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path <- ""

setwd (paste(path, "reproducible_files/
Simulation_Studies/R_0bjects/", sep = ""))
require(snowfall)

sfInit(parallel = TRUE, cpus = 100, type = "MPI")
sfLibrary(party)

sfLibrary (mvtnorm)

sfLibrary (ROCR)

perform_simulation <- function(seed,

ncat =6,

mixing = 0.6,

correlations = TRUE,

nobs = 200,

scores = NULL,

nnoise = 50, # must be more than 40

effectll

0.5,

AN
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effectl2 = 0.75,
effectl3 =1,
effect2 =1,
corstrength = 0.8,
ncor =6,

get.tree.fractions.only = FALSE,

mtry = NULL){

if('is.null(scores)){

if (!length(scores) == ncat)

stop("Score vector

must have the same

length as number of
categories.")

else scores <- list(y = scores)

Yelseq{

scores <- list(y = 1l:ncat)

}

if (is.null(mtry)) mtry <- floor(sqrt(nnoise + 15))

traindata <- generate_data

(seed = seed, n = nobs, ncat = ncat,

mixing = mixing, correlations = correlations,
nnoise = nnoise, ncor = ncor,

effectll = effectll, effectl2 = effectl?2,
effectl3 = effectl13, effect2 = effect2,

corstrength = corstrength)

if (get.tree.fractions.only){

result <- view_first_split(seed = seed,
traindata = traindata, mixing = mixing,

scores = scores, mtry = mtry)

}elsed{

testdata <- generate_data(seed = seed * 10000,
n = 10000, ncat = ncat, mixing = mixing,
correlations = correlations, nnoise = nnoise,

ncor = ncor, effectll = effectll,
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effectl2 = effectl2, effectl3 = effectl3,
effect2 = effect2, corstrength = corstrength)
result <- get_PA_VI(seed = seed,

traindata = traindata, testdata = testdata,
scores = scores, mtry = mtry, mixing = mixing)
}

return(result)

3

generate_data <- function(seed, n = nobs,
ncat, mixing, correlations, nnoise, ncor,
effectll, effectl12, effectl13, effect2, corstrength){
ncat_half <- ceiling(ncat/2)

if (ncat %% 2 == 1){

grid <- ncat_half*(ncat_half+1)/2-0.5

thres <- 9/grid * c(0.5, 2:ncat_half)
thresholds <- c(-rev(cumsum(thres)),
cumsum(thres))

}elsed{

grid <- ncat_halfx(ncat_half+1)/2

thres <- 9/grid * c(l:ncat_half)

thresholds <- c(-rev(cumsum(thres)), O,
cumsum (thres))

}

thresholds[1] <- -Inf

thresholds[ncat+1] <- Inf

betal <- rep(c(effectl13, effectl2, effectll, 0),
c(5, 5, 5, nnoise))

beta2 <- c(rep(c(effect2, effect2, - effect2,
- effect2, 0), length = 15), rep(0, nnoise))
set.seed(seed)

tooless <- TRUE

while(tooless){

if (correlations == TRUE)
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signal_sigma08 <- matrix(corstrength, nrow =
noise_sigma08 <- matrix(0.8, nrow = 10, ncol
noise_sigma06 <- matrix(0.6, nrow = 10, ncol
noise_sigma04 <- matrix(0.4, nrow = 10, ncol
noise_sigma02 <- matrix(0.2, nrow = 10, ncol
diag(signal_sigma08) <-

diag(noise_sigma08) <-

diag(noise_sigma06) <-

diag(noise_sigma04) <-

diag(noise_sigma02) <- 1

X_cor_signal <- rmvnorm(n = n, sigma =
X_cor_noise08 <- rmvnorm(n = n, sigma =
X_cor_noise06 <- rmvnorm(n = n, sigma =
X_cor_noise04 <- rmvnorm(n = n, sigma =
X_cor_noise02 <- rmvnorm(n = n, sigma =
X_uncor_noise <- rmvnorm(n = n, mean =
X_uncor_signal <- rmvnorm(n = n, mean =

