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In this article we introduce new classes of life distributions namely new better (worse) than used in expectation
at specific age to NBUE-to (NWUE-tp) and harmonic new better (worse) than used in expectation at specific
age t) HNBUE-ty (HNWUE-ty). The closure properties under various reliability operations such as convolu-
tion, mixture, mixing and the homogeneous Poisson shock model of these classes are studied. Furthermore,
nonparametric tests are proposed to test exponentiality versus the NBUE-ty and HNBUE-tj classes. The critical
values and the powers of this tests are calculated to assess the performance of the tests. It is shown that the
proposed tests have high efficiencies for some commonly used distributions in reliability. Sets of real data are
used as examples to elucidate the use of the proposed tests for practical problems.
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1. Introduction

Certain classes of life distributions and their variations have been introduced in reliability, the appli-
cations of these classes of life distributions can be seen in engineering, social, biological science,
maintenance and biometrics. Therefore, statisticians and reliability analysts have shown a growing
interest in modeling survival data using classifications of life distributions based on some aspects
of aging. For example Barlow and Proschan (1981), Deshpand et al. (1986) and Cao and Wang
(1991), gave definitions of several classes of distributions, NBU, NBU(2) and NBUE. Rolski (1975)
introduced the HNBUE (harmonic new better than used in expectation) class, subsequently studied
by Klefsjo (1982). Testing exponentiality versus the classes of life distributions has been a good
deal of attention. For testing against /FR class we refer to Barlow and Proschan (1981) and Ahmed
(1975), several other followed. For testing IFRA we refer to Ahmed (1994) and Deshpande (1983),
while testing versus NBU are discussed by Hollander and proschan (1972), Koul (1977), Kumazawa
(1983) and Ahmed (1994). Mahmoud et al. (2003, 2005, 2007) for NRBU, RNBU and HNRBUE
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classes. Testing versus NBUL are discussed by Diab et al. (2009) and Diab (2010). Hollander and
Proschan (1975), Koul and Susarla (1980), Klefsjoe (1983) and Borges et al. (1984) for (NBUE)
class. Finally testing versus HNBUE can be found in the work of Klefsjoe (1983), Basu and Ebrahim
(1985), Ahmed (1995) and Hendi et al. (1998) among others. Statisticians and reliability analysts
studied some aging classes of life distributions at specific age from various points of view. For more
details we refer to Hollander er al. (1986), Ebrahimi and Habbibullah (1990), Ahmed (1998) and
Pandit and Anuradha (2007) for NBU-t( and Elbatal (2007) for NBUC-ty and NBU(2)-1y.
In this article we introduce new classes of life distribution at specific age f.

Definition 1.1. X is new better than used in expectation at specific age #y (denoted by X € NBUE-ty)
if
/ Flx+1o)dx < uF (1) for all 1 > 0. (1.1)
0

Definition 1.2. X is harmonic new better than used in expectation at specific age #y (denoted by
X € HNBUE-ty) if

/ F(x+10)dx < e /% forall 15 > 0. (1.2)
0

One can note that
NBU = NBU-ty = NBUE-ty = HNBUE-t,.

In the current investigation, Preservation under convolution, mixture, mixing and the homoge-
neous Poisson shock model of the new classes are discussed in Section 2. In Section 3 we present
a procedure to test X is exponential versus it is NBUE-ty and not exponential. Another test is con-
structed to HNBUE-t; in Section 4. In Section 5, the Pitman asymptotic efficiencies for the two
proposed tests are calculated. Monte Carlo null distribution critical points and the power estimates
are simulated in Section 6. Finally numerical examples is presented in Section 7.

2. Closure Properties

In this section some properties of our classes are introduced under convolution, mixture, mixing and
the shock model in homogeneous case.

Theorem 2.1. The NBUE-# class is preserved under convolution.

Proof. Suppose that F| and F, are two independent NBUE-1y lifetime distributions then their con-
volution is given by:

F= /0 Fi(z—y)dB(y).
Therefore:
/ F(x+1o)dx = / / Fi(x+1ty—u)dF(u)dx
0 0 Jo
= / / Fi(x+1ty— u)dxdF,(u).
0o Jo
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Since F| is NBUE-t, then

/OwF(x—i-to)dx</ / F) (x— u)Fy (to)dxd Fa 1)

:l‘()/F

by using F;(z) < F(z) fori = 1,2, we get

/ Flx+10)dx < F(r )/wf(x)dx.

