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Abstract: Dual generalized order statistics is a unified method for random variables that are arranged in
decreasing order. The moments of dual generalized order statistics are helpful to study the properties of any
distribution. Often, the moments of dual generalized order statistics are not easy to compute and recursive
computation is done. The recurrence relations for moments of generalized and dual generalized order statistics
are helpful to compute the higher order moments from the lower order moments. In this paper the methods for
recursive computation of moments of dual generalized order statistics for general transmuted power function
distributions are presented. The general transmuted power function distributions are first defined and then the
recurrence relations are obtained. These recurrence relations include relations for single, inverse, product, and
ratio moments. The recurrence relations are used to obtain the relations for moments of special cases, which
include lower record values and reversed order statistics. Some characterizations of the general transmuted
power function distributions are also presented based on the basis of single and product moments of dual
generalized order statistics. These characterizations are unique results for the general transmuted power function
distributions. The results given in the paper are useful to obtain the results for special cases of general
transmuted power function distribution which includes power function and transmuted power function
distributions.

Keywords: Dual generalized order statistics, general transmuted distributions, moments, power function
distribution.

INTRODUCTION

The study of ordered random variables has been an area of interest for several authors. The classical method for
increasingly arranged random variables is order statistics and has been a very useful method in studies of
extreme events. This method has been extensively discussed by various authors; see for example David and
Nagaraja (2003) and Arnold ef al. (2008). Chandler (1952) and Dziubdziel and Kopociski (1976) have
introduced record values as another method for the modelling of extreme records — lower as well as upper
records.

Kamps (1995) has introduced generalized order statistics (gos) as a unified model for random variables
which are arranged in increasing order. Kamps (1995) has argued that several models for increasingly arranged
random variables, including order statistics and upper record values, appear as special cases of the generalized
order statistics.

In several situations we need to study the distributional behaviour of random variables which are arranged
in decreasing order of importance. Reflected order statistics and lower record values are two classical methods
for such random variables. The dual generalized order statistics (dgos), introduced by Burkschat et al. (2003), is
a unified method for random variables arranged in decreasing order.
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Burkschat et al. (2003) have shown that the joint distribution of dgos for a sample of size n is
2 (oo )= (P )LCNT OO R O (D)

where k>1, me , y = k+ (n - )(m + l) and F (xl.) is cumulative distribution function of i random

variable. Burkschat e al. (2003) have further shown that the marginal distribution of a single dgos and joint
distribution of two dgos are given as
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Different models of decreasingly arranged random variables appear as special cases of dgos. For example, the
reflected order statistics appears as a special case of dgos for m = 0 and k= 1. The lower record values appear as
special case of dgos for m = —1. For further discussion about dgos see, for example, Ahsanullah and Nevzorov
(2001) and Shahbaz et al. (2016)

Most of the work in the field of dgos is based upon obtaining recurrence relations for moments of dgos, when
the sample is available from some probability distribution, and proposing some characterizations of the
distributions using moments of dgos. Athar and Faizan (2011) have obtained the relations for moments of lower
record values for power function distribution and have also obtained some characterizations. The recurrence
relations for moments of dgos for a general class of inverted distributions have been obtained by Kotb et al.
(2013). Ahsanullah ef al. (2013) have given some characterizations for the power function distribution using
moments of lower record values.

The recurrence relations for moments of gos and dgos for transmuted distributions have not been explored.
Al-Sobhi et al. (2021) have obtained the recurrence relations for moments of gos for a transmuted exponential
distribution. In this paper we have obtained the recurrence relations for moments of dgos for a general
transmuted power function distribution. We will first introduce the general transmuted power function
distribution.

