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Abstract

In this material, starting from relationships between failure rate, mean residual life and cumulative
density function, we obtain a simple expression for mean residual life for each classical continuous
distribution function. In this case we analyse cases of uniform and exponential distributions.
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A delicate problem in the research of reliability theory is the precarious amount of information
which the analyst has for using. Taking into consideration that this pursuit can be done, and
from a certain moment, then a special importance is given to mean residual life. The aim of this
paper consists in finding the expression for mean residual life starting from the classic
repartitions of reliableness and also in identifying the primary calculus for the data and
information we have available. Starting from [1], the authors are trying to determine the
simplified relations of the calculus. The results obtained for each demonstration are based on the
knowledge of differential equations and in the respective elements of analytics mathematics.

One can employ characterization of mean residual life for uniform and exponential distributions
user variables without having to store them in:

X ,— arandom variable trucated on the left X = (X —x | X 2 Xx)

e(x) — mean residual life of X, trucated on the left e(x) = M (X —x | X =2x)
m(x) —mean function of Xx m(x) = (X | X 2x)

r(x) — failure rate of X

¢,, k— constants.

Using relationship between m(x) and e(x): m(x) = (X | X=2x)=e(x)+x.
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m'(x) _e'(x)+1
m(x)—x_ e(x)

Is known: m(x)=k+q(x)-r(x) and r(x)=

m (x)

Then m(x)=k+q(x)- o m*(xX)=x-m(x)=k-m(x)—k-x+q(x)-m(x).

m(x)—x
or
m'(x)-q(x)+m(x)-(k+x)=m2(x)+k-x

k+x mz(x)+ k-x

S MM e e

For a cumulative density function for Weibull, normal, student, Laplace, power, uniform and
exponential distributions when k=0, obtain a Bernoulli equation. In other words:

X _m®
g(x)  q(x)

By a straightforward change of variables m(x)=z"(x) or m(x)=z">(x)-z (x) we have a

m' (x)+ m(x)

linear differential equation:

_Z'(x)_i_x.l:l'l
20 q(x) 2(x) q(x) (%)

or
. x 1
-z (.X)+ p x) 'Z(X)—m .
In other words, we have: z (x)— = z(x) = L .
q(x) q(x)

Then we find this solution for equation:
[ A oy
P Sa0”

zZ(x)=c¢,-€e" +|— ds .
1 < 4(s)

Not
If z(0)= W —my=M(X |X >(0) in some cases is mean of random variable.
m

Then we have the following expansion for the mean residual life using %du .
q(u

(c) Uniform distribution:
q(x)= %(b2 —x*),beR. xe(a,b)

—Uu

Then, in this case, we have:
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T ou ot
J‘Mdu X _1 J‘mdt —ln‘uz—bz‘
z(x)=c¢,-e" +J.—.exo ds=c,-e
q(s)

o

—ln‘tz

—bz‘

_ |x§—b2|_jc‘ 22 i |x§—b2|d =C1_|x§—b2| 2 s =b?
b*—s

=c - . s
1'[ 2 ;2 2 12
|x —b| |x —b|

2 12 2 2 2 12
|x—b|xb—s x“—b
0

b —xg  2x-x) _ a0’ —x)=2x—x)

l'bz_xz b2 2

When x, = a the result obtained is:

2
—X

X

ds =

2 2
2(n) =4 _b"z i_ 209 nd 2(a)= b2
But m(a) = a+h and z(a)=

a+b

In other words:

2

2.(b*-a’)-2(x—a) _2(b-a)-2(x-a) _2b-x) _ 2

20= b —x° b* —x* b -xr b+x
We have: m(x) = ! :b+x and e(x)zm(x)—x=b+x— :b—x.
zZ(x) 2 2

Then a definite result for this distribution is: e(x) = b%x .

(d) Exponential distribution:

flx)=ae™, a>0, x>0.

Because this relation is valid

S (x) _k-x-q(x)
s gl)

its determination of ¢(x)is reduced to the solution of differential equation:

g (x)-aqlx)=k-x

which has the solution:

X

I adt X j- adt

glx)=c-e” +J-(k—s)es ds with ceR.

Xo

When x, =0 the result obtained is:

*ds

cl(bz—az)—2(a—a) cl(bz—az)
—a’ - b*—a ¢
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For the moment, this can be determined:

;‘r azu du x T azt ¢
z(x)=¢, oo +I —2 " dswith c e R.
as+1
0
But
1
m(0) =—.
a
Then, a result for exponential distribution is:
a ax+1
x)= or m(x)= .
ax+1 a
. 1
This means: e(x)=—.
a
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Caracterizarea duratei de viata reziduala
pentru distributiile normale si exponentiale

Rezumat

In cadrul acestui articol, pornindu-se de la relatiile de legdturd dintre densitatea de probabilitate f (x)
rata de defectare r(x) si media reziduald a duratei de functionare e(x), sunt determinate relatii din care
se pot deduce relatii analitice de calcul pentru e(x). Ipotezele pornesc de la 1., unde sunt determinate
relatii simplificate de calcul pentru gasirea densitdtilor de probabilitate f' (x) Toate rezultatele gasite

sunt insotite de demonstratii bazate pe cunostinte de ecuatii diferentiale §i respectiv elemente de analiza
matematica.



