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Abstract Traditional analytic hierarchy process (AHP) has the flaw of its fixed weights system (FWS) and

the composite ranking approaches based on FWS, incapable of reflecting basic characteristics of complex

evaluation issues, such as nonlinearity, emergence, etc. To overcome the above flaw, with the idea of weight

varying (WV) adopted, a new alternative ranking approach based on variable weights is given by the way of

constructing a new analysis structure of AHP evaluating problems and its corresponding value system for

evaluating alternatives. The mechanism of WV in the new approach and its advantages over the traditional

AHP are also analyzed. Applied to a real example, the approach is validated to be feasible and applicable.
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����� Saaty ������	��� (Analytic hierarchy process, AHP) ������
�	
�
��
	�
���������	� [1] . Badiru 
���������� AHP ��
�, ������� DDM ���	� [2]. �� AHP (�� DDM) �����������
���
���������, ������	���	
 (������	��������	����	��
��	�����������	
) ������������� [3−7] . Barzilai � Golani ��, ���
�������������� AHP����	
������� [7].   ����,!���!��,�
�"���
�� (�"���) ����� ������!!�"����#��
�	�����	
�$�����	������	
. �#��": �����#�� (�	���$�$%�) &%'&

3456: 2008-12-07

789:: '((���)� (70971054, 70471015); �)% �**!�&+'+, (NCET-09-0368); �)%���-��
"�.,#� (09YJA630047); �)%�/(,�$ “% �)*�/!�"�0&” "�-# (2009111); 1# !��"�
#� (20080610); 1#+�),�"'(Æ./#� (2008JC012); $%&2+�01)*233)*'-. +/+'+,
;<=>: (04 (1967–), ), *"54�, �#, 1$%2&, "�6,: 33-.7&'-, #�7&; '58 (1978–), ),

(/+0�, 1$, "�6,: 33-.7&'-, #�7&.
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61��7���92����:�, �����&%��!!�"����,*;+"4,-35.
�6/01�,�-�.�<8��
�,*;+45�<75;+�,*!�"�:��56�=��	

�6���=��	
�>�8�=	�2��������. � , 9�����"�"�����3,
�?����/7��� AHP(�"!�� AHP) 0�����������	�����	�����
�, �4@�� AHP 	���	
��A AHP �=��5�������867
. ���, " Saaty
�� AHP 14986�����	
, �:������1������ (�����21%�����
�), �5��������;����������. :������3, 9���:4<��=" 20
5B 80 8:86�9$��1:9��
 [8] , &�, �;C;���:;��<��������=��
��86, D��<=����E<����F�����G�����H����>	�2I����
3��9$����	� [9−13] . ��, 9���:�J�3, 965.=�:�� AHP ��	>�86
>?, �- ����9$����	�@"6����>	�7

>K?7������3�.�
�	����L@/75���	
, � 8?9:M@�������	�?A����	
 AHP �
���� AHP ���=�5�AB.

3B;C�<C����86�J" AHP ����5�D�, ������9$����	���"
:E; =�, �D� AHP ���	
���� AHP �����	�����	���	
, AB@���
N���
������/E, 
�����=	
����
�, D����	��=��� AHP �
�	�; &�, �O	����"��AA�������; B�, 
���F�D���� AHP 	��
�P���=����FC, B
��F�������?26�������������Q��:G�
	
�=�>���.

2 D?@EFGHABCD

I��9$��	
, BG [8] D���3? (1) 0@���7�����:

Z =
m∑

i=1

wi(x0
1, · · · , x0

m)x0
i (1)

�#, Z ��P�=;; x0
i (i = 1, 2, · · · , m) ��� xi ���;; wi(x0

1, x
0
2, · · · , x0

m) �� x0
1, x

0
2, · · · , x0

m

�:� x ���, AHJR��H� ∑m
i=1 wi(x0

1, x
0
2, · · · , x0

m) = 1. BS X = (x0
1, x

0
2, · · · , x0

m) ���
x1, x2, · · · , xm ���>	, W = (w1, w2, · · · , wm) ��� x1, x2, · · · , xm �4� (���) >	, S(X) =
(S1(X), S2(X), · · · , Sm(X))�����>	,%�� x1 , x2, · · · , xm���>	W (X) = (w1(X), w2(X), · · · ,
wm(X)) �;@� W � S(X) �R��� Hadamard CT. �:

W (X) =
W · S(X)∑m
i=1 wiSi(X)

=
(w1S1(X), · · · , wmSm(X))∑m

i=1 wiSi(X)
(2)

