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Abstract

The study provides a new method to form a more flexible distribution, which relies
on adding a parameter to the family of defined distributions, this method is based on
the survival-at-work function. The approach is specific to the Weibull distribution. Some
mathematical characteristics of the new distribution were addressed, and their statistical
significance was considered. To assess the adequacy of this distribution. The distribution is
supported by a set of genuine data.
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Introduction

He used the Weibull distribution to derive the proposed distribution, which
is the Weibull distribution for Alpha Power Transform (APSTE). This
distribution depends on the energy (alpha).

Many researchers and thinkers have presented papers that use the alpha
energy transformation approach to enlarge probability distributions, one of
which is.

Exponential alpha power distribution Mead et al. [1]. This distribution can
represent monotonic and non-monotonic failure rate functions, which are widely
used in reliability study.
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Méndez-Gonzalez et al. [2] combine the Inverse power law and with the
Weibull distribution to create the APTW-IPL, a stress model for linking data
from accelerated life testing (ALT). (A new technique called modified alpha
energy conversion method was used. The exponential distribution of one
parameter was studied in detail, by Alotaibi et al [3]. By Klakattawi, and
Aljuhani [4], They extracted the exponential Weibull distribution of alpha
power, which consists of five parameters. A novel three-parameter alpha power
transform for the Lumax distribution (APTLx). Several statistical features of the
APTLx distribution were obtained, by Maruthan, and Venkatachalam [5].
The family of generalized alpha-G power transform (GAPT-G) distributions is a
family of new distributions generated by El-Sherpieny, and Hwas [6].

1. New Alpha Power Transformation Method
The CDF of the a-power transformation for x € R, is defined [7-16].
afF(_q

FAPT(x)_{ ifa>0a#1 )
F ) ifa=1
Then the a-power transformation for x € R, is defined.
Loga F(x) :
fapr(x) = { oy )T a1 (2)
f)ifa=1

Now the new Alpha power transformation of survival function S(x) for x €
R, is defined as follows:

1-a’
SA(x)—[ — 1fa¢1 3)
S(x) ifa=1
Since =2 = ffx)
Thends—(x)
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-in(a)a x
Az{if(x)lfail )
f)ifa=1

Note: f,(x) is a PDF since that;
1. f4(x) = 0V x€R. For,0 < a < 1, that is (lna)(a*®) f(x) > 0.
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2. New Alpha Power Transformation Weibull Distribution (NATWD):

Let X~W (A, @) Since the survival function of the mentioned distribution is
known.



A NEW ALPHA POWER SURVIVAL TRANSFORMATION DISTRIBUTIONS 319
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So the survival function of the NATWD as follows:
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Figure 1

The survival function of NATWD at various values of a, 4, 3.

From the figure 1 above, it is noted that the survival function as along as
the value of x increases.

2.1. The CDF and PDF of the NATW D
The f4y of NATWD shown in eq (6)

X8
(7l e_[’_}f]l?

—B(lna)xﬁ_lae_ .
ife € R+,a+1
fAW(x; A' a, ﬁ) = Aﬁ(l—a) (6)

-1 _x
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Note: f,,y(x) is a PDF since that:
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Figure 2

The PDF of APSTWD at various values of o, A, 3.

From the figure 2 above, it is noted that the PDF increases up to peak, and
then it decreases as along as x value increases.
The CDF of NATWD shown in eq (7)
Faw(x) =1 = Saw(x;a,8,1)
ae_[%]ﬁ—a
FAW(x): #.lfa € R+,(I=/:1 (7)
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Figure 3

The CDF of APSTED at various values of o, A, B.

From the figure 3 above, it is noted that the CDF increases as along as
value of x increases.

2.2. The Hazard Function
The hazard function of NATW distribution is shown in eq (8)

fawxaAB)
haw (x) = A?Aw(x)
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The hazard function of APSTWD at various values of «, 4, 8.

From the figure 4 above, it is noted that the hazard function increases with
the increase in the value of x and decreases in other places.

3. Statistical Properties
3.1 Quantile

The x4 of the NATWD as shown.

Faw(xg) =P(x;,<q)=Q0<g<1 )
From eq (7), we obtain
58
a¢ r —a
=q
-k

a —a=q(1—-a) - a =ql—-a)+a

We take the In of both sides

1-a

X.
o7

e _ _ ChE, _
Ina =ln(@gl—-—a)+a) > e 2" lna=In(q(l —a) +a)
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17 = n@A-0ta) oo ok the In of both sides

€ na
_*ap _ In(q(1-a)+a)
517 = In[———]
X, =A(~In [M])p (10)

For the median of NATWD, we put q= 1/2 in eq (10) and solve this
equation numerically.

oo = A(—In[2E an
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3.2. Moments
The rth moment of NATW distribution about the origin is shown in eq
(14).
AT In(a)(In a)"F(%+1)
; (12)
n!(1—a)(n+1)<F“)
The rth moment of NATW distribution about the mean is shown is.

