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Computational procedure
library(grpreg)
library(MASS)
library(ROCR)
library(spls)
library(rrpack)
library(remMap)
library(pls)
library(randomForest)
library(glmnet)

# Data preparation ====

# Simulation data generation
# Ma Z, Sun T. Adaptive sparse reduced-rank regression. 2014, arXiv e-prints. URL http://arxiv.org/abs/1403.1922. 

gnrt <-function(n,nvld,ntst,nrow,p,m,r,rho,sigma,b){
  
  A=matrix(0,p,m)
  B0=matrix(rnorm(nrow*r),nrow,r)
  B1=matrix(rnorm(r*m),r,m)
  A[1:nrow,]=b*B0%*%B1
  
  Sigma=matrix(1,p,p)
  for(j in 1:p) for (k in 1:p) Sigma[j,k]=rho^abs(j-k)
  
  X=mvrnorm(n,rep(0,p),Sigma)	
  E=matrix(rnorm(n*m),n,m)
  Y=X%*%A + E
  
  Xvld=mvrnorm(nvld,rep(0,p),Sigma)	
  Evld=matrix(rnorm(nvld*m),nvld,m)
  Yvld=Xvld%*%A + Evld
  
  Xtst=mvrnorm(ntst,rep(0,p),Sigma)	
  Etst=matrix(rnorm(ntst*m),ntst,m)
  Ytst=Xtst%*%A + Etst
  
  return(list(Y=Y,X=X,A=A,r=r,Yvld=Yvld,Xvld=Xvld,Ytst=Ytst,Xtst=Xtst))
}



# Methods ====

# SARRS

SARRS <- function(Y,X,r,lam,ptype,V0=NULL){
  
  n = dim(X)[1]
  p = dim(X)[2]
  m = dim(Y)[2]
  group = rep(1:(p+1),r)
  
  if(is.null(V0)){
    V0 = svd(Y,nu=r,nv=r)$v
  }
  
  XX = kronecker(diag(rep(1,r)),cbind(X,1))
  YY = Y %*% V0
  YY = as.vector(YY)
  fit1 = grpreg(XX, YY, group, lambda=lam, penalty= ptype, family="gaussian")
  B1 = matrix(fit1$beta[-1],nrow=p+1,ncol=r)
  B1[p+1,] = B1[p+1,]+fit1$beta[1]
  XB = cbind(X,1) %*% matrix(B1,nrow=p+1,ncol=r)
  
  U1 = svd(XB,nu=r,nv=r)$u
  tmp = U1%*%t(U1)%*%Y
  V1 = svd(tmp,nu=r,nv=r)$v
  
  YY = Y %*% V1
  YY = as.vector(YY)
  fit2 = grpreg(XX,YY,group,lambda=lam, penalty= ptype, family="gaussian")
  B2 = matrix(fit2$beta[-1],nrow=p+1,ncol=r)
  B2[p+1,] = B2[p+1,]+fit2$beta[1]
  
  Ahat = B2 %*% t(V1)
  return(list(Ahat=Ahat))
}


simu_SARRS <- function(nrep, n, nvld, ntst, nrow, p, m, r, rho, sigma, b, seed=NULL, ifprint=F){
  
  if(!is.null(seed)) set.seed(seed)	
  
  penal.const=1:50/50
  penal.type=c("grLasso","grMCP")
  err.result=array(NA, dim=c(nrep, length(penal.type),length(penal.const)+1,9), 
                   dimnames=list(1:nrep,penal.type,c(penal.const,"opt"),
                                 c("err.pred","err.est","shat","rhat","R2","TIC","TPR","SPC","AUC"))) 
  
  for(kk in 1:nrep){
    
    if(ifprint==F & (kk%%10==1)) cat("\n replication: ", kk) 
    if(ifprint==F & (kk%%10!=1)) cat(" ",kk) 
    if(ifprint==T) cat("replication", kk,  date(),"\n")
    
    #generate dataset
    {
      data=gnrt(n, nvld, ntst, nrow, p, m, r, rho, sigma, b)
      Y=data$Y
      X=data$X
      A=data$A
      r=data$r
      Yvld=data$Yvld
      Xvld=data$Xvld
      Ytst=data$Ytst
      Xtst=data$Xtst
    }
    
    if(ifprint==T) cat("data generated.","\n")
    
    #estimate noise variance
    Minv = ginv(t(Xvld)%*%Xvld)
    Pvld = Xvld%*%Minv%*%t(Xvld)
    sigmahat = sqrt(sum((Yvld-Pvld%*%Yvld)^2)/(nvld*m-min(nvld,p)*m))
    
