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Abstract 

          The three parameters distribution called modified Weibull distribution (MWD) introduced by 

sarhan and zaindin (2009). In this paper, we deal with point estimation to estimate the parameters of 

modified Weibull distribution based on complete data, using maximum likelihood method Ordinary 

least squares estimator method and rank set sampling estimator method to obtain the estimate 

parameters for modified Weibull distribution,  then estimate the death function , survival function 

and hazard function obtained these estimate functions by applied on set of real data which taken for 

Leukemia disease in the Baghdad general hospital. 
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Introduction 

The modified Weibull distribution was 

first introduced by Sarhan and Zaindin         

(2009)(1).Which is a very important 

distribution that it can be used to 

describe several reliability models. This 

distribution contain three parameters 

one scale parameter α and two shape 

parameters are λ,γ  respectively.Sarhan 

and Zaindin ;(2009)(1, 2)  introduced 

MWD( α,λ,γ ) and prove some basic 

properties ,Sarhan and Zaindin 

;(2009)(1) estimate parameters by MLE 

based on type two censored data,Said 

in(2010)(3) considered  rank sampling to 

estimate parameters based on MLE, 

Mazen ; (2010)(4) presented estimators 

for parameter based on type one 

censored data by using MLE , Soufiane 

and Maher ;(2011)(5) presented that the 

hazard rat function ofMWD( α,λ,γ ) is 

constant if γ = 1, increasing if γ > 1 and 

decreasing if γ < 1 . our aim of the this 
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paper is interested in MWD( α,λ,γ ) and 

defines the properties of this 

distribution, and then estimates the three 

parameters in this distribution by using 

three Non-Basyian methods(Maximum 

likelihood estimator method. Ordinary 

least squares estimator method and 

Rank set sampling estimator method), 

after that finding and estimating the 

death density function, survival 

probability function and hazard 

probability function based on complete 

data .At least applying the mentioned 

probability functions for areal data 

which are collected for the Leukemia 

disease in hospital. The rest of paper is 

organized as follows: In section two 

definition and some properties ofMWD( 

α,λ,γ ). In section three deriving point 

estimation for the parameters of MWD( 

α,λ,γ )by using MLEM,OLSEM and 

RSSM . In section four apply the real set 

data compute the estimation of death 

density function, survival function and 

hazard function. Finally we conclude 

the paper in section five. 

2-definition and properties of MWD: 

The cdf of MWD(α,λ,γ) take the follows 

from: 

F(t; α, λ, γ) =  1 − exp(−αt − λtγ) 

  t ˃ o        … (2.1) 

The pdf of the MWD(α,λ,γ) is: 

f(t; α, λ, γ)

= {
(α + λγ tγ−1) exp(−αt − λtγ) , t ˃ 0
0                                                    , 𝑜. 𝑤  

   (2.2) 

Where the parameter space is 

Ω={ (α , λ ,γ) ; α ,λ ≥ 0 ; γ ˃ 0 }  

The mean of MWD(α,λ,γ) is: 

μ1 = E(t) = ∑
(−λ)i

i!

∞

i=0

[
Γ(γi + 2)

α1+γi

+
λγΓ(γ(1 + i) + 1)

α1+γ(1+i)
]  (2.3) 

The variance of the MWD(α,λ,γ) is: 

σ2 = var(t) =  ∑
(−λ)i

i!
[
Γ(iγ + 3)

α2+iγ

∞

i=0

+ 
λγΓ((1 + i)γ + 2)

α2+(1+i)γ
]

− ∑
(−λ)2i

(i!)2
[
Γ(iγ + 2)

α2+iγ

∞

i=0

+ 
λγΓ((1 + i)γ + 1)

α1+(1+i)γ
]

2

 (2.4) 

The survival function of the 

MWD(α,λ,γ)  takes following form : 

s(t; α, λ, γ) = e(−αt−λtγ)   , t ≥ 0   (2.5) 

The hazard rate function of 

MWD(α,λ,γ) is: 

h(t; α, λ, γ) = (α + λγtγ−1) ,

t ≥ 0    (2.6) 

