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Abstract 

 

In this paper, Bayesian estimation for some Weibull related models is discussed. A 

short review of the transmuted Weibull distribution and a new generalized Weibull 

distribution (NGWD) introduced by Zaindin and Sarhan (2011) is given. Some 

posterior summaries of interest are obtained using the WinBUGS software. The 

usefulness of the Bayesian analysis for the two models is illustrated using real data 

set.  
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1. Introduction 
 

The Weibull distribution is one of the best-known distributions and has wide 

applications in diverse disciplines (see some of applications in Johnson et al. (1994) 

and Murthy et al. (2004)). Many extensions and modifications of the Weibull 

distribution have been proposed to enhance its capability to fit diverse life time data 

such as exponentiated Weibull (Mudholkar and Srivastava, 1993), beta-Weibull (B-

W) (Famoye et al., 2005), Kumaraswamy-Weibull (Kum-W) (Cordeiro et al., 

2010), transmuted Weibull (Aryal and Tsokos, 2011), new generalized Weibull 

distribution (NGWD) (Sarhan and Zaindin, 2011), among others. Here, we will be 

concerned with two models of them. 

 

2. Some Extensions of Weibull Distribution 
 

In this section, two extensions of the Weibull distribution will be discussed. 
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2.1 Transmuted Weibull Distribution 

Aryal and Tsokos (2011) presented a new generalization of Weibull 

distribution called the transmuted Weibull distribution. They derived the new 

distribution using the quadratic rank transmutation map studied by Shaw & Buckley 

(2009). A random variable X is said to have transmuted distribution if its cumulative 

distribution function is given by 

 

𝐹(𝑥) = (1 + 𝛼)𝐺(𝑥) − 𝛼𝐺(𝑥)2,   |𝛼| ≤ 1                                                  (2.1) 

where G(x) is the cdf of the base distribution. Note that when λ = 0, the base 

distribution will be obtained. 

Now using (2.1) and G(x) is the cdf of Weibull distribution, the cdf of a 

transmuted Weibull distribution given is by 

 

𝐹(𝑥) = [1 − 𝑒−(𝜆𝑥)𝑐
][1 + 𝛼𝑒−(𝜆𝑥)𝑐

]. 

Hence, the pdf of transmuted Weibull distribution is 

𝑓(𝑥) = 𝑐𝜆(𝜆𝑥)𝑐−1𝑒−(𝜆𝑥)𝑐
[1 − 𝛼 + 2𝛼𝑒−(𝜆𝑥)𝑐

].                                          (2.2) 

Note that the transmuted Weibull distribution is an extended model to analyze more 

complex data and it generalizes some of the widely used distributions. In particular 

for 𝑐 = 1 we have the transmuted exponential distribution as discussed in Shaw and 

Buckley (2009). The Weibull distribution is clearly a special case for α = 0. When 

𝑐 = 𝛼 = 1 then the resulting distribution is an exponential distribution with 

parameter 2𝜆 . 
 

The hazard rate function for a transmuted Weibull random variable is given by 

ℎ(𝑥) = 𝑐𝜆(𝜆𝑥)𝑐−1 {
1−𝛼+2𝛼𝑒−(𝜆𝑥)𝑐

1−𝛼+𝛼𝑒−(𝜆𝑥)𝑐 }. 

The hazard rate function of a transmuted Weibull distribution has the following 

properties: 

 If c = α = 1, the failure rate is constant. 

 If α = 1, then the failure rate is increasing for c > 1 and decreasing if c < 1. 

 If c = 1 then the failure rate is increasing if α < 0 and is decreasing if α > 0. 

 If α = 0 and c = 1 the failure rate is a constant. 

The log-likelihood function 𝑙(𝑥; 𝑐, 𝜆, 𝛼) for the model parameters can be written as 

 𝑙(𝑥; 𝑐, 𝜆, 𝛼) = 𝑛𝑙𝑛(𝑐𝜆) − ∑ (𝜆𝑥𝑖)
𝑐𝑛

𝑖=1 + ∑ ln (𝜆𝑥𝑖)
𝑐−1𝑛

𝑖=1 + ∑ ln [1 − 𝛼 + 2𝛼 exp(−𝜆𝑥𝑖)𝑐]𝑛
𝑖=1 .     

