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Abstract

In this paper Rayleigh Pareto distribution have introduced denote by( R_PD). We stated some useful
functions. Therefor we give some of its properties like the entropy function, mean, mode, median |,
variance , the r-th moment about the mean, the rth moment about the origin, reliability, hazard functions,
coefficients of variation, of sekeness and of kurtosis. Finally, we estimate the parameters so the aim of this
search is to introduce a new distribution.

Keywords: Rayleigh Pareto distribution, r- th moment about the mean, coefficient of variation, coefficient
of skeweness , coefficient of kurtosis , Mode, median, Geometric mean , Harmonic mean, Entropy function,
Order statistics, reliability function, reversed hazard function finally the Maximum likelihood estimation.
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1. Introduction

Sometimes in real life we need to invent a new distribution or discover a new developed
way useful in more students so the importance of lifetime distribution is used in the many
real life fields such as the biostatistics , reliability and survival analysis ,we try to shed
light on the a new Rayleigh Pareto distribution.

The aim of this search is to present anew Rayleigh Pareto distribution (R_PD) by using
the similar method to those used by Al-Kadim ,K. and Boshi ,M.,(2013a). exponential
Pareto distribution, Mathematical Theory and Modeling, ,Eugene, N., Lee, C. and
Famoye, F. (2002). Beta-normal Distribution and its applications.

The rest of the search is order as follows: in section 2 we describe Rayleigh Pareto
distribution and discuss some of the properties and we introduce the estimate of the
parameters by using the maximum likelihood estimation

2. The Rayleigh Pareto | Distribution (R_PD)
The cumulative distribution function ( cdf ) of Rayleigh Pareto distribution is given
by as following way :
1

1—-F7( x)

F = [ s
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in this formula we companied the Rayleigh and Pareto distribution . where F*( x) is the
cdf of Pareto distribution, (X) = 1—(})9 , and f*(x) is the pdf of Rayleigh

distribution, While in this paper we introduce the Rayleigh Pareto distribution of the

form
1

1-F¥(x)
F(x)= f fr (x)dx

1

- [szﬂ
— 3 Y
Frp (Xip,b,0)= Jl-tl—ux—}ﬁl X exp (_ x )dle_exp (Lﬂ

. b? 2b? 2b?
Where P is a constant of the Pareto distribution .
Let 28 =
So that the the cumulative distribution function ( cdf ) of the Rayleigh Pareto
distribution (R_PD ) is given by

Feo(Xip.b,6) =1 —exp (57 ) () @

Also the probability density function (p.d.f) of this distribution is given by :

dF, (X;p,b, «)
fR.’p(X:prerc]: £ dx
1 x o

x - I z'-._:'
(;)“ te 270 Iigy(x) (2)

oc
2b%p

fR,-p(X :p rb .rtxj =

The plot of the p.d.f and c.d.f for the (R_PD) is given by of the form as :
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Figure( 1). Plot of the c.d.f. of the (R_PD ) with the parameter p=1,2,3 ; b=1,
m=a=1
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Figure( 2 ). Plot of the c.d.f. of the RPD with the parameter
p=1;b=123;, m=a=1
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Figure( 3). Plot of the c.d.f. of the RPD with the parameter
p=1; b=1; m=a«=1,2,3

The plot of the pdf is as the form
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Figure( 4). Plot of the pdf. of the (R_PD) with the parameter p=1,2,3 ; b=1; m=a=1
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Figure(5). Plot of the pdf. of the (R_PD) with the parameter p=1 ; b=1,2,3;

m=a=1
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Figure( 6). Plot of the pdf. of the (R_PD) with the parameter p=1 ; b=1;
m=a=1,2,3
2.1- Limit of p.d.f. and c.d.f.
The limit of (R_PD) is given by the form as:
Lim:r—}l} fR.p(X:p!erc] =0 [3j
This is
1 I.-i}x
o— 1 ﬂbﬂ 1-?:
.'-t'—:‘l} Zb‘ ( ]
1 .-i}x
= w 1 BE 'p = |:|
Zb" I—H} [: j
. . oC _ 1 ¢ i =
AlsnxingP(x:p’b’Kj = xf:;:“ ? (Ej:x—ie Ez-~p} = NAN (4]
P
Where NAN is not integer we know because
i
im Foeet o g ang Jim e 2n & = o

And 0 x oo = NAN
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Also since the c.d.f. of this distribution is
1 . x

Frp (X;b,poc)=1— o E (5
So
lim, . Fr,(X;p.b, x) =0 -

Because 7 [1—e @ (7’ |=1-—1=

e T

Also
o B (X:p,b,x)=1 (6)
since

1l . x.=
LR (Xip.b,o) = M [1—e BT G

i .=
—1-¢ # 5 |=1-0=1

Thatismean 0 = F (X;p.b, ) =1 n

Proposition 1
The r-th central moment about the origin , and the r-th central moment about the
mean of (R_PD) are as follows:

E(X-p)"= Zq (pV2b?) (—u) 7T E+ Dr=12,3...... (7)
And the r-moment about the origin is

EXT=(p V2P ) T (C+ 1),1.23,000nn. (8)
Proof

The r-th moment about the mean is given by

B(X=w)" = [ (x=0) fop (xipb,) dx

V]

x

}I

Tk

=) x _ —_I:
:fl} (x—p)" gbzﬂ(ﬂ_jxl g 2hT dx
Let u= — ()" =:-du=2;ﬁ (St dx
x=0 -u=0and ,[JMu=mw

U—oo
Also x= p V2b?u

Than we get
1

E[X—;.c]’"=f (p.V2b2u= —p)" .e™® du
0
=7 Trpcl (p V2B wr ) (—p) e du

ST S P -
=Xizpc (p V2ZPPu= ) (—p)™! -ru- u= e * du

Thus the e-th moment about the mean is
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E(X—p) = ol (p V282 Y (—p) 7 T(E+ Dr=123,......
Where p =EX

Also the r-th moment about origin is

EXT = (pﬁ,-'ﬁ]?" F(i—l— 1), r=123,............ u

Result 1
The coefficient of variation , the coefficient of skewedness and coefficient of
kurtosis is given as
Ir G+ 0-Ir 2+ 142
TG (=
L= 9
v [.:%+ 1) (9)

(T (St D=3 (24 10T (54 14 200 (o4 1
{T (-+1)-3 (+ 1T (C+ 1+ 20 o+ D] ]

Cs.= (10)

B
P . z =
(r G+ O-Ir G+ &2
r_grm el & o4 e _ L B Pl
{=3(F (—+1))*+6[F (+ DIPT (+ 1= 4T (C+ DT+ 14T (S+1) )

CK.= -3 (11)

T+ 0-[FC+OP F

Proposition 2
The Harmonic mean is given by

H=E ()= =T+ 1) (12)

o5

Proof

E(%): jf %fﬁ'.’p (x:p,b,oc )dx

o
oo
o

We have u=

oc
2b%p

1 .
|

-
(ij:x—i e 75T ‘F_}
r

R

o X x&d _ ol X m—1

Also we have x =P 3/2b% u

So that

1 1 .
f(1)= [ a
x) ) b
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Proposition 3
The Geometric mean is given as the form :-

G=E(VX)= P=V2PT C+ 1) (13)

Proof

2b%p ' p
since x =p +2b%u
1 1 , 1
x2=(p2((2b°u))=
Let 2a=r
1 1 1 i — 1
x2= pZ( 2P u)r = x =PZ20® w

oo 1

| 1'|'|I - -
So that E[:M“X)= J. 242b% ur e du
0

i, — =1
= P2 ./2b° ur e ¥ du
)

1— 1
=p7 282 T (=4 1)
T
~#G= P2 T (=4 1) =
(e

Proposition 4
The reliability and Hazard function are given as :

R ()=o) (14)
h(x)= 50 (5)° (15)
Proof
The reliability function of the R_PD is given by as the form :
-1 . & .x
=1

R(x)=1—-F(x)=1- [ef?'i?,

-1 X .x

— o}

]

The hazard function is given by
(5 e

flx) _ Eb P
1—F(x]

Hx) = L l_eﬂbzf—}] sz ( ]

Proposition 5
The mode and median of the( R_PD) are given
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(-1)(28%) .2

——)=  (16)

xﬂ’fﬂl‘l‘fﬂ?‘! =P ( Ebz In2 :]i (17)

xM::-ris =p (

Proof
The mode of the( R-PD) is given as :
Mode = arg max (f(x))

= X - p—1 ﬁ'::_::}x
Wehave fr,, (x3p,b,0) = z5=(% )t &2
1 X¥Mode 4=
o TMode wx-— FLT}
Sothatinfr, (xyeas ip b, 0x) =In [ (=288 )% e »
o x 1 x
=1 ( _ ) o —11 ( M'or:.!a)_ _ Mode -~
" 2b%p +( )in P 2b° ( B )
(5)
de-’P (xMDria ;p,b,DC:] — [DC _1j P _ o (xMoria j:x
A pro g (E.M.Eriﬂ) 2b? D
P

_ de-p (Xpoge i0: b ,0C) — 0

For
dx.'doris
1
SO[DC—].:] (E} _ e [:x;'d'odajac_ﬂ
(B)” 2
r
. P¥(oc—1)(2b)?
[xawﬂdﬂj =

o

(—1)(25%) 2
So that xy,:. =P (—x )=

The median of the( R_PD) is given by
F[:x.'dadirzn: ; ) =05
So that

*Median

0.5 = j fR.'p (xMariirzn:p-'b’Dc]dx
o

1 *Median 3=

e F ; o = 0.5
1
2b?

