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Abstract
The interest in studying probability distributions by statistical researchers came
as a result of the role played by this statistical method in employing data
behavior and knowing its characteristics, as phenomena can be expressed by
random variables, and each random variable is expressed by a probabilistic
distribution that contains important information for this random variable.
Composite, weighted, and mixed distributions appeared due to the statistician’s
need to use the most appropriate distribution for the data under study. Cancer
has spread in Iraq in a large way, especially after 2003, due to environmental
pollution as a result of wars and other environmental pollutants, as well as
smoking, heredity, and other reasons, and the effects of this disease have been
exacerbated Also, due to the presence of large numbers of families living below
the poverty line, they cannot secure the therapeutic doses allocated for this
disease on a regular basis, in addition to the lack of modern treatment techniques
as well as methods of prevention. In this research, the problem of increasing the
number of deaths due to breast cancer was addressed. This research included a
review of the (Quasi Lindely) distribution for its flexibility and good
compatibility with the data of the applied side of this research. (2, 0), and the
subject of the research was dealt with by estimating the survival function using
the method of Maximum likelihood , and to improve the capabilities of the
distribution, a genetic algorithm was employed and applied to breast cancer
patients. With the theoretical properties of this function being a diminishing
monotonic function.
Keywords: Mixed distribution, Quasi distribution, Lindely distribution,
distribution characteristics, Maximum likelihood method, genetic algorithm,
breast cancer data, survival function.
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1. Introduction

The concept of survival function analysis is widely used in biostatistics and
most other fields. Survival analysis is defined as the study of the distribution of
time from the onset (for example, birth or the beginning of treatment) until the
emergence of an event, such as death or recurrence of disease. The interest in
studying probability distributions by statistical researchers came as a result of
the role What this statistical method plays in describing the behavior of the data
and knowing its characteristics, as phenomena can be expressed by random
variables, and each random variable is expressed by a probability distribution
that contains important information for this random variable. Composite,
weighted, and mixed distributions appeared due to the statistician's need to use
the most appropriate distribution for the data under study. If the data is
homogeneous, it follows a certain probability distribution, but if the data is
heterogeneous, it does not follow a single probability distribution, but each part
of it follows a specific distribution. The distribution may be the same but with
different criteria, or it may be different distributions, and in this case this
distribution is called the mixed distribution. Take into account the heterogeneity
of the community.

Cancer has spread widely in Iraq, especially after 2003, due to environmental
pollution as a result of wars and other environmental pollutants, as well as
smoking, heredity and other reasons. The effects of this disease have also been
exacerbated by the presence of large numbers of families living below the
poverty line who cannot secure therapeutic doses. Allocated to this disease on a
regular basis, as well as the lack of modern treatment techniques as well as
methods of prevention. In this research, the problem of increasing the number of
deaths due to breast cancer was addressed.

This research aims to obtain the most efficient estimation of the survival
function for patients with breast cancer by using the traditional estimation
method, which is the method of greatest possibility, and to improve its
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capabilities, the genetic algorithm was employed in the process of estimating the
survival function.

1.1 Literature Review

Ghitany et al. (2008) studied the different characteristics of the Lindley
distribution, where the study included finding the moments, the characteristic
function, the failure rate function, and the entropy function, and using the
methods of moments and the Maximum likelihood in estimating the distribution
parameter, and they proved that This distribution is better than the exponential
distribution in some applications. While Ghitany et al. (2009) reviewed the
Truncated Poisson - Lindley Distribution, and they also calculated the statistical
properties of this distribution and estimated the distribution parameter by the
methods of Maximum likelihood and moments, and they concluded that The
moment estimator is more efficient than the maximum potential estimator.
Furthermore, Rama Shanker and A. Mishra (2013) presented the Quasi Lindely
distribution and studied some of its properties related to finding moments and
the risk function, and they touched on some traditional methods of estimation,
namely the method of Maximum likelihood and the method of moments to
estimate the two parameters of the distribution, and the researchers compared
between This distribution and Lindely distribution through application on data
for pigs infected with malignant tuberculosis bacillus and other data for survival
times for black birds, and the comparison shows the preference and flexibility of
the (Quasi Lindely) distribution. Also, Hiba Z. Muhammed and L.S. Diab
(2014) presented the Quasi Lindley Geometric Distribution, which is a
composite distribution of the geometric distribution and the Quasi Lindley
distribution. The researchers studied a set of distribution properties such as
moments, risk function, and survival function, as well as an estimation process
Parameters using the methods of Maximum likelihood and least squares. Alwan
(2016) conducted a study of the Quasi Lindely distribution. Using the most
efficient methods in the process of estimating the risk function for a sample of
children with this disease.

