
SOFT EVALUATION OF ALTERNATIVES BY LANGUAGE
OPERATORS'.

J. Havlíček, M. Pelikán

Cz,ech [Jttit'ersity' ot''Agric'tiltttre, Fttcult\' rl.Í'Ec'rlnontics anc! MtLntlgement'

Detrtttrturcnt o.t''Operatictncrl cmt! S.l'slenis Anctb'si's, Prag,tte, Cz,ech Republic

Ar.ticle c1eals $,ith cXpcft approach tcl soli cvirluiltion ol lltct'natives. Qualiiiccl eXpert eVa]utltcs the bcnelits by rrleans oť natut-a]

firur steps:

Altcrnntives cln be eithei orientcd to rtbject or oriettlt'd to statenL?tIt'

Langultge opeÍatr)rs arc pr.opclscd in lbrnr of ',1 nrcrtu {$, }. Therc ale two t}'pcs oť opcriltors expert CaÍr use : a) stfengthening lan_

gllage operators. ancl b) rvcakening langt:age operatol's'

tion crprcssed by $orcls. but t.eall.v it is an exact clescription of expe|t's opinion concernin-9 proposctl altclniitive'

4. Assignrnent cll'a sec1rtence oť nlcasttres LLj. tr-t] € (0. 1) for each alternativc. The lirsL niei]Sule is ilssigncrl valrre pt, = 1)'5'

vltguc wtlrcl - into quantitativc numer-ica] r aluc. It rntlclilies the initial mcasLlfe clť the alternirtiVe !t1 = 0.5 cluring Step by Step pfLlcc-

clurc pl,'' = pt,,' 1[Ál N,ÍOD($',,)]. T'he process ctlntinues until all opefalors in the chain har''e bcen r-rsed ťor cvi]luaiicltt' \{oclification

tirnction tbr strcngthening np.r.ur., is concare on (u. l). tbr r.veakcning opcli'rtors is convex on (0- l). ll MoD($) is concar''c tl.tocli-

analogicalll,..l'vo prrramctric tunctions lver.e aclopted within pťoposecl mcthoclology of sofi evaluation. nanlely rr) Zirnmer'-

mann-Zi sno ťunction anc1 b) Stvllrovsky lunctiorr.As an examplc a pri_'lccdurc of e valuation oť 8 alter'natir'cs in threc steps eValua-

tio'r is prcsentecl.

quantitlcation: clirclinal r'veights: carclinal orciering

I. INTRODUCTION

Our claily life is fillecl rvith many technologies; highly

sophisticatecl applications oť lCT and/or on ICT basecl

technologies change the nranner oť our lif-estyle' IVliiny

citizens Llse PC. the Internet and rnobile phones lt is not

only private organizations, but also government' state trcl-

rninistration. ancl other public institutions that use ICT in

clrder to oÍ'Íer e-services' whiclr are tailor-nlacle to the

neecls of citizens.
Sophisticatecl use ant1 irnplernentirtion oť ICT

tliroughor.rt the entire societi' may also bring problems:

a heightenecl .imount oí tligittil clivides in regards to the

InteÍllet ancl inÍbrrnaticln systenls. It seenls tlrat the lvorld

of "poor people", traclitionally recognizecl as people who

have little lnoney, are totlay becoming trionetarily

lvealthier. Hor.vever. there is a new type of poverty

enierging, antl tl.ris is clue to a lack of accessible ICT and

information systems.
There exísts Íl coÍnmon .igfeeÍnent that IC'r brin-gs

countless benefits to petlple. The governtrent spencls

a Vast .ll1lollllt oť rnoney to increase aclult edtrcation r'vith

l'ropes of clecreasing this cligital divicle. yet they have

a v.igue objective: to improve the benefits of citize ns' ntr-

boclv cloubts that ICT basecl technologies will result in

anything bLli a positiVe r'esult Íbr both prodtlcers ancl citi-

zens. However, there is one nlenacing question: What is

the beneÍit tbr the citizens. and how can We meastrle it']

In the case of protlucers, the benefit is clearly lneasur-

able. tt is pctssible to colllpare ancl rate the anrount of
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money investecl r,l,ith the amollnt oí' proťit received.
When clealing with citizens, the ploblem is not as clear.

We can easily observe the arnount of ntoney investecl.

but ale not easily able to quantity the benefits that citi-
zens receive.

This problenl is an er'nblenlatic one tor soÍi 'sl'sÍents

ancl relevant soÍi decision nraking where beneťit is irli
measurable by means of tt'aditional, robust nteasures.

This iirticle deals with expert approzrch to clecision mtrk-

irrg in soÍi system. Many' ÁllorL'let!ge orientetl t'let'isitltt

ntaking problents face to rnulti criteria clecisions iind thus

oÍien deal with soÍl e\'alLlation of alternatives. Highly
clualified expefts evaluate the benefit of i'rlternatives by

means of n;rtural languiige. using language operators
rather than nlerely nunrerical Íbrrrrs. Natural language

holds very detailecl and important inforrnation that can

later be cluantified r,rsing mathenlatical operatirlns. The

result of this cluantitication proceclure enables us to as-

sign each object - prirnaril,u-' evaluatecl by rrieans of
wrrrds a nurnerícal cardinal weight.