X <- cbind(X_cor_signall,1],
X_uncor_signall,1],
X_cor_signall,2],
X_uncor_signall[,c(2, 3)],
X_cor_signall,3],
X_uncor_signall,4],
X_cor_signall,4],
X_uncor_signal[,c(5, 6)],
X_cor_signall[,5],
X_uncor_signall,7],
X_cor_signall[,6],
X_uncor_signall[,c(8, 9],

X_cor_noise08,

ncor, ncol

ncor)
10)
10)
10)
10)

signal_sigma08)
noise_sigma08)
noise_sigma06)
noise_sigma04)

noise_sigma02)

rep(0, nnoise - 40))

rep(0, 15 - ncor))
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X_cor_noise06,

X_cor_noise04,

X_cor_noise02,

X_uncor_noise)

}elsed{

X <- matrix(rnorm(n =

n * (nnoise + 15)), nrow = n)

3

etal <- apply(X %*% betal, 1,
function(z) z +

thresholds[-(ncat + 1)])

eta2 <- apply(X %*% beta2,

1, function(z) z + thresholds

[-(ncat + 1)1)

p_1 <- exp(etal)/(1 + exp(etal))

p_2 <- exp(eta2)/(1 + exp(eta2))

cumprob <- mixing *

p_1 + (1 - mixing) * p_2

cumprob <- rbind(cumprob, 1)
prob <- diff (cumprob)

y_mat <- apply(prob, 2,
function(z) rmultinom

(n =1, size = 1, prob = z))

y <- apply(y_mat, 2, which.max)

tooless <- min(table(y)) < 10
}

return(data.frame(y = y, X = X))
}

get_PA_VI <- function

(seed, traindata,
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testdata, scores,
mtry, mixing){
set.seed(seed)
traindata$y <- factor
(traindata$y,
ordered = TRUE)

RF_ordinal <- cforest(y ~ .,

data = traindata,
scores = scores,
controls =

cforest_control

(teststat = "quad",
testtype = "Univ",
mtry = mtry,
minbucket =0,
minsplit =0,
mincriterion = O,
replace = FALSE,
ntree = 1000))

traindata$y <- factor

(traindata$y, ordered = FALSE)

RF_classification <- cforest(y ~ .,

data = traindata,

controls =
cforest_control(teststat = "quad",
testtype = "Univ",

mtry = mtry,

minbucket =0,

minsplit =0,

mincriterion = O,
replace = FALSE,

ntree = 1000))
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PA_ordinal <- get_PA(

RF = RF_ordinal,

testdata = testdata)
PA_classification <- get_PA(RF =
RF_classification,

testdata = testdata)

AUC_ordinal <- get_AUC

(RF = RF_ordinal,

scores = scores$y, mixing = mixing)
AUC_classification <-

get_AUC(RF = RF_classification,

scores = scores$y, mixing = mixing)

result <- c(PA_ordinal,
PA_classification,

AUC_ordinal,

AUC classification)

names (result) <- c("RPS_RF_ordinal",
"ER_RF_ordinal",
"RPS_RF_classification",
"ER_RF_classification",
"AUC_ERVIM _RF_ordinal",
"AUC_RPSVIM_RF_ordinal",
"AUC_MSEVIM_RF_ordinal",
"AUC_MAEVIM_RF_ordinal",
"AUC_ERVIM _RF_classification",
"AUC_RPSVIM_RF_classification",
"AUC_MSEVIM_RF_classification",
"AUC_MAEVIM_RF_classification")
return(result)

}

pred_class <- as.numeric(sapply

(pred_prob, which.max))
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ER <- mean(as.numeric(pred_class)
!= as.numeric

(testdata$y))

return(c(RPS = RPS, ER = ER))