E(X") = —Xn=o

o (T AT In(@)(ina)r(+1)
EQX =) = =Stz Zino () (-0 T (13)
nl(1-a)(n+1) B
Where r=1,2...
o ATin(aan @)"r(E+1)
EX) =—%is vy (14)
nl(1—a)(n+1) B
3.3 Moment Generating Function:
The MGF of the NATWD shown in Eq (20).
o < ) AT In( @) (n )" (5+1)
M, () = = %520 Bz . (15)

j!n!(l—a)(n+1)(%+1)
4. Order Statistics
Let X3, X,, ..., X, be a r.s from with the CDF and PDF given in the equation
(6) and (7) respectively.
LetY;,., <Y, < -+ £Y,., the PDF of Y., know the shape.
! _ —
fan (6, @) = Gy faw (6, @) (Faw (2, @)1 = Fyy (6, @) (16)

The PDF of the statistics with the smallest order, and those with the largest
order, can then be calculated as follows:

I LT i
-B(tna)xP~1a® e A 1-a® -
fn(,®) = n T - (a7)
-HF _xB L
_ —B(na)xP~1a® Vv A _a n-1
funt,®) =1 e (18)

6. Maximum Likelihood Estimation

Let X;,X,, ..., Xy be a r.s from the probability distribution defined (6), is
taken then the likelihood function will be:

B(lna)xﬁ'lae_[%]ﬁe_[%]ﬁ
— T1k —_ 11k =
L(xl,xz,...,xk,l,a) = l-:lfA(x,-,/La) = i=1 AB(l—a)

We take the natural logarithm of both sides of the equation (25)

(19
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By differentiating both sides of the equation (26), respect each the

parameter as

B
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By solving the two equations (21), (22) and (23) using numerical methods,
the maximum potential estimators of the two parameters &, §, A are given.

7. Application

Data set: We have 55 patients with a certain disease medical data (survival

time).

6.54,10.42, 14.48, 16.10, 22.70, 3441.55, 4245.28 49.40 53.62, 63, 64, 83,
84, 91, 108, 112, 129, 133, 133, 139, 140, 140, 146, 149, 154, 157, 160, 160,
165, 146, 149, 154, 157, 160, 160, 165, 173, 176, 218, 225, 241, 248, 273, 277,
297,405, 417, 420, 440, 523, 583, 594, 1101, 1146, 1417.

Table 1
The MLEs of the parameters (a, 1).
Model Parameters
APED(a,2) @ =091 1=10.109
WD(a,B) @=0.123 A =0.403
TWD(a,b,2) A =0.401 @ =0.293 b =0.042
WED(a, 8, 1) A=231 a = 0.397 £ =0.001
Table 2
Represents the results of statistical tests (BIC, CAIC, AIC) on the data.
Model LL AIC BIC HQIC CAIC
APED(a,B,4) | -396.0574 | 796.1148 801.8189 798.4324 796.2108
WD(a,B) -393.8102 | 791.6205 795.6351 793.1730 791.8512
TWD(a,b, 1) -290.4360 | 586.8720 592.8940 589.2007 587.3426
WED(a, 8, 1) -368.5948 | 743.1896 749.2116 745.5189 743.6602




324

H. MADLOOL AND K. A. KADHIM

Tables 1 and 2 show the estimated parameter values and goodness-of-fit

criteria values for the derived distribution and other distributions.

References

(1]

(2]

[3]

[4]

[5]

(6]

M. E. Mead, G. M. Cordeiro, A. Z. Afify, and H. Al Mofleh, “The
alpha power transformation family: properties and applications,”
Pakistan Journal of Statistics and Operation Research, pp. 525-545 (2019).
[Online]. Available: https://doi.org/10.18187/pjsor.v15i3.2969.

L. C. Méndez-Gonzélez, L. A. Rodriguez-Picén, I. J. C. Pérez-Olguin,
L. A. Pérez-Dominguez, and D. A. Luviano Cruz, “The alpha power
Weibull transformation distribution applied to describe the behavior
of electronic devices under voltage stress profile,” Quality Technology
Quantitative Management, vol. 19, no. 6, pp. 692-721 (2022). [Online].
Available: https:/ /doi.org/10.1080/16843703.2022.2071526.

R. Alotaibi, H. Okasha, H. Rezk, and M. Nassar, “A new weighted
version of alpha power transformation method: properties and ap-
plications to COVID-19 and software reliability data,” Physica Scrip-
ta, vol. 96, no. 12, 125221 (2021). [Online]. Available: https://doi.
org/10.1088/1402-4896 / ac2658.

