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F F(t), 285 F(t) =1-F(t), Q’%‘QE@'T f(t) 285 78 B p, Z.‘,E[T]zu%
AT AR BT o] wl, gheF —(1/8) In F(t)7} (> 0)oll T3te] Z718td X F = IFRA
Algoll &3toka golH ot =3 2.9 -l Al DFRA(Decreasing Failure Rate Average) 7|
—(1/8)InF(t)7} t(> 0) ) B3t Fa e Laa F= DFRA 7ol £33t Ao

e

ok 283 —(1/t) InF(t) }/‘V\EH dR3H 1 B2V ASEEZE way] A% 8T
Bz 7ol "t IFRA AFL AFEZE 38 A 3 A 2Eol { Zlﬂt EExE oA
A Ao ATE YT a}a 3 E48 ztat)l =3 IFRAAZ S G83tdUAM=E o
P S ARY S e FHEZANMNE vERdTh &, A S F FolA ZotdRAd o
gt FF0] WAL, 2 FHES AE SHA O HEA AGsA Aado &S devd
A, dAZEel 2T e AF7A £40] AR E AlagoA ngo) dAdsks Ao U
ehdth 918} Zo] IFRA Aol AlagY £8& AE8HA & 29s7] wiol A4 o
2ol Fo5HA Bl

H, : F= IFRA A 5ol £3%tc}o) st Hy: F7} A|$E 2

E g2t 7HA S 3487
A8le], Klefsjo(1983) = 2 =3} TTT-HE o 7123 IFRA AFol dist ZAZAZF BE Al
F

okata 7 AAL =9stsith A7 A A28} TTT-ASR-L or(t) = f, " O F(w)du/p
2 A= 2 Barlow £} Campo (1975)9] &3 2715 itk £ =7 A=, F7F IFRA 7
of £33, pp(t)/tE 0 <t <1 FZA FAZTE 422 o] )3y AARFAFTS A
stk AdR ARSADFE SASAFY AFT5e] FEZ o] RIAYD EE B
olet 2 F R = A AEE & At

27 A= Hyol 5t Hye 7;143}7] Aot M2 AAHAFTAFE AL 4A%E, S,
ERO A7 n=2 EE n=230 74X A %16}34 Fig=s

3NN, tlER o AZAFYE Aeta, ASaE AR EAZFY A4 H
ZAYEEE A9 H A} e

upx)eto 2 430 e AlGE AR F AT A EE Klefsjo(1983)S) H AR E A% B}
H 2 3H7] Yote] 2T oA @g AR} g

2. HoHE ABS A
AA FEHT X1, Xe, 0, Xn ¥ ’“/\1%741 < Xy, Xy Xm o2 71981
A Bz F(X(,)—z/n,z—Ol ]U% 2B A /\gz?ﬂ F(X(Z):(
=0,1,---,n2=2 AodAn}, 017101]/\1)( .ol ul, ApE Fp(z)2t e£ 22 &
Bl Walolg} 3l ALE ¢ > X(;) Aol F ( )2}3; o2 7R wWaolgln 3
Ap =X, Al =71 Di/n, 7100N D; = (n—5 +D)(X(y) - Xj-1)), 5 = 1,2, ,n°]
T 7J73}7H 4 (normalized spacing)©]2}al K2} 9] ALo] #I FA A i = 00]H,
Ay = Ap = X, Eq'a]'}‘i X, = iz Dj/nol L T, EJ Dy = Yo X Bed
ok 28y S5 = Z‘;zlehd j=12--+,n08t1 3 =009 S, = T,o|t}. =3I,
4y = 53/ T,012 AT W, TTT — plot (j/n,us) € FHE FAAN FAE F o] Kb
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oAl th& 71:—_}'9‘ 7HeE HAse EAE 26 2}
— exp(— /\t) (t>0,A>0) for A unspec1ﬁed
versus

Hi : F(t)+x= IFRA 7AFof &3} XH—EEE% ofutt.

