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CHAPTER 3

Water management and Decision support



() Modeling Concepts and Decision Support in Environmental Systems

DESIGN AND USE OF DECISION ORIENTED
APPLICATIONS IN THE TRANSCAT PROJECT DSS

Jan W. OWSINSKI, Andrzej ZIOLKOWSKI, Hanna BURY

Systems Research Institute. Polish Academy of Sciences, Warsaw
<Jan.Owsinski: bury@ibspan.waw.pl>

Abstract: The Transcat DSS, or TDSS, designed and developed within the
Sramework of the 5 FP project TRANSCAT, contains in particular, the layer of
software applications concerning the aspect of direct decision analysis and
support. These decision analvtic (DA) applications are meant to serve a range
of functions related to decision elaboration, analysis and support under vari-
ous circumstances. Of particular importance is the possibility of enabling in
the framework of the range of DA applications the societal discourse (public
participation), accommodation of various opinions, evaluation of diverse op-
tions, as well as design and implementation of decision-making procedures
Jor definite routine or emergency situations. The present paper addresses the
DA layer, by describing its prerequisites and design, contents and functions of
individual DAs, as well as their implementation. An ampler documentation of
the DAs is provided together with each of them in their implemented forms.
It is shown how the DAs designed, developed and implemented within the
Jramework of the TRANSCAT Project fulfil the functions required of this laver
of the TDSS, in conformity, in particular, with the Water Framework Direc-
tive and its stipulations. The paper indicates also how the DAs can and should
he used in real-life situations. The present paper does not describe the mDSS
or Mulino application, except for a short note, as developed within a different
project, and modified in TRANSCAT by the developers (FEEM). Appropriate
references are nade to that application whenever required.

Keywords: decision support. web-based applications. water resource man-
agement, participative management.

1. Introduction — the rationale

The TRANSCAT project deals with integrated water management according
to individual water catchments, particularly the transboundary catchments, where
the usual problems associated with adequate management of water resource systems
tend to be severely compounded by the existence of state boundaries.

The main objective of the project is the development and implementation of
an operational, possibly integrated and comprehensive Decision Support System
(DSS), allowing for optimal water management of catchments stretching across state
boundaries. The development of the DSS is primarily the responsibility of the Polish
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team of the Project, hosted by the Systems Research Institute ot the Polish Academy
of Sciences in Warsaw,

The proposed DSS is able to cope with the complexity of the water resources
systems and the uncertainty of decision-making. The DSS is built around the core,
dealing mainly with data management and processing, as well as communication,
and its functions that allow for effective consideration of the range of different cli-
matic, topographic, environmental and socio-economic conditions found in various
EU and candidate countries’ transboundary catchment areas. Section 2 describes the
overall system structure and its basic functions.

The concrete DSS realisations, along with the complementary elements and
modules, have been implemented in the Pilot Areas of the Project, so as to provide
the verification ground for the principles and technical solutions selected for the
DSS development, and to gather the experience from actual use.

In particular, the Transcat DSS, or TDSS, contains the layer ot sottware ap-
plications concerning the aspect of direct decision analysis and support. These deci-
sion analytic (DA) applications are meant to serve a range of functions related to
decision elaboration, analysis and support under various circumstances. Section 3
describes the basis for design of the set of DAs and the individual applications, as

well as the principles of their use. Individual DAs are described in somewhat deeper
detail in Section 4.

In this context, of particular importance is the possibility of enabling in the
tramework of the range of DA applications the societal discourse (public participa-
tion), accommodation of various opinions, evaluation ot diverse options, as well as
design and implementation of decision-making procedures for definite routine or
emergency situations.

Thus, we address the DA application layer, by describing its prerequisites
and design, contents and functions of individual DA applications, as well as their
implementation. An ampler documentation of the DAs is provided with each of
them in their implemented forms.

It is shown here how the DAs designed, developed and implemented within
the framework of the TRANSCAT Project fultil the functions required of this layer

of the TDSS, in conformity, in particular, with the Water Framework Directive and
its stipulations.

The paper indicates also how the DAs can and should be used in real-lite
situations. Section 5 is devoted to this aspect.
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2. The structure and the functions of the TDSS

The overall structure of the DSS system designed and developed within the
TRANSCAT Project, the TDSS, is shown in the scheme on the next page.

The system, as outlined on the scheme, is composed of three essential kinds
of elements, from the top to the bottom of the scheme:

— The top layer is composed of the decision analytic applications (DAs), including
mDSS (MULINO), Mediator, ProDec, Bargain and ArgWar, most of them asso-
ciated with strategic type of decisions (policies, large projects, etc.), but also
with the design of decision procedures (ProDec), including the immediate
{emergency) decision procedures,

~ The middle layer contains the core system, split into the server (¢TD) and client
(xTD) components, being the main data provision, processing and interfacing
tool, oriented mainly at operational functions, but, naturally, providing also the
basis for strategic analyses and designs, and

— The bottom layer, consisting of models, and the related applications, serving to
represent individual components of the natural, technical and socio-economic

object system (e.g. the HEC-HMS surface flow model, the MODFLOW under-
ground flow model, etc.).

Additionally, there are some auxiliary applications, like SHE, the editing tool
facilitating parallel translations of documents, and the use of Public Web Services,
accessible through the interfaces provided by the ¢TD.

