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1. Introduction

In this paper we establish inequalities for the moments of
bivariate ageing classes, namely, Bivariate Increasing Failure
Rate (BIFR), Bivariate New Better than Used in Expection
(BNBUE), Bivariate Harmonic New Better than Used in
Expectation (BHNBUE), Bivariate New Better than Used in
Failure Rate (BNBUFR), Bivariate New Better than Renewal
Used (BNBRU), Bivariate New Renewal better than Used
(BNRBU), Bivariate Renewal New is Better than Renewal
Used in Expectation (BRNBRUE), Bivariate New Better than
Used in Laplace transform order (BNBUL), Bivariate
Exponential Better than Used (BEBU), Bivariate Exponential
Better than Used in Convex order (BEBUC(2)), Bivariate
Exponential Better than Used in Convex Average (BEBUCA),
Certain class of life distributions and their variations have
been introduced. The application of these bivariate classes of
life distributions can be seen in engineering, social and
biological sciences. Reliability analysis have shown a growing
interest in modeling, survival data using classification of life
distributions based on some aspects of aging.

2. Preliminaries

In this section, we give below the definition of various
bivariate stochastic ageing classes that are required for further
discussion.
Definition 2.1 A bivariate random variable (X,Y) or its
distribution E(X, y) is said to have Bivariate Increasing
Failure Rate (BIFR) if
F(x+t,y+9)

F(t.s)
isdecreasingin t, whenever X,y >0.
Definition 2.2 A bivariate random variable (X,Y) or its

distribution E(X, y) is said to have Bivariate New Better

than Used in Expectation (BNBUE) if
o0 @o0— <
IO J'O F(x+t,y+s)dtds<

F(x, y)_[0 IO F(t,s)dtds for x,y>0.
Definition 2.3 A bivariate random variable (X,Y) or its
distribution E(X, y) issaidto have Bivariate Harmonic
New Better than Used in Expectation (BHNBUE) if
e t+s
j J' F(x, y)dydx < mexp{——} fort,s>0
t Js m

and m denotes the finite mean given by

m= JO J.O F (X, y)dydx
Definition 2.4 A bivariate random variable (X,Y) or its
distribution F (X, y) having failure rate r (X, y) is said to
have Bivariaste New Befter than Used in Failure Rate
(BNBUFR) if

r(0,0) <r(x,y) for x,y>0.
Definition 2.5 A bivariate random variable (X,Y) or its
distribution F(X,y) is said to have Bivariate New Better
than Renewal Used (BNBRU) if
Jm jw E(u,v)dvdu < E(x, y)Jm.[wE(u,v)dvdu

y+8d x+t tJs
for x,y,t,s>0.

Put

W(x,y) = ir j “F(u,v)dvdu
m-ey x
then the above inequality becomes

W(x+t,y+5) < E(x,y)W(t,s), for all x,y,t,s>0
Definition 2.6 A bivariate random variable (X,Y) or its



International Journal of Current Advanced Research Volume: 7 | Issue: 1| Special | ssue January: 2018 | Page N0.48-57

distribution F (X, y) issaid to have Bivariate New Renewal
Better than Renewa Used (BNRBU) if

F(x+t,y+5) < F(x y)W(t,s),
where
W(t,s) = jw [ “F (u, v)dvdu.
s Jt
Definition 2.7 A bivariate random variable (X,Y) or its
distribution E(X, y) issaid to have Bivariate Renewal New
Better than Used (BRNBU) if

Et:s(x’ y) SWF (X’ y)
where,

E(t+ X,S+Y) =

Fes(X,y) = =0 ‘F>0

We (X, Y) 21'ro_[wf(u,v)dvdu for x,y=0
mx Jy

Here m denotes the mean of the bivariate life distribution F

and is assumed to be finite.
Definition 2.8 A bivariate random variable (X,y) or its

distribution E(X, y) issaid to have Bivariate Renewal New
is Better than Renewa Used (BRNBRU) if

We (X+t, y+5) <We (X, Y)W (t, 9).
Foral X,y,t,s>0 Thatis

mJ'it I ;f(u,v)dvdu < ( .[jj‘;of(u,v)dvdu).