2. Materials and Methods

In this topic, the concept of (Q.L) distribution was addressed and its most
important characteristics were reviewed, and then the survival function was
found and estimated using the greatest possibility method. To improve the
capabilities of this function, one of the artificial intelligence algorithms, the
genetic algorithm, was used.

2.1 Quasi Lindely Distribution (Q.L)

This distribution was proposed by the two researchers Rama Shanker and A.
Mishra (2013) and this distribution has two parameters, and it is a mixed
distribution of two random variables, one of which follows an exponential
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distribution with a parameter (0) and the other is a Kama distribution with two
parameters (2, 0). The probability density function will be For the variable
whose distribution (Q.L) is as follows:

6(a+x6)
a+1

flx,a,0) =
Since:

0: scale parameter
a: shape paramete

x>0,0>0,aa> -1 (1)

pdf e=(0.50,0.5,1,2)

i1 0.5
o.m

1,05 ||
1,13
w2 d

pf th=(0.3,0.9,1,1.52)
. : . .

fi0:3,1)
08,7 [

(1.1
1 : i : 151 []

05

1) ()

Figure (1): shows a drawing of a function (pdf) for the (QL) distribution when
the location parameter o
takes values (-0.5, 0,0.5, 1,2) and the measurement parameter 0
takes the value 1
Figure(2): shows a drawing of the (pdf) function of the (QL) distribution when
the measurement parameter 0 takes the values (0.3,0.9,1,1.5,2) and the
parameter o takes the value 1

2.2 Cumulative distribution function for (Q.L) distribution
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F(x)= [ f(U)du
F( ) _ 9(a+u9)

-ub —-ub
F(x) _ fox (aGe +u926 ) du

a+1 a+1

X

av -ub i x -ub
F(x) = e du+0[+1f0 ue “du

a+170
And using integration by parts we get the cumulative distribution function

(1+a+6x)e~0x
a+1

F(x)=1- ' x>0,0>0,a>-1 (2)

This function has a positive skew

FO51):
Fi1,12 3!
Fi1.5.5) |:
Frm [
- F2.5,1) |:

Figure (3): cdf function when the two parameters (0, o)) take different values.

2.3 Survival Function of (Q.L) Distribution:
The survival function is a decreasing function and its formulas are as
follows

—0x
S(x) =1—F(x) =& . 5 0,6>0,a>—1 3)

a+1
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Figure (4): Survival function when the two parameters (0, o) take different
values.

2.4 Distribution Characteristics (Q.L)

2.4.1 Mode

2,—-0x
af(x) :9e (1—(1—996)
dx a+1l

After equating this equation to zero, the value of x will be as follows:

X = =
)

If |a/<I, then the value of x is the value that brings f(x) to its maximum.
That is, the value of a is inversely proportional to the mode.

But if a >1, then f(x) is decreasing.

2.4.2 The moment about origin

E(x) = [~ x"f(x)dx

o O(a+x0) _
E(x") = [, xr%e % dx
fa (oo _ 0? (oo _
E(x") = — xTe %dx +— [~ x"tle %%dx
a+170 a+170

After performing the conversion, we get:

(a+r+Drr+1
(@a+1Do" T

When we put r = 1, we get the first moment, which is the arithmetic mean:

a+2

E(X) = ‘ull = —9(a+1)

E(x") = =12.. 4)

When we put r = 2 we get the second moment:
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r o 2(a+3)
E(xz) = ‘u 5 = 92(a+1)

2-4-3-Variation Skewness and Kurtosis Coefficients.
I. The Coefficient of VVariation:

a+4a+ 2
o

_ N B%(a+1)?
C.V= ‘u’l B a+ 2
O(a+1)
cy = Yaitaat2 (5)
a+2

The value of the coefficient of variation increases when the value of o increases,

ii. The Coefficient of Skewness:

2(a3+6a?+6a+2)
VB = (6)

(a%+4a+2)3/?