HA Klefsjo(1983) 7} A ¢+3l IFRA 2 A 74] FS AHKEAL O F7FIFRA AFd £
SHA, or(t)/t7F 0 < ¢t < 1 FFAA 24 3HcH(Barlow, 1979)= AL o83l o
TTT — plotell &34 c) &, u;/(i/n) > uJ/( j/n)for j >4,i=1,2,--- ,n—1, 2183 9]
Aol ij/ng F3 F isk joll thated Bt & o] Aste] hos} 2 AHSAZS A
G ATh

B=> B;D;/Ty,
j=1
A7l A B = (27° — 352 + (1 — 3n — 3n2) + 2n + 3n? +n3) /60| T}
S F7HIFRA AFol 319, pp(t)/te 0 <t <1 o)A 7 iH}EE, 5 <
ANM pr(t)/t < ¢r(s)/so]l 4RTTE 9| AL o]&te] L8 g3t 2
ST

)

%
A

o

r[o
mlm

7(F) = | N [ F@FWY tor(s)/s - pr(t)/t} dP()F ().

To(F)7F &) 32 70 d7hd Hiol 498 A2® 7Y9ch 283 Th(F)=
FE} M AR EO| WA [FRA AFZY] AAte 2298 & 4 9o
G(z)g TEFS F(e)ol g3t AVEE =+ JFE2 Fodad Qo) = 1 -
Ako

G(z) = [P Flu)du/pel ¥l & FHEE G(2)} pr(t) AololE pp(t) = GIF-1(t)) B
A RETE ol W, t = F(z) 283 s = F(y) 2} 39, pp(t) = G(z) 22T gp(s) = Gly)°]
AR whekA To(F)s e 2ol A < ok

Ty(F) = / {ns)F°() - 1/6)F(1) - (1/30)} date)

=7 To(F)9] SAZL the 34 met fE9ch 64 o) Fejo] 8t G, (X)) =
A%/AF = Z?=i+1Dj/Z?=1DJ'v i =0,1,-,n— 1, 97]d0A @n(X(n)) = 0. o=
A AGR(X() = Gn(X) — Ga(Xoy) = ~D/Z] Dj, i =12, ,n IaBEBZE
AGn(Xy) = —AGu(Xy) = Di/ X} D, i=1,2,-++ ,n
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2.1: A A =E(1980n) /2By, o] 71 Z+gk

Lower tail Upper tail
B a=001[a=005]a=010 || a=00L | a=0.05 | a=0.10
2 || -0.2596 | -0.2491 | -0.2360 | -0.0262 | -0.0131 | -0.0026
3 || -1.5563 | -1.2715 | -1.0581 || 0.5910 | 0.7647 | 0.9965
4 || -1.9237 | -1.4714 | -1.1882 || 0.7328 | 1.0047 | 1.4392
5 || -1.9969 | -1.5251 | -1.2521 || 0.8022 | 1.0974 | 1.6142
6 || -2.0398 | -1.5748 | -1.2945 || 0.8632 | 1.1671 | 1.7003
7 || -2.0826 | -1.6010 | -1.3162 || 0.9031 | 1.2184 | 1.7795
8 || -2.1143 | -1.6210 | -1.3316 | 0.9339 | 1.2562 | 1.8336
9 (| -21421 | -1.6359 | -1.3417 || 09585 | 1.2862 | 1.8758
10 || -2.1652 | -1.6475 | -1.3490 | 0.9786 | 1.3107 | 1.9101
11 || -2.1847 | -1.6568 | -1.3542 || 0.9955 | 1.3311 | 1.0386
12 || -2.2012 | -1.6643 | -1.3581 | 1.0100 | 1.3484 | 1.9628
13 || -2.2153 | -1.6704 | -1.3611 | 1.0226 | 1.3634 | 1.9836
14 || -2.2274 | -1.6754 | -1.3631 | 1.0337 | 1.3765 | 2.0017
15 || -2.2379 | -1.6795 | -1.3647 || 1.0435 | 1.3881 | 2.0176
16 | -2.2471 | -1.6830 | -1.3658 | 1.0523 | 1.3985 | 2.0318
17 || -2.2552 | -1.6859 | -1.3666 | 1.0603 | 1.4077 | 2.0445
18 | -2.2623 | -1.6883 | -1.3671 || 1.0676 | 1.4162 | 2.0559
19 || -2.2687 | -1.6904 | -1.3674 | 1.0742 | 1.4238 | 2.0662
20 || -2.2744 | -1.6921 | -1.3675 || 1.0803 | 1.4308 | 2.0765
21 || -2.2795 | -1.6936 | -1.3675 || . 1.0859 | 1.4373 | 2.0843
22 || -2.2841 | -1.6948 | -1.3674 || 1.0011 | 1.4432 | 2.0922
23 || -2.2883 | -1.6950 | -1.3672 || 1.0959 | 1.4487 | 2.0995
24 || -2.2021 | -1.6969 | -1.3670 | 1.1004 | 1.4538 | 2.1063
25 || -2.2955 | -1.6976 | -1.3667 || 1.1046 | 1.4586 | 2.1126
26 || -2.2087 | -1.6983 | -1.3663 || 1.1085 | 1.4631 | 2.1185
27 || -2.3016 | -1.6988 | -1.3659 || 1.1123 | 1.4673 | 2.1240
28 || -2.3042 | -1.6993 | -1.3655 || 1.1158 | 1.4712 | 2.1202
29 || -2.3067 | -1.6997 | -1.3651 | 1.1191 | 1.4749 | 2.1340
30 || -2.3000 | -1.7000 | -1.3647 || 1.1222 | 1.4784 | 2.1386
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Ban Z {(2/15)(i/n)° — (1/6)(i/n)* + (1/30)} D; /Ty,

