





search for satisfactory solution which could be a commmonly accepted. Multiple criteria problems with
multiple DMs may be characterized as double conflict problems: tradeoffs must be made not only
among the criteria which reflect distinct aspects of the reality, but also among the DM tho have
different perspectives and interests.

The great importance of multiple criteria problems with multiple DMs has been recognized by
several authors, and many previous approaches to deal with these problems exist, both from purely
theoretical and algorithmic perspectives. Within the classical theoretical studies we would like to
mention Armow (1951), Cross (1965) and Raiffa (1982). The works of algorithmic nature include the
methodologies proposed by Wendell (1980), Isermann (1985), Kersten (1985), Kersten an piro
(1986), Korhonen et al. (1986), Lewandowski (1989), and Korhonen and Wallenius (199(), among
others. A survey of recent developments in group decision support systems is presented in Vetschera
(1990). Most authors recognize the need of carrying out more application experiments in order to
assess the potentialides of the methodologies proposed, in the operational framework of decision
Support systems.

In this paper the interactive and user-friendly capabilities of the TRIMAP package are exploited, as
a tool for providing decision support in negotiation processes based on three-objective linear
programming models. The aim is to help the parties to explore their own evolutionary preferences (as
more knowledge about the set of nondominated solutions is gathered in each interaction) and to make
the most of the dynamic nature of the group decision process.

2. The TRIMAP Package

The TRIMAP method enables a progressive and selective learning of the set of nondominated
solutions. The method combines three main procedures: weight space decomposition, introduction of
constraints on the objective function sp;ce and weight space reduction. Furthermore, the inroduction
of constraints on the objective function values can be translated into weight space reductions. The
dialogue with the DM is made mainly in terms of the objective function values in order to reduce the
cognitive burden on the DM. The weight space is used in TRIMAP as a means for collecting and
presenting the information to the DM.

The interactive process continues until the DM has sufficient knowledge about the set of
nondominated solutions to make an informed selection of a satisfactory compromise solution. There
are no irrevocable decisions as it is always possible to got  «wards at a later interaction and thereby
rescind an earlier decision. Given the limited capacity of human beings to process information, the
interactive aspects of TRIMAP were designed to be flexible (i.e., rescindable) and simple (i.e.,
information demands on the DM are not too demanding). TRIMAP is dedicated to support DMs in
dealing with three-objective linear programming problems. Although this limits its applic i to such
problems, this permits the use of graphical means which are paricularly suited for the dialogue with
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* TRIMAP computes the nondominated solutions which optimize each objective function
separately. This information is displayed graphically and nnmerically.

* Each party p{  I,...,P) specifies reservation rpc @ aspiration spy levels for each objective
function k {k=1,2,3). The reservation level rpi is the minimum value that DM p is willing to accept
for objective k. The aspiration level spy is the minimum value for which DM p is completely satisfied
regarding objective k. If the DM does not specify rpy, then he/she accepts any value for objective k,
and it is initialized as the minimum value previously computed for that objective function. the DM
does not specify spk, then it is ininalized as 1pk (thus defining a threshold value below which
objective k is not acceptable and above which it is fully acceptable).

* Based on these levels an acceptability function Gg is defined for each party p concemning 2

K
nondominated solutionqas G3 = (¥ G, ) /K, (K=3),
k=1
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where Gp = ——Spk Tor for rpksf‘:Sspk (fz is the value of objective function k for solution g)
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* An overall accepuability function for the group concerning a nondominated sclution q may be

P P
computed as G4 =( X vp G‘;) f (X vp) , where vp is the voting power of DM p. This value is
p=1 p=1

computed for each nondominated solution aiready known.

* The limitations fx2 spx are translated into the weight space for each DM p.

* The limitations fy> maxp spy are translated into the weight space.

By visual inspection of the weight space graph it is easy to conclude whether nondominated
(extreme) solutions sausfying these additional requirements exist. If the corresponding regions in the
weight space overlapp then a search in the intersection region may be carried out. If this is not the
case, the analysis of the objective functuon projection graph p=rmits to conclude whether
nondominated solutions which are not extreme points satisfying those limitations are already known.

* The nondominated solution which minimizes a weighted Tchebycheff distance to the ideal
solution or to S=(s1,52,53), where sy=maxp spk, k=1,2,3, is computed. The nondominated extreme
points defining the face (or the edge) where this solution is locaied may also be computed.

* The parties may specify new reservation and/or aspiration levels at any time of the interactive
process. The acceptability values are recomputed for all solutions.
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Fig. 1 - Graphs displayed after optimi ~ 7 each objective function

With this information let us suppose that two hypothetical DMs establish the following reservation
and aspiration levels:

DM 1: r11=20, s11=60; r12=10, s12=25; r13=30, 513=40;

DM 2:11=18,s; 5;17 35, s32=48; 123=20, 523=35;

The acceptability values of each solution for each DM are:

DM 1:G}=0.667, G1=0.592, G}=0.333, G1=0.333;

DM 2: G}=0.485, G2=0.667, G3=0.333, G=0.444;

Considering that each DM has equal voting power, at this stage solution 2 is the most acceptabie
one: G1=0.576, G2=0.629, G3=0.333, G#=0.389.