                                                                                                                            (2.3) 

The MLEs �̂�, �̂� and �̂� are obtained from the nonlinear equations are usually 

obtained by using any iterative algorithm. 

An approximate 100(1 − 𝜂)% confidence intervals of the parameters c, λ and 

α are obtained using the following forms 

�̂� ± 𝑍𝜂/2√𝑣𝑎𝑟(�̂�),  �̂� ± 𝑍𝜂/2√𝑣𝑎𝑟(�̂�)   and �̂� ± 𝑍𝜂/2√𝑣𝑎𝑟(�̂�), 
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where  𝑍𝜂/2 is the quantile  1 − 𝜂/2 of the standard normal distribution and 𝑣𝑎𝑟(𝜃) 

is obtained from the asymptotic variance-covariance matrix for the estimators �̂�,

�̂� 𝑎𝑛𝑑 �̂� . This matrix can be obtained by inverting the information matrix with the 

elements that are negative of the expected values of the second order derivative of 

logarithms of the likelihood functions. Cohen (1965) considered the approximate 

variance covariance matrix may be obtained by replacing expected values by their 

MLEs.  

 

2.2 The New Generalized Weibull Distribution with Four Parameters 

Sarhan and Zaindin (2011) introduced a new generalized Weibull 

distribution with four parameters λ, β, γ and α, NGWD (λ, β, γ, α), with the 

following cdf: 

𝐹(𝜆, 𝛽, 𝛾, 𝛼) = [1 − 𝑒−𝜆𝑥−𝛽𝑥𝛾
]

𝛼
,        𝑥 ≥ 0 , 

where 𝛾, 𝛼 > 0,   𝜆, 𝛽 ≥ 0 such that 𝜆 + 𝛽 > 0. 
The probability density function (pdf) of NGWD (λ, β, γ, α) is given by 

 

𝑓(𝑥; 𝜆, 𝛽, 𝛾, 𝛼) = 𝛼(𝜆 + 𝛽𝛾𝑥𝛾−1)𝑒−𝜆𝑥−𝛽𝑥𝛾
[1 − 𝑒−𝜆𝑥−𝛽𝑥𝛾

]
𝛼−1

,   𝑥 ≥ 0,             (2.4) 

 

and the hazard function of NGWD (λ, β, γ, α) is 

 

ℎ(𝑥; 𝜆, 𝛽, 𝛾, 𝛼) =
𝛼(𝜆+𝛽𝛾𝑥𝛾−1)𝑒−𝜆𝑥−𝛽𝑥𝛾

[1−𝑒−𝜆𝑥−𝛽𝑥𝛾
]

𝛼−1

1−[1−𝑒−𝜆𝑥−𝛽𝑥𝛾
]
𝛼 , 𝑥 ≥ 0, 

 

Several distributions are considered as special cases of The NGWD (λ, β, γ, 

α). Among these distributions are: generalized exponential distribution (Gupta and 

Kundu (1999)) for 𝛽 = 0,  or 𝛾 = 1 or 𝜆 = 0, 𝛾 = 1; modified Weibull distribution 

(Sarhan and Zaindin (2009)) for 𝛼 = 1; generalized Weibull distribution 

(Mudholkar and Srivastava (1996)) for 𝜆 = 0; generalized Rayleigh distribution 

(Surles and Padgett (2005)) for 𝜆 = 0, 𝛾 = 2 ; generalized linear failure rate 

distribution (Sarhan and Kundu (2009)) for 𝛾 = 2. 

The NGWD (λ, β, γ, α) allows for four hazard shapes: constant, increasing, 

decreasing and bathtub failure rates. (see Sarhan and Zaindin (2011)). 

The log-likelihood function 𝑙(𝑥; 𝛼, 𝜆, 𝛾, 𝛽)  for the model parameters takes the 

form: 
𝑙(𝑥; 𝛼, 𝜆, 𝛾, 𝛽)  = 𝑛𝑙𝑛𝛼

− 𝜆 ∑ 𝑥𝑖 − 𝛽 ∑ 𝑥𝑖
𝛾 + ∑ ln (𝜆 + 𝛽𝛾𝑥𝑖

𝛾−1)

𝑛

𝑖=1

+ (𝛼 − 1) ∑ 𝑙𝑛[1 − 𝑒−𝜆𝑥−𝛽𝑥𝛾
].

