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Article deals with expert approach to soft evaluation of alternatives. Qualified expert evaluates the benefits by means of natural

language, using language operators. Natural language holds very detailed and important information that can be quantified using

mathematical operations. The quantification procedure results in numerical cardinal weights assigned to proposed alternatives. Pro-

cess of soft evaluation involves a) provider of evaluation, b) alternatives, ¢) expert who provides evaluation. Evaluation consists of

four steps:

| Identification of alternatives A, B, C, ..., which are subjects of evaluation. Alternatives consist of objects O, and statements O.

Alternatives can be either oriented to object or oriented to statement.

2. Choice of language operators $;, which must satisfy conditions of ordinarity, selectivity. frequency. duality, transmissibility.

Laneuace operators are proposed in form of a menu $.}. There are two types of operators expert can use: a) strengthening lan-
S (= ] J f= &

guage operators. and b) weakening language operators.
3. Creation of evaluation chain 3(A) = {Al $), $1. ...

$,) for each proposed alternative A. Evaluation chain gives vague informa-

tion expressed by words, but really it is an exact description of expert’s opinion concerning proposed alternative.

4. Assignment of a sequence of measures [, Ll € (0, 1) for each alternative. The first measure is assigned value u, = 0.5.

Measures L; are modified by language operators {$;) which expert puts in evaluation chain into a sequence. Modification is pro-

vided by means of modification functions MOD($;) which assign each operator a numerical value. Measure [, obtained in the final

m-th step of algorithm can be considered as a quantitative representation of expert’s evaluation of alternative. Generally. it is a car-

dinal weight assigned to alternative A on the interval (0. 1). Modification function transforms language operator — which in fact is

vague word — into quantitative numerical value. It modifies the initial measure of the alternative ft; = 0.5 during step by step proce-

dure Uy = Uy [Al MOD($,,)]. The process continues until all operators in the chain have been used for evaluation. Modification

function for strengthening operators is concave on {0, 1). for weakening operators is convex on (0. ). If MOD($) is concave modi-

fication function for a strengthening operator $. then MOD ~ ($) is convex modification function for the dual weakening operator,

analogically. Two parametric functions were adopted within proposed methodology of soft evaluation, namely a) Zimmer-

mann-Zysno function and b) Swarovsky function.As an example a procedure of evaluation of 8 alternatives in three steps evalua-

tion is presented.

qualitative research; alternatives: objects, statements: evaluation chain; modification function: language operators; strengthening

and weakening operators: soft/robust evaluation: fuzzy language operators; Zimmermann-Zysno function: Swarovsky function;

quantification: cardinal weights: cardinal ordering

1. INTRODUCTION

Our daily life is filled with many technologies: highly
sophisticated applications of ICT and/or on ICT based
technologies change the manner of our lifestyle. Many
citizens use PC. the Internet and mobile phones. It is not
only private organizations, but also government, state ad-
ministration, and other public institutions that use ICT in
order to offer e-services, which are tailor-made to the
needs of citizens.

Sophisticated use and implementation of ICT
throughout the entire society may also bring problems:
a heightened amount of digital divides in regards to the
Internet and information systems. It seems that the world
of “poor people”, traditionally recognized as people who

have little money, are today becoming monetarily
wealthier. However, there is a new type of poverty
emerging, and this is due to a lack of accessible ICT and
information systems.

There exists a common agreement that ICT brings
countless benefits to people. The government spends
a vast amount of money to increase adult education with
hopes of decreasing this digital divide, yet they have
a vague objective: to improve the benefits of citizens, no-
body doubts that ICT based technologies will result in
anything but a positive result for both producers and citi-
zens. However, there is one menacing question: What is
the benefit for the citizens. and how can we measure it?
In the case of producers, the benefit is clearly measur-
able. It is possible to compare and rate the amount of
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money invested with the amount of profit received.
When dealing with citizens, the problem is not as clear.
We can easily observe the amount of money invested,
but are not easily able to quantify the benefits that citi-
zens receive.

This problem is an emblematic one for soft svstents
and relevant soft decision making where benefit is im-
measurable by means of traditional, robust measures.
This article deals with expert approach to decision mak-
ing in soft system. Many knowledge oriented decision
making problems face to multi criteria decisions and thus
often deal with soft evaluation of alternatives. Highly
qualified experts evaluate the benefit of alternatives by
means of natural language, using language operators
rather than merely numerical forms. Natural language
holds very detailed and important information that can
later be quantified using mathematical operations. The
result of this quantification procedure enables us to as-
sign each object — primarily evaluated by means of
words — a numerical cardinal weight.