    #estimate rank
    P = X%*% ginv(t(X)%*%X) %*%t(X)
    rhat = sum(svd(P%*%Y)$d > sigmahat*(sqrt(2*m)+sqrt(2*min(n,p))))
    err.result[kk,1,length(penal.const)+1,4] = rhat
    
    lam0 = 2*sigmahat*max(sqrt(colSums(X^2)))/n/rhat*(sqrt(rhat)+2*sqrt(log(p)))
    if(ifprint==T)  cat("Initialized.","\n")
    
    for(jj in 1:length(penal.type)){
      
      err.cur=Inf
      Ahat.cur=NA		##record the best penal.const
      for(rr in 1:length(penal.const)){
        
        V0 = svd(P%*%Y,nu=rhat,nv=rhat)$v
        objtmp = SARRS(Y,X,rhat, lam0*penal.const[rr], penal.type[jj],V0)
        Ahat.new = 	objtmp$Ahat
        err.new = mean((Yvld-(cbind(Xvld,1) %*% Ahat.new))^2) 
        
        err = error(Ahat.new,A, Xtst, Ytst)
        err.result[kk,jj,rr,1]=err$err.pred
        err.result[kk,jj,rr,2]=err$err.est	
        err.result[kk,jj,rr,3]=err$shat
        err.result[kk,jj,rr,4]=rhat
        err.result[kk,jj,rr,5]=err$R2
        err.result[kk,jj,rr,6]=err$TIC
        err.result[kk,jj,rr,7]=err$TPR
        err.result[kk,jj,rr,8]=err$SPC
        err.result[kk,jj,rr,9]=err$AUC
        
        if(err.new < err.cur) {
          Ahat.cur=Ahat.new
          err.cur= err.new
          obj=objtmp
        }
      }
      
      Ahat=Ahat.cur
      err = error(Ahat,A,Xtst,Ytst)
      err.result[kk,jj,length(penal.const)+1,1]=err$err.pred
      err.result[kk,jj,length(penal.const)+1,2]=err$err.est	
      err.result[kk,jj,length(penal.const)+1,3]=err$shat
      err.result[kk,jj,length(penal.const)+1,5]=err$R2
      err.result[kk,jj,length(penal.const)+1,6]=err$TIC
      err.result[kk,jj,length(penal.const)+1,7]=err$TPR
      err.result[kk,jj,length(penal.const)+1,8]=err$SPC
      err.result[kk,jj,length(penal.const)+1,9]=err$AUC
      
      if(ifprint==T) 
        cat(penal.type[jj], "\t pred err =",
            round(err$err.pred,3), "\t est err =",round(err$err.est,3),"\n")
    }
    if(ifprint==T) cat("\n")
  }
  
  cat("\n")
  return(err.result)
}


# SRRR

simu_srrr <- function(nrep, n, nvld, ntst, nrow, p, m, r, rho, sigma, b, seed=NULL, ifprint=F){
  
  if(!is.null(seed)) set.seed(seed)	
  
  penal.type <- c("glasso","adglasso")
  nrank <- 1:min(p,m)
  
  err.result=array(NA, dim=c(nrep,length(penal.type),length(nrank)+1,8), 
                   dimnames=list(1:nrep,penal.type,c(nrank,"opt"),c("err.pred","err.est","shat","R2","TIC","TPR","SPC","AUC"))) 
  
  for(kk in 1:nrep){
    
    if(ifprint==F & (kk%%10==1)) cat("\n replication: ", kk) 
    if(ifprint==F & (kk%%10!=1)) cat(" ",kk) 
    if(ifprint==T) cat("replication", kk,  date(),"\n")
    
    #generate dataset
    {
      data=gnrt(n, nvld, ntst, nrow, p, m, r, rho, sigma, b)
      Y=data$Y
      X=data$X
      A=data$A
      r=data$r
      Yvld=data$Yvld 
      Xvld=data$Xvld 
      Ytst=data$Ytst
      Xtst=data$Xtst
    }
    
    if(ifprint==T) cat("data generated.","\n")
    
    for(jj in 1:length(penal.type)){ 
      
      err.cur=Inf
      Ahat.cur=NA		##record the best penal.const
      
      for(rr in 1:length(nrank)){
        
        result_srrr <- srrr(Y, X, nrank = rr, method = penal.type[jj],ic.type = "BIC")
        Ahat.new <- result_srrr$coef
        
        err.new = mean((Yvld-(Xvld %*% Ahat.new))^2) 
        
        err = error2(Ahat.new,A, Xtst, Ytst)
        err.result[kk,jj,rr,1]=err$err.pred
        err.result[kk,jj,rr,2]=err$err.est	
        err.result[kk,jj,rr,3]=err$shat
        err.result[kk,jj,rr,4]=err$R2
        err.result[kk,jj,rr,5]=err$TIC
        err.result[kk,jj,rr,6]=err$TPR
        err.result[kk,jj,rr,7]=err$SPC
        err.result[kk,jj,rr,8]=err$AUC
        
        if(err.new < err.cur) {
          Ahat.cur=Ahat.new
          err.cur= err.new
          obj=result_srrr}
      }
      
