Appendix C. Supplementary Methodology
C.1 Four-Stage  Search Protocol
The median of pairwise Euclidean distances () is computed on the subsample. A logarithmic grid  yields 9 candidates.
1. Screening: All 9 candidates are evaluated via Eq. 8 with relaxed convergence (, ).
2. Refinement: The top 2 candidates are re-optimised with strict convergence (, ). The  with the highest marginal likelihood is retained.
3. Continuous optimisation: A bounded scalar optimiser (Brent's method; Brent, 1973) is applied in a neighbourhood of the best candidate to locate the continuous optimum.
4. Curvature estimation: The second derivative  at the optimum is computed for posterior variance estimation (Eq. 9).
C.2 Dynamic Subsampling and  Curvature Computation
For computational efficiency, Eq. 8 is evaluated on a subsample whose size is proportional to the model complexity (Rudi et al., 2015; Cawley and Talbot, 2010):
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where sures statistical reliability of the Fisher matrix.
The second derivative of the negative log-marginal likelihood is computed via central finite differences: 
	(C2)
with . This requires only two additional evaluations of Eq. 8 at , using the already-converged MAP estimate for each (zero additional optimisation cost). To enhance numerical robustness, Eq. C2 is evaluated at three perturbation fractions ( times ) and the median of the positive second differences is retained. When Eq. 8 is evaluated on the subsample of size , the resulting curvature is scaled to the full sample before inversion:
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C.3 Composite Hyperparameter Score and Pre-Filters
Candidate  configurations are evaluated using a multi-objective score that jointly considers decomposition reliability, confident accuracy, and overconfidence risk. Two complementary scoring modes are employed depending on the dispersion of the decomposition gap across candidates.
Normal mode. When the gap values exhibit sufficient dispersion (range  median ):
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where Gap is the median approximation error (Eq. 32), CC is the fraction of Confident Correct patients, and CW is the fraction of Confident Wrong patients (Section 2.4.4). Lower  indicates a better configuration. The weights  balance decomposition reliability against confident accuracy and overconfidence risk.
Tie-breaker mode. When the gap values cluster tightly (range  median ), the decomposition metric loses discriminative power, and the score reduces to:
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where higher values indicate better confident accuracy with lower overconfidence.
Pre-filters. Prior to scoring, configurations violating the following constraints are eliminated: (i)  indicating unreliable gradient decomposition; and (ii) , indicating excessive overconfidence. If all configurations are eliminated, filters are relaxed and the unconstrained grid is retained.
C.4 Additional Uncertainty Quantification Details
The effective number of parameters constrained by the data, accounting for regularisation, is:
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where  excludes the regularisation matrix . This quantity is used in the finite-sample -correction for confidence intervals (Section 2.4.3) and measures the effective complexity of the fitted model (Hastie et al., 2009).
The partial derivative of the logit with respect to the kernel bandwidth, required for the second term of Eq. 13, is derived via the chain rule. Since  with  fixed:
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and therefore .
The delta-method standard error, suitable for Wald-type coefficient tables, is:
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where . This is computationally inexpensive but does not guarantee that intervals remain within ; for inferential statements, Eq. 15 is preferred.
The finite-sample critical value used in Eq. 15 is:
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where  is given by Eq. C6. As , this converges to the standard normal quantile.
C.5 Posterior Coverage and Calibration Assessment
Calibration of the analytical confidence intervals (Eq. 15) is assessed by grouping test instances into  probability bins and computing:
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where  is the observed event rate in bin ,  is the aggregate confidence interval incorporating both model uncertainty and sampling variability (via ), and  is the bin count. Target coverage is  (i.e., 95% for ), where  is the root-mean-square of per-patient epistemic standard errors (Eq. 14) within bin , and  captures irreducible Bernoulli variability.
Three complementary calibration metrics are reported:
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where  is the mean predicted probability in bin . The Brier score measures overall probabilistic accuracy; ECE (Expected Calibration Error) measures average miscalibration; MCE captures worst-case calibration gap.