3-Parameters Estimation: 

In this section we shall clarify how to 

derive and estimate the parameter by 

using Non-Bayisan methods which are 

as follows 

3.1- The Maximum Likelihood 

Estimators: 
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The likelihood function for MWD( α,λ,γ 

) 

 

L

= ∏(α + λγti
γ−1

)e(−α∑ ti−λ∑ ti 
γ
)n

i=1
n
i=1

n

i=1

(3.1) 

 

Taking the logarithm for the likelihood 

function so we get function: 

 

lnL = ln∏ (α + λγti
γ−1

) − α∑ ti −n
i=1

n
i=1

λ∑ ti
γn

i=1  (3.2) 

 

We take the first derivative of equation 

(3.2) with respect to α,λ,γ  and equating 

each equation to zero, then we get three 

nonlinear equation for α,λ,γ respectively 

as follows: 

 

∂lnL

∂α
= ∑

1

(α + λγti
γ−1

)
− ∑ti

n

i=1

n

i=1

 

 

∂lnL

∂λ
= ∑

γti
γ−1

(α + λγti
γ−1

)
− ∑ti

γ

n

i=1

n

i=1

 

 

∂lnL

∂γ
= ∑

λ[γti
γ−1

lnti + ti
γ−1

]

(α + λγti
γ−1

)

n

i=1

− λ∑ti
γ
lnti

n

i=1

 

 

∑
1

(α̂ + λ̂γ̂tγ̂−1)

n

i=1

− ∑ti

n

i=1

= 0               (3. 3)  

 

∑
γ̂ti

γ̂−1

(α̂ + λ̂γ̂ti
γ̂−1

)
− ∑ti

γ̂

n

i=1

n

i=1

= 0         (3.4) 

 

∑
λ̂[γ̂ti

γ̂−1
lnti + ti

γ̂−1
]

(α̂ + λ̂γ̂ti
−1)

n

i=1

− λ̂∑ti
γ̂
lnti

n

i=1

= 0                                                     (3.5)  
 

To find the maximum likelihood 

estimations for α,λ,γ we must solve the 

system of three nonlinear equation 

(3.2),(3.4),(3.5) by using the iterative 

method . Such as Newtone-Raphson 

method to obtain the solution which is 

as follows: 

[

αi+1

λi+1

γi+1

] =  [

αi

λi

γi

] − Ji
−1 [

f(α)
g(λ)
z(γ)

]                 (3.6) 

f(α) = ∑
1

(α + λγti
γ−1

)

n

i=1

− ∑ti

n

i=1

 

 

g(λ) = ∑
γti

γ−1

(α + λγti
γ−1

)

n

i=1

− ∑ti
γ

n

i=1

 

 

z(γ) = ∑
λ[γti

γ−1
lnti + ti

γ−1
]

(α + λγti
γ−1

)

n

i=1

− λ∑ti
γ
lnti

n

i=1

 

 

Thus,Ji
−1 is Jacobean matrix which is 

defined as follows: 

Ji
−1 =  

[
 
 
 
 
 
 
∂f(α)

∂α

∂f(α)

∂λ

∂f(α)

∂γ
∂g(λ)

∂α

∂g(λ)

∂λ

∂g(λ)

∂γ
∂z(γ)

∂α

∂z(γ)

∂λ

∂z(γ)

∂γ ]
 
 
 
 
 
 

 

Now, we find the formulas of Jacobean 

matrix as follows: 

∂f(α)

∂α
 =  ∑

−1

(α +  λγti
γ−1

)
2

n

i=1

 

∂f(α)

∂λ
 = ∑

−γti
γ−1

(α + λγti
γ−1

)
2

n

i=1

 

 

∂f(α)

∂γ
=  ∑

−λ[γti
γ−1

lnti + ti
γ−1

]

(α + λγti
γ−1

)
2

n

i=1
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∂g(λ)

∂α
 = ∑

−γti
γ−1

(α + λγti
γ−1

)
2

n

i=1

 

