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Sometimes we face situations where decision-making, based on classical optimization
methods, is impossible. Such problems exists where objects, actions and processes are
described fuzzily. In similar situations, complaining of the lack of methods, unmoti-
vated decisions are made. Actually, there are some solutions, and one of them is to
apply a method of subjective quantitative criteria. This method is based on expert
evaluations, that is, the human intellect is being used as a measuring instrument.
Influence of subjective extraneous factor may be so distinct, that referring to a single
expert opinion is too risky. Therefore methods of processing expert group evalua-
tions are being discussed in this article. The article contains thoughts on choosing
the criteria of evaluation, compilation and processing of submitted evaluations, and
an application example with conclusions.

1. Introduction. In more complicated decision-making situations methods of
situational control [1], based on classification of fuzzily described objects are used. As
alternative, methods of subjective quantitative criteria [2] are used. These methods are
based on expert evaluations, that is, the human intellect is being used as a measuring
instrument [3]. Perhaps the easiest task is to process evaluations of the same single expert.
Referring to a single expert opinion may be too risky, as there are situations, where
influence of subjective extraneous factor is quite distinct. Especially it happens in unique
(rare, non-typical) situations. Therefore improved methods of processing group expert
evaluations (presented from several persons) based on qualitative criteria evaluations are
being discussed in this article.

2. Criteria of Evaluation. For evaluation of an object, action or process A
procedures are executed:

1. Develop set of goals that influence a given problem or evaluation scenario A. Set
A= f(s;)|,i = 1,n of goals has to be full, but minimal; the goals must not overlap [4].

2. For evaluation of every goal its indicator (criterion) hg, is chosen. This indicator
has to be quantitative, that is, measurable, numerable or subjective ratable.

3. Complex indicator (criterion) e4 is formed for evaluation of A:

(1) eA:f(ala---aa/m7h815"'7h8n)a

where a; i = 1,m - unknown coefficients; f(-) form is unknown in general case.
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In case of a linear dependence:
n
) er = 3 giha.
i=1

An alternative way is to use the other, quite universal [7] formula:

n
(3) eAa =ag + Zaihsi + Zaijhsi + ...+ Z ai1i2,.,inhslh52~-~hsn

=1 1<J 11 <12<...<in

Here coefficients a; are not normalized. Applying criterion (3), the values of h, are
usually submitted (evaluated) by an expert directly, and the values of coefficients a; are
calculated from other evaluations (of the same expert). Methods of experiment planning
can be used for that purpose. A bit more complicated (for small experiments) way is to
use generalized evaluations, expressed [5] in fuzzy integral (fuzzy expected value):

(4) ea = sup min(a, gq)
a€l0,1]

(5) ga=§<H(Agi+1)—1>
=04

(6) Oq = {Si |hs, > a}

where A — coefficient of fuzzy measure gy from formula (5), when 0, = {S;}, —=1 < A < o0;
€A, gi, hs, € [0,1] has the same meaning as in formula (2).

3. Compiling Expert Evaluations. In most cases method of questionnaire is
considered as a priority method of compiling evaluations with precondition that an ex-
pert and a knowledge engineer cannot interpret questions differently. From our point
of view it is achievable when a knowledge engineer himself both prepares questionnaire
questions and investigates expert (joint methods of interview and questionnaire). From
psychological point of view a more convenient way is where an expert is asked to point
out:

1) Interval (a, b), where the value of the criterion is, by the opinion of an expert;

2) Subjective probability p, under which the expert is right.

