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Among k independent two-parameter exponential distributions which have the common scale parameter,
the lower extreme population (LEP) is the one with the smallest location parameter and the upper extreme
population (UEP) is the one with the largest location parameter. Given a multiply type Il censored sample
from each of these k independent two-parameter exponential distributions, 14 estimators for the unknown
location parameters and the common unknown scale parameter are considered. Fourteen simultaneous
confidence intervals (SClIs) for all distances from the extreme populations (UEP and LEP) and from the
UEP from these k independent exponential distributions under the multiply type 11 censoring are proposed.
The critical values are obtained by the Monte Carlo method. The optimal SCls among 14 methods are
identified based on the criteria of minimum confidence length for various censoring schemes. The subset
selection procedures of extreme populations are also proposed and two numerical examples are given for
illustration.

Keywords: extreme populations; multiply type Il censoring; simultaneous confidence intervals; subset
selection; two-parameter exponential distribution

1. Introduction

Experimenters sometimes want to identify the worst population (lower extreme population (LEP))
and the best population (upper extreme population (UEP)) from k independent populations at the
same time for many biological or industrial experiments. There are several methods reported to
determine the extreme populations, such as the simultaneous confidence interval (SCI) and subset
selection procedure. Hsu [1] presented the SCls for all distances from the UEP for the normal
distributions and nonparametric models. Mishra and Dudewicz [2] studied the simultaneous selec-
tion of extreme populations under the normal distribution assumption for a complete sample, they
formulated the subset selection procedure to select two non-empty subsets S. and Sy, where S,
contains at least LEP and Sy contains at least UEP with a preset probability being at least 1 — «.
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In biological research or industrial areas, the normal probability model is applied universally.
There are also many applications of exponential distribution in the analysis of reliability and life
test experiments [3-6]. Suppose 71, ..., 7y represent k (k > 2) independent populations and the
ith population r; has a two-parameter exponential distribution denoted by E (u;, ), where w; is
the unknown location parameter and 6 is the common unknown scale parameter,i =1, 2, ..., k.
The location parameter of two-parameter exponential distribution is the so-called threshold value
or ‘guarantee time’ parameter, and we can use it to identify the extreme populations. Misra and
Dhariyal [7] proposed the SCls for all distances from the worst and best populations for the
two-parameter exponential distribution under complete samples.

Furthermore, in life-testing experiments, the experimenter may not always be in a position
to observe the lifetimes of all the items put on test. This may be because of time limitations
and/or other restrictions (such as money and material resources, etc.) on data collection. Censor-
ing arises when some lifetimes of products are missing or for implementing some purposes
of experimental designs. There are several types of censoring schemes and the type Il cen-
soring scheme is the most common. Many authors, Mann et al. [8], Lawless [9], and Meeker
and Escobar [10] have studied the type Il censoring with different failure time distributions.

Let Y;1,..., Y, be independent and identically distributed random variables from a popula-
tion m; and Y; 1y < Yi 2 <--- < Yim be the order statistics of ¥; ;, j =1,2,...,n, for a
giveni =1,2,...,k. Suppose that n items are put on life test, and an experimenter fails to

observe the first r, the last s and the middle  observations, then only n — r — I — s lifetimes are
obtained and they are denoted by (Y; (-+1), - - - » Yi.¢4u)s Yisrtuti+1ys - - -5 Yiin—sy) i = 1,2, ... k.
This type of censoring is known as the multiply type Il censoring. Moreover, when r = 0,
[ =0, s > 0, this is the so-called right type Il-censored sample; when » > 0,/ =0, s = 0, this
is the so-called left type Il-censored sample; when r > 0, [ =0, s > 0, this is the so-called
doubly type Il-censored sample; when » =0, [ > 0, s = 0, this is the so-called middle type
I1-censored sample. For complete sample and right type Il-censored sample, Chen and Vanich-
buncha [11] proposed the SCls for all distances from the UEP for the two-parameter exponential
distributions.

However, if multiply type Il censoring occurred, then the above methods may not be an appro-
priate choice. In this paper, for the common unknown scale parameter, 14 estimators including
12 weight moment estimators (WME) modified from Wu and Yang [12], approximate maxi-
mum likelihood estimator (AMLE) derived from Balakrishnan [13] and best linear unbiased
estimator (BLUE) advanced by Balasubramanian and Balakrishnan [14] are considered. Then,
we have 14 estimators for the location parameter of each exponential distribution. Based on
these 14 estimators, we can propose the SCls for all distances from the UEP and LEP for k
independent exponential distributions under multiply type Il censoring. The main theoretical
results for the 14 SCls and the Monte Carlo simulation procedure for obtaining the critical values
are given in Section 2. The simulation comparison among 14 SCIs is described in Section 3.
In Section 4, the subset selection procedure for extreme populations is provided. In Section 5,
two numerical examples are given for illustration. Finally, the conclusions are summarized in
Section 6.

2. SClsfor all distancesfrom the LEP and UEP

For population m;, let Y; 41y < -+ < Yigauw) < Yigturi+ny < -+ < Yiw—s be a multiply type
I1-censored sample from a two-parameter exponential distribution denoted by E(u;, 6), where
w; is the unknown location parameter and 6 is the common unknown scale parameter, i =
1,2,... k. Let ) < ) < -+ < upy be the ordered location parameters and let ;) denote



12: 54 19 Decenber 2010

Downl oaded By: [Yu, Yuh-Ru] At:

Journal of Satistical Computation and Smulation 139

a population associated with w;), i =1, 2, ..., k. The probability density function for the ith
population is given by

1 — I .
—exp{—y M}’ ify > ui, u; >0,6 >0

Fimi0) =149 0 , (1)
0, otherwise

i = 1 2 k LetY (Yl (") ,u,)/é‘ then (Yt*r+1 [ Yt(r+u)’ Yl (r+u+l+l)’ T t(n v))
isa multlply type II- censored sample from a standard exponentlal distribution, i = 1, 2, .

In this paper, we consider 14 estimators to estimate the scale parameter 6. The first 12 estlmators
are the 12 WMEs modified from Wu and Yang [12], denoted by

k
A 1 N
9,*=E29;j,, r=1,2,...,12, )
i=1
where
r+u n—s
01 = wn Z Yijy = Yigrn) + w2 Z Yi,j) — Yig+1) = w11Cia1 + w12Ci 12,
j=r+2 Jj=r+u+i+1
3)
r+u
072 = war | r(Yio42) — Yietn) + Z Yy = Yio+1) + 1) — Yig42)
j=r+2
n—s
+ w2 Z Yigy = Yio+1) + i —9) — Yiso+1)
Jj=rt+u+i+1
= wCi2 + w2Ci2 (4)
r+u
073 = wa | r(Yig42) — Yio+n) + Z Yijy = Yio+1)
j=r+2
n—s
+wsz | IYi ¢ utivn) = Yirrn) + Z Yiiy = Yirwn) + 5o —s) — Yir41)
J=rtu+l+1
= w31Ci 31 + w32Ci 3, (%)
r+u
04 = wa Z Yigh) = Yio+n) H Xty — Yisr+1)
j=r+2
n—s
twa | Y Yy = Yiern) +5Tigs — Yigin)
j=rtu+l+1

= w41 Ci g1 + w4 Ci a2, (6)
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r+u
=ws1 Y (Vi) — Yie4)
j=r+2
n—s
+wsz [ {(Yi¢vuti+n) = Yigrn) + Z Yigh) = Yio+1) +5Yin—s) — Yiso+1)
J=ruti+1
= ws1Ci 51 + ws2Ci 52, )
r+u
=wer | r(Yi¢+2) — Yio4) + Z Yi gy = Yio+0) + 1Y) — Yig42)
j=r+2
n—s
+ we2 Z (Yijy = Yior+1)
Jj=r+u+i+1
= we1Ci 61 + we2Ci 62, (8)
r+u
=wn | rYig+2 — Yiot1) + Z Yi.j) — Yi+1)
j=r+2
n—s
+ w2 [ 1(Yi¢rutirn = Yigsn) + Z Yigh) — Yio+1)
j=r+u+i+1
= wnCin + wn2Ci, 9)
r+u n—s
=wer | Y (Vi = Yigsn) + 1 igp — Yigsn) | +wee Y (Yigy) — Yigren)
j=r+2 Jj=r+u+i+1
= wg1Ci g1 + we2Ci g2, (10)
r+u n—s
= Wo1 Z (i) — Yio+n) + woz | 1Y tusi+n) — Yisosn) + Z Yy = Y1)
j=r+2 Jj=r+u+i+1
= wo1Ci 91 + we2Ci 92, (11)
r+u
= wio | r(Yior42) — Yirsn) + Z (Yi,(jy = Yior+1)
Jj=r+2
n—s
+ w2 Z Yiijy — Yiovn) + 5 —s) — Yir41)
Jj=r+u+i+1
= w101Ci 101 + w102Ci 102, (12)
r+u n—s
= w1y Z Yih) — Yior+1) + Wiz Z Yi gy = Yio+1) + i —s) — Yio+1)
Jj=r+2 Jj=r+u+i+1

w111C 111 + w112Ci 112, (13)
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r+u n—s
0712 = wia1 | r(Yi12) — Yigrs1) + Z Yi(h — Yio+1) | +wize Z Yi(j) = Yi+1)
j=r+2 Jj=r+u+l+1
= w121Ci 121 + w122Ci 122, (14)
i=12,...,k The weights w,; and w,, are determined by minimizing the mean squared error

(MSE) given by
A 1
MSE(QI*) = 92 |:E(w,21bt1 + wtzzth + 2w wiobs3) + (Wina + wean — 1)2:| s (15)

where a,, = E(Ci.1,)/0, by, = Var(C; ,,)/6?, and b,z = Cov(Ci 1, Ci2)/0%, t =1,2,...,12,
v=12,i=1,2,...,k, are given in Chen [15]. Next, by differentiating Equation (15) with
respect to w,; and w;,», and setting the derivatives equal to zero foreach ¢, = 1,2, ..., 12. After
some calculations, we get the weights for 12 WMEs as follows:

_ (1/k)b12azl - (1/k)b13012
((1/ k)b + aZ) (1) k)biz + a%) — (1/k)bis + anan)?’

Wr1 (16)

and
_ (1/k)ba, — (1/k)bizasn

((1/ b1 + aZ) (L) )biz + afy) — (1/)biz + anai)?’
t=1,2,...,12. In addition, replacing weights in Equation (15) by Equations (16) and (17), we
can obtain the minimum MSE given by:

We2 (17)

2 _ 2\7,2 2
MSE@?) = (/Db — A/ 2)bfy)0 Clia 1
(A/ k)b + atl)((l/k)btz + a,z) — ((1/k)biz + atlat2)2 (]_8)

The 13th estimator used in this paper is the AMLE derived by Balakrishnan [13] given as
follows:

A
N -, 0F
efg — Zl—l 1,13’ (19)
k
where
YY) + X i Yt + $Yim—s)
é* _ +l/3Yv,"(r+u) +1(1 - ,B)Yi,(r+u+l+l) —(n— r)Yi,(rJrl) (20)
13 n—r—s—1)—la ’
Ing, - In
o = Qr4u+i+1 N Gruti+1 — Gr4u N Grpy FBING w4 (L= B)INGrruriss,
9r+u — Gr+u+i+1
,3 _ qr+u _ Dr+ur+u+i+1 In ( qr+u >
qr+u — 4r4uti+1 (Grqu — 61r+u+l+1)2 r+u+l1+1 '
and
J .
qul__’ l:l,z,...,k.
n
The last estimator is the BLUE derived by Balasubramanian and Balakrishnan [14], and it is
as follows: A
N ., 0F
9;4 — Zl—l i,14 (21)

k )
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where
. 1 r+u
0., = Yiih — —r)Yi —r—=wYi ¢iu
S I—2) 14 ,-;H () — =Ygy + @ =1 =Y
n—s
+ Y Y- a—r—u—=DY: iy +5Yiao + &V rutirn = Vi)
Jj=r+u+i+1
(22)
2
L _(EEhye-j+)
1= r+u .
YT -+ 1)?
and
Lo DILAYe—j+y
2 = rruti+l . 5 L=Lh4..k
Zj:r+tl+1 1/(l’l J + l)
Then the corresponding estimators of the location parameter of the ith population are
r+1 1
Gio=Yigin — 0"y ————, i=1,2,...k t=12,..., 14 23
Mit L(r+1) ’;n—j+l 1 (23)

We use those estimators to propose the following SCI for all distances from the LEP and UEP.

THEOREM 1 When the scale parameter 6 is unknown, let d, be the percentile of the distribu-
tion of the random variable Z;, where Z* = max{Z., — Z;,, Zi; — Zy,,i # L, k, Z1, — Zy ;}
and Z;, = n(Y; ¢+1) — /,L,‘)/él*, i=12,...,k,t=1,2,...,14. Thenthe 100(1 — )% SCI of

1 — JpL]s M2 — M, - - 5 Mk — K] Mk — MR, Rk — B2, - -, Big — Mk aregiven by [0, Dy ],
[0, Dol ..., [0, D1, [0, D], [0, D*'], ..., [0, D*'], where

. o
D;; = max {,z,-,, —minga;, +d—, 0}
J# n
A (24)
) 9*
D”’=max{mgxﬂj,t—ﬁi,,+d,—’,0}, i=1,2,...,k, t=12,..., 14
JFl

n

Proof of Theorem1 The proof is given in Appendix 1. |

Since it is very hard to obtain the exact distribution of Z’*, the Monte Carlo method is used
to obtain the approximate critical values d,, r = 1, 2, ..., 14, and the procedure is described as
follows:

(1) Generate amultiply type l1-censored sample from a standard exponential distribution denoted
by (V7 1y -+ }iiik(rwtu)’ Vvurirny o Vi) i =12,k
(2) Compute W =067/0, t =1,2,...,14, which are defined in Equations (3)-(14), (20),
ind (22) by replacing Y; ;) by Y7, i=12,....k, j=r+1....r+ur+tu+l+
ye.., 11— 8.
(3) Compute Z;, = nY, 1)/ W/, i =1,2,... k and then

Zi =max{Zi, — Zoy, ..., Z1y — Zi—14y Z1y — Ziyo oo s Zi—1y — Zis}s
t=1,2,...,14.
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(4) Repeat steps (1)—(3) 500,000 times.

