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1 Introduction

A lot of work has been done in the literature to deal with vasianferential problems related = P(Y > X),
which represents the reliability of an item of random stittrig subject to a random stress X. For a brief review, one may
refer to Church and Harris (197@)[ Enis and Geisser (1978 Downton (1973)8], Tong (1974)19, Kelly, Kelly and
Schucany (1976)[1], Sathe and Shah (1981f], Chao (1982)§], Awad and Gharraf (1986)], Chaturvedi and Rani
(1997)P, Chaturvedi and Surinder (1998)[ Chaturvedi and Sharma (2003)[ Constantine Karson and Tse (1988)[
Surinder and Mayank (2014)4).

In the present paper, we have considered the generalizetsaWeibull distribution proposed by Keller and Kanath
(1982)[L0), which covers many lifetime distributions as specific cada section 2, the MLE and UMVUE dR are
derived, when the random variables (rXsandY follows generalized inverse Weibull distribution. In deat 3, we
construct the confidence interval f&'. In order to derive the MLE, UMVUE and confidence interval féf the major
role is played by the transformation method.

2 MLE and UMVUE of R=P(Y > X) for Generalized | nverse Weibull distributions
The probability density function (pdf) of generalized inse Weibull distribution is given by

f(x.a,B,y) = vBaPx P +Yexp—y(*)P); x>0 2.1)
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On considering different values for, 3, y the pdf’s of different continuous distributions such as-paeameter Inverse
exponential distribution, Inverse Weibull distributidnyerse Rayleigh distribution etc. can be obtained. LetriteX
andY follows the generalized inverse Weibull distribution givat (2.1) with the parametefsr,3,y) and (6, u, x),
respectively.

Theorem 1:The MLE of R=P(Y > X) is given by

Ty

R= 2.2
Tx+Tv (2.2)
1Sy B_ T 1o _<
wheree = A2 X ™t =Tx(say) andp = — YY, = Ty (say).
i=1 2 =1
Proof: Let us consider the transformatian® = ¢ in(2.1) we get
f(e;A)=Aexd—A¢g]; €A >0 (2.3)

which is exponential distribution with parameferwhereA = a®y.

Now , let us considered andn two independent rv’'s which follows exponential distriloutiA; andA, parameters
respectively, where = x Pr andn =y 2.
Thus forR=P(n > €), we have

P > &) / / f(g]A1)def (n]A2)dn
wheref(g]A1) = Arexp(—A1€) and f(n]A2) = Azexp(—Azn),
R— / (1— exp(—A1€))Azexp(—Aze)de
0

n )\1—|—/\2
If €.....6n, andns.....nn, are two independent random samples of sizandn, from the pdf'sf(g|A1) and f(n[A2)
respectively, then the joint pdf is given by

(2.4)

f(&,n|A1,A2) = A™A 2 exp(—niA1E — npAzn) (2.5)

Taking likelihood function of (2.5) and derivatives w.rAg and A, and equating to zero, we get MLE’s af andA;
respectively i.e.

dL Ny — ~ 1
= = = A==
M meE=0= A1 5
dL I’l2 1
—ME=0= A==
e a ETOTRTR
The reliability functionR = %,can be written as
. Tv
R=——,
Tx+Ty

hence, the theorem follows.
Corollary 1
1. On substitutingy = 1 in (2.1), we get the pdf of Inverse Weibull distribution esubsequently
~ Ty
R=——,
Tx+Tv
— no - 1n _ :
whereTyx = n—ll zl X P and, Ty = ™ zz Y, P which is MLE of R = P(Y > X) whenX andY follows Inverse Weibull
i=1 2 =1

distribution.
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2. On substituting/= B8 = 1 in (2.1), we get the pdf of Inverse exponential distribntémnd subsequently
“ Ty

R=——
Tx+Ty ’

— n _ 1 n i . i
whereTy = n—ll él)(fl and, Ty = P J_Zzlefl, which is MLE of R= P(Y > X) whenX andY follows Inverse exponential

distribution.