The general character of the functions of these three kinds of elements is as follows:

— the decision analytic applications, DA, serve primarily to represent and analyse
the value layer of the processes and phenomena considered; they are meant to
provide support for the multifaceted evaluation of the various choices that exist
or may exist within the object system (evaluations guiding the choice of deci-
sions, actions, projects, policies, etc.); the DAs included in the TDSS range from
very simple ones, like Bargain, allowing for the establishment of bargaining out-
put in well-structured uncomplicated situations, to relatively complex, like
mDSS, which includes several stages and options in the process of evaluation
within a broadly defined projects; resulting from the value-based assessments
and the relations between particular objects in the object system (here: water re-
source system) there may be different actions, and in case of definite action-

oriented decision procedures they can be designed and edited with the help of
ProDec;

- the core system, the cTD together with the client xTD, handle the information
layer regarding the object system, including basic processing, retrieval, visualisa-
tion, composition, and interfacing between the (other) elements providing infor-
mation, processing it and receiving; the cTD serves as the main interfacing tool
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A concrete TDSS implementation can be configured according to the needs
of a specific object system. Thus, out of the architecture outlined before, a subsys-
tem would be carved out for purposes of a given object system.

3. The functional design of the DAs

The range of decision applications designed and developed for the purpose of
TDSS was meant to cover a definite scope of functions associated with the analysis,

preparation and supporting of decisions regarding definite problems, project options,
etc.

These functions can be deployed according to the general scheme, consisting
of the essential functions, which ought to be incorporated into a DSS of a similar
kind, presented in the following. This scheme is here complemented by the com-
ments related to the (potential) realisation and meaning of the respective functions
for the broader decision-making process.

Note that the functions as here proposed and commented upon are understood
in the sense of potential computer-based applications.

Table 1. Decision-related functions and their significance

Function Domain & role Standard realisation(s)
Opinion gathering Public participation Voting-like web-based pro-
cedures
Debate Public participation Web-based discussion
Problem formulation groups
Problem structuring Identification of problem struc- | Brainstorming & cognitive
ture: mapping applications

- basic entities & notions
- relations among them

- solution options

- evaluation aspects

Evaluation Definition of values. objectives. | Multicriteria appraisal. re-
criteria, etc.. and their yard- view and improvement tech-
sticks niques
Assessment of options Group decision rules

Choice Ultimate selection Aggregation and/or selection

measures

Decision procedure de- Design and running of decision | Scarcely any (mainly editing

sign procedures (e.g. for emergency 1 applications or, e.g. decision
management) tree identification)

Editing support Support for the other functions | Standard editing applications

The above functions are in reality deployed in accordance with certain logic
of decision process and the institutional realisation of this process. This process
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takes on the form of a loop, which works in an iterative (or recursive) manner along
a number of dimensions.

Problem Problem structuring Evaluation

Decision
formulation & option definition [ & selection [

specitication

Values held and applied | (Perception ot the) object system

Figure 1. The scheme of the decision-making process loop.

The most important dimensions, along which the decision process loop is deployed
over time, include

— the advance from the initial idea (problem perception) to a precise decision con-
tent, through the stages of initial assessments, followed by more and more accu-
rate formulations of the particular elements of the process, shown in the scheme;

— the institutional dimension, in which either different organisations or more com-
plex institutional frameworks enter in a certain sequence, defined by the manage-
rial procedures, and by the appropriate social processes.

Of course, these two dimensions are tightly interconnected. It is the way, in
which this interconnection is shaped, that defines the actual decision elaboration

process. In any case, this process has of necessity to involve the functions outlined
in Table 1.

It is desirable to ensure the appropriate fitting between, on the one hand, the
functions from Table 1 and the corresponding software applications, which realise
them, and, on the other hand, the elements and the deployment of the decision mak-
ing process of Fig. 1. Thereby, the respective software applications may constitute
an adequate decision support system or at least its essential component (the remain-

ing potential component(s) being associated with the data layer and information
processing).

This exactly was the prerequisite behind the design and development of the
set of decision applications (DAs) for the TRANSCAT Project.

Table 2, below, provides a slightly ampler explanation of the roles fulfilled
by these DAs against the functions of Table 1.

Thus, while the decision applications offered in the framework of the TDSS
do by no means define any strict procedure of decision making (e.g. the necessity of
public participation) they can be used in a sufficiently wide variety of such proce-
dures, with exception, perhaps, of very specific technical, legal or organisational
requirements, imposed on such procedures.
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Table 2. Roles played by the DAs designed and developed for the TRANSCAT

Project
Function TRANSCAT DAs | Way of applying
Opinion gathering | ArgWar Installation on a public web site of an involved
stakeholder with an essential (“burning™) ques-
tion
Debate Arg War Web-based acquisition and processing of argu-
ments within a definite group
Problem structur- | mDSS Cognitive mapping function within mDSS
ing ArgWar Argument structures from ArgWar
Evaluation Bargain Various manners of specification of preferences.
mDSS value assignments. rankings etc.
Mediator
Choice Bargain All these applications provide a method for sup-
mDSS porting selection of decision among options
Mediator
Decision proce- ProDec Design. testing and running of decision proce-
dure design dures for definite problems
Editing support cTD Special editing applications, facilitating. in par-
SHE ticular, translation and comparison of texts

4, The individual Decision Analytic Applications

This section presents particular DAs, with somewhat more extensive descrip-
tions of the ones designed and developed by the team associated with the Systems
Research Institute of the Polish Academy of Sciences. For completeness, a short
presentation is provided also of the mDSS, as an integral part of the range of DAs
offered within the TDSS.

Throughout the presentation of the decision applications some notions will be
used in a consistent manner: a project (or a problem), meaning a broadly defined
issue, which has to find a way of realisation (e.g. flood protection, or drinking water
supply); the relatively well-defined ways of its realisation will be called options (the
options being characterised. in particular, by their cost); in an ultimate case the op-
tions may be dichotomous: to do something or not to do it. This simple language
will only be different in the case of ProDec application.

