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Abstract A synthetic safety assessment model for power plant is constructed by combining Fuzzy Analytical Hierarchy Process
FAHP Set Pair Analysis SPA  and system functionality in which the key factors influencing the power plants safety are con-—
sidered and interaction among the factors influencing the power plants safety is analyzed quantitatively a preponderant function of
system safety is constructed by using of the result to solve the problem that the system safety function preponderates over the
weight sum of safety functions of sub—systems.The instances show that the model can integrate immanence relation and non-lin—
earity influence of factors in power plant which make safety assessment more reasonably and it can also offer scientific founda—
tion for decision—making in safety management.

Key words safety assessment of power plants Set Pair Analysis SPA  system functionality Fuzzy Analytical Hierarchy Process
FAHP  synthetic safety assessment model

DOI 10.3778/}.issn.1002-8331.2010.02.068 1002-8331 2010 02-0230-04 A TM621 TP301.6
N N o Delphi
Analytical Hierarchy
° Process AHP °
g 18] 191
N N AHP N i
2 o 12 Fuzzy Analytical Hierarchy Process
Bl FAHP . FAHP AHP N i
14 N
"5“ R o
i v Set Pair Analysis SPA SN N
° i o SPA
&l o Delphi

the National Natural Science Foundation of China under Grant No.70671035 .
1983- 1957-

2008-08-26 2008-10-31



2010,46(2)

A
FAHP \ I \
Bl | B | B3
I I I
[ T 1 \ I
€35 €36
Cl4 21 €25 o |31 e e33 |
cit ez cn3 15 €22 o3 (€24 6| |27 28
»
1
o o
FAHP.SPA FAHP o
SPA

sl pP1= Iy my oy

P @p= L+, mi+m, witu,
/\®p|: /\l[ )\m1 /\U|

2 2
1 P=pj; pi= Ly my uy pi= L mi 2.1
[19] 1
1 =0.5 m;=0.5 1u;=0.5 Vi A B C .
2 Litu=1 mprm=1 wtl=1 i) Vi j |
P ° Pi
”" & ° . 2
1.2
A.B
H=A B w H
N S H A.B °
P B F=N-S-P . FAHP
SIN w " FIN
w - pIN - -
4 o, w W =S/ ’
N+F/Ni+PINj 1) w=a+ ——
bitcjo atbi+cj c#0 a c &v—/ -
. C O C =C =
shi H =dlco ‘7 | |
! i'=a+co I ———
pltu2= al+a2 + b1+b2 i+ cl+c2 jo
1.3 2
2.2
o 4 )
N 1o
S an

F x =fitfot+f= 2 o+
i=1

ivj=

Byt +y Hxi
1 i=1

pP2= L, my uy

[18]



232 2010,46(2)

Computer Engineering and Applications

0.1~0.9 12l °
© hi/kz d k1 x*{kl, 28 _dki *d 28 /*gkj k4 _dk/ i J keN 10
~ o~ .
R k P =P wa = countif ilzl.k >0 xr, i jeN 11
~k k ook ~ & m=
Py =4 my U oo Py a, i j - countif
k Eook ok k k
L my w, u, =m; =l i v i k
N k+1 o
~ k ~ k b
Py Py L.+u,=m +mji—uu+l =1, o /
s b=l-r; i jeN 12
1 ~ 2
Uk ®p;, @p; @ Dp,
q q q
DUk Xm k Xu ko ijeN 4
k=1 k=1 k=1 countif hlﬂ <0 L.
= %y i jeN 13
5 usl v m-1 v
q- N ;i 14 . a;+
n n n byte=15
I ) ‘ o
q= o =1 " =l Y ijeN 5 Mi=ag+b ity 14
" " n 7 n Iu’_]_
Wi ;i ly -
=1 j=1 =1 j=1 =1 j=1 I"Llj PLj,—lL,jo I3 j
qi= Lm; w q;= lj m; u, '] ! ‘
201 nxn ° Mi=1o
P=Amax{1-max{— "5 0} o)+ 1 0o
m;— ,-+mj—lj 2 4
1-A max{l-max{—% ™ 0} 0} i jeN 6
u—mg+u—m;
By qi=q;
B 1 - FAHP
7 w. 15 ~ 16 o ac;
Z atc; Z a—c; aitc
p'j 2 j=1
w= ieN 7
n n-1
- var d; i s
1 i € Root Node g i
wz;= . a—c; apc; —var d
w,xwz,, t¢ Root Node = = . AednnijeN 15
1wz ! Wi a—c; aptc; —var d;
i w, =1 =l
° 1o F x =fitfot+f= 2wzﬂl+2m]xlxj+ +H Hx 16
2.3 >j=1
m n Ay': dz] ma
d . 3
i i J o
1 1
d, ; . FAHP 5 19l
1. B
cov d, d, o B1>B2>B3. C C14 C15 C12
=|l—/— " ~+—1|ijeN 9
DX /DY
. . j ) « »
2 N N o