Which complete the proof. U

The following example is presented to show that NWUE-tq class is not preserved under convo-
lution.

Example 2.1. The convolution of the exponential distribution F(x) = 1 — e~ with itself yields the
gamma distribution of order 2: G(x) = 1 — (1 +x)e %, with strictly increasing failure rate. Thus
G(x) is not NWUE-t.

Theorem 2.2. The HNBUE-t, class is preserved under convolution.

Proof. Suppose that F; and F, are two independent HNBUE-t, lifetime distributions then their
convolution is given by:

F= [ Fie-yar0).
Therefore:
/Ooof(x—kto)dx — /Ow /Omfl (e + 1o — )dF3 (u)dx
= /Ooo/omfl (x+19 — u)dxdF;(u).

Since F| is HNBUE-t; then
/ F(x—i—t@dxé/ / ¢ 0HF | (x — u)dxdF> (u)

0
—" / / F\ (x — u)dFs (u)dx

=e ’0/“/ F(x

Which complete the proof. U

The following theorem is presented to show that HNWUE-t, class is preserved under convolu-
tion.

Theorem 2.3. The HNWUE-t; class is preserved under convolution.

Proof. The proof is obtained by reversing the inequality in the last proof. U
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The following example shows that the NBUE-tj class is not preserved under mixtures.

Example 2.2. Let Fo(x) = e * and G(x) = [ Fo(x)e"*doc = (x+ 1)L, Then the failure rate
function is 7, (x) = (x+ 1)~!, which is strictly decreasing thus G(x) is not NBUE-t.

The following theorem is stated and proved to show that the NWUE-1y class is preserved under
mixture.

Theorem 2.4. The NWUE-1y class is preserved under mixture.

Proof. Suppose F(x) is the mixture of Fy, where each Fy is NWUE-1, since

_ / " Fo(0)dG(a)
0

/Ooof(x—l—to)dx = /oo /wfa(x—l-to)dG(a)dx

—/ / a(x+10)dxdG(a).
Since Fy, is NWUE-ty then

/ / Fo(x+10)dxdG(av) / / Fo(to)Fa(x)dxdG(ct). 2.2)

Upon using Chebyschev inequality for similarity ordered functions we get

/m/wF“(IO)Fa(x)dG(a)dx >
/{/FatodG /Foc \dG(a }dx.

Upon using (2.1), (2.2) and (2.3) the proof is completed. |

then

2.1

(2.3)

The following theorem is stated and proved to show that the HNBUE-t, class is preserved under
mixture.

Theorem 2.5. The HNBUE-1; class is preserved under mixture.
Proof. Suppose F(x) is the mixture of Fy, where each F, is HNBUE-t then,

/Ooof(x—i-to)dx = /Ooo /Omfa(x-l-to)dG(a)dx
= /Ow /0 mfa(x—kto)dxdG(a),

Since Fy, is HNBUE-t; then

/ / Fo(x+10)dxdG(a / / e /M 4 (x)dxdG(a)
_ o ho/k /O /0 Fo()dG(0)dx

:efto/“/ F(x)dx.
0
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The following theorem is presented to show that HNWUE-tq class is preserved under mixture.

Theorem 2.6. The HNWUE-1; class is preserved under mixture.

Proof. The proof is obtained by reversing the inequality in the last proof. U

The following example illustrates that the NBUE-ty and HNBUE-t; classes is not preserved
under mixing.

Example 2.3. Let F; = e % and F, = ¢ ¥ Let F = %fl + %fz. It follows that both F; and F»
are NBUE-tq and HNBUE-t; but F is neither NBUE-ty nor HNBUE-t,.

