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k'é'X�õá5ûü¯K.�uChoquetÈ©�f�±�Ä&Em��p'X[20],�

©òÙí2�ü�¥�8�/, |^ü�¥�8�{u�qÝ'��{[14], JÑ
ü�

¥�8ChoquetÈ©�f. T�fØ=�Ä
á5m�­�5,Ó���±�Ná5m�

'é'X,,�éT�f�5�ÚAÏ�/?1
?Ø,¿3d�fÄ:þJÑ
¦)õ

á5+ûü¯K��{.

1 ü�¥�89Ù$�Ú5�

½Â 1.1[9] �X��é�8, A = {x(TA(x), IA(x), FA(x))|x ∈ X}, K¡�ü�¥�
8. TA(x), IA(x), FA(x)©OL«áu�ý¢§Ý, Ø(½§ÝÚ�ý§Ý, ÷v ∀x ∈ X,
TA(x), IA(x), FA(x) ∈ [0, 1], 0 6 TA(x) + IA(x) +FA(x) 6 3.¡ (T (x), I(x), F (x))�ü�¥

�ê, ¿òÙ{P�x = (Tx, Ix, Fx).

½Â 1.2[9] é?¿¥�êxi = (Ti, Ii, Fi), xj = (Tj , Ij , Fj), Ù�'$�½ÂXe:

(1) xi ⊕ xj = (Ti + Tj − TiTj , IiIj , FiFj);
(2) xi ⊗ xj = (TiTj , Ii + Ij − IiIj , Fi + Fj − FiFj);
(3) λxi =

(
1− (1− Ti)λ, (Ii)λ, (Fi)λ

)
, λ > 0;

(4) (xi)
λ =

(
(Ti)

λ, 1− (1− Ii)λ, 1− (1− Fi)λ
)
, λ > 0;

(5) xi�Ö8xCi = (1− Ti, 1− Ii, 1− Fi).
þã$�5KäkXe5�:

(1) xi ⊕ xj = xj ⊕ xi;
(2) xi ⊗ xj = xj ⊗ xi;
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(3) λ(xi ⊕ xj) = λ(xi ⊕ λxj), λ > 0;

(4) (xi ⊗ xj)λ = (xi)
λ ⊗ (xj)

λ, λ > 0;

(5) (λ1 ⊗ λ2)xi = λ1xi ⊕ λ2(xi), λ > 0;

(6) (xi)
(λ1+λ2) = (xi)

λ1 ⊗ (xi)
λ2 , λ1, λ2 > 0.

½Â 1.3[15] é¥�êxi = (Ti, Ii, Fi), ¡S(xi) = Ti√
(Ti)2+(Fi)2+(Fi)2

�¥�êxi �{

u�qÝ.

½Â 1.4[15] é?�¥�êxi = (Ti, Ii, Fi), xj = (Tj , Ij , Fj), eS(xi) 6 S(xj), K¡

xiØ`uxj , P�xi 6 xj .

2 Äuü�¥�8�ChoquetÈ©�f

2.1 λ�
ÿÝÚChoquetÈ©�f

½Â 2.1[20] �X = {x1, x2, · · · , xn}���²;8Ü, µ(xi)L«xi��­, ¡

µ : (X)→ [0, 1]�8ÜX�λ�
ÿÝ. eµ÷v:

(1) µ(∅) = 0, µ(X) = 1;

(2) ∀B,C ⊆ X, eB ⊆ C, Kµ(B) 6 µ(C);

(4) µ(B ∪ C) = µ(B) + µ(C) + λµ(B)µ(C), ∀B,C ⊆ X, �λ ∈ (−1,∞).

e¡·�?Ø½Â 2.1�AÏ�/:

(i) �λ = 0�, L«8ÜB, C�pÕá, d�λ�
ÿÝC��\5ÿÝ, ÷v

µ(B ∪ C) = µ(B) + µ(C),∀B,C ⊆ X,B ∩ C = ∅. (2.1)