𝑛

𝑖=1

𝑛

𝑖=1

𝑛

𝑖=1

 

                                                                                                                                   

                                                                                                                            (2.5) 

The MLEs �̂� �̂�, 𝛾 and �̂� are obtained from the nonlinear equations could be 

obtained by using any iterative algorithm. 

An approximate 100(1 − 𝜂)% confidence intervals of the parameters λ, β, γ 

and α are obtained using the following forms 
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�̂� ± 𝑍𝜂/2√𝑣𝑎𝑟(�̂�), �̂� ± 𝑍𝜂/2√𝑣𝑎𝑟(�̂�), 𝛾 ± 𝑍𝜂/2√𝑣𝑎𝑟(𝛾) and �̂� ± 𝑍𝜂/2√𝑣𝑎𝑟(�̂�), 

 

where  𝑍𝜂/2 is the quantile  1 − 𝜂/2 of the standard normal distribution. 

 

In table 1, we provide summary of the two models and for more details about 

properties of these models see the references cited in this article. 

 

Table 1: Summary of the Models 

 
Transmuted Weibull Distribution 

Density: 𝑐𝜆(𝜆𝑥)𝑐−1𝑒−(𝜆𝑥)𝑐
[1 − 𝛼 + 2𝛼𝑒−(𝜆𝑥)𝑐

],    𝑥 > 0,   𝑐, 𝜆 > 0,   |𝛼| ≤ 1 

Survival Function: 1 − [1 − 𝑒−(𝜆𝑥)𝑐
][1 + 𝛼𝑒−(𝜆𝑥)𝑐

]. 

Hazard Function: 𝑐𝜆(𝜆𝑥)𝑐−1 {
1−𝛼+2𝛼𝑒−(𝜆𝑥)𝑐

1−𝛼+𝛼𝑒−(𝜆𝑥)𝑐 }. 

NGWD 

Density: 𝛼(𝜆 + 𝛽𝛾𝑥𝛾−1)𝑒−𝜆𝑥−𝛽𝑥𝛾
[1 − 𝑒−𝜆𝑥−𝛽𝑥𝛾

]
𝛼−1

,         𝑥 ≥ 0, 𝛾, 𝛼 > 0,   𝜆, 𝛽 ≥ 0 such that 

𝜆 + 𝛽 > 0. 

Survival Function:  1 −  [1 − 𝑒−𝜆𝑥−𝛽𝑥𝛾
]
𝛼

. 

Hazard Function: 
𝛼(𝜆+𝛽𝛾𝑥𝛾−1)𝑒−𝜆𝑥−𝛽𝑥𝛾

[1−𝑒−𝜆𝑥−𝛽𝑥𝛾
]

𝛼−1

1−[1−𝑒−𝜆𝑥−𝛽𝑥𝛾
]
𝛼 . 

 

3. Bayesian Estimation of the Two Weibull Related Models 
 

For Bayesian analysis of transmuted Weibull distribution and NGWD, 

approximate Bayes estimates are obtained under the assumptions of non-

informative priors using the Gibbs sampling procedure. This procedure allows for 

generating samples from the posterior distributions. 

 

3.1 Bayesian Estimation of Transmuted Weibull Distribution 

We consider the transmuted Weibull model with density function (2.2) and 

a non-informative joint prior distribution for c, λ and α given by: 

                      𝜋0(𝑐, 𝜆, 𝛼) ∝
1

𝑐𝜆𝛼
 ,                                                                               (3.1) 

where 𝑎, 𝑏, 𝑐 𝑎𝑛𝑑 𝜆 > 0. The joint posterior distribution for these parameters can 

be written as 

            𝜋( 𝑐, 𝜆, 𝛼 ∣ 𝒙 ) ∝ 𝜋0(𝑐, 𝜆, 𝛼)𝑒𝑥𝑝{𝑙(𝑥; 𝑐, 𝜆, 𝛼)}                                              (3.2) 

where 𝑙(𝑥; 𝑐, 𝜆, 𝛼) as given by (2.3). 
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Consider the reparametrization 𝜌1 = log (𝑐) and 𝜌2 = log(𝜆), and  𝜌3 =
log (𝛼).  We obtain from (3.1) a non-informative prior for 𝜌1, 𝜌2, and  𝜌3, namely 

 𝜋(𝜌1, 𝜌2, 𝜌3) = 𝑐𝑜𝑠𝑡𝑎𝑛𝑡,     𝑤ℎ𝑒𝑟𝑒  − ∞ < 𝜌1, 𝜌2𝑎𝑛𝑑 𝜌3 < ∞.  
 