MATERIALS AND METHODS

In this section the general transmuted power function distributions have been introduced.
General transmuted power function distributions

The transmuted family of distributions has been introduced by Shaw and Buckley (2007) as a method of
obtaining new probability distributions from the available ones. This family has been explored by several
authors. Recently, Rehman et al. (2018; 2018b) have extended the transmuted family of distributions to the
general case and have proposed two methods to extend them. The distribution functions of the general
transmuted family of distributions, proposed by Rehman et al. (2018a; 2018b), are
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Fl(x)zG(x)+§/1hG”(x)[l—G(x)J,xeiﬁ’ )
and
Fz(x)zG(x)+;/th(x)[l—G(x)T,xeER, (5

where G(x) is cumulative distribution function (cdf) of the baseline distribution. The density functions

corresponding to (4) and (5) are, respectively,

fi(x) [ 2 h+1)2,G" (x ZMG’”( )} xeR ..(6)

h=1
and

£ (%) {1+Z/1 {1-6( } ZhﬂGx){l G(x )} },xe‘)&’, A7)

where g ( x) is the density function corresponding to G (x) . Also, the A's are the transmutation parameters.

These parameters require certain conditions that are given below.

For4)and (6):  —1<4,<1&-t<) ' 2,<I
For (5) and (7): ~1<2,<1&-1<" 2, <t.

The transmuted family of distributions, proposed by Shaw and Buckley (2007), appears as a special case of
the general transmuted family of distributions for # = 1. The general transmuted family of distributions can be

used to generate transmuted distributions for different G (x) . In the following we have proposed two general
transmuted power function distributions by using the following density and distribution functions of power

function distribution, with parameters (a,c) >0,

a-1 a
g(x):axa ,0<x<c,(a,c)>0 ; G(x)=
c

,O<x<c,(a,c)>0. ...(8)

<3|><
]

in (4) and (5). These distributions are defined in the following subsections.
The general transmuted power function distribution—I

The general transmuted power function distribution-I (GTPF-I) is obtained by using (8) in (4) and (6). The
distribution and density function of the GTPF-I are

a ¢ ah a a ¢ a(h-1) ' %
DR (1_%}%{“2% 34,5 }o O
h=1

t ah
1+Zhﬂhm—2(h+l)ﬂhz7},0<X<C. (10)

It is to be noted that the transmuted power function distribution, proposed by Haq et al. (2016), appears as a
special case of GTPF—I for t = 1. The density and distribution functions of GTPF-I are related as

(h+1)
F,(x)z%f x)— +Zhl ,0<x<c. ..(1D)

t
h=1
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This relation is useful in obtaining recurrence relations for moments of dgos for GTPF-I which we will give in
the coming sections.

The general transmuted power function distribution—II

The general transmuted power function distribution—II (GTPF-II) is obtained by using (8) in (5) and (7). The
distribution and density function of the GTPF-II are

xa t xa xa n
x)=—+>A —|1-—| ,0<x<c ...(12
) c® hzz; hca( Caj (12)

f(x)= 1+Z,1 (1--} ZM —L —C—J“ ,0<x<c. ..(13)

The distribution and density functions, given in (12) and (13) are related as

t h—1 ; h—l xa(ﬁ—z)
F(X) ;fz(x)+2h/lh (—1)( j ]W,0<X<C . (14)

The relation (14) is useful in obtaining recurrence relations for moments of dgos for GRPF-II which will be
obtained in the coming sections.

RESULTS AND DISCUSSION

In this section the main results of the paper are discussed.
Recurrence relations for single and inverse moments
In this section we will obtain the recurrence relations for single and inverse moments of dgos for the general

transmuted power function distributions, introduced in the previous section. For this we will consider following
relation between moments of dgos, see for example Kotb ef al. (2003) and Shahbaz et al. (2016).

4 pC,_ © — Ve e
:urin,m,k - #fflzn,m,k = _T_ll)!j_w xl’ 1 ':F(X)] gm : [F(x)]dx 5 (15)
where #? = E(X”, ek ) and X, . isthe " dgos.

The recurrence relations for general transmuted power function distributions are obtained in the following
subsections.

General transmuted power function distribution—I

In this section we will obtain the recurrence relations for single and inverse moments of dgos for GTPF-I. The
recurrence relation for single moments of dgos from GTPF-I is given in the following Theorem.