(5) Sort Zsand the ordered Zysare denoted by Z; < Z7, < ... < Zlcp0000: 7 = 1,2,..., 14,

(6) Then the_ critical values of di = Z7 (509 000 1_a)1+1 CaN be Obtained, where [x] represents the
greatest integer lessthan x,t =1,2,...,14

The simulated critical values of d, based on the multiply type I1-censored sample are tabulated
in Table 1 for 1 — « = 0.95. The results cover different censoring schemes assigning appropriate
values to r, u, I and s for various combinations of k = 2(2) 10 and n = 12, 24, 36.

Remarks (1) LetD;; = o00,i =1,2,...,k, then the problem of SCI for all distances from the
LEP and UEP is reduced to all distances from the UEP, and the critical values of d, becomes the
percentile of the distribution of the random variable Z;*, where Z* = max;—1,. x-1{Z;; —
Zis), t =1,2,..., 14, The simulated critical values of d, based on the multiply type II-
censored sample are tabulated in Table 2 for 1 — o = 0.95.

(2) When k = 2, the problem of SCI for all distances from the LEP and UEP is identical to all
distances from the UEP. Thus, the critical values in Table 1 are identical to the critical values
in Table 2 when k = 2.

(3) Based on Tables 1 and 2, we summarize the findings as follows.

(@) The direction of d, based on 14 estimators is damLe > dwwme > deLue for all situations.
That is, the critical values of BLUE is always smaller than the critical values of WMESs
(including WMEL, WME2, ..., WME12), and the critical values of WMEs is always
smaller than the critical values of AMLE.

(b) For fixed n, d, increases as k increases, and the speed of increase slows down when k
increases.

(c) For fixed k, d, decreases as n increases, and the speed of decrease slows down when n
increases.

(d) For all situations, d, increases as r increases for fixed k and n.

(4) For other combinations of n, k and 1 — « under any type of censored sample, a software
program to output the simulated critical values is written by using the IMSL Library of
Absoft Fortran software package which is available upon request.

3. Simulation comparisons

Comparing the confidence length of SCls given in Theorem 1 is equivalent to comparing the
values of d, (ét*/n). We use 500,000 simulation runs to obtain the values of d, (ét*/n) for the 95%
SCI, and summarize the results in Tables 3 and 4. The optimal SCI with minimum confidence
length is marked by the symbol ‘a’. We find that (1) for fixed », the confidence length of SCls
increases as k increases, and the speed of increase slows down when k increases; (2) for fixed
k, the confidence length of SCIs decreases as n increases, and the speed of decrease slows down
when n increases; (3) for all situations, the confidence length of SCIs increases as r increases
for fixed k and n; (4) the SCIs based on WME4, AMLE or BLUE have confidence length which
is much shorter than the SCls based on other estimators under different censored schemes for
various combinations of & and n.

4. Subset selection of extreme populations

Mishra and Dudewicz [2] proposed the subset selection procedure which is to choose two
nonempty subsets S, and Sy simultaneously according to one decision rule such that S, contains
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Table 1. The critical values of d; for the 95% SCI for all distances from the LEP and UEP.

k n r wu | s WMEL WME2 WME3 WME4 WME5 WME6 WME7 WMES8 WME9 WME10 WME11l WME12 AMLE BLUE
2 12 2 5 2 2 5.225 5.224 5.235 5.221 5.225 5.224 5.235 5.221 5.225 5.235 5.225 5.235 5.547 4.866
3 5 2 1 6.342 6.340 6.368 6.336 6.342 6.340 6.368 6.336 6.342 6.368 6.342 6.368 6.706 5.898

6 3 0 0 11106 11436 11436 11.106 11.106 11.436  11.436  11.106  11.106 11.436 11.106 11.436 12.115 10.096

3 3 0 3 6.840 6.763 6.763 6.735 6.735 7.030 7.030 6.840 6.840 6.763 6.735 7.030 7.348 6.123

0 3 6 O 2.573 2.572 2.579 2.572 2.579 2.572 2.579 2.572 2.579 2.573 2.573 2.573 2.654 2.443
24 2 5 2 2 4.462 4.458 4.458 4.457 4.458 4.462 4.465 4.462 4.465 4.458 4.457 4.461 4.571 4.342
3 5 2 1 5.265 5.257 5.257 5.256 5.256 5.265 5.264 5.265 5.264 5.257 5.258 5.264 5.390 5.121

6 3 0 O 7.620 7.621 7.621 7.620 7.620 7.621 7.621 7.620 7.620 7.621 7.620 7.621 7.838 7.402

3 3 0 3 5.334 5.310 5.310 5.310 5.310 5.339 5.339 5.334 5.334 5.310 5.310 5.339 5.461 5.158

0 3 6 O 2.408 2.408 2.410 2.408 2.410 2.408 2.410 2.408 2.410 2.408 2.408 2.408 2.460 2.358
366 2 5 2 2 4.298 4.294 4.294 4.293 4.294 4.298 4.299 4.298 4.299 4.294 4.294 4.298 4.361 4.225
3 5 2 1 5.014 5.012 5.011 5.012 5.011 5.013 5.014 5.014 5.014 5.012 5.013 5.014 5.090 4931

6 3 0 O 6.983 6.983 6.983 6.983 6.983 6.983 6.983 6.983 6.983 6.983 6.983 6.983 7.101 6.865

3 3 0 3 5.038 5.033 5.033 5.033 5.033 5.039 5.039 5.038 5.038 5.033 5.033 5.039 5.119 4.948

0 3 6 0 2.384 2.384 2.384 2.384 2.384 2.384 2.384 2.384 2.384 2.384 2.384 2.384 2.416 2.349

4 12 2 5 2 2 7.128 7.127 7.136 7.122 7.128 7.127 7.136 7.122 7.128 7.136 7.128 7.136 7.832 6.872
3 5 2 1 8.610 8.609 8.624 8.605 8.610 8.609 8.624 8.605 8.610 8.624 8.610 8.624 9.434 8.297

6 3 0 0 14641 14947 14947 14641 14.641 14947 14947 14.641 14.641 14.947 14.641 14.947 16.733  13.944

3 3 0 3 9.086 9.003 9.003 8.983 8.983 9.245 9.245 9.086 9.086 9.003 8.983 9.245 10.266 8.555

0 3 6 O 3.791 3.790 3.795 3.790 3.795 3.790 3.795 3.790 3.795 3.791 3.791 3.791 4.007 3.689
24 2 5 2 2 6.335 6.330 6.328 6.330 6.328 6.334 6.339 6.335 6.339 6.331 6.331 6.335 6.576 6.248
3 5 2 1 7.381 7.376 7.377 7.377 7.376 7.381 7.382 7.381 7.383 7.375 7.375 7.380 7.662 7.280

6 3 0 0 10509 10514 10514 10509 10509 10.514 10.514 10.509  10.509 10.514 10.509 10.514 10.965  10.356

3 3 0 3 7.443 7.427 7.427 7.428 7.428 7.444 7.444 7.443 7.443 7.427 7.428 7.444 7.751 7.321

0 3 6 0 3.652 3.653 3.653 3.653 3.653 3.653 3.653 3.653 3.653 3.652 3.652 3.652 3.770 3.614
36 2 5 2 2 6.126 6.125 6.127 6.125 6.126 6.126 6.126 6.127 6.126 6.126 6.126 6.126 6.273 6.077
3 5 2 1 7.109 7.106 7.106 7.106 7.106 7.109 7.108 7.109 7.108 7.106 7.107 7.108 7.276 7.049

6 3 0 O 9.735 9.735 9.735 9.735 9.735 9.735 9.735 9.735 9.735 9.735 9.735 9.735 9.985 9.652

3 3 0 3 7.129 7.123 7.123 7.123 7.123 7.128 7.128 7.129 7.129 7.123 7.123 7.128 7.306 7.062

0 3 6 O 3.614 3.614 3.616 3.614 3.616 3.614 3.616 3.614 3.616 3.614 3.614 3.614 3.692 3.590

144"

A "d-A pue A '4-S
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12 2 5 2 2 7.647 7.647 7.652 7.647 7.647 7.647 7.652 7.647 7.647 7.652 7.647 7.652 8.512 7.467
3 5 2 1 9.230 9.226 9.244 9.225 9.230 9.226 9.244 9.225 9.230 9.244 9.230 9.244 10.237 9.003

6 3 0 0 15.398 15.645 15.645 15.398 15.398 15.645 15.645 15.398 15.398 15.645 15.398 15.645 17.882 14.901

3 3 0 3 9.591 9.527 9.527 9.507 9.507 9.718 9.718 9.591 9.591 9.527 9.507 9.718 11.040 9.200

0 3 6 0 4.209 4.207 4.213 4.207 4.213 4.207 4.213 4.207 4213 4.209 4.209 4.209 4.488 4132

24 2 5 2 2 6.931 6.926 6.925 6.926 6.924 6.932 6.935 6.932 6.935 6.927 6.926 6.931 7.225 6.864
3 5 2 1 8.068 8.067 8.068 8.066 8.066 8.069 8.070 8.068 8.071 8.068 8.066 8.068 8.418 7.997

6 3 0 0 11.381 11.383 11.383 11.381 11.381 11.383 11.383 11.381 11.381 11.383 11.381 11.383 11.933 11.270

3 3 0 3 8.118 8.109 8.109 8.109 8.109 8.122 8.122 8.118 8.118 8.109 8.109 8.122 8.503 8.030

0 3 6 0 4.099 4.099 4.098 4.099 4.098 4.099 4.098 4.099 4.098 4.099 4.099 4.099 4.245 4.069

36 2 5 2 2 6.731 6.729 6.729 6.729 6.729 6.731 6.730 6.731 6.730 6.729 6.729 6.730 6.909 6.693
3 5 2 1 7.791 7.790 7.789 7.790 7.790 7.791 7.790 7.791 7.790 7.790 7.790 7.792 7.998 7.748

6 3 0 0 10.620 10.621 10.621 10.620 10.620 10.621 10.621 10.620 10.620 10.621 10.620 10.621 10.923 10.559

3 3 0 3 7.797 7.788 7.788 7.788 7.788 7.796 7.796 7.797 7.797 7.788 7.788 7.796 8.010 7.743

0 3 6 0 4.071 4.071 4.071 4.071 4.071 4.071 4.071 4.071 4.071 4.071 4.071 4.071 4.166 4.051

12 2 5 2 2 7.999 7.996 8.006 7.997 7.999 7.996 8.006 7.997 7.999 8.006 7.999 8.006 8.951 7.852
3 5 2 1 9.618 9.624 9.630 9.619 9.618 9.624 9.630 9.619 9.618 9.630 9.618 9.630 10.738 9.444

6 3 0 0 15.904 16.083 16.083 15.904 15.904 16.083 16.083 15.904 15.904 16.083 15.904 16.083 18.619 15.516

3 3 0 3 9.905 9.852 9.852 9.844 9.844 10.009 10.009 9.905 9.905 9.852 9.844 10.009 11.525 9.604

0 3 6 0 4.499 4.500 4.499 4.500 4.499 4.500 4.499 4.500 4.499 4.499 4.499 4.499 4821 4.438

24 2 5 2 2 7.297 7.292 7.292 7.291 7.291 7.298 7.299 7.298 7.298 7.291 7.292 7.297 7.625 7.244
3 5 2 1 8.496 8.494 8.494 8.494 8.492 8.496 8.496 8.496 8.496 8.495 8.494 8.497 8.881 8.438

6 3 0 0 11.933 11.936 11.936 11.933 11.933 11.936 11.936 11.933 11.933 11.936 11.933 11.936 12.542 11.846

3 3 0 3 8.523 8.507 8.507 8.507 8.507 8.523 8.523 8.523 8.523 8.507 8.507 8.523 8.942 8.445

0 3 6 0 4.397 4.397 4.396 4.397 4.396 4.397 4.396 4.397 4.396 4.397 4.397 4.397 4.561 4.373

36 2 5 2 2 7.119 7.117 7.117 7.117 7.117 7.119 7.119 7.118 7.119 7.117 7.117 7.119 7.317 7.088
3 5 2 1 8.217 8.218 8.217 8.217 8.217 8.217 8.218 8.217 8.218 8.218 8.217 8.217 8.447 8.184

6 3 0 0 11.156 11.154 11.154 11.156 11.156 11.154 11.154 11.156 11.156 11.154 11.156 11.154 11.491 11.108

3 3 0 3 8.215 8.213 8.213 8.213 8.213 8.215 8.215 8.215 8.215 8.213 8.213 8.215 8.459 8.177

