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Abstract. Recently a new multi-attribute analysis method is one of the evident areas of important points in the
decision support system analysis. The area of decision support system may be broken into three primary area:
idea generation, multi-attribute structured analysis method, and the integration of the results of analysis. This
research developed an internet/intranet-based solution builder for a three-step decision support system in the
view of 1) brainstorming for the idea gencration, 2} analytic hierarchy process as a multi-attribute structured
analysis method and 3) aggregating logic model to integrate the results of individual analysis. A computer
program is developed and demonstrated in internet/intranet-based decision problem. This solution builder
provides decision makers a good tool for remote group decision making
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1. INTRODUCTION

The purpose of this study is to develop an internet /
intranet-based solution builder (Solution Builder 2001} for
a three-step multi-attribute decision support system. A
great deal of researches have been undertaken on decision
support systems to determine the proper alternatives for
example, operations research, mathematical models, and
decision theory, while there are few researches to develop
solution builders for these decision support systems based
on internet / intranet including a group decision. Recently,
information network and decision technology are applied
together in effective decision support system to increase
the decision efficiency. Most of the conventional concepts
used in decision support systems do not seem to appro-
priate for modeling the kind of the internet/intranet based
on characteristics. This paper is concerned with the develop-
ment of a solution builder for decision support system and
its software for the multi-attribute structured decision
problems. In this research, we developed an integrated the
decision support system based on tools; decision analysis
methods, internet/intranet, and computer system as
shown in Figure 1.

We used a two-step approach: 1) in step 1, we
constructed decision alternatives and implemented the
individual analysis using AHP (analytic hierarchy process)

and fuzzy set ranking methodologies to overcome the
special decision problems; those of multi-objective,
multi-criterion, and multi-attribute, and 2) in step 2, we
integrated the evaluation results of individual evaluation
by reviewers. In this rescarch, we developed and
demonstrated a methodology for the decision makers to
guide an internet/intranet based on decision support
system using ifs computer programs. These programs
transform several individual multi-criteria rank-ordered
lists of decision alternatives into one aggregated and
prioritized rank-ordered list. Also a literature survey about
the majority-rule methods (MRM), a fuzzy set priority
method was performed and these methods were known to
be applicable to the aggregation of multiple criteria
rank-ordered ordinal priorities. Figure 2 shows this three-
step approach of the decision support system.

We compared the results with those by Criterion

Decision Analysis
Method

Figure 1. Decision support tools
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L
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Figure 2, Three-step approach of decision support system

DecisionPlus v2.0 using the same example and we have
got the same results.

2. INTERNET/INTRANET BASED
SOLUTION BUILDER FOR DECISION
SUPPORT SYSTEM

In this study, we developed a solution builder using
GUI-type simulation software. We show the steps to solve
alternatives for selecting the best choice through three
steps of this solution builder, In step 1, to create the ideas
to drive out alternatives from a group analysts, we used
the brainstorming method based on an internet/intranet,
and in step 2, we used the AHP method to evaluate the
decision alternatives derived out in step 1 and determined
the preferred alternative. In step 3, we integrated the
results of individual evaluations into one ranked order.
Also we developed two heuristic methods based on
majority rule method a fuzzy set priority model. Figure 3
shows the schematic structure of three-step approach of
this study.,

This solution builder can be used as a decision
support tool for the defense project evaluation, personal or
public project evaluation based on network (internet/
intranet). This solution builder also can provide a good
group decision support tool based on client and server.
Figure 4 shows the structure of client/server based of
intranet or internet.

The GUI-type program of Solution Builder-2001
consisted of main-program and brainstorming subroutine.

Figure 5 shows the structure of main-program.
Computational experiments are then performed to sample
systems and the effective performance of the proposed
Model.
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Figure 3. 3-step approach of decision support system
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Figure 5. Main-program of Solution Builder-2001

2.1 Brainstorming

The alternatives evaluation and its method can be
determined based on the system attributes and experiences
of evaluators. To construct decision structures and alterna-
tives, include the group decision ideas, and to create the
ideas of alternatives for decision support system analysis
of various groups, we used a brainstorming method. We
developed a GUI-type program for users to use this
method in the network-based environment without any
problems. Figure 6 shows the structure of the brain-
storming module.
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Figure 6. Brainstorming-program of Solution Builder-2001

Figure 7 shows a sample output of alternative genera-
tion and construct the decision structure of an example for
school selection with 3-echelon structures and 3alterna-
tives.
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Figure 8. Decision structure and alternatives constructed
by brainstorming file in the network environment

analysis. The solution builder consisted of main menuy,
tool bar, node editor, canvas and status bar as in Figure 8.
For each level of structure, we find the eigenvalue by
pair-wise comparison matrix based on Saaty’s (1981) 9
point grading. Table 1 shows a sample outputs pair-wise
matrix of sample problem. Figure 9 shows the final result
of school selection problem using AP, that is given by
School B(0.378) > School A(0.367) > School C(0.255).