2.1. Homogeneous Poisson Shock Model

Suppose that a device is subjected to sequence shocks occurring randomly in the time according to
a Poisson process with constant intensity A. Suppose further that the device has probability p, of

surviving the first k shocks, where 1 = p, > p; > ---. Then the survival function of the device is
given by

- o (At g

H(t) = ];)pk e (2.4)

This shock model has been studied by Esary (1969) for IFR, IFRA, DMRL, NBU, and NBUE classes.
Klefsjo (1981) for HNBUE and Mahmoud et al. (2009) for NBURFR-ty.

Definition 2.1. A discrete distribution pg, k =0, 1,...,00 or its survival probabilities p;, k =
0,1,..., is said to have discrete new better (worse) than used expectation at specified time 7
(NBUE-ty) (NWUE-ty) if

Y P, <P, Yp. j=0.1,.... (2.5)
r=0 r=0

Definition 2.2. A discrete distribution pg, k =0, 1,...,00 or its survival probabilities p;, k =
0, 1,...,00 is said to have discrete harmonic new better (worse)than used expectation at specific
age to (HNBUE-ty) (HNWUE-ty) if

Y P < -=)YY P, j=01,.... (2.6)

Now, let us introduce the following theorems.

Theorem 2.7. If py is discrete NBUE-ty, then H(t) given by (2.4) is NBUE-tq.
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Proof. It must be shown that

/H(x—l—to l‘()/ H
0

Upon using (2.4), we get

t
/ H)C-l—to dX—/ Zpk 0+x —A(x+o) gy

7Ll‘()

““Z Z

/W(lx)’eflxdx.
0

Integrating by parts yields
e—/lto oo oo (lt())(k_r)

Pk
A r=0k=r (k—}")'
e = = ()
A= J!

oM 2= (Agg))

The proof for the NWUE-t; class is obtained by reversing the inequality.

Theorem 2.8. If py is discrete HNBUE-ty, then H(t) given by (2.4) is HNBUE-ty,.

Proof. Upon using (2.4), we have

u= [ Hd =

where m is the mean of the discrete distribution py.
It must be shown that

/ H(x-l—to)dxge*to/“”/ H (x)dx
0 0

Upon using (2.4), we get

/Hx—l—to)dx—/ ZpkMe A(x+o) gy

]
0 =0 k!

‘“’Z Z

ll‘o

/m (Ax) e M dx.

0
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Integrating by parts yields

77Lt0 0 o lto (k—r)

:;Lzzk

r=0k=r
*llo o oo Ato

L L P

r=0j=0
e—lfo N N
A

N

The proof for the HNWUE-t; class is obtained by reversing the inequality.

3. Testing in the NBUE-t,

Our goal in this section is to propose a test statistic for testing exponentiality against NBUE-t; class

of life distributions. The following is the measure of departure from Hj
Ay = uF (1) — /OW Fx+t0)dx,

it is clear that

/Omf(erfo)dx = U —1o,
then

Ay = UF(to) — L +1o.
One can notice that the value of /A under Hy equals §, where
C=F(ty)+to—1.

Consider 6; = /A — £, 8, can be written in the following form

8 =[F(to) — 1JE[X —1].

Note that under Hy : §; = 0, while under H; : 6; > 0.
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To estimate 0y, let X1, X5, ..., X, be a random sample from F, so the empirical form of §; in
(3.4)is

5 — [f(folz —1]

-

I
—

X —1], (3.5)

To find the limiting distribution of 31,, we resort to the U-statistic theory. Let
¢(X) = [F(t0) — 1][X — 1],

and define the symmetric kernel

where the sum is over all arrangements of Xj, this leads that 31,, in (3.5) is equivalent to U-statistic
given by

The next results summarizes the asymptotic normality of Sln.
Theorem 3.1.

(i) Asn— o0, \/n (31,, — 8y) is asymptotically normal with mean 0 and variance is
o> =Var{[F(ty) — 1](X — 1)}. (3.6)
(i1) Under Hy, the variance is reduced to
o= (e —1)% (3.7)

The proof is emitted because it is clear.