= sziDi/Tn,
i=1

A7Vl A wa; = (2/15)(i/n)® — (1/6)(3/n)* + (1/30). Tk F7L IFRA AlFoll %38} |
FEEZ7L bW, By ¥ 32 A Ao g 4 gtk

By, 2 Hodtoll A, =8-S 7IA 22, 28+ Langenberg?} Srinivasan(1979)] 7]
He BopolE b33 2ol 5d3tA 243 5 ity &,

PI‘(an > k) = Pr((zn: wZzDz/iDz) > k)

n n

[T wai = )/ (wai — way)]8:,

i=1 j=1
qi

A 71X &; = I(wae; > k)ol ™ I(-)E A A& (Indicator function)e] T},
S 4 ol gshel, Hyol o8 Ho BR8] 5ol Hoatol A, 222 27] ash 229

a7 ng u@mﬂw Pr(Ban < k) = o £ Pr(Bzn > k) = & TZA7]E €AY kS
EE Z Ags}sau} #2100 282 37 n=2,---,3003 FF= a =010, = 0.05
2 o= 0.01004 BAFAF (1980n)1/2B,, 2] 7123kl A= ATk

3. MIQHEl ZHEH 2| M

3.1. ?FIHd SHOIM Ba,2| HZR2=
FE = Aq7)A Altd ABTAZ AFTFE el 4ET W] B2 Fyol o ok
7t stel A AEAoR AR E wErt: A4S S92 Atk 2 EAF By 2 T
< A3 2ol Aejh
By = (1/X,)(1/n) ) waD;
i=1
> (1/Xn)(1/n) ) wh X, (3.1)

o] 7] ol A

wh; = (4/5)(i/n)° — (2/3)(i/n)* - (1/2)(i/n)* + (1/3)(i/n) + (1/30). (3.2)
4] (3.1) 3 (3.2)°l1 A,
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Ban ~ (1/X,)(1/n) ZB2(i/n)X

o} 7)ol A By(u) = (4/5)u’—(2/3)ut—(1/2)u?+(1/3)u+(1/30). &, By TAPHOZ &
NEAZ] AP P& 7pAch 28 2R 8]+ Stigler (1974)9] 2H-E A8€
AT} &, [;7t2dF () < oFF 02(By, F) > 0012 74T o, (/) (Byn — (u(Bz, F) /1)) —
N (0,0%(Bz, )/u) ol 71 o A uL BE Fo BEold, u(Bs, F) = [y eB2(F(z))dF (z)
223 o*(By, F fo Jo. Ba(F(2))Bz(F(y))[F(min(z,y)) - F(m)F(y)]dwdy- 53] Hod}
o A, (1980n)(1/2)B2n 5 N(o, 1).