2. MATERIAL AND METHODS
2.1. Algorithm of soft evaluation

The process of soft evaluation involves the coopera-
tion of three factors:
1. Provider of evaluation (decision maker, manager, e.g.
a mastermind who organizes the evaluation proce-
dure).
Alternative (variant. proposition. programme, strat-
egy, ...) which provider prepares and proposes for
evaluation to an expert.
3. Expert who provides the evaluation (expertise) of al-
ternative.

N

Step by step algorithm of evaluation consists of four
following operations:
1. Identification of alternatives A, B. C, ..., which are
subjects of evaluation. Alternatives consist of objects
O, and statements 0.

2. Choice of appropriate language operators $;, which
expert utilises for evaluation of proposed alternatives.
The set of language operators {$;} must satisfy fol-
lowing conditions:

(a) ordinarity,

(b) selectivity.

(¢) frequency,

(d) duality,

(e) transmissibility.

Language operators are proposed to expert in the form
of a menu {S;}. Mostly, the menu is presented as a list
of language operators $; ordered in a table.

3. Choice of an experr who evaluates proposed alterna-

tive. Expert provides evaluation by means of natural
language — by words — using language operators pre-
sented in the menu {$}.

4. Creation of evaluation chain
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S(A) = (Al $1. $o. ... S0}

for the proposed alternative A. Evaluation chain is a se-
quence of language operators which are selected from
the menu {$;}. Evaluation chain 3(A) of the alternative
A is created in two steps:

a) Initial step:

Provider selects an appropriate language operator
from the menu {$;} and puts it on the first place into the
evaluation chain: thus

J(A) = {Al'$))
in the first step.

The first evaluation chain of alternative A is assigned
an initial measure

W= [3A)] = W[A$1=05, 1, € 0, 1)

Measure W;[Al $;] = 0.5 is a numerical quantification
of language operator $;. This initial value will be modi-
fied in next steps.

b) Next steps:

Process of evaluation is continued by expert. Expert
evaluates the initial measure [, which was assigned to al-
ternative during the initial step. Expert is adding another
language operators into the evaluation chain as long as
she/he feels that the proposed alternative is well as-
sessed. Finally, evaluation chain 3(A) of the alternative
A consist of an ordered sequence of language operators,
eg. 3(A) ={A 155, ... %]

Initial measure W [3(A)] = 0.5 is modified by other
language operators $, ..., $, which expert puts in evalu-
ation chain into a sequence. Modification is provided by
means of modification functions MOD($;) which assign
each operator in the sequence a numerical value. It is
a step by step procedure:

Let us suppose the initial measure W [Al $;] = 0.5 and
expert put m other language operators $;, $,, ..., $,, into
the evaluation chain of the alternative A; then the initial
measure [y[Al'$,] = 0.5 is transformed into modified values

L= LAl S, MOD($,)] . LAl $1=0.5
L= (AL S, MOD($,). MOD($5)] .

= Wi [Al S, MOD($,). MOD($,). .... MOD($)] .

-

i=2,3,....m

Formally, evaluation procedure can be described as
a sequence of quantifications of language operators
which are ordered in evaluation chain:

i =0.5
L= ]\"1OD(_U1)
ty = MOD(1»)

Ly = MOD(y, 1)

Value L. obtained in the m-th step of algorithm. can
be considered as a quantitative representation of expert’s
language evaluation of alternative A. Generally, it is a car-
dinal weight assigned to alternative A on interval {0, I).
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2.2. Objects, statements, alternatives

Classical definition of a system as a “set of elements
and relations™ does not satisty the requirements for
a soft approach to evaluation. It is better to use the term
“class” rather than “set”. When a system is considered
to be a “class of elements and relations
ment has a property that symbolizes its membership to
the class as well as to the system. The prerequisite that

", then each ele-

elements in systems have properties is a crucial one for
soft evaluation.

Let us suppose we have a system in this new sense,
and this is a soft system, e.g. some of its elements and/or
relations are vague and not measurable by traditional ro-
bust measures. The basic unit we shall evaluate and/or
assess is an object (entity). The object can consist of:
a) one element or a collection of elements;

b) relation or collection of relations;
¢) element and relation or a collection of elements and
relations.