4.1. ArgWar

ArgWar is a decision-oriented application, whose original purpose was web-
based polling. Using ArgWar enables:

— formulation of a question to be subject to public scrutiny (e.g. “Are you FOR or
AGAINST construction of a reservoir on the river, stretching between

Downstream Village and Upstream City™), to which answers FOR or AGAINST
are expected.
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publishing this question, along with additional information (like maps and
diagrams, data etc.) on the web site of the interested party (e.g. local self-
governmental authority or water resources management body),

tracking the results in terms of FOR and AGAINST statistics (is the public
opinion, as expressed by the web clients, favourable or opposed to the given
idea); it is up to this point that the ArgWar application resembles, or mimics the
usual web-based polling instruments, yet, it is equipped with some additional
capacities:

the key question, to be answered FOR or AGAINST, is accompanied by the
short lists of arguments, supporting the FOR or the AGAINST opinions (1 am
FOR/AGAINST because...”): the respondent, when “voting”, indicates the
argument that is most convincing for her/him (in the implementation that can be
seen and used at www.ibspan.waw.l/transcat these lists, as seen at the first
glance, contain three arguments each),

on the top of this, the respondent can add an argument (FOR or AGAINST) of
her/his own, writing it into the appropriate place on the web site,

in the course of the use of application not only the ultimate FOR and AGAINST
statistics are shown, but also the popularity of particular arguments; the
arguments appearing at a given moment on the web site (“by default™) are the
ones having scored the best until that moment among the respondents, except for
the very start, when initial arguments are posted, for which no one has voted yet,
and except for the newly introduced arguments, which are granted an “indemnity

period”, before they are ranked automatically along with all the other (older)
ones,

the application includes the mechanism for moderating the “arguments war”,
meaning the possibility of operating on the set of arguments, especially in view
of the possibility of appearance of aggressive and insulting arguments, but, more
importantly, there is a mechanism for automatic ranking and elimination of
arguments.

Thus, ArgWar provides the tool not only for opinion polling, but also for

probing of the motivations behind the opinions expressed, and structuring them.

The application was implemented in some pilot areas (PAs) of the TRAN-

SCAT Project, for definite current issues of the respective locations, but the re-
sponses obtained were discouraging. The reasons were seen in the inadequate pro-
motion of the polling action through other media than the web, and inadequate track-
ing (prompting) during posting.

It is planned in some PAs that the tool will be used rather as a promotional

instrument within the framework of definite campaigns related to water resource
economy and environmental protection.
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Yet, it is obvious that ArgWar can be used as a debate-supporting tool, not
necessarily in the public domain, but rather within a group of involved persons, spe-
cialists or otherwise, who are trying to initially structure a problem at hand. The out-
put from running of a procedure would consist in a list of argument formulations,
with corresponding rankings. The “voting” involved does not have, of course, to be
FOR and AGAINST, but also FOR one or another option, or a subset of options. In
this manner the use of a relatively simple tool can be significantly broadened.

4.2. mDSS

The mDSS is a Decision Support System, developed initially within the MU-
LINO Project, aimed at supporting the choice from a set of discrete policy options.
The DSS bases on a set of multicriteria decision methods (MCA) to choose from
according to the specific characteristics of the problem at hand and according to the
background of the policy makers. The MCA methods are complemented by sensitiv-
ity (robustness) analysis and by the analysis of sustainability of the management
regime. Group decision making (i.e. decision involved a group of policy makers and
stakeholders) is supported. The mDSS is composed by the computerised part (coded
in a single stand-alone software for Windows operating system) and set of method-
ologies guiding the problem structuring, identification of relevant ac-
tors/stakeholders and recognising salient features of the problem considered. These
methodologies include social network analysis, mental model elicitation and cogni-
tive map building.

Input data to mDSS may come from (environmental or socioeconomic) mod-
els, monitoring systems, expert judgement, etc. (either from the cTD or from other
sources). The output is constituted by the selection of preferred option / rank order.

Within the TDSS structure, mDSS has connections
e structured with cTD (get map, get value, get function, catalogue), and
e (un)structured with Mediator (TBD).

The application is available from:

www, feem.it/mulino or http://siti.feem.it/mulino/index 1 .htm

4.3. Bargain

The Bargain or BarTend application realises a simple bargaining or tender
situation, serving to determine the relative (or perhaps even absolute) value of an
option for two or more participating (bargaining) parties.

The application, which is also web-based and web-operated, encompasses the
editing functions related to problem formulation and management (project defini-
tion, specification of options meant to realise a given project), as well as manage-
ment of a particular exercise (e.g. user definition).
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The technique used works as follows:

— given a set of options among which to choose for a particular, possibly well-
defined purpose, these options being characterised, in particular, by their realisa-
tion cost,

— and given the upper limit on the budget that can be used to implement one or
more of these options (the options need not be mutually exclusive),

— the participants assign, independently one of another, the funds for potential re-
alisation of particular options.

Once the participants decide as to the assignment (they are oftered the stage
of “deliberation” and “final decision™), the option is selected for which the maxi-
mum total sum from all the participants has been assigned.

In this manner the (relatively) most preferred option is selected and, in addi-
tion, in many cases (depending upon the limit of funds and its relation to the option
realisation cost, the participants would pay for the realisation of this option less than
they have offered (i.e. when the total sum assigned exceeds the cost of realisation of
the option selected).

Thus, if we denote by f; the tund assignment of the participant / for option &,
the option selected is the one, for which we have

S* = max; Zifi,,

and the costs to be actually borne by the participants, ¢;*, for the realisation of the
selected option k*, are determined as

_ %
¢ = ey iik'/f >

where ¢, is the assumed cost of realisation of an option . Hence, for f* > ¢;., we
have C.i*<j£k"

This simple and intuitive solution could, of course, be replaced by some other one,
which would take into account, e.g., the relative valuations of the particular partici-
pants (e.g. the sum of shares of total assignments of particular participants), which
might seem to be more “just” in certain situations. Such a rule of option selection
would be based on

maxZi(fi/ Zyf)s
which, however, would be much less intuitive and less easily followed.

Indeed, a number of game theoretic solutions and conditions could be applied
and imposed, but the assumption behind the simple technique was that it be clear
and transparent to the participants. Thus, even though “forcing” of certain options by
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“wealthier” parties may occur, this is a valid outcome in view of the objectives of
the application.

