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& Abstract ®

This research suggests an interactive methodology for multiple objective linear programming problems to help the
group select a compromising solution in the World Wide Web environment. Our methodology lessens the burden of
group decision makers, which is one of necessary conditions of the web environment. Only the partial weak order
of variables and objectives from the group decision makers are enough for searching the best compromising solution.
For such a purpose, we expand the Dror and Gass algorithm to the group decision context. And we suggest the system
architecture of a web-based GDSS for the implementation of our methodology.
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1. Introduction

Formally, a multiobjective linear programming
(MOLP) model is stated as follows ;

Maximize CX, subject to x € §,

where S = {x€ER", Ax=b, x>0}, A, C
are mXn and k X n matrices respectively
and b € R".

The optimization is expressed in terms of vec—
tor valued objective function Cx and a feasible
set defined by S. The solution set to the problem
is the set of all efficient solutions. This solution
set is usually very large and the purpose of ex-
isting interactive MOLP decision support sys-
tems is to aid the decision maker (DM) in locating
and selecting the most preferred solution from
the set of efficient solutions. A variety of MOLP
procedures have been proposed in their literature.
However, up to date, the development of effective
MOLP solution procedures remains a most chal—
lenging research area (Sun et al. 2000). Surveys
of several of these procedures can be found in
(Steuer 1986).

Nowadays, managers are increasingly faced
with the task of making complex decisions in
rapidly changing organizational environments,
and spend much of their time in decision related
meetings. Managers balancing tradeoffs between
objectives are even more important in groups
than for individuals, because conflicting objecti-
ves and opposing viewpoints are inevitably going
to exist. In group situations, multiple individual
interpretations of the best solution must be
aggregated into the best single group interpre-
tations. Because each DM evaluates alternative
solutions based on his/her frame of preference,
the individual judgments of the best solution may

not coincide (Lewis and Butler 1993 ; Davey and
Olson 1998).

Although several researchers have designed
methods to aid decision making among groups,
their research has focused only on comparative
study of the proposed methods without consi—
deration for system implementation. Two key
forces are currently having a profound impact on
managerial decision making ; (1) a move toward
more team-based organizations which necessita-
tes an increased use of group decision making
methods, and (2) advancements in electronic
communication (World Wide Web etc.) and com~
puting which increases the geographical and
temporal dispersion of organizational members.

A net result of these two key forces is an in-
creased reliance on technology-assisted group
decision support methods to facilitate rapid de—
cision in organizations in setting where work
force is geographically, or temporally despersed
(Slevin et al. 1998 ; Nikos and Costas 1997).

Dror and Gass (1987) suggested an interactive
scheme that requires only partially ordered set
of the variables and objectives involved, and does
not require that the DM has an ability to directly
evaluate trade-offs at a given point. The Dror-
Gass methodology uses a DM's expressed weak
order preference on decision variables and ano-
ther on objectives. The simplicity of Dror-Gass
methodology does not require much burden of
decision maker, so we extend the Dror-Gass me-
thodology for solving group decision making
problems in client-server environment. Compa-
red with other interactive approaches, our me-
thodology relies on only weak order-typed pre-
ference information of group DMs. And the me-
thodology was designed to avoid any assum-
ptions about the shape or existence of the DMs’'



utility function and Group’s utility function. It is
also designed to sirnpﬁfy as much as possible the
mput preference requirements of the DM. Our
suggested methodology compares intermediate
solutions based on the weak order-typed pre-
ference of group DMs. For the minimal assum-
ptions this methodology makes, we suggested an
aggregation method of individual DM's weak
order preference. The aggregation methods is
modified from weak ranking method of Cook and
Kress (1990).

The overall procedure of our suggested metho-
dology is as follows : First, each DM uses weak
order information to represent DM’s preference
about objectives and decision variables. The weak
order-typed preferences are aggregated into gro-
up’'s one. We attempt to exploit this weak order
information in the search for the best group’s
compromising solution. Second, the group DMs
must rank the order of objectives to be improved
at next stage. Then our procedure determines
group order of objectives and finds out their pre-
ferred solution. Finally, the iteration is continued
until predefined stopping conditions are satisfied.
The methodology is explained step by step with
an illustrative example. Furthermore, we suggest
the system architecture of a web-based GDSS
for implementing our methodology.

