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1. INTRODUCTION

Stochastic models are usually sufficiently complex in
various fields of statistics, particularly in reliability
theory. Obtaining bounds and approximations of their
characteristics is of practical importance. That is, the
approximation of a stochastic model either by a
simpler model or by a model with simple constituent
components might lead to convenient bounds and
approximations for some particular and desired
characteristics of the model.

The study of changes in the properties of a model is
also of great interest. Accordingly, since the stochastic
components of models involve random variables, the
topic of stochastic orders among random variables play
an important role in these areas. (see, Muller and
Stoyan [1996] and Shaked and Shanthikumar [2007]
for an exhaustive monograph on this topic).

Two such well-known stochastic orders are the Total
Time on Test transform order and Excess Wealth
order, also known in literature as right spread order,
and the Total Time on Test transform order whose
definitions are recalled here. Throughout this paper, X
and Y are two random variables having life
distributions F and G, respectively, and denote by
F =1 — Fand G = 1— G, their respective survival
functions and by F71(-)and G7I(-) their
corresponding right continuous inverses. Moreover, we
will use the term increasing in place of non-
decreasing, and decreasing in place of non-increasing.

The rest of the paper is organized as follows. In section
2, we present some preliminaries of some ageing
classes of life distributions. In section 3, we present
the transformation properties of the ageing classes
under Excess Wealth Transformation. Finally,
conclusion is given in section 4.

2. DEFINITIONS AND SOME RELATED
CONCEPTS

In reliability theory, aging is usually characterized by a
nonnegative random variable X = 0 with cumulative
distribution  function F(-) and survival
function F () =1 —F(-). For any random
variable X, let
X, =[X—-t]|X>t], te {x:F(x) < 1}
Denote a random variable whose distribution is
the same as the conditional distribution of X - t given
that X > t, when X is the lifetime of a device, X, can
be regarded as the residual lifetime of the device at
time t, given that the device has survived up to time t.
Its survival function is
F(t+x)

N F(t)
where F (x) is the survival function of X.

F.(x) = F(@®)> 0,

Definition 2.1 The failure rate r(-) of a random
variable T with distribution function F(-) is usually
defined by

1
=1i — <
r(t) lAl_r)I’(l) AP(t<T_t+A/T>t)

- f©

where F(t) < 1, forall t = 0 and f(-) denotes its
density function.

Definition 2.2 A life distribution F(-) and its survival
function F(-) = 1 — F(-) with support

S= {t: F(t)> 0} and finite mean
J, F(t) dt is said to have
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= Increasing Failure Rate of order two (IFR(2)), if

F(t) fxf(u + s)du

Zf(s)foxf(u+t)du x=>0,t>s

= New Better than Used of order three (NBU (3) ),
if

fooof:F(x+ t) dt du

<FQ [ [[F® dt du tu >0
= New Better than Used Convex (NBUC), if

fymf (x+1t) dt
<F (x) fy°° F (t)dt, for all x,y=> 0

= New Better than Used in the increasing convex
average (NBUCA), if

Jo [UFu+t) du dx <

< F(t) fooo fxw Fw) du t=0.
= New Better than its Equilibrium Life in Convex
order (NBELC) if

LU F@ dudy< [[F) dy  xy =0,
= Renewal New is Better than Renewal Used
(RNBRU) if

U fxoit F(uw) du

< fxoo F(w) du f:o Fwdu =xt = 0.

= New Better than Used Mean Residual Life
(NBUMRL) if

f:o F (x) dx

G for t > 0.

S Hu

= New Better than Average Mean Residual Life

(NBAMRL) if
_1 (t f:o F (x) dx
t™ J, =5 dxsp for 20
= Decreasing Harmonic Mean Residual Life
(DHMRL) if

t7t fot [#(x)]™! dx isdecreasingin t

= Decreasing Mean Residual Life Average
(DMRLA) if

t
tt f u(x) dx isdecreasing in t
0

= Harmonic New Better than Used in Expectation of
order three (HNBUE(3) if

fuoo f:o F (x) dxdt < p?exp (_%)
for u,t = 0.