3. On substituting/= 1,3 = 2 in (2.1), we get the pdf of Inverse Rayleigh distributionl aubsequently
- Ty
R=——,
Tx+Tv

— n — n
whereTy = - S X 2and, Ty = ni s Y; 2, which is MLE of R= P(Y > X) whenX andY follows Inverse Raleigh
i<1 2 51
distribution.
Theorem 2:The UMVUE of R= P(Y > X) is given by

nzfl — ) . _
A izo (=1 r(gz(fl.iﬁgﬂflg (%)'? ifne < nan
R=1{n—2 _ F(n)r () - (2.6)
n; A - —
2 ( 1)|I'(nl—ifi)l‘(anriJrl)(ré—z)lJr ; ifnie >mon

_ n _ 1 n
wheree =1 5 X P andyj= = 5 Y, P,
1 n =1
Proof: Let us consider the transformatign® = ¢ in(2.1), we get

f(ela,,B,y) =Aexp(—Ag); €A >0

Now we obtaiP(n > €), we required to obtain UMVUE of (¢;A1) andf(n;A;) i.e. f(g;A1) andf(n;A2) which is
given by

fioay_ (Mm—-1)— €.n2 -

f(e; A1) = g B nl} ; E<mE (2.7)

Similarly on replacing by n andn; by n, in (2.7), we get the UMVUE of (n; ;).

£ (R2—=1)— N2,
-]
2

fm:A2) = L om ;on<nan (2.8)

Now, let us considegs andn be the two random variables follows exponential distributivith the parameters, and
A2 respectively, where = x Pt andn =y F2

R me mon R
R—— [ [ f(e:a)f(n:rz)dnds
0 £

- me rnon (m—=1) — &m-2(Mm—=1) = N2
R_/o /g npen-1 E nl} nannz—1 [ nz} dnde

Lett = (1- L),

fo (Ml My E e g
ne Jo ni& non

_ min(ny&,n2n) ol ) _ .
_ (n; _1)/ 12,112 [1_1_]”1 2 % (_1)|<n2. 1>(L_)Id£
1€ Jo ne = l nan

Now,consider the case (i) wheme < non,
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. _1ym-1 ) _ min(ny&,nz1) 3 )
Y ([ e
=

Let(1-4) =2

oo g (") [

L Ty mE
" i;) -y r(ng—i)r (ng+i )( r]) jifme <mpn (2.9)

Case (ii) whenpi > npn,

= (nl __1) /nlﬁ [1_ i_} n172[1_ i_} nzfldg
nie Jo nie n2n

R=(m—1) n_lZ_:(_l)i (”1 . 2) (’T_rE)iH/Olz"rl(l_ 2)'dz

| n &

ng—2 .
B e e ) e

which is the UMVUE forR = P(Y > X) wheree = n 2 X P andn = — 2 \ P2 in (2.9) and (2.10), wheX andY
2 51
follows Generalized Inverse Weibull distribution, henbe theorem foIIows
Corollary 2

1. On substitutingy = 1 in (2.1), we get the pdf of Inverse Weibull distribution esubsequently

n—1 . - _
)2 Y e () ifme <nzn
R={ 1, ( (2.11)

i+l ifnge > nan

— oo _ 1 . .
whereg = n—ll 21 X; P andn = o~ 22 Y, P which is UMVUE of R = P(Y > X) whenX andY follows Inverse Weibull
i=1 2 =1

distribution.
2. On substitutingy = B = 1 (2.1), we get the pdf of Inverse exponential distributiod aubsequently

) 3 CU RS mE<nan
AL T eyl e (2.12)
2 (V' re e () ifme > nan
whereg = X1 Landn = = z ¥;"1, which is UMVUE of R=P(Y > X) whenX andY follows Inverse exponential

dlstrlbut|on
3. On substitutingy = 1, 3 = 2 we get the pdf of Inverse Rayleigh distribution and subsatjy

