
� 38�� 8� ��������� Vol.38, No.8

2018 � 8 � Systems Engineering — Theory & Practice Aug., 2018

doi: 10.12011/1000-6788(2018)08-2079-09 ������: C934 �����: A

�������	
����
��Æ

���, ���

(��	
��
�
���� �������	, �� 210007)

� � ������
���� �!"��
#$���%&, �'
� ()*+,-, .
/
�0�12345(#6���7�, 89�:;<=�12#�>� �'=�12<;
#��>� . ./
�0�?@12345(#
���7�, ��
?@�!"#��%&7
�, "AB/��� �#�>C��>� , 8D�?��� #
��EF�)G. ./#7
�HIJ@KLM#7N �'O!#P" , Q���3##
���,-.RJS>7�$
TUÆV.

��� 
���; ?@12345(; 6���; 7N 

A consensus decision making model with personalized interval
composite scales

HUANG Haiyan, LIU Xiaoming

(Institute of Command Information System, Army Engineering University of PLA, Nanjing 210007, China)

Abstract Considering that different people are different in their linguistic preference and in order to

determine the consensus state for supporting consensus decision making, this paper first proposes an

interval composite scale based 2-tuple linguistic model, which realizes the process of translation from

word to interval numerical and the process of retranslation from interval numerical to word. A consensus

decision making model with personalized interval composite scales is proposed, which can provide different

linguistic representation models for different decision-makers. This model includes a semantic translation

and retranslation phase during decision process and determines the consensus state of the whole decision

process. These models proposed take into full consideration that human language contains fuzziness and

usually real-world preferences are uncertain, and provide efficient computation models to support consensus

decision making.

Keywords consensus decision making; personalized interval composite scale; linguistic 2-tuple; fuzziness
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���	

����, ��� [1] (computing with words, CWW) 	�	����, ��
����
��, ��������	�	 [2−4] �����
���	�	 [5−7]. �������	������	
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��, � ���
�	���/��"	 [8].

�,	��13����	��"��	

�	-.,/0,1Æ������0
�	2�23,1

����0
��4����
�234�,3��,  ��5�51
67�	
�	"�6� [9], 7�

45���	4�5��8	859�, �2������859�	�0
���, �:
6�6���

	"�"����
��
	���; 56�;<=�)7�, >8 Yager�2	���9: [10], 97 17

�, �
���;<8�;7��7��		��, �2:5	�)	
��, �=	?���9�	
7

�	�)*66:;@, �A��B>?Æ, C+	
�>8	
23�,;D9�E<@, 5=�A�A

�
6>Æ9�	
7�.

b 1 Yager - CWW ./

2 0c123456def7g

1B���CFD?�2	��859�	�0
��� [11], /�Æ�2	��859��A�G.

� �H��0
����	 0 ∼ n 9���23�EFI�23@A	
�, �2G:J5��#��

�	859�, �2G��859�	�0
���. �
��, 45859�, B
�	�08 (si, ρ) ��

�	
�	
�<@23.

9h 1 
��
� S[11]

S /
��
KL	�5 {si}, �� si /
��
, ��9 i ∈ [0, g] C9D, s0 < sg MN��	


����		<@:	�<<4<, S �
��
	DH/ g + 1, � S / g + 1 I. 1Æ�	 g �E/F

D,  GJ>8��!�� S ��/ 3∼9 I, = g C 2∼8. �
6, HI�!���. � 7 I/A, g = 6,

S={s0, s1, s2, s3, s4, s5, s6} = {HC, C, JC, Y B, JH, H, HH},�� “HC, C, · · · , HH”OJKMN�� “1

", ", �", �P, �
, 
, 1
”.

