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Introduction

For the process control, for the consummation level
estimation of any aim, for the prognosis of receivable
solution results and etc., not always we can find and use
the analytical methods and optimisation methods based on
its. Often methods based on expert estimations are used,
that is, human intellect is being used as a measuring
instrument. But the results of following methods can be
far-off optimal. For error estimation the methods of
mathematical statistics are suggested in literature [1]. But
for this, usually, we haven’t enough data.

The more complicated problem is available than to
appeal to a single expert opinion could be too risky (for
example, deficit of qualified specialist) and we need to use
methods based on collection and processing of group
experts’ estimations. The two typical cases are possible:

1. Experts group is large enough. The criterion “large
enough” depends on the analyst (the person recipient final
decision) available information and demands: the reliance
probability and the reliance interval of result and so on.
The experts group is enough large or not also depends on
the experts’ data distribution.

2. The experts group consists of 2-7 persons
(common situation in practise).

The robust algorithms for data processing based on
defiance of “marginal” estimations are applicable in the
first case (when number of experts is large enough).

To apply the robust algorithms for data processing is
too risky in the second case (the “marginal” estimations is
not necessarily are less reliable). To know the single expert
estimations risk level (the expert’s weight or competence
[2] coefficient) it is desirable in this case. The harmonious
methodology of experts’ competence rates finding is
undefined at this moment. We try to fill the existing gap in
this paper.

Estimation’s criterions of the single (unique) expert
decisions risk level

For estimation of expert facilities the following
criterions are offered [3]:
1) consistency of estimation;
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2) transitivity of estimation;

3) availability of complex strategies.

These criterions applicable if the excess of expert’s
data is obtainable. The first (consistency) criterion is
usable if the expert gives the repeated estimation of the
same object. Very important, that the second estimation
shouldn’t be under influence of the first estimation (this is
requirement to methodology of the experts’ data
collection).

Estimation of expert decisions consistency

These rates (subject to usable data) can estimate the
consistency (v):
1. When the expert refers tolerant intervals in [a,b]:

first (xj1,x ;) and repeated (y 1,y ;5) (see Fig. 1).

a X1 Vit X2 Y2 b
Fig. 1. Expert’s referred intervals
In that case the consistency rate is presented
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conjunction rate (it is equals 1 if (x;1,x;5) and (y;1,¥;2)

are fully conjunct, or 0 - if not crossed);
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precision (distinctness) of j-th expert’s estimations;

} show the relative



|(x, y)| — the potency of set (x, y) (when Lebego criterion
is usable, |(x, y)| =y—x); M -symbol of sets crossing.

2. When the expert refers “pessimistic”, “most
reliable” and “optimistic” estimations from interval [a,b].

In fact, the expert gives first and repeated estimations
submitted in a “triangle” membership function:

Hij1 (x) and Hj2 (x)

consistency rate is presented

In that case the

x€la,b] xela,b] -

vy = By = maxfaf(Hy () 0 Ho (1) # D)

ot @] +[Ho (o)
4(b—a)

, 2

where H,(u;(x)) - o-level set of fuzzy number u;(x);
H(#;(x)) - 0-level set of fuzzy number u;(x).

3. When the expert gives fuzzy numbers submitted in
a “trapezoid” membership function.

Sometimes a try to indicate the “pessimistic”, “most
reliable” and “optimistic” estimations can make some
troubles to expert. From psychological point of view a
more convenient way is where an expert is asked to point
out: interval (x;,x,), where the most typical value of the

criterion is, by the opinion of an expert; and subjective
probability p, under which the expert is right. In that case
the estimation is presented

Xi =((x1,%2), p)- 3)

Estimation equation (3) can be changed with a
trapezoid type membership function. In that case the
consistency rate is presented

2] (uj1 () A 1 (6))dx
X

j,ujl (x)dx + JﬂjZ (x)dx
X X

vi=Birj=

[ 1 () + [ a1y (x)edx
1_X X

X

2b - a) @

» A ¢ means ,,minimum®.
Estimation of expert competence

For estimation of expert facilities the criterion of
availability of complex strategies is very important. This
criterion express expert’s ability to generalize and
aggregate available information.

This criterion is in use with transitivity criterion [2].
The value of complex expert’s competence criterion
(weight coefficient) is founded according to scheme
(algorithm):

The set Si|i =1,n of an object, action or process 4

goals is formed. The set S has to be full, but minimal; it is
desirable that the goals shouldn’t be overlap.
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After interviewing of each expert such information is
obtainable:

a) for estimation of each A (there 4 - object, action or
process) goal S; its subjective importance rate g; [0,1]
is suggested;

b) the consummation rate h, (further h;) of each

goal §; is prognosticated;
c) the system (heuristics) of complex rate (criterion)
e, for aggregation of each 4 goal importance’s and

consummation’s estimations is offered;
d) the e, value by intuition (but not calculated), what

further is called /1, , is proposed.
Rates hi‘ i_1,and e, have to be quantitative, that is,

measurable, calculable or subjectively rateable. They
mostly are presented in normal numbers: e, 4, €[0,1]-
Estimation of expert competence (availability of
complex strategies and transitivity of offered estimations)
is called «; (j - it is index of the expert). The expert’s

competence rate « ; (subject to usable data) is founded the

same as consistency rate (according formulas (1) - (2), (4))
where /4 is usable instead primary estimation, e, - instead

repeated estimation. The values 4, and e, is available

operating with a), b) and c) points data.

