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additive fuzzy measures

WU Jian-zhang1,2, ZHANG Qiang1

(1. School of Management and Economics, Beijing Institute of Technology, Beijing 100086, China; 2. School of Management

Science and Engineering, Shijiazhuang University of Economics, Shijiazhuang 050031, China)

Abstract In order to face with the two main problems of applying the fuzzy integrals based multicriteria

decision making (MCDM) in real applications, this paper explains the visual representation and decision

meaning of the interaction between decision criteria in terms of the equivalent curve of the decision alterna-

tives, proposes a new algorithm to identify 2-order additive fuzzy measures based on the diamond pairwise

comparisons (DPC). The correctness of the algorithm is proved. Then, with the identified 2-order additive

fuzzy measures, this paper presents a method in which Choquet integral is take as an aggregation function

to integrate the evaluation of the alternatives. Finally, an illustrative example is given to demonstrate the

practical feasibility and validity of the proposed method.
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�=,2	�, "������4�	
����������. �
 [9] ��� λ 	
��, 3! 
�� n 	 �, �����	
��3��-4
�'��> !��, $ ?.5(�4� !��,  
?.5(�6� !��, =/�	
����-��. �
 [12] ��� k- @A	
��, 0� k �5A,
	
��� ��6�, �����B61, 2-@A���32C�
��3�7 $� 2 	
�' !$,
"D��
�!#$�����('�E7, �������4@. �
 [11, 13] �	
��C�� !�
���8F956:G��7�('8G8���;�H�9, <�3�7 $� !$��������
�(. �
 [14–16] =���:;
�I9�J��� k-@A����<��. :>�� Takahagi[17] �K
� φ(s) 8GC�� !���L>�;���Æ��?	
��,�2	#�M�!#@<, Æ�#��4
�$N!��A�9.

� !�����=>�����, �
 [13, 18]�(� !����>������C Choquet��
�3;�	
�
�=��
�3�7 $� !��('�'�. �
 [17] ��B�C>���O�

�9M�� (Diamond pairwise comparisons, DPC), ���
�
�'�7 $� !���-��	O
��, �?+
�O�
�9M�����<�(���, %;"1���=>.

>��>@�
��C>, �O�
�9M��������;, =��
�' !$�&*?
��
%('�-�, ������� 2-@A	
���@��,�D� Choquet ����E
����
�
�
��.

2  A!"

�
�
�
���?�����@�: A X �B
�
�E
�;���, |X | = n, Y �BPC�
%E
�;���, |Y | = m. PC�% yj(j = 1, 2, · · · , m) �
�
� xi(i = 1, 2, · · · , n) =B*�?�Q
� gj : X → [0, 1] ��-, BB@� m 	PC�%� n 	
�
�=
�RD D = [gj (xi)]m×n. �
�

�
�C �
��?+EJ
�RD D �PC��DF, �D��G&�%.

F���
�
���GGH�	EFS8G7FS8;FAGFS&��TI@A���H$		,
"<�
		UV�
�'3!JV8!KHI8!K L�WAJ�(>. ����
����	
�

�'KK�3!EX83!'-�. �;IY@LÆ(��
�
�' !��, Sugeno[9] � 1974 ���
�	
���MZ.

#$ 1[9] A X ��;���, P (X) �- X �[�, M�Q� µ : P (X) → [0, 1] \J=]N^:

i) µ(∅) = 0, µ(X) = 1;

ii) A ∈ P (X), B ∈ P (X), A ⊆ B ⇒ µ(A) ≤ µ(B),

�N µ ��>� (X, P (X)) >�	
��.

�_HO`, >�� µi, µij , µK , µKL �P�- µ({xi}), µ({xi, xj}), µ(K), µ(K ∪ L).

	
���M/�QR$KOPS�TI����@A$KO, T@A$�	
���� QL. �
|X | = n �, TI��:; n 	 �, D	
���K� 2n 	 ��Y@�� X �MR'�3!'�. "
S�	
���%;��1�T$Y@���U�, ��
�5A�����
������?�!#$.
��
"�
�, Grabisch[12] UVVWQ�CF956:G��, ��� k-@A	
��, �	
���!
#$��-������N�.