2. Backgrounds

2.1 Multiobjective Decision Making in Group
Decision Support

In the past few decades, a lot of multiobjective
decision making (MODM) methods, specially in-
teractive MOLP methods, have been developed

to solve conflicting preferences among objectives
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for single decision maker (Steuer 1986). With
these techniques, the DM sequentially evaluates
a limited number of solutions in order to direct
movement through objective space toward a
good solution. The interactive evaluation process
continues until the DM expresses satisfaction
with a solution. These interactive methods offer
significant benefits because the DM provides
only local preference information regarding a
small number of solutions at a time.

However, researches related to the use of MO
DM in group decision support, although consi-
dered to have great potential, fell behind (Davey
and Olson 1998). Several researchers have desi~
gned few methods to aid decision making among
groups.

A study by Rao and Jarvenpaa (1991) high-
lighted a group decision support system frame
work for addressing multiple DMs multiobjective
problems. Wendell (1980) developed a theoretic
approach for the bi-criterion case which allows
progressive articulation of DM preferences. NEGO
(Kersten 1985) formulates a goal programming
model to find the decision that is closest to the
feasible ideal of the group. Korhonen et al. (1986)
adapted the well-known Zionts and Wallenious
(1976) interactive single DM MOLP technique to
a multiple DM situation using the implicit we—
ights obtained from group selection of a given
set of extreme points. The quasisatisficing fram-
ework SCDAS (Lewandowski 1989) supports
discrete choice problems through the use of as-
piration level, while Wang and Sen (1989) pre-
sented a procedure requiring explicit estimation
of the individual and aggregate utility functions
in order to aid group members in consensus see—
king by combining MOLP with the Delphi tech-
nique. Franz, Reeves, and Gonzalez (1992) propo-
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sed three decision-making procedures based on
the SIMOLP methodology (Reeves and Franz
1985) for facilitating a group of DMs in reaching
a collectively acceptable solution to a MOLP
problem. Iz and Krajewski (1992) proposed three
group decision making procedures, each of which
extends the well-known MOLP method for single
DMs to group decsion making, by augmenting
with a preference aggregation component in
order to capture the preferences of multiple deci-
sion makers. The three extended single DM
MOLP methods are GNS based on the weighted—
sum approach, GSM based on the STEP method,
and GGPM using the sequential goal program-
ming method. Lewis and Butler (1993) also sug-
gested and evaluated the interactive multiple ob—
jective, multiple DM decision procedures which
combines the SIMOLP and/or Tchebycheff MO

LP (Steuer and Choo 1983) optimization ‘nethods
with a preference ranking tool (Cook ard Kress
1985) and a consensus ranking heuristic (Beck
and Lin 1983). We summarized the multiobjective
group decision support methods described above
in <Table 1>.

2.2 Dror-Gass Interactive Algorithm for a
Single DM

Dror-Gass algorithm (Dror and Gass 1987) re-
quires only partial ordered set of the variables
and objectives involved, and does not require that
the DM has an ability to directly evaluate trade-
offs at a given point. The weak order preference
structure is the primary mechanism by which
initial solutions are located for evaluating by the
DM. For seven variables like xi, x5 -+ x4, if DM

{Table 1> Multiobjective group decision support methods

Methods Individual preferences Aggregation scheme Conflict resolution
NEGO : MOLP, weighted GP with all members Negotiate tradeoffs, relax
Kersten (1985) objective function wants and demands wants and demands
Korhonen et al. Zoints and Conflict measures .