The estimation of goals importance (g;) and
consummation ( 4;) rates don’t cause the some problems,
while the formalization of expert heuristics (as the way of
decision search) is especially complicated task. The
solution of this task in any general way should matter the
formalization of human thought.

The experimentation to formalize heuristics is
founded in literature [4]. That is usually associated with
solution of concrete problem. This also involves in the
expert researches.

Such schemes of g; and A; estimations aggregation

are mostly met [2]:

1) the expert try to estimate average e, of goals
S,-|i =1,n consummations h;;

2) for data aggregation (the evaluation of e, value)
the expert underline the goals with high consummation
rate 4;;

3) for data aggregation the expert underline the goals
with high product of importance and consummation rates
gihi;

4) for data aggregation the expert underline the goals
with low consummation rate 4; ;

5) for data aggregation the expert underline the goals
with low product of importance and consummation rates
gihi.

Sometimes an expert himself can suggest the scheme
(heuristics type) of importance and consummation rates
aggregation into one complex rate (criterion) e,. The

additional test of the heuristics type identification is
suggested.



The first scheme of estimations aggregation is mostly
met and best researched. In fact - it is result of formula
calculating #; medium value:

n n
eq=2.8hi 1128
i=1 i=I

)

Symbol “//” is sign of division. If fuzzy numbers
are dividend, then instead ordinary division its adjective
division is executed:

(GH) o /1 Gy =(ay,az) 1/(by,by) =

=((ay:a3),(by :by)), a; >0,b >0, (6)

where (GH), and G, - o-level sets of fuzzy numbers

n n
(GH) and G that is expressed by > g;h; and > g; .
i=1 i=1
Formula (5) is applied when (by the opinion of an

expert) the goals Sl-|i =l,n of 4 (there A - object, action or
process) are independent and its consummations #; -

additive. Applying to this low indistinct Choquet integral,
the more universal form (tolerant to interdependence of
goals) can be got:

CzZ(hl.x[f(Sl-,...,Sn)—f(Sl-+1,...Sn)]); @)

i=1

£(Si,...8,)=1; (8a)
f(Sisee8,) 2 f(S;,...8,), jei j>i;  (8b)
S0)=/(S,.1)=0, (8c)

where  f(S;,...S,) indistinct measure of goals
(S;,S;.4,---,S,) 1importance, when conditions (8) is
supplied.

The expert has to form estimations f(S;,...S,)
according to test values g,;. Formula (7) is other notation

of formula (5).
For description (formalisation) all others schemes of
an expert estimations g; and /; aggregation into one

complex rate e, is recommendable to apply parameter
g, and Sugeno integral based on it.
The point of method is such when fuzzy set is given:

B=hlg +hylgs+...+h,/g,, ©9)

where 0<g;<1.
It is possible to define for it (for set B) parameter g ,
whose rating parameter 4 must supply condition
—-l<Al<w (10)

and can be found as follows:

n

%{ﬁ(l+ﬂgi)—l} =1or %{H(l+ﬁgihi)—l} =1. (11)

i=1 i=1

The Sugeno integral of fuzzy set (9) is expressed:
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S= sup min{a;g,). (12)
a€[0,1]
Using parameter g,, g, in (12) is as follows:
1 n
%a=7 [T0+22)-1]. (13a)
i‘h,Za
1 n
8o =~| I10+2gh)-1.  (13b)
A ilgihza
In all cases the complex rate e 4 is expressed
e, —>S. (14)

If goals with low consummation rate / are meaning
(fourth and fifth g; and A; aggregation schemes), then it is

accented not goal consummation but its unconsummation
level. So instead estimations /; ‘ = in formulas (13a) and

i=l,n

i=

(13b) we need to use theirs inversion: 1 — #; ‘ - &g 18

as follows:

1 n
8a =7 H(l"‘/lgi)_l ’

i|(1-h))2a

(15a)

1 n
8a =7 H(l+/1gihi)_1 -

i(-gh)za

(15b)

Applying formulas (15), integral (12) express the
complex right estimation of goals unconsummation (e
inversion). To get the estimation of complex rate
(criterion) e, it is enough to have inversion value of
formulas (15) and (12):

ey >S=1- sup min{e;g,). (16)
a€[0,1]
As we have already mentioned, the expert’s

competence rate & ; (subject to usable data) is founded the

same as consistency rate (according formulas (1) - (2),
(4)), where /4 is usable instead primary estimation, e, -

instead repeated estimation.
When the expert refers s, ir e, as tolerant intervals

in [a,b], so the competence rate is presented

21 hj2) O(ejinen)
;= X

T mxD+p -y

n—hj)+(ejn—ej)
2(b—a)

)

When the expert refers s, and e, “pessimistic”,

“most reliable” and “optimistic” estimations from interval
[a,b], so the competence rate is presented



a;=f7; = max [aH( H,(h;(x))"H (e (x)) # D]x the consistency and competence criterions) must be
J i’ alllj alé;
a€[0,1]

known.
2. To get the upper reliability of operation prognosis
<1 |H0 (; (x))| N |H0 (e (x))| . (18) it is desirable to use the group expert researches based on
4(b—a) single expert facilities evaluation.