 

∂g(λ)

∂λ
=  ∑

−γ2ti
2(γ−1)

(α +  λγti
γ−1

)
2

n

i=1

 

 

∂g(λ)

∂γ
= ∑

[γti
γ−1

lnti + ti
γ−1

]

(α + λγti
γ−1

)

n

i=1

− ∑
λγ [γti

2(γ−1)
lnti + ti

2(γ−1)
]

(α + λγti
γ−1

)
2

n

i=1

− ∑ti
γ
lnti

n

i=1

 

∂z(γ)

∂α
=  ∑

−λ[γti
γ−1

lnti + ti
γ−1

]

(α + λγti
γ−1

)
2

n

i=1

 

 
∂z(γ)

∂λ

= ∑
[γti

γ−1
lnti + ti

γ−1
]

(α + λγti
γ−1

)

n

i=1

− ∑
λγ[γti

2(γ−1)
lnti + ti

2(γ−1)
]

(α + λγti
γ−1

)
2

n

i=1

− ∑ti
γ
lnti

n

i=1

 

 

∂z(γ)

∂γ
= ∑

λ[γti
γ−1(lnti )

2 +  2ti
γ−1

lnti]

(α + λγti
γ−1

)

n

i=1

− ∑
λ2[γti

γ−1
lnti + ti

γ−1
]
2

(α + λγti
γ−1

)
2

n

i=1

− λ∑ti
γ(lnti)

2

n

i=1

 

The absolute values of the difference 

 between the new founded values of 

parameters and initial values are error 

terms, where the error are very small value 

and calculate as follows: 

[

ϵ(α)i+1

ϵ(λ)i+1

ϵ(γ)i+1

] = |[

αi+1

λi+1

γi+1

] − [

αi

λi

γi

]|         … (3.7) 

3.2Ordinary Least Squares Estimator 

Method: 

The idea of this method is to minimize 

the sum squares differences between 

observed sample values and the 

expected estimate values by linear 

approximation which is as follows: 

∑ϵi
2

n

i=1

= ∑[yi − E(ŷi)]
2 …(3.8)

n

i=1

 

To apply OLS method we use the CDF 

of three parameters MWD(α,λ,γ) which 

define as: 

F(ti) = 1 − e(−αti−λti
γ
) 

e(−αti−λti
γ
) = 1 −  F(ti)(3. 9) 

By taking the logarithm for equation 

(3.9) getting: 

ln[1 −  F(ti)]  = −αti − λti
γ 

 ln[1 −  F(ti)] = ti(−α − λti
γ−1

) 

ln[1 −  F(ti)]

ti
= 3.10) 

Comparing the equation (3.10) with the 

simple linear mode 

 y = β0 + β1t + ϵ 

ϵ = y − β0 − β1
 

B0 = −α , B1 = −λ , x = ti
γ−1

, yi

=
ln[1 −  F(ti)]

ti
 

ϵ =
ln[1 −  F(ti)]

ti
+ α + λti

γ−1
             (3.11) 
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By applying the formula (3.11), we 

get:

  

∑ϵi
2 = ∑[

ln[1 −  F(ti)]

ti
+ α

n

i=1

n

i=1

+ λti
γ−1

]

2

    (3.12) 

   Now, deriving the equation (3.12) 

with respect to the unknown parameters 

(α,λ,γ),we get three functions which 

respectively as follows: 

 

f(α) =
∂ϵi

2

∂α
= 2∑

ln [1 − F(ti)]

ti
+ 2nα

n

i=1

+ 2λ∑ti
γ−1

n

i=1

 

g(λ) =
∂ϵi

2

∂λ
= 2∑ti

γ−2
ln [1 − F(ti)]

n

i=1

+ 2α∑ti
γ−1

n

i=1

+ 2λ∑ti
2(γ−1)

n

i=1

 

z(γ) =
∂ϵi

2

∂γ
= 2λ∑ti

γ−2
lntiln [1 − F(ti)]

n

i=1

+ 2αλ∑ti
γ−1

lnti

n

i=1

+ 2λ2 ∑ti
2(γ−1)

lnti

n

i=1

 

