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Abstract: AHP (Analytic Hierarchy Process) is a useful tool for decision-makers,
however, results by AHP do not coincide perfectly with the actual order of activities.
The cause of differences depends on the comparison of objective criteria but not on
comparison of activities. Because the former is very delicate and unstable and the
fatter is rather stable, it is not easy to decide the priority of objective criteria. In this
paper, we propose a method to refine priority of objective criteria based on calculated
weight from comparison matrices and known actual order of activities.

1. Introduction

In this paper, using AHP (Analytic Hierarchy Process) (Saaty,1977), we propose a method to refine the
priority of objective criteria based on calculated weight from comparison matrices and actual order of
activities.

AHP is a useful tool for the decision-maker and is applied to predict the order of activities. However,
the result by AHP does not always coincide with the actual order. The cause of differences depends on
the comparison of objective criteria and not on comparison of activities. Because the former is very
delicate and unstable and the latter is rather stable, it is not easy to decide the priority of objective
criteria. Further, a study with réspect to priority of criteria in AHP has not been examined in detail.

This paper refines the priority of criteria based on calculated weight and actual order of activities. The
following is the outline of our method. With respect to each activity we construct comparison matrices
based on calculated weight and apply the eigenvalue method of AHP. Based on the result of the
weights, we refine the priority of criteria. '

In order to confirm the usefulness of our method, we apply our method to an example. First, based on
actual order of activities, we define the priority of criteria. Next by the usual method, we calculate the
weight of activities based on the refined priorities of criteria. We then compare the resulting weights of
activities with the actual order of activities.

In section 2, we describe how to refine priority of objective criteria in detail and in section 3 we apply
our method to an example. Finally, in section 4, we conclude our investigation.

2, Refine Priority of Objective Criteria
We consider typical complete three-level AHP hierarchy, shown in Fig. 2.1, consisting of m objective

criteria ¢ 1 (i=] ~ m), and n activities a ; (j=1 ~ #). By the ordinary procedure of AHP, we have the
weight of activities, x 1 (=1 ~ n), and decide the order of activities.

' Acknowledgments: The author wishes to thank Dr. Iwaro Takahashi, Professor of Nihon University,
for his useful advice on this investigation. The author is grateful to the referees for their valuable and
helpful comments.
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Fig. 2.1 Typical Complete Three-Level Hierarchy

Firstly, for each i=1 ~ m we construct comparison matrix 4 1 with respect to criterion ci. The
element A 1 ( @, B ) represents the result of comparison between a« and as { @, B =1 ~ n). From
matrix A « we have weight w 15 (j=1 ~ n) as j-th element of the principal eigenvector of 4 i , where

=
Secondly, we construct comparison matrix C, whose element C( @ , 8 ) represents the result of
comparison between ¢« and ca ( @ , 8 =1 ~ m). From matrix C we have weight v 1 (i=] ~ m) as

i-th element of the principal eigenvector of C, where
m
Yvi =1 2.2)
i=1

n
Elw i3 = 1. @.n

Then we have the weight x 5 (=1 ~ n),
m n
X3 = Zl(w 15X v1), where lej =1, (2.3)
l= J__-'
and we can decide the order of activities.

Generally the comparison matrices 4 1 (i=]1 ~ m) are consistent but C is often inconsistent and
unstable. On the other hand, the actual weight of activities, y 5 (j=1 ~ n), are often known, where

n
Dy =1, (2.4)
Fl

then we can refine priority of objective criteria ¢ 1 (i=1 ~ m). We illustrate this idea in Fig. 2.2.
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Fig. 2.2 Refine Priority of Criteria

For each j=1 ~ n, we can construct comparison matrix A s with respect to activity @, using

calculated weight w i3 (i=1 ~ m). The ( @ , B ) element of 4 1 is defined as follows:
Ai(a,B)Y=was/ was (a,B =1~m). 2.5)

From matrix A5 we have weight w' 11 (i=] ~ m) as i-th element of the principal eigenvector of
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Fig. 3.2 Refine Priority of Criteria for Example
For criterion <> , in Table 3, the binary comparison matrix 4 1 as shown below (3.1).