Given that the use of Bargain should lead to realistic estimates of the valua-
tions of options by the respective parties, it is strongly advised that the fund limits
and the assignments specified corresponded to some actual circumstances (funds at
disposal of a local authority, funds applied for in the framework of a broader pro-
gramme, funds envisaged in some definite plan, etc.).

The evaluations obtained from Bargain can be used as such for the selection
of options, or can constitute input to mDSS or to Mediator-like tools.

4.4. Mediator

This application, also web-based, provides support for group decision mak-
ing. Each case of use of Mediator can be addressed as a “session” or a “project™, the
latter meaning that the participants consider a definite issue, which can be resolved,
or a vision that can be realised, through a certain set of options.

As in all other DAs, distinction is made between the administrator of the ap-
plication (or a session), who can manage the contents and the course of the “ses-
sion”, and the users, who contribute their opinions.

Thus, in many real life situations it is needed to make decisions when the cri-
teria of choice cannot be formulated precisely or are subject to some informal con-
straints. In such a case one can make use of expert judgements. One of the common
tasks solved by groups of experts consists in defining the order of elements (options)
or choosing the best element (option), or elements, with respect to a chosen criterion
or set of criteria. On the basis of expert judgements the system determines the group
opinion. The definitions of the group decisions are provided in the Annex.

To facilitate the group work it is worth to use some tools of group decision

making, e.g. a system that makes it possible to organize a session with invited ex-
perts.

Organizing a session means the following:

e preparing an agenda for the meeting,

* managing the logging of the experts to the session,

e preparing list of projects and options to be considered,

e asking for experts’ opinions,

e determining group judgement on the basis of experts’ opinions acquired,
e displaying the results of the session,

e preparing final report.
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The MEDIATOR system consists of two parts — the administrator (moderator) and the
users’ (experts’) application.

The administrator application

It is a supervisory application, which controls the work of the system, i.e. it
performs all the actions necessary to perform a session except of entering experts’
opinions which is the essence of the expert application.

By means of administrator interface it is possible to manage the following
functionalities:

e preparing the agenda for the sessions to be introduced,

e preparing the list of projects and the options of realisation of these pro-
jects to be considered (there is also a possibility of annexing additional in-
formation on the project(s) and the options, such as extended descriptions,
maps, diagrams etc.),

e preparing the list of experts invited,
e managing the accessibility to the sessions for the users,
o gathering experts’ opinions,

» choosing a method — from the set of methods being implemented - of
group decision determining and therefore also of calculating the result
(tnore than one method can be used for the same set of expert opinions),

o displaying the group opinion and the graphic presentation of some addi-
tional statistical measures of the experts’ opinions.

Choosing the method of group decision determining.

There are several algorithms to be used for generating a group opinion (see
the Annex). The reason of developing still new methods are the deficiencies of the
existing ones, observed specially in the form of the so called paradoxes of voting,
when a method effectively fails in determining the group opinion. This means, in
particular, that the method indicates an outcome that is inconsistent with the more
general assumptions adopted.

The most known algorithms implemented in the MEDIATOR system basically
belong to two groups. The first group consists of algorithms derived from pairwise
comparisons represented by the methods of Condorcet, Copeland and the Kemeny’s
median. The second group includes the positional algorithms represented by the
Borda, plurality and max-min methods. The Hare and Coombs algorithms are multi-

stage methods in which some properties of the two mentioned groups of algorithms
have been utilised.

The choice of the method depends on the character of the problem examined
and on the experience of the moderator. It is also possible for the moderator to ob-
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The option regarded by a given expert as the best one (in the sense of criteria
assumed) is put in the first position, the option regarded as the worst one is put in the
last position. It is possible that more than one option is put in the same position -
such options are regarded as equivalent. The ordering of options is completed when
an expert has put all the options considered in proper positions.

The user may change the order of options by moving a selected option with
Move Up (icon with up arrow) and Move Down (icon with down arrow) buttons.

Single click moves the option one level up or down depending on which button has
been pressed.

A context help is available any time it is needed.

4.5. ProDec

This application has a different character from the previously outlined three,
or even all four. It does not, namely, support decision making in the sense of select-
ing an option for some future project or undertaking among a set of options that are
meant in principle to secure the realisation of this project, but, instead, it supports
operational decision making in situations, when appropriate selection process has
already been concluded.

ProDec serves, first, as an editing application, which enables formulation of
a decision procedure in the form of a system of IF... THEN... rules, leading from the
values of certain observations or measurements, entering the conditions (IF...) to
definite actions, that should be undertaken in such a situation (THEN...). The rules
admitted by the application may involve standard logical operations of AND, OR
and NEGATION, linking respective values of observations or measurements, defin-
ing the conditions.

More importantly, however, the rules can involve in the conditional part in-
tuitively understandable linguistic expression of the form, e.g., “low level™, “high
intensity™ etc., corresponding to the respective measurements (e.g. river level, pre-
cipitation intensity etc.). Thus, a rule admitted by ProDec in case of preparation of
a decision procedure for flood protection purposes, might sound:

IF (river level high AND today’s precipitation high AND precipita-
tion forecast very high OR river level very high AND today’s precipi-
tation medium AND precipitation forecast high) THEN flood alarm
of degree 2.

The above example shows the essential components of the intended decision proce-
dure system: the observed variables, entering the conditional part, like, here, river
level, today’s precipitation and precipitation forecast are called parameters. The
current values of the parameters are measured or observed and after the decision
procedure has been designed and edited, they can be entered into the respective
rules. The concluding part contains the specification of states. Each state has defi-
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nite actions assigned, which do not appear explicitly in the formulation of the rules,
since they are assigned in a stiff manner to the states.

