cta

OF
ing

ot i e R e i e S

& <ofiware Engineering Dept.

A Web Consensus Support System to Deal with GDM
Problems under Incomplete Fuzzy Preference Relations

S. Alonso : F.J. Cabrerizo
E. Herrera-Viedma Centre for Computational Int.,
F. Herrera

University Of Granada

F. Chiclana

School of Computing

salonso@decsaiugres  Dept. Computer Science and AL De Montfort University

University Of Granada

chiclana@dmu.ac.uk

cabre@correo.ugr.es,
{viedrna;herrera}@dec:sa.i.ugr.es

Abstract

Reaching a good consensus leve]
among experts is a critical activ
ity o solve Group Decision Malking
problems. Usually, it is the modera-
tor task to assure that the consensus
process is carried out properly and,
if it is possible, to offer recommens-
dations to the experts in order that
they change their opinions and nar-
row their differences. In this paper
we present a Web consensis support
system which is able to help, or even
teplace the moderator role in 4 con-

= sensus process based on incomplete
- fuzzy preference relations. This sys-
~ tem is based in both consistency and
- consensus messures and it has been
- designed to provide advice to the ex-
© berts to increase the consensus lovel
- n the group while maintaining the
- individual consistency expressed by

- each expert and helping the experts

. toreduce the incompleteness of their

: Tuzzy preference relations. The sys-

- tem provides a Web interface which
i allows to carry out consensus Dro-
- Cesses where the experts do not have
_ the possibility to physically meet to-
- gether.

'-Key-words: Consensus, Group De-
‘Cislon Making, Incomplete Fuzay

~Preference Reiations, Weh.
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1 Introduction

In Group Decision Making (GDM) problems
there are usually two processes to carTy out
before obtaining a final solution [6, 7, 12, 13]:
the consensus process and the selection pro-
cess. The former refers to how to obtain the
maximum degree of consensus or agreement
between the set. of experts on the solution
set of alternatives. The latter [9, 19] consists
in how to obtain the solution set of alterna-
tives from the opinions on the alternatives ex-
pressed by the experts. Normally, the consen-
SUs process is guided by the figure of a mod-
erator (7, 8, 15, 14, 5] and it is carried owt
before the selection process. Clearly, the con-
Sensus process is an imporfant step in solv-
ing group decision making problems because
it alds to obtain solutions with higher levels
of consensus among experts (which is ususzlly
desirable).

There are several aspects that have to be spec-
ified prior o the solving of & group decision
making problem. For example, we have to
define the representation formap in which ex-
perts will express their preferences about the
possible alternatives in the problem. One of
the most used representation formats in deci-
sion making theory are fuzzy preference rela-
tions [3, 13, 16]. This representation format
preseuts a high expressivity and some infer-
esting properties that allow fo operate with
them easily.

Despite of the good qualities of fuzzy prefer-
ence relations, in real world GDM problems
it is common to find Incomplete information




situations [4, 10,11, 17, 18; 21}, that is, situa-
tions in which experts are not able to provide
all the preference values that are required, and
then we have to deal with incomplele fuzzy
preference relations [10, 11].

The aim of this paper is to present a new Web
based consensus support system [2, 22] to deal
with GDM problems under incomplete fuzzy
preference relations. This system is designed
to help the moderator to carry out his/her
duties during the different steps of the con-
sensus process, but the system could even re-
place most of the activities of the moderator
once the initialization steps have been carried
out. The activity of the consensus support
system is based on both consensus and consis-
tency measures which are interactively com-
puted when the experts provide their prefer-
ences in form of incomplete fuzzy preference
relations. With these measures the system
is able to provide some advice to the experts
(through the use of a feedback mechanism) on
how to change their opinions to reach a good
solution of consepsus whilst they maintain a
high degree of consistency in their individual
preference relations, and thus, avoiding self-
contradiction. The feedback is expressed as a
set of rules for every expert. Additionally, the
rides offered to each expert will help them on
completing their preference valuss (when they
provided incomplete informaticn). The sys-
tem has been implemented and the experts
can use it via & Web interface which allows
to carry oub consensus processes in situations
where the experts do not have the possibil-
ity to physically meet fogether (for example,
when they are in different countries).

The rest of the paper is set out as follows:
Section 2 presenis the theoretical model for
the Web consensus support system. Section 3
describes the details of the implementation of
the consensus support system. Finally, Sec-
tion 4 draws our conclusions and future im-
provements.

2 Theoretical Model for the Web
Consensus Support System

In [10] we developed a theoretical consensus
model which used some consistency and con-
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sensus measures to guide the consensus pro-
cess in GDM under incomplete fugzy prefer-
ence relations. In this section we will briefly
describe it to show the basis of the Webk Con-
sensus Support System that we present in this
paper. To do so, in the following subsections
we present the concept of incomplete fuzzy
preference relations and the elements of theo-
reftical consensus model.

2.1 Incomplete Fuzzy Preference
Relations

Fuzzy preference relations are a very widely
used representation format to represent prel-
erences [13, 16, 20] because of their expressive-
ness and its properties that allow to operaie
with them easily.

