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Abstract In order to enhance the credibility of the risk assessment information, a new fuzzy risk analysis

method based on similarity measures of generalized fuzzy numbers was proposed. The simple center of

gravity method (SCGM) is applied to measure the degree of similarity between trapezoidal or triangular

generalized fuzzy numbers by calculating their center of gravity (COG) points. The proposed similarity

measure, which can overcome the drawbacks of the existing methods, is developed to deal with fuzzy risk

analysis problems. The fuzzy risk analysis method is more flexible and more intelligent due to the fact that

it takes into account of the degrees of confidence of decision-makers’ opinions. Analysis steps are listed by

taking the example of failure probability of pipeline. The results indicate that the method proposed can

correctly handle fuzzy risk analysis problem and provide enough references in the field of safety engineering

management.
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	��
�	�2A, �B�� Hamming � �3>8� Hamming � �9C� Hamming Euclidean �
 �Euclidean � �3>8� Euclidean � �9C� Euclidean � �, �*���&�*	��� 
�	, #��&�*	��
���	.

4 5����
 (Center of gravity, :6 COG) ���	�8#	��;��� �D, 7?8#
��E
, ���<����&�=�
� COG 
, B�� COG 
?9:>F. Chen[11] ���� “;
���”(Simple center of gravity method, :6 SCGM) ���<G@=A�����	�
� COG

,�?=5�� COG���%. #	��>#	�?H����,		�
�
��	Æ�B [12],�
��
��	���@�@*	�
�
��	A8#���%,�#������������@�@
*	�
�
��	. �%�������	�
� COG 
��@�@*	�
�
��	���, �
����	�?H����. C�AB��>�DC���	, ����?H���
�, I���	�
?H���BC�JD���DE, EF�#E�8�	�F.

2 23456FG

K@�LH	�
 Ã # B̃, �GHM� Ã=(a1, a2, a3, a4) # B̃=(b1, b2, b3, b4), � Ã # B̃ �
��
	 S(Ã, B̃) � [12]:

S(Ã, B̃) = 1 −

4∑
i=1

|ai − bi|
4

∈ [0, 1] (1)

I Ã # B̃ �NG	�
, �GHM� Ã=(a1, a2, a3) # B̃=(b1, b2, b3), � Ã # B̃ �
��	 S(Ã, B̃)
� [3]:

S(Ã, B̃) = 1 −

3∑
i=1

|ai − bi|
3

(2)

O S(Ã, B̃) �I.�, �	�
 Ã # B̃ �
��	.F.

3 J789:

I��� SCGM ��K�PA. K@*LH	�
 Ã=(a, b, c, d; w), K�PA�*� [13]:

ηÃ(x) =

{
α, x = med(Ãα)
0, '!

(3)

$K, α ∈ (0, ω); Ãα � Ã � α H�, Ãα =
{
x : µÃ > α

}
; inf(Ãα) HM Ãα ��I

[14]; sup(Ãα) HM Ãα �

 I [14]; med(Ãα) = [inf(Ãα) + sup(Ãα)]
/
2 HM	�
 Ã � α H�K�
.

b (x1, y1) 
X 

α 
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; 1 <=>?@AB Ã LCDEF ηÃ(x)

  

W/3 
W/2 

 

X 

w 

 

; 2 GH?IJ?KLDL>?LKL

Q 1 IM@*LH	�
 Ã �K�PA ηÃ(x) �A, @
 (x1, y1)�(x2, y2) �*�J

x1 =
c + d

2
, y1 = w; 0 < w ≤ 1 (4)

x2 =
d + a

2
, y2 = 0 (5)

CQ 1 �	��, K�PA��*�
y2 − y1

x2 − x1
=

y − y1

x − x1
(6)
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CQ 2 �	��, LH COG � y∗ U�NGH COG � y∗(K y∗ = w/3) #LH COGy∗(K y∗ = w/2)
��. MM, LH COG � y∗ NV� w

3 < y∗ < w
2 , 'K 0 < w ≤ 1.

