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Introduction., In réliability theory the Mean Residual

Life
oad
(11 - P(s2a8/(1 - F(x)), for x such thet
| % F(x) £ 4,
cF(x) = ﬂ
0 , Tor x such that
~ Tz o= 4,

is eft.n used (see ¢,g. Borlew and Proschen (1965),

varehell and Proschan (167237, The funeticn

c., <com R
&

interpreted as followe., I X is a 1ife tims of a unit

with a Adistribution function (d.f.) F then

[}
epix) = B(X - x| X} x) = §(1 = F (e)at
0
where
Fz+t) =~ Flx) ' - ) e
F (t) = TR P(X - x<¥) X3P x)

{.8, the funciion cF(x) 18 the expected remaining ;119

of an uscd but unfalled unit.

For tho functlon ep(X) (or Fx(t)) crze can stote

thesoremss concerning

1) its lirditing behaviour ( ses e,g. Poalkemn ana de Hasn

(19'74), Meilijsen (1972)),

2 1te shape.

The funcilion eF(x) (or Yx(t>> ie aleec applied to sneelly
- ’ "

and chasracterize some classes of d4.f. 3 (sec
Azlerov et alld (10” )y, Sunbaag (1070)).
In this paper we chall investigate relcs

’ N
wotween variouc kinds of clacses ef d.f. 8 G-

the ground of ene wo shall sssume that d.f.
left ccntinucus and have support L0,00). We

— OO
F =412 ~F and g = %DI (X))
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A d.f., F . is said to have an Increasing Feilure ilate
(T é fIFR}) if for every fixed t > 0 the Iunciion [ (i,
is ankincrcasing functionn of x (sce Barlow and Prvschgn
(1965)).

A d.f.  F i3 said to bo New Datiler than Used in
Expectation (F & {NBUE})if for every x > O the inequa-
11ty eF(x) < my holds (see lMarshall and Proschan (1972)).

A d.,f, F 1is said to have Dccreasing Mean Residual
Life (F € {DMRL})if ex(Xx) 1is a decreasing function (see
Barlew and Proschan (1963) ).

A d.f., F 1is said to have Convex Decrecasing Mean
Residual Life (F € {CIMRL})if ep(X) is & decreasing,
convex functien of X,

The class of HNBUE d.f,’s. In queueing or reliability
theory the follewing order relation in the sot of d.t.’s

. o os o _
F< G iff [x d8(x)<o and § Fetrat ¢ ) Gat, x>0
) x x
is used (8ee 1ar example Stoyan and Stoyan (1969), Rolski
(19754},
It 13 kn.m that F < cG iff for every increasing

convex functirna f
o)

o
{rar ¢ §1 46
o <
previded abev:. integrals exist.

Rolski (:375c) has found beunds for soxze characte-—
ristics of qu. 1eing systems under the assumption that
F<L ¥, vhere M = 1 = oxp[(~-x)/m], x > 0. Alsc iolski
(1975b) nas g ‘en the following characterization ..

3 ) PR
the clas; {;F F < cAmF} in torms of the function ep-

Theorenr . Relation F < cMm holds iff
%

Py

iat . for every x » C.

I -
(1) x/% Cop()) Zp

The inequinlity (1) means that foxr every x > O
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the integral harmonic mean of eF in the interval 'y X)
is less than the mean of F., Thus the class of d4.f.
{F: F < M, } con be onlled Harmonic New Better the. Used

in Expectation ({ENBUE}).

. rd

ins hetween closses o ¢.7, 8. The fol owing .

sea Barlow and Proschan (1965))

Thesrex 2, [IF1} £ {TRL}.

A x
For a d.f. F let us denote by F(x) = == § ¥(t)dt
Br 0

r
the d.f, of the raﬁgm varichle Ii in the equilid ium

reneval process Sn = 1§ixi' n > 1, where Xi, 1> 2 are
= :

indeperdent randexz variables with the cormon d.,f, F

Theorem 3. F & (D@L} 1rf Fe {IFR}.

Proof. Let R(x) = —log —— cjbx?(t) at = § at
L1902 . - & mn 2 @t °

0 F
is 1ncreasing or ep is

~
If 'R 412 convex, then
F
decreasing and conversely,

Bemark 1. The inclusicn in Theorem 2 is strict.

To se.e this 1t is sufficient to consider the d,f,
1/2

A - I
Pxy)y = exp=- (x=+1) - 1} EIFR ., After easy computation
L

- - 2) - -
Fooy = (omat) ™3 np [ o(xety 172 2 47 ¢ {IFR }
Theoren 4. { CDMAL} C {IFn}.

Proel, We zhnll prove the asscrtion under an assump=-

1
1

tion that F(x) = 3:::'mcw. Then
Q
{2) =g eptm) = =1+ r(x) ep(x),
where r(x) = f(x)/f(x) is ithe failure rate, Since oF(x)

a .
18 convex, thercfore vy eF(x) is increasing and hence

X 4y impliex r{x) ep(Xx) < Ty eF(y) .

~

From the monotonicity assumption on ep we get
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——————————— ( _.:'.;_.s'._L.
< CenlY) R} r(x)
wviileh cozpletes ths pPrecd veeouly 1T VN, Lo Lingrcose
ing fanciion then F & {IFR }(sce Darlow and Proschan
(15631} .
Pemark 2, The inclusion in Theorem 4 ig strict. To
Bec this it 1s sufricient to consider a d.,r, P with
2, 0<dx < 1,
r{x) =
3, t £ x,
Taen
e —— 1 2+2x) 0 < x 1
Pl oxp ( =-2+2x , < <1,
OF(X) = . )
) - 1
~
Now a question
L4
classes of d.f.’s

fIN

xo
Theorem 5, If
and

arises u&re there any interesting
contained in {CDMRL},
f(x)

¢ (X)

iz increasing

exP[_R(x)] r X 2
F € {CDMRL},

2 0
R{x+t) - R{x)

is a d.r.
and concuve in

X for overy ¢ > 0, then
The easy proof of Theorem S 1is omittca.
Remark 3, If the assumptions of Theorem 5 arc
fulfilled then <
R(xy = § ri{e) av
0
and r(t)

is a decreasing nonncgative concave

Remark 4. If F € {DMRL} then, by (2),

funciican,
{x) ¢

~

ep Tex -
If Fe {CDMRL}Zand = X
tae identity —

= r(X) exists, then using
7 Op(X) = e(XAr(x: + r¥(x)) - r(x) we
dx
get O < r(x) 5 (rfx) + rz(x)) ¢p(x) and hoace
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- >({x) = é a (:: . x> 0,
rx) + r©(x)

Thae Lollewin coqgueiace of ineluniens sunmarioce
- L4
all the rslationa betwecn discusced olasgses of d.f, s,
,
Here the Zirct oymk2)l stonds o3 ke 2lazs of 2.2, 'n F

whieh fvillilsthe sasuznpitiorn €7 Ta

o
{1re,} ¢ {cmmu} € J1rr} ¢ {zmou) € {ovn} ¢ {meuR}
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Summary. In the paper the funetion
o] , x: #{x) = i

1=PleYat/ (1-F(xn) , x: pix) 1

ig uced to determine aoma clnagses of distribution functions,
e

Tren relotions beiween these classes are investigated,

(W)
re

D oY 0o
0

hel

P

a -
O [¢:}

-+~ D @
D QO N
0O 3 0O A
3
(e B R A
HE]

“h 3 3
©
3
5]
%)

many s:
formed
compret
appearc

make pc

the Mas

and the

“econcomy

M

-
i

decumen
out tro
thevean
people.

cach arr



