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Abstract. Looks into evaluation of information provision probability from different sources, based on use of
linguistic variables. Formation of functions appurtenant for its unclear variables provides for adoption of decisions by
the decision maker, in conditions of nonprobabilistic equivocation. The development of market relations in Ukraine in-
creases the independence and responsibility of enterprises in justifying and making management decisions that ensure
their effective, competitive activities. As a result of the analysis, it is determined that the condition of economic facili-
ties can be described and determined by the decision-maker, in the presence of the necessary information. The confi-
dence of the decision-maker in the information received is different and the decisions made have a correspondingly dif-
ferent level of information risk. It is important to substantiate the procedure for assessing the numerical extent of infor-
mation risk in decision-making based on the information obtained in conditions of uncertainty. The use of a linguistic
variable in the processing of expert data presented in the form of a matrix of binary relations of values of the member-
ship function, which allowed to move to further processing of knowledge to support decision-making in the manage-
ment of industrial, commercial, financial and other activities. As a mathematical model for estimating the numerical
measure of information risk when making decisions based on the information obtained in conditions of non-stochastic
uncertainty, a model has been developed to model natural language uncertainties, which differs from existing ones by
formalizing knowledge taking into account uncertainty of input information. Making such a clear decision in a fuzzy
environment has appropriate values of effectiveness and risk. The paper proposes all the functions and accessories of
indicators of both quantitative nature and qualitative nature to bring their values in the field of definition to one scale.
Then the indicator of the effectiveness of decision-making will be a measure of the clarity of the cross-section of fuzzy
subsets, which correspond to the introduced indicators of information risk. The condition of economic facilities can be
described and determined by the decision-maker, if the necessary information is available. Decision-making on the
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numerical measure of information risk must be determined by a set of basic indicators (criteria), which can be both
quantitative and qualitative in nature. Predictive values of indicators should be determined in conditions of nonstochas-
tic uncertainty. In this case, the indicators of a quantitative nature can be determined by fuzzy triangular numbers,
which implement a high level of confidence in the subjective judgments of experts. Indicators of qualitative nature
should be presented in linguistic variables. The values of the indicators of qualitative nature that are predicted must be
considered for all fuzzy variable terms-sets of linguistic variables introduced into consideration. For any fuzzy variable,
the introduction to the consideration of a clear set of values as carriers of the a-level of its membership function allows
to reduce to a single interpretation of the predicted values of indicators of quantitative and qualitative nature in terms of
non-stochastic uncertainty.

Keywords: decision maker; linguistic variable; informational risk; numerical measure; nonprobabilistic
equivocation.