Table 1. Pair-wise comparison matrix
Level 1 CR=0.22
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Figure 7. Sample output of brainstorming solution builder

2.2 Alternative Evaluation Using AHP

To create the ideas of alternatives and methods for
decision support system analysis, we construct a decision
structure using the brainstorming file in the internet/
intranet based on environment without any complexity.
Also we developed a GUI-type program for users to use
this method in the network based on environment without
any problems. Figure 8 shows a sample output of alterna-
tive generation and constructs the decision structure of an
example.

For the performance evaluation of decision alterna-
tives, we used multi-echelon and multi-attribute analysis
methods, AHP and fuzzy set priority methods (Zahedi,
1986). It is performed by 4 steps as following: 1) construct
a hierarchical structure, 2) pair wise matrix of decision
factors, 3} compute the weighted value, and 4) consistency

School | Campus-| Edu- |Friend-|School Course| Trans Eigen
Selection | Life |cation| ship | Fee i Value
Campus- 1 4 3 1 3 4 10321
Education 1 7 3 175 10140

Friend- 1 1/5 1/5 1/6 | 0.035

School 1l |13 loas

Fee

Course 1 30237

Transp- 1 16139
CR=0.016
Campus Lifej School A | School B | School C | Eigenvalue

School A 1 5 1 0.455

School B 1 1/5 0.090

School C 1 0.455

CR=0.046
Transportation) School A | School B | School C | Eigenvalue

School A 1 6 4 0.691

School B 1 173 0.091

School C 1 0.218
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CR=0.024
Friendship | School A | School B | School C | Eigenvalue
School A 1 1 1 0.333
School B 1 { 0.333
School C 1 0.333
CR=0.034
Course | School A | School B | School C | Eigenvalue
School A 1 172 1 0.250
School B 1 2 0.500
School C I 0.250
CR=(0.180
School Fee | School A | School B | School C | Eigenvalue
Schoo! A 1 9 7 0.772
School B 1 1/5 0.055
School C 1 0.173
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Figure 9. The AHP result of school selection problem

3. INTEGRATION OF INDIVIDUAL
EVALUATION

For the integration of the results of individual evalua-
tions, prioritized sets, we used two heuristic models;
Heuristic Model 1, Model 2 and fuzzy set priority method
which are a kind of majority-rule methods. These methods
were compared to determine the most preferred alternative
for the decision support system

3.1 Heuristic Model 1

In this method the preference score s given by the
sum of the marks received from the evaluators, where for
m alternatives, the marks are given, in decreasing order
preference, (m— 1), (m—2), ...., 0. The ranking was based

on the scores of each alternative. In this case, the highest
score will be the first priority. For example of the
Heuristic Method 1, a sample result with N = 5 evaluators
and M=3

alternatives is given as :
Reviewer 1: B> A >C,
Reviewer2: B> C > A,
Reviewer 3: C> A > B,
Reviewer4: C>B > A,
Reviewer 5: C>B > A

Table 2. Example result of heuristic method 1

Alt. Preference Matrix | Raw Sum Weighed
Value

School A 0.0 1.0 1.0 2.0 0.133
School B 4.0 0.0 2.0 6.0 0.400
School C 40 30 00 7.0 0.467
Heuristic
Method 1 C>B>»A
Rank Order

The value of each cell of basic evaluation score
matrix is given by “1” if the raw alternative wins against
the column alternative, otherwise given by “0”. In the
summed frequency matrix the weighted value of the raw
sum is the basis of rank order, thus the Heuristic Method 1
rank order is given by C(0.467) > B(0.400) > A(0.133).