= Harmonic New Better than Used in Expectation of
order two (HNBUE(2) if

fou ftoo F (x) dx dt < p? (1—exp(—%))
for u,t=0.

= Harmonic New Better than Used in Convex

(HNBUC) if
ftoof(x +t)dxdt < F(t) ftoof(x) dx t=>0

= New Better than Average Renewal Failure Rate
(NBARFR) if

fooo F () du <exp(-r(0)x) forx> 0.

where 7(0) non-zero initial failure rate and p denotes
the finite mean.

= Generalized New Better than Average Renewal
Failure Rate (GNBARFR) if

fooo ftoof(u) du dt < -t t>0

7(0)

where r(0) non-zero initial failure rate and p is finite
mean.

= New Better than Used Average Renewal Failure
Rate in order Three (NBUARFR (3)), if

fxoo fuoo F(u) du dx < %exp(_r(o) x)

x,u =0

where (0) non-zero initial failure rate and u is finite
mean.

=  New Better than Used Renewal Failure Rate
(NBURFR)

F ()
7(0)

fymf(u)du < for y=>0

" Expectation Better than Used in Convex order
two (EBUC (2) ) if

2009



International Journal of Research in Advent Technology, Vol.6, No.8, August 2018
E-ISSN: 2321-9637
Available online at www.ijrat.org

. Flx+1) dt
< exp(—x/u) fuoo F(t) dt for t,u > 0.
= Expectation Better than Used Aged order two
(EBUA (2)) if
Jo [ Fx + ¢) dx dt
< w? (1- exp(—u/w)) t,u =0

= Used Better than Aged in Convex Tail
ordering (UBACT) if

fxw quF(u + t) du dz

< y2F(®) exp(-yx) t,z=>0
where y is asymptotic decay of X.

= Used Better than Aged Expectation (UBAE) if
f F(u) du < pu exp(—x/p) for all x >0
X

= Exponential Better than Used in Convex Average
(EBUCA), if

fooo f;t F(u) du dx

<u F@® fooo exp(—x/p) dx x,t >0

= Harmonic Used Better than aged in Expectation in
upper Tail (HUBAEUT)

fxw f:o F(w) dudt > %exp(—yx) ,
forall x,t = 0, where y is asymptotic decay of X.

= Harmonic New Better than Renewal Used

Expectation (HNBRUE), If
2 [ [ Fdudy < ey exp(=x/u)
for all x,y>0.
= Renewal Used Better than Expectation (RNBUE)
if

2 uf Fwdu < He2) F(x) x>0
X

where u is the meanand p,) is second moment, both
assumed to be finite.
Renewal Used

= Renewal New Better than

Expectation (RNBRUE) if

2u fooo f:’ F (w)dw du
< ue fxoof(u) du for xu=>0

where p is the mean and g,y is second moment, both
assumed to be finite.

= New Better than Equilibrium
(NBEE), if

in Expectation

JUICF@) dude < p? for t20

= Harmonic New Better than Renewal Used

Expectation in Starshaped (HNBRUES), If

yfmf(u) du+fwa:of(s)ds du

y
< u(y+1exp(=y/w for u,y =0.
= Decreasing Variance Residual Life (DVRL)

if
F (b jtw jyoof(x)dx dy

foe) 2
< (f F (u) du ) fort,y =0
t
= New Better than Used At Specific Interval

(NBUASI), if

f;+y F (t+u) du
< F(b) f;” F (u)du, for x,y>0

3. EXCESSS WEALTH TRANSFORM

We transform the properties of aging classes of
stochastic life time models into the corresponding
properties of the Excess Wealth Transform. The
Excess Wealth Transform is useful for identification of
failure distribution models. Let F(-) be a life
distribution with finite mean :