(19%6) Wallenious Method to prompt concessions Negotiate tradeoffs
SCDAS : Aspiration and . o

Lewandowski (1939) reservation levels Weighted average Negotiate tradeoffs

GNS : Assign weight to Average of individual

Iz and Krajewski (1992)

objectives

weights

Vote, discussion

GSM :
Iz and Krajewski (1992)

Preference vector
in response to
min-max solution

Average individual
relaxations

Vote, discussion

GGPM :
1z and Krajewski (1992)

Goal levels

Average individual
aspirations

Vote, discussion

Wang and Shen (1939)

Utility functions

Weighted average
utility functions

Group regret correlation

Franz et al. (1992)

Preferences among
alternatives

Adaptation of Cook
and Kress

Minimize distance
between group and
individual ranking

Lewis and Butler
(1993)

ordinal ranking
among alternatives
using preference scale
of Cook and Kress

minimizing regret
heuristic of Beck
and Lin

Vote, discussion
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classifies the variables three classes {x;,x3},
{x2, x5, 27}, {x4, %6}, then rank 3, 2, and 1 are

given to each class according to DM’s prefer-
ences. Weak order of variables, and that of ob-
jectives (in the similar way) are enough for the
representation of DM’s preferences. Dror-Gass
algorithm was developed for a single decision
maker, but it is explained in brief for the un-
derstanding of our methodology.

The Dror-Gass methodology is basically com-
posed of the following steps.

Step 1. The weak order PV and PO on a pro-
blem'’s variables and objectives are deter-
mined in the problem’s modeling stage by
the DM.

Step 2. Obtain an initial candidate solution Wo,
which is efficent, basic and with (locally)
highest preference value.

Step 3. Present Wo to the DM. If it is satisfactory,
stop. The search is completed, and the
present solution Wo is optimal. Other-
wise, DM indicates the following infor~
mation.

(3.1) The objective DM is most dissatis-
fied with, and the direction of DM’s
dissatisfaction. DM has an option to
indicate more than one unsatisfac-
tory objective value.

{3.2) The DM has an option of changing the
weak order of variables and/or ob-
jectives. In this case, return to step 2.

Step 4. Obtain a new candidate solution which
improves (if possible) the values of the
objectives indicated in step 3.1, while at
the same time (locally) maximizing the
preference value of the new solution. Set
the new solution to be W,, and return to

Step 1.

The characteristics of Dror-Gass methodology
is summarized as follows :

First, a more preferred solution is one which
involves more of the preferred variables in its
basis. Therefore, it makes us evaluate the solu-
tions only by rank sum of variables in its basis.

Second, given that weak orders of variables
and objectives are set, they express the DMs’
preferences respectively. The additional informa-
tion required from the DM at each interactive
step is minimal in the sense that he/she should
only indicate acceptance, or, rejection. In the case
of rejection, DM should indicate the objective
which has the most dissatisfying value and whe—
ther this value is too low or too high.

Third, it was designed to avoid any assump-
tions about the shape or existence of the DMs’
value function or utility function. And they need
as much as possible the simplified input pre-
ference requirements of the DM, so any DM can
use the methodology with ease even when he has
no knowledge about MOLP.

For more about this, please refer (Dror and
Gass 1987 ; Dror, Gass, and Yellin 1983).

3. Methodology

3.1 Overall Flow of Methodology

Dror-Gass algorithm uses individual DM's we-
ak order preference information on decision va—
riables and objective functions, and so our sug-
gested algorithm. However, if our methodology
is applicable for the group decision making, it is
necessary to develop an aggregation procedure
which combines each DM’s weak order informa-
tion to the group’s one. For this purpose, we
suggest a weak-order raking method. Given the
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group’s aggregated weak order preference infor-
mation, the search process to find a group’s com-
promising solution is similar to Dror- Gass algo—
rithm except that our procedure needs a stopping
rule and our procedure is processed in the cl-
ient/server environment. In this research, instead
of suggesting one stopping rule, we illustrate the
characteristics of each stopping rule through si—
mulation analysis. Overall flow of our suggested
methodology is shown at the following [Figure
1]. Next section describes the aggregation pro—
cess for the group’s weak order information, and
detailed description of the methodology is expla-
ined step by step at the following.

3.2 Group Preference Aggregation Scheme

We use only weak orders of decision variables
and objectives as input of DM’s preferences. In
this framework, we integrate DM's weak orders
to get the group’s collective preference. Our sug—
gested aggregation process is composed of three
phases : Phase I is to obtain group's preferences
of decision variables based on individual DM’s
preferences. Phase II is to obtain group’s com—
posite preference rank based on group's prefe-
rences of decision variables. Group's composite

preference rank is used to select grouy’s compro-
mising solution among adjacent efficient extreme
points. Phase III is to get group’s preferences of

objective functions.