Additional constraints on the objective function values are then introduced (DM 1: 1260, £,225,
{3240, DM 2: {1225, 2248, £3235;) which are transiated into the weight space where they are
displayed graphically. In this manner the DMs may grasp the tradeoffs to be made among the
objectives concemning his/her own preferences.

By analyzing the graphs in fig. 2, it can be concluded that no exireme solutions exist which satisfy
simultaneously all the limitations on the objective function values for both DM 1 and DM 2. For DM
1 there are extreme solutions which satisfy simultaneously the limitations on f) and f2 (solution 1, see
fig. 1); for DM 2 there are exueme solutions which satisfy simuitaneously the limitations on f1 and f
(solution 2, see fig. 1) and on f and f3 (a region not yet explored).
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are solutions on the face 2-4-5 which satisfy simultaneously the limitations on f] and f3 derived from

the aspiration levels of DM 1.

The accepiability values of the new extreme solutions for each DM are:

DM 1: G3=0.444, G3=0.408, G]=0.682; DM 2: G3=0.349, G3=0.667, G]=0.712;

The overall accepiability values for these solutions are G3=0.397, G6=0.538, G7=0.697.
In order to enable a further agreement let us suppose that the DMs are willing to establish low
aspiration levels: DM 1: $11=54; s13=35; and DM 2: $9=45;
The most restrictive aspiration levels of both DMs may be used to introduce additional limitations
on the objective function values: {1254; £2245; £3235. A region exists in which the limitations on fy
and f7 are satisfied simultaneously, and the search in this region leads to the situation displayed in fig.

4.
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Fig. 4 - Relaxing the aspiration levels and computing new solutions
Solution fy fz f3 Xg L, Area (%)
5 183 | 15.0 | 71.7 X,=11.7; x4=6.7 41.1 17.03
6 29.0 3.0 73.0 %,=13.0; x,=8.0 47.0 23.71
7 48.5 1 19.5 | 37.0 | x{=7.5; xp=7.0; x4=9.5 38.0 4.62
8 55.5 | 475 2.0 | %;=14.5; x4=2.5; x,=7.0 73.0 15.09

Table 1T - Numerical informaton concemning the new solutions
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The acceptability values are recomputed for all solutions:
G1=0.667, G2=0.637, G3=0.333, G}=0.333, G}=0.444, G5=0.422, G=0.824, GE=0.667;

G1=0.500, G2=0.667, G3=0.333, G3=0 444, G3=0.349, G3=0.667, G1=0.717, G5=0.667;

Solution 7 is the most acceptable one:
G1=0.583, G2=0.652, G3=0.333, G4=0.389, G5=0.397, G6=0.544, G7=0.770, G8=0.667,;
The acceptability graph displayed to the DMs is presented in fig. 5.
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Fig. 5 - Acceptability graph (the black square is the ideal point where G1=Go=1)
Solutions on nondominated edges and faces may also be computed. For instance, the solution

which minimizes a weighted Tchebycheff distance to the ideal solution is f(x)=(33.88,26.88,44.
and its acceptability value is G;7=0.803, G5™=0.799 (GL==0.801). This would be the most

acceptable solution considering the reservation and aspiration levels currently specified .

Note : All figures are copies of the screens presented © users, and some minor cosmetics were added in some figures
in order to comply with the space limitations. Although the available graphical and numerical information would have
enabled a more detailed analysis we have limited ourselves {(due to space limitations) 1o some comments which are
itlustrative of the type of help this decision support tool can provide to DMs in negotiation problems.

5. Conclusions

In this paper the interactive and user-friendly capabilities of the TRIMAP package are exploited, as
a tool for providing decision support in problems with muitiple DMs based on three-objective linear
programming models. The aim is to help the parties to explore their own evolutionary preferences and
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to make the most 0 e dynamic nature of the interactive negotiation process. Although an exten:
practical experimentation is necessary in order to evaluate the potentialities of the procedu:
suggested in real-world problems, it seer  hat T. \P possesses characteristics we ted
provide decision aid in problems with multiple DMs. The  features include the possibility
performing a progressive and selective learning of the nondominated solution set, the user-friendly
and graphical potentialities and the ability to enable a comparative stu  of the weight space, the
objective function space and an acceptability space.

An extension of the TRIMAP package to perform sensitivity analyses in three-objective linear
programming problerns is exploited in Antunes and Climaco (1992). In group decision problems, the
possibility of changes in the inidal model coefficients, including the relaxation of constraints, may be
a contribution to reach a greater agreement among parties. The operational framework proposed may
also be useful for the case of multiple criteria discrete alternative problems.
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