      Ahat=Ahat.cur
      err = error2(Ahat,A,Xtst,Ytst)
      err.result[kk,jj,length(nrank)+1,1]=err$err.pred
      err.result[kk,jj,length(nrank)+1,2]=err$err.est	
      err.result[kk,jj,length(nrank)+1,3]=err$shat
      err.result[kk,jj,length(nrank)+1,4]=err$R2
      err.result[kk,jj,length(nrank)+1,5]=err$TIC
      err.result[kk,jj,length(nrank)+1,6]=err$TPR
      err.result[kk,jj,length(nrank)+1,7]=err$SPC
      err.result[kk,jj,length(nrank)+1,8]=err$AUC
      
    }
    
    if(ifprint==T) cat("\n")
  }
  
  cat("\n")
  return(err.result)
}


# SPLS
# Chun H and Keles S (2010), "Sparse partial least squares for simultaneous dimension reduction and variable selection", Journal of the Royal Statistical Society - Series B, Vol. 72, pp. 3–25.

correctp <- function (x, y, eta, K, kappa, select, fit) {
  
  if (min(eta) < 0 | max(eta) >= 1) {
    if (max(eta) == 1) {
      stop("eta should be strictly less than 1!")
    }
    if (length(eta) == 1) {
      stop("eta should be between 0 and 1!")
    }
    else {
      stop("eta should be between 0 and 1! \n  Choose appropriate range of eta!")
    }
  }
  if (max(K) > ncol(x)) {
    stop("K cannot exceed the number of predictors! Pick up smaller K!")
  }
  if (max(K) >= nrow(x)) {
    stop("K cannot exceed the sample size! Pick up smaller K!")
  }
  if (min(K) <= 0 | !all(K%%1 == 0)) {
    if (length(K) == 1) {
      stop("K should be a positive integer!")
    }
    else {
      stop("K should be a positive integer! \n  Choose appropriate range of K!")
    }
  }
  if (kappa > 0.5 | kappa < 0) {
    cat("kappa should be between 0 and 0.5! kappa=0.5 is used. \n\n")
    kappa <- 0.5
  }
  if (select != "pls2" & select != "simpls") {
    cat("Invalid PLS algorithm for variable selection.\n")
    cat("pls2 algorithm is used. \n\n")
    select <- "pls2"
  }
  fits <- c("simpls", "kernelpls", "widekernelpls", "oscorespls")
  if (!any(fit == fits)) {
    cat("Invalid PLS algorithm for model fitting\n")
    cat("simpls algorithm is used. \n\n")
    fit <- "simpls"
  }
  list(K = K, eta = eta, kappa = kappa, select = select, fit = fit)
}



simu_spls <- function(nrep, n, nvld, ntst, nrow, p, m, r, rho, sigma, b, seed=NULL,ifprint=F){
  
  if(!is.null(seed)) set.seed(seed)	
  
  kappa = 0.5
  select = "pls2" 
  fit = "simpls"
  scale.x = TRUE
  scale.y = FALSE
  plot.it = TRUE
  
  err.result=array(NA, dim=c(nrep,8), 
                   dimnames=list(1:nrep,c("err.pred","err.est","shat","R2","TIC","TPR","SPC","AUC"))) 
  
  for(kk in 1:nrep){
    
    if(ifprint==F & (kk%%10==1)) cat("\n replication: ", kk) 
    if(ifprint==F & (kk%%10!=1)) cat(" ",kk) 
    if(ifprint==T) cat("replication", kk,  date(),"\n")
    
    #generate dataset
    {
      data=gnrt(n, nvld, ntst, nrow, p, m, r, rho, sigma, b)
      Y=data$Y
      X=data$X
      A=data$A
      r=data$r
      Yvld=data$Yvld 
      Xvld=data$Xvld 
      Ytst=data$Ytst
      Xtst=data$Xtst
    }
    
    if(ifprint==T) cat("data generated.","\n")
    
    x <- as.matrix(X)
    n <- nrow(x)
    p <- ncol(x)
    ip <- c(1:p)
    y <- as.matrix(Y)
    q <- ncol(y)
    type <- correctp(x, y, eta, K, kappa, select, fit)
    eta <- type$eta
    K <- type$K
    kappa <- type$kappa
    select <- type$select
    fit <- type$fit
    
