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Abstract: The article discussed the issue of the bi-directiaata transfor-
mation (from the linguistic form into numerical, chmice versa) in the com-
puterised decision support system (DSS). The sysigs multi-methodical
research approach, which is to provide a simplewsadul form of function-
ality of different, complementary decision supporéthods. Data transfor-
mations are based on the use of fuzzy set logicspedially developed for
thus purpose scoring and linguistic scales of tidénal nature.
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INTRODUCTION

In business practice very common are situationsyhirch information ex-
pressed orally are necessary to make a decisian.tyjme of expression form is
cognitive in nature and closer to the human peroemf reality. By nature, we
perceive and describe objects and phenomena iimibeecise and blurred way.
Only the need to make precise calculations, fongye, of the engineering nature,
forces the use of right tools and measurement rdsthad expressing some prop-
erties using precise numerical values.

Literature [Bouyssou, Roy 1993], [Greco et al. 20@002], [Stownhski
2007] contains a variety of procedures and metlofdsultiple criteria decision
making (MCDM). According to Greco et al. (2001) yhean be divided into meth-
ods based on the functional model (American schard) relational model (Euro-
pean school). The vast majority of these methogem#s on the input data ex-
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pressed numerically. The remaining group, congtiguthe complement in this
context, are the research methods created on #ie dfestatistics, artificial intelli-
gence and psychology, in which the numerical patarasecharacterising the re-
search subject are not specified (phenomenon, bjEieey are called the non-
parametric methods, often there are no assumgpgtiotiem as to the completeness
or precision of data. This group, for example, uels the symbolic methods
of data classification [Gatnar 1998] and most & thethods based on the theory
of rough sets, applied to the analysis of dataistarcy, their grouping and induc-
tion of decision-making rules [Pawlak 1982].

Integration of many complementary methods of denisnaking in the in-
formation system requires, first of all, the deyslent of such a model of data
organization which will be more adjusted to theotlyeof decision-making. Sec-
ondly, the integration requires arming of the decisnaking analysis process on
its each step with computer algorithms of transadran of various data forms in
such a way that in the context of the problem tlieresed one common set of input
data (numeric, linguistic or mixed).

The article focused on the issue of bi-directidrahsformation of linguistic
and numerical data, which was used in the commat#rilecision support system —
DSS (version DSS 2.0 — author Bugsi R., Becker J., 2008-2014). This system
distinguishes the multi-methodical research metleodsisting of sharing the sim-
ple and useful form of algorithms of different, qadementary decision support
methods. It covers the issues of selection, ordesimd grouping of objects (deci-
sion variants) from the point of view of the deterad set of criteria and prefer-
ences and the possibility to take in to accountdée of restrictive conditions.
Apart from this, it enables the econometric valuatof objects and induction
of decision rules. Data transformations were basethe use of the fuzzy set logic
and specially developed for this purpose profile®rdinal and linguistic scales.
The broader context for this data conversion inci@puter system is the integra-
tion of knowledge sources — measurement data, egparions, unified structures
of mathematical models and collections of methodd an important rime of the
information and decision process, that is the dmtigame, which purpose is the
selection of the best solutions from the availavies.

FUNCTIONAL SCOPE OF THE COMPUTERISED DECISION
SUPPORT SYSTEM

The functional scope of supporting the decisions determined as the solv-
ing of decisive tasks connected with multi-critesedection, grouping (sorting) and
organising (ranking) of any decision variants, ustiid as objects of the analysis
representing the given category of events or thifigese objects must have a uni-
form information structure. The additional functatity of the system is the analy-
sis and the evaluatioex postof the obtained results of the decision-making- pro



286 Jarostaw Becker, Ryszard Bufizki

cess. It should be noted that the studies cartigdnathe system can have the for-
mal nature (official), taking on the form of theyédly sanctioned procedure (e.g.
public tender, where the offers are evaluatedkss bfficial, cognitive, where the
decision maker is repeatedly supported through Isimons (e.g. evaluation of
employees, products, services, variants of planrétg). The fact that the theory
of decisions creates methodological foundationsttier analysis and generating
best solutions is not about the utility of the mfation system in practice. In fact,
the needs of management translate into the esséattars that should be taken
into account in the design of system supportingsitet-making, namely:

« multi-stage nature of the decision-making process,

e multi-criteria nature, in which the structure otteria is simple (criteria vector)
or complex (hierarchical or network dependencies),

number of decision-makers and experts,

scale of the decision problem (few or mass probjems

flexibility of decision variants (customising thanameter values),

linguistics of data (statements of experts or radpats).

