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Abstract:

This paper introduces the Marshall-Olkin Topp Leone Flexible Weibull
distribution as an extension of the flexible Weibull distribution. Its numerous statistical
properties are established including the quintal function, moments, the generating
function, order statistics and obtained while the unknown model parameters are
estimation by using the method of maximum likelihood estimating. Simulation studies
were also conducted and the behaviour of the Marshall-Olkin Topp Leone flexible
Weibull parameters were investigated. The application of Marshall-Olkin Topp Leone
Flexible Weibull distribution is illustrated by making use of real engineering data for
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strength and stress for 63 samples, this is done to demonstrate its potentials over some
other important distributions like the Beta Flexible Weibull, Kumaraswamy Flexible
Weibull, Exponentiated Generalized Flexible Weibull, Weibull Flexible Weibull, and
Flexible Weibull, distributions. It shows the new distribution very fit for the dataset
compared with others known distributions. Based on statistical standards, one of these
criteria is the:

Akaike information criterion (AIC).

Corrected Akaike information criterion (CAIC).

Bayesian information criterion (BIC).

Hannan- Quinn information criterion (HQIC).

Keywords: Marshall-Olkin, Topp Leone, Flexible Weibull, Statistical properties, Order

Statistics.
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Yo¥a Yz (o)) aamd) (V1) alaal) /ApalaiBy) g 4y oY) a ghall cug S5 Adaa /3LaBY) 9 3 10y A0S /iy S5 daala

MOTLFW )5l cilalaa il Cuuliall sa alae V1 &Y 05 G of G
ddlisall Slalae 28l RMSE 5 AES 5 Bias g :()) Jsaall

(1,0.5,1,1) ;S s¥) ds sanall
n | o AEs Bias RMSE
c 1.1581 0.1158 0.2809
30 |° 0.5201 0.0201 0.3451
5 1.0713 0.0713 0.8045
Y 0.9701 -0.0299 0.3801
c | 1.0656 0.0656 0.2208
50 | © 0.5171 0.0171 0.1225
5 | 1.0708 0.0708 0.4999
y | 0.9761 -0.0239 0.3194
c | 1.0350 0.0350 0.1584
100 _© 0.5129 0.0129 0.0881
& | 1.0569 0.0569 0.3470
y | 0.9772 -0.0228 0.2462
c | 1.0117 0.0117 0.1159
200 |_° 0.5056 0.0056 0.0621
5 1.0276 0.0276 0.2433
y | 1.0019 0.0019 0.1873
(2,0.5,2,2) ;Auilll) ds ganal
n | o AEs Bias RMSE
c | 2.2335 2.5330 0.6254
30 |© 0.5123 0.3210 0.6590
5 2.0641 0.1460 1.0008
y | 2.0177 0.7710 0.4596
c | 2.1528 0.1528 0.5083
50 |© 0.5132 0.0132 0.0820
5 | 2.1277 0.1277 0.8841
y | 1.9708 -0.0292 0.6318
c | 2.0953 0.0953 0.4133
100 L® 0.5117 0.0117 0.0632
5 | 2.1152 0.1152 0.6686
Y 1.9585 -0.0415 0.5217
c | 2.0336 0.0336 0.2773
200 |_° 0.5056 0.0056 0.0502
& | 2.0903 0.0903 0.5820
r | 1.9969 -0.0031 0.4186

o).
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(0.5,0.5,0.5,0.5) Al ds gasall
n o AESs Bias RMSE
c 0.7135 0.0317 0.0950
30 a 0.4191 0.4191 0.0022
& 0.8135 0.3183 0.2348
Y 0.4933 -0.0670 0.1718
c 0.5146 0.0146 0.0690
50 @ 0.5314 0.0314 0.1559
5 0.5298 0.0298 0.1822
Y 0.5007 0.0007 0.1418
c 0.5069 0.0069 0.0484
100 @ 0.5195 0.0195 0.1024
5 0.5167 0.0167 0.1211
0.4988 -0.0012 0.1051
0.5006 0.0006 0.0332
200 @ 0.5078 0.0078 0.0689
& | 0.5068 0.0068 0.0 831
Y 0.5008 0.0008 0.0782

