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ABSTRACT:
The expansion of probability distributions from commercial operations has been greatly improved over thousands of
years, to the fact that the distributions of comprehensive data are not widely and accurately represented, and the
publication of the distribution distribution using different families and categories is one of the newly exclusive methods
in the expansion of distributions. In this thesis, the Burr X-G Family Distribution was used and applied to the Lindley
two-parameter  distribution  (two-parameter Lindley Distribution) on new probability models (Burr X-
LindleyTwoParameter Distribution), which is more distributed than the basic distributions under study. Some of its
statistical properties were studied, such as the probability function, the cumulative function, the survival function, the
risk function, and the survival function. The parameters and survival function of the probability model
(LindleyTwoParameter Distribution) were estimated using the method (the maximum determination method, the Cray
von Mises method). In order to obtain the best method for estimating the parameters and the survival condition, a brief
simulation study was conducted using the Monte-Carlo method, which was used, and several cupping experiments were
conducted. Small, medium, and large samples (150, 100, 75, and 50) were used, with five models using different values
for the unknown parameters. The mean square error (MSE) was used to compare the four estimation methods for
parameter estimates, and the best method was found to provide the maximum likelihood of estimating the unknown
parameters and the survival function for all light sources. However, in a side application, the new probabilistic model
(BurrX-Lindley Two-Parameter Distribution) was applied to real data of (150) observations from the Karbala Health
Department, Al-Hussein Teaching Hospital, representing the survival times of patients with the disease until death. The
performance of the proposed distribution was compared with the basic Lindley distributions under study. The new model
provided a reading of flexibility and efficiency in interpreting the data, proving its superiority in interpreting the data.
Key words: Maximum likelihood method, Kramer von Mises method, (Burr X-G Family distribution).
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Experiment ol Y 0
1 2 0.01 1.3
2 1.5 0.5 0.5

321000 4l l S5 Ll
. Glalase 4335 (BurrX- LindleyTwoParameter distribution) zasill iy g s 3 (A sdiall puatiall g5 - BIG
Led) il pasl) 33 jha Jleaiuly &l ( BurrX- LindleyTwoParameter distribution)z sl e sill olall alla s UG
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M5 (MSE)sUadll ay 3o Jaws s Slan¥) loal) Jlaniny Juad) 38 Hhal) sl g deadiall pa@il 35k (p &5 Hliall L
;B YIS Ain (S Juzadl laiall (S LS 4iad J LS

A 1w .
MSE (8(t)) = EZ(Sj(ti) — §(ti))? . (25)
=1

ol )

3= (1000) 52 54 gl S5l je ae Jiad:L

cke YAl S aa ) o () satall 250a (e 8 ma A T,
Al sl (3 ke (545 olad) Aol s sl dagdll:S (t)

. (BurrX- LindleyTwoParameter distribution) (Jleia¥l a5 sill Jiai due yiad i) 5 Jadl opad olill cld 5f Jias st
ol Al A g (Al iEY)) ddial) L) Alla 1 S(t)

325 (1000) 2 alae ¥V G 48y ylay 5 084l £l s :S(1)

Lol s 8 a5 4 a5 (1000) 2 a g jadl 48 s day 3 38l £l A :5() Ly
rlSlaall e il Ly le g
Gligall alaal vie 48 jla JS1 LS Uil Cilay o Jas sie dad s pafill (330 5k Can sy o) AN 4 paill 5 4@ial) aN(2) Jsan
S 5 5V 73 5aiD dia yidall

Jds¥) zisadl cilind) alaa) g 4818 pa8il) (3l al pUadl) Clay o Jaca gia (2) A Jo>
Sample size Performance
Methods Best
MLE CVME
50 MSE 0.058045633 0.072907391 MLE
75 MSE 0.010683849 0.020953399 MLE
100 MSE 0.116816543 0.083899177 MLE
150 MSE 0.033041658 0.051942734 MLE
Jds¥) zisadl cilind) alaal g A8LS pakil) 3l glal pUadd) Clay ya o gia (3) Ay J o>
Sample size Performance
Methods Best
MLE CVME
50 MSE 0.211862764 0.394859298 MLE
75 MSE 0.016683849 0.014623534 CVME
100 MSE 0.116816543 0.083899177 MLE
150 MSE 0.012829755 0.051942734 MLE
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dlaa) e die V1Al sl L sl elld g o el ) sl lalea a8 3 (MLE) abae V1 OSaY) A8y yla dliadl o
Glial) slaa) die ajsill lall Ay joadi 8 W Ll gl (Y1 A jall Gl cpa 3 (50 ¢1506100675 )bl
oSl 5 Ao siall 5 5yl
Gl 138 5 Al aan 315 LS (MISE) eladll Cila ja Ja gia Slas¥) Jlnalls dalal) il (ailss Jaali o
Aisall gy Aalal) 4yl
sindail) iladl 11
oS S dadlaa A caaladll anal) eS80 8 il Ol e gl U s g e Cmbaal) (e 20a Al ally Adlatiall UL e &5 28]