( J' wrf(u,v)dvdu),

t Js

foral x,y,t,s>0.

Definition 2.9 A bivariate random variable (X,Y) or its

distribution F(X,Y) is said to have Bivariate New Better
than Used in Laplace transform order (BNBUL ) if

[ [Texpl (x+ YIF (xt, y + Slyex

<F(t,9)[ [ e~ (x+ Y)IF(x, y)dydx,
foral x,y>0and| >0.

Definition 2.10 A bivariate random variable (X,Y) or its

distribution F (X, ) is said to haveBivariate Renewal New
is Better than Renewal Used in Expectation (BRNBRUE) if

2 00 (P00 00 ooE S - O‘JE |
mJ.x J.y J.u J.v (t’ S)det r‘rIZ) J.x J.y (t, S)d&jt
Definition 2.11 A bivariate random variable (X,Y) or its

distribution E(X, y) is said to have Bivariate Exponential

Better than (BEBU) if
(x+y)

F(x+t,y+s)<F(t,s)e ™ forall xt,y,s>0.
Definition 2.12 A bivariate random variable (X,Y) or its

distribution E(X, y) is said to have Bivariate Exponential
Better than Used in Convex order Two (BEBUC(2)) if

J.:OJ.:OE(XJF t, y+ s)dsdt

< mexp{—(imyﬂ J':'[wa(t, s)dsdt,

foral x,y,u,v>0.
Definition 2.13 A bivariate random variable (X,Y) or its

distribution F(X,Y) is said to have Bivariate Exponential
Better than Used Convex order Average (BEBUCA) if

JO JO Jy+ij+tF (U,V)dVdUdXdy = mZ F (t1 S)
Put
W(x+t,y+9)= [ [ F(u,v)dvdu
y+Sd X+t
then the above inequality becomes
[/ [Wexet,y+ 9dkdy<n? Ft,9), for allt,520
Definition 2.14 A bivariate random variable(X,Y) or its

distribution F(X,Yy) is said to have Bivariate Overal
Decreasing Life class (BODL) if

J, | Wix y)dxdy < mwit,9),

S

where

W(t,s) = % j‘” jt “F(u,v)dvdu
and

m= I: I:E(u, v)dvdu

is assumed to be finite.
Definition 2.15 A bivariate random variable (X,Y) or its

distribution F (X, y) issaid to have Bivariate r'"™ Moment

my = E(X™Y") =n° [ (0y) ™ F (x, y)dydx.

3. Moment Inequality

In this section we established some theorems on
Moment Inequality. We now present a theorem which is
useful for further discussion

Theorem 3.11f (i) F isBIFR with mean m and

2 2
G(x' y) =-—e u
m

(it) f (x,y) isincreasingin X andincreasingin Yy then,

[T o nF )y < [ (% 1)G(x, )y
Proof. Suppose f isincreasingand F s not identically

equal to G.

Since F isBIFR and G is bivariate exponential distribution
with common mean m.

F crosses G exactly once from the aboveSay at (t,,S,).
Thatis,

49| Page



Moment I nequalities for Some Bivariate Ageing Classes

E(to’ S) = a(tm S) -

Now,

[ [F 0 Fx )y — [ ¥ (x Y)G(x, y)ebedy

< [ 1 () ~f (G, IIF (x,y) ~ G(x, y)]edly
<0

This proves the theorem.
Theorem 3.21f F isBIFR with I' -th moment my,, then

<nir!
™ 15 nfn
Proof. Put f (X,y) = (Xy)"™ in the previous theorem then

J I o) F (%, y)xely
< I:I:(xy)r‘lé(x, y)dxdy for r >1

r>1,
:0<r<1

_(x+y)

(i.e) % < .[:'[:(xy)r‘le ™ dxdy

. » M., )
r-1 m r-1 m
{jo(x) e dxﬂjo(y) e dy}
<m(r-1)!
m(r)<rlm

This compl etes the proof of the theorem.
Theorem 3.3 If F isBNBUE then for al integers I >0

mr+2) _mm{r+1)
(r+2)  (r+1)
Proof. Since F is BNBUE, we have

V_V(X, y) = JjIjE(u,v)dvdu.Thusfor dl integers r >0

[ X y W, yydydx < mf” "Xy F(x, y)dydx

<mt
(r +1)?

