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4.4

B118

B119

B99

B98

B108

B95

B82

B46

B50
B52

B55

*%*

0.0586

0.03824

0.2086

0.2086

0.0685

0.2086

0.2086
0.0266

0.0760
0.1496
0.0585
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B56

B82

B99
B101
B105

B108

B117

B118

B138
B139

B82
B99

B117
B101
B82

B95

*%*

0.0646

0.2168
0.2168
0.0635

0.0635

0.0635
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0.0852
0.1194

0.3411
0.2836
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0.0660
0.2640
0.2640
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B108

B99
B54

B55

B56

B117

B118

B119

B82

B95

B108

B99

B11v

B118

*1

0.1605

0.1793

0.0526

0.0526

0.0592

0.0526

0.0526

0.0288

0.2050

0.1880

0.0696

0.2387

0.1198

0.0948
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B99
B115
B113

B95
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B2

B82

B99

B101

B105

B139

25 B99

B101

B103

B108

B115

*%*

0.0664

0.3142
0.0451
0.0451

0.3142

0.1396

0.1396

0.2468

0.2468

0.0756

0.0756

0.0756

0.3148

0.0996

0.1641

0.0820

0.0411

**%x

0.100
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*k%

0.2983

*%*
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0.3203 0.100
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B95

B43
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B99
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*%

0.4444

0.4444
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B99
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*%*
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0.3636
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B95

B139

B99
B52

B99

B95

B95

B117
B94

B95

B117

*%*

0.3196

0.1220

0.5584

0.6882

0.6882
0.2294

0.3196

0.1220
0.5584

0.7500

0.2500
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0.017
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B99
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B82

B139

B132

B82

B99

*%

0.6370

0.2583

0.1047

0.3964

0.1446

0.1446

0.2514

0.0631

0.6667

0.6667

0.3333
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B56

B113
B117
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B99
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B52

B55

*%

0.3952

0.2322

0.1404
0.2322

0.2402

0.2015
0.1012
0.1318
0.0835

0.1279
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B119

B95

B118
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B99

B95

B119

B113

B99

B114
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B99

*%

0.1139

0.0669

0.298

0.1795

0.1575

0.2980

0.3176

0.0876
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0.0771

0.3176
0.0913

0.2371
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0.1405

0.5309
0.2781 0.004

0.2781
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0.1452
0.0785
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0.2744

0.2744

0.1542
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0.0794
0.0634
0.2569
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0.1517

0.0774
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0.0691

0.0452
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K%

0.2078

0.2078
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0.0854
0.0527

0.2569

0.2569

0.1517

0.1517
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0.0411

0.4804
0.2158
0.1959
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B117
B95
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B99
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B9S
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*%*

0.1079

0.2978
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0.1578
0.1578
0.0888

0.2978

0.2978
0.1578
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0.0888

0.2569

0.2569
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0.002
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Eigenvector
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4.5
Basic Event Cause of Accident Probability
of cause of
accident *
BE1 0
BE2 0.0015
BE3 0
BE4
BE5
BE6
BE7
BES
BE9
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O O O O o O o © o o o
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O O O O O O o o o o

BE24



97

Basic Event Cause of Accident Probability
of cause of
accident *
BE25 ' 0
BE26 0
BE27 0
BE28 0
BE29 , 0
BE30 0
BE31 ! 0
BE32 0
BE33 0
BE34 0
BE35 0
BE36 0
BE37 0
BE38 0
BE39 0
BE40 0
BE41 0
BE42 0
BE43 0.0019
BE44 0
BE45 0
BE46 0.0003
BE47 0

BE48 0
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Basic Event Cause of Accident Probability

of cause of
accident *

BE49 0
BE5S0 0.0023
BE51 0
BE52 0.025
BE53 0
BE54 0.0166
BES55 0.0025
BE5S6 0.005
BE57 0
BE58
BE59 0
BEG60 0
BE61 0
BE62 0
BE63 0
BE64 0
BE65 0
BEG66 0
BE67 0
BE68 0
BE69 0
BE70 0
BE71 0
BE72 0
BE73 0
BE74 0

0

BE75
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Basic Event Cause of Accident Probability

of cause of
accident *
BE76 0
BE77
BE78 0.0011
BE79 0
BE8O
BES1 0
BE82 0.0284
BE83 0
BES84 0
BE85 0
BE86 , 0
BE37 0
BE38 0
BES89 0
BE9O 0
BE91 0
BE92 0
BE93 0
BE94 6 0.0059
BE95 0.0834
BE96 0
BE97 0
BE98 0.0072
BE99 0.0936
BE100 0
BE101 0.0164

BE102 0.0063
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Basic Event Cause of Accident Probability
of cause of
accident *
BE103 0.0017
BE104 0.0047
BE105 0.0047
BE106 0.0284
BE107 0.0521
BE108 0
BE'09 0
BE110 0
BE111 0
BE112 0
BE113 0.0167
BE114 0.0086
BE115 0.0298
BE116 0.0589
BE117 0.0264
BE118 0.0226
BE119 0
BE120 0
BE121 0
BE122 0
BE123 0
BE124 0
BE125 0
BE126 0
BE127 0
BE128 0

