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ABSTRACT

A Study on the Reliability of Software Reliability Models
Using Sequential Probability Ratio Test

Lee, Da Hye

Advisor : Prof. Chang, In Hong, Ph.D.
Department  of  Computer  Sceience  and
statistics,

Graduate School of Chosun University

With the development of information technologies such as big Data, machine
Learning, and artificial intelligence (Al), software is being used in various fields. In
particular, the internet of things (IoT), which combines the Internet and things, has
opened the IoT era, steadily expanding its use and form over the past decade.
Recently, artificial intelligence of things (AloT), which combines IoT and Al, is
drawing attention. IoT products provide personalized services through artificial
intelligence and are used in home appliances, automobiles, and medical equipment, and
the software industry is booming.

As software and various fields converge, new industries have emerged, which is
drawing attention as a key industry in the future. For example, smart factories utilize
IoT to digitize factory records and data into electronic documents and manage the
incoming and outgoing of products in real time. Smart medicine helps patients check
their health conditions and receive treatment in an appropriate time through
self-diagnostic software. However, security and reliability are critical because these
systems are vulnerable to cyber attacks, especially manufacturing equipment and
medical devices.

The reliability of the software is the primary measure by which consumers and

_ix_
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developers can determine the operational stability of the software. To estimate the
reliability of software, a software reliability growth model (SRGM) is used as a tool.
The homogenous Poisson process (HPP) is followed if the failure rate does not change
over time of use and remains constant. However, in general, the probability of a
product failing increases as its usage time increases, and the quality decreases. This is
the case for most software and follows the non-homogenous poisson process (NHPP).
The software reliability growth models have various forms depending on the
environment of the software and the assumptions considered, expressed in m(t), a
unique mean value function.

In this paper, we introduce different types of software reliability models and
propose a sequential probability ratio test as a technique for determining software
reliability. For most existing software reliability growth models, it is assumed that the
test time is theoretically the same as the designed test time and the actual test time.
However, if an error occurs in the code responsible for the test, the time between the
theoretical test time and the actual test time differ because the error is delayed in
correcting the code. Therefore, in this paper, we introduce a software reliability growth
model that assumes that test debugging is delayed due to syntax errors that occur in
the test code.

Furthermore, most software reliability growth models based on the non-homogeneous
poisson process assume that failures occur independently. However, sometimes software
failures occur dependently. For example, if an error occurs in a particular class within
the code implementing the software, it also occur in other classes referencing that
class, which lead to a chain of failures. In this case, the failure will occur dependent.
Therefore, in this paper, we introduce a software reliability growth model that assumes
such a subordinate failure.

In this paper, we propose a sequential probability ratio test (SPRT) as a statistical
technique for determining software reliability. To demonstrate the efficiency of the
SPRT, we first apply the SPRT to the parameters of the model to anlaysis the
parameter sensitivity. We determine the reliability of the dataset by applying SPRT for

the remaining parameters except for sensitive parameters. We also compare the SPRT
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results based on the level of to estimate the reliability of the dataset, and finally
propose the level of & based on this result.

The composition of this paper is as follows. Chapter 2 addresses the general
concept of reliability and distribution function of reliability. Chapter 3 introduces the
concept of software reliability and the kinds of software reliability models, among
which we focus on the non-homogenecous Poisson process model. In particular, we
compare criterias by fitting datasets to existing models, along with new types of
models, and select optimal models. Chapter 4 addresses the concept of SPRT, and
procedures for estimating software reliability using SPRT. Furthermore, after examining
the sensitivity of parameters according to the level of d in a sequential probability
ratio test, we propose optimal parameters of model to apply the final SPRT, and we

show conclusions and suggestions in Chapter 5.

_Xi_
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3.22. &8 BH
DEE(Failure rate) PE 2 D& 2AHAHWA ZEY T2 DEEN 1 HSIE
HARol= O AMESEC ™0 28 £ HADH DAEET &) HA=C. 2E =
= 0|{tB2=(Discrete variable)0I22 DEESE DE AIZHN EHEXOI Q| AHE S
OICH. D&EE PEOZE= Jelinski and Moranda 2 & (Jelinski 21, 1972), Modified
Schick and Wolverton 2&(Sukert, 1977), Schick and Wolverton 2&(Schick
2|, 1978), Goel and Okumoto imperfect debugging 2&(Goel, 1979b) S0| @
OSH <E lI-1>0AM=sE HERQ DAE RN 2EAS LEHHD QUL
<E [I-1> 385 23 94
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(Moranda, 1979)
Modified Schick-Wolverton 2&
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(Sukert, 1977)
Goel-Okumoto imperfect debugging 2 &
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(Goel and Okumoto, 1979b)
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2 I = ATEIN AlHd DE = olUZ JIE&9 E2 2E2 J-M 2
= S0t N RCH
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%, 8 24, DHE 20 B
HE ARG O MOICH DM XE DHS M, HIHHEH, NS Y

Z2tol 2tHE ISC ME &% SEBs Y= 2F =2 Joot, S8t
= FAEs HANA HEE 282 =, DF A2 A2, Z204He Ji=
T8 J)| s22 0d4g = UL
ct=& &3 (Simple linear regression) 282 A2 S0t 20| ES&HCH
Y=0b+at+e.

OIIA a= J1271, b= BH, e2 XS 20|68t DLt detxoz A8 E
Ct= HIdE OloIEIt X el 0 ZE20le= dlIdE8sH=E(Non-linear
regressive curve) LE S AISEHCH U A& E HIAEIAHSE Ol <HE I
-2>0 A LIEFHCE.

<E [I-2> v|AEE3H2AH 23 oA

28 2EA
2% 2 Y=b+at+at’ +e
3i 2¢ Y=b+a,t+at’ +agt’ +e
Xz 28 Y=be" +e
== 2 Y=b+alnt+e¢
ZXAE 28 Y=1/(k+ba")+e¢
0 ool e ZE 20l 2E WEEQ (2 =28% =3 28(Belady 2,
1976) g =8 28 (Miller 21, 1985) S0l UACH
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3.2.4. dzld 4% 2¢

AMZ|d M (Reliability growth) 282 HAEE Soll Z2 0o MZHs =3
U =S AlZIE AZ ZE2 AZ0IL HIAE 349 42 RHEG I AIAE
Of MM E2 NEEES LIEIHHLH <ZE I-3>0lAs d2d A 29 o2
Coutinho 2& 1} Wall and Ferguson 289 REAS LIEHWD UCH

<®E MI-3> A2)g 47 =Y oA
[eag= DAl
(t)

Coutinho 28 (Coutinho 1973)
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=
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—

Wall and Ferguson 2&(Wall 1977) »
i
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AE NS QOIBCE KIIM 5,2 B LAXIX 22 Coutinho 2&2 240
Ct.

Wall and Ferguson Z2&& HAE = AZERUHS JDEHEEZ W=otI|l Sl
Weibull 4% 289 BHEE HEHS MOSHACH o2 f= LAXX L2 240
Ch b(t) B4 HAE 8 22 & HAE AUCR 22 £ ACH TIUARS

£ UL
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3.2.5. AAHE 2&
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AR E82 AC= && HOtXl= SH
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=2 X=+=E ZZE. ARMA
SEHZ ACSt PACIL ZF Ot K
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3.3. NHPP &AZE2R|(
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3.3.2. NHPP Exponential 2&

3.3.2.1. Goel-Okumoto 2¥
Goel-Okumoto 28 (Goel 2/, 1979a)2 NHPP Exponential 280|ctDE 22|

o O3l 22 8= SHEEH
i) DES SEFROZ LMSHC.
i) A& D& = 4 M DF 0 Hlalstt.
i) 2EH0 Helst L\= US HAE Aol MAHECLH
iv) 2ZEHUHAM DOl LMGIH 0|2 RLS L= SA HAHEZHH MZ22
LF= LGN E=0
Goel-Okumoto 282 Ci21t 22 0I=2gdEAS J|gtez2 2= &= UL
) pfa—m(0)
Hoglede2 D¥2dTes= U3 201 =08
m(t)=all—e bt),
)\(t)zabe_bt
HIIM a= 2ZEY 0N HAE &0l E0IUA= S Il D& =5 20IotH b=
g d=ss 20Igtt
3.3.2.2. Musa exponential 28

Goel-Okumoto 281 KAt Musa exponential @& (Musa, 1987)2 AZEZ

O AldH A|ZHCPU time)lt AlMl &2 AlZ2H(Calender time)S DAHGIECH OS2
I 22 02UFHEAS Sl 282 92 &= Ut
dm(t)_ c
e el Q)
Musa exponential &2 HIgtegdx2 N&ELES = UGS &0
et
m(t)=a(l—e "7T),
At)=—la—mt)
OHIIM a= AZEN D& £, c= HAE Y E(Compression) H==, T=
HAE =J|9 A 1NZ& AlZ2H nE ATEYN £=9 WUHA s & e =

o
o —
LY =, t= HAEE ot 28= &X CPU AlZt= 2J0IgHLt.

o T,

rr
&
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3.3.2.3. Hyperexponential &4& 2%

Ohba(1984a)Jt M98t Hyperexponential &% Z2E2 AlE2 HE0 OE 2E,
g =

SET FT0 e 2=, otEANY ASHE R0 HE Ls) 22 L& 2
HdAHZ FHE AZEQONU U6tH 2 & SelAHe A2 OE =J|1 1E
£t NHES F=010 JHESHCH 0IIAM Hyperexponential X&= X+2% &
I 2382 R2AoHOF otH Hyperexponential && 2| HAgei+2t DHAEE
== s 20

m(t) = Zaﬂ _e_blt|7

i=1
n bt

At) =D abe ™.
i=1

SAHAHS =+, g 2N 2HAHS =J| 2F =, b

HIIM a= B2

= = (2
SHAHS 2 R0 et DEES 20|80

3.3.2.4. Yamda—-0Osaki exponential &2 2%
Yamada®t Osaki(1985)JF HMIetst Yamda—-Osaki exponential 8% 22 AX
C
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kJ

k
m(t) = aZ]lpf[l —e "],

At)= aibmi [1—e bzt].

HIIM k= 28 =, a= 2ZEHN HAE &MU 0= & JIH DE ==, b=

M i
81 25 WOA 8 DEO et D& HEE, p= Bl 250 Uist DEES
o|0l8tCt.
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Delayed S-shaped &Z&° HZIex=2% IDEAES= NHPP Il

bt
bt+1

\t) = ab*te .
Il a= HAESH] MO AZEINN E0le & JI00 & = 2/0|6tH
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3.3.3.2. Inflection S—shaped 2&

Ohba(1984b)Jt Mt Inflection S—shaped 282 LS 22 J}

04
o
[0
1
o

Ct.
i) S8 BE U2 28E MAHGH| ol &S X 2=C.
i) D& HAESS 4 ATEOS M L2AE 2F 40 oldStCh.
i) &2A Jisd 2 @R NAE2S UXHGIH =26
iv) A2l @F= 288 MHE &= JUCH
Inflection S-shaped EZ&2 EHZexo NELES= ISYEAY
b _ . _
b(t)zifbt E ot oHE Poltd TS 20| 95 4 ALt
1+ e
(1) = a(l—eibt)
1+ 8e "
b 1 — bt
A = UL EBe
(1+8e ™)

HIIM a= HIAESH| HOl 2ZEOCH Ho0tU= & Il 2& =5 20IotH

= L& ZEE, g H=H=+E LIEHLH

_30_

Collection @ chosun



3.3.4. Testing effort NHPP 2&
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3.3.4.1. Yamada exponential 2&
Yamada exponential @& 2| ERglets2t NE LT e+= LS
m(t):a(l—eﬂa(l*eﬂ )7
)\(t):arozﬂe_m(l_ewFﬂt.

0N alt)=a, blt)=rafe 2 ZOXH o f= HAE L2

(&
1, r= HAE &F % 2ASO0ICH

0

3.3.4.2. Yamada rayleigh 2%
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3.3.5. NHPP imperfect debugging 2&
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3.3.5.2. Yamada imperfect debugging 2& 2

Yamada imperfect debugging & 29|

CltHE ZEZAl
2+C}

>
o

alt)=a(l+at).

a(t)% O|28E A Al

O T

-

m(t)za(l—ebt)(l—g)Jraat.
Il a= HAESGH| &0 AZEHAHAH =Moot & JI00 28 =00 b= 2
, o= =D DEN 2= D& Lo =IIES 20| &t
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3.3.6. Generalized imperfect debugging fault detection 2&
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at)Qt b(t)2 HEHU et mt)s DL 22 ESCM Bl)=s ChE 20|

F=O01&CH

3.3.6.1. Pham-Zhang 2¢¥
Pham(1997b)0l HIetst Pham-Zhang 28

i) @F TUES HAE A2 X282 HAED

o 1& =

CISt 22 alt)2 b(t)E DI2LHA £21(2)0 HYLSHH Pham-Zhang 22
BRUELE 22 = U
alt)=c+tall—e ),
b
b(t
© 143 "
() = —— (e )1 =) = S )
(1+ﬁeibt) b—a

HIIM a= HAESH] &0 AZEAAHUH =Moot S I 28 =010 b= 1

g EEE, o= 2| LU Y D =2 SIte

3.3.6.2. Pham—-Nordmann-Zhan
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8.3.7. Testing coverage &

HIAE AWl XI(Testing coverage)= AZEQJHE 246l 2= HAE &
CE =¥ol= NHE=Z DE HH2lXI(Code coverage)2 =clJ|I& StCH HIAE A
HEIXIE JIECZ Hele &5 ATERN AJAHS Sasle O ZR=2 dls
HAE L8 F=HE = QL Es AHIXHHE AZEN A2ASS THUHE=
HC2T AEDI M0 HEXt AHIX Z2F0H =28 NE2 XSS
(Pham, 2003).

