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Abstract

Objective: To justify the need and propose a new clarity index for the distribution of a fuzzy measure with an
arbitrary modality. Conduct a study of the new index and show its effectiveness, sensitivity and ease of use
for analyzing fuzzy data. Methods: for solving the problem using methods of set theory, fuzzy measures
theory and functional analysis, and formal logic. Results: A new index is justified and proposed, which
provides an estimate of the clarity for the distribution of a fuzzy measure with an arbitrary modality.
Formulas are proposed for calculating the clarity index for a fuzzy measure on a discrete and continuous
space. It is proved that the proposed index satisfies the properties that are advanced to the clarity indices.
Additional dependencies are obtained to calculate the clarity index based on the use of level sets for the
fuzzy measure density function. Discussion: the results of the calculation of the clarity index for a family of
fuzzy measures with various modalities are presented. It is shown that the proposed index completely
satisfies the advanced requirements to the logic of the performance of the clarity index and takes into

account the modality of the fuzzy measure.
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1. Introduction

This material is devoted to the definition of the
clearness indicator of fuzzy measures distribution.
Formulation of the question of this study is dictated
by the fact that to date, as the analysis of research
shows, there is no corresponding index. The need to
introduce this indicator of clearness for use in
control problems under uncertainty has been
discussed and argued in a number of papers [1,2].
But the introduction of clarity measures or duals to
them fuzzy measures of confidence distribution was
oriented, generally, on the analysis of the
membership function distribution of a fuzzy set

It is known that the membership function of a
fuzzy set in the case of focal elements nesting when
constructing of fuzzy measures coincide with the
distribution of the density of fuzzy possibility
measures [3]. This measure is a special case of fuzzy
measures, which can be used in solving control
problems under uncertainty. In particular, Higashi-
Klier fuzziness measures [4], Jager clarity measure
[5], a number of fuzzy measures that are based on
the metric approach [1] using a variety of metrics
(eg, Hamming metric, Euclidean, Steinhaus,
Tanimoto and other) [6] have been proposed.

However, the above measures and indicators of
clarity (fuzziness) do not allow to estimate the
clarity degree of an arbitrary fuzzy measures density
distribution with the modality, different from the
modality of "possible". At the same time the

introduction of such a measure is necessary to
address the control problems under uncertainty.

For example, to determine the performance of the
fuzzy filter [7, 8] in the height control loop of UAV
flight In this case, the estimated density distribution
of the output signal fuzzy measure. In this case the
estimated density distribution of fuzzy measure of
the output signal during the filter operation must
ensure clarity maximization of output estimating
density distribution of fuzzy measures in the area of
the true signal values.

Equally important is the use of the clarity index
of estimation density distribution of fuzzy measures
for the control algorithms of extrapolation and
prediction. In particular, to solve these problems the
proposed algorithms should ensure on the one hand
clarity maximizing of output estimation distribution
density of fuzzy measure, on the other hand, true
signal getting into the area with the highest density
of fuzzy measures [9].

In such a way, in practical problems solving
under uncertainty is expected widespread use of
clarity index of fuzzy measure density distribution.
However, current approaches do not allow to obtain
an clarity estimation of the fuzzy measures
distribution of the arbitrary modality.

2. Formulation of the research problem

To address the issue we take the distribution of
fuzzy measures g,.(-):2* —[0,]1] on a finite
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space X . In the future, we will consider a discrete
as well as continuous case for space X . Given the
fact that to date the Sugeno fuzzy measures [10] are
the most widely used in solving practical problems
using fuzzy measures, we will rely on this kind of
fuzzy measures in our studies. Note that the clarity
index proposed below can be used for other types of
fuzzy measures, such as Tsukamoto measures [11].

It is known that fuzzy measure satisfies the
following axioms [12]:
1. Restrictions: g,(@)=0, g, (X)=1.

