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Introduction

Understanding and quantifying system complexity is a key issue in reliabil-
ity theory, particularly for coherent systems whose performance depends on
component interactions. Information-based measures have gained increasing
attention for describing uncertainty in reliability analysis. While Shannon
entropy has been widely used, its dual measure, extropy, captures comple-
mentary aspects of system behavior, especially when extended to residual-
lifetime and inactivity-time frameworks. Recently, the Jensen Cumulative
Residual Extropy (JCRJ) divergence has been proposed as a divergence-
based measure for system comparison. However, its applicability to condi-
tional mixed systems and their duals has not been fully explored. This study
addresses this gap by developing a structured framework for evaluating sys-
tem complexity using JCRJ from both residual-lifetime and inactivity-time
perspectives.

Material and Methods

We study coherent systems composed of independent and identically dis-
tributed components. System lifetime is expressed using order statistics,
and system structure is characterized by a signature vector, providing a
distribution-free description of system behavior. Conditional mixed systems
are analyzed by conditioning on the system status at a fixed inspection time ¢.
Two conditional quantities are considered: the residual lifetime given survival
beyond t, and the inactivity time given failure up to time ¢. The associated
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distribution functions are represented in mixed form using conditional weight
vectors derived from the system signature. Based on these representations,
explicit expressions for the Jensen Cumulative Residual Extropy Divergence
are derived. Numerical and simulation studies are conducted for selected
coherent systems and their duals, assuming Gamma-distributed component
lifetimes and employing Monte Carlo simulation to approximate JCRJ val-
ues.

Results and Discussion

The analytical results confirm that JCRJ is non-negative and vanishes for k-
out-of-n systems, supporting its role as a complexity measure. An important
finding is that dual systems do not necessarily share the same level of com-
plexity. Although duality implies complementary reliability properties, no-
table differences in JCRJ values may arise, particularly in conditional mixed
settings. The inspection time ¢ mainly affects the magnitude of complexity,
while system rankings remain essentially unchanged. Similar patterns are
observed in the inactivity time analysis: systems with stable redundancy
maintain moderate complexity, while structurally imbalanced systems ex-
hibit sharper increases in JCRJ.

Conclusion

This study presents a unified framework for assessing the complexity of con-
ditional mixed systems and their duals using the Jensen Cumulative Residual
Extropy Divergence. The results indicate that system complexity is primar-
ily influenced by structural asymmetry and component weighting rather than
by duality alone. As a result, JCRJ provides an effective tool for comparing
complex systems in reliability engineering.

Keywords: System residual lifetime, System inactivity time, Cumulative
residual extropy, Jensen cumulative residual extropy divergence criterion,

Dual system.
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