library(MASS)

library("clusterGeneration")

# install.packages("biwt")

# library(biwt)

bivbox<-function(a, d = 7, mtitle = "Bivariate Boxplot",

 method = "robust",xlab="X",ylab="Y")

{

  #a is data matrix

  #d is constant(usually 7 para 99% de confiança)


p <- length(a[1,  ])


if(method == "robust") {



param <- biweight(a[, 1:2]); m1 <- param[1]; m2 <- param[2]



s1 <- param[3]; s2 <- param[4]; r <- param[5]


}


else {



m1 <- mean(a[, 1]); m2 <- mean(a[, 2]); 



s1 <- sqrt(var(a[, 1])); s2 <- sqrt(var(a[, 2])); r <- cor(a[, 1:2])[1, 2]


}


x <- (a[, 1] - m1)/s1; y <- (a[, 2] - m2)/s2


e <- sqrt((x * x + y * y - 2 * r * x * y)/(1 - r * r))


e2 <- e * e; em <- median(e); emax <- max(e[e2 < d * em * em])


r1 <- em * sqrt((1 + r)/2); r2 <- em * sqrt((1 - r)/2); theta <- ((2 * pi)/360) * seq(0, 360, 3)


xp <- m1 + (r1 * cos(theta) + r2 * sin(theta)) * s1; yp <- m2 + (r1 * cos(theta) - r2 * sin(theta)) * s2


r1 <- emax * sqrt((1 + r)/2); r2 <- emax * sqrt((1 - r)/2); theta <- ((2 * pi)/360) * seq(0, 360, 3)


xpp <- m1 + (r1 * cos(theta) + r2 * sin(theta)) * s1; ypp <- m2 + (r1 * cos(theta) - r2 * sin(theta)) * s2


maxxl <- max(xpp); minxl <- min(xpp); maxyl <- max(ypp); minyl <- min(ypp)


b1 <- (r * s2)/s1; a1 <- m2 - b1 * m1; y1 <- a1 + b1 * minxl; y2 <- a1 + b1 * maxxl


b2 <- (r * s1)/s2; a2 <- m1 - b2 * m2; x1 <- a2 + b2 * minyl; x2 <- a2 + b2 * maxyl


maxx <- max(c(a[, 1], xp, xpp, x1, x2)); minx <- min(c(a[, 1], xp, xpp, x1, x2))


maxy <- max(c(a[, 2], yp, ypp, y1, y2)); miny <- min(c(a[, 2], yp, ypp, y1, y2))


plot(a[, 1], a[, 2], xlim = c(minx, maxx), ylim = c(miny, maxy), xlab =xlab, ylab =ylab,


 lwd = 2, pch = 1)


lines(xp, yp, lwd = 2); lines(xpp, ypp, lty = 2, lwd = 2)


segments(minxl, y1, maxxl, y2, lty = 3, lwd = 2); segments(x1, minyl, x2, maxyl, lty = 4, lwd = 2)

}

########################

# Methodology of Rebonato and Jackel (2000) to create a

# positive definite matrix out of a non-positive definite matrix.

# Reference: Rebonato and Jackel, "The most general methodology for creating a

# valid correlation matrix for risk management and option pricing purposes",

# Journal of Risk, Vol 2, No 2, 2000

fixNonPositiveDefiniteMatrix <- function(origMat) {

    cholStatus <- try(u <- chol(origMat), silent = TRUE)

    cholError <- ifelse(class(cholStatus) == "try-error", TRUE, FALSE)

    newMat <- origMat

    iter <- 0

    while (cholError) {

        iter <- iter + 1

        cat("iteration ", iter, "\n")

        # replace -ve eigen values with small +ve number

        newEig <- eigen(newMat)

        newEig2 <- ifelse(newEig$values < 0, 1e-10, newEig$values)

        # create modified matrix eqn 5 from Brissette et al 2007,



# inv = transp for eig vectors

        newMat <- newEig$vectors %*% diag(newEig2) %*% t(newEig$vectors)

        # normalize modified matrix eqn 6 from Brissette et al 2007

        newMat <- newMat #/sqrt(diag(newMat) %*% t(diag(newMat)))

        # try chol again

        cholStatus <- try(u <- chol(newMat), silent = TRUE)

        cholError <- ifelse(class(cholStatus) == "try-error", TRUE, FALSE)

    }

    newMat

}

# randomCor, logico, se TRUE, cria as covariancias

# se FALSE, covariancias sao nulas.

blockDiagonalPDMatrix <- function(randomCor,...) {

  matrixList<-list(...)

  if(is.list(matrixList[[1]])) matrixList<-matrixList[[1]]

  dimensions<-sapply(matrixList,FUN=function(x) dim(x)[1])

  finalDimension<-sum(dimensions)

  finalMatrix<-matrix(0,nrow=finalDimension,ncol=finalDimension)

  if (randomCor == TRUE)

    finalMatrix <- rcorrmatrix(finalDimension, 1)

  index<-1

  for(k in 1:length(dimensions)){

    finalMatrix[index:(index+dimensions[k]-1),index:(index+dimensions[k]-1)]<-matrixList[[k]]

    index<-index+dimensions[k]

  }

  fixNonPositiveDefiniteMatrix(finalMatrix)

}

generateRandomData <- function(

    n=100, 

    p=5,

    mu = c(3, 2, 2.5, 1, 4),

    sigmap = c(0.2,0.4, 0.1, 0.3, 0.2),

    mincorr = 0.5)

{

  # Obtemos uma matriz de covariância aleatória utilizando 'rcorrmatrix'

  # e ajustamos a minima correlacao.

  Corr_pp <- rcorrmatrix(p, alphad=1);

  i <- which(abs(Corr_pp) <  mincorr, arr.ind=TRUE)