9h 2 ��859�	�0
�<@�
 (si, ρ)

J si ∈ S ���
��
, ���	�08��JK7��	LDMQ:

θ(si) = (si, 0), si ∈ S. (1)

/G:�R6�
�<@236:��, �	�08 (si, ρ) ∈ S′ = S × [−0.5, 0.5), �� si ∈ S, ρ ∈
[−0.5, 0.5). 0>, /?SHT�R�@�, �<@: v ∈ V 6:GU�;4�, �, v ∈ V = [−1, 1],  G


��	��A8�
		
L���, �N��	�<@�
��VWOB	!�, 7�, g /FD, g + 1

/
��
��0M�D.

9h 3 ��859�	<@:!�0
�<@�
	CN Δ : V → S′

J�D v ∈ [−1, 1] /�
	
�<@4P:, =K7��	LD Δ 5EQ� v ��	�0
�<@�


:

Δ : [−1, 1] → S × [−0.5, 0.5),

Δ(v) = (si, ρ) =

⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

si, i =

⎧⎨
⎩

g

2
+ round(loga((a

g
2 − 1)v + 1)), 0 ≤ v ≤ 1,

g

2
− round(loga(|v| (a g

2 − 1) + 1)), −1 ≤ v < 0.

ρ =

⎧⎨
⎩

loga((a
g
2 − 1)v + 1) +

g

2
− i, 0 ≤ v ≤ 1,

−loga(1 − (a
g
2 − 1)v) +

g

2
− i, −1 ≤ v < 0.

ρ ∈ [−0.5, 0.5).

(2)

round � “OPDQ” C9@�.

9h 4 ��859�	�0
�<@�
!<@:	CN Δ−1 : S′ → V

J (si, ρ) ����0
�<@�
, =K7��LD Δ−1 J���0
�<@�
 (si, ρ) �;/��
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	D: v ∈ [−1, 1], �:

Δ−1 : S × [−0.5, 0.5) → [−1, 1],

Δ−1(si, ρ) = v =

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

a(i+ρ− g
2 ) − 1

a
g
2 − 1

,
g

2
≤ i + ρ ≤ g,

−a( g
2−i−ρ) + 1
a

g
2 − 1

, 0 ≤ i + ρ <
g

2
.

(3)

�N Δ−1(si, 0) J�	 Δ−1(si) ��, �"/ Δ−1(si, 0) = Δ−1(si).

A9, ��� g = 6, 14Æ�	
��
� S JQ���	859�<@:E�5 V �CN��9

7 2 7�, ��WF�����:R5<@7��	
�
	��4�G	:.

0 0.23-0.23 0.55-0.55 1-1

HC
s0

C
s1

JC
s2

YB
s3

JH
s4

H
s5

HH
s6

(g=6,a=1.4)

b 2 ;<=>ij V ?k@AlBC

?Y6	��859�	�0
�<@�� H��� 0 ∼ n 9�	�0
�<@���H�A��

�D, ���	���D�E5��<Z4P���	Q��D�Q!�	
�	E5<@4P, �
9�:

1) ���D: RJ (sj , ρ1) < (sk, ρ2) /SI���0
�<@�
, =���0
�<@�
	��

,9�<�:

T j > k, = (sj , ρ1) > (sk, ρ2), �N “>” �� “J�”;

T j = k,

[ ρ1 = ρ2, = (sj , ρ1) = (sk, ρ2), �N “=” �� “O�”;

\ ρ1 > ρ2, = (sj , ρ1) > (sk, ρ2), �N “>” �� “J�”;

] ρ1 < ρ2, = (sj , ρ1) < (sk, ρ2), �N “<” �� “S�”.

2) U�D: Δ−1(si, ρ) = −Δ−1(sg−i,−ρ).

3) Q��D: �	LD Δ < Δ−1, 8T���
	Q��D (K� [12]) 9TVWO�D�4�	
�
	�0
�<@23.

?���		859�J�1
6R5	
�		
4�, 5^�
6BC	
�	4�*6.  �L

	�_��1�!��	
�<@���	, 5�5^�AUF	<@:, 7��2G��45��D:9
�<859� (��859�) 	�0
���, ���	����	
�#�	���.

