data(iris)
dim(iris)

#1

#2
iris[5,]

#3

anova(lm(iris$Sepal.Length ~ iris$Species))
anova(lm(iris$Sepal.Width ~ iris$Species))
anova(lm(iris$Petal.Length ~ iris$Species))
anova(lm(iris$Petal.Width ~ iris$Species))

#6
# Matrice de scatterplots coloree par espece
cols <- c(setosa = "blue", versicolor = "black", virginica = "red")
sp   <- iris$Species

pan_base <- function(x, y, ...) {
  points(x, y, pch = 19, cex = 0.75, col = cols[sp])
}

op = par(mar = c(0,0,0,0))
pairs(iris[, 1:4], panel = pan_base)
par(op)

#7 
library(scatterplot3d)
op=par(mfrow = c(2, 2))
mar0 = c(2, 3, 2, 3)
scatterplot3d(iris[, 1], iris[, 2], iris[, 3], mar = mar0, color = 
                c("blue", "black", "red")[iris$Species], pch = 19)
scatterplot3d(iris[, 2], iris[, 3], iris[, 4], mar = mar0, color = 
                c("blue", "black", "red")[iris$Species], pch = 19)
scatterplot3d(iris[, 3], iris[, 4], iris[, 1], mar = mar0, color = 
                c("blue", "black", "red")[iris$Species], pch = 19)
scatterplot3d(iris[, 4], iris[, 1], iris[, 2], mar = mar0, color = 
                c("blue","black", "red")[iris$Species], pch = 19)
par(op)
#8. 
library(rgl)
cols <- c("blue","black","red")[iris$Species]
plot3d(iris$Sepal.Length,
       iris$Sepal.Width,
       iris$Petal.Length,
       col = cols, size = 5)
aspect3d(1, 1, 1)


#9. 
library(FactoMineR)
library(factoextra)

X <- iris[, 1:4]
species <- iris$Species
# On centre/reduit (par defaut scale.unit = TRUE) pour des variables comparables
res.pca <- PCA(X, graph = FALSE)

#10
# Valeurs propres (lambda) et % de variance expliqe?e
eig_tbl <- res.pca$eig
print(eig_tbl)  

# Vecteurs propres (eigenvectors) de la matrice de correlation
# 
ev <- eigen(cor(X))
eigenvalues  <- ev$values
print(eigenvalues)
eigenvectors <- ev$vectors
print(eigenvectors)


#11 Scree plot & nombre de PC pour 80% 
fviz_eig(res.pca, addlabels = TRUE, barfill = "grey70", barcolor = "grey20")

#12Projections : individus, variables, biplot de Gabriel -----

# Individus (colores par espece)
fviz_pca_ind(
  res.pca,
  geom = "point",
  habillage = species, # colorer par espece
  addEllipses = TRUE,
  legend.title = "Espece",
  repel = TRUE
)

# Variables
fviz_pca_var(
  res.pca,
  col.var = "cos2", # couleur = qualite de representation
  gradient.cols = c("#00AFBB", "#E7B800", "#FC4E07"),
  repel = TRUE
)

# Biplot de Gabriel
fviz_pca_biplot(
  res.pca,
  habillage = species,
  addEllipses = TRUE,
  legend.title = "Espece",
  repel = TRUE,
  map = "symmetric"  
)

#13 sans normalisation

res.pca <- PCA(X, scale.unit = FALSE, graph = FALSE)

# 14. res.pca$var$coord = vecteur propre * sqrt(valeur propre)
eigenvectors[,1]*sqrt(eigenvalues[1])

#15
library(MASS)
lda1 <- lda(iris[, 1:4], iris$Species)
lda1

# 18 n axe = min (p variables, Groupe -1)

# 19 

#on peut faire ca:
ScoreLD1 <- as.vector(as.vector(lda1$scaling[, 1]) %*% t(as.matrix(iris[, 1:4])))
ScoreLD2 <- as.vector(as.vector(lda1$scaling[, 2]) %*% t(as.matrix(iris[, 1:4])))