Phase I: Group’s preferences of decision
variables.
Step1 : At first each DM's weak order pre—
ference is obtained according to Dror-
Gass’s individual preference ranking sc-
heme (for more detailed description see
in (Dror and Gass 1987)).

For an illustrative purpose, consider the ex—
ample of three decision makers denoted as DM1,
DM2, and DM3, and six decision variables, X,
X, X3, X;, X5, Xg. Based on Dror-Gass's
preference ranking scheme, it is assumed that

each DM's weak order preference is given as

follows.
DM1: X< X< X< X3< X5, Xg.

DM2: X3<X5<Xs< X1 Xs<X,.
DM3: Xs<X5<X,<X,<Xy< X,

In DMI’s preference, X5 and X are in the

same class, so their rank is same.

Solution Intermediate Final
Search > Group A oee Group
Process Solution Solution

DM1’s
DM1 [ Weak Order
Preferences
° Group’s
Weak Order
Preferences
DMP’s’
DMP P Weak Order
Preferences

DMK’s Preferences

[Figure 11 Overall flow
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Step 2 : From the result of each DM's preference
class, it is obtained a pairwise compa-
rison matrix A,=(a;), wherek=1, -,

p and p is the number of DMs.

1, if variable X;is preferred
to variable X;

0.5, if variable X;and variable X;
are indifferent

0, if variable X is preferred
to variable X;.

Compared with Dror-Gass algorithm, we use
Kendall scores method to rank the vanables
based on their preference records. The Kendal
scores method amounts simply to determining
the row sums of matrix Ak, PVy;, where i =1,
-+, n, and n is the number of decision variables.
PV, means preference rank of decision variables
of DM k. In the illustrative example, A; and PV,

are as follows. Az and A3 are obtained similarly.

X X X3 X4 X5 Xs PVy

X0 0 0 0 0 0 0
X211 0 0 0 0 0 1

At x;11 1 0 1 0 0 3
X1 1 0 0 0 0 2
Xs|1 1 1 1 0 05 4
Xs|1 1 1 1 05 0 45

Step 3 : Group’s aggregated preference rank of
decision variable, GPV; is defined as the
sum of individual DM’s preference rank,
PV,

GPV;= Zk]PVk, i

If individual DM has different weights, weight
multiplied score sum becomes GPV.. In this re-
search, we assumed that every DM has equal
weight. If DMs have different weights, GPV; be-

comes the weighted average of PVi;. In the illu-
strative example, group’s aggregated preference
rank of decision variable, GPVj, is as follows ;
GPV;=65, GPV:=60, GPV3=80, GPV,=90,
GPV5=175, GPVs = 8.0. Based on above group’s
rank, group’s preference is represented as fol-
lows, Xz < X1 < X5 < X3, X6 < X4 Please com~
pare this result with those of individual DM’s in
step 1.

Phlase II: Group’s composite preference
rank of efficient basic solutions.

Our suggested algorithm finds a group com-
promising solution among adjacent efficient ex—
treme points using group's preference rank. Gro-
up’s composite preference rank of solution, X' is

defined as follows ;

2GPV;

jrbasis of soulution X'

GR(X /)=

To find a next group compromising solution,
we should calculate group’s composite preference
rank of each adjacent efficient basic solution. In
the illustrative example, let X' =(0, 1, 2,0, 0, 1)”
to be one of the adjacent efficient basic solutions
of current solution. Then GR(X") = GPV2 + GPV;3
+ GPVs =6 + 8 + 8 = 22. Among adjacent efficient
basic solutions, the solution with the highest gro-
up’s composite preference rank is selected as a

new candidate solution.

Phase III : Group’s preferences of objec-

tive functions to improve most.

This preference measure is used in order to

determine which objectives to improve further in
our proposed algorithm.

Step 1 : Each DM represents one or more ob—

jectives with which DM is dissatisfied



using weak order-typed information.

For an illustrative example, it is assum-—
ed that there are six objectives and
DMI is most dissatisfied with the value
of fz and next that of fi, DM2 and DM3
represent also the following weak order

information.