}

view_first_split <- function(seed, traindata,

mixing, scores, mtry){
set.seed(seed)
if (mixing == 0) effect.pred <-
c(1:4, 6:9, 11:14)
else effect.pred <- 1:15
index <- lapply(1:1000,
function(x)
list(sample(1l: (ncol(traindata)-1),
size = mtry),
sample (1:nrow(traindata),
size = floor(0.632 *
nrow(traindata)))))
traindata$y <- factor
(traindataly,

ordered = TRUE)
tree_ordinal <- ctree(y ~ .,
data = traindatal[obs.index,
c(1, (pred.index + 1))],

controls = ctree_control

(teststat = "quad",
testtype = "Univ",
minbucket =0,
minsplit =0,
mincriterion =0,
savesplitstats = FALSE,
stump = TRUE))

traindata$y <- factor(traindata$y,
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ordered = FALSE)
tree_classification <- ctree(y ~ .,
data = traindatal[obs.index,

c(1, (pred.index + 1))],

controls = ctree_control

(teststat = "quad",
testtype = "Univ",
minbucket =0,
minsplit =0,
mincriterion =0,
savesplitstats = FALSE,
stump = TRUE))

return(c(tree_ordinal@tree@.
Data[[5]]$variableName,
tree_classification@treeQ.
Datal[[5]]$variableName))

}

sel.pred <- sapply(index,
function(z)grow_trees
(pred.index = z[[1]],
obs.index = z[[2]]))
obtain_tree_frac <-
function(pred)

mean(pred %in) paste

("X.", effect.pred, sep = ""))
fraction <- apply(sel.pred,
1, obtain_tree_frac)
return(fraction)

}

prediction_performance <- function
(seed, data, yname,

scores = NULL,

mtry = NULL, ncv = 10){

set.seed(seed)
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ncat <- length(levels(datal, yname]))

if ('is.null(scores)){

if (!length(scores) == ncat) stop

("Score vector must have

the same length as

number of categories.")

else scores <- eval

(parse(text = paste("list

(", yname, " = scores)")))

Yelse{

scores <- eval(parse(text = paste

("1ist(", yname, " = 1:ncat)")))

}

if(is.null (mtry))

mtry <- floor(sqgrt(ncol(data) - 1))

cvid <- rep(NA, length = nrow(data))

for(i in levels(datal, yname]))

cvid[datal[, yname] == i] <-
sample(rep(l:ncv, length =

sum(datal, yname] == i)))

result <- sapply(l:ncv, function(cv){
tryCatch({

RFs <- fit_RF(seed = seed,

traindata = datalcvid !'= cv,],

yname = yname,

scores = scores,

mtry = mtry)

PA_ordinal

<- get_PA(RF

RFs$RF_ordinal,
testdata = datal[cvid == cv,],
yname = yname)

PA_classification <-

get_PA(RF = RFs$RF_classification,
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testdata = datalcvid == cv,],

yname = yname)

result <- c(PA_ordinal, PA_classification)

names (result) <- c("RPS_RF_ordinal",

"ER_RF_ordinal",

"RPS_RF_classification",

"ER_RF _classification")

return(result)

}

, error = function(e)

{return(c(RPS_RF_ordinal = NA,
ER_RF_ordinal = NA,
RPS_RF_classification = NA,
ER_RF_classification = NA))})

b

return(rowMeans (result, na.rm = TRUE))

}

variable_importance <-
function(seed, data, yname,
scores = NULL, mtry = NULL){

set.seed(seed)

ncat <- length(levels(datal, yname]))

if('is.null(scores)){

if (!length(scores) == ncat)
stop("Score vector must
have the same length as
number of categories.")
else scores <-
eval (parse(text =

paste("list(", yname, " =
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scores)")))

}else{ scores <-

eval (parse(text =

paste("list(", yname, " =
1:ncat)")))

}

p <- ncol(data) - 1

data <- datal,

c(which(names(data) == yname),
rep(which(names(data)

