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Decision support systems are often demanding mdef modelling and use, while purchasing software
can also represent too large an investment for maryanizations. The level of maturity of an
organization influences the use (or non-use) ofhodt and tools for decision support, which is
definitely lower in the public sector than in thenemercial sector. The public sector uses considerab
assets in its operation and investments, and thezefjood decisions are of crucial importance for
further development (at state, regional and lo@aléls). In this article we present a decision suppo
system which incorporates a process, approach agl-lvased software that is simple enough to use
and be accepted in organizations and environmeasgs iinclined to use a systematic approach to
decision making. The system is implemented as aapplication, and the simplicity of the system is
enhanced by the use of fuzzy logic. With this lartige are opening discussion on the question of
implementing management support systems in thécpseator, where, with a suitable approach and the
support of responsible persons, such solutionsccaldy an important role. The results of the case
studies on the use of the system in Slovenian ipafiies indicate that the task will not be an game,
because the opinions of the participants concerrangystematic approach to decision making are
widely divergent.

Povzetek: V prispevku je predstavljen internetstiesn za podporo odfanju v javnem sektorju.

1 Introduction

Decision support systems are gaining recognitiothé
public sector, which seeks solutions to variousbfgnms
in a number of diverse areas. Many solutions awsety
tied to individual fields, such as medicine [1].0lBgy
[2] and spatial planning [3]. Others, in a more eah
way, are directed towards support in strategic mptam
and solving problems in management [4], [5]. Latelye
to the redirection of politics away from ascertafi
public opinion about the functioning of the pubdiector
towards public engagement and cooperation in dggtisi
making processes, the number of solutions in tha af
e-democracy is increasing [6], [7], [8], [9]. Suppo
systems and cooperation
however, still used mainly in narrow professioniatles
and have not found their way to political decisinakers

or to the public [10]. The challenge of successful

reason, the question of decision making cannotdsrly
separated into public and private decision makyegwe
must take into account that the public sector has
numerous specific features. If we add to this the
increasingly emphasized demand for the engagenneht a
co-deciding of the civil society, it becomes cldlaat in

the development of decision support systems for the
public sector, as well as in cases of direct transff
solutions for the private sector to the public sectve
must also take into consideration the specific aestd
demands of the public sector. Certain of these desa
can be addressed by adapting existing solutiorighbre

in decision making areaye also humerous issues which demand speciaieeat

and the development of a specific solution adafietie
environment.

implementation of a decision support system in thPrivate sector

Public sector

public sector, with engagement over the whole spatct
of decision making, is still unmet.

An important negative effect is also the convictic
that there are great differences in decision makinte
private and public sectors. This conviction is peuated
by stereotypes of decision-making processes in b

Decisions are not made but
"happen" as a result of a
complex interaction
between administrators,
trade unions, pressure

groups, etc.

Decisions are made by a
single agent (individual
MManager or management
team) whose authority is
defined by a hierarchical
otiiganization structure.

sectors, as shown in Table 1 [11]. The authors o
comparison, Bots and Lootsma [11], argue that fedl
mentioned approaches, with regard to the areas
operation and specifics of the branch of activitgn

Decisions involve man
and often divergent
interests of a society, and
aggregation into such

f Pecisions are dominate
by a single interest,
§bically the competitive
position of the company.

occur in either the private or public sector. Fhbist
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notions as "gener:
welfare" only masks the
conflict

Decision alternatives are
evaluated on the basis of
limited set of quantitative
economic criteria such as
market share, bottom line

profit or shareholder value.

The set of evaluation
criteria is large and has a
wide variety of both

1%

guantitative and qualitative

criteria, whose values are
difficult to establish and/or
aggregate.

0y

Decisions typically have
planning horizon of
months to at most several
years (e.g. new products
and markets).

Decisions have a planning
horizon of several decade
(e.g. decisions on
infrastructure).

o

Table 1: Perceptions of decision-making processes

When we speak about decision support in the public

sector today, it is best to

general form. Representative democracy, as we khow>

observe the issuesnmbst

today, has a range of shortcomings. For this reaswoh

thanks to

the development
telecommunication technology, the public sector and

of

politicians are seeking possible solutions to emadoh

approach to participatory democracy of an Atheniaf

information and

type. It requires that citizens be involved inilases of
decision making. They need, therefore, to learruatie
problem, its alternative solutions and their imations,
and about their own and other participants’ interesd
constraints. Since these interests may producdictsnf

the citizens need to be ab

resolve them. It is also necessary that they be abtl ensured

willing to take responsibil

le to identify these lmtafand

ity for their decisiori8]. E-

democracy is today one of the principal challerigete
development of e-government [10], [15], [16].

Any consideration of decision making in the publidssue and to adding a new solution to the rangmioent
sector must take into account that events takeepla@a

triangle — politics&—> civil

society €<-> administration,

J. Bergina

professional interaction in government boards and
committees on the top [17].

Joint decision making by all three groups of
participants is possible only if all of them ardfsiently
acquainted with the subject of their decision mgkin
Decision making should therefore be treated
comprehensively as a process which implementshall t
phases necessary for high-quality decisions. Tmenge
process framework of decision making must take into
consideration at least three phases (Figure 2) [18]

» Formulating: Actors become aware of a decision
problem at the "Doing" level, which represents the
implementation phase, and initiate a decision B®ce
instance. Depending on their own background,
experiences and agenda, as well as predefined goals
and constraints, they formulate alternatives and
criteria while seeking and filtering informationaak

the problem. The produced alternatives and values
are then passed to the appraising stage.

Appraising: The role of actors at this stage is to
assess the alternatives produced in the previous
stage. Input that has been passed from the
"Formulating" phase is evaluated and alternatives
examined by the decision makers.

Evaluating: The actors who are involved in thigsta
devise a framework for the evaluation of alterrmativ
interventions. Decision analysts or expert decision
makers calculate the consequences of alternatives
and choose a technique for the appraisal of
alternative interventions.