Theorem 1: The single moments of general transmuted power function distribution-I are related as

ﬂp k :( ay j lll —1: Jk + Zl: th}/r(kil)cr_l { h
- ay.+p o c“(h“);/,,Cr_l(k_l) p+a(h+1)

...(16)
><|: pra(h+l) _  pra(h+) :|_ca (h_1)|: p+ah ptah :'} ,

rin,mk—1 r—lLn,m,k-1 1ur n,mk—1 1ur Lin,m,k—1
p+ah
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where 7, = (k 1) ( r)(m+1) and C, 1(k-1) H] 7 i(k-1)

Proof: Using (11) in (15) we have

C . ¢ xgh (h+l)
ll'l}';':]}'l,m,k _:u;n—l:n,m,k :_ﬁj‘o { ; 1’! ah +Zhﬂ'h a(h+1) }
x[F X ] g I[F ]dx
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St e LT e [ s

2P 5 Cr " “
_Lﬂfn,nz k Z(h 1) " (k 1) 1 { /Lt}'}‘):—’l mhlﬁ 1 /uf'—l nhm k- 1}

ay, =l I all(p+ah)cr—l(k—l)
f ALY i) Crm valh) | pra(is
+ h a(hH) " ) r’in,m(,z—ll) _:uf—ln(}r; llf) 1}
= Y,C {p+ a(h+1)} (k1)

Rearranging, we have (16) and hence the theorem.

It is to be noted that the recurrence relation (16) reduces to the recurrence relations for moments of dgos for
power function distribution for 4, =0; A =1,2,...,¢ as obtained by Athar and Faizan (2011). The following

corollaries immediately follow from Theorem 1.

Corollary 1: Using “—p” in place of p the following relation for inverse moments of dgos for GTPF-I is
obtained

t
_ ay, r-1 h
:ur:f,m,k = [—J :ur 1:n,m.k Z a
ay, = p i3 Uy, L)
.. (17)

a(h+1)-p a(h+1)-p c” (h B 1) ah—p ah—p

|:1urnmk 1 :ur—lzn,m,k—l:|_—|::urnmk 1 T M Lin,m k- ]:‘
ah—p
Corollary 2: Using m = —1 in (16) and (17) the following relations for single and inverse moments of lower

record values for GTPF-I are obtained

r—1
p ak ! h
Hi (1) [ak-}—pj{ +;cah+l ( j {p+a(h+l)

.(18)
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=
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Corollary 3: Using m = 0 and k£ = 1 in (16) and (17) the following relations for single and inverse moments of
reversed order statistics for GTPF-I are obtained.

p_|almrtl) s Apon )
- L(n—r+1)+p yril:ﬁ;c“(””)”—"“ pra(h+1)

...(20)
p+a(h+1) pra(h+l) _Ca(h_l) p+ah | prah
|:/urn ~Hpp i| p+ah I:/ur:n My :I :
| a(n-r+1) ) _Zf: Ap n h
Hrn = a(n-r+1)-p Hrctn ) p—r+1 | a(h+1)-p
.21
+ a(h+1)- “ h-1 a a
S |

General transmuted power function distribution-I1

In the following we will obtain the recurrence relations for single and inverse moments of dgos for GTPF-II.
The recurrence relation for single moments of dgos from GTPF-II is given in the following Theorem.

Theorem 2: The single moments of general transmuted power function distribution-II are related as

Hrnmi = ( o J{”rlnmﬁzhﬂhz(“" (11]

Ofﬂ/r‘i‘p j=0 C

.(22)
p}/r(k—l)crf

5 I
{p ta (] + 2)}7rCr—1(k—1)

{ pra(j+2) _  pra(j+2) } ‘

rin,mk—1 lur Lin,m, k-1

Proof: The recurrence relation for single moments of dgos for GTPF-II is obtained by using (14) in (15) as

pC e o x ‘ h-1 (h=1)5 %0+
:ur{:)n,m,k _lu}f]fl:n,m,k = _T_ll)‘jo xp 1 {;»}2 (x)+ Zhﬂh (_ 1)1 ( . Ca(_f+2)
7! g;’l[F (x)]dx

