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Abstract In this paper, we propose three estimators of Kullback-Leibler Information functions using
the data from accelerated life tests. This acceleration model is assumed to be a cumulative exposure
model. Some asymptotic properties of proposed estimators are proved. Simulations are performed for

comparing the small sample properties of the proposed estimators under use condition of accelerated life

test.

Key Words : Accelerated life test, Cumulative exposure model, Kullback-Leibler

LM 2 $E AT ol % AFS AEARG o 9ot

& 2ol Al JEeEAY wHow A28

oz [EYe] ZEAAE AARANA o] T UTh EFEAREL AFAF L2EYEE T8t

2old gl e FEARe Be xzim vge € N meE dA sEdS AIY WS d@A &
Egs AY PP BRE £ 3l

87 HBZ o)& dZAs] A 71 A
¥ (accelerated life tests) HHHo] da] o] &%) gi=

b ole BAUE AN2RE AdEART o 2 &

EAE F ZZ|A AR woln) 3] 5 A AXEE Adshe WHeR 2B &

Z7)7} BE ATY A= TS A= AJHo] z] Aol W FAHEZAL FEAPELS Viertl (1988),

Fo) FuZy)uc) xo] FAMoz owyt gli= A Nelson (1990), Lawless (2003)5el <& 7=t
WA 2~E#H 2~ AlY (step-stress test) B ~E

* el idn YR AL PHH S5 fm# g 2L gAgHoen WHIATE Ao Fo)A

= AROEn AdHde £ dYns

-1 -



2EF 2 F£FA AEL ARl 9A A AHAA
3L #Z3AL o] AR ol VA &2 AlF
O %2 2EHE FEolA Aldste 34
iHEsle] g SAshe #dolth o AT
Park, Yoon3} Cho (20004, 2000b, 2003), Park®} Yoon
(2003)5°ll o3l A=A
At oz GALEHA FHEFHA G AL
W38 E WM (tampered random
A% (cumulative exposure) =3,
g A S (tempered failure rate) 2o
o} HgEEHSs 28-S DeGrootet Goel (1979)¢] Al
E2 ¥EEEHST) ofd x|y JkE
el ol oigh v R e
Foz yehs W 2EH 0N £ 2EYAE

WAl 8 78-S Bhattacharrya® Soejoeti (1939)
o] Aottt} o] B 7t AEYAE g Al
A=

StA Fl-glol B BoA BH A g &zt
So] Ful-golEy HRFF Iz FALFE Al
Alska, AFEEY AFRE 55 AA] dd &
W-glolEe] HHEpo| 7|2 AATALE 2835t
9o} Vasicek (1976)2 A FEX] gt dEZY F

Al 7123 AP AAS ¥ L, Arizono®t Ohta
(19R9)E E9-dholEd HRE o]§ste] AEXxel
gt A= FAHES 3Tk Ebrahimi$} Habibullah,
Soofi (190)= EW-ho|Ed AHITE o83 A
TR i Hde ARE 3%, Taufer (2002)
t Aol e o83t JdERV AFEI o
g A HBAE Sk ol9oe B gAEe] =
W-glo| 28] HJHE o83 HIE HA WHE AA
a3 {=1

e JEEeEAE 33 29-glolEe B S
Al o] &3t A A4S AAE A= Besslerst
Chernoff, Marshall (1962)¢] Ut} olg2 E9-glo]
Eo] ARIFE o] §sle] rEEFEAE dE A