TR, ZAHOE FAfFE oo A, Wk (1980n) /2By, > 2,01 ¥, IFRA 27 A
A= HyS 71248t3 Hy : F= IFRA AF ol £8che dig7hd2 Agsich 23 o)) #
A3, Tk (1980n) /2 By, < —z,°1 ™, Hy : F= DFRA Aol %8ttt tist He 2 A
oAA, HyE 71Z+3tet.

o710 A, $ele AR AN AAUE B2 7] n— coolW, AFHZ 19
< JHATHE AL Kol ok
WA, F=1FRA AlF el ﬁ:—'&}:f_ AL F AL tzdF(t) < o0, 281 6%(By, F) >
oolztx ZFA AL 28 W, 2 AR BTAFY AR F £ y(1(F)) = P (B2, > (1980n)
1224), AN NA zo® BEE2AZFEES] 4 a-EHF Olr/‘r.
Y(T2(F)) = ®((—(1980n) (/2 2o +u( Bz, F)/u) /(0 (B2, F) [ (n/P p))) 01 2L B 3 Ty(F) =
p(Ba, F)/pol BZ th50] A H et

H:l
©

YTo(F)) = 3((—(1980n) YD 20 + To(F)) /(a(Ba, F)/ (nM/2 ).
w3}, F7LIFRA AFol $819, Ty(F) > 00] 22 theo] 4 o).

Y(T2(F)) = ®(+00) =1, asn — oco.
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3.3. By, H28E
A7 e AHE AAEZA RS Pitman? HZATE-&(Asymptotic Relative Effi-
ciency, ARE)S 713171 98] ofehell Ugdd vl 71} B2 thal Klefsj6(1983)2] 245
A= B} A A AATA T By s WA 8FLAL Tt
(a) APHE=

Fi(z) = [y (1/T(1+6))e*¢%dt, >0, >0
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—exp[—(z+0(x+e*-1))], >0, 6>0
(c) Makeham 2=
Fi(z) = 1 — exp[—(z + (622)/2))], ©>0, §>0
(d) Weibull 3=
Fy(z) =1 —exp[~z(*+9)], 2>0, >0
ol = Ul N BE Fy, By, F33 Fy ol A, 0 =6, =04 W]l AF7HE Hyo) ARk F

ZANEEY g A RE oS3} 2t ep, (Ba,, B) = 0.7945, e, (Bzn, B) = 1.5491,
ey (Bon, B) = 1.2026 18| 1L ef, (Ban, B) = 0.9364.

4. 29|

>
]

L A2
FolMe AR RANF S 5319 ANE AAFAF B, 9 AAY LS lefsj6(1983)
AEA % B} vlws] Bz} sk AL ZJOM AFEE ul AR Ex o dis)
=717} 5, 10, 15, 20, 25, 3091 AL, 42 a = 0.052F a = 0.106] 4] A*Als}gi
o w W= IMSL A B RHE o] &3t 4A3sith M% tF ZEol A8 By, 3 B 3
10,000 ¥HE A sbste] & 415 E & 4.471A 9 A5 Aok
ROl A A, AR 9 WeibulliZ oA = BS AP H o] By, A4 E A} S
Y $oton MY 1FERE 9} Makeham Z 20 X & By, o] A& o] B AAH B
o B S & 5 UATh whekA, A8 %EE}M keham& 3 o A= A 2 0]
A st AAF A By, IFRA AF2 AAEAZCE 2430}

