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Abstract: Today's world is characterized by speed
and an increasing ability to innovate. Many
phenomena have emerged that have data that require
distributions that can accurately model their data,
which makes it necessary to generate distributions
that have the ability to do so. The research aims to
expand the Rayleigh distribution by relying on the
Chen-G family as one of those statistical
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Incomplete Moments, Chen-G distribution (ChR)) with three parameters. The

cumulative mass function and probability density
ARTICLE INFO have been extended to study their flexibility and

suitability for modeling different types of data. Many
Article history: of its statistical properties have been studied, such as
Received 29 Oct. 2023 the survival function, risk, moments surrounding the
Accepted 03 Dec. 2023 origin, and missing moments. | used the maximum
Auvailable online 31 Dec. 2023 likelihood estimation method to estimate the

parameters of the proposed distribution, and to prove
©2023 THIS IS AN OPEN ACCESS ARTICLE | [thatithas good flexibility that enables it to model data
SRBERUGE ST B LB with skewness with different tails, I used two sets of
http://creativecommons.org/licenses/by/4.0/ actual data programmed in the R program language,
and compared their results with the Kumaraswamy

— Rayleigh (KuR) and Exponential Generalized
@ Rayleigh (EGR) distributions.).), Weibull-Riley

*Corresponding author: (WeR), Gompertz-Riley (GoR), Marshall OlKkin-
Dhulfigar Mhmood Munef Riley (MoR), Rayleigh (R.) to evaluate the
College of Computer Science and performance of the ChR distribution, and with several
Mathematics/University of Tikrit statistical parameters, such as (,--2L, AIC, CAIC ,

HQIC, BIC, W,A K-S,P-Value), and through the
results, the researchers concluded that the distribution
(ChR) has an easy probability density function that
can be easily managed and inferred and confirms the
flexibility of the distribution, which makes it a
candidate for use in several fields and for different
phenomena.



http://www.doi.org/10.25130/tjaes.19.64.2.32
mailto:moudher@tu.edu.iq
http://creativecommons.org/licenses/by/4.0/
mailto:bhd66or@gmail.com

Tikrit Journal of Administrative and Economic Sciences, Vol. 19, No. 64, Part (2): 607-623
Doi: www.doi.org/10.25130/tjaes.19.64.2.32

éﬁhﬂ‘&&gbdyﬁ@jﬂ@b&&ubd

paall e WA jedie il 3 gana UEAl 53
By g 3 1aY) dls bzl )l g qgulall o gle 440
S5 daala S5 daaly
ol

Sl skl e aaall Casiuls QS e Gl 300 5 de juldly o sl alle )
58l Lol a3 58 g i Lo ¢y Lty or e () Loy ey ) 53 ) rlliad iy Sl
&lli 21K Chen-G Family 4ile e alaie Wl (L) a3 55 g 5 G dndl Cangy elld e
agle Glhas oaa Lo Ao Jssanll dlae Lagaad Gob o ddliany) Cilxy )5l
U ¢ 48 pall 4l Ala a6 &5 lalas &G (Chen Rayleigh Distribution(ChR))
dal A (e Baall Al Ha 28] i) &) g3l Aadall 45400 (2 g AT g pe Al al cdallaiaY)
5 Ay yl il g 2Bl o g ) g Jaa) Ak J sa gyl 3 ylalaall g il AlIaS dilias !
dadai (pe 43Sl B Lg ey Axiad CLEY 5 oz il a5l Clalee i alac 1 lSaY)
dal e daa juall Aleal) ULl (e (e gane Caeddiinl (dalisg J ol cile) gl cald calibyl)
b el Y (KUR) () (ol sl e 5€) iy 353 ae Laganili 4 )il 5 «R el
«(MOR) b Sl Ji ke «(GOR) b1y siisess «(WeR) by Jsus «(EGR)
2L, AIC, ) < dbasyl el e waallys ((ChR) @5t bl anill ((R) b
el ) o siald) daa s eiliill S of ((CAIC, HQIC, BIC, W,A K-S,P-Value
&l A e 2S5 5 (Al g Le L) 5 L lal (S Algs Allaia | BUS A3 (CHR) )58
sl Calisal g il sae 8 2ladiuU Lad ye alesy 531
Ao Y Y A8yl il o g jall (a it Alle (L o) s sAsaliial) cilall)
Introduction 4exiall

