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Introduction

Recent developments in distribution theory emphasize the problems researchers
face and propose different models so that lifetime datasets can be better eval-
uated and studied in various application domains. In other words, there is
a need to introduce applicable models to better study natural phenomena.
An essential goal for proposing, extending, or generalizing (models or their
classes) is to explain how life expectancy occurs in physics, computer science,
insurance, health care, medicine, engineering, biology, industry, communica-
tions, etc. The well-known and basic distributions, such as the log-logistic,
exponential, Rayleigh, Weibull, and Gamma distributions, are very limited
in their properties and need more flexibility. Log-logistic distribution plays a
significant role in various fields due to its flexibility in modeling lifetime data
and its ability to account for diverse real-world phenomena. Its widespread
applications span reliability analysis, survival studies, and economic mod-
eling, demonstrating its importance in theoretical and practical contexts.
However, despite its utility, the standard log-logistic distribution lacks the
adaptability required to address more complex datasets or emerging chal-
lenges in modern applications. This underscores the necessity of proposing
generalized versions that extend its capabilities. In this work, we introduce
a novel extension of the log-logistic distribution that enhances its flexibility,
allowing for more accurate and practical applications across various domains.

Material and Methods
In this paper, we introduced a new extension of the log-logistic distribution
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with three parameters, and many of its features, including central moments,
failure rate function, mean residual life function, p-quantile residual life func-
tion, and properties of stochastic random, etc., were investigated and pre-
sented. Also, the parameters of this new distribution were estimated using
LLP and maximum likelihood methods and compared using simulation and
bootstrap. Finally, application of the new distribution to two real data sets
were studied.

Results and Discussion

The statistical and reliability indices became more flexible by adding a third
parameter to the log-logistic distribution (named 6). As 6 increased, the
mean and median indices shifted to the right, the distribution shape became
more symmetrical, and its kurtosis decreased. As 6 increased, the kth mo-
ment of the distribution and the quantile also increased. In addition, it was
shown that the failure rate function in this distribution was unimodal, and
the behavior of the mean remaining life function, failure rate, and quan-
tile function was further investigated by plotting the graph. The simulation
shows that the values of biased and MSE decrease with n, implying that the
ML and LLP estimators are consistent, and the small values of biased and
MSE show that both methods are suitable for real-world problems.

Conclusion

The new generalized version of the LL model is useful when the LLP has
an increasing concave curve, and the HR function is unimodal. The MLE
and LLP estimators are discussed, and their behavior is examined in a sim-
ulation study. Simulation results show that both estimators are consistent
and estimate the parameters efficiently. An application to reliability data
demonstrates the relevance and versatility of the proposed model.
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