® @ ® @ & 6
1 6 6

-

@( 6 i 0!
®{0°" 1 0 6 ' 0!
d:1= @87t 7' 1 ' 97t 67! (3.1)
@)0 0 0 1 6 0
®|6°' @ 2] 6" 1 1
®le ' @ 6 7' 1 1]

By similar procedure, for each criterion, we can construct binary comparison matrices 4 1 (i=1 ~:12)
and calculate weight w 15 (i=1 ~ 12, j=1 ~ 6), where & = 2. The results are shown in Table 4.

Table 4 Calculated Weight w 11 (i<l ~ 12, j=1 ~ 6)
@ @ @ ©® ®.
0220 0.110 0.087.¢.0.277- :0.153 0.153
0.218 0.275 0.173 .0.138 0.109 0087
0.138 0218 0.173 0275, 0.109 .0.087
0275 0109 0.173 0218 0.138 0.087:
0275 0.087 0.218- 0.109 0.173 -0.138
0.138 0218 0.173 * 0275 0.109 0.087
0275 0.087 0.173 0.218 0.138 0.109
0275 0.138 0218 0.109.. 0.173 . 0.087
0.173 0.087 0218 0275 0.138 0.109
0275 0.109 0218 0.173 0.138 0.087.
0218 0087 0275 -0.173 0138 0.109
0.218 0.138 0.173 0.275 0.087 0.109

L0620 0000©

Of course for each i=] ~ 12, le 1 =1, )
3:

Next for team D ,’based on Table 4 and equation (2.5), we have'matrix A" 1 as shown(3:2).

For each j=1 ~ 6, we can construct matrices 4 ' ;° and have weight w" {s (i=1 ~ 12) as shown in
Table 5. b

12
Of course for each j=1 ~ 6, le “11 =1
I-_—-

On the other hand, normalizing with the sum of the winning average in Table 1 equal to I, we have an
actual weight of teams y 1 (j=1 ~ n). Of course, x " 1 is equal to y s . The result is shown in Table 6.
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JUCERS )

P % @ & & & O & & & & @

& [1.00 1.01 1.60 080 080 160 0.80 0.80 127 0.80 1.01
% 1099 1.00 1.59 0.79 0.79 159 0.79 0.79 126 0.79 1.00
& (063 063 1.00 050 050 1.00 056 0.50 0.79 0.50 0.63
® {125 126 200 1.00 1.00 200 1.00 1.00 1.59 1.00 1.26
® {125 126 200 1.00 100 200 1.00 1.00 1.59 1.00 1.26
A'1= ® [063 063 100 050 0.50 1.00 0.50 0.50 079 0.50 0.63
& |[125 126 200 1.00 1.00 2.00 100 1.00 1.59 1.00 126
® |[125 126 200 1.00 1.00 2.00 1.00 1.00 159 1.00 126
® (079 079 126 0.63 063 1.26 0.63 0.63 1.00 0.63 0.79
® |[125 126 200 1.00 1.00 2.00 [.00 1.00 159 1.00 126
¢ (099 1.00 159 0.79 0.79 1.59 0.79 0.79 1.26 0.79 1.00
€ 1099 100 159 0.79 079 1.59 0.79 0.79 126 0.79 1.00
Table 5 Calculated Weight w ' 1) (i=1 ~ 12, j=1 ~ 6)
@ @ [€) @ ®
® 0081 0066 0038 0.110 0095 0.124
® 0081 0166 0076 0056 0068 0.069
® 0051 0.131 0076 0109 0068 0.069
® 0102 0.066 0076 0.087 008 0.069
& 0102 0052 009% 0043 0.108 0.110
® 0051 0.131 0076 0.109 0068 0.069
& 0102 0052 0076 0.087 008 0.088
® 0102 0083 009 0043 0.108 0.069
® 0064 0052 009 0.109 0086 0.088
® 0102 0.066 009 0.069 008 0.069
¢ 0081 0.052 0122 0069 0.8 0.088
® 0081 0083 0076 0109 0055 0.088
Table 6 Calculated Weight x ' 5 (j=1 ~ 6)
O @ @ @ 6 ®
0212 0.143 0.181" 0180 0.155 0.129
6 * :
Of course _le' 3 =1,
=

