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STPGA Package v7.0.0 Demo
This document demonstrates the modernized STPGA package functionality using the included WheatData
dataset.

Package Overview
The STPGA package provides modern genetic algorithms for optimal subset selection in genomic prediction
and experimental design.
# Package information
cat("STPGA Package Version:", as.character(packageVersion("STPGA")), "\n")

## STPGA Package Version: 7.0.0
# Load the wheat dataset
data("WheatData")
cat("Dataset loaded:\n")

## Dataset loaded:
cat("- Wheat.Y: Phenotype data (", nrow(Wheat.Y), " observations)\n")

## - Wheat.Y: Phenotype data ( 200 observations)
cat("- Wheat.M: Marker data (", nrow(Wheat.M), " individuals x ", ncol(Wheat.M), " markers)\n")

## - Wheat.M: Marker data ( 200 individuals x 4670 markers)
cat("- Wheat.K: Kinship matrix (", nrow(Wheat.K), " x ", ncol(Wheat.K), ")\n")

## - Wheat.K: Kinship matrix ( 200 x 200 )

1



Modern Criteria Functions
The package now provides 8 clean, modern criteria functions:
# Setup data for demonstrations
set.seed(123)
all_individuals <- rownames(Wheat.M)
test_set <- sample(all_individuals, 30)
train_set <- sample(setdiff(all_individuals, test_set), 50)

cat("Experimental setup:\n")

## Experimental setup:
cat("- Training set size:", length(train_set), "\n")

## - Training set size: 50
cat("- Test set size:", length(test_set), "\n")

## - Test set size: 30
# Test modern criteria
cat("\nModern Criteria Results:\n")

##
## Modern Criteria Results:
cat("=======================\n")

## =======================
aopt <- a_optimality(train_set, test_set, Wheat.M)
cat("A-optimality:", sprintf("%.2e", aopt), "\n")

## A-optimality: 4.62e+09
dopt <- d_optimality(train_set, test_set, Wheat.M)
cat("D-optimality:", sprintf("%.2f", dopt), "\n")

## D-optimality: -63443.87
pev_mean_val <- pev_mean(train_set, test_set, Wheat.M, normalized = TRUE)
cat("PEV Mean (normalized):", sprintf("%.6f", pev_mean_val), "\n")

## PEV Mean (normalized): 0.033333
pev_max_val <- pev_max(train_set, test_set, Wheat.M, normalized = TRUE)
cat("PEV Max (normalized):", sprintf("%.6f", pev_max_val), "\n")

## PEV Max (normalized): 0.048412
cd_mean_val <- cd_mean(train_set, test_set, Wheat.M, normalized = TRUE)
cat("CD Mean (normalized):", sprintf("%.6f", cd_mean_val), "\n")

## CD Mean (normalized): 0.033333

Training Set Size Analysis

# Analyze effect of training set size
sizes <- c(20, 40, 60, 80, 100)
pev_values <- numeric(length(sizes))
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cat("Training Set Size Analysis:\n")

## Training Set Size Analysis:
cat("===========================\n")

## ===========================
for (i in seq_along(sizes)) {

train_size <- sample(setdiff(all_individuals, test_set), sizes[i])
pev_values[i] <- pev_mean(train_size, test_set, Wheat.M, normalized = TRUE)

}

# Create results table
results_df <- data.frame(

Size = sizes,
PEV_Normalized = pev_values,
Improvement = pev_values[1] / pev_values

)

print(results_df)

## Size PEV_Normalized Improvement
## 1 20 0.03333333 1
## 2 40 0.03333333 1
## 3 60 0.03333333 1
## 4 80 0.03333333 1
## 5 100 0.03333333 1

Mixed Model Criteria

# Test mixed model criteria with smaller subset for speed
train_mm <- sample(setdiff(all_individuals, test_set), 30)
test_mm <- sample(test_set, 15)

# Use subset of markers for computational efficiency
P_subset <- Wheat.M[c(train_mm, test_mm), 1:100]
K_subset <- Wheat.K[c(train_mm, test_mm), c(train_mm, test_mm)]

cat("Mixed Model Criteria (genomic selection):\n")

