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difficulty and small-sample variance. However, the increasing number of parameters are often 
accompanied by over- parameterization and numerical stability issues. 

Thus, a tension exists between parsimony and flexibility, motivating our new generalized 
Weibull (NGW) distribution. 

The probability- based generator differs from existing transformations in a specific way. 
Marshall-Olkin applies a tilt parameter uniformly across the hazard function. Beta-G presents two 
extra shape parameters. The NGW uses a single parameter that targets early-life risk intensity 

without changing the asymptotic hazard regime. Recent odds- based families have shown promise 
in the same settings.[12]. 

The proposed generator is conceptually related to the Marshall-0lkin family but differs in 
how the parameter enters the odds transformation, leading to a different modulation of early-life 
risk while preserving the asymptotic hazard shape. 

The NGW model is a three-parameter distribution that nests Weibull (0 = 1), preserving 

its monotonic hazard while modulating early-life risk and curvature. We benchmark against 
Weibull-type extensions. 

This study has five-fold contributions. We start by presenting a brand new three-parameter 
Weibull extension that has been obtained through an odds-based generator and that achieves 
structural coherence and monotonic hazard product but exhibits better distributional flexibility. 
Second we derive some important analytical properties, such as closed-form cumulative and 
density functions, quantile function, raw moments in terms of the Lerch transcendent, Shannon 
entropy and limiting behavior. Third, we perform a comprehensive reliability study where we 
explicitly formulate the survival and hazard rate functions and give structural interpretation of 
the modulation parameter. Fourth, we construct maximum likelihood and Bayesian estimation 
algorit血s and compare the performance of both estimators in finite sample sizes by a 
comprehensive Monte Carlo simulation experiment. Fifth, we give exhaustive empirical validation 
of real data of engineering failure times with information criteria, density and cumulative 
distribution comparisons, probability-probability plots, and likelihood profile analysis to evaluate 
goodness-of-fit and stability of parameters. 

The rest of this paper is organized as follows: Section 2 presents the construction of the 
NGW distribution. In Section 3 some important mathematical properties are computed. Section 4 
discusses some reliability measures. Section 5 describes how to estimate unknown parameters 
using classical and Bayesian estimation techniques. Section 6 offers some numerical simulation 
results, and Section 7 discusses the application to real- world dataset using engineering failure­
time data. Finally, Section 8 shows the conclusion of the article. 

2 Model Construction 

Let X be non-negative with baseline CDF Fo (x) and PDF Jo (x). The odds function is Odds (x) = 
Fo (x) / (1 - Fo (x)). The proposed generalized odds-based generator is defined by 

Fo(x) 
F (x) = �, 0 > 0, 

1 + (0 — 1)(1 — Fo(x))' 






































