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Abstract

In this study we give exact expressions and some recurrence relations
for marginal and joint moment generating functions of lower generalized
order statistics from extended type I generalized logistic distribution.
The results for order statistics and lower record values are deduced
from the relations derived. Further two characterization Theorems of
this distribution has been considered on using conditional expectation
and recurrence relations for marginal moment generating functions of
the lower generalized order statistics is presented.
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1. Introduction

Kamps [18] introduced the concept of generalized order statistics (gos). It is
know that order statistics, upper record values and sequential order statistics
are special cases of gos. In this paper we will consider the lower generalized
order statistics (lgos). Which is given as

Let n € N, k> 1, m € R, be the parameters such that
Y =k+(n—-r)im+1)>0, forall 1<r<n.

Then X*(1,n,m, k),...,X*(n,n,m, k) are n lgos from an absolutely con-
tinuous distribution function (df) F(x) with the corresponding probability
density function (pdf) f(x) if their joint pdf has the form

n—1 n—1
E(TTw) (TTF ™ £ ) (F )l f ) (1.1)
j=1 i=1
for F7Y1) > 2y > 29 > ... >z, > FY0).

The marginal pdf of the r—th lgos, X*(r,n,m, k) is

Feetnmin @) = L F@P g (F@) (12

and the joint pdf of X*(r,n,m,k) and X*(s,n,m,k), 1 < r < s < nis
expressed from (1.1) as

Pt e (09) = T F@ @)ty (F(e)
<l F@) ~ bl FOI FGP ), 2>y, (19
where
Crfl = H’YZ Vi = k + (n—z)(m—i— 1)7
i) = { 5
and
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We shall also take X*(0,n,m,k) = 0. If m = 0, k = 1, then X*(r,n, m, k)
reduced to the (n — r 4+ 1)—th order statistics, X,_,41., from the sample
X1, Xs,..., X, and when m = —1, then X*(r,n, m, k) reduced to the r— th
lower k record value (Pawlas and Szynal, [14]). The work of Burkschat et al.
[11] may also refer for lower generalized order statistics.

Saran and Pandey [7] and Khan et al. [16] have established recurrence rela-
tions for marginal and joint moment generating functions of l[gos from power
function and generalized exponential distributions. Ahsanullah and Raqab
[10], Ragab and Ahsanullah [12, 13] and Kumar [3] have established recur-
rence relations for moment generating functions of record values from Pareto,
Gumble, power function, extreme value and generalized logistic distributions.
Recurrence relations for marginal and joint moment generating functions of
from power function and Erlange-truncated exponential distribution are de-
rived by Saran and Singh [8] and Kumar et al. [4]. Al-Hussaini et al. [5, 6]
have established recurrence relations for conditional and joint moment gen-
erating functions of gos based on mixed population, respectively. Khan et
al. [15] have established explicit expressions and some recurrence relations for
moment generating function of generalized order statistics from Gompertz dis-
tribution. Kamps [19] investigated the importance of recurrence relations of
order statistics in characterization.

In the present study, we have established exact expressions and some recur-
rence relations for marginal and joint moment generating functions of lgos
from extended type I generalized logistic distribution. Results for order statis-
tics and lower record values are deduced as special cases and a characterization
of extended type I generalized logistic distribution has been obtained on using
conditional expectation and recurrence relation for marginal moment generat-
ing functions.

A random variable X is said to have extended type I generalized logistic dis-
tribution if its pdf is of the form

a\e™”
f(m)zm, —oo<zr<oo, a,A>0 (1.4)
and the corresponding df is
F(x)—( A )a —oo<xr<oo, a,A>0 (1.5)
= )\ + 6_1, ) 9 5 .
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When o = A = 1, we have the ordinary logistic distribution and when A = 1,
we have the type I generalized logistic distribution.

For more details on this distribution and its applications one may refer to
Olapade [1, 2].

2. Relations for Marginal Moment Generating
Function

Note that for extended type I generalized logistic distribution defined in (1.4)
aF(x) = (14 Xe) f(z). (2.1)

The relation in (2.1) will be used to derive some recurrence relations for the
moment generating function of [gos from extended type I generalized logistic
distribution.