3ù«�/e, XJX¥���Ñ´Õá�, Kk

µ(A) =
∑
xi∈A

µ(xi),∀A ∈ X. (2.2)

(ii) XJ ∀xi ∈ X, i, j = 1, 2, · · · , n, i 6= j, xi ∩ xj = ∅, K
n⋃
i=1

xi = X. d�λ�
ÿÝ

÷v�ª (2.3):

µ(X) = µ
( n⋃
i=1

xi

)
=


1

λ

( n∏
i=1

(1 + λµ(xi))− 1
)
, λ 6= 0,

n∑
i=1

µ(xi), λ = 0.
(2.3)

(iii) Ï�µ(X) = 1, �âª (2.3), �λ 6= 0, �deª(½λ��,

λ+ 1 =

n∏
i=1

(1 + λµ(xi)). (2.4)

½Â 2.2[17] eX = {x1, x2, · · · , xn}´����²;8, f´½Â3Xþ��K¢

�¼ê, µ´Xþ���λ�
ÿÝ. ¼ê f'uµ�ChoquetÈ©½ÂXe:

Cµ(f) =

n∑
i=1

fσ(i)

(
µ(Aσ(i))− µ(Aσ(i−1))

)
, (2.5)
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Ù¥ (σ(1), σ(2), · · · , σ(n))´ (1, 2, 3, · · · , n)���ü�,¦� fσ(1) > fσ(2) > · · · > fσ(n)�

Aσ(j) = {xσ(k) | k 6 j}(j > 1), xσ(k)´� fσ(k) �éA�á5�­, 5½Aσ(0) = ∅.

2.2 ü�¥�8ChoquetÈ©�f

½Â 2.3 eX = {xi|xi = (Ti, Ii, Fi), i = 1, 2, · · · , n}´��ü�¥�ê�8Ü, µ�

½Â3Xþ�λ�
ÿÝ, K¡

SVNCI(x1, x2, · · · , xn) =

n⊕
i=1

(
µ(Bσ(i))− µ(Bσ(i−1))

)
xσ(i) (2.6)

�ü�¥�8ChoqueÈ©�f, Ù¥ (σ(1), σ(2), · · · , σ(n))´ (1, 2, 3, · · · , n)���ü�,

¦� fσ(1) > fσ(2) > · · · > fσ(n)�Bσ(j) = {xσ(k) | k 6 j}(j > 1), xσ(k)´� fσ(k) �éA

�á5�­, 5½Bσ(0) = ∅.
�âü�¥�8��'$�5K, SVNCI�f�±�¤Xe/ª:

SVNCI(x1, x2, · · · , xn) =
(

1−
n∏
i=1

(1− Tσ(i))
µ(Bσ(i))−µ(Bσ(i−1)),

n∏
i=1

(Iσ(i))
µ(Bσ(i))−µ(Bσ(i−1)),

n∏
i=1

(Fσ(i))
µ(Bσ(i))−µ(Bσ(i−1))

)
.

(2.7)

�â SVNCI�f�½Â, �±��Xe5�:

5� 2.1 eX¥���´�pÕá�, µ(xi)�Lxi��­, K

µ(xσ(i)) = µ(Bσ(i))− µ(Bσ(i−1)), i = 1, 2, · · · , n.

d� SVNCI�fòz�ü�¥�8\�²þ (SVNWA)�f:

SVNWA(x1, x2, · · · , xn) =

n⊕
i=1

(µ(xi))xi =
(

1−
n∏
i=1

(1− Ti)µ(xi),

n∏
i=1

(Ii)
µ(xi),

n∏
i=1

(Fi)
µ(xi)

)
.

5� 2.2 e ∀A ⊆ X, µ(A) =
|A|∑
i=1

ωi (|A|L«8ÜA¥����ê), ωi = µ(Bσ(i))−

µ(Bσ(i−1))(i = 1, 2, · · · , n), ÷vω = (ω1, ω2, · · · , ωn)T, ωi > 0�
n∑
i=1

ωi = 1, K SVNCI�

fòz�ü�¥�8kS\�²þ (SVNOWA)�f:

SVNOWA(x1, x2, · · · , xn) =

n⊕
i=1

(ωixσ(i)) =
(

1−
n∏
i=1

(1− Tσ(i))
ωi ,

n∏
i=1

(Iσ(i))
ωi ,

n∏
i=1

(Fσ(i))
ωi
)
.