3. The classical method of robust decisions search
When the expert gives sy and e, submitted in a  based on elimination of “marginal” estimations is too risky

“trapezoid” membership function, so the competence rate ~ When number of experts is not enough big.

is presented 4. For estimation of an expert competence rate,
0,5 identification of the right scheme (heuristics) of this expert
2 I (h;(x) nej(x))dx subiecti : PR : :
; jective partial estimations aggregation into one
a;j=py;= X X complex rate (criterion) is very important.
[hj(x)dx+ [e;(x)dx 5. The mostly met schemes of partial estimations
X X aggregation into one complex rate (criterion) can be
[ j(x)dx + [e;(x)dx described with fuzzy integrals.
X X
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1. For the decision-making based on expert researches
the risk level dependent on expert’s facilities (defined with

A. Derviniené, V. Bagdonas, J. Daunoras. Application of Fuzzy-Sets Integral in Expert Systems // Electronics and Electrical
Engineering. — Kaunas: Technologija, 2007. — Nr. 5(77). — P. 45-48.

In more situations for decision-making the methods based on expert estimations are used, that is, human intellect is being used as a
measuring instrument. The decision risk level dependent on expert’s facilities (defined with the consistency and competence criterions)
must be known in the decision-making process. The methodology of experts decisions risk level estimation’s is discussed. The
methodology is based on search and use of experts’ consistency and competence rates, what can be get applying excess of the experts
offered information. The application of Sugeno and Choquet fuzzy integrals for processing group expert estimations are offered. Ill. 1,
bibl. 4 (in English; summaries in English, Russian and Lithuanian).

A. JlepBunene, B. barnonac, U. /laynopac. Ilpumenenne HeueTKHX MHTErpajioB B IKCHEPTHBIX cHUcTeMax // DIeKTPOHMKA U
JjiekTpoTexuka . — Kaynac: Texnosorus, 2007. — Ne 5(77). — C. 45-48.

Ha npakTuke A nOpuHATHS PELICHUH 4acTO UCIONB3YIOTCS METObI SKCIEPTHBIX OLIEHOK, T. €. HHTEJUIEKT YelIOBEKa-CIeHaINcTa
HCIIOJIB3YETCSl KaK YCTPOMCTBO M3MepeHHs. B mpolecce MpUHATHA pELICHUH JKeIaTeNIbHO YYUTHIBATh MOKa3aTelb YPOBHS HX PHUCKa,
KOTOPBIA 3aBUCHT OT BO3MOXKHOCTEH SKCIEPTa, XapaKTePU3UPYEMbIX KPUTEPUSIMU yCTOWYMBOCTH M KOMIIETCHLUH. AHATU3HPYETCS
METO/IMKA OLICHKH YPOBHSI PUCKA SKCIEPTHBIX PEIIeHHH, MPeayCMaTpUBAIoIas ONpeeseHue U y4eT WHAMBUAYaJbHbIX MOKa3aTeneit
YCTOHUMBOCTH U KOMIIETCHIIMHM SKCIEPTOB, MOJyYaeMbIX Ha OCHOBE M30BITOYHOCTH 3KCIICPTHBIX ITAHHBIX. MeToauKa OCHOBaHa Ha
npUMeHeHHH HedeTkux uHTterpanoB Sugeno u Choquet. Mn. 1, 6ubin. 4 (Ha aHruiickoM si3bike; pedeparsl Ha aHTIMHCKOM, PYCCKOM U
JINTOBCKOM $13.).

A. Derviniené, V. Bagdonas, J. Daunoras. Neraiskiyjy aibiy integraly naudojimas ekspertinése sistemose // Elektronika ir
elektrotechnika. — Kaunas: Technologija, 2007. — Nr. 5(77). — P. 45-48.

Praktikoje sprendimai gana daznai priimami taikant ekspertiniais jvertinimais grindziamus metodus, kai zmogaus specialisto
intelektas naudojamas kaip matavimo prietaisas. Priimant ekspertiniais tyrimais grindziamus sprendimus, pageidautina Zinoti jy rizikos
lygmeni, kuris priklauso nuo eksperto galimybiy, nusakomy pastovumo bei kompetencijos kriterijais. Nagrinéjama ekspertiniy
sprendimy rizikos lygmens jvertinimo metodika, grindziama eksperty sprendimy pastovumo ir kompetencijos rodikliy paieska ir
panaudojimu. Eksperty sprendimy pastovumo ir kompetencijos rodikliai gali buti gauti naudojant ju (eksperty) teikiamos informacijos
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pertekliy. Grupiniams ekspertiniams jvertinimams apdoroti sitiloma naudoti Sugeno ir Choquet neraiSkiuosius integralus. Il. 1, bibl. 4
(angly kalba; santraukos angly, rusy ir lietuviy k.).
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