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The stochastic response analysis of practical engineering systems under external excitations is often influenced by a

multitude of uncertain factors, such as inherent randomness in system parameters and external loads. Neglecting these

uncertainties can lead to significant inconsistencies between analytical predictions and actual system behavior. The

analysis of stochastic responses and reliability of high-dimensional nonlinear systems has long posed great challenges. In

many recently developed methods, particularly non-intrusive approaches, the analysis accuracy heavily depends on the

use of high-efficacy global point sets. To facilitate the selection of such point sets, a new evaluation metric termed the

MFk-discrepancy is proposed in this paper. The MFk-discrepancy effectively balances computational cost with evaluation

efficiency, enabling pre-assessment of point set efficacy across both low- and high-dimensional problems. The analytical

expression of the MFk-discrepancy is derived, and the worst-case error estimation formula, i.e., the extended Koksma–

Hlawka inequality based on the MFk-discrepancy, is established. Theoretically, it is shown that the reduction of the MFk-

discrepancy leads to significant decrease in the worst-case error of numerical integration. Building upon the point-

selection strategy based on the global minimization of the MF-discrepancy, the proposed method further incorporates a

measure of overall structural uniformity through the MFk-discrepancy, culminating in a comprehensive MFk-discrepancy-

based point-selection framework. Within this framework, a novel probability space partitioning strategy is introduced,

which defines the k-dimensional average assigned probability for representative points. The effectiveness and robustness

of the proposed method are demonstrated through several numerical examples.
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