4. Testing in the HNBUE-t,

The main aim of this section is to propose a test statistic for testing Hy: F is exponential versus H;:
F belongs to HNBUE-t, class and not exponential. We propose the following measure of departure

Ny =pe ™ — /wa(x-i-to)dx, 4.1
it is clear that
/wa(x—l-to)dx: U —to, 4.2
then
Dy = pe™ —p+ 1. (4.3)

One can notice that the value of A\, under Hy equals &, where
5 =e +1t—1.
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Consider 6, = A\, — &, & can be written in the following form

& =le " —1EX —1]. (4.4)
Based on a random sample X;, X5, X3, ..., X, from a distribution F' an unbiased estimate of &,
is given by
A el —1
O = [n—] Y xi—1]. (4.5)

To find the limiting distribution of 32,,. Set
d(X)=[e " —1]X—1].
Thus, the variance is
c? = Var[p(X)].
Under Hy, we get
of = (e —1)% (4.6)
According to U-statistic theory (cf. Lee, 1990), Theorem 4.1 is immediate.
Theorem 4.1.
(i) Asn— oo, /16— &) ~ N(0,062), where
6% =Var([e ™™ —1][X —1])

(i1) Under Hy the variance is reduced to Gg in (4.6).

5. The Pitman Asymptotic Efficiency (PAE)

To asses how good this procedures are relative to others in the literature we evaluate its Pittman
asymptotic efficiency (PAE) for two alternatives in our classes NBUE-ty and HNBUE-t, these are:

1. Linear failure rate family (LFR): Fg(x) = exp(—x — %xz), x>0,06=>0.
2. Makeham family: Fg = exp(—x+0(x+e*—1)),x >0, 6 > 0.

The PAE is defined by

1
0p

do

PAE(8) = —| %2

9—)90
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In the above cases, we can prove that,

~ 1 | _ ®__ ®_
PAE(S),F) = — F’e(to)+F9(zo)/ F/@(x)dx—/ Fy(x)dx|,
0 0 fo
PAE(8,,F) = — e_m/ F’e(x)dx—/ F,
00 0 1o

2 1
PAE(01,LFR) = — |te™"|
0

A 1
PAE (61,Makeham) = p.
0

1
Ee_t"(l —e™ )

9

t2
— e (5 +10)|,

PAE(8,,LFR) =
(0, LFR) o 2

and

PAE (8, Makeham) = —
0

5€7t0 (2t0 +€7t0 — 1)‘ .

We notice that 1y = 0.1 is the value that maximizes the above values.

We compare the above PAE’s at #p = 0.1 with that of Hollander and Proschan (1975) and Ahmad
et al. (1999), and the results are shown in Table 1.

Table 1 shows that our tests outperforms the others tests for the two alternatives.

6. Monte Carlo Null Distribution Critical Points

Many practitioners, such as applied statisticians, and reliability analysts are interested in simulated
percentiles. Table 2 gives these percentile points of the statistics 81, and &y, given in (3.5) and (4.5)
at o = 0.1 and the calculations are based on 1000 simulated samples of sizes n = 2(1)50.

6.1. The Power Estimates

Tables 3 and 4 show the power estimate of the test statistic Sln and 32,, given in (3.5) and (4.5)
respectively at the significant level 0.05 using LFR and Makeham distributions. The estimates are
based on 1000 simulated samples for sizes n = 10, 20 and 30.

From Tables 3 and 4 we can show that our tests have perfect power.

7. Numerical Examples

Example 7.1. The following data represent 39 liver cancers patients taken from Elminia cancer
center Ministry of Health — Egypt, which entered in (1999). The ordered life times (in years) are:

0.027 | 0.038 | 0.038 | 0.038 | 0.038 | 0.038 | 0.041 | 0.047 | 0.049 | 0.055
0.055 | 0.055 | 0.055 | 0.055 | 0.063 | 0.063 | 0.066 | 0.071 | 0.082 | 0.082
0.085 | 0.110 | 0.314 | 0.140 | 0.143 | 0.164 | 0.167 | 0.184 | 0.195 | 0.203
0.206 | 0.238 | 0.263 | 0.288 | 0.293 | 0.293 | 0.293 | 0.318 | 0.411

It was found that

° 31,, = 0.509 and this value greater than the tabulated critical value in Table 1. Then we
accept H; which states that the data has NBUE-t; property.
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° 32” = 0.098 which is greater than the tabulated critical value in Table 1. Then we accept H;
which states that the data set has HNBUE-ty property.