The Excess Wealth Transform Hz1 of F(-) is defined
by
H:t (p) = J F (s) ds
F™1 (p)

for 0<p < 1,

F(x) €t }. Since the
given by

u= Hzt (0) = f F (s) ds
F~1(0)

where F~1(¢) = inf { x :
mean is
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the transform,

HE' (p)
HE (0)

Yr(p) =

[ee)

fF_l(p) F (s) ds

(3.1)
is scale invariant and is called scaled Excess Wealth
Transform

In this section, we transform the properties of the
aging classes. Namely, IFR(2), NBU(3), NBEE,
RNBRU, HNBUC, NBELC, NBUCA, NBARFR,
NBURFR, NBUMRL, HNBUE(3), DVRL,
DHMRLA, NBUHMRL, HNBUES, HNBUE(2),
GNBARFR, NBARFR(3), EBUCA(2), EBUA(2),
UBACT, EBU(2), UBAE, EBUCA,
HUBAEUT,HNBRUE, RNBRUE, NBUC, into the
corresponding  properties  of Excess Wealth
Transform.

Remark : From equation (3.1), when p = 0, then
Yr (0) =1 andwhenp =1, then Y(1) =0

Theorem 3.1 A life distribution F is IFR (2) if and
only if

[oe]

1

> (1-p) {zpp w)
1 [ee]

u L—l(q)w—l(w)

F(s)ds }

F(u) du}

for 0<p,qw<1.

Proof: Suppose that F is IFR (2). Then,
F(t)fxﬁ(u+s)du2 F(s)jxﬁ(u+t)du
for x,t =0
ol [ Fawdu - [Fa
(t){fo () du fo (;)t u}
> F(s) {f F(u) du
¢ 0
—f F(u) du}
0

Fo) {fooﬁ(u) du -fm Fw) du}

xX+s

ZF(S){LwF(u)du —f:tﬁ(u)du}

Let F(s) =p,F(x) =qand F(t) =w, where 0 <
p,q,w < 1. Then

[ee]

(1—w) {zpF(p) -2 Fs)ds }

“1(+F1(q)
2(1-p) {wF (w)
1 (o]

f F(u)du}
UJp=1(q)+F~1(w)

This completes the proof of the theorem. |

Theorem 3.2 A life distribution F is NBU (3) if and
only if

' 1= Y@
- — d d
fo {wp(p) _ fF o FO S}(l—q) a

(=9 (@)yr' (@
<a-p [ SHEEEEC

where 0 <p,q < 1.

Proof. Suppose that F is NBU (3) . Then

(oo} u
f f F(x+t) dt du
0 0

[ee] u
SF(x).f fﬁ(t)dtdu ut=>0
0 0

fow{f:wf(s) ds} du < F(x)fomfouﬁ(t) dt du
jm{fwﬁ(s)ds_jm F(S)dS} du
< F( x)fow{u - fuwf(t)dt }du

Let F(x) =p,and F(u) = q,
d
du = —q . Then

fIF1(q)]

1 1 [e] _ ¢F,(q)
- = d d
| {wp(p) 3l o FO S}(l—q) q

YA =@y (@)
(- p)J; (1-9)

dq

This completes the proof of the theorem. ]
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Theorem 3.3 A life distribution F is NBEE

only if
) dp = —1,

Proof. Suppose that F is NBEE. Then

if and

j 1(%(1)) Yr (p)
0 1-p)

for 0<p<1.

f f F(x)dxdt <p?> forall t>0
0o Jt
Let F(t) = p,where0 <p < 1.

dp
fIF1()]’

1 [} _ dp 5
J; J;-l ® Fe0 dx fIF(p)] =H

Then dt = and

1 dp
fo wYr (p) FIF )] < pA

wr ()

, We obtain on
(1-p)

since [}”[F‘l(p)]]_1 = —
simplification that

L r(p) ¥f (p)
fo ( (1-p) )dp =t

This completes the proof of the theorem. ]