Definition 1: A fuzzy preference relation P
on a set of alternatives X = {z1,...,2.} is
a fuzzy set on the product set X x X, Le,
it is characterized by a membership function
ppr X x X — [0,1].

When cardinality of X is small, the pref
erence relation may be conveniently repre-
sented by the m X n matrix P = (pg), be-
ing pie = pe(z,ze) (Vi k€ {1,...,n}) inter-
preted as the preference degree or intensity of
the alternative z; over zy: py = 1/2 indicates
indifference between w; and =y, piy = 1 indi-
cates that ; is absolutely preferred to xp, and
i > 1/2 indicates that z; is preferred to zy.

We have previously mentioned that in many
rezl world GDM probleras the experts are of-
ten nof able to provide all the preference val-
ues that are required, and then the it appears
the concept of incomplete fuzzy preference re-
lation [11):

Definition 2: A function f: X — ¥ is par-
tial when not every element in the set X nec-
egsarily maps onto an element in the set V.
When every element from the set X maps
onto one element of the set ¥ then we have a
total function.

Definition 3: An incomplete fuzzy prafer-
ence relation P on a set of alternatives X is
a [uzzy set on the product set X x X that is
characterized by a partial membership func-
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Figure 1: Consensus Process

flom.

2.2 The Consensus Model based on
Consensus and Consistency
Measures

A typical consensus process is depicted as in
figure 1. In a GDM situation we assume that

a problem and a set of feasible alternatives

.+ are presented to the experts. Those experts

provide the moderator with their preferences
about the alternatives. The moderator checks
if the level of agreement is enough. If so,
the consensus process would stop and the se-
lection process would be carried out. If the
agreement (or consensus) is not hizh enough,
the moderator gives recommendations to the
experts in order that they change their opin-
ions to obtain a solution of consensus. Taking
into account those recommendations the ex-
perts express (again) their preferences about
the aliernatives and a new round of the con-
sensus process starts.

In this paper we follow a consensus model
based on consensus and consistency measures
that uses incomplete fuzzy preference rela-
tions $o represent the experts’ preferences. Its
activity is similar to that shown in Figure 1,
but it requires to define consistency measures,
consensus measures, consistency and consen-
sus conirol processes and feedback mecha-
nisms, and to assume the presence of incom-
plete fuzzy preference relations.

2.2.1 Consistency Measures

In [11] we developed some consistency mea-
sures for incomplete fuzzy preference relations
based on the additive transitivity [20]:

(B —0.5) + (s — 0.5) = (pyr — 0.5) (1)
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The consistency messurss are computed as
the error among the values provided by ex-
pert e (pfy) and the values cp? computed by
some expressions derived from the previous
expression (vou can check the detai

ai three different levels: Level of pair of alter-
natives (cIf), level of alternatives (cI?) and
level of preference relation ().

2.2 Consensus Measures

In order to develop a thecretical corsensus
model for GDM problems, in [10] we defined
two different kinds of consensus measures that
are used to not only determine the current
consensus state at a parficular round of con-
sensus but also to compute some values that
will be used to provide the experts with some
advice about how to change their preferences
in order to reach a consensus solution for the
problem. These measures are consensus de-
grees and prozimity measures. The former
measure the current level of consensus among
experts and the latter measure how far is each
expert from the consensus solution. Both
kinds of measures are computed at the three
previcusly commented levels:

- Consensus degrees: Consensus degree on
pairs of alternatives (cops.), consensus degree
on alternatives (¢a;) and consensus degree on
the relation (CR).

- Prozimily measures: Proximity measure on
pairs of alternatives (pplt ), proximity measure
on alternatives (pal) and proximity measure
on the relation (pr®).

2.2.3 Controlling the Consensus and
Consistency State

Once the experts provide their preferences
and we have computed the previously pre-
sented measures the system can check the cur-
rent consensus and consistency state. To do
50, it compufes a combined measure called
consistency/consensus level (CCL) which is
used as a control parameter:

CCL=Q=8CL + §.CR




«If CCL satisfies & minimum satisfaction

threshold value «v € [0, 1], then the consen-
sus reaching process finishes and the selection
process can be appled. Otherwise, the feed-
back mechanism is activated. Additionally,
a maximum number of consensus rounds pa-
rameter MaZppunds 15 used. If the current
number of rounds is equal than Ma®rounds
then the consensus process ends (indepen-
dently of the current CCL value) to avoid
stagnation.

2.2.4  The Feedback Mechanism

The feedback mechanism generates advice to
the experts according to the consistency and
consensus criteria. This activify is carried out
in two steps: Identification of the preference
values that should be changed and Generation
of advice.

To identify the preference values that should
be changed we use a three step identification
process which uses the consistency and con-
sensus measures to identify the experts, alter-
natives and finally the particular preference
values which contribute less to the consistency
and consensus state.

