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Abstract: In order to improve Analytic Hierarchy Process (AHP), this paper proposes the
decomposition of data in the AHP by the logarithmic linear model. Data are decomposed to a main
effect, an order effect, 2 combination effect, personal interactions and errors by the proposed mode.
The proposed model is considered to be useful to analyze details of decision making by the AHP.

In order 1o improve Saaty’s Analytic Hierarchy Process (AHP) this paper proposes the decomposition of
data and variation in the AHP by the following logarithmic linear model;

Xijk =(wi/wj) X (wikjwjk)X cijX(d X dk)X eijk
where i,j :alternative
k : person
O Xijk " : paired comparison data (ratio)
wi  :main effect (weight) (I1wik =1)
wik :personal interaction of weight (Ilwik=1)
cij :combination effect (II cij=1)
d : order effect
dk  :personal order effect (11 dk=1)
eijk :error

By logarithmic least squares method, data and variation are decomposed to a main effect, an order effect,
a combination effect, personal interactions and errors by the proposed mode. The proposed model is
considered to be useful to analyze details of decision making by the AHP.

Table 1 Inverse order AHP data by 3 persons Table 2 Analysis of geometric mean data (1)
iNj 1 2 3 4 iNg 1 2 3 4  weight
P 1 20 2-1 2-1 1 1 2-0.50 2-2.00 2-2.00 0. 095
1 p, 1 2 22 27° 2 1 2% 2% 0143
Ps 22 2t 2 3 1 2% 0294
P, 2 22 2 4 1 0467
2 P, 22 1 22 27 C.1.=0.013, C.R.=0.014
P, 2! 20 27 Table 3 Analysis of geometric mean data (2)
P, 22 2 21 iN 1 2 3 4 weight
3 P 2 23 21 1 2-1 1 1 20.33 2.1_33 2-1.33 0.095
P 5 21 21 _2.1 92 21.33 1 2-0.61 2-1.33 0.143
P X 23 23 21 3 22.67 21.00 1 2-1.00 0.294
O 4 P, 2 3 o 1 4 ST 2B 081 0.467
P, 22 28 2 C.1.=0.430, CR.=0.477

— 209 —




Table4 Decomposition of Data in AHP
(a) ratio of main effect (weight) wi/wj

(d) order effect d

N 1 2 3 4  weight i 1 2 3 4  weight
P R 20.53_2-1.62 2225 P L 204 5044 20.44
1 P, 1 29% 2% 2% gg95 1 P, 1 204 204 204 025
P, 2058 o162 229 P, 2044 044 o044
p, 20% 2184 o171 p, 204 2044 044
2 P, 2% 1 2% 2% 0143 2 P, 2% 1 20 2™ 035
p, 20% o104 o171 p, 204 9044 044
P . 21.62 21.04 2-0.67 P 1 20.44 20.44 20.44
3 P, 2'% 2% 1 2% 0204 3 P, 2% 2% 1 2™ 035
p, 216 ol 067 P, 204 0 9044
p, 2% I & P, 20 204 Qo4
4 P, 22® '™ 20T 1 0467 4 P, 2% % 22 1 025
P, 228 T 08 P, 04 044 044
CL=0,CR=0 C.1.=0.360, C.R.=0.400
(b) ratio of personal interaction wik/wjk (e) personal order effect dk
iNj 1 2 3 4 weight iNj 1 2 3 4  weight
P 1 20.67 2-0.12 2—0.2[ P 1 20.47 20.41 20.47
1 P 2 1 20.33 2-0.38 2-0.46 0.25 1 P 2 1 2-0.28 2-0.28 2~0.28 0.25
P 3 20.33 20.50 20.67 P 3 2-0.19 2~0.19 2-0.19
P 1 20.67 20.54 20.46 P s 20.47 20.47 20.47
9 P 2 2-0.33 1 2~0.71 2-0.79 0.25 2 P 2 2-0.28 1 2-0.28 2-0.2/8 0.25
P 3 2-0.33 20.17 20.33 P 3 2-0.19 2-0.19 2-0.19
P 1 20.12 2~0.S4 2-0.08 P 1 20.4'] 20.47 20.47
3 P 2 20.38 20.71 1 2-0.08 0.25 3 P 2 2-0.28 2-0,28 1 2-0.28 0.25
P 3 24).50 2.0,17 . 20.17 P 3 2-0.19 2-0.19 2-0.19
P, 0% 046 H008 P, 204 2041 04
4 P 2 20.46 20.79 20.08 1 0.25 4 P ) 2-0.28 2-0.28 2-0.28 1 0.25
P, 2067 03 017 p, 200 2019 019
CL=0,CR=0 CL=0,CR=0
(c) combination effect ci () exror _eijk
iNj 1 2 3 4  weight i \j i
+ P, 9008 503 5023 3 N P, L j).zs ;.21 2%.29 welght
1 P 2 1 20.08 2-0.38 20.29 0.25 1 P ) 1 20.00 20.21 20.29 0.287
P 3 20.08 2~0.38 20.29 P s 20.92 20,25 20,05
P 1 2-0.08 20‘21 2’0-12 P 1 20.92 2-0.62 20.46
2 P 2 2-0.08 1 20.21 Z-O.IZ 0.25 2 P ) 2—0.33 1 2—0.62 20.46 0.256
P 3 2-0.08 20.21 2~0.12 P 3 20.58 20.42 2-0.75
P N 20.38 2«0.21 2-0.17 P 1 2-0.04 2-0.21 2-1.00
3 P 2 20.38 2-0.21 1 24).17 0.25 3 P ) 20,45 2.0,71 1 2.0,25 0.222
P 3 20.38 2-0.21 2-0.17 P s 20,25 20,03 2-0.58
P 1 2-0.29 20.12 20.11 P ' 2-0.12 20.71 2-0.83
4 P 2 2—0‘29 20.12 20.17 1 0.25 4 P 2 20.33 20.21 2-0.08 1 0.23 5
P, 202 012 017 P, 2042 o075 pum
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C.I.=0.013, C.R,=0.014
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C.I.=0.038, C.R.=0.042
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