#mais ca, c'est plus simple et recommande:
pr <-predict(lda1, iris[,1:4])
#Les coordonnées des individus sont dans pr$x 
ScoreLD1 <- pr$x[,1]
ScoreLD2 <- pr$x[,2]
# les resultats ne nont pas identiques car la premire methode ne fait pas de normalisation.
# L'allure est identique cependant

#20
groupe <- iris$Species

cols <- c("blue", "black", "red")
plot(ScoreLD1, ScoreLD2, col = cols[groupe], pch=19)
# Histogramme vide (juste les axes)
hist(ScoreLD1, col = NA, border = NA,
     xlim = range(ScoreLD1), 
     main = "Histogramme des scores LD1", 
     xlab = "LD1")

# Ajouter un histogramme par groupe
hist(ScoreLD1[groupe=="setosa"], 
     col = NA, border = "blue", breaks = 15, add = TRUE)
hist(ScoreLD1[groupe=="versicolor"], 
     col = NA, border = "black", breaks = 15, add = TRUE)
hist(ScoreLD1[groupe=="virginica"], 
     col = NA, border = "red", breaks = 15, add = TRUE)

legend("topright", legend=levels(groupe), col=cols, lwd=2, bty="n")

#21
# Histogramme vide (juste les axes)
hist(ScoreLD2, breaks = 15, col = NA, border = NA,
     xlim = range(ScoreLD2), 
     main = "Histogramme des scores LD2", 
     xlab = "LD1")

# Ajouter un histogramme par groupe
hist(ScoreLD2[groupe=="setosa"], 
     col = NA, border = "blue", breaks = 15, add = TRUE)
hist(ScoreLD2[groupe=="versicolor"], 
     col = NA, border = "black", breaks = 15, add = TRUE)
hist(ScoreLD2[groupe=="virginica"], 
     col = NA, border = "red", breaks = 15, add = TRUE)


legend("topright", legend=levels(groupe), col=cols, lwd=2, bty="n")

#22
library(caret)
set.seed(12)
idx <- createDataPartition(iris$Species, p = 0.7, list = FALSE)
train <- iris[idx, ]
test  <- iris[-idx, ]

X_train <- subset(train, select = -Species)
y_train <- train$Species
X_test  <- subset(test,  select = -Species)
y_test  <- test$Species



lda_mod <- lda(X_train, y_train)
lda_mod   

pred_test <- predict(lda_mod, newdata = X_test)

# Matrice de confusion
cm <- table(Pred = pred_test$class, True = y_test)
print(cm)

# Pr?cision globale
acc <- mean(pred_test$class == y_test)
cat(sprintf("\nPr?cision (test) : %.3f\n", acc))

cm <- confusionMatrix(pred_test$class, y_test)
print(cm)

#23 
fit_cv <- lda(Species ~ ., data = iris, CV = TRUE)

y_pred <- fit_cv$class
y_true <- iris$Species

cm <- confusionMatrix(y_pred, y_true)
print(cm)

#24
size <- as.matrix(iris[, 1:4])
spec <- iris[, 5]
m1 <- manova(size ~ spec)
summary(m1, test = "Wilks")

#26 
miris<-as.matrix(iris[,1:4])
size<-apply(miris,1,prod)^(1/(dim(miris)[2]))

shapeiris<-miris/size
formlda<-lda(miris, iris$Species)
shapelda<-lda(shapeiris, iris$Species)

proj1<-miris%*%formlda$scaling
proj2<-shapeiris%*%shapelda$scaling

layout(matrix(c(1,2),1,2))
plot(proj1,pch=(1:3)[iris$Species],asp=1,cex=0.6,xlab="FD1",ylab="FD2",main="Form FDA")
plot(proj2,pch=(1:3)[iris$Species],asp=1,cex=0.6,xlab="FD1",ylab="FD2",main="Shape FDA")

#27


fit <- lda(Species ~ ., data = iris)