The convergence of the Gibbs sampling algorithm depends upon the choice of the 

values of hyper-parameters of the uniform priors for 𝜌1, 𝜌2, and 𝜌3 . 

The joint posterior distribution for 𝜌1, 𝜌2, and 𝜌3 is given by 

 

𝜋(𝜌1, 𝜌2, 𝜌3 ∣ 𝒙) ∝  𝜋(𝜌1, 𝜌2, 𝜌3) exp {𝑛𝜌1 + 𝑛𝜌2 + (exp(𝜌1) − 1) ∑ ln(𝑎𝑖) − ∑(𝑎𝑖)exp(𝜌1)

𝑛

𝑖=1

𝑛

𝑖=1

] + 

                                    ∑ ln [1 − exp(𝜌3) + 2 exp(𝜌3) 𝑒−(𝑎𝑖)exp(1)
]𝑛

𝑖=1 },                                               (3.3) 

 

where 𝑎𝑖 = exp(𝜌2) 𝑥𝑖. 
 

Assuming that the prior 𝜋(𝜌1, 𝜌2, 𝜌3, 𝜌4) = 𝑐𝑜𝑠𝑡𝑎𝑛𝑡, the conditional posterior 

distributions used in the Gibbs sampling algorithm are given by: 

 
𝜋( 𝜌1 ∣∣ 𝜌2, 𝜌3, 𝒙 ) ∝ exp{ 𝑛𝜌1 + (exp(𝜌1) − 1) ∑ ln(𝑎𝑖) − ∑ (𝑎𝑖)

exp(𝜌1)𝑛
𝑖=1

𝑛
𝑖=1 +  

                                       ∑ ln[1 − exp(𝜌3) + 2 exp(𝜌3) 𝑒−(𝑎𝑖)exp(1)
]𝑛

𝑖=1 },     

𝜋( 𝜌2 ∣∣ 𝜌1, 𝜌3, 𝒙 ) ∝ exp {𝑛𝜌2 + (exp(𝜌1) − 1) ∑ ln(𝑎𝑖) − ∑(𝑎𝑖)exp(𝜌1)

𝑛

𝑖=1

𝑛

𝑖=1

+ 

                                      ∑ ln[1 − exp(𝜌3) + 2 exp(𝜌3) 𝑒−(𝑎𝑖)exp(1)
]𝑛

𝑖=1 },  

and 

𝜋( 𝜌3 ∣∣ 𝜌1, 𝜌2, 𝒙 ) ∝ exp{∑ ln [1 − exp(𝜌3) + 2 exp(𝜌3) 𝑒−(𝑎𝑖)exp(1)
]}

𝑛

𝑖=1

. 

 

Using the WinBUGS software, posterior summaries of interest can be 

performed. This requires only the specification of the joint distribution for the data 

and the prior distributions for the model parameters. 

 

3.2 Bayesian Estimation of NGWD 

Here, we consider the NGWD with density function (2.4) and a non-

informative joint prior distribution for α, λ, γ and β given by: 

                      𝜋0(𝛼, 𝜆, 𝛾, 𝛽) ∝
1

𝛼𝜆𝛾𝛽
,                                                                         (3.4) 

where α, λ, γ 𝑎𝑛𝑑 β > 0. The joint posterior distribution for these parameters can 

be written as follow 

 

            𝜋( 𝛼, 𝜆, 𝛾, 𝛽 ∣∣ 𝑥 ) ∝ 𝜋0(𝛼, 𝜆, 𝛾, 𝛽)𝑒𝑥𝑝{𝑙(𝑥; 𝛼, 𝜆, 𝛾, 𝛽)}                                 (3.5) 

where 𝑙(𝑥; 𝛼, 𝜆, 𝛾, 𝛽) as given by (2.5). 
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Consider the reparametrization 𝜌1 = log (𝛼) and 𝜌2 = log (𝜆), 𝜌3 = log (𝛽) 

and 𝜌4 = log(𝛾).  We obtain from (3.3) a non-informative prior for 𝜌1, 𝜌2, 𝜌3 and 

𝜌4, namely 

 𝜋(𝜌1, 𝜌2, 𝜌3, 𝜌4) = 𝑐𝑜𝑠𝑡𝑎𝑛𝑡,     𝑤ℎ𝑒𝑟𝑒  − ∞ < 𝜌1, 𝜌2, 𝜌3𝑎𝑛𝑑 𝜌4 < ∞.  
 