Objects can represent very different things and events.
Objects can be robust, for example physical entities.
which are well measurable by means of robust weights.
Objects can be soft. for example philosophical or societal
categories, which do not allow the use of traditional ro-
bust measures.

Here are examples of typical robust and soft objects:

Robust objects:

Car, men, temperature. expected value of future
profit, probability of an event, estimation of future inter-
est rate,

Soft objects:

Smell of a rose, smile of a child, benefit of farmers,
welfare a citizen following from supermarkets, ... .

We will assume that the properties of elements and re-
lations are included in the properties of objects. Decision
maker formulates the property of an object in the form of
a statement. The set of chosen objects and the set of rele-
vant statements make possible for the decision maker to
formulate alternatives. Decision maker can formulate
each alternative in two relevant forms, namely:

a) Alternative oriented to object: set of statements con-
cerning one object.

b) Alternative oriented to statement: set of objects con-
cerning one statement.

Example:

Capitals O; denote objects, greek letters oy denote
statements, capitals A, B, C, ... denote alternatives, re-
spectively.

Let us suppose

O, = {leisure of worker},
O, = {leisure of clerk},
O; = {leisure of pensioner}

are objects, and that

o = {is influencing tamily},
o> = {is influencing benefaction}.

o3 = {is influencing conviction},
oy = {is influencing outlook }

are statements. Object O, and statements o/, 0. O3, Oy

make us possible to create many alternatives oriented
to the object, e.g.:

=10, 10} = {leisure of clerk | is influencing family }:
4 = {0l oy} = {leisure of clerk Iis influencing benefaction }
A= {0,105} = {leisure of clerk | is influencing conviction}:
A =1{0, 104} = {leisure of clerk | is influencing outlook}.

These four alternatives could also be denoted only by
one complete notation in the form: A5, = {O, | 0y, 0, 01,
o} = {leisure of clerk | is influencing family, is influenc-
ing benefaction, is influencing conviction, is influencing
outlook}, k =1, 2, 3., 4.

Here, expert balances and evaluates four statements
from one tixed object point of view.

Similarly, we can compile alternatives oriented to the
statement. For example, complete notation B, = {oy ] Oy,
0,. O3} = {is influencing outlook | leisure of worker, lei-
sure of clerk, leisure of pensioner }, k = 1, 2, 3 presents
three alternatives oriented to the statement oy:

Byy={ou10} = {is
By ={0,410,} = {is influencing outlook | leisure of clerk}:
By={0410:} = {i

influencing outlook | leisure of worker}:

is influencing outlook | leisure of pensioner}.

The expert balances and evaluates three objects from
one statements point of view.

2.3. Choice of experts and planning of expertise

A high qualify expert can provide evaluations of both
robust and soft objects using robust and soft measures;
possible approaches of expert evaluation are evident in
the Table 1.

A&B: Expert uses standard physical measures and
gauges, evaluates by means of scales and other
quantitative measures (often evaluating scales
with five, seven or nine numbers are used. Also
other techniques are used: Saaty methods,
Fuller’s method, etc.).

C&D: Expert evaluates object by means of language

operators. Words like “many”, “much”™, “a few”
“undoubtedly”, “unimportant”, “trivial”, “in-
considerable™, “useful”, “inevitable”. and so

forth, hold exact information and thus expert’s
own experience can be quantified by these com-
mon words.
Some special language operators are quantified in the
formal fuzzy linguistics. Fuzzy language operators, for

Table 1. Evaluation of object by experts

Object

|

L I : |
| { robust soft N

i T . "\

Measures ; robust ‘ A B H

: soft ‘ C D J”
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example words {very, highly, rather, more or less,
roughly }, modify values of a given measure — so called
“membership function”™ — by multiplying by a constant.
This fuzzy approach does not give good results if there
are more language operators in the evaluation chain.

2.4. Evaluation chain — menu of language operators for
provider in the first step of evaluation

Sequence of language operators in the evaluation
chain starts with language operator $; which is put by
provider in the first step of the evaluation algorithm. It is
evident that in many cases language operators $; =
{good} or non$, = {bad} will be used.

But, in the first step of evaluation provider can use also
another language operators, see examples in Table 2.