    mspemat <- matrix(0, length(eta), length(K))
    
    for(jj in 1:length(eta)){ 
      
      mspemati <- matrix(0, 1, length(K))
      
      object <- spls(x, y, eta = eta[jj], kappa = kappa, 
                     K = max(K), select = select, fit = fit, scale.x = scale.x, 
                     scale.y = scale.y, trace = FALSE)
      newx <- Xvld
      newx <- scale(newx, object$meanx, object$normx)
      betamat <- object$betamat
      
      for (k in K) {
        pred <- newx %*% betamat[[k]] + matrix(1, nrow(newx), 1) %*% object$mu
        mspemati[1, (k - min(K) + 1)] <- mean(apply((Yvld - pred)^2, 2, mean)) 
      }
      
      mspemat[jj, ] <- apply(mspemati, 2, mean)
      
    }
    
    minpmse <- min(mspemat)
    rownames(mspemat) <- eta
    colnames(mspemat) <- K
    mspecol <- apply(mspemat, 2, min)
    msperow <- apply(mspemat, 1, min)
    K.opt <- min(K[mspecol == minpmse])
    eta.opt <- max(eta[msperow == minpmse])
    cat(paste("\nOptimal parameters: eta = ", eta.opt, ", ", 
              sep = ""))
    cat(paste("K = ", K.opt, "\n", sep = ""))
    if (plot.it) {
      heatmap.spls(t(mspemat), xlab = "K", ylab = "eta", main = "CV MSPE Plot", 
                   coln = 16, as = "n")
    }
    rownames(mspemat) <- paste("eta=", eta)
    colnames(mspemat) <- paste("K =", K)
    
    opt <- list(mspemat = mspemat, eta.opt = eta.opt, K.opt = K.opt)
    invisible(opt)
    
    f <- spls( X, Y, eta = opt$eta.opt, K = opt$K.opt )
    
    Ahat.new <- coef(f)
    
    err = error2(Ahat.new,A, Xtst, Ytst)
    err.result[kk,1]=err$err.pred
    err.result[kk,2]=err$err.est	
    err.result[kk,3]=err$shat
    err.result[kk,4]=err$R2
    err.result[kk,5]=err$TIC
    err.result[kk,6]=err$TPR
    err.result[kk,7]=err$SPC
    err.result[kk,8]=err$AUC
    
    if(ifprint==T) cat("\n")
  }
  
  cat("\n")
  return(err.result)
}

# REmMap

simu_remMap <-function(nrep, n, nvld, ntst, nrow, p, m, r, rho, sigma, b, seed=NULL,ifprint=F){
  
  if(!is.null(seed)) set.seed(seed)	
  
  lamL1.v = exp(seq(log(0.5),log(50), length = 30))
  lamL2.v = seq(0, 20, length = 30)
  
  err.result=array(NA, dim=c(nrep,8), 
                   dimnames=list(1:nrep,c("err.pred","err.est","shat","R2","TIC","TPR","SPC","AUC"))) 
  
  for(kk in 1:nrep){
    
    if(ifprint==F & (kk%%10==1)) cat("\n replication: ", kk) 
    if(ifprint==F & (kk%%10!=1)) cat(" ",kk) 
    if(ifprint==T) cat("replication", kk,  date(),"\n")
    
    #generate dataset
    {
      data=gnrt(n, nvld, ntst, nrow, p, m, r, rho, sigma, b)
      Y=data$Y
      X=data$X
      A=data$A
      r=data$r
      Yvld=data$Yvld
      Xvld=data$Xvld
      Ytst=data$Ytst
      Xtst=data$Xtst
    }
    
    if(ifprint==T) cat("data generated.","\n")
    
    err_compare <- matrix(NA,length(lamL1.v),length(lamL2.v))
    
    for(jj in 1:length(lamL1.v)){
      
      err.cur=Inf
      Ahat.cur=NA		##record the best penal.const
      for(rr in 1:length(lamL2.v)){
        
        try = remMap(X, Y,lamL1=lamL1.v[jj], lamL2=lamL2.v[rr], phi0=NULL, C.m=NULL)
        Ahat.new <- try$phi
        
        err_compare[jj,rr] = mean((Yvld-(Xvld %*% Ahat.new))^2) 
        