!= yname), 2))]

perm <- sample(1l:nrow(data))

datal, (p + 2) : (2xp + 1)] <-
datal[perm, (p + 2) : (2*p + 1)]

if (is.null(mtry)) mtry <-

floor(sqrt(ncol(data) - 1))

RFs <- fit_RF(seed = seed,

traindata = data,

yname = yname,

scores = scores,

mtry = mtry)

AUC_ordinal <-
get_AUC(RF = RFs$RF_ordinal,
scores = scores[[1]])
AUC_classification <-
get_AUC(RF = RFs$RF
_classification,

scores = scores[[1]])

result <- c(AUC_ordinal,
AUC_classification)

names (result) <- c(
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"AUC_ERVIM_RF_ordinal",
"AUC_RPSVIM_RF_ordinal",
"AUC_MSEVIM_RF_ordinal",
"AUC_MAEVIM_RF_ordinal",
"AUC_ERVIM RF_classification",
"AUC_RPSVIM_RF_classification",
"AUC_MSEVIM_RF_classification",

"AUC_MAEVIM_RF_classification")

return(result)

}

get_AUC <- function(RF, scores){
VIM_ER <- varimp(RF)

VIM_RPS <- varimpRPS(RF)

VIM_MSE <- varimpMSE(RF, scores = scores)

VIM_MAE <- varimpMAE(RF, scores = scores)

effect_ind <- rep(c(1, 0),

each = length(VIM_ER)/2)
return(sapply(1list(VIM_ER, VIM_RPS,

VIM_MSE, VIM_MAE), function(z)
unlist(performance(prediction(z, effect_ind),

measure = "auc")Qy.values)))

}

RF_ordinal <- cforest(formula,

data = traindata,

scores = scores,

controls =
cforest_control(teststat = "quad",
testtype = "Univ",

mtry = mtry,

minbucket =0,

minsplit =0,

mincriterion = O,
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replace FALSE,

ntree 1000))
traindatal, yname] <- factor(traindata

[, yname], ordered = FALSE)

RF_classification <- cforest(formula,

data = traindata,

controls =

cforest_control(teststat = "quad",
testtype = "Univ",

mtry = mtry,

minbucket =0,

minsplit =0,

mincriterion = O,
replace = FALSE,

ntree = 1000))

return(list (RF_ordinal = RF_ordinal,

RF_classification = RF_classification))

}

pred_prob <- predict(RF,

newdata = testdata,

type = "prob")

hat_F <- sapply(pred_prob,

function(x) cumsum(x))

indicator_mat <- matrix(as.numeric

(rep(testdatal, yname], each = ncat)),
nrow = ncat, byrow = FALSE)

T_F <- apply(indicator_mat, 2,

function(x) as.numeric(x <= l:ncat))

RPS <- sum((hat F - T_F)"2)/

nrow(testdata) pred_class

<- as.numeric(sapply(pred_prob

, which.max))
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ER <- mean(as.numeric(pred_class) !=

as.numeric(testdatal, yname]))

return(c(RPS = RPS, ER = ER))
}
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Aabstract

Random forest, as a combination of decision trees, is one of the most comprehensive and
modern methods of data mining which is placed in the category of consensus bootstrap or bagging.
This method is a common tool for classification in high dimensional data, so that it is able to predict
the class of observations and determine the rank of predictor variables based on the importance of
those variables. Random forests can be used for the quantitative, nominal or survival response
variables. But when the response variable is ordinal, it is usually considered the response as a
nominal one, which ignores the ordinal information and reduces the prediction accuracy. In this
thesis, we use a modification of classical decision tree to construct a different type of random forest
method for ordinal response variable. The results of simulation data and real data imply that by
applying of these changes, the predictive performance has been improved in comparison with the

classical random forest method.

Keywords: Decision tree, Conditional inference tree, Random forest, Ordinal random forest.
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