Example 7.2. Consider the well-known Darwin data (Fisher, 1966) that represent the differences
in heights between cross- and self-fertilized plants of the same pair grown together in one pot

4.9

—6.7

0.8

1.6

23|28

4.1

14 |

2.9

0.6

5.6

24

75| 6.0

—48

It was found that

° 31,, = 0.9 which is greater than the tabulated critical value in Table 1. Then we conclude
that this data set has NBUE-ty property.

° 82,, = —465.079 and this value less than the tabulated critical value in Table 1. There is
enough evidence to accept Hy which states that the data set has exponential property.

8. Appendix

Table 1. The PAE’s for LFR and Makeham families

Test LFR Makeham
Hollander-Proschan 0.8660 0.2886
Ahmad et al. 0.7490 0.2800
o 0.951 0.4524
& 0.998 0.4984
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Table 2. Critical values of statistic Sln and 32,1 atfg =0.1

n 0.01 0.05 0.10 0.90 0.95 0.99
2  -0214 -0.137 —-0.088 0.071 0.080 0.090
3 -0.178 -0.103 —-0.075 0.061 0.070 0.084
4 —-0.144 —-0.087 —0.065 0.053 0.062 0.076
5 —0.126 -0.079 —-0.060 0.048 0.057 0.069
6 —0.115 -0.074 —0.051 0.045 0.054 0.068
7 —=0.102 —-0.065 —0.047 0.043 0.051 0.066
8 —0.089 —0.060 —0.046 0.041 0.048 0.060
9 —-0.08 —0.053 —0.042 0.038 0.045 0.057
10 —-0.080 —0.053 —0.039 0.037 0.044 0.054
11 -0.084 —0.053 —0.037 0.036 0.043 0.052
12 -0.079 -0.046 —0.035 0.036 0.042 0.054
13 —-0.075 —-0.044 —0.033 0.034 0.041 0.053
14 —-0.072 —-0.046 —0.033 0.032 0.039 0.049
15 —-0.063 —0.044 —0.031 0.030 0.036 0.049
16 —-0.065 —0.042 —0.033 0.031 0.037 0.048
17  —-0.063 —0.041 —0.030 0.029 0.036 0.047
18 —0.060 —0.039 —0.028 0.030 0.036 0.047
19 —-0.061 —-0.038 —0.029 0.028 0.034 0.044
20 —-0.056 —-0.037 —-0.026 0.029 0.035 0.045
21  -0.059 —-0.036 —0.027 0.027 0.032 0.041
22 —0.054 —-0.034 —0.025 0.027 0.034 0.043
23 —0.054 —-0.034 —-0.025 0.025 0.032 0.043
24 —-0.054 —-0.033 —-0.025 0.026 0.032 0.041
25 —-0.050 —-0.036 —0.026 0.026 0.031 0.041
26 —0.050 —0.031 —-0.024 0.024 0.029 0.039
27 —-0.050 —-0.032 —0.025 0.024 0.030 0.040
28 —0.049 —-0.030 —-0.024 0.023 0.028 0.038
29 —-0.047 —-0.031 —-0.024 0.024 0.030 0.039
30 —-0.044 —-0.033 —-0.021 0.021 0.027 0.037
32 -0.042 -0.028 —-0.022 0.022 0.027 0.037
33 —-0.043 —-0.029 -0.022 0.021 0.027 0.035
34 —-0.042 —-0.028 —-0.022 0.021 0.027 0.036
35 —-0.042 —-0.029 —-0.022 0.021 0.026 0.033
36 —-0.041 -0.027 -0.020 0.021 0.026 0.033
37 -0.042 —-0.027 -0.020 0.020 0.025 0.033
38 —0.040 —-0.027 —-0.020 0.020 0.026 0.035
39 —-0.040 -0.026 —0.019 0.020 0.025 0.031
40 -0.041 -0.027 —-0.020 0.019 0.024 0.033
41 -0.038 —-0.026 —0.020 0.019 0.023 0.031
42 -0.037 -0.026 -—-0.019 0.018 0.023 0.033
43 -0.039 -0.025 —-0.019 0.019 0.023 0.032
44 —-0.041 -0.025 —-0.018 0.018 0.023 0.032
45 -0.037 -0.026 —-0.019 0.019 0.024 0.030
46 —-0.037 -0.026 —0.017 0.019 0.023 0.030
47 -0.038 -0.026 —-0.019 0.018 0.023 0.030
48 —-0.039 -0.024 —-0.019 0.018 0.022 0.029
49 -0.037 -0.024 —-0.018 0.018 0.023 0.029
50 -0.035 —-0.023 —-0.018 0.017 0.022 0.029
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Table 3. Power estimates using o = 0.05 atzy = 0.1