Once that those preference values have been
identified we generate recommendations to
the experts about how to change their pref-
erence values in form of easy rules as:

Eapert e, should change his pi‘k prefarence to
o value near ?‘pf:,c,

where ?‘pi}c has been computed taking into ac-
count his own preferences, the current con-
sensus values and the consistency and con-
gensus meagures. For more details about the
control of the consensus/consistency state and
the feedback mechanism, check [10].

3 TImplementation of the Web
Based Consensus Support
System

Nowadays Web-based applications are in-
creasingly being used for GDM and Decision
Support environments [2, 22] because they of-
fer many advantages as the possibility of ac-
cessing them from all over the world and thus,

the possibility of carrying out decision making
processes where experis cannot meet physi-
callv together. We present a Web Consensus
Support System thai Is programmed using a
LAMP stack (GNU/Limux operating systerm,
Apache web server, MySQL database server
and PHP programming languags). If also
makes use of Java technologies for the most
complex interface tasks. In this section we de-
scribe its main modules: rain module, moder-
ator’s module, expert’s module and computing
module and how the users of the system (mod-
erator and experts) are supposed to interact
with them.

3.1 Main Module

The main module of the system is encharged
of giving access to the other modules and acts
2s a starting point fo begin using the system.
It controls the access of the users of the sys-
tem assuring that non-moderator users can-
not access te the moderator module and that
only the registered experts can access to the
expert’s module for each problem on the sys-
tem. To do so, this module presents a login
screen where the user is prompted for his e-
mail address, password and problem. Omnce
the user introduces his login information the
system checks if the information is correct and
redirects the user $o his corresponding mod-
ule (moderator’s or expert’s module). Usual
security measures are taken into account (for
example, notice the moderator via email of

several incorrect login attemps from a partic-

ular computer) to avold unauthorized login
into the system.

3.2 Meoderator’s Module

Once a moderator has logged into the system
he is presented with a screen with several pos-
sible actions: Change his password, Create o
GDM problem, Show the current status of a
GDM process and Log out.

To create a new GDM problem invelves a

fhree step procedure:

1. Basic definstion of the wproblern: prob-
lem name, description, maximum number of
consensus rounds, several control paramsters
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3. Begistration of the experts: Name, e-mail
and initial password for each expert.

Onee the information for the problem if pro-
vided the moderator finishes the creation pro-

cess by clicking on a button. Then the sys--

tem automatically e-mails the registered ex-
perts providing them with information about
the problem, their login details for the sys-
tem and basic instructions about the use of
the web-system.

The moderator also can check the current sta-
tus of a problem, thaf is, all the preferences
that were given by the experts in every con-
sepsus round, the measures that have been
computed, the recommendations given to the
experts and the final solution of the problem

when il is finished.

J.& Expert’s Module

The main goal of the expert’s module is to
help experts to provide their preferences to
the system assuring that those preferences are
as consistent as possible and also to show the
feedback recommendations that will be gen-
erated by the computation module after ev-
ery round of the consensus process. Once the
expert has logged into the system he is pre-
sented with the information about the prob-
lem in which he is participating. Additionally,
if there exist some recommendations for him
about how to change his preferences (given
in the previous consensus round), these rec-
ommendations are shown to him among with
the consensus and consistency measures com-
puted for this consensus round.

To help experts to express their preferences
a Java applet which was developed in [1] is
presented. It is designed to help them to pro-
vide consistent (and complete) fuzzy prefer-
ence relations by informing them in real time
about the possible inconsistencies that they
may have introduced. Additionally it pro-
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New Trends in Preference Modelling

Figure 2: Expert’s module snapshot

vides some hints about the particular prefer-
ence values that they should provide in or-
der to express consistent fuzzy preference re-
lations. In figure 2 we show a snapshot of
the expert’s module where some recommen-
dations are given and where part of the Java
applet is shown.

3.4 Computing Module

T'his module computes all the consistency and
consensus measures and also generates the
recommendations which will be presented to
the experts when every consensus round for
a problem is finished (that is, when the last
expert provides his preferences in a consen-
sus round). This module is also encharged of
checling if the current consistency and con-
sensus state reaches a certain desired level and
if s0, to begin the selection process in order to
obtain the final solution of the problem, Al
the computations and recommendations are
stored among with the preferences expressed
by the experts in a database. When all the
computation steps finish, this module will in-
form the experts and the moderator about the
progress of the consensus process. To do so
it sends e-mails to the moderator and the ex-
perts detailing the resulis of the computations
and asking the experfs to continue with the
next consensus round if neccessary.

4 Conclusions and Future

We have presented a Web consensus support
system to deal with GDM problems. It is
designed fo facilitate experts to express their
preferences about the alternatives in the prob-
lem while maintaining their consistency and
to provide some easy to understand rscom-
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mendations (replacing the role of the moder-
ator) which will help them to converge info a
solution for the problem achieving a high level
of congensus.

In Future works we will improve the system
by incorporating more information tools for
the experts and producing some interface im-
provements that will allow to access it from
almost any mobile device.
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