2. Monotony: VA,B < X, A< B the condition

gx(4)<gy(B).
3. Continuity VF, < X, {F,} - monotonically

increasing or decreasing sequence of subsets
following condition is satisfied:

gX(li_I}an):h_)mmgX(Fn)'

Let fuzzy measure g,(-):2* —[0,1] has an

arbitrary modality and satisfies Sugeno measures A-
rule, for which the following condition is satisfied:

VA,Bc X,ANB=0, Ae[-1,+.

g(AUB)=g(A)+g(B)+A-g(4)-g(B). (1)
Let us denote A(x): X —[0,1] the density

distribution of fuzzy measure. For a given fuzzy
measure, we need to identify some clarity indicator
of measures distribution, which would allow to
estimate the level of uncertainty inherent in the

distribution of measure g, (-):2* —[0,1]. At the

same time we have to take into account the property
that if the measure is concentrated at one point
x*e X, then the measure is a measure of Dirac
[13] and it is as clear as possible. In this case, the
clarity indicator should strive for the maximum
value. Another limiting case is when we have a
complete uncertainty, that is, when the condition
Vxe X, h(x)=const is satisfied. In this case,

clarity index of fuzzy measure distribution should
strive to minimum. It is natural to assume that in the
case of a uniform distribution of fuzzy measure
density function the clarity indicator should be
minimal at any modality of measure. These
considerations  correspond to the intuitive
understanding of the clarity of fuzzy measure
distribution. This fact can be expressed as the
following statement:

"The more smaller subspace (smaller area) fuzzy
measure is concentrated, the more accurate it is and
the higher the clarity indicator. Conversely, the more

uniformly in the space X the fuzzy measure of an
arbitrary modality is represented, the more uncertain
it is, and the lower the clarity indicator."

In this situation it is necessary to make one
remark. Existing clarity indicators really consider
this condition for fuzzy sets. However, to apply the
structure of these indicators to the fuzzy measure is
difficult due to the fact that the fuzzy measure, in
contrast to the membership function of a fuzzy set is
a function of set, which assigns to each subset of the
set X some value in the unit interval. Not
accounting of this property leads to the estimation
error of measure degree clarity distribution when
attempting to use existing indicators clarity.

3. The purpose of the study

Thus, the objective of our study is to determine the
clarity index for the distribution of Sugeno fuzzy
measure of an arbitrary modality, that satisfies the
following properties:

1. If fuzzy measure g, (-):2% —[0,1] satisfies
the relationship g, (-)=A,(-), where A_(-) -
Dirac measure, concentrated at the point
a€ X , then the clarity indicator J(g ) tends
to the maximum value.

2. If g,():2" —[0,1] has a uniform measure
distribution density Vxe X, h(x) = const
then the clarity indicator J(g, ) tends to the
minimum value.

3. For two fuzzy measures g (-) and g3 ("),

specified in space X if the following condition
satisfied VA,Bc X, g\ (4)=gi(B),
Card(A)< Card(B) then J(g} ) > J(g)z( ) )

4. Research Methods

For the study, we will use the approaches of the set
theory, theory of fuzzy measure, functional analysis
and formal logic.

5. Research results

In the beginning, we consider the Clarity measure of
fuzzy measure distribution of an arbitrary modality.
To construct the clarity indicator let's consider on a
discrete space X confidence fuzzy measure
g, ():2% = 10,1] with non-decreasing on xe X
the fuzzy measure density function
Vx,ye X, x<y, h(x)<h(y)e[0,]1] (Fig. 1).
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Fig. 1. Explanation to the determination of clarity index
for the distribution of fuzzy measures.

Any point x, € X divides all set X on two

mutually  complementary ~ subsets so  that
Vx, e X,ANA =0,4 VA =X. We define
an increasing sequence of subsets

{4}, 4, =[x,,x,]c X , 4, =9 . For a discrete
set X index =1 defined by the set of natural
numbers [/ C N Based on the conditions of

additions, the sequence of sets {ZI} will be
decreasing sequence.
The value g,(4,) will define “volume of

measure” g, (-), concentrated in a subset 4, € X .

At the same time, based on the properties of the
monotony  of fuzzy measures we have

VA, c X,g,(4)<g,(4,,). Thus, the function
g,(4):2* —=[0]1] will be a non-decreasing
function of each A4, € X. Supplement measure
gy (Zl) based on the monotony property of fuzzy
measure for the sequence {4,} will be non-
increasing function for each 4, c X. It will
determine the degree of fuzzy measure g, ()

concentration in the area 4, € X .

by ) 0.

Consider the function d(x,): X —[-1L1] in the
form:

5(xi):gX(Ai)_gX(Ai)' (2)

This function shows how much more the measure
g (+) is concentrated in the subset 4, € X than
in supplements thereto 4, .

For shown in (Fig. 1) fuzzy measure with a
density of A(x): X —[0,1], function &(x,) taking
into account the empty set (i =0, 4, =<) will
have the form shown in (Fig. 2).