=daiS Laiy ¢ Agidall aadll e dy B AES (5S5 N Aall ana 83 ) 2ie o Jaadl
A8yl ) T ) Sy BSal Al ja () 1Al n Al aas 330 ) xe Jdall =3 RMSE
iladaa il 4aida alae V) (8aY)
il A5 e lad Algia ¥ g Jakall Jia il (e Ao sane aladiul &3 3 Ayl qulad) 1
Ll A g pall Alan W) Clay j51l) iamn e 4 )i S o MOTLFW 2p2al)
Gl ) 5l (i 45 )le (a pad Ailiaa ) Hulea (s Leasiul dl (Khaleel et al., 2018)
bl 038 (o s MOTLFW 253 (e A 8 (585 )
Akaike information criterion(AIC) SUS) s
.corrected Akaike information criterion(CAIC) zaadll SUS) jlna -
.Bayesian information criterion(BIC) Jw Jbaa-
Hannan-Quinn information criterion(HQIC) cxsS-0lia jlaa-
A Y alaall 8 LS
AIC=-2 1+ 2K, BIC=-2 | + Klog(n)

2K(K +1
CAIC = AIC + ﬁ ,HQIC = 2log(log(n) (K —2L))
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Com UL Gy )55 Judadl Ll dflaaa V) el 3el Aad sl (5% S
O e JAa (1 iad s Al o JAa5 (1) Satis a5 5l allae 2o i (K) e ¢
(a3 5ill 48 g jrall yue allaall i adae W) LS A8 o Leadiind ail 5 a5 5ill alac V)
dplias) jplaall aladiuly cclibll Gilday a3 58 Judadl ala¥ (R) 4ad el alasiiuly i
il 5l G A Ea) G el e
(0.55, 0.74, 0.77, 0.81, 0.84, 1.24, 0.93, 1.04, 1.11, 1.13, 1.30, 1.25, 1.27,
1.28,1.29, 1.48, 1.36, 1.39, 1.42, 1.48, 1.51, 1.49, 1.49, 1.50, 1.50,1.55,
1.52, 1.53, 1.54, 1.55, 1.61, 1.58, 1.59, 1.60, 1.61, 1.63,1.61, 1.61, 1.62,
1.62, 1.67, 1.64, 1.66, 1.66, 1.66, 1.70, 1.68,1.68, 1.69, 1.70, 1.78, 1.73,
1.76,1.76, 1.77, 1.89, 1.81, 1.82,1.84, 1.84, 2.00, 2.01, 2.24)
s (Ao Capanll slgia) g Jasaall il Slas ) Cia gl Jiay (2) Jsaall o
ghliill dad s SKew o s dad e alaie V) Cun o g 558 4001 5 Lgilia 5 bl
bl dga (e ol AV @l il ol (e Ja 1 5 Al o] 5V 4 o)) L Kurtosis
e ealit iy bl ) (e oA sedied () S8 mlalit T4, Lally Ll
(bl oy gl e dy B oS8 AN | eptokurtic

Var n

mean

Gl lall Coca sl 1(2) Jsaal

sd

median

Min

Max

Skew

Kurtosis

63

1.51

0.32

1.59

0.55

2.24

-0.88

0.8

Tl g dwedl) llaia ) Sl ) 68l e MOTLFW 7 itall ooy 5ill &5 jlaay Liad
- Beta Flexible Weibull(BFW).

- Kumaraswamy Flexible Weibull (KuFW).

- Exponentiated Generalized Flexible Weibull (EGFW).
- Flexible Weibull (FW).

- Weibull Flexible Weibull (FW).