0 3 6 0 4.373 4.373 4.373 4.373 4.373 4.373 4.373 4.373 4.373 4.373 4.373 4.373 4.481 4.357
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Table 1. Continued
k n rou l s WME1 WME2 WME3 WME4 WME5 WME6 WME7 WME8 WME9 WME10 WME1l1 WME12 AMLE BLUE
10 12 2 5 2 2 8.247 8.247 8.250 8.247 8.247 8.247 8.250 8.247 8.247 8.250 8.247 8.250 9.268 8.130
3 5 2 1 9.910 9.906 9.920 9.903 9.910 9.906 9.920 9.903 9.910 9.920 9.910 9.920 11.097 9.760
6 3 0 0 16252 16.427 16.427 16.252 16.252 16.427 16.427 16.252  16.252 16.427 16.252 16.427 19.120  15.933
3 3 0 3 10.163 10.124 10.124 10.115 10.115 10.247 10.247 10.163 10.163 10.124 10.115 10.247 11.900 9.916
0 3 6 0 4.709 4.707 4,712 4.707 4,712 4.707 4,712 4.707 4,712 4,709 4,709 4.709 5.059 4.658
24 2 5 2 2 7.580 7.574 7.574 7.574 7.574 7.580 7.584 7.581 7.585 7.575 7.575 7.580 7.931 7.535
3 5 2 1 8.790 8.785 8.786 8.785 8.785 8.789 8.793 8.790 8.792 8.787 8.785 8.790 9.198 8.739
6 3 0 O 12.280 12.283 12.283 12.280 12.280 12.283 12.283 12.280 12.280 12.283 12.280 12.283 12.926  12.208
3 3 0 3 8.838 8.830 8.830 8.831 8.831 8.841 8.841 8.838 8.838 8.830 8.831 8.841 9.295 8.779
0 3 6 0 4.614 4.614 4.613 4.614 4.613 4.614 4.613 4.614 4.613 4.614 4.614 4.614 4.792 4.594
6 2 5 2 2 7.411 7.412 7.412 7.412 7.412 7.411 7.412 7.411 7.412 7.411 7.412 7.411 7.626 7.388
3 5 2 1 8.527 8.527 8.526 8.527 8.526 8.527 8.528 8.527 8.528 8.527 8.527 8.527 8.773 8.499
6 3 0 O 11.525 11.524 11.524 11.525 11.525 11.524 11.524 11.525 11.525 11.524 11.525 11.524 11.881  11.485
3 3 0 3 8.537 8.535 8.535 8.535 8.535 8.538 8.538 8.537 8.537 8.535 8.535 8.538 8.799 8.506
0 3 6 0 4.603 4.603 4.604 4.603 4.604 4.603 4.604 4.603 4.604 4.603 4.603 4.603 4.720 4.590

W

A "d-A pue A '4-S



12: 54 19 Decenber 2010

Yuh-Ru] At:

[Yu,

Downl oaded By:

Table 2. The critical values of d, for the 95% SCI for all distances from the UEP.

k n r u | s WMElL WME2 WME3 WME4 WME5 WME6 WME7 WME8 WME9 WME1I0 WMEl1l WME12 AMLE BLUE
2 12 2 5 2 2 5.225 5.224 5.235 5.221 5.225 5.224 5.235 5.221 5.225 5.235 5.225 5.235 5.547 4.866
3 5 2 1 6.342 6.340 6.368 6.336 6.342 6.340 6.368 6.336 6.342 6.368 6.342 6.368 6.706 5.898

6 3 0 0 11.106 11.436 11.436 11.106 11.106 11.436 11.436 11.106 11.106 11.436 11.106 11.436 12.115 10.096

3 3 0 3 6.840 6.763 6.763 6.735 6.735 7.030 7.030 6.840 6.840 6.763 6.735 7.030 7.348 6.123

0 3 6 0 2.573 2.572 2.579 2.572 2.579 2.572 2.579 2.572 2.579 2.573 2,573 2.573 2.654 2.443
24 2 5 2 2 4.462 4.458 4.458 4.457 4.458 4.462 4.465 4.462 4.465 4.458 4.457 4.461 4.571 4.342
3 5 2 1 5.265 5.257 5.257 5.256 5.256 5.265 5.264 5.265 5.264 5.257 5.258 5.264 5.390 5.121

6 3 0 O 7.620 7.621 7.621 7.620 7.620 7.621 7.621 7.620 7.620 7.621 7.620 7.621 7.838 7.402

3 3 0 3 5.334 5.310 5.310 5.310 5.310 5.339 5.339 5.334 5.334 5.310 5.310 5.339 5.461 5.158

0 3 6 0 2.408 2.408 2.410 2.408 2.410 2.408 2.410 2.408 2.410 2.408 2.408 2.408 2.460 2.358
6 2 5 2 2 4.298 4.294 4.294 4.293 4.294 4.298 4.299 4.298 4.299 4.294 4.294 4.298 4.361 4.225
3 5 2 1 5.014 5.012 5.011 5.012 5.011 5.013 5.014 5.014 5.014 5.012 5.013 5.014 5.090 4.931

6 3 0 O 6.983 6.983 6.983 6.983 6.983 6.983 6.983 6.983 6.983 6.983 6.983 6.983 7.101 6.865

3 3 0 3 5.038 5.033 5.033 5.033 5.033 5.039 5.039 5.038 5.038 5.033 5.033 5.039 5.119 4,948

0 3 6 0 2.384 2.384 2.384 2.384 2.384 2.384 2.384 2.384 2.384 2.384 2.384 2.384 2.416 2.349

4 12 2 5 2 2 6.678 6.678 6.687 6.675 6.678 6.678 6.687 6.675 6.678 6.687 6.678 6.687 7.343 6.441
3 5 2 1 8.032 8.037 8.056 8.029 8.032 8.037 8.056 8.029 8.032 8.056 8.032 8.056 8.803 7.742

6 3 0 0 13573 13.860 13.860 13.573 13.573 13.860 13.860 13.573 13.573 13.860 13.573 13.860 15512  12.927

3 3 0 3 8.474 8.400 8.400 8.383 8.383 8.618 8.618 8.474 8.474 8.400 8.383 8.618 9.580 7.984

0 3 6 O 3.608 3.609 3.613 3.609 3.613 3.609 3.613 3.609 3.613 3.608 3.608 3.608 3.817 3.514
24 2 5 2 2 5.951 5.945 5.944 5.946 5.944 5.951 5.951 5.951 5.951 5.945 5.945 5.951 6.175 5.867
3 5 2 1 6.930 6.925 6.925 6.925 6.925 6.932 6.931 6.931 6.931 6.925 6.925 6.931 7.194 6.835

6 3 0 0 9.793 9.796 9.796 9.793 9.793 9.796 9.796 9.793 9.793 9.796 9.793 9.796 10.219 9.651

3 3 0 3 6.990 6.973 6.973 6.972 6.972 6.991 6.991 6.990 6.990 6.973 6.972 6.991 7.275 6.871

0 3 6 0 3.487 3.487 3.488 3.487 3.488 3.487 3.488 3.487 3.488 3.487 3.487 3.487 3.598 3.450
% 2 5 2 2 5.769 5.765 5.765 5.765 5.765 5.769 5.768 5.769 5.768 5.765 5.765 5.769 5.903 5.719
3 5 2 1 6.670 6.668 6.668 6.668 6.668 6.670 6.668 6.670 6.669 6.668 6.668 6.669 6.827 6.614

6 3 0 O 9.089 9.088 9.088 9.089 9.089 9.088 9.088 9.089 9.089 9.088 9.089 9.088 9.322 9.011

3 3 0 3 6.695 6.692 6.692 6.692 6.692 6.698 6.698 6.695 6.695 6.692 6.692 6.698 6.863 6.635

0 3 6 0 3.446 3.446 3.447 3.446 3.447 3.446 3.447 3.446 3.447 3.446 3.446 3.446 3.520 3.422
(Continued)
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Table 2. Continued

k n r u I s WMElI WME2 WME3 WME4 WME5 WME6 WME7 WMES8 WMES9 WME10 WME11l WME12 AMLE BLUE
6 12 2 5 2 2 7.259 7.256 7.261 7.257 7.259 7.256 7.261 7.257 7.259 7.261 7.259 7.261 8.075 7.084
3 5 2 1 8.722 8.725 8.739 8.720 8.722 8.725 8.739 8.720 8.722 8.739 8.722 8.739 9.675 8.509

6 3 0 0 14416 14631 14631 14416 14416 14631 14631 14416 14416 14.631 14.416 14.631 16.741  13.951

3 3 0 3 9.042 8.985 8.985 8.971 8.971 9.156 9.156 9.042 9.042 8.985 8.971 9.156 10.417 8.681

0 3 6 O 4.067 4.064 4.066 4.064 4.066 4.064 4.066 4.064 4.066 4.067 4.067 4.067 4.338 3.994

24 2 5 2 2 6.599 6.592 6.592 6.591 6.591 6.598 6.601 6.599 6.601 6.591 6.592 6.600 6.877 6.534
3 5 2 1 7.651 7.648 7.646 7.647 7.647 7.650 7.649 7.650 7.649 7.648 7.648 7.651 7.979 7.581

6 3 0 0 10716 10.718 10.718 10.716 10.716 10.718 10.718 10.716  10.716 10.718 10.716 10.718 11.236  10.612

3 3 0 3 7.696 7.684 7.684 7.684 7.684 7.701 7.701 7.696 7.696 7.684 7.684 7.701 8.057 7.610

0 3 6 0 3.970 3.969 3.970 3.969 3.970 3.969 3.970 3.969 3.970 3.970 3.970 3.970 4111 3.941

36 2 5 2 2 6.408 6.407 6.407 6.406 6.406 6.407 6.409 6.407 6.409 6.407 6.406 6.408 6.578 6.373
3 5 2 1 7.388 7.388 7.387 7.387 7.388 7.388 7.389 7.388 7.389 7.387 7.388 7.389 7.584 7.347

6 3 0 0 10009 10.009 10.009 10.009 10.009 10.009 10.009  10.009  10.009 10.009 10.009 10.009 10.295 9.952

3 3 0 3 7.398 7.389 7.389 7.389 7.389 7.397 7.397 7.398 7.398 7.389 7.389 7.397 7.600 7.347

0 3 6 O 3.936 3.936 3.938 3.936 3.938 3.936 3.938 3.936 3.938 3.936 3.936 3.936 4.029 3.918

8§ 12 2 5 2 2 7.672 7.671 7.676 7.669 7.672 7.671 7.676 7.669 7.672 7.676 7.672 7.676 8.586 7.532
3 5 2 1 9.183 9.180 9.194 9.179 9.183 9.180 9.194 9.179 9.183 9.194 9.183 9.194 10.246 9.012

6 3 0 0 15067 15238 15238 15.067 15.067 15.238  15.238  15.067  15.067 15.238 15.067 15.238 17.639  14.700

3 3 0 3 9.435 9.391 9.391 9.374 9.374 9.533 9.533 9.435 9.435 9.391 9.374 9.533 10.975 9.146

0 3 6 0 4.389 4.387 4.387 4.387 4.387 4.387 4.387 4.387 4.387 4.389 4.389 4.389 4.699 4.326

24 2 5 2 2 7.009 7.005 7.004 7.004 7.003 7.009 7.012 7.009 7.011 7.005 7.005 7.009 7.324 6.958
3 5 2 1 8.115 8.111 8.111 8.111 8.112 8.114 8.118 8.114 8.117 8.111 8.110 8.114 8.482 8.059

6 3 0 0 11316 11.318 11.318 11.316 11.316 11.318 11.318 11.316 11.316 11.318 11.316 11.318 11.895 11.234

3 3 0 3 8.147 8.134 8.134 8.134 8.134 8.148 8.148 8.147 8.147 8.134 8.134 8.148 8.549 8.074

0 3 6 O 4.286 4.286 4.288 4.286 4.288 4.286 4.288 4.286 4.288 4.286 4.286 4.286 4.448 4.264
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6.832
7.859
10.584
7.856
4.269

7.963
9.528
15.501
9.753
4.613
7.329
8.456
11.726
8.505
4.524
7.161
8.212
11.005
8.216
4.513

6.831
7.855
10.581
7.852
4.269

7.963
9.523
15.638
9.715
4.612
7.322
8.453
11.728
8.499
4.524
7.161
8.210
11.005
8.212
4513

6.830
7.855
10.581
7.852
4.267

7.966
9.534
15.638
9.715
4.619
7.322
8.454
11.728
8.499
4.524
7.160
8.209
11.005
8.212
4513

6.831
7.855
10.584
7.851
4.269

7.961
9.524
15.501
9.701
4.612
7.322
8.453
11.726
8.498
4.524
7.160
8.210
11.005
8.212
4.513

6.831
7.856
10.584
7.851
4.267

7.963
9.528
15.501
9.701
4.619
7.323
8.454
11.726
8.498
4.524
7.160
8.209
11.005
8.212
4.513

6.832
7.859
10.581
7.856
4.269

7.963
9.523
15.638
9.836
4.612
7.328
8.456
11.728
8.503
4.524
7.161
8.211
11.005
8.215
4513

6.832
7.859
10.581
7.856
4.267

7.966
9.534
15.638
9.836
4.619
7.330
8.455
11.728
8.503
4.524
7.162
8.212
11.005
8.215
4513

6.832
7.858
10.584
7.856
4.269

7.961
9.524
15.501
9.753
4.612
7.329
8.455
11.726
8.505
4.524
7.161
8.212
11.005
8.216
4.513

6.832
7.859
10.584
7.856
4.267

7.963
9.528
15.501
9.753
4.619
7.330
8.456
11.726
8.505
4.524
7.162
8.212
11.005
8.216
4.513

6.830
7.855
10.581
7.852
4.269

7.966
9.534
15.638
9.715
4.613
7.322
8.453
11.728
8.499
4.524
7.161
8.209
11.005
8.212
4513

6.831
7.855
10.584
7.851
4.269

7.963
9.528
15.501
9.701
4.613
7.323
8.454
11.726
8.498
4.524
7.160
8.210
11.005
8.212
4513

6.831
7.858
10.581
7.856
4.269

7.966
9.534
15.638
9.836
4.613
7.329
8.456
11.728
8.503
4.524
7.161
8.211
11.005
8.215
4.513