Pham 2/(2003)= HIAEY HHEIXE 1Delole AZERN AMZH H& 2HE

dogtgsE &I fd tsu

dm(t)_ c(t) B
dt 1—c(t) lat) = mit
HIIM alt)= & 2F
IE HY2IX HEESS LIEIUHCH 1—ct)= Al

& 42 20lstn, ct)s HAE A2 t0l Ust 22

2t X2l HIAEONA OFR Ch

21| Y2 IS WESS o0|5tD, ()2 BE HHIIXKIS HIES LIEHACE
2YUMAS ZoUHE OS2 20| HAE HH2IX 28O ERgatas o2
2 QIC}.
t !
m(t)=e B(t)(mo—i-f a(T)eB(T) <) dr
t 1—c(7)
OIDIM mlt)= CIHZ AIEE 0l et =J12t2 mlt,) =m,2 FOIAICH
_ _ "t ) L
Bl)e & HE8 820 10(()15)% tOl CHOHA ==2E HEf2 C=2D 20| =
—C
O &I}
¢ (7)
t 1—ec(7)
BHOF ¢(t)JF AlZ2F tOl CHGHOY =S0| Otel @2 &=2(Concave function)2t® ¢(t)
S <z -2>9 ZoH 1C(t()t) S <2 -3>] 22 S8 =Me 2 €0t
—C
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<32 M-2> ct) k2
c'(t)
1-c(t)
A
1 __________________________________
e

<13 M-3> 1A A5G

_39_

Collection @ chosun



3.3.7.1. PZ coverage 2¥

Pham 2/(2003)Jt HICtet PZ coverage 2E UM A=2E= HAEY HBHHZIX &
2 clt)= T2 201 =O&ICH
ct)=1—(1+bt)
= QF %= &2=(Error content function)= CtS1t 201 =M &IC.
a(t)=a(l+at).
DIt EAL 2AIB)U c(t)2 alt)E HYUSHH EBRAUSSE OI=2D 20l 2 =
QULCH.
B bt+1 aa(l—i—bt) & 1+bt)”1—1
m(t)—a(1+at w0 ) el LIUAS +;0 EEIE
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= NHPP 28

10l MBS AMESHA &L

2
[=]

A0 (Hardware;
(MAC) S} 22 29 MIM(Operating system; 0OS), B2t E(Background) il A
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o
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<l
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THU
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n
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010
OH

i

H
0l
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oS

o =
=28 &

HIXt= Chst
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e

-/

OH

2l = A (Linux),

T 2(Window),

o
)

HW) S &

o

ot
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=T

c
A

9]
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i
<
ol
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00
OH

U

(o)
BHIAEDJE O

=
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<
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o
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o
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)_1)“].

b
ﬁ—ﬂ—a"

D b(e)lalt)—m)).
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Vtub-shaped fault detection rate £ &
dm(

3.3.8.1.

O

= UEWD, a, b, a= b(t)o

XA
o T

Jith

=S
[
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o
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3.3.8.2. Three parameter fault detection rate 2&

o0

48 2= NHPP AZEOf

o0
Ol

wa

o)
]
El
ol
RO

ol
Al

o3
<k
oll
i}
K
ol

KO
~

£ ELL
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=

o0

—
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MIA
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Ct.

st
LFE= A MHELCL

Al AZEAO0 So0tA= D& =0 vl

b))t SEOIN SRt gle

—_~ o~ o~ o~ o~
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o s 1
o A__.
PORE 60
E
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== K
w w ™
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a(t)el N2 HIAE H0ol &M
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e
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n0
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g
Ar

180
n
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m
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o0
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Qa c
: 8 m+
z 3 s o z Mﬂ 50
ol © J < = ol % 3
0o i O = o R o = %
Ar = <k oll 0 o )
© I = o8 "
KO - K0 <F ol Ll 0w < A
n O o W0 Ar i
m £ - sz % o U &
a . j I_ |_
noe 0 0
w ) T W m . .
o 2 A= g & ou s o
B o K = Al s X =
> Cmtr = 1 n
om0l < 3 <+ w B S = s
X0 KO R =) ol m_m H 0 = 0l A "
X0 RO 4 - = A
a A TR m NE o [ 8 s o
mow = 2w g g | om B 5 TR
T Fw%% 3 8 T w2 = s %0
oo It W on 0 + cow s oS B
y & O . =5 2 = Sa mup i1
T = o Ma S 3 (1_*\ SHom oL o =
a o o Loz d 3l = S o o o=
—n  OH S = I < ol | 7 0 I S
X0 mm 3 K i} \_) = oy = ©
ao_:_@ "~ <t 3 = = WXl =
o = ﬂw Q. = o3 — .Al © =
RS ol Fom WMo g <k = wd 5 =
Qu. (2\ o_E _._._o _.En 3 =_=._ i) < m ._C ..W zJ
2 A B0 = of o) J|J <F o S W 3 |
o M g OF % n S5z 2 Al
c g O w < W & N =
5 X 1 © o o -
s W o H__mmxm-# o 5 W3 .
J © N 7o < 2 I
<J © R 160 io 5 N
r = o W 5 RS 2 =
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E 3+ £ X
W ® N
=

Z LIEHCH

«

FH b
- 43 -

b

M b<10|C
Collection @ chosun



S 0l
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-/

M =

+

o
o

tHA 2

[¢]

o

NIAH

L

o

=)

24
=

3.3.8.5.

[ o A AK
%) S o < S5 w0

© 9 v o Q

e G I o1

o <+ 8 ) R0 ) 3

o O o7 A_m H_Lr o ol . &+

= NI A. o W R O o
RO v oo o = 29 S
—_ m m -
~ & 7 o= X o8 | 0 U = nl
= i+ : H @ <+ = =
1 Yy o u { =g

0

- LYY = <] o0 e
o o,E_EmEb_Mw L= DE R O= R -
1o _ = =
of A N R ol o o = s T
B3 - = Sw = a@m__)woﬂ__%
i = sl 5 % = =% 5o
oJ 5 ,W N - ™ = | a_u_mm_u m M © ‘h I __m
=B ST = Iaooﬁ_um_zﬁ_(n\ﬂmo
iy ol -0 o5 5 = ! K <l R 2 IS _
< W Il = = F o= — 0T N Mo o ol
B = KW oy g = 5o gy g dow
o [ ma g = S 0 Ko
2H = paBy 3 R R
K< | WA 5 E < of M T o
w o — w ol M o = @u_m nl F
L. ® = i Hi S N R = -
o0 3 <l oy .Ar_v ) o] ™ m 3
IS - o & g W0 !
3 o [ o 5 O <l

o 3 o © o B Al
2 3] R O o3 m T M
n s Lol o 3 e 4 =¥
— M . w <~ FO M .Dr_u_

1 5 ~ JJ o =2 O v oan =~
TR rS R 70 o =

(11)

1—67(%)’], a,b>0,
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3.4. NE22 R&9 24 & dHluw

3.4.1. Delayed time by syntax error 2&

ATEOS L0l OtR2EE AZEJNHE EItoH)| et HAE HES Al
A

20 HAE J12t0l 20X8 A2ZEQ02 dZds =O0HALE &gst e, Hl
E, AM2H0I AR2ECH BHHEN HAE J2H0] ®OIXSE ZBHAE HE=2 EZotlh &
TENS M2 2H2 HEL Oetd 2ZEN d2d) FMA HlEs 1
clottd H&8g HAE J2H tE Z2HoH0F etlt. OIEH2=Z= A2t tSe HAEES
SRR, AEXHOI HAE J2t2 t20 O S = UL HE =% HAE 2
SOl OHEXOF QIXIGHA 28 LEXIE UHL 2HH 27t EMots <, H
AE=E QFE S XN AdOX 222 HAE= XNADH 242F2 d
AE D22 HE}E t20 O HOLXIAH = C

<JZ MM-4> HAE A7t t9] L&

<O I-4>= P2 QB2 IF XSTs HAE AR t9 PEE UEIHC
OIZHQI HAE At t0IXI2 AXEOI HAE AHS XSHT = AR} £, A
HOF 3122 t—t,0 &AM HIAE AI2t0l 0 0<t, <tOICh

Lee 2(2018)= 72 232 08 XoLs HAE AlZ

=
nio
K
W
ol
rr

NHPP
ﬁ!

ZEN d2ld 4% ZES Mol Edgtgss sl €2 =22 E
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o0

Uk

at)=N, b(t)=dbt"" ' a, b>0.

o0

i

A
e

|.

PN
o

JIitH

Mot=

=
—

HIIM N2 HAE HO

i
ol
<r
K0
10
H

ot O

2 a, b2 FHECE o) bE)E 2A(12)01 L

(]
-
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T

J
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H0

Ki0
3

ol
160
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gl

(m}
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3.4.2. Dependent failure 2&

g I

NHPP

ddld HHHE 2ZEAAS

HE StCt.

J

i
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oll

o
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D
4

Al
<

pund

(m]
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20
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]I

ol
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20

IR Y

(=]
=

& SdA0 2

=
=

LH il A

nE

EAN

o]

AMEC=z UEE = UL

ith failure

i { Dependent

o)

Class testl:

Class test2:

« EFFor

test2):

Class test3(testl,

« EFron

BA
o

<J& [I-5>

i

N-5>= 2ZEHYAHS
ATEOS DH0 S5

<ag

B
0

ol
180
™

_

KO
X0

a0

<J

oF
u
2]
<

Ju
o)
RO

ol
ol
Rr

(13)

dm(

D ye)lalt) - m®)mlt).

dt

0

btce M

a(t)=alat+1), bt)=

o0
<

nO

Ju
AK

3+
o
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tOd Matlabs OIEdo =2 Xl

A
e

[¢]

b

=

S

m(t)oll =

= =3A(Least squares estimation; LSE) 2Hioz 2

&M CIoIeHE

5%
<+

ol
ol

ol
]
RO
KF

R2

S0l JUCHPham 2000, Pham 2006a, Pham 2006b, Pham 2014a, Akaike 1974,

Pillai 2 1997).

PP),

2 XHMean squared error;
t,0lAde &N OO0 gts 2

& (Predictive power;

Nl&s
O

Ct.

L

2
=

t

ni

(Predictive ratio risk; PRR),
XHMSE)E CH2

i
=

S
=

&
2K

=t
=

=

=

0ol
HIH,

|

X
A

OIIM N2 OO0l

MSE),

=
RO
K

Ol
160
™

0
©

]
~

i
<+

3+
al

ol
180
™

= 49

clole <

Ct. =, MSE=

olst

c| = Ol Ct.

b

=)
=

Ef

—
—

(tz) — Y
m(ti)

m

S OICH
n

1(
- 48 -

PRR=Y

i

]

S
— M/

=

ot

=3
(PRR)2 TS

=

=
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Jedottd 28 =etdt XM OloIe gtel HelE SEEttt

)

(]

2 Wz 2 ot
H B, oIS (PP)2 LSt 2CH.
n A(tj)_yi ?
PP:E(%’ )
i=1 Y;
AlH GIOIE gt 1edot 28 =gt & H GIOIE gt HelE sJ &
Ul B, 2R H S R*(R-squared)2 3| XSO NMETE Holot=0 20| M
ol TS &0l = &L
n . 2
Z(yi_m(ti)>
RP=1-'=
& —\2
Mv—v)
i=1
Ol y= AH OOIH NMES MM BZFS 0|8
CHA 9, AkaikeSl A Y J|=(Akaike’s information criteria; AIC)2 LISt &
0| ®QlstC},
AIC=—2InL+2N.
HIIM N2 XINRE0IH & &% LI InLS CsS 201 = ACH
I ﬁ (m(t;) —mlt,_,)" " ) =mlt, )
i=1 (yi_y¢71)!
InL= E{<yz —?/i_l)lﬂ (T;l(ti)_;ﬁ(ti—l» _(ﬁ%(t/)_ﬁl(ti—lﬁ lﬂ((yi _yi—l)!)}'
1=1
A S, E2 22X &(Sum of absolute error; SAE)2 =2t A Xl GIOIE
22 El HelE sEHGHH s 201 ES ST,
SAE= Y |m(t,) -y,
i=1
o= YW, B (Variation)2 0= HEo| E=HXZ O 201 =0 &L
‘ ((ﬁ%(ti)—yi)—Bias)Q
Variation = =1
n—1
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OJIM & (Bias)2 LIS 2CH
- )

Bias = Z
1=1
O B, 22 M= 212 Z2(Root mean square prediction error; RMSPE)

2 s 20

RMSPE = \/ Variation® + Bias® .

