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This paper presents the results of a study that compared
four decision-making methods. The methods examined were
the weighted sum model, the weighted product model, the
analytic hierarchy process, and the revised analytic hierarchy
process. Two evaluative criteria were used in an attempt to
find the best method. The first criterion was to see if the
method when accurate in a multi-dimensional situation re-
mained accurate in a single-dimension case. The second crite-
rion determined the stability of a method in yielding the same
outcome when a nonoptimal alternative was replaced with a
worse alternative. Tests were conducted using simulated deci-
sion problems where random numbers were used for the values
of the many combinations of alternatives and criteria. The
results illustrate the paradox of deciding on a single best
decision-making method. While this paradox is not resolved,
useful information is presented for comparing the four meth-
ods tested.
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1. Introduction

With the continuing proliferation of decision
methods and their modifications, it is important
to have an understanding of their comparative
value. Each of the methods uses numeric tech-
niques to help decision-makers choose among a
discrete set of alternative decisions. This is
achieved on the basis of the impact of the alterna-
tives on certain criteria and thereby on the overall
utility of the decision-maker(s). The difficulty that
always occurs when trying to compare decision
methods and choose the best one is that a paradox
is reached, i.e., What decision-making method should
be used to choose the best decision-making method?
This paper reports the results of a comparative
analysis of four decision-making methods and il-
lustrates the paradox.

Despite the criticism that multi-dimensional
methods have received, some of them are widely
used. The weighted sum model (WSM) is the
earliest and probably the most widely used method.
The weighted product model (WPM) can be con-
sidered as a modification of the WSM, and has
been proposed in order to overcome some of its
weaknesses. The analytic hierarchy process (AHP),
as proposed by Saaty [5], is a later development
and it has recently become increasingly popular.
Professors Belton and Gear [1] suggest a modifica-
tion to the AHP that appears to be more powerful
than the original approach.
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In the section that follows:these four methods
are presented. In the second section the methods
are tested in terms of two evaluative criteria. The
last section uses the test findings and examines the
implication of these findings on the effectiveness
of the various decision-making approaches.

2. Some Decision-Making Methods

There are three steps in utilizing any decision-
making technique involving numerical analysis of
alternatives:

(1) Determining the relevant criteria and alterna-
tives.

(2) Attaching numerical measures to the relative
importance of the criteria and to the impacts
of the alternatives on these criteria.

(3) Processing the numerical values to determine a
ranking of each alternative.

This paper is only concerned with the effective-
ness of the four methods in performing step 3.

2.1. The Weighted Sum Model

The weighted sum model (WSM) is probably
the most commonly used approach, especially in
single dimensional problems. If there are M alter-
natives and N criteria then, the best alternative is
the one that satisfies (in the maximization case)
the following expression (Fishburn, [3]):

N
Afsmy=max ) a,w; for i=1,2,3,..., M,

j=1
(1)

where A(WSM score) = the WSM score of the
best alternative, N = the number of criteria, a;, =
the actual value of the ith alternative in terms of
the jth criterion, w; = the weight of importance of
the jth criterion.

The assumption that governs this model is the
additive utility assumption. That is to say, the
total value of each alternative is equal to the sum
of products given as (1).

In single-dimensional cases where all the units
are the same (e.g., dollars, feet, seconds) the WSM
can be used without difficulty. Difficulty with this
method emerges when it is applied to multi-di-
mensional decision-making problems. Then, in
combining different dimensions, and consequently

different units, the additive utility assumption is
violated and the result is equivalent to adding
apples and oranges.

2.2. The Weighted Product Model

The weighted product model (WPM) is very
similar to the WSM. The main difference is that
instead of addition in the model there is multipli-
cation. Each alternative is compared with the
others by multiplying a number of ratios, one for
each criterion. Each ratio is raised to the power
equivalent of the relative weight of the corre-
sponding criterion. In general, in order to compare
the alternatives Ax and A, the following product
(Bridgman [2] and Miller and Starr [4]) has to be
calculated:

N
R(Ag/A,) = r.[l(aKj/aLj)WI»
j=

where N = the number of criteria, a,; = the actual
value of the jth alternative in terms of the jth
criterion, w, = the weight of importance of the jth
criterion.