#$ 2 N�?Q� f : {0, 1}n → R �VVWQ�, �� {0, 1}n �-C; n WVWX��.8.

�
 [11] O�	
�����QY�VVWQ�, $	
��@��#?=F956:G�-
VV
WQ����: MA X = {x1, x2, · · · , xn}, � ∀A ∈ P (X),

µA =
∑

T∈P (X)

[aT Π
xi∈T

βi] (1)

��, aT =
∑

K⊂T

(−1)|T\K|µK , N�F956:G��. βi �VW:�, βi = 1 ⇔ xi ∈ A. � T = {xi} �,

aT _a� ai. � T = {xi, xj} �, aT _a� aij .

#$ 3 N�>� (X, P (X)) >�	
�� µ � k-@A	
��, ?X��
�VVWQ���	 k

YH$�Z�, $, � ∀T ∈ P (X), M |T | > k, ; aT = 0; <[ ∃T0 ∈ P (X), |T0| = k, S� aT0 �= 0.



� 7�  2�, Z: 0P 2-bc6Æ[\]^QR7,+_ 1231

\], �� 2-@A��, ∀A ∈ P (X), ;

µA =
n∑

i=1

aiβi +
∑

{xi,xj}⊂X

aijβiβj , �� βi = 1 ⇔ xi ∈ A (2)

B�> 1 @S: � (X, P (X)) >, ?X |X = n|, ����?	
��! Æ 2n 	 �, $ X ��+�
		��	
��?`! =�. �,�� k-@A��,� k < n�,! ��� �	��

∑k
j=1

(
n
j

)
< 2n.

9?,� k = 1�,B�TI�@A��,3! �� n	 �. � k = 2�, 2-@A��! �� [n(n + 1)]/2
	 �. 2-@A����
�	��!#$U�"D�a9����d�$, �B����;���
�.

��
�
�eT�, 	
��@�^UY@
�
�'�3�7 $� !��.
#$ 4[11] A µ ��>� (X, P (X)) >�	
��, N

IT =
n−|T |∑
k=0

ξ
|T |
k

∑
K⊂X\T,|K|=k

∑
L⊂T

(−1)|T |−|L|µKL, �� ξp
k =

(n − k − p)!k!
(n − p + 1)!

(3)

� X ���	� T � !Ob.
QPc, � T = {xi} �, IT N�MR xi � Shapley ?, $MR�3�7 $, a� Ii. [B� (3) V�∑n

i=1 Ii = µ(X) = 1. � T = {xi, xj} �, IT N�MR xi �MR xj � !Ob?, a� Iij .
#% 1 A µ ��>� (X, P (X)) >�	
��. �� |X | = 2 �, ; u1 = I1 − 1

2I12, u2 = I2 − 1
2I12.

&' B�> 4 � I1 = 1
2 (1 + µ1 − µ2), I2 = 1

2 (1 + µ2 − µ1), I12 = 1 − µ1 − µ2. d u1 = I1 − 1
2I12,

u2 = I2 − 1
2I12.

B	
����>@S, 0 ≤ u1 ≤ 1, 0 ≤ u2 ≤ 1, dB�� 1 @� !Ob? I1, I2, I12 '(�?='
�.
() 1 � |X | = 2 �, ; −min(I1, I2) ≤ 1

2I12 ≤ min(I1, I2).
#% 2[11] A X ��;��, µ ��>� (X, P (X)) >�	
��. � µ �
�F956:G�� a

� !Ob I ('�%;?='�:

IT =
n−|T |∑
k=0

1
k + 1

∑
K⊂X\T,|K|=k

a(T∪K), ∀T ⊂ X (4)