1.01
1.00
0.63
1.26
1.26
0.63
1.26
1.26
0.79
1.26
1.00
1.00

\
i
\
(2)

Finally, based on Table 5, Table 6, and equation (2.9), we have the weight v" 1 (i=I ~ 12), shown in
descending order in Table 7.

Tabl_e 7 Calcul

lated Weight v 1 (i=1 ~ 12)

00 OH606606¢

0.085238
0.084364
0.084105
0.083978
0.083490
0.083074
0.083048
0.082718
0.082687
0.082585
0.082585
0.082126

Thus we have priority of objective criteria, ®~® , as shown in Table 7.
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3.2 Verification

Now we can verify the results of our method. Based on the priority of criteria in Table 7, we are able
to calculate the weight of teams by the AHP procedure and compare with the final standings in Table 1.

Firstly, we calculate the weight of criteria. We can construct the binary comparison in matrix C, based
on Table 7, which is shown in (3.3).

® & O @ & O & & & & & @
® |1 6 6 0 6 6 0 6 0 0 6 0
® |67 1 6 0 (7] 6 0 0 0 6 0 o
® |6t 8t1 @ 6 6 6 6 6 6 6 6
® (87" 687 87" 1 0 o 6 0 0 0 6 6
@ BE - L - L R | (7] 0 0 0 0 0 7]

=® ettt 67t 8718 6 o6 6 o6 @ (3.3)

¢ |8 67 ' ' 67 67 1 0 o (7] 0 0
® |67 67t @ 07 87 871 67 1 V] 0 6 6
® |6t 67 0t 7" 87 67 07t 07 1 (7] 0 6
® |67 87! gt et et 87t 6Tt 7t 1 1 6
® (87 97t @ 67 07 @t O 67 7' 1 1 (i)
® (67 6 @ 67 67 0 6 0t 07 67 07 1 |

From the above matrix, where €@ = 2, we have the weight v i (i=1 ~ 12) shown in descending order in
Table 8.

Table 8 Weight of Criteria
¢ & & @ 6 & & & & . & ¢
0.145 0.130 0.115 0.103 0.092 0.082 0.073 0.065 0.058 0.048 0.048 0.041

Then, using w 11 (i=1 ~ 12, j=1 ~ 6) in Table 4, v 1 (i=1 ~ 12) in Table 8, and equation (2.3) we
have the weight of teams. The results are shown in Table 9.

ey ¥ + o Ew

Table 9 Reésult of Verification

final standings and weight calculated ranking and weight
® 0212 ® 0236
@ o.181 @ 0.191
@ 0.180 @ 0.19
. ® o.ss ® 0142
® 0143 @ 0.133 "
® 0.129 ® 0.108

As a result, in Table 9, the calculated ranking coincides with the final st';xidings.

4.‘ Conclusion

In this paper we proposed a method to refine the priority of objective criteria based on calculated
weight and actual weight of activities. By applying our method to an example, we were able to illustrate
and refine the priority of criteria. Further, by using AHP and using the refined priority of criteria,
calculations were carried out along with the weight of activities. As a result, the calculated ranking of
activities coincides with the actual ranking. Thus, we illustrate the effectiveness of the proposed method.
However, we may have missed some important criteria. Therefore, there need to improve our method
for future studies.
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