Parameter values ™ Rules ™ States ™ Actions

Although the values of parameters — notwithstanding the way, in which they
are obtained, whether through measurement, appraisal, estimation, output from a
model, or just a guess — enter the system “as they are”, i.e. most often as numbers
(e.g. precipitation in millimetres or water level in centimetres), they are treated in

the rules through the intermediary of predefined linguistic values (low, medium,
high,...).

Thus, assume a parameter takes the values from the interval [x,,;,,% ., like in
the following figure (e.g. river level between 0 cm and 280 c¢m, the all-time high).

Degree of correspon-
dence of the value of x
to a definite notion /

wvery low” medium” very high”

a whigh”
I 4 L & g ‘ > -4 -
[ ) : ° ’
s .
5. S
L ¢ &
ae Py
»e [ ]
. :’
- H
L2
c s ": Values
c % . % of pa-
L]
. 1 . ‘_- 1 ° _ rameter
b | ® - | | » X
Xmin X* PEE Xinax

The ProDec application enables introducing the “definitions™ of the linguistic
values corresponding to the fuzzy subsets of the interval [xmin,xmax], like, for in-
stance, in the case here illustrated: “very low”, “low”, “medium”, “high” and “very
high”. These definitions do not just specify the sub-intervals, but also the fuzzy
edges of the respective —sub-intervals. And so, e.g., the value x* of the diagram,
should it occur as actually measured, is “very low” in degree 0.4 (or in 40%) and at
the same time it is “low” in degree 0.6 (or in 60%). (Note that the requirement that
the total of degrees of membership of all the values of parameters be equal 1.0 or
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100% is in fact not formally required in ProDec as putting too strict a constraint on
the generally user-friendly way of proceeding.)

Once the linguistic values of the parameters defined through the specification
of corresponding fuzzy sets, and the IF... THEN... rules established, both with the

help of ProDec, then the procedure obtained can be tested, validated and finally used
in practice.

Definition of
linguistic values Definition of
of parameters decision rules
Y
Input values Linguistic values Running of de- Determination of
of parameters ™1 of parameters F’ cision procedure [™] action evaluations

The need of testing and validating the entire system, composed of rules and
definitions of linguistic values of parameters, results from the fact that functioning
of ProDec is based upon human input, related to individual elements of the whole
(fuzzy sets, single rules). Thus, there are two issues — first, the correctness of each of
these elements specified, and second — the consequences for the entire system. The
function of testing is embedded in ProDec in the form of easy and traceable changes
in parameter values.

The diagram above shows as the final the stage “determination of action
evaluations™, associated, of course, with the “firing” of rules for respective inputs.
Given that the parameter values appear through their linguistic expressions in the
rules, defining states, and therefore also actions, and that these parameter values can
belong to various linguistically defined values to differing degrees, the resulting
procedure determines the degrees, to which particular actions should be undertaken.
Thus, on the basis of linguistic values and the rules, in which they intervene, one
obtains ultimately actions along with the evaluations of the degree of certainty, with
which they should be undertaken, again on the scale of 0 to 1 (or 0 to 100). If an
action is assigned the value close to 1 (or 100) then it should be undertaken (or at
least seriously considered), while when the evaluation of the degree of its certainty
is closer to 0 (e.g. 0.2, or 20), it may at the given moment be disregarded.

Why use fuzzy sets and certainty evaluations?

At this point it is worthwhile to explain the reasons for introducing the lin-
guistic values, based on fuzzy sets, and processing them through the logical rules
towards graduated evaluations of action certainty. There are several reasons for such
an approach:
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1. The uncertainty associated with the values of parameters. Even if the values of
parameters result from formal measurements, they can be charged with an error,
to say nothing of the assessments made by humans (especially when they are
based on information from several sources). Similarly, if we use models, their
(forecasting) output is usually subject to a wide margin of uncertainty. If so, ap-
propriate definition of the respective fuzzy values lowers the ultimate effect of
errors (by decreasing the sensitivity to these errors).

2. The uncertainty associated with the rules. Even if the rules, as this could also be
the case, are the results of functioning of some formal models, they are valid
within a certain “corridor” of values, both at the input and at the output. Such
“corridors” might have been determined through appropriate sensitivity analysis.
Yet, even such an analysis is biased in view of the inherent errors and uncertain-
ties, especially close to the “outer limits” of the “corridor”. The use of fuzzy val-
ues, again, decreases vulnerability with respect to the uncertainty involved.

3. Additional information. In case of a “strict” rule of the form, say, “IF water level
in the river exceeds 220 cm THEN flood alarm” there is no information what to
do when the level is at 219 cm, unless a set of special rules are defined for par-
ticular levels. These rules would then be associated with definite, differing ac-
tions, and will have to correspond to a range ot conditioning circumstances.
In case of ProDec, there will be a natural, human language consistent indication
of the degrees of certainty with respect to application of particular actions (e.g.
flood alarm — 0.95, or 95; emergency preparations — 1, or 100). Thereby, infor-
mation provided the user is much ampler and much more useful.

4.6. SHE

SHE is an auxiliary application, supporting transborder functionality, and is
meant to help in editing, and especially in translation. It is, actually, an editor for
simultaneous work in two languages with exchange features for the document under
development. It is used, in particular, as a part of the ProDec editor.

The input to the application is constituted by the original document in the ini-
tial form, while the output is provided by the possibility of editing the translation
and the original document.

SHE constitutes an addition to the capabilities offered by the ¢TD, within
which there exists a possibility of translation, though of somewhat limited volume

and scope. SHE was developed for handling one-time translation of larger pieces of
text.
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s. Conclusions and recommendations

The work on development of decision-oriented applications within the
TRANSCAT DSS was aimed at creation of a possibly complete set of relatively
simple tools that could be used by non-experienced users in various situations and
under different contexts. Given that it was known from the start that the mDSS, de-
veloped within the MULINO project, would make a part of the range of DAs in
TRANSCAT, it was assumed that the other applications have, on the one hand, to
span the decision functions that either are not included in mDSS or are not suffi-
ciently pronounced there, and, on the other hand, to provide much more easily oper-
ated instruments for individual kinds of issues. So, for instance, questions and ap-

proaches such as cognitive mapping or cross-impact analysis were devoted much
less attention.