!���, �C�9$����	�@"�3G	>:E.
D�, ����>	 S(X) �7

>K?7. 96, �����>	 S(X) �7
>��IK��

� [12] �E�DE� [13]. IK���
�� (���) D��IK�� (α) �7
 S(X), �;F?�
S(X) = (eα(x0

1−x0), · · · , eα(x0
m−x0)), ?#, x0 = (1/m) ·∑m

i=1 x0
i , α ∈ (−∞, +∞). 9O?513�, �?5�

7
� α ;���7
 S(X) �L@0". =�8?�K, � α ;�?7
�	
, ���:BGB=�
D���P	
�D�/J��G!��	�. BG [12] F=�GH�?7
I� α ��>�86�	
,
�OBL���: “������;J���KL�M�, α �H;�MNJ; ������;I���KL
�M�, α �H;�MUJ”. J=, :.9��"��<C����0KL���� α H;�KL, B=�
D� α ;�7
	�.   �M, IK�������
���=;, � A:M: α���V;	�,
� "�P��#, ��"7
 α ;1K=@"6/I�>K2M��?7�, :N, �D�� S(X) 4K
=J�CJ�>K?7�. BG [13] JO��E�DE��4@IK���@"��":E, B��"�L
,-3, �
��D��E�DE A(A ∈ [1/m, 1])�7
� α ;� S(X). ��, � A ;�?7
�	

, BG [13] L�D��7
E�DE���HM�%, �: “B���;�2I��KN, %E�DEHN
;; B���;�2I��KA, %E�DEHA;”. 
� A ;�H;WP�O, �C�%L=@"6

N���P���G!�O	
. � , �IK����N, E�DE�"D��P	
16N@"6 A ;
� S(X) 7
�>K?7	
.
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DT, �����3�.��	����L@/75��. :>�;�", ������	����L
@/7" “������2��>	 X �������”(Y5&U� “����
��B5@"”), �"
	���#NP�K���=�����Z[ (4:�<����
���@"� —— B5=%O��P
Z[QO). R�!�P, �.<����
���@"�, �������	�4=�D�����\
S
(����"?�H�3�?��
&S), ����".������G��3�=R7Z[1$����
�QT5SV�����3R]FS	
. ���, �GQQT:R�BG [14] 4��,3�, OB��4
�����,*, 4�������� (�? (2)) �MTW��.

3 EFGHIJHKCDLM

�����9$��	�@"��G	>�:E,�AIE����26����;��������
/7, �</^� �����92�����MS�T, �86���� AHP �=	
N��6$�
����U_=;�. U_�9$�����/7, 9V����3O 1 0@����=	
���	��

�. "���
�#,��� AHP W*,LU�@���>���XU��D��W���,�U9$��
�9$��$%� ($%�����!V��V$%�)��$��	��. "O 1 #, U9$�L���U
9$ G, g1, · · · , gM ;@���9$�#� M ���; �&W*, c1, · · · , cH�s1, · · · , sN�a1, · · · , aR �Y;

@$%���$��	��#� H�N�R ���. ��� AHP ���
��6, ���
���3G	>
�56: ��, ��� (	���U9$��W) #�X���2�BU�`���T����H;DE (�
�); �T, :�����3�����&%"�:���G, VW��� AHP �N������/E, H
�:&��@���N���
������/E. �� AHP �N����/E�"C@�����3W
��D, =��Y�����!�YX$%, R73���&%������, B�@>��Z#���=
�ZN�7� (���@��#�&�); � ���, ���
�"���D�H[�, AB@����/
X��, 3����#>���������#>���KLB5�
�\[�, ����@"6Y:�X
Y���:\:�, 90�3����@�]]R7��AV����:���KLa��� (:@�R
7��=�ZMD 4 #�!Y 4). � , @KL�����3���Z!��[�, @�������Z!
��[����, �>��^Æ;@���3���[���
�.

O 1 #, �bc L ��3]$;@���� (5��
U9$�	�) �DE��, � L11, · · · , L1G1 ;@���

9$ g1 � G1 �DE��. �����DE������

�[Y�� AHP ��
����J
�T, 4���
AHP 	��=���H[. :_U_ DDM ����:d
\/7 [2],
+
IZ�D����#>�� (5��U
9$�	�) DE���7
 (`�) 	�. ;C, \H��
�#>��DE��`��IZ�. IZ����U�
��=@�R7�\
����P@"���8�=	�
W*�IZ�] (	�) ��[����
�>����
�J��P,- (�������). IZ��\H�^C

G  

1a  2a  � Ra  

),,(
11111 GLLg �  ),,( ,1 MGMMM LLg �  ),,(

22212 GLLg �  �

),,(
11111 HLLc �  ),,( ,1 OHHHH LLc �  ),,(

22212 HLLc �  �

),,(
11111 NLLs �  ),,(

22212 NLLs �  ),,( ,1 FNNNN LLs �  �

N 1 OPQÆRS\T]^_UVW

���<6/]^IZ�]����P,-. F�, `e��^_"���[``9�=fa�=1, �"
O^_
P�g�[``9#\a������P�6/]^�`9!�IZ�],@IZ�]����

�>�������P��!�IZ�. =�,b_�c (6� E c)��h67
���
�#>���
�IZ��#�DE��iY (����DE��). �B Saaty ��:�_�a�@���F
� [1] ,
�������`�iY�`�� 3�5�7�9i. F�, `\
 3�iY�=��`�1, ��@�����
�`�� “6IZDE^”�“�IZDE�N”�“6IZDEO”3 ���. ����������Z��=
	���	�
; `	��	/�1, `����iY�����4U����. U�����, �	U, O
1 #>�����2�X��IZH[ ^HO�����.

