Input: Training data D, initial kernel params θ^(0), initial noise model σ²_ε, 
       weights λ_c, λ_r, λ_reg, learning rate η, max iterations T.
Output: Optimized kernel params θ*, calibrated noise model σ²*_ε.

1: for t = 1 to T do
2: Compute predictive means μ and variances Σ on validation set V using θ^(t-1) and σ²_ε^(t-1).
3: Compute Coverage Penalty P_cov(θ^(t-1)) based on empirical vs. nominal (e.g., 95%) interval coverage on V.
4: Compute Residual Penalty P_res(θ^(t-1)) by correlating standardized residuals with design variables.
5: Compute Regularization Penalty P_reg(θ^(t-1)) based on prior length-scale bounds.
6: Compute total loss L(θ^(t-1)) = NLML + λ_c P_cov + λ_r P_res + λ_reg P_reg.
7: Compute gradients ∇_θ L and ∇_{σ²_ε} L.
8: Update parameters: θ^(t) = θ^(t-1) - η ∇_θ L
9: Update noise model: σ²_ε^(t) = σ²_ε^(t-1) - η ∇_{σ²_ε} L
10:     if |L(θ^(t)) - L(θ^(t-1))| < tolerance then
11:         break
12:     end if
13: end for
14: return θ* = θ^(t), σ²*_ε = σ²_ε^(t)