BE129 0.0039



Basic Event

BE130
BE131
BE132
BE133
BE134
BE135
BE136
BE137
BE138
BE139
BE140
BE141
BE142
BE143

200,000

Cause of Accident

101

Probability
of cause of
accident *
0.0095
0

0.0071

0.0009

0.0286

o O o
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4.6
Basic Event Cause of Accident Probability of cause of accident

BE99 0.094
BE9S5 0.083
BE116 0.059
BE107 0.052
BE108 0.052
BE115 0.030
BE139 0.029
BE82 0.028
BE106 0.028
BE117 0.026
BE52 1 0.025
BE118 0.023
BE113 0.017
BES4 0.017
BE101 0.016
BE130 0.009
BE114 , 0.009
BE98 0.007
BE132 0.007
BE102 0.006
BE94 6 0.006
BE56 0.005
BE104 0.005
BE 105 . 0.005
BE129 0.004
BE55 0.003
BE50 0.002
BE43 0.002
BE103 0.002
BE2 0.001
BE78 0.001

BE138 0.001
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Tree Analysis: FTA)
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(Event)
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2) Condition Event
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alh
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j
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) 1 1
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10,000
0.05 10,000
1,000
0.005
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(Output  Bvert)
OR Gae
(David, 1976)
AN =n (1 (1-PA) -(1.2)
allj all i
And Gate
P(M=ri(P(A ) (13

all i
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P(G4) = P(BE4)*P(BE5)
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0.0026
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P(BE2))(1-P(BE3))]
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analytic hierarchy process : AHP
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0.59
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0.59
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0.16
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The analytic hierarchy process : AHP

10,000
13

BEL: 0.38
BE2: 2.05
BES: 0.66
BE4: 0.71
BES: 1.04
BEG6: 0.00

10,000

0.38/100 0.0038 10,000

A =n (- (1-PA))

ali an i

PHE) = 1-{[L-(1-P(BEL))(1-P(BE2) (1- P(BE3)]
[1-0- P(BES)) 0-0- P(BE4) (-P(BES) })
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P(BEj)
0.0038
0.0205
0.0066
0.0071
0.0104

0.0000
1,000,000

100
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International Labor Organization : ILO
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(Analytic Hierarchy Process AHP)



Thomas L. Saaty (1977)
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2.2
1 2 '
1 1 © ai
2 a2 1 a2 w2
t
a, a2 1 H
- a, =1/3,
i j 1
aj@l 1/a.)
- | i 1
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MATLAB



2.3

2.3

1/6
3/6
2/6

13

13

5/3

15
3/5
1/5

5/3

12

9/2

1/9
6/9
2/9

9/2
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2.5
(1/6+1/5+1/9)/3 1/6.279=0.159 3
2 (3/6+3/5+6/9)/3 1/1.698=0.589 1
'3 (2/16+1/5+2/9)73 1/3.970=0.252 2
2.6
MATLAB
MATLAB

1 0.16 3 0.16 3

2 0.59 1 0.59 1

3 0.25 2 0.25 2

8)
(Consistency Index : ClI) (Consistency Ratio
CR) (Saaty,1965)(Triantaphyllou,E.andMann,S.H.,
1990)
Cl = (A,max-n)/(1-n) ..(2.1)
CR=Cl/RIC ..(2.2)
A,max
(CR)
(CR)
(C1)

(Ch (Random Index Consistency :RIC)
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(CR)
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Hs 3
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Al al
l j
A=(@)
a,=1/al i=1,2 3. ..(2.3)
@y
aﬂ- ak*alj. ij.k
1 (Consistency Matrix)
a i i
j
al= 1 j (< 1,243, ..., (2.4)
aijfape( ) D
=wi/wEak

ajj=wj/wi= Y/(wl )= laj

/5 1 A
A*x =y X=(X > x0)y=(y,y2 yn
Z a ji*xl=y, ,=1,2,3......
H
4

ai*wi/wij= 1 ,1=1,2,3......



«

Solution)

X aji*

i

Y aj*

(A-AJ

wilwj=
i= * j
)V =0

(Eigenvector)

(Eigenvalue)

1 det(A - X

)<>0

(A-AJ)V

(A- XI)"1

i=12,3 ...

0

(A-Xir1

(A-yl)'1
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..(2.5)

...(2.6)

(' Trivial

(2.7)



2det(A-Al )=0
2

X *2X) *3x3* dxd= 1
2X, *Ax2*6x3*sxd= 2
3X, *6X2*9x3* 12x4= 3
4x, *8x2*12X3* 1ox4= 4

N

X *2Xe*3Ix3*dxd= 1

(26)
Al = =V
(Eigenvalue)
w1 1/ 2 1/ .
2l 1
[
Vwn/w, ,/ 2 /v\u

al

29

(2.5)
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2)

A*

nmax

X

= Anax*

a-=1 i

ald A

a

(Reciprocal Matrix)

A/\

( Consistency Index  CI)

(Consistency Ratio CR)

7" ax

Cl = (?uriax-n)/(1-n)

CR =CI/RIC

(Random Index Consistency :RIC)
(C1)