4 FbXYZ[HD? AHP \]FG

���� AHP �=	�A\��, ��X�3 7 �!Y�=.
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c^ 1 �[�O 1 0@����=	
����
�.

c^ 2 ����
�3	��=�=;��.

��
�3	��=�=;������O 1#>���� (5��	��U9$) >DE����
[��`^; (=;). ���	��: _ E c��h6�O 1 ��� (U9$��	���W) #>���
�>����=`^R7, B��b 0–100 ���`^V;. =;��>���3G	>!�: aA��
�	��=�H[; bA��������>K� (IM!Y 4) �
�, �[a�	�">������
��bd=;, 9�7
�	�">������bd���bd��[%. F�, B�$ s1 � 3 ���
L11�L12�L13 ���`^;�Y� 100�50�0, 	� ar (r = 1, 2, · · · , R) " s1 � 3 �����>K��
Y� 0.2�0.6 � 0.2, %IM3B!Y 4 �O, ar " s1 ����bd=;

U (s1)
r = 0.2 × 100 + 0.6 × 50 + 0.2 × 0 = 50,

���O ar " s1 ��bd��� L12; B	� ar " s1 � 3 �����>K��Y� 0.6�0.3 � 0.1,
% U

(s1)
r = 0.6 × 100 + 0.3 × 50 + 0.1 × 0 = 75 ���O ar "�$ s1 ��bd��[%� (L11, L12).

c^ 3 c r = 1.

c^ 4 I�	� ar _���=R7, 7
���� (5��U9$��	��) #��>DE���
>K� (�`CB��#��S���cd�) B[a� ar "��
�>������bd=;.

�BO 1 #��
���	U�, ��@>K�`���$�#��>DE���>K��$%
���9$�#��>DE���>K�. :GW>K��>��bd=;�7
	��3:

1) �$�#��>��>K��>��bd=;�7

�O 1 	���$�KL:�, I�cM
��	� ar, r = 1, 2, · · · , R, b_ E c���YR7�	� ar "�$ s1 �0<�DE��. �J�� ar

" s1 �<�� L11, · · · , L1N1 �����Y� E
(s1)
11,r , · · · , E(s1)

1N1,r, dO ar " s1 �<�� L11, · · · , L1N1

�>K� p
(s1)
11,r, · · · , p(s1)

1N1,r �Y� E
(s1)
11,r/E, · · · , E(s1)

1N1,r/E. W*�, ��b_��R7�	� ar <�
$ s2, · · · , sN ��DE���>K�. B"	��=�=;��#�$ s1 >�� L11, · · · , L1N1 �=;�
u

(s1)
11 , · · · , u(s1)

1N1
, %	� ar " s1 ����bd=;[aG?�:

U (s1)
r =

N1∑
n1=1

p
(s1)
1n1,ru

(s1)
1n1

(3)

W*�, ��[a�	� ar "�$ s2, · · · , sN ����bd=; U
(s2)
r , · · · , U (sN )

r .

2) $%���9$�#��>��>K��>��bd=;�7

5��L�, :_�$%�#��>��>K��>$%bd=;�7
�F���<C. ;eI

E��, �$�#��������$%�#���&%��@"6���KL:�, 5j;+�$�#�
������$%�#���KL:��O 1 0@.   c1, · · · , cH �3��$�KL (IMO 1), � ,
U���H�$�#����� (a$7�<��bd���bd��[%), ��3��$KL�$%
c1, · · · , cH 0<���8�@�R7. :�R7	?��e��� (Conjoint analysis, CA) �df� (�9
8�=�]���U�@��]]R7���=�]�`^) ed��� [15]. CA � 1964 8�N?���
��df�8?�"fk�`^f
��Æ�����5���eH�����g��� [15−17] .  J	
�����CC CA�df����e������	�,� \�df����
�#>��0<�DE
���=@�R7�J�/^�=��. 3>H����DE���@�R7D�$% c1, · · · , cH >K�
�7
	�. �:

I�cM��	� ar, _ E c���YH� c1 �KL��$ (� s1�s2) �bdDE���bd�
�[%, ��df�R7� ar " c1 �0<�DE��. B�� ar " c1 �<�� L11, · · · , L1H1 ���
f��Y� E

(c1)
11,r , · · · , E(c1)

1H1,r, %	� ar " c1 �<�� L11, · · · , L1H1 �>K� p
(c1)
11,r, · · · , p(c1)

1H1,r �Y

� E
(c1)
11,r/E, · · · , E(c1)

1H1,r/E. W*�, ��b_��R7�	� ar <$% c2, · · · , cH ��DE���>K
�.