Support for the decision-making process must be
with appropriate information and
telecommunication technology and tools. The quastio
decision making in the public sector motivated wark

and research with the aim of contributing to sajvthe

tools, specific to the environment in question. &ve not
alone in this, since the necessity of solving thjze of

where the civil society should be understood in thBroblem is recognized throughout the world [11}5][1
broadest sense as non-political and non-admiriigtrat [16], [19], [20], [21].

(Figure 1) [7].

A Administratior

Figure 1: Basic spheres and relations in a demiocrat
governmental system [7].

In the figure, arrows indicate influence and ciscle
indicate domains of control.
"transaction zones" where control is negotiated by

Intersections

lobbyists and media, for example, on the left-haiu, S KI . _ ) on
intermediary service deliverers on the right-haide snd quality decision making is defined by efficiency,

_______ Change
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Figure 2: General decision process framework [18].

indicate

We have established improving the quality of
decision making as our foremost goal. The concépt o

effectiveness, future-influencing capacity and tiegacy
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[22], [11]. Efficiency is the ratio between invedteffort
and achieved results. In decision making, the rater
efficiency that we would normally find in the praxdion
of products and services has little significandeces the
number of decisions with respect to the time theket
can only be an informative indicator, not to spgcif
effectiveness. For this reason, effectivenessniselil to
the decision-making results, that is, the effectass of
reaching goals.

If we wish to achieve the long-term positive effec
of the decision, we must set long-term goals, gitreat

t

such goals are an important element of effectivened interactive query facility,
This especially holds true for the public sector:!

Legitimate decisions are those which the partidipan
accept, and therefore the views of the participamist
be incorporated in the goals, meaning that in agsgs
the quality of decisions in the public sector wee ar
dealing with only two aspects: invested effort log time

consumed, and effectiveness, which is exemplified i

achieving goals and legitimacy. We must chose Blata
goals within a reasonable time and then select t
optimum path towards reaching them.

};Igédgment;
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2 DSSin public sector

Before we start with detailed aspects of the isste,
would be prudent to devote a few words to the dadim
of decision support systems [12].

Decision Support Systems (DSSs) are interactive
computer-based systems intended to help decision
makers utilize data and models to identify and solv
problems and make decisions. The "system must aid a
decision maker in solving unprogrammed, unstructure
(or 'semistructured’) problems...the system mustess
with a query langeatat
s ..easy to learn and use" [13]. DSSs help
managers/decision makers use and manipulate data,
apply checklists and heuristics, and build and use
mathematical models. According to Turban [14], aSDS
has four major characteristics: it incorporateshbdata
and models; it is designed to assist managers air th
decision processes in semistructured (or unstredjur
tasks; it supports, rather than replaces, mandgeria
j and its objective is to improve the
effectiveness of decisions, not the efficiency withich

The paths to high-quality decisions can be Vergecisions are being made. The five types of Degisio

diverse. In our case we must answer to variousretesi
and the needs of a large number of participantd, a
therefore cooperation and reaching a consensus
undoubtedly the correct path. Experience indicaes
effort invested in finding a consensus is rewardeith
better, more innovative and efficient solutions,jchhare
willingly accepted by the key participants [23]n&s and
Booher [24] specified three classes of the effettthe
process of finding a consensus, which promise th
efforts invested in consensus will be richly reveatd
(Table 2):

First-order effects

>
>

Social Capital: Trust, Relationships
Intellectual Capital: Mutual Understanding, Share
Problem Frameworks, Agreed Upon Data
Political Capital: Ability to Work Together for
Agreed-Upon Ends

High-Quality Agreements

Innovative Strategies

rd

>

Y V

Secontorder effect

New Partnerships

Coordination and Joint Action

Joint Learning Extends into the Community
Implementation of Agreements

Changes in Practices

Changes in Perceptions

YVVYYVYY

Third-order effects

New Collaborations

More Coevolution, Less Destructive Conflict
Results on the Ground: Adaptation of Cities,
Resources, Services

New Institutions

New Norms and Heuristics

New Discourses

Y VYV

>
>
>

Table 2: Potential outcomes of consensus build24d [

upport Systems are:
Communications-Driven DSS — uses network and
communications  technologies to  facilitate
collaboration and communication;
Data-Driven DSS - emphasizes access to and
manipulation of a time-series of internal company
data and sometimes external data;
Document-Driven DSS - integrates a variety of
storage and processing technologies to provide
complete document retrieval and analysis;
Knowledge-Driven intended to suggest or
recommend actions to managers. These DSSs are
personal computer systems with specialized
problem-solving expertise;
Model-Driven DSS or Model-oriented DSS
emphasizes access to and manipulation of a model,
e.g. statistical, financial, optimization and/or
simulation. Simple statistical and analytical tools
provide the most elementary level of functionality.
Most current advanced DSSs are combinations of all,
or nearly all, five generic types. In the publictes, as a
result of problem scope, social diversity and dyitam
the stakeholder network is generally more complea a
less transparent, and its interests are more divdise
variety of interests in particular seems to favoultin
criteria  decision analysis (MCDA) approaches
decision support [11]. Thus at least two of theetypf
DSSs listed above (communications-driven and model-
driven DSSs), especially for the public sector,udtide
able to handle a multi-criteria decision analygipraach.
Group Decision Support Systems (GDSSs) are
interactive, computer-based systems that facilithie
solution of unstructured and semi-structured proigldy
a set of decision makers working together as amgréu
GDSS aids groups in analyzing problem situatiorgsian
performing group decision-making tasks. Any of five
generic types of DSSs can be built as a GDSS.

is

at

to
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Usually a DSS is tailored to either a specific
application area (e.g. strategic planning, water
management or policy making) or a particular decisi >
making phase (e.g. problem framing or decision-tree
development), or both. According to Bots and Loasm

development programs and investments from the
municipal budget);