ZHAS B2 10l IINE4+2 20| +8S UEIUWH LN HEo gt
NS4 DHO| 24HES LIEHHC

AN QIZE OF MO HETE PO MHTE HlWsts HTOIM HSAS B
Sots BEZ2 MSE, i ACisions PPoeiionS MNEBIIIE BLHL 9,
2019). &l CIOIH =& LSREt ALS56H0 Hagg+2 2+ FFoH, LIHX O
OIEI= GI=212 HIRats O ABSICH OIS S8 MSE, 00,2 ST 20

MSE=—— St )
n—m+1—N,S,
S OOoIe NME t;,=1,2, ---,n0l ot ¢, =1,2, ---,m—1tX|2| OOIEH= &

zateg =l 22 FHole O AEotl), UHHXIL ¢, =m, -, nItX2 OI0IEH=

Ol 218t BI=3t mlt,)S =H3101 &M GIOIES Hels ==5)
0 N2 BRUESO 24 +2 LIEHH

,E 22 gEHeg MEE JAteD
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= ==0lAd=s Hlu

Dependent failure

ot Mg e

Jh

<H -4>2% <=
Tandem Computers (Wood, 1996)2

100042 &0 €A

DPF)Ol CIOIE Al

-5>=

2F
=

B

=
=2

CIOIE ME 2= ABC

Es =

NES

i

LIEHHCE.

A E 00l A

AT ESO

[ ey &

Delayed time by syntax error 2&(STX),

ot 2+ =&dotl, HEE

CiolEr M= 12
==t otz 3
A

o
tel =2ctel sl

ol

Al AE(Online communication system; OCS) Z2HEZL2H =&LCHPham 2,

2003a). 12 S¢t

JHel DFEOl gAH

<# II-4> gjo]g N E (DS 1)

ooz 2sE 1%

3|
P

=5 JIS& UOoIe MEOIH & 55

<#& [I-5> dlo]g AN E 2(DS 2)

TIME

CUM.F

10

12

16

22

28

36

40

43

44

50

51

S| Z|S|o|o|~N|o o s —

N e L LS N Ee Il I NS TP

55

TIME CUM.F
1 16
2 24
3 27
4 33
5 41
6 49
7 54
8 58
9 69
10 75
11 81
12 86
13 90
14 93
15 96
16 98
17 99
18 100
19 100
20 100
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<E II-6>2 S JHel Hlw 28 (1-8)1 Delayed time by syntax error 2&
(STX), Dependent failure 2&(DPF)Q TZate 2 m(t)E LIEHHACH.

Y D9 =XI= MatlabsS AIE26I0 LSE 2SS AZ2AISCH <E III-7>
o <E lI-8>2 Z HI0IH NEE H&Eol €2 288 2 =HXE LIEHW 1,
<Y ll-6>13F <O I-7>2 28 HOIH HEN [HE DY HIAGSLEE T A
Sttt

< MI-6> 2 29| FAuTd4s
No Model m(t)
1 GO a(l—e ”t)
T
2 IS al—e?) efb)
1+8e "

3 DS al—(1+bt)e )

4 YID 2 a(l—efbt)(l—%)%—aat

5 TC N[l—( b H

B+ (at)

6 PNZ (1 e ") +at)

1+ﬁeibt ( )
o bt ab —at — bt

7 PZ 1+ﬁ _— (c+a )— E<e —e ))

N|1—
8 3P [ﬁ al (1+C) t)]
14ce
9 STX N(l—%)
B+alt—t,)
a
10 DPF
1+(g( b—l—cbt)b
h ]\ ¢+ be™
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<E M-7> o8] AE 1o 3t aaE va
Model Parameter SSE
GO | a=129.511, b=0.084 232.5177
IS | a=110.841, b=0.172, 3= 1.204 179.5844
DS | a=104.049, b= 0.265 505.1447
YID 2 | a=129.400, b= 0.084, &= 0.0001 232.6899
1c | a=0.0008, b=1.111, a= 9915.2, 3= 15.820, 017 4953
N=118.466
PNZ | a=110.679, b=0.172, a= 0.0001, 3= 1.199 179.7893
PZ | a=0.0003, b=0.172, a= 10000, 5—1 204, c=110.841 179.5844
gp | G=391.999, b=0.172, 3= 0.716, N=110.855, 179 5844
c="7014.4
a=0.0001, b= 6.976, a=0.120, 3= 11119, N=102.445,
STX | 2 4 oooot 75.7939
<& T-8> flole] A 20] cfst 2 dd va 3
Model Parameter SSE
GO | a=94.344, b=0.0733 40.2448
IS | a=65.781, b=0.206, 3= 1.293 36.4997
DS | a=57.478, b=0.344 82.0956
YID 2 | a=5.749, b= 52.415, &= 0.756 69.7821
TC | a=0.005, b= 1.075, a= 2001, 3= 84.681, N=80.373 39.4937
PNZ | a=64.922, b=0.208, a= 0.001, 3= 1.286 36.5058
PZ | a=7.617,b=0.210, a= 0.005, = 1.321, ¢= 64.992 36.5072
ap | @=0.05496, b=0.2072, 5= 0.0245, N=68.5181, 36,5002
¢=25.0097
DPF | a=55.893, b= 0.004, c= 0.548, h=7.274 22,5607
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100
80
©v
5]
—
= 80
e
Q
=
B a0
=
g
=
O
20
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
+ Data -GO IS —DS —Y¥ID2 —TC =—PNZ =—PZ —3P -a-5TX
Time
<3 M-6> gol8 A= 1o gt 2@ Faas
B0
50
40
£
E 30
@
£
5]
E
= 20
o

10

1 2 3 4 5 65 7 8 9 10 11 12
¢ Data GO IS —DS —Y¥ID2 —TC —PNZ —FPZ —3P -#&-DPF
Time

<I% WM-7> dlojg] NE 20f tfeh R Fugtehs
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<H W-9>2 <HE I1-10>2 2t OI0IH MESQ Bl ZE(STX, DPF)S =FE

[

HMetT ZUE LEHHCH <H 1-9>0M STX 282 R*2 0.995322 Jt& 3
L

LEFRtO UBX JIFS 25 COE JIZ 28D blnoh & ZH LEHC O
2tM HIOIEl MIE 101 CHGHA STX 2o HstToh Ot 248s & £ UL
<HE II-10>0lAl DPF 2&o| AIC 2t2 58.69582 Fl OFE o 28 & Al

M2 =S U222 UEINCH R*2 0.99192 JHE =0 UEIS 2N UHXl JIES
nl

boHlwoh JrE &H LHEFSCH MetAd OIoIe ME 201 CHaH A

NHPP AZEQN d2AM AHAFE 2O 100(1—a)%0l st 2= Az 22t
(Confidence intervals)@ CISt 22 £412 Sl 2AIECZ FFHE £ UC

(Pham, 2007).

OIIN z,,= HEZFEIE(Standard normal distribution)2 100(1—«a)29I+5
©| 0l 8ttt

<H M-11>30 <#E II-12>= OI0Ie AIE0 & STX 281 DPF ZE S
a=0.0501 CH&t &g P22t GtsH(Lower-limit confidence interval; LC), &8t
(Upper-limit confidence interval; UC) & ZEZgtst+=E UEILHH <O 1I1-8>1

<29 II-9>= 01 AlZ3tetlt.
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<& IM-9> glo]g ME 10 tfdt n&y¥ Mt

Model MSE PRR PP R? SAE AIC Variation RMSPE
GO 12.9177 | 0.3712 | 0.2021 | 0.9857 | 61.3458 | 91.8213 3.4976 3.4982
IS 10.5638 0.8674 0.3047 | 0.9890 | 45.2128 | 90.2698 3.0417 3.0728
DS 28.0636 | 19.6801 | 1.0832 | 0.9689 | 63.1991 | 111.2568 4.9439 5.1458
YID2 | 13.6876 | 0.3726 | 0.2022 | 0.9857 | 61.3744 | 93.8697 3.4988 3.4995
TC 14.4950 | 0.8375 | 0.3014 | 0.9866 | 53.9273 | 97.8758 3.3668 3.3820
PNZ | 11.2368 | 0.8648 | 0.3042 | 0.9889 | 45.3028 | 92.3017 3.0437 3.0745
SY4 11.9723 | 0.8674 | 0.3047 | 0.9890 | 45.2125 | 94.2698 3.0417 3.0728
3P 11.9723 0.8669 0.3046 | 0.9890 | 45.2171 94.2682 3.0418 3.0728
STX 5.4139 0.2542 0.1383 | 0.9953 | 27.0759 | 86.5700 1.9870 1.9968

<3 I1-10> FojE] HE 20 th ngd HgE

Model | MSE PRR PP R? SAE AIC Variation | RMSPE
GO | 4.0245 0.2932 0.1627 | 0.9855 | 19.4170 | 57.7076 1.9120 1.9127
IS 4.0555 0.4815 0.1905 | 0.9868 | 17.0520 | 60.1451 1.8126 1.8208
DS 8.2096 7.3679 0.6177 | 0.9704 | 20.9540 | 69.6251 2.6305 2.7236
YID2 | 7.7536 0.0893 | 0.1027 | 0.9748 | 24.4096 | 58.2593 2.5187 2.5187
TC 5.6420 0.4307 | 0.1888 | 0.9857 | 18.3723 | 64.2519 1.8906 1.8945
PNZ | 4.5632 0.4818 | 0.1906 | 0.9868 | 17.0566 | 62.1389 1.8128 1.8210
Pz 5.2153 0.4890 0.1917 | 0.9868 | 17.0459 | 64.1689 1.8125 1.8210
3P 5.2143 0.4812 0.1905 | 0.9868 | 17.0484 | 64.1366 1.8131 1.8209
DPF | 2.8201 0.0276 | 0.0270 | 0.9919 | 12.7389 | 58.6958 1.4321 1.4321
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<y [I-11> STX 229 95% Alg]+IHDS 1)

Time m(t) LC uc Time m(t) LC uc
1 11.0907 4.5635 17.6179 11 79.8466 62.3330 97.3603
2 19.7148 11.0128 28.4173 12 84.8181 66.7674 | 102.8687
3 27.6015 17.3044 37.8986 13 89.1055 70.6043 | 107.6068
4 35.0443 23.4416 46.6469 14 92.6209 73.7583 | 111.4836
5 421715 29.4436 54.8995 15 95.3604 76.2209 | 114.5000
6 49.0516 35.3246 62.7785 16 97.4029 78.0595 | 116.7464
7 55.7185 41.0884 70.3486 17 98.8761 79.3869 | 118.3653
8 62.1779 46.7230 77.6328 18 99.9166 80.3251 119.5080
9 68.4031 52.1930 84.6133 19 100.6439 | 80.9813 | 120.3065
10 74.3287 57.4310 91.2263 20 101.1512 | 81.4391 120.8634
uc
120
100 f_,__._..-—-——r-- >
%] /
v 80
_-_,E LC
"E 60 ,
=
g }
O 20 = ml[:t]|
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Time
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<® [I-12> DPF 2&9] 95% AlZ]7HDS 2)

Time m(t) LC uc
1 9.1317 3.2089 15.0544
2 12.6825 5.7026 19.6624
3 17.1280 9.0165 25.2395
4 22.3485 13.0830 31.6141
5 28.0333 17.6560 38.4106
6 33.7329 22.3494 45,1163
7 38.9897 26.7514 51.2281
8 43.4751 30.5520 56.3983
9 47.0529 33.6085 60.4973
10 49.7548 35.9298 63.5798
1 51.7108 37.6167 65.8050
12 53.0833 38.8033 67.3632
70
uc
60
I
E 50 __—
E 40 ,,/"'f
w 30
= LC
= 20 /
: » B0 =¥
&
0
1 2 4 5 7 2 10 1 12
Time

<J" M-9> flojg ME 20| tjst DPF 2&9o] 95% AlZ]
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V. =X8 254 248

A
4.1. Walde =xt& &EHl 23

T

=XI= &EH| ZZAE(Sequential probability ratio test; SPRT)
2A™oz 2els 0l SAHR JIMS Wald(1947)0 1947 S

Jn
ro
i
bal
Jor
&

S M5t BFOUA MOASHH SHE =2 Yo sl
B4 20l CHGHO! f(x,0)0F FOIE [, LXK 22 24 90l
H :0=0,2 &2 SRS Oll, p,=/f(2.0,), p,=/f(x,60,)=2

2 M
o Jjo

njo
ux

FOAH 22 vs 29 J|IE=22 &4otHU SE B2+ JlElz 4

X B, 2ESHBO p/p,0l =& (14)5 HZSHCOH S HFS & WX

CIOIH &S A= S (Continue)= ZE2 Weldl ECh

p
>4 (15)
Py

S B, dESHS0l =4 (15)8 HESCHH HRIE Hye J126t, ot

&8 H = THEHSHTH

p
d-on (16)
Py

Nl BT, BESHEO0I =4 (16)2 2HESHCHY HRIME Hy= G, gt

& H S I8t

OIIM A2 B ARIMEQ e 2 J|29g Z2Eote LAHLZE 40|
I & & E(Risk probability)®! a2 Ul AEXOICH. SHESZ a= 15 2R, f=
28 28E o0lotH Z& 22| 2O0tdAME a2t pE MAX fE(Producer’'s

risk)2t AHIAF & (Consumer’s risk)Olet D& LA =L,
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<dE IV-1>2 419 =XH =#E8Hl Zd JI2F 10 MESS Al2tstetth. <8
IV=1>2] N, (t)2 N (t)s A2 FSol 61etl Ast FAHE UEIUNE 23SHS

N(t)Jt “Reject”0ll =MotH oY AIAES JI2EHCH OIIM NE)E AlZE tOIA
of AN J& =5 20letlt.