Let us denote the marginal moment generating functions of X*(r,n, m, k) by
Mx+(r.nm, () and its j—th derivative by M)(g’z(r,n,m,k) (1).

We shall first establish the explicit expressions for M« (y.nmx)(t) . Using (1.2),
we obtain when m # —1

M- (£) = (C— / " F@) T  (0)g (F())da

r—1!J_
Cr1
= m]j(% —1,7r—1) (2.2)
where -
Ij(a,b) = / e [F(2)]* f(2)ghy (F())de (2.3)

Further, on using the binomial expansion, we can rewrite (2.3) as

Bah) = s 0 (1) [ e e e 2

u=0

Making the substitution z = [F(z)]"/®, (2.4) reduces to

@ u b ' —t _a(a+(m4+1)u _
bod) = s o0 (o) [ a sy,
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. . . . _ t)(p) 2P
On using the Maclaurine series expansion (1 —2)™" =3_>, ( );5!) :
where

1)... -1), p=1.2,...
(t), = {§§t+> (p-0), p=12

and integrating the resulting expression, we obtain

() w)
Ij(a,b) = meZZ ( )p![a(a+(m—|—1)u+1)+t+p]’t#o

p=0u=0
(2.5)
and when m = —1 that
b
0 uf b
Ij(a,b) =3, as 2(—1) ( y ) = 0.
Since I;(a,b) is of the form § at m = —1, therefore we have
o b
b () w)
I;(a,b —1) .
(e b) = m+1b;§%( ) (u)p![a(a+(m+1)u+l)+t+p]
(2.6)

Differentiating numerator and denominator of (2.6) b times with respect to m,
we get

b

b
_ o = u (t)(l’)abu
VZZ +b< )p![a(a+(m+1)u+1>+t+p]b+l'

u=

On applying L’ Hospital rule, we have

lim I;(a,b) = o i D Zb:(—1)“+b "Vt b0
m—-1 VTN plla(a+1) +t + p|o+! u ’ '

p:[) u=0

But for all integers n > 0 and for all real numbers z, we have Ruiz [17]

En:(—w‘ ( 7; ) (z — )" =nl. (2.7)

=0

Therefore,
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Hence

ottt & t
lim [(a,b):ba Ol

m——1 N fplla(a+ 1)+t + plb+t

(2.8)

Now substituting the above expressions for [;(7, — 1,7 — 1) in (2.2) and sim-
plifying, we obtain when m # —1 that

M (t) = aC’T 1 ii )" < T ) e
Al ) N (= 1)) )T P+t +p)

p=0 u=0
(2.9)
and When m = —1 that
(k)" & QI
M *(ryn,— t) = ’ ' 0 H10
X (rm,—1.0) (£) )Y ;p!(ak+t+p)’" ? .

Applying D’ Alembert’s Ratio test for convergence, it can easily be seen that
Mx+(rpn—1)(t) exist V¢, — oo <t < oo and is analytic in V .
Differentiating (2.9) and (2.10) and evaluating at ¢ = 0, we get the mean of
the r—th lgos.

Special cases

i) Putting m = 0, k = 1 in (2.9), the explicit formula for marginal moment gen-
erating functions of order statistics of the extended type I generalized logistic
distribution can be obtained as

oo r—1
aCr'n r—1 <t>(l7)
M t) = - .
Xomrsin (1) Al nguo ( ) plla(n —r+1+u) +t+p
That is
Mx zo‘cminr p(n-r () )
o plla(r +u) +t+p]’
p=0 u=0
where
|
Or:n = e

(r—1!(n—r)"
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ii) Setting k£ = 1 in (2.10), we get the explicit expression for marginal moment
generating function of lower record values from extended type I generalized
logistic distribution can be obtained as

o (@) p)
My, (8) = 7 Z Tactrge 70
At s plla+t+ p)

A recurrence relation for marginal moment generating function for [gos from
df (1.5) can be obtained in the following theorem.

Theorem 2.1. For the distribution given in (1.5) and for 2 <r <n, n>2
and k=1,2...