Table 2. Example of menu of language operators for evaluation in the
first step of evaluation

Language operators with constant MOD($)) = 0.5

| positive ) ‘ | negative
S, 1 non$
| good | bad
2 excellent 2 not excellent
3 appropriate 3 not appropriate |
+ accessible 4 not accessible ‘
“ 5 positively 5 negatively :
i} 6 substantially 6 not substantially |
|
u 7 qualified 7 not qualified ‘
‘i 8 healthy 8 diseased 1
\ ‘
\ 9 pleasant 9 irritating }
| I
i 10 satisfactory 10 not satisfactory

Note that language operators $; and non$; are in cou-
ples. Operator $; has its dual form in operator non$;. and
conversely.

2.5. Evaluation chain — menu of language operators for
expert in next steps of evaluation

In next steps of evaluation expert expresses her/his
agreement with the initial measure y; = MOD($,) = 0.5.
To do it expert ads into the evaluation chain other lan-
guage operators. There are two types of operators expert
can use:

a) strengthening language operators, and
b) weakening language operators.

Strengthening operators magnify initial measure p; =
0.5 and push it to upper constraint of the interval (0.5: 1).

Weakening operators make initial measure y; = 0.5
lesser and push it to lower constraint of the interval
(0: 0.5).

The provider prepares menu of strengthening and
weakening language operators and proposes it to expert.
Example of menu is presented in Table 3.

Table 3. Example of menu of strengthening and weakening language

operators
Language operators with different MOD(S)) ;‘
1 very 12 rather
2 highly 13 roughly |
3 uniquely 14 ‘ nearly
%‘ 4 irreproducible 15 rarely ”
% 5 uppermost 16 little !
‘i 6 exceptionally 17 somewhat I
‘ 7 enough 18 probably
8 surely 19 few I
9 absolutely 20 | more or less |
10 totally | I
11 perfectly

2.6. Language operators

In each natural language there are frequent and com-
monly used words — language operators — by means of
which expert expresses evaluation of proposed alterna-
tive. In the simplest case, expert uses robust two-value
logic, e.g. makes decision that the initial evaluation of
the alternative py = MOD($,) = 0.5 is true or is not true.

Soft evaluation of the alternative needs three-value
logic (Havlicek, 1999a). Here, expert can use not
only verdict “Yes™ or “Not”, but also evaluation running
“between yes and not”. The position “between Yes and
Not” can be expressed by special words of natural lan-
guage — by language operators. It is natural to depict
values

{Yes, between Yes and Not, Not}

on the segment {0, 1), e.g. on the continuum of real
numbers, see Fig. |.

Evaluation chain — containing a sequence of language
operators — is created for each alternative. However,
evaluation chain gives vague information expressed by
words, but really it is an exact description of expert’s
opinion concerning proposed alternative. Thus, evalua-
tion chain makes possible to give a precise picture of ex-
pert’s opinion about alternative on the continuum “Be-
tween yes and not”.

The menu of language operators must satisty the fol-
lowing properties (Havlicek, 1999b):

1. Ordinarity

All language operators should be lined up in ascend-
ing (or descending) sequence according to their language
strength.
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Fig. I. Continuum of real
numbers used for quanti-
fication of an expert’s

| am sure "Yes"

— e - ——— at
opinion
No=0 Between No and YES Yes =1
0,5
s

ore or less "

Treshold of certaincy

Example:

Operators {very, highly, uniquely, absolutely, totally,
whole-heartedly} are lined up in the ascending mode; the
operator “uniquely” can be considered as almost equal to
the operator “absolutely”, e.g. the sequence can be or-
dered this way:

{very} < {highly} < {uniquely} =
= [absolutely} < {totally} < {whole-heartedly}.

2. Selectivity

Each language operator should differ remarkably
from other operators in the menu so that expert could se-
lect a “right” one and use it in order to strengthen or
weaken the evaluation of the alternative on the contin-
uum “Between Yes and Not™.

3. Frequency

The list of operators should contain common words
often used in daily and/or professional language. The use
of frequent vocabulary in our modern language is recom-
mended. Language operator “whole-heartedly” is an ex-
ample of not appropriate language operator.

4. Duality

The initial value p; = 0.5, W, € (0, 1) of each alterna-
tive is increased or decreased step by step by language
operators ranked in the evaluation chain. Each language
operator $; has its dual form $i" . If language operator $;
is strengthening, then dual language operator $j'l is
weakening, and conversely. Language operators thus can
be presented in couples {$;, $;1 }.