�âSVNCI�f�½Â9ü�¥�8�$�{K, �±��Xe(Ø.

½n 2.1 �xi = (Ti, Ii, Fi)(i = 1, 2, · · · , n)´n�ü�¥�ê, K SVNCI�f�8

(��´��ü�¥�ê.

y² dµ(Bσ(i))− µ(Bσ(i−1)) = µ(xi) + λµ(Bσ(i−1)µ(xi)) = µ(xi)(1 + λµ(Bσ(i−1))),

λ ∈ (−1,∞), ��µ(Bσ(i)) − µ(Bσ(i−1)) > 0. Ï�xi = (Ti, Ii, Fi)(i = 1, 2, · · · , n)´ü�

¥�ê, ¤± 0 6 Ti 6 1, 0 6 Ii 6 1� 0 6 Fi 6 1. Ïdk

0 6 1−
n∏
i=1

(1− Tσ(i))
µ(Bσ(i))−µ(Bσ(i−1)) 6 1, 0 6

n∏
i=1

(Iσ(i))
µ(Bσ(i))−µ(Bσ(i−1)) 6 1,
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0 6
n∏
i=1

(Fσ(i))
µ(Bσ(i))−µ(Bσ(i−1)) 6 1.

dª (2.7)��, SVNCI�f�8((J�´��ü�¥�ê.

½n 2.2 (��5) �xi = (Ti, Ii, Fi)(i = 1, 2, · · · , n)Úx = (T, I, F ) ´ü�¥�ê,

exi = x, K SVNCI(x1, x2, · · · , xn) = x.

y² Ï SVNCI(x1, x2, · · · , xn)=(
1−

n∏
i=1

(1−Tσ(i))
µ(Bσ(i))−µ(Bσ(i−1)),

n∏
i=1

(Iσ(i))
µ(Bσ(i))−µ(Bσ(i−1)),

n∏
i=1

(Fσ(i))
µ(Bσ(i))−µ(Bσ(i−1))

)
�xi = x(i = 1, 2, · · · , n), ¤±

SVNCI(x1, x2, · · · , xn) =
(

1−
n∏
i=1

(1−(Tσ(i))
µ(Bσ(i))−µ(Bσ(i−1)),

n∏
i=1

((I)σ(i))
µ(Bσ(i))−µ(Bσ(i−1)),

n∏
i=1

((F )σ(i))
µ(Bσ(i))−µ(Bσ(i−1))

)
=
(

1−
n∏
i=1

(1− T )µ(Bσ(i))−µ(Bσ(i−1)),

n∏
i=1

(I)µ(Bσ(i))−µ(Bσ(i−1)),

n∏
i=1

(F )µ(Bσ(i))−µ(Bσ(i−1))
)
.

�âü�¥�8�$�5K, k

n∏
i=1

(1−T )(µ(Bσ(i))−µ(Bσ(i−1)))

= (1−T )µ(Bσ(n))−µ(Bσ(n−1))+µ(Bσ(n−1))−µ(Bσ(n−2))+···+µ(Bσ(1))−µ(Bσ(0))

= (1− T )µ(Bσ(n))−µ(Bσ(Φ)).

d½Â 2.1, µ(Bσ(n))− µ(Bσ(Φ) = 1− 0 = 1. �

1−
n∏
i=1

(1− Tσ(i))
µ(Bσ(i))−µ(Bσ(i−1))) = 1− (1− T ) = T.

aq/, �±��

n∏
i=1

(Iσ(i))
µ(Bσ(i))−µ(Bσ(i−1)) = I,

n∏
i=1

(Fσ(i))
µ(Bσ(i))−µ(Bσ(i−1)) = F.