7.023
8.075
10.902
8.087
4.375

8.945
10.669
18.237
11.413

4.957

7.667

8.851
12.343

8.945

4.698

7.367

8.447
11.345

8.466

4.628

6.803
7.823
10.539
7.817
4.253

7.847
9.384
15.197
9.511
4.564
7.285
8.409
11.657
8.448
4.504
7.137
8.183
10.967
8.184
4.500
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Table 3. The values of d; (é,*/n) for the 95% SCI for all distances from the LEP and UEP.
k n r u | s WMElL WME2 WME3 WME4 WME5 WME6 WME7 WME8 WME9 WME10 WMEl1l1 WME12 AMLE BLUE
2 12 2 5 2 2 0.4056 0.4056 0.4061 0.4054 0.4056 0.4056 0.4061 0.4054 0.4056 0.4061 0.4056 0.4061 0.4054 0.40532
3 5 2 1 0.4923 0.4922 0.4935 0.4920 0.4923 0.4922 0.4935 0.4920 0.4923 0.4935 0.4923 0.4935 0.4919%  0.4919?2
6 3 0 0 0.8417% 0.8550 0.8550  0.8417% 0.8417% 0.8550 0.8550  0.8417% 0.8417% 0.8550 0.8417%  0.8550 0.8417%  0.84172
3 3 0 3 05147 05117 05117 0.5105* 0.5105% 0.5226 05226 05147  0.5147 0.5117 0.5105%  0.5226 0.5105%  0.51052
0 3 6 0 0.2040 0.2040 0.2044 0.2040 0.2044 0.2040 0.2044 0.2040 0.2044 0.2040 0.2040 0.2040 0.2037%  0.20372
24 2 5 2 2 0.1810* 0.1810° 0.1810* 0.1810® 0.1810% 0.1810* 0.1811 0.1810% 0.1811 0.1810* 0.1810* 0.1810%* 0.1810* 0.1810?2
3 5 2 1 0.2136 0.2134 0.2134 0.2133% 0.2134 0.2136 0.2136 0.2136 0.2136 0.2134 0.2134 0.2136 0.2133% 0.21332
6 3 0 0 03083 03083 0.3083% 0.3083% 0.3083% 0.3083% 0.3083% 0.3083% 0.3083% 0.3083% 0.3083% 0.3083% 0.3083% 0.30832
3 3 0 3 02156 0.2150* 0.2150% 0.2150* 0.2150® 0.2158 0.2158 0.2156  0.2156 0.2150*  0.2150*  0.2158 0.21502  0.21502
0 3 6 0 0.0982%8 0.09822 0.0983 0.0982% 0.0983  0.0982% 0.0983  0.09822 0.0983 0.0982%  0.0982%  0.0982% 0.0983  0.0983
36 2 5 2 2 01175 0.1174%  0.1174* 0.1174%* 0.1174% 0.1174* 0.1175 0.1174%  0.1175 0.1174%  0.1174%  0.1174% 0.1174* 0.1174?
3 5 2 1 01370% 0.1370*% 0.1370® 0.1370* 0.1370® 0.1370* 0.1370® 0.1370% 0.1371 0.1370*  0.1370* 0.1371 0.13707  0.13702
6 3 0 0 01907 0.1907% 0.1907% 0.1907% 0.1907% 0.1907¢8 0.1907% 0.1907% 0.1907% 0.1907% 0.1907%  0.1907% 0.1907%  0.19072
3 3 0 3 01375% 0.1375% 0.1375% 0.1375% 0.1375% 0.1375% 0.1375% 0.1375% 0.1375% 0.1375% 0.1375% 0.1375% 0.1375% 0.1375%
0 3 6 0 0.0653 0.0653 0.0653 0.0653 0.0653 0.0653 0.0653 0.0653  0.0653 0.0653 0.0653 0.0653 0.06522  0.06522
4 12 2 5 2 2 05731 05730 05736 05727 05731 05730 05736 05727 0.5731 0.5736 0.5731 0.5736 0.5726% 0.5727
3 5 2 1 06920 06919 06926 0.6917° 0.6920 0.6919  0.6926 06917%° 0.6920 06926 06920 06926  0.6917° 0.6917
6 3 0 0 1162220 11781 11781  1.1622° 1.1622° 11781 11781  11622% 116222 11781  1.1622° 11781  11622%0 11622
3 3 0 3 07180 07134 07134 071258 071258 0.7260 07260 07180 07180 07134 071258 07260  0.7125%  0.7125%
0 3 6 0 03081 03080 03083 0.3080 0.3083 0.3080 0.3083  0.3080  0.3083 0.3081 0.3081 0.3081 0.3075%  0.30752
24 2 5 2 2 0.2604 0.2603 0.2602¢ 0.2603  0.2602% 0.2604 0.2605 0.2604  0.2605 0.2603 0.2603 0.2604 0.2603  0.2603
3 5 2 1 0303 03034 03034 03034 03034 03035 03036 0.3035 0.3036 0.3033%  0.3033%  0.3035 0.3033%  0.30332
6 3 0 0 043168 04317 0.4317 0.4316% 0.43162 0.4317 0.4317 0.4316% 0.4316% 0.4317 0.4316%  0.4317 0.4316% 0.43162
3 3 0 3 0.3054 0.3050%  0.3050° 0.3050% 0.3050% 0.3054 0.3054 0.3054 0.3054 0.3050%  0.3050%  0.3054 0.3050%  0.3050?2
0 3 6 0 01505 0.1505*% 0.1505% 0.1505% 0.1505% 0.1505% 0.1505% 0.1505% 0.1505% 0.1505% 0.1505% 0.1505% 0.1505% 0.1505%
36 2 5 2 2 01688 0.1688* 0.1688% 0.1688% 0.1688% 0.1688% 0.1688% 0.1688% 0.1688% 0.1688% 0.1688% 0.1688% 0.1688% 0.1688?2
3 5 2 1 01959 01959 0.1958% 0.1958% 0.1958% 0.1959  0.1959  0.1959  0.1959 0.1958%  0.1959 0.1959 0.1958%  0.1958?2
6 3 0 0 0.2681* 0.2681% 0.2681% 0.2681% 0.2681* 0.2681*® 0.2681% 0.2681% 0.2681% 0.2681* 0.2681% 0.2681% 0.2681% 0.26812
3 3 0 3 0.193 0.1962% 0.1962% 0.1962% 0.19622 0.1962% 0.19622  0.1963 0.1963 0.1962%  0.1962% 0.19622 0.1962% 0.19622
0 3 6 0 0.0997% 0.0997% 0.09972 0.0997% 0.0997% 0.09972 0.0997% 0.0997% 0.0997% 0.0997% 0.0997%  0.0997% 0.0997%  0.09972
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12 2 5 2 2 06222° 0.6222% 0.6224 0.6222%  0.6222% 0.6222%  0.6224 0.62222  0.6222%  0.6224 0.62222  0.6224 0.6223 0.6223
3 5 2 1 0.7506 0.7502¢  0.7513 0.7502%  0.7506 0.75022  0.7513 0.75022  0.7506 0.7513 0.7506 0.7513 0.7503 0.75028

6 3 0 0 124198 1.2557 1.2557 1.2419%  1.2419%  1.2557 1.2557 1.2419%  1.2419%  1.2557 1.2419%  1.2557 1.2419%  1.24192

3 3 0 3 0.7713 0.7678 0.7678 0.7666% 0.7666% 0.7782 0.7782 0.7713 0.7713 0.7678 0.7666% 0.7782 0.7666% 0.7666%

0 3 6 0 0.3449 0.3448 0.3452 0.3448 0.3452 0.3448 0.3452 0.3448 0.3452 0.3449 0.3449 0.3449 0.3443%  0.3444
24 2 5 2 2 0.2862 0.2861 0.2861 0.2861 0.2860%  0.2863 0.2864 0.2863 0.2864 0.2861 0.2861 0.2862 0.2860%  0.28602
3 5 2 1 03332 0.3332 0.3332 0.3331%  0.3331% 0.3332 0.3332 0.3332 0.3333 0.3332 0.33312  0.3332 0.3332 0.3332

6 3 0 0 04696 0.4697 0.4697 0.4696% 0.4696% 0.4697 0.4697 0.4696° 0.4696%  0.4697 0.4696%  0.4697 0.4696%  0.4696%

3 3 0 3 0.3348 0.3346% 0.3346% 0.3346% 0.3346% 0.3349 0.3349 0.3348 0.3348 0.3346% 0.3346%  0.3349 0.3346%  0.3346%

0 3 6 0 0.1696 0.1696 0.1695%  0.1696 0.1695%  0.1696 0.1695%  0.1696 0.1695%  0.1696 0.1696 0.1696 0.1696 0.1696
36 2 5 2 2 0.1859* 0.1859% 0.1859% 0.1859% 0.1859% 0.1859% 0.1859% 0.1859% 0.1859% 0.1859% 0.1859% 0.1859% 0.1859? 0.1859%
3 5 2 1 021522 0.2152% 0.21522 0.2152% 0.2152% 0.21522 0.2152% 0.2152% 0.21522 0.2152% 0.2152% 0.2153 0.2152%2  0.21522

6 3 0 0 0.2933% 0.2933% 0.2933% 0.2933% 0.2933% 0.2933% 0.2933% 0.2933% 0.2933% 0.2933% 0.2933% 0.2933% 0.2933% 0.2933?

3 3 0 3 0.2153 0.21512  0.2151% 0.2151% 0.2151* 0.2153 0.2153 0.2153 0.2153 0.21512  0.2151*% 0.2153 0.21512  0.21512

0 3 6 0 01125 0.1125% 0.1125% 0.1125% 0.1125% 0.1125% 0.1125% 0.1125% 0.1125% 0.1125% 0.1125% 0.1125% 0.1125% 0.1125%

12 2 5 2 2 0.6546 0.6544 0.6550 0.6544 0.6546 0.6544 0.6550 0.6544 0.6546 0.6550 0.6546 0.6550 0.6543%  0.65432
3 5 2 1 0.7865* 0.7870 0.7871 0.7867 0.7865% 0.7870 0.7871 0.7867 0.7865% 0.7871 0.7865% 0.7871 0.7866 0.7866

6 3 0 0 1.2934% 1.3032 1.3032 1.2934% 12934  1.3032 1.3032 1.2934%  1.2934% 1.3032 1.2934%  1.3032 1.2934%  1.29342

3 3 0 3 0.8039 0.8007 0.8007 0.8005%  0.8005% 0.8097 0.8097 0.8039 0.8039 0.8007 0.8005%  0.8097 0.8005%  0.8005%

0 3 6 0 03701 0.3702 0.3700 0.3702 0.3700 0.3702 0.3700 0.3702 0.3700 0.3701 0.3701 0.3701 0.3698%  0.36982
24 2 5 2 2 0.3020 0.3018% 0.3018% 0.3018% 0.3018% 0.3020 0.3020 0.3020 0.3020 0.3018% 0.3018%  0.3020 0.3018% 0.3018%
3 5 2 1 0.3517 0.3516% 0.3516% 0.3516% 0.3516% 0.3517 0.3517 0.3517 0.3516%  0.3517 0.3516% 0.3517 0.3516% 0.3516%

6 3 0 0 04935 0.4937 0.4937 0.4935%  0.4935%  0.4937 0.4937 0.4935%  0.4935%  0.4937 0.4935%  0.4937 0.4935%  0.4935%

3 3 0 3 0.3524 0.3519% 0.3519% 0.3519% 0.3519% 0.3524 0.3524 0.3524 0.3524 0.35192 0.3519% 0.3524 0.3519  0.35192

0 3 6 0 0.18222 0.1822% 0.18222 0.1822% 0.1822% 0.1822% 0.1822% 0.1822% 0.1822% 0.1822% 0.1822% 0.1822% 0.1822% 0.18222
36 2 5 2 2 0.1969% 0.1969% 0.1969% 0.1969% 0.1969% 0.1969% 0.1969% 0.1969% 0.1969% 0.1969% 0.1969% 0.1969% 0.1969? 0.1969%
3 5 2 1 02273 0.2273% 0.2273% 0.2273% 0.2273% 0.2273% 0.2273% 0.2273% 0.2273% 0.2273% 0.2273* 0.2273% 0.2273* 0.2273%

6 3 0 0 0.3085* 0.3085% 0.3085% 0.3085% 0.3085% 0.3085% 0.3085% 0.3085% 0.3085% 0.3085% 0.3085% 0.3085% 0.3085% 0.3085%

3 3 0 3 022722 0.2272%2 022722 0.2272% 0.2272% 0.2272% 0.2272% 0.2272% 0.2272% 0.2272% 0.2272% 0.2272% 0.2272% Q.2272%

0 3 6 0 0.1210* 0.1210®8 0.1210* 0.1210* 0.1210*® 0.1210* 0.1210* 0.1210® 0.1210® 0.1210* 0.1210® 0.1210* 0.1210® 0.1210%
(Continued)
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Table 3. Continued

k n r u I s WMEl WME2 WME3 WME4 WME5 WME6 WME7 WMES8 WME9 WME10 WME1l WME12 AMLE BLUE
10 12 2 5 2 2 06776 06775* 06777 06776 06776 0.6775* 0.6777 0.6776 0.6776 0.6777 0.6776 0.6777 0.6777  0.6777
3 5 2 1 08139 08135 08144 0.8134* 0.8139 0.8135 0.8144  0.8134* 0.8139 0.8144 0.8139 0.8144 0.81342  0.81342

6 3 0 0 13278 13381 1.3381 1.3278% 1.3278° 1.3381 1.3381  1.3278% 1.3278% 1.3381 1.3278%  1.3381 1.3278%  1.3278%

3 3 0 3 08288 0825 08265 0.8260° 0.8260° 0.8334 0.8334 0.8288  0.8288 0.8265 0.8260*  0.8334 0.8260%  0.82607

0 3 6 0 0385 03883 03887 03883 0.3887 0.3883 0.3887  0.3883  0.3887 0.3885 0.3885 0.3885 0.38822  0.3882%

24 2 5 2 2 03141 03140 0.3139% 0.3139 0.3139? 03142 03143 03142 0.3144 0.3140 0.3140 0.3141 0.3140  0.3140

3 5 2 1 03643 03641* 03642 0.3641° 0.3641° 0.3643 0.3644 0.3643  0.3644 0.3642 0.3641%  0.3643 0.3641%  0.36412

6 3 0 0 0508 05088 05088 05086 0.5086° 05088 05088  0.5086% 0.5086% 0.5088 0.5086%  0.5088 0.5086%  0.5086%

3 3 0 3 03659 03657% 0.3657% 0.3657° 0.3657° 0.3661 0.3661  0.3659  0.3659 0.3657%  0.3657%  0.3661 0.3657%  0.36572

0 3 6 0 01914% 0.1914% 0.1914* 0.1914%® 0.1914* 0.1914® 0.1914® 0.1914® 0.1914* 0.1914* 0.1914® 0.1914% 0.1914® 0.1914?