DM1:fi<f
DM2:fz< fs<fi
DM3:f

The preference of unidentified objectives is lo-
wer than that of identified ones, and the pre-
ferences among unidentified ones are assumed to
be equal. Therefore, each DM’s preference of ob-

jectives is represented as follows :

DM :f5 fo I5, fs < fi < Fo
DM2:fs, 5,6 < £ < fz3 < f1
DM3:f, f5 fa f5, 6 < fo

Step 2 : From the result of each DM’s preference
class, it is obtained pairwise comparison
matrix B« = (b;), where k=1, -+, p and
p is the number of DMs.

1, if variable f; is preferred

to variable f;
0.5, if variable f; and variable f;

&= are indifferent
0, if variable f; is preferred
to variable f,.
i £ fs F« f fi POu
fi 0 0 1 1 1 1 4
£11 0 1 1 1 1 5
Bi= 10 0 0 05 05 05 15
Jt 0 0 05 0 05 05 15
f5 0 0 05 05 0 05 15
f5 170 0 05 05 05 0 15

POy; means the preference rank of objective

S R s

fi of DMk. In the illustrative example, 31 and POk;
are obtained as follows. Bz and B3 are obtained
similarly.

Step 3 : Group’s aggregated preference rank of
objective function, GPOi is defined as
the sum of individual DM's preference
rank, POk,

GRO,Z g POk‘ i

In the illustrative example, group’s aggregated
preference rank of objective functions, GPQO,, is
as follows ; GPO; =11, GPO2=13, GPO3="15,
GPO4+=45, GPOs=45, GPOs=45. Based on
the group’s rank, group’s preference may be
represented as follows i fy, f5, < < fi<fo
Please compare this result with those of indi-
vidual DM’s in step 1.

3.3 Stopping Condition

Our procedure is suggested for group decision
making in client/server environment. So each
step of the procedure is processed at two areas,
client system and server system. Client systems
give intermediate results to each DM, receive
DM’s response, and transfer each DM’s response
into server system. Most part of our suggested
procedure is processed at server system area.

Each DM is asked if the candidate solution W
is satisfactory or not. The response of each DM
is transferred and aggregated at server system.
It is summarized satisfactory DMs’ responses,
and calculated the agreed ratio. Check whether
the ratio satisfies the pre-defined voting rule or
not. If it is, stop. The current solution is final
group solution. Otherwise, specify objective(s) to

improve, and change their preferences like phase



III of previous section. Based on a new group’s
aggregated preference rank, another candidate
solution is suggested to each DM.

4. An Illustrative Example

The illustrative problem for our suggested in-
teractive procedure is a restatement of a problem
taken from Steuer (1986), which has a three-
objective linear programming model with five va-

riables. The numerical expression is as follows :

24003 27
00254 35
A=150000| b= 26
00020 24
55200 36
1 3 -201
C=[3—1031]
1 0 2 03

The above numerical representation is expres-

(20.25, 14.25,0)

X, \\\
(20.25,-6.75, 0)

X, /X5
(9.31, 8.56, 26.25)
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sed as the following matrix formulation :

max Cx

s.t. Ax <b; x=0.

For the simplicity of our illustration, it is as-
sumed that 3 DMs attend in the group decision
making procedure. Furthermore, as a majority
rule, a half satisfaction rule is used. [Figure 2]
shows the set of efficient basic vectors (solu-
tions) together with the connected graph of those
vectors. The variables right of each vector re-
present basic variables composing the vector, and
the numbers below the basic variable set show
the values of three objective functions. In [Figure
21, X° X* and X" are ideal solutions. Please
notify that X° is not a basic efficient solution.

The weak orders on variables and objectives
that each DM sends to server system, are sum-—
marized at <Table 2>.