<mte (3.1)
(r+1

Further

x"y'W x,y dydx
0 o

e [Ty -0 -y,
(X >Xx)1(Y > y)dydx

(I:x' (X=X (X > x)dx)

(y r=y1ev >y

e fro]

=E

B Xr+1 Xr+2 yr+1 yr+2
= E x X _ X . Y Y _ Y
_[ r+1IO r+2|°j[ r+1IO r+2IO

S e O S N Ve O S O
i r+1 r+2 r+1 r+2

- E-Xr+2Yr+2 r+2_r—1
) (r+1)(r+2)

— n]r+2)
(r+1)(r+2)
Therefore the inequality (3.1) becomes
n]r+2) < mmr+l)
(r+1)(r+2)  (r+1)>?
rrlr+2) < mmr+l)
(r+2) (r+1)
This compl etes the proof of the theorem.
Theorem 3.4 If F is BHNBUE then for all integers r >0

m, < 2nf
Proof. Since F isBHNBUE we have

W(x,y) < mexp(—imy)

.[: j:xr y'W(x, y)dydx < mI: j:xr y' exp(— XLmy)dydx

= ran+3(r!)2
But
R N fyv _ Mr+2)
Jo JX v wex yyaye = (r+1)(r+2)
Therefore
rTlr+2) < m+2(r!)
(r+D(r+2)
mH—Z) < m+2
(r+2)!
ifr=0
m_
2!
m, = 2nt

This compl etes the proof of the theorem.

Theorem 3.5 Let F be BNBUFR such that for some integers
r,s>0

M.sio < m”l) S
(r+s+2)  (r+1)[r(0,0)"
Proof. Since F isBNBUFR, we have

F(x+U,y+V) < F(x,y)e N uZa?.

Then for all integers r,s> 0,
J:I:I:I:Xr Y UV*F (x+U, y+V)dvdudydx
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<([ oy Foxydavex
( [[[uve 0" dvduj

< EU .[ X"y’ dydx} 00 (d)

< rTlr+l) S|
r+1[r(0,0°"]

(3.2
Also

LI T v Foce uy s aheioyes
=[] [ 09" (w)*F (x+u, y+v)dvdudyd
= f:f:ff(a ~b)"b*(g-d)'d*F(a,g)dgladddb
- I: j: a'**g"*"'F(a,g)dgda
[ coer* (@ pa' dao
=b(r +1'S+1)_[:I:(ag)”s*1?(a,g)dgda

n]r+s+2) r'd
(r+s+2) (r+s+1)
Therefore the inequality (3.3) becomes

I’T‘!r+s-¢-2) < I'T]Hl) (ﬂ)
(r+s+2)  (r+1)[r(0,0°"
This completes the proof of the theorem.
Theorem 3.6 Suppose that F is BNBRU life distribution and

it's (r +3)" moment isfinite for someinteger r > 0, then

rnm+3)
(Mm+2)(m+3)

n]wl)rqm i+2)
<z( j(|+1)(m I+1)(m-i+2)

Proof. Since F isaBNBRU, we have
W(X,y) = l_[OOJ”OE(u,v)dvdu
mey ¢x

Then the above inequality becomes
W(x+t,y+8) < F(X, yYW(t, 9V Xx,v,t,s>0

Multiplying both side by (X+1)™(y+$s)™
we get

[T T ey (y+ 9™ WO, y + )y

<[ [T ], ocrm(y+ 9TF(x Wt edydsct (3.3)
Also

[T o m(y+ Wi+, y + s)dxlycs
=["[['[ @z)"W(z,2,)dzdz,dsdt

and integrating

= [ [ eby"wa, by [ dzdz.dadd
=[] @b)™W(a,b)dadb

= r_ln [ | @b)™ [ [ F(u,v)dvdudadb
-1 [ [ Fuv; [ (ab)™dadbava

=k I 7

I j (uv)™2F (u,v)dvdu

m+2

F (u,v)dvdu

n‘(m+ 2) o

— rTlm—f-S)
m(m+ 2)(m+3)
(3.4

Also j: j: j: j:(x+t)m(y+s)mE(x, Y)W (t, S)cxclydscl
=[] LT oc+™(y+9)"F (x, y)W(t, s)cxclycisdt