AHoTauis. Y cTaTTi BU3HAYEHO, 10 PO3BUTOK PHHKOBHUX BiTHOCHH B YKpaiHi MiJBHIIYE€ CAMOCTIHHICTE 1 BiA-
MOBITAJIBHICTB MiIPUEMCTB ITPU OOTPYHTYBaHHI ¥ NPUHHATTI YIPaBIiHCHKUX DillIeHb, SIKi 3a0€3MeYyIoTh e()eKTHBHY,
KOHKYPEHTHY X AiSUTBHICTB. Y pe3yibTaTi IPOBEACHOTO aHATI3y BU3HAYEHO, III0 CTaH HAPOIHO-TOCIIOAAPCHKHUX 00'€K-
TiB MOXe OyTH ONHCaHUi 1 BU3HaYeHHH 0c00010, 1110 IPUHMAE PillIeHHs, IPH HasiBHOCTI HeoOXiaHoi iHpopmauii. J{oBi-
pa ocobw, o mpuiiMae pillleHHs, 10 OTPUMAaHOI iH(pOpMAaIil pi3HA U PIMICHHS, 10 TPHUIMAIOTHCS, MAIOTh BiIIOBITHO
Ppi3HUIi piBeHb 1HPOPMALIHHOTO PH3KUKY. AKTYaJIbHUM € OOTPYHTYBAHHS MPOLIETYPHU OLIIHKH YHUCEIBbHOT Mipu iH(pOopMa-
[IIfHOTO PU3HKY NpU MPUHHATTI pillleHh Ha OCHOBI OTpUMaHO1 iH(opMaIlil B yMOBaX HeBH3HAYEHOCTi. OOTPYHTOBAHO
BUKOPHUCTAHHSI JIIHIBICTHYHOT 3MIHHOT IpH 00pOOI11i EKCIEPTHUX JAaHHX, NPECTABICHUX Y BUTIISAI MaTpuLi GiHapHUX
BITHOCHH 3Ha4eHb (PYHKIIi MPUHAIEKHOCTI, IO TO3BOJMIO MEPEHTH 0 MOJabIIoi OOpOOKH 3HAHB IUIS IiITPUMKH
TNPUHHATTA PIMICHs TPU YIPaBIiHHI BHPOOHHYOI, KOMEPIHOI, (DiHAHCOBOIO Ta IHIIMMHU BHOAMHU isUTBHOCTI.
B sikocTi MaremMaTH4YHOI MOJIEN OLIHKK YUCEeNIbHOT MipH iH)OpPMAIIHHOTO PU3KMKY NPU MPUIHATTI pillieHh Ha OCHOBI
oTpuMaHoi iHpopManii B yMOBaX HECTOXAaCTHYHOI HEBH3HAYCHOCTI PO3pOOJIEHa MOIENb, IO J03BOJISIE MOJCIIOBATH
HEBU3HAYEHOCTI MPUPOJHOT MOBH, SIKa BIJIPI3HIETHCS BiJl ICHYIOUHX (hOpMalli3alli€to 3HaHb 3 ypaXyBaHHSIM HEBHU3HAYE-
HOCTI BXiTHOI iH(pOpMAIlii, BAKOPHUCTAHHAM HEUITKUAX MiAMHOXKHH. [[pHIfHATTS TaKOTO YiTKOTO PIillICHHS B YMOBaX He-
YiTKOTO CEpPEIOBHUINA MA€ BIIIMOBIIHI 3HAUYCHHS MOKAa3HUKIB ¢(PEKTUBHOCTI Ta PU3UKY. Y pOOOTI 3ampoOIIOHOBAHO YCi
(hyHKIIT ¥ MPUHATICKHOCTI TOKA3HUKIB SK KUTHKICHOI MPUPOIH, TaK 1 SKICHOI IPUPOJIH, IPU3BECTH iX 3HAYCHHS 00Jac-
TI BU3HAUEHHSI JI0 OJIHIi€T MIKaau BUMIipy. B sikocTi moka3HuKa e(h)eKTHBHOCTI MPUIHSATTS pillieHHs] 00IpyHTOBaHa Mipa
YITKOCTI Tepepi3y HEWiTKUX IiIMHOXKHH, SKi BiIIOBIIAIOTh MOKa3HUKaM iH(opMmamiiHOTO pr3uKy. Po3BuTOK pHHKO-
BUX BiJIHOCHH B YKpaiHi IiJJBHIILye CAMOCTIHHICTD 1 BiJIIOBIIANBHICTh MiJNPUEMCTB PU OOIPYHTYBaHHI W MPUIHATTI
YIPaBIiHCBKUX PIllIeHb, 0 3a0e3MeuyoTh e)eKTUBHY, KOHKYPEHTHY iX AisulbHICTb. CTaH HapOIHO-TOCIIONAPCHKUX
00'eKTiB MOKe OyTH ONMCAHUH 1 BU3HAYECHUH 0CO00I0, 1110 NMPUIMAE PillIeHHs, TPH HasiBHOCTI HeoOXiIHOT iHdopMarlii.
[IpuiAHATTS pilIeHHS MO0 YHCEBFHOI MipH iHOPMAIIITHOTO PU3UKY HEOOXITHO BU3HAYATH 32 CYKYITHICTIO OCHOBHIX
MOKa3HUKIB (KpHUTEPIiB), sIKi MOXKYTb MaTH SIK KUIbKICHY, TaK 1 siKiCHy npupo.y. [IporHo3oBaHi 3HaueHHS TOKa3HUKIB
HEeoOXiIHO BH3HAUaTH B YMOBAaX HECTOXACTHYHOI HEBH3HA4YeHOCTI. [Ipy IIbOMy INMOKa3HMKH KUIBKICHOT NPUPOIH MO-
JKyTh OyTH BU3HAY€HI HEUITKUMHU TPUKYTHUMH YHCIIAMH, SIKI peatizyloTh BUCOKY JIOBIPY A0 Cy0’€KTHBHHUX CY/KEHb
ekcrepTiB. [loka3HUKH AKiCHOI MPUPOAN AOIUIHHO TTOIABATH JTiHTBiICTHYHUMH 3MIHHUMH. 3HAUYCHHS [TOKA3HUKIB SIKIC-
HOT IPUPOJIH, SIKI IPOTHO3YIOThCS, HEOOXITHO PO3IIISAIATH VISl BCiX, BBEJICHUX JI0 PO3IIISIY, HEUITKHX 3MIHHUX TEpPM-
MHOXKMH JIHTBICTUYHHX 3MIiHHHX. [[111 Oyab-K01 HEUITKOI 3MIHHOI BBEJCHHS O PO3TIIIAY YiTKOT MHOKHHH 3HAYCHb
SK HOCIiB 0-piBHS ii (DYHKLIT NMPHHAJIEKHOCTI JO3BOJISIE 3BECTH JIO €JMHOTO TIyMaueHHsS MMPOTHO30BaHI 3HAYEHHS
MOKA3HUKIB KUTBKICHOT Ta SKiCHOI MPHPOAHM B YMOBaX HECTOXaCTHYHOI HEBH3HAYCHOCTi. TOJIi MIOKa3HUKOM €(EeKTHB-
HOCTI MPUAHATTS pilieHHs OyJae BUCTYIATH Mipa YiTKOCTI Mepepily HediTKHX MiJMHOXUH, SIKi BIAIIOBIIAIOTH BBEJE-
HHM JI0 PO3IJI/y MOKa3HUKaM iH(QOPMALiHHOTO PH3HKY.