If the term R(Ag/A,) is greater than or equal
to one, then it indicates that the alternative A, is
more desirable than the alternative A4, (in the
maximization case). The best alternative is the one
that is better than or at least equal to all the other
alternatives.

The WPM is sometimes called dimensionless
analysis because its structure eliminates any units
of measure. Thus, the WPM can be used in single-
and multi-dimensional decision-making problems.
An advantage of the method is that instead of the
actual values it can use relative ones. This is true
because

N
aKj/ Z Ak ’
Kj i=1 Kj

ap;

N
a,;/ Z ap;
i=1

7 -
ap;

A relative value ajy; is calculating using the
formula: ay ;= ag,/%;_1ax; where ay;’s are the
actual values.

2.3. The Analytic Hierarchy Process

Part of the analytic hierarchy process (AHP)
(Saaty, [5]) deals with the structure of an M X N
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matrix (M = the number of alternatives and N =
the number of criteria). The matrix is constructed
using the relative importances of the alternatives
in terms of each criterion. The vector (a,;, a;,
a;,..-,a;y) for each i is the principal eigenvector
of an N XN reciprocal matrix which is de-
termined by pairwise comparisons of the impact
of the M alternatives on the ith criterion. Some
evidence is presented in (Saaty, [S]) that supports
the technique for eliciting numerical evaluations
of qualitative phenomena from experts and deci-
sion-makers. However, we are not concerned here
with the possible advantages and disadvantages of
the pairwise comparison and eigenvector methods
for determining values for the a, ’s. Instead, we
examine the method used in AHP to process the
a;; values after they have been determined. The
entry a,;, in the M X N matrix, represents the
relative value of the alternative 4, when it is
considered in terms of criterion j. In AHP the
sum XY a, ; is equal to one.

According to AHP the best alternative (in the
maximization case) is indicated by the following
relationship (2):

N
AXpp = max Z a;;w;, for i=1,2,3,..., M.
1

_ @

The similarity between the WSM and the AHP
is clear. The AHP uses relative values instead of
actual ones. Thus, it can be used in single- or
multi-dimensional decision-making problems.

2.4. The Revised Analytic Hierarchy Process

Belton and Gear [1] propose a revised version
of the AHP model. They demonstrate that an
inconsistency can occur when the AHP is used. A
numerical example is presented that consists of
three criteria and three alternatives. The indica-
tion of the best alternative changes when an iden-
tical alternative to one of the nonoptimal alterna-
tives is introduced now creating four alternatives.
According to the authors the root for that incon-
sistency is the fact that the relative values for each
criterion sum up to one. Instead of having the
relative values of the alternatives A4,, A4,,
As, ..., Ay sum up to one, they propose to divide
each relative value by the maximum value of the
relative values.

3. Evaluation of Decision-Making Methods

The previous four methods appear often in the
literature. As it will be seen in this section, how-
ever, these methods can give different answers to
the same problem. Because only the last three
methods are applicable both in single- and multi-
dimensional decision-making, these are the meth-
ods that were examined.

Since the truly best alternative is the same
regardless of the method chosen, an estimation of
the accuracy of each method is highly desirable.
The most difficult problem that arises here is how
one can evaluate a multi-dimensional decision-
making method when the true best alternative is
not known. Two criteria are introduced for the
above purpose.

The first criterion has to do with the premise
that a method that is accurate in multi-dimen-
sional problems should also be accurate in single-
dimensional problems. There is no reason for an
accurate multi-dimensional method to fail in giv-
ing accurate results in single-dimensional prob-
lems, since single-dimensional problems are spe-
cial cases of multi-dimensional ones. Because the
first method, the WSM, gives the most acceptable
results for the majority of single-dimensional
problems, the result of the WSM is used as the
standard for evaluating the other three methods in
this context.

The second criterion considers the premise that
a desirable method should not change the indica-
tion of the best alternative when an alternative
(not the best) is replaced by another worse alter-
native (given that the importance of each criterion
remains unchanged).