= ( Jj j j j Xt™yis™ F(x, y)W(t, s)dxdydsdt

W
o

o (o], 0o Fox ey
'] (j [t wit, s)dsdt)

A

e D ID: TV
SIS

m i+1) © (o m=i [P =
i (?11’) h jo jo (ts) j jt F(u,v)dvdudsdt}

m %r—ln j: j:E(t, s) jo j;(uv) ™ dvdudsdt

m)my, 1
i OTl))m-[-[

(t9™ E(t s)dscl
(m—i+

m|+1) 1 mwi+2)
i )(i+1) m(m-i+1)(m—i+2)
Using (3.4) and (3.5) in (3.3) we get
M ‘Z( j My M-
(M+2)(M+3) =i J(i+1)(m-i+1)(m—i+2)
This compl etes the proof of the theorem.

Theorem 3.7 For all non-negativeinteger r >0 and F is
BNRBU we get
rrEm—|+1) rr]H—Z)

Mz <Z

(m+2) <\i)(m=i+1) (i+1)(i+2)
Proof. Since F isaBNRBU, we have

W(t,s) = j°° L “F(u,v)dvdu

Multiplying both sidesby [(X+1)(y+S)]™ and integrating,
we have

(3.5)
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[T +0™(y+ 9" F(x+t,y+ s)dxdlyclds

<[ o (y+ 9RO YWt dxdydtds  (36)
Also

j: j:’ jo“’ j:(x+t)m(y+ S)"F(X+1, y+ s)dxdydtds
:j:j:j:j:(xn)m(ws)mE(x+t,y+ s)dxdydtds

= ["["["[ (w)"F (t, 9ycveuctas

= E[J‘Oxjg(xy)mﬂl [X =XY - y]dxdy]

3 E(XY)m+2
m+ 2

= Mmey
(m+2)
Also

[T E [ ocrt™(y+9)"F (x, y)W(t, s)cxdydtas
= [T ety + 9T (x, Wi, Schdyas
=S ey sFo

i jfE(u,v)dvdu) cixclydlsct

Eml[rlnj [7]. o)™ F (x, y)dxdy.

=)

(3.7)

7]ty [ F (w,v)dveludsct

N [7] sy [ (u,v)dvdudsat

m m—i+1 oo M oo— X oY :
[ )(nr?—i +)1) .[o .[o F(x, V)J J (u,Vv)' dvdudxdy

m rrEm—i+-1 (XY)Hl
(m—i +’1)I I F(x, y)dxdy
m Mpigy 1 ”]nz)
i J(m=i+1) (i+1) (i+2)

m rr!m—i+l) rrEi+2)

i J(m=i+1) (i +1)(i +2)
Using (3.7) and (3.8) the inequality (3.6) becomes
rT1r’n—¢-2) <Z( J rrEm—|+1) rr]H—Z)
(m+2) <\i)(m=i+1) (i+1)(i+2)
This completes the proof of the theorem.

Theorem 3.8 For al non-negative integer r >0 and F is
BRNBU we get

m] rT.lm—iJrl)

11
N NER NgE: TofMg '_O'MB ;MB

(3.8)

L<i N [ j 1 n]mf|+2)m|+2)
Mm+2)m+3) mSi ) (m=i+1)(i+1) (m-i+2)i+2)

Proof. Since F isaBRNBU, we have

W (X+t,y+5) <W(X, Y)W, s)
Multiplying both sidesby (X+1)™(y+$s)™

over (0,) , we have

[T T ocrtm(y+9)™W(x+t, y+ s)dxdydsot

and integrating

<[] [ e+ (y+9)™W(x, y)W(t, s)cxdycisct
Also
[T T T ey (y+ 9™ WO, y + )y

=[] L [ 0+ 0™ (y+ 9 ™W(x+t, y+s)dxdydsdt

- r_ln J':J':E(x, y) IOX I:(uv) ™ dvdudxdy

_ 1 - oo()(Y)m+2
——E _[O IO YTl [[X >X,Y > y]dxdy

211

E(Xy)m+2
mm+2

- M3
m(m-+ 2)(m-+ 3)
(3.10)