8(x)

1
05

0
1 2 3 4 6 7 X
05
A

A, VA, Aia
Fig. 2. Function 5()6[. ).

It is easy to see that &(x,) in general, is not

linear, and defines the region in space X , where
Supplement measure 4, € X exceeds the measure

of subset 4, € X . In (Fig. 3) as an example the
dependences of the density distributions of fuzzy

measures {hj (x)‘ J =1,_7} for a family of fuzzy

confidence measures FM ={ g; ()‘ J =1,_7} and

their respective functions &, (x) are presented.

Fig. 3. Density distribution of fuzzy measures a) and their

corresponding functions 5(xl.) b).

The ratio of the areas shown in (Fig. 2) for
positive and negative values of the function

O(x;): X > [-11] could be used to determine a
clarity index of fuzzy measure distribution. Function

O(x,) for a fixed x, € X shows how much the

measure concentrated in the subset ZI c X then in
the subset 4, € X .
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than the

clarity indicator of measure distribution may be
represented as the integral relationship:

j&(x)dx 3)

If we consider all subsets 4, € X

J R

(&x)="r ( 0
where Card(X) - cardinality X
in the expression for the clarity index provides a
normalization of index J(g, ) to 1.

, the use of which

Practically, the index J(g,) shows how much
—[0,1] concentrated
in the area at large values x, € X

more the measure g, (-): 2%
, than at small. It

should be noted that the indicator J(g,) can not
take a negative value as a function of measure
density h(x): X —[0,1]] is a nondecreasing
function on the space X . Taking into account the
easy transition from the integral sign to the sign of
the sum for the discrete set X clarity indicator of
fuzzy measure distribution can be represented as:

1
-1 Z o(x,). 4)

=0,/

J(gx): -
where I = Card(X).

Let us check whether the requirements for
determining the distribution of the fuzzy measure
clarity indicator are carried out. In particular, we
consider two limiting cases mentioned above:

a. clear distribution of fuzzy measure, given in the
form of the Dirac measure on the space;

b. uniform distribution of fuzzy measure on the
whole space.

Lemma 1. For crisp distribution of fuzzy measure
g, (), concentrated at a point a€ X clarity

indicator for this measure willbe J(g,)=1.

Proof. At absolutely clear

concentrated at a point a € X , have:
1, x=a;

Vxe X, g, ({x}):h(x):{o,xvta.

In this case, the function &(x): X — [-11] will be:
1, x #a;

measurc

gx(),

Vxe X, 5@):{

-, x=a.
Let £ point neighborhood a € X . Then:

J O(x
(8:)= Cara’ I

1
= O (x)dx+ O(x)dx |=

Card (X) X\[a:[‘,a+£] [a—s'!-a-%—s]
B Cam’(X\[a—E,a+8]) Card([a—g,a+€])
- Card (X) Card (X) .
At £€—>0 Card(X\[la-¢€,a+¢€])—1, and
Card([a—é€,a+¢€])— 0 and  consequently
J(g,)—1. For the discrete case, we have a
similar result:
1
(e) =7 2 o()
1
::’ Z 5(xi)+(5(x0)+5(x1)) :

i=1,1-1
Based on the expression (2) we have d(x,)=1,

O(x,)=—1 Then the clarity indicator will be:

—(1-1)=1

Thus, when the exact distribution of fuzzy
measure (the measure is concentrated at a single
point of space) the clarity indicator acquires value
equal to 1.

Lemma 2. For a fully uncertain distribution of fuzzy

measure g, (-), for which the density of fuzzy
measure acquires the values Vxe€ X, h(x) = const
clarity indicator will be J(g,)=0.

Proof. To illustrate the proof we consider a discrete case
of fuzzy measure distribution. Measure of subset

A, < X consisting of i points is given by [1]:

1) (5)

For uniform distribution of fuzzy measure following
relation holds:

gX(Ai):/l,L'(H(l"i'l'h(xi))_

X, €4;

gX(Ai):;'<(1+ﬂ‘.g)i _1)3

Vx, e X, h(x;)=
represent the measure value for
A; = X \ 4, in the form:

where Similarly, we

complement



V. Bocharnikov. Determination of the Index of Clearness for the Distribution of Fuzzy Measures 49

gX(At):;’((l‘i‘ﬂ'g)“_l)'

Based on introduced notations the function J(x;,)

for point x, € X will be:
5(xi):gx(2i)_gx(‘4i)=

:%-((1+/1-g)1i—l)—%-((l+l-g)[—l)=

=%-((1+/1-g)1_i—(1+/1-g)i).