Phase-specific DSS with emphasis on the choice
phase with the intention to cover some aspectheof t
problem-formulation phase and negotiation support

[11], they can be divided into three categories. systems;

» Generic DSSs. These decision-support informatiok Considering two basic areas of democratic
technology (IT) applications are domain- governmental systems (formal politics and
independent (spreadsheets, generic DSSs for administration) with the intention to make the

conceptual modeling, based on a particular problem
solving method, and generic DSSs consisting of

participation of the civil society possible.
The research thesis refers to the feasibility & th

electronic meeting systems that support problemmodel in given circumstances in a given environment
solving in a group). and asserts: "The decision support system in aechos
» Domain-specific DSSs. The core of these systems énvironment and set framework enable simple
a model that computes the impact of measures oneapressions of appraisal and balanced participaition
given subsystem (economic, biological, or otheg andecision making for all participants and ensureinalf
presents the results in tabular or graphic form. solution which the decision makers and responsible
» Phase-specific DSSs. These applications aim fwersons consider to be suitable". We have chedhkisd t
support one particular phase in the decision-makingith case studies in three Slovenian municipalities
process (problem formulation phase, choice phase,
negotigtion support system;). 3 Research design
The aim of our research is the development of a ) ) .
model of a decision support system for the putdicter Ve have addressed the issue by a review of thatlite
and usable solutions for a chosen research envieonm and by setting basic guidelines for a solution. ien
In this we have bound ourselves to the principlt the Studied the environment for dealing with the issie,
solution must be as general as possible. Howeweeng mun|C|paI|t|es. W|th|n the aim of our research, tthe
the fact that for the development of e-democragy tHinding a solution to the issue, which encompasaed
local environment is the most suitable [16], we eénavStudy of documentation and interviews with parteifs
decided to focus on local self-government and iy k N the decision-making process, we sought ansvoettset
development problem: deciding on investment preject duestions ofhow decision making progresses antty
local communities, with the aim of ensuring good'ndesired results occur. _ ,
decisions, which is related to the quality of sttt of We found answers to the following questions:
such projects. As the key point in ensuring theliguaf How... n . L )
decision making, we have focused on cooperation and does decision making progress in including
reaching a consensus in determining that well pezba investment projects in the municipal budget?
investment projects will be selected [24] and ttaty are the interests of various political options
will be possible to realize within the set frametuolt asserted?

will in turn have a beneficial effect on efficiense of the > are various expert opinions and interests

local community's budget and ensure that the chosen asserted in decision making? o

investment projects will bring the participants determ > do expert opinions affect political decisions?

positive results. > does adjustment of opinions about individual
A systematic approach to decision making is new to projects and groups of projects that have been

most Slovenian municipalities. For this reason, and selected take place?

because of time and financial limitations, we have Why...

do the selected projects often fail to meet
expectations?

can evidently less suitable projects dominate
clearly more suitable ones?

are attempts in adjusting opinions often

limited the scope of the planned model and solstiion
the sense of the typology of the projects [11] amdulti-
phase approach [10], taking into consideration dwy
groups of participants. The subject of the reseavab
the decision-making process concerning investment
projects which are included in the Plan for Program unsuccessful? , .
Development, as well as the annual budget in thallo On the basis of the case study we defined a salutio
community. The aim of the research was to shape M0del and developed web-based software for sumgort
decision-making model and the use of support system theé model specified in the decision-making proc&se
a chosen environment within the following framework ~ésearch theses were analysed in case studi¢seia t
> Model-Driven Group Decision Support SystemSIc?ver)[an municipalities W|th|n .wh|ch we verifiethet
based on Multi-Criteria Decision Analysis with suitability of the moo!e'l, functioning of t'he softveaand
suitable elements of Communications-Driven DSS: the response of decision makers to this new, system
> Domain-specific DSS, with the intention nearing @PProach to decision making. ]
generic DSS, covering local government decision We first presented the solution and its goals ® th

making on investment projects (plans for€@ders in the municipality. We then analysed the
situation in the area of investment projects andseh
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projects (five to seven projects) about which deos lacking, and the opinions and arguments of those wh
had been made. In two cases the responsible peirsonshink in a different way are often ignored. Thisusas
the municipality invited experts and municipalfrequent situations where poorly prepared projects
counsellors, while in one case, due to local edestiwe without prior discussion within the civil societynd@or
decided to first make an appraisal with the muicip interaction between expert staff of the municipal
expert services and postpone the counsellor apsais government and/or counsellors reach the phasenaf fi

a time after the elections. The number of quesdoes decision making by a poorly informed municipal coilin
handed in by representatives of expert servicessias This situation is an ideal environment for assertin
nine and ten, while the municipal counsellors dboted informal or formal power over arguments and thedsee
two and four. The assessment was initially conckiae and desires of different-thinking people. The mipat
anonymous; however, in the first case it was detie government is aware of this problem, but has neite
have personal signatures, and in the second casekr@wledge nor the motivation to alter the situation
statement of affiliation to the expert servicesatgpent. Numerous urgent and "urgent"” projects, the firsteobon

In the case of the counsellors the process wdalse actual needs of the participants and the other
anonymous, while in the third case, appraisal byyeex supported by informal (political) power, give the
services was also fully anonymous. government little hope that this situation can barged.