where | isaindicator function.
Also

[T T o m(y + 9™Wi(x, y)Wit, s)cixdydsclt
= L], wr(xﬂ)”‘(w $)™W(x, y)W(t, s)dxclydsdt

e e

W(x, y)W(t, s)dxdydsdt

=$im( Jy ;oo™ ey |
( I - I:(ts)iV_V(t, s)dsdtj
Fg( jj j ((;y):; I (X > XY > y)dxdy

U o~ (ts)'ﬂ (T >1,5> s)dsdt}

:izm: m 1 rTErTH+2) rT.!|+2)
nt £ (M=i+1)(i+1) (M=i+2) (i+2)
(3.11)
Using (3.10) and (3.11) the inequality (3.9) become
rT.!erS) -
(m+2)(m+3)

_Z 1 mm—l+2)ml+2)
(Mm=i+)@i+1) (m=-i+2)(i+2)
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This compl etes the proof of the theorem.
Theorem 3.9 1f F isBRNBRU then

mmm+n+3) < rrIm—¢-2) rTln-¢-2)
(m+n+3)!  (M+2)!(n+2)!
Proof. Let

\7(x, y)= Jm I mE(u,v)dvdu.
x Jy
Since F isaBRNBRU, we have
nV (x+t,y+s)<V(X,y)V(t,s)
Multiplying by (xy)™(ts)"; m,n>0 (integers) and
integrating over (0, ) with respectto X, Y,t,S we get,
mj: j: j: j:(xy) (ts)™V (X +t, Y+ S)dxdydsdt

< ( [T omm™Vixy) dxdyj[ [T 9ves dsdtj
(3.12)

Also
mj: I:I:I:(xy)m(ts)mv (X+t, y+S)dxdydsdt

= mj: j:’ j:’ j:(xy)m(ts) ™/ (X+1, y+ S)dxdydsdt

_m E[j:j:(ts)“E(xv—ts)m+2]
(M+(M+2) | (X >1,Y > s)dsdt

_ m

~ (M+1)(m+2)

= m m+n+3 el n m+2
= B () [ @by (-ab)" dadb |

_ m

~ (M+1)(m+2)
_ MMys ni(m+2)!
~ (M+1)(M+2) (M+n+3)!

— m n! mmm+n+3) (3'13)

(m+n+3)!

E[ [l (xy -ts) "“stdt}

E[(XY)m+n+3]r(;(+1)r(m+ 3)
(m+n+4)

Consider

[, 1o 9™V (x, y)dyax =
EU:J':(xy)m(XY—xy)l (X >xY > ydydx)}
- E:XY [ owmdyax- [ [ o) m”dydx}

_ E_(XY)n’H-2 ~ (XY)n’H-2
| (m+1)  (M+2)

= E| (XY)™? t 1
i (m+1) (Mm+2)

— l m+2
~menmeg O

rrEm+2)

—ma (3.14)
(m+1)(m+2)

J.:J.:(Xy)mv(x- y)dydx =

Similarly
[7[ )"Vt s)dsctt = _mn+2)

0Jo (n+1)(n+2)
Using (3.13),(3.14) and (3.15) in (3.12) we get

m n! mmm+n+3) < rT‘am+2) I’T‘!n+2)

(M+n+3)!  (M+1)(M+2) (n+1)(n+2)
mmm+n+3) < rTlm+2)rnn+2)
(m+n+3)!  (M+2)!(n+2)!

This completes the proof of the theorem.