Then, the clarity index can be written as:

J(gx):ﬁ.l;l((uﬂ.g)z,-_(1+/1,g)f):
1 I~ i
:—(1—1)-/1.,»_20,‘?@ -d'),

where a=(1+1-g).

Let us consider the resulting expression. Value

i=0,/. Hence for odd I/ we can regroup the
values under the sign of the sum as follows:

o~ S ol o]

i=0,1

N | —

1
=———--0=0.
(1-1)4

If I -is even the expression takes the form:

J(gX):ﬁ(“H—a’%
(1_11) A i—zo,:l[ al_i_al)+(ai_a1_,)] %:
1

= e a0}

Where k - is the value at which / —k =k . But at
this case @' = a" consequently J(g,)=0.

In such a way, with a uniform distribution of
fuzzy measures not depending on its modality
(regardless of the value of A), clarity indicator will
be equal 0. Consequently, at full uncertainty of
measure distribution we obtain the minimum value
of the index, it corresponds to the statement of the
problem

Implementation of the third property
(monotonicity property) of the proposed -clarity
index of fuzzy measures distribution can easily be
verified experimentally. Let wus consider the
distribution of fuzzy measures densities gl - g7
shown in (Fig. 3,a). For these distributions following
condition is satisfied

VAc X, s,t=17, s>t, gy(4)=g\(4).
For example, for the subset A ={xs,x,,x,}

measures value s=1,7, gy (4) and values of

clarity indicators J (g}) distribution of these fuzzy

measures is presented in (Fig. 4).
1

0.8 /ﬂ—o
0.6 /j, /O/q — gx(4)
TN Y
| V4

1 N

1 2 3 4 5 6 7

Fig. 4. Monotony property of clarity index of fuzzy
measures distribution.

Thus, the proposed construction of the clarity
indicator of fuzzy measure distribution satisfies the
nominated requirements and can be used to
determine the uncertainty level of the specified
measures distribution.

It is important to note that the construction of the
proposed clarity indicator implies the possibility of
reordering density function of fuzzy measure /(x)
ascending SO that the condition
Vx,ye X,x<y, h(x)<h(y)el0,1] satisfied,
which allows to implement function integration
O0(x): X = [-1L1] over the variable xe X . In
practice, this procedure can be difficult, especially in
the analysis of measures distribution on the
continuous space X . In order to avoid such a
procedure in the existing clarity indices on a
continuous space transition to « -level sets is used
[3]. This approach allows to consider the increasing
sequence of & -level subsets for the fuzzy set and go
to integration by « level. This method can be
directly used to construct the proposed -clarity
indicator only in the case where for the function
O(x) there is a functional relationship between

xe X and e [0,1].

However, this condition is extremely rare. If the
function of measures density has domains in which
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h(x) = o, then the direct application of transition to

o -level sets is impossible due to the fact that the
measure is a function of the set. Therefore, we
consider a modification of the proposed clarity
indicator by using for its representation the ¢ -level
approach of sets ordered sequence determination.

To derive the clarity indicator of fuzzy measures

distribution g, (-):2* —[0,1] we first consider
the discrete space X .

Lemma 3. The clarity index for distribution of an
arbitrary fuzzy measures g, (-):2" — [0,1] on the

discrete space X is determined by the following
expression:

e E )

j=LLN

N, -1 N, -2
'(c Lo+, +"'+Cal+1)—1}-

where N - the number of « -levels density
distribution of fuzzy measure /(x;)€ [0,1]i=1,1,

N=UN[Z/_ -Na_,' amount of points x,,7=1,/ of

a;

space X , for which A(x,)=«;, ¢
aa/ = H(1+ﬂh(xl)), ba/-l =

x€G;

: =(1+1-a,),
H(1+l-h(xi)).

x€G;

o

Proof. Let density distribution of measure is set as
illustrated in (Fig. 5). For clarity of derivation, we
will consider the function of measure density

h(x,)e [0,1],i= 17 which has areas with the same

measure density.

] oakx) [T /| a,
y ./

/ \ i
0.1

[ A

T

1 2 3 4 5 6 7 X

Va

Fig. 5. Derivation of clarity indicator on discrete space.