A number of similar criteria could be intro-
duced as well. For example, the fact that an
accurate model should not indicate a change in
the best alternative after the introduction of iden-
tical (or worse) nonoptimal alternatives, could be
the basis for other criteria. However, the second
criterion is stricter than these criteria and it affects
more than one method.

It is important to note here that the testing
(using the above two criteria) is sufficient to reveal
that a method is ineffective in indicating the best
alternative. But, if a method is in fact ineffective,
then it is not necessarily true that the above
criteria will detect this fact. The following subsec-
tions provide examples and present the results



306 E. Triantaphyllou, S.H. Mann / Effectiveness of Multi-Dimensional Methods

obtained from tests of the methods using the first
and second criteria, respectively.

3.1. Testing the Methods Using the First Criterion

Example 1. Testing the method used by the Ana-
lytic Hierarchy Process using the first criterion.

Let us say that the matrix below depicts the
actual values, measured in the same units, of the
three alternatives A4,, A,, and A5, in terms of the
three criteria, with the following weights: w, =
8/13, w,=2/13, and w,=3/13.

Criterion

1 2 3
Alter. 8/13 2/13 3/13)
A, 1 9 9
A, S 2 2
A, 1 5 9

Applying the WSM it can be shown that the
alternative A4, is the best one [A4;=AY{gu=
53/13].

From the matrix with the actual values we can
see that the three 3 X 3 matrices with the pairwise
comparisons that correspond to this problem are
as follows (perfect consistency in the pairwise
comparisons is assumed):

Criterion 1 Criterion 2 Criterion 3
1 1/5 1/1 1 $/2 9/5 1 9/2 9/9
5/1 1 5/1 2/9 1 2/5 2/9 1 2/9
11 1/5 1 5/9 5,2 1 9/9 9,2 1

The M X N (i.e., 3 X 3) matrix with the relative
importances of the alternatives in terms of each
criterion that is used in the final step of the AHP
is:

Criterion

1 2 3
Alter. (8/13 2/13 3/13)
A, 1/7 9/16 9,/20
A, 5/7 2/16 2/20
A, 1/7 5/16 9,20

Applying the last step of the AHP it turns out
that the alternative A4, is the best one [4, = AXp
= (0.48]. Obviously, this is in contradiction with
the conclusion derived using the WSM.

A computer program was written to generate
random data and to solve problems with all possi-
ble combinations of 3, 5, 7,...,21 alternatives and
3,5,7,...,21 criteria. Thus, 100 different cases
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were examined. For each case, 10,000 different
matrices of values were randomly generated. The
problem was solved each time assuming random
integer numbers between 1 and 9 as data using the
WSM and AHP approaches as in Example 1. That
is, the actual values were assumed to be random
integers from 1 to 9. This range of values was used

Table 1
Contradiction rate (%) between the WSM and the AHP.
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because in AHP each pairwise comparison is taken
from the set: {x/y, where x, y=1,2,3,...,9})
(due to the scale that is recommended by the
AHP). If there were a contradiction between the
two approaches, the program noted that the AHP
yielded contradictory results.

