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Introduction

Sometimes we have situations where decision-
making, based on classical optimisation methods, is
impossible. It happens, when making of the analytical
objective function is complicated, when variables are
physically unmeasured, and etc. Such problems associated
with objects, action and processes fuzzily described. For
example: estimation of reforms and reorganizations
expedience. In similar case, methods based on expert
estimations are used, that is, human intellect is being used
as a measuring instrument.

The easiest way is to process estimations of the single
expert. But to appeal to a single expert opinion could be
too risky, because influence of subjective extraneous factor
is quite distinct. Therefore methods of collection and
processing group experts’ estimations are described.

The well-known and widely used group estimation
methods are:

1) based on premise, that competence of all experts is
equal;

2) based on robust decisions search.

Both methods have limitations. The fact that different
experts have different competence is blinked in the first
case. The “extreme” estimations (that necessarily are not
incorrect) are usually eliminated in the second case (this is
too risky when number of experts is small).

In this paper we analyse a methodology of
processing group expert estimations (the methodology is
based on search and use of experts’ competence rates). The
experts competence rates can be get applying excess of the
experts offered information.

Such methods and algorithms are described in
literature [1-4], but they are not universal and applicable
just in that case, when importance of goals independent
from goals consummation. Therefore, our improved
methodology (without noted limitation) of processing
group expert estimations is discussed in this paper.

Criterions of Estimation

For estimation of an object, action or process 4 the
following procedures are executed:
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The set S,-|i =1,n of 4 goals (that specify objectives
of creative object, executable action or realizable process)
is formed. The set S has to be full, but minimal, the goals
must not overlap.

After interviewing of each expert such information is
obtainable:

a) for estimation of each A4 (there 4 — object, action or
process) goal S; its subjective importance rate g; [0,1]
is suggested.

b) the consummation rate hy, (furtherh;) of each

goal S; is prognosticated.

c) the complex rate (criterion) e, for aggregation of

each 4 goal importance’s and consummation’s estimations
is offered.
Three

consummation /;

typical variants of importance g; and

estimations aggregation into one

complex rate (criterion) e, are suggested:

1. When importance of goals is independent from
goals consummation;

2. When goals with high consummation rate s are
meaning (the goals with low consummation rate can be
“contributed” under the goals with higher consummation
rate);

3. When goals with low consummation rate A are
meaning.

Rates hi\i,g and e, have to be quantitative, that is,
measurable, calculable or subjectively rateable. They
mostly are presented in normal numbers, that is,
ey ,h; €[0,1].

In the simple cases, when expert direct, that
“importance of goals is independent from goals
consummation rate /#”, can be used formula [1-4]:

n n
eq=28ihi/lYg;.
i=1 i=1

(M

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



In another case (when aggregation formula (1)
unacceptable for expert) the additional test for
identification of g; and #A; estimations aggregation
variant into one complex rate e 4 is suggested. In this case
the test can be formulated as follows:

Let’s note value of complex rate e, , when is given:

S S,
Importance rate g; of each goal 0,6 0,7
Consummation rate /; of each goal 0,8 0,2

Such expert’s answers are usually met:

1) e =06;
2) ey =048;
3) e =03
4) e =014.

All these (“typical”) aggregation variants we can
express applying parameter g, and fuzzy integrals based
on it [5].

The point of method is such:

When fuzzy set is given:

B:hl/gl+h2/g2+"'+hn/gnﬁ (2)

where 0<g; <1,
it is possible to define for it (for set B) parameter g, ,

whose rating parameter A must supply condition

-1<A<w; 3)
and can be finding as follows:
1 n
— | TTa+Ag;)-1|=1; (4a)
A=
or
1 n
2 [1(t+Ag;h;)-1|=1. (4b)
i=1

We have note, the sets of g; and #; estimations have
no priority, that is, parameter g, can be definite for both
g;and h; sets or for its product.