\], �� 2-@A��, F956:G�� a � !Ob I (';?='�
V.
() 2 �� 2-@A��;: ai = Ii − 1

2

∑
xj∈X\xi

Iij , aij = Iij , [� |T | > 2 �, aT = IT = 0.
#% 3 A a �;��� X >�F956:G, aT _����	 2 @A	
��, �[f�:
i) a∅ = 0,

∑
A∈P (X)

aA = 1;

ii) �� ∀A ∈ P (X), ; ∑
xi∈T,T⊂A

aT ≥ 0;

iii) M |T | > 2, ; aT = 0, <[ ∃T0 ∈ P (X), |T0| = 2, S� aT0 �= 0.
@�9(, �� 3 �N^ i)8ii) ��> 1 �N^ i)8ii) &*, $�Pa9�	
���eg$N^�Q

R$N^, %89(#�@ h�
 [19]. �� 3 �N^ iii) �S	
��\J 2-@A$.
��	
��� Choquet ������TH$�
		, ����
�
�'(� !��&'-$

��
�
�
�� [2].
#$ 5 A µ ��>� (X, P (X)) >�	
��, g ��>� X >��?@�Q�, � g '� µ �

Choquet ���>�

(c)
∫

g dµ =
∫ 0

−∞
[µ(Gα) − µX ] dα +

∫ ∞

0

µ(Gα) dα,

��, Gα = {x|g(x) ≥ α}, α ∈ (−∞,∞).
Choquet ��� Lebesgue ���Wf`�, �	
��@A�, Choquet ���gNX
 Lebesgue �

�.
� X = {x1, x2, · · · , xn} �;����, Choquet ��?�

(c)
∫

g dµ =
n∑

i=1

(g(x(i)) − g(x(i−1)))µ(A(i)) (5)
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��, x(i) �-��� X �MRh��
�Q� g P?��7@DFi�i i 	MR, $; 0 ≤ g(x(1)) ≤
g(x(2)) ≤ · · · ≤ g(x(n)), g(x(0)) = 0, A(i) = {x(i), · · · , x(n)}.

3 *+Y,Z-./01~23456

?X
�
���3;�	MR,� 2-@A	
��B&U��?	
��,MR'� Shapley? (I1, I2)
� !�� I12 "aV��$�-��. Grabisch��
 [18]��O�b (?b 1 C-) �Y@ Choquet �
�� I1, I2, I12, g(x1), g(x2) ('�-�. B !��('���'�C Choquet ����>, @�`��
b 1(a) C-�[b�=, Choquet ��?@�-�b 1(a) C-�O�Ceg [18].

0 11/2

1

1

I1

Iij

g(x1)

Choquet

Integral

min (g(x1),g(x2))

max (g(x1),g(x2))

g(x2) 0 11/2

1

1

Ii

. X
Iij

A B

C

D
 

(a)                                                (b) 

7 1 Choquet 89:;7<:;\=]>?Æ (DPC)

Takahagi ���
 [17] ���O�b��A���O�
�9M��, j^
��$c���	
�

� xi, xj(1 ≤ i, j ≤ n) ('3!7 $ Ii, Ij C !�� Iij �P?, ?b 1(b) C-. �b 1(b) �, j_
�- Ii P?, Ij @�B&� Ij = 1 − Ii ��, `_�-
� xi � xj ('� !�� Iij . 
���b 1(b)
��O� ABCD ����kB@�_�Y@�	
�('�3�7 ��C !��.

k?, k X(1
3 , 1

2 ) �- Ii = 1
3 , Ij = 1 − 1

3 = 2
3 , Iij = 1

2 .

K�O�
�9M����
�
�'�3!7 $�F�� AHP ���a, �
��9Mcd�.
�
�
�'� !������$=>Ub 1(b) "#X
�����(. =���b 2 ��( !��
�P?C8���
��%�&*?eH('�'�.