—_

&3k ARYE AR 1 olF Ful-ghol g
ARPSE ol8% ASFRAPEGel U F4%
2|

Chemoff, Marshall ©]& Aolir F8-golEy A
Bkl NEFHUAPREY S Ae A2 FTAF
FHolu AA FAE /AT A9 v g7l wFol
ol3t Aol HaAo] HAsta & 4 glom o]
of izl A7t F o Zol = =7t 29F Ao
2t Ats gk ofd wet A2 Aol Park, Yoon,
Cho (2000a, 2000b)2} Park, Yoon (2003)7} =2 <&
& g8t vk 4 1 HE DAE Park¥ Yoon,
Cho (2000a, 2000b)7} @A 2EwX: 7M&E4HEES
ol-g3te] Fuwl-gtolHe HHFg] g FAHE A
AEtRa 21 o] F Parkd} Yoon (2003)2 ©A 2~EH
2 JMESFHEYS o83 HA S AAESnk
A, o] =i FW-dlolEe] FR
7123 AFREAAN 74 FF BEHd O3 dA =

Eds MFRRRS AMST BEY F4% B

0.

=

o

=

<)
flo
)
==
o
I
i
&
b

_2_



£ @A) 2Eds £E AN B
I A7 9 TR IAEEe] H,

3. 2EHA FEL £7MHo2 HMNARE AESF
ol Fge FA gecha AP,

4. THEIE AFELE uE2)

5 AE I9est unit)e) BHFHS 2EYS T
Frolc,

6(x) = exp (a+ Bx) @D

S ERERERCEE

G(y)Z[ 22
Fy(s+t—1), br.
AN s8E Fy)=F (DolN Fakth mahy
2 225 H SEUsdss oey 2ok
5—11 exp —( ;I: ) <,
gy) = (2.3)
2
-5 o
wehd 4 (23)9) $EFEE
= i _1 —_ Ly
L@y 6 = I [ exo(=55)) )
T

71N n = ni+ n,oth
4 Qa0 A AR

dln L(a, B)

aa, = _(n1+n2)

+(121 tl,-+n2r)
xexp —(a+ Bxy)

+ 3 (151

xexp —(at ) (o)

‘%““‘é’lz —(n1x 1+ ngx5)

n
+( 21 t1/+n2‘l')

=
xx,exp —(a+ fx))
+ 2 (=0
Xxqexp ~—(a+ fxy)

A 2 ok wE 25 o o gl o)

-
H

%) ﬁ (ty—1
) 2.7

no ltl,-+n2r

i

j=mt+l,n+2,,n 1=1,2

ae| e Ty, T
F7b 09 AFEREE e FEETE 3

Mv}.

2%t BE as Bl W ARSEFHTL T

Ao, ot BE o pY YAFATo|nE o}

&3 22 A AREE & 5 vk

o rlr

Ag 21 Ty, j=1,2,-,n;, i=1,27}
6 NERES She FAEE W 2Eda A
FHEAEe] SdEFEE, T T, Ta+1



T ,.°l et
Ti— T;—20 28
i=1,2,m, i=1,20]k

T A92AY 2% Bol ash fo dx=
Agoluz  H9FATe  BuA(nvar-

property)°ll 9Jaj 4] (28)°] 4HIS B 4 Yuk

ance

Y
i

E’é‘
©
E3

E
_l_:

Ke, g0) = [ _ —gL(%}g(t)dt

= [ mteDe(dar

~ [ mtgdDe(par 3.1)
=-—H(g)
— [ Wiey(Delhar

o17)4

H@ =[] n{((@/dnG (Mdp2n  Azzq
(entropy) 2 gojg}.

TI,TZ,"',T”, 2_127]- :Oj- ]‘:?‘:}-'{l\— é}
2IERE F2 FH=E ASERNYRANN 22
H FEREY o) Vasicek (1976)8] dEzY Zx
gl 7128 H(g) A i F4ZE H,,0l% 0}

A At FEFL vy 2

Hmn=

N

2 {5 ( T T o)) 33
A7 me n/2 B} e o] AEA YEe
o ArZiEm gk 4 @33)eM (lold

To=Twol2 dueld T y=7 otk 2
23 7<1>37<z><"'£7‘( o B2 A7 g
A FEFE 4 EAFo),

Vasicek®] H,,,°

2EY 2 FEFER oA
o] ¥ % gk

Xég;ﬂj /\-111 0

o1g3te] @A
44 vew 2

4]
T

AY 31 FH=E JEsygRgo) g
b BERF G REUEEE g3 2nm
var( T)< o oA T, T, -, T,y G=
FE F3d FEFTEY 1 400, m—ooo] s}
o m/n —00]d