3.2 Heuristic Model 2:

In this method, the evaluator frequency matrices
were added to form a summed frequency matrix where a
count was made for each alternative of the number of
times it was preferred to each of the other alternatives.
Then, the preference matrix was developed by a comparison
of the scores in the component cells (A, B versus B, A). If
the A, B value equals B, A, then each component cell in
the matrix is given by “1/2”. On the other hand if the A, B
value is greater than the B, A, then A, B is given by “1”
and B, A cell of the preference matrix is given by 0. The
alternatives were ranked by the order of their preference
matrix row sums and also we used fuzzy set priority
method which is a kind of majority-rule methods. By
applying the Heuristic Model 2 to the same example of
Heuristic Method 1, the result is given by C(0.450)>
A(0.392) > B(0.158) .

3.3 Fuzzy Set Priority Method

The theory of fuzzy sets has extended traditional
mathematical decision theories so that they can cope with
the kind of vagueness which cannot adequately be
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represented by probability distributions. The model for
this study had a limited capability to study the fuzzy set
priority that could be obtained from the summed
frequency matrix of Heuristic Model 2. The fundamental
concept of fuzzy set priority relation R was derived from
result by heuristic model 2. From the summed frequency
matrix for complementary cells, 4, and 4, an additional
fuzzy set matrix was made by considering 4,=1—4,, for
all cells. The fuzzy matrix complement cell values sum to
1 and fuzzy set difference matrix is defined as follows:

R—~RT = UA, B)—(B, A), if LA, B) > U(B, A),

=0 otherwise
R—RT = UA, B)—(B, A), if [{A, B)> (B, A),
= otherwise

where, for (A, B) quantifies, A is preferable to B.
To obtain fuzzy preferences, following five steps are
considered:

Step 1: Find the summed frequency matrix (using
Heuristic Method 2)

Step 2: Find the fuzzy set matrix R which is the
summed frequency matrix divided by the
total number of evaluators

Step 3: Find the difference matrix

R~RT=UA,B)-U(B, A), if UA, B)> U(B, A),

= { otherwise

where, for U(A, B) quantifies, A is preferable to B.

Step 4: Determine the portion of each part

Step 5: The priority of the fuzzy set is then the rank
order of X values in decreasing

By applying the Fuzzy Set Priority Model to the
same example of Heuristic Method, the result is given by
A(0.38) > C(0.31) > D(0.30) > B(0.01).

3.4 Computer Program Development

We developed the computer program using C-language
through the use of the module based tool and applied to a
set of example problems of multi-structured decision
support system. The computer model for this research
emphasized the flexibility of programming options as well
as future operational flexibilities for the improvement. The
schematic flow diagram of the model is shown in Figure
10. The flexibility of the model encompasses the wide
variety of areas to provide the methodology and tools to
permit exploration research in such areas as fuzzy set
priority, preference scoring constants, and comparative
aggregation methodologies. Table 3 presents the com-
parison of sample runs between two heuristic and fuzzy
set priority methods.

We applied this model to a set of examples of muiti-
structured decision support system as shown in Figure 2.
First, we determined the weighted values by eigenvectors
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Figure 10. Schematic flow diagram of the proposed
model
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Table 3. Comparison of sample runs

Integrated Rank Order
(Weighted Values)

A>C>D=>B,
(034 028 0.21 0.17)
A>»D>C>B,

Methods

~ Heuristic Model 1

= Heuristic Model 2 (0.32 030 0.28 0.10)
~ Fuzzy Set Priority A>C>D>B
Method (0.38 031 0.30 0.01)

of AHP and also by fuzzy set priority method.
Table 3 shows the comparison of results of both
heuristic and fuzzy set priority methods.

4. SUMMARY AND CONCLUSIONS

We developed a solution builder based on the internet/
intranet for a three-step decision support system in the
view of multi-attribute evaluation using 1) brainstorming
for the idea generation, 2) analytic hierarchy process as a
multi-attribute structured analysis method, and 3) aggrega-
ting logic model to integrate the results of individual
analysis. We used AHP, heuristic, and fuzzy set reasoning
methods developed GUI-type program for the user's
convenience. Finally, for a simple and efficient computa-
tion, computer program is developed and demonstrated in
internet/intranet-based decision problem. This solution
builder provides decision makers a good tool for remote
group decision making. The proposed solution builder is
validated by comparative computations for various multi-
structured decision support examples. By the sample
results of both AHP and fuzzy set reasoning method, it is
known that the proposed solution builder is a good method
for the performance evaluation of multi-attribute and
multiple goals.
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