2. N'IÁTERIAI' AND NIETHoDS

2.1. Algorithm of soft evaluation

The process of soft evaluation involves the coopera-

tion of three factors:
l. Prclyicler clťevaluation (decision nlaker. manager' e.g.

a nlastermind who organizes the evaluation proce-

dure).
2. Altentcrtit'e (variant, proposition. procratntrte. strat-

egy, ..) which provicler pfepares and proposes Íor

evaluation to an expert.
3. Erytert who provicles the evtiluatitln (e.xpertise) of al-

ternative.

Step by step algor'ithrn of er,'trluatiol1 c()nsists oť Íour

Íollowing operations:
l. IdentiÍication oť ctltenttÍil'e's A. B, C, .'.' whiclr al'e

subjects of evtrluation. Alternatives consist of objec'ts

O, lntl sttt!t'rtl( rll.r (xr.

2. Choice clf appropriate lan,e,uage OpercÚOrs S1' which
expeÍt Lttilises for evaluation clf proposecl alte r'nlltives.
The set oť language operat()rs {$i} must satisťy Íbl-
lowin-9 conditions:
(a) ordinttritv.
(b) selectiv'itt.
(c) Jrequetrct',
(cl) tluulitt'.
(e) trttnsn i.s s ib i l itt .

Language operatofs are proposecl to eXpert in the Íbrrn

of a tnenrt {$, }. N'tostly. the menu is presentecl trs a list

of lan-9uage operators $1 orr,lered in a table.

Choice Oť an e.lperr r'vho evaluates pr'oposeci irlterna'
tive. Expert provicles evaluirtion by nleans oť naturirl

Linguage * by words - using language operators pre-

sťntť(l in the rrrcnrr {)l, l.
Creation of et'crluutiort chairt

3(A) = {Ál$l. $:...' .$"}

Íbr the ploposecl alternative A. El,irlrrtrtion chain is a se-

quence of language operators lvhich are selected tiorrr

the lrenu {$' }. Evaluation chain 3tÁ) of the alter'natil'e
A is createcl in two steps:

a) Irtitiul step:
Provicler selects an appropriate language operator

Íionl t1-re nienu {$1} and puts it on the first place into the

eviiluation chainl thus

3(Á) = {Á] :li}

in the first step.
The first evaluation chain of alternative A is assisned

an initial measure

u,= 1.tl[3(Á)1 = pr,[Ál .\rJ= 0._5. Lrr e ({). l)

N'[easure pl[Ál s\l] = 0.5 is a tlunlerÍcal quantificatitln
oť language operatoÍ $r. Tlris initial valLre will be nrocli-

fiecl in next steps.

b) Ne,rr.ireps.'
Plocess of evaluation is cor.rtinuecl bir expert. Expert

evaluates the initial me.rsure pt1 n'hich w'as assignecl to al-
ternative cluring the initial step. Expert is addin-c another
language operators into the evaluation chairr as long as

she/he Í-eels thiit the proposed alterni]tiVe is well as-

sessecl. Finally, evaluation chnin 3(A) of the altclnatii'e
Á ctlnsist tlf an orclered secluence oť langutlge opefators.
e.g.3tÁ) = {Á l$r'$:, .... $',}.

Initial rrrerrsure Lrr[3(Á)l = 0'_5 is nrocliťied by other
language operators $:. ..., $,, which expert pllts in evalu-
ation chain into a sec1uence. MocliÍlcation is proviclecl by

rneans of ntocliJit'ttÍiott 'futtctions N1loD(tii) which assign
each operator in the sequence a nunterical value. lt is
a step bir step proceclure:

Let r'rs suppclse the initia] measure pt'|Ál $rJ= 0.5 ancl

expert pllt iri rlthet'language operŽrtol's $r, $:' '... $'. inttl
the evaluation chain of the alternative A; then the initial
me.lsure p'|A| $l1 = 0.5 is transÍbnnecl intcl modiÍled values

pL.= pLl[Ál $|. NtoD($'])]. |tL[Á| $rl= 0._s

|Ll = p:[Ál !i1. I\'toD($]). N{oD($r)] .

pti = pri 1[Á| $'. lv{oD($:). MloD($]]. . MoD($i)] '
i= 2. -1..... m.