The above set of prerequisites was at least partly satisfied by the developed
and upgraded DAs, outlined in this deliverable report. Yet, definitely, the tools here
presented by no means do constitute a complete and exhaustive set that can respond
to any sort of decision situation. What is offered, instead, is a toolbox, which can be
handy in most of the different cases when a computer-based support might or even
should be called for.

A couple of observations, forwarded in what follows, concern both the use of
computer-based decision support tools in general and the use of the applications here
described in particular.

1. In cases, when well-calibrated and sufficiently precise (verified) instruments
exist, encompassing the decision problem considered, whether computer-based
(models, calculation schemes) or otherwise (data, trade rules and standards), they
should be the primary, or just the sole basis for making of decisions.

2. Tt is true that in numerous situations the reliability of such quantitative instru-
ments and/or data is limited. even to the extent that some special approaches
have to be applied. Yet, as long as the uncertainty or vagueness concern the
technical subject matter of the problems (e.g. cost of a project or impact on
groundwater head), the additional instruments and approaches used should ex-
plicitly aim only at decreasing the imprecision and/or the negative effects of
making (technically) wrong decisions (designs). This is, in particular, the case
for use of ProDec application. It should be used, namely, when some precise
model cannot determine the course of action to be undertaken for the informa-
tion that is available. Such a situation may result from the insufficient precision
of input data and/or from the insufficient technical knowledge of the processes
involved. When, however, on the one hand, we dispose of definite experience-
based domain knowledge, and on the other — there is a necessity of taking defi-
nite decisions, a procedure like produced by ProDec can be designed.
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3. The possibility of using quantitative tools, with perhaps extensions, like those
alluded to under 2 above, results also from the fact that in a given situation our
perception of the respective objectives or quality criteria are not subject to doubt
nor discussion (e.g. trying to satisfy environmental standards). It should be noted
that this does not mean the existence of only one objective or criterion, but rather
the possibility of accommodating the objectives or criteria intervening within a
well-defined and unambiguous procedure. This may mean, e.g., simultaneous
satisfaction of certain predefined “minimum requirements” with respect to the
objectives considered, or assignment of agreed upon weights of values represent-
ing these objectives. So, here, as well, a tool like ProDec might be applied. The

objectives or criteria involved would appear indirectly as driving the rules estab-
lished.

4. Within the same paradigm of using decision supporting tools we may include in
the appropriate procedure for accommodating different objectives and criteria the
tools for expressing them, in order then to be included in some broader frame-
work. This is the situation, in which Bargain might be used, provided its output
is fed into a well-defined procedure (a model or another scheme).

5. The subsequent level of application of computer-based tools corresponds to the
situation, in which objectives and criteria are (relatively or sufficiently) well
known, and can be expressed either in terms of results from models or other for-
mal tools, or as subjective, but valid statements, yet they cannot be a priori put
together in a consistent manner. In such a situation, one is obliged to recur to less
structured so-called “multicriteria” methods, in which various objectives and cri-
teria are somehow accommodated. This is the proper place for applying mDSS,
Mediator and similar techniques. 1t should be remembered, though, that if the
objectives and/or criteria are not well-founded in some concrete measures, and if
the procedure, in which they are involved gets complicated (number and com-
plexity of operations performed on them), we should be very careful in relying
on the output obtained. That is why DSS are in such situations just the “support”
systems, whose purpose is to provide additional information and assist in analy-
sis rather than to determine the decisions.

6. Finally, we may have problems with the very expression ot objectives and crite-
ria. This is usually the very initial stage of analysing the problem(s) of a socio-
economic-resource system. ArgWar, with its specification of arguments and their
ranking, may be one of the proper tools at this stage, especially when we wish to
consult broader public. It can also be used for structuring the perception of the
problem area (“cognitive mapping”, whatever this may mean). Actually, mDSS
offers methodologies for dealing with cognitive mapping, as well us with gener-
ally less structured situations with respect to objectives and criteria. Like in the
previous point, though, the outputs from such approaches ought to be considered
with utmost care for their validity. These outputs should also be regarded as
a piece of knowledge helping in cognition and resolution of the problems faced.
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Complementing the list of six points provided before, the simplified scheme
above indicates roughly the areas of application of the particular TRANSCAT DSS
with respect to precision of “process & data knowledge™ as well as “unambiguity
and concordance of criteria”. Notwithstanding, however, this rough indication, it
should be remembered that the DAs available are to be used depending upon the
specific needs associated with a concrete decision situation.
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7. Annex: The Methodological Background of Mediator

GROUP OPINION DETERMINATION — AN INTRODUCTION

One of the common tasks solved by groups of experts consists in defining the
order of elements (options) or choosing the best element (or elements) with respect
to a predefined criterion or set of criteria. If the criterion (or a set of criteria) can be
defined in precise mathematical terms, then the tasks mentioned can be formulated
as mathematical programming problems. Unfortunately, in many real life situations
such formalization is not possible. In these cases one can make use of expert judge-

ments. The result of such a process of expertise is called the group opinion (group
judgement).
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There exist a lot of algorithms making it possible to determine group opinion
on the basis of expert judgements. However, it is very difficult to define conditions,
under which the application of a given algorithm is the most advantageous. The use
of different methods to determine group opinion may in general produce different
resuits. The choice of the algorithm applied depends on the task to be solved as well
as on user’s experience.