3 0cGH123456def7g

��4Æ�2	�0
���,��!
�1X	���,1Æ45?��D:9� [1,13,14] ��L	�

2	859�,�2G��859�	`Y,���0�G4�2����859�	�0
���.?��

J����!D:��	�;7���D:��!�	8�;7�,����4
�G�	#�	����

�	

�	8M�. ��, ZN���859�6:��.

9h 5 �� S 	��859� ICS : S → M

R� S = {si|i = 0, 1, 2, · · · , g} /
��
�, M = {[AL, AR]|AL, AR ∈ [−1, 1], AL ≤ AR} � [−1, 1]

4	�8��:. LD ICS : S → M a��/ S 	��D:9�, ICS(si) aV/ si 	��85:.

9P ICS(si) = [Ai
L, Ai

R], =LD ICSL < ICSR ��9�: ICSL(si) = Ai
L < ICSR(si) = Ai

R. 45

�Æ�2	859�#V, 1Æ��	��VWOB
��
	!�, �
[I��\W:

1) Δ−1(si,−0.5) ≤ Ai
L ≤ Δ−1(si), i = 1, · · · , g, � A0

L = −1;

2) Δ−1(si) ≤ Ai
R ≤ Δ−1(si+1,−0.5), i = 0, 1, · · · , g − 1, � Ag

R = 1;

3) Ai
L + Ag−i

R = 0, i = 0, 1, · · · , g;

4) Ai
R − Δ−1(si) ≤ Ai+1

R − Δ−1(si+1), �� g/2 ≤ i ≤ g − 2;

5) Δ−1(si) − Ai
L ≤ Δ−1(si+1) − Ai+1

L , �� g/2 ≤ i ≤ g − 1.
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7�, ��859� ICS �,O	, �, 9P ICSL(si) < ICSL(si+1) = ICSR(si) < ICSR(si+1).

�������859�	�0
���6:��D?.

9h 6 �� S′ 	��859� ICS′ : S′ → M

�� (si, ρ) ∈ S′, �� si ∈ S, ρ ∈ [−0.5, 0.5). ����859�	�0
�<@�
!��:	CN,

��� S′ 	��859�a��/

ICS′((si, ρ)) = [AL, AR]. (4)

��

AL =

{
Δ−1(si, ρ) + (1 − ρ) × (Ai

L − Δ−1(si)) + ρ(Ai+1
L − Δ−1(si+1)), ρ ≥ 0,

Δ−1(si, ρ) + (1 + ρ) × (Ai
L − Δ−1(si)) − ρ(Ai−1

L − Δ−1(si−1)), ρ < 0,
(5)

AR =

{
Δ−1(si, ρ) + (1 − ρ) × (Ai

R − Δ−1(si)) + ρ(Ai+1
R − Δ−1(si+1)), ρ ≥ 0,

Δ−1(si, ρ) + (1 + ρ) × (Ai
R − Δ−1(si)) − ρ(Ai−1

R − Δ−1(si−1)), ρ < 0.
(6)

=?�� G[I]X�, � lim
ρ→0.5

ICS′
L((si, ρ)) = ICS′

L((si+1,−0.5)),  �, lim
ρ→0.5

ICS′
R((si, ρ)) =

ICS′
R((si+1,−0.5)).

����859� ICS′, �,��4� [13]:

1) ICS′
L((si, ρ)) = −ICS′

R((sg−i,−ρ)).

2) 9P ICS �� S �,O	, = ICS′ �� S′ ��,O	.

3) 9P ICS �� S �,O	, = ICS′
L, ICS′

R, ICS′ �^N (��CN) LD.

14� 3 J�, 9P ICS �� S �,O	, = ICS′, ICS′
L, ICS′

R 	U@��/�	. L	��U@

�J/ ICS−1, ICS−1
L , ICS−1

R .