In a similar manner, the revised AHP and

Number of Number of criteria
alternatives 3 5 7 9 11 13 15 17 19 21
3 8.2 10.5 12.3 117 12.2 11.8 11.8 12.1 12.2 12.5
5 8.4 13.2 12.6 13.2 13.2 13.5 13.6 133 14.0 13.7
7 8.1 10.1 12.3 12.6 13.3 13.1 13.5 131 14.6 13.7
9 8.5 9.5 11.0 12.5 12.5 12.0 13.0 13.1 13.5 132
11 75 10.0 10.9 12.1 121 12.3 12.2 12.5 12.8 13.0
13 71 8.5 10.6 114 11.7 11.8 12.1 12.0 13.1 124
15 6.6 8.7 9.6 10.6 11.1 11.5 12.0 12.1 11.2 12.4
17 6.8 9.3 10.1 10.6 10.7 11.1 11.5 11.5 12.0 11.0
19 6.7 8.1 9.1 9.3 10.7 10.7 10.9 10.9 11.4 10.7
21 6.0 7.9 9.2 9.6 10.3 10.7 10.8 10.5 11.0 10.9
Table 2
Contradiction rate (%) between the WSM and the revised AHP.
Number of Number of criteria
alternatives 3 5 7 9 11 13 15 17 19 21
3 7.4 8.2 8.8 9.6 10.5 10.3 10.9 10.5 9.5 10.6
5 5.6 71 9.3 8.4 8.7 9.1 8.7 8.8 8.8 9.1
7 44 6.3 6.2 6.2 77 6.6 7.1 7.6 8.3 7.3
9 4.2 42 4.9 6.9 75 6.5 6.2 6.8 6.4 7.6
11 3.0 3.8 5.6 4.8 5.1 5.4 6.0 6.3 6.0 6.2
13 2.7 33 3.8 5.0 45 4.0 6.3 53 5.0 53
15 2.2 31 39 4.4 3.6 39 34 4.5 43 5.3
17 1.7 22 2.6 3.7 36 38 34 3.7 42 4.0
19 1.8 2.7 2.6 2.8 31 32 34 35 31 34
21 1.4 1.9 2.2 22 2.7 29 2.5 2.9 31 3.0
Table 3
Contradiction rate (%) between the WSM and the WPM.
Number of Number of criteria
alternatives 3 5 7 9 11 13 15 17 19 21
3 14.7 12.7 12.1 13.9 15.3 14.3 13.8 12.6 13.6 14.5
5 12.0 14.8 15.7 17.0 17.5 19.6 18.9 17.1 18.7 18.1
7 12.2 17.1 18.7 18.0 22.0 19.5 19.9 20.2 21.8 20.3
9 11.2 16.5 18.9 19.7 20.9 21.5 23.0 234 21.6 233
11 11.8 17.5 20.9 21.3 21.8 23.6 22.9 22.0 222 23.0
13 11.7 17.2 21.1 20.8 22.8 234 249 25.0 25.7 25.1
15 11.3 19.5 19.4 21.8 249 24.8 23.3 250 26.9 24.7
17 11.2 171 21.2 233 239 26.4 22.5 25.2 26.3 26.2
19 11.3 18.9 213 22.7 23.6 25.7 252 28.6 26.9 27.7
21 11.3 18.2 21.1 24.0 254 26.6 259 275 26.4 25.7
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Fig. 3. Contradiction rate (%) between the WSM and the
WPM.

WPM were examined. Because at the beginning of
this study the purpose was to get a general idea of
the contradiction rates, the sample sizes were not
determined using the standard deviations of the
observations. However, the findings indicate that
the sample sizes were satisfactorily large in that
the rates of contradiction reached limits numeri-
cally. The following figures and tables present the
results.

3.2. Testing the Methods Using the Second Criterion

Example 2. Testing the method used by the Ana-
lytic Hierarchy Process using the second criterion.

Let us say that the following is a matrix of
eigenvectors produced by the AHP process. That
is to say, the matrix contains relative values for
the importance of the alternatives instead of the
actual values. Assume the criteria have weights
w,=2/7, wy,=2/7,and wy=3/7.

Matrix M1

Criterion

1 2 3
Alter. @/7 2/7 3/7)
Ay 9/19 2/12 2/7
A, 5/19 1/12 4/7
A, 5/19 9/12 1/7

It can be shown (by multiplying the matrix
with the relative importances by the vector with
the weights of the 3 criteria followed by nor-
malization) that the priority vector of the alterna-
tives (according to AHP) is (0.305, 0.344, 0.351).