KNGH�NG	�
, LH���W&�, LH���LH	�
, ���@*	�
 Ã � COG 

#K�PA . �M� COG 
� y∗ I#K�PA, XN�B COG 
� x∗ I. ��M, ������
COG � —SCGM �. �M Ã ���@*LH	�
, HM� Ã=(a1, a2, a3, a4; wÃ), � Ã � COG

K y∗

Ã
�:

y∗
Ã

=

⎧⎪⎪⎪⎨⎪⎪⎪⎩
wÃ ×

(
a3−a2
a4−a1

)
6

, Ia1 �= a4# 0 < wÃ ≤ 1

wÃ

2
, Ia1 = a4# 0 < wÃ ≤ 1

(7)

�M Ã ���@*NG	�
, 'K Ã=(a1, a2, a2, a3; wÃ), � Ã � COG 
K y∗
Ã
�

y∗
Ã

=
wÃ ×

(
a2−a2
a3−a1

+ 2
)

6
=

wÃ × (0 + 2)
6

=
wÃ

3
.

�M Ã ���W&�, 'K Ã=(a1, a1, a4, a4; wÃ), � Ã � COG 
K y∗
Ã
�

y∗
Ã

=
wÃ ×

(
a4−a2
a4−a1

+ 2
)

6
=

wÃ × (1 + 2)
6

=
wÃ

2
.

��$ (4)–(6), �B Ã � COG 
K x∗
Ã
:

x∗
Ã

=
y∗

Ã
(x2 − x1) − x2y1 + x1y2

y2 − y1
(8)

'K x1=(a3 + a2)/2, x2=(a4 + a1)/2, y2=0, y1 = wÃ # 0 < wÃ ≤ 1. O$ (8) �PN�

x∗
Ã

=
y∗

Ã
(a3 + a2) + (a4 + a1)

(
wÃ − y∗

Ã

)
2wÃ

(9)

��$ (7) #$ (9), �B@*NG	�
 Ã � COG(Ã)=(x∗
Ã
, y∗

Ã
).

4 MNOP234QRO56FG

K@�@*	�
 Ã=(a1, a2, a3, a4; wÃ) # B̃=(b1, b2, b3, b4; wB̃), 0 ≤ a1 ≤ a2 ≤ a3 ≤ a4 ≤ 1
# 0 ≤ b1 ≤ b2 ≤ b3 ≤ b4 ≤ 1. YZ, � $ (7) #$ (9) B Ã # B̃ � COG(Ã)�COG(B̃), �GHM�
COG(Ã) = (x∗

Ã
, y∗

Ã
)�COG(B̃) = (x∗

B̃
, y∗

B̃
), � Ã # B̃ ��
��	 S(Ã, B̃) �:

S(Ã, B̃) =

[
1 −

∑4
i=1 |ai − bi|

4

]
×
(
1 −

∣∣∣x∗
Ã
− x∗

B̃

∣∣∣)B(SÃ,SB̃) ×
min

(
y∗

Ã
, y∗

B̃

)
max

(
y∗

Ã
, y∗

B̃

) (10)

'K y∗
Ã
, y∗

B̃
C$ (7) �B, x∗

Ã
, x∗

B̃
C$ (9) �B, S(Ã, B̃) ∈ [0, 1], B B(SÃ, SB̃) �*�:

B(SÃ, SB̃) =

{
1, ISÃ + SB̃ > 0
0, ISÃ + SB̃ = 0

(11)

'K@*	�
 Ã # B̃ ����Q	�G� SÃ, SB̃, '�*��:

SÃ = a4 − a1 (12)

SB̃ = b4 − b1 (13)

I���
��	 S(Ã, B̃)PO��P� [1 − (
∑4

i=1 |ai − bi|/4)]#��� (1 − |x∗
Ã
− x∗

B̃
|)B(SÃ,SB̃).

B(SÃ, SB̃) QB 	���RRBAB COG � . �M Ã # B̃ ��
 (K SÃ + SB̃ = 0), XN� AB�
�� (K B(SÃ, SB̃) = 0). �M Ã # B̃ [P���@*	�
=A�@*	�
 (K SÃ + SB̃ �= 0), X
NSSAB COG � (K B(SÃ, SB̃) = 1), S(Ã, B̃) �I.�, � Ã # B̃ �
��	.F.
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#%\ [15–18] K, ��	�
�]T��	�
CQ8�&U?H��, Chen[3] ��%\ [15] #
[16] K�	�?H���(R�F, '$M#�&
UTV�	�
�]T�#^UWXS����R
B>V��F�. MM, %\ [3] ����	�?
H���C$ (1) �B
��	.

