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1. INTRODUCTION

Filus and Filus (2006) introduced a new class of multivariate
distributions as joint distribution of linear combinations of
independent random variables and named the resulting class
as pseudo distributions. Filus and Filus (2006) have studied
pseudo Weibull and pseudo Gamma distributions. Hanif
(2007) has presented the pseudo distributions as compound
distribution of two random variables and has studied pseudo
Gaussian and pseudo Weibull distribution. Shahbaz and
Shahbaz (2009) have defined the bivariate pseudo Rayleigh
distribution as compound distribution of two Rayleigh
variates. The joint density function of pseudo Rayleigh
distribution given by Shahbaz and Shahbaz (2009) is

f(x y;a)=4ax’yexp {—xz (a +y? )}
a, %,y >0.

Shahbaz and Shahbaz (2009) have studied the concomitants

of order statistics; given by Ahsanullah and Nevzorov

(2001); for distribution (1.1).
Kamps (1995) has defined a unified model of ordered

(1.1)

random variables and named the model as Generalized Order
Statistics (GOS). The density function of rth GOS is given
by Kamps (1995) as

o (X) = (ffll)! (X)L F (x))"

xg;_l |:F (X)]

where C :HE=17J ;r=12,...,n,

(1.2)

G (%) =y (x) =1y, (0)

and :{[1—(1—x)m+1}/(m+1); m=—1

-In(1-x) m=-1.
We also have
) —(l—x)"”l/(m+1); m=—1
M )_{—In(l—x) m=-1.

Kamps (1995) has further shown that the joint density
function of two GOS X, ., and X for r<s is
given as

s:n,m,k

fosnmk (&!Xz):m f(x)f(x)

{1 F ()} 0 {F (%) - F ()}
L (F )} o (FOx)) T

,— 00 < X1 < X2 < 00,
(1.3)

The model of GOS defined by Kamps (1995) provide several
models of ordered data as a special case. Order Statistics
appear as special case of GOS for m=0 and k=1. The
Record Statistics defined by Chandler (1952) appear as a
special case of GOS for for m=-1.
Concomitants of ordered random variables appear naturally
when sample is available from a bivariate distribution and
data is ordered with respect to one variable. Ahsanullah and
Nevzorov (2001) have discussed concomitants of GOS. The
density function of rth concomitant of GOS is given by
Ahsanullah and Nevzorov (2001) as

f[r:n.m,k] (y) = _[: f (yl X) fr:n,m,k (X)dX !

where f.. .. (x) is given in (1.2). The joint distribution of

two concomitants of GOS is given by Ahsanullah and
Nevzorov (2001) as

frosnmig (0 %2) = [ [ £ (1 10) £ (v21%) L5)
x fr,s:n,m,k (X17 XZ )dxldxz

(1.4)

where f ... (X,%,) isgivenin (1.3).

Several authors have studied the concomitants of GOS.
Ahsanullah and Beg (2006) have studied concomitants of
GOS for Gumbel Bivariate Exponential distribution.
Concomitants of GOS for Gumbel bivariate family of
distributions has been studied by Beg and Ahsanullah (2008).
Nayabuddin (2013) has studied concomitants of GOS for
bivariate Lomax distribution. Hanif and Shahbaz (2016) has
studied the concomitants of GOS for a bivariate exponential
distribution.

In this paper we have studied the concomitants of GOS for
pseudo Rayleigh distribution given in (1.1) by Shahbaz and
Shahbaz (2009).

2. DISTRIBUTION OF rth CONCOMITANTS OF
GOS

In this section we have obtained the distribution of rth

concomitants of GOS for Rayleigh distribution. For this

consider we consider the joint distribution given in (1.1). In

order to obtain the distribution of concomitants we first

obtain the marginal distribution of X and conditional
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distribution of Y given X from (1.1). The marginal
distribution of X is readily obtained from (1.1) as

f(xa)= 2axexp(—ax2), (2.1)

and the conditional distribution of Y given X is obtained from
(1.1) and (2.1) as

f(y|x)=2x2yexp(—x2y2). (2.2)

We now obtain the distribution of rth GOS for the
distribution (2.1). For this we first note that

F(x):l—exp(—axz):l— F(x)= exp(—axz).

So 9n [ F( ]_ [1 exp{-a(m+1)x }]

and

—rl[l— exp{-a(m +1)x2}]r_1

m+1)

(m+1 _12 [ j The

xexp{—a(m+1)ix*}.
distribution of rth GOS for (2.1) is therefore:

fr:n,m,k (X) = L

(r-1)

xexp{-ax

o' [F(x)]=

2axexp(-ax®)

1
(m +1)r7l

(7. -1)
S (1) (ri_lJexp{—a(erl)ixz}

i=0

C, & i
Feams ()= ey &Y

r-1
x( _ jZaxexp(—awlxz); (2.3)
i

w, ={(m+1)i+y,}
Now using (2.2) and (2.3) in (1.4), the distribution of rth
concomitant of GOS for (2.1) is:

I 2x°y? exp zyz)—cr*l .

(r-1){(m+1)""
S ( _ JZaxexp( s

which after S|mpI|f|cat|ons becomes

[rnmk

f 3 -1
[rn,m k] (y) (r 1) r -1 Z ( ]
(2.4)
Zay )
X—— y> 0
(y2 +awl)

The pth moment of rth concomitant of GOS is obtained
below.
Now

C -1 i r-1
p. — r-1 _1 .
/u[r_n,m,k] (r—l) (m+1)r -1 Z( ) ( i j
o 2ay

“(y an>2
which after simplifications become
C

ﬂ[’::n,m,k]zm ) I'(p/2)T'(p/2-1)

- ifr-1 /2-1
S|
i=0
The moments can be computed for specific values of the
parameters.

(2.5)

3. JOINT DISTRIBUTION OF rth and sth
CONCOMITANTS OF GOS

In this section we have obtained the joint distribution of two
concomitants of GOS for the bivariate Rayleigh distribution.
For this we first obtain the joint distribution of two GOS for
the distribution (2.1). Now using (1.3), the joint distribution
of two GOS for Rayleigh distribution is

Cs—l

frocnmi (Xp Xz) = W

- _l)!4a2x1x2 exp(-ax; )

1
(m +1)r_1

xexp(—axj)exp(—amxf)

SYEN [ri_ljexp{—a(mﬂ)ixf} w
1

(7, —1)}W

x[exp{—a(m +1)x } —exp{-ar(m+1) xﬁ}]s_r_l;

hich after simplifications become

C
fr,s:n,m,k (X11X2) = s-1

(r-1)i(s—r-1)}(m+1)"?

.+, r-1\(s-r-1
A

x4or’ X, X, exp(—awzxf )exp(—aw3x22 );

X EXp {—ozxz2

r-1s—r-1

22 (=

i=0 j=0

0<X <X, <oo,
where
w, ={(m+1)(s—r—j+i)};w, ={(m+1)j+y,}.
Now using (3.1) in (1.5) the joint distribution of two
concomitants of GOS is obtained below.

f[r,s:n,m,k] (yl’ yz) = 4_[: J.: Xlzyl exp(_xlzylz ) X§y2
Cs—l
(r-1)Y(s-r-1)Y(m+1)"

flsfl .H[r 1j[s—r—l} )
X . Ao X, X
2.2 ( 2 | i XX,

X exp (—ozw2 X; ) exp (—aW3 X2 ) dx,dx,

xexp(—xgyﬁ)
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(r=1)(s—r-1)}(m+1)""
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i=0 ]:0 J
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