Oe3pazMepHOoMy Buay. [locie 3Toro, yxKe NpuBeICHHBIC K €IHHOI ITKajIe, HCXOAHbIC IPU3HAKH OBLIN IPUBEIEHE! K HEIETKOCTH B PE3yIbTaTe
4ero ynajnoch (HOpMaanM30BaTh JMHIBHUCTHYECKHE IEPEMEHHBIC, KOTOPHIC XapaKTEPHU3YIOTCS, TEPM-MHOXKECTBAMH M 00JACTAMU OHpPEICIICHUS.
IMory4eHHBIH YUCICHHBIH pe3yIbTaT ObLT aNIPOKCUMUPOBAH aHATUTUYCCKHIMH (DYHKIMSAMHU IIPHHAUISKHOCTH. PemeHne nepBoil 3aga4uu MO3BOIIIIO
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copMHUpPOBAaTE MHOXKECTBO BO3MOXXHBIX HEUETKHX STAJIOHHBIX CHUTYAIMi, OTOOpa)karoIlMX BO3MOXKHBIC COCTOSHHMS cHCTeMbl. Kakaas 3TajoHHas
CHUTyalusl XapakTepH3yeTcsi HH(POPMAIMOHHON I'paHyNoH, KOTopasi coAepKUT HHGOpMauio o (HOpPMATN30BAHHBIX THHIBACTHYECKHX MEPEMEHHBIX.
Bropast 3anaua GbL1a peleHa ¢ HOMOLIbIO MeToza HeueTkoi toruku B cperie MATLAB. [IpocunTad TecTOBBIH IpUMeEp, KOTOPBIH 3aK/II04AETCs B IOUCKE
CUTyalluH, B KoTopoil Haxomutcs IT-kommanus. Ha naHHOM sTame TeKyllas CUTyalMs IOJUIEKUT CPaBHEHUIO C KaXKIOH DTaJIOHHOW cHUTyaluei, B
pe3yibTaTe 4ero ompexensercss HamOollee CXokas CHTyalus K Tekymieil. B pesymbrare aHanmsa IOTyYeHHOH CHTYaIlMM OCYIECTBISETCS
aprymeHTupoBanue coctosiHusi IT-kommnanuu. Pemenue BTOpO#M 3ajaud MO3BOJMIIO YCTAHOBUTH OLIEHKY cocTosiHus IT-komnanuu. [lonydyeHHble
TEOPETUYECKUE U NIPAKTUYECKHE PE3yIbTaThl O3BOJIAIOT HOBBICUTH 3((EKTHBHOCTH MPOLIECCA YHPABICHHS CIOXKHOH CHCTEMOIA.

KnroueBble ¢10Ba: yIpaBlIeHHE CIOKHOW CHCTEMOIl, OIlEHKAa COCTOSHUS 00BEKTa, HeUETKHI KIIACTEPHBIN aHANN3, HEUETKUI CHTYal[IOHHBIH

MOZIXO[I, TAJIOHHbIE CUTYalnH, HHHOPMALMOHHAS IPaHyJIa.

Introduction. The problem of managing complex
objects is one of the actual problems. It is characterized by
a large amount of information, a set of contradictory
criteria, a poor formalizability, and the influence of random
environmental factors. This leads to necessity to use the
mathematical apparatus of fuzzy situational control.

The main function of the system management is to de-
velop control actions to actuating mechanism in accordance
with a set of rules. A necessary condition for the correctness
of the generated effects is a reliable assessment of the cur-
rent state in which the control object is located.

This article discusses the aggregation of source data
and the procedure for assessing the state of an object.

Description of the research object. The Authors
have decided to consider the IT company as a research
object. An IT company develops custom software for
foreign companies. The company operates according to the
B2B model (business to business), it means, that a company
produces services and products not for the end consumer,
but for other business companies. The set of services that
are offered by developers is development, testing,
maintenance and support of software and business
applications, creation of dedicated centers for development,
testing and quality control of software and IT consulting,
taking into account the specifics of the business sector
(finance, insurance, medicine, biotechnology, energy).

Formulation of the problem. The formulation of the
problem has been considered from the point of view of
situational control in a fuzzy environment.

The state of the control object can be assessed by the
values of attributes - the distinctive features of the object.
The power of a set of attributes is determined by the
objectives of the control object and the features of the
control system.

The set of attributes values that describes the state of
the control object and the environment at some point in
time is called a situation. It is important to notice, that in
the progress of describing the attributes values, a large
number of situations may be formed. In this case, it is
necessary to aggregate the information.