Theorem 3.4 A life distribution F is RNBRU if and
only if

[oe]

{ifrl(pw—l(q)ﬁ (Wdu} < v @) ¥ @
for 0<p, g<1

Proof. Suppose that F is RNBRU. Then,
U f F(udu
x+t

Sf F(u)duf F)du, for x,t=>0.

x t

On dividing by u which is positive and finite, and

let F(x) =p,F(t) =q,where 0 <p,q < 1, we have
1 [oe]

- Fuwdu! <
{# f o PO u}<w @ ¥r @

This completes the proof of the theorem. ]

Theorem 3.5 A life distribution F is HNBUC if and
only if

{ifzoop—l(p)ﬁ (x) dx} < (1 - p) l,bp' (p)
for 0<p<1.

Proof. Suppose that F is HNBUC. Then,

J F(x+1t)dx SF(t)f F(x)dx, for all t > 0.
t t

{fwﬁ(x)dx}SF(t){fooF(x)dx}
2t t

Let F(t) =p, where0 < p < 1. Then

17 =
Gl Fwafsa-mwo

This completes the proof of the theorem. [ ]

Theorem 3.6 A life distribution F is NBELC if and
only if

Yr () Vi () _
(1-p) )dp = Yr(@)

1
Ji
for 0<p,qg<1.

Proof. Suppose that F is NBELC. Then
J- f F(u)dudygu.f F(y)dy for x,y >0
x y x

Let F(y) =pand F(x) =q,dy ==,
where 0 < p < 1. Then

dp

1
{1yr ()} FTF)]

F(x)

<u (u Ye(q))

u Yr ()

since [fIF(@)]]" = - (-p) ’

we obtain on simplification that

f( Yr (p) Y (p)
q

dp = —
This completes the proof of the theorem. [ |

Theorem 3.7 A life distribution F is NBUCA if and
only if

1 1 (F e+F @) _ or(p)
fo{l_ﬂ_[) F(u)du}(l_p) dp
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(PF(P)

> a-0 [ 0-pon

for 0<p,q<1
Proof. Suppose that F is NBUCA. Then,
f f F(u+t)dudx
0 x o oo
< F(t)j f F(u) du dx
0 X

for x,t=0

foo{fwﬁ(u)du} dx < F(t)fw{fmf(u)du} dx
o Wxse o Ux

Let F(x) =p and F(t) = q, then dx = dp

FIF~1(®)]
1 © _ dp
Fudui———
jo {-L‘l(p)w—l(q) W u}f[f_l(p)]

dp
< (1—Q)jo ur(p) FIF )]

R A)

, We obtain on
(1-p)

since [f[F1()]] " =

simplification that

o = Vr ()
F(wd } d
fo{fF—l(mw—l(q) YA 7

> (1-q) j Ve ) ‘I’F (;’))d

This completes the proof of the theorem. ]

Theorem 3.8 A life distribution F is NBARFR if and
only if

Yr(p) < exp (—7(0) F(p))

for 0 < p < 1, where r(0) is the non-zero initial
failure rate and p denotes the finite mean.

Proof. Suppose that F is NBARFR. Then

f f F(u)dudt <u exp(—r(0)-x),
0 X

forall t=0

Let F(x) = p,where 0 <p <1.Then

(Wr @) < exp(—7(0) F7(p))

This completes the proof of the theorem.

[
Theorem 3.9 A life distribution F is NBURFR if and

only if

Yr (p) <A —p)/u r(0)

for 0 < p < 1, where r(0) is non-zero initial failure
rateof F and u denotes the finite mean.

Proof. Suppose that F is NBURFR. Then

fm Fdu < F(y)/ r(0)
y

Let F(y) = p,where 0 <p < 1.Then
Yr (@) <A -p)/ur(0)
This completes the proof of the theorem. ]

Theorem 3.10 A life distribution F is NBUMRL if
and only if

Yr(p) <(1—=p) for0<p <1.