J I = {A|A = ICS(s), s ∈ S′} /��859� ICS′ 	C:=P. 14� 3 JQ:

9P ICS �� S �,O	, = ICS−1(A) = ICS−1
L (AL) = ICS−1

R (AR), ��SI A = [AL, AR] ∈ I.

���
���859�	U@�6:��.

9h 7 ICS′ 	U@� ICS−1

R� S = {si|i = 0, 1, 2, · · · , g} /
��
�, ICS′ ��� S′ 	,O��859�, �� M =

{[AL, AR] |AL, AR ∈ [−1, 1], AL ≤ AR} / [−1, 1] 4	�8��:. ����859�	��:!�0
�
<@�
	CN, J��/ ICS′ 	U@� ICS−1 a��/:

ICS−1 : M → S′. (7)

��, ��SI A ∈ M , , ICS−1(A) = s, =

d(A, ICS′(s)) = min
x∈s′ d(A, ICS′(x)). (8)

�N d �����	YZLD, 1Æ7�		�_`YZ, � d([a, b], [c, d]) =
√

(a − c)2 + (b − d)2, aK


a�	����	8�;7�� [10].

����� ICS′, ICS−1 	��T�[A>Æ.

J 1 J, S = {s0, s1, · · · , s6}, , ICS(s0) = [−1,−0.8], ICS(s1) = [−0.65,−0.51], ICS(s2) =

[−0.35,−0.22], ICS(s3) = 0, ICS(s4) = [0.22, 0.35], ICS(s5) = [0.51, 0.65], ICS(s6) = [0.8, 1].

1) E�08 (s4, 0.2) 	��85:/ ICS′((s4, 0.2)) = [AL, AR], �
>8� (5) Q:

AL = Δ−1(s4, 0.2) + (1 − 0.2)(0.22− Δ−1(s4)) + 0.2(0.51 − Δ−1(s5)) = 0.2697.

 �, >8� (6) Q:

AR = Δ−1(s4, 0.2) + (1 − 0.2)(0.35 − Δ−1(s4)) + 0.2(0.65− Δ−1(s5)) = 0.4017.

7�, Q ICS′((s4, 0.2)) = [AL, AR] = [0.2697, 0.4017].

2) E ICS−1([0.5, 0.7]), 45 ICS′ 	,O�, >8� (7) <� (8), Q:

min
x∈s′

d([0.5, 0.7], ICS′(x)) = d([0.5, 0.7], ICS′(s5, 0.0910)) = 0.0015.

7�, JQ ICS−1([0.5, 0.7]) = (s5, 0.0910).
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4 0cKL ICS 5mnMN7g

>84Æ�2	����859�	�0
���,���
D?��9��)	
7��73\	O
	, �9��)	
7�. ?7���b]
��;7�cQ�7�c
�8�;7����)7�. ��9

��)	
7��, ��!b���
���� , ���� 	�IQ��^� 	D:_�, 7�9�

	
7��	
���7��	 ICS ���^� 	. �Æ7��	������859� (ICS) 	�)
	
��, ������859�	�P�4Æ��).

4.1 QoRS ICS TpqUVWr
J,
��
� S = {s0, s1, · · · , sg},dR�E� X = {x1, x2, · · · , xn}. 	
�� E = {e1, e2, · · · , em},

�V,�H/ Wd = {w1
d, w2

d, · · · , wm
d }, = wk

d ∈ [0, 1],
∑m

k=1 wk
d = 1. P = (pki)m×n �	
� ek ���E

xi 7�#
��
`S.

1) 
��;7�
>84Æ�2	��, T�	
� ek �� S 	,O��859� ICSk, =	 ICSk 6:�;	


�	
��
�� P , MQ��	�����
`S Ṽ = (ṽki)m×n, �� ṽki = [v−ki, v
+
ki] = ICSk(pki)

(k = 1, 2, · · · , m).

