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Supplementary Figure 1. Retrieval performance under different binary penalty configurations with Akaike Information Criterion (AIC). 
[image: ]
Rows show penalty settings, columns show model components (structural model, IIV, residual error, IIV correlations). Lines represent intravenous, oral, and combined data. Configurations include single-term penalties (THETA, OMEGA, SIGMA, correlations, shrinkage, RSE, covariance step), the Full penalty, and No penalty. The Full penalty configuration considered all penalty terms jointly, while the No penalty configuration applied none. IIV, inter-individual variability; RSE, relative standard error; THETA, fixed-effect parameters; OMEGA, inter-individual variability expressed as coefficient of variation (CV%); SIGMA, residual error, including additive (σadd) and proportional (σprop) components.
[bookmark: _Toc205284250]




















Supplementary Figure 2. Retrieval performance under different binary penalty configurations with objective function value (OFV). 
[image: ]
Supplementary Figure 3. Sensitivity analysis of cutoff settings for penalty function. 
[image: ]
Heatmaps show retrieval rates (in %) of correct model identification across varying cutoff thresholds and mild penalty scores. Rows correspond to cutoff criteria applied to additive error (σadd), proportional error (σprop) and correlation bounds (lower and upper). Columns represent evaluation dimensions: structural model, IIV model, residual error model and correlation model.
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