If A =0, parameters g, is converted into stochastic

parameter. But solution A=0 (in equation (4)) is
obtainable, when

n n
g =1or Ygh=1.
pa i-1

(5)
In other cases are available sub additive mates
n n
(X gi>1l or Dgih>1;-1<A1<0);

i=1 i=1

or super additive mates

n n

i=1 i=1

The fuzzy set (2) integral is expressed:
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S = sup min{e;g,). (6)
a€0,1]
Using parameter g;, g, in (6) is as follows:
1 n
2o =—| T10+4g)-1); (7a)
A i|hyza
or
1 n
8o =—| T10+2g;)-1]. (7b)
A i‘g,-h-Za

Formulas (4a), (6), (7a) are applied, when expert
gives the first answer of test mentioned above.

When expert gives the second answer, formulas (4b),
(6), (7b) are applied.

In all cases the complex rate e, is expressed:

ey - S.

Here S calculated by (6) and (7a) or (7b)

That is fitted for a variant, when goals with high
consummation rate / are meaning.

If goals with low consummation rate / are meaning,

so it is enough to use some changed formulas (6), (7a) or
(7b) as follows:

®)

§=1- sup min{a;g,); )
ael0,1]
1 n
2o =—| TI0+4g;)-1|; (10a)
A\ 0m)za
or
1 n
2o =—| T10+4gh)-1].  (10b)
A i(1-gih;)2a

Formulas (4a), (9), (10a) are applied, when expert
gives the third answer of test mentioned above.

When expert gives the fourth answer, formulas (4b),
(9), (10b) are applied.

If expert’s answers are at variance with 4 “typical”
answers, the additional researches to define subjective low
of g;and h; aggregation are required.

Aggregation of estimations

As we have already mentioned, for estimation of
object, action or process A goal an expert is invited to
suggest its importance rate g; and consummation rate #;
together with the variant of theirs aggregation into one
complex rate (criterion)e, (or answer to the additional
question mentioned above).

If we want to find and use expert’s competence rate
aj, we must ask expert to give e value by intuition (but
not calculated by applying methodology mentioned
above), what further is called 4, .

We have note, that e, and &, are not the same: the
e 4 can be calculated by applying methodology mentioned

above, while 4, the expert specifies as the overall effect.



Submitting &, value, the expert by intuition must

aggregate (generalize) those data, which he suggests
before (#;, g; and aggregation variant).

Submitting &, value the expert specifies a Paretto set

of object, action or processes A4 estimations, while
submitting s; and g; — an expert specifies a certain item

of this set.
If expert can’t aggregate information right, his
suggested value 4, and calculated value e, will differ.

The degree of their difference can be the rate of an expert
competence. Naturally, such rate has meaning just in these
cases, if estimation of 4 is executed by the more than one
expert.

Let’s say, that estimation of the object, action or
processes A4 is executed by k experts.

To put the case that from experts we get all necessary
information:

a) estimations g;;, /; (j=L2,....k);

b) founded (calculated) complex estimations e ;.

ir th,

For finding j-th expert’s (we have k experts)
competence rate o (j=12,...,k), we can use methods

suggested in literature [1-4].
In that cases, when £ ;,(x), h;(x) are the triangle

membership functions, j-th expert’s competence rate is
characterized by:

Bj = max [a || (Hy(hjy(x) N Hg(ejq(x) # D],

ad0,1]

(11

where H, ={x| h(x)2a};
Hy(hjy(x), Hg(ejy(x) — alevel sets of
fuzzy numbers 4 A (x) and e A (x).

The best illustration of S; is from geometrical point
of view — it is a magnitude of both triangles 4, and e 4

intersection point (see Fig. 1).

A Ny (%), ey (x)

X
Ha (ejA(x)
Hey (hiy(x) N H, (e4(x)

7
H a (th(x)
Fig. 1. Illustration of formula (11)

Unfortunately, for the trapezoid membership case [6]
formula (11) is unfitted. In this case we would like to
propose the complex indicator:
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2 e 4 () Ak (o)l )
B;=| ==X

77 TeqGode+ [h g (x)dx
X X

;o (12)

» A means ,,minimum®.
From geometrical point of view, f; is a magnitude
of both trapezoids 4;4 and e;, intersection point

(see Fig. 2). Integrals mean areas limited by both triangles
and trapezoids.