2) Q�7�

Q! Ṽ = (ṽki)m×n Æ, JK7TVWO�Da��cV,�D�Q�	
�		�
, MQE5��
���
��`S Ṽ c = [ṽc

1, ṽ
c
2, · · · , ṽc

n]. 1Æ���	TVWO�D, �
9�:

ṽc
i = [vc−

i , vc+
i ] =

[
m∑

k=1

wk
d · vk−

ki ,

m∑
k=1

wk
d · vk+

ki

]
. (9)

>8E54P:, � ṽc
i 	�UJ�	�<;�E	
b.

3) 
�8�;7�
T� Ṽ c,J>8��859�	U@�,EQ���	
� ek 	��
���, Ṽ c,−1

k = {ICSk,−1(ṽc
1),

ICSk,−1(ṽc
2), · · · , ICSk,−1(ṽc

n)}, �� ICSk,−1(ṽc
i ) = (slci,k

, ρc
i,k) �����E xi 	E5<@4P ṽc

i , 	


� ek 	��
���. J ss ∈ S′, = ϕp(ss) a��/ ss 	VXLD. �, 9P ss = (si, ρ), = ϕp(ss) = i,

�JYc��/ ϕp(si) = i. >8��VXLD ϕp, JQb�4P:��� S 	VX�5, Lc
k = {ϕp(slc1,k

),

ϕp(slc2,k
), · · · , ϕp(slc

n,k
)} = {lc1,k, lc2,k, · · · , lcn,k}.

4) �)7�
���7�, ��b_���)��cdÆ�)*6<B>?Æ.

[���)��
4ÆT�E5<@4P Ṽ c = [ṽc

1, ṽ
c
2, · · · , ṽc

n], ��
`S P , >84Æ�2	�� S 	VXLD ϕp, J

Q	
� ek 	��<@4P:��� S 	VX�5, Lk = {ϕp(slki
), ϕp(slki

), · · · , ϕp(slki
)} = {lk1 , lk2 , · · · , lkn},

���E5<@4P Lc
k = {ϕp(slc1,k

), ϕp(slc2,k
), · · · , ϕp(slcn,k

)} = {lc1,k, lc2,k, · · · , lcn,k} 6:��.

�)	
7��, ����d��P	�)��.

9h 8 	
7��)�� δcon

	
� ek ���E xi 	<@, �9
<@	�)�� δi,k ��9�:

δi,k = 1 − |lci,k − lki |
g

. (10)

��, δi,k ∈ [0, 1], :We, ��	
� ek ���E xi �9
<@�W�).

	
� ek ��7,�E	<@, �9
<@	�)�� δk ��9�:

δk =
1
n

n∑
i=1

δi,k. (11)

��, δk ∈ [0, 1], :We, ��	
� ek ��7,�E�9
<@�W�).
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9�	
7��)��, J��/7,	
���7,�E	<@	�)eW, �
9�:

δcon =
1
m

m∑
k=1

δk. (12)

��, δcon ∈ [0, 1], :We, 	
7��)��We, 	
���W�).

\dÆ�)*6
��)�� δcon [IZU�)[: δthrd G, � δcon ≥ δthrd, �)7�4f, �JK7TEQ	E5<

@ Zc ���E6:RX. f=, � δcon < δthrd G, �A��B>?Æ, 5�A��eYA	
�g�. 	


�>8;Z[		
236:�h#�\2��D9Æ, f\6Q;�g		
7�, 90B8. Y!�)
�� δcon [IZU�)[: δthrd, a�#!Z�g5D MaxRound, �4f?7�. ��, MaxRound�/

Gih�)7�]^]	6:��2	, =ZU�)[: δthrd <Z�g5D MaxRound J45hE^i
	I����j_Æj2.

]B>?Æ
?kB���K7��	
����9
����E	<@, ��R`2	
7��	ka7�.

