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S1 Additional simulation results

S1.1 Impact of the detection of training outliers

In this subsection, we investigate the impact of the training set outlier detection step. Specif-

ically, we revisit the two simulation scenarios from Section 4 of the main manuscript and

apply the alternative algorithms to evaluate the trade-offs of our filtering procedure: the clean

training setting is evaluated using Algorithm 4, and the mixed training setting is evaluated

using Algorithm 2.

Table S1 presents the results of applying Algorithm 4 (which includes the training outlier

detection) to the clean training scenario (Simulation 1). Crucially, the results are virtually

identical to those of Algorithm 2 (Table 1 in the manuscript). This indicates that our filtering

procedure is sufficiently conservative; it does not inadvertently remove clean observations

when no contamination is present, thus maintaining statistical power and valid FDR control.
∗Corresponding author.
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Table S2 shows the results of Algorithm 2 (without training outlier detection) applied to

the mixed training scenario (Simulation 2). As anticipated, the method fails to detect test

outliers effectively. The presence of outliers in the calibration set inflates the non-conformity

scores (raising the conformal threshold), which leads to a severe loss of power. This confirms

that the training outlier detection step (Algorithms 3-4) is essential when the quality of the

training data cannot be guaranteed.

S1.2 Simulations under various outlier rates

In this subsection, we compare the proposed method with existing methods across various

outlier rates. In this additional analysis, we restricted our comparison to conformal outlier

detection methods (MFD-agg, MFD, Esssup, EFDM). The non-conformal methods were ex-

cluded due to their excessive computational cost, which made extensive simulation unfeasible.

We consider a wide range of outlier contamination rates—specifically 5%, 10%, 15%, and

25%—to demonstrate the robustness of the proposed method across different contamination

levels.

Table S3 and Figure S1 summarize the results of Simulation 1 across varying outlier rates.

Consistent with the main results in the manuscript, the proposed MFD-agg demonstrates

robust performance and superior detection power across all tested contamination levels.

Table S4 and Figure S2 present the results for Simulation 2. Similar to the previous sce-

nario, MFD-agg maintains robust performance across moderate contamination levels. How-

ever, when the outlier rate reaches 25%, the power of all competing methods drops to nearly

zero. This drastic performance drop occurs because the contamination rate in the training

set is too high. Specifically, the boxplot-based threshold used for training set cleaning (Al-

gorithm 3) fails to identify outliers, as the high density of contaminants inflates the upper

whisker. Consequently, the undetected training outliers pollute the calibration set, inflating

the nonconformity scores and rendering the final test detection ineffective.
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Figure S1: Simulation 1 with different outlier rates.
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Figure S2: Simulation 2 with different outlier rates.
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