ERERSL| UL G o5 el sl Gl Dl 5 A1 jal) ant aulasW (ot yall oLy S S Ji sulie (150) W Al s Al
sl WS 5 3l gl o e el Al G ) ke 3 5(Survival Time) shall Gl sl e J ) a3l Gubadl)

S Gy 25y el (sl plial) gl Siay (4) Js2a

0.15 0.62 0.72 0.85 1.01 1.13 1.24 1.38 1.46 1.63
0.24 0.63 0.74 0.85 1.01 1.15 1.25 1.38 1.47 1.63
0.36 0.64 0.74 0.87 1.02 1.15 1.27 1.39 1.47 1.66
0.37 0.64 0.74 0.87 1.04 1.16 1.28 1.39 1.48 1.67
0.38 0.66 0.76 0.87 1.05 117 1.28 1.39 1.48 1.67
0.42 0.66 0.8 0.88 1.06 117 1.28 1.39 15 1.71
0.45 0.67 0.81 0.01 1.06 117 1.28 14 1.51 1.73
0.52 0.67 0.82 0.92 1.06 117 13 1.41 1.52 1.73
0.52 0.67 0.82 0.94 1.07 1.19 13 1.42 1.54 1.74
0.52 0.68 0.83 0.95 1.09 1.19 1.31 1.43 1.54 1.74
0.54 0.69 0.84 0.96 1.09 1.2 1.32 1.44 1.58 1.74
0.54 0.7 0.84 0.96 1.1 1.21 1.32 1.44 1.61 1.75
0.57 0.7 0.84 0.96 111 1.21 1.33 1.44 1.62 1.76
0.57 0.7 0.85 0.99 1.12 1.22 1.34 1.44 1.62 1.79
0.59 0.71 0.85 0.99 1.13 1.24 1.37 1.46 1.62 2
(Good ness of Fit) sAfilaal) s JLE811-11

O Jlial Juexiad a3 33 BurrX- LindleyTwoParameter distribution & siall s ) sill aii g al) <) o 48 jee (2 5
Ay dilas ) Lo il a5 (Good  ness Of Fit) daiaal)
H,: The data have BurrX — LindleyTwoParameter distribution
H;: The data dont have BurrX — LindleyTwoParameter distribution
[10J: dull Jsaall 8 LS Chi —Squared o1 Jueaiuls dpa il dsasll (s dsim 4 LA il a5 o5 38
Ao il y JLEAY) £ ) Al Allaal) Cuun JLER) @il (5) Jo2a

Distributions Parameter Pearson X2
a ) A statistic P-Value
BX-L2 0.6880 0.87462 1.2249 0.058006 0.6718 Best
Lindley | - 1.85934 1.8076- 0.209443 0.00000303

B9 £ 555 bl ol ALY asal) a8 (b )3 Y ) Al gaad) (e uS) (o Aipual) (389 4 pmanal) (2 a0 (4) J9a) G Baali
BurrX — LindleyTwoParameter distribution2-11 g3 il

(Criteria choosing the best distribution) s Ma s julea
(Akaike Test) LIAIC S\ adin-2-11

rob S (AIC)SUST iz Beliasy dalal) Zapall
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AIG=—218\X) + 2p .. (26)
Akl AdlaaY) w55l Al 8 Gladaal sae Jiai ;P
Al iy cilalial (Log Likelihood Function) zmas il ally o jle of Jias L(é \ X)

(Bayesian Akaike Test) : BICSAS) S Jh582-2-11
o LS (585 Aol iz 0f 5101 (BIC) sl 4l 30 15 (GOF) diihaall s HLia) ylae (s2a)
BIC = —2L(8 \ x) + P Log(n) . (27)

Al ilily laalial (Log Likelihood Function) gs il alls o e ol Jisi : L( \ X)
Al Adlaay) a5l Aly 8 Glalaal) 230 S 1P
Al pas Jiadin