" : . j 1)
1 —)M(Ji t) = MY t) — L MU /
< + Yy, X (r,n,m,k)( ) X (rfl,n,m,k)( ) ay, X (r,n,m,k)( )

A | o
_a—%{ M iy (B 1)+ GME D+ 1)}. (2.11)

Proof. From (1.2), We have

My ) = ot |~ @D @ (P, (212)

Integrating by parts treating [F(x)]*~! f(x) for integration and rest of the
integrand for differentiation, we get

tCh— X —
M+ (rn,m ) (8) = Mxx(r—1,0,m,0) (8) — 7(70—_11). / [F (2)] " gy H(F(2))de,
the constant of integration vanishes since the integral considered in (2.12) is a

definite integral. On using (2.1), we obtain

MX*(T,n,m,k) (t) = MX*(T—Ln,ch) (t)

e (r—1 a
t

ay,

= Moty (£) — {MX*(WM) (£) = MMy ) (t + 1)}. (2.13)
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Differentiating both the sides of (2.13) j times with respect to ¢, we get

() () V)
M)g*(r,n,m,k) (t) = M)(J*(r—l,n,m,k) (t) - ay M)g*(r,n,m,k) <t)

_J -0 AL G) ANy

ayy X*(r,n,m,k) (t) ay, MX*(r,n,m,k) (t + 1) ayr MX*(r,n,m,k) (t + 1)
The recurrence relation in equation (2.11) is derived simply by rewriting the
above equation.

By differentiating both sides of equation (2.11) with respect to ¢ and then
setting t = 0, we obtain the recurrence relations for moments of lgos from

extended type I generalized logistic distribution in the form

E[X*(r,n,m, k)] = E[X*(r —1,n,m, k)]

J e n,m “(r,n,m
_W{E[X (r,n,m, k)] + AE[6(X*(r,n, ,k:))]}, (2.14)

where
P(x) = 27 te".

Remark 2.1. Putting m =0, k =1 in (2.11), we obtain the recurrence rela-
tion for marginal moment generating function of order statistics for extended
type I generalized logistic distribution in the form

1 —>M(j) 1) = M9 £ — J WV "
( * an—r+1) X"*’"H:n( ) anr+2:n< ) an—r+1) Xn7r+1:n( )
A (4) L r(—1)
—_— M t+1 MY t+1 }
Oé(n -7+ 1) { X"7T+1:”( T ) T J X’ﬂ*TJrl:n( + )

Replacing (n —r + 1) by r — 1, we have

G) ) J ()
M (1) = (1 o) MY 0+ MY )

A )
- —

a(r—1 ) L)+ ME) 4

1:
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Remark 2.2. Settingm = —1 and k£ > 1, in Theorem 2.1, we get a recurrence
relation for marginal moment generating function of lower k£ record values for
extended type I generalized logistic distribution in the form

EN o ) J -1
<1 + @) MX]*(r,m—l,k) (t) - M)g*(r—l,n,—l,k) <t) - @ij*(r’n’_l’k)(t)

A -1

3. Relations for Joint Moment Generating Func-
tion
On using (1.3) and binomial expansion, the explicit expression for the joint

moment generating of lgos X*(r,n,m, k) and X*(s,n,m, k) 1 <r < s <n,
can be obtained when m # —1 as

Cs1
(r—DYs—r—1Dl(m+1)5

X“Z“f a+b(r—1)(s_2_1>

MX* (r,n,m,k),X*(s,n,m,k) (tl ) t2)

a=o b=0
X /_OO e [F(x)]| iD=l gy [ () dz, x>y (3.1)
where
)= [ Mm@ )y (32)

By setting z = [F(y)]"/* in (3.2), we obtain

[( )_ a i (t2)( [ ( )]’stb+(p+t2)/a
AP — pl(ays—y +p +t2)

On substituting the above expression of I(z) in (3.1), we find that

OCCS 1
Mt (rmm,k), X+ (s,nmike) (F1, T2) = Ae(r — D)l(s —r —1)(m + 1)~
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X;‘:";it:(_wb(r;l ) ( s=r -1 )
(t

2)(10) /oo tix —a—1+(ptta)/a
X e F(x)| e prt2 z)dx
pl(aysp +p+ta) Flz) f@)