The complexity of the description of the decisitteation causes that it is difficult
to emerge the method that would be universal, tclwtve could attribute the pos-
sibility to obtain the best solution of many diet decision-making problems.

The discussed system of supporting decision-maléng hybrid solution,
which using the engineering techniques of the cdepprocessing of data con-
nects and shares in a simple useful form algoritofngarious supplementary and
implementing the paradigm of the methods suppottiegdecisions. The research
procedure included in it is performed in three eggt includes: (1) organization of
data, (2) calculations of the decision analysis @ gresentation of results (Figure
1). The intention of the proposed scheme of thoaghtes from the understanding
of the support of decisions as a process, in whaged on the fact base (data) we
analyse and conclude, and then we make decisidns.tdkes into account the
knowledge of users and most of all of experts, whalyse facts, express their
opinions using the ordinal scale of linguistic asseents and use the mapping
methods proposed in the system.

Organizing data (Figure 1) as the base of integmatif methods there was
accepted the coherent and flexible informationcstme of the system, which was
subordinated to the construction of MLP models (iMeriteria Linear Program-
ming). It allows you to define the template for thecision-making task (standard
mathematical model, Figure 1). This constructidtesainto account the require-
ments of the decision maker, which relate to themclly analysed set of objects
and they are expressed through: decision variabheging conditions, one- or
two-level structure of criteria of assessment amel ¢orresponding preferences
[Becker 2008].
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Figure 1. General architecture of the computertecision support system (DSS 2.0)
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According to the template to the system there mtreduced data of objects (deci-
sion variants\Wi, W, ..., Wh). Technical and economic parameters of each Marian
can be expressed in the form of numerical valuesiaguistic assessments (fuzzy
values) from the ordinal scale defined by experteespondents. For the optimiza-
tion calculations all linguistic forms of data mugdt transformed into numerical
values. The basis for the conversion of verbal esgions into numerical (defuzzi-
fication) and vice versa (fuzzification) is the mmedology of the construction of
linguistic quantifiers based on the theory of fuzrys. After the introduction and
confirmation of data, each variant becomes therdegariting) in the relational
database and at the same time is the autonomatis| pgathematical model. The
object takes the form of the formalised task oflthear programming, which after
obtaining the positive optimization result (whetdsi not the contrary system) is
saved in the database with the admission stattisetstage of decision analysis
calculations.

The second stage (Figure 1) includes the issuesrobining data records —
partial mathematical models identical to objectshef decision-making analysis —
to the form of a multi-model (MLP task matrix) fre needs of the multi-criteria
optimization and transformation to the simple, tabstructure of data required on
other inputs of the multi-methodical analysis. ¢wtgion of methods in the system
of supporting decisions consists of the use ofrtheictionality on a common set
of data (objects) within a coherent, logical anthpeehensive information-decisive
process consisting of:

A. optimization of decisions considered from the point of view of interedtshe
trustee’s resources and from the perspective oéfiaries competing for the
resources,

B. multi-criteria analysis,in which there were used the approaches: connected
with the achievements of the American school (AH&hud [Saaty 1980]),
European (ELECTRE TRI [Roy 1991]) and Polish scH&bugh Set Theory —
[Pawlak 1982]),

C. identificationin terms of quantitative methods of the economeinialysis.

The third stage (Figure 1) includes the presematibdetailed results for
each method separately and together, in the forthetecision-making desktop
(“dash board”), within which the applied methods (points B and )dtion on
the basis of a consultation of experts diagnodnegstate of the tested objects. The
desktop integrates the results of methods supoda@tisions in the utility aspect.
It is an interactive system enabling the multi-disienal (multi-methodical) diag-
nostics of the selected objedt (or a new onéM.1) against the results of the
whole set \\Vi, Wa, ..., Wh). It has the cognitive, graphic form of presemtatof
results of the applied methods. It is a kind of hiae graphics, which consolidates
the graphic visualization with cognitive procestsdsng place in the man’s mind at
the moment of making the decision. The structuré¢hefdesktop is based on the
premise that knowledge about the object (its rategpressed by shape and colour
is absorbed faster than information in the forrmafnbers and text.
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THE USE OF LINGUISTIC QUANTIFIERS FOR THE CONSTRUCIN
OF ORDINANCE SCALE PROFILES