Let’s define a subsets family of strict ¢ -level for
a given fuzzy measure density as follows:

G, ={xi € X‘h(xi)>a0,i=L7},
G, ={xi € X‘h(xi)>al,i=ﬁ}, etc.

Then the construction of clarity measures can be
represented as a step by step procedure:

8, = 2(G,)-¢(G, )=
= g(G, U{x,. x5, 1, 1) g(G,)=1
8, = g(G, Ufx;.x, D) - g(G, uix, ).
8, = g(G, u{x, ) - glG, Uix,.x;})
8, = 8(G) - g(Gy ix, x5, x,})=
= g(G, u{x,.x, ) -g(G,)
8, = g(G, uix ) -g(G, u{x,}).

S, = g(G,) - g(G, U{x,,x.})=
=g(G3 u{x3,x4})—g(62),

d, = g(G3 u{x4})—g(C_?2 U{x3})

0, = g(G3)—g(G2 u{x3,x4}) =
=g(G,)-g(Gy)=-1,
where G, =G, =0, g(@0)=g(G4)=0.

From this expansion clear that the values
0.,i€{0,1,5} associated with & -level ¢,. Let us
denote /, a subset of the index of given values ;.
Similarly, the values &,,i€ {2,7} associated with
the level ,, and J,, i€ {3,6} associated with the
level ;. Their indices subset will be denoted by

analogy [, and [, , correspondingly. Then all

indices set [ can be presented as follows:
I=1,vI1, VIi,.

Based on the expression (4), and introduced
notations, the clarity index for a given fuzzy
measure on a discrete space is defined as:

J(gx):
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Let us consider term O, in the given expression.
These elements may be represented as:

g(Gl U{xS,x7})=

:%(H(Hﬂ,-h(xi))- (1+z-h(x,,))-1].

g(éou{xl})=
:%(E(1+/1-h(xl.))-(1+/1-h(xl))—l}

However, for the measure density we have
Vie {1,5,7}, h(x,) = @,. We introduce the notation:

(1+4-a)=c, . [0+ 4 h(x,))=qa,

x,€Gy

and

H(l +A-h(x;))=b, . Then the expression for

x;€G,

the term &, takes the form:

6= 30 % b eq) = g ey b
l_zaal'cal_ aﬂ'cal - aal'cal_ /"

A

Using the notation introduced above we consider
the sum of:

S 8=048+0,=3{a, ¢, =b )+
+%(aaI -c; —ba0 “Cp )"‘%(%1 “Cp —bao 'C; ) =

:%(awl “Co —b%)-(c;l +c, +1).

Let’s present remaining sums by analogy:

35 =6, +6, =/11(aa2 2 —b, )+

iely,

On the basis of these relationships can be traced a
stable pattern of representation of partial sums tied
to « -level of fuzzy measure density distribution.
Summarizing the results, we can write a general
expression for the clarity index of fuzzy measures
distribution:

J(gx)zl%'l:

e

51-+z(5,-+25,-+54}=
1

o iel,, iely,

where N
fuzzy measure density, N = UN a Na/_ - number

a;

- number of « -levels distribution of

of points x,,i=1/7 of space X, for which
h(xi):aj’ aa,- = H(1+ﬂ’h(xz))’
' x€G;
by, = IT (1+2-2(x)), Cq, =(1+1-a,).
xeG

Let us consider constructing of clarity index of

fuzzy measures distribution for the case of
continuous space X . As previously noted for the
continuous distribution is difficult to re-order
measures density function by ascending. Transition
to o -level subsets is difficult in the case where
there is domains of definition of measures density
function, for which the condition /(x) = & = const
holds. For continuous space clarity index defined by
the relationship (3).
Lemma 4. The clarity index for distribution of an
arbitrary fuzzy measures g, (-):2% —[0,1] on
continuous space X  with density function
h(x): X —[0,1] defined by the expression of the
form:

1

M) Cara ()

(7
b, 1.

satisfies

where c¢,,b, the ends of the segment [c

o

where the measures density function
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h(x)=ae[0,1],G, ={xe X‘h(x)Za},

A I h(x)dx

G(f:{xe X‘h(x)>a’}, p(éa)ze G ,
2 [ h(x)ax

p (sz ) =€ -

Proof. To illustrate the proof we consider the

distribution of  fuzzy measure density

h(x): X —[0,1], shown in (Fig. 6).