=X EEH dF2 4 (25)8 JIELZ UIOIHE +=&dl= M =20t &
ot ZE= Welth. D&8AQ JOtd ZE0l Hlotod Ot X2 UI0IeHZ AIE0HH
o =0 27101 2= Walll, OO0IH =832 S8 = U0 24 HX
HOICH 2 =20M=E 2AZEYNY dZLS HUHole $HeZ &=IE =&
ZES HMetotH =XIH HHE Sol =XtH =EH HE2 s84s Y3JEH. &
gt =XA =EHl HE2 SHES FHotIl ol ME&= JHEe H&aHQl J|E
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<E IV-1> &X}

o shgul A9e

Model | P t 4] Risk Probability
rameter
0ae aramete Case 1 Case 2 Case 3 @ 8
a 0.000005 | 0.000010 | 0.000015
b 0.1 0.5 1.0
STX « 0.013 0.015 0.017
15} 500 1000 1500
N 1 5 10 0.1 0.1
Ly 0.0000005 | 0.0000010 | 0.0000015 ' '
a 1 5 10
OPF b 0.0001 0.0005 0.0010
c 0.40 0.45 0.50
h 0.1 0.5 1.0
<H IV-2>2H <HE V-7>tKl= STX 2&2 20 ot 62 ==0 O
oA SHEH dEQ ZUE LIEUDH <O IV-2>2H <8 IV-7>2 2 2=
of S0l e my(t), m(t), m ()8 LIEIWHD, <O IV-8>1F <O8 V-9 &%
E==2 50 HE MY J|I2ES UEHHLEH
<H IV-2>9 a% <H IV-6>9 N2 2E o0l Tl “Continue(Cts 2&ES

g WMNtX OI0IEE A= ZEh) ete 28 L <H IV-3>9 b, <H
V=5>2| 3, <& IV-7>9| t, & A 2
XHOIJF UK 2£0F RHERSDE DIt

-4>9 a= 2 601 CHoll t=1Q1 A

3]
-
5
1 T

21
e
1>

|Z0IA “Reject(Al2142 JI25I0 HIAEES
Z25I0H) "2t Z 20| LEISCH 2L o= =X& &84 2F0 01 2126t
H BFSSICH <08 V-4>8 2% Z o mt)e T2 222 Z2l my(t)dt
m () ECH 210l 2E5t0D UCH QIATIE AS Ra= =XN =SH 2HS NN
Sl o4 62 YR He MBHOITH 22 all M= 6% 0.013, 0.015,
0.0172 T2 220 HI5t0I 62 HRADt 1S ZCh MetM STX DEo =Xt =
SH AZS AP B, Y20 LU o0 i 25 B0l ZR5HCH
<H IV-8>2H <E IV-11>0X= DPF 289 2401 o0 62 =0 02
EXE BHSH IO ZUES UEHHH <O V-10>2H <J8 V-13>2 2 2
29 S0l W2 my(t), m(t), m (¢)S LEIHD, <O IV-14>2E <O IV-16>
2 2t 240 S0l 2 THEAD I124AS LIEFHCY
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<H IV-8>2 a, <H IV-9>9 b, <HE IV-11>2 hs 2= 460l OoHA
“Continue(Cts Z2&2 & WNX OOIHE HH =Z&CH"ctes Z&0] LIEHRC
<H V1050 c= 2E 60l OHaH =121 AIEOAM “Accept(dl2I4 S THELSH
M HAEES &Z8tth)"ets Z2E01 UEHEC. el <8 IV-12>0lM c0ll CHEt

my(t)e T2 242 22l my(t)2 B 2 H2=2 UERD ol 2

= clt &
ASSE HOUss mt)Ih Q26 EHSES 2018t [etA DPF REEo2
=XE EHEH HAES ANYE H2L, Y30| RQHATIZZ 0l Oist gAsH Teo|
RSHCY.
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<E IV-2> STX 2% 24 a9l 6o I A4 &-8H] 474 ZiHDS 1)
6= 0.000005 6=0.000010 0= 10.000015

T e me my(t) | my(t) ég;%?}t iﬂ?ocr} Result | my(t) | m,(t) /'r\ggcii%t ?eegjieocr;[ Result | my(t) | my(t) /;\ggii?wt ?eegjieocr;[ Result
1 16 | 11.0907 | 11.0227 | 11.1558 |-171.8603| 194.0385 10.9514 | 11.2183 | -80.1607 | 102.3293 10.8765 | 11.2783 | -49.4973 | 71.6497

2 | 24 | 19.7148 | 19.5938 | 19.8305 |-163.2376|202.6615 19.4671 | 19.9416 | -71.5418 | 110.9485 19.3340 | 20.0482 | -40.8846 | 80.2625

3 27 | 27.6015 | 27.4322 | 27.7636 |-155.3551 | 210.5502 27.2548 | 27.9190 | -63.6611 | 118.8322 27.0685 | 28.0683 | -33.0092 | 88.1399

4 | 33 | 35.0443 | 34.8292 | 35.2500 |-147.9341|218.0125 34.6040 | 35.4473 | -56.2330 | 126.2809 34.3675 | 35.6369 | -25.5830 | 95.5797

5 | 41 | 421715 | 41.9129 | 42.4190 |-140.8961 | 225.2270 41.6420 | 42.6563 | -49.1537 | 133.4480 41.3575 | 42.8843 | -18.4941 |102.7267

6 | 49 | 49.0516 | 48.7512 | 49.3389 |-134.3008 | 232.3898 48.4365 | 49.6145 | -42.4188 | 140.4652 48.1061 | 49.8792 |-11.7164{109.6910

7 | 54 | 55.7185 | 55.3787 | 56.0436 |-128.3886 | 239.8095 55.0226 | 56.3552 | -36.1308 | 147.5032 54.6485 | 56.6545 | -5.3061 [116.5971

8 | 58 | 62.1779 | 61.8021 | 62.5371 |-123.6756 | 248.0134 61.4082 | 62.8814 | -30.5434 | 154.8271 60.9942 | 63.2118 | 0.5709 |123.6219

9 | 69 | 68.4031 | 67.9975 | 68.7906 |-121.0939 | 257.8804 67.5718 | 69.1614 | -26.1337 | 162.8607 67.1239 | 69.5169 | 5.5904 |131.0365

10 | 75 | 74.3286 | 73.9032 | 74.7342 |-122.1794|270.8153 . 73.4558 | 75.1216 | -23.6983 | 172.2695 . 72.9842 | 75.4924 | 9.2043 |139.2582 )
11 | 81 | 79.8466 | 79.4166 | 80.2553 |-129.3036 | 288.9740 Continue 78.9629 | 80.6445 | -24.4693 | 184.0707 Continue 78.4831 | 81.0158 | 10.5636 |148.9219 Continue
12 | 86 | 84.8180 | 84.4031 | 85.2106 |-145.9448| 315.5572 83.9632 | 85.5827 | -30.2432 | 199.7840 83.4959 | 85.9362 | 8.4380 |160.9823

13 | 90 | 89.1055 | 88.7264 | 89.4621 |-176.9975 | 355.1849 88.3221 | 89.7981 | -43.5170 | 221.6331 87.8898 | 90.1155 | 1.1391 |176.8570

14 | 93 | 92.6209 | 92.2939 | 92.9264 |-229.1320 | 414.3516 91.9428 | 93.2124 | -67.6423 | 252.7946 91.5647 | 93.4810 | -13.5663 |198.6054

15| 96 | 95.3604 | 95.0932 | 95.6084 |-311.2383|501.9395 94.8042 | 95.8392 |-107.0296| 297.6711 94.4907 | 96.0546 | -38.5793 |229.1202

16 | 98 | 97.4029 | 97.1938 | 97.5958 |-434.9820 | 629.7714 96.9663 | 97.7743 |-167.4261| 362.1656 96.7178 | 97.9399 | -77.6545 |272.3097

17 | 99 | 98.8761 | 98.7175 | 99.0216 |-615.4733 | 813.2123 98.5441 | 99.1557 |-256.2654| 453.9646 98.3536 | 99.2796 |-135.6416|333.2733

18 | 100 | 99.9166 | 99.7986 | 100.0244 | -872.0280 {1071.8510 99.6690 | 100.1235 |-383.0646| 582.8567 99.5260 | 100.2147 |-218.7595[418.4994

19 | 100 | 100.6439 | 100.5569 | 100.7232 |-1229.0061|1430.2861 100.4611 | 100.7958 |-559.8525| 761.1092 100.3549 | 100.8625 |-334.8868|536.1038

20 | 100 [101.1512|101.0872 | 101.2095 |-1716.7297|1919.0263 101.0165 | 101.2627 |-801.6303|1003.9095 100.9381 | 101.3115 |-493.8669|696.1163
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<E IV-3> STX 2§ 24

be] o0 wg =AHA =Ed] g4 ZaDS 1)