Kurouogi ciioBa: oco6a, 1o npuiiMae pitieHHs; JIIHBICTHYHA 3MiHHA; 1HGOPMALIHUI PU3UK; YKCENbHA Mipa;
HECTOXaCTHYHA HEBU3HAYEHICTb.

Introduction indicators of the companies vary in their po-

Development of market economy in Uk-
raine enhances independency and responsibi-
lity of companies upon justification and adop-
tion of managerial decisions, providing for ef-
fective, competitive activities. Results of pro-
duction, commercial, financial and other types
of activities depend on various factors, which
are on different level of interconnection bet-
ween each other and final performance indica-
tors of the company. Their interconnection, in-
teroperability and effect on final performance

wer, character and development time.

The state of national economic facilities
(production enterprises, distribution points,
etc.) can be described and determined by the
decision maker in case of necessary informa-
tion availability. From functional purpose
point of view, all objects can be divided into
stationary and mobile. According to [1], the
information support of the decision maker
about stationary and mobile objects can be im-
plemented from the following sources of in-
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formation: technical (economic) intelligence,
covert intelligence, space intelligence and the
media. Information on stationary and moving
objects of interest can be obtained for decision
makers from any of the aforementioned sour-
ces of information. Depending on the functi-
onal purpose of the object, the “trust” of the
decision maker in the received information of
the information source will be different and
the decision maker will take his decisions with
a different level of information risk.

The purpose of the article is to justify
the procedure for assessing information risk
numerical measure while making decisions
based on the information received.