Proof. Suppose that F is NBUMRL. Then

“F (x) dx

ft_— <ufor t> 0

F (t)

Let F(t) = p,where 0 <p < 1.Then
Yr(p) <(1-p)

This completes the proof of the theorem. [ ]

Theorem 3.11 A life distribution F is HNBUE(3) if
and only if

e o

o a=p) = exp(—u/ p)

for 0 <p < 1, where u denotes the finite mean.

Proof. Suppose that F is HNBUE(3) . Then

f‘” f°° F(x)dx dt <

foru,t = 0.

#? exp(—u / @)

Let F(t) = p,where 0 <p < 1.Then

1 oo _ dp
L@ L—l(p) F &) dx =y
< wrexp(-u/p

1(p)]]_1 - _ 13 w;* (p)

, we have
(1-p)

Since [f[F~

! Yr (p) - Yr(p) dp > —

o a=p) = — exp(—u/p
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This completes the proof of the theorem. ]

The proofs of theorems 3.12 to 3.17 are on similar
lines as above and hence are omitted.

Theorem 3.12 A life distribution F is DVRL
only if

if and

Yr () YED)

Wr @)* < —f1
q (1-p)

(1-q9)
for 0<pq <1,

Proof. Suppose that F is DVRL . Then
F (t) J- f F (x) dx dy
t

o) 2
S(f f(u)du) fort,y =0
t

Let F(y)=p,F(t) =q, where 0 <p,q < 1,

— dp
= Figy - TN

1 [e3) _ dp
(=a -L(t) -L—l(p) F) dx fIF~1(p)]

o 2
< Fwd
([ Feom)

# Yr ()
a-p) ’

] =-

since [f[F~

we obtain on simplification that

Wr (q))? j ¢F ®) - YrP)
a-q -
This completes the proof of the theorem. ]

Theorem 3.13 A life distribution F is DHMRLA if
and only if

w is decreasingin t

Theorem 3.14 A life distribution F is DMRLA if
and only if

2t fF“) Yr (0) YD)

0 (1-p)? dp is increasing in t

Theorem 3.15 A life distribution F is NBUHMRL if
and only if

(e (F(O))™

Theorem 3.16 A life distribution F is NBUASI if and
only if

<exp(t/p) for 0 <t < oo

Yr (q)

>(u@a-p)" {L_l( - )f(S) ds
p)+ w1

— f F (s) ds }
F Y (@)+F~1(@)+F~1(wy)

1(” _
+—f F (u) du
K p=1(wy)+F~1(q)

for 0 <p,q,w;,w, <1.

Theorem 3.17 A life distribution F is HNBUES if
and only if

Ve (p) = (F1(p)t {# f M dq
14

1-9
+(1+F1(p)

- exp(—=F~'(p)/ 1)

for 0<p,q <1.
Theorem 3.18 A life distribution F is HNBUE(2) if
and only if

F(u) Wl
fo ¥r @) () dp = (exp(—u/w)—1)

1-p
for 0 < p < 1, where u denotes finite mean of F.
Proof. Suppose that F is HNBUE(2) . Then
I

< p* (11— exp(—u/p))for u,t >0

F (x) dx dt

Let F(t) = p,where 0 <p < 1.Then

F(u) o0 _ dp
s =
< pr(1-exp(-u/p)

_H Yr ()

since [f[F_l(p)]]_1 a-p’

we obtain on simplification that

f””) Yr (p) - Yr(p)
0 1-p)

This completes the proof of the theorem. [ |

dp = (exp(—u/p)—1)

Theorem 3.19 A life distribution F is GNBARFR if
and only if
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1/)F(P) 1
flp"()< p)) = T )

for 0 < p < 1, where r(0) is the non-zero initial
failure rate and u denotes the finite mean.