0=0.1 0=0.5 0=1.0
T V0| me) m, (t) my (t) ,‘;\;:;%%t rF;egj?oCr;[ Result | m,(¢) my (t) éggii%t rF:i‘j?oCr;[ Result | my(t) m, (t) éggii%t rF:i‘j?oCrE Result
1 16 | 11.0907 | 11.0907 | 11.0907 - - 11.0907 | 11.0907 - - 11.0907 | 11.0907 - -
2 | 24 | 19.7148 | 19.5515 | 19.8794 - - 18.9117 | 20.5520 - - 18.1413 | 21.4247 - -
3 | 27 | 27.6015 | 27.2400 | 27.9678 - - 25.8408 | 29.4822 - - 24.1924 | 31.4909 - -
4 | 33 | 35.0443 | 34.4662 | 35.6320 - - 32.2475 | 38.0832 - - 29.6739 | 41.3850 - -
5 | 41 | 421715 | 41.3653 | 42.9934 - - 38.2912 | 46.4428 - - 34.7671 | 51.1409 - -
6 | 49 | 49.0516 | 48.0102 | 50.1151 - - 44.0586 | 54.5983 - - 39.5702 | 60.7394 - -
7 | 54 | 55.7185 | 54.4397 | 57.0257 - - 49.6017 | 62.5420 - - 44.1436 | 70.0636 - -
8 | 58 | 62.1779 | 60.6669 | 63.7214 - - 54.9514 | 70.2031 - - 48.5267 | 78.8149 - -
9 | 69 | 68.4031 | 66.6778 | 70.1595 - - 60.1223 | 77.4195 - - 52.7463 | 86.4715 - -
10 | 75 | 74.3286 | 72.4271 | 76.2488 - - 65.1141 | 83.9283 - - 56.8195 | 92.4657 - -
11| 81 | 79.8466 | 77.8344 | 81.8489 - - 69.9113 | 89.4243 - - 60.7566 | 96.5797 - -
12 | 86 | 84.8180 | 82.7887 | 86.7913 - - 74.4822 | 93.6984 - - 64.5612 | 99.1006 - -
13 | 90 | 89.1055 | 87.1688 | 90.9311 - - 78.7802 | 96.7573 - - 68.2308 | 100.5424 - -
14 | 93 | 92.6209 | 90.8770 | 94.2055 - - 82.7481 | 98.8049 - - 71.7577 | 101.3460 - -
15| 96 | 95.3604 | 93.8743 | 96.6600 - - 86.3270 | 100.1188 - - 75.1286 | 101.7951 - -
16 | 98 | 97.4029 | 96.1939 | 98.4227 - - 89.4690 | 100.9459 - - 78.3262 | 102.0505 - -
17 | 99 | 98.8761 | 97.9259 | 99.6527 - - 92.1484 | 101.4652 - - 81.3301 | 102.1992 - -
18 | 100 | 99.9166 | 99.1866 | 100.4978 - - 94.3693 | 101.7939 - - 84.1196 | 102.2880 - -
19 | 100 | 100.6439 | 100.0902 | 101.0757 - - 96.1635 | 102.0047 - - 86.6758 | 102.3424 - -
20 | 100 | 101.1512 | 100.7333 | 101.4717 - - 97.5826 | 102.1421 - - 88.9845 | 102.3765 - -
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<& IV-4> STX 2§ 2 o] 0o ©hg eAMA =88] 474 Z2aKDS 1)
0=10.013 0=0.015 6=0.017
T V0| me) m, (t) my (t) ,‘;\;:;%%t rF;egj?oCr;[ Result | m,(¢) my (t) éggii%t rF:i‘j?oCr;[ Result | my(t) m, (t) éggii%t rF:i‘j?oCrE Result
1 16 | 11.0907 | 141110 | 8.7169 | 15.7597 | 6.6368 14.6437 | 8.3998 | 15.1872 | 7.2808 15.1965 | 8.0942 | 14.7631 | 7.7868
2 | 24 | 19.7148 | 23.5682 | 16.4914 - - 24.2245 | 16.0446 - - 24.8990 | 15.6099 - -
3 | 27 | 27.6015 | 31.8152 | 23.9459 - - 32.5183 | 23.4282 - - 33.2369 | 22.9217 - -
4 | 33 | 35.0443 | 39.3628 | 31.1995 - - 40.0729 | 30.6466 - - 40.7958 | 30.1036 - -
5 | 41 | 421715 | 46.4279 | 38.3054 - - 47.1198 | 37.7429 - - 47.8220 | 37.1887 - -
6 | 49 | 49.0516 | 53.1254 | 45.2901 - - 53.7815 | 44.7376 - - 54.4457 | 441919 - -
7 | 54 | 55.7185 | 59.5186 | 52.1610 - - 60.1258 | 51.6343 - - 60.7392 | 51.1128 - -
8 | 58 | 62.1779 | 65.6340 | 58.9038 - - 66.1824 | 58.4156 - - 66.7355 | 57.9315 - -
9 | 69 | 68.4031 | 71.4627 | 65.4746 - - 71.9454 | 65.0353 - - 72.4313 | 64.5990 - -
10 | 75 | 74.3286 | 76.9575 | 71.7896 - - ) 77.3701 | 71.4068 - - ) 77.7849 | 71.0260 - - )
Reject Reject Reject
11| 81 | 79.8466 | 82.0317 | 77.7197 - - 82.3732 | 77.3976 - - 82.7160 | 77.0768 - -
12 | 86 | 84.8180 | 86.5709 | 83.1007 - - 86.8438 | 82.8396 - - 87.1175 | 82.5793 - -
13 | 90 | 89.1055 | 90.4624 | 87.7690 - - 90.6730 | 87.5652 - - 90.8841 | 87.3618 - -
14 | 93 | 92.6209 | 93.6380 | 91.6149 - - 93.7955 | 91.4611 - - 93.9532 | 91.3076 - -
15| 96 | 95.3604 | 96.1036 | 94.6230 - - 96.2185 | 94.5100 - - 96.3335 | 94.3972 - -
16 | 98 | 97.4029 | 97.9370 | 96.8718 - - 98.0194 | 96.7904 - - 98.1019 | 96.7090 - -
17 | 99 | 98.8761 | 99.2566 | 98.4970 - - 99.3153 | 98.4388 - - 99.3740 | 98.3807 - -
18 | 100 | 99.9166 | 100.1874 | 99.6464 - - 100.2292 | 99.6049 - - 100.2709 | 99.5634 - -
19 | 100 | 100.6439 | 100.8375 | 100.4507 - - 100.8673 | 100.4210 - - 100.8971 | 100.3913 - -
20 | 100 | 101.1512 | 101.2906 | 101.0121 - - 101.3121 | 100.9907 - - 101.3335 | 100.9693 - -
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<E IV-5> STX 2§ 24 (9] io] o2 wAA =h54] 474 ZAaKDS 1)
6= 1500 6=1000 6=1500
T [ N@#) | m) Accept | Reject Accept | Reject Accept | Reject
my(t) | (2) region | region Result | my(t) | m, (t) region | region Result | my(t) | m, (t) region | region Result
1 16 | 11.0907 | 11.1521 | 11.0323 - - 11.2168 | 10.9767 - - 11.2853 | 10.9236 - -
2 | 24 | 19.7148 | 19.8239 | 19.6110 - - 19.9390 | 19.5121 - - 20.0606 | 19.4177 - -
3 | 27 | 27.6015 | 27.7543 | 27.4562 - - 27.9154 | 27.3178 - - 28.0857 | 27.1856 - -
4 | 33 | 35.0443 | 35.2382 | 34.8598 - - 35.4428 | 34.6840 - - 35.6589 | 34.5162 - -
5 | 41 | 421715 | 42.4049 | 41.9497 - - 42.6508 | 41.7382 - - 42.9108 | 41.5363 - -
6 | 49 | 49.0516 | 49.3225 | 48.7939 - - 49.6082 | 48.5483 - - 49.9100 | 48.3138 - -
7 | 54 | 55.7185 | 56.0250 | 55.4270 - - 56.3480 | 55.1491 - - 56.6893 | 54.8837 - -
8 | 58 | 62.1779 | 62.5166 | 61.8555 - - 62.8734 | 61.5481 - - 63.2502 | 61.2544 - -
9 | 69 | 68.4031 | 68.7684 | 68.0552 - - 69.1528 | 67.7231 - - 69.5582 | 67.4055 - -
10 | 75 | 74.3286 | 74.7111 | 73.9637 - - 751127 | 73.6149 - - 75.5354 | 73.2808 - -
11 ] 81 | 79.8466 | 80.2320 | 79.4778 - - 80.6355 | 79.1244 - - 81.0588 | 78.7850 - -
12 | 86 | 84.8180 | 85.1883 | 84.4623 - - 85.5742 | 84.1200 - - 85.9770 | 83.7903 - -
13 | 90 | 89.1055 | 89.4419 | 88.7807 - - 89.7904 | 88.4665 - - 90.1521 | 88.1624 - -
14| 93 | 92.6209 | 92.9091 | 92.3409 - - 93.2059 | 92.0685 - - 93.5118 | 91.8035 - -
15| 96 | 95.3604 | 95.5945 | 95.1316 - - 95.8340 | 94.9079 - - 96.0792 | 94.6889 - -
16 | 98 | 97.4029 | 97.5850 | 97.2240 - - 97.7702 | 97.0481 - - 97.9588 | 96.8752 - -
17 1 99 | 98.8761 | 99.0135 | 98.7405 - - 99.1527 | 98.6066 - - 99.2937 | 98.4743 - -
18 | 100 | 99.9166 | 100.0184 | 99.8157 - - 100.1212 | 99.7157 - - 100.2250 | 99.6167 - -
19 | 100 | 100.6439 | 100.7188 | 100.5695 - - 100.7942 | 100.4957 - - 100.8701 | 100.4223 - -
20 | 100 [ 101.1512 | 101.2062 | 101.0965 - - 101.2615 | 101.0421 - - 101.3171 | 100.9879 - -
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70 -



<k IV-6> STX 2 2 N9 §of] & +AH &84 g4 ZaHDS 1)
0=1 0=5 0=10

T e me my(t) | my(t) ég;iﬁ:t ii?ocr} Result | my(t) | m,(t) /;\ggcii%t ?eegjieocr;[ Result | my(t) | my(t) /;\gg%%t ?eeg‘jieocr;[ Result
1 16 | 11.0907 | 10.9824 | 11.1990 |-101.4534 | 123.6341 10.5494 | 11.6320 | -11.4097 | 33.5735 10.0081 | 12.1733 | -0.1635 | 22.2743

2 | 24 | 19.7148 | 195223 | 19.9072 | -92.8296 | 132.2579 18.7526 | 20.6770 | -2.7925 | 42.1907 17.7904 | 21.6392 | 8.4331 | 30.8709

3 | 27 | 27.6015 | 27.3321 | 27.8710 | -84.9431 | 140.1444 26.2544 | 28.9487 | 5.0880 |50.0712 24.9073 | 30.2958 | 16.2947 | 38.7325

4 | 33 | 35.0443 | 34.7022 | 35.3863 | —77.5006 | 147.5869 33.3339 | 36.7546 | 12.5248 | 57.5080 31.6235 | 38.4650 | 23.7138 | 46.1516

5 | 41 | 421715 | 41.7599 | 42.5832 | -70.3736 | 154.7140 40.1133 | 44.2298 | 19.6464 | 64.6296 38.0550 | 46.2880 | 30.8184 | 53.2561

6 | 49 | 49.0516 | 48.5728 | 49.5304 | -63.4938 | 161.5938 46.6575 | 51.4456 | 26.5210 | 71.5042 44.2635 | 53.8396 | 37.6765 | 60.1143

7 | 54 | 55.7185 | 55.1746 | 56.2624 | -56.8270 | 168.2605 52.9991 | 58.4379 | 33.1826 | 78.1658 50.2796 | 61.1574 | 44.3222 | 66.7600

8 | 58 | 62.1779 | 61.5709 | 62.7848 | -50.3679 | 174.7197 59.1432 | 65.2126 | 39.6369 | 84.6201 56.1085 | 68.2473 | 50.7610 | 73.1988

9 | 69 | 68.4031 | 67.7354 | 69.0708 | -44.1428 | 180.9447 65.0646 | 71.7417 | 45.8572 | 90.8404 61.7261 | 75.0802 | 56.9664 | 79.4042

10 | 75 | 74.3286 | 73.6031 | 75.0542 | -38.2175 | 186.8700 i 70.7009 | 77.9564 | 51.7780 | 96.7612 i 67.0732 | 81.5841 | 62.8731 | 85.3109 i

Continue Continue Continue

11| 81 | 79.8466 | 79.0672 | 80.6260 | -32.6997 | 192.3879 75.9496 | 83.7437 | 57.2916 |102.2748 72.0525 | 87.6407 | 68.3735 | 90.8113

12 | 86 | 84.8180 | 83.9901 | 85.6460 | -27.7284 | 197.3591 80.6784 | 88.9577 | 62.2591 |107.2422 76.5387 | 93.0974 | 73.3291 | 95.7669

13 | 90 | 89.1055 | 88.2357 | 89.9753 | -23.4411 | 201.6465 84.7566 | 93.4545 | 66.5432 |111.5263 80.4076 | 97.8034 | 77.6029 |100.0407

14 | 93 | 92.6209 | 91.7168 | 93.5250 | -19.9258 | 205.1618 88.1004 | 97.1415 | 70.0558 |115.0389 83.5799 | 101.6620 | 81.1071 |103.5449

15| 96 | 95.3604 | 94.4296 | 96.2913 | -17.1863 | 207.9012 90.7062 | 100.0147 | 72.7931 |117.7763 86.0520 | 104.6689 | 83.8379 |106.2757

16 | 98 | 97.4029 | 96.4522 | 98.3537 | -15.1439 | 209.9436 92.6490 | 102.1569 | 74.8340 (119.8171 87.8951 | 106.9108 | 85.8739 |108.3117

17 | 99 | 98.8761 | 97.9109 | 99.8413 | -13.6708 | 211.4167 94.0503 | 103.7019 | 76.3060 [121.2891 89.2245 | 108.5277 | 87.3424 |109.7802

18 | 100 | 99.9166 | 98.9412 | 100.8919 | -12.6304 | 212.4571 95.0400 | 104.7932 | 77.3456 |122.3288 90.1634 | 109.6697 | 88.3795 |110.8173