W20, o oo r—1s—r—1 -1
)\t1+t2(r—1)(5—7‘—1)(m+1)8 22 Zz_:(_l) b( a )

s—r—1 (t2) ) (1) (9)
% (3.3)
b Pl (ayey + p+ta)(aYr—a + D+ g+t +12)
and for s =r+1

MX* (r,n,m k), X* (r+1,n,m,k) (tl ) t2)

20 co oo r—1 _1
s oo (7))

(t2) () (t1)(q)
p (Y1 + 0+ t2)(ayr—a + D+ g+t + 1a)

At m = —1, (3.3) is of the form J as S (1) ( " ; L ) = 0.
Therefore applying L’ Hospital rule and using (2.7), we have

Mx+(r,—1,1), X (s,m,—1,%) (t1, t2)

_ (ak)s io: f: (tQ)( )(t1>(Q) (35)

“plgl(ak +p+ta)(ak+p+qg+t+to)
and for s=r +1

Mt (rn,—1,k),X* (r41m,— k) (F1, T2)

T—H i i (t2>(19)<t1)( ) ) (36)
At1+t2 pq (ak+p+te)(ak+p+q+ts+ta)"

Differentiating (3.3), (3.4), (3.5) and (3.6) and evaluating at t; = t5 = 0, we
get the mean of the r—th lgos.
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Special cases

i) Putting m = 0, k = 1, in (3.3), the explicit formula for joint moment
generating functions of order statistics for extended type I generalized logistic
distribution can be obtained as

MX’!L77’+1,7L78+117L (tl? t2)
B a?Chon B i ot r—1 s—r—1
= T 22 Z > (- . b
=o b=0
(2) ) (11) )

plglla(n — s+ 1+b) +p + to[a (n—r+1+a)+p+q+t1+t2]‘
That is

oo oo r—1s—r—1
Mx, ., (t1,t2) = )\tlijznzzz Z )ath ( 7”;1 ) ( 3_2_1 )

p=0 ¢=0 a=0 b=0

5¢ (t2>(p) (tl)(q)
Pl a(r +0) + p+to][a(s +a) +p+ g+t + 1]

X

where

n!
(r—DYs—r—1Dl(n—s)

Cr,s:n =

ii) Setting £ = 1 in (3.5), we get the explicit expression for joint moment gen-
erating function of lower record value for extended type I generalized logistic
distribution can be obtained as

(t2) ) (1) (9)
M t1,1t2) i
XL(T%XL(S)( b 2 )\tl-‘rtz Zzpq a+p+t2)s—r(a +p+q+t1 _|_t2)r

p=0 ¢q=0

Making use of (2.1), we can derive the recurrence relations for joint moment
generating function of lgos from (1.5).

Theorem 3.1. For the distribution given in (1.5) and for 1 <r < s <mn,
n>2and k=1,2...

) )
(1 + oy )MX*](T n,m,k),X*(s,n,m,k) (tl’ t2) MX*](T n,m,k),X*(s—1,n,m,k) (t17 tg)
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J g ri-1)
A Vi . tot
s X*(r,n,m,k),X (sfl,n,m,k:)( 1 2)

A .
- {tQM.gfl‘]()r,n,m,k),X*(s,n,m,k’) (tl’ ty + 1)
(i1
+]M( *](T,J,m,k),X*(s,n,m,k) (tl’ tz + 1) } (37)

Proof. Using (1.3), the joint moment generating function of X*(r,n,m, k)
and X*(s,n, m, k) is given by

MX* (r,n,m,k),X*(s,n,m,k) (tl ) t2)

Cs 1 OO m r—1
T @ (PG 69

o0

G(z) :/:p ey (F(y)) = han(F (@) [E ()] f(y)dy

—00

Solving the integral in G(x) by parts and substituting the resulting expression
n (3.8), we get

MX* (ryn,m,k), X *(s,n,m,k) (tl ) t2) = MX* (r,n,m,k),X*(s—1,n,m,k) (tl ) t2>

(= D)X s—r—l// HRF @] (@)

<G (F @) (F(y)) = hon (F ()" F (y)] " dyd,

the constant of integration vanishes since the integral in G(z) is a definite
integral. On using the relation (2.1), we obtain