g )53l g 5l 3apaa (Cilales 5f) dales ddlia) o gialll (g yo 3 aY) 5 g8edl
(O laall Caling b LeBulad a5 AlS) Coags dlgfi g pe 3ol 4 5 jaall Ayl 5 40l
L slonll aslally Clall o glal Bubii€ jeall Cugay iy Galill Jgaill y Al 5 SLaBYIS
298 ai) Laliil) a3 53l (e Amage 1Y dale dala 5yl ldg gl el il 5
sl ) glall iy o shail daga 31018 Asilan V) i) sal) 2l 53 e \ad (Khaleel, et.al., 2020
Lol Cang el Ll LgiSay ey 5 58 2l 65 8 dalisall a ) 53 0 5S8 cLilian Lgiadad Jaguy
Sy Al Al G gialall sany Allal) (ailiad s @l e o 2l (S sl Ll 5l
ke Caa gl x5 sllaad) @5l ae dased) auliall aH il Al 2 g0 Lo oS o
e Adlide de gana Lgind i ey 4nd) dlan Y] Alilall 3o (e coall (S a5 8L
Al a5l s e 3l Lol y daliall clilul) Aadei LeiSay Al cdallaia) cilay 5 il
)sald Cua (Anzagra, et al., 2020: 2) dabiall cilasleall e 2l 5 ekl ¢ 6 Casa
Ailaay) Leal 63 ) g 3 s Silay ) 63l (e (Chen-G class distribution) Cuew dlile ) shat,
«([0, 1] truncated inverse Waybill Rayleigh distribution) 7 8 Cus 5 ) siwall il g2l

608


http://www.doi.org/10.25130/tjaes.19.64.2.32

Tikrit Journal of Administrative and Economic Sciences, Vol. 19, No. 64, Part (2): 607-623
Doi: www.doi.org/10.25130/tjaes.19.64.2.32
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(Anzagra et al., 2020: 2) Jsal

F(x,a,b) = A [1 _ o4 (3)
(Anzagra et. al, 2020,2)JséG chen —G family 4] pdf 4dlaiay) 48US alla
- X,S b
f(x,a,b) = Aabg(x,s)(G(x, s))b 1eG(x'5)bea(1_eG( ) (4)
psdi aall 4y all W) Al a5 @l Ay e Jgaall :Chen Rayleigh il aujsil) |

(s Alilall oS5 a5 sl A Al g )y sl ST ) sl Al Aabaa pim gaiy
ChR sl a5 5ill <S5l oy sill Al G nany
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F(x,a,b) = A L - ea<1_e(1_e_sx2)bﬂ (5)
| |

ChR 53 cdf (oS a5l Al e Jaand Lol aay

F(x,a,b) = A[1 - £vnmh9_5hx2] (6)
+ha n™ bm
Let £vnmh - Zl 0( 1)n v'm' (n)< h
vnm

Iy (g g2y 2583 &l Chen Rayleigh waadl 4 ¢ill dallaiayl 48Ul dly s il
Alal) Adlaia ) AU Al 6 L ol Al RS Ay sl aSI 1 o 5
f(x,a,b) = 2Aabsxe'sx2(1