2010,46(2) 233

15

1 B.C
C B1=0.3899  B2=0.3268 B3=0.2833
Cl1 0.1826 - - 0.0712 4
C12 0.196 6 - - 0.076 7 3
C13 0.1826 - - 0.0712 5
Cl4 02191 - - 0.085 4 1
C15 02191 - - 0.085 4 2
C21 - 0.183 4 - 0.0599 6
c22 - 0.136 8 - 0.044 7 13
23 - 0.067 9 - 0.0222 19
24 - 0.087 3 - 0.028 5 18
C25 - 0.1169 - 0.038 2 15
€26 - 0.1121 - 0.036 6 16
c27 - 0.090 5 - 0.029 6 17
€28 - 0.065 1 - 0.021 3 20
€29 - 0.140 1 - 0.045 8 10
C31 - - 0.168 0 0.047 6 8
C32 - - 0.166 1 0.047 1 9
C33 - - 0.193 8 0.0549 7
C34 - - 0.149 1 0.0422 14
C35 - - 0.1615 0.045 8 11
C36 - - 0.1615 0.045 8 12
s 2 3 (29
° B B1.B2.B3 0.021 7.
0.0199.0.0339 B3 ° B2
S
. C €35.C32.C15 .
« » o »
N 7 S o “ 7
°
s « »
2 B
! %
A s
1 1 2 2 3
Bl 5539 87.04  91.83 70.72 83.74  0.4449 2
B2 62.86 89.96  93.22 64.37 80.77 04723 1
B3 47.67 88.79  93.97 68.10  70.77  0.0827 3

Fx =fitfob4fi= D waack
=1

B

n

i>j=

0.444 9x0.472 3x0.082

W
s,-ij,x,+"‘+Hsini=
1 i=1 i=1

0.389 9x+0.326 8x,+0.283 3x;+0.082 7x0.444 Oxyv\+
0.082 7x0.472 3x3%,+0.472 3x0.444 Oxxx 1+

Toxex0,=

0.389 9x,+0.326 8x,+0.283 3x3+0.036 831+
0.039 1x3x,+0.210 1a,+0.017 4ayxx,
17 FAHP.SPA

17

4

[1

—

2]

[3

—

[4

[}

[5]

(6]

%
1 1 2 2 3

C11 5778 8333 88.89 96.67 70.00 0.0553 11
Cl12  51.00 86.71 94.14 79.14  65.71 0.024 5 15
C13 6750 88.00 91.00 93.00 78.00 0.0715 7
Cl4 5833 86.67 8333 8471  90.59 0.0219 17
C15 58.00 91.00 8500 85.00 75.00 0.0852 3
C21 6033 8833 91.08 7742  68.00 0.0472 12
€22 57.08 8991 9230 73.53  71.68 0.0240 16
€23 6723 91.58 9287 70.68  69.13 0.062 0 9
€24 6622 9213 9543 91.74  82.99 0.066 0 8
C25 6453 89.16 9542 9991 7853 0.0440 13
C26 6321 8978 9095 8322 77.34 0.0558 10
C27 6176 9098 9353 49.06 64.53 0.072 4 5
€28 6433 86.00 96.00 71.67 71.67 -0.0095 19
€29 - - - - - -