Apparently, the best alternative is 4. If in the
above problem the alternative A4, (which is not the
best one and was defined by the relative values
(9/19 2/12 2/7), is replaced by A] which is worse
than the original A,, then, the above matrix is
modified as follows:

Matrix M2

Criterion

1 2 3
Alter. /7 2,7 3/7)
A] 8,18 1/11 1/6
A, 5/18 1/11 4/6
A, 5/18 9,11 1/6

Matrix M1 can be considered as the matrix
with the relative values obtained from the follow-
ing three 3 X 3 matrices with pairwise compari-
sons (perfect consistency in the pairwise compari-
sons is assumed):

Criterion 1 Criterion 2 Criterion 3
1 9/5 9/5 1 2/1 2/9 1 24 21
5.9 1 sss|1i2 1 19) a2 1 an
5/9 5/5 1 9,2 9,1 1 12 14 1

Matrix M2 has been derived from matrix M1
by substituting the alternative A4; with the lesser
A7=8/181/111/6)<(9/192,/122/7). That is
to say, instead of 9 it is now 8§, instead of 2 it is
now 1, instead of 19 it is now 18.

Similarly, the priority vector for matrix M2 is
(0.224, 0.391, 0.385). It is clear that now the best
alternative is A,.

The last statement is, obviously, in contradic-
tion with the original result namely, that the best
alternative 1s A;. Thus, by introducing a new
worse alternative (different from the best one) it is
possible to have a change in the indication of the
best alternative.
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Table 4
Rate of change (%) of the indication of the optimum alternative when a nonoptimum alternative is replaced by a worse one. The

AHP case.

Number of Number of criteria
alternatives 3 5 7 9 1 13 15 17 19 21
3 0.16 0.26 0.26 0.32 0.30 0.26 0.54 0.28 0.40 0.26
5 0.34 0.36 0.40 0.54 0.46 0.32 0.32 0.40 0.38 0.42
7 0.30 0.42 0.42 0.40 0.36 0.40 0.34 0.42 0.16 0.26
9 0.16 0.36 0.22 0.20 0.22 0.26 0.26 0.26 0.18 0.26
11 0.14 0.18 0.12 0.24 0.06 022 0.48 0.22 0.22 0.20
13 0.06 0.22 0.22 0.28 0.18 0.24 0.26 0.22 0.08 0.28
15 0.04 0.10 0.18 0.12 0.22 0.14 0.12 0.10 0.20 0.14
17 0.08 0.10 0.14 0.24 0.06 0.06 0.10 0.18 0.04 0.08
19 0.08 0.04 0.10 0.10 0.10 0.12 0.12 0.04 0.08 0.08
21 0.06 0.10 0.10 0.04 0.08 0.10 0.10 0.10 0.06 0.02
Table 5

Rate of change (%) of the indication of the optimum alternative when a nonoptimum alternative is replaced by a worse one. The case
of the revised AHP.

Number of Number of criteria
alternatives 3 5 7 9 1 13 15 17 19 21
3 0.50 0.50 0.60 0.30 0.30 0.10 0.00 0.10 0.10 0.10
5 0.50 0.50 0.80 0.80 1.30 0.80 0.40 0.50 0.50 0.00
7 0.60 0.60 1.70 0.90 0.80 0.50 0.50 0.50 0.40 0.20
9 0.70 0.30 1.30 0,80 0.80 1.00 1.10 0.70 0.60 0.20
1 0.30 1.00 0.60 1.00 0.50 1.10 0.60 0.60 0.80 0.70
13 0.20 0.60 1.40 0.80 1.20 120 0.80 0.80 0.40 0.40
15 0.30 0.90 0.80 1.20 0.90 1.20 0.60 0.60 0.60 0.90
17 0.00 0.40 0.80 0.40 0.90 0.80 0.80 1.20 0.50 0.30
19 0.20 0.10 0.20 0.50 0.80 1.20 0.80 0.60 1.00 0.70

21 0.10 0.20 0.30 0.40 0.70 0.60 0.70 0.40 1.20 0.60
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A computer program was written to solve ran-
dom problems (5,000 trials per case) in a manner
similar to Example 2. Again, 100 different cases
were examined. Each random problem was solved
using the AHP and thereafter replacing one ran-
dom alternative (not the best) with another worse
one in a way similar to Example 2 (i.e., subtract-
ing 1 from both the numerator and denominator).

The cases of the revised AHP and WPM were
examined in a similar way. However, it can be
shown that the WPM does not yield contradictory
results when it is tested in terms of the second
criterion because of its structure. The following
figures and tables present the results of the above
testing. Please note here that the vertical scale has
been changed in the following figures in order to
better illustrate the impact.