�>�$bd=;�[a	�W*, ��[a� ar " c1, · · · , cH ����bd=; U
(c1)
r , · · · , U (cH)

r .

c^ 5 c r = r + 1, B r ≤ R (R �8�=	���), %d!Y 4; B r > R, %d!Y 6.

c^ 6 b_��XZgl�� (Swing weighting, SW) 	�7
�9$ g1, g2, · · · , gM ���>	.
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  SW ����3"�W96����ghA��:�9$������RW�Dh [18] , � :
_�� SW 	��7
�9$��>	. �J�8��: ;C, �B�9$ g1, g2, · · · , gM ���g%, 7

� 2 �;+	�. �#��;+	��"X���9$�i�BO��, S!BO	� (L1G1 , · · · , LM,GM );
h��;+	��"X���9$�i�B^��, S!B^	� (L11, · · · , LM1). =�, 9BO	���,
_��9 M ��9$#g\���Bhd;C�BO	���9$ (+O�9$� gθ), @� BO��
Lθ,Gθ

��B^�� Lθ1, B@���=:���=;`^ (�` u
(gθ)
θ1 −u

(gθ)
θ,Gθ

) 
� 100 ("!�9$
gθ �j!��). A3�, ��3��9$_��mZ6C	��Y�BO	�, B�X���9$��;
��=;`^��"�9$ gθ ���`^8�b 0 � 100 &%����;Z[ ("!��9$�
j!��). B�, ��Cj!���=R��, e��9$ g1, · · · , gM �R����>	 (ω1, · · · , ωM ).

c^ 7 [a�	� a1, · · · , aR ���U��`^�=��; U1, · · · , UR, BAB U1, · · · , UR �JI�

>	���.
+ δ1, · · · , δM �"�9$ g1, · · · , gM �������� (� u

(g1)
11 − u

(g1)
1G1

, · · · , u(gM )
M1 − u

(gM)
M,GM

) ��`
�h6���=;k]�`	��, % �	� ar(r = 1, 2, · · · , R) Ai�U��`^; U ′

r �;C�:

U ′
r = δ1(U (g1)

r − u
(g1)
1G1

) + · · · + δM (U (gM )
r − u

(gM )
M,GM

) (4)

hW,  SW ��������3�\�O:

δ2(u
(g2)
21 − u

(g2)
2G2

)

δ1(u
(g1)
11 − u

(g1)
1G1

)
=

ω2

ω1
, · · · , δM (u(gM )

M1 − u
(gM )
M,GM

)

δ1(u
(g1)
11 − u

(g1)
1G1

)
=

ωM

ω1
(5)

c λ = δ1(u
(g1)
11 − u

(g1)
1G1

)/ω1(J= λ > 0, % ? (4) �? (5) �O�3;F?�[. �:

U ′
r =

[
U

(g1)
r − u

(g1)
1G1

u
(g1)
11 − u

(g1)
1G1

ω1 +
U

(g2)
r − u

(g2)
2G2

u
(g2)
21 − u

(g2)
2G2

ω2 + · · · + U
(gM )
r − u

(gM )
M,GM

u
(gM )
M1 − u

(gM)
M,GM

ωM

]
λ (6)

"? (6) #,   λ �H;B5KL U ′
1, · · · , U ′

R &%���, � �
S	� ar ���U��`^�
=��; (�����)Ur �:

Ur =
U

(g1)
r − u

(g1)
1G1

u
(g1)
11 − u

(g1)
1G1

ω1 +
U

(g2)
r − u

(g2)
2G2

u
(g2)
21 − u

(g2)
2G2

ω2 + · · · + U
(gM )
r − u

(gM )
M,GM

u
(gM )
M1 − u

(gM )
M,GM

ωM , r = 1, 2, · · · , R (7)

5 FGHD?_`aXe

5.1 fbcd
+cM	� ar ">�$��H;��>	� Y = (y1, · · · , yN ).   AHP #������W��D

Hl��$, � XZ AHP ����G?�O, 	� Y = (y1, · · · , yN ) �7��=;�:

V = τ1u1 + τ2u2 + · · · + τNuN . (8)

�#, τ1, · · · , τN ��� y1, · · · , yN �������,
∑N

l=1 τl = 1, ul ��� yl �ZU���;. B y1, · · · , yN

�Z!ji�	, V " (y1, · · · , yN) <�� (B5��, �� Dini ���� [19]), %? (8) Gm� ul K�e:
∂V

∂ul
= τl (9)

 ? (7) �O, Ur ;@��	� ar �����, � A� V &%@"��N�6F�� ϕ, .e

Ur = φV (10)

9���!�jO:
∂Ur

∂ul
= φ

∂V

∂ul
,

N∑
l=1

∂Ur

∂ul
=φ

N∑
l=1

∂V

∂ul
= φ

N∑
l=1

τl = φ (11)

\[? (9)�(11) ��e�:

τl = (1/φ)
∂Ur

∂ul
=

∂Ur

∂ul

/
N∑

l=1

∂Ur

∂ul
(12)

��	�7��=; V � u1, · · · , uN ���, 0�
�? (9) �O τl 4K=� u1, · · · , uN ���, 9
�� τl = Fl(u1, · · · , uN). �#, Fl ;@�� τl � u1, · · · , uN &%���:�. � ul P��� yl ���,
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� ul = ul(yl), :N ? (12) �O: τl = Fl(u1(y1), · · · , uN(yN )). O?;C26�� y1, · · · , yN H;���,
�� yl ��� τl 4�26���, ��3? (13) 0@�:��[.