Fornrally. evaluation procedr-rre can be described as

a sequence of cluantifications of language operators
rvhich are orclered in evaluation chain:

Ltr = 0'5

Ltr= N'lOD(ftr)

lL: = N'lOD(LL:)

pt,,, = N'lOD(p,,, 1)

Value pn,. obtainecl in the lr-th step clf algorithrn, can

be considered as a c1ucttttiÍtLtive representcttiott cf eXpeft's
lirnguage evaluation tlf alternatir'e Á. cenerally. it is a car'-

cliniil weight assigned tcl alternative Á on interval (0. l).
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2.2. Objects, statements, alternatives

Classical definition of a systenl as a "'sťl of elentents

antl relation'r'' cloes not satisÍy the rec1uirements for
a Soft appÍoach to evaluirtion. It is better to use the ternl
"r'lct,s.s" rather than ".reÍ". When a system is considerecl
to be a "c:lcL'ss of eletnettts atttt relctÍions ''. then each ele-
nrent has a propertt that syrnbolizes its rnembership to

the class as well as to the system. The prerequisite thitt
elements in systetns have pl'rrpetties is a er'ueial one Íbr
soÍi evirluation.

Let us suppose we have a system in this new sense.

ancl this is a soÍt Systenl. e.g. Sonie oť its elements and/or
relations are vague and not measulable by traciitional ro-
bust measures. The basic unit lve shall evaluate and/or
assess is an objecr (entitl'). The object can consist oť:

a) one element ol a collection of elements;
b) relation or collection of relations:
c) element and relation or a collection of elements and

relations.
Objects can represent vely ditTerent things and events.

Objects can be robust. fbr exarnple physical entities.
which are well measurable by means of robust weights.
objects can be soÍt. Íbr exanlple philosophical or societal
categories, which do not allor,v the use of traditional ro-
bust measufes.

Here are exzrnrples of typical robust and soÍi objects:

Robust objects:
Car. men, temperature. expected value of future

profit. probability of an event, estimation of future inter-
est rate. ...

SofÍ objeťtS:
Smell of a rose. snrile of a child, beneÍit of Í-arnlers.

welfare a citizen tbllowing Íiom supermarkets. ...
We will .lssurne that the properties of elements and re-

lations are incluclecl in the properties of objects. Decision
nraker Íbrrnulates the propert)' of an object in the Íbrrn of
ast(Itenlent. TIre set of chosen objects and the set oťrele_
Vant Statements make possible Íbr the decision inaker to
formulate alÍenuttiy,es. Decision nraker can Íbrrrrulate
ench alternative in two lelevant fbrms. narnely:
a) Alternative oriented to ob ject'. set of statements con-

cerning otte ctb.jec't.

b) Alternative orientet! to stutentent'. set of objects con-
cerning one statement.

E.rcLntple :

Capitals Oi denote objects. greek letters u1 denote
statements. capitals A, B, C, ... denote alternatives, re-

spectively.
Let us suppose

O' = {leisure ol worker}.
O. = { leisure of clerk }.

Q. = { leisure oť pensioner}

are objects, and that

o1 = {is inťlue rrcing 1amily }'

,1, = { is inflLrencing benefaction }.

C/... = {is inlluencing conviction},
ct1 = {is inllr-rencing outlook}

are sfatements. Ob.ject O: .ind statements (X1. (x1. 0.:. {X.1

make us possible to create many trlternatiyes oriettted
to the ob.ieL't, e.g.:

Á;7 = {o2 lo1} = {leisure olclerk Iis irr11trencing fanrily}:
Á3; = {o1 |o1} = {leisute olclerk lis inl'luencing bencÍirction}l

A.' = {O: I 6s,} = {leisure ol-clerk I is intluencine conviction}l
A;1 = {O2 lu1}= {leisure ol'clerk lis intluencing outlook}.

These Íbur alternatives could also be denoted only by
one complete noiation in the fbrm: Á21 = {o2 lcÍ; ct2.{X3.

cra} = {leisure ofclerk l is inÍluencing fanrily. is influenc-
ing benetiiction. is inflirencing coni'iction. is inÍ1uencing
outlookl.k=1.2..1. 1.

Here. expert balances and evaluates four statenrents
Íiom one Íixed object point of view.

Similarly. lve can compile alternatives oriented to the
statement. For example. complete notation Bri = {u1 i OL
o:, ol} = {is inÍ1uencing outlook lleisure oír'vclrker, lei-
sure ofclerk, leisure ofpensioner ]. k = 1.2,3 presents
three alternatives oriented to the staten)ent c{r:

Br, = {otl O' } = {is intluencing outlook I leisure of worker}l

B.,.= Írcl'al o1} = {is irrÍ1ucncing outlook l lcisure ol clerk}l
Rt.1 = { cr-a I o. } = { is influencing outlook I leisurc of pcnsioner}.

The expert balances anc1 evaluates three ob.jects Íiorn
()ne staternents point of view.

2.3. Choice of experts and planning of expertise

A high c1ualiÍy expert can provicle evaluations of both
robust ancl soft objects using robust and soft lreasures;
possible approaches of expert evaluation are evident in
the Table l.
A&B: Expert uses standarcl physical measures and

gauges. evaluates by means of scales and other
quantitative measures (often evaluating scales
with five. seven or nine numbers trre used. Also
other techniques are used: Saaty methods,
Fuller's rnethocl, etc.).