19 | 100 | 100.6439 | 99.6615 | 101.6263 | —-11.9031 | 213.1845 95.7318 | 105.5560 | 78.0723 |123.0555 90.8197 | 110.4681 | 89.1045 |111.5423
20 | 100 | 101.1512|100.1639 | 102.1386 | -11.3957 | 213.6918 96.2144 | 106.0881 | 78.5793 |123.5624 91.2775 | 111.0249 | 89.6102 |112.0480
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<E IV-7> STX 2§ 22 £,9] 6o o-& +AA &) 474 Z3KDS 1)
¢ =0.0000005 = 0.0000010 6=0.0000015
TP o [ [ oo T et Tosoue| o [ o [ Accen | et | ) | o [ ccomt et Ty
1 16 | 11.0907 | 11.0907 | 11.0907 - - 11.0907 | 11.0907 - - 11.0907 | 11.0907 - -
2 | 24 | 19.7148 | 19.7148 | 19.7148 - - 19.7148 | 19.7148 - - 19.7148 | 19.7148 - -
3 27 | 27.6015 | 27.6015 | 27.6015 - - 27.6015 | 27.6015 - - 27.6015 | 27.6015 - -
4 33 | 35.0443 | 35.0443 | 35.0442 - - 35.0443 | 35.0442 - - 35.0443 | 35.0442 - -
5 41 | 421715 | 421715 | 42,1715 - - 421715 | 42.1715 - - 421715 | 42.1715 - -
6 49 | 49.0516 | 49.0516 | 49.0516 - - 49.0516 | 49.0515 - - 49.0516 | 49.0516 - -
7 54 | 55,7185 | 55.7185 | 55.7185 - - 55.7185 | 55.7185 - - 55.7185 | 55.7185 - -
8 58 | 62.1779 | 62.1779 | 62.1779 - - 62.1779 | 62.1779 - - 62.1779 | 62.1779 - -
9 69 | 68.4031 | 68.4031 | 68.4031 - - 68.4031 | 68.4031 - - 68.4031 | 68.4031 - -
10 | 75 | 74.3286 | 74.3286 | 74.3286 - - 74.3287 | 74.3286 - - 74.3287 | 74.3286 - -
11| 81 | 79.8466 | 79.8466 | 79.8466 - - 79.8466 | 79.8466 - - 79.8466 | 79.8466 - -
12 | 86 | 84.8180 | 84.8181 | 84.8180 - - 84.8181 | 84.8180 - - 84.8181 | 84.8180 - -
13 | 90 | 89.1055 | 89.1055 | 89.1055 - - 89.1055 | 89.1055 - - 89.1055 | 89.1055 - -
14 | 93 | 92.6209 | 92.6209 | 92.6209 - - 92.6209 | 92.6209 - - 92.6209 | 92.6209 - -
15 | 96 | 95.3604 | 95.3604 | 95.3604 - - 95.3604 | 95.3604 - - 95.3604 | 95.3604 - -
16 | 98 | 97.4029 | 97.4029 | 97.4029 - - 97.4029 | 97.4029 - - 97.4029 | 97.4029 - -
17 | 99 | 98.8761 | 98.8761 | 98.8761 - - 98.8761 | 98.8761 - - 98.8761 | 98.8761 - -
18 | 100 | 99.9166 | 99.9166 | 99.9166 - - 99.9166 | 99.9166 - - 99.9166 | 99.9166 - -
19 | 100 | 100.6439 | 100.6439 | 100.6439 - - 100.6439 | 100.6439 - - 100.6439 | 100.6439 - -
20 | 100 {101.1512 | 101.1512 | 101.1512 - - 101.1512 | 101.1512 - - 101.1512 | 101.1512 - -
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<& IV-8> DPF 2§ 24 a9 oo Gg +Ae 254 44 2aHDS 2)
=1 =5 =10
T e my(t) | m,(t) A;\;:gci%%t rF;egj?aocr;[ Result | m,(t) | m,(t) éggii[r)]t rReegj?oCr;[ Result | m,(t) | m,(t) éggii[r)]t rReegj?oCr;[ Result
1| 10 | 91817 | 9.0496 | 9.2139 |-112.9620 | 131.2247 8.7219 | 9.5444 |-15.2548 | 33.5088 8.3121 | 9.9624 | -3.0196 | 21.2443
2 | 12 | 12.6825 | 12.4893 | 12.8776 | -59.0798 | 84.4448 11.7361 | 13.6794 | -1.6575 | 27.0235 10.8348 | 14.7320 | 5.5327 | 19.8349
3 | 16 | 17.1280 | 16.7771 | 17.4845 | -36.0716 | 70.3284 15.4272 | 18.9679 | 6.5023 | 27.7711 13.8541 | 20.9579 | 11.8535 | 22.4699
4 | 22 | 22.3485 | 21.8018 | 22.9053 | —22.1495 | 66.8475 19.7132 | 25.2355 | 13.4639 | 31.2578 17.3140 | 28.3876 | 17.9525 | 26.8403
5 | 28 | 28.0333 | 27.2773 | 28.8031 | -12.3364 | 68.4030 24.3905 | 32.0208 | 19.9604 | 36.1052 21.0851 | 36.3535 | 23.9959 | 32.0632
6 | 36 | 33.7329 | 32.7876 | 34.6930 | -5.1670 | 72.6297 29.1591 | 38.6780 | 25.9170 | 41.4724 24.9754 | 43.9644 | 29.6943 | 37.4653
Continue Continue Continue
7 | 40 | 38.9897 | 37.9030 | 40.0891 | -0.1989 | 78.1705 33.6923 | 44.6035 | 31.0611 | 46.7252 28.7662 | 50.4705 | 34.6985 | 42.5152
8 | 43 | 43.4751 | 42.3054 | 44.6531 | 2.7855 | 84.1518 37.7223 | 49.4342 | 35.1886 | 51.4408 32.2584 | 55.5195 | 38.7948 | 46.8884
9 | 44 | 47.0529 | 45.8519 | 48.2573 | 4.0715 | 90.0172 41.0950 | 53.0955 | 38.2633 | 55.4153 35.3118 | 59.1487 | 41.9506 | 50.4696
10 | 50 | 49.7548 | 48.5582 | 50.9507 | 4.0601 | 95.4296 43.7765 | 55.7182 | 40.3983 | 58.6167 37.8609 | 61.6141 | 44.2654 | 53.2894
11| 51 | 51.7108 | 50.5380 | 52.8803 | 3.2022 |100.1985 45.8217 | 57.5207 | 41.7867 | 61.1127 39.9074 | 63.2241 | 45.8995 | 55.4501
12 | 55 | 53.0833 | 51.9414 | 54.2207 | 1.9101 |104.2357 47.3321 | 58.7236 | 42.6346 | 63.0120 41.4984 | 64.2477 | 47.0201 | 57.0740
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<& IV-9> DPF 2§ =24 po] oo mhg +AMA =hgd] g4 ZakDS 2)
0=10.0001 0= 10.0005 0=10.001
T ) o [ ccent Teteet Tooe T [ty [ Accemt Trstoet T T [y [ Accoot [ st ooy
1] 10 | 9.1317 | 9.0548 | 9.2090 | -120.9845 | 139.2480 8.7525 | 9.5235 | -16.8917 | 35.1568 8.3857 | 9.9280 | -3.8786 | 22.1489
2 | 12 | 12,6825 | 12.4849 | 12.8822 | -57.4431 | 82.8082 11.7162 | 13.7029 | -1.3443 | 26.7115 10.8044 | 14.7764 | 5.6687 | 19.7051
3 | 16 | 17.1280 | 16.7676 | 17.4927 | -34.7782 | 69.0334 15.3704 | 18.9918 | 6.7316 | 27.5030 13.7287 | 20.9481 | 11.8851 | 22.2848
4 | 22 | 22.3485 | 21.8029 | 22.8987 | -22.4635 | 67.1561 19.6731 | 25.1358 | 13.3262 | 31.2598 17.1545 | 27.9811 | 17.6373 | 26.6190
5 | 28 | 28.0333 | 27.3171 | 28.7495 | -14.9635 | 71.0179 24.4706 | 31.5955 | 19.2832 |36.4798 21.0213 | 35.0431 | 23.1382 | 31.7372
6 | 36 | 33.7329 | 32.9018 | 34.5535 | -11.1370 | 78.5789 29.5032 | 37.7070 | 24.4819 | 42.3931 25.2056 | 41.2809 | 28.1312 | 37.0389
Continue Continue Continue
7 | 40 | 38.9897 | 38.1248 | 39.8305 | -11.2283 | 89.1712 34.4531 | 42.9335 | 28.5530 | 48.5228 29.5306 | 46.1910 | 32.3302 | 42.1534
8 | 43 | 43.4751 | 42.6551 | 44.2586 | -16.0871 | 102.9909 39.0209 | 47.0275 | 31.1269 | 54.6725 33.7932 | 49.7130 | 35.5501 | 46.9345
9 | 44 | 47.0529 | 46.3328 | 47.7287 | -26.9959 | 121.0506 42.9928 | 50.0165 | 31.8958 | 60.9364 37.8005 | 52.0717 | 37.6960 | 51.4158
10 | 50 | 49.7548 | 49.1597 | 50.3035 | -45.7960 | 145.2548 46.2706 | 52.0870 | 30.5652 | 67.6778 41.4030 | 53.5781 | 38.7058 | 55.7527
11| 51 | 51.7108 | 51.2415 | 52.1365 | -75.2051 | 178.5806 48.8599 | 53.4684 | 26.7523 | 75.5067 445128 | 54.5100 | 38.4980 | 60.1874
12 | 55 | 53.0833 | 52.7260 | 53.4024 | -119.2978 | 225.4248 50.8345 | 54.3663 | 19.8685 | 85.2928 47.1038 | 55.0746 | 36.9307 | 65.0401
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<® IV-10> DPF B8 B2 (0] §of] I $x}A &5y

0=0.4 6=0.45 0=0.5
") e my(t) | m, @) éggi%%t rRei?oCr: Result | m, () | m, () éecgii?]t rReegj?aocr;[ Result | my(t) | m,(¢) éecgcii?]t f:agjfocr;[ Result
1 10 | 9.1317 |20.2500 | 7.9025 15.4571 10.7870 | Accpet | 30.1353 | 7.8232 | 18.1739 | 14.9153 | Accpet | 50.6511 | 7.7520 | 24.0256 | 21.6844 | Accpet
2 12 | 12.6825 | 39.8985 | 9.6451 - - - 51.0776 | 9.4587 - - - 55.8164 | 9.2926 - - -
3 16 | 17.1280 | 51.2415 | 11.6871 - - - 55.3226 | 11.3636 - - - 55.8920 | 11.0766 - - -
4 | 22 | 22.3485 | 54.7736 | 14.0402 - - - 55.8306 | 13.5493 - - - 55.8930 | 13.1153 - - -
5 | 28 | 28.0333 | 55.6385 | 16.6994 - - - 55.8863 | 16.0148 - - - 55.8930 | 15.4099 - - -
6 | 36 | 33.7329 | 55.8362 | 19.6382 - - - 55.8923 | 18.7417 - - - 55.8930 | 17.9482 - - -
7 | 40 | 38.9897 | 55.8804 | 22.8064 - - - 55.8929 | 21.6925 - - - 55.8930 | 20.7022 - - -
8 | 43 | 43.4751 | 55.8902 | 26.1308 - - - 55.8930 | 24.8105 - - - 55.8930 | 23.6276 - - -
9 | 44 | 47.0529 | 55.8924 | 29.5211 - - - 55.8930 | 28.0224 - - - 55.8930 | 26.6656 - - -
10 | 50 | 49.7548 | 55.8929 | 32.8787 - - - 55.8930 | 31.2450 - - - 55.8930 | 29.7463 - - -
11 ] 51 | 51.7108 | 55.8930 | 36.1079 - - - 55.8930 | 34.3933 - - - 55.8930 | 32.7958 - - -
12 | 55 | 53.0833 | 55.8930 | 39.1267 - - - 55.8930 | 37.3892 - - - 55.8930 | 35.7420 - - -
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<& IV-11> DPF 2§ =4 po] 4o T £AMA =84 A4 ZAHDS 2)
0=0.1 0=0.5 0=1
T Lo T | et T st Tl [yt [ Accont [ et Tooy o) oo | Accomt | lect ooy
11 10 | 91317 | 9.0264 | 9.2365 | -86.3805 | 104.6426 8.6006 | 9.6510 | -9.9522 | 28.1836 8.0573 | 10.1589 | -0.4124 | 18.5475
2 | 12 | 12,6825 | 12.5473 | 12.8168 | -90.6780 | 116.0411 11.9978 | 13.3461 | -7.9719 | 33.2919 11.2911 | 13.9896 | 2.3390 22.8455
3 | 16 | 17.1280 | 16.9640 | 17.2906 | -98.0851 132.3387 16.2939 | 17.9277 | -5.8957 | 40.0914 15.4231 | 18.6951 | 5.5864 | 28.4269
4 | 22 | 22.3485 | 22.1631 | 22.5319 | -110.7939 | 155.4880 21.4005 | 23.2458 | -4.2549 | 48.8758 20.3974 | 24.0964 | 9.0112 35.3798
5 | 28 | 28.0333 | 27.8399 | 28.2241 | -132.2749 | 188.3380 27.0385 | 28.9618 | -3.9871 | 59.9654 25.9701 | 29.8304 | 12.0006 | 43.7107
6 | 36 | 33.7329 | 33.5475 | 33.9152 | —-167.8033 | 235.2653 32.7738 | 34.6156 | -6.5006 | 73.8732 31.7279 | 35.4306 | 13.6394 | 53.4510
Continue Continue Continue
7 | 40 | 38.9897 | 38.8260 | 39.1503 | -225.2189 | 303.1947 38.1384 | 39.7631 | -13.7217 | 91.6119 37.1967 | 40.4689 | 12.7493 | 64.8703
8 | 43 | 43.4751 | 43.3409 | 43.6065 | -316.1624 | 403.1096 42.7737 | 44.1054 | -28.2319 | 115.1041 41.9883 | 44.6747 | 7.8887 78.7465
9 | 44 | 47.0529 | 46.9494 | 47.1541 | -458.1323 | 552.2356 46.5100 | 47.5365 | -53.6257 | 147.6684 45.8959 | 47.9699 | -2.7892 | 96.6398
10 | 50 | 49.7548 | 49.6787 | 49.8290 | -677.7885 | 777.2961 49.3547 | 50.1087 | —-95.1874 | 194.6489 48.8088 | 50.4240 | -21.8791 | 121.1942
11 ] 51 | 51.7108 | 51.6569 | 51.7633 | -1016.1043 | 1119.5245 51.4268 | 51.9609 | -160.9713 | 264.3581 51.1014 | 52.1827 | -53.2887 | 156.5690
12 | 55 | 53.0833 | 53.0461 | 53.1195 | —1536.3194 | 1642.4850 52.8870 | 53.2555 | -263.4385 | 369.5806 52.6613 | 53.4078 | -103.0791 | 209.1465
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01