In the computer decision support system there &tenguished three areas
of the use of linguistic quantifiers. The first omaolves the transformation of
linguistic data (e.g. assessment of experts) tanthmeerical form (defuzzification)
required in the MLP mathematical model. It may teel® all values or only some
parameters (defined in the template of the decitsk, Figure 1), which charac-
terise thew; objects considered in the decision task. In tlverse area there is the
quantification of data (also referred to as dissation, Figurel), which is carried
out for the purpose of induction of decision rul€he basic quantification stage,
connected with the division of the scope of attigbvalues into separate sections,
can be implemented in an automated manner usingeleeted scoring and linguis-
tic scale or arbitrarily determined by the usere Third area of the use of linguistic
quantifiers is the decision display (Figure 1). &oansformations are used in or-
der to unify, consolidate and cognitively visualig® analysis results, obtained
with different methods.

The ideal, to which we aspire, are the losslessstommations of numerical
data to the linguistic forms, and vice versa. Tpwlsich relatively well allow for
this type of conversions, are provided by the fupgyc. It is based on the term of
fuzzy setsmeaning those, which do not have strictly defibedndaries. In 1965,
Zadeh provided an idea and the first concept diemrly, enabling the fuzzy de-
scription of real systems. The fuzzy set is anadhjgcluding the elements of some
area of considerations, wherein each of these elsncan fully belong to the fuzzy
set, do not belong to it at all or belong to itsame degree [Lachwa 2001]. The
fuzzy setA in the space (area of consideratiods} {x}, what can be written a&

O X, is a set of pairs
A={(fA(00}  OxOX, (1)

wherefa: X - [0, 1] is the membership function, which assigasheelement of the
X space with the grade of membership to the givemyfiset: from membership
fa(x) = 0 through partial membership Ofg£x) < 1 to complete membershig(x) =

1 [Kacprzyk 1986].

In fuzzy sets, the transition from membership to-n@embership is gradual,
and not abrupt, as in the conventional set. Theagof a fuzzy set is used for the
formal recognition and quantitative expression frly, imprecise, ambiguous
terms. They are commonly used for the qualitatisseasment of physical quanti-
ties, conditions of objects and systems, and ttwmparison [Piegat 1999].

The concept of the scoring and linguistic scaldiler¢scalé?) in the com-
puterised decision support system means the usemdeed configuration of the
adjustable elements of the ordinal scale, i.e.:

e number of degrees= 2, 3, ..., 11 — the system distinguishes 9 vasiaftthe
span of scalé? (they were given Latin names: ‘duo’, ‘tria’, ‘quaity
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‘quinque’, etc., in which the next degrees wereegivthe absolute, non-
negative ordinance values= 0, 1, 2, ...1-1, always starting from zero,

« linguistic values (names of degree&) — for example, foscalé' = these may
include:a“® =‘low’, al®™® = ‘average’, a“? = ‘high’,

* type of characteristics of the linguistic quantifiethis is a non-linear depend-
ency (f = a + bx) or linear §y = x) applied to generate, for any span of
scalé?, triangular or pentagonal membership functions fidividual linguistic
valuesa®. [Becker 2014].