Proof. Suppose that F is GNBARFR. Then

f J- F(u)dudtSL, forall t>0
o Jt r(0)

Let F(t) =p,where 0 <p<1.

__ dp
Then dt = i
s (117" = (4252 ), e v

' # Yr ) p
[ wuon (- 122 ) v <1t

lpF(p) 1
j%()( )) SRR G

This completes the proof of the theorem. ]

Theorem 3.20 A life distribution F is NBARFR (3) if
and only if

b yr () - yr ()

dp
F(y) 1- P)

1
T'(O) eXp(—T(O) . 3’)

for 0 < p < 1, where r(0) is the non-zero initial
failure rate and u denotes the finite mean.

Proof. The proof is similar and hence is omitted.
]

Theorem 3.21 A life distribution F is EBUC (2) if and
only if

Yr(q)

1
> exp(F-l(m/u)(— f
H Jr-1) + F1 (q)

[ee)

F (s) ds)

for 0<p,q<1.

Proof. Suppose that F is EBUC (2). Then,
f F(s)ds < exp(—x/u)f F(t)dt
x+u u

forx,u=0

Let F(x) =
Then

f F(s)ds
F 1(p)+F~1(q)

<exp(—F*(p)/w

p,and F(u) = q,where0 <p,q <1.

F(t)dt
F~1(q)

¢F(CI) . .
> exp(F-1(p)/1) (E f O ds)
F~Y(p)+ F1(q

This completes the proof of the theorem. ]

Theorem 3.22 A life distribution F is EBUA (2) if
and only if

1 1 [e] _ lpF’(q)
- - d d
| {wp(p) 3l o O S}(l—q) q

> (1 -exp(=F~*(p)/w)

for 0<pq<1

Proof. The proof is on similar lines to that of the
above Theorem and is omitted. [

Theorem 3.23 A life distribution F is UBACT if and
only if

1 (1 (F@+F @) _ Vi (p)
fF(x) {ﬁfo F(s)ds} (1-p) ap

-2

< VT (1—q)exp(—y x).

Where y is asymptotic decay of X, for0 < p,q <
1.

Proof. Suppose that F is UBACT. Then,

foo jm F(s)ds = y? F(t) exp(—yx)

forallx,t,z>0

Let F(z) =pand F(t) =¢q.

dp
= < )
Then dz FIF )] where0 <p,g <1
since [fIF1(p)]] " = £2E®
a-p) ’

on simplification we obtain
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1 (1 (F@+F @) _ Vi (p)
Jro {ﬁf F(S)ds} a-p)
y2

< e (1—-q)exp(-yx)

This completes the proof of the theorem. ]

Theorem 3.24 A life distribution F is EBU (2) if and
only if

Yr(p) — (1- wp(pog)u exp(—F~* (0) /)

< F (¢) dt

J;"1(17)+ F™1(q)
for 0 <p,q < 1, where u denotes finite mean.

Proof. Suppose that F is EBU (2). Then
x+u_ _ u_
f F(t)dt < F(x)j F(t)dt x,u=>0
X 0

Let F(x) =pand F(u) = q,where0<p,q <
1.Then

ve(p) — (1- wp(pog)u exp(—F~* )/ )

< F (t) dt

JF‘l(p)+ F ()
This completes the proof of the theorem. ]

Theorem 3.25 A life distribution F is UBAE if and
only if

Yr(p) = exp(=F'(p)/n) for

Proof. Suppose that F is UBAE. Then,
f F(x) dx > pexp(—x/u) forx >0
X

Let F(x) = p,where 0 < p < 1.Then
Yr(P) = exp(=F'(p)/n)
This completes the proof of the theorem. ]

Theorem 3.26 A life distribution F is EBUCA if and
only if

N - Vi (p)
fo {” L—l(p)w—l(q)F(u)du}(l =) ¥

>(1-¢q) for0<pg<1

Proof. Suppose that F is EBUCA. Then

J- f F(u)du > p?F(t) , forallx,t >0
0 x+t

0<p=sL

Let F(x) =pand F(t)=q.