X[F(X):I
S = G R A O A

ay, (r-1)!
! ol _1 ! h_l +a( j+2)- r r—
x> (a(j)z)[ ' j-[oxp U] lgml[F(x)]dx
=1 j=0C J
I IR e ) (h—lj PY e Cr
___lur:nm + h/l alj+ : ;
ay, " ; h;c U2 {P+05(J+2)}7rcr_1(k-1)

p+a(j+2) pra(j+2)

|:1u)nmk1 /urlnmk 1:|

Rearranging the above we have (22) and hence the Theorem.

The relation (22) reduces to the recurrence relations for single moments of dgos for power function distribution
for 4, =0; h=1,2,...,¢. The following are some corollaries which immediately follow from Theorem 2.
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Corollary 4: Using “—p” in place of p the following relation for inverse moments of dgos for GTPF-II is
obtained

o _[_ar, chl( h-1
:ur:n,m,k [a}/r_pJ“ i —n,m.k g h;ca J+2) ]

X{ J +1927 () }C {ﬂf,gj;zk) 1p H, (1j;iip1 }:l

Corollary 5: Using m = —1 in (22) and (23) the following relations for single and inverse moments of lower
record values for GTPF-II are obtained

B

.(23)

r rlkl

1 ...(24)
k r— ralj+2) +a(j+2)
X(mj {/1 1(r) _'ull; 1(Vj 1) }
(e Y, < L = (-1) p (h—lj

k - alj+2)— +2
X(_k—lj {#K(j( " _:uK(Jl(r)l)p} :

Corollary 6: Using m = 0 and k£ = 1 in (22) and (23) the following relations for single and inverse moments of
reversed order statistics for GTPF-I are obtained

g g U

(n—r+1)+p im0 cC J ...(26)
p n pra(j+2) _  pra(j+2)
T e |
S| alnmre) g, (D) (A
Hp |:(Z (l’l oy 1) —p Hin ; h ~ ca(j+2) J
.27

We will now obtain the recurrence relations for product and ratio moments of dgos for general transmuted
power function distributions in the following section.

Recurrence relations for product and ratio moments

In this section the recurrence relations for product and ratio moments of dgos for the general transmuted power
function distributions will be given. These relations are obtained by considering the following relation between
product moments of dgos, see for example Kotb et al. (2003) and Shahbaz et al. (2016).

C X
;uf,fn,m,k _ufi;({l:n,m,k == }/S (l" _ lq)|(ssl_ y— 1 j_wf )({7 qu f [F :|

xg!! [F ][h (%) ]S . 1[F (x, } “dx,dx,

: ...(28)
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where u/! =E (X D, G k) . The recurrence relations for general transmuted power function

distributions are obtained in the following subsections.
General transmuted power function distribution-I

In the following we will obtain the recurrence relations for product and ratio moments of dgos for GTPF-1. The
recurrence relation for product moments of dgos from GTPF-I is given in the following Theorem.

Theorem 3: The product moments of general transmuted power function distribution-I are related as

u k:[—a]/s j/ﬂ”fr k+Zt: Ahqys(kfl)cs—l { h

ay,+q h=1C (h+1)7_ch_1(k—1) q-+ 0’( h +1)
..(29)
+a(h+ +o h+ c“(h-1 +ah +a
X|:/urp,’vqnm(k}111) — ,ulp,;(ili(rfllkz :| _ﬁ[ Itf;,’g:n,ml,k 1 /[;? lrflmk 1:|
Proof: Using (11) in (28) we have
, R _ C]C crX mo .
:uf?;:]n,m,k _lurpisq—ltn,m,k - 7S (r_l) (S r— 1 J. J. le )|:F (xl )] gm4 [F (xl )]
x[hm (x,)=h, (x, )]Hfl [F (x2 )]7"71
t x;xh t xS a(h+1)
{ fi(xy) ; " ;hz e }dxzdxl
or
, , _ 1)1 qCv crn +
/ufis(:]n,m,k _lurlisq—l:n,m,k _a_}/slursn m.k + z h(s rl 1)'.[ IO ')f )g “t f()f: )
x[F(xl) g,’n_[ x1 J[hm x1 x2 :lH IEF x2 :I a’xzdx1
- hA,qC,_ ra(h) m
S [ [ () )]

