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Summary

In a recent paper by A. P. Basu and N. Ebrahimi (1984, Ann. Inst.
Statist. Math., A, 36, 87-100) a new class of life distributions called
k-HNBUE (with dual .--HNWUE) is introduced. Closure properties and
bounds on the moments and on the survival function to a k-HNBUE
(k.-HNWUE) life distribution are presented. However, some of the re-
sults presented are incorrect.

1. Introduction

In a recent paper Basu and Ebrahimi [1] present a new class of
life distributions called k-HNBUE (HNBUE=harmonic new better than
used im expectation). This class consists of those life distributions F'

with survival function F=1—F and finite mean p for which

(1) —l—t—l——§#k for =20,
T So ert(x)dx

where

ep(x) = {S: F (s)ds} / F(z) if F()>0

0 if F(x)=0

denotes the mean residual life at age . If the reversed inequality in

(1) holds F is said to be k-HNWUE. When k=1 we get the HNBUE
(HNWUE) class introduced by Rolski [6] and further studied by Klefsjo
[2]-[4].
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In their paper Basu and Ebrahimi [1] discuss closure properties and
present bounds on the moments and on the survival function of a k-
HNBUE (k-HNWUE) life distribution. However, the bounds presented

are based on the incorrect facts that Sm F(z)dx <y exp (—t/p¥), t20, for

a k-HNBUE life distribution and #* g‘” F@)dozpF (), 120, for a k-

HNWUE life distribution. Detailed comments on the paper by Basu
and Ebrahimi can be found in Klefsjo [5].

The aim of this note is to present a new upper bound on a k-
HNBUE survival function.

2. Bounds on a k-HNBUE survival function

We have not succeeded to get sharp upper bounds on the moments
and on the survival function of a k-HNWUE life distribution. How-
ever, it should be mentioned that the only lower bound we can get on

the survival function is the trivial one that F(t)=0. This is easily
seen by studying F(t)=e exp (—et/g), t=0, which is k-HNWUE.
We now turn to the situation when F' is k-HNBUE.

THEOREM 2.1. If F is survival function of a k-HNBUE life dis-
tribution, k>1, then

o k 1/¢k—1)
2 S F(ayd s<_i_ for ¢20.
(2)  Payins () or £20

PrOOF. Set

F*(x):Sm F(s)ds  for 20.

Then

¢ (F(a)* ¢ (FO)* F() , (¢ F(x)
(3) So (F*x))" d””égo (F*@))" d””—go Ty

here the second step follows from the fact that if F' is .-HNBUE then

F(0)=1 (see Remark 1 below). The integral on the right hand side is
equal to

1 1-k__ 1-k

Since the k-HNBUE property means that
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St deg_t_ for t=0
@y e

the inequality follows.

Remark 1. If F is k-HNBUE then F(0)=1. This can be seen in
the following way: Suppose that F(0)=a<1 and choose ¢, so that

r F(x)dz > pa (this is possible since Sw F(x)dx=p). Then {F’(x) / Sm F‘(s)ds}
tU 0 x
<afap=1/p for x<t. This means that S:O ez (x)dx <t,/p* which contra-
dicts the definition in (1).

By using this theorem we can present an upper bound on a k-
HNBUE survival function.

THEOREM 2.2. If F is survival function of a k-HNBUE life dis-
tribution, k>1, then
1 for t<p
(4) F@)s (e

k/(k=1) f tZ
PR i — or .
y+(k—1)t> =H

Proor. By using (2) and the fact that Stﬁ'(aa)dac§sm F(x)dx for
s<t we get that

< inf " )1/(k—1) 1 }
( )_01<Ia1<t {(;1—%—(]6—1)8 t—s)

Then the result follows by straightforward calculations.

Remark 2. If k—1 in the bound (4) above we get the upper bound
on a HNBUE survival function presented in Klefsjo [4],

1 for t<p
F)=<
®= exp (1—-t—> for t=p .
#

Remark 3. It is also possible to get a lower bound on the sur-
vival function by using Theorem 2.1. We get

Ft)zsup L=t= g+ e—1)g)"*>
- t pd3 s—‘t

By calculating the expression at the right hand side we get a rather
complicated bound of a form similar to that in Klefsjo [4] in the
HNBUE case.
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