In that case the evaluation of indication g is:

(7) hg = ((a,b),p)-

After interviewing of the experts, an array of indistinct numbers is received

(8) {thagjivhjSi =T j:L_k})

where j = 1,k — index of the expert; hja — evaluation of e4 by the j-th expert. Each
item from the array (8) is written specifying 4 characteristic points of its membership
function:
9) gji(fﬂ) = (ngu “9ji, bgji; dgji)-
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Experiments has shown that expert evaluations are often inadequate and it is mostly
dependent on two reasons [6]:

1) Non-linearity of expert’s subjective efficiency function; 2) Shortage of expert expe-
rience. Trying to eliminate the mistakes of the first type, arising from non-linearity of
expert’s subjective efficiency function, a precondition is formulated: expert turn for non-
risk can be supposed to be constant, therefore a correction procedure can be performed
by using classical lottery methods. For elimination the above mentioned mistakes of the
second type, the evaluation ranking can be used. The ranking means forming weight
coefficients for evaluation of each expert. The expert is invited to submit both {g;, hs, }
and ey evaluations (in the questionnaire). Submitting e evaluation hja(z), an expert
specifies a Paretto set of A evaluations; while submitting {g;:(z), hjs, ()}, — an expert
specifies a certain item of this set. The e;4(z) can be calculated by applying formulas (2),
or (3), or (4). In an ideal case the indistinct numbers h;4(z) and ej4(z) would coincide.
The degree of their coincidence can be the expression of expert ability to evaluate in
chime (coefficient 3;).

24 (eja(x) ANhja(z))og

X
(10) P feja(r)og +§f hja(z)og’

X

where § f(z)og= sup (aAg(Haf(x))) - indistinct integral f(x) by indistinct measure
X a€l0,1]
g(:); Hy = {x : h(z) > a}; and A means “minimum”.
It can be proved that the distinctness of an evaluation prognosis can be characterized
with coefficient

o mjincfej/; (I)09+)jfth (x)og).

(11) Vo= feja(@)og+$hja(z)og
X X

Generalized expert weight coefficients are:

(12) aj = By, § =1k
Then generalized indistinct evaluation of an object, process or action A is character-
ized with:

k
(13) Hy(z) = kl > ajhja(x).

Similar results are achieved by applying robust data evaluation methods.

4. An Application. The methodology, explained above, has been used for evalu-
ation of implementation effectiveness of new technologies in a transportation company
“Lithuanian Railways”. Unfortunately we cannot present the results here because of the
huge amount of data array. Instead, an application example is presented, in which an
expert commission is trying to evaluate essay A in mark he€{0.1, 0.2, ..., 1.0}. Let the
K={s1, $2, s3} be indicators of A quality. Evaluations of the indicators by the experts
are listed in Table 1. Expert generalized evaluations h;4 are also shown there. Table
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1, as well as the questionnaire, contains some redundant (check) evaluations hj4. In an
ideal case (for a well experienced expert) hj4 should be equal to generalized evaluation
eja, achieved on {g;, hjs, } base. For simplicity purpose let us confine on processing the
1-th (j=1) expert’s data. Applying formula (2), resulted e;4 = h14 = 0.8, for the first
expert.

J th S1 52 S3
spelling | punctuation | contents
1108 | g1 0.7 0.5 0.6
his, 0.8 0.7 0.9
2107 g2 0.7 0.6 0.7
has, 0.7 0.6 0.8
3109 | g3 0.8 0.5 0.7
h3s, 0.8 0.7 0.9
4108 | g4 0.8 0.6 0.6
has, 0.8 0.7 0.7
51 08 | g5 0.7 0.7 0.7
hss, 0.8 0.7 0.9

Table 1. Unprocessed data of expert evaluations

Unfortunately, as it was mentioned before, in most of cases formula (2) is not adequate,
— and in this analyzed example, too. Assuredly, if it would be in the table his,= 0.1
(almost complete illiteracy) or his, = 0.1 (an essay almost without contents), the e; 4~
0.5. That is absolutely unreal evaluation. Applying formula (3), the column of g; is not
needed in the Table 1 any more. Replacement is performed with calculated coefficients
{a}, which can be found applying experiment planning methods. For instance, a full
factorial experiment 2™ can be performed, for finding a set of coefficients {a}. For
illustration Table 2 shows the results. In this example, after calculations we obtain:

(14) eilaA = 0.1(]1151 + h152 + h153 + h1,91h1,93) + O-Ghlslhlthlsg-

If the values of his,;, i = 1,3 from the Table 2 are inserted, result is e;4 = 0.6.