: héx) —\ /
: \/
N
0 / S S
AW A )

Fig. 6. The function of the fuzzy measures density.

The measure of subset A — X on the continuous

X is defined by the expression [9]:

1 A Ih(x)dx
gX(A):*' e " —1¢.

For the point x€ X in the case of a non-
decreasing measures density function /4(x) the

value of the function d(x), that is used in the clarity

indicator J(g , ) will be as follows:

S(x)=g, (A(x))-g, (4(x))=

1 l»J:h(x)dx A [ h(x)ax
=z- e —e .

The use of this function in the index J(g,) on the

condition of an arbitrary distribution A(x) is

difficult. Therefore for ordering of subsets should be
used « -level sets for a given distribution of the
measure density. It will allows to make a change of
the variable in the expression of clarity index and
proceed to the integration over ¢ . To derive the

formula we consider the point xe€ [b,c]c X,
which lies on area with a constant density of the
measure A(x)=a = const (Fig. 6). We introduce,

for an arbitrary o€ [0,]] sets of normal

and strict

G, ={xe X|h(x)2 e [0,1]}
G, ={xe X|h(x)>ae [0,1]} a-level.

Then, complement of o -level set will be
G, =X\G,. Using this notation we can write:
A(x)=G, Ulb,x] and A(x)= G, . Ulx,c]. Let
us consider the second term in the brackets for
values of the function J(x):

h(x)dx A

=p((_;a)_e [bx]
Considering that on the interval [b,x] the density

i’jh(x)dx A I h(x)dx

e 4 =e G b.x]

measure /(x)= @ we may write:
_ A J. h(x)dx _
p(G,)e™  =p(G,)e .
Similarly, we expand the first term in the brackets
for values of the function d(x):

A-J.h(x)dv A h(x)dx
b _ Ga+u[x,c]\{x}
e =e =
A h(x)dx
- p(Ga+) e et —

=p (Glf ) . el-a»(c—x) . e—/l»a.
Then, the value of the function d(x) will be:

o(x)=

(G, )= p(G, )]

In the absence of a function area with a constant
density of the measure at the point xe X
(functional relationship is performed
h(x)=c, h™'(o)=x) the following condition is
satisfied:

exp(A-a-(c—x))—>1,

c—>b=
exp(A-a-(x-b))—>1.
Then the value of the function at the point
x € X will be determined by expression:

1 -Al-a ~
§(x)—z[p(Ga+)-e —p(Ga)].
This function will only depend on the value &
and we can make the change of variable:
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0(x)= (). However, in a case when there is an
area Vxe [b,c]lc X, h(x)= o =const the value
O(ar) will be determined by the integral:

5(0{)=[J.‘]5(x)dx=

— p(Goﬁ) e ' J’ ﬂva»(c—x)d
A [b.c]
r(G.)

= (G ) -p(G)]

Is evident that in the case of the functional
relationship between & and x, we have a particular
case of the expression obtained for the function
O(a). Based on the foregoing expression for the
function O(ax) at the transition to the parameter o
clarity index will be determined by the ratio:

0.8 -
hy(x)
0.7 1

0.6

0.5 1

0.4 -

0.3 1

0.2 +

0.1 +

0 4

1 1
I(8x)= Card (X)) -ae_[[),l]5(a) do= Card (X)) '
(e}*”'(ca*ha) -1 _
ae.[[)’l]T)-{p(Gf)-e“ —p( “)}da

where c,,b,

where the measure density function satisfies the
condition 4(x)= & = const . Q.E.D.

the ends of the segment [c,.,b ],

o’ o

Thus, the transition to the parameter &€ [0,]]

allows you to calculate clarity index of an arbitrary
fuzzy measures distribution, both on discrete and
continuous space X .

6. The discussion of the results

The proposed clarity index allows to consider the
distribution modality of fuzzy measure density.
Consider a family of fuzzy measures with different

modalities FM = { g% ()‘ i= 1,_7} , shown in (Fig.7,a)

1.
8:(A)
0.9 -+

0.8 -

a 0.7
0.6
0.5

0.4

0.3

0.2 1

01 1+~

1Y2 3 4 5 6|7 X
—/—/
Al(a)

b

Fig. 7. The family of fuzzy measures. On a) the density of a measure, on b) the value of a measure.

