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jJréE\JEJzég;\@ﬂﬁﬂj D Eﬂjiklﬂjﬁ: FE )
e e e 3 e e Y
PSR By EEBiN (Chen, 2002) -

Sexton et al. (1998a) 7ok BB {f R T R
I (gradient descent algorithm) 1% f{E &
(back-propagation)afff#s kLl i {7 - &' phift
LS Z|| kI8 o Sexton et al. (1998b) *Lll?i tﬂlﬁ,
s TRE P & AR P o e et R PR BRI
VAN e F) 2 e o 5 2 RS R P
A IR AR 2 A = P Jﬁp?”%ﬂ& ° I*’IFEJ“J
ij,L T‘+f§aal§$l$$%:ﬂﬁm UT@;IF £l "',\E_IIE{?F’]

=

PR GE = PR R R PR RS
AR SRR R R e P PR A

YR R e RS B

B R o S R T |
1%’“ ’Epﬁiﬂﬁ«n ﬁgﬁiﬁif% ‘Ef??ﬁfgf
SR (* (Whitley et al., 1990; Liang and

Afzel, 2005; Liang and Afzel, 2006) °
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3BEHTHABMEX

F PRI INHPP 50 [~ R v -
FI-ffi”Nelson’ s graph method (Nelson,
1988) . [’FL[?FFIJ (SR E AR SREISEIE T (the
mean number of repairs) == 15 A AE S B
il (MCRF) - £ > zﬁ’ﬁlﬁdﬁﬁi oI 38
(= HERAT A A E ISPV (SR R AR T.g@
I pE Y - E Iang?ﬁ;mimr@ﬂ aRiEs !
(RS B e O
g

4.5 8 &

¢7ﬁ;ﬁ4ﬁ;¢ P |Wang FrffLf = 5 [ B 2
TR R RO, R P
RV SR I (Wang, 1991) © fji = &
S PR RS AR BT A D RS
FRRE 4 AR

e S ER RN B R E RS RR
REFZERRITE

ffl " INelson’
1988) . fifih i* {5 Ak T oSyt e
PIRARESE R o A VLT (S 20y
T RIS e S R S BTN -

s graph method (Nelson,

1. T ST 9T SRR ST

Month the mean | MCRF value
number of
repairs

1 0 0

2 0 0

3 0.0063 0.0063

4 0.0050 0.0114

5 0.0026 0.0140

6 0.0081 0.0221

7 0.0007 0.0228

8 0.0062 0.0290

9 0.0019 0.0309

R



10 0.0027 0.0336 35 0.008693
11 0.0049 0.0384 36 0.010374
12 0.0132 0.0516 S A e
13 0.0104 0.0620 TR SR AR Y RUB AR
14 0.0087 0.0707 FIER9 > T DBDE A E'IJE'JELF@ Hfstep
15 0.0052 0.0759 . N o .
16 00028 00787 size ~ additive ~ multiplicative and smoothing
17 0.0073 0.0860 Moo SRR 33 o F4E, A I B A e
13 0.0032 0.0892 e A3 e RAR R PIRATLY
19 0.0074 0.0966 SARIMAAELY (2% F 14T Tong and Liang
20 0.0058 0.1024 et e e »
5 Coler 101289 00S) ) WAL - A47
: : TR L 1k Bl ap ikt

23 0.0090 0.1378 FPRI T IPARIMA SRR
24 0.0134 0.1513 S
25 0.0100 0.1613
26 0.0089 0.1702
27 0.0115 0.1817 i S
28 0.0071 0.1888 Gt G e e
29 0.0114 0.2002 2-year data set
30 0.0063 0.2065 (training data)
31 0.0109 0.2174 Input nodes 7
32 0.0107 0.2281 -1
33 0.0050 0.2331 Maximum epochs 1000
34 0.0065 0.2396 The optimal number | 9
35 0.0073 0.2469 of hidden neurons
36 0.0108 0.2577 MSE of training data | 0.001882

NMSE of training 1.020462

data

r of training data 0.549076
BEEE AR RR AN BER Out-of-Sample error
RIS e MAE 0.001813

RMSE 0.002222

PR S T S 2

SRS =1

recurrent ?E[i??%ﬁf'g% gig‘f&ﬁ[ YR e ?F'I

2

TR BRI SRAESRT 1(Z,)

F2EL AL TR -

2. SH O [ RS TR 5T = & T SR SR 1Y
ERA

Unit time (Month) Evolutionary neural
network modeling
approach

25 0.009997

26 0.014196

27 0.010046

28 0.005504

29 0.010060

30 0.009469

31 0.012583

32 0.008791

33 0.006465

34 0.008620
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S, H PRI SARIMAMLS (79 F147 Tong
and Liang (2005))!" | = RE sl s vl o = 4iai !

Unit SARIMA | Neural | Evolutionary
time model network neural

(Month) model network
modeling
approach
25 0.000977 | 0.000403 0.000026
26 0.000889 | 0.000621 0.005285
27 0.001630 | 0.003650 0.001424
28 0.004522 | 0.001792 0.001574
29 0.000292 | 0.004378 0.001348
30 0.005665 | 0.002515 0.003134
31 0.000316 | 0.004174 0.001699
32 0.002211 | 0.002049 0.001898
33 0.005976 | 0.003536 0.001441
34 0.005291 | 0.000359 0.002111
35 0.000423 | 0.000497 0.001416
36 0.002274 | 0.003654 0.000400
MAE 0.002539 | 0.002302 0.001813
RMSE | 0.003305 | 0.002745 0.002222
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‘ ——The proposed method —*— ARIMA model

Neural Networks ‘

A E'** 7[:’Tr*4luﬂjj;lrpjﬁ ik
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I {—gg,ﬁlmgw(m

KIS

L =200 = B =05 o g,

ppz@ja'pﬁﬁﬁﬁpgygﬁyp%qo

2. ARIMA #15° + IR o 4 it o S
FR IR VTR

FRS. ARIMA 1Y~ SHHRSEAEE = 4 P At i 20
[t AR SRR pu
ARIMA |neural|t h e
model networks | proposed
method
MAE ]0.939382 | 0.984201 | 0.838789
0t RMSE | 1.111027 | 1.242852 | 1.045259
6 L
4 L
1 2
| 5.4 %
SR IE Y T TR ST AR SR
§ ﬁ S @ § § S cgogog0 xﬂp B TR R ST TS
" 8IS ®RR [ 8 AR ISR (1) o
1. YIE’FPTZJTL FrE R ESi ARIMA A8 S B RS
PR 1. R

| U170 2T
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2 RIER302THIS Y LR
ARIMA 2 - SR
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FEAHAS AR
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ZoRR TR EIAS B o

joqg'lliz

i’ﬁmﬁafﬂ‘??ﬁjj i e

ARSI R B -
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