(Consistent Akaike Information Criterion): CAIC @wiall (SiSj jL5d13-2-11
(b LS (& A (CAIC) Gl (SIST A8l (s JidY Aapall )

.. (28)

2nP

CAIC = —ZL(G \ X) + m

I

Al aaa Jidiin
Juxinls Rayleigh Pareto g)s5 g g el sl ool 4,84l (5) i) Jsan o Lol la S5 o8 () LY 0l pn i o3 8
el el Cledl) Galiadll (alaiBl cilelully il il ) Jiad dids die

Ahial) ) JAG b Gbead¥) gl ¢ thal) s G ALAAl kaa c (6) st

Distributions AlC BIC CAIC
BurrX- LindleyTwoParameter distribution 140.4669 149.4988 152.4988
LindleyTwoParameter distribution 241.3340 247.3552 249.3552

e A8 Lgie Jasind 5 ulae sae cllia g dilaal e sane (g e Jial a8 Juadl il g dglasy) el
BurrX — s a5 deadl () (i (6) dsaad) (s il YA Gas sl 1 aalliad) ol (41) 5 (40).5 (39) Ualaall 2 daia gall
ASU jpleall dad J8) el 43Y LindleyTwoParameter distribution

0.15 | 0.995834 | 36 | 0.24 | 0.896239 | 71 | 0.8 | 0.601323 | 106 | 1.1 | 0.208859 | 141 | 1.71 | 0.010363
0.24 ] 0.994979 | 37 | 0.36 | 0.890693 | 72 | 0.81 | 0.590149 | 107 | 1.11 | 0.198881 | 142 | 1.73 | 0.00906

0.36 | 0.994026 | 38 | 0.37 | 0.884979 | 73 | 0.82 | 0.578865 | 108 | 1.12 | 0.189117 | 143 | 1.73 | 0.00789

0.37 | 0.992972 | 39 | 0.38 | 0.879094 | 74 | 0.82 | 0.567478 | 109 | 1.13 | 0.179576 | 144 | 1.74 | 0.006844
0.38 | 0.991814 | 40 | 0.42 | 0.873038 | 75 | 0.83 | 0.555992 | 110 | 1.13 | 0.170265 | 145 | 1.74 | 0.005913
0.42 | 0.990548 | 41 | 045 | 0.86681 | 76 | 0.84 | 0.544416 | 111 | 1.15| 0.161193 | 146 | 1.74 | 0.005088
0.45 | 0.989172 | 42 | 0.52 | 0.86041 | 77 | 0.84 | 0.532755 | 112 | 1.15 | 0.152368 | 147 | 1.75 | 0.004359
0.52 | 0.987682 | 43 | 0.52 | 0.853836 | 78 | 0.84 | 0.521018 | 113 | 1.16 | 0.143795 | 148 | 1.76 | 0.003718
0.52 | 0.986077 | 44 | 0.52 | 0.847088 | 79 | 0.85 | 0.509212 | 114 | 1.17 | 0.135482 | 149 | 1.79 | 0.003157
0.52 | 0.984353 | 45 | 0.54 | 0.840166 | 80 | 0.85 | 0.497344 | 115 | 1.17 | 0.127433 | 150 | 1.67 | 0.002669
0.54 | 0.982508 | 46 | 0.54 | 0.833069 | 81 | 0.85 | 0.485424 | 116 | 1.17 | 0.119654
0.54 0.98054 | 47 | 0.57 | 0.825797 | 82 | 0.85 | 0.473459 | 117 | 1.17 | 0.112148

[ =
KBIE|B|e|e|~N|o|u| s w|n-
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13 | 057 |0.978446 | 48 | 0.57 | 0.81835 | 83 | 0.87 | 0.461458 | 118 | 1.19 | 0.10492