Expert judgements may have various forms. They can be given on the order
as well as on the number scales. Moreover, they may have the form of preference
orders as well as of pairwise comparisons. For the situations considered in the sys-
tem it is assumed that expert judgements have the form of preference orders, i.e. an
expert is asked to point out the preferred order of options with the assumption that
an option regarded as the best one is placed in the first position, an option regarded

as the worst is placed in the last position and options regarded as equivalent take the
same position.

There are several algorithms to be used for generating a group opinion in the
case mentioned. The reason of developing still new methods are the deficiencies of
the existing ones observed specially in the form of so called paradoxes of voting
when a method fails in determining the group opinion.

The most known algorithms are those of Condorcet, Borda, plurality, max-
min, Hare, Coombs, Copeland and Kemeny’s median. In general, they are derived
from pairwise comparisons or they make use of information on the position taken by
a given option in the order of options. The first group is represented by the Condor-
cet, Copeland and Kemeny median algorithms, while the second one is represented
by the Borda, plurality and max-min methods. The Hare and Coombs algorithms are

multistage methods in which some properties of the former algorithms have been
made use of.

SOME THEORETICAL REMARKS

We are given a set of n elements, O = {0, ..., O,}, which is to be ordered by
a group of K experts. Let us assume that experts’ opinions are given on the order
scale. Hence the k-th expert opinion has the form of a preference order P, where the
element regarded by this expert as the best one — in the sense of some accepted crite-
rion (criteria) - is located in the first position and the last position is occupied by the
element regarded as the worst one.

If in experts’ judgements no equivalent elements can occur, the number of
positions in the preference order is equal to n, otherwise it is less than ».

So, we dispose of the preference order of n alternatives presented by the &-th
expert (k=1,...,K) p* :{Oi"”"oik}’ k = 1,...K, where Oik denotes the ele-

ment placed by the k-th expert in the j-th position in the preference order.
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For this preference order the following matrix of pairwise comparisons can be con-
structed

k k 3
ay, ..., ap, 1 fOI'Oi>-OJ-
At = 1 | where ah =<0 forO; = O,
k k .
O - -1 torOi-<Oj

The notation O; > Oj should be read as follows: the i-th alternative (option)

Oj is better than the j-th alternative (option) O; with respect to a chosen criterion (a
set of criteria); O; ~ O; denotes that the i-th alternative O is equivalent to the j-th

alternative O; with respect to a criterion considered.

By making use of all the matrices A* (k=1,...,K) one can construct the so
called outranking matrix L={l;;] describing the distribution of expert opinions. Ele-
ments of such a matrix are defined as follows:

Let I;; denote the number of experts regarding the element O; as better than O
(briefly written as O, > Oj ). Hence, the number of experts having opposite opinion

isequal to = K-ly, 1,j = [,...,n.

; Ol Oz On—l On % WBi
_ - _
|
01 . 112 llnvl 1ln Zlu
: oA
| n
0, Ly - by Ly lej
| j=1
|
|
| : -
‘ } n
On—l | ln—]l ln—]2 o - 1nAIn Z ln—lj
, A
On lnl ln2 1nn—l - Zlnj
i S

The above matrix can be formed due to the assumption mentioned above that ex-
perts’ judgements are given as preference orders.
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DESCRIPTION OF THE ALGORITHMS
1. The Condorcet method

The Condorcet algorithm is, historically, the first method of determining
group decision, based on pairwise comparisons.

Let us assume, without discussing details of this definition, that the Condor-
cet winner is such an element Ol-C that the following condition is fulfilled

K +1

——— when K isan odd number

2K, where K, =

[fc.l

? +1 otherwise

foreachj=i(j=1.....n).

In other words, this element, according to the opinion of the so defined plu-
rality of experts — is better than the other ones. The problem with the Condorcet
winner is that it may happen that such a winner does not exist.

If it is not possible to determine the Condorcet winner on the basis of experts’
Judgements or application of this method is limited (which is the case when so called
paradoxes occur) then other methods of group opinion determining should be used.

2. The Copeland method

The Copeland winner is an element that precedes the biggest number of elements in
the sense of pairwise comparisons. If there exists a Condorcet winner, it is also the
Copeland winner. To determine the Copeland winner one has to rewrite the outrank-
ing matrix in the following form:

Ol 02 On—l On WCPI
Ol - 6|2 6In—l 611\ ZSIJ‘IS, !
i '
Oz 621 - 6zn 1 62n zszjtg,;l
P
On—l 6n—ll 6n 12 - 6n—In 26"_”'5",”:1
j=
O, | 8y | By =+ By - z6n.i}sni=|
[S]
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1 for L. >2K

1 |
where &, = e
-1 otherwise

The element 1* with the highest WCP; score is the Copeland winner.
3. The Borda method

This method, similarly as the Condorcet method, was proposed in the 18"
century to  determine the winners of elections in the French National Assembly. As
it was mentioned before, the choice of the winner is determined on the basis of the
position of an element in the preference order. It is assumed that the most preferred
element is placed in the first position and the least preferred is placed in the last po-
sition. The gist of the Borda method lies in determination of the so-called Borda
score, which is defined as follows:

WB, =Y (n-jll,
=1

where i — denotes the number of an element, j — denotes the number of the position
of this element, I] - denotes the number of experts who put element O; in the j-th
position.

The Borda score can be also determined from the outranking matrix. WB; is
defined as the sum of elements l;; in the rows of the outranking matrix. Both results
are equivalent.

The Bordu winner is an element (option} O; with the highest Borda score,
that is: WB; = WB,,,..

The Borda winner, in distinction from the Condorcet winner, can always be
determined.

For the Borda method the set of elements O ={0,, O,,..., O} is ordered with
respect to the decreasing values of the WB; scores.

4. The plurality method

The winner is an element placed in the first position by the greatest number
of experts.