ZN, ��b�D9		
�� ED:

ED = {ek|δk < δthrd}. (13)

�l, ��	
� ek b�D9	�
<@�E� EDXk:

EDXk = {pki|ek ∈ ED ∧ δi,k < δthrd ∧ ϕp(pki) �= ϕp(slc
i,k

)}. (14)

8l, c�b�� EDXk, �2�
	D9eY�A	
�g�:

(i) 9P ϕp(pki) > ϕp(slci,k
), ij	
� ek Jl3���E xi 	
�<@: pki.

(ii) 9P ϕp(pki) < ϕp(slci,k
), ij	
� ek JdT���E xi 	
�<@: pki.

ZÆ, D9�L;	��
��
Æ, ,;6:;�g		
7�.

4.2 QoRS ICS TpqUVWr_stJ
J,<k	
^i� E = {e1, e2, e3, e4, e5}, b���l<k�E6:<@, dR�E� X = {x1, x2,

x3, x4}. J
��
�/ S={s0, s1, s2, s3, s4, s5, s6} = {HC, C, JC, Y B, JH, H, HH}. 	
� ek ���

E xi 7�#
��
��`S P = (pki)m×n K7
��
� S ���. �0�G4, J	
��	V,
�H/ Wd = {0.2, 0.2, 0.2, 0.2, 0.2}. �
	b��	
�	���E7�#	
��
��`S9�7�:

P =

⎛
⎜⎜⎜⎜⎜⎜⎝

s4 s5 s4 s6

s5 s4 s3 s5

s4 s5 s3 s5

s4 s4 s3 s5

s5 s5 s4 s4

⎞
⎟⎟⎟⎟⎟⎟⎠

.

��b�	
^i	��
���	� , � 1 �
j2b�	
^i7��	��859� ICSk.

` 1 ab[cd-ef;<=>
ICSk s0 s1 s2 s3 s4 s5 s6

e1 [−1,−0.8] [−0.64,−0.46] [−0.28,−0.18] [−0.04, 0.04] [0.18, 0.28] [0.46, 0.64] [0.8, 1]

e2 [−1,−0.85] [−0.62,−0.45] [−0.25,−0.17] [−0.02, 0.02] [0.17, 0.25] [0.45, 0.62] [0.85, 1]

e3 [−1,−0.87] [−0.65,−0.47] [−0.29,−0.19] [−0.03, 0.03] [0.19, 0.29] [0.47, 0.65] [0.87, 1]

e4 [−1,−0.82] [−0.61,−0.43] [−0.25,−0.16] [−0.03, 0.03] [0.16, 0.25] [0.43, 0.61] [0.82, 1]

e5 [−1,−0.86] [−0.63,−0.47] [−0.27,−0.18] [−0.04, 0.04] [0.18, 0.27] [0.47, 0.63] [0.86, 1]

1) 
��;7�
1�
��`S< ICS, J�������
��`S Ṽ /:

Ṽ =

⎛
⎜⎜⎜⎜⎜⎜⎝

[0.18, 0.28] [0.46, 0.64] [0.18, 0.28] [0.8, 1]
[0.45, 0.62] [0.17, 0.25] [−0.02, 0.02] [0.45, 0.62]
[0.19, 0.29] [0.47, 0.65] [−0.03, 0.03] [0.47, 0.65]
[0.16, 0.25] [0.16, 0.25] [−0.03, 0.03] [0.43, 0.61]
[0.47, 0.63] [0.47, 0.63] [0.18, 0.27] [0.18, 0.27]

⎞
⎟⎟⎟⎟⎟⎟⎠

.
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2) Q�7�

>8� (9), 9�7�:

ṽc
i = [vc−

i , vc+
i ] =

[
1
5

5∑
k=1

vk−
ki ,

1
5

5∑
k=1

vk+
ki

]
.

QE5�����
��`S Ṽ c:

Ṽ c =
(

[0.292, 0.418] [0.346, 0.484] [0.056, 0.126] [0.466, 0.630]
)

.