# ATTENTION PREDICT CENTRE LES DONNEES
proj_train <- as.data.frame(predict(fit)$x)
proj_train$Species <- iris$Species


new_obs <- data.frame(
  Sepal.Length = 6.1,
  Sepal.Width  = 2.9,
  Petal.Length = 4.5,
  Petal.Width  = 1.5
)

# ATTENTION PREDICT CENTRE LES DONNEES

pred_new <- predict(fit, newdata = new_obs)

plot(proj_train[,1], proj_train[,2], col = cols[iris$Species], pch=19)
points(pred_new$x[1], pred_new$x[2], cex=4, col="yellow", pch=19)
legend("topright", legend=levels(iris$Species), col=cols, lwd=2, bty="n")
pred_new

# knn 
library(class)
library(caret)

set.seed(123)

## -------------------------------
## 1) Donn?es
X <- iris[, 1:4]
y <- iris$Species

# Normalisation (important pour k-NN)
X_scaled <- scale(X)

## -------------------------------
## 2) Choix du k optimal (LOOCV)
k_grid <- seq(1, 25, by = 2)  # valeurs impaires pour ?viter les ?galit?s
acc <- numeric(length(k_grid))

for (i in seq_along(k_grid)) {
  # LOOCV = CV nfold = nrow(X)
  ctrl <- trainControl(method = "LOOCV")
  fit <- train(x = X_scaled, y = y,
               method = "knn",
               tuneGrid = data.frame(k = k_grid[i]),
               trControl = ctrl)
  acc[i] <- fit$results$Accuracy
}

# R?sultats
best_k <- k_grid[which.max(acc)]
cat("Meilleur k =", best_k, "avec Accuracy LOOCV =", max(acc), "\n")

plot(k_grid, acc, type = "b", pch = 19,
     xlab = "k (nombre de voisins)",
     ylab = "Accuracy (LOOCV)",
     main = "Optimisation de k par LOOCV")

## -------------------------------
## 3) Matrice de confusion LOOCV
ctrl <- trainControl(method = "LOOCV", savePredictions = "final")
fit_final <- train(x = X_scaled, y = y,
                   method = "knn",
                   tuneGrid = data.frame(k = best_k),
                   trControl = ctrl)

cm <- confusionMatrix(fit_final$pred$pred, fit_final$pred$obs)
print(cm)

new_obs <- data.frame(Sepal.Length = 6.1,
                      Sepal.Width  = 2.9,
                      Petal.Length = 4.5,
                      Petal.Width  = 1.5)

new_obs_scaled <- scale(new_obs,
                        center = attr(X_scaled, "scaled:center"),
                        scale  = attr(X_scaled, "scaled:scale"))

pred_new <- knn(train = X_scaled, test = new_obs_scaled,
                cl = y, k = best_k, prob = TRUE)

# Avec k-NN, on ne calcule pas un ? vrai ? a posteriori bay?sien issu d'un mod?le probabiliste. On obtient plut?t une estimation non param?trique 
cat("Nouvel individu pr?dit comme :", as.character(pred_new), "\n")
attr(pred_new, "prob")  # probabilit? majoritaire

data(iris)   dim(iris)     #1     #2   iris[5,]     #3     anova(lm(iris$Sepal.Length ~ iris$Species))   anova(lm(iris$Sepal.Width ~ iris$Species))   anova(lm(iris$Petal.Length ~ iris$Species))   anova(lm(iris$Petal.Width ~ iris$Species))     #6   # Matrice de scatterplots coloree par espece   cols < -   c(setosa = "blue", versicolor = "black", virginica = "red")   sp   < -   iris$Species     pan_base < -   function(x, y, ...) {      points(x, y, pch = 19, cex = 0.75, col = cols[sp])   }     op = par(mar = c(0,0,0,0))   pairs(iris[, 1:4], panel = pan_base)   par(op)     #7    library(scatterplot3d)   op=par(mfrow = c(2, 2))  