C31 3516 8839 91.13 74.68 6597 0.072 3 6
€32 6833 9111 9444 51.67 7500 0.087 5

€33 73.64 89.09 100.00 81.82 7091 0.0273 14
C34 2333 80.00 96.67 62.00 57.33 0.0200 18
€35 92.00 100.00 100.00 84.00  84.00 0.096 9

€36 100.00 100.00 100.00 80.00  80.00 0.0758 4

2 SPA AHP

Dent J B Blackie M K.System simulation in agriculture[M].Lon—
don Applied Science Publication Ltd 1979 125.

[JI. 2002 22 8
16-28.
Zou R Park E H Kelly E M.Intracranial pressure waves Character—
izations of a pulsation absorber with notch filter properties using
systems analysis Laboratory investigation[J].Journal of Neurosurgery
2008 2 1 83-94.
Jozef K Marcin M.Confidence estimation of GMDH neural net—
works and its application in fault detection systems[J].International
Journal of Systems Science 2008 39 8 783-800.
DEA

[J]- 2007 31 3 1-5.
. R [J].
2007 32 2 47-49.

242



242 2010,46(2)

Computer Engineering and Applications

PGP A Y W

26.03 36.35 8243 105.54 119.02 128.89 =

Sf/Hz  f/Hz  f/Hz

28.64 40.48 86.26 108.34 124.67 136.54 47753

PsSO 27.68 37.57 84.55 107.52 122.01 133.62 2.706 1

CPSO 26.59 36.42 8275 10643 120.82 130.75 1.148 4

QPSO 26.54 3640 8278 106.41 120.78 130.43 1.049 7

CQPSO 26.08 36.36 8250 105.62 120.04 129.27 0.4470
5

6
— ;\ﬁ [1] . I
l  —
0 é l(l) lé 26 25 36 35 40 45 50 20079
[2] . [J].
5 2007 43 15 37-40.
(3] . 1
1 5 2008 34 18 .
° [4] . QPSO [J].
2007 43 28 58-60.
208 neering 1990 2 3 311-319.
2] ] R R [M].3 [5] Looney C G.Petri fuzzy nets for rule-based decision-making[J]IEEE
2005. Transactions on System Man and Cybemetics—part A 1998 18 1
3] . Agent Web [J]. 178-183.
2008 25 10 . (o] Petri [M]. 1998.
[4] Chen S M Ke J S Chang Jin—fu.Knowledge representation using [7] . Petri [J]-
fuzzy Petri nets[J].IEEE Transaction on Knowledge and Data Engi— 2007 19 1 .
233 [J]. 2003 23 3 44-50.
[7] [15] . 7.
2006 36 1 70-74.
[J]- 2006 32 4 438-443. (6] 0l
8 : Il ‘ ‘
18] 1 2004 37 1 84-88.
2007 31 3 44-48.
9] K E Y Youn C C.Analytic hierarch h f 7 ' A
[9] Kwang oun .Analytic hierarchy process approach for 0l 2005 29 21 45-48.
identifying relative importance of factors to improve passenger se— [18] ]
curity checks at airports[J].Journal of Air Transport Management 2002 24 7 34-36.
2006 12 135-142. [19] ) [M]. 2001.
10
[10] [20] . [J]-
[J]. 2007 35 24 66-70. 2002 24 8 9-11.
[11] . AHP [J1- [21] . (1 2001
2003 35 1 101-103. 16 311-314.
[12] . [J]- [22] Erensal Y C Albayrak E.Evaluating the technological competen—
2007 29 7 1090-1093. cies and determining key capabilities in technology management
[13] using fuzzy analytical hierarchy process|[C]//Portland International
[J]. 2007 18 18 2174-2178. Conference on Management of Engineering and Technology Port—
[14] . Duber Khwar land State University 2005 5 174-184.