MX*(r,n,m,k),X*(s,n,m,k) (tla t2) = MX*(r,n,m,k),X*(s—l,n,m,k) (tla t2)

to
A,
)\tg
Qs

MX*(rnmk) X*(snmk)(tlatZ)

MX *(r,n,m,k),X* (snmk)(tlat2+1) (39)
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Differentiating both the sides of (3.9) i times with respect to ¢; and then j
times with respect to ty, we get

(i.5) _ (i)
M mm k), X+ (5.0, ) (t1,t2) = M m ), 5 (s—1,m,m ) (t1, 1)

Lo (i)
——= M ) t,t
Qs XT(rmmk).X (s (11 12)

J -1
— M . ty,t
s X*(rm,m,k),X (s,n,m,k)< 1 2)

— 22 . tity+1
o M m . X (s (115 £2 1)

A G

_i_%M,g(;](r,il),m,k),X*(s,n,m,k) (tl’ tQ + 1)’
which, when rewritten gives the recurrence relation in (3.7).
One can also note that Theorem 2.1 can be deduced from Theorem 3.1 by
letting ¢; tends to zero.
By differentiating both sides of equation (3.7) with respect to ¢;, ty and then
setting t; = t5 = 0, we obtain the recurrence relations for product moments of
lgos from extended type I generalized logistic distribution in the form

E[X*(r,n,m,k), X" (s,n,m, k)] = E[X*(r,n,m, k), X" (s — 1,n,m, k)]

—a]% {E[X*i(r, n,m, k), X (s,n,m, k)]

+AE[p(X*(r,n,m, k), X*(s,n,m, k;))]}, (3.10)
where
$a,y) = a'y’ e’
Remark 3.1. Putting m = 0, £ = 1 in (3.7), we obtain the recurrence
relations for joint moment generating function of order statistics for extended
type I generalized logistic distribution in the form

ty (i.9) _ )
<1 _|_ a(n — 8 + 1>MXn—r+l,n—s+1:n (t]" tz) - MXn—r+l,n—s+2:n (t]" tz)

J (4,j—1)
N mMX”—T‘+1,n—S+I:n (tl ) t?)
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A (i) o r(ii—1)
_Oé(n — S+ 1) {t2MXn—T+1yn—S+1in (t]" t2 + 1) + jMXn—r+1,n—s+l:n (tl’ t2 + 1)}

That is

- t . i L
MED (h,t2) = (1 L MG (bt M (41
Xr,s:n( 1y 2) + OC(T _ 1 Xr—l,s:n( 1y 2) + O[(r _ 1 Xr—l,s:n( 1y 2)

1 Mg,

P
r—1,s:n

+ (ty + 1,85) + z’M)(jjl’Qn (t1, tg)}.

=

Remark 3.2. Substituting m = —1 and £ > 1, in Theorem 3.1, we get
recurrence relation for joint moment generating function of lower k record
values for extended type I generalized logistic distribution in the form

b2 \ 3 (i) (i.7)
(1 + @)MX*](T,n,—l,k)7X*(s,n,—l,k) (tl’ t2> = MX*](r,n,—Lk),X*(s—l,n,—l,kz) (tl’ t2)

J o lig—1)
_@MX*(Tyn,—l,k),X*(s,m_l,k) (t1,t2)

A (0.9)
B @ {tQMX*](W%—LIC),X*(s,n,_Lk) (t17 to + 1)

(i1
+JM)((*](r,n),q,k),x*(s,n,q,k) (t1, 12 + 1)}-

4. Characterization

Let X*(r,n,m,k),r =1,2,...,nbelgos from a continuous population with df
F(z) and pdf f(x), then the conditional pdf of X*(s,n, m, k) given X*(r,n,m, k) =
z,1<r<s<n,in view of (1.2) and (1.3), is

Cs1
*(s,n,m *(rn,m = > F m=yrtl
Ix* (s.mmo) | X * (ranm, k) (Y] ) 7= 1)!07»_1[ (z)]

[ (F(y)) = hin(F (@) F @) f (). (4.1)

Theorem 4.1. Let X be an absolutely continuous random variable df F(z)
and pdf f(x) on the support (—oo, 00) then

E[et snmk) | X4 (1 n,m, k) = x]
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s—1