      }
    }  
    
    lamL_opt <- which(err_compare == min(err_compare), arr.ind = TRUE) 
    
    lamL1_opt <- array(NA,nrep)
    lamL2_opt <- array(NA,nrep)
    
    lamL1_opt[kk] <- lamL1.v[lamL_opt[1,1]]
    lamL2_opt[kk] <- lamL2.v[lamL_opt[1,2]]
    
    try_opt = remMap(X, Y,lamL1=lamL1_opt[kk], lamL2=lamL2_opt[kk], phi0=NULL, C.m=NULL)
    Ahat <- try_opt$phi
    
    err = error3(Ahat,A,Xtst,Ytst)
    err.result[kk,1]=err$err.pred
    err.result[kk,2]=err$err.est	
    err.result[kk,3]=err$shat
    err.result[kk,4]=err$R2
    err.result[kk,5]=err$TIC
    err.result[kk,6]=err$TPR
    err.result[kk,7]=err$SPC
    err.result[kk,8]=err$AUC
    
    if(ifprint==T) cat("\n")
  }
  
  cat("\n")
  return(err.result)
}


# PCR

simu_pcr <- function(nrep, n, nvld, ntst, nrow, p, m, r, rho, sigma, b, seed=NULL,ifprint=F){
  
  if(!is.null(seed)) set.seed(seed)	
  
  err.result=array(NA, dim=c(nrep,8), 
                   dimnames=list(1:nrep,c("err.pred","err.est","shat","R2","TIC","TPR","SPC","AUC"))) 
  
  for(kk in 1:nrep){
    
    if(ifprint==F & (kk%%10==1)) cat("\n replication: ", kk) 
    if(ifprint==F & (kk%%10!=1)) cat(" ",kk) 
    if(ifprint==T) cat("replication", kk,  date(),"\n")
    
    #generate dataset
    {
      data=gnrt(n, nvld, ntst, nrow, p, m, r, rho, sigma, b)
      Y=data$Y
      X=data$X
      A=data$A
      r=data$r
      Yvld=data$Yvld 
      Xvld=data$Xvld 
      Ytst=data$Ytst
      Xtst=data$Xtst
    }
    
    if(ifprint==T) cat("data generated.","\n")
    
    Ahat.new <- matrix(NA, p+1, m)
    
    for(ll in 1:m){
      pcr_fit = pcr(Y[,ll]~X, validation = "CV")
      
      Xvar_explain <- cumsum(explvar(pcr_fit))
      ncomp <- as.vector(which(Xvar_explain > 90)[1]) # X TRAINING: % variance explained 90%
      if(is.na(ncomp)) {ncomp <- length(Xvar_explain)}
      Ahat.new[,ll] <- as.matrix(coef(pcr_fit, ncomp = ncomp, intercept = TRUE))
    }
    
    err = error(Ahat.new,A, Xtst, Ytst)
    err.result[kk,1]=err$err.pred
    err.result[kk,2]=err$err.est	
    err.result[kk,3]=err$shat
    err.result[kk,4]=err$R2
    err.result[kk,5]=err$TIC
    err.result[kk,6]=err$TPR
    err.result[kk,7]=err$SPC
    err.result[kk,8]=err$AUC  
    
    if(ifprint==T) cat("\n")
  }
  
  cat("\n")
  return(err.result)
}


# Random Forest

simu_rf <- function(nrep, n, nvld, ntst, nrow, p, m, r, rho, sigma, b, seed=NULL,ifprint=F){
  
  if(!is.null(seed)) set.seed(seed)	
  
  
  penal.type <- c("All", "Sel")
  err.result=array(NA, dim=c(nrep,2,8), 
                   dimnames=list(1:nrep,penal.type,c("err.pred","err.est","shat","R2","TIC","TPR","SPC","AUC"))) 
  
  for(kk in 1:nrep){
    
    if(ifprint==F & (kk%%10==1)) cat("\n replication: ", kk) 
    if(ifprint==F & (kk%%10!=1)) cat(" ",kk) 
    if(ifprint==T) cat("replication", kk,  date(),"\n")
    
    #generate dataset
    {
      data=gnrt(n, nvld, ntst, nrow, p, m, r, rho, sigma, b)
      Y=data$Y
      X=data$X
      A=data$A
      r=data$r
      Yvld=data$Yvld 
      Xvld=data$Xvld 
      Ytst=data$Ytst
      Xtst=data$Xtst
    }
    
    if(ifprint==T) cat("data generated.","\n")
    
    Y_predict <- matrix(NA, n, m)
    Ytst_predict <- matrix(NA, n, m)
    Ytst_sel_predict <- matrix(NA, n, m)
    var_gini <- matrix(NA, p, m)
    var_sel <- matrix(NA, p, m)
    
    for(ll in 1:m){
      
      myrf <- randomForest(X, Y[,ll])
      Ytst_predict[,ll] <- predict(myrf, Xtst)
      
      var_gini[,ll] <- importance(myrf,type = 2)
      var_sel[,ll] <- ifelse(var_gini[,ll] >= quantile(var_gini[,ll])[4], 1, 0) #25%
      