dp
Then dx = ————— where0 < p,q < 1.
FIF1(p)] P4
; -1 -1 _( uyrp)
since [fIF@I] " = (- LE2),

we obtain on simplification that

(1 (= _ Ve ()
— d d —q).
LhLWWWW“&hmPZGQ)

This completes the proof of the theorem. [ ]

Theorem 3.27 A life distribution F is HUBAEUT if
and only if

1 F(P)
ﬂ fp(x) ler (p) 1!’}:' £

1
< — = —
ipy P = — - exp(-yx)

for0<p<1.

Proof. Suppose that F is HUBAEUT. Then

f J F(u)dudt > gexp(—yx) , forallx,t >0
X t

dp
FIFT1 ()]

Let F(t) =p,where0 <p < 1.Then dt =

1 YPr(p)
(1-p)

Since [}”[F‘l(P)]]_1 = (—

), we have

1 I’? 1
u Yr (p) zfp;) dp < — " exp(—yx).

F(x)

This completes the proof of the theorem. [ ]

Theorem 3.28 A life distribution F is HNBRUE if and
only if

1 !
ZHZ fp(x) Yr (P) ¥ (®) dp = — Hz) exp(—x/u)

1-p)
for0<p<1

Proof. Suppose that F is HNBRUE. Then
2 f f Fwdudy < p)exp(—x/p),
x Yy

forallx,t =0
Let F(y) =p,where 0 <p <1.

dp

Then dy = m

2016
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u%@)
—— ], 0On
(1-p)

since [f[F_l(p)]]_l = (—
simplification that

! Y (p)

2p? Yr (p) G-p dp = — pz) exp(—x/p)

F(x)
This completes the proof of the theorem. ]

Theorem 3.29 A life distribution F is RNBRUE if and
only if

2?2 (Y Y - Yr ()
1-p)

—Yr(q) < dp,

K@y Jre

for 0 < p,q <1, where u is the mean and p ) is the
second moment, both assumed finite.

Proof. Suppose that F is RNBRUE. Then,

Z,uJ. fﬁ(w)dwdug u(z)f F(w) du,
X u X

forall x,u =0

Let F(u) =pand F(x) = q,where0 <p,q < 1.

Then du = _dp
P FF I
since [}C[F_l(p)]]_1 = (— %) , we have

_ 2r2 (1 Y@ Yr®
¢F(Q) S 1) fp(x) (1-p) dp

This completes the proof of the theorem. ]

Theorem 3.30 A life distribution F is NBUC if and
only if

1 [e3) —
u(1-q) JeryirrF @ dt < dr (@)
for0<p,q<1.

Proof. Suppose that F is NBUC. Then

fymf (x +t) dt
<F (x)f F(t)dt, foral xy>0
y

J-wf (t) dt < F (x)fwf(t)dt,
y+x y

Let F(y) =p,F(x) = q,where 0 <p,q <1.Then

[ee]

j F () dt
Fl(p)+F~1(q)

<(1-9) fw()f(t)dt,
F~1(q

1 @ —
—_ dt <
,Ll(l _ q) J;‘—l(p)+p—1(q)F (t) t < l/)F (Q)

This completes the proof of the theorem. [ ]

4. CONCLUSION

In this paper, we have transformed the properties of
certain ageing classes into the corresponding properties
of their respective Excess Wealth transforms viz.
IFR(2), NBU(3), NBEE, RNBRU, HNBUC,
NBELC, NBUCA, NBARFR, NBURFR, NBUMRL,
HNBUE(3), DVRL, DHMRLA, NBUHMRL,
HNBUES, HNBUE(2), GNBARFR, NBARFR(3),
EBUCA(2), EBUA(2), UBACT, EBU(2), UBAE,
EBUCA, HUBAEUT,HNBRUE, RNBRUE, NBUC
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