:i<—1)<) <A+eﬂ”>P < ey ) l=rr+1 (4.2)

= A 1 Vs —pla
if and only if
A «a
F(a:)z( ), —oco<r<oo, aA>0.
Ate®

Proof. From (4.1), we have

Csfl
(s —r—DIC,_1(m+ 1)s——1

B[ CrmR X (7, k) = ] =

< / L - (B Ey e Wy, g

o0 F(x) F(x)/  F(z)
By setting u = % y; = (iii:i)a from (1.5) in (4.3), we obtain

Cs—l

E[etx*(s’n’m’k)’X*(ra n,m, k) = x| = (s —r—DIC,_1(m+ 1)s——1

1
X/ [()\ + e—ac)u—l/a . )\]—tu%—l(l . um—i—l)s—r—ldu
0

Osl - A+ e T\P
:(s—r—l)'Crl(m—i—l le )\t ( A )

p=

1
« / WPl =1 (] ety g, (4.4)
0

Again by setting z = u™ " in (4.4), we get

Cs—l
(s —r—=1IC,—1(m+ 1)

E[etX " snmk)| X4 (1 n om, k) = 2] =

(=D )y (A e\ [P ek s—r—1
XPZ:; ol ( ) ) /0 zatmD) (1—2) dz

— Cor i (_1)t(t)(p) (/\ + 6x>pr(a?ifl) +n— s)

= ol o
p=0 APt A F(a(:zﬁ) +n- T)
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Cot n= (=) () ) (A e 1
_ Z( )()()(

P
et A'p! A ) Hj;;(%‘ﬂ' —p/a)

-1 =0
and hence the result given in (4.2).
To prove sufficient part, we have from (4.1) and (4.2)

08*1 > toy m+1 m+11s—r—1
(s =r =1DIC, 1 (m+1)s7r-1 /_oo eHlE@) - (FE)™]
X[F ()] f(y)dy = [F ()] Hy(x), (4.5)
where
o D) (AN T (L e
Hy () = p:ZO Alp! ( A ) ]1_[1 (%ﬂ' —p/a)'

Differentiating (4.5) both sides with respect to z, we get

CS_l[F(xﬂmf(m) > t2y m+1 m+11s—r—2
e et | @) = (P

<[F()]" " f(y)dy = Hy(2)[F (@) + yrs Hy () [F ()] f (2)
Vet Hpg (2)[F(2)] 727 f ()
= Hy(2)[F (@) + 5t Hy (2)[F ()] 7 f(2).

o0

Therefore,

f(z) o H)(x) o

F(z)  YealHea(z) — Hi(z)] (14 Xe)

which proves that

A o
F(m):(A+€_I>, —oo<x <00, aA>0.

Theorem 4.2. Let X be an absolutely continuous distribution function F(x)
with F(0) =0 and 0 < F(z) <1 for all x, then

MX* (r,n,m,k) (t) - MX* (r—1,n,m,k) (t)
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t
- {MX*(T,n7m7k) (£) + AMx (o1 g (£ + 1)}. (4.6)
if and only if
A @
F(x):( ), —oco<zr<oo, aA>0.
Ate®

Proof. The necessary part follows immediately from equation (2.11). On the
other hand if the recurrence relation in equation (4.6) is satisfied, then on
using equation (1.2), we have

G / " @) f @)l (F())da

-1 )

= [ R gl P

o P @ P
o [P @ Pyt (4)

Integrating the first integral on the right hand side of equation (4.7), by parts,
we get

% / i [P (@) g (F@){ Fl) - éf (@)= Aj

f(a:)}dx =0.

(4.8)
Now applying a generalization of the Miintz-Szdsz Theorem (Hwang and Lin,
9] to equation (4.8), we get

f(z) a

F(x) (14 Xe®)

which proves that

A
At+e®

(0%
) , —oo<zr<oo, aA>0.

Fz) = (
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5. Conclusion

This paper deals with the lower generalized order statistics from the extended
type I generalized logistic distribution. Some explicit expressions and recur-
rence relations for marginal and joint moment generating functions are derived.
Characterizing results of the extended type I generalized logistic distribution
has been obtained by using conditional expectation and recurrence relation of
lower generalized order statistics. Special cases are also deduced.
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