3 2 5 2 2 02052* 0.2052%2 0.2053 0.2052% 0.2052% 0.2052% 0.2052% 0.2052% 0.2052% 0.2052* 0.2052%  0.2052* 0.2052% 0.20522

3 5 2 1 02361* 0.2361* 0.2361* 0.2361° 0.2361° 0.2361° 0.2361° 0.2361° 0.2361* 0.2361° 0.2361* 0.2361* 0.2361° 0.2361%

6 3 0 0 03191 03190°% 0.3190* 0.3191 03191 0.3190° 0.3190° 0.3191  0.3191 0.3190%  0.3191 0.3190% 0.3191  0.3191

3 3 0 3 02363 023637 02363 0.2363* 0.2363* 0.2363° 0.2363% 0.2363% 0.2363% 0.2363* 0.2363% 0.2363% 0.2363* 0.2363?

0 3 6 0 01275% 0.1275*% 0.1275% 0.1275% 0.1275% 0.1275% 0.1275% 0.1275* 0.1275% 0.1275* 0.1275% 0.1275* 0.1275% 0.1275%

Note: 2SCI with minimum confidence length.

¢St

A "d-A pue A '4-S



12: 54 19 Decenber 2010

Yuh-Ru] At:

[Yu,

Downl oaded By:

Table 4. The values of d; (é,*/n) for the 95% SCI for all distances from the UEP.
k n r u I s WMElL WME2 WME3 WME4 WME5 WME6 WME7 WME8 WME9 WME1I0 WMEl1l WME12 AMLE BLUE
2 12 2 5 2 2 04056 04056 04061 04054 0.4056  0.4056  0.4061  0.4054  0.4056 0.4061 0.4056 0.4061 0.4054  0.40532
3 5 2 1 0.4923 0.4922 0.4935 0.4920 0.4923 0.4922 0.4935 0.4920 0.4923 0.4935 0.4923 0.4935 0.4919%  0.4919?2
6 3 0 0 0.8417% 0.8550 0.8550 0.8417%  0.8417%  0.8550 0.8550 0.8417%  0.8417%  0.8550 0.8417%8  0.8550 0.8417%  0.84172
3 3 0 3 05147 0.5117 0.5117 0.5105%  0.5105% 0.5226 0.5226 0.5147 0.5147 0.5117 0.5105%  0.5226 0.5105%  0.51052
0 3 6 0 02040 02040 02044 02040 02044 02040 02044 02040 02044 02040 02040 02040  0.2037* 0.20372
24 2 5 2 2 0.1810* 0.1810* 0.1810* 0.1810° 0.1810* 0.1810* 0.1811  0.1810* 0.1811 0.1810° 0.1810* 0.1810* 0.1810* 0.1810°
3 5 2 1 02136 0.2134 0.2134 0.2133%  0.2134 0.2136 0.2136 0.2136 0.2136 0.2134 0.2134 0.2136 0.2133%  0.21332
6 3 0 0 03083 03083 03083* 0.3083* 0.3083% 0.3083° 0.3083* 0.3083* 0.3083% 0.3083* 0.3083* 0.3083* 0.3083* 0.3083%
3 3 0 3 02156 02150° 02150 0.2150*° 0.2150° 02158 02158 0.2156  0.2156  0.2150° 0.2150*° 02158  0.2150° 0.2150%
0 3 6 0 0.0982% 0.0982% 0.0983  0.0982% 0.0983  0.0982% 0.0983  0.09822 0.0983 0.0982%  0.0982%  0.0982% 0.0983  0.0983
36 2 5 2 2 01175 0.1174%  0.1174® 0.1174% 0.1174% 0.1174* 0.1175 0.1174%  0.1175 0.1174%  0.1174%  0.1174% 0.1174*% 0.11742
3 5 2 1 0413708 0.1370* 0.1370® 0.1370* 0.1370® 0.1370® 0.1370* 0.1370? 0.1371 0.1370*  0.1370* 0.1371 0.1370?  0.13702
6 3 0 0 0.1907% 0.1907% 0.1907% 0.1907% 0.1907% 0.1907% 0.1907% 0.1907% 0.1907% 0.1907% 0.1907% 0.1907% 0.1907% 0.19072
3 3 0 3 01375% 0.1375* 0.1375% 0.1375* 0.1375% 0.1375% 0.1375% 0.1375% 0.1375% 0.1375* 0.1375% 0.1375% 0.1375% 0.13752
0 3 6 0 0.0653 0.0653 0.0653 0.0653 0.0653 0.0653 0.0653 0.0653 0.0653 0.0653 0.0653 0.0653 0.0652%  0.06522
4 12 2 5 2 2 05369 05369 05375 053672 05369 05369 0.5375 0.5367% 0.5369 0.5375 0.5369 0.5375 0.5369  0.5368
3 5 2 1 06456 0.6460 0.6469 0.6455 0.6456 0.6460 0.6469  0.6455  0.6456 0.6469 0.6456 0.6469 0.6454%  0.64542
6 3 0 0 1.0774% 1.0925 1.0925 1.0774%  1.0774%  1.0925 1.0925 1.0774% 1.0774% 1.0925 1.07742 1.0925 1.0774%  1.07742
3 3 0 3 06697 06657 0.6657 0.6649% 0.6649% 0.6767 0.6767 0.6697  0.6697 0.6657 0.6649%  0.6767 0.66492  0.66492
0 3 6 0 02932 02933 02935 0.2933 0.2935 0.2933 0.2935 0.2933  0.2935 0.2932 0.2932 0.2932 0.2929%  0.29292
24 2 5 2 2 0.2446 0.2445 0.2444%  0.2445 0.2444%  0.2446 0.2446 0.2446 0.2446 0.2445 0.2445 0.2446 0.2444%  0.24442
3 5 2 1 02850 02848 0.2848% 0.2848% 0.2848% 0.2850 0.2850  0.2850  0.2850 0.2848%  0.2848%  0.2850 0.28482  0.2848?2
6 3 0 0 040222 0.4022% 0.40222 0.4022% 0.4022% 0.402228 0.4022% 0.4022% 0.40222 0.4022% 0.4022% 0.4022% 0.4022% 0.4022%
3 3 0 3 0.2868 0.2863% 0.2863% 0.2863% 0.2863% 0.2868 0.2868 0.2868 0.2868 0.2863%  0.2863%  0.2868 0.2863%  0.28632
0 3 6 0 0.1437% 0.1437% 0.1437% 0.1437% 0.1437% 0.1437% 0.1437% 0.1437% 0.1437% 0.1437% 0.1437% 0.1437% 0.1437% 0.14372
36 2 5 2 2 0.1589 0.1589 0.1588% 0.1588%  0.1589 0.1589 0.1589 0.1589 0.1589 0.1588%  0.1588%  0.1589 0.1588%  0.1588?2
3 5 2 1 01838 0.1838% 0.1838% 0.1838% 0.1838% 0.1838% 0.1838% 0.1838% 0.1838% 0.1838% 0.1838% 0.1838% 0.1838% 0.18382
6 3 0 0 0.2503% 0.2503* 0.2503% 0.2503% 0.2503% 0.2503% 0.2503% 0.2503% 0.2503% 0.2503* 0.2503% 0.2503%* 0.2503? 0.2503?2
3 3 0 3 0.1843% 0.1843% 0.1843% 0.1843% 0.1843% 0.1844 0.1844 0.1843% 0.1843% 0.1843% 0.1843% 0.1844 0.1843%  0.1843?
0 3 6 0 0.0950% 0.0950% 0.0951 0.0950% 0.0951 0.0950% 0.0951 0.0950%  0.0951 0.0950%  0.0950% 0.0950% 0.0951 0.0951
(Continued)
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Table 4. Continued
k n r u | s WMElI WME2 WME3 WME4 WME5 WME6 WME7 WME8 WME9 WME10 WME1l WME12 AMLE BLUE
6 12 2 5 2 2 0.5906 0.5904%  0.5906 0.5904% 0.5906  0.5904% 0.5906 0.5904%  0.5906 0.5906 0.5906 0.5906 0.59042  0.59042
3 5 2 1 0.7092 0.7095  0.7102 0.7092 0.7092 0.7095 0.7102 0.7092 0.7092 0.7102 0.7092 0.7102 0.7091 0.70902
6 3 0 0 11627*% 1.1744 1.1744 1.1627%  1.1627% 1.1744 1.1744 1.1627%  1.1627% 1.1744 1.1627%  1.1744 1.1627%  1.16272
3 3 0 3 072711 0.7240  0.7240 0.7234%  0.7234% 0.7332 0.7332 0.7271 0.7271 0.7240 0.7234*  0.7332 0.7234%  0.72342
0 3 6 0 0.3332 0.3330  0.3331 0.3330 0.3331 0.3330 0.3331 0.3330  0.3331 0.3332 0.3332 0.3332 0.33292  0.3329?2
24 2 5 2 2 02725 0.2723  0.2723 0.2723 0.2722%  0.2725 0.2726 0.2725  0.2726 0.2723 0.2723 0.2725 0.2723 0.2723
3 5 2 1 03159 0.3159 0.3158% 0.3158% 0.3158% 0.3159 0.3159 0.3159 0.3158%  0.3159 0.3159 0.3159 0.3158%  0.3158?2
6 3 0 0 044228 0.4422% 0.4422° 0.4422% 0.4422% 0.4422% 0.4422% 0.44222 0.4422% 0.4422%  0.4422%  0.4422% 0.4422° 0.4422*
3 3 0 3 03174 0.3171% 0.3171% 0.3171* 0.3171% 0.3176 0.3176 0.3174  0.3174 0.3171% 0.3171% 0.3176 0.31712  0.31712
0 3 6 0 016422 0.1642% 0.16422 0.16422 0.1642% 0.1642%8 0.1642% 0.1642% 0.16422 0.1642% 0.1642% 0.1642% 0.1642% 0.16422
36 2 5 2 2 017708 0.1770® 0.1770% 0.17708 0.1770% 0.1770* 0.1770*% 0.1770% 0.1770* 0.1770% 0.17702 0.17708  0.1770* 0.17702
3 5 2 1 0.20412 0.2041% 0.20418 0.2041% 0.2041% 0.20418 0.2041* 0.2041% 0.20417 0.2041* 0.2041* 0.2041* 0.2041% 0.20418
6 3 0 0 0.2765% 0.2765* 0.2765% 0.2765% 0.2765% 0.2765% 0.2765% 0.2765% 0.2765% 0.2765% 0.2765%  0.2765% 0.2765% 0.2765%
3 3 0 3 0.2043 0.2041% 0.2041% 0.2041% 0.2041% 0.2042 0.2042 0.2043  0.2043 0.2041%  0.2041%  0.2042 0.20412  0.20412
0 3 6 0 0.1088 0.1088% 0.1089 0.1088%  0.1089 0.1088%  0.1089 0.1088%  0.1089 0.1088% 0.1088% 0.1088% 0.1088% 0.10882
8 12 2 5 2 2 06278 0.6278  0.6280 0.6276 0.6278  0.6278 0.6280 0.6276%  0.6278 0.6280 0.6278 0.6280 0.6277 0.6276°
3 5 2 1 0.7509 0.7507 0.7515 0.7506%  0.7509 0.7507 0.7515 0.7506%  0.7509 0.7515 0.7509 0.7515 0.7506%  0.75062
6 3 0 0 1.2253% 1.2347 1.2347 1.2253%  1.2253%  1.2347 1.2347 1.2253%  1.2253%  1.2347 1.2253%  1.2347 1.2253%  1.22532
3 3 0 3 0.7658 0.7633  0.7633 0.7623% 0.7623% 0.7712 0.7712 0.7658  0.7658 0.7633 0.7623%  0.7712 0.7623%  0.7623?2
0 3 6 0 03611 0.3609 0.3608 0.3609 0.3608  0.3609 0.3608 0.3609 0.3608 0.3611 0.3611 0.3611 0.3604%  0.36042
24 2 5 2 2 0.2901 0.28992  0.2899% 0.2899% 0.2899% 0.2901 0.2901 0.2901 0.2901 0.2900 0.2899%  0.2901 0.28992  0.28992
3 5 2 1 03359 0.3358  0.3358 0.3358 0.3358  0.3359 0.3360 0.3359 0.3360 0.3358 0.3357%  0.3359 0.3358 0.3358
6 3 0 0 04681% 0.4681% 0.4681% 0.4681% 0.4681* 0.4681% 0.4681% 0.4681% 0.4681% 0.4681* 0.4681% 0.4681% 0.4681% 0.46812
3 3 0 3 0.3368 0.3365  0.3365 0.3364% 0.3364% 0.3369 0.3369 0.3368  0.3368 0.3365 0.3364%  0.3369 0.3364% 0.33642
0 3 6 0 041776% 0.1776% 0.1777 0.1776%  0.1777 0.1776%  0.1777 0.1776%  0.1777 0.1776%  0.1776% 0.1776% 0.1776% 0.17762
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0.18902
0.2174
0.2927
0.2173
0.1182