C&D: Expert evaluates object by means of lan,euage
operators. Worcls like "many". "much". "a t'ew".
"undoubtedly". "uninrportant", "trivial", "in-
consiclerable". "useful". "inevitable". and so
Íbrth, hold exact inÍbrmation and thus expert's
own experience can be quantified by these com-
mon rvords.

Some special language operators are cluantifiecl in the
forrnal Íirzzy linguistics. Fuzzy language operators. for

Tablc l. Evaluation of objcct by cxpcrts
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exanrple \vords {\,ery. highly. r.rthe r. r.nore or less.
roLrghlyJ, rrrtlcliÍ1'r'atlues ol a giverr lIeasul'e so callec]
"nlenrbership Írrnction" by nluItiplyirlg bl' a constant.
T'his ťlrzz-i approach does not give gtlotl restrlts iť ther'e

ilre more langua-ve operators in the evaluation chain.

2.4' Evaluation chain _ menu of language operators Íbr
plovider in the first step of evaluation

SeqLrence oť language opefators irr the evaluation
chain starts with language operator $1 which is put by
pror'íder in the first step of the er'irlr-ration algoritlrnr. It is
eviclent that in rnan!' cases language operators $r =

{goocll or non$r = {bad} rvill be usecl.

Br:t. in the first step oťevaluation provider can use also
ancÍher language operators. see exanlples in Table 2.

Tablc L Exarriple ol'nrenu ol'langLragc opcrators iirr cvaluation in the

tirst step ol' evaluatitln

Larguage ope''atots rvith constant

tlos1tlve

\\eukenittg OPeruÍlr'\ nlake initial lTleasufe lr = 0._5

lesser ancl push it to lower constraint of the interval
({); 0.5).

Tlre provider prepares lnenu oť strengthening anc1

vveakening languuge operators and proposes it to expert.
Exarnple of menu is plesented in Table 3.

Table ']' E'rarrrplc ol tlrentt oť strcngtlrcning and wcalicning language
operators

Larrguage Opefalols rviLh dil'lérent N{ot)(S|)

Note that lan_uuage operatoťs $1 iind nonS; al'e íl) cou-
ples' operator $i has its dua1 ťornl in operatol' non$;. and
con t,erselv.

2.5. Evaluation chain - menu of language operators for
expert in nexl steps of evaluation

In next steps oť evaluation eXpeÍt expresses her/l'ris

agreement with the initial nreasure p1 = I\'[OD($r) = 0.5.
To rlr.r it expert trcls into the evaluation chain other lan-
guage operators. There tlre two types of operators expert
can Llse:

a) strengthening langr-rage operators. ancl

b) weakening language operators.

SÍrettgÍhetti.ttg 0PerdtO]'', rna_gnity initial nleasut'e p1 =

antl push it to upper constriiint of the interval (0.5: 1).
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2.6. l,anguage operators

In each natural language thele ale frecluent and conl-
monlY used words language c}peratofs ' by means oí
r,vlrich expert expresses evaluatitln of proposecl alteÍna-
tive. In tl're simplest case. expert uses robust two-vallle
logic. e.g. niakes .lecision that the initial evalualion tl1

the altelnative pr = I\{OD($r) = 0.-5 is true or is not true.
SoÍi er';rluation clf tlre alternatiVe neecls three_value

logic (Havlíčel<, l999a). Here. expert c.in use not

only verdict "Yes" or' "Not". but also e valuation rr,rnning
"betr.veen yes antl not". The position "between Yes and
Not" can be expressecl by' special worcls of natural lan-
guage - by language operators. It is natural to clepict
r"alues

{Yes. betrveen Yes and Not. Not}

on the segment ({). l). e.g. on the continuum of real
nulnbers. see Fig. I .

Evaluation chain containing a sequence of language
operators - is created for each alternative. However.
eValuation chain gives Vague inÍ()Ímation expressed by''

words. but really it is an eract clescliption of expert's
opinion conceÍning proposed alter'native. f'hr-rs, evalua-
tion chain makes possible to give a precise picture of ex-
pert's opinion ilbollt irlteÍnatiVe on the continlluln "Be'
tween )es anci not".

Tlre nlenu of language operators mLlSt satisty the Íbl-
lclwing properties (H a v l í č e k. t999bt:

L Ortlinuritr'
All language operators should be linecl up in ascencl-

ing (or descending) sellLlence erccolding to their lan-uuage

strength.