14 | 057 | 0.976223 | 49 | 0.59 | 0.810728 | 84 | 0.87 | 0.449431 | 119 | 1.19 | 0.097971
15| 0.59 0.97387 | 50 | 0.62 | 0.802932 | 85 | 0.87 | 0.437386 | 120 | 1.2 | 0.091305
16 | 0.62 | 0.971383 | 51 | 0.63 | 0.794961 | 86 | 0.88 | 0.425334 | 121 | 1.21 | 0.084921
17 | 0.63 | 0.968762 | 52 | 0.64 | 0.786817 | 87 | 0.91 | 0.413283 | 122 | 1.21 | 0.078821
18 | 0.64 | 0.966004 | 53 | 0.64 | 0.7785 | 88 | 0.92 | 0.401245 | 123 | 1.22 | 0.073004
19 | 0.64 | 0.963106 | 54 | 0.66 | 0.770012 | 89 | 0.94 | 0.389229 | 124 | 1.24 | 0.067469
20 | 0.66 | 0.960067 | 55 | 0.66 | 0.761352 | 90 | 0.95 | 0.377246 | 125 | 1.24 | 0.062213
21 | 0.66 | 0.956884 | 56 | 0.67 | 0.752523 | 91 | 0.96 | 0.365307 | 126 | 1.25 | 0.057235
22 | 0.67 | 0.953556 | 57 | 0.67 | 0.743526 | 92 | 0.96 | 0.353422 | 127 | 1.27 | 0.052529
23 | 0.67 0.95008 | 58 | 0.67 | 0.734362 | 93 | 0.96 | 0.341602 | 128 | 1.28 | 0.048093
24 | 0.67 | 0.946456 | 59 | 0.68 | 0.725034 | 94 | 0.99 | 0.329858 | 129 | 1.28 | 0.043921
25 | 0.68 | 0.94268 | 60 | 0.69 | 0.715544 | 95 | 0.99 | 0.318201 | 130 | 1.28 | 0.040007
26 | 0.69 |0.938751 |61 | 0.7 | 0.705895 | 96 | 1.01 | 0.306643 | 131 | 1.28 | 0.036345
27 0.7 0.934668 | 62 | 0.7 | 0.696088 | 97 | 1.01 | 0.295194 | 132 | 1.3 | 0.032928
28 0.7 0.930428 | 63 | 0.7 | 0.686127 | 98 | 1.02 | 0.283866 | 133 | 1.3 | 0.029748
29 0.7 0.92603 | 64 | 0.71 | 0.676015 | 99 | 1.04 | 0.272669 | 134 | 1.31 | 0.026798
30 | 0.71 | 0.921473 | 65 | 0.72 | 0.665755 | 100 | 1.05 | 0.261615 | 135 | 1.32 | 0.024068
31 | 0.72 | 0.916754 | 66 | 0.74 | 0.655352 | 101 | 1.06 | 0.250715 | 136 | 1.32 | 0.021551
32 | 0.74 |0.911873 | 67 | 0.74 | 0.644808 | 102 | 1.06 | 0.239979 | 137 | 1.33 | 0.019236
33 | 0.74 | 0.906827 | 68 | 0.74 | 0.634129 | 103 | 1.06 | 0.229417 | 138 | 1.34 | 0.017115

34 | 0.74 | 0.896595 | 69 | 0.15 | 0.623318 | 104 | 1.07 | 0.612381 | 139 | 1.09 | 0.015176

Claliiiuy)-12
oSl 5 Ao gial) il o saad Al ol Al a8l W) 4 alae VI SRV Ay Hha () BlSkacall (ol il < jelal ]
Ailaay) 4 kel 3iday 138 5 Al ana 3 ) WS (MSE) LSl cilay ja Jan gia Alan ) (ubitalls Aalal) ail) (ol - 2
sl 3¢
Alall ods gl (e o laill Cuila Wl 8 4um je o Le e Gialday 138 5(t) el 800 0 el Al o il
b 5 bl Alal A aall 2l w4y jlite il Lgdal) CUllall # Al a5 sll el Al il i o) L aill ulad) ksl 4
P TT1 [ BN
oy 7 i) Jwia¥) a5l of 2 5 Goodness of fit)) dataal) Gua <l LA 33 sk e 5 lead) Gadail) 25 (e 5
b a5 5l 4 jae Jgmall  MaiaW1 o sill dpanl uSiay 138 5 ¢l g3 5l (e Jumdl gl il

W

.6
@b sl -13
Gl Jiiad 3 Ale 3ol 5 45 ya (po oy )il 028 4y e Lad @l g A ganal) y gl il ) 53l (g B 1 530 Jlaria ]
8 gl

ol Ay uaEl A 5l g3l plal) Jie (g AT a3l Jlaia) D

ddall g dpnnigll il sall ABurrX — LindleyTwoParameter distribution g _fdell moall =3 gaill guks 3
Ageluall

5 llad) Al g eladl s sl Bpel) ilailan asen b (8 o jos mpe lill) e Jpeanll Laa¥) 4

ey S iladas 3N (63 BurrX- LindleyTwoParameter gz sl a 58 Jlasivl o shaiy Gaaldl a

(AT Sl 53 (B st o) gSYL

W
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