5]

L]

)

il

&=0000005% Um, ()
= §=0000005% T m (1)

&§=0000010% U my (1)
&=0000010% T my(t)

= £=0000015% Hmy(t)
== 5=0000015% Wy (1)

1200
1000
0.0
0.0
200
vz :
A x:Time
A 7+ Cumulative failures
0.0
1 2 3 4 5 € 7 8 9 o o1 12 B M4 15 1 17 1B 19 2N
i 5=01% Wmy(H) 5=05% W m, () — =108 W m(f)
= m(t]
§=01 W my() §=054 W my(t) == §=10% U my(t)

<3 NV-2> STX 2F 24 a9 5o G2 m, (t) m, (¢)

<3 V-3> STX 28 24 b9 §of] T m,(£)2 m, ()

1200
1000
80.0
60.0
200
00 /
0o
12 3 4 s 6 7 8 35 W ou B
5=0013% Tm,(1) §=0015% W m, (1)
—n(y
® == 5=0013% Umy(t) §=0015% W my(t)

= =007 Wm, (1

== 5=0017% W my(3)

x: Time
¥ Cumulative failures

1200

1000

.0

00

p1%:}

&=500% T 1y (t) 000% IF my(t)

1500% Ty t)

& =500 T oy t) 5=100028 W my(t) == §=1500% U myft)

<J% V-4> STX 23 225 9] §of] T m, (¢) 2 m, ()

<J% V-5> STX 28 224 39 §of] whE m, (¢) 2+ m, ()

1200 1200
1000 1000
800 80.0
50.0 60.0
100 40.0
200 X Time 2.0
y: Cumulative failures
¢ | BEEER A |
0o
L 1 2 3 4 5 6 7 ] 9 It 11 2 B ¥ L B YV B 1 2
1 2 3 4 5 § 7 £ 9 10 1 2 B 1B B 16 o 18 19 0
5=19 () §=53 Wy () = 5=10% Hmy(t) © - §=00000005% T () §=00000010% W, (t) — 6=00000015% W m,(t)
= m(t) 4 - = m(t)
5=12 0y 5= 5% Wmy(t) == 52102 B my(t) §=00000005% Wmg(t) §=0.0000010% Wlmy(t) == §=00000015% T my(t)
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700

50.0

200

0.0

200

100

1 2 3 4 5 5 7 H 9 10 n 2

5=14 Wy (D)
== 5=1% Hm(t)

5=54 W my(t)
5=54 T my()

= § =104 T my(t)

=0 == § =109 Y my(t)

500

1 2 3 e 5 6 T 8 El n 1n 12
= §=0.0001% W my(t) §=n00054

= §=00001%

) my(t) = §=0001% Wmt)
— nit)
§=00005% Wme(t) == &=0001% Wmy(t)

myt)

<732} V-10> DPF 28 22 ¢9] §of] 2 m, (t) 2+ m, ()

<323 V-11> DPF 2¢ 24 b9] 60 2 m, (¢) 2 m, ()

0.0

500

1 2 H 4 5 6 7 E] El 10 1 2

5=040T Wum,(p) §=045% Wy it}
== 5=040% Wy () §=045% Hung ()

— 5=059
= m(t)
== 6=05% Bmylt)

6.0

1 2 3 4 5 5 7 8 9 10 i 2

- §=01% W my(t)
== §=04% Wyt

§=059 Wmy (o)
5=05% Hm(H)

— 5=19 W)

— == =10 ()

<33 IV-12> DPF 28 24 0] 0] W m, (¢)2} m, (t)

<32 V-13> DPF 2% 95 ho] 5ol Tk my (t) <} m, (t)
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<72 [V-14> DPF B3 82 ¢9] §of] k2 Aeeda} 7]7ke <72 [V-15> DPF 28 @2 4o gof mh xjeieln} 7|z}l

“Collection @ chosun

x:Time

100 | y: cumulative failares
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€00
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13000 \
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L6 = =01 5=05 —5=10

<17 V-16> DPF 2% 24 ho] 5o T Afeiolat 7]7te]
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<® IV-12> STX 299 24 a, b, B, N, {0 tish &AM 54| At
a=0.1, =01

N B e B I R B B e
1 16 11.0907 10.5354 11.6448 -10.8639 33.0256

2 | 24 | 19748 | 178847 | 215788 7.7298 31,7083

s | o7 | oreots | oasae9 | 30.9552 18.1548 37.0998

4 33 35.0443 30.6328 39.9860 26.8559 43.3479

5 4 421715 36.3738 48.7631 34.7704 49.7621

6 49 49.0516 41.8524 57.3259 42.2000 56.1683

7 54 55.7185 47.1180 65.6657 49.2600 62.4995

8 58 62.1779 52.2001 73.7072 55.9681 68.7050

9 69 68.4031 57.1125 81.2789 62.2597 74.7134

10 75 74.3286 61.8554 88.1032 67.9953 80.4192

Continue

11 81 79.8466 66.4141 93.8589 72.9945 85.6995

12 86 84.8180 70.7591 98.3283 77.1112 90.4670

13 90 89.1055 74.8464 101.5220 80.2997 94.7154

4 | e | 926200 | 786221 | 103.6569 82.6151 98.5120

15 | 9 | 953604 | 820804 | 1050054 84.1632 101.9464

16 98 97.4029 85.0254 105.8861 85.0606 105.0886

17 99 98.8761 87.5823 106.4264 85.4234 107.9735

18 100 99.9166 89.7040 106.7682 85.3713 110.6058

19 100 100.6439 91.4199 106.9874 85.0267 12.9727

20 100 101.1512 92.7785 107.1302 84.5058 115.0589
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120.0
100.0
80.0
60.0
40.0
+ x : Time

200 o y : Cumulative failures
0.0

1 2 3 4 5 6 7 8 g 70 v 12 13 14 15 16 17 18 19 20

* N@® == m(t) mg(t) my (t)

<3 V-17> STX 2go] 2xbe ghgu] AR digt my(t), m(t), m,(t)

140.0

120.0

100.0

% Time
v : Cumulative failures

20.0

0.0

-20.0
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<E IV-13> DPF 239] w2 a, b, hof T3t «X}A &&4] 24X ZAdt
a=0.1, #=0.1
T N(t) m(t) :
my (t) m, (t) Accept Reject Result
region region

1 10 9.1317 7.773831 10.76632 2.442003 15.93601

2 12 12.6825 10.0353 16.16419 8.247857 17.46654

3 16 17.1280 12.76089 23.10431 13.72258 21.12521

4 22 22.3485 15.93511 31.08098 19.38214 25.95995

5 28 28.0333 19.48619 39.13939 25.02924 31.33022

6 36 33.7329 23.28327 46.27818 30.27604 36.67322

Continue

7 40 38.9897 27.15076 51.89676 34.80548 41.58859

8 43 43.4751 30.89846 55.91698 38.47399 45.8825

9 44 47.0529 34.35762 58.59879 41.28928 49.52028

10 50 49.7548 37.40895 60.30339 43.34692 52.55037

11 51 51.7108 39.99393 61.35276 44.77927 55.04877

12 55 53.0833 42.10922 61.98547 45.72557 57.0915

70.0

60.0

50.0
40,0

300

200

x : Time
100 ¥ : Cumulative failures
0.0
1 2 3 4 & 8 10 11 12
® N(t) — m(t) mg(t) my (t)

<3 IV-19> DPF 20| &A}A &hgu] AA] tigt my,(t), m(t), m,(¢t)
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60.0

50.0

30.0

* .
i ™ x: Time
y : Cumulative failures

<23 IV-20> DPF 23o] tjgt #4148 gu] 240 jolat 7|7te)

STX 2&t DPF 2E0 38t 20 ot 02 ==0 HE =XE EEH|
A48 ZUE H4HEIXL StCh <HF I-7>3F <H lII-8>2 2PEE B FEHIE
INELZ = B FEXS M 1%UAM =IO 20%2 Helz AFSHC 24 2
Of tHol & E M =F22 /&€ F4otH Ol= <HE IV-14>01M LIEIHCEH

<®E IV-14> 2259 §9] 71A
Model | Parameter 0

S|

0= /0.000001, 0.000003, 0.000005, 0.000007, 0.000009,
0.000011,0.000013, 0.000015, 0.000017, 0.000019

b §={0.05, 0.20, 0.35, 0.50, 0.65, 0.80, 0.95, 1.10, 1.25, 1.40}
STX J&; 5 = {100, 300, 500, 700, 900, 1100, 1300, 1500, 1700, 1900}
N 6={1,3,5,7,9,11, 13,15, 17, 19}

0= {0.0000001, 0.0000003, 0.0000005, 0.0000007, 0.0000009,}
0.0000011,0.0000013, 0.0000015, 0.0000017, 0.0000019

a §=1{1,2,3,4,5,6,7,8,9,10}

~+
o

DPE b 5= {0.0017 0.002, 0.003, 0.004, 0.005,}
0.006, 0.007, 0.008, 0.009, 0.010
h §=1{0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9, 1.0}
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<H IV-15>8H <X IV-18>2 STX 21t DPF
Caselll CHotd =xt& =EHl 232 W 2
IV-21>1F <8 IV-22>= 0lE Al2tstatn U

STX 2&0l 28 HOoIH ME 19 =XH §*§H| 2y Aol <HE IV-15>2
<H IV-16>2 &2 HEH Case 12H Case 8IWXl= 2E 0 ot “Continue”

“R eject” 222 T=olC MetA dlolE

= A
[==] a— T =
e AR&S UG 20 =8 =S4 2X0| aS8XY

£ Sottt
<8 IV-21>2 B9 62 g0l HXIHAM “Continue”2l Z92 =S, MWEA
D12l G0l sHUEHEM AIAEES ME =2 J12E =E0] SItotH &0
3| Case 32H “Continue” A2 2A2HSHH 2AGIU2H Case 92HE=E =224

DPF Z2&0l 2/st OO0IH HME 22 =Xt&
H Case 182H Case 6Kl 2& tol Gt “Continue”

=
cle 222 T =oAL BtHN Case 72E Case 102 t=62 M A2HZS DI

_|>-I
o
]
o
Y
N

A& Z00 <H IV-17>1

2tet2 20IGt= “Reject” 282 T=0IAULCH WMetMd dIolH =& =I10 AlAY
of CHSt AZIHES THOIRI| H20 =xE SHEH HF0| a8XY2 LS
Ch. <O8 IV-22>E 2% 09 gt0l HXIHAN “Continue”2l A2 EHE1D, U
ADF I HAOl SHLIHA AIAES e &2 I8 250 SItotAHl &
Ct. 3l Case 32H “Continue” IH2 223HH 2 A0SR0 Case 72HE 2
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<& IV-15> STX 230] Case 1-50] tst <=APs ahgu] 744 A} Ajeiel L 7]2H2(DS 1)