These three functions are the system of 

nonlinear equations and cannot solve it 

simulateaneasily, so we can solve it by 

employing Newton-Raphson method 

such as in maximum likelihood method 

by applying the Jacobean matrix as in 

equation (3.6), then: 

∂f(α)

∂α
= 2n                                

∂f(α)

∂λ
= 2∑ti

γ−1

n

i=1

 

∂f(α)

∂γ
= 2λ∑ti

γ−1

n

i=1

lnti 

∂g(λ)

∂α
= 2∑ti

γ−1

n

i=1

 

∂g(λ)

∂λ
= 2∑ti

2(γ−1)

n

i=1

 

∂g(λ)

∂γ
=  2∑ti

γ−2
lntiln [1 − F(ti)]

n

i=1

+ 2α∑ti
γ−1

lnti

n

i=1

+ 4λ∑ti
2(γ−1)

lnti

n

i=1

 

∂z(γ)

∂α
= 2λ∑ti

γ−1

n

i=1

lnti 

∂z(γ)

∂λ
=  2∑ti

γ−2
lntiln [1 − F(ti)]

n

i=1

+ 2α∑ti
γ−1

lnti

n

i=1

+ 4λ∑ti
2(γ−1)

lnti

n

i=1

 

∂z(γ)

∂γ
= 2λ∑ti

γ−2(lnti)
2 ln[1 − F(ti)]

n

i=1

+ 2αλ∑ti
γ−1(lnti)

2

n

i=1

+ 4λ2 ∑ti
2(γ−1)(lnti)

2

n

i=1

 

Where F(ti) is empirical cumulative 

distribution function, then we can find it 

by using the following formula: 
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F(ti) =
i − 0.5

n
 

 

Also, the Jacobean matrix here are non-

singular and symmetric matrix .Now 

applying the equation (3.6) to get the 

estimators of the three parameters 

modified Weibull distribution by 

ordinary least squares method also the 

absolute distance values between the 

next founded values with thelast found 

values are the error term whereϵis very 

small value then we compute error term 

by equation (3.7). 

 

3.3 Rank Set Sampling Estimator 

Method: 

Let t1, t2, … , tn be random 

samplesfromMWD( α,λ,γ ),and assume 

that order statistics obtained by 

arranging the sample in increasing order 

wheret(1), t(2), … , t(n)form the theory of 

order statistics [3]. The probability 

density function (pdf) of yi which is an 

order statistic formulated as follows: 

 

g(yi; n) =
n!

(i − 1)! (n − i)!
[F(yi)]

i−1[1

− F(yi)]
n−if(yi) 

                               a < yi < 𝑏          (3.13) 

g(yi; n)

=
n!

(i − 1)! (n − i)!
[1

− e(−αti−λti
γ
)]

i−1
[e(−αti−λti

γ
)]

n−i
(α

+ λγti
γ−1

)e(−αti−λti
γ
) …(3.14) 

 

The likelihood function of 

samplet(1), t(2), … , t(n)are: 

L(t(1),t(2),…,t(n); α, λ, γ)

= kn ∏(α

n

i=1

+ λγti
γ−1

)e[∑ (n−i+1)(−αti−λti
γn

i=1 )] ∏[1

n

i=1

− e(−αti−λti
γ
)]

i−1
(3.15) 

where:k =
n!

(i−1)!(n−i)!
 