Then the joint posterior distribution for 𝜌1, 𝜌2, 𝜌3 and 𝜌4 reduces to 

 
𝜋(𝜌1, 𝜌2, 𝜌3, 𝜌4 ∣ 𝑥) ∝ 

𝜋(𝜌1, 𝜌2, 𝜌3, 𝜌4) exp{𝑛𝜌1 −

𝑒𝑥𝑝(𝜌2) ∑ 𝑥𝑖 −𝑛
𝑖=1 exp(𝜌3) ∑   (𝑥𝑖)

exp(𝜌4)𝑛
𝑖=1 + ∑ ln [exp(𝜌2) +𝑛

𝑖=1

 exp(𝜌4)𝑒𝑥𝑝(𝜌3) (𝑥𝑖)
exp(4)−1] + (exp(𝜌1) − 1) ∑ ln[1 − 𝑤𝑖]

𝑛
𝑖=1 }                                      (3.6) 

 

where 𝑤𝑖 = 𝑒− exp(𝜌2)𝑥𝑖−exp (3)(𝑥𝑖)exp(𝜌4)
. 

 

If we assume the prior 𝜋(𝜌1, 𝜌2, 𝜌3, 𝜌4) = 𝑐𝑜𝑠𝑡𝑎𝑛𝑡, the conditional posterior 

distributions used in the Gibbs sampling algorithm are given by: 

 
𝜋( 𝜌1 ∣∣ 𝜌2, 𝜌3, 𝜌4, 𝑥 ) ∝ exp{ n𝜌1 + +(exp(𝜌1) − 1) ∑ ln[1 − 𝑤𝑖]

𝑛
𝑖=1 }     

𝜋( 𝜌2 ∣∣ 𝜌1, 𝜌3, 𝜌4, 𝑥 ) ∝  exp {−𝑒𝑥𝑝(𝜌2) ∑ 𝑥𝑖
𝑛
𝑖=1 + ∑ ln [exp(𝜌2) +𝑛

𝑖=1 (exp(𝜌1) − 1) ∑ ln[1 −𝑛
𝑖=1

𝑤𝑖]},  

𝜋( 𝜌3 ∣∣ 𝜌1, 𝜌2, 𝜌4, 𝑥 ) ∝ exp{− exp(𝜌3) ∑   (𝑥𝑖)
exp(𝜌4)𝑛

𝑖=1 + ∑ ln [exp(𝜌2) +𝑛
𝑖=1

                                           exp(𝜌4)𝑒𝑥𝑝(𝜌3) (𝑥𝑖)
exp(𝜌4)−1 + (exp(𝜌1) − 1) ∑ ln[1 − 𝑤𝑖]

𝑛
𝑖=1 },  

and 
𝜋( 𝜌4 ∣∣ 𝜌1, 𝜌2, 𝜌3, 𝑥 )

∝ exp{− exp(𝜌3) ∑   (𝑥𝑖)
exp(𝜌4)

𝑛

𝑖=1

+ ∑ ln [exp(𝜌2)

𝑛

𝑖=1

+  exp(𝜌4)𝑒𝑥𝑝(𝜌3) (𝑥𝑖)
exp(𝜌4)−1 + (exp(𝜌1) − 1) ∑ ln[1 − 𝑤𝑖]

𝑛

𝑖=1

]}. 

 

Using the WinBUGS software, the following summaries can be obtained: the mean, 

standard deviation and the credible intervals.   

