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Introduction

Uncertainty is a crucial factor in decision-making, making it challenging to
determine system parameters accurately. This paper investigates uncertainty
in coherent system lifetimes using Tsallis entropy. Prior studies have focused
on Shannon entropy and Renyi entropy of simple systems like k-out-of-n
systems. Wang and Chen (1990), Ebrahimi et al. (2004), Abbas Nejad
and Amaemi (2011), and Baratpour and Khammar (2016) have provided in-
sights into calculating and analyzing entropy. The system signature concept
has gained attention in studying uncertainty characteristics for coherent sys-
tem lifetimes. Toomaj and Doostparast (2014) derived bounds for classical
Shannon entropy, while Toomaj (2017) further investigated entropy char-
acteristics. Recent research by Alomani and Kayid (2023) examined novel
features of Tsallis entropy and residual Tsallis entropy for independent and
distributed lifetimes. Kayid and Alshehri (2023) conducted entropy analy-
sis using the characteristic effect concept. This paper builds upon previous
research, expanding our understanding of uncertainty in coherent system life-
times.

Material and Methods

This study highlights the importance of the probability integral transfor-
mation V' = F(T) in deriving the Tsallis entropy expression for coherent
systems. This transformation allows for obtaining a valuable expression that
facilitates result comparison. With this expression, we can effectively an-
alyze and compare entropy characteristics of coherent systems. We also
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propose a novel criterion for selecting a preferred system among those with
lifetimes similar to the parallel system. To validate our results and gain fur-
ther insights, we provide illustrative examples demonstrating our approach’s
effectiveness and practical implications.

Results and Discussion

The paper aimed to understand Tsallis entropy in coherent systems. We de-
rived an expression for the entropy of a coherent system’s lifetime, assuming
independent components. We provided a practical example to demonstrate
its significance. We compared the lifetime entropy of two coherent systems
with different component lifetimes but the same structure. We also presented
bounds for Tsallis entropy of coherent system lifetimes, which is useful for
large component numbers or complex structures. Lastly, we proposed a cri-
terion for selecting a preferred system based on relative Tsallis entropy and
similarity to the desired parallel system’s lifetime.

Conclusion

In this paper, we derived an expression for Tsallis entropy in coherent sys-
tems with independent and identically distributed component lifetimes. This
expression allows for comparing coherent systems with different component
distributions, considering the random dispersion order and Tsallis entropy.
We provided illustrative examples to demonstrate the practical implications
of our results. To address computational challenges for systems with many
components or complex structures, we introduced bounds that approximate
Tsallis entropy. We also introduced a novel criterion based on relative Tsal-
lis entropy for selecting preferred coherent systems, emphasizing structural
reliability and similarity to parallel systems. Our results have broader ap-
plicability beyond Tsallis entropy, extending to other entropy measures such
as Renyi entropy and extropy.

Keywords: Tsallis entropy, Stochastic orders, Coherent systems, System
signature.
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