We processed the results and presented them to the On the basis of the collected answers in our rebear
participants in the appraisals. During the pregemave we can confirm that the environment in question is
initiated a discussion concerning the usefulnesshef relatively immature in the area of decision makamy
approach, and in two cases we made a survey byhwhithat municipalities are confronting numerous difftes:
we measured the opinions of the participants comegr > unorganized progress of opinion adjustment and
the approach and the end results. On the basibeof t  deciding on preparing investment projects and their
results we have made an appraisal of the model and inclusion in the development plan or municipal
solutions, and developed guidelines for furthepste budget

» powerful influence of the distribution of informal
and formal powers in the municipality on the
selection of possible investment projects and
inclusion of approved projects in the budget

4 Solution model design

4.1 Investigative case studies >

The Local Government Act [25] and Municipal
Statutes [26] regulate the functioning of municitied.
The statutes define the organisational structurehef
municipality in detail (division into sub-units dbcal
self-government — local communities, specificatdithe
committees and boards of the municipal council ted
organizational structure of the municipal governthein
deciding on investment needs, the public partieipat
through a council of presidents of the local comities,
which is the mayor's counselling body, expert stéfthe

municipal government represented by heads of the
department and the mayor’'s collegium, and municipal
counsellors who work through committees and th@

municipal council. If we add to this the forms dfedt

public decision making (people's assembly, refevend >

and public initiative), we find that the organizatal

structure of decision making in the municipality is

sufficiently comprehensive.

difficulties in  balancing opinions between
professional fields, between political options and
between or with the civil society

the mayor’s great direct influence on shaping eixper
opinion and political decisions

absence of a comprehensive overview of the
development of the local community

poorly informed decision makers and public
concerning the plans, realization and effects ef th
projects

lack of qualifications and lack of motivation ofeth
municipal government to improve the current
situation

unawareness and lack of motivation of the
politicians to cooperate in solving issues

a low level of public involvement in the preparatio
of decisions concerning solutions

Despite the relatively poor state of affairs, wereve

encouraged by the fact that leading staff of theigipal

However, for efficient progress in decision makinggovernment understand the problem and are willmg t
this is not nearly enough. We would need a firnnvest the time and effort to find a solution.

framework for decision making which would definesth
procedures, roles, inter-relations and limitatiaisthe
decision-making process. Unfortunately,
found this in any of the processed cases.
Due to this, preparation of the projects an
preliminary appraisal of the participants’ respokeigil
society, politicians and  municipal

manner. Investment projects are prepared withinomar
political or expert circles, and the number of deopho

are well acquainted with all the parameters is lo
Cooperation and balance between the participants

government)pa
progresses in an unsystematic and non-transpar

4.2 Solution framework

we have r]qlhe basic goal of our work is to improve the quyatf
csalecision making with the aid of a tool for decision
support.
rticipation of well-informed participants in the
cision-making process, consensus is the centiat p
of quality and success in decision making [23].
Implementing the principles of new public managetmen
an local self-government requires greater diffeisian
a}gd responsibility in decision making, for whictasen

Apart from ensuring the best possible
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the motivation and qualification of professionatidgeon >

makers and especially municipal councillors is efyk
importance for successful development of the local Tne core of the solution is a three-dimensionaligro
community [27]. - _ multi-attribute decision space:

This is why the model, and with it the solutiongdha 5. the basic structures are decision trees for each
to ensure a decision-making framework in accordance ingjvidual alternative, where the appraisals of the
with the conclusions express_ed thu_s _far, wnh_mdﬂfn attributes ¢ (leaves) join into the appraisal of the
of the procedure and roles in decision making tghou alternative aby the aggregating function,U
the following steps: _ _ the individual alternatives; §oin into subsets of the
specification of the selection of alternatives, set A, V,, € P(4) and the common appraisal for the
specification of the participants in decision makin subset of alternatives is given by the aggregating
specification of criteria and limitations, function U,
appraisal and choice, . the appraisals of individual appraisefsade joined
iteration (in case the SO|L.JtI.0n is not satisfactory into group appraisals for all the nodes and leafes
ddOC_um?ntatlon anﬁ archwlbr}g <l withadial the decision tree by all the alternatives and vasia
and a simple approach to enable appraisa wnkprf:mal . Ug,: Gy € P(D);p =1, [P(D)].
knowledge in the area of demsmn-malgrjg orIntetl For the sake of simplicity, we have upgraded the
Coaparats and 1o Appreciate he resus o tidbef . CeCISOTMakiNg model with fuzzy logic methods and

b bp implemented the appraisal with linguistic varial2g].

decision making. Here we must point out the impusea One thinks in terms of descriptive categories for
of knowledge exchange and constant adjustment, and. - reason the aporaisal by  descri ti\Q/]e values
improvement of the solution with regard to the cdfya d d hi ppt | off. tyA pur | nabth

and motivation of the chosen environment, since ihi emands much 1ess menta’ efiort. An appraisa 0

i L that demands less mental effort will be more peettign
the only correct way to achieve better decisio.[2 a method that demands greater mental capacity y86].

. can therefore claim that a descriptive appraisah@se
4.3  Solution model precise than a numeric one. Additionally, a deifomitof
The solution consists of the framework for decisiothe appraisal by linguistic variables is easier the
making and web-based software for decision suppagppraiser [31], [32]. These are undoubtedly sudfitiy
within the following scope: substantial arguments to support our approach.

in group decision making, the given alternatives ar
appraised by the set of individuals D 5 {d.,d}.