xg [F (x))][ 1y (0)=hy (53)] [ F (6, )] dwyd,

or

- ( hqys(k I)CY 1 p.qrah p.qrah
a}/ rvnmk hZ=1: y.c q+ah)c e 1){ r,sinmk—1 lurs Lnmk— 1}

d hA,q7 - Cs-
+Z W/ s(k—1)~ 51

Ty Mg+ a(h+1)}C

Pq _ P4 —
lur,s:n,m,k lur,s—lzn,m,k -

r.sinmk—1 r.s—lnmk—1(*

{ p.gra(h+l) p,q+a(h+l)}

Re-arranging the above equation we have (29) and hence the Theorem.
It is to be noted that the recurrence relations for product moments for GTPF-I, given in (29), reduces to the

recurrence relations for product moments of dgos for power function distribution, given by Athar and Faizan
(2011), for 4, =0;h=1,2,...,¢

Some useful corollaries which are immediate from the above Theorem are given below.
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Corollary 7: Using “—¢q” in place of ¢ in (28) the following relation for ratio moments of dgos for GTPF-I is
obtained

#P5'—q . :( ays j ,up,_‘ll- k_i /lhq}/s(k—l)(js—l h
B A D | =T A (2 (R

yq
..(30)

“(h-1
p.a(h+l)-q p.a(h+l)q c ( ) p.ah—q p.ah—q
X |::ur,stn,m,k—l - ﬂr,s—l:n,m,k—l - /ur,s:n,m,k—l - ﬂr,s—l:n,m,k—l .
ah—q

Corollary 8: Using m = —1 in (29) and (30) the following relations for product and ratio moments of lower
record values for GTPF-I are obtained

s—1
pad ak o+ L ( : j h
Hiirs) (akwj[ﬂ“”“) 2t (1 g+a(h+l)

.1
p.q+a(h+l) . pogra(h+l) _ Ca (h - 1) p.g+ah _  pgrah
><|:luK71(r,s) luK*l(r,sfl) :| m[ul(fl(r,s) 'qul Q’,sfl ):| :
s—1
o [k N[ b Ag (K h
:uK(r,s) (ak+qJ|:luK(r,s—l) ;ca(hﬂ) [k_ 1 a (h + 1)_q
.(32)

- ¢ (h-1)
><|: p.a(h+l)—¢ _ p,a(h+1)—qi|_ p.ah—q _ , pah—q ] )
Hyy(r5) Hg i 5-1) ah—q Hy 16s) ™ Hg1g5-1)
Corollary 9: Using m = 0 and k = 1 in (29) and (30) the following relations for product and ratio moments of
reversed order statistics for GTPF-I are obtained

po _|_aln=s+) |, Aa om !
/'lr,s:n |:a(n_s+l)+q /ur,s—lzn'i_;ca(hﬂ) n—s+1 q+0,’(h+1)

o .(33)
p.q+a(h+1) . pog+a(h+l) . ca h-1 q+ah q+ah
X|:;ur,s:n lLlr,sfl:n :| q + ah [u;{;qn lu;{js(il:n :I}:|
Pmq _ Oc(n—s+1) pmq _ Zt“ 44 n h
lur,s:n a (n et 1) —q lur,s —n — ca(h+1) n—-s+1 la (h +1 )_ q
(34

y [ﬂz;il(hﬂ)—q _ #f’if’;ﬂ )—qi| _ Cl;(hh_—ql) |: ri,:(;h -q_ yri’fll:q ] }:| ]