n|6=1|6=2|6=3]|6=4
10 | 1.000 | 1.000 | 1.000 | 1.000
LFR 20 | 1.000 | 1.000 | 1.000 | 1.000
30 | 1.000 | 1.000 | 1.000 | 1.000
10 | 1.000 | 1.000 | 1.000 | 1.000
Makeham | 20 | 1.000 | 1.000 | 1.000 | 1.000
30 | 1.000 | 1.000 | 1.000 | 1.000

Table 4. Power estimates using o = 0.05 atzy = 0.1

n |0=1|0=2|0=3)|0=4
10 | 1.000 | 1.000 | 1.000 | 1.000
LFR 20 | 1.000 | 1.000 | 1.000 | 1.000
30 | 1.000 | 1.000 | 1.000 | 1.000
10 | 1.000 | 1.000 | 1.000 | 1.000
Makeham | 20 | 1.000 | 1.000 | 1.000 | 1.000
30 | 1.000 | 1.000 | 1.000 | 1.000

References

[1]
(2]
(3]
[4]
(5]
[6]
(7]
(8]
[9]
(10]
(11]
[12]
[13]

[14]

Ahmad, I.A. (1975). A nonparametric test for the monotonicity of a failure rate function. Comm. Statist.,
4,967-974.

Ahmad, I.A. (1994). A class of statistics of aging families of distributions with hypotheses testing
applications. J. Statist. Plan. Inf., 4, 141-149.

Ahmad, I.A. (1995). Nonparametric testing of classes of life distributions derived from a convex order-
ing. Parisankhyan Samikha, 2, 13—18.

Ahmad, L.A. (1998). Testing whether a survival distribution is new better than used of an unknown
specified age. Biometrka, 85, 451-456.

Ahmad, I.A., Hendi, M., and Al-Nachawati (1999). Testing new better than used classes of life distri-
bution derived from a convex ordering using kernel methods. J. Nonparam. Statistics, 11, 393—411.
Barlow, R.E. and proschan, F. (1981). Statistical Theory of Reliability and Life Testing Probability
Models. To begin with, Silver Spring, MD.

Basu, S.K. and Ebrahimi, N. (1985). Testing whether survival functions is harmonic new better than
used in expectation. Ann. Instit. Statist. Math., 37, 347-359.

Borges W.D., Proschan, F. and Rodgrigues, J. (1984). A simple test for new better than used in expec-
tation. Comm. Statist. A-Theory Methods, 13, 1216-1235.

Cao, J.H. and Wang, Y.D. (1991). The NBUC and NWUC classes of life distributions. J. Appl. Probab.,
28, 472-479.

Deshpande, J.V. (1983). A class of tests for exponentiality against failure rate average. Biometrica, 70
(20), 514-518.

Deshpande, J.V., Kochar, S.C. and Singh, H. (1986). Aspects of positive aging. J. Appl. Probab., 288,
773-779.

Diab L.S., Kayid, M. and Mahmoud, M.A.W. (2009). Moments inequalities for NBUL distributions
with hypotheses testing applications. Contem. Engin. Sci., 2 (7), 319-332.

Diab, L.S. (2010). Testing for NBUL using goodness of fit approach with application. Stat. Papers, 51,
27-40.

Ebrahimi, N. and Habbibullah, M., (1990). Testing whether the survival distribution is new better than
used of specified age. Biometrika, 77, 212-215.

Published by Atlantis Press
Copyright: the authors
118



M.A.W. Mahmoud et al.

Elbatal, 1., (2007). Some aging classes of life distributions at specific age. Int. Math. Forum, 2 (29),
1445-1456.