NíODt5i') = 0'5

ncgati ve

i
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3
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5

6

1

I

9

l0

I

)
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.l

5

ó

1

8

a)

r0

good

ercellenl

tlppÍo pli ate

a1ccesiihIť

positi veIy

s ubstanti al ly

qualil'ied

hcalthl'

plcasanl

satisťactcrr1'

bad

not crcellcnt

not.rppropriale

not accessible

ni:gativoll'

not substantiall,v

not qualilicd

di seasecl

in'itating

not siltistictol\'
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Example:
Operators {very, highly, uniquely, absolutely' totally,

whole-heartedly) are lined up in the ascending mode; the

operator "unicluely" 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} < {wholc-heartedly}'

2. Selectivitt'
Each language operator should difťer 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. Frecluenct
The list of operators should contain common words

oÍien used in claily and/or prof'essional language' The use

of Jreqttent vocabulan'in our modern language is recom-

mended. Language operator "whole-heartedly" is an ex-

ample of not appropriate language operator'

1. DtLalitt'
The initial value;11 = 0'5, Fr e (0' l) of each alterna-

tive is increctserl or decreased step by step by language

operators ranked in the evaluation chain' Each language

op".uro, $, has its dual Jbrm $|' . ft language operator $1

is strengtirening, then dual ťanguage operator $,l is

weakening, and conversely. Language operators thus can

be presented in couPles {$,, $;' }

Dual symmetry between two language operators ln

a couple can be expressed by modification function as

follows:

MOD($J)= l-MOD r($r)

MoD{strengthening operator} = 1 - MoD{weakening

operator).

Exarnple:
The couple of mutually dual operators consists of

a couple of difÍérent words, e.g.

MOD{much} = I - MOD{littlc},

Between No and YES

0,5
I

Yes=1

t,l

"''":'- .?:.., More or less "Yes" ',,
,

of certaincY

',' I am sure "Yes" '.:r,.

a

Fig. l. Continuum ofrcal
nunbers used for quanti-

fication of an eXpcú'S
opinion

5. Transmissibili4'
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 nalive language.

2.7. Creation of evaluation chain

The evaluation chain of alternative Á

3(Á) = {Al $,' $u. ..., $"}

consists of several language operators, both strengthen-

ing and weakening. By testing the procedure in pilot

applications, we Íbun<l, that the best chains in practical

appti.utlons contain at least three operators! e'g' 5(Á) =

1at $r, $:, $:), where $r was given by provider in the

initial step ancl $:and $.r 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($j) 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 p1 = 0.5 during step by step procedure

LLrlAl $rl = 0'5

p.= prL[Á|$|. MoD($r)]

Lrl= Fu[Á|sil, MoD($r), MoD($])]'

l-l,o= !tn' r[Al $r.MOD($]), MOD($r). "', MOD($.)I'
or negation of the operator can be used:
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P. = 0'22

Fig. 2. Courses of moditication Íunction Íbr a) strengtherring 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 Í-unction changes values p; into val_

u€s p''+l. Strengthening modification function increased

initial value pr = 0.5 to higher value p2 = 0.78; analogi-
cally, weakening modification function decreased this

value fiom Fr = 0.5 to lower value 92 = 0.27.

Modification function for strengthening operators is

concave on (0, l), fbr weakening operators is convex on

(0, 1). If MOD($) is a concave modification function for

a strengthening operator $, then MOD-I($) 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, rarel.y'

slight$, more or less, roughl.t:
Let Lrr- Pr[3(A)] = p1[Al $r] = 0.5 is initial measure

of alternative Á, 1"r' . (0, 1) and p' = p1[Al MoD($2)].
Then

p' = pr1[Ál MoD(ven')J = CoN(pr) = LL i'
p' = p,[Ál MoD(ňlgftlr )] = CoN[CoNr pr r] = ! i,
p1' = p'[Ál MoD(rather)]= 11zpa z. rr')v (_zrrl + 4tti _ 1)]'

pr= p'[Al MOD(rarell)l =pf 
a5.

l/,, ^t1 ,'lt
p1'= p,|Á| MoD(''/iPil1\ )|= ''t't ]]]- |^ l '

Js-l
pl = p1[Á| MOD(more or less)f = DIL(P1) = 2p'_ p i.

pr = p1[Al MOD(roughlt')] = DILIDIL(pr)I =

=-rya+o3-6o1+4o.

(Here, "CON", "DIL" are abbreviations of operations
"contraction'', "dilatation'' _ names of special Íunctions
tn fuzzy mathematics; symbols "^", resp. "v" denote

'Vl!]dif icatloÍl Íu í !cl;{-]n
:,,i i,,Ule, ara g

Area oÍ sŤengthening
opeEtoB

0,5 -

l\4odiÍjcation f unction
for lower levels:
weakening between 0,0 and 0,5

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

raneter U

"lesser fiom two values'', "greater Íiom two values'', re-

spectively. Examples:
5n(-7) =-1 ,l2v 1l = 12,(nne)v611r.{/1)=.;.