Xy

Saaty

gl

(2.1)

1965
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(CRS

0.10

The analytic hierarchy process : AHP

1000000

10000

2.3

NSUATIEHAINATBIRIRIVA
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133

o -

anmiiRman 1 || anmeiiRmah 2 | | anwgiiRmen 3 | [ anmgimmah 4 | | anmgiiRmai 5
< I N
AMNlszN 1egunsal ManTadLAYM | | N1seRnuLL n1sUstnay
U v U
, teaiugiimime| | Aanidneeaey ¥y AAFARFIY

2.3




BE1:
BE2:
BES3:
'29
BE2
BE3
BE2
1
2.10
BE1
BE2
BE3

2.11

BE1

BES3t

(Eigenvector)

2.9

21

BE2

13

3

A2=1/3 1A,1=3
A13=1/2,A31=2
A23=3 .A32=1/3

BE3

12
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BE2

BE3

212

2.12

BE2

BE3

1
0.159
0.589
0.252
MATLAB
3.05
1
0.16
0.59
0.25
MATLAB

2.13
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'2.13

1 BE1:
BE2:
BES:
2 BE4:
BE2:
BES5:
3 BE1:
BE2:
BES5:
4 BE3:
BE4:
BE2:
5 BE2:
BES5:

BES3:

(Consistency Index CI)

0.16
0.59
0.25
0.12
0.46
0.20
0.22
0.59
0.25
0.16
0.59
0.25
0.16
0.59
0.25

Cl = (A,max-n)/(1-n)

Cl = (3.05-3)/(1-3)

=-0.025

CR=Cl/RIO

-0.025/0.58

0.043

(Consistency Ratio : CR)

(2.1)

(2.2)
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amwfqﬁmaﬁ' 1 aqumi‘lmq-‘?i 2 ﬂmw'qﬁma'?; 3 aquzﬁmq?‘ 4 | | anmiiFman
P e Q
AMNUTTNM 2799Uns0itleq 2N TANLARY N19RBNULL nsUsenay
(1,0.16),(3,0.22) WRNEITG ANEITBIY e Aoy
(sum,0.38) (1,0.59),(2,0.46), (1,:25),(4,0.16), @2.0.12), (2,0.2),
(3,0.59),(4,0.25), (5,0.25), (4,0.59), (3,0.25),
(5,0.16), (sum,0.66) (sum,0.71) (5,0.59)
(sum,2.05) (sum,1.04)
xy) ( 1 )
(sum, y) (Summary 1 )
2.4
" 215
P(BE))
BEL: 0.38 0.0038
BE2: 2.05 0.0205
BE3: 0.66 0.0066
BE4: 0.71 0.0071
BE5: 1.04 0.0104
BE6: 0.00 0.0000
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BE()
BE()
BE()
BE( )
BE()
BE()
BE( )

2 1 ? ?

1

3 ?
5 2
7 ?
9 2

2,4,6,8 ? ?
?2 2
? ?

+9+8+7+6+5+4+3+2+1-2-3-4-5-6-7-8-9

+9+8+7+6+5+4+3+2+1-2-3-4-5-6-7-8-9

+9+8+7+6+5+4+3+2+1-2-3-4-5-6-7-8-9
+9+8+7+6+5+4+3+2+1-2-3-4-5-6-7-8-9
+9+8+7+6+5+4+3+2+1-2-3-4-5-6-7-8-9
+9+8+7+6+5+4+3+2+1-2-3-4-5-6-7-8-9
+9+8+7+6+5+4+3+2+1-2-3-4-5-6-7-8-9

BE()
BE()
BE()

BE()

BE()

BE()

BE()
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BE(i)\

LIOR

OR Gate

J1
!

FTA

(i)

Fault Tree Diagram

Fault Tree Diagram

Basic Event (BE) (i)
1
P(T)

G(i)
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AHP

1)

2.3

(Eigenvector)

2.3

MATLAB

1/3
1

1/3

MATLAB
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To get started, type one of these: helpwin, helpdesk, or demo. |

For product information, type tour or visit www.mathworks.com.

. » )
\D..:I:’:O:I:.' * e’ St

l’s“n:w‘.-. M)

6.1 MATLAB

2) MATLAB [

6.2



170.

<) MATLAB Command Window

¥

To get started, type one of these: helpwin, helpdesk, or demo. v N

For product information, type tour or visit www.mathworks.com. el

b A = [1 13 12 X

3 1 3 B
2 173 1)

e

VAR e R K,
s

«
oo

l‘:"

|

6.2 MATLAB
3) Enter MATLAB
6.3
4)
[V.D] = EIG(A) V D
6.4 6.5 11
MATLAB
3.0536 1
0.2370
-0.8957
70.3762,
MATLAB
V(1) Y 1

6.6
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' 6.3 MATLAB
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3.0536 0 0
0 -0.0268 +0.4038i 0 o
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5)

6)

7)

8)

MATLAB
sum(ans,1)
1 6.7
ans
6.8
1
2
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ans

V(:,1)/ans

V(:,1)

0.1571
0.5936
0.2493
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p» sum(ans, 1)
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