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System-Level Prognostics (SLP) is essential for ensuring mission success, focusing on predicting the System Remaining

Useful Life (SRUL) rather than individual subsystem RULs. Unlike subsystem prognostics, SLP must capture degradation

interactions among components and quantify inherent uncertainties. However, system-scale failure data are often costly

to obtain, and existing methods typically rely on oversimplified assumptions or computationally expensive simulations.

This paper introduces the RUL Inoperabilities Model (RIM), a probabilistic framework inspired by the Inoperability Input–

Output Model (IIM). RIM leverages subsystem-level RUL predictions from any base prognostic model, making it agnostic,

interpretable, and data-efficient. It requires only subsystem (coupon-level) data to train base predictors and a single

component-level degradation history to capture interdependencies. RIM propagates probabilistic subsystem predictions

to the system level, providing uncertainty-aware SRUL estimates without additional system testing.

Experimental validation on a system of three interconnected aluminum coupons shows that RIM improves SRUL accuracy

and uncertainty calibration compared to a naive aggregation approach. Beyond SRUL prediction, RIM enables time-

dependent reliability and risk assessment. System reliability is computed from the SRUL distribution as the probability of

mission success beyond a given horizon, while risk integrates time-dependent failure probabilities with mission

consequence costs.

RIM provides a scalable, interpretable, and risk-aware approach to system-level prognostics using only subsystem data. Its

ability to quantify uncertainty, capture component interactions, and support reliability and risk evaluation makes it a

practical solution for mission-critical applications.
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