A 1y (x), €4 (x)

th (x) €4 (x)

hia (X) A e (x)

v =

Fig. 2. Illustration of formula (12)

In the case, when £ A (x)and e ja(x) are the equal
isosceles triangles membership functions, f; values

calculated by (11) and (12) are the same.
Unfortunately, — coefficient ~ f;

distinctness of expert prognosis: the bigger is the area
limited by 44 (x) and e;,(x) or the bigger are values of

underestimates

j e jA(x)dx and Ih A (x)dx, the more distinct is j-th
X X

expert prognosis (but that make the bigger S ).

In this case, we would like to propose a weight

coefficient, characterizing expert’s distinctness of
estimations:
min( e (x)dx+ [h,, (x)dx]
v \x X
Vj= (13)

jejA(x)dx+ Ith (x)dx
X X

The index v is the same as j (v=1,2,...,k ) —itis the
index of the expert.

The complex expert’s weight coefficient is expressed
by:

(14)

and the complex indistinct estimation of an object, process
or action 4 is characterized by:

1

aj:ﬂ]}/j, j:1,2,...,k,

Hy(x)=

(15)

k
Zajth ()C) .
j=1

-

aj
1

J
Operating with h;,(x) and e;,(x) defuzzyfied
values £, and e, the complex distinct group expert

estimations of an object, process or action 4 are available
that are characterized by:



1k partial estimations aggregation into one complex rate

Ey= T Za j€ja (16) (criterion) is very important.
Sa j /= 5. The aggregation variant of expert’s subjective
J=1 partial estimations into one complex rate can be expressed
or using fuzzy set integrals.
1 k
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B crarbe aHanusupyercs METOAMKA KCIEPTHOW OLEHKH (II0 MHOXXECTBY KpuUTepueB) 3(D(EKTHBHOCTH IUIAHUPYEMBIX OIEpaLuii,
BKJIIOYAsi MpaBuiia cOopa M 0OpabOTKH DKCHEPTHBIX AaHHBIX. METOMMKa MpeaycMaTpUBaeT OIpeeIeHHe U y4ueT WHIUBUIYAJIbHBIX
Mokaszareneil KOMIETEHIIUH 3KCIEPTOB, MOMYy4aeMbIX HAa OCHOBE M30BITOYHOCTH 3KCHEPTHBIX AaHHBIX. IIpencraBieHHblE B Hay4HOMH
JMTEpaType aHAJIOTMYHBIE [0 HA3HAYEHUIO METOABI U aIrOPUTMBI HE 00J1aJal0T JOCTATOYHOH YHMBEPCAIbHOCTBIO, TaK KaK HE MOTYT
OBITh NMPUMEHEHbI B TEX CIy4asx, KOrJa Ba)XHOCTh LieJied MEHseTCs B 3aBUCHMOCTH OT CTENeHHM HMX JOocTivkeHus. [Ipemnaraemas
METO/IMKa CBOOOJIHA OT 3TOr0 HeJocTaTka. MeToMKa OCHOBaHa Ha IPUMEHEHUH HEUSTKUX Mep M HeUeTKUX uHrerpanos. WM. 2, 6ubi. 6
(Ha aHTTIMHCKOM sI3bIKe; pedhepaThl Ha aHTIIMHACKOM, PYCCKOM U JTATOBCKOM 513.).

V. Bagdonas, J. Daunoras, A. Derviniené. Operacijy efektyvumo prognozés metodika // Elektronika ir elektrotechnika. —
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Straipsnyje nagrinéjama operaciju efektyvumo grupiniy ekspertiniy ivertinimy (pagal daugeli kriterijy) rinkimo ir apdorojimo
metodika, grindziama eksperty kompetencijos rodikliy paieska ir panaudojimu. Eksperty kompetencijos rodikliai gali buti gauti
panaudojant ju (eksperty) teikiamos informacijos pertekliy (excess). Mokslinéje literatiiroje aprasyti $io tipo metodai ir algoritmai néra
pakankamai universaliis, kadangi tinka tik tais atvejais, kai tiksly svarbumas nepriklauso nuo ju pasiekimo laipsnio (consummation). Cia
siiloma universalesné (neturinti to trikumo) grupiniy ekspertiniy {vertinimy apdorojimo metodika, grindziama Sugeno maty ir
neraiskiyjy integraly panaudojimu. Il. 2, bibl.6 (angly kalba; santraukos angly, rusy ir lietuviy k.).

98



DOI: 10.5755/j02.eie.10758