The set of reference situations adequately describes
the possible states of the object, provided that the
management features are taken into account. However, it is
impossible to take into account all the features of
management. This leads to the need to use the concept of a
fuzzy situation [11].

A formal definition of “fuzzy situation” have been
given. Let Y be a stet of attributes, whose values describe
the state of the control object. Each sign Y; is described by
a linguistic variable < Y;,T;,D; >, where T; = {Ty;, .. ,Trmi}
— term-set of linguistic variable Y;, mi — is the number of
values of the attribute, D; — is the base set of the attribute
Y;. The number of possible situations in the enterprise is

very large, and the number of management decisions made
is much smaller. If the set of complete situations is divided
into subsets, each of which can be assigned a single typical
solution, then the management task, roughly speaking, will
be reduced only to the classification of external situations
entering the system. Thus, the problem of identification can
be represented in the form of two tasks. Namely, the
aggregation of the initial information and assessment of the
state of the IT-company.

The purpose of this work is to increase the efficiency
of the process of assessing the state of a poorly formalized
complex system. The article solves the following tasks:
aggregation of source data; assessment of the state of a
complex system [12].

Data aggregation. By aggregating information, the
authors understand the concentration of individual infor-
mation flows into an information granule of a single inte-
grated aggregate, which makes it possible to get a general
picture of the situation in the system. An informational
granule is a linguistic variable. The formation of informa-
tional granules was carried out using the method of fuzzy
cluster analysis, namely the fuzzy k-means method [1].

Data rationing. The input attributes x; and x, have
different dimensions. In order to be able to compare these
attributes, it is important to bring them to a dimensionless
form. Thus, the intervals considered should be brought to a
single scale. The reduction to a single scale is provided by
the normalization of each variable over the range of
variation of its values. The authors considered 2 methods
of bringing the source data to a single scale, which
normalize the bulk of the data at the same time
guaranteeing that the value is located in the range [0;1]:

Linear rationing. This method of data rationing is one
of the most common. The value of each element is
determined by the formula (1) [7].

* Xi — Xmin
= Xmax ~ Xmin ’ (l)
where  x; —element value;

Xmin — Minimal range value;

Xmax — Maximum range value.

Linear normalization is optimal when the variable
values tightly and uniformly fills the interval defined by the
empirical scale of the data. But this approach is not always
applicable. So, if there are relatively rare outliers in the
data, which far exceed the typical variation, then this will
lead to the fact that the majority of the values of the
normalized variable will concentrate near zero.

Sigmatic rationing. In  connection with the
shortcomings of the first method, it is safer to orientate,
when normalizing, not typical extremes, but typical one’s
statistical characteristics of the data, such as mean and
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variance. Sigmatic rationing allows to find a natural way

out of this situation and at the same time all the values x; €

oy oo .
Sigmatic rationing is carried out according to the

formula (2).
N X; — x
xi=f p >

2Rx-%)2,
= 71";" f(a) =

@

1

1+exp(-a)’

Data clustering. The state of the object or subject
area can be characterized by the values of some attributes
or parameters. If the set of states of an object has common
properties, or the values of attributes of the description of
states, it means that there is a class of object states. Under
the procedure of the formation of classes, classification,
understand the ordering of the states of the object according
to their similarities. The fuzzy k-means method creates
groups from a set of objects so that the group members are
the most homogeneous. The authors decided to use the
fuzzy k-means method to form term sets of linguistic
variables. In the work was used a package Matlab [10].

Suppose that the attribute x; takes values on the
interval [1; 15]. Having carried out the normalization of this
attribute, appears an opportunity to represent the elements
of the set in the range [0; 1]. The resulting elements are
subject to clustering, as a result, all the elements are divided
into 3 groups, each of which corresponds to a specific
cluster. The established cluster centers using the Matlab
package are listed in Table 1.

n..
where x = %; o

Table 1 — Cluster centers of attribute x;

Cluster Center
1 0.2528
2 0.5014
3 0.7582

The values of the membership function are given in
the table. 2

Table 2 — Matrix of belonging of elements x, to each of the

clusters
Element Cluster 1 Cluster 2 Cluster 3
1 0.9343 0.0034 0.0035
2 0.9734 0.0113 0.0203
3 0.9998 0.0209 0.0692
4 0.9102 0.2301 0.0423
5 0.7426 0.6340 0.0029
6 0.6144 0.7132 0.1142
7 0.4092 0.9614 0.2255
8 0.3321 0.9746 0.3374
9 0.2221 0.7746 0.4232
10 0.1134 0.5943 0.5692
11 0.0021 0.5134 0.6152
12 0.0423 0.0342 0.7477
13 0.0642 0.0023 0.9723
14 0.0203 0.0051 0.9909
15 0.0034 0.5234 0.9596

Each row of this matrix describes the degree of
belonging of all elements to one of three clusters.