(3.15)

Theorem 3.10 If F is BRNBRUE then
2m rTlm—f-Z) < I’T‘EZ)rTlm-#S)
(m+1)!  (m+3)
Proof. If F isaBRNBRUE, we have

ZmeOOfV_V(u,v)dvdu <m,W(x,Y)

Multiplying both sides by (Xy)" and inequality
2mj:’ j: | ; Ij(xy)mV_V(u,v)dvdudxdy

<my [ [, ()"W(x, y)ely

(3.16)
Consider

J:I:(xy)mvT/(x, y)dxdy =
o[ Foomand sy
[ Foon[ [awas

=[] e Fox oy

e - 57 b |} 09 F (x oy

IT!m+2)
(m+1)* (m+2)

I:I:(Xy) "W(x, y)dxdy =
and
j:.[:j;jj(XY)mV_V(U,V)dVdudxdy

(3.17)

m+1

= I:I:V_V( X, y) (er}:T dxdy

L[] f, ooy —xy).
(Mm+1) (X >x,Y > y)dxdy

L ol oo
(m+ 1) _I:J‘OX (Xy) m+2 dde
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m+2
1 E[(XY)
m+3

- (m+1) m+ 2

~ (XY) m+3 i|

_ 1 11 )
(m+1)mm+3’ (m+2) (m+3

)
(m+1)(m+ 2)(m+3)
Using (3.17) and (3.18) the inequality (3.16) becomes
M Mme2) < Mo Min:3
(M+1)*(m+2)  (m+1)(m+2)(m+3)

n]m+2) < mZ)mm+3)
(m+1) (m+3)

This compl etes the proof of the theorem.

Theorem 311 Let f (I ) = j: jo“’e-' CNGF (X + )

if F isBNBUL. Thenfor all integer s,r >0

m+1
L[l i ()]«

| m+1

(3.18)

m

m! (-1)!
| m+1 ;O (m_|)||

m—i M(m—i+1)
(m-i+1)

_ My (1) (1))
(m+1) | '

Proof. Let
tA)=[ [ “dr(xy).
Since F isBNBUL we have
5 ()
_[0 joe F(x+t, y+s)dxdy

<F(t,9) j: j:e" D E (%, y)dydx

Multiplying both side by (ts)™
we obtain,

.[:.[:(ts)m.[:.[:efl O (x+1, y + s)dydxdsalt

and integrating over (0, 0),

<[ [ e F(t,9dsat] ['e' *VF(x, y)dydx

(3.19)
Consider
J' : _[ “(t9)"F(t, s)dsdlt = E[ .[ ij(ts)ml T>t,S> s)dsdt}
0J0 0J0
= m (3.20)
(m+12)

J.:I:e" e E(X’ y)dydx = jowvfomeil o (1-F(x, y))dydx
- Lo [ e e e

= Il(l—f (1)) (321

Using (3.20) and (3.21) in the equation (3.19) we have

Mo L gy (3.22)
m+1 |

= J’: J':(ts)mj: I:e" CNE (x+t, y+s)dydxdsdt

= j:'[:e—l (t+S)E(t’S)I:J';(u+V)meI (u+v)dVdUdet

(3.23)
Consider

Isjt(u +v)"e “dvdu =

it (I (s+1)
| {( ) IZ.;( Y i (m-i)!

Therefore (3.23) becomes
o poo — m!

_ _| (t+s)

_Io Ioe F(t,s)I —

(3.24)

m
LT des

{(_1)%1 eyl §t+ s);”“ | .(ﬂdsdt
i=0 m-—1):

_ w[ [ “F 9 dsdt}

| m+1

1) popimin i
I"‘“Z(m .)u”o' (t+9)™" F(t s)dsat

-1 m+1 1i
:( |)m+1 [ - (I) | m+1z - —)i)!

| m-i m(m —i+1)

- (3.25)
(m-i+1)
Using (3.22) and (3.25) then the inequality (3.19) becomes
1 m+1
(I%[l—l (H]+
m & (1) .o m(m-i+1)
I
Im”;)(m—i)! (m-i+1)
_ My (2-j (1))
(m+1) I

This completes the proof of the theorem.
Theorem 3.12 Let F be a life distribution which is BEBU
with mean m then

m"'l <l ..

consider only the BEBU case
+y)

F(x+t,y+s)<F(t,s)e "

)™ (19"
g(mIr(n

Proof. We shal

Multiplying both sides by and integrating
over (0,0), we obtain,

INNN

> oy)™ )"t
M) F(x+t y + S)dxdydsat
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(x+y)
F(t,s)e ™ dxdydsat