2

1

A B

C D 2

1

A B

C D 2

1

A B

C D

(a) (b) (c)

7 2 @AbBCDEF}GHIJKL

�lm�	
�
� 182, f	PC�% A8B8C8D �gn. WA�	
�
�('�7 $��a
�, $ I1 = I2 = 0.5, f	�%�
�
�=P?
''�?b 2 C-. b 2(a)8(b)8(c) �P�-7�Ic
�B*�X: �b 2(a) g�=, 
��4� A8B8C �&*�)�%, D �G&�%; �b 2(b) g�=, 

��4� A �G)�%, B8C8D �&*�G&�%; �b 2(c) g�=, 
��4� A �G)�%8B8C
�&*�Y&�%, D �G&�%. BB@�, 7�g�=�&*?eH, Bb 2(a)8(b)8(c) ��HC-. �
g� (a) =, �	
�
�('(�4 !�� (I12 = 1), $Q	
�
��7 $3���	
�
��
d87 $��"', Q	ObC����%'�&)hFKi�+��, 3;�	Ob-�l�e�4�
�B*, N
�
�('�!m�'�. �g� (b) =, �	
�
�('(�6 !�� (I12 = −1), $Q
	
�
��7 $3���	
�
�-�i�d87 $op��a�,�	
�
��-�opKn
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��%'&)DF��+:o, N
�
�('�jf�, &kS�'�. �g� (c) =, �	
�
�('
K(� !�� (I12 = 0), $Q	
�
��7 $(�&��	
�
��d87 , N
�
�('�
JV�'�. ! �(��, �>�@&*?
eH`�� Choquet ����
��
		
�gn=&*PC�%E
�.

��
�3�G7�a�, �	
�
�
� !��P?�P� –1 � 1 ('o	ql
?�, 
��%'�&*?eHBb 3 C-.

4  M*+Y,Z-N.O 2-PQ
RSgTUVN.
��O�
�9M��� 2-@A	
�

����� (�=_N�	� *) �%8Ah
?=:

2

1

I = 1. 00
I = 0. 75
I = 0. 50
I = 0. 25
I = 0. 00
I = -0. 25
I = -0. 50
I = -0. 75
I = -1. 00

7 3 EFWX<Yi?jHZ[\]^_`H=abW

kc 1 K�O�
�9M���
�
�� X � n 	
�
���
�9M, �4
�
���('
�7 $��RD

P =
[
Iij
i

]
n×n

, 0 ≤ Iij
i ≤ 1, i, j = 1, 2, · · · , n (6)

��, Iij
i �-�
�
� xi, xj ����9M�
�
� xi �3!7 $. \], Iij

i = Iji
i , Iii

i = 1.

U�, @��� !����RD
Q = [Iij ]n×n , i, j = 1, 2, · · · , n [ i �= j (7)

kc 2 B7 ��RD P Æ�3�7 $RD
C = [cij ]n×n , �� cij = Iij

i

/
Iij
j (8)

kc 3 K�G
QLX��Æ�4
�
� xi �3�7 $��X� I∗ = (I∗1 , I∗2 , · · · , I∗n). pJ I∗

�RD Q ��:G, �
�
� xi, xj '@� !��RD Q∗ =
[
I∗ij
]
n×n

, ��

I∗ij = sgn(Iij)min

(∣∣∣∣∣ I∗i Iij

(n − 1)Iij
i

∣∣∣∣∣ ,
∣∣∣∣∣ I∗j Iij

(n − 1)Iij
j

∣∣∣∣∣
)

, i, j = 1, 2, · · · , n [ i �= j (9)

\], I∗ij = I∗ji.

kc 4 � |T | > 2 & T = ∅ �, r I∗T = 0. K�`� 2 @B !Ob?Æ�C;F956:G�� aT ,
T �
�
�� X ���	�.

kc 5 K�	
���F956:G����
'�, $� (2), �
�
�� X ���	��	
�
�.