0.6542
0.7825
1.26642
0.7954
0.3805

0.3037
0.3505
0.48572
0.3521
0.18772

0.19832
0.2274
0.30472
0.2274
0.12502

0.1890%
0.21732
0.29262
0.21722
0.1182

0.6542
0.78212
1.2739
0.7931
0.3804

0.30352
0.3503?
0.4858
0.3520
0.18772

0.19832
0.22732
0.30472
0.2273%
0.12502

0.18902
0.21732
0.29262
0.21722
0.11812

0.6544
0.7827
1.2739
0.7931
0.3810

0.30352
0.3504
0.4858
0.3520
0.18772

0.19832
0.22732
0.30472
0.22732
0.12507

0.18902
0.21732
0.2927
0.21722
0.1182

0.65412
0.7822
1.26642
0.79232
0.3804

0.3035%
0.3504

0.48572
0.35192
0.18772

0.19832
0.2273%
0.30472
0.22732
0.12502

0.18902
0.21732
0.2927

0.21722
0.11812

0.6542
0.7825
1.26642
0.79232
0.3810

0.3036
0.3504
0.48572
0.35192
0.18772

0.1983%
0.22732
0.30472
0.2273%
0.12507

0.18902
0.2174
0.29262
0.2173
0.1182

0.6542
0.78212
1.2739
0.8000
0.3804

0.3037
0.3505
0.4858
0.3521
0.18772

0.19832
0.22732
0.30472
0.2274

0.12502

0.18902
0.2174
0.29262
0.2173
0.11812

0.6544
0.7827
1.2739
0.8000
0.3810

0.3038
0.3504
0.4858
0.3521
0.18772

0.1983%
0.2274
0.30472
0.2274
0.12502

0.18902
0.2174
0.2927
0.2173
0.1182

0.65412
0.7822
1.26642
0.7954
0.3804

0.3037
0.3504
0.48572
0.3521
0.18772

0.19832
0.22732
0.30472
0.2274

0.12502

0.18902
0.2174
0.2927
0.2173
0.11812

0.6542
0.7825
1.26642
0.7954
0.3810

0.3038
0.3505
0.48572
0.3521
0.18772

0.1983%
0.2274
0.30472
0.2274
0.12502

0.18902
0.21732
0.29262
0.21722
0.1182

0.6544
0.7827
1.2739
0.7931
0.3805

0.30352
0.3504
0.4858
0.3520
0.18772

0.1983?
0.22732
0.30472
0.2273%
0.12507

0.18902
0.21732
0.2927
0.21722
0.1182

0.6542
0.7825
1.26642
0.79232
0.3805

0.30352
0.3504

0.48572
0.35192
0.18772

0.19832
0.22732
0.30472
0.22732
0.12507

0.18902
0.2174
0.29262
0.2173
0.1182

0.6544
0.7827
1.2739
0.8000
0.3805

0.3037
0.3505
0.4858
0.3521
0.18772

0.1983%
0.22732
0.30472
0.2274

0.12502

0.18902
0.21732
0.2927

0.21722
0.11812

0.65412
0.78212
1.26642
0.79232
0.3803%

0.3035?
0.3504

0.48572
0.35192
0.18772

0.19832
0.22732
0.30472
0.2273%
0.12507

0.18902
0.21732
0.2927

0.21722
0.11812

0.65412
0.78212
1.26642
0.79232
0.3803%

0.30352
0.3504

0.48572
0.35192
0.18772

0.19832
0.22732
0.30472
0.22732
0.12507

Note: 2SCI with minimum confidence length.

UOITe NS PUe Lo eINdwog) [ealisess Jo feu.nop

GST



12: 54 19 Decenber 2010

Downl oaded By: [Yu, Yuh-Ru] At:

156 S-FWuandY.-R Yu

at least LEP and Sy contains at least UEP with a preset probability not less than 1 — «. To modify
the procedure, the decision rule for the subset selection procedure for censored two-parameter
exponential distribution is defined as:

Rwp : 7 isincluded in a nonempty subset of S, if and only if i;, < fqy, + d; (é,*/n),

7r; is included in a nonempty subset of Sy if and only if &; , > Q. — d; (é,*/n),

where f,;, and é,* are defined as in Section 2, d, is determined in Theorem 1, fi, =
min(fa, ..., fee) and o, = max(@a,, ..., Q) i =1,2, ...k, 1 =1,2,...,14. A ‘cor-
rect selection (CS)’ is made when the LEP is contained in the subset of S;, namely () € S,
and the UEP is contained in the subset of Sy, namely 7, € Su. Then according to decision rule
Rwmp, the probability of CS is at least 1 — «, that is,

P(CS|RMD) >1—a, (25)

and the proof is given in the section of Appendix 2. The SCI of 1 — « significance level can also
be obtained for all distances from the LEP and UEP along with the proof.

5. Numerical example

5.1. Examplel

Suppose that we want to select the worst population and the best population at the same time. A
random sample of size n = 24 following four independent distributions E(u;,0),i =1, ..., 4,
with (i1, w2, 13, na, 0) = (2, 3, 6, 8, 2) is generated and the data is listed in Table 5. Considering
the censoring schemes of (r,u,l,s) = (2,5, 2,2),(6,3,0,0), (3,3,0,3) and (0, 3, 6, 0), the
required statistics and critical values of d, for 1 — « = 0.95 are listed in Table 6.

The SCls of w1 — ppay, 2 — 2y 13 — Ky, Ra — Rpap A4 — K1, Kia) — M2, dia) — 3 and
41 — 14 are listed in Table 7. Based on the criterion of the minimum confidence length, popu-
lation 1 and 4 are identified as the LEP and UEP, respectively, for all censoring schemes. As to
the subset selection procedure, the results are listed in Table 8. It is observed that population 1 is
included in S, and population 4 is included in Sy for all censoring schemes.

5.2. Example2

The time intervals of successive failures of the air conditioning system in Boeing 720 jet air-
planes are shown in Table 9. Sun and Kim [16] assumed that the time between successive

Table 5. Simulated data for four populations.

Populationl 2.062, 2.102, 2.504, 2.505, 2.519, 2.629, 2.685, 2.778, 2.924, 3.080, 3.099, 3.412,
3.847, 3.854, 3.984, 4.009, 4.067, 4.160, 4.389, 4.619, 6.421, 6.483, 6.995, 7.391

Population2 3.105, 3.111, 3.360, 3.480, 3.673, 3.770, 3.848, 3.893, 3.908, 3.987, 3.990, 4.356,
5.086, 5.203, 5.248, 5.563, 5.687, 6.198, 6.351, 6.897, 6.960, 7.147, 7.154, 8.041

Population3  3.105, 3.111, 3.360, 3.480, 3.673, 3.770, 3.848, 3.893, 3.908, 3.987, 3.990, 4.356,
5.086, 5.203, 5.248, 5.563, 5.687, 6.198, 6.351, 6.897, 6.960, 7.147, 7.154, 8.041

Population4 8.022, 8.180, 8.239, 8.408, 8.677, 8.704, 8.782, 9.070, 9.081, 9.481, 9.529, 9.771, 9.933,
9.987, 10.084, 10.442, 10.489, 10.681, 11.105, 11.464, 11.465, 12.106, 12.167, 14.853
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Table 6. The required statistics for Example 1.

(ryu,l,s) WME1 WME2 WME3 WME4 WME5 WME6 WME7 WME8 WME9 WME10 WME11 WME12 AMLE BLUE
(2,5,2,2) é,* 1.902 1.876 1.885 1.877 1.886 1.901 1.912 1.901 1.912 1.875 1.878 1.901 1.811 1.906
A 2.256 2.259 2.258 2.259 2.258 2.256 2.255 2.256 2.255 2.259 2.259 2.256 2.268 2.255

P2, 3.112 3.115 3.114 3.115 3.114 3.112 3.110 3.112 3.110 3.115 3.115 3.112 3.123 3.111

A3, 6.194 6.198 6.197 6.198 6.196 6.194 6.193 6.194 6.193 6.198 6.197 6.194 6.206 6.194

Aay 7.990 7.994 7.993 7.994 7.992 7.991 7.989 7.990 7.989 7.994 7.994 7.991 8.002 7.990

dy 6.335 6.330 6.328 6.330 6.328 6.334 6.339 6.335 6.339 6.331 6.331 6.335 6.576 6.248

dp x (é,*/n) 0.502 0.495 0.497 0.495 0.497 0.502 0.505 0.502 0.505 0.495 0.495 0.502 0.496 0.496

(6,3,0,0) é,* 1.753 1.754 1.754 1.753 1.753 1.754 1.754 1.753 1.753 1.754 1.753 1.754 1.680 1.778
A 2.095 2.095 2.095 2.095 2.095 2.095 2.095 2.095 2.095 2.095 2.095 2.095 2.119 2.086

Q2. 3.259 3.258 3.258 3.259 3.259 3.258 3.258 3.259 3.259 3.258 3.259 3.258 3.283 3.250

ey 6.276 6.275 6.275 6.276 6.276 6.275 6.275 6.276 6.276 6.275 6.276 6.275 6.300 6.267

Aay 8.192 8.192 8.192 8.192 8.192 8.192 8.192 8.192 8.192 8.192 8.192 8.192 8.217 8.184

d; 10.509 10,514  10.514 10.509 10.509  10.514  10.514 10.509  10.509 10.514 10.509 10.514 10.965  10.356

dp x (é,*/n) 0.767 0.768 0.768 0.767 0.767 0.768 0.768 0.767 0.767 0.768 0.767 0.768 0.767 0.767

(3,30,3) é,* 1.937 1.907 1.907 1.898 1.898 1.949 1.949 1.937 1.937 1.907 1.898 1.949 1.819 1.926
Ay 2.160 2.165 2.165 2.167 2.167 2.158 2.158 2.160 2.160 2.165 2.167 2.158 2.181 2.162

Q2. 3.135 3.140 3.140 3.142 3.142 3.133 3.133 3.135 3.135 3.140 3.142 3.133 3.156 3.137

Iy 6.145 6.150 6.150 6.152 6.152 6.143 6.143 6.145 6.145 6.150 6.152 6.143 6.166 6.147

Qs 8.063 8.068 8.068 8.070 8.070 8.061 8.061 8.063 8.063 8.068 8.070 8.061 8.084 8.065

d; 7.443 7.427 7.427 7.428 7.428 7.444 7.444 7.443 7.443 7.427 7.428 7.444 7.751 7.321

d (é,*/n) 0.601 0.590 0.590 0.587 0.587 0.604 0.604 0.601 0.601 0.590 0.587 0.604 0.587 0.588

0, 3,6,0) é,* 1.916 1.927 1.957 1.927 1.957 1.927 1.957 1.927 1.957 1.916 1.916 1.916 1.881 1.962
A 1.983 1.982 1.981 1.982 1.981 1.982 1.981 1.982 1.981 1.983 1.983 1.983 1.984 1.981

oy 3.025 3.025 3.024 3.025 3.024 3.025 3.024 3.025 3.024 3.025 3.025 3.025 3.027 3.023

Iy 6.059 6.059 6.058 6.059 6.058 6.059 6.058 6.059 6.058 6.059 6.059 6.059 6.061 6.057

fia 7.942 7.941 7.940 7.941 7.940 7.941 7.940 7.941 7.940 7.942 7.942 7.942 7.943 7.940

d; 3.652 3.653 3.653 3.653 3.653 3.653 3.653 3.653 3.653 3.652 3.652 3.652 3.770 3.614

d x (éf‘/n) 0.291 0.293 0.298 0.293 0.298 0.293 0.298 0.293 0.298 0.291 0.291 0.291 0.296 0.295
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Table 7. The SCls for Example 1.

(ryu,l,5) WME1  WME2  WME3  WME4  WME5  WME6  WME7  WMES  WME9  WMEL0 WMELlL WMEL2  AMLE BLUE
(2,5.2,2) [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000]
[0,1.358] [0,1.350] [0,1.353] [0,1.351] [0,1.353] [0,1.357] [0,1.361] [0,1.358] [0,1.361] [0,1.350] [0,1.351] [0,1.357] [0,1.352] [0, 1.352]
[0,4.441] [0,4433] [0,4435] [0,4.434] [0,4.436] [0,4.440] [0,4.443] [0,4.440] [0,4.444] [0,4.433] [0,4.434] [0,4.440] [0,4.435] [0, 4.435]
[0,6.237] [0,6.229] [0,6.231] [0,6.230] [0,6.232] [0,6.236] [0,6.239] [0,6.236] [0,6.240] [0,6.229] [0,6.230] [0,6.236] [0,6.231] [0, 6.231]
[0,6.237] [0,6.229] [0,6.231] [0,6.230] [0,6.232] [0,6.236] [0,6.239] [0,6.236] [0,6.240] [0,6.229] [0,6.230] [0,6.236] [0,6.231] [0, 6.231]
[0,5381] [0,5374] [0,5376] [0,5.374] [0,5.376] [0,5.380] [0,5.384] [0,5.381] [0,5.384] [0,5.374] [0,5.374] [0,5.381] [0,5.375] [0,5.375]
[0,2298] [0,2.291] [0,2.293] [0,2.291] [0,2.293] [0,2.298] [0,2.301] [0,2.298] [0,2.301] [0,2.291] [0,2.291] [0,2.298] [0,2.292] [0, 2.292]
[0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000]
(6,3,0,0) [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000]
[0,1.931] [0,1.932] [0,1.932] [0,1.931] [0,1.931] [0,1.932] [0,1.932] [0,1.931] [0,1.931] [0,1.932] [0,1.931] [0,1.932] [0,1.931] [0, 1.931]
[0,4948] [0,4.949] [0,4.949] [0,4.948] [0,4.948] [0,4.949] [0,4.949] [0,4.948] [0,4.948] [0,4.949] [0,4.948] [0,4.949] [0,4.948] [0,4.948]
[0,6.865] [0,6.866] [0,6.866] [0,6.865] [0,6.865] [0,6.866] [0,6.866] [0,6.865] [0,6.865] [0,6.866] [0,6.865] [0,6.866] [0,6.865] [0, 6.865]
[0,6.865] [0,6.866] [0,6.866] [0,6.865] [0,6.865] [0,6.866] [0,6.866] [0, 6.865] [0,6.865] [0,6.866] [0,6.865] [0,6.866] [0,6.865] [0, 6.865]
[0,5701] [0,5.702] [0,5.702] [0,5.701] [0,5.701] [0,5.702] [0,5.702] [0,5.701] [0,5.701] [0,5.702] [0,5.701] [0,5.702] [0,5.701] [0, 5.701]
[0,2.684] [0,2.685] [0,2.685] [0,2.684] [0,2.684] [0,2.685] [0,2.685] [0,2.684] [0,2.684] [0,2.685] [0,2.684] [0,2.685] [0,2.684] [0,2.684]
[0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000]
(3,3,0,3) [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000]
[0,1.576] [0,1.565] [0,1.565] [0,1.563] [0,1.563] [0,1.580] [0,1.580] [0,1.576] [0,1.576] [0,1.565] [0,1.563] [0,1.580] [0, 1.563] [0, 1.563]
[0,4586] [0,4575] [0,4575] [0,4573] [0,4.573] [0,4.590] [0,4.590] [0,4.586] [0,4.586] [0,4575] [0,4573] [0,4590] [0,4573] [0,4573]
[0,6.504] [0,6.493] [0,6.493] [0,6.490] [0,6.490] [0,6.507] [0,6507] [0,6.504] [0,6.504] [0,6.493] [0,6.490] [0,6.507] [0,6.490] [0, 6.491]
[0,65504] [0,6.493] [0,6.493] [0,6.490] [0,6.490] [0,6.507] [0,6.507] [0,6.504] [0,6.504] [0,6.493] [0,6.490] [0,6507] [0,6.490] [0, 6.491]
[0,5528] [0,5518] [0,5518] [0,5.515] [0,5.515] [0,5.532] [0,5.532] [0,5.528] [0,5.528] [0,5518] [0,5515] [0,5532] [0,5515] [0,5.515]
[0,2518] [0,2.508] [0,2.508] [0,2.505] [0,2.505] [0,2.522] [0,2.522] [0,2.518] [0,2.518] [0,2.508] [0,2505] [0,2522] [0,2505] [0, 2.505]
[0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000]
(0,3,6,0) [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000]
[0,1.334] [0,1.336] [0,1.341] [0,1.336] [0,1.341] [0,1.336] [0,1.341] [0,1.336] [0,1.341] [0,1.334] [0,1.334] [0,1.334] [0,1.338] [0, 1.338]
[0,4.368] [0,4.370] [0,4.375] [0,4.370] [0,4.375] [0,4.370] [0,4.375] [0,4.370] [0,4.375] [0,4.368] [0,4.368] [0,4.368] [0,4.372] [0,4.372]
[0,6.251] [0,6.252] [0,6.257] [0,6.252] [0,6.257] [0,6.252] [0,6.257] [0,6.252] [0,6.257] [0,6.251] [0,6.251] [0,6.251] [0,6.255] [0, 6.255]
[0,6.251] [0,6.252] [0,6.257] [0,6.252] [0,6.257] [0,6.252] [0,6.257] [0,6.252] [0,6.257] [0,6.251] [0,6.251] [0,6.251] [0,6.255] [0, 6.255]
[0,5208] [0,5210] [0,5.214] [0,5.210] [0,5.214] [0,5.210] [0,5.214] [0,5.210] [0,5.214] [0,5.208] [0,5.208] [0,5.208] [0,5.212] [0,5.212]
[0,2174] [0,2176] [0,2.180] [0,2.176] [0,2.180] [0,2.176] [0,2.180] [0,2.176] [0,2.180] [0,2.174] [0,2.174] [0,2.174] [0,2178] [0,2.178]
[0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000] [0,0.000]
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Table 8. Results of subset selection for Example 1.