      X_sel <- X[,which(var_sel[,ll]==1)]
      myrf_sel <- randomForest(X_sel, Y[,ll])
      Ytst_sel_predict[,ll] <- predict(myrf_sel, Xtst[,which(var_sel[,ll]==1)])
      
    }
    
    for(jj in 1:length(penal.type)){ 
      
      if(jj == 1) {Ytsthat <- Ytst_predict} 
      else {Ytsthat <- Ytst_sel_predict}
      
      Ahat.new <- var_sel
      
      err = error4(Ahat.new,A, Xtst, Ytst, Ytsthat)
      err.result[kk,jj,1]=err$err.pred
      err.result[kk,jj,2]=err$err.est	
      err.result[kk,jj,3]=err$shat
      err.result[kk,jj,4]=err$R2
      err.result[kk,jj,5]=err$TIC
      err.result[kk,jj,6]=err$TPR
      err.result[kk,jj,7]=err$SPC
      err.result[kk,jj,8]=err$AUC  
      
    }
    
    if(ifprint==T) cat("\n")
  }
  
  cat("\n")
  return(err.result)
}


# group Lasso

simu_lasso <- function(nrep, n, nvld, ntst, nrow, p, m, r, rho, sigma, b, seed=NULL,ifprint=F){
  
  if(!is.null(seed)) set.seed(seed)	
  
  penal.type <- c("lambda.min", "lambda.1se")
  err.result=array(NA, dim=c(nrep,2,8), 
                   dimnames=list(1:nrep,penal.type,c("err.pred","err.est","shat","R2","TIC","TPR","SPC","AUC"))) 
  
  for(kk in 1:nrep){
    
    if(ifprint==F & (kk%%10==1)) cat("\n replication: ", kk) 
    if(ifprint==F & (kk%%10!=1)) cat(" ",kk) 
    if(ifprint==T) cat("replication", kk,  date(),"\n")
    
    #generate dataset
    {
      data=gnrt(n, nvld, ntst, nrow, p, m, r, rho, sigma, b)
      Y=data$Y
      X=data$X
      A=data$A
      r=data$r
      Yvld=data$Yvld
      Xvld=data$Xvld 
      Ytst=data$Ytst
      Xtst=data$Xtst
    }
    
    if(ifprint==T) cat("data generated.","\n")
    
    for(jj in 1:length(penal.type)){ 
      
      result_lasso <- cv.glmnet(X, Y, family="mgaussian")
      Ahat.new <- matrix(do.call(rbind,lapply(coef(result_lasso, s = penal.type[jj]), matrix)), p+1, m)
      
      err = error(Ahat.new,A, Xtst, Ytst)
      err.result[kk,jj,1]=err$err.pred
      err.result[kk,jj,2]=err$err.est	
      err.result[kk,jj,3]=err$shat
      err.result[kk,jj,4]=err$R2
      err.result[kk,jj,5]=err$TIC
      err.result[kk,jj,6]=err$TPR
      err.result[kk,jj,7]=err$SPC
      err.result[kk,jj,8]=err$AUC  
      
    }
    
    if(ifprint==T) cat("\n")
  }
  
  cat("\n")
  return(err.result)
}





# Evalation ====

# For SARRS, PCR, group Lasso

error <- function(Ahat,A,X,Y){ 
  
  p=dim(Ahat)[1]-1
  err.pred=mean((Y-cbind(X,1)%*%Ahat)^2)
  err.est=mean((A-Ahat[-(p+1),])^2)
  
  nz.Ahat=which(rowSums(Ahat[-(p+1),]^2)!=0)
  nz.A=which(rowSums(A^2)!=0)
  
  shat = length(nz.Ahat)
  M = 1-length(intersect(nz.A,nz.Ahat))/length(nz.A)
  FA = 1-length(intersect(nz.A,nz.Ahat))/length(nz.Ahat)
  
  #R2
  Yhat <- cbind(X,1)%*%Ahat
  Ymean <- t(matrix(rep(colMeans(Y),n),m,n))
  
  SSR = colSums((Yhat - Ymean)^2)
  SST = colSums((Y - Ymean)^2) 
  R2 =  SSR/SST 
  R2_mean = mean(R2) 
  
  #TIC
  Y_diff_sq <- sqrt((colSums((Yhat - Y)^2))/nrow(Y))
  Yhat_sq <- sqrt((colSums(Yhat^2))/nrow(Y))
  Y_sq <- sqrt((colSums(Y^2))/nrow(Y))
  TIC <- Y_diff_sq/(Yhat_sq+Y_sq)
  TIC_mean <- mean(TIC)
  
  #sensitivity & specificity
  A_P <- rowSums(A)
  for(i in 1:p) {if(A_P[i] != 0) A_P[i] <- 1}
  