>l
FA o i

o |

E 4.1: ZulE

k

S REEEERE

5 | .2775 | .2012 | .2077 | .1110 | .4020 | .3225 | .3146 | .1820
10 | .2803 | .3057 | .1649 | .1800 | .4675 | .5298 | .3133 | .3584
15 | .3450 | .3832 | .2120 . .2420 | .6127 | .6885 | .4515 | .5236
20 | 4072 | 4476 | .2616 | .2915 | .7281 | .7905 | .B707 | .6442
25 | 4591 | .5075 | .3121 | .3489 | .8038 | .8592 | .6627 | .7425
30 | .6185 | .5865 | .3629 | .4255 | .8558 | .9137 | .7396 | .8250
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8%
%42 AYRFEEEAAY AR Y ¥
=05 =10
a=0.10 a=0.05 a=20.10 a = 0.05
n Bsy, B B2, B Ban, B Ban, B
5 2143 | .1527 | .2077 | .1110 | .2494 | .1855 | .1857 | .0976
10 | .1852 | .1975 | .1021 | .1084 | .2486 | .2604 | .1430 | .1518
15 | .2280 | .2289 | .1310 | .1307 | .3160 | .3139 | .1943 | .1983
20 | .2611 | .2431 | .1591 | .1408 | .3724 | .3500 | .2427 | .2195
25 | .2954 | .2752 | .1826 | .1630 | .4356 | .4034 | .2894 | .2611
30 { .3332 | .3138 | .2093 | .1951 | .4867 | .4548 | .3407 | .3156
¥ 4.3: Makeham B2 oA 2] AA = vl
=05 8 =1.0
a=0.10 a = 0.05 a=0.10 a=0.05
n Ban B Ban, B Bayn B Bsn, B
5 | .1907 | .1275 | .1378 | .0643 | .2186 | .1545 | .1604 | .0786
10 | .1460 | .1533 | .0770 | .0805 | .1886 | .2013 | .1044 | .1106
15 | .1692 | .1727 | .0911 | .0923 | .2316 | .2338 | .1311 | .1353
20 | .1903 | .1745 | .1012 | .0946 | .2618 | .2526 | .1587 | .1455
25 | .2045 | .1933 | .1178 | .1081 | .2986 | .2849 | .1829 | .1699
30 | .2228 | .2196 | .1325 | .1308 | .3340 | .3269 | .2117 | .2054
F 4.4: WeibullEZ oA AA=E vl
=05 8=1.0
a=0.10 a=0.05 a=0.10 a = 0.05
n B, B Bsn, B By, B Bay, B
5 3889 | .3111 | .3035 | .1752 | .6094 | .5615 | .5168 | .3690
10 | .4614 | .5042 | .3106 | .3398 | .8193 | .8618 | .6746 | .7318
15 | .6111 | .6577 | .4482 | .4922 | .9412 | .9594 | .8712 | .9012
20 | .7283 | .7553 | .5672 | .6023 | .9818 | .9889 | .9501 | .9609
25 | .8072 | .8274 | .6729 | .7044 | .9960 | .9973 | .9842 | .9884
30 | .8597 | .8852 | .7455 | .7882 | .9980 | .9991 | .9937 | .9959




ZARFRRE B A A48 A7 377

[1] Barlow, R.E. (1979). Geometry of the total time on test transform. Naval Research
Logistics Quarterly, 26, 393-402.

[2] Barlow, R.E. and Campo, R. (1975). Total time on test processes and applications to
failure data analysis. In Reliability and Fault Tree Analysis, ed. R.E. Barlow, J. Fussell
and N.D. Singpurwalla, STAM, Philadelphia, 451-481.

[3] Barlow, R.E. and Proschan, F. (1975). Statistical Theory of Reliability and Life Testing
: Probability Models. New York : Holt, Rinehart and Winston.

[4] Haines, A. (1973). Some contributions to the theory of restricted classes of distributions
with applications to reliability theory. Ph.D. dissertation. The George Washington

University.

[5] Klefsj6 , B. (1983). Some Tests against aging based on the total time on test transform.
Communications in Statistics-Theory and Method., 12(8), 907-927

[6] Langenberg, P. and Srinivasan, R. (1979). Null distribution of the Hollander and Proschan
statistic for decreasing mean residual life. Biometrika, 66, 679-680.

[7] Stigler, S.M. (1974). Linear functions of order statistics with smooth weight function.
The Annals of Statistics, 43, 1136-1146.

[2001d 49 H<, 20019 79 A |



oy,
r ¢
ol

378

Test for Increasing Failure Rate Average Class”
Kim, Hwanjoong!)

ABSTRACT

In this thesis, a new test statistic is proposed for testing exponentiality versus
Increasing Failure Rate Average (IFRA) alternatives. This test statistic, which is based
on a linear function of the order statistics from the sample, is readily applied in the case
of small sample as well as large sample. Also, this test statistic is more simple than
the test statistic of Klefsj6(1983). Also the comparisons of IFRA tests in the sense of
ARE are given and we show that the proposed test statistic is consistent against IFRA

alternatives.

Keywords: Exponentiality; Order statistic; Test statistic; Increasing failure rate average;
ARE; Consistent.
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