X, /X, /X,
(19.8,17.4,0.9)

X, /X, X, /X
(14.06, 30.58,13 8)

X, /X, /X,
(11.2,34.6,5.2)

W2=WC

X, /X5

(-

X, /Xy X, /X;3/Xs
(-1.26, 20.26, 34.04)

(-34.8,0.6,35.2)

(9.12, 9.87, 26.25)

X, /X,

(10.73, 28.85, 21.8) (5.2,36.6,5.2)

Wl

X, 1X3 /X4 /X
(0.73,22.85, 31.8)

[Figure 2] Basic efficient solutions
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(Table 2> Weak order preference
DM 1 DM 2 DM 3
Variables X4, X5 < X1, X2, X3 < X2 < X3, X5
X1, X2, X3 X4, X5 < X1, X4
Objectives | fr, £<fs | B B<fi hh<p

According to the preference ranking scheme of
Dror-Gass (1987), the resulting equivalence clas-
ses for the variables of each DM are as follows :

DM1 : xs< x5« X1, X3 < X2
DM 2 x2, X1, X3< X4 < X5

DM 3 x2<x3<X5< X1, X4

Based on our suggested aggregation method of
Phase [ of section 3, we get the pairwise compa-
rision matrix Ak as follows :

X X X3 X+ Xs PV

X:! 0 1 05 0 0 15

A = Xz O 0 0 0 0 0
Xzj 05 1 0 0 0 15

X4 1 1 1 0 1 4

Xs| 1 1 1 0 0 3

X X X3 X+ X5 PV

Xi] 0 0 05 1 1 25

Ao = Xz 1 0 1 1 1 4
- X3| 05 0 0 1 1 25
Xs) O 0 0 0 1 1

Xs| 0 0 0 0 0 0

X X2 X3 X+ X5 PVsy

Xi] 0 0 0 05 0 05

A X101 11 4
Xs| 1 0 0 1 1 3

Xs| 05 0 0 0 0 05

Xs| 1 0 0 1 0 2

Based on the preference rank of decision va-

ot

by
o
}o’u

riables of three DMs, GPV;, the group's aggrega-
ted preference rank of variable i, is es follows :

GPV; = 45
GPVz = 80
GPVs; =170
GPVy =55
GPVs = 50

The group preference ranks of three ideal

solutions are as follows :

GR(X% = GPV>=80
GR(X®) = GPV; + GPV4=100
GR(X'") =GPV, + GPV3=115

The ideal solution with the highest group
preference rank is XH, and its group preference
rank is 11.5. The server searches the neigh-
borhood of X'! that has higher group preference
rank by calling the ‘Edge’ algorithm of Ecker—
Kouada (1978). At [Figure 2], there is only one
neighboring basic efficient solution, X®, of which
the group preference rank, GR(X®) is 16.5. Denote
this solution as an initial candidate solution, W°
(4.83, 0, 594, 0, 5.78). For this initial candidate
solution, we have the following values for the

three objective functions :

fi (W% =-126
£ (W% =206
£ (W =34.04

The solution is presented to all DMs. Each DM
is asked to judge it, taking a vote whether the
current solution is satisfactory or not. The res—
ponse of each DM is transferred and aggregated
at server system. Group DMs’ responses are su-
mmarized and the agreed ratio is calculated. All
DMs are not satisfied at the current solution, so

the agreed ratio is zero. Objectives which each
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DM would like to improve most is represented

as follows :

DM1 :f
DM2:fo fi (fi<fo)
DM3:f;

Based on Phase III (group’s preferences of
objective functions to improve most} of section
3, the server computes group’s aggregated prefe-

rence rank of objective function.

GPO;=2
GPOz=45
GPO3=25

Now the server finds an adjacent solution, ).
as a new candidate solution W' (52, 0, 5.0, 057,
5.53).

fi (WhH =073
fo (W =2285
f2(WhH =318

The solution W' increased significantly the
value of the objective fo. The value of fz is also
increased, but that of f; is reduced.

When this solution is presented to group DMs,
DMS3 is satisfied, but DM1 and DMZ2 are not
satisfied and they want to increase the value of
fz continually. The server finds an adjacent solu-
tion, X°, as a new candidate solution W2 (52,0,
0, 257, 5.53).

£ (W% =10.73
f2 (W% = 2885
f(WH =218

At this point, all DMs are satisfied. So W*

becomes the resulting compromise solution W¢.

5. System Architecture

5.1 Introduction

In this section, we will describe a web-based
group decision support system, namely Group-
DecisionNet, which is developed to evaluate th-
ree proposed methods in a field experiment with
human participants under distributed group deci-
sion environment.