”2*1_1i Mg ()i, fE < o

R igo( )'r —ir( n1+l)(nzn) ' Th& < Na2h (2.13)
N TR ol (3 N N P T IN= '
i:O( )r<n1 hrme (ee) T ifmE > nan

n n;
whereg = n—ll izlleZ andn = n—12 jzzle’z, which is UMVUE of R=P(Y > X) whenX andY follows Inverse Rayleigh

distribution.
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3 Interval estimation of R=P(Y > X)

Theorem 3: The confidence interval fd&R = P(Y > X) is given by

nzFNQa nzﬁb
= — <R< = —|=1-— 3.1
n(1-R)(1_a) + nRa e (1—R)(1-b) 7 mRD Y 3.1
whereR= L s+n ,aandbare random guantities.

Proof: We know thaR = /\

ﬁ
where € = n—lizlxi P and, n= n—zjzle’Bz. Here en; and nn, follows gamma distribution with parameters

(A1,n1)and (A2, n2) respectively. In order to obtain exact confidence interealR = P(Y > X), we derive the exact
distribution of

. A1n1§
(A1ni€ +Aznan)
On substitutingp = A;n1€ andy = Axnzn, we observe thap andy have gamma distribution with parametétsn;)
and(1,ny). We can write
_ 9

¢ o+y
On takingt = ( and expressing the old variables in terms of new set of vimsahenp =
density function of {, 7).

1 Z’ we find joint probability

ef(ﬁ> Tn1+nzflznlfl

R T

The marginal distribution of,

1
p(Z) = [B(nl, nZ)]

heren; ,n, are the known parameters for any value @ < b.

Mmta-mt 0<¢<1

Pla< ¢ <b)=Ip(ng,n2) —la(ng,ny)

wherely(ng, n) = Wfo Zn~1(1—z)"~dzis incomplete beta function. We know tHat= TEw H andR = in
we get .
npR(1—-R)

-1
nR(1— ﬁ] (3.2)

{=[1+

The right hand side pivotal quantitiesdgindb such that
Ip(N1,N2) — la(ng,n2) = 1—y, then

Pla<l<b)=1-y

On substituting the value from (3.2), get

nzli(l — R) —

Pla< [1+ an(l—Ii]

Hence

nZRa nzﬁb

P[ n(1-R)(1—a)+nRa R<n1(1—|i)(1—b)+n2ﬁb

|=1-v
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n —
whereR= - s+n ande = 21 )(1-_51 =g Ty = nl SY - =11, aandb random quantity and the theorem follows.

Tis1 2 j=1
Corollary 3

1. On substitutingy = 1 in (2.1), we get the pdf of Inverse Weibull distribution esubsequently
n,Ra noRb
P <R< < ~]|=1-—
[ n(1-R)(1— a)+n2Ra nl(l—R)(l—b)+n2Rb] v
1 — . C

whereR = £+r7 andTx = Z X Pog V== Z Y =n, aandb are the random quantities which is the

confidence interval foR = P(Y > X) whenX andY foIIows Inverse Weibull distribution.
2. On substitutingy = B = 1 in (2.1), we get the pdf of Inverse exponential distriboté;d subsequently

n2Iia n2F~€b
P = = R = ~|=1-
- Ri—a R R mai—Ra-b iR LY
n
whereR = L E+n andTx = o élxi =& Ty = niz Y 1= p, aandb are the random quantities which is the

confidence interval foR = P(Y > X) whenX andY follows Inverse exponential distribution.
3. On substitutingy= 1,3 = 2 in (2.1), we get the pdf of Inverse Rayleigh distributionlaubsequently

n,Ra R noRb
ny(1— R)(l a)+n2Ra ni(1—R)(1—b)+nRb

Pl |=1-y

7 andTx = n 2 Xl‘ =& Ty = i leY 2 = =1, aandb are the random quantities which is the
confidence interval foR = P(Y > X) whenX andY follows Inverse Rayleigh distribution.

whereR = H
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