Esary, J.D., Marshal., A. W. and Proschan, F., (1969). Shock models and wear process. Ann. Prob., 1,
627-649.

Fisher, R.A. (1966). The Design of Experiments, Eight edition, Oliver & Boyd, Edinburgh.

Hendi, M.I, Al-Nachawati, H. and Montasser, M. and Al-Wasel, L.A. (1998). An exact for HNBUE
class of life distributions. J. Satist. Comp. And simulation, 60, 261-275.

Hollander, R.M., Park, D.H. and Proschan, E. (1986). A class of life distributions for aging. J. Amer.
Statis. Assoc., 81, 91-95.

Hollander, R.M. and Proschan, F. (1972). Testing whether new is better than used. Ann. Math. Statist.,
43, 1136-1146.

Hollander, R.M. and Proschan, F. (1975). Tests for mean residual life. Biometrika, 62, 585-592.
Klefsjo, B., (1981). HNBUE survival under some shock models. Scand. J. Statis., 8, 39-47.

Klefsjo, B., (1982). The HNBUE and HNWUE classes of life distribution. Naval Res. Logistic, 29,
331-344.

Klefsjo, B. (1983). A useful aging property based on the Laplace transform. J. Appl. Probab., 20, 615—
626

Koul, H.L. (1977). A new test for new is better than used. Commun. Statist. Theor. Meth., 6, 563-573.
Koul, H.L. and Susarla, V. (1980). Testing for new better than used in expectation with incomplete data.
J. Amer. Statist. Assoc.,75,952-956.

Kumazawa, Y. (1983). A class of tests statistics for testing whether new is better than used. Comm.
Statist. Theor. Meth., 12, 311-321.

Lee, A.J. (1990). U-statistics. Marcel-Dekker, New York.

Mahmoud, M.A.W. EL-Arishy S.M. and Diab L.S. (2003). Moment inequalities for testing new renewal
better than used and renewal new better than used classes. Int. J. Rel. Appl., 4, 97-123.

Mahmoud, M.A.W. EL-Arishy S.M. and Diab L.S. (2005). Testing renewal new better than used life
distributions based on u-test. Appl. Math. Model., 29, 784-796.

Mahmoud, M.A.W. and Diab L.S. (2007). On testing exponentiality against HNRBUE based on a good-
ness of fit. Int. J. Rel. Appl., 8 (1), 27-93.

Mahmoud, M.A.W., Abdul Alim, N.A. and Diab, L.S., (2009). On the new better than used renewal
failure rate at specified time. Eqc., 24, 87-99.

Parameshwar V. Pandit and M.P. Anuradha, (2007). On testing exponentiality against new better than
used of specified age. Statistical Methodology, 4, 13-21.

Rolski, T. (1975). Mean residual life. Bulletin of the International Statistical Institute, 4, 266-270.

Published by Atlantis Press
Copyright: the authors
119




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /EuropeanPi-Four
    /EuropeanPi-One
    /EuropeanPi-Three
    /EuropeanPi-Two
    /HelveticaLTStd-Bold
    /HelveticaLTStd-BoldObl
    /HelveticaLTStd-Fractions
    /HelveticaLTStd-FractionsBd
    /HelveticaLTStd-Light
    /HelveticaLTStd-LightObl
    /HelveticaLTStd-Obl
    /HelveticaLTStd-Roman
    /LucidaStd
    /LucidaStd-Bold
    /LucidaStd-BoldItalic
    /LucidaStd-Italic
    /PalatinoLTStd-Black
    /PalatinoLTStd-Bold
    /PalatinoLTStd-Italic
    /PalatinoLTStd-Roman
    /TimesLTStd-Bold
    /TimesLTStd-BoldItalic
    /TimesLTStd-ExtraBold
    /TimesLTStd-Italic
    /TimesLTStd-Roman
    /TimesLTStd-Semibold
    /TimesLTStd-SemiboldItalic
    /TimesTenLTStd-Bold
    /TimesTenLTStd-BoldItalic
    /TimesTenLTStd-Italic
    /TimesTenLTStd-Roman
    /Universal-GreekwithMathPi
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
    /FRA <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [623.622 841.890]
>> setpagedevice




