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Introduction

Classical reliability models are generally based on the assumption of indepen-
dence between components and shocks and hence face limitations in describ-
ing the real behavior of systems. In this paper, a comprehensive framework
for analyzing the reliability of networks in the presence of signed shocks time-
dependent is presented. In this framework, each network node is modeled
by a signed process that simultaneously captures the magnitude and timing
of shocks, and the dependence structure between components is described
through a copula function. In addition to statistical dependence, the pro-
posed model also includes cumulative failure mechanisms, incomplete repair,
and reinforcement resource allocation policies.

Material and Methods

The mathematical framework of the proposed model is presented for analyz-
ing network reliability under signed shocks time-dependent. In this model,
each node of the network is considered as a component that is affected by
shocks with varying time and intensity. The statistical dependence between
components is represented by the copula function, and system failure occurs
when the accumulation of shock intensity exceeds a threshold. In addition,
the possibility of incomplete components repair are also considered to accu-
rately reflect the actual behavior of the network over time.
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Results and Discussion

Numerical results showed that increasing dependency leads to a decrease in
the mean failure time and also a decrease in the recovery factor leads to a
decrease in system performance. For example, Increasing the dependency
from 0.5 to 5 results in a 41.4 percentage reduction in mean failure time,
reducing the recovery factor from 1 to 0.5 results in a 59.1 percentage re-
duction in system performance, and optimal resource allocation can improve
the mean failure time by 39.5 percentage. Also, Multi-parameter sensitivity
analysis showed that the system is more sensitive to changes in dependency
and recovery coefficient than other parameters, and this point emphasizes
the importance of accurate modeling of these parameters in the design of
real networks.

Conclusion

In this paper, a comprehensive model for analyzing the reliability of net-
works under spatial-timed dependent shocks is presented, in which the main
features including the dependence between components, cumulative failure,
incomplete repair, and allocation of reinforcement resources are simultane-
ously considered. The mathematical model is based on sign processes and
copula functions to accurately represent the correlation behavior between
time and shock intensity. Also, the Kaijima type I model was used to sim-
ulate incomplete repair, in which the effective age of nodes is calculated re-
cursively. Theoretical analysis showed that the dependence between shocks
plays a fundamental role in the behavior of the hazard rate function and the
network failure time distribution.

Keywords: Network reliability, Time-dependent shocks, Copula functions,
Cascading failures, Incomplete repair, Stochastic orders.
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