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#
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# JV
#
#--------------------

library(matrixsampling)
library(abind)


# Example of using the functions is given at the bottom of the file


# Simulates from the matrix Poisson-normal distribution
simulate_pn_matrix <- function(n, mu, sigma_1, sigma_2){
  p1 <- nrow(mu)
  p2 <- ncol(mu)
  
  z <- rmatrixnormal(n, mu, sigma_1, sigma_2)
  
  x <- rpois(n*p1*p2, exp(apply(z, 3, c)))
  dim(x) <- c(p1, p2, n)
  
  x
}


# Estimates the model parameters
estimate_model_matrix <- function(x){
  
  dim_x <- dim(x)
  
  n <- dim_x[3]
  p1 <- dim_x[1]
  p2 <- dim_x[2]
  
  mean_1 <- apply(x, 1:2, mean)
  mean_2 <- apply(x, 1:2, function(v) mean(v*(v - 1)))
  
  x2 <- sweep(x, 1:2, mean_1, "/")
  
  # LHS
  
  S1 <- matrix(0, p1, p1)
  
  # Off-diag
  for(j in 1:p2){
    S1 <- S1 + log(tcrossprod(x2[, j, ])/n)
  }
  S1 <- S1/p2
  
  # Diag
  diag(S1) <- rowMeans(log(mean_2/mean_1^2))
  
  
  # RHS
  
  S2 <- matrix(0, p2, p2)
  
  # Off-diag
  for(j in 1:p1){
    S2 <- S2 + log(tcrossprod(x2[j, , ])/n)
  }
  S2 <- S2/p1
  
  # Diag
  diag(S2) <- colMeans(log(mean_2/mean_1^2))
  

  mu <- 2*log(mean_1) - 0.5*log(mean_2)
  
  return(list(mu = mu, S1 = S1, S2 = S2, tau2 = sum(diag(S1))/(2*p1) + sum(diag(S2))/(2*p2)))
}




# Estimates the same model for the vectorized data ("naive approach")
estimate_model_vector <- function(x){
  
  n <- nrow(x)
  p <- ncol(x)
  
  mean_1 <- colMeans(x)
  mean_2 <- apply(x, 2, function(v) mean(v*(v - 1)))
  
  x2 <- sweep(x, 2, mean_1, "/")
  
  # LHS
  
  S <- matrix(0, p, p)
  
  S <- log(crossprod(x2)/n)
  diag(S) <- log(mean_2/mean_1^2)
  
  mu <- 2*log(mean_1) - 0.5*log(mean_2)
  
  return(list(mu = mu, S = S, tau2 = sum(diag(S))/p))
}





# Performs dimension (order) estimation for the model using augmentation
order_determination_matrix <- function(x, r = c(1, 1), s = c(5, 5), ignore_one = FALSE, aug_mean = c(1, 1)){
  
  dim_x <- dim(x)
  
  n <- dim_x[3]
  p1 <- dim_x[1]
  p2 <- dim_x[2]
  
  
  if(ignore_one){
   H1 <- diag(p1 + r[1]) - matrix(1/(p1 + r[1]), p1 + r[1], p1 + r[1])
   H2 <- diag(p2 + r[2]) - matrix(1/(p2 + r[2]), p2 + r[2], p2 + r[2])
  }
  
  # LHS
  
  beta_sum <- rep(0, p1 + 1)
  lambda_sum <- rep(0, p1 + 1)
  
  for(k in 1:s[1]){
    x_0 <- array(rpois(n*r[1]*p2, aug_mean[1]), dim = c(r[1], p2, n))
    
    x_aug <- abind(x, x_0, along = 1)
    
    S_aug <- estimate_model_matrix(x_aug)$S1
    
    if(ignore_one){
      S_aug <- H1%*%S_aug%*%H1
    }
    
    beta <- apply(eigen(S_aug)$vectors[(p1 + 1):(p1 + r[1]), 1:p1, drop = FALSE], 2, function(v) sum(v^2))
    
    beta_sum <- beta_sum + c(0, beta)
    lambda_sum <- lambda_sum + eigen(S_aug)$values[1:(p1 + 1)]
  }
  
  beta_sum <- beta_sum/s[1]
  lambda_sum <- lambda_sum/s[1]
  
  part_1 <- cumsum(beta_sum)
  
  part_2 <- lambda_sum/(1 + cumsum(lambda_sum))
  
  order_curve_1 <- part_1 + part_2
  
  
  