ABWXK�WY
Y�_�`(2R�	�
��'a`Z�	�	��, TU�#VW$M (b
aZ[b)�\[#c�$M (\X[bY8��][
b�8�[b�\ZE]#c�$d;)�eX (f�
^^�_b�#CK`I&g�[_a\) �a�`
 ��WX	�?H��	Æ.]^_`�hiWX
IjC���a\aÆM), �Q 3 IM [19]. Q 3
K3�b_��`(2Rc��I.
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; 3 YFCZY[\]L^_

C%\ [15], ��_� Ai C@�JD�3K R̃i # W̃i, 'K R̃i HM_� Ai �`(2R, W̃i HM Ai

�a`Z�	, B 1≤ i ≤8. I��JD�3� WXkl (K “F”,“K�”,“d”, · · ·) R̃i # Wi �I. �%
4 �� 9 �ambU�WX�3� (LH	�
) HMWX�3 [9−10].

A :
~

R  

A1

: ; 

:  

A2 :
; 

:
 

A3

: ; 

:  

A4

: ; 

:  

A5

: ; 

:  

A6

: ; 
:

 

A7

: ; 

:  

A8

: ; 

:  

; 4 Yc`abcdÆ;

K_� A C n �Y_� A1, A2, · · ·, An, BK@�J
D�3JD��Y_� Ai, K R̃i # W̃i, 'K R̃i HMY
_� Ai �`(2R,W̃i HMY_� Ai �a`Z�	, B
1 ≤ i ≤ n. ����JDWX A �`(2R���J

e�fJ� 	�
�]T�	�CQ8�#	�

�]T�, PO_� Ai �JD�3 R̃i # W̃i BWX A

�d�?H R̃:

R̃ =

(
n∑

i=1

W̃i ⊗ R̃i

)/
n∑

i=1

W̃i (14)

e 1 ^_ A1 − A8 L R̃i I W̃i Lefg
fnb R̃i W̃i

A1 cg ch

A2 ch h

A3 g �-
A4 �- cg

A5 h dg

A6 dh dh

A7 h eh

A8 eh dh

e<f: � I���
��	 (K$ (10)) JD	�
 R̃ #�� WXkl��3��
��	, �
H 1 IM, g�	�
 R̃ hfU,�
��	�WX.

��@*	�

��	�	�?H�����)��.

AB�>�DC���	. Q 4 IM�WX?H��g QK, WX A=(A1, A2, · · ·, A8), '`(2R
R̃; ���Y_� Ai �a`Z�	 W̃i, 'K 1≤ i ≤8. R̃, W̃i �WXI�H 1 IM. K� 3 ��>�� 8
�Y_� A1–A8 �`(2R, �H 2 IM. 'K wij HM�>� Ej �JDY_� Ai `(2R R̃ij ���
	, 1≤ i ≤8 # 1≤ j ≤3.

YZ, ��Y_� Ai �`(2R R̃i, 'K 1≤ i ≤8. K R̃ij = (aij , bij , cij , dij ; wij) �LH	�
, �`
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(2R R̃i �

R̃i =

3∑
j=1

R̃ij

3
=

( 3∑
j=1

aij

3
,

3∑
j=1

bij

3
,

3∑
j=1

cij

3
,

3∑
j=1

dij

3
;

3∑
j=1

wij

3

)
= (ai, bi, ci, di; wi) (15)

e 2 hGiji/jGiklm[^_Lnopqefgrstuk
hil Ei hil E1 hil E2 hil E3

A1 R̃11 = cg (w11 = 0.8) R̃12 = cg (w12 = 0.7) R̃13 = dg (w13 = 0.9)

A2 R̃21 = h (w21 = 0.7) R̃22 = ch (w22 = 0.9) R̃23 = dh (w23 = 0.8)

A3 R̃31 = g (w31 = 0.8) R̃32= dg (w32 = 0.7) R̃33 = �- (w33 = 0.6)

A4 R̃41= �- (w11 = 0.8) R̃42= �- (w12 = 1.0) R̃43 = dg (w13 = 0.9)

A5 R̃51= h (w21 = 0.9) R̃52= dh (w22 = 0.8) R̃53= �- (w23 = 0.7)

A6 R̃61= dh (w31 = 0.6) R̃62= h (w32 = 0.7) R̃63= h (w33 = 0.8)

A7 R̃71= h (w11 = 1.0) R̃72= dh (w12 = 0.9) R̃73 = ch (w13 = 0.8)

A8 R̃81= eh (w21 = 0.9) R̃82= ch (w22 = 0.7) R̃83= h (w23 = 0.5)