=�9(	� * CÆ��	
��� 2-@A	
��. mn=��=l�.

d% 1 ��=� T ∈ P (X), B	� * ��� !Ob\J?=K&�:

I∗i − 1
2

∑
xj∈T C

I∗ij +
1
2

∑
xj∈T\xi

I∗ij ≥ 0, �� i, j = 1, 2, · · · , n [ i �= j (10)

&' B`� 1 @� −min(Iij
i , Iij

j ) ≤ 1
2Iij ≤ min(Iij

i , Iij
j ), �;

−I∗i min(Iij
i , Iij

j )

(n − 1)Iij
i

≤ I∗i Iij

2(n − 1)Iij
i

≤ I∗i min(Iij
i , Iij

j )

(n − 1)Iij
i

,

$

− I∗i Iij
i

(n − 1)Iij
i

≤ I∗i Iij

2(n − 1)Iij
i

≤ I∗i Iij
i

(n − 1)Iij
i

,

d − I∗
i

(n−1) ≤ I∗
i Iij

2(n−1)Iij
i

≤ I∗
i

(n−1) . S�� (9) @�

− I∗i
(n − 1)

≤ 1
2
I∗ij ≤ I∗i

(n − 1)
(11)
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d, ��=� T ∈ P (X), ;

− (n − 1)I∗i
n − 1

≤ −1
2

∑
xj∈T C

I∗ij +
1
2

∑
xj∈T\xi

I∗ij ≤ (n − 1)I∗i
n − 1

,

$

I∗i − 1
2

∑
xj∈T C

I∗ij +
1
2

∑
xj∈T\xi

I∗ij ≥ 0.

 9(	� * CÆ��	
��� 2-@A	
��, 3!9(C���F956:G�� aT \J��
3 � Æ$@.

#% 4 B	� * ���	
��� 2-@A	
��.

&' B`� 2 @�, ai = I∗i − 1
2

∑
xj∈X\xi

I∗ij , aij = I∗ij , [� |T | > 2 �, aT = I∗T = 0. =�9(	� *

C���F956:G�� aT \J�� 3 C Æ�7	N^.

i) \] a∅ = 0. s,∑
A∈P (X)

aA =
∑

xi∈X

ai +
∑

{xi,xj}∈X

aij =
∑

xi∈X

(
I∗i − 1

2

∑
xj∈X\xi

I∗ij

)
+

∑
{xi,xj}∈X

I∗ij

=
∑

xi∈X

I∗i − 1
2

∑
xi∈X

∑
xj∈X\xi

I∗ij +
∑

{xi,xj}∈X

I∗ij =
∑

xi∈X

I∗i = 1.

ii) �� ∀A ∈ P (X), ;∑
xi∈T,T⊂A

aT = ai +
∑

xj∈A\xi

aij = I∗i − 1
2

∑
xj∈X\xi

I∗ij +
∑

xj∈A\xi

I∗ij = I∗i − 1
2

∑
xj∈AC

I∗ij +
1
2

∑
xj∈A\xi

I∗ij .

Bl� 1 � (10) @�,
∑

xi∈T,T⊂A

aT ≥ 0.

iii) \], M |T | > 2, ; aT = 0. <[, ��
�
�'(� !$, ��(� xi0 , xj0 ∈ X , S�
I∗i0j0

�= 0, �D ai0j0 �= 0.

dB�� 3 @�, 	� * @�_����	 2-@A	
��.

5 efgh

lmU 4 tq
o Y = {y1, y2, y3, y4} �B*�Guq
o, 
�
��� X = {x1, x2, x3, x4, x5}, �
�, x1 �rpm�, x2 rp*fCqvs�, x3 rr�T$, x4 I
�', x5 �ncsCop.