τl = Fl(u1(y1), · · · , uN(yN ))
�
= Gl(y1, · · · , yN) = Gl(Y ) (13)

�? (13) � τl ��	� Y = (y1, · · · , yN ) ���"�, ��� yl ��� τl B5LAk yl ���

���, ��Ak0��� y1, · · · , yN H;[��������, ���[���.
U�<C��, "MBD��� AHP ��	�#���� Ur B5�?A.�>������=�

��, ��"9�$bd=; U
(s1)
r , · · · , U (sN )

r H�9$bd=; U
(g1)
r , · · · , U (gM )

r W�nj�
�#k&
�>�����, 
 U

(g1)
r , · · · , U (gM )

r ��9$�� (ω1, · · · , ωM ) ��>9$B^�BO���=; (�
u

(g1)
11 , · · · , u(gM )

M1 �
(g1)
1G1

, · · · , u(gM )
M,GM

) �=��� (IM? (7)). hW, �� AHP #B90������i
����, �#4����@", �!Y 6 
 SW 	�7
9$�� ω1, · · · , ωM :���. ��, ��
AHP #�����k&.��������9$����	�#.��������6MS��[Y. :
���, "���9$����	�#, ��������2�I�6����5� (IM? (2)), �"��
AHP #, 9	��H$%�, ����L@" ���lK"�����5@"��. ���9$�#��
(��9$) n���P���, ���9$������U9$�5�, A �����:�9$�m�
>K=;`^, ��9$������3��:���5�, A ����9$��3���&%��"l
K��"�.
5.2 ghei

���� AHP �5, MBD��	�A\����� AHP ��	�>�J��3G	>�AA.
D�, �� AHP �=	
����
��H���
����R7lm��H	��@�R7�V

W��� AHP �N����/E, H�:&��aJ�5�����@���N���
������/
E, 9����� AHP a�n �92��n��������T.

DT, 9? (7) �O, �� AHP D����U��`^�=��; Ur �	� ar ������. :N,
�cM�[�=	��5,�����	� (��O[	�#���	�)�5��O[	� (���	
�) �����, ��MBD���� AHP 	�9MS�D��0i������� AHP 	���	
.

6 \fgh

�FC�	���P���=�, 3B
�`A5
d^_��Æ`9�o�fa�=	
�=��F�C
86. "O�=	
#�p���Æo�`9 (Z!	
� a1, · · · , a6) �eocfa�=��; �O�=	
,
�[��3O 2 0@�����
� (Tjl, !�
�O��
�#�#��=�$�=�Æ).

O 2#,U9$�`^_��Æ`9o�fa,�=
�9$�d\fa (g1) �kofa (g2), KLd\fa
��$�����Æ8�fa (c11)��Æ���d\+
pfa (c12) ��Æ�����d\fjfa (c13),  

 1a  2a  6a  �

),,( 3,212,211,2121 LLLc  

 
),,( 3,232,231,2323 LLLc  

),,( 3,222,221,2222 LLLc  

),,( 2322212 LLLg  ),,( 1312111 LLLg  

 
),,( 3,112,111,1111 LLLc  

),,( 3,132,131,1313 LLLc  

 
),,( 3,122,121,1212 LLLc  

 

N 2 klQÆ\_UVW
�kofa��$���Æ9$ko��fa (c21)��Æpl��	fa (c22)��Æpl�=ofa (c23).
��6BD��	�!Y,;C\
eoc��i]^�O^_,b�go������Æ`9!�IZ�
], B@IZ�]��	��=��
��>���P��!�IZ�, " H[����
�#�>9$
��$���H;��2��� “6IZ`9faI”�“�IZ`9faO5�” � “6IZ`9faJ”
m���iY`�. =�, _��R7�>	�">�$�0<���, 9�e�� a1, · · · , a6 ">�$�>
����>K� (M; 3 D 2–19 =); �B a1, · · · , a6 ">�$�>���>K��=;��#>�$
���=; (M; 1 D 3 =�q#��D 6 =), [a��>	�">�$����bd=; (M; 2), " 
H[�7
����>	��>�$�bd���bd��[%. A6, I�X�	�, _���YH
� g1�g2 �KL��$bd���bd��[%, R7��>	�"�9$ g1�g2 �0<�DE��, 9�
e��>	�" g1�g2 �>����>K� (IM; 3 B� 6 =);  >	�" g1�g2 ��>K��=
;��# g1�g2 ���=; (M; 1 D 3 =6q#�) [a��>	�" g1�g2 ����bd=; (M; 4