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 Í'unctions promise good results:

I ) Zimmermann'Zvsno.function (Z i mm e r m a n n, 1985)

z,*,= I ,L[ l- 
-"'lL|^'_ 

2 '7l l*e''ú'_'{']
with parameters a, b, c, d. This function is continuous
and concave on interval (0, l) if parameter b = 0. The
shape and slope ofconcavity on (0, 1) can be improved
by changing of parameters a, c, d. This type of function
can be used for modification of measure pr by strength-

ening language operator $. Modification is provided by
formula

MoDtur=L*ll L -..l' 2 dltve
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

Z\1xl=z'fr'l=-!ln 1-d(x-0.5)-c
d(;-0.5)+c

Inverse Zimmermann -Zysno function Z-l1x; 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.

c, d. This function can be used for modification of mea-

sure pr by weakening operator $; modiflcation can be pro-

vided by Íbrmula

1,0

p = 0,78

1,0
I

0,50,01,00,50,0

Modification function for
weakening operator $
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NIoD rur= ' Ln' ''!' ! 5' ' 
-l

' ,t| ,/r1r o.ir , 
]

On the Fig. 2 the shapes of tirnctions
N{OD l(i"l) ale clepictecl krr parameters a =
cl = 0.4-525:

\lODru,=lt ' [ ' 
.]

, 2 U.l5t-iLtr,, l

N'roD ipr)= :['" U 152-51pr (1.5)

Here. function N{OD(pr) is slightly selective ancl was
used to rnodiÍy l1leasllre Lr = 0.5 by strengthening opera'
tor {5j} - {sr.rr'el'1'}. Function MoD l(p) rnocÍiÍy the mea'
SUre p =0.5 by operator {li} = {not surely} = {probablyl.

2 1 Srra rov.s kt' funct io rt

F,r,=l -].i,,l n í'. (/l/'l'I I t,-,,1 ) )

was iidopted to the shape

NloD(ll,='' L.lnlnÍu_| ll' 2 r I r/t

r,vith one pafalleter i'. _fhe 
ťunction has a signroicl shape

l\
2/

MOD(p) ancl

3.b=0.c=0.

3tO) = tCl {satistactory'}. {hi-qhly}. {seldom}1.
: tfll = |Hl {satislaetorl-}. Ihighly']. {Lrndoubtecll,v}l.

MocliÍlcation of the initial l'alue pt1 = 0._5 in the second
level oť evaluatitln was prtlviclecl by ťuzzy mocliťiciition
l'unctions (see pala-grtrph 2.9). Results of evaluation in
the seconcl level are presented in Table .1.

T'able .l' Quirntiťication oi altcrnafives in second lelcl rlÍ'el'alualion

l"'i lcvcl of eraluatiouI 0..1-525(p 0.5

Alte rnativc

G

H

B

F

E

C

D

sr

h ighl_""

highly

Vcr)'

Y e l,v-

lathcÍ

l athcl'

se ldorl

scldonr

Fr

0.875

0.87.5

0 750

0.75t)

0[5
0. i2.5

0.09 I

0 09l

OlclerFr

0.5

05

0-5

0.-5

0.5

0.5

0.5

05

l

I

2

)
1

ir
Nloclification of measures ptz in the third level of eval-

nrition wtis proviclecl by moclified Zinrmermtrnn-Zy'sno
Í-uncticln. Results clf rnocliÍlcatirln ancl final clr'clerins ot
alternatives ilre presentecl in Table 5.

and has one point oť inflection in i!
\2'

Swarovsky fur.rction can be usecl:

a) in cases r.r'here the initial value p1 of an alternative
not the midpoint oť(0, l)...g.p, *0.5. pr1 e (0,

and
b) in hi-cher lerels of the quantificaticin process, if

weights;.ti > 0.5 or irj < 0.-5 (where synrbols ">".
resp. "<" clenote "rnarkeclly greater than", r'esp.
"rnarkeclly loir"er than").

Tlre shape oť Swiirol,ski ťuriction is depicted on
Fig. 3.

3. RESULTS - EXANIPLE

Decision maker proposecl 8 alternatives {A, B. C, D,
E. F. G. H]. Expert was askecl to evaluate all 8 alterna-
ti ves.

Evaluation was realised in three steps. In the first step

of evaluation decision maker proposecl etrch alternative
language operator !i1 = {satisfirctoly } rvith MOD(X;r) = pr

= 0.-5. Then expert continues the pl'ocess and put t"vcr

other operators into evaluation '^hains of alternrrtires.
Thus, we obtainec1 ťollowing evaluation chains:

3(Á) = [Á| {satisflrctory,}. {rather}. {selclonr}|.
3tB) = [Bi {satisíactory'}. {r'ery}. {scldom}].
3(C) = lCl {szitisl'actory}. {selclom}. {seidom }1.

3(D) = [Dl {satislactoly}. {selclom}. {Lrndoubtedll"}l.
3(t) = ltl {satislactorv}. {rathcr}. {Lrndoubtedll:}].
3(F) = [Fl {satistactorl- }. {very}.{undoubtcdll'}].