  Ahat_P <- rowSums(Ahat)[1:p]
  for(i in 1:p) {if(Ahat_P[i] != 0) Ahat_P[i] <- 1}
  
  TPR <- sum(Ahat_P[1:nrow])/nrow 
  SPC <- ((p-nrow)-sum(Ahat_P[(nrow+1):p]))/(p-nrow)
  
  #ROC
  pred <- prediction(Ahat_P,A_P) 
  perf <- performance(pred,"tpr","fpr") 
  auc <- performance(pred,'auc') 
  auc = unlist(slot(auc,"y.values")) 
  
  return(list(err.pred=err.pred,err.est=err.est,TPR=TPR,SPC=SPC,R2=R2_mean,TIC=TIC_mean,AUC=auc,shat=shat,M=M,FA=FA))
}

# For SRRR, SPLS 

error2 <- function(Ahat,A,X,Y){ 
  
  p=dim(Ahat)[1]
  err.pred=mean((Y-X%*%Ahat)^2)
  err.est=mean((A-Ahat)^2)
  
  nz.Ahat=which(rowSums(Ahat^2)!=0)
  nz.A=which(rowSums(A^2)!=0)
  
  shat = length(nz.Ahat)
  M = 1-length(intersect(nz.A,nz.Ahat))/length(nz.A)
  FA = 1-length(intersect(nz.A,nz.Ahat))/length(nz.Ahat)
  
  #R2
  Yhat <- X%*%Ahat 
  Ymean <- t(matrix(rep(colMeans(Y),n),m,n)) 
  
  SSR = colSums((Yhat - Ymean)^2) 
  SST = colSums((Y - Ymean)^2) 
  R2 =  SSR/SST 
  R2_mean = mean(R2) 
  
  #TIC
  Y_diff_sq <- sqrt((colSums((Yhat - Y)^2))/nrow(Y))
  Yhat_sq <- sqrt((colSums(Yhat^2))/nrow(Y))
  Y_sq <- sqrt((colSums(Y^2))/nrow(Y))
  TIC <- Y_diff_sq/(Yhat_sq+Y_sq)
  TIC_mean <- mean(TIC)
  
  #sensitivity & specificity
  A_P <- rowSums(A) 
  for(i in 1:p) {if(A_P[i] != 0) A_P[i] <- 1} 
  
  Ahat_P <- rowSums(Ahat)[1:p] 
  for(i in 1:p) {if(Ahat_P[i] != 0) Ahat_P[i] <- 1} 
  
  TPR <- sum(Ahat_P[1:nrow])/nrow 
  SPC <- ((p-nrow)-sum(Ahat_P[(nrow+1):p]))/(p-nrow) 
  
  #ROC
  pred <- prediction(Ahat_P,A_P) 
  perf <- performance(pred,"tpr","fpr") 
  auc <- performance(pred,'auc') 
  auc = unlist(slot(auc,"y.values")) 
  
  return(list(err.pred=err.pred,err.est=err.est,TPR=TPR,SPC=SPC,R2=R2_mean,TIC=TIC_mean,AUC=auc,shat=shat,M=M,FA=FA))
}

# For REmMap

error3 <- function(Ahat,A,X,Y){ 
  
  p=dim(Ahat)[1]
  q=dim(Ahat)[2]
  err.pred=mean((Y-X%*%Ahat)^2)
  err.est=mean((A-Ahat)^2)
  
  nz.Ahat=which(rowSums(Ahat^2)!=0)
  nz.A=which(rowSums(A^2)!=0)
  
  shat = length(nz.Ahat)
  M = 1-length(intersect(nz.A,nz.Ahat))/length(nz.A)
  FA = 1-length(intersect(nz.A,nz.Ahat))/length(nz.Ahat)
  
  #R2
  Yhat <- X%*%Ahat 
  Ymean <- t(matrix(rep(colMeans(Y),n),m,n)) 
  
  SSR = colSums((Yhat - Ymean)^2) 
  SST = colSums((Y - Ymean)^2) 
  R2 =  SSR/SST 
  R2_mean = mean(R2) 
  
  #TIC
  Y_diff_sq <- sqrt((colSums((Yhat - Y)^2))/nrow(Y))
  Yhat_sq <- sqrt((colSums(Yhat^2))/nrow(Y))
  Y_sq <- sqrt((colSums(Y^2))/nrow(Y))
  TIC <- Y_diff_sq/(Yhat_sq+Y_sq)
  TIC_mean <- mean(TIC)
  