  # RHS
  
  beta_sum <- rep(0, p2 + 1)
  lambda_sum <- rep(0, p2 + 1)
  
  for(k in 1:s[2]){
    x_0 <- array(rpois(n*p1*r[2], aug_mean[2]), dim = c(p1, r[2], n))
    
    x_aug <- abind(x, x_0, along = 2)
    
    S_aug <- estimate_model_matrix(x_aug)$S2
    
    if(ignore_one){
      S_aug <- H2%*%S_aug%*%H2
    }
    
    beta <- apply(eigen(S_aug)$vectors[(p2 + 1):(p2 + r[2]), 1:p2, drop = FALSE], 2, function(v) sum(v^2))
    
    beta_sum <- beta_sum + c(0, beta)
    lambda_sum <- lambda_sum + eigen(S_aug)$values[1:(p2 + 1)]
  }
  
  beta_sum <- beta_sum/s[2]
  lambda_sum <- lambda_sum/s[2]
  
  part_1 <- cumsum(beta_sum)
  
  part_2 <- lambda_sum/(1 + cumsum(lambda_sum))
  
  order_curve_2 <- part_1 + part_2
  
  return(list(order_curve_1 = order_curve_1, order_curve_2 = order_curve_2))
}



# Auxiliary function for component estimation
ll <- function(z, xi, mu, U, Linvdiag, exphz){
  sum(xi*(U%*%z)) - sum(exphz) - 0.5*sum(z^2*Linvdiag)
}

ll_grad <- function(z, xi, U, Linvdiag, exphz){
  t(U)%*%(xi - exphz) - c(Linvdiag*z)
}

ll_hess <- function(U, Linvdiag, exphz){
  -1*t(U)%*%sweep(U, 1, exphz, "*") - diag(Linvdiag)
}



# Estimates the latent components 
component_estimation_matrix <- function(x, mu, S1, S2, tau2, d1, d2){
  n <- dim(x)[3]
  
  eig_S1 <- eigen(S1)
  U1 <- eig_S1$vectors[, 1:d1, drop = FALSE]
  L1invdiag <- (eig_S1$values[1:d1])^(-1)
  
  eig_S2 <- eigen(S2)
  U2 <- eig_S2$vectors[, 1:d2, drop = FALSE]
  L2invdiag <- (eig_S2$values[1:d2])^(-1)
  
  U <- U2%x%U1
  Linvdiag <- L2invdiag%x%L1invdiag
  Linvdiag <- Linvdiag*tau2
  
  d <- d2*d1
  
  mu <- c(mu)
  
  z <- matrix(0, n, d)
  
  for(i in 1:n){
    z[i, ] <- tryCatch({
    
      zi_0 <- rep(0, d)
      
      eps <- 1
      
      while(eps > 1e-6){
        
        exphz <- c(exp(mu + U%*%zi_0))
        
        zi_1 <- zi_0 - solve(ll_hess(U, Linvdiag, exphz))%*%ll_grad(zi_0, c(x[, , i]), U, Linvdiag, exphz)
        
        eps <- sqrt(sum((zi_1 - zi_0)^2))
        
        zi_0 <- c(zi_1)
      }
      
      zi_0
    }, error = function(e) NA)
  }
  
  z <- t(z)
  dim(z) <- c(d1, d2, n)
  
  z
}




# n <- 200
# p1 <- 4
# p2 <- 3
# mu <- matrix(0, p1, p2)
# sigma_1 <- diag(4)
# sigma_2 <- diag(3)
# # sigma_1 <- matrix(1, p1, p1) + matrix(0.01, p1, p1)
# # sigma_2 <- matrix(1, p2, p2) + matrix(0.01, p2, p2)
# 
# x <- simulate_pn_matrix(n, mu, sigma_1, sigma_2)
# estimate_model_matrix(x)
# order_determination_matrix(x)