Dual symmetry between two language operators in
a couple can be expressed by modification function as
follows:

MOD($) = 1 —-MOD™' ($))

MOD {strengthening operator} = 1 — MOD {weakening
operator}.

Example:
The couple of mutually dual operators consists of
a couple of different words, e.g.

MOD {much} = 1 - MOD(little}.
or negation of the first operator can be used:

MOD {much} = 1 - MOD{not much}

More or less "Yes" =

5. Transmissibility

The choice of language operators should take into re-
spect the requirements of a multilingual society, e.g. pro-
vider should involve into menu such operators that can
be easily and unequivocally translated into other world
languages. Of course, the expert will evaluate best in
her/his native language.

2.7. Creation of evaluation chain

The evaluation chain of alternative A
S(A) = {A| $|» $Zs cees $n}

consists of several language operators, both strengthen-
ing and weakening. By testing the procedure in pilot
applications, we found, that the best chains in practical
applications contain at least three operators, e.g. 3(A) =
(Al $1, $2. $3}, where $; was given by provider in the
initial step and $,and $3 were assigned by expert in two
next steps of evaluation procedure.

Three levels of evaluation correspond well to the nat-
ural three superlatives in comparison of adjectives or ad-
verbs, for example:

{good, better, the best}
{appropriate, more appropriate, the most appropriate }

Four or more operators in the chain resulted in higher
frequency of weights near marginal points “Yes” and
“No” in the continuum.

2.8. Modification function and process of quantification

Modification function MOD($;) is assigned to each
language operator $;. Modification function transforms
language operator — which in fact is vague word — into
quantitative numerical value. It modifies the initial measure
of the alternative p; = 0.5 during step by step procedure

WAl $1=05
o= [Al $,. MOD($,)]
15 = WolAl $;, MOD($2), MOD($3)].

Hn = U 1[Al $; MOD($,), MOD(S5). ... MOD($:)]-
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Modification function for
weakening operator $

1,0

Fig. 2. Courses of modification function for a) strengthening operator,

b) weakening operator

The process continues until all operators in the chain
have been used for evaluation of alternative. Quantifica-
tion of alternatives by means of modification function is
thus performed in levels: each level of evaluation corre-
sponds to one operator in the evaluating chain.

Fig. 2 depicts the transformation process — it shows
how the modification function changes values ;into val-
ues Wy. Strengthening modification function increased
initial value y; = 0.5 to higher value p, = 0.78; analogi-
cally, weakening modification function decreased this
value from y; = 0.5 to lower value p, = 0.27.

Modification function for strengthening operators is
concave on (0, 1), for weakening operators is convex on
(0, 1). If MOD($) is a concave modification function for
a strengthening operator $, then MOD™($) is the convex
modification function for the dual weakening operator,
analogically.

2.9. Modification functions in fuzzy mathematics

Fuzzy mathematics defines modification functions for
common language operators very, highly, rather, rarely,
slightly, more or less, roughly:

Let u; = W[ (A)] = WAl $;] = 0.5 is initial measure
of alternative A, 1, € (0, 1) and W, = py[Al MOD($,)].
Then

1> = [ [Al MOD(very)] = CON(W)) =41},

1o = [ [Al MOD(highly)] = CON[CON( )] =i,

s = W [Al MOD(rather)] = [2u* A 1) v (<20 + 4] = D],

1o = (W [Al MOD(rarely)] =,

s = Al MOD(slightly)] = 2(“%(11_“1)
W, = W [Al MOD(more or less)] = DIL(W,) = 2u—1;,

11> = 1 [Al MOD(roughly)] = DIL[DIL(u,)] =
=—o + o' = 60 + 40t

(Here, “CON”, “DIL" are abbreviations of operations
“contraction”, “dilatation” — names of special functions
in fuzzy mathematics; symbols “A”, resp. v denote

1,0

Area of strengthening
operators

/'l Modification function
} for lower levels:
weakening between 0,0 and 0,5

0,5 1,0

Fig. 3. Modification of Swarovsky function with one pa-
rameter U

LEITS

“lesser from two values”,
spectively. Examples:
SA(N)=-T,12v11=12,(mAe)v(2Alil)=e).

greater from two values”, re-

2.10. Parametric modification functions

For other operators, as well as for standard fuzzy op-
erators in higher levels of evaluation, new modification
functions must be defined. During our pilot verification,
these two artificial functions promise good results:

1) Zimmermann-Zysno function (Zimmermann, 1985)

1 1 1
Z(xX)= —+—| —————¢
() o) [l|:1+() a(x+h) j|

with parameters a, b, ¢, d. This function is continuous
and concave on interval {0, 1) if parameter b = 0. The
shape and slope of concavity on (0, 1) can be improved
by changing of parameters a, ¢, d. This type of function
can be used for modification of measure p by strength-
ening language operator $. Modification is provided by
formula

11 1
MOD(W) = — + — —cl.
i 2 dL +e ™ L}

Relevant dual language operators can be quantified by
relevant inverse Zimmermann-Zysno function; the func-
tion is continuous and monotonous on {0, 1) and thus can
be easily inverted. After calculations and using natural
logarithm we obtain

1 l-d(x-0.5)-c¢ B

2'x)=Z"'(x)=—1 b.
Gl &2) a ! dx-05+c

Inverse Zimmermann-Zysno function Z™'(x) is contin-
uous and convex on interval {0, 1) for b = 0 and its shape
and slope can be improved by changing of parameters a,
¢, d. This function can be used for modification of mea-
sure i by weakening operator $; modification can be pro-
vided by formula
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MRy et | g T }
a (/uf()‘s)ﬂ |
On the Fig. 2 the shapes of functions MOD(u) and
MOD (1) are depicted for parameters a=3,b=0,c =0,
d = 0.4525:

| | |
W=t —— il
2 04525 1+e™

1 —0.4525(u —0.5)
0.4525(u —0.5) |

MOD(

MOD‘(H):I{]
2

Here, function MOD(w) is slightly selective and was
used to modify measure p = 0.5 by strengthening opera-
tor {$} = {surely}. Function MOD"(‘u) modify the mea-
5 by operator {$} = {not surely} = {probably}.

|

sure p=10.5

2) Swarovsky function

. I 1 [ n a+b
F(x)= 7+f\mj x—
2 2 b—-a 2

was adopted to the shape

(
MOD(u) = 1—+ K\m\ [p-lj}

with one parameter A. The function has a sigmoid shape

/1 1)
and has one point of inflection in <§ ;/

Swarovsky function can be used:

a) in cases where the initial value y; of an alternative is
not the midpoint of {0, 1), e.g. 1y # 0.5, w; € (0, 1),
and

b) in higher levels of the quantification process, if
weights u; > 0.5 or U < 0.5 (where symbols *>"
resp. <" denote “markedly greater than”, resp.
“markedly lower than™).

The shape of Swarovski function is depicted on
Fig. 3.

3. RESULTS - EXAMPLE

Decision maker proposed 8 alternatives {A, B, C, D,
E, F, G, H}. Expert was asked to evaluate all 8 alterna-
tives.

Evaluation was realised in three steps. In the first step
of evaluation decision maker proposed each alternative
language operator $; = {satisfactory} with MOD($,) =
= 0.5. Then expert continues the process and put two
other operators into evaluation chains of alternatives.
Thus, we obtained following evaluation chains:

S(A) = [Al {satisfactory}, {rather}, {seldom}],
.

{
S(B) = [BI {satisfactory}, {

3(C) = [CI {satisfactory}, {seldom}, {seldom }],
S(D) = [DI {satisfactory}, { }, {undoubtedly }],
S(E) = [E| {satistactory}, {rather}, {undoubtedly}],

3(F) = [FI {satisfactory}, {very}.{undoubtedly}],

very}, {seldom}],

seldom},

3(G) =[Gl {satisfactory}. {highly}, {seldom}],
S(H) = [HI {satisfactory}, {highly}. {undoubtedly}].

Modification of the initial value ; = 0.5 in the second
level of evaluation was provided by fuzzy modification
functions (see paragraph 2.9). Results of evaluation in

the second level are presented in Table 4.

Table 4. Quantification of alternatives in second level of evaluation

|
“ 2" level of evaluation
‘ T

Alternative | S, | e ‘ s Order

G highly 05 0.875 Lo

‘ H highly 0.5 0875 I |
B very 05 0750 | 2
i‘ P very ‘ 0.5 I 0.750 2
A rather | 03 i 0.125 3

‘ E rather 0.5 | 0125 3 ‘

C seldom 0.5 ).091 4 h

1 D ‘ seldom 0.5 0.091 ‘ 4 ‘

Modification of measures L, in the third level of eval-
uation was provided by modified Zimmermann-Zysno
function. Results of modification and final ordering of
alternatives are presented in Table 5.

