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Resilience management of critical infrastructures has garnered significant attention from both academia and industries.

However, performance heterogeneity and structural interdependencies among components significantly complicate the

formulation of effective resilience enhancement strategies. This study addresses a resilience-driven resource allocation

problem for critical infrastructures under random disruptions, where limited resources are allocated among

heterogeneous components in k-out-of-n: G configurations over multiple operational phases. This problem is formulated

as a stochastic optimization model that seeks to maximize system resilience, quantified through a metric named overall

resilience. Using the aggregated stochastic process theory, the closed-form expression for overall resilience is first derived.

Building on this analytical foundation, a phase-aware importance measure is introduced to dynamically assess the

contribution of individual components to system resilience throughout different phases. Tailored algorithms that

incorporate this importance prior are developed to solve the resource allocation problem under two distinct scenarios.

Numerical experiments demonstrate that the proposed algorithms identify higher-quality resource allocation schemes in

less computation time compared to importance-agnostic benchmarks. The study concludes with managerial insights to

support the operational management of resilience-critical systems.
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