Taking the logarithm for likelihood 

function we get the following function: 

 

lnL = nlnk + ∑ln(α + λγti
γ−1

)

n

i=1

− ∑(n − i + 1)

n

i=1

(αti + λti
γ
)

+ ∑(i − 1) ln [1 − e(−αti−λti
γ
)]

n

i=1

 

The partial derivatives for the log-

likelihood function with respect to 

unknown parameters α, λ, γ and setting 

them to zero, the following equations 

are found: 
 

∂lnL

∂α
= ∑

1

(α + λγti
γ−1

)

n

i=1

− ∑(n − i + 1)ti

n

i=1

+ ∑
(i − 1)tie

(−αti−λti
γ
)

1 − e(−αti−λt
i
γ
)

n

i=1

 

 

∂lnL

∂λ
= ∑

γti
γ−1

(α + λγti
γ−1

)

n

i=1

− ∑(n − i + 1)

n

i=1

ti
γ

+ ∑
(i − 1)ti

γ
e(−αti−λti

γ
)

1 − e(−αti−λt
i
γ
)

n

i=1
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∂lnL

∂γ
= ∑

λ[γti
γ−1

lnti + ti
γ−1

]

(α + λγti
γ−1

)

n

i=1

− ∑ λ(n − i + 1)

n

i=1

ti
γ
lnti

+ ∑
(i − 1)λti

γ
lntie

(−αti−λti
γ
)

1 − e(−αti−λt
i
γ
)

n

i=1

 

∑
1

(α̂ + λ̂γ̂ti
γ̂−1

)

n

i=1

− ∑(n − i + 1)ti

n

i=1

+ ∑
(i − 1)tie

(−α̂ti−λ̂ti
γ̂
)

1 − e(−α̂ti−λ̂ti
γ̂
)

n

i=1

= 0 

 

∑
γ̂ti

γ̂−1

(α̂ + λ̂γ̂ti
γ̂−1

)

n

i=1

− ∑(n − i + 1)

n

i=1

ti
γ̂

+ ∑
(i − 1)ti

γ̂
e(−α̂ti−λ̂ti

γ̂
)

1 − e(−α̂ti−λ̂ti
γ̂
)

n

i=1

= 0 

 

The three-function f(α), g(λ), z(γ) are 

the first derivative of  log-likelihood 

function with respectively to unknown 

parameters α, λ, γ  respectively. 

f(α) = ∑
1

(α + λγti
γ−1

)

n

i=1

− ∑(n − i + 1)ti

n

i=1

+ ∑
(i − 1)tie

(−αti−λti
γ
)

1 − e(−αti−λt
i
γ
)

n

i=1

 

 

g(λ) =  ∑
γti

γ−1

(α + λγti
γ−1

)

n

i=1

− ∑(n − i + 1)

n

i=1

ti
γ

+ ∑
(i − 1)ti

γ
e(−αti−λti

γ
)

1 − e(−αti−λt
i
γ
)

n

i=1

 

 

z(γ) = ∑
λ[γti

γ−1
lnti + ti

γ−1
]

(α + λγti
γ−1

)

n

i=1

− ∑ λ(n − i + 1)

n

i=1

ti
γ
lnti

+ ∑
(i − 1)λti

γ
lntie

(−αti−λti
γ
)

1 − e(−αti−λt
i
γ
)

n

i=1

 

 

These functions are system of three non-

linear equations and cannot solve it 

simultaneously, so we can solve it by 

Newton-Raphson .Thus, we must found 

the Jacobean matrix Ji as in 

equation(3.6). 

 

∂f(α)

∂α
= ∑

−1

(α + λγti
γ−1

)
2

n

i=1

− ∑
(i − 1)ti

2e(−αti−λti
γ
)

(1 − e(−αti−λt
i
γ
))

2

n

i=1

 

∂f(α)

∂λ
= ∑

−γti
γ−1

(α + λγti
γ−1

)
2

n

i=1

− ∑
(i − 1)ti

γ+1
e(−αti−λti

γ
)

(1 − e(−αti−λt
i
γ
))2

n

i=1

 

∂f(α)

∂γ

= ∑
−λ[γti

γ−1
lnti + ti

γ−1
]

(α + λγti
γ−1

)
2

n

i=1

− ∑
λ(i − 1)ti

γ+1
lntie

(−αti−λti
γ
)

(1 − e(−αti−λt
i
γ
))

2

n

i=1

 

∂g(λ)

∂α
= ∑

−γti
γ−1

(α + λγti
γ−1

)
2

n

i=1

− ∑
(i − 1)ti

γ+1
e(−αti−λti

γ
)