 

4. An Example 
 

Data Set: This data set is generated data to simulate the strengths of glass fibers 

which reported in Smith and Naylor (1987). The data set is: 1.014, 1.081, 1.082, 

1.185, 1.223, 1.248, 1.267, 1.271, 1.272, 1.275, 1.276, 1.278, 1.286, 1.288, 1.292, 

1.304, 1.306, 1.355, 1.361, 1.364, 1.379, 1.409, 1.426, 1.459, 1.46, 1.476, 1.481, 

1.484, 1.501, 1.506, 1.524, 1.526, 1.535, 1.541, 1.568, 1.579, 1.581, 1.591, 1.593, 

1.602, 1.666, 1.67, 1.684, 1.691, 1.704, 1.731, 1.735, 1.747, 1.748, 1.757, 1.800, 

1.806, 1.867, 1.876, 1.878, 1.91, 1.916, 1.972, 2.012, 2.456, 2.592, 3.197, 4.121. 
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First, we consider the transmuted Weibull distribution with density (2.2) 

under the reparametrization 𝜌1 = log (𝑐) and 𝜌2 = log(𝜆), and  𝜌3 = log (𝛼) . We 

assume approximate non-informative prior uniform U(-1, 2), U(-1, 3) and U(-4,-3) 

distributions for 𝜌1, 𝜌2 and 𝜌3 respectively 

Second, we assume the BGWD with density (2.4) under reparametrization 

𝜌1 = log (𝛼) and 𝜌2 = log (𝜆), 𝜌3 = log (𝛽) and 𝜌4 = log(𝛾). We consider 

approximate non-informative prior uniform U(0, 1), U(0, 0.01), U(0, 0.01) and U(-

4,-3) distributions for 𝜌1, 𝜌2, 𝜌3 and𝜌4, respectively. 

 

For each model, a set of 10000 Gibbs samples was generated after a “burn-

in-sample” of size 1000 to eliminate the initial values considered for the Gibbs 

sampling algorithm. All the calculations are performed using the WinBUGS 

software. Table 2 gives the posterior summaries of interest, the MLEs with the 

corresponding standard errors, and confidence intervals for the two models. Also, 

we conclude (see table 2) that the NGWD is the best model fitted to the data by 

using the AIC criterion.  

 
Table 2: Posterior summaries of interest and MLEs for the two models 

 
Model Parameter Posterior Mean 

(SD) 

95% Credible 

Interval 

MLE(SD) 95% Confidence 

Interval 

Transmuted 

Weibull model 

AIC= 89.4567 

c 

λ 

α 

0.54570 (0.03576) 

0.43520 (0.06070) 

0.03374 (0.009216) 

(0.4756, 0.6139) 

(0.3700, 0.5932) 

(0.01902, 0.04899) 

3.4505(0.26458) 

0.4810(0.03195) 

0.8513(0.12845) 

(2.9319, 3.9691) 

(0.4184, 0.5436) 

(0.5995, 1.1031) 

NGWD 

AIC= 47.7959 

λ 

β 

γ 

α 

1.0020 (0.001656) 

1.0050 (0.002880) 

0.03418 (0.009289) 

1.6280 (0.469700) 

(1.0010, 1.0060) 

(1.0000, 1.0100) 

(0.01904, 0.04907) 

(1.0200, 2.6260) 

0.00031(7.7331) 

0.8352(8.3541) 

4.4477(0.2642) 

408.323(503.964) 

(15.15665, 15.15696) 

(15.53884, 17.20924) 

(3.929874, 4.965526) 

(579.4473, 1396.092) 

 

 

5. Conclusion 
 

Many of related models of Weibull distribution have been introduced in the 

literature to accommodate different forms. Here, we concern with two related 

models namely, transmuted Weibull and NGWD. Approximate Bayes estimates are 

obtained for these models using the Gibbs sampling procedure. In our example, one 

can be noted that the use of Bayesian methods to analyze these related models is a 

suitable to obtain accurate inference for the parameters of interest. Also, we 

conclude that the usual maximum likelihood inference using classical asymptotic 

results could lead to larger confidence intervals compared to the credible intervals 

come from the posterior summaries. Finally, using WinBUGS software provides 

facility to generate Gibbs samples for the joint posterior distribution of interest. 

 



 

186                                                                        M. R. Mahmoud and R. M. Mandouh 
 

 

References 
 

[1] G. R. Aryal and C. P. Tsokos, Transmuted Weibull Distribution: A 

Generalization of the Weibull Probability Distribution, European Journal of Pure 

and Applied Mathematics, 4 (2011), no. 2, 89-102. 