H. S. Klakattawi and W. H. Aljuhani, “A new technique for generat-
ing distributions based on a combination of two techniques: Alpha
power transformation and exponentiated TX distributions family,”
Symmetry, vol. 13, no. 3, p. 412 (2021). [Online]. Available: https://
doi.org/10.3390/sym13030412.

S. K. Maruthan and N. Venkatachalam, “Alpha power transformation
of Lomax distribution: properties and applications,” Thailand Statisti-
cian, vol. 20, no. 3, pp. 669-685 (2022).

E. S. A. El-Sherpieny and H. K. Hwas, “Generalized alpha-power
transformation family of distributions with an application to expo-
nential model,” Journal of Computational and Theoretical Nanoscience,
vol. 18, no. 6, pp. 1677-1684 (2021). [Online]. Available: https:/ /doi.
org/10.1166/jctn.2021.9723.



A NEW ALPHA POWER SURVIVAL TRANSFORMATION DISTRIBUTIONS 325

[7]

(8]

[9]

(10]

(11]

(12]

(13]

A. Mahdavi and D. Kundu, “A new method for generating distribu-
tions with an application to exponential distribution,” Communica-
tions in Statistics-Theory and Methods, vol. 46, no. 13, pp. 6543-6557
(2017). [Online]. Available: https://doi.org/10.1080/03610926.2015.
1130839.

R. F. Kadam and K. M. Mohammed Al-Abrahemee, “Neuro-fuzzy sys-
tem for solving fuzzy singular perturbation problems,” Journal of Inter-
disciplinary Mathematics, vol. 25, no. 5, pp. 1509-1524 (2022). [Online].
Available: https:/ /doi.org/10.1080/09720502.2022.2079229.

D. E. Abdulrasool and A. N. Alkiffai, “Population growth equation
by fuzzy common integral transforms,” Journal of Interdisciplinary
Mathematics, vol. 25, no. 6, pp. 1909-1918 (2022). [Online]. Available:
https://doi.org/10.1080/09720502.2022.2095960.

V. G. R. Bhatta, H. Panackal, P. Poojary, and S. K. Pandey, “Algebraic
construction of near-bent function with application to cryptography,”
Journal of Discrete Mathematics, Science, and Cryptography, vol. 24, no. 2,
pp- 527-540 (2021). [Online]. Available: https://doi.org/10.1080/097
20529.2021.1897214.

R. S. Haoer and A. Ur R. Virk, “Some reverse topological invariants
for metal-organic networks,” Journal of Discrete Mathematics, Science,
and Cryptography, vol. 24, no. 2, pp. 499-510 (2021). [Online]. Avail-
able: https:/ /doi.org/10.1080/09720529.2021.1899208.

M. K. Hashmi, F. Chaudhry, A. J. M. Khalaf, and M. R. Farahani,
“Investigation of dendrimer structures by means of reverse atomic
bond connectivity index,” Journal of Discrete Mathematics, Science, and
Cryptography, vol. 24, no. 2, pp. 473-485 (2021). [Online]. Available:
https://doi.org/10.1080/09720529.2021.1882161.

F. Afzal, S. Akram, M. Ashiq, D. Afzal, M. Cancan, and S. Ediz,
“Characteristic sets versus generalized characteristic sets,” Journal
of Discrete Mathematics, Science, and Cryptography, vol. 24, no. 2, pp.
439-450 (2021). [Online]. Available: https://doi.org/10.1080/097205
29.2021.1882160.



326

(14]

[15]

[16]

H. MADLOOL AND K. A. KADHIM

S. Hussain, F. Afzal, D. Afzal, M. Cancan, S. Ediz, and M. R. Farahani,
“Analyzing the boron triangular nanotube through topological indi-
ces via M-polynomial,” Journal of Discrete Mathematics, Science, and
Cryptography, vol. 24, no. 2, pp. 415-426 (2021). [Online]. Available:
https://doi.org/10.1080/09720529.2021.1882158.

M. Nadeem, S. Ahmad, M. K. Siddiqui, M. A. Ali, M. R. Farahani, and
A. ]. M. Khalaf, “On some applications related with algebraic struc-
tures through different well-known graphs,” Journal of Discrete Math-
ematics, Science, and Cryptography, vol. 24, no. 2, pp. 451-471 (2021).
[Online]. Available: https:/ /doi.org/10.1080/09720529.2021.1885806.

F. Afzal, S. Rukh, D. Afzal, M. R. Farahani, M. Cancan, and S. Ediz,
“A study of non-commutative Von-Neumann regular rings,” Journal

of Information and Optimization Sciences, vol. 42, no. 7, pp. 1425-1436

(2021). [Online]. Available: https:/ /doi.org/10.1080/02522667.2021.1
896650.

Received June, 2024