We will now give recurrence relations for product and ratio moments of dgos for GTPF-II in the following.
General transmuted power function distribution—IT
In the following Theorem the recurrence relations for product and ratio moments of dgos for GTPF-II are given.
Theorem 4: The product moments of general transmuted power function distribution-II are related as
! ay, ’ ‘ Bl i(h-1
lul{is?n,m,k = ( J|:Iurp,sq1:n,m,k + zh/’ihZ(_l)] j
h=1

ay,+q j=0
...(35)

qys(/f—l)cf—l pa+a(j+2) _ | p.a+a(j+2)
% }/sc“(j‘*'z) {q + a(] + 2)}Cs_l(k_l) {/ur,s:n,m,k—l :ur,s—l:n,m,k—l} .
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Proof: Using (14) in (28) we have

:ur[j;:qn,m,k _:ul{j;q—l:n,m,k = }/ (l" l S r— 1 J. I )qp )|:F (xl )]m g';_l [F (xl )]

X[hm x] _hm (xz):ls r— I[F(xz ):|}’x 1
-1 xa(j+2)
{ fi(xy) Zh/l Z [ j—ci( j+2)}dxzdx1
9C;
ﬂunmk*'zhi Z ( j jyca(-j+2)(r—l);(s—l”—1)!
JALJAxI Py q+a/+2 xl |:F X, :| g [F X, :|

x[hm x,)—h, (x, )]H_l [F(x2 )]y’s_l dx,dx,

ay

or

pq p.q
/ur,s:n,m,k - lur,s—lzn,m,k a}/ rson,mk + Zhﬂ Z ( J

N

y ‘ qy;(k*l)cs—l { p,f]+a(]{+12) _ p,f]:-a(jJFkZ)l}-
ysca(j+2) {q + a(] N 2)}CS71(/(71) 7S, rs—Ln,m,

Re-arranging, we have (35) and hence the theorem.

The relation (35) again reduces to the recurrence relation for product moments of dgos for power function
distribution, given by Athar and Faizan (2011), for 4, =0;4 =1,2,...,¢ . The corollaries which follow from

Theorem 4 are given below.

Corollary 10: Using “—¢g” in place of g in (35) the following relation for ratio moments of dgos for GTPF-II is
obtained

13
luz{i;:_nq,m,k ( 7/ J|:luz s—L:n,m.k zhl Z ( j

ays—4q

(36)

q}/x(k—l)cs—l p.a(j+2)-q p.a(j+2)-q
% }/sc“(j*'z) {Of(] + 2) _ Q}C‘v_l(k_l) {lur s k-1 Hrs—1nm k- 1} .

Corollary 11: Using m = —1 in (35) and (36) the following relations for product and ratio moments of lower
record values for GTPF-II are obtained

k t h—-1 h_l
O P RS20 Y (e
300

ak+gq -1 =0 J
L ..(37)
q P, q+a(j+2) p,q+a(j+2)
X - .
el+2) {q va(j+ 2)} (k _ 1) {/“K irs) Mki(rs) }}
ak N[ .. &2 (k-1
lul((rs)_(ak_qJ|:luK(r,s1)_;}[1/1/0( 1) ]
...(38)

s—1
q k pa(j+2)~q _  pa(i+2)—q
* ¢+ {a(j +2)- CI} (k - J {'UK 1(rs) Hii(rs) }}
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Corollary 12: Using m = 0 and £ = 1 in (35) and (36) the following relations for product and ratio moments of
reversed order statistics for GTPF-1I are obtained

_ t h-1 X _ 1
s = {u}{u Sy [” . j
a h=l =0 J

(n—s+1)+q
.(39)
% q n { pua+a(j+2) p,q+a(j+2)} '
ca(j+2) {q iy (J ¥ 2)} n—s+1 s r,s—Lin
- a(n—s—i—l) ~ ! k1 j(h—lj
ﬂrp;:nq =\~ #i{,.;*q:n - hﬂ/ _1 .
’ {a(n—s+l)—q}{ . ; h;)( ) Jj
.(40)
y q n { pa(j+2)-q p,a(j+2)—q} '
ca(j+2){a(j+2)_q} PR G r,s—Ln

We will now give some characterizations of general transmuted power function distributions based upon single
and product moment of dgos.

