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Abstract: Dynamic heterogeneous redundancy (DHR) architectures enhance system resilience but majority-voting de-
cisions struggle with heterogeneous source quality and potential conflicts, leading to performance drops or misjudg-
ments in critical security scenarios. The adaptive and robust decision redundancy (ARDR) architecture was presented,
which combined adaptive service selection with evidence-based robust decision-making to systematically evaluate
and fuse heterogeneous executor outputs. ARDR employed a comprehensive evaluation model considering executor
heterogeneity, historical performance, confidence, and efficiency, using the whale optimization Algorithm to select op-
timal combinations, and a dempster-shafer-based high-conflict-aware framework to handle uncertainty. Prototype and
multi-scenario simulations show that ARDR outperforms conventional DHR and improved dynamic heterogeneous re-
dundancy (IDHR) in accuracy, F2-score, and execution time, especially under high redundancy and conflict, with abla-
tion studies confirming the synergy of adaptive selection and robust decision-making. The ablation study provides an
interpretable and efficient solution for redundancy system design in heterogeneous, high-uncertainty environments.

Key words: dynamic heterogeneous redundancy, mimic defense, adaptive service selection, evidence fusion, uncer-
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tive and robust decision redundancy, ARDR) #E
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