The value of the torsion coefficient is positive when a>-0.5 and negative
otherwise.

iii.Kurtosis The Coefficient :

3(3a*+24a3+44a?+320+8)

ﬁ . Ha — 64 (a+1)%
2 (u2)? <a2+4a+2)2
62 (a+1)?

33a*+24a+44a?+32a+8)
(a2+4a+2)2

B, = (7)

The value of flattening is f_2>3 when the value of a>-0.5, that is, the curve of
the function becomes tapered, otherwise the curve of the function is flat.

2.5 Methods for estimating the survival function of the (Q.L) distribution
3.5.1 Maximum Likelihood Method

The method of Maximum likelihood depends on the idea of finding the
estimator that makes the possibility function at its maximum end, and this
method is characterized by the invariance property.
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In order to estimate the survival function of the Q.L distribution according to
this method, the two parameters of the distribution must first be estimated as
follows:

L(xq, Xy e Xy, 0) =1L, f(xia,0)
L(Q,a)=(%)n n (a+x0)e X

LnL(8,a) =nlnb —nln(a+ 1) + Y-, Ln(a+x60)—-6) X;

dLnL(6,a) n Xj
=5t ;X =0 3)
dlnL(6,a)  —n N i 1 0 9
da T a+1 — a+xi§_ ©)
l=

From equation (9) we find the value of a:

1

Z=yn
a+1 =1 y4+x;0

A 1
n=(a+1)X, 2

a+x;0
A n
a+1= n T
=1 qg+x;0
A n
a=g— 1 (10)
=1 a+x;0

Substitute Equation No. (10) into Equation No. (9):

n Xi
:+ 7.1_ - = x=0
R e I

=1 q+x;0

After simplifying this equation, it results:

R — -Y  x=0 (11

[Z?ﬂ (at+x;®)~1 16

By solving the above equation by means of one of the numerical methods - such
as Newton Raphson's method, we find the two greatest potential estimators (a,
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0), and by substituting these two estimates in the survival function, we get the
Maximum Likelihood estimator for this function.

_ (1+a'+§x)e_§x

$(x) = a+1

2.5.2 Genetic Algorithm Method

It is one of the methods of artificial intelligence, which can be defined to
obtain the best solution to the issue under study in an effective and fast manner.
Its idea came from Professor of Computer Science John Holland, which aims to
modernize the concept of the natural evolution process and design industrial
systems with similar characteristics to natural systems and his continuous
ambition to improve The performance of the computational systems made the
genetic algorithms more effective in solving optimization issues.

The following is a summary of the idea of a genetic algorithm:

I.  Building the basic solution by means of the defined methods and the
number of parameters. The method used is the Maximum Likelihood
method (MLE). The number of parameters for the Q.L distribution is two
parameters.

ii. Extracting the comparison scale (MSE) between the standard method
(MLE) and the improved genetic method (MLE.AG), and then the best
method is determined according to the comparison scale above.

lii.  We make combinations between the above parameters according to the
comparison scale.

iv. We do mixing or mating between the parameters of the used methods and
calculating the comparison measures for these new models and comparing
them with the best (MSE) that is determined.

v. A number of models are generated for each distribution that has been used
in a specific direction towards the positive and negative for (m) times, and
thus a large number of generated distributions will be generated. (MSE) is
calculated for each distribution and compared with the parameters
(optimal value) and upon completion of this work we will have a smaller (
MSE) and the parameters by which this measure was calculated (the best
parameters).