Case 1 Case 2 Case 3 Case 4 Case 5

T M) Accept | Reject | Accept | Reject | Accept | Reject | Accept | Reject | Accept | Reject

region region | region region region | region | region region region region
1 16 |-100.0796| 122.2603 | -25.9596 | 48.1345 | -11.1350 | 33.2984 | -4.7837 | 26.9297 | -4.7837 | 26.9297
2 | 24 |-58.5274| 97.9563 | —4.0200 | 43.4463 | 5.7270 | 33.6949 | 9.7992 | 29.6166 | 9.7992 | 29.6166
3 | 27 |-39.0865| 94.2894 | 7.9931 | 47.2146 | 16.1170 | 39.1027 | 19.4936 | 35.7452 | 19.4936 | 35.7452
4 | 33 |-25.3220| 95.4110 | 17.5919 | 52.5120 | 24.8653 | 45.2729 | 27.8895 | 42.3022 | 27.8895 | 42.3022
5 | 41 |-14.0717| 98.4160 | 26.0904 | 58.2808 | 32.8261 | 51.6053 | 35.6358 | 48.8892 | 35.6358 | 48.8892
6 | 49 | -4.2537 |102.3589 | 33.9318 | 64.2127 | 40.2937 | 57.9379 | 42.9595 | 55.4068 | 42.9595 | 55.4068
7 | 54 | 4.5836 |106.8561 | 41.2996 | 70.1894 | 47.3882 | 64.2092 | 49.9493 | 61.8144 | 49.9493 | 61.8144
8 | 58 | 12.6081 | 111.7505 | 48.2551 | 76.1543 | 54.1396 | 70.3796 | 56.6119 | 68.0714 | 56.6119 | 68.0714
9 | 69 | 19.8046 | 117.0033 | 54.7726 | 82.0670 | 60.5047 | 76.3996 | 62.8798 | 74.1091 | 62.8798 | 74.1091
10 | 75 | 26.0040 |122.6511 | 60.7466 | 87.8834 | 66.3699 | 82.1943 | 68.6149 | 79.8189 | 68.6149 | 79.8189
11| 81 | 30.9028 |128.7807 | 65.9998 | 93.5467 | 71.5670 | 87.6651 | 73.6415 | 85.0722 | 73.6415 | 85.0722
12 | 86 | 34.1147 |135.5002 | 70.3159 | 98.9941 | 75.9204 | 92.7165 | 77.8202 | 89.7730 | 77.8202 | 89.7730
13 | 90 | 35.2839 |142.8925| 73.5032 | 104.1754 | 79.3141 | 97.2952 | 81.1138 | 93.9062 | 81.1138 | 93.9062
14 | 93 | 34.2475 |150.9482 | 75.4686 | 109.0661 | 81.7336 | 101.4054 | 83.5871 | 97.5299 | 83.5871 | 97.5299
15| 96 | 31.1747 |159.4936 | 76.2627 | 113.6568 | 83.2590 | 105.0869 | 85.3559 | 100.7258 | 85.3559 | 100.7258
16 | 98 | 26.5830 |168.1700 | 76.0757 | 117.9253 | 84.0330 | 108.3783 | 86.5436 | 103.5586 | 86.5436 | 103.5586
17 1 99 | 21.1943 |176.5090 | 75.1898 |121.8214 | 84.2310 | 111.2979 | 87.2670 | 106.0644 | 87.2670 | 106.0644
18 | 100 | 15.7142 |184.0763 | 73.9091 |125.2804 | 84.0353 | 113.8472 | 87.6364 |108.2583 | 87.6364 | 108.2583
19 | 100 | 10.6597 |190.5920 | 72.4955 |128.2528 | 83.6120 | 116.0249 | 87.7546 |110.1477 | 87.7546 | 110.1477
20 | 100 | 6.3064 |195.9660 | 71.1320 | 130.7265| 83.0923 | 117.8412 | 87.7118 | 111.7436 | 87.7118 | 111.7436

Result Continue Continue Continue Continue Continue
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<& IV-16> STX 249] Case 6-100] st <AV 8hgu] 244 2t Ajelel @ 712D 1)

Case 6 Case 7 Case 8 Case 9 Case 10
T M) Accept | Reject | Accept | Reject | Accept | Reject | Accept | Reject | Accept | Reject
region region region region region region region region region region
1 16 | -4.7837 | 26.9297 | -4.7837 | 26.9297 | -4.7837 | 26.9297 | 4.5079 | 17.4635 | 5.1773 | 16.7413
2 | 24 | 97992 | 29.6166 | 9.7992 | 29.6166 | 9.7992 | 29.6166 | 15.6623 | 23.6940 | 16.0841 | 23.2539
3 | 27 | 19.4936 | 35.7452 | 19.4936 | 35.7452 | 19.4936 | 35.7452
4 | 33 | 27.8895 | 42.3022 | 27.8895 | 42.3022 | 27.8895 | 42.3022
5 | 41 | 35.6358 | 48.8892 | 35.6358 | 48.8892 | 35.6358 | 48.8892
6 | 49 | 42.9595 | 55.4068 | 42.9595 | 55.4068 | 42.9595 | 55.4068
7 | 54 | 49.9493 | 61.8144 | 49.9493 | 61.8144 | 49.9493 | 61.8144
8 | 58 | 56.6119 | 68.0714 | 56.6119 | 68.0714 | 56.6119 | 68.0714
9 | 69 | 62.8798 | 74.1091 | 62.8798 | 74.1091 | 62.8798 | 74.1091
10 | 75 | 68.6149 | 79.8189 | 68.6149 | 79.8189 | 68.6149 | 79.8189
11| 81 | 73.6415 | 85.0722 | 73.6415 | 85.0722 | 73.6415 | 85.0722
12| 86 | 77.8202 | 89.7730 | 77.8202 | 89.7730 | 77.8202 | 89.7730
13| 90 | 81.1138 | 93.9062 | 81.1138 | 93.9062 | 81.1138 | 93.9062
14 | 93 | 83.5871 | 97.5299 | 83.5871 | 97.5299 | 83.5871 | 97.5299
15| 96 | 85.3559 |100.7258 | 85.3559 | 100.7258 | 85.3559 | 100.7258
16 | 98 | 86.5436 |103.5586 | 86.5436 | 103.5586 | 86.5436 | 103.5586
17| 99 | 87.2670 |106.0644 | 87.2670 | 106.0644 | 87.2670 | 106.0644
18 | 100 | 87.6364 |108.2583 | 87.6364 |108.2583 | 87.6364 | 108.2583
19 | 100 | 87.7546 |110.1477 | 87.7546 | 110.1477 | 87.7546 | 110.1477
20 | 100 | 87.7118 |111.7436 | 87.7118 | 111.7436 | 87.7118 | 111.7436
Result Continue Continue Continue Reject Reject
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<#& IV-17> DPF 2&9] Case 1-59 tjjst +&1A

shgu) 244 At A=

2 7]12e(DS 2)

Case 1 Case 2 Case 3 Case 4 Case 5
T M) Accept | Reject | Accept | Reject | Accept | Reject | Accept | Reject | Accept | Reject
region region region region region | region region region region region
1 10 |-28.8245| 47.0911 | -9.8399 | 28.1158 | -3.5049 | 21.7966 | -3.5049 | 21.7966 | 2.4420 | 15.9360
2 | 12 |-13.7208| 39.0952 | —0.5041 | 25.9071 | 3.9198 | 21.5308 | 3.9198 | 21.5308 | 8.2479 | 17.4665
3 | 16 | -4.2612 | 38.5328 | 6.4565 | 27.8618 | 10.0583 | 24.3378 | 10.0583 | 24.3378 | 13.7226 | 21.1252
4 | 22 | 3.2311 | 41.4814 | 12.8101 | 31.9488 | 16.0306 | 28.8049 | 16.0306 | 28.8049 | 19.3821 | 25.9600
5 1 28 | 9.6020 | 46.4673 | 18.8134 | 37.2637 | 21.8848 | 34.2046 | 21.8848 | 34.2046 | 25.0292 | 31.3302
6 | 36 | 14.8324 | 52.6087 | 24.2308 | 43.1368 | 27.3110 | 39.9348 | 27.3110 | 39.9348 | 30.2760 | 36.6732
7 | 40 | 18.6393 | 59.2803 | 28.7053 | 49.0361 | 31.9413 | 45.5066 | 31.9413 | 45.5066 | 34.8055 | 41.5886
8 | 43 | 20.7803 | 66.0780 | 31.9721 | 54.6123 | 35.5252 | 50.6094 | 35.5252 | 50.6094 | 38.4740 | 45.8825
9 | 44 | 21.2011 | 72.7922 | 33.9514 | 59.7063 | 37.9903 | 55.1159 | 37.9903 | 55.1159 | 41.2893 | 49.5203
10 | 50 | 20.0642 | 79.3260 | 34.7439 | 64.2902 | 39.4208 | 59.0263 | 39.4208 | 59.0263 | 43.3469 | 52.5504
11| 51 | 17.7079 | 85.5990 | 34.5764 | 68.3874 | 40.0009 | 62.3951 | 40.0009 | 62.3951 | 44.7793 | 55.0488
12 | 55 | 14.5720 | 91.4914 | 33.7383 | 72.0158 | 39.9600 | 65.2797 | 39.9600 | 65.2797 | 45.7256 | 57.0915
Result Continue Continue Continue Continue Continue

<3 IV-18> DPF 2&9] Case 6-100] tist At 58] A4 ZAit A=A

H 71ZA(DS 2)

Case 6 Case 7 Case 8 Case 9 Case 10
T | M) Accept | Reject | Accept | Reject | Accept | Reject | Accept | Reject | Accept | Reject
region region region region region region region region region region
1 10 | 2.8662 | 15.5105 | 3.7912 | 14.6265 | 4.4934 | 13.9715 | 5.0481 | 13.4704 | 5.5005 | 13.0778
2 | 12 | 84462 | 17.2613 | 9.1356 | 16.6954 | 9.6773 | 16.2961 | 10.1235 | 16.0110 | 10.5058 | 15.8086
3 | 16 | 13.8236 | 20.9882 | 14.4290 | 20.5804 | 14.9213 | 20.3142 | 15.3424 | 20.1466 | 15.7173 | 20.0517
4 | 22 | 19.4043 | 25.8321 | 19.9478 | 25.4741 | 20.3889 | 25.2412 | 20.7642 | 25.0943 | 21.0953 | 25.0093
5 | 28 | 24.9647 | 31.1772 | 25.4065 | 30.7529 | 25.7371 | 30.4366 | 25.9922 | 30.1909 | 26.1927 | 29.9927
6 | 36 | 30.1189 | 36.4832 | 30.4123 | 35.8886 | 30.5737 | 35.3866 | 30.6421 | 34.9411 | 30.6416 | 34.5313
7 | 40 | 34.5622 | 41.3754
8 | 43 | 38.1597 | 45.6796
9 | 44 | 40.9172 | 49.3703
10 | 50 | 42.9210 | 52.4955
11| 51 | 44.2924 | 55.1253
12 | 55 | 45.1636 | 57.3265
Result Continue Reject Reject Reject Reject
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t+aIt
R(z|t)2 LIE

22k ¢,

SHOd ¢ HXI Q!
B of tAIE0A

H X
o

2 HO0IE HEQ Zag

CIOIE NE 1

M &l=l=0t

V-24>=
tiolel MIE 29

EI:i

SOtotRUCEH <E 1I-5>2] HI0IH

Al

ANl OIOIeH NE AMAE2
ot 8t NHPPE

EYd pZHd A& 2EH9

Z ket

cC=2 XX
_—= T

Itl

ACHPham 2006a).

e

R(l’|t) — 67 [m(t+x)7m(t)]‘

t+z]0lA AZELN 2FIt

= LRC
DPF 28

A1, t=5Y

A -

AsS DE 4

o=

5 1201 A

Ch. L8t

Ct &
IV=18>2] Case 7-10=

ol A UEtS2H
HEH Olol

=7,

A

A
=



B MEQ AMAHS t=62 [} J|230t 8tCt= ZEZ W
HOIE ME 11 20M = B FEX2 & 15% == &8E M1 =Xt
N 2EH Z8 Z2it= HOIH MES =& Mzl Z213H0 F&ot L
= 2% FEX9 & 15% =2 = JIAGt= 20| HEGHC.
<®& IV-19> glo]E AE 19] Alg:

T R(zlt) T R(zlt)
1 0.3981 11 0.1773
2 0.3967 12 0.1923
3 0.3703 13 0.2264
4 0.3360 14 0.2828
5 0.3000 15 0.3610
6 0.2656 16 0.4545
7 0.2344 17 0.5524
8 0.2081 18 0.6443
9 0.1884 19 0.7236
10 0.1772 20 0.7881

<& IV-20> HojE] NE 29] A==

—

R(xlt)

0.7298

0.6671

0.6121

0.5745

0.5614

0.5756

0.6144

0.6708

OO N[OOI~ W —

0.7349

0.7973

0.8514

= |O

0.8947
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0.0

x : Time
¥ R(x|t)

5 6 7 8 95 10 11 12 13 14 15 16 17 18 19 20

<23 IV-23> Hlolg AE 19 A== R(xlt)

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

3 4 5 6 7 8 9

10
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<33 IV-24> dlolE] NE 29] A% R(zlt)
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