� 4� (04, P: QMRS�QX 729

D 2�D 3 q). B�, _��XZ SW �	�7
�� g1�g2 ����� (�Y� 85 � 100, B g1 � g2

������g1�g2 B^�BO���=;�>�" g1 � g2 >����bd=; (n�? (7)), K��>
	����U��`^�=��; (M; 4 D 4 q).

m 1 klQÆ\Æijk
qnno L11 L12 L13 L21 L22 L23 L11,1 L11,2 L11,3 L12,1 L12,2 L12,3

no u11 u12 u13 u21 u22 u23 u11,1 u11,2 u11,3 u12,1 u12,2 u12,3

po 100 50 0 100 50 0 100 50 0 100 50 0

qnno L13,1 L13,2 L13,3 L21,1 L21,2 L21,3 L22,1 L22,2 L22,3 L23,1 L23,2 L23,3

no u13,1 u13,2 u13,3 u21,1 u21,2 u21,3 u22,1 u22,2 u22,3 u23,1 u23,2 u23,3

po 100 50 0 100 50 0 100 50 0 100 50 0

m 2 kllmnpopq\6rÆi
6r U

(c11)
r U

(c12)
r U

(c13)
r U

(c21)
r U

(c22)
r U

(c23)
r

a1 53.33 40 50 56.67 40 100

a2 36.67 60 83.33 76.67 66.33 63.33

a3 66.67 20 40 60 73.33 50

a4 40 63.33 63.33 36.67 83.33 80

a5 63.33 86.67 23.33 50 53.33 36.67

a6 43.33 30 90 50 36.67 66.67

m 3 kllnps_:pq\tuvw
qqrr a1 a2 a3 a4 a5 a6

p11,1,r 0.267 0.133 0.533 0.2 0.467 0.133

p11,2,r 0.533 0.467 0.267 0.4 0.333 0.6

p11,3,r 0.2 0.4 0.2 0.4 0.2 0.267

p12,1,r 0.2 0.267 0.133 0.267 0.8 0.2

p12,2,r 0.4 0.667 0.133 0.733 0.133 0.2

p12,3,r 0.4 0.066 0.734 0 0.067 0.6

p13,1,r 0.2 0.667 0.267 0.467 0.133 0.8

p13,2,r 0.6 0.333 0.267 0.333 0.2 0.2

p13,3,r 0.2 0 0.466 0.2 0.667 0

p21,1,r 0.467 0.600 0.4 0.267 0.133 0.4

p21,2,r 0.200 0.333 0.4 0.2 0.733 0.2

p21,3,r 0.333 0.067 0.2 0.533 0.134 0.4

p22,1,r 0.2 0.467 0.6 0.667 0.333 0

p22,2,r 0.4 0.333 0.267 0.333 0.4 0.733

p22,3,r 0.4 0.2 0.133 0 0.267 0.267

p23,1,r 1 0.333 0.2 0.6 0.133 0.533

p23,2,r 0 0.4 0.6 0.4 0.467 0.267

p23,3,r 0 0.267 0.2 0 0.4 0.2

p11,r 0.267 0.333 0 0.4 1 0.133

p12,r 0.4 0.6 0.133 0.6 0 0.4

p13,r 0.333 0.067 0.867 0 0 0.467

p21,r 0.2 0.933 0.867 0.467 0.4 0.2

p22,r 0.6 0.067 0.133 0.067 0.467 0.333

p23,r 0.2 0 0 0.466 0.133 0.467

AB; 4 D 4 q�B�O, 	��Ai	�� a2 � a5 � a4 � a3 � a1 � a6.
"�C�F��
�#, r��`����DE��N�7
>K�, 2=�ÆH	���1
, :

;CMB�����	�J�/^��P���G!�.
 6B �������?2	�H;[���������"�G? (13) �O, �$ c11, · · · , c23 �

� τ11, · · · , τ23 ���"��Y�:
τ11 = F11(u11(c11), u12(c12), · · · , u23(c23)),

...
τ23 = F23(u11(c11), u12(c12), · · · , u23(c23)).



730 - . 2 3 & ! 2 ) + � 30�

��,  :<�	���=���s
p�=, �C��"�#��:���
F11, · · · , F23, u11, · · · , u23 B5���
J�;F, � 3>
J��;D�
���<CMB���	�k&.�
��$�� τ11, · · · , τ23 7�����
$[� (�	�) �������.

m 4 kll_:p g1 x g2 mopq\6rÆiskl\yzi
6r U

(g1)
r U

(g2)
r Ur

a1 46.67 50 89.67

a2 63.33 96.67 150.5

a3 6.67 93.33 99

a4 70 50 109.5

a5 100 63.33 148.33

a6 33.33 36.67 65

+�$�� τjk(j = 1, 2; k = 1, 2, 3) ��	� ar ���� τr,jk(τr,jk > 0), % 6B? (8)�(10) �
��Y"; 2 �; 4 0@�	�">�$����bd=;�	��������;�O:⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