Similarly, terms for the attribute x, were formed. The
definition range of this attribute is characterized by an
interval [10; 20]. As a result of clustering, the following
cluster centers were obtained (table 3):

Table 3 — Cluster centers of attribute x;

Cluster Center
1 0.2528
2 0.5014
3 0.7582

The values of the membership function are given in
the table 4.

Table 4 — Matrix of belonging of elements x, to each of the

clusters
Element Cluster 1 Cluster 2 Cluster 3
10 0.9343 0.0034 0.0035
11 0.9734 0.0113 0.0203
12 0.9998 0.0209 0.0692
13 0.9102 0.2301 0.0423
14 0.7426 0.6340 0.0029
15 0.6144 0.7132 0.1142
16 0.4092 0.9614 0.2255
17 0.3321 0.9746 0.3374
18 0.2221 0.7746 0.4232
19 0.1134 0.5943 0.5692
20 0.0021 0.5134 0.6152

In order to use the membership functions, they need
to be approximated. In this situation, the authors used the
Matlab package. The results of the approximation are
shown in table 5 [8].

Formulation of the problem. On the basis of the
obtained results, the set of reference situations have been
formed, which is characterized by a set of attributes X =
{xl ’xZ}'

The set of reference situations is a combination of all
possible variants of certain terms of these signs. As a result,
9 reference situations were formed [3].

S1 = <<”Number of projects in development” / “few”
> [ x; >, << ”Amount of developers involved”, / “few” >/
Xy >,

S, = <<”Number of projects in development” / “few”
> [ x, >, << ”Amount of developers involved”, / “enough”
>/ x, >

S3 = <<”Number of projects in development” / “few”
> [ x; >, <<”Amount of developers involved”, / “many” >
[ x5 >;

S, = << ”Number of projects in development” /
“enough” >/ x; >, << ”Amount of developers involved”, /
“few” >/ x, >;

Ss = << ”Number of projects in development” /
“enough” >/ x; >, << ”Amount of developers involved”, /
“enough” >/ x, >;

S¢ = << ”Number of projects in development” /
“enough” >/ x; >, << ”Amount of developers involved”, /
“many” >/ x, >;

S, = << ”Number of projects in development” /
“many” >/ x; >, << ”Amount of developers involved”, /
“few” >/ x, >;
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Table 5 — Approximte membership functions

Attribute Term Membership function
x Few x, — 0,3137)? x, — 0,3137
! uy (x1) = 0,5557exp {— (W)} + 0,5557exp{ <( 10 08963 )’ )}
Enough (x, — 0,5008)? (G —0,5008)2
Uy (%) = 82.1exp{ ( L 0.1025 —81,11exp = - - — o102
Many (x, — 0,6877)? (x, — 0,8256)2
us(xq) = 0.5568exp ( 10 08398 +0,901exp{— ) o132
X, Few (x1) = 0.4595 -0 288) +0.8856 -0 1608)2
Hlx) = BASToexp o 08343 CEIDEXP 0 T 01518
Enough (x; — 0,5009)? (x; — 0,5009)2
1w, (xy) = —759.2exp ( L 01023 —760,2exp | — [ ~————— 103
Many (x; — 0,6927)2 (x; — 0,6927)?
ps(x) = —12.79exp < 10 07384 +13,32exp{— 10 07452

Sg = << ”"Number of projects in development” /
“many” >/ x; >, << ”Amount of developers involved”, /
“enough” >/ x, >

Sg = << ”Number of projects in development” /
“many” >/ x; >, << ”Amount of developers involved”, /
“many” >/ x, >

Each reference situation characterizes a certain state
of an IT company. They can be formalized to argue the state
of the company. For comparison, two situations S; and S,
were considered [4].

So, the situation S; displays the reference state of an
IT company, which means that the company performs few
projects and at the same time few professionals are loaded.
This condition is ineffective.

Situation S, displays the state of the company, which
means that the company has a large number of orders and
many experts are involved. This condition is effective.

The reference state of the system is characterized by a
fuzzy information granule. The aggregation of the initial
data significantly reduced the dimension of the research
problem [2].

Assessment of the current state of the IT company.
A test example was considered, on the basis of which the
company is currently developing 5 projects in which 25
developers are involved.