5. The max-min method

The max-min method consists in determining the minimal element §; in each
row of the outranking matrix, i.e. in determining an element O; such that the judge-

ment O, > Oj is supported by the minimal number of experts. This element is de-

noted as I; i, Then an element for which the number |; ;, is the largest one is cho-
sen. This rule may be written down as follows:
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max n1jnlii,i,j =1,..,n
i i

6. The Hare method

To determine the Hare winner one has to determine the elements placed in
the first position (simple plurality) by the greatest and the least number of experts. If
there is an element placed in the first position by the majority (more than 50%) of
experts then such an element is the winner.

If this is not the case then an element or elements placed in the first position
by the least number of experts are deleted from all the preference orders. The ele-

ments placed in the first position by the greatest and the least number of experts are
then determined again.

The procedure of deleting options from the set of options initially considered
is repeated until only one or more than one element but with the same number of
votes remain.

7. The Coombs method

This method was deveioped as the modification of the method devised by
T. Hare.

In order to find the Coombs winner one has to determine the elements (op-
tions) placed in the first position (simple plurality) and in the last position by the
greatest number of experts. First, if there is an element (option), which was placed in

the first position by the majority (more than 50%) of experts, then this option is the
Coombs winner.

If this is not the case, then an element or elements placed in the last position
by the greatest number of experts is deleted from all the preference orders. The pro-
cedure of deleting elements from the set of elements is repeated until only one or
more than one element with the same number of votes remain.

8. The Kemeny’s median method

This method consists in determining a preference order that is simultaneously
the "closest" to all the opinions of the voters. The measure of the "closeness” is the
minimum of some distance defined with the use of the pairwise comparison matrix.

The distance between two preference orders P* and P*: can be expressed as
follows:

. | )
d(Pk' ,sz) = EZZla:‘ —aH, where a;' ,a,-';f are the coefficients of respec-
i= j=t

tive pair-wise comparisons matrices.
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We are given a set of preference orders {P™} = {P', ..., P*}.
The distance of some preference order P from this set is defined as tollows

d(p.p)= ZZZ%(PP) ZZZ =—ZZZia aj)

I]J]I\] 1l)ll\l 1=l j=1 k=l
Assume that in the order P one has O, > Oj i.e. al-j =1 and no equivalent ele-

ments occur. To determine the distance of that order from the given set of orders
{P™} let us define some coefficients rjj given as follows

S (k) > k p b Kk .
G = édlj(P’P )2 é‘aij "a,‘j1 = é’aij ‘1‘, ry=0foralli=j.

The values of r;; coetficients (also called loss coefficients) depend solely on the or-
ders PX k=1, ..., K.

A preference order P*™ such that

PKM(P‘,...,PK) argmlnd(P p* )) where d = ZZr .

1=l j=i+l
is called the median of a set {P', ..., P*}.

In other words it is such a preference order that in sense of the distance here defined
is the "closest" one to all the preference orders of the set {P®}.

Example
Let us assume that the set {P(k)} consists ot tour preterence orders and they are as
follows:

P': 0,0, 0,,0;;

P?: 0,,(03,0,),0

P (05,05),04,04;

P*: O3, 05,(0,,04)

Pair-wise comparison matrices corresponding to these preference orders are as fol-
lows:

0 -1 1 -1] [0 1]
N I I , -1 0 -1 0
A: A-___
-1 -1 0 -1 -1 1 00
I -1 1 0 -1 1 0 0
0 -1 -1 —1] [0 -1 -1 0]
o] 1 JOR LR
1 0 0 1 I 1 0 1
I -1 -1 0 0 -1 -1 0]
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0,10,10,10, | WB,
O |l-1112]1 4
The outranking matrix L is o, 31 =13 7 Ky=3
O, |213]|-1]2 7
o, 13|11 j2})-16

Conclusions:
1. There is no Condorcet winner
2. The Copeland winner is O,:

0,|0,|0,]0, | wWCP
o | -|-1]=1]-1
o, 1] -]-1]1
o =11 ] ={=1] 1
o, |t {=1T=1] -1 1

3. The Borda winners are O, and O; (WB,,, = 7) and the order of element (subject
to the decreasing values of WB;) is as follows: (O,, Os), O4, Oy.

4. The plurality winners are O, and O;:

Number of experts that placed an element (O} O, (O} (ON
in the first position 1 2 2 0

5. The max-min winner is Os:

0,110,110, |0, | minl;
N
ol -1112 1 1 . .
! , max min/;; =2 and it corresponds to Os.
o, 3 -] 113 1 o
o, 2[3]-]21 2
o. 31211 1

6. The Hare winner

There is no element placed in the first position by the plurality of experts. The big-
gest and the least number of experts that placed given element in the first position
are to be determined:

Number of experts that placed an option 0O, 0O, O, 0,

in the first position 1 2 2 0

Element (option) O, is to be removed and one gets:

Number of experts that placed an element 0, O, O4
in the first position 1 2 2
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Now, the option O, is to be removed and one gets:

Number of experts that placed an element 0, 05

in the first position 2 3

Element Os is the Hare winner (it is now placed in the first position by the plurality
of experts).

7. The Coombs winner

There is no element placed in the first position by the plurality of experts. The great-
est number of experts that placed a given option in the first and in the last position is
to be deternnined.

Number of experts that placed an element 0, 0, Os O,
in the first position 1 2 2 0
in the last position 2 1 1 1

So, option O, is to be removed and one gets:

Number of experts that placed an element 0O, O Oy
in the first position 2 3 0
in the last position i | 2

Now, option Qy is to be removed and one gets:

Number of experts that placed an element 0, 04
in the first position 2 3
in the last position 1

Element (option) Os is the Coombs winner (it is now placed in the first position by
the plurality of experts).

8. The Kemeny’s median

The loss matrix associated with these preference orders R =

w =~ N O
[«) N VS T e N @
[V I BV
S W Wk

The order of options that is the "closest” to the given set of orders is O3, O,, O,, O,
and its total distance from the given set of orders is equal 17.