  Corr_pp[i] <- sign(Corr_pp[i])*mincorr + Corr_pp[i]*(1-mincorr)

  # Reescalamos a matriz de correlação usando o vetor

  # de variâncias, obtendo assim a matriz de variâncias

  Sigma <- fixNonPositiveDefiniteMatrix(

    diag(sqrt(sigmap)) %*% Corr_pp %*% t(diag(sqrt(sigmap))));

  # Geramos os dados de forma aleatória considerando

  # o vetor de média e a matriz de covariâncias.

  dados <- mvrnorm(n=n, mu=mu, Sigma=Sigma);

  dados <-  mvrnorm(n, mu, Sigma)

  return(dados)

}

# Parâmetros:

#   - n: número de indivíduos

#   - p: número de variáveis do primeiro conjunto

#   - q: número de variáveis do segundo conjunto

#   - mup: vetor de médias para as p variáveis

#   - muq: vetor de médias para as q variáveis

#   - sigmap: desvios padrões das p variáveis

#   - sigmaq: desvios padrões das q variáveis

#   - Corr_pp: matriz de correlação entre as p variáveis

#   - Corr_qq: matriz de correlação entre as q variáveis

generateExample1 <- function(n = 50, indep = TRUE, plotData = TRUE)

{

    p = 2

    q = 2

    mup = c(2, 2)

    muq = c(3, 3)

    sigmap = sigmaq = c(0.4,0.4)

    Corr_pp = Corr_qq = matrix(c(1,0.55,0.55,1), 2, 2)

    sigmaspq <- c(sigmap, sigmaq) %*% t(c(sigmap, sigmaq))

    Sigmapq = sigmaspq * blockDiagonalPDMatrix(indep, Corr_pp, Corr_qq)

    data <-  mvrnorm(n, c(mup, muq), Sigmapq)

    xdata <- c(data[,1],data[,3])

    labels <- c(rep("group1", length(xdata)/2), rep("group2", length(xdata)/2))

    ydata <- c(data[,2],data[,4])

    df <- data.frame("x"=xdata, "y"=ydata, "groups"=labels)

    if (plotData)

        plot(df[,1:2], col=df[,3])

    return(df)

}

generateExample2 <- function(n = 50, indep = TRUE, plotData = TRUE)

{

    p = 2

    q = 2

    mup = c(2, 2)

    muq = c(2, 3)

    sigmap = sigmaq = c(0.8,0.4)

    Corr_pp = Corr_qq = matrix(c(1,0.7,0.7,1), 2, 2)

    sigmaspq <- c(sigmap, sigmaq) %*% t(c(sigmap, sigmaq))

    Sigmapq = sigmaspq * blockDiagonalPDMatrix(indep, Corr_pp, Corr_qq)

    data <-  mvrnorm(n, c(mup, muq), Sigmapq)

    xdata <- c(data[,1],data[,3])

    labels <- c(rep("group1", length(xdata)/2), rep("group2", length(xdata)/2))

    ydata <- c(data[,2],data[,4])

    df <- data.frame("x"=xdata, "y"=ydata, "groups"=labels)

    if (plotData)

        plot(df[,1:2], col=df[,3])

    return(df)

}

generateExample3 <- function(n = 50, indep = TRUE, plotData = TRUE)

{

    p = 2

    q = 2

    mup = c(2, 2)

    muq = c(2, 1)

    sigmap = sigmaq = c(0.25,0.25)

    Corr_pp = matrix(c(1,0.65,0.65,1), 2, 2)

    Corr_qq = matrix(c(1,-0.65,-0.65,1), 2, 2)

    sigmaspq <- c(sigmap, sigmaq) %*% t(c(sigmap, sigmaq))

    Sigmapq = sigmaspq * blockDiagonalPDMatrix(indep, Corr_pp, Corr_qq)

    data <-  mvrnorm(n, c(mup, muq), Sigmapq)

    xdata <- c(data[,1],data[,3])

    labels <- c(rep("group1", length(xdata)/2), rep("group2", length(xdata)/2))

    ydata <- c(data[,2],data[,4])

    df <- data.frame("x"=xdata, "y"=ydata, "groups"=labels)

    if (plotData)

        plot(df[,1:2], col=df[,3])

    return(df)

}

addPCLine <- function(PC, mu0_barra, out, color="black") {

  # reta do PC: y = ax+b, com a = PC_2/PC_1 e b = mu_2 - a mu_1

  slope_PC <- PC[2]/PC[1]

  intercept_PC <- mu0_barra[2] - slope_PC * mu0_barra[1]

  out <- out + geom_abline(intercept = intercept_PC, slope = slope_PC, colour=color)

  return(out)

}

PCbiplot <- function(scores1, scores2, loadingsPC1, loadingsPC2, obsnames, varnames) {


div <- max(abs(scale(scores1)), abs(scale(scores2)))*(1/max(loadingsPC1, loadingsPC2))


data <- data.frame(scores1=scale(scores1)/div, scores2=scale(scores2)/div)


out <- ggplot(data=data, aes(x=scores1, y=scores2)) + geom_text(alpha=.4, size=3, aes(label=obsnames))


datapc <- data.frame(loadingsPC1=loadingsPC1, loadingsPC2=loadingsPC2)


rownames(datapc) <- varnames


out <- out + geom_segment(data=datapc, aes(x=0, y=0, xend=loadingsPC1, yend=loadingsPC2), arrow=arrow(length=unit(0.2,"cm")), alpha=0.75, color="red")


out <- out + coord_equal() + geom_text(data=datapc, aes(x=loadingsPC1, y=loadingsPC2, label=varnames), size = 3, vjust=1, color="red")


return(out)

}