The existing group decision support systems
(GDSS) designed to execute in the mainframe,
DOS or the Windows version share weaknesses
in common from the viewpoint of-both the user
and the developer of the system. As far as the
user is concerned, the installation of compilers
and the system itself is needed. Furthermore,
they work only certain computer environments
and operation systems. For the developer, the
delivery of the updates of GDSS software is la-
borious. Keeping up separate versions for dif-
ferent environments also needs extra effort. Via
the web, there is only one version of the software
to updated and any client computer has the capa-
bilities of a sever computer. Further, the web
provides a graphic user interface. No special to—
ols, compiler or software besides a web browser
are needed (Miettinen and Mkel 2000). Thus, we
use the latest web technologies such as Java,
RMI, and JFC in order to solve the problems of
the existing GDSS, in the development of Group—
DecisionNet. The characteristics of GroupDe—
cisionNet can be described as follows.

5.1.1 Platform Independence and Net-
work Mobility
The massive growth of the Internet and the
World-Wide Web leads us to a completely new
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way of looking at development and distribution
of software. In such environments, applications
such as GDSS must be capable of executing on
a variety of hardware architectures. Within this
variety of hardware platforms, applications must
execute atop a variety of operating systems and
inter-operate with multiple programming lan-
guage interfaces. Java technology is designed to
support applications that will be deployed into
heterogeneous network environments. To acco—
mmodate the diversity of operating environmen-—
ts, the Java Compiler product generates byte-
codes-an architecture neutral intermediate for—
mat designed to transport code efficiently to mul-
tiple hardware and software platforms. The in-
terpreted nature of Java technology solves both
the binary distribution problem and the version
problem. And also Applets, which we had used
for developing client interfaces, are Java-sup-
ported dynamically loadable procedures that can
run on Java—-enabled Web browser (Sun Micro—
systems 2000). They require no installation, can
be executed in any Java-enabled browser and run
on most platforms. Advantages of using applets
are numerous as this technique provides secure
and heterogeneous software that can run on lite-
rally any computer connected to the Web. There-
fore, GroupDecisionNet developed using Java
technology can easily support decision making
among group members who are working on he-
terogeneous platforms, without recompilation or

porting of the programs.

5.1.2 Distributed Object Computing

RMI (Remote Method Invocation) enables the
programmer to create distributed Java techno-
logy-based to Java technology-based applica-
tions, in which the methods of remote Java ob-

jects can be invoked from other ‘ava virtual
machines, possibly on different hosts. A Java te-
chnology-based program can make a call on a
remote object once it obtains a reference to the
remote object, either by looking up the remote
object in the bootstrap naming service provided
by RMI or by receiving the reference as an ar—
gument or a return value. RMI provides a simple
and direct model for distributed computation with
Java objects. Because RMI is centered around
Java, it brings the power of Java safety and por-
tability to distributed computing. And also, RMI
has several advantages over traditional RPC sys—
tems because it is part of Java's object oriented
approach (Sun Microsystems 2000). In this re-
search, we implement the distributed computing
environments suitable to a group decision making
using Java RMI with several advantages in de—
veloping the client/server systems.

5.1.3 Simple and Easy User Interface

The Java Foundation Classes (JFC) are a com-
prehensive set of GUI components and services
which dramatically simplify the development and
deployment of commercial-quality desktop and
Internet/Intranet applications. Java Foundation
Classes extends the original AWT by adding a
comprehensive set of graphical user interface cl-
ass libraries that is completely portable and de-
livered as part of the Java platform. Since the JFC
is core to the Java platform, it eliminates the need
to download special classes at runtime and offer
significant performance improvements (Sun Mi-
crosystems 2000). By implementing the user in-
terface using the JFC, GroupDecisionNet which
requires simple reactions from decision makers
provide a simple and user-friendly decision envi-
ronment to decision makers so that any decision
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makers with no specific MODM knowledge can

be involved in a multiobjective group decision

5.3 Server Components

making. The server of GroupDecisionNet consists of

five components as shown in {Figure 4] :

5.2 Overall System Architecture e DM controller

GroupDecisionNet consists of server compo-
nents and a client interface each of which ex-
ecutes in the web server and in the web browser
respectively. In the web server, there are DM
(decision making) controller which controls and
manages the whole group decision making pro-
cess, GDM processor to support a group decision
making, and IDM processor for supporting indi-
vidual decision making. Each of them accesses
database and uses modelbase. The client module
running the web browser in the client (because
it is implemented using Java applets) sends
information from decision makers to the server,
and then presents to each decision maker the
results from server. [Figure 3] shows the overall
system architecture.