WAt�
�
�
��
�RD�

D =

⎡
⎢⎢⎢⎣

0.91 0.54 0.56 0.72 0.84
0.94 0.83 0.78 0.51 0.87
0.70 0.84 0.45 0.62 0.78
0.47 0.62 0.50 0.55 0.53

⎤
⎥⎥⎥⎦ (12)

kc 1 K�O�
�9M���
�
�����9M, �7 $��RD

P =

⎡
⎢⎢⎢⎢⎢⎢⎣

1 0.6527 0.5150 0.7164 0.5811
0.3473 1 0.3945 0.4527 0.3612
0.4850 0.6055 1 0.5940 0.5213
0.2836 0.5473 0.4060 1 0.5725
0.4189 0.6388 0.4787 0.4275 1

⎤
⎥⎥⎥⎥⎥⎥⎦

(13)

C !$��RD

Q =

⎡
⎢⎢⎢⎢⎢⎢⎣

− +0.4012 +0.2300 +0.1402 +0.1231
+0.4012 − +0.3215 +0.1534 +0.3241
+0.2300 +0.3215 − +0.2458 −0.0745
+0.1402 +0.1534 +0.2458 − −0.1752
+0.1231 +0.3241 −0.0745 −0.1752 −

⎤
⎥⎥⎥⎥⎥⎥⎦

(14)
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kc 2 pJ� (8) CRD P @�
�
��3�7 $RD

C =

⎡
⎢⎢⎢⎢⎢⎢⎣

1 1.8794 1.0619 2.5261 1.3872
0.5321 1 0.6515 0.8272 0.5654
0.9417 1.5349 1 1.4631 1.0890
0.3959 1.2090 0.683 1 1.3392
0.7209 1.7685 0.9183 0.7467 1

⎤
⎥⎥⎥⎥⎥⎥⎦

(15)

kc 3 RD C �G
QLX�� (ω1, ω2, · · · , ω5)T = (0.2863, 0.1329, 0.2255, 0.1664, 0.1889)T, $4

�
� xi �3�7 $���P�: I∗1 = 0.2863, I∗2 = 0.1329, I∗3 = 0.2255, I∗4 =, 0.1664, I∗5 = 0.1889.

K�� (9) �RD Q ��:G, 9?,

I∗12 = sgn(I12)min
(∣∣∣∣ I∗1 I12

(n − 1)I12
1

∣∣∣∣ ,
∣∣∣∣ I∗2 I12

(n − 1)I12
2

∣∣∣∣
)

= min
(∣∣∣∣ 0.2863× 0.4012

(5 − 1) × 0.6527

∣∣∣∣ ,
∣∣∣∣ 0.1329× 0.4012
(5 − 1) × 0.3473

∣∣∣∣
)

= 0.0384.

Æ�@� !��RD

Q∗ =

⎡
⎢⎢⎢⎢⎢⎢⎣

− 0.0384 0.0267 0.0140 0.0139
0.0384 − 0.0271 0.0113 0.0240
0.0267 0.0271 − 0.0233 −0.0073
0.0140 0.0113 0.0233 − −0.0127
0.0139 0.0240 −0.0073 −0.0127 −

⎤
⎥⎥⎥⎥⎥⎥⎦

(16)

kc 4 � |T | > 2 & T = ∅ �, r I∗T = 0. B`� 2 @BRD Q∗ Æ�C;F956:G�� aT .
k?, a1 = I∗1 − 1

2

∑
xj∈X\x1

I∗1j = 0.2863− 1
2 (0.0384 + 0.0267 + 0.0140 + 0.0139) = 0.2398.

� 1 ]��Gq����F956:G�� aT .

r 1 i]jkslWXm\r
&t a1 a2 a3 a4 a5 a12 a13 a14 a15 a23 a24 a25 a34 a35 a45

ut 0.2398 0.0825 0.1906 0.1485 0.1800 0.0384 0.0267 0.0140 0.0139 0.0271 0.0113 0.0240 0.0233 –0.0073 –0.0127

kc 5 B	
���F956:G����
'�, $� (2), @�
�
�� X ���	��	
�
�?, h� 2.