H,,—2H( g) (34)

F9 2% Bt oa, B9 AeFgYolmm o
ASAYI, Weln A (33 H(g) 9 9x £7)
o),

olA, AT HEER dsld T,
]':_1’2’...’ n” Z:—.]_,Zi Eﬂz[: j{]%}\]?ﬁ' t‘ll"E“ X]

TEEY TS JMEFYRYGA ] Fu-glo]d

AR (g, g7)E

Lg, g ) = —Hg)
= J, inleetoa (35)
= — H(g)
2 33T F vk
A 27, A G 4 GHERE FHLE e
EPAMY Ful-gloldy ARIT (g, g5 )
o FAFE g o] Aletsi),
KLH,, =1(g, g,) (36)

:‘_Hmn—(a'{' sz)+1 s

A7 et B A @Del FolH a9} 9
o =dA gl j=1,2 olck

g 32 FE:=E
T, Ty T,7v AFEE
329 TRFEAEe) BERE)T,
o thated m/n —0old

._.4__



g, g7 —2, (g, g7 37
g gau
Zv : A 21, A 319 A P —L 9 1

uhal 71}
E2e Aolo] 71

Fe v 2ol

23l Slutsky 2]l ot £ 3]
ol9Jol % van Es (1902)+= &
ste] A (32)0] Uig AE=RT A
A3tk
1

HE wn =%,
x ”if 1n{ "“( T em—T (,-_,,,>)} 38
+ 3 4 mOm = In(n+D)
matA 2 (35), 2 (36)F 2 (3 ot e

7 e FHLE Ui 2EYA JfEEuREe) =
AES  Agkeic

KLHE ,,=

— HE ,,
—In(Ca+ Bx)+1
=3 Correa (19%)= Vasicek®] F4 %S Hadt

A=z FHFS
HC ==+ 3% 1n (5) (310)
=2 B o7)A
2, (Te=To
n kzwm ( T (k)‘7 (D)
oz
T A 2m1+1 kgm T

otk wtAM 4] (35), A (36)= 2 (399 dEZ
9 FHBL olgstel they 2e FARE WA &
EfA 7kedEnde] 2T A et)

KLHC,,= —HC,,

% , (31D
—~In(a+ Bx)+1

4. 2 of A ¥
4 (36), A G99

A SEE: THET
KLHE ,,,%

21 B1DNA AQEE
=239 Al el 8% KLH s,
KLHC ,,, ol W& 3=z oA

=
A&

2Ed: 71E5EEHY RS 0=0.5% £;=2.0
oz 7ZHAs¥ed, ¥W3d = —In(0.5)/2.0
02 Fi ARES BAS FAY] Hsld 2o A

e QAT

IMSL ¢ A R O3S o]gate] 1,000
12 5o 24/\1-_7,\_7401]1\14 FHEE WA 2EYS T}
srAdge] A N #4% KLH,,, KLHE,,

% KLHC,,° o3& A (bias)et HAF A
(mean squared error; MSE)E ZHz}  Fskgith
@,=0.5% B,=2.09" A /e == KLH,,,
KLHE ,, ¢ KLHC,,° 3 2948 A3 =
a% 413 39 42€ FH=E A 2EdHx VK
TFHEHA EM-glo|Ed HHFFE o83 AN
270 ggA e} FTAFLAE 717 BAErh