>

YVVVVVY

» specification of of alternatives In fuzzy logic theory we can find suitable soluton

» specification of the participants in the decisiorfor joining values, based on the mapping of lintjais
making values into fuzzy numbers and the use of aggrematio

» specification of attributes, criteria and limitati operators for fuzzy numbers in making the calcatati

» designing questionnaires The starting point is Zadeh'’s definition of lingtids

» appraisal variables [33, 34]:

» analysis of the results and level of consensus A linguistic variable is defined by a quintuple

> selection (H,T(H),U,G, M) in which 3 is the name of the

> export of the results by various cross-sectionthef variable;T (#) (or simphyT) is the term set off, that is,

given structure. the set of names for linguistic valu&s with each value
The definition of a multiple-attribute decision being a fuzzy variable denoted generically Kyand

problem encompasses the following:

ranging over a universe of discourdé which is

> a set of attributes (parameters, factors, viewgpintassociated with the base variableé is a syntactic rule

views, ranges) C={¢...,c.};

» a set of alternatives (possibilities, projectshscms,
actions, goals, purposes) Az{a.,an};

> specific information in each pair(a;c;);i€
{1,---,n},j € {1,---,m}, ascertaining the relative
importance of each attributg-eweight vy,

>
of the alternative;avith regard to the attributg;c

>

(which usually has the form of grammar) for genegat
namesX of values of H; and M is a semantic rule for
associating eacll with its meaning# (X), which is a
fuzzy subset ofU. A particularX, that is, a name
generated by; is called a term. A term consisting of a
word or words which function as a unit (i.e. alwaygsur

suitability r;, which is the decision maker’s appraisaftogether) is called an atomic term. A concatenatén

components of a composite term is a subterm. An

the merging function U, by which the appraisals ogxample of the term set (abbreviated Byinstead of

criteria §; for individual alternatives are aggregated (x)) is:

into joint alternative appraisals;
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T = {Rejecﬁ Lowest,Very Low, LOW»MiddlerHighr}l Module for implementation of a group of ce

. _ Very High, Highest, Must Be > definition of the decision-making tree
The basic variable is the assessed probability or degree > developing questionnaires

of support, and comprises the values from the uni > setting functions and weights
interval u € [0,1] [35]. The general rule that assigns
fuzzy set to the ternX can be written asif(X) =

Module for data collection for individus

{(u, ux());u € [0,1]}, which is for the term high: cases

M(High) = {(u qu-gh(u)) ;U E [0,1]}. » dataon users and groups of users
What we have just written is in fact the definitioh > data on projects and groups of

a fuzzy set: projects — alternatives

» appraisal
» calibration of mapping of linguistic
variables into fuzzy numbers

Given a universe of discourgg the fuzzy sefl in U
is given by its membership functigiy(u): U — [0,1], in
which the functioru;(u) is interpreted as the degree of
membership oft in the fuzzy sed. Clearly, the fuzzy set .
A is fully determined by the set of ordered padrs= galculatlo_n module _

mapping linguistic values into fuzzy

{(w paGw);u € U}, o _ numbers and real numbers

Operations with fuzzy sets within given universe of > aggregating the values of all nodes
discourse are operations with membership functions, along the entire structure,
which allows us relatively easy calculations witlzdy approximation and sharpening of
sets defined with sufficiently simple membership fuzzy values into linguistic values
functions. Expectations connected to this are Ifetfi by and real numbers
Bonissone and Decker with the uniform scale for
mapping linguistic conditional terms to fuzzy intals
[35], which are fuzzy subsets in the set of reahbers.

In this manner we have merged the advantages of
using linguistic variables with the simplicity of

Presentation and export of rest
» values and graphic presentations
» export to a table — Excel or Calc

mathematical operations over numeric variables.sThu Figure 3: Software modules

we have avoided problematic and complex definitiohs —

aggregation functions and unsurpassable limitations appraisa linguistic . Apbroximation
respect of the branching out and size of the demisi |(inguistic value] | Va&lue with pproximat
making tree in aggregating linguistic values based deviatior A

logical rules (rule-based aggregation). We have
preserved the flexibility of modelling logical rglevith a

y

fuzzy

system of weights, which determine at each node tf ~ MaPPINg » number <—» aggrelganon
contribution of the child to the appraisal of trergnt. i !
4.4 Softwaretool characteristics real numbet :
The software itself consists of four modules (Fegur ! :
3). The module for implementing groups of cases is ! ? E
intended for defining the basic parameters of Beice. . :
With its help we can define the basic structurethef e ceeen » defuzzyfication [€-------- '
system and choose the methods of aggregation én tre
structures. The number of questions is the numbeéreo Figure 4: Functionality of the calculation moduBs]
leaves of the appraisal tree; the content of thestipns ) _
and the appraisal scale are determined with retgatide The module for presenting and exporting the results
needs of each individual group of cases. allows presentation and export along various cross-
We first determine the decision-makers and th&ections of the given structure. o
alternatives about which the decisions will be méate The software tool is a web based application based

each separate case in the module for data colfeaiod ©on PHP 5 with database engine MySQL 5. It allows
if necessary we merge them into groups of decisiofiexible settings of:

makers and subsets of projects — alternatives. The structure of decision tree,

module also includes a user interface for appraiBaé > appraisal scales (term sets) and mapping functions

job of calibrating the mapping is intended for stejiing from linguistic values to fuzzy trapezoidal numbers
the posture and mood of each individual decisiokena > aggregation functions and distance measures.
concerning the mapping of linguistic values intazy With the intention of sharing ideas, knowledge and

numbers. With the help of the calculation modularfr software itself after some tests the source codkbei
the acquired appraisals, we fill in every poingflenode given in open source community.

or root) of the given structure with three values:

linguistic, fuzzy and real (Figure 4).
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The software tool is available at http://www.fu-un 1.0 - —
li.si/bsc/. To obtain a user name and passwordasple | II_I II__I”I_ 1”'_ _ﬂ_ _‘lI“
contact the author of this article. IRTEERI I
: (W 1l I
5 Casestudies T
I

I

I

I

5.1 Settings of the model o I ||
|
I
I

The research comprised three case studies in which ' I "
we could, due to the similarity of the issues, isesame 1 N I I
settings of the model, which include the decisiaaking Wl 1 I
tree, appraisal scale and functions of the mapping, oy (N
aggregation, approximation and defuzzyfication. OO TG T T T T L
Decision tree 00 02 04 06 08 10

Figure 6: Graph of the mapping function

Starting from the framework of deciding on capital g b pping
investments in the public sector [36], legally présed A jthmetic, aggregation function and distance measu
definitions and the analysis of the method of denis As a short break, have a look at a graph of a fuzzy

making in local communities in Slovenia, we have, mper (more precisely, a fuzzy interval or trapeab
determined the structure of the decision tree (féid). fuzzy number, Figure 7):