The following diagram represents the application of the stages of the genetic
algorithm to the distribution of (Q.L) according to the method that we presented
in the research
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Finding initial estimators for the
parameters in the model using the
(MLE) method through the Newton
Ravsen method based on the sample
observations (X1,X5 , ... Xp)

Initialization of the initial community of
the genetic algorithm by the limits of the
parameters (genes) that make up the
chromosomes

Calculating the evaluation function
(through (fitness function

Crossover of the selected chromosomes

operation

’\Io

Do check

criterion

Perform the mutation

for new chromosomes

l

Optimization The genetic algorithm (GA)
estimates were completed based on the
MLE technique obtained for all
.parameters

Yes \l/

End

Diagram (1) :shows the flowchart of the genetic algorithm based on the MLE

estimation technique.

3. Discussion of Results

In this research, real data will be used to estimate the survival function for the
(Q.L) distribution. The Medical City Hospital in Baghdad affiliated to the
Ministry of Health was selected to collect data related to the subject. Patients
with breast cancer were selected. The process of collecting data for this disease

was carried out with a sample size of 42 for the year 2022

3.1 Goodness of Fit Test

149



2023 4

11 2

No11 November2023

ﬁr'.-'\ l((k\-

e ISSN 2790-.1254

Gddd|g Gnbhanid 319 dunibonddl] Giganedd dadlyadl adall /o
Iraqi Journal of Humanitarian, Social and Scientific Research

2710.008% .Flactron

.&\\.

To find out that the data has a (Q.L) distribution, the (Kolmogorov-Smirnov)
test and the Chi-squared test were used to test the good fit of the data. It was
found that the data is distributed according to the (Q.L) distribution. The

hypothesis that the data is distributed (FWMED) was accepted. :

H_0: the data are Q.L.
H_1: the data are not Q.L

Table (1): The results of the two tests of good conformity.

The test | appreciate the two | Calculated tabular The
teachers test statistic value decision
0 a value
Kolmogorov- 0.1195 0.4564 0.1321 0.2529 Accept H,
Smirnov
Chi-Squared 0.2135 0.2137 0.7167 7.64 Accept H,

3.2 Real data program results

In this paragraph, the results of the real data program and the analysis of the
survival function estimation results are presented as in the following table.

Table (2): shows the values of the survival function estimators

) | S®mece | )| SO umirce
9.2 | 0.217695 10.9 | 3.09E-02
45 | 0.107034 9.7 1.90E-02
7.4 | 8.89E-02 1.8 9.61E-03
2.9 | 8.89E-02 1.8 9.08E-03
10.5 | 8.89E-02 3.1 8.58E-03
10.5 | 8.89E-02 8.6 | 8.58E-03
9.6 | 8.89E-02 18 | 7.67E-03
3.6 | 8.89E-02 3.1 | 587E-03
7.9 | 8.89E-02 8.6 5.87E-03

6 | 6.82E-02 1.8 |5.87E-03
3.4 | 4.17E-02 1.7 |557E-03
3.7 | 3.86E-02 9 5.03E-03
0.7 | 3.58E-02 12.1 | 5.03E-03
4.1 | 3.58E-02 11 5.03E-03
10.1 | 3.58E-02 11 4,78E-03
5.9 | 3.58E-02 9.2 | 3.41E-03
5.8 | 3.09E-02 92 | 2.26E-03
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o5 | 3.09E-02 11.7 | 2.01E-03
8 | 3.09E-02 11.9 | 1.93E-03
11 | 3.09E-02 9.2 | 1.85E-03
6.8 | 3.09E-02 6.4 | 151E-03

Survival Function

0.25

0.2

0.15

e VILE.GE
J 0.1
1_/_’_// 0.05
0
Figure (5): represents the behavior of survival function estimators using the
genetic algorithm method

. Conclusion

From the conclusions of the applied side, it turned out that the values of the
survival function are decreasing with increasing time of infection for the group
of breast cancer patients under study, and this matches the theoretical
characteristics of this function being a monotone decreasing function. Finally,
we hope that the proposed model will attract more comprehensive applications
in the fields of And different estimation methods, and the researcher
recommends the use of mixed, weighted, and compound distributions in
practical application in the health field and the industrial field, especially with
regard to estimating the survival function and the risk function for living
organisms, as well as the reliability function for serial and parallel systems,
because these distributions are more flexible and accurate in describing and
representing data than common distributions.
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