  #sensitivity & specificity
  A_com <- matrix(NA,p,q)
  
  for(i in 1:p){
    for(j in 1:q){
      if(A[i,j]!=0 & Ahat[i,j]!=0) A_com[i,j] <- 1
      if(A[i,j]==0 & Ahat[i,j]==0) A_com[i,j] <- 0
    }
  }
  
  TPR <- length(which(A_com[,]==1))/length(which(A[,]!=0))
  SPC <- length(which(A_com[,]==0))/length(which(A[,]==0))
  
  A_P <- as.vector(array(t(A)))
  Ahat_P <- as.vector(array(t(Ahat)))
  
  for(i in 1:(p*q)) {if(A_P[i] != 0) A_P[i] <- 1}
  for(i in 1:(p*q)) {if(Ahat_P[i] != 0) Ahat_P[i] <- 1}
  
  #ROC
  pred <- prediction(Ahat_P,A_P) 
  perf <- performance(pred,"tpr","fpr") 
  auc <- performance(pred,'auc') 
  auc = unlist(slot(auc,"y.values")) 
  
  return(list(err.pred=err.pred,err.est=err.est,TPR=TPR,SPC=SPC,R2=R2_mean,TIC=TIC_mean,AUC=auc,shat=shat,M=M,FA=FA))
}

# For Random Forest

error4 <- function(Ahat,A,X,Y,Yhat){ 
  
  p=dim(Ahat)[1]
  q=dim(Ahat)[2]
  
  err.pred=mean((Y-Yhat)^2)
  err.est = NA
  
  nz.Ahat=which(rowSums(Ahat^2)!=0)
  nz.A=which(rowSums(A^2)!=0)
  
  shat = length(nz.Ahat)
  M = 1-length(intersect(nz.A,nz.Ahat))/length(nz.A)
  FA = 1-length(intersect(nz.A,nz.Ahat))/length(nz.Ahat)
  
  #R2
  Ymean <- t(matrix(rep(colMeans(Y),n),m,n)) 
  
  SSR = colSums((Yhat - Ymean)^2) 
  SST = colSums((Y - Ymean)^2) 
  R2 =  SSR/SST 
  R2_mean = mean(R2) 
  
  #TIC
  Y_diff_sq <- sqrt((colSums((Yhat - Y)^2))/nrow(Y))
  Yhat_sq <- sqrt((colSums(Yhat^2))/nrow(Y))
  Y_sq <- sqrt((colSums(Y^2))/nrow(Y))
  TIC <- Y_diff_sq/(Yhat_sq+Y_sq)
  TIC_mean <- mean(TIC)
  
  #sensitivity & specificity
  A_com <- matrix(NA,p,q)
  
  for(i in 1:p){
    for(j in 1:q){
      if(A[i,j]!=0 & Ahat[i,j]!=0) A_com[i,j] <- 1
      if(A[i,j]==0 & Ahat[i,j]==0) A_com[i,j] <- 0
    }
  }
  
  TPR <- length(which(A_com[,]==1))/length(which(A[,]!=0))
  SPC <- length(which(A_com[,]==0))/length(which(A[,]==0))
  
  A_P <- as.vector(array(t(A)))
  Ahat_P <- as.vector(array(t(Ahat)))
  
  for(i in 1:(p*q)) {if(A_P[i] != 0) A_P[i] <- 1}
  for(i in 1:(p*q)) {if(Ahat_P[i] != 0) Ahat_P[i] <- 1}
  
  #ROC
  pred <- prediction(Ahat_P,A_P) 
  perf <- performance(pred,"tpr","fpr") 
  auc <- performance(pred,'auc') 
  auc = unlist(slot(auc,"y.values")) 
  
  return(list(err.pred=err.pred,err.est=err.est,TPR=TPR,SPC=SPC,R2=R2_mean,TIC=TIC_mean,AUC=auc,shat=shat,M=M,FA=FA))
}


# Example ====

nrep = 3; nvld = 10000
nrow = 15; rho = 0.1; sigma = 1

n = 20; p = 100; m = 25
r = 2; b = 0.5; seed = 1984+m+nrow+p+n+r+b*10; ntst = n

eta = seq(0.1,0.9,0.1); K = c(5:15) # SPLS

err.result = simu_SARRS(nrep,n,nvld,ntst,nrow,p,m,r,rho,sigma,b,seed)


# PCR, REmMap, SPLS
print(apply(err.result[,1:8],2,mean))
print(apply(err.result[,1:8],2,sd))

# SRRR, Random Forest, group Lasso
print(apply(err.result[,,1:8],c(2,3),mean))
print(apply(err.result[,,1:8],c(2,3),sd))

# SARRS
apply(err.result1[,,51,c(1:3,5:9)],c(2,3),mean)
apply(err.result1[,,51,c(1:3,5:9)],c(2,3),sd)