 

[2] C. Cohen, Maximum Likelihood Estimation in the Weibull Distribution Based 

on Complete and on Censored Samples, Technometrics, 7 (1965), no. 4, 579-588. 

http://dx.doi.org/10.1080/00401706.1965.10490300  

 

[3] G. M. Cordeiro, E. M. M. Ortega and S. Nadarajah, The Kumaraswamy Weibull 

Distribution with Application to Failure Data, Journal of the Franklin Institute, 347 

(2010), 1399-1429. http://dx.doi.org/10.1016/j.jfranklin.2010.06.010  

 

[4] F. Famoye, C. Lee and O. Olumolade, The Beta-Weibull distribution, Journal 

of Statistical Theory and Applications, 4 (2005), 121-138. 

 

[5] R. D. Gupta and D. Kundu, Generalized Exponential Distribution, Australian & 

New Zealand Journal of Statistics, 41 (1999), no. 2, 173-188. 

http://dx.doi.org/10.1111/1467-842x.00072  

 

[6] N. L. Johnson, S. Kotz and N. Balakrishnan, Continuous Univariate 

Distributions, (second edition), Volume 2, John Wiley and Sons, New York, 1994. 

 

[7] G. S. Mudholkar and D. K. Srivastava, Exponentiated Weibull Family for 

Analyzing Bathtub Failure-Rate Data, IEEE Transaction on Reliability, 42 (1993), 

no. 2, 299–302. http://dx.doi.org/10.1109/24.229504  

 

[8] D. N. P. Murthy, M. Xie and R. Jiang, Weibull Models, John Wiley and Sons, 

New York, 2004. http://dx.doi.org/10.1002/047147326x  

 

[9] A. M. Sarhan and M. Zaindin, Modified Weibull Distribution, Applied Sciences, 

11 (2009), 123-136. 

 

[10] A. M. Sarhan and D. Kundu, Generalized linear failure rate distribution, 

Communications in Statistics - Theory and Methods, 38 (2009), no. 5, 642-660. 

http://dx.doi.org/10.1080/03610920802272414  

 

[11] W.T. Shaw and I.R.C. Buckley, The Alchemy of Probability Distributions: 

beyond Gram-Charlier Expansions, and a Skew-Kurtotic-Normal Distribution from 

a Rank Transmutation Map, (2009), Submitted. 

 

[12] R. L. Smith and J. C. Naylor, A Comparison of Maximum Likelihood and 

Bayesian Estimators for the Three- Parameter Weibull Distribution, Journal of the 

Royal Statistical Society. Series C (Applied Statistics), 36 (1987), no. 3, 358–369. 

http://dx.doi.org/10.1080/00401706.1965.10490300
http://dx.doi.org/10.1016/j.jfranklin.2010.06.010
http://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjexYmTyOnJAhXBpA4KHa9hBaQQFggiMAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fjournal%2F10.1111%2F(ISSN)1467-842X&usg=AFQjCNE_RJ-ujdPX7XLmyI29wSVZxSRu2g&bvm=bv.110151844,d.ZWU
http://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjexYmTyOnJAhXBpA4KHa9hBaQQFggiMAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fjournal%2F10.1111%2F(ISSN)1467-842X&usg=AFQjCNE_RJ-ujdPX7XLmyI29wSVZxSRu2g&bvm=bv.110151844,d.ZWU
http://dx.doi.org/10.1111/1467-842x.00072
http://dx.doi.org/10.1109/24.229504
http://dx.doi.org/10.1002/047147326x
http://dx.doi.org/10.1080/03610920802272414


 

Some Weibull related models and Bayesian estimation                                           187 

 

 

http://dx.doi.org/10.2307/2347795  

 

[13] J. G. Surles and W. J. Padgett. Some Properties of a Scaled Burr Type X 

Distribution, Journal of Statistical Planning and Inference, 128 (2005), no. 1, 271-

280. http://dx.doi.org/10.1016/j.jspi.2003.10.003  

 

[14] M. Zaindin and A. M. Sarhan. New Generalized Weibull Distribution, 

Pakistan Journal of Statistics, 27 (2011), no. 1, 13-30. 

 

 

Received: December 31, 2015; Published: February 4, 2016 

 

http://dx.doi.org/10.2307/2347795
http://www.sciencedirect.com/science/journal/03783758
http://dx.doi.org/10.1016/j.jspi.2003.10.003