Fuzzy measures of
distinguished by their densities.
following condition is satisfied:

hy(x) = (hy(x))", =17, h(x)

distribution density function of i-th measures,

indicated family are
In this case

where

B, 20, i=17- tension-compression factor for i -
th measures, /,(x) basic linear function of the

distribution density of the form:
hy(x)=0.0714-x. The dependence of measures

measures

A - parameter from tension-compression [, is

shown in (Fig. 8).

1.200

0.800

0.400

0.000 T T / P

0.900 0.500 1.000 1.% 2.000

-0.400
/
ol

-0.800

-1.200

Fig. 8. Relationship between measures A - parameter on

tension-compression /3, for a family of measures.
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Based on analysis of the given fuzzy measures
family (Fig. 7,b), is seen that clarity index for fuzzy
gy ():2* —>[o1]
maximum value, as the concentration area of the
measure more "Narrower" than in the other
measures. What conclusion follows from the fact
that to achieve the value of the measure for example

a=0.7 (Fig. 7, b) interval A" (¢ =0.7)c X for

measures g . (-) should be much broader than that

measures must have a

of other measure, therefore, the density of the fuzzy
measures /1, (x) with large values is concentrated in

a smaller subset 4’ (¢ =0.7)c X (Fig. 7,a). It

should be noted that the measure g; (*) is a measure

closer to the necessity measure than other family

measures as it has a maximum value of A4 (Fig. 8).
The calculation results of clarity indicators for a

given family of fuzzy measures are presented in

(Fig. 9).

31 g ()

gx()

D

r T T T )
-1.5 -1 -0.5 0 0.5 1

Fig. 9. Dependence of clarity indicator distribution of
fuzzy measures for the selected family of measures on

measures A -parameter.

The graph shows that the clarity index of fuzzy
measures distribution in the case of non-uniform
8density distribution is sensitive to changes in
measures modality. The figure shows that our

intuitive expectations that J (g; ) >J (g; ) are
confirmed by the results of the calculation.

7. Conclusion

Thus, we can say that the index clarity given in this
article is an effective tool for analyzing the
distribution of fuzzy measures and can be widely
used for solving analytical problems under
conditions of uncertainty with an arbitrary
distribution modality of fuzziness degrees.
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B.I1. bBouapHikoB

BuzHayeHHsI MOKa3HUKA YiTKOCTI 1JIs1 PO3NMOAiNTY He4iTKOI MipH

HamionanpHuit aBiamiiiauii yaiBepcurert, mpocit. Kocmonasta Komaposa, 1, Kuis, 03058, Ykpaina.
E-mail: bocharnikovvp@yandex.ru

MeTta: oOIpyHTYBaTH HEOOXiTHICTH 1 3alpOINOHYBATH HOBHUU IMOKA3HHWK YITKOCTI IJIS PO3MOALTY HEUITKOI
Mipy 3 JOBUIbHOI MojanbHicTIO. [IpoBecTH HOCHIMIKEHHS HOBOTO ITOKAa3HMKA WYITKOCTI 1 IIOKa3aTH
e(eKTUBHICTb, YYTJIUBICTh 1 MPOCTOTY HOTO BUKOPHCTAHHS Ui aHANi3y HEYITKHX AaHuX. Meromam: IUIs
BUpILICHHSI 3aBJAHHS BHUKOPUCTOBYIOTHCSI METONM Teopil MHOXXHH, Teopil HEUITKMX Mip, a TaKoxX
¢dyHKUiOHaNBHUI aHami3 1 QopmanpHa Jorika. Pe3ynbraTH: OOTpyHTOBaHMH i 3allpONOHOBaHWA HOBHMA
MOKAa3HMK, KU 3a0e3lnedye OTPUMaHHs OLIHKM YiTKOCTI Uil PO3MOAUTY HEYITKOi MipH 3 JOBLIBHOI
MOJaJbHICTIO. 3alPOMTOHOBAHO (hOPMYITBHI 3aJIEXKHOCTI JUI PO3paxyHKy MOKa3HUKA YiTKOCTI HEHIiTKOI Mipu
Ha IHUCKpeTHOMY 1 OesmepepBHOMY Ipoctopi. JloBemeHo, IO 3ampONOHOBAHWN ITOKA3HUK 3a70BOJIBHSE
BJIACTUBOCTSIM, $IKI BHCYBalOThCSA JO TIOKa3HHUKIB dYiTKocTi. OTpuUMaHO J0JATKOBI 3aJIe)KHOCTI IS
PO3paxyHKy MOKa3HHKa 4iTKOCTI Ha OCHOBI BUKOPHCTaHHS MHOKHH PiBHA AJs QyHKUIi IIITBHOCTI HEYITKOT
Mipu. OOroBOpeHHsI: HaBeICHI Pe3yJbTaTH PO3PAXyYHKY IMOKAa3HUKA YiTKOCTI IS CIMEHCTBA HEUITKHX Mip 3
pi3HUMH MozaajbHOCTMU. [loka3aHo, 110 3aNPOIIOHOBAHMI ITOKA3HUK TOBHICTIO 3aJI0BOJIBHSIE BUCYHYTHUM
BHAMOT'aM J0 JIOTiKM pOOOTH MMOKa3HUKA YITKOCTI i BpaXOBY€ MOAAIBHICTh HEUITKOI MipH.