Q!	�EE5mO/ x4 	 x2 	 x1 	 x3.

3) 
�8�;7�
T� Ṽ c, J>8��859�	U@�, EQE54P���m	
�	��
���, ��� S 	V

X�5, �
9� 2.
` 2 ab[Auv<gh-cdij

$'e )&fg%m hkn/
e1 Ṽ c,−1

1 = {(s4, 0.4299), (s5,−0.3837), (s3, 0.4347), (s5,−0.0075)} Lc
1 = {4, 5, 3, 5}

e2 Ṽ c,−1
2 = {(s4, 0.4880), (s5,−0.3322), (s3, 0.4815), (s5, 0.0407)} Lc

2 = {4, 5, 3, 5}
e3 Ṽ c,−1

3 = {(s4, 0.3981), (s5,−0.4136), (s3, 0.4166), (s5,−0.0339)} Lc
3 = {4, 5, 3, 5}

e4 Ṽ c,−1
4 = {(s5,−0.4834), (s5,−0.2998), (s3, 0.4899), (s5, 0.0864)} Lc

4 = {5, 5, 3, 5}
e5 Ṽ c,−1

5 = {(s4, 0.4415), (s5,−0.3753), (s3, 0.4457), (s5,−0.0047)} Lc
5 = {4, 5, 3, 5}

4) �)7�
[���)��
T�����E	�
<@`S P , �,� 3 	
������E	�
.

` 3 ab[Au./-lm
$'e hkn/ )&ni

e1 L1 = {4, 5, 4, 6} x4 � x2 � x1 ∼ x3

e2 L2 = {5, 4, 3, 5} x1 ∼ x4 � x2 � x3

e3 L3 = {4, 5, 3, 5} x2 ∼ x4 � x1 � x3

e4 L4 = {4, 4, 3, 5} x4 � x1 ∼ x2 � x3

e5 L5 = {5, 5, 4, 4} x1 ∼ x2 � x3 ∼ x4

�l,��	
7��)�� δcon,ZN��	
� ek ���E xi 	<@,�9
<@	�)�� δi,k,

�
4P9�:
{δ1,1, δ2,1, δ3,1, δ4,1} = {1, 1, 0.8333, 0.8333},
{δ1,2, δ2,2, δ3,2, δ4,2} = {0.8333, 0.8333, 1, 1},
{δ1,3, δ2,3, δ3,3, δ4,3} = {1, 1, 1, 1},
{δ1,4, δ2,4, δ3,4, δ4,4} = {0.8333, 0.8333, 1, 1},
{δ1,5, δ2,5, δ3,5, δ4,5} = {0.8333, 1, 0.8333, 0.8333}.

	
� ek ��7,�E	<@, �9
<@	�)�� δk, 9�:

{δ1, δ2, δ3, δ4, δ5} = {0.9167, 0.9167, 1, 0.9167, 0.8750}.
ZÆ, EQ9�	
7��)�� δcon:

δcon = 0.9250.

\dÆ�)*6
1A�, 9PJZU�)[: δthrd = 0.85, =?	
7�4f, Zn	�EmO/ x4 	 x2 	 x1 	 x3.

9PJZU�)[: δthrd = 0.95, EQ	�)�� δcon < δthrd, 7��AB>?Æ, K���;, �f

\6:�)	
.

]B>?Æ
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ZN, ��b�D9		
�� ED:

ED = {e1, e2, e4, e5}.
�l, ��	
� ek b�D9	�
<@�E� EDXk:

EDX1 = {p13, p14},
EDX2 = {p21, p22},
EDX4 = {p41, p42},
EDX5 = {p51, p53, p54}.