The initial attributes are heterogeneous, and their
estimates for the parameters are not consistent. Considering
the attribute x,, rationing of the definition range [1; 15] was
carried out using linear and sigmatic rationing according to
the formulas (1) and (2), respectively. The results of the
calculations are presented in table 6.

Table 6 — Results of rationing of attribute x;

x first method second method
1 0 0.165

2 0.071 0.199

3 0.142 0.239

4 0.214 0.299

5 0.285 0.343

6 0.357 0.394

7 0.428 0.442

8 0.5 0.5

End of table 6 — Results of rationing of attribute x;

x First method Second method
9 0.571 0.549

10 0.642 0.601

11 0.714 0.684

12 0.785 0.703

13 0.857 0.76

14 0.928 0.8

15 1 0.834

Next, it is necessary to determine the degree of
fuzziness of each fuzzy set. For this have been made a
clustering of data, obtained as a result of rationing was
carried out (Table 6). To determine the degree of fuzziness,
two sets were considered, that determine the belonging of
elements to the term set “few”. The obtained results were
approximated by analytical membership functions and the
values of these functions were determined on the interval
[0;1] with a step h = 0.1 . The results presented in Table 7.

Table 7 — Membership functions values of fuzzy sets

X Ll = I'lAl LZ = HAZ
0.1 0.9061 0.172
0.2 0.983 0.672
0.3 0.953 0.98
0.4 0.555 0.912
05 0.123 0.257
0.6 0.009 0.008
0.7 0.0003 0.0001
0.8 0 0
0.9 0 0

1 0 0

This way two fuzzy sets were obtained L; = p,4, and
L, = py,. On the basis of fuzzy sets, clear sets L, = Ha,

and L, = s, were constructed, which are the closest to
the considered fuzzy sets. The construction of the clear set
is carried out according to the formula (3).
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1, if Ly, >05
s = | ©

~lo, if L,;<05

As a result of the calculations, clear sets L, = M4, and
L, = I, Were obtained. These sets are presented in table 8.

Table 8 — Membership functions values of clear sets

X Ly = My, L, = H_AZ
0.1 1 0
0.2 1 1
0.3 1 1
0.4 1 1
0.5 0 0
0.6 0 0
0.7 0 0
0.8 0 0
0.9 0 0
1 0 0

Now when clear sets are built, it is possible to
calculate the indices of fuzziness of each set. To determine
the indices of fuzziness, it was decided to use the Euclidean
distance using the formula (4).

2 n
IE = \/_ﬁz ba () — pa(x). )
i=1

To calculate the fuzziness of the sets, the office suite
Microsoft Excel was used. As a result, the following
fuzziness values were obtained:

1F = 0.2855,
£ =0.277

Now, it is possible to make a conclusion that a fuzzy
set obtained as a result of applying sigmatic data
normalization is less fuzzy. So, using the sigmatic method,
a less fuzzy set was obtained. That is why it is appropriate
to use this method in the future. Further, the attribute x,
was rationed, and results are presented in table 9.

Table 9 — Results of rationing of attribute x,

X x*

10 0,157
11 0,207
12 0,382
13 0,407
15 0,5

16 0,616
17 0,692
18 0,761
19 0,827
20 0,862

Based on the conditions of the test example, the
attributes x; = 5, x, = 25 . Using the tables 7 and 10, the
values of these attributes were determined in a

dimensionless form:x; = 0.33, x; = 0.5. Based on this,
the current situation S, can be written as follows:
So ={«K0.33/few >/x; >, K 0.5/enough >/x, >}.

Now, there is a problem to determine which of the
reference situations is closest to the current situation S_0.
For this, it was decided to use the Mamdani fuzzy inference
algorithm.

The algorithm consists of six main stages:

The first stage is formation of the rule base. Input
variables are x; and x,. Output variable — Situation, that
is, as a result of the algorithm execution, we should get one
of the possible situations [6].

To solve the problem using the Mamdani algorithm,
the following rule base was formed:

Rule 1. IF x; is “few” AND x, is “few” THEN

Situation = S,

Rule 2: IF x; is “enough” AND x; is “enough” THEN
Situation = S

Rule 3: IF x; is “many” AND x, is “many” THEN
Situation = Sg

The second step is fuzzification of input variables. As
a result of cluster analysis, membership functions were
obtained for each term of the input variables. It means that
the input variables are already reduced to fuzziness.

On the third step the degree of belonging of the
incoming value to a certain term-set is determined for each
rule and the minimum of them is selected using formula (5).