4. Explaining the Graphs

In figure 1 the contradiction rate between the
WSM and the AHP methods decreases as the
number of alternatives increases. This occurs be-
cause the quantities (1/X},a, ;) that are used to
multiply each entry a,; approach the same value
(law of large numbers) as the number N of alter-
natives increases (the a,’s are random integer
numbers equal to 1, 2,...,9). In the WSM each
entry can be multiplied by the same quantity
without altering the results. Hence, the AHP tends
to behave like the WSM as the number of alterna-
tives increases.

Also in the same figure, the contradiction rate
increases with the number of criteria. This is true
because as M, the number of criteria, increases,
the probability that the multipliers (1/Z) a,, j =
1,2, 3,..., M) will deviate significantly increases.
Thus, the AHP can differ substantially from the
WSM.

In the revised AHP method, the multipliers are
the quantities (1/max{a,;, i=1,2,...,N}). As
N, the number of alternatives, increases, all of the
multipliers tend to the same number (i.e., 9). Since
this convergence is very fast, the AHP approaches
the WSM very quickly (figure 2).

The number of criteria plays exactly the same
role in the revised AHP as in the original AHP.
The only difference is that the contradiction rates
are smaller, because the multipliers are not as
different as in the original AHP.

Figure 3 shows the contradiction rate for the
WPM case. In order to get an understanding of
the shape of the graph in, we consider the simple
case where all the criteria are of the same impor-
tance. For the purposes of figure 3, we can view
the WSM not in matrix form but instead, we
consider only two alternatives at a time (as we do
with the WPM). Now, we can see that if one entry
a,;; is very different from the rest, it causes more
impact in the WPM (since it multiplies or divides
a sequence of terms) than in the WSM (where it
has only an additive effect). The more criteria that
are involved the more likely it is that this phenom-
enon will take place. This is why the rates in figure
2 increase with the number of criteria.

This reasoning is also true as the number of
alternatives (see also table 3). Hence, the con-
tradiction rate increases with the number of alter-
natives.

The rate of change (%), of the indication of the
optimum alternative when a nonoptimum alterna-
tive is replaced by a worse one (for the AHP case),
does not depend on the number of criteria as seen
in figure 4. This occurs because, for every crite-
rion, the same constant value (—1) was used to
alter the nonoptimal alternative. It is expected
(although not tested) that if the a,; were to be
changed by a random number not a constant
value (—1), the contradiction rate would be de-
pendent on the number of criteria. Because the
constant value (—1) was used the bias, if any,
would be in favor of the original AHP over the
revised AHP.

However, the role of alternatives is a critical
one. When N, the number of alternatives, in-
creases the role of the multipliers (1/XY,a,;) is
more critical than the impact of replacing a non-
optimal alternative by a worse one. Since the
number of alternatives overrides the role of the
previous replacements the rates in figure 4 de-
crease as the number of alternatives increases.

Finally, figure 5, for the revised AHP, il-
lustrates that the rate of change of the indication
of the optimal alternative when a nonoptimal al-
ternative is replaced by a worse one decreases as
the number of alternatives increases. This occurs
because as the number of alternatives increases
the multipliers (1/max{a;;, i=1,2,..., N}) be-
comes closer to 9 (i.e,, the max) and thus the
altered alternative still remains nonoptimal. As in
the previous paragraph, as the number of criteria
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(wg= 100-w, )
A

increases there is greater chance that the multi-
pliers will differ substantially and alternative
changes will have greater impact.

Because in the revised AHP the multipliers (i.e.,
the quantities (1/max{a,;, i=1,2,..., N}) are
more stable than the corresponding ones of the
original AHP the revised AHP performs better in
terms of the first evaluative criterion. This is not
the case when the second evaluative criterion is
used. However, now the difference in the rates
does not seem to be so dramatic.

5. Conclusions

The previous analyses make it clear that none
of the decision-making methods reviewed is per-
fectly effective in terms of both evaluative criteria.
The results that were obtained by testing the
methods using the two criteria indicate that the
models yield different rates of contradiction.