(1-ems2)”
1—e~SX
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ChR 353 pf dllaia ) 268 3 Lo Jomns Tl 3ns5
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a/(1+10)t (J) (bt +b— 1>

i

Let, E'j,l-,t,W=2Aabs Z (—1)i+w T W

J,i,t,w=0

(Safari, W. C., et al., 2021: 3) Survival function st 4 7
S(x)=1-F(x)

b
a<1 e<1_e_sxz) )
S(x,a,b)cpg =1—Al|1—e , x>0,s,b,a>0

Hazard function 3_kliall 412 .8
(Feng, G. el at., 2010.4)4sY) dasall 535 Walay) (Sar Jaial a5 5Y o8 Al o)

f&)
h(x) = 50
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ChR &) 53 hazard 4l Ji (d) J<al) ChR a8 pdf 4la J<i (¢) Jsall
Ll Jiay X o) s «Q(X) el Ay 32l A :Quintile function 4w jadih Aah 9
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x = %ln 1—b ln(l—éln(l—%))
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Caibadll 4 jaa 3 ) siban ) sllaall g o sialll aigy 1z sall g5 sill Apibany) al s
& aebud Sl Allaial¥l Clay § gl agd s Judat (8 Sl W sl o el oy 5 53l dlany)
Ofalll (S dilasll [ailadll sl (asd PO ey (Opre Guball 4303k (520 3183
A o anacluy Lae oz yiall a5l JSG 5 & slu Joa A8l 8 )l e Jsasdl cplladll
AVl alide 8 Jme G Glaliviel Gadatiul g «lladl Judad e 3 pitae &l ) B
el 2 Apmaigh) el 8 Jldll 5 dddall o platll 8 e la) g aLaiBl) 8 ) geillS dabial)
2 Sl (ChR.) g5l Aglanyl) (ailadll (mad 3kl

a9 =3 :moments about origin Complete Jwa¥) 4k Jga AdaiSall a g jal)
AV Lasally Jaa¥) ddads A ga ALakAl)

:u‘r' = E(xr)ChR == j xrf(x, a, b)ChRdx = j xr E’j,i,t,wxe_st(l-l-w)dx
0 0

(0.0
~ on2
Uy = Ej,i,t,wj xr+1 e~SX (1+w)dx
0

~ 1 T

.ur:Ej,i,t,W ﬂr(l'l'z)
2(5(1+W)) 2

& et Al (1) 358l dad 1aa3 JOA e Gl pdsall @l e paall Glus 2 cad) )
o 53l Al T 53 i Jis 3 ) el b g el a3 JiS L) il
Ll Jiey 52 ((Ex?)= Gim e sl Jua) ddais Jsa (SN o el Ll o il sl puaiall
i) i e bS8 Jaay 5315 Al 58 ) g 58 s (sl o sdall uriall o cilay yal
Jsa bl Cili dx )0 e oy sea oy o s died CulS 138 (Jual) ddais Jsa a5l
p ol 138 5 Led s Ul s gl A ) (e 0y e (a0 S 4la CailS M (o giall
DS Y bl e g sadl Al alagl (S (F) Aslae JUE el o 3all 5 LN

(SIS
5 ! > 5 @
H1 = Ejitw 31 (—)»Hz = Ljitw 5T
2(s(1+w))? 2 2(s(1 +w))
i ! > £ 3
Uz = LBjitw s [ (—) yHa = Bjitw 31
2(s(1 +w))? ’ 2(s(1+w))

A Dpall (385 = il a5l il ala) (S pr, spy YL e aladie Yl
Var(X) = p; — (u1)?
2521l 531 sall A1 :(Moment Generating Function-(MGF)) asjall 341 sall &l
sl ¢l s el agdall )i Jalad die ol ) clany) Jlas 5 S el Ll
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sl o el 3ol gall DAl 0 55 Maia¥) a5l il Wl a g jall auas g5 3 (g saal)
Aaualls (Curtiss,. et al., 1942: 430) ¢ _all