r 2 noupHm\qr
A µA A µA A µA A µA

∅ 0 {1,4} 0.4023 {1,2,3} 0.6051 {2,4,5} 0.4335

{1} 0.2398 {1,5} 0.4337 {1,2,4} 0.5345 {3,4,5} 0.5223

{2} 0.0825 {2,3} 0.3002 {1,2,5} 0.5786 {1,2,3,4} 0.8022

{3} 0.1906 {2,4} 0.2423 {1,3,4} 0.6429 {1,2,3,5} 0.8157

{4} 0.1485 {2,5} 0.2865 {1,3,5} 0.6437 {1, 2,4,5} 0.7396

{5} 0.1800 {3,4} 0.3624 {1,4,5} 0.5834 {1, 3,4,5} 0.8280

{1,2} 0.3607 {3,5} 0.3633 {2,3,4} 0.4833 {2, 3,4,5} 0.6672

{1,3} 0.4571 {4,5} 0.3157 {2,3,5} 0.4969 {1,2, 3,4,5} 1

kc 6 EJ� 2 ���J, K� Choquet ��v�
�RD, � 4 tq
oGqB*�X
E1 = (c)

∫
g1dµ = [0.54 × µX ] + [(0.56 − 0.54)× µ1345] + [(0.72 − 0.56)× µ145]

+ [(0.84 − 0.72)× µ15] + [(0.91 − 0.84)× µ1] = 0.7187,

E2 = (c)
∫

g2dµ = 0.7851, E3 = (c)
∫

g3dµ =0.6383, E4 = (c)
∫

g4dµ =0.51.

d, y2 � y1 � y3 � y4, i 2 tq
o�G&Cv.
?X��>k=��7 $RD (� (13)) C !$RD (� (14)) ��J, K� Takahagi� 2008��

����Æ��	
��?� 3 C-, %8w	#�@ h�
 [17].
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r 3 st [17] uvwHwÆxyHnoup\
A µA A µA A µA A µA

∅ 0 {1,4} 0.3615 {1,2,3} 0.6162 {2,4,5} 0.4057

{1} 0.1942 {1,5} 0.3828 {1,2,4} 0.4959 {3,4,5} 0.4703

{2} 0.0977 {2,3} 0.2562 {1,2,5} 0.5192 {1,2,3,4} 0.8361

{3} 0.1493 {2,4} 0.2519 {1,3,4} 0.6366 {1,2,3,5} 0.8645

{4} 0.1412 {2,5} 0.2716 {1,3,5} 0.6621 {1, 2,4,5} 0.6784

{5} 0.1592 {3,4} 0.3097 {1,4,5} 0.5281 {1, 3,4,5} 0.8357

{1,2} 0.3127 {3,5} 0.3303 {2,3,4} 0.4318 {2, 3,4,5} 0.6067

{1,3} 0.4368 {4,5} 0.3217 {2,3,5} 0.4542 {1,2, 3,4,5} 1.0005

EJ� 3 ��=��	
��?, K� Choquet ��v�
�RD (� (12)), @�B*�X�: E′
1 =

0.69, E′
2 = 0.80, E′

3 = 0.60, E′
1 = 0.51, d; y2 � y1 � y3 � y4, i 2 tq
o�G&Cv.

@h����B*�X�U.
=��B������	
��?���$�9, ?b 4 C-.

7 4 r 2 <r 3 xyHnoup\=]7

@�x�, �������	
��;���ux. vw	���KUw, 2-@A	
����?	

���>�KU��wUux(��X�. �>����	���
 [17] �����39, w	� '�
�, 8�� 2-@A	
���a9v��X
���U�, �x�
�#��_V$�@y�$.

6 z{

��
�
�
�
��, 	
���"D�8�LÆ(��
�
�('� !��, �B�	
�
���	��!#$C !��#��$�����, S����
������
��%. y�"�	

�, >���O�
�9M��, K�
��%&*?eH� !������, ������� 2-@A	

���@��, y(� Choquet 	
��3��, EU���@��
�
���, <����4�$�
����>�9. B��@�;Icj^
���
�
�'� !$��M�
�8�$�Y@���.
�#�k�9@�x�, �������Gq�%DF�Xx.3U, �>�������_Q$8
�$
>;���&y. ! O���, �BO�
�9M����� !��8G
Gq� !���, >�3
�Cv��M�az�8G�z, �z�z�{�;I8_Q�8G��, y�i{����X.
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