(roul,s) WME1 WME2 WME3 WME4 WME5 WME6 WME7 WME8 WME9 WMEL0 WME11 WME12 AMLE BLUE
(2,5,2,2)  fquyr + (dr x (é,*/n)) 2.758 2.754 2.755 2.754 2.755 2.758 2.760 2.758 2.760 2.754 2.754 2.758 2.764  2.752
4 — (de x (0 /n))  7.488 7.499 7.496 7.499 7.495 7.489 7.484 7.489 7.484 7.499 7.498 7.489 7506  7.494

SL 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Su 4 4 4 4 4 4 4 4 4 4 4 4 4 4
(6,3,0,0)  fiay; + (dr x (él*/n)) 2.862 2.863 2.863 2.862 2.862 2.863 2.863 2.862 2.862 2.863 2.862 2.863 2.887  2.854
gy — dy x (07 /n))  7.425 7.424 7.424 7.425 7.425 7.424 7.424 7.425 7.425 7.424 7.425 7.424 7.449  7.416

SL 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Su 4 4 4 4 4 4 4 4 4 4 4 4 4 4
(3,3,0,3) A+ x (é,*/n)) 2.760 2.755 2.755 2.754 2.754 2.762 2.762 2.760 2.760 2.755 2.754 2.762 2.768  2.749
Qay — (dy x (6/n))  7.462 7.478 7.478 7.482 7.482 7.456 7.456 7.462 7.462 7.478 7.482 7.456 7.496  7.477

SL 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Su 4 4 4 4 4 4 4 4 4 4 4 4 4 4
(0,3,6,0) [y, + (dr x (é[*/n)) 2.274 2.275 2.279 2.275 2.279 2.275 2.279 2.275 2.279 2.274 2.274 2.274 2280  2.276
4y — (de x (0 /n))  7.650 7.648 7.642 7.648 7.642 7.648 7.642 7.648 7.642 7.650 7.650 7.650 7.648  7.644

SL 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Su 4 4 4 4 4 4 4 4 4 4 4 4 4 4

Table 9. Time intervals between failures.

Planel
Plane2
Plane3
Plane4

3, 5, 5, 13, 14, 15, 22, 22, 23, 30, 36, 39, 44, 46, 50, 72, 79, 88, 97, 102, 139, 188, 197, 210
10, 14, 20, 23, 24, 25, 26, 29, 44, 44, 49, 56, 59, 60, 61, 62, 70, 76, 79, 84, 90, 101, 118, 130
1, 3,5 7, 11, 11, 11, 12, 14, 14, 14, 16, 16, 20, 21, 23, 42, 47, 52, 62, 71, 71, 87, 90

1, 4, 11, 16, 18, 18, 18, 24, 31, 39, 46, 51, 54, 63, 68, 77, 80, 82, 97, 106, 111, 141, 142, 163
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Table 10. The required statistics for Example 2.

(ryu,l,s) WME1 WME2 WME3 WME4 WME5 WME6 WME7 WME8 WME9 WME10 WME11 WME12 AMLE BLUE
(2,5,2,2) é,* 51.701  52.016 52250 51.822 52089 51.694 51.855 51581  51.792 52.263 52.027 51.848 50.000 52.625
A -1752 -1793 -1.824 -1768 -—-1.803 -1.751 1772 1737 1764 —-1.825 —-1.795 -1771 —-1530 -1.873

P2, 13.248 13207  13.176  13.232  13.197  13.249 13228 13.263  13.236 13.175 13.205 13.229 13470  13.127

e, —-1752 -1793 -1.824 -1768 —-1.803 —-1.751 1772 1737 1764 —-1.825 —1.795 —-1771 -1530 -1.873

fas 4.248 4.207 4.176 4.232 4.197 4.249 4.228 4.263 4.236 4.175 4.205 4.229 4.470 4.127

d; 6.335 6.330 6.328 6.330 6.328 6.334 6.339 6.335 6.339 6.331 6.331 6.335 6.576 6.248

d x (é,*/n) 13.647  13.719  13.776  13.668  13.734  13.643 13.696 13.615 13.679 13.786 13.724 13.686 13.700  13.700

(6,3,0,0) éz* 49.449  49.291  49.291  49.449 49449 49291  49.291  49.449  49.449 49.291 49.449 49.291 47.389  50.176
Qe 5.365 5.418 5.418 5.365 5.365 5.418 5.418 5.365 5.365 5.418 5.365 5.418 6.058 5.120

P2, 9.365 9.418 9.418 9.365 9.365 9.418 9.418 9.365 9.365 9.418 9.365 9.418 10.058 9.120

3, —5635 5582 5582 5635 5635 5582 5582 5635 5635 5582 —5.635 —5582 —4.942 -5.880

fas 1.365 1.418 1.418 1.365 1.365 1.418 1.418 1.365 1.365 1.418 1.365 1.418 2.058 1.120

d; 10509  10.514 10.514 10509  10.509  10.514 10.514 10.509  10.509 10.514 10.509 10.514 10.965  10.356

d % (é,*/n) 21.653  21.593 21593 21.653 21.653 21.593 21.593  21.653  21.653 21.593 21.653 21.593 21.651  21.651

(3,3,0,3) é,* 48.217 48456  48.456 48536 48,536  48.101  48.101  48.217  48.217 48.456 48.536 48.101 46.514  49.250
A 4.407 4.364 4.364 4.350 4.350 4.428 4.428 4.407 4.407 4.364 4.350 4.428 4.710 4.223

Q2. 14.407 14364 14364 14350 14350 14.428 14428 14.407  14.407 14.364 14.350 14.428 14710  14.223

A3, —1593 -1636 —-1.636 —-1650 —1.650 —1572 1572 —-1593 —-1593 —1.636 —1.650 —-1572 -1.290 -—-1.777

Aay 7.407 7.364 7.364 7.350 7.350 7.428 7.428 7.407 7.407 7.364 7.350 7.428 7.710 7.223

d; 7.443 7.427 7.427 7.428 7.428 7.444 7.444 7.443 7.443 7.427 7.428 7.444 7.751 7.321

d x (é,*/n) 14953 14995  14.995 15.022 15.022 14919 14919 14953  14.953 14.995 15.022 14.919 15.022  15.023

0,3,6,0) é,* 50.493  50.601 51.104 50.601 51.104 50.601 51.104 50.601 51.104 50.493 50.493 50.493 49.264  51.387
A 0.896 0.892 0.871 0.892 0.871 0.892 0.871 0.892 0.871 0.896 0.896 0.896 0.947 0.859

P2, 7.896 7.892 7.871 7.892 7.871 7.892 7.871 7.892 7.871 7.896 7.896 7.896 7.947 7.859

e -1104 -1108 -1129 -1.108 -1.129 -1.108 -1.129 1108 —-1.129 —-1.104 —1.104 —-1.104 —-1.053 -—-1.141

A -1104 -1108 -1129 -1108 -—-1129 -1.108 -—-1.129 1108 —-1.129 —-1.104 —1.104 —-1104 —-1.053 -—-1.141

d; 3.652 3.653 3.653 3.653 3.653 3.653 3.653 3.653 3.653 3.652 3.652 3.652 3.770 3.614

dp x (é,*/n) 7.683 7.702 7.778 7.702 7.778 7.702 7.778 7.702 7.778 7.683 7.683 7.683 7.739 7.738
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Table 11.

The SCls for Example 2.

(rou,l,s)

WMEL1L

WME2

WME3

WME4

WMES5

WMEG

WME7

WMES8

WME9

WME10

WMEL11

WME12

AMLE

BLUE

(2,5,2,2)

(6,3,0,0)

(3,3,0,3)

0,3,6,0)

M1 — K1
M2 — K1)
M3 — K1
K4 — K1)
K — 1
4] — K2
4] — K13
Hi4) — K4

M1 — MK
M2 — K1
M3 — K1)
Ha — K1)
K — M1
4] — K2
Hi4) — K13
Hi4) — K4

M1 — K
K2 — K1
M3 — K1
M4 — K1)
M4 — K1
M4 — 12
M4y — K3
Hi4) — K4

M1 — K1
M2 — K1
M3 — K1
M4 — K1
M4 — K1
M4 — 12
K4y — K3
Hi4) — K4

[0, 13.647]
[0, 28.647]
[0, 13.647]
[0, 19.647]
[0, 28.647]

[0, 4.647]
[0, 28.647]
[0, 22.647]

[0, 32.653]
[0, 36.653]
[0, 14.653]
[0, 28.653]
[0, 25.653]
[0, 17.653]
[0, 36.653]
[0, 29.653]

[0, 20.953]
[0, 30.953]

[0, 8.953]
[0, 23.953]
[0, 24.953]

[0, 7.953]
[0, 30.953]
[0, 21.953]

[0, 9.683]
[0, 16.683]
[0, 7.683]
[0, 7.683]
[0, 14.683]
[0, 0.683]
[0, 16.683]
[0, 16.683]

[0, 13.719]
[0, 28.719]
[0, 13.719]
[0, 19.719]
[0, 28.719]

[0, 4.719]
[0, 28.719]
[0, 22.719]

[0, 32.593]
[0, 36.593]
[0, 14.593]
[0, 28.593]
[0, 25.593]
[0, 17.593]
[0, 36.593]
[0, 29.593]

[0, 20.995]
[0, 30.995]

[0, 8.995]
[0, 23.995]
[0, 24.995]

[0, 7.995]
[0, 30.995]
[0, 21.995]

[0, 9.702]
[0, 16.702]
[0, 7.702]
[0, 7.702]
[0, 14.702]
[0, 0.702]
[0, 16.702]
[0, 16.702]

[0, 13.776]
[0, 28.776]
[0, 13.776]
[0, 19.776]
[0, 28.776]

[0, 4.776]
[0, 28.776]
[0, 22.776]

[0, 32.593]
[0, 36.593]
[0, 14.593]
[0, 28.593]
[0, 25.593]
[0, 17.593]
[0, 36.593]
[0, 29.593]

[0, 20.995]
[0, 30.995]

[0, 8.995]
[0, 23.995]
[0, 24.995]

[0, 7.995]
[0, 30.995]
[0, 21.995]

[0, 9.778]
[0, 16.778]
[0, 7.778]
[0,7.778]
[0, 14.778]
[0, 0.778]
[0, 16.778]
[0, 16.778]

[0, 13.668]
[0, 28.668]
[0, 13.668]
[0, 19.668]
[0, 28.668]

[0, 4.668]
[0, 28.668]
[0, 22.668]

[0, 32.653]
[0, 36.653]
[0, 14.653]
[0, 28.653]
[0, 25.653]
[0, 17.653]
[0, 36.653]
[0, 29.653]

[0, 21.022]
[0, 31.022]

[0, 9.022]
[0, 24.022]
[0, 25.022]

[0, 8.022]
[0, 31.022]
[0, 22.022]

[0, 9.702]
[0, 16.702]
[0, 7.702]
[0, 7.702]
[0, 14.702]
[0, 0.702]
[0, 16.702]
[0, 16.702]