I
|
|
1
|
(I
[
l
Ill

Compatibility with 1,0
the goals

Contribution to the N Project
gaals contribution

problem solved by
the project

| I
I |
I I
Importance of the [ |
I I
I I

0,0

Quality of project : a-a a b b+p
preparation T Appraisal of Figure 7: Graph of a fuzzy trapezoidal number
— Feasibility
[ Feasibility and risk S»{ the
|Ris|< alternative For fuzzy numbers, the computation necessary for
algebraic operations are considerably simplifiedhe T
Project price and calculations within the decision-making framewornle a
costs during project : only done with positive fuzzy numberfuz(x) =
exploitation Cost-benefit 0,V x < 0), and therefore only the arithmetic for a
|Cost-benefit ratio positive fuzzy number will be introduced (the défons
Figure 5: Decision tree of the module of m- (Table  4)  comprise  the  fuzzy  numbers
attribute appraisal of investment proje A= (a,b,a p)and B = (c,d,y,0)):
Appraisal scale and mapping .
The appraiser approves each attribute with aOperation Result
linguistic appraisal, which represents the degretust 1 11 B a
in the suitability of the project in terms of théven i (E'E’b(b +,8)'a(a—a))
attribute (Table 3 and Figure 6). —
A+ B (a+c,b+d,a+y,B+06)

Term Fuzzy numberLabel i_B (@a—db-ca+588+7)

Reject 0000 L

Lowest | .01.02.01.05 L, A-B (ac,bd,ay + ca — ay,bs + df — B6)

Very Low | .1.18 .06 .05 ~

] 22 36 05 06 L A <a b ad +da by+c,[>’)

ow L2 9D 0 VD 4 B d’c’d(d+8) clc—7v)
Medium | .41 .58 .09 .0F Ls

- - Table 4: Arithmetic operations for trapezoidal fyzz
ngh .63 .80 .05 .06 Lg numbers [35230]

Very High) .78 .92 .06 .03 L; For the model to work, it will also need a
Highest | .98.99.05.01 L, aggregating operator. Following the simplicity ijsie,
Must Be 1100 N we have opted among the many operators for gesedali
operators of weighed mean expressed in the formula:

Table 3: Linguistic values and equivalent fuzzy
trapezoidal numbers
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a) = (T, wiaf)e, a; € [0, € N,,

a € R(a # 0)
where for the components of the vec#or= (wy, ... Wn)
holds ¥, w; = 1,w; = 0Vi € N,. The vector w is
termed the weighed vector, and its componewntghe
weights. In the simplest version (equal Weigbvl;s=%

anda = 1) it is simply the arithmetic mean.

h¥ (a4, ...

The final results of these calculations, trapeZoid

fuzzy numbers, are not suitable for the presemiatib

Informatica31 (2007) 311-323319

For higher granularity of the end results we
introduced the approximation deviation. This isiued
as the relative number of the difference in distaofcthe
approximated fuzzy number and the fuzzy number enag
of the linguistic approximation and the difference
between two adjacent linguistic values:
Dev =

DT(A Lamﬂ )

aj_ Dr (Lamr—l' Lapp, a)’

if Dr(4,0,a) — Dy(Lgpp, 0,a) <0

app’

results to appraisers. We must therefore map theck b l
to linguistic values. We must find the linguistialwe of
which the fuzzy equivalent is the closest to theegi
trapezoidal fuzzy number.

For this purpose we need a metric of the fuzzy. sets
The Tran-Duckstein distance takes into account the

Dr(4,Lypp, )

DT(Zapp' I p—y a)
The approximation with the deviation
labelled as:

,if Dr(4,0,a) = Dr(Lapp, 0,a) = 0
is then

« L
L
L

if Dev < —0,25
if —0,25 < Dev <£0,25

app’
app’

fuzziness of the fuzzy numbers and is confirmed in app = if Dev < 0,25.

practice in an environmeaitvulnerability assessment. Ths is our 0r|g|nal solution, distinguished by drity,
We have, therefore, decided to choose it for oyghich allows precise and efficient presentation tioé

framework. For trapezoidal fuzzy numbers the gednergegyits to the decision makers [38].

defmmon is simplified as fl(a) = a,4 = (a,b,a, B),
- (C, d! V, 6))

. b
D%(A, B,a) = (a i

c+d)2

c+d

(2 a5ty
2

+3(b ) _<d2a)[ﬂ+“]
2 1/d—
+3( 2 )+§< zc)[5+y]
+%[Bz+a2+62+y2]
~slap +ve]

1
+E[,8y+a6+ﬁ§+ay]

Figure 8: Tran-Duckstein distance for generalizft |
right fuzzy numbers (GLRFN) [37:340].

Calculations
The linguistic values of the leaves are the direstlt of
the appraisal process, and the equivalent fuzzybeum

are the images of a simple mapping between thegm

(Figure 6). The values of the parent nodes areutztxd

from the leaves towards the root of the tree azyfuz y,

arithmetic mean of fuzzy values of the children

1 _

Ai,j = K_Z Ai+1,j,k;i = I - 1,"',1;j = 1,"',]i;k = 11'"vKi,j;
ij k

where | is the number of levels of the tree, his turrent

level of the tree,;Js the branching of the tree, j is the

position of the node at the i-th level;; ks the number of
children of the parent in question at the level, iadd K is
the position of the child of the parent in question

The calculated trapezoidal fuzzy numbeds are
approximated back to linguistic valuds so that the
closest representativé of the linguistic valuesl; is
found:

Lopp =L:Dr(4,L,a) = miinDT(/i,Zl-, a);i=1,..,n

The values of all the variables in the tree aregeeér
into an appraisal of the variants of the plan for the
development programmes and into joint group apglais
of several appraiser§. This aggregation is also done
with the calculation of the fuzzy arithmetic medhnttee
fuzzy numbers:

1 ~
—_ A;;GEPD);VeP(A)i
T 2. 2, 6 POV <P )

=1,Lj=1,]J;
for all subsets of the set of alternatives A angl gbt of
appraisers D, for which it is reasonable in theegicase.