8l, c�b�� EDXk, �2�
	D9eY�A	
�g�, �������J5:

P ′ =

⎛
⎜⎜⎜⎜⎜⎜⎝

s4 s5 s4 s5

s5 s4 s3 s5

s4 s5 s3 s5

s5 s4 s3 s5

s4 s5 s4 s4

⎞
⎟⎟⎟⎟⎟⎟⎠

.

ZÆ, 	
�>8;]�		
236:nMoE23, �o	
7��nMpK, \2��D9Æ, �

L;	��
��
Æ, ,;6:
��;7�cQ�7�c
�8�;7�<�)7�, Y![IZU�
)[:a#!Z�jkD.

4.3 owpq
�����"�	����859�	�0
����q 2 B�	��859�	�0
���6:

Mk��, J r1cr2cr3 < r4 /	
� e1ce2ce3 < e4 �A	
��
�
, J r1 = s4, r2 = s4, r3 = s5,

r4 = s5, 	
�V,/ W = {1/4, 1/4, 1/4, 1/4},T� ICSk 9 4.2 B7�, =��4P9� 4 7�.

` 4 rxf-sytu
)&opÆq v/rs

,&*/�+ r1 ∼ r2 ≺ r3 ∼ r4 (s5,−0.4581)

,&)& ICS r2 ≺ r1 ≺ r4 ≺ r3 (s5,−0.4903), (s5,−0.4350), (s4, 0.4788), (s5,−0.4047)

� 4 �, �	��859�	�0
���6:����<@, Q! r1 ∼ r2 ≺ r3 ∼ r4; ��	1Æ�

2	����"�	 ICS ��, Q!	��<@/ r2 ≺ r1 ≺ r4 ≺ r3. J�3�, 1���!� 	�,�

 	
���, l0F,N�H�I�4	mO!�. �2	�������859�	�0
���, J

�:
66:�M�E. 0>, �	��859�	�0
�����L	E54P� (s5,−0.4581), ��

	��; ICS ���Æ, 1�b����
��
,�� 	D:_�, ZÆ	E54P������,�
�H	��, ��	
� e1 / (s5,−0.4903),��	
� e2 / (s5,−0.4350),��	
� e3 / (s4, 0.4788),

��	
� e4 / (s5,−0.4047), J�3���	
� e3, ?4P	
��
��� ��cd�. l0, J

�3��2	��; ICS ����G�#�	�����"��I6, ��mI6rp���;, ��R�

��, 6�J��,G6�M�E, 5^�
6�	�1���		

�.

5 zw{|}

��!�����"�	"��, ��#��#	���, b���
���� . 1ÆZN�2G�

���859�	�0
���, ?����G�	4�5�*6, J����!D:��	�;7���
D:��!�	8�;7�, ����4
�G�	#�	�����	

�	8M�; �l, nM��

b���
���	"��, �2G���� ICS 	�)	
��, nM��	
����	� 	
��

���, a2	
7��	
��;<8�;7�,  GJ�9�	
�	�)*66:;@, ���AB

>?Æ, s+	
�>8	
23�,;D9�E<@, 5=Mk���2��	Jq.

1Æ��	b�	
�7��	��859���>8�m^ij_�j2rt��	���G,n�

�6�;����
���	���L
�, o9	
7�	b�kB.
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[12] Merigó J M, Casanovas M, Mart́ınez L. Linguistic aggregation operators for linguistic decision making based on

the Dempster-Shafer theory of evidence[J]. International Journal of Uncertainty, Fuzziness and Knowledge-Based

Systems, 2010, 18(3): 287–304.

[13] Dong Y C, Zhang G Q, Hong W C, et al. Linguistic computational model based on 2-tuples and intervals[J].

IEEE Transactions on Fuzzy Systems, 2013, 21(6): 1006–1018.

[14] Dong Y C, Herrera-Viedma E. Consistency-driven automatic methodology to set interval numerical scales of

2-tuple linguistic term sets and its use in the linguistic GDM with preference relation[J]. IEEE Transactions on

Cybernetics, 2015, 45(4): 780–792.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