M, (t) = E(e™) = fw et™ f(x)dx

E(et™) = foo et™ f(x,a,b)dx

M, (t) = i%fxf(x a,b) dx = i% E(x")
RO QAR T (P

= 2(s(1+w)) 2
Characteristic function 5zl alal |13
JS&L (Shephard, N. G., et al 1991.520) 3 _jeall llall sla) oSay
QO cnr = E(e'™) = [ €™ f(x,a,b) cppdx

d I r A’. .
0O = ) - (14)
=0 2(s(1+w)) 2z

a5 bl w3 58 Jalail Al o 5 9al) a2 Incomplete Moments 4wl ag3al) 14
dad e Cpad) 5l Jlall gad Ll o) gl (el Ll oS Aiban ) Gunliall aal (e 2ai 5 Ll

A8 dapall aladiny Ll 25 s (Kamat, et al., 1953: 110) ¢ bl ledass

y

W) = E(XK,) = [ X abomdx

— 00

y
1O = B(H1X,) = [ e 0
0

y

0
st =W+ n)(@px?) iyl disad s dX e o Jganll a2l

N PR

X dad Jeani Japutill A (0 ¢ = (1 4 w) (522) Jroaill ardin
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E..t L B
w,() = P H_zftZe tde
2(5(1+W)) 20
Eiie [+2
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(El-Bassiouny, et. al, (2015)) ;- <Ulall de gans
0.040, 1.866, 2.385, 3.443, 0.301, 1.876, 2.481, 3.467, 0.309,1.899, 2.610,
3.478,0.557,1.911, 2.625, 3.578, 0.943, 1.912,2.632, 3.595, 1.070, 1.914,
2.646, 3.699, 1.124, 1.981, 2.661,3.779,1.248, 2.010, 2.688, 3.924, 1.281,
2.038, 2.82,3, 4.035, 1.281, 2.085, 2.890, 4.121, 1.303, 2.089, 2.902,
4.167, 1.432,2.097, 2.934, 4.240, 1.480, 2.135, 2.962, 4.255, 1.505,
2.154,2.964, 4.278, 1.506, 2.190, 3.000, 4.305, 1.568, 2.194, 3.103,4.376,
1.615, 2.223, 3.114, 4.449, 1.619, 2.224, 3.117, 4.485,1.652, 2.229, 3.166,
4.570, 1.652, 2.300, 3.344, 4.602, 1.757,2.324, 3.376, 4.663.
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SisY)
Distribution MLEs -2L | AIC | CAIC | BIC | HQIC
4=2.378,b=
ChR ! 80.20| 166 | 167 | 170 | 167
0.307,§ = 0.014
KUR a=0105b= g 37| 168 | 160 | 172 | 170
0.051, § = 0.177
EGR a=108L,b= o571 185 | 186 | 189 | 186
0.577.5§=0.577
WeR a=081L,b= 1g,251 191 | 192 | 195 | 192
1.265.§=0.013
GoR 4=0.029,b= Jac o3| 177 | 178 | 182 | 179
0.146. § = 0.104
MOR a=1008, b= 1g555| 191 | 101 | 103 | 101
0.010
R =0.01048 |9355| 189 | 189 | 190 | 189
Alil) B K-Se Ac W, P-value ad :(4) Jsaal
Distribution W A K-S p-value
ChR 00628 | 047204 | 0.07775 | 0.68299
KUR 00596 | 06102 | 0.1180 | 0.1868
EGR 00692 | 069352 | 0.08023 | 0.64439
WeR 00583 | 058617 | 0.05347 | 0.96822
GoR 08011 | 0.60885 | 0.08058 | 0.63897
MOR 00573 | 057715 | 0.08303 | 0.60101
R 00685 | 068627 | 0.11329 | 0.22531

Al bl A ilan ) el a5 alae V) GISQY) )yl Cilaleall ) jaia a (5) Jsanl

Distribution MLEs -2L AIC | CAIC | BIC | HQIC
ChR =2119,b=a 119999 | 262 | 262 | 269 | 265
0.285, § = 0.187
KUR =0849,b=a 1149971 271 | 272 | 279 | 274
0.083, § = 1.515
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