[:xal"fﬂdiﬂn j:x — Inz
v
So that Xy, =p (In2(2b%))= L

Proposition 6
The entropy function is given by
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Ep[X] =E..'[— logf()f])= —log(%}—[m—l][iog [*p i’ﬁ)—k 1"(%4— 1)]

—log(p)+ 1 (18)

Proof
We have f; o(x;.p. b, a) =

—logf (x) = ~log [ 7 (;‘—J”‘-le =0

= —iag( )—[[Dc —1][lag(x]—iag[p])]+
So that
E (~log f (1)) = ~log ( 37 )~ [ (x~1)(E (1og () ~log(e)] +

o) E.'[iog(}{])= fumiagx frp (x5p,b,x)dx

o 1l x =
= J. x — ijx_ie 2ht tp ] dx
2bip " p

2b%p Eb‘ (5 j ]

1
— E(x™

0

We have x=p V2bZ u

log (x)=log ['p V2btu )

so that _I'"x log (p V2b? ui) e ™ du

_ 1
J. iﬂg p \ 2b2 )+i0g ux] e ™ du

(=]

f log [p V2b? )e * du+f iﬂguae * du

= log (*p 2b? )— r (%Iogu—i— 1)

And E (x%)=(2bp™)
So that

EP(X] E (— log f(x ]) = —log (25:3
r Glagu—k 1)—|— (a—1Dlog(p)+ 1

)—(oc—l )og (p V2b? ) —

Proposition 7
the Order statistics
Let x;.... x, be denote a random sample from a R_PD distribution the pdf of

ith order statistic is given as:
fin (2)= 5y few (x50.b,0¢) (Frp (x5p,b,0c) )7
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[l'fR.P [.‘I ;p,b,tx] ]n—z’

Form the pdf of (R_PD) we have the p.d.f of the r-th order statistics

x x et TpEln )
(Fyte ®

fin (x) = zl}'lt r) 2b%p S p

(1— ezbz':ni j: 1[1_[:1_ Eﬁ('ﬁi}xjn—i

- ':i—l}?:';n—i}! [Zb (_)x terw ]

[1- e )"t [ ) o (19)

There for the pdfs of the minimum , the maximum and the median
Thatisif i=1,the pd.f of the minimum
i =n, the p.df of the maximum
and i =m + 1, the p.df of the median with m = = if niseven number

r

Then the pdfs of the minimum , maximum and the median are
Where n,m € R

When i=1 we have the p.d.f of m|n|mum
7Ll &= o— z ':“ :'x
fm(x )= (Zyte® (20)

Ipip M p

[e zai p;} ]n-i

When i=n we have the p.d.f of the maximum

_ m o X oam—1 o _z : @
?’!?’1 (x j ﬂb:'. (,p :] € B
[1-e® ) (21)
When i =m+ 1 we have the p.d.f of the median
= n! o ee1 gE(p )
fm+1,n[:x-'":]v m!l n—m—-1)! [:vibz?ﬂ ('F' :] ¢ )
(1- e ym (em=le) yromt (22)

2.2_Maximum Likelihood Estimation
In this section we can estimate the unknown parameters of the R_PD

distribution, by using the method of maximum Iikelihood
Wehave fzp (x;p.b,ox) = = S Zyx-t T =
So that the log of the pdf fz (x;p.b ,oc] is given by :

ec™ LI —E‘l_“x
i(fR.P(xiprerc:]j= e (EL;:lﬂjix 1 ozp% 7

Inl=mnlno —In (2b*) —nlnp+ (x—1)Inai, x, —n(x —1)Inp—e
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dinl n N 1 % i [
'E;=;‘f”mnﬁf”mP‘%:§I;3mﬁﬂ) (23)
i=1
oL _ —2n 1 ixj‘ s
ab b | b? . T (29
E=
dinl _ —n _ mix-1) x I, x
dp - B p + 2Bt %41 (25)
fink (xmp.bx]) dnL(x;p.b,x) flnk{x p.b,m>)
For = = =0
dee db dp
So that

1 [ L
E-Iﬂﬂ?:lxi_ﬂfﬂp_ ap2 Zr:l(%jx In (%)zﬂ

To find the parameter Alfa using numerical method .to solve the above equation
estimate the parameter ( b ') when (o< ) and ( p) is known

b_,,_—2n+ 1 ixf‘_n
b B Lip

T
1 x;  2n
5 Lo 5
=1

-

B 2 IRk
= | 26
N — (26)
The estimate of parameter p” when (<) and ( b) are known
—n n(r-1) « Ex?_ﬂ
D P 2p2 p*il -
- xl 1 x:.‘
p'= Jmr It (27)

3.Conclusions

In this paper we have presented a new Rayleigh Pareto distribution denote by
(R_PD) . We introduced the cumulative distribution function (cdf) , probability density
function (pdf) and some statistical properties of it like The entropy function, mean,
mode, median , variance , the r-th moment about the mean, the rth moment about the
origin, reliability, hazard functions, coefficients of variation, of sekeness and of kurtosis.
Finally, we estimate the parameters . . they observed that the MLE of the unknown
parameters can be obtained numerically
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