(1 − e(−αti−λt
i
γ
))2

n

i=1
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∂g(λ)

∂λ
= ∑

−γ2ti
2(γ−1)

(α + λγti
γ−1

)
2

n

i=1

− ∑
(i − 1)ti

2γ
e(−αti−λti

γ
)

(1 − e(−αti−λt
i
γ
))

2

n

i=1

 

∂g(λ)

∂γ

= ∑
αγti

γ−1
lnti + αti

γ−1

(α + λγti
γ−1

)
2

n

i=1

− ∑(n − i + 1)ti
γ
lnti

n

i=1

+ ∑
(i − 1)ti

γ
lnti

γ
[−λe(−αti−λti

γ
) + e(−αti−λti

γ
) − e2(−αti−λti

γ
)]

(1 − e(−αti−λt
i
γ
))

2

n

i=1

 

∂z(γ)

∂α

= ∑
−λ[γti

γ−1
lnti + ti

γ−1
]

(α + λγti
γ−1

)
2

n

i=1

− ∑
λ(i − 1)ti

γ+1
lntie

(−αti−λti
γ
)

(1 − e(−αti−λt
i
γ
))

2

n

i=1

 

∂z(γ)

∂λ

= ∑
αγti

γ−1
lnti + αti

γ−1

(α + λγti
γ−1

)
2

n

i=1

− ∑(n − i + 1)ti
γ
lnti

n

i=1

+ ∑
(i − 1)ti

γ
lnti

γ
[−λti

γ
e(−αti−λti

γ
) + e(−αti−λti

γ
) − e2(−αti−λti

γ
)]
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2γ
lnti

γ
e(−αti−λti

γ
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(1 − e(−αti−λti
γ
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2

+
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γ
) − ti

γ
lnti e

2(−αti−λti
γ
)]
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(−αti−λti
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)
)
2

]
 
 
 
 
 
 

n
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Also, the Jacobean matrix is non-

singular and symmetric matrix because 

finding it depending upon the first 

derivative. Now, by applying the 

equation (3.6), we get the estimators of 

three-parameter MWD( α,λ,γ ) by using 

Rank set sampling method.The absolute 

value of the difference between the next 

founded value with the last founded 

value is the error term, then we can find 

the errorterm by the equation (3.7) 

 

4-Result and discussion: 

In this paper, depending on real data for 

the Leukemia disease, choosing this 

type of disease because it is widespread 

and deadly in time in Iraq and this type 

of diseases has failure time (death time) 

occurs which is interesting phenomenon 

in this paper. To collect data for the 

Leukemia disease, returning the 

Baghdad general hospital.The time of 

study point in this paper determined 

form (1-4-2012) until (31-12-2012) ,that 

means the duration time of study is 

constant and fixed for (9) months or 

(275) days . The number of patients in 

the experiment for the above duration 

time is (50) patients. (22) Patients left 

the hospital and any follow-up could not 

be done for them, but all (28) patients 

were dead during the time of study. 

When applying the test statistic (chi – 

square) in order to fit MWD( α,λ,γ ) 

data, it is discovered that the calculated 

value is(9.331645), when comparing 
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thisvalue with tabulated value 

(14.07)we find out that the calculated 

value is less than the tabulatedvalue at 

levelof significant (0.05) with(7) degree 

of freedom that means the data is 

distributed according toMWD( α,λ,γ ). 