[0, 13.734]
[0, 28.734]
[0, 13.734]
[0, 19.734]
[0, 28.734]

[0, 4.734]
[0, 28.734]
[0, 22.734]

[0, 32.653]
[0, 36.653]
[0, 14.653]
[0, 28.653]
[0, 25.653]
[0, 17.653]
[0, 36.653]
[0, 29.653]

[0, 21.022]
[0, 31.022]

[0, 9.022]
[0, 24.022]
[0, 25.022]

[0, 8.022]
[0, 31.022]
[0, 22.022]

[0, 9.778]
[0, 16.778]
[0, 7.778]
[0,7.778]
[0, 14.778]
[0, 0.778]
[0, 16.778]
[0, 16.778]

[0, 13.643]
[0, 28.643]
[0, 13.643]
[0, 19.643]
[0, 28.643]

[0, 4.643]
[0, 28.643]
[0, 22.643]

[0, 32.593]
[0, 36.593]
[0, 14.593]
[0, 28.593]
[0, 25.593]
[0, 17.593]
[0, 36.593]
[0, 29.593]

[0, 20.919]
[0, 30.919]

[0, 8.919]
[0, 23.919]
[0, 24.919]

[0, 7.919]
[0, 30.919]
[0, 21.919]

[0, 9.702]
[0, 16.702]
[0, 7.702]
[0, 7.702]
[0, 14.702]
[0, 0.702]
[0, 16.702]
[0, 16.702]

[0, 13.696]
[0, 28.696]
[0, 13.696]
[0, 19.696]
[0, 28.696]

[0, 4.696]
[0, 28.696]
[0, 22.696]

[0, 32.593]
[0, 36.593]
[0, 14.593]
[0, 28.593]
[0, 25.593]
[0, 17.593]
[0, 36.593]
[0, 29.593]

[0, 20.919]
[0, 30.919]

[0, 8.919]
[0, 23.919]
[0, 24.919]

[0, 7.919]
[0, 30.919]
[0, 21.919]

[0,9.778]
[0, 16.778]
[0, 7.778]
[0,7.778]
[0, 14.778]
[0, 0.778]
[0, 16.778]
[0, 16.778]

[0, 13.615]
[0, 28.615]
[0, 13.615]
[0, 19.615]
[0, 28.615]

[0, 4.615]
[0, 28.615]
[0, 22.615]

[0, 32.653]
[0, 36.653]
[0, 14.653]
[0, 28.653]
[0, 25.653]
[0, 17.653]
[0, 36.653]
[0, 29.653]

[0, 20.953]
[0, 30.953]

[0, 8.953]
[0, 23.953]
[0, 24.953]

[0, 7.953]
[0, 30.953]
[0, 21.953]

[0, 9.702]
[0, 16.702]
[0, 7.702]
[0, 7.702]
[0, 14.702]
[0, 0.702]
[0, 16.702]
[0, 16.702]

[0, 13.679]
[0, 28.679]
[0, 13.679]
[0, 19.679]
[0, 28.679]

[0, 4.679]
[0, 28.679]
[0, 22.679]

[0, 32.653]
[0, 36.653]
[0, 14.653]
[0, 28.653]
[0, 25.653]
[0, 17.653]
[0, 36.653]
[0, 29.653]

[0, 20.953]
[0, 30.953]

[0, 8.953]
[0, 23.953]
[0, 24.953]

[0, 7.953]
[0, 30.953]
[0, 21.953]

[0, 9.778]
[0, 16.778]
[0, 7.778]
[0, 7.778]
[0, 14.778]
[0, 0.778]
[0, 16.778]
[0, 16.778]

[0, 13.786]
[0, 28.786]
[0, 13.786]
[0, 19.786]
[0, 28.786]

[0, 4.786]
[0, 28.786]
[0, 22.786]

[0, 32.593]
[0, 36.593]
[0, 14.593]
[0, 28.593]
[0, 25.593]
[0, 17.593]
[0, 36.593]
[0, 29.593]

[0, 20.995]
[0, 30.995]

[0, 8.995]
[0, 23.995]
[0, 24.995]

[0, 7.995]
[0, 30.995]
[0, 21.995]

[0, 9.683]
[0, 16.683]
[0, 7.683]
[0, 7.683]
[0, 14.683]
[0, 0.683]
[0, 16.683]
[0, 16.683]

[0, 13.724]
[0, 28.724]
[0, 13.724]
[0, 19.724]
[0, 28.724]

[0, 4.724]
[0, 28.724]
[0, 22.724]

[0, 32.653]
[0, 36.653]
[0, 14.653]
[0, 28.653]
[0, 25.653]
[0, 17.653]
[0, 36.653]
[0, 29.653]

[0, 21.022]
[0, 31.022]

[0, 9.022]
[0, 24.022]
[0, 25.022]

[0, 8.022]
[0, 31.022]
[0, 22.022]

[0, 9.683]
[0, 16.683]
[0, 7.683]
[0, 7.683]
[0, 14.683]
[0, 0.683]
[0, 16.683]
[0, 16.683]

[0, 13.686]
[0, 28.686]
[0, 13.686]
[0, 19.686]
[0, 28.686]

[0, 4.686]
[0, 28.686]
[0, 22.686]

[0, 32.593]
[0, 36.593]
[0, 14.593]
[0, 28.593]
[0, 25.593]
[0, 17.593]
[0, 36.593]
[0, 29.593]

[0, 20.919]
[0, 30.919]

[0, 8.919]
[0, 23.919]
[0, 24.919]

[0, 7.919]
[0, 30.919]
[0, 21.919]

[0, 9.683]
[0, 16.683]
[0, 7.683]
[0, 7.683]
[0, 14.683]
[0, 0.683]
[0, 16.683]
[0, 16.683]

[0, 13.700]
[0, 28.700]
[0, 13.700]
[0, 19.700]
[0, 28.700]

[0, 4.700]
[0, 28.700]
[0, 22.700]

[0, 32.651]
[0, 36.651]
[0, 14.651]
[0, 28.651]
[0, 25.651]
[0, 17.651]
[0, 36.651]
[0, 29.651]

[0, 21.022]
[0, 31.022]

[0, 9.022]
[0, 24.022]
[0, 25.022]

[0, 8.022]
[0, 31.022]
[0, 22.022]

[0, 9.739]
[0, 16.739]
[0, 7.739]
[0, 7.739]
[0, 14.739]
[0, 0.739]
[0, 16.739]
[0, 16.739]

[0, 13.700]
[0, 28.700]
[0, 13.700]
[0, 19.700]
[0, 28.700]

[0, 4.700]
[0, 28.700]
[0, 22.700]

[0, 32.651]
[0, 36.651]
[0, 14.651]
[0, 28.651]
[0, 25.651]
[0, 17.651]
[0, 36.651]
[0, 29.651]

[0, 21.023]
[0, 31.023]

[0, 9.023]
[0, 24.023]
[0, 25.023]

[0, 8.023]
[0, 31.023]
[0, 22.023]

[0, 9.738]
[0, 16.738]
[0, 7.738]
[0, 7.738]
[0, 14.738]
[0, 0.738]
[0, 16.738]
[0, 16.738]
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Table 12. Results of subset selection for Example 2.
(rou,l,s) WME1 WME2 WME3 WME4 WME5 WME6 WME7 WME8 WME9 WME10 WME1l WME12 AMLE BLUE
(2,5,2,2) ;2[1],,+(d,><(9:;‘/n)) 11.895 11926 11.953 11.900 11.931 11.892 11924 11.879 11916 11961 11930 11.914 12170 11.827
gy — (de x (6/n)) —0399 —0512 —-0.600 -—-0436 —0.537 —-0.394 —-0468 —0.352 —0.443 -0.612 -—-0519 -0457 —-0.230 —0.573
SL 1,34 1,34 1,34 1,34 1,34 1,34 1,34 1,34 1,34 1,34 1,34 1,34 1,34 134
Su 2,4 2,4 2,4 2,4 2,4 2,4 2,4 2,4 2,4 2,4 2,4 2,4 2,4 2,4
(6,3,0,0) ;2[11,,+(dt><(9:;“/n)) 16.018 16.012 16.012 16.018 16.018 16.012 16.012 16.018 16.018 16.012 16.018 16.012 16.709 15.771
gy — (dp x (6 /n)) —12.288 —12.175 —-12.175 -12.288 —12.288 —12.175 -12.175 -12.288 —12.288 —-12.175 -12.288 —12.175 —11.593 -12.531
SL 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4
Su 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4
(3,3,0,3) [y, + (dr x (9:,*/n)) 13360 13.359  13.359  13.372 13.372 13.347 13347 13360 13.360 13.359  13.372 13.347 13.732  13.246
4y — de x (07 /n)) —0547 —-0.631 —0.631 —0.672 —-0.672 —0.492 —0.492 —-0547 -0547 -0.631 —-0.672 —-0.492 -0.312 —0.801
SL 1,34 1,34 1,34 1,34 1,34 1,34 1,34 1,34 1,34 1,34 1,34 1,34 1,34 134
Su 1,2,4 1,2,4 1,2,4 1,24 1,24 1,2,4 1,24 1,24 1,2,4 1,24 1,24 1,24 1,2,4 1,24
0,3,6,0) ;lllj,,+(d,><(9:;‘/n)) 6.579 6.594 6.649 6.594 6.649 6.594 6.649 6.594 6.649 6.579 6.579 6.579 6.686 6.597
Qg — (de x (6] /n)) 0.213 0.190 0.092 0.190 0.092 0.190 0.092 0.190 0.092 0.213 0.213 0.213 0.209 0.121
SL 1,34 1,3,4 1,34 1,34 1,34 1,34 1,34 1,34 1,34 1,34 1,34 1,34 1,34 1,34
Su 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2
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failures for each plane is independent and exponentially distributed. The likelihood ratio asymp-
totic x2-test [9] had shown a non-significant difference among the scale parameters of four
two-parameter exponential distributions. Considering the censoring schemes of (r,u,l,s) =
(2,5,2,2),(6,3,0,0),(3,3,0,3) and (0, 3, 6, 0), the required statistics and critical values of d,
for 1 — o = 0.95 are listed in Table 10.

The SCls of g — ppay, 2 — (yays U3 — K1) 4 — K1), K4 — K1, Mia] — K2, Kig — 43 and
a1 — W4 are listed in Table 11. Based on the criterion of the minimum confidence length, plane
2 is identified as the UEP and plane 3 is identified as the LEP for all censoring schemes. But for
the censoring scheme (r, u, 1, s) = (2, 5, 2, 2), plane 1 is also identified as the LEP. For censoring
scheme (r,u,l,s) = (0, 3, 6,0), plane 4 is also identified as LEP. As to the subset selection
procedure, the results are listed in Table 12. The size of selected subset S, is greater than or equal
to the size of selected subset Sy for all cases. The subset selection procedure does not perform
well under the censoring scheme of (r,u, !, s) = (6, 3,0, 0), since the selected subset size is
too large.

6. Conclusions

In this paper, 14 SCls for all distances from the extreme populations and from the UEP from
these k independent exponential distributions under the multiply type 1l censoring are proposed.
From the simulation results, WME4, AMLE, and BLUE are recommended for use based on the
criteria of minimum confidence length for various censoring schemes. Without decreasing the
probability of CS, the subset selection procedures of extreme populations are also proposed.
Finally, two numerical examples are provided to illustrate the proposed procedures.
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Appendix 1. Proof of Theorem 1

Let fi(1),, be associated with the population (1, with the smallest location parameter (1) and [t be associated with
the population () with the largest location parameter ). Then

Pi(SCh = Pu(Di; = pi — ppay, D™ > g — iy i =1,2,...,k)

. 0x
=Py (max {Yi,(r+l) - f}”;'é? Yjo+1) + dt;[~ 0} > Wi — Qs

o* i
max {mgxyj,(r+l) —Yio4 +dt,;,0} > ppy — Mi, i =1, 2,---J<>
J#i

v

. o .
Py (Yi.<r+1) - fjn#”) Yi o+ + drnfl > i —ppyps E#Q),
é*
maxY; o4+1) — Yigrt1) +di —— > gy — i, i # (k)
J#i n
é*
> P | Yie+n — Y040 +d:;’ > i — ppy, 1 £ D),

ox i
Y, ¢+ — Yi,o+1) + dz;’ > Uk — Wiy L F (k))

=PiZiy 2 Zays—di, i #Q), Ziy < Zgys +dyp, 1 # (k)
=Pi(Zay, —di < Ziy < Zgyy +di, i #E= (K, Zay: < Zgy, +dyp)
= P,;(Z,* <d;)

=1- o,
where
Zf =max{Zi; — Zit, Ziy — Ziy, i # 1k, Z1p — Zit)s
7 = Moty = i) Yot
it éz* Wt* )
Yiorrp — i
Flowy = =g
and
é*
W= ?’ i=12,...,k, t=12,...,14
Since Yiﬂ.‘(rJrl) is the (r + 1)th order statistic from a standard exponential distribution and the distribution of W;" is

independent of parameters, then we can see that the distribution of Z; is independent of parameters and only depends on
n,ryu,l,ands, i =1,2,...,k,t =1,2,...,14. The proof of Theorem 1 is completed.

Appendix 2. Proof of Equation (25)

l—a=Pi(Zay, —di < Ziy < Zgys +di, i #Q)(K), Zay, < Zuy, +dyp)

=Pi(Ziy>Zy, —di, i #Q), Zuys = Ziy — dy, T # (k)

o )
=P; (Yi‘(r-%—l) = Ya).¢+1) + dz;’ > i — g, £ Q),

o )
Yw,o+1 — Yio+1) + dr;’ > Uk — Wiy §F (k))
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o* o
Py (Y[11.<r+1> —Ya.e+n +di- 20 Yoo+ = Yo+ +dio- 20,

Diy > pi —ppys DY > g — i i =1,2,...,k)

t=1,2,...,14. Thus, we can assert Equation (25).
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