GDM processor
IDM processor
Database

e Modelbase.

5.3.1 DM Controller

DM controller controls and manages the whole
system. Interacting with the client through RMI
interface, it collects and analyzes information
from individual DMs and then activates GDM
processor or IDM processor. The collected infor-
mation are user login data, individual DM’s pre-
ferences, individual DM'’s satisfactions and ob-
jectives to improve, etc. DM controller also is
responsible to control the every step of a decision
process and send to the client both process con-



28

C oo
2
o,

"

Client (User Interface Module : Java Applet) DB Server
DM’s Preference / . . . Session DB
Objectives to improve 1 T Decision Making Information
Web Server MOLP Madel DB
Decision Making Controller ———
GDM Rule DB
| Sessian Tracker | ——
——
— - Preference DB
|Dec1swnMakmg Process Manager |
S
T
Solution DB
3 b —_—
GDM Processor IDM Processor
— Modelhase
l Ideal Solution Finder | l DM Preference Collector |
LP Model
| Group Preference Sggregator I I Individual Solution Finder I \\L/_J
l Group Solution Findsr | Efficient Point Search Model

[Figure 4] Components of the Server

trol information and decision making information
generated from the IDM processor or the GDM
processor. It is divided into session tracker and
decision making process manager. The session
tracker makes the user access environment such
as session connection and error recovery so that
each DM can conveniently involve in a group de-
cision making. The decision making process ma-
nager performs the role to follows up every de-
cision steps and to controls GDM processor an
IDM processor, according to a predefined group

decision procedure.

5.3.2 GDM Controller

GDM controller performs the role to iteratively
find a group solution through the interaction with
DM controller and preference information from

group members. It consists of ideal solution fin-

der, group preference aggregator and group solu-
tion finder for implementing the proposed me-

thodology.

5.3.3 IDM Controller

IDM controller makes each individual DM to
iteratively search a individual solution under con-
trol of DM controller. It is divided into DM pre-

ference collector and individual solution finder.

5.3.4 Database

The database in WebDecision contains all data
required for supporting group decision process
and are retrieved through JDBC by other server
components. JDBC technology is an API that
provides universal data access from the Java pro-
gramming language. It also provides cross-DBMS

connectivity to a wide range of SQL databases.
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5.3.5 Modelbase

The role of modelbase is to provide methe
metical programming algorithms to GDM proce-
ssor and IDM processor for finding a efficient
solution of MOLP model, iterativley. In order to
solve a MOLP problem, a number of LP problems
have to be solved. The efficient point search
model modified from Ecker-Kouada's algorithm
is frequently used to determine adjacent efficient
basic solutions during the solution search pro-

Ccess.

5.4 Client Interfaces

The client interface module performs the role
to handle interactions between DMs and the ser-
ver omponents through RMI and JDBC. By im-

plementing the module as a Java applet, it can
be invoked within a Java enabled web browser
with no installation of a client program. As it
requires few information from decision makers
and displays various graphic information to deci-
sion makers, any decision makers with no speci-
fic MODM knowledge can easily be involved in
a group decision. Given [Figure 5] are some of
the major screen shots to show the user interface

and run-time characteristics of the system.

6. Conclusions

Multiohjective group decision support is con-
ceived to be very difficult problem to search a
compromising solution under the conflicting cri-

teria and conflicting decision makers. Generally,
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the search processes of existing methods are too
complex for group decision makers to resolve
their conflicting preferences. Furthermore, some
existing methods need the shape of group utility
functions, or others need too much information
from group decision makers. To resolve these
problems, we suggest a methodology to compro-
mise conflicting preferences of group decision
makers with less interaction with decision ma-
kers. Our methodology relies on only weak order-
typed preference information of group decision
makers about variables about objectives. Further
research should be done on the evaluation of our
methodology in a computer simulation with hy-
pothetical decision makers and in a field expe-
riment with human participants for suggesting
the most suitable in given distributed group deci-

sion environment.
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