2 RO AAE Fote oY 2 ARE
5 U

0

L m, nel Fel 71 %
THEYAAM Aol HEAFL

2. AtE 9A AEHA TR R -
goled] ARGTE °8F FAY KLH,.
KLHE ,,, ¢ KLHC,,& #¢ 3¢
#golx  KLHE,,,° F4%c] 4a%E SAdlA
e FATEH st

it
S
TN
=
=~ _1)4
rlo ?‘H‘
g
ot o_g}
filo z
rlr
1N
o

b oox o
> oM
to k
o
ofo
&
4
2
[

ok oox o T oI

fo ot rlo md X
I 8
e %
A
Hil o
X o2
oot
‘E’ tlo
o4
nﬂ:
Y
&0
%‘4 o
-2 oy Im
ok
e 2
© 50
g
o
Ml

2
U
-

AN Correa195) 74

29 S99l a0

&3k Wieczorkowski?h Grzegorzewski (1999) %
=l Correa A% Vasicek FAHS Algksin
Ezgel viu Ax 9 AMEY FAsH
e H‘ﬁt} a8y 71E dAToM= Vasicek

_5_



— — KLHE_mn -----KLHC_mn

KLH.mn

-0.5

(s
(r
(€
(2
(1
(5
(v
(€
(2
(1
(s
(v
(e
(2
(1
(s
(v
(e
(z
(1
(s
(v
(€
(2
(1
(s
(v
(€
(2
(1
(s
(t
(€
(2
(1
(
(€
(2
(1

05)
05 )
05)
g )
05)
o)
%)
o)
o)
o)
GE )
)
GE )
GE )
GE)
e
€}
0€)
e )
o)
G2 )
w2 )
G2 )
G2 )
G2 )
0z )
0z)
02)
0z )
0z )
G1)
S1)
Gl )
Gl )
G )
01)
01)
o)
o)

(n, m)

o] H T A e}

<138 4.2> ¥

— —KHE_mn  -----KLHC_mn ’

KLH._mn

0.25

0.2
0.15

ESG

0.1




FA4%, Van Es FA%F% Correa 3439 dE=
9 3% vae gk ety $He dERs &
AHS sty FAHL-E gAcEdA JEseER
Fol ] Ful-glo)Be) HRFSFE o843 A F
AL BRF A3k Van Bs AEZ FRF] o
£ AU $aiths AMS ¢ & Qg
AeHoz Fu-dolBe YuYPFE o4 A
= WALENL NEFERY Reldge A3t A
o) RE Aol 3l o

oA Hejeh HiAlFoat w4
A KLHE ,,% 3% & FHFgrct &
Aoz Aztdch

FTo] AT YA ZME Vasicek 4% Van Es
FAFH Correa FHHE gt 4zke] 2414 A
T3 Trgel stk

(1] Arizono, L. and Ohta, H., “A Test for Normality
Based on Kullback- Leibler Information”, 7he
Americon Statistian, Vol. 43, pp 20-22, 1929.

(2] Bai, D. S, Kimf M S and Lee, S. H,
“Optimum Simple Step Stress Accelerated Life
Test with Censoring.”, IEEE Transactions on
Reliability, Vol. 38 pp 528-532, 1989.

[3] Bai, D. S, Chung, S. W, “Optimum Design of
Partially Accelerated Life Tests for the Exponential
Distribution under Type-1 Censoring.”, IEEE
Transactions on Reliability, Vol. 41, pp 400-406,
1992.

[4] Besseler, S., Chernoff, H and Marshall, A. W,
“An Optimal Sequential Accelerated Life Test”,
Technometrics, Vol. 4, pp 367-369, 1962.

[6] Bhattacharrya, G. K. and Soejoeti, Z, “A
Tampered Failure Rate Model for Step-Stress
Accelerated Life Test”, Grmriaations in Statistics-
Theory and Method, Al8, pp 1627-1643, 1989.

(6] Correa, J. C, “A New Estimator of Entropy”,
Communiaations in Statistics=Theory and  Method,
A24, pp 2439-2449, 19%.