�SVNCI(x1, x2, · · · , xn) = x.

½n 2.3 (��5) �xi=(Ti, Ii, Fi) (i=1, 2, · · · , n)´ü�¥�ê8Ü.e (x̃1, x̃2, · · · ,
x̃n)´ (x1, x2, · · · , xn)���?¿ü�,K SVNCI(x̃1, x̃2, · · · , x̃n) = SVNCI(x1, x2, · · · , xn).

�âSVNCI�f�½Â´y(Ø¤á.

½n 2.4 (üN5) �xi = (Ti, Ii, Fi)(i = 1, 2, · · · , n)Ú yi = (T̃i, Ĩi, F̃i) (i = 1, 2, · · · ,
n)´?¿ü|ü�¥�ê. eéu?¿ ikTi > T̃i, Ii 6 Ĩi, �Fi 6 F̃i, KSVNCI(x1, x2,

· · · , xn) > SVNCI(y1, y2, · · · , yn).
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y² dª (2.7)�:

SVNCI(x1, x2, · · · , xn) =
(

1−
n∏
i=1

(1− Tσ(i))
µ(Bσ(i))−µ(Bσ(i−1)),

n∏
i=1

(Iσ(i))
µ(Bσ(i))−µ(Bσ(i−1)),

n∏
i=1

(Fσ(i))
µ(Bσ(i))−µ(Bσ(i−1))

)
.

SVNCI(y1, y2, · · · , yn) =
(

1−
n∏
i=1

(1− T̃σ(i))
µ(Bσ(i))−µ(Bσ(i−1)),

n∏
i=1

(Ĩσ(i))
µ(Bσ(i))−µ(Bσ(i−1)),

n∏
i=1

(F̃σ(i))
µ(Bσ(i))−µ(Bσ(i−1))

)
.

d½n 2.1¥y², ��µ(Bσ(i)) − µ(Bσ(i−1)) > 0, qÏéu?¿ ikTi > T̃i, Ii 6 Ĩi,

�Fi 6 F̃i, �

1−
n∏
i=1

(1− Tσ(i))
µ(Bσ(i))−µ(Bσ(i−1)) > 1−

n∏
i=1

(1− T̃σ(i))
µ(Bσ(i))−µ(Bσ(i−1)),

n∏
i=1

(Iσ(i))
µ(Bσ(i))−µ(Bσ(i−1)) 6

n∏
i=1

(Ĩσ(i))
µ(Bσ(i))−µ(Bσ(i−1)),

n∏
i=1

(Fσ(i))
µ(Bσ(i))−µ(Bσ(i−1)) 6

n∏
i=1

(F̃σ(i))
µ(Bσ(i))−µ(Bσ(i−1)).

Px = SVNCI(x1, x2, · · · , xn) = (T, I, F ), y = SVNCI(y1, y2, · · · , yn) = (T̃ , Ĩ, F̃ ), Ïd

kT > T̃ , I > Ĩ�F > F̃ . qd½Â 1.3��,

S(x) =
T√

T 2 + I2 + F 2
=

1√
1 + I2+F 2

T 2

, S(y) =
T̃√

T̃ 2 + Ĩ2 + F̃ 2
,

�S(x) > S(y), ¤±x > y, ½n 2.4�y.

½n 2.5 (k.5) �xi = (Ti, Ii, Fi)(i = 1, 2, · · · , n)´n�ü�¥�ê�

x− = (min
i
{Ti},max

i
{Ii},max

i
{Fi}), x+ = (max

i
{Ti},min

i
{Ii},min

i
{Fi}).

�â½Â1.4, ½n2.3 Ú½n2.4, ´y½n2.5 ¤á.