Linguistic quantifier consists of the membershipdtions, which number corre-

sponds to the number of degraesn the given scale. These functions are created

based on linear or non-linear function transfororai For each scale there can be
determined many different linguistic quantifiers.the computer system there are
prepared five basic variants of the linguistic difear with: a) proportional, b1)
strongly growing, b2) moderately growing, c1) sglyndecreasing and c2) moder-
ately decreasing distances between linguistic gailfée Disproportionate versions

(b1, b2, c1, c2) can consist of triangles or pesiagwhat in total gives nine pro-

posals. For advanced users there is predictedassljlity of adjusting the shape

of the characteristics of the linguistic quantifeecording to the relationship

fr(x) =y = (-1 + (2)x, 2)
in which then parameter adopts the values from the rang®;0®), andx = a/(t-
1). If n = 1, the characteristics (2) is linear, distanckthined on its basis between
a? are identical, and membership functions for eahhave the form of equilat-
eral triangles (except for extreme vala@sandal™, for which the half-figures are
always taken into account). In other cases (wipenl) the inscription (2) deter-
mines non-linear relationships, and membership tfons obtain the selected
shape, of a triangle or pentagon. Winenl (0; 1), the system generates quantifiers
of decreasing distances between succesa(i‘i}e{a =0, 1, 2, ...1-1), while for
n O (0; 2 proportions of these distances move in the oppatiection.

In order to simplify the notation of the functioetdrmining the degree of
variable membershig' 0 (0; 1) to linguistic valuesX®, determined for particular
degreest =0, 1, 2, ...1-1, the functional relationship has been transfaif®) to
the following form

_ =Da* | 2-ma
fy(e) = U 4 Come, 3)

Triangular membership functions are constructedafoy span obcalé? —
assuming that the variabte (0; 1) and represents the numerical value subject to
conversion into the linguistic form — can be expegkin the form of the following
entries (Figure 2, an example for the five-poiraisg
« for the first linguistic valua'® (a = 0)
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T (D)—xr
fao(x) = { Fn(D)

for f(H=2x"=20
! ) (4)
0 for other x'
» whent > 2, then for everp(@ satisfying the condition 0 s < 1-1 particular
membership functions can be generalised to the &frm

x1=fn(a—1)
{m fOT' fn((l - 1) < x'< fn((l)

fa(a) (xl) = { fn(a+1)—xr , , (5)
fn(a+1)—fn(a) for f?](a) S X S frl(a + 1)

0 for other x'

« for the last linguistic valua® (a =1-1)

xXI—fp(t—2)
foe-n(x) = {l‘fn(T‘Z)
0 for other x'

In a similar manner are constructed the linguigtiantifiers equipped with
the membership functions shaped as a pentagorad®eral functions in relation to
triangular ones are more approximate to the shagigemon-linear characteristics
(2). This is due to the fact that apart from théueax, = f,(a) calculated for
eacha =0, 1, 2, ...1-1, for which f @ (x,) = 1 and reaches the extreme, with
the same rule there were also determined the eutng pointsc,, = f,(a +0,5)
| Xg— = fy(a —0,5) of the adjacent membership functions, whége, (x,-) =
0,51 f @(xq-) = 0,5 [Becker 2014].

According to tachwa (2001) the issue of assignhmg parameters describ-
ing the specific objects with the right memberathdgrees to linguistic expressions
of the ordinal nature, it should be stated thahgdhis in a good way is difficult.
This procedure is usually of the subjective natumd depends on the situational
context. Clarifying this issue, membership degrebich are individual and de-
pend on the circumstances indicate a kind of trevidch reflects on the set of
studied objects from the given area of considenat&bme arrangement, created by
association with the set of specific features. &®dnine the membership degrees
there is used, for example, the questionnaire ndettonmon in statistics. The
membership value is calculated as the relatiothefrtumber of affirmative an-
swers to the number of all answers provided by aeders. Another, popular
method is determination of membership degrees &gxipert. However, the expert
often determines only the general shape of the reeship function, and the accu-
rate parameter values are selected experimentally.

for f(x=2)<x'<1

(6)



292 Jarostaw Becker, Ryszard Bufizki

Figure 2. Constructing linguistic quantifiers basedtriangular membership functions
(example for the five-point scale)
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In the decision support system there was proposedldor creating indi-
vidual profiles of scoring and linguistic scaledjigh act as ready-to-use models of
the linguistic quantifiers with the selected mensb@r functions. These may in-
clude the equilateral triangles (type a — propaosloscales, Figure 3), irregular
triangles or pentagons (variants of the b and e)tyb varying proportions on the
ordinal scale, what is understood as differentadists between degrees and focal
points (the point of intersection of two functionaglditionally they can have the
growing or decreasing trend. A multitude of parameiconfiguring the profile of
scoring and linguistic scale allows to define ie tliven decision task)(the indi-
vidual, required for each’ parameter in the template of the mathematical ode
linguistic quantifier.