Ease of Use

Let’s introduce into consideration events

Ag(,rq) and Ag(r;,consisting from, that content in-

formation r=1R for sstationary object,
where s=15 , and for s moving object, where
s=15 , Will be received from q information
source, where q=1,4. Then the probability of
events will be a numerical measure of P(A{%))

and P(Ag(rq)) information risk when making a

decision.

An acceptable assessment approach
P(A") and P(Aéz) under conditions of non-
stochastic uncertainty leads to introduction of
a linguistic variable g, = <"Event probability
value As(fg"> and g = <"Event probability
value Ag“q) ">, According to [3], a linguistic
variable is a tuple <p,S(p), X,G,M >, where
£ —name of a linguistic variable; s(g) —term
set of a linguistic variable s elements of
which «;,i=1n — name of fuzzy variable
<a,X,C(a)> as linguistic values of a linguis-
tic variable, where X — domain of fuzzy vari-
ables, C(ai)z{,ué(ai)(x)/x}, X X, (g () —
membership function value; G — syntax rule
designating a variable name « € S(B) as verbal
values of a linguistic variable; M — a syntax
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rule that matches each variable « S(3) fuzzy
set C(a) [2-5].

Based on the subjective idea of the deci-
sion maker about the considered information
sources intelligence capabilities, for the lin-
guistic variables introduced into consideration,
term sets containing the following values of
the fuzzy variable « can be determined:
oy — insignificant value of event probabilities

As(rc%Ag(r; a, — nearly insignificant value of
event probabilities Aéf(},Ag(z; asy — significant
value of event probabilities As(rgAérq) a, —
high value of event probabilities A, Aér(; .

The contents of the conditions that must
be satisfied generated for each value of the
fuzzy variable « € S(8) membership functions

are as follows [2, 3]. Let X <R, where R — set
of real numbers,x =inf X andx, =sup X .
IfS(B)={a,a,03,04}, then the set S(B)is sor-
ted by condition:

(Vaj € S(B)(Vaj €S(p) <i <jo @xeliy, (x)>
(VY € Clap) () 1 (x> ).
(1)
This means that a term that has a carrier
(membership function) located to the left
receives a smaller number and the term set of
any linguistic variable satisfies the conditions
Moy () =1 i=1m, andi=m, g eS(p),
which means — membership functions of a
fuzzy variable (terms) extreme values cannot
have the form of bell-shaped curves, which is

due to the location of these terms in an ordered
setS(B).

(Vaj € S(B) ap)(0< igg HE (a)C(aisy) (¥ <1,

(2)
which means inadmissibility in S(p) terms

when there is no natural delimitation of con-
cepts approximated by terms.

Vai € S(BNE e X)) =D, (3)

40 © A.O. Zinchenko, N.O. Korolyuk, E.A. Korshets, S.S. Nevhad



ISSN 1561-5359. llItyunwnii inTenekt, 2020, Ne 3

which means — for any value of a fuzzy vari-
able o thereis one xe X for which the mem-
bership function is equal to one.

(VB)(Ex € R)(3FxX € R)((WX € X)(¥ < X < Xp))

(4)

which confirms the fact that in any control
problem there is a physical restriction of nume-
rical values on the set defining the domain of
the linguistic variable in question definition X.
Based on these properties and practical
applications of the expected result and the
physical (technical) capabilities of the consi-
dered sources of information, the researcher
agrees with the decision maker the domain of
linguistic variables g, and 4. definition in the

form:

X=(0,05;0,1;0,15;0,2;0,25;0,3;0,35;0,4;0,45
;0,5;0,6;0,65; 0,7;0,75,0,8;0,85),

where accepted P(A{)= P(Aéz) <0,05 — indi-
cate the insignificance of information sources
in the information support system and
P(Aéf(l))ZP(Aé,r(:)<0,85 — technically not fea-
sible considered information sources.