3 Äu SVNCI�f�õá5ûü�{9ÙA^

3.1 Äu SVNCI�f�õá5ûü�{

ûü&E�ü�¥�8�õOK+ûü¯K£ãXe: �km��YX={x1, x2, · · · ,
xm}, n�ûüá5C = {c1, c2, · · · , cn}, t�ûüöD = {d1, d2, · · · , dt}; ûüö��­�

þ�ω = {ω1, ω2, · · · , ωt}, ÷vωi > 0,
t∑
i=1

ωi = 1; µj(j = 1, 2, · · · , n)�ûüö�Ñ�á5
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cj��Ý¼ê. �ûüö dk�Ñ��Yxi3á5 cje�µd��ü�¥�ê rkij = (T
k

ij ,

I
k

ij , F
k

ij), Ù�¤�ûüÝ
P�Rk = [rkij ]m×n.

Äuü�¥�8þ�ChoquetÈ©�f, ïáü�¥�8�õá5ûü�{, äNÚ

½Xe:

Ú½ 1 5�zûüÝ
,����ûüö dk�5�zûüÝ
Rk = [r̄kij ]m×n.éu

�Ã.OK,�A�ûü&EØC;éu¤�.OK,�ûü&E�Ö8,= rij = (r̄kij)
C

=

(1− T kij , 1− I
k

ij , 1− F
k

ij).

Ú½ 2 |^SVNCI�fé�ûüö�ûüÝ
?18(,��+ûüÝ
R=[rkij ]m×n,

Ù¥ rij = (Tij , Iij , Fij) = SVNCI(r1
ij , r

2
ij , · · · , rtij),

SVNCI(r1
ij , r

2
ij , · · · , rtij) =

t⊕
l=1

(ωlr
l
ij) =

(
1−

t∏
l=1

(1− T lij)ωl ,
t∏
l=1

(I lij)
ωl ,

t∏
l=1

(F lij)
ωl
)
.

Ú½ 3 �âúª (2.4)O�λ��.

Ú½ 4 |^ SVNCI�f8(�Yxi3ØÓá5eµd� ri:

ri = (Ti, Ii, Fi) = SVNCI(ri1, ri2, · · · , rin)

=

n⊕
j=1

(
µ(Bσ(j))− µ(Bσ(j−1))

)
riσ(j)

=
(

1−
n∏
j=1

(1− Tiσ(j))
µ(Bσ(j))−µ(Bσ(j−1)),

n∏
j=1

(Iiσ(j))
µ(Bσ(j))−µ(Bσ(j−1)),

n∏
j=1

(Fiσ(j))
µ(Bσ(j))−µ(Bσ(j−1))

)
.

Ù¥ (σ(1), σ(2), · · · , σ(n))� (1, 2, 3, · · · , n)���ü�,÷v riσ(1) > riσ(2) > · · · > riσ(n).

Bσ(j) = {riσ(k) | k 6 j}, j > 1, �Bσ(0) = ∅.

Ú½ 5 O��Yxi�{u�qÝS(ri), S(ri) = Ti√
(Ti)2+(Fi)2+(Fi)2

.

Ú½ 6 �âS(ri) (i=1, 2, · · · ,m)��Ú½Â 1.4é�Y?1üS,ÀJ�`��Y.

þãõá5ûü�{Ø=�Ä
�ûüö��­&E, Ó�nÜ�Ä
�á5m�

�p'X.

3.2 ¢~©Û

úi[l 4�øAû¥ÀJ��nÜUå�r����úi��ÏøÀû. ë�dg

µd� 3�ûüö�¤�8ÜP�D = {d1, d2, d3},ûüö��­�þ�ω = (0.4, 0.3, 0.3).

4�øAû�¤8ÜX = {x1, x2, x3, x4}, ©O�LøAûA, øAûB, øAûCÚøA

ûD. úiûü��ÄøAû3�þ, )�Uå, È�ÑÖ±9+nUå 4�á5. 4�

á5�¤á58C = {c1, c2, c3, c4}, �á5��
�Ý©O�µ(c1) = 0.3, µ(c2) = 0.3,

µ(c3) = 0.3, µ(c4) = 0.2.