7] DeGroot, M. H and Goel, P. K, “Bayesian
Estimation and Optimal Design in Partially
Accelerated Life Testing.”, Naval Research

Logistics Quarterly, Vol. 26, pp 223-235, 1979.

(8] Ebrahimi, N, Habibullah, M, and Soofi, E.S.,
“Testing Exponentiality based ob Kullback-
Leibler Information.”, Jourral of Royal Statistical
Society, Ser. B, Vol. 54, pp 739-748, 1992.

[9] Kullback, S. and Leibler, R. A., “On Information
and Suffidency”, Amuals o Mathenatical
Statistics, Vol. 22, pp 79-86, 1951.

[10] Lawless, J. F., “Statistical Models and Methods
for Lifetime Data’, Joln Wiley & Sons, NJ,
2003.

[11] Mazzuchi, T. A., Soofi, E.S. and Soyer, R.,
“Computation of Maximum  entropy Dirichlet for
modeling lifetime data”, Computational Statistics
& Data Analysis, 32, pp 361-378, 2000.

(121 Miller, R. and Nelson, W, “Optimum Simple

Step-Stress  Plans for Accelerated Life Testing”,

IEEFE Transactions on Reliability, Vol. 32. pp

59-65, 1983

Nelson, W., “Accelerated Testing : Statistical

Models, Test Plans, and Data Analyses”, John

Wiley & Sons, 1990.

[14] Park, B. G, Yoon, S. C, “Test of Exponentiality
in Step Stress Accelerated Life Test Model
based on Kullback-Leibler Information Function”,
Jourmal of the Korean Society for Quality
Maragement, Vol. 31, 4, pp 194-201, 2003.

[15] Park, B. G, Yoon, S. C. and Cho, G. H, “An
Estimation of Kullback- Leibler Information
Function based on Step Stress Accelerated Life
Test”, The Data Jourmal o Applied Statistics,
Vol. 13, pp 563-573, 2000a.

[16] Park, B. G, Yoon, S. C. and Cho, J. Y, “On
Estimating of Kullback- Leibler Information
Function using Three Step Stress Accelerated
Life Test”, International Journal of Reliability
and Application, Vol. 1, No. 2, pp 155-165,
2000b.

[17] Taufer, E.., “On Entropy based Tests for
Exponentiality”, Communications in Statistics-
Sirmudations, 31(2), pp 189-200, 2002.

[18] Van Es, B., “Estimating Functionals Related to
a Density by a Class of Statistics Based on

[13]

_7_



Spacings”, Saandinavian Journal of Statistics,
Vol. 19, pp 61-72, 1992.

[19] Vasicek, O. A, “A Test for Normality Based
on Sample Entropy”, Journal of Roval Statistical
Society, Ser. B, Vol. 38, pp 55-59, 1976.

[20] Viertl, R, “Statistical Methods in Accelerated
Life Testing”, Vandenhoeck and Ruprecht in
Gottingen, 1938,

[21] Wieczorkowski, R and Grzegorzewski, P, “Entropy
Estimators Improvement and Comparison”,
Communications in Statistics—Simulations,
28(2), pp D41-567, 1999.

[22] Xiong, C., “Inferences On a Simple Step-Stress
Model with Type-II Censored Exponential
Data”, IEEE Transactions on Reliability, Vol.
47, pp 142-146, 1998,

[E——— . ¢t A & (Jeong Hyang An)

1;]-]?-];“‘5‘1-—1 1;}]6_}- 9] _r.tﬂ—_\,}(o]b‘u-bq.)
TSNS sk ol stk
Fael e Fusy Fws
(TAFo} . gAlsKwm ]_,_/\]/\EJ]A oF
B4 ol2) XA

¥ A A (Sang Chul Yoon)

gelsk SAE (o] 8hAh

ABsta et A5

(o3

 ARgs ek S8
QEEAN

1994- 8 B o)

(DA} - AFolE D AAEEHAY, S£HAR

EANZE, SAREADY, FAHNED)