Ai,j =

5.2 Results

The case studies derive from the execution of tbdeh
in the chosen municipalities with the following jste

» presenting solutions to the leaders (management
director, heads of departments )

» preparation, adjustment and certification of the
appraisal plan

» specification of the decision makers and groups

» specification of alternatives — projects

» presentation of the model and procedure to the

appraisers
executing the appraisal
presentation of the results and discussions
appraisal of the solution model
A detailed report about the progress and results of
the case studies would unfortunately exceed thpesob
this article, and we have therefore focused orrékalts,
connected to the thesis of feasibility and usefssngf the
model presented in the introduction. We verifieg th
thesis by two methods:
» leading a discussion with the appraisers after
presenting the results of the appraisal
» with a questionnaire about the progress and
usefulness of the solution
The discussion revealed that the municipal
government was well aware of the question of denisi
making. Municipal counsellors were less forthcoming
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They recognised the question of decision makind, bsuitable and enables, with correct preparation,ftswi
they did not accept it as theirs. execution of the appraisal procedure without major
The appraisers filled in the questionnaire in twadlifficulties. Most of the participants in the threases
cases, but only representatives of the municipatudies responded well to the method, and we thns c

government responded. We have presented the agigrai®xpect a positive response in the future.

in Appendix 1 at the end of this article. We have attached the questionnaire and the apbraisa
The questionnaire referred to the following elersentresults in both cases to this article.

of the appraisal and attitude of the participamtsthie

appra!sal c_)fthe_present_ed solu_tlo_ns: . 6 Discussion

1. Dissatisfaction with existing decision-making ] ) ) )
methods. On the basis of the literature and studies of th&tson

2. Willingness to cooperate in implementing newdnd circumstances in the chosen environments we

methods and approaches. formulated certain principles and developed a dawis

3. The method allows for easy expression of opinion&aking model for investment projects in the public
about the projects and efficient cooperation iisector. We implemented a general model, which we ha

decision making. concluded must be simple for use in collecting deda
4. The results will contribute to faster and bettedell as in presentation of results, in a web-based
choices of projects. software solution and tested it in three case studihe

5. The questionnaire is easily understood and allowudy showed that we have fulfilled the requiremfent
for good expression of opinions. simplicity and that the appraisers recognized tslis

6. | am content with the proposed decisions. as legitimate. We have confirmed the researchrataie

7. All the chosen projects are acceptable to me. within the given framework and have thus confirntieel

8. | wish to use the method in the future. approach and solution as a suitable tool for degisi
The results showed two very different facets of th&UPPOrtin the public sector. .

municipalities. In the first municipality the codiéve The formulated principles for the general decision-

satisfaction rating was High, an estimation givenali making model proved to be suitable and their ratiis

but one appraiser, who responded negatively (Ej@¢b led to the successfu! execution of the appralgm
the proposed choice of projects (Statement 7). AgnorfXPectations concerning the approach to appraisimy
other appraisers one could feel that all the pregosthe quality of the results were met [30]. The ctmwse
projects were not fully acceptable to them. Ne\aless, limitations described at .the end of the first claapt.
lower ratings than High were generally rare, sd tha Préevented us from declaring the model a comprekensi
collective ratings, except two which refer to teeults of Solution to the question of decision making in fublic
the ratings themselves (Statements 6 and 7), wiglk. H Sector. It will still have to be extended and gefieed,
The highest estimated statement about willingness Yhich means that we must surpass the limitatiorss an
cooperate in introducing new methods was Very High. €xpand the model from the domain of local goverrimen
The results in the second municipality showed thd@ Other domains, cover all the phases of decisiaking
the appraisers had different views of the presentéd@rting with recognition and definition of the ptems
method. The collective rating Medium was the resilt @nd engage all participants involved in one way or
three High and Medium ratings each and four ratioigs @nother in the decision-making process.
Low. The collective rating Medium was given to asho _ 1he implemented solution showed that our approach
all the individual statements, with the exceptioh oiS Suitable and that we can ensure good-qualitysiter
willingness to cooperate in implementing new method Making. The approach ~with linguistic variables
Estimation of the method (Statements 3, 4 and %) wa S|mpI|f|_ed the system, Whlch_ls especially impottaom
the opinion of most appraisers in accordance wigirt the point of view of presenting the results. A tatage
willingness to use the method in the future. Onhe o Presentation of the results (with deviations anly erith
appraiser deviated from this pattern, who estimatdpsic values of Ilngglstlc variables) allows ovemwion
willingness for future use of the presented metiasd [WO levels of resolution (23 values and 7 valués)e to
High, but gave much lower ratings for the method. the limitations of the software, we could only teste
The results of the case studies more or less confirSetting of the model. This limitation will be refad in
the thesis that the presented solution enables lsimgh€ future version of the solution. o ,
expression of the estimations in the municipalitias We have confirmed the research thesis in a given
well as balanced participation in decision makingl a COntext, which is only the first step to comprefess

ensures a final result which the decision makers agonfirmation of the model as a good solution foe th
responsible persons accept as suitable. Of cowrse, problem in questlon.. Qur expectaﬂons that the temiu
cannot ignore the facts that necessitate an agptepr Would make the decision process easier have beén me

level of caution in confirming the thesis, since have Unfortunately we were unable to attract a largember
done the survey in only two municipalities. ThePf municipal counsellors. We therefore foresee tattl
appraisers in the second municipality were quitécei  Presentations to the municipal council for the next
of the method, and we have yet to discover theoreas appraisal, by which we will ensure the suitable

for such differences among appraisers in the sarR@rticipation of municipal counsellors. In additjotfe
municipality. In any case we can claim that thehodtis ~ €XPansion of the model to all phases of decisiokinga
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and to other domains awaits us in the future. Wi wiand enables estimation of the level of agreemerningm
devote special attention to the question of reachin the participants. Based on fuzzy logic, which fgaies
consensus and the quality of decision-making, artie comparability of various indicators, the salatialso
develop a method for assessment of the quality decomes a tool for monitoring success and outcashes

decision-making in the public sector, which willadxte
us to prepare a comprehensive estimation of the
circumstances of decision-making in given environtae
and the usefulness and quality of the presente$idac
support model.