Characterizations

In this section some characterization results will be presented for general transmuted power function
distributions. These characterization results are based upon single and product moments of dgos.

General transmuted power function-I

The characterization results for GTPF-I are given in the following. These characterizations are given in the
following Theorems.

Theorem 5: A necessary and sufficient condition for a random variable X to have density and distribution
functions (9) and (10), respectively, is that the moments of its dgos are related as

A C
| ay, S PV (k)G
lu}{:)n,m,k _( J /u;f)—l:n,m,k + hz;ca(h-H)

ay, +p 7,C, iy p+a(h+1)

lur:n,m,kfl lurflzn,m,kfl

+a(h+1) _ pra(h+l) _m ah oh
X|: g - :| p +ah |:lu}{:7r:r,m,k71 luf:;:n,m,kfl}

Proof: The necessary condition immediately follows from Theorem 1. For a sufficient condition consider (15)
as

L‘l)!j:xpl [F(x)]y' g [F(x)]dx.

7, (r-1

P _ P [
:ur:n,m,k ﬂrflzn,m,k -

Using the above equation with (11) we have

pC._ o . pC _ o
e U A OI Ty = v
X t xah t xa(h+1) PR
x ;ﬁ(x)—;(h—l)lthJr;hth [F(x)]" gn'[F(x)]dx

or
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L[ R ()] g [F ()]

7. (r=1)!
{Fur{gmw—gw—n jHQMaiﬁﬁ}o

Applying the Miintz—Szadz theorem—see Hwang and Lin (1984)—to the above equation we have

h h+1
a t xa( )

F(x)=§f(x)—2(h—1)/1hx7+zh%m

h=1 ¢ h=1

and this relation holds between the density and distribution function of GTPF-I distribution and hence the
theorem.

Theorem 6: A necessary and sufficient condition for a random variable X to have density and distribution
functions (9) and (10), respectively, is that the joint moments of its dgos are related as

w = s B v +Zt: 4447 s G h
r,s:n,m, a]/S + q r,s—ln,m, = ca(hﬂ)}/XC q + a( h +1)

s—1(k-1)

S TN B U ﬁmmlmwmﬂ.

q+ah

Proof: The necessary condition immediately follows from Theorem 3. For a sufficient condition consider (28)
as

/’lrli:v‘:]n,m,k - ﬂlszl:n,m,k = 7/ (V 1) S r— 1 '[ IXI 1x T f 1)|:F :|

xg! |:F X, :H:hm x)—h,(x) ]H 1 [F X, j dx, dx,
Using the above with (11) we have
e ) T )T
qC,
;/(r 1) (s r— 1)
.[ .[Xlxlpx;”I xl ]gm [F le [h x1 —h (xz)]‘wf1

t (h+1)

<[F(x,)]" {gf(xZ)—Zt:(h—l)/l Zzl +Zh/1h)cc — }dxzdxl

h=1 h=1

X[hm (xl ) —h, (x2 )]Hi] [F(xz )]y dx,dx, =

or

_ q 51 I J.xl x/x x1 [F(x1 ]g [F X, ]m[hm (x1 )— h, (x2 )]Hfl

7( srl

B t ah ¢ a(h+1)
X|:F()C2 ):Iy»\ llF (x)— {gf (X2 )— Z(l’l — l)ﬂ“h %+ hz“hﬂ,h ii(Tl)dedel =0.

Applying the Miintz—Szadz theorem—see Hwang and Lin (1984)—to the above equation we have
a (h+1)

F(xz)zi_zf(xz) Z(h 1)/111 e +Zh’1h g

h=1

and this relation holds between density and distribution function of GTPF-I distribution and hence the theorem.

