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Random Forest

Based on multiple decision trees
Internal validation
No distributional assumptions
Different types of input variables
Different outcomes
(e.g. classification and regression)
Can analyze high dimensional data
Efficient implementations in R (ranger package)
Multiple approaches for variable selection
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Random Forest: Bootstrap samples to build each tree
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Random Forest: Random subset of variables as
candidates for each split
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Variable importance

Evaluation of each variable
Relevance of variable for outcome
Often applied: permutation importance
Variable selection based on variable importance and a threshold
(statistical test)
Vita and Boruta top‐performing methods in comparison study [1]
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[1] F. Degenhardt, S. Seifert, S. Szymczak, Evaluation of variable selection methods for random forests and omics data sets.
Brief. Bioinform. 2019, 20, 492‐503.



Aims of variable selection

Parsimonious model
Minimal set of variables
No redundant variables
→ Selection based on permutation importance

Information about underlying mechanisms
All relevant variables
Include redundant variables → Variable selection based on tree
structures
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Surrogate Splits
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L. Breiman, Classification and Regression Trees 1984, p. 140ff.



Minimal Depth
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H. Ishwaran et al., High‐Dimensional Variable Selection for Survival Data, J. Am. Stat. Assoc. 2010, 105, 205.



Surrogate Minimal Depth (crucial parameter: s)
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S. Seifert et al.,Surrogate minimal depth as an importance measure for variables in random forests,
Bioinformatics 2019, 35, 3663‐3671.



Identification of surrogate variables
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S. Seifert et al.,Surrogate minimal depth as an importance measure for variables in random forests,
Bioinformatics 2019, 35, 3663‐3671.



Mean adjusted agreement of X4 and X2
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S. Seifert et al.,Surrogate minimal depth as an importance measure for variables in random forests,
Bioinformatics 2019, 35, 3663‐3671.



Simulation study: 50 replicates with 100 samples

WS 2021 , S. Seifert 12/19

X2 X3 X4 X5 X6 X7 X8 X9

Y

X1 X70 X1000
........

causal causal non-causal non-causal

S. Seifert et al.,Surrogate minimal depth as an importance measure for variables in random forests,
Bioinformatics 2019, 35, 3663‐3671.



Simulation study: 50 replicates with 100 samples
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Simulation study: MD vs SMDwith s=100
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S. Seifert et al.,Surrogate minimal depth as an importance measure for variables in random forests,
Bioinformatics 2019, 35, 3663‐3671.



Simulation study: Variable relation analysis
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S. Seifert et al.,Surrogate minimal depth as an importance measure for variables in random forests,
Bioinformatics 2019, 35, 3663‐3671.



Applications for food profiling
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Applications on SERS data
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Summary

Surrogate Minimal Depth (SMD): random forest based variable
selection including variable relations
SMD can also be utilized to analyze variable relations
Relation parameter shows the mutual impact of the variables on
the model
Broad applications, e.g. for food profiling and to analyze
surface‐enhanced Raman scattering data
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R package: https://github.com/StephanSeifert/
SurrogateMinimalDepth
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