φ(53.33τ1,11 + 40τ1,12 + 50τ1,13 + 56.67τ1,21 + 40τ1,22 + 100τ1,23) = 89.67
φ(36.67τ2,11 + 60τ2,12 + 83.33τ2,13 + 76.67τ2,21 + 66.33τ2,22 + 63.33τ2,23) = 150.5
φ(66.67τ3,11 + 20τ3,12 + 40τ3,13 + 60τ3,21 + 73.33τ3,22 + 50τ3,23) = 99
φ(40τ4,11 + 63.33τ4,12 + 63.33τ4,13 + 36.67τ4,21 + 83.33τ4,22 + 80τ4,23) = 109.5
φ(63.33τ5,11 + 86.67τ5,12 + 23.33τ5,13 + 50τ5,21 + 53.33τ5,22 + 36.67τ4,23) = 148.33
φ(43.33τ6,11 + 30τ6,12 + 90τ6,13 + 50τ6,21 + 36.67τ6,22 + 66.67τ6,23) = 65

(14)

B�$�� τ11, · · · , τ23 ����$[��������,%? (14)#r�@"���$�� τr,jk �

��	�������. ;+0���$�� τr,jk 25�	����, S�$�
5����� τ ′
jk (τ ′

jk >

0), % 1? (14) �dY�:⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎩

φ(53.33τ ′
11 + 40τ ′

12 + 50τ ′
13 + 56.67τ ′

21 + 40τ ′
22 + 100τ ′

23) = 89.67
φ(36.67τ ′

11 + 60τ ′
12 + 83.33τ ′

13 + 76.67τ ′
21 + 66.33τ ′

22 + 63.33τ ′
23) = 150.5

φ(66.67τ ′
11 + 20τ ′

12 + 40τ ′
13 + 60τ ′

21 + 73.33τ ′
22 + 50τ ′

23) = 99
φ(40τ ′

11 + 63.33τ ′
12 + 63.33τ ′

13 + 36.67τ ′
21 + 83.33τ ′

22 + 80τ ′
23) = 109.5

φ(63.33τ ′
11 + 86.67τ ′

12 + 23.33τ ′
13 + 50τ ′

21 + 53.33τ ′
22 + 36.67τ ′

23) = 148.33
φ(43.33τ ′

11 + 30τ ′
12 + 90τ ′

13 + 50τ ′
21 + 36.67τ ′

22 + 66.67τ ′
23) = 65

(15)

c φτ ′
jk = τ ′′

jk, %? (15) ��=�Y��3�q	2�	�[:⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎩

53.33τ ′′
11 + 40τ ′′

12 + 50τ ′′
13 + 56.67τ ′′

21 + 40τ ′′
22 + 100τ ′′

23 = 89.67
36.67τ ′′

11 + 60τ ′′
12 + 83.33τ ′′

13 + 76.67τ ′′
21 + 66.33τ ′′

22 + 63.33τ ′′
23 = 150.5

66.67τ ′′
11 + 20τ ′′

12 + 40τ ′′
13 + 60τ ′′

21 + 73.33τ ′′
22 + 50τ ′′

23 = 99
40τ ′′

11 + 63.33τ ′′
12 + 63.33τ ′′

13 + 36.67τ ′′
21 + 83.33τ ′′

22 + 80τ ′′
23 = 109.5

63.33τ ′′
11 + 86.67τ ′′

12 + 23.33τ ′′
13 + 50τ ′′

21 + 53.33τ ′′
22 + 36.67τ ′′

23 = 148.33
43.33τ ′′

11 + 30τ ′′
12 + 90τ ′′

13 + 50τ ′′
21 + 36.67τ ′′

22 + 66.67τ ′′
23 = 65

(16)

D? (16) e, τ ′′
11 = 0.292, τ ′′

12 = 0.972, τ ′′
13 = −0.312, τ ′′

21 = 1.382, τ ′′
22 = 0.502, τ ′′

23 = −0.165.   
��!�O: τ ′

11 = 0.292/φ, τ ′
12 = 0.972/φ, τ ′

13 = −0.312/φ, τ ′
21 = 1.382/φ, τ ′

22 = 0.502/φ, τ ′
23 = −0.165/φ.

  φ > 0, � �$�� τ ′
13 = −0.312/φ < 0,τ ′

23 = −0.165/φ < 0. J=:�;+ts, 9��$��
τ11, · · · , τ23 7�����$[� (�	�) �������.

U�IE<C, ����L�������s,-, "�P#�QU���� �=��
�,  "
OFV#r�RY�=��QU���, � 9V����a��L������5����. ���, M
B����� AHP �5.����������3�	��=, �-4������3�	�A\�
�.  W, :��������	
, ;t;�;C;����C7��, U����
5������"
�P#�4�����5���], �L<�, �����/7���	
�=�=���� [11] .