March 2023 Journal of the National Science Foundation of Sri Lanka 51(1)



General transmuted power function distributions 49

General transmuted power function-II
The characterization results for GTPF-II are given in following Theorems

Theorem 7: A necessary and sufficient condition for a random variable X to have density and distribution
functions (12) and (13), respectively, is that the moments of its dgos are related as

P _ a}/r p t S h 1
. - —L:n,m + + .
lur,n,m,k [a}/r N p]l:/ur 1:n,m,k hZ:; /Z(; a(j+2) (

PY uCrn furre— o) |
{p + a(] + 2)}]/rc’ 1 . 1) rin,mk— r—Lin,mk—

Proof: The necessary condition immediately follow from Theorem 2. For a sufficient condition consider (15) as

C .
/lrfn,m,k - ﬂfil:n,m,k = 7/1()’.—1)_[ p 1 ':F gm 1 I:F(x)]dx '

Using the above equation with (14) we have

_LJ‘ P [F(x)]" g [ F (x)]dv=— = 1)Jw W [F 7—1

7. (r=1)
x{%fz(x)Jrghﬂhg(—l) (hj IJCT:;)}&,’;] [F () i

or

J

x ‘ h-l (=1 x2U*2)
X F()C)— ;f(X)-i‘ZhAh (—1) . W dx =0.
Applying the Miintz—Szaz theorem—see Hwang and Lin (1984)—to the above equation we have
x ‘ h-l -1 a(j+2)
F(x):gf(x)JrZhth ( }c (+2)
and this relation holds between density and distribution function of GTPF-I distribution and hence the theorem.

Theorem 8: A necessary and sufficient condition for a random variable X to have density and distribution
functions (12) and (13), respectively, is that the joint moments of its dgos are related as

t h-1 A h — 1
'u’{i;‘?n,m,k = (&J{ﬂrp&qltn,m,k + zh/’ih Z(_l)] [ . j
h=1 =0 J

ay,+4q

qys(k—l)cs_l pg+a(j+2) p.g+a(j+2)
X }/sc“(f‘*'z) {q +a(j+2)}cs_l(k_l) {/J' snmk—1 " My s—tnm - 1} .

Proof: The necessary condition immediately follow from Theorem 3. For a sufficient condition consider (28) as

c X
yfi;?n,m,k—uz;q_m,m,k:—ys(r_l‘g!(ss RN L)

[ X, ][h (x,)=h, (x, ]S - I[F (x, ] “dx,dx, .
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Using the above with (14) we have

ool LAt e[ )T e [ )

7, (r l
s—r—1 7 C,,
x[hm (x1 ) —h, (x2 )] [F (x2 )] dx,dx, = — " (r— S!(s — 1)!
XI:O J._):O xlpxgilf(xl )[F(xl ):Im g;,il [F (xl ):H:hm (xl )_ h, (xz ):|H‘7]
o x ‘ h-1 h—1 a(1+2)
O] (R VIENTS YEB YR [ IS

h=l =0 J

o (o T AR O Y)W G O0) MY RS

_ t h-1 h—1) 20+2)
X[F(xz)]h 1 F(x,)- %f +Zh/1hz [ sz(Tz) dx,dx; .

h=1 Jj=0 C

Applying the Miintz—Szaz theorem—see Hwang and Lin (1984)—to above equation we have

x ‘ -1 j+2)
F)= 2SSy (1
(24 h=1 Jj= C
and this relation holds between density and distribution function of GTPF-II distribution and hence the theorem.

CONCLUSION

In this paper some recurrence relations for single, inverse, product and ratio moments of dgos for the general
transmuted power function distribution are obtained. These relations are helpful for computing higher order
moments from the lower order moments. These relations also enable us to compute moments of special cases of
dgos from the general transmuted power function distribution. These relations are also helpful to compute
moments of dgos and its special cases for any order transmuted distribution for power function baseline
distribution.
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