Table 5. Quantification of alternatives in third level of evaluation

B '\
|
I

Order |

a 3 ;
3" level of evaluation

i Ll Lo s

Alternative S
G highly, seldom 0.5 | 0.875]0.717 3 ‘1
H highly, undoubtedly 0.5 | 0.875 | 0.955 | ;:
B | very. seldom 0.5 | 0.750  0.551 4 3‘
B | very. undoubtedly 0.5 | 0.750 | 0.894 2
A rather, seldom 0.5 | 0.125 | 0.075 7
E | rather, undoubtedly 0.5 | 0.125 | 0.204 5
C seldom, seldom 0.5 0.091 | 0.0 8
D seldom, undoubtedly | 0.5  0.091 | 0.148 6 ;;

Measures {us} are cardinal weights assigned to alter-
natives. Ordinary ordering of alternatives is {H, F. G, B.
E. D, A, C}.

The weight of alternative C, which is derived from
chain {satisfactory, seldom, seldom}, is an example of
use of two same operators.

4. CONCLUSION

The methodology represents a very general approach
to quantification of information presented in natural lan-
guage. Concrete use and application of this method de-
pend on concrete problems. The role of decision maker
(manager) is crucial: he must prepare alternatives, menus
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of appropriate language operators for experts, provide
choice of experts, adjust modification functions and pro-
cess the data.

The method can be used in qualitative research. In
qualitative research, many quantitative approaches termi-
nate in an ordinary sequence of alternatives, e.g. in defin-
ing their order in a linear fashion. Qualitative researchers
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HAVLICEK, J.: Expert evaluation on the continuum. In: Proc.
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rarely use complicated mathematical methods. Statistics
and probability often are used. but they are - in the con-
text of this article — considered to be robust methods. The
presented method makes possible to assign cardinal
weights to each alternative and thus give more detailed
information and superior ways to measure quality.
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Clének se zabyva hodnocenim alternativ pomoci expertil. Kvalifikovany expert hodnoti kvalitu alternativy slovy
piirozeného jazyka. tzv. jazykovym operatorem. V piirozeném jazyce expert vyjadiuje pfesnou informaci, kterd se
maze kvantifikovat matematickymi postupy. Proces kvantifikace kon¢i pfifazenim kardindlnich vah kazdé
7 hodnocenych alternativ.

Procesu evaluace se Glastni a) organizdtor evaluace (manazer), b) alternativy (varianty. navrhy. projekty,
programy, strategie, apod.), ¢) expert, ktery alternativy hodnoti.

Evaluace se provadi ve ¢tyfech krocich:

|. Tdentifikace a piiprava alternativ A, B, C, ..., které budou expertem hodnoceny. Alternativa se skladd ze dvou
Casti: objekru O; a tvrzeni oy Alternativy se mohou expertovi predkladat ve dvou variantach jako alternativy
orientované na objekt, nebo alternativy orientované na tvrzent.

2. Vybér jazykovych operatora $; které musi spliiovat podminky ordinarity, selektivity, frekvence, duality,
prenosu. Jazykové operitory se predkladaji expertovi k pouziti ve formé menu {$;}.

3. Tvorba evaluacniho fetézce I(A) = [Al $. $5, ... .$,} pro kazdou alternativu A. Evaluacni fetézec podava
o kazdé varianté sice vagni informaci vyjadfenou slovy. ve skutecnosti ale tato informace obsahuje zkuSenost experta
a piesné vyjadiuje jeho minéni o hodnocené alternative.

4. Kazdé alternativé se pfifazuje mira jeji kvality ;. g€ (0, 1).

Miry W se modifikuji (zpfesiiuji) pomoci jazykovych operatord {$;}. které expert postupné piidava do evaluacniho
Fetézce. Modifikace se provadi pomoci specidlnich modifikacnich funkci MOD($)). které kazdému jazykovému
operétoru piifazuji numerickou hodnotu. Miru U, ziskanou na konci m-tého kroku algoritmu, mizeme povazovat za
kvantitativni reprezentaci expertova hodnoceni. Obecné lze tuto hodnotu povazovat za kardindlni vahu alternativy A
na intervalu hodnoceni (0, 1).