Attempt hlsl h152 h153 hlA
No.

1 0 0 0 0
2 0 0 1 0.1
3 0 1 0 0.1
4 0 1 1 0.2
) 1 0 0 0.1
6 1 0 1 0.3
7 1 1 0 0.2
8 1 1 1 1

Table 2. Experiment for finding a set {a} of coefficients
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Assuredly, Table 2 shows that the expert demand for an essay concordance, that is,
the essay should meet all the criteria. In a case of applying formula (18), o3 = 0.6. If we
use formula (4) for the same data, then e; 4= 0.8. In this case e;a= hi4. But it should
be noticed that the result, achieved using formula (4) would be the same if hq,,were
his, € [0, 0.7]. In our case such a criterion is unacceptable, but in other cases, where
criteria, having lower marks, are unimportant, formula (4) may be effective.

6. Conclusions

1. It is very important that the evaluations, performed by experts in a way of sub-
mitting criteria evaluations, are “comfortable” for the experts both from mathematical
and psychological point of view. A good example of “comfortable” evaluation is when
the expert specifies an interval of possible criterion value, and a probability, under which
he resumes the evaluation of the criterion is correct. The submitted evaluation can be
easily changed with fuzzy number, possessing “trapezoid” type dependence function.

2. Expert evaluations of objects, actions or processes are often inadequate: eval-
uations are dispersed unequally due to different expert experience (competence) and
precaution (conservatism). It can be compensated with additional weight coefficients
and by applying the methods of a subjective utility theory.

3. A complex evaluation criterion often cannot be expressed by combination of linear
partial criteria.

4. The efficient expressions for indistinct criteria calculations are achieved by using
fuzzy integrals of appropriate dependence functions.
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ITPUJIATAHE HA METOJA HA CYBEKTUBHU KAYECTBEHUA

KPUTEPUN 3A OIIEPAIIMOHAJIHU ITPOTHO3U

Tomac Maruaa, Orounac CBexkaa

ITonsikora B3emaHeTo Ha peIllleHre, OCHOBAHO Ha KJIACMYECKHU ONTUMU3AIMOHHUA METO-
JIM, € HEBb3MOXKHO. TakuBa 3aJla4i Bb3HUKBAT TaM KbJIETO OOEKTHUTE, NEHCTBUSITA
WJIM TIPOTIECUTE Ca OMMCAHU HETOYHO. B MOMOOHY CHUTyaIlNy, JINIICATa HA METOIU BOIU
JI0 B3eMaHe HA HEMOTHUBUDAHM DeNIeHUs. BChIIHOCT TAKUBA METOJU CBIIECTBYBAT U
€JIMH OT TsIX € METOI'bT Ha CyOEKTUBHUTE KAYeCTBEHU KpUTEpUU. 1031 METOJ, Ce OCHO-
BaBa HA €KCIIEPTHU OIEHKH, T.€. YOBEIIKUSIT UHTEJEKT Ce M3MOJI3Ba KATO HHCTPYMEHT
3a olleHsiBaHe. BimsiHreTo Ha CyOEKTHUBHUTE BBHIMHA (PAKTOPU MOXKE J1a ObJie TOJI-
KOBa pa3JInIHO, Y€ Jia € TBbP/I€ PUCKOBAHO OCHOBABAHETO CaMO Ha €JHa €KCIIEPTHA
orerka. Jluckyrupanu ca MeToau 3a 06paboTBaHe Ha IPYIHU OT €KCIIEPTHU OIeHKU. B
CTaTHUsITa Ce OOCHIK/IAT U BBIIPOCH KATO M300p Ha MOIXOJISI KpUTEeprii 1 oOpaboTBane
Ha, [IPeJIJIOYKEHNTE OIeHKU. [IpeicTaBeH e euH NpUMEpP U Ca HAIPABEHU ChOTBETHUTE
U3BOJIN.
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