CH 2 #$ (15), �B:

R̃1 =(0.0567, 0.0733, 0.1200, 0.1400; 0.8); R̃2 =(0.7433, 0.7967, 0.9067, 0.9433; 0.8);

R̃3 =(0.1767, 0.2433, 0.3733, 0.4333; 0.7); R̃4 =(0.2700, 0.3467, 0.5067, 0.5733; 0.9);

R̃5 =(0.5400, 0.6067, 0.7667, 0.8267; 0.8); R̃6 =(0.6733, 0.7300, 0.8800, 0.9333; 0.7);

R̃7 =(0.7433, 0.7967, 0.9067, 0.9433; 0.9); R̃8 =(0.8833, 0.9200, 0.9733, 0.9900; 0.7);

jiH 1 #H 2 �
i, C$ (14) 4 MATLAB ��WX A �`(2R R̃ �:

R̃ =
[ ∼
R1 ⊗Æd⊕

∼
R2 ⊗ÆF⊕

∼
R3 ⊗d⊕

∼
R4 ⊗K�⊕

∼
R5 ⊗F⊕

∼
R6 ⊗�F⊕

∼
R7 ⊗F⊕

∼
R8 ⊗jF

]
∅
[
Æd⊕ÆF⊕d⊕K�⊕F⊕dF⊕F⊕jF

]
= (0.5187, 0.6313, 0.9587, 1.1450; 0.7)

4 $ (7) #$ (9) B�H 1 IM�Ck�;aWX�� COG 
, 	$� $ (12) #$ (13), B�
H 3 IM� S. ��, �B@*	�
 R̃ � COG 
, 'K COG(R̃) = (0.8111, 0.3943),B@*	�
 R̃ �

SR̃ = 0.6263.

ji$ (11) #H 3, �B B(SR̃, Slk), B(SR̃, Smk), B(SR̃, Sk), B(SR̃, Slmk), B(SR̃, Smn), B(SR̃, Sno),
B(SR̃, So), B(SR̃, Slmo), B(SR̃, Slo) �IA�� 1. C$ (10), @*LH	�
 R̃ #H 1 IM�WX “j
d” ��
��	�

S(R̃,jd) =
[
1 − 0.5187 + 0.6313 + 0.9587 + 1.1450

4

]
× (1 − |0.8111− 0|)1 × min(0.3943, 0.5)

max(0.3943, 0.5)
= 0.0278.

��, �BC@*	�
 R̃ #H 1 IM�'oWX��
��	�: S(R̃,Æd) = 0.0433, S(R̃,d) =
0.1032, S(R̃,�d) = 0.2133, S(R̃,K�) = 0.4315, S(R̃,�F) = 0.7187, S(R̃,F) = 0.7653, S(R̃,ÆF) =

0.6171, S(R̃,jF) = 0.4739. M� S(R̃,F) = 0.7653 �,��I, @*	�
 R̃ ohÆ�WX “F”, 'K

��	�� 0.7653, KWX A �`(2R�F.

e 3 hvinwefxL COG oIyB
pqpq COG p .> S

eg COG(eg)=(0.0000, 0.5000) Slk = 0.00

cg COG(cg)=(0.0255, 0.3810) Smk = 0.07

g COG(g)=(0.1370, 0.4035) Sk = 0.19

dg COG(dg)=(0.2929, 0.4267) Snk = 0.25

�- COG(�-)=(04892, 0.4192) Smn = 0.33

dh COG(dh)=(0.7178, 0.4345) Sno = 0.28

h COG(h)=(0.8471, 0.4267) So = 0.25

ch COG(ch)=(0.9745, 0.3810) Smo = 0.07

eh COG(eh)=(1.0000, 0.5000) Sno = 0.00
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6 z{

�%4 SCGM ��@*	�
� COG, �(�� SCGM �������	@�@*	�
�

��	����WX	�?H����.

1) �� SCGM �	�?H���?=����
��	�#������������@�@
*	�
�
��	��%, "��p�q�����	, B(RF.

2) 	WX`(�), �r
&U	�8��(, �<4 5�?H�����`(2R; �F, s�
AB�>�DC���	, PO�b�����rsMm, '?HJD���tO���q.

3) �� SCGM �	�?H����rs�u, t (Mut, u�vvU" �	�?H��v�
��, ��w@��, O"�#WX��?H����� �D.
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