In addition, the decision maker deter-
mines that the term “Insignificant probability”
is associated with the range x €X type
(=005 x,=01;, x=015  x,=0,2;
x5 =0,25); the term “Almost significant proba-
bility” — with the range (x;=0,25; x;=0,3;
x7 =0,35; x5 =0,4; x=0,45); term “Signifi-
cant probability” — with the range (x, =0,45;
%0 = 0,5; x;,=0,55; %, =0,6; X, =0,65); the
term “High probability” — with the range
(X3 =0,65; x, =07, X5=075 x;,=0.8;
%7 =0,85).

Fuzzy sets C(g),i=14 of a fuzzy vari-
able « can be formed on the basis of the ex-
pertise statement, which consists in expressing
preferences based on the qualitative compari-
sons, and processing expert data [3, 4]. Quali-

tative comparisons make it possible to mea-
sure the characteristic under consideration of a

linguistic variable that has several values.
Statement of expertise for the benefit of identi-
fying C(e;),i=14 is based on the following
[2]. For matrix A= |a;]:i,j=1n consideration
of the matrix equation AYT =2y allows you

to determine the corresponding eigenva-
lues 44, g =1,G, as the roots of the characteris-

tic equation A—- AE =0, where E — unit matrix.
To each eigenvalue 4,,q=1G will match its

own vectorYy, g =1.G . Matrix equation corres-
ponds to each square A

AYT=LY, (5)
which makes it possible to define its corres-
ponding integers:

Ag»q=1G, (6)
as roots of characteristic equation:

A-LE =0, (7)
where E is the identity matrix. Eigenvectors

Yy complies with each town number 2q. If
we have for matrix A:

aj >0; a5 =1/ a; ay =aajc: i, j,k=1n, (8)

that is, matrix A is integral, inversely symmet-
rical and coordinated, then equation:

A-LE=0, 9)

have one root;
A=A, =N (10)

It is matched with only one own vector
Y. Therefore, if the subjective opinions of
experts regarding
Cla;) :{ué(ai)(x)/x},xe)(,i=1,_n will expres-
sed by a positive, inverse symmetric, and con-
sistent matrix, then solving the equation
AYT =ny allows us to determine
Y = {1z, (0} vector, and measure of coinci-

dence A, With n will be a measure of the ex-
pert judgments coherence.

Each | expert 1 =1,L makes a judgment,
how many times the value of membership
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function, for example, valuea, of fuzzy
variable« , HE (ag) (1) exceeds the value of

membership function HE (o) X) where

) He(a;) () o1
He (@) (X)) vooal)
al) ~ald a0), thena) >0;a) =1, j=Tn.

Subjective opinions of experts are averaged,

>af) &

and  thenay; == ,

L
>k
1=1

provided that

n
2 HE () () =1, equals
i=1

o n ﬂé(al) (Xi) _ 1 (11)
DG ey %) Moy (X))
Then by equation

AﬂT = Amax 4 (12)

Vector i ={ug gy (XD} § =1n, where
Ui (o) (XD} = ki is formed. In the general case,
i

obtained from the results of examination pro-
cessing, the vector x may not satisfy the

equation AY"T =ny , for the consistency of a
positive inverse symmetric matrix meets the
requirement A, = n. Inequation A, >nis al-

ways correct. Deviation from consistency can
be estimated by the ratio

_ imax -n
n=———, (13)

because when comparing n elements, the ex-
pert expresses (n—1) judgments. Vector Amax
is the best one from the point of view of ele-
ment division of vector Au" by vectoru, a
Jmax — averaged value of Zmax vector compo-
nents. If »does not meet accuracy require-
ments, then matrix A corrects through the ob-
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tained u vector. The iterative procedure is re-

peated until it satisfies the accuracy require-
ments at the k-th step.

An expert makes his/her judgments re-
garding the value of membership function
HE (o) 6) exceeds the value of membership

function yé(al)(xj) each 1 on the basis of

qualitative assessment [5-8]. Under conditions
of non-stochastic uncertainty, the use of me-
thods in which the expert makes fuzzy judg-
ments allows the decision maker to “trust” the
results to a greater extent, since the expert is
relieved of the need to talk about the exact va-
lues of the studied parameters.