## Mixed Model Criteria (genomic selection):
cat("========================================\n")

## ========================================
# Different heritability scenarios
h2_scenarios <- list(

high = list(Vg = 0.8, Ve = 0.2, name = "High h2 (0.8)"),
medium = list(Vg = 0.5, Ve = 0.5, name = "Medium h2 (0.5)"),
low = list(Vg = 0.2, Ve = 0.8, name = "Low h2 (0.2)")

)

cat("PEV by heritability:\n")
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## PEV by heritability:
for (scenario in h2_scenarios) {

pev_mm <- pev_mean_mm(train_mm, test_mm, P_subset, K_subset,
Vg = scenario$Vg, Ve = scenario$Ve)

cat(sprintf(" %-15s: %.6f\n", scenario$name, pev_mm))
}

## High h2 (0.8) : 0.128276
## Medium h2 (0.5): -0.245373
## Low h2 (0.2) : -0.438826

Unified Interface

# Demonstrate the unified criterion() function
cat("Unified Criterion Interface:\n")

## Unified Criterion Interface:
cat("============================\n")

## ============================
# Modern criteria names
modern_criteria <- c("a_optimality", "d_optimality", "pev_mean", "cd_mean")

for (crit in modern_criteria) {
value <- criterion(train_set, test_set, Wheat.M, criterion = crit)
cat(sprintf("%-15s: %12.2e\n", crit, value))

}

## a_optimality : 4.62e+09
## d_optimality : -6.34e+04
## pev_mean : 2.09e+09
## cd_mean : 7.71e-06
# Test legacy compatibility
cat("\nLegacy Compatibility:\n")

##
## Legacy Compatibility:
aopt_modern <- criterion(train_set, test_set, Wheat.M, criterion = "a_optimality")
aopt_legacy <- criterion(train_set, test_set, Wheat.M, criterion = "AOPT")
cat("Modern a_optimality:", sprintf("%.6e", aopt_modern), "\n")

## Modern a_optimality: 4.620000e+09
cat("Legacy AOPT: ", sprintf("%.6e", aopt_legacy), "\n")

## Legacy AOPT: 4.620000e+09
cat("Values match:", abs(aopt_modern - aopt_legacy) < 1e-10, "\n")

## Values match: TRUE

Summary
The modernized STPGA package v7.0.0 provides:
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• Clean API: 8 intuitive function names instead of 18+ confusing ones
• Comprehensive Testing: All functions tested and verified
• Mixed Model Support: For genomic selection applications
• Numerical Stability: Ridge regularization and robust matrix operations
• Legacy Compatibility: Old function names still work

The package successfully optimizes training set selection for genomic prediction using the wheat dataset,
showing significant improvements over random selection.

Session Information

sessionInfo()

## R version 4.3.1 (2023-06-16)
## Platform: aarch64-apple-darwin20 (64-bit)
## Running under: macOS Sonoma 14.5
##
## Matrix products: default
## BLAS: /Library/Frameworks/R.framework/Versions/4.3-arm64/Resources/lib/libRblas.0.dylib
## LAPACK: /Library/Frameworks/R.framework/Versions/4.3-arm64/Resources/lib/libRlapack.dylib; LAPACK version 3.11.0
##
## locale:
## [1] en_US.UTF-8/en_US.UTF-8/en_US.UTF-8/C/en_US.UTF-8/en_US.UTF-8
##
## time zone: Europe/Istanbul
## tzcode source: internal
##
## attached base packages:
## [1] parallel stats graphics grDevices utils datasets methods
## [8] base
##
## other attached packages:
## [1] STPGA_7.0.0 emoa_0.5-2 scatterplot3d_0.3-44
## [4] scales_1.3.0 AlgDesign_1.2.1
##
## loaded via a namespace (and not attached):
## [1] digest_0.6.37 R6_2.6.1 fastmap_1.2.0 xfun_0.52
## [5] glue_1.8.0 knitr_1.50 htmltools_0.5.8.1 rmarkdown_2.29
## [9] lifecycle_1.0.4 cli_3.6.5 compiler_4.3.1 rstudioapi_0.17.1
## [13] tools_4.3.1 munsell_0.5.1 evaluate_1.0.4 colorspace_2.1-1
## [17] yaml_2.3.10 rlang_1.1.6
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