4.1-Estimation the parameters: 

     In this section, we shall use 

MLEM,OLSEM and RSSEM to 

estimate the three parameters in MWD( 

α,λ,γ ) for complete data. Applying the 

Newton-Raphson method to estimate 

the parameters which requires the initial 

values through assuming them.Trying 

and considering many initial values of 

the three parameters inMWD( α,λ,γ ), 

which gives us best results with smallest 

value of error term and smallest number 

of iterations. The assumed initial value 

for three parameters are follows: 

 

Table (3-1) 

Initial values of parameters 
 

Initial value of 

MLE 

 

Initial value of 

OLS 

 

Initial value of 

RSS 

𝛼0 = 0.046 
   α0 = 0.122 

 

 

  α0 = 0.002 

 

 𝜆0 = 0.578 

 

   λ0 = 0.109 

 

 

  λ0

= 0.015 

 

 
  𝛾0 = 0.523 

 

 

  𝛾0 = 1.959 
 

 

  γ0

= 1.809 

 

 

ByusingMATLABprogram, we've got 

the following estimated parameters 

values for MLEM, OLSEM and 

RSSEM 

Table (3-2) 

Estimated values for the parameters 

 

Estimate values 

of MLEM 

 

Estimate 

valuesof 

OLSEM 

 

Estimate values 

of RSSEM 

 

𝛼̂= 0.0781 

 

 

α̂ = 0.0233 

 

α̂ = 0.0065 

 

𝜆̂ = 0.2462 

 

 

λ̂= 0.0756 

 

λ̂ = 0.008 

 

𝛾 = 0.9442 

 

 

γ̂ = 1.3764 

 

γ̂ = 1.994 

 

Then computing the numerical values 

for probability death density function 

f(t) , survival function s(t) and hazard 

function h(t) for MLEM,OLEM and 

RSSEM 

Table (4-3) 

Estimated Values for Functions f(t) , s(t), h(t) for MLE Method 
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Table (4-4) 

Estimated values for functions f(t) , s(t), h(t) for OLSE method 

Failure Time

/days

0.323934980.8831890410.28609582411

0.3227566910.8738154070.28202976912

0.3152349540.7941568040.25034598421

0.3078609960.6727814820.20712317737

0.3075125170.6657799850.20473567938

0.3059418550.6327310020.19357889643

0.3032937040.5715313440.17334185953

0.3030613130.5658417710.1714847554

0.3030613130.5658417710.1714847554

0.301742620.5326350780.16071870460

0.2989752190.4583734370.13704229975

0.2972934540.410869790.12214889986

0.2946377060.3339983820.098408517107

0.2931591820.291251430.085383031121

0.2911619830.235041620.068435184143

0.2895392680.1918149020.055537946164

0.2893255160.1863427370.053913709169

0.2891157810.1810305170.052338779170

0.2886418830.1692466710.048851678177

0.2886418830.1692466710.048851678177

0.2885763660.16764240.048377635178

0.2877488480.1479349720.042568118191

0.2870372810.1318700680.037851626203

0.2868104840.1269326050.036405602207

0.2856881920.1038854050.029678834228

0.2851920540.0944657640.026940885238

0.2845321140.0826990770.023530543252

0.2840401190.0745057360.021162618263
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Table (3-5) 

Estimated values for function f(t) , s(t) , h(t) for RSSE method 

Failure Time

/days

0.0946521010.972800250.09207761111

0.0970024360.9697287360.09406604912

0.1142832320.9393363880.10735039921

0.1358913330.878455590.11937450137

0.1370500450.8743889470.11983504538

0.1424454670.8543333350.12169591143

0.1522217810.813280840.12379905853

0.1531228180.8091936620.12390601354

0.1531228180.8091936620.12390601354

0.1583747430.7843715050.12422463660

0.1702099050.722464330.12297058575

0.1779828780.6777336570.12062498786

0.1912396910.5955118110.113885495107

0.1991834280.5437170710.10829943121

0.2106086940.467763340.098515026143

0.2205219330.4022273090.088699944164

0.2218721270.393427790.08729066169

0.2232072790.3847691140.085883267170

0.2262621980.3651392420.082617207177

0.2262621980.3651392420.082617207177

0.2266887490.3624204750.082156644178

0.2321658980.3280693080.076166505191

0.2370113460.2986831480.070791295203

0.2385827620.2893844520.069042142207

0.24655680.2441857530.060205658228

0.2501896670.22480160.056243037238

0.2551276230.1997806060.050969551252

0.2588893090.1817977160.047065485263
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Fuiler Time