A matrix for ¢ values as an average
result of experts’ L opinions based on qualita-
tive binary comparisons in accordance with
[2] has the following form (14). Zeros corres-
pond to incomparability of elements for the
accepted value of the ¢ variable. Accordingly

(11), (12).

1 2 3 5 9|]047
05 1 1 5 7(1]023
033 1 1 2 3017 |=
0,2 02 05 1 2|]|007

0,11 0,14 0,33 0,5 1] |0,045
= Amax (0,47, 0,23; 0,17; 0,07; 0,045)

Obtained 4 vector doesn’t meet accu-

racy requirements (13). After the second ope-
ration 4 matrix becomes:

1 2,04 2,76 6,71 10,44
0,49 1 135 329 51
A= 0,36 0,74 1 2,43 3,77 |,
0,15 0,304 0,412 1 1,56
0,096 0,196 0,265 0,641 1

and the corrected vector
= (0,477; 0,233, 0,173; 0,071; 0,046) meets
accuracy requirements.

After normalizing the vector, the fuzzy
set of the fuzzy variable (term element) takes
the form

Cley) =(1/3,0,49/8;0,36/13;0,15/18; 0,1/ 25) .
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A similar setting of the examination and
processing of expert data for the formation of
fuzzy sets of the remaining fuzzy variables
give the following results:

A graphical representation of the obtai-
ned fuzzy sets C(a), C(ay), C(a), Clay) is
shown in Figure 1.

C(ay) = (0,1/24;0,4/28;1/30;0,9/33;0,44/38);
C(az) = (0,321 48; 0,44/ 50; 0,81/58; 1/ 60; 0,49/ 73);
C(ag) = (0,31/93; 0,56 /103; 0,8/113;1/120; 0,45/ 43 ),

4 uE‘({l]

1.0 A —
' / f
08 /ANEN/A 7
0 7T XN\ 7

f 7N ,
RN 7 \I7 7

]

= N7/ Y |
|l RN/ \ I
| N\ ANL TN /]

JA N A"

! it r KT

00501 02 03 04 05 06 07 08 085 p{Ag{g;']

Fig. 1. Graphical representation of the membership function of a linguistic variable

To make a decision, the membership
function levels xs =05 can be recommen-

ded and the decision maker can focus on the

values P(A(R) at the accepted terms for the
linguistic variable in question.

! X2 X3 X4 X5 X7 X8 X9 M6 M7
x 1 2 3 5 9 0 0 0 0 O
1 0,5 1 1 5 7 0 0 0 0 O
x3 0,33 1 1 2 3 0 0 0 0 O
x4 0,2 0,2 05 1 2 0 0 0 0 O
A=|x» 011 014 033 05 1 0 0 0 0 0
xz 0 0 0 0 0 1 0 0 0 0
Xg 0 0 0 0 0 0 1 0 0 O
xg 0 0 0 0 0 0 0 1 0 0
% 0 0 0 0 0 0 0 0 .. 1 0
x, 0 0 0 o o0 o0 ©0 0 .. 0 1

Thus, the problem of evaluating a rix of binary relations of the membership

numerical measure of information risk when
making decisions in conditions of non-sto-
chastic uncertainty has been solved. the use of
a linguistic variable is based on the processing
of expert data, presented in the form of a mat-

function values, which allows us to proceed to
further processing of knowledge to support
decision-making in the management of
production, commercial, financial and other
activities.
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Conclusion
As a mathematical model for assessing

a numerical measure of information risk when
making decisions based on the information
obtained under conditions of non-stochastic
uncertainty, a model is defined that allows
modeling uncertainties of the natural langu-
age, which differs from existing ones by for-
malizing knowledge taking into account the
non-stochastic uncertainty of the initial infor-
mation using fuzzy subsets.
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