5- Quantiticatiou ol alfelnrtircs in thild lcrcl ol cvlluatiorr

.l"l level of eraluatirtn

Tablt
Iis

r).
Altclnativc

C;

H

B

F

A

E

c
D

sr

highll, selclorrr

highly, undoubteilly

Veťy. sťl(l()l11

vcry. untloubtcilll'

rather. seldonr

rathcr. uncloubtcclly

selclorrr. seltlolrr

seldonr. undoubtecllv

Itr , Pl
0.875 0.1t7

0.ti75 ().955

0.750 0.55 t

0.750 0.89-+

0. r 25 0.075

0. I25 0.t0.1

0.091 0.0-)5

0.09 I 0 l.+8

4

)

1

5

I

6

!tt

05

0.5

1).5

0.5

05

0.5

0.5

05

(Jrrle r

-l

I

Measures {p.,) a.e carclinal weights assi-gnecl to alter-
natives. Orclinary ordering ol alternatives is {H, F. G. B.
E, D. A, C}.

Tlre weight of alternative C. which is clerived Ír'onl
chain {satisfactory. selLJom. selclom}. is an exanrple of'
use of two same operiltoÍs.

rl. CONCLUSION

The niethoclology represents a very general approach
to qr,rantification of intbrrnation pl'esented in natural lan-
guage. Concrete use ancl application of this nrethocl cle-

pend on concrete ploblerns. The role of clecision maker
(mnnager') is crucial: he nrust prepare alternatives. rnenus

SCIENTIA ACIRICULTLTRAE IJOHENIICT\. -17. 1006. Special Issue: 6G-68



of appropriate languirge opeÍators Íbr expel'ts. provicle

choice of eXperts, acljust nroclification tirnctions and pÍo-

cess the d.lta.
The method can be used in qualitative research. In

qr,ralitative research. rnany quantitative approaches termi-

nate in an orclinaly sequence of alterniitives' e.g. in defin-

ing their order in a linear t-ashion. Qualitative researchers

rarely use complicatecl mathematical methods. Statistics

ancl probability oÍien are usecl. but they are - in the con-

text of this article - considerecl to be robust nrethods. The

presented methocl makes possible to assign carclinal

weights to each alternative ancl thus give nlote detailecl

information and superior ways to measLlre quality.
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Článek se zabývá hoclnocenínr alternativ poniocí expertů. Kvalifikovaný expert hcldnotí kvalitu alternativy slovy

přir.rlzeného jirzyka, tzv. jazykovýnt operátoretn. V přirozeném jazyce expert vyjaclřuje přesnor-r intbrnlaci, která se

může kvantifikovat n.ttematickýni postupy' Prclces kvantifikace kclnčí přiřazenírn kardinálních vah každé

z hodnoeenre h alterttirlir.
Procesu evaluace se účastní a) orgctttizritor evctlu.tlc'e (nranažer). b) ttlternatil'r'1varianty. r-rávrhy. prt1ekty'

programy, strategie. apod.1" C) expert, který alterrrativy hoclnotí'

Evaluace se prováclí ve čtyřech krocích:
l.IclentiÍikace a příprava ttlterttcttiy.A, B, C..... které buclou erpertenl hcidnoceny. Alternativa se skláclíi ze dvou

částí: ob.jekttt o1 tl tt,rzení u1. Alternativy se nrohou expertclvi předklár1at ve dvrlu variantách jakcl alterntrtivy

orienÍot'ctttě ttct objekt, rrebo alternat\vy oriettttll,cLtté tttt ty'rzení'

2. Výběr jazykových operáttlrů $, které musí splňovat poclrnínky ortlinttritl', 'selektit'it|''.frekvence, ttualitl'.

přetto'stt. Jazykové operátory se přeclkláiciqí expertovi k použití ve fbrnrě nenu {'$1}'

3. Tvorba eviilrraČního ietězce 3(Á) = {Al $r' $:, ..' ,$"} pro kaŽclou alternativu A. Evalr-rační řetězec poclává

o kažclé variantě sice l,ágní inÍbrmaci r,,yjáclřenou slovy. ve skutečností ale tato inÍbrmace obsahuje zkušenost experta

a přesně vyjadřuje jeho nínění o hodnocené alternativě'

4. KaŽdé alternativě se přiřazuje míra její kvality pr1 . p1 e (0, l)'
Míry pi se moclifikirjí (zpřesňují) ponrocí jazykových operátorů t$, }. ktere eXpeťt postupně přidár'á do evaluačního

ř.etězce. Moclifikace se provádí ponrocí speciálních notlifikačních .funkt'í MoD($r), které kaŽdénlu jazykovénru

opeÍátoru přiřazují numerickou hodnotu. l\'1íru p'n, získanou na konci m-tého kroku algoritnru. nrťtŽenre považovat za

kvantitativní reprezentaci eXpertova hodnocení. obecně lze tuto hodnotu povaŽovat za kardinální váhu alternativy Á

na intervalu hodnocení (0' l).
Jaz,u-'kové operátory ve fuzzy matematice, např. .,,ýrirzy ve1mi. značně' closti' vícenréně. zhruba, moclifikují tzv.