/days

0.01238970.99653650.01234678911

0.0129159770.9961204880.01286586912

0.0176903220.9915574420.01754097121

0.0261441140.9800403480.02562228637

0.0266825060.9791606150.02612645938

0.0293099250.9746206230.02856605743

0.0345910690.9642751120.03335530753

0.0351125140.9631667280.03381920554

0.0351125140.9631667280.03381920554

0.0382715910.9561244540.03659240460

0.0461613520.9361534560.04321410975

0.0519462720.9194507840.04776204186

0.0629682630.8832034560.055613788107

0.0702983720.8562002220.060189481121

0.0818339640.8097058060.066261436143

0.0928252250.7616900660.070704052164

0.0943946890.7545931560.071229586169

0.0959639840.7474450590.071727806170

0.0996198010.7306066930.072782894177

0.0996198010.7306066930.072782894177

0.1001375070.7282025810.072920391178

0.1069445510.6962037550.074455198191

0.1132158530.6662135140.075425931203

0.1153005620.656166040.075656313207

0.1262688420.6029680470.076136077228

0.1314844460.5776385030.075950479238

0.1387966210.5423098510.075270775252

0.14454130.514834230.074414809263
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5-conclusions 

     Note we can make the following 

mention about the results above tables: 

1. The values of death density function 

f(t) of maximum likelihood method 

are decreasing progressively with the 

increasing of the failure time for the 

Leukemia patients in the hospital 

,that means there is an opposite 

relationship between failure times 

and death density function. While 

the estimate values of death 

functions for ordinary least squares 

method are increasing until (t = 60) 

then it became decreasing to the end 

of failure times, but the estimated 

values of death density function for 

rank set sampling  are increasing 

until failure time (t = 228) then the 

values become decreasing until the 

end of failure time. 

2. For all estimation methods, 

observing that the estimate values of 

probability survival functions are 

decreasing with the increasing of 

failure times, which means that there 

are all estimation methods an 

opposite relationship between failure 

times and probability survival 

functions. 

3. For maximum likelihood estimation 

methods, noting that the estimate 

values of  probability hazard 

functions are decreasing with 

increasing of failure times, that 

means there is an opposite 

relationship between failure times 

and probability hazard functions, it is 

known that the value of  h(t) depends 

on the shape parameter values such 

that (γ ̂= 0.9442) thus, the hazard 

function is decreasing function as(t) 

increasing when (γ̂< 1), while 

ordinary least squares method and 

the rank set sampling method are 

increasing with increasing failure 

times, that means there is a direct 

relationship between failure times 

and probability hazard functions it is 

known that the value of h(t) depends 

on the shape parameter values such 

that (γ̂=1.3764) of OLSEM 

(γ̂=1.994) of RSSEM , thus, the 

hazard function is increasing 

function as (t) increasing when (γ̂> 

1) . 
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 معلمات توزيع وبيل المعدل بالاعتماد على عينات مراقبة من النوع الاول

 ضفاف فاضل مجيد                و                   أيدن حسن حسين الكناني

 كليه العلوم للبنات ، جامعه بغداد ،بغداد، العراق . قسم الرياضيات ،

 الخلاصة

( توزيع معدل عن توزيع ويبل وسمي توزيع ويبل المعدل . في هذا 2009(في عام ) sarhan and  zaindin)لقد اوجد الباحثان 

ة باستخدام طريقة الإمكان الأعظم البحث سوف تقدر معلمات الثلاثة لهذا التوزيع بالتقدير النقطي بالاعتماد على بيانات الكامل

العددية للمعالم  قيمبعد ذلك تم حساب وإيجاد الوطريقة مقدر معاينة مجموعة الرتبوطريقة مقدر المربعات الصغرى الاعتيادية و

من خلال استخدام ل الاحتمالية الثلاثة )الوفاة ,البقاء ,المخاطرة( االدو لإيجاد المقدرة لهذا التوزيع واستخدمت تقديرات هذه المعالم 

 مجموعة من البيانات الحقيقية.

 