Jazykové operdtory ve fuzzy matematice, napi. vyrazy velmi, znacné, dosti, viceméné, zhruba, modifikuji tzv.
funkei piislusnosti do fuzzy mnoziny nésobenim konstantnimi hodnotami. Tento postup nezarucuje dobré vysledky
v pfipadé, kdy je v evaluatnim fetézci vetSi pocet riznych jazykovych operatoru.

Expert miize pii hodnoceni alternativy pouZit dva typy jazykovych operatorQ: a) operdtory zesilujici, které ZvySuji
hodnotu miry p a posouvaji ji k horni hranici intervalu (0,5: 1, b) operdtory zeslabujici, které zmensuji hodnotu miry
u a posouvaji ji smérem k dolni hranici intervalu (0: 0.5).

Kazdy jazykovy operator $; ma svoji dudlni formu $"‘ . Jestlize je operator $; zesilujici, potom je operdtor S;' =
non$; . a naopak. Jazykové operatory se proto predkladaji v pdrech {$;, $!'1. Dualni symetricky vztah mezi dvéma
jazykovymi operdtory lze vyjadfit pomoci modifika¢nich funkci takto: MOD(S&Q =1-MOD" ($).

Evaluacni fetézec I(A) = {AlS), $a. ...
V pilotnim ovéFovani tohoto postupu jsme zjistili, Ze nejlepsi vysledky ddvaji evaluacni fetézce, které obsahuji ti

$,1 se sklada z nékolika operatort, které mohou byt zesilujici i zeslabujici.

jazykové operdtory, tj. fetézce 3(A) = {Al $1. 3o, $;}. Manazer, ktery organizuje evaluaci. vybere prvni jazykovy
operator $; a zada mu vychozi miru yy = 0.5. Zbyvajici dva operétory $, a $; vlozi potom do fetézce expert ve dvou
nasledujicich krocich evaluace.

Modifikacni funkce MOD($)) se piipravuje pro kazdy jazykovy operdtoru z menu {$;}. Modifikacni funkce
transformuje jazykovy operator — ktery je v podstat€ vagni slovo — na kvantitativni numerickou hodnotu z intervalu
(0. 1). Modifika¢ni funkce v prabéhu algoritmu postupné upravuje vychozi miru iy = 0.5 na hodnoty Hn = Wi 1Al
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MOD($,)]. m =1, 2, ... . Proces kon¢i, kdyz se zpracuji vSechny operatory zarazené do posloupnosti v evalua¢nim
fetézci.

Modifikaéni funkce pro zesilujici operétory je konkavni na {0, 1), pro zeslabujici operdtory je konvexni na {0, 1).
Jestlize je MOD($) konkdvni pro zesilujici operator $, potom je inverzni funkce MOD™'($) konvexni pro duélni
zeslabujici operator, a naopak.

V ramci vyzkumu byly pro potfeby evaluace vybrany a upraveny dvé funkce, jejichz prubéh lze vhodné upravovat
pomoci parametril a tak je prizplsobit pro vyjadreni ,sily™ jazykového operatoru. Jsou to funkce:

a) Zimmermann-Zysnova funkce Z(x). kterou lze pouzit pro kvantifikaci zesilujicich operatort. Odpovidajici
inverzni funkce Z'(x) naopak kvantifikuje operatory zeslabujici. Prabéh funkce je mozno upravovat pomoci tii
parametr.

b) Funkce Swarovského s parametrem A je vhodna pro kvantifikaci jazykovych operdtort v piipadech a) kdy
pocate¢ni mira [, # 0.5, u; € (0, 1), a b) kdyZ v hodnoticim Fetézci je v&i poCet riznych jazykovych operatora
a postup hodnoceni vyzaduje vétsi selektivitu hodnoticich funkci.

Jako ilustra¢ni priklad se uvadi hodnoceni osmi alternativ s hodnoticimi fetézci se tfemi jazykovymi operatory.

kvalitativni vyzkum; alternativy; objekty: tvrzeni: evaluacni fetézec: modifikacni funkce: jazykové operatory;

zesilujici a zeslabujici operatory: mékka/robustni evaluace; fuzzy jazykové operitory; Zimmermann-Zysnova funkce:
funkce Swarovského: kvantifikace; kardinalni vahy: kardinalni usporadani
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