Al adae ) GLSYT 4y 5k aladiuly Liayl s R el all alasiinly calibul) Joday Liad
ibany) julad) ad DDA e il e Jsaaall 23 (3) Jsaal) 8 dilany) uladl)
zo—8all oy il O e (3) Jsrall 2 WS (HQIC, BIC, CAIC, AIC,—LL)
Dnlaall a2 el dad JAT (38a 45 S Mgia¥) g Jarall il diidas JST jelal 3 MOTLFW
bzl a5 o G (2) IS 5 (3) S (e Jaa Dl Asadl) ey 5illy 45l e

) s2ed LadW) 58 = iall a5 i) JUAS () ey Lae s il o3¢ daiDla 5 48y K]
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Dl af ae ey § 6ill allaall G 305 28 1(3) J sl
AgiaYl g baall bl -LL, AIC, CAIC, BIC, HQIC
Model Estpara | -LL AlIC CAIC BIC | HQIC
0.5781962
MOTLFW 23.116799 11.82 | 31.642 | 32.332 | 40.215 | 35.014
1.1860682
2.4476800
0.6205928
0.2165488
BFW 9 4428288 14.49 | 36.986 | 37.675 | 45.558 | 40.35
4.3700279
0.5651500
Ku FW 0.2316723 14.15 | 36.301 | 36.991 | 44.874 | 39.673
2.4594252
4.4945035
0.1977571
EGFW 0.8617517 15.086 | 38.173 | 38.863 | 46.746 | 41.545
2.3131074
3.6262241
2.2064239
WFW 70244318 14.36 | 36.722 | 37.412 | 45.295 | 40.094
1.4084843
0.6052446
1.709136

FW 16.299 | 36.599 | 36.799 | 40.886 | 38.285
4.489488

i (3) Sl 8 LS gl culS 5 ey ) i) 2 dlai] ddlaia ) AGEKH A)s ans ) Uy yal o
Jany Y 8 FW g5l

oY
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— MOTLFW
— BFW
— KuFW
— EGFW
o | WeFW
= — FW
< B
= -
w0 -
o
< —
o
T T T T T
05 10 15 20 25

AV g izl clilbad ~ jidall a5 el 480K Alla  Aaia (2) JRA
O it & (2) JSAl A e S i) 3l 4paS) 5l Ay 55l A ans Uy sal
bl g 4l JSYI 4 MOTLFW g5 53

Fn(x)

0.5 1.0 15 20

Agia¥! 5 Jarall bl &5 laall Cilay 55 7 siall a3 5ill aSI Al aaie () JS)
U sy g alles a5l 53 MOTLFW fagas ey 555 Camall 13 8 Liaad selalidiny) v
g A lie adig dlga¥) g harall e clily e MOTLFW @)l Uik 38} 4ailiad
o Gaiit ul 2 &)y (KuFW) s(EGFW)S(WFW) 3 (FW) 5 (BFW) J-ie cilay 53l
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A e dlldg (3) Jsaal) (A8 Gase LeS il 4D Juad) o8 MOTLFW )8
- Jia :\:\JLA;}I\ _)ﬁ\.x.d\ e e\.lil.u\
.Akaike information criterion(AIC) SWS) s -
.corrected Akaike information criterion(CAIC) gl SUS) s -
.Bayesian information criterion(BIC) s Jbas-
Hannan-Quinn information criterion(HQIC) ¢usS-glia Jlrs-
&85 (Ao cayaill algia¥l g haall AUl Sbaal) cona gl Jha (2) dsaall )
hlénl) Al 5 Skew e sV dad e Saie V) i (e Lon 5 3l 5 Lgilia s bl
d8is Cilalee a8l Rzl p plaatinly g daliae e ST LSl Ly jal 28 Kurtosis
pad g Adlide 4 pdie Gilie U jlidl a5 28 s MOTLFW ao) il 4l 5 Clalas g dalida
(1) Jsaal) 3 i WS MILE 613 o g 3paa3 Jal (e il (e ST 400 sie
J.AMAS\
g 2l laal) Y
Dol aed (Y VA) caana Ay ) cdlane cdilase H3 0 ¢ Jall sy edas casaallae )
(u.ala) Al ‘YG c(V) Al c‘;‘\LAAY\ el cdaalaidyl
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