7 Conclusion

Using fuzzy logic, we extended the selection oesa®r

the use of these methods. By mapping linguisticabdes

into fuzzy numbers we avoided the limitations cared

to indirect aggregation of linguistic values [3B10] and

to the breadth of the tree structure stemming ftben [2]
approaches based on defining the values of thengzare
with logical expressions for all possible values tioé
children [41]. In this manner we managed aggregatio
without limiting the number of leaves, levels, aitatives

and appraisers. We also enabled the formation lifeta  [3]
of alternatives — variants and subsets of apprais®rps.

The calculations are simple enough so that theiegpl
system is not demanding in terms of computer capaci
Of course new dangers and limitations accompany new
approaches. Since there are no directly comparable
systems we will need more time and effort to confthe
results. This is similar to mapping the valuesimflistic  [4]
variables into fuzzy numbers. There are only a ¢ases

in use, and it will require additional time and cefffor
further development in this area.

Implementation of the model in an environment of
local self-government is a contribution to the
development of decision support in a local envirenm [5]
and thus a contribution to the development of e-
democracy in the matter of public co-deciding. The
possibility of formation of variants (subsets of
alternatives) is especially important here, as sllthe
groups (subsets of appraisers) that can profitablysed
in seeking a consensus. Activation of the public in
recognising the problems of decision-making and
engaging them in seeking a consensus can consigerab
contribute to better understanding between all the
participants in the local community [24].

The proposed solution is suitable for any system in
which we wish to aggregate and compare values (8]
various types of variables in organizations andesys
with a hierarchical structure of goals and indicatsince
the new version will accept all three types of griata
(numeric, linguistic and fuzzy numbers) and conveif7]
them into the other two forms according to rules
prescribed for implementation of the solution. Tt
enable not only comparison of various types ofalaés,
but also a flexible adaptation of the conversiomkich  [8]
will additionally enable comparability between tbeme
types of variables from various definition areas.

Our article is a small piece in a mosaic of acfivit
and research in the area of e-democracy [15].dtages [9]
electronic election systems in which the votersosieo
between confirming or rejecting an individual attative

the functioning of the public sector.
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The data captured in two case studies and the

appraisal results are presented in two followingies. G | C | C |GGG CG|G|E
The first information in appendix is the legendtables | 1 | L8 | L5 | L6 | L6 | L7| L6| L1| L6 L6
which contains the labels of input data (variables -
questions, Table 5) and the labels of linguistituea | 2 | L8| L8 | L7| L6| L6| L6| L5| L6| .
(results, answers, Table 6). L6
3 |L5|L8|L6|L6| L6| L5| L5| L7| L6
c Dissatisfaction with existing decisi-making
! | methods. 4 |L7|L7|L6|L6| L5| L5| L5| L7| L6
Willingness to cooperate in implementing n
C2 —
methods and approaches. 5 |L3|L6|L5| L5 L7|L7| L5 L7 ¢
The method allows for easy expression of
Cs | opinions about the projects and efficient - 6 | L7/ L8| L6!| 6| L7| L6| L6| L7 L7
cooperation in decision-making. i
c The results will contribute to faster and be Yy | L6 | L7 | L6 | L6 | L6 L6 | L5 | L7 L6
“ | choices of projects. il sl B
. The questionnaire is easily understood and al Table 7: Data and results of the first case study

for good expression of opinions.

CL | G| CG | C |G| G| C | C )

Cs | | am content with the proposed decisions.

¢; | All the chosen projects are acceptable to me.

h h 1 (L5 |L5 |L6 (L5 |L5 |L5 | L5 | L5 | L5
cs | | wish to use the method in the future.

Table 5: Labels of IﬂpUt variables 2 L1 L7 L3 L7 L5 L5 L5 L5 L4
-
Label| Term 3 |L5 (L8 |L6 |L5 (L5 |L5 | L5 | L7 L_)5
L, |Reject 4 |18 |15 |16 |16 |16 |15 |15 |16 |0
L, |Lowest —
N
Ls |Verylow 5 |L5 |[L5 |14 |L4 |L5 |L5 | L5 | L4 La
L, |Low 6 |L5 |L7 |L5 |L5 L6 |L5 | L5 | L5 | L5
Ls | Medium —
7 |L2 L6 |L4 |L2 |L5 |L5 |L5 | L6 La
L, |Very high 8 (L7 [L7 |L1 [L1 |L1|L5 |L5 |L2|L4
Lg | Highest 9 |L7 |L7 |L8 |L7 |L7 | L5 | L5 |L7 |L6
Lo | Must be 10 (L7 | L6 | L7 |L7 | L7 | LB | L5 | L7 | L6

Table 6: Labels of linguistic values

The data of the case studies are given in the fws —

the tables, while the results calculated are ptesem o L5 2 BB ke B s

the last columns (overall appraisal of the modeégiby
a particular appraiser) and in the last rows (ctile

appraisal of an attribute), thus the collective ralle
appraisal occupies the outmost right cells in #s tows
(Table 7 and Table 8).

Table 8: Data and results of the second case study
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