Karo4oBi cji0Ba: MHOXXHHI; HEYiTKA Mipa; MOKA3HUK YITKOCTI; SKICTh YIIPaBIiHHS

B.II. BouapHukoB

OmnpenesieHue Moka3aTessi YeTKOCTH ISl pacnpeieieHUs HeYeTKOH Mepbl

HanmonanbHbI aBUalIMOHHBIA YHUBEPCUTET, npoct. KocmonasTa Komaposa 1, 03058 Kues, Ykpanna
E-mail: bocharnikovvp@yandex.ru

Heab: o0ocHOBaTh HEOOXOAMMOCTh W TPENJIOKUTh HOBBIA IMOKa3aTelnbh YETKOCTH U PaclpeesieHus
HEUYETKOU Mephl C MPOU3BOJIBHOW MOJANBHOCTHIO. [IpoBecTH nccieqoBaHue HOBOTO MOKa3aTess YETKOCTU U
Mmokas3ath 3(PQPEeKTHBHOCTh, UyBCTBUTENBHOCTh M TMPOCTOTY €ro HCIOJNB30BaHUS IS aHalu3a HEYETKHX
JaHHBIX. MeToabl: 715 pElIeHUs 3aJa4l UCIOJb3YIOTCSI METOIbI TEOPUU MHOXKECTB, TEOPUH HEUETKUX MEp,
a Taoke (YHKIIMOHANBHBIN aHanmmu3 u (GopmanbHast Joruka. Pe3yabTaThl: 000CHOBAH M MPEUIOKEH HOBBIM
[OKa3aTellb, KOTOPBIA oOecreynBaeT MOoTydeHHe OIEHKH YETKOCTH IS pacrhpenefieHHs] He4ETKOM Mephl ¢
MIPOM3BOJIBHON MOJanbHOCTEIO. [Ipemioxkensr popMynbHBIE 3aBUCHMOCTH TS pacueTa IMoKa3aTeisi 4eTKOCTH
HEYETKOH Mepsl Ha JUCKPETHOM M HEMPEPBIBHOM MPOCTPaHCTBE. [loKa3aHo, 4TO MPEAIOKEHHBIN T0KA3aTeb
YAOBJICTBOPACT CBOﬁCTBaM, KOTOPBIC BBIABUTAIOTCA K IIOKA3aTCIIAM YCTKOCTH. HOJIy‘-IeHI)I JOITOJTHUTCIIBHBIC
3aBHCUMOCTH JAJIS pacyeTa MoKa3aTellsl YeTKOCTH Ha OCHOBE HCIOIb30BAaHHS MHOXKECTB YPOBHS I (yHKLIUU
IJIOTHOCTH He4eTKOW Mephl. OQOcysaeHMe: MPUBEACHBI Pe3yJbTaThl pacdera IMOKas3aTens YETKOCTH s
CeMEHCTBa HEYETKUX MEpP C pa3Iu4yHbIMU MOAAIBHOCTAMU. llokazaHo, 4TO NpPEIIOKEHHBIM MOKa3aTenlb
MOJTHOCTBIO  YAOBJICTBOPSIET BBIABUHYTHIM TpeOOBAaHUSIM K JIOTUKE pabOTBHl MOKaszaTenss YETKOCTH U
YUYUTHIBAET MOJAJILHOCTh HEUETKON MEPBI.

KiaroueBble ¢J10Ba: KA4eCTBO YHpaBJICHUA; MHOKCCTBA,; HCUCTKasA MEpa, MoKa3aTejib YETKOCTU
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