tunkci příslušnosti clo fuzz,v_ mnoŽiny násobeníln konstantnínri hoclncÍami. Tento postup nezaručuje dobré výsledky

v přípaciě. kdy je v evalrračním řetězci větší počet rťrzných jazykových operátorů.
" 
Expert rnťrŽe při hoclr-rocení alternativy použít civa typy jazykových operátorů-. a) tlpercíton':esilu.jít'í, které zvyšují

hodnotu ruíry pr a posouvají ji k lrorní hranici intervalu (0,5; l), b) opertitclt:, zeslabttjít'í. které zmenšují hoclnotu míry

pr a posouvají ji snlěrem k dolní hranici intervalu (0; 0.-5).

KaŽclý jazykový operáttlr $, má svoji t1ttilní JLlrmtt $'l. Jesttiže je operátor $1 zesilující. potoIn je operátor.$,' =

non$, . a naopak. Jazykol,é operátor,u-' Se proto přeclkládají v ptirec'h {$l 
'$', 1 Duální sy-rnetncký vztah nrezi dvěma

.jazykclvýnri tlperáttory lze vyjádřit pol]locí mcldiťikačních funkcí takto: MÓD($|) = l - vIoD l ($').

Evaluační řetězec 3ra.t = 1et $r, $:. ... .$',} se skládá z několika C}perátorů' které mohou být zesilující i zeslabující.

V pilotnírn ověřování tohoto postupu jsrne zjisti1i. Že nejlepší výsleclky clávají evaluační řetězce, které obsahují tři

jazykové clperátory. tj. řetězce 3{lt; = {Ál $r. $:, $:}. N'lanaŽer, který organizuje evalr-raci. vybere první jazykový

operatc,r $r a zadii nlu výchozí tníru pr = 0,5' Zbývající dva operátory $: a $.l vloŽí potom do řetězce expet1 ve clvou

násleclujících krocích evaluace.
Mocliflkační funkce 1.,{oD(!ij) se připravr-rje pro kaŽciý jazykový operátoru Z menu {$l }. Moc1ifikační tirnkce

transÍclrrnuje jazykový operátor.- který je v poclstatě vílgní slovo _ na kvantitativní numericktlu htlclnotu z intervalu

(0. l). Ntoditikační funkce v průběhu algoritnlu pcrstupně upravuje výchozí rníru;'t1 = 0,_5 na hodrrtlty [','= l'tn'-lÍAI
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IV[OD($,,,)1, m = 1.2.
řetězci.

Proces končí. kc1yŽ se Zpfacují l,šechny tlper'áitory z'aÍazené clo posloupnosti v el,aluačnín

N{odiťikačníÍLnkceprozesilující operátoryjekonkávnína(0. l).prozeslabujícíoperátory.jekonvexnína(0. l).
JestliŽe je N'IOD($) konkár,ní pro zesilující operátot' $, ptltoln je inverzní tl'rnkce MoD l($) konvexní pro cluální
zeslabLrjící clperátor. a naopal<.

V rámci výzkunru byly pro potřeby er'aluace vybrány a upraveny clvě funkce..iejichž průběh lze vhodně Llpravo\'at
ponrocí parirnetrťr a trik je přizpůsobit pro v1'jáclření ',síly" jazykové1ro operátoru' Jsou tcl Íunkce:

a) Zimtlermann-Zysnova funkce Z(x). kteroLr lze použít pro kviintiÍikaci zesilLrjících operátclrťr. oclpovíclající
inverzní Íirnkce Zl1x) naopak kvantiÍlkLrje clperíitory zeslabující. Průběh firnkce je možno upravovat pomocí tří
paranetrťr.

b) Funkce Si'vzrrovského S parametrellr }' je vhoclná pro kvantifikaci jazykových operátorů l' přípaclech a) kdy
počáiteční rníra ptl t 0.5, p] e (0' l)' a b) když v hodnotícínr řetězci je větší počet rťrzných.iazykových ciperátorů
a postup hodnocení vyžacluje větší selektivitu hodnotících funkcí.

Jako ilustrační příklacl se uvirclí hodnocení osnri alternativ s hoclnotícími řetězci se třenli jazykovýnri operiitory.

kvalitativní výzkurn; alternativy; objekty: tvrzení: evaluační řetězec; nodifikační funkce: jazykol'é operátory;
zesilLrjící a zeslirbující operátory; měkkďrobustní evaluace; fuzzy jaz'ykové operátory; Zinrnrermann-Zysnova Íunkce;
furrkce Swarovského: kvantiÍikace; karclinální váhy: kar'dinální uspořťiclání
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