7 L{

��"������� ������!!�"����#��
� AHP	�����	��5� 
�����92��n���MS�T�����	������	
. � , 9�����"�"���
��3, �?����/7��� AHP 0�����������	�����	������, �4
@�� AHP 	���	
��A AHP �=��5�����t8D����867
. �D� AHP �
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��	
���� AHP �����	�����	���	
, �B"U_���9$����	���
�/7 (�����2����;�������/7) �H[�, AB@���N���
������
/E, 
�����=	
����
�����
�3	��=�=;��, D����	�A\��
��� AHP ��	�. "�� AHP #, ����B5LAk��=;Mr������, ��Ak0
���H;[��������, ���[���. ���� AHP �5, �� AHP 	�5.���a�
n �����92��n����T����
��H���
����R7lm��H	��@
�R7�, �-9�M�D��0i����� AHP 	���	
. �F��
J;C, O	��6$I
��P���G!�.

u|}~
[1] Saaty T L. Decision Making with Dependence and Feedback: The Analytic Network Process[M]. Pittsburgh:

RWS Publications, 2001.
[2] Badiru A B, Pulat P S, Kang M. DDM: decision support system for hierarchical dynamic decision making[J].

Decision Support System, 1993, 10(1): 1–18.
[3] Wang Y M, Elhag T M S. An approach to avoiding rank reversal in AHP[J]. Decision Support System, 2006,

42(3): 1474–1480.
[4] Wang Y M, Luo Y. On rank reversal in decision analysis[J]. Mathematical and Computer Modelling, 2009,

49(5–6): 1221–1259.
[5] Leung L C, Cao D. On the efficacy of modeling multiattribute decision problems using AHP and Sinarchy[J].

European Journal of Operational Research, 2001, 132(1): 39–49.
[6] Ramanathan R. Data envelopment analysis for weight derivation and aggregation in the analytic hierarchy

process[J]. Computers & Operations Research, 2006, 33(5): 1289–1307.
[7] Stam A, Duarte Silva A P. On multiplicative priority rating methods for the AHP[J]. European Journal of

Operational Research, 2003, 145(1): 92–108.
[8] ssv. ust2tutvt [M]. uw: uw&v+�vw�, 1985.

Wang P Z. Fuzzy Sets and Stochastic Sets Projection[M]. Beijing: Beijing Normal University Press, 1985.
[9] (wu. qnxx&!2wuxv*w�yy (VIII)[J]. us-.2w�, 1995, 9(3): 1–9.

Li H X. Factor spaces and mathematical frame of knowledge representation (VIII)[J]. Fuzzy Systems and Math-
ematics, 1995, 9(3): 1–9.

[10] z�x. vyQMx&2z��'- [J]. -.23&!2)+, 2000, 20(3): 1–11.
Liu W Q. The ordinary variable weight principle and multiobjective decision-making[J]. Systems Engineering —
Theory & Practice, 2000, 20(3): 1–11.

[11] ({y, (wu. noQM,{*wy2zz [J]. uw&v+��Æ: (���w, 2002, 38(4): 455–461.
Li D Q, Li H X. The properties and construction of state variable weight vectors[J]. Journal of Beijing Normal
University: Natural Science, 2002, 38(4): 455–461.

[12] ({y, |{|, (wu. ){RSQM*zqn'- [J]. -.23�Æ, 2004, 19(3): 258–263.
Li D Q, Cui H M, Li H X. Multifactor decision making based on hierarchical variable weights[J]. Journal of
Systems Engineering, 2004, 19(3): 258–263.

[13] ({y, (wu. QM'-�QMx|�Q2noQM,{*z} [J]. }|2'-, 2004, 19(11): 1241–1245.
Li D Q, Li H X. Analysis of variable weights effect and selection of appropriate state variable weights vector in
decision making[J]. Control and Decision, 2004, 19(11): 1241–1245.

[14] }{, y|, ~~. QM~}*}~z{"� [J]. |+~u}~, 2006, 22(7–1): 261–263.
Zhang R, Wang P, Ding L. Some issues on variable weight synthesis[J]. Microcomputer Information, 2006, 22(7–
1): 261–263.

[15] Scholl A, Manthey L, Helm R, et al. Solving multiattribute design problems with analytic hierarchy process
and conjoint analysis: An empirical comparison[J]. European Journal of Operational Research, 2005, 164(3):
760–777.

[16] Moskowitz H R, Silcher M. The applications of conjoint analysis and their possible uses in sensometrics[J]. Food
Quality and Preference, 2006, 17(3-4): 145–165.

[17] Ida T, Kinoshita S, Sato M. Conjoint analysis of demand for IP telephony: The case of Japan[J]. Applied
Economics, 2008, 40(10): 1279–1287.

[18] Winterfeldt D V, Edwards W. Decision Analysis and Behavioral Research[M]. Cambridge: Cambridge University
Press, 1986.

[19] Loewena P D, Wang X F. On the multiplicity of Dini subgradients in separable spaces[J]. Nonlinear Analysis,
2004, 58(1–2): 1–10.