= )"t =
L) e

(3.26)
oo m1 (Y o po m-1__

:{jo : %e m dxdyJUo i (tlf)(n) F(t,s)dsdtJ

=m"l, (3.27)

m-1 n-1
“ON T E ity o+ s)dxaydsct

JoJo o1 e

)™ (9™
=[LLT s

On changing the variables we get,

ISR
[ [ (9" dsdtde(zl, 2)

I'(n)
SN

jw L dF (u, v)dxdydsat

(z-X"(z,-y)"
I'(n+1)
dxdy dF(z,, z,)

_epepiri(@azbz)™tZ (1-a)"Z (1-b)"
- Io Jo Jol r(MmI(n+1)

(zda)(z,db)dF(z,2,)
_J' J‘ ” (lez)mlzfﬂzgﬂ( b)™
o I'(mMI'(n+1)
[(1-a)(1-b)]"dadbdF (z,2,)

m+n m+n

1lpl
U J.O(ab)W1[(1—a)(1—b)]”dadb]
dF(z,z)

1t
F(m)r(n+1)
=T (22)™"  T(MI(n+1)
odo P(MI(N+1) [(M+n+1)
1 o
= men E
r(m+n+1) Io Io (22,)""dF(z,7,)
_E@z)™]_
F(m+n+1) T(m+n+1)
~Lme (3.28)
Using (3.27) and (3.28) in (3.26) we get,
il <l

This completes the proof of the theorem.
Theorem 3.13 Suppose that F is BEBUC(2) life distribution

such that its M, , the moment of order isfinite (I + S+ 4)

for some integers ' and S then the following moment
inequality holds

dF(2,,2,)

m+n

mn+n+3 <
(m+n+3)!
Proof. Since F isBEBUC

< rr]m+l) rn1+2
(n+2)!

(X+y
j j F (t, s)dsdt
(3.29)
Multiplying both sides of (3.29) by (xy)"(ts)" and
integrating we get

LT onmesFocty+ Syt

J f J I [ ](xy) "(ts) j I F (t, 5)dsdtlveludxdy

(3.30)

mvwf(xﬂ, y+s)dsdt <e

Also

INNNK S j(xy) "(9)" [ F(t.9)dschaveucsely

= j:j:(xy)m [H J I j (ts)" j j F(t, s)dsdtdvdudydx
=mn™ j‘” j F(ts) j j (t, s)" dtdsdudv

j j (UV)™F(t, s)dsdt

(n 1) *°
_ m I'Tin+ll'Tf+2
T (h+D)(n+2) (331)
Also
LI LLL T e Pty +s)
dxdydsdtdvdu
=L LI L [ 0o F ety 9
dxdydsdtdvdu
= M (3.32)
(m+n+3)!

Using (3.31) and (3.32) in (3.30) we have
M Mg _ MMy Moo
(M+n+3)!  (n+1)(n+2)

Moy Moy M
(m+n+3)! (n+2)!
This completes the proof of the theorem.

Theorem 3.14 If F isBEBUCA then

mm+3)
(Mm+21)(m+2)(m+ 3)
Proof. Since F isBEBUCA we have

I:I:V_V(x+ t,y+s)dxdy < mPFE(t,s).

m m+1)

Multiplying both sides by (tS)™ and integrating we get
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Jo Jo 1, J, @9 Woxty+ o)yt

o B (3.33)
<nf jo jo (ts)™F (t, s)dsdt

- f E" j: j:(ts) ™N(x+t, y + S)dxdydtds
= j: j: LZ? jf\ﬁ(zlzz)(ts)moltolsolzlolz2

=L LW

=| jm_(zlzz) (2122)

(m+1) j

(m+1)

1

(m+1)?

t m+1

m+1
W(z2,) 1l dz.dz,

m+1

dzd

(M+1)° 2,07,

[ (@2)™W(z,2,)dz,dz,
—— ] 09 ™ W (xy)dxdy

E“wr(xy)m”(XY—xy)l (X >xY > y)dydx}
0J0

mm+3)

(Mm+21)(m+2)(m+ 3)

m m+1)

This compl etes the proof of the theorem.

Conclusion

In this paper, we have derived the moment inequalities for
bivariate ageing classes of life distributions.
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