Figure 3. The use of the linguistic quantifierghie DSS system (projection of values of
thep* parameter on the axis of the proportional scales)
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Source: [Becker 2014]

The choice of the quantifier characteristics carthgeresult of the expert’s
suggestion, discussion of a group of several pe@te decision-makers and ex-
perts) or the survey, which van be performed inphase of obtaining data (e.g. in
the form of additional questions in the offer pregls submitted by beneficiaries
representing the objects).

After determining the character of the membershipcfion for the quantifi-
er and for the given scale profile, there shoulddb&germined the number of its
degreesT). In the system there are two kinds of allocatiithis size to the given
p parameter. The group variant, in whiclis determined for all experts assessing
p and the individual one, whereis selected by each expert giving opinionpon
according to his preferred (intuitive, best peredivstructure of the assessment
value system. In the computer system there wereemaadilable 9 scale models
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(scal€), which have front = 2 tot = 11 degrees (Figure 3). It should be noted that
the greater number of degrees on the scale mayemte the extension of the pro-
cess of parameter assessment, but instead thetstamed the higher precision
of transformation of linguistic notes onto the nuita values, and in a large group
of assessing people this may also result in thremtgr diversity.

The use of linguistic quantifiers in the decisiappgort system is related to
the bi-directional conversion of numerical and lirgic data. Defuzzification
means the conversion of signals from the qualieaiieid to the quantitative one. In
the system it relates to the parameter assessmp@nexpressed with imprecise
measures(? within the determined profile of the scoring anagliistic scale. For
the givena@, according to (3), the value,, = f(a), is calculated, for which
fa@(xq) = 1. Then, the valuex, € (0;1) is proportionally converted into the
acceptable parameter SCQeE (p;,in; Pmax) (Figure 3). The conversion process
taking place in the opposite direction, where quatite data (precise) are con-
verted to qualitative is called fuzzification orsslolving. The numerical value
of the parametep™ € (p;,in; Pmax) 1S transformed proportionally te’ € (0; 1),
then for each scale process (with the selected hsodég and quantifier character-
istics — typea, b or c) there are calculated the values of membershiptiums for
everya? (a =0, 1, 2, ...;1-1) according to the entries (4; 5 and 6) for tgiaar
functions (or similarly for the pentagon-shapedctions — more in the paper
[Becker 2014]). The highest valye « (x") from the calculated ones determines

the linguistic categorg®. It should be noted that the applied data transftion
based on the theory of fuzzy sets — in which basethe linear characteristics and
different non-linear ones the scopes of membershigtions are determined
(equal, increasing or decreasing) — is adequatbet@rocess of determining the
guantization intervals (discretisation) of theibtite values in the induction studies
of decision rules. The generated data scopes calatified by the system user.

SUMMARY

The article presented the issues of the linguiatid numerical transfor-
mation of data used within the uses of the compagersion support system (DSS
2.0). They most often concern the problems solvithl @perts, who express their
opinions using imprecise terms, for example, agsest of employees or recruits,
grant or loan applications, tenders including thecgalised services or devices, etc.
The place of experts may be occupied by respondengs, the representative
group of students assessing individual departmdires;tions of teaching.

Linguistic quantifiers, included in the form of fyz and ordinal scale pro-
files, on one hand, are used in order to bring tathe specific form and provide
them to the input of the appropriate decision suppwthod. On the other hand,
numerical method results are converted to the igtguform and integrated with
others on the decision desktop. The aim of thigai is the synthesis of results
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obtained with different methods based on the cognjiresentation and interpreta-
tion (using words and spectrum of colours).

What is interesting is the use of scale profilesadifferent number of de-
grees describing the conditional attributes andid#f@sion attribute to the search of
such gquantization, due to which there will be gatesd the most valuable rules.
Generalising the description of attributes (redgdime number of categories), we
admittedly influence the structure and consisterfcihe data set, but we are mov-
ing towards the deep knowledge, expecting the rflesmore general content and
greater coverage. This rule can be reversed andhiléower knowledge may be
sought, that is more precisely formulated rulethendescription of reality.
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