Ú½ 1 ûüö3�á5eé 4�øAû�Ñ�µd&E, ^ü�¥�8£ã, X

L 1∼3¤«.
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L 1 ;[ d1�µd&E

c1 c2 c3 c4

x1 (0.65, 0.10, 0.25) (0.50, 0.18, 0.32) (0.68, 0.12, 0.20) (0.50, 0.10, 0.25)

x2 (0.83, 0.12, 0.05) (0.65, 0.15, 0.20) (0.50, 0.10, 0.40) (0.67, 0.18, 0.15)

x3 (0.67, 0.13, 0.20) (0.50, 0.15, 0.35) (0.68, 0.12, 0.20) (0.50, 0.20, 0.30)

x4 (0.66, 0.14, 0.20) (0.50, 0.16, 0.34) (0.70, 0.10, 0.20) (0.50, 0.15, 0.35)

L 2 ;[ d2�µd&E

c1 c2 c3 c4

x1 (0.90, 0.02, 0.08) (0.10, 0.10, 0.80) (0.15, 0.15, 0.70) (0.10, 0.05, 0.85)

x2 (0.75, 0.15, 0.10) (0.85, 0.05, 0.10) (0.50, 0.10, 0.40) (0.68, 0.10, 0.22)

x3 (0.50, 0.05, 0.45) (0.40, 0.15, 0.45) (0.68, 0.12, 0.20) (0.15, 0.05, 0.80)

x4 (0.50, 0.10, 0.40) (0.50, 0.10, 0.40) (0.60, 0.10, 0.30) (0.50, 0.05, 0.45)

L 3 ;[ d3�µd&E

c1 c2 c3 c4

x1 (0.65, 0.15, 0.20) (0.30, 0.10, 0.60) (0.65, 0.20, 0.15) (0.50, 0.10, 0.40)

x2 (0.85, 0.05, 0.10) (0.85, 0.05, 0.10) (0.34, 0.16, 0.50) (0.60, 0.10, 0.30)

x3 (0.61, 0.18, 0.21) (0.67, 0.13, 0.20) (0.68, 0.22, 0.10) (0.30, 0.10, 0.60)

x4 (0.62, 0.28, 0.10) (0.68, 0.22, 0.10) (0.68, 0.12, 0.20) (0.50, 0.10, 0.40)

Ú½ 2 |^ü�¥�8�\�8(�fé�ûüö�Ñ�ûüÝ
?18(,��

+ûüÝ
:

R =


(0.757, 0.067, 0.166) (0.340, 0.126, 0.509) (0.559, 0.149, 0.267) (0.404, 0.081, 0.415)

(0.816, 0.099, 0.076) (0.789, 0.078, 0.130) (0.457, 0.115, 0.428) (0.654, 0.126, 0.207)

(0.607, 0.107, 0.259) (0.539, 0.144, 0.320) (0.680, 0.144, 0.162) (0.351, 0.107, 0.496)

(0.605, 0.156, 0.200) (0.563, 0.153, 0.247) (0.667, 0.105, 0.226) (0.500, 0.095, 0.393)

 .

Ú½ 3 |^úª (2.4), O���λ = −0.231 7.

Ú½ 4 |^ SVNCI�f, �âúª (2.7)8(�Yxi(i = 1, 2, 3, 4)3ØÓá5e�

µd�, l
����Y�nÜµd�:

x1 = (0.572 1, 0.102 7, 0.293 3), x2 = (0.721 3, 0.100 1, 0.161 7),

x3 = (0.581 2, 0.126 5, 0.263 9), x4 = (0.599 7, 0.527 5, 0.244 4)

�â½Â 1.4, o��Y��üS(J�x2 > x4 > x3 > x1, øAûB��Ü·�ÀJ.

4 ( Ø

�©3ü�¥�8{u�qÝ½Â�Ä:þ, JÑ
ü�¥�8ChoquetÈ©�f,

�ï
�A�õá5+ûü�{. Tûü�{�±|^ü�¥�8�`:, k�/£ã

¢Sûü¯K¥�Ø(½ÚØ��&E, 
��±Ó�¿©�Äá5g��­�5Úá

5�m��p'X, l
¦ûü(J�äk�*5.
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