The findings of the analyses are summarized in
table 6. This presents the structure of the typical
decision-making problem with which this study is
concerned and illustrates the decision-making
paradox. In this table, decision-making methods
are treated as alternatives and the two evaluative
criteria as the criteria of the problem. The two
criteria are considered in terms of cases with 3
alternatives and 3 criteria, 3 alternatives and 5
criteria, 3 alternatives and 7 criteria, and so forth.
Thus, 100 subcriteria are generated per criterion.

-
)

WSM | AHP |r.AHP
Method

Fig. 6. Indication of the best method according to different
approaches.

The numbers w, and w, =100 — w,, where w, =
1,2, 3,...,100, are assumed to be the relative
weights of the two criteria. The relative weights of

the first 100 subcriteria are assumed to be w, /100
and for the last 100 subcriteria w,/100.
Since it is not clear which method is the best,

Table 6
Summary of the findings.

Criterion

1 2

Cases with
Number of alter. 3 3 3 21 3 3 3 21
Number of criter. 3 5 7 21 3 5 7 21
Subcriterion 1 2 3 .. 100 101 102 103 ... 200
Method
WPM 14.7 12.7 12.1 25.7 0 0 0 0
AHP 8.2 10.5 12.3 . 10.9 0.16 0.26 0.26 . 0.02

rev. AHP 7.4 8.2 8.8 3.0 0.50 0.50 0.50 0.60
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the problem of selecting the best decision-making
method was solved using successively the WSM,
the AHP, and the revised AHP. The occurrence of
zeros in table 6 made the applicability of the
WPM difficult (divisions by zeros). Thus, the WPM
was not considered for solving the problem. Fig-
ure 6 presents the results for different weights w,
and w,.

Because the number of criteria in a decision-
making problem is seen to play a critical role, this
number is considered in the final phase of the
evaluation of the three decision-making methods.
In the horizontal axis of figure 6, we consider for
each method the cases of having only 3, 5, 7,...,21
criteria in a decision-making problem (as we do in
table 6). Since in table 6 all values are presented in
the same units (the numbers represent per-
centages), the WSM is the method that, when used
to choose between, WPM, AHP, and revised AHP,
would yield the most reliable answer to the prob-
lem of choosing the most effective decision-mak-
ing method.

The first column in the chart of figure 6 repre-
sents the evaluation derived by using the WSM.
That chart suggests that the revised AHP appears
to be the best method over a wide range of differ-
ent combination of weights w; and w,. Only for
w, less than 10 per cent the revised AHP is not
the best method. For w, less than 10 and above 3
per cent the AHP appears to be superior than the
others, while for w; less than 3 per cent the WPM
becomes the best method.

The charts that correspond to the results, sum-
marized in table 6, by using the AHP or the
revised AHP, appear to be of the same shape.
From figure 6 we can conclude generally that as
w, increases WPM is replaced by the AHP then
by the revised AHP as the best method. This
probably happens because both methods behave
in the same way for problems with 100 criteria
and 3 alternatives (as is the case in table 6).
However, both methods recommend the WPM to

be the best and not themselves! They also recom-
mend the revised AHP to be second best ap-
proach, while the original AHP is the better one
only for a very small portion of combinations of
weights w, and w,. The same figure also suggests
that the number of criteria in a given decision-
making problem is critical in deriving which
method appears to be the best. Although almost
all the columns in figure 6 indicate that the in-
fluence of this number is consistent a regular
behavior cannot be established.

The above study, with the findings summarized
in figure 6, demonstrates that it is impossible to
determine precisely the best decision-making
method, for to do so one needs to use the best
decision-making method! This problem of finding
the best decision-making method always reaches a
Decision-Making Paradox which makes any at-
tempt in solving this problem to be of limited
success. However, the results of this study recom-
mend that for most of the cases of different weights
of the two evaluative criteria the revised AHP
appears to be the best decision-making method of
the four examined, while the original AHP, ap-
pears to be the most inaccurate one.
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