(®)

For this, the membership matrices obtained as a result
of clustering can be used, or by substituting the original
values of attributes into the corresponding functions
obtained as a result of approximation. Performing the
calculations, the results were obtained:

¢; = min{b;}.

c; = min{b; } = min{p, (x1); py (x,)} =
= min{0.6225;0.0086} = 0.0086;

¢; = min{b,} = min{p, (x,); pp (x;)} =
= min{0.3384; 1} = 0.3384;
c3 = min{bs} = min{uz(x,); ps(x,)} =

= min{0.038;0.0084} = 0.0084.

At the next stage truncated sets were found. The
number of truncated sets must match the number of rules.
All truncated sets were determined by the formula (6).

W = min{c;,p;(y)}. (6)
The truncated set of the first rule takes the form:
y; (0) = min{c;,u, (0)} = min{0.0086; 0} = 0;
ui (1) = min{cy,p; (1)} = min{0.0086; 1} = 0.0086;
ui (2) = min{cy,p, (2)} = min{0.0086; 0} = 0;
1; (10) = min{c,,u;(10)} = min{0.0086; 0} = 0.

The truncated set of the second rule takes the form:
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15 (0) = min{c,,u,(0)} = min{0.3384; 0} = 0;

13 (10) = min{c,,p,(10)} = min{0.3384; 0} = 0.
The truncated set of the third rule takes the form:
15 (0) = min{cs,u3(0)} = min{0.0084; 0} = 0;

w5 (1) = min{cs,pu3(1)} = min{0.0084; 0} = 0;

13(10) = min{cs,p3(10)} = min{0.0084; 0} = 0.

In order to find the truncated sets was selected step
h =1. To find more accurate sets, the step should be
reduced.

Next, a combined output set was constructed. It is the
union of all truncated sets and is determined by formula (7)

[7]1.

;" = max{p;}. (7

Combined set takes the form:

K" (0) = max{p; (0),u5(0),u3(0)} =
= max{0; 0; 0; } = 0;

;" (1) = max{p;(1),u;(1),p3(1)} =
= max{0.0086; 0; 0; } = 0.0086;

w"(2) = max{ui(2),u3(2),13(2)} =
=max{0;0;0;} =0

ui*(3) = max{p; (3,13 (3),n3(3)} =
=max{0;0;0;} =0

K" (4) = max{p; (4),15(4),u3(4)} =
=max{0;0;0;} =0

w;"(5) = max{ui(5),u3(5).u3(5)} =
= max{0; 0.3384; 0; } = 0.3384

K" (6) = max{p;(6),13(6),13(6)} =
=max{0;0;0;} =0

;" (10) = max{uj(10),u5(10),u3(10)} =
= max{0;0;0;} = 0.

At the last step, a clear value of the output variable
was determined, that is, the number of situation which
describes the state of the company. To implement
defuzzification, it was decided to use the center of
maximum method. In the center of the maxima method is
the arithmetic average of the elements of the universal set,
having the maximum degrees of belonging, formula (8).

Zx- Xj
— jeG 7] (8)
STd
where G — set of elements with a maximum degree of
belonging;

ijea x; —sum of elements of a set G;

|G| — power of set G.

In this case, the membership function has only one
maximum, then this coordinate is a clear analog of the
fuzzy set. This point has a degree of belonging p**(5) =
0.3384 and corresponds to the value y = 5. Therefore, it
can be concluded that the closest to the current situation S,
is the reference situation S;.

The Similar calculations were carried out in the
MATLAB environment and the obtained results were
obtained. As a result of the application of the Mamdani
algorithm in the MATLAB environment, the search for the
closest reference situation to the original one was carried
out.

According to the values of attributes indicated in the
condition of the test example, the value y =5 was
obtained. It means, that the reference situation Ss is most
similar to the current situation S,. The manual calculations
were performed correctly and coincided with the results in
the MATLAB environment.

Conclusions. The authors considered the problem of
assessing the state of the enterprise (for example, an IT
company). The problem is presented in the form of two
tasks: the aggregation of the initial information and the
identification of the state of a complex system.

Formulated problem statements and selected methods
for their solution.

To solve the problem of aggregating the source data,
fuzzy cluster analysis was used. Namely, the fuzzy k-means
method. Calculated test case. The obtained numerical result
was approximated by analytical membership functions.
The solution of the first problem allowed to form fuzzy
reference situations. Each reference situation is
characterized by an informational granule.

The second problem was solved using the fuzzy logic
method. Calculated test case. Using the fuzzy logic method,
the current situation was compared with the reference
situations. As a result, it was determined which of the
reference situations is closest to the current one. This
allowed us to determine the assessment of the state of an IT
company.

The theoretical and practical results can improve the
efficiency of complex system management.
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