Supplementary Code A.1 – Definition of the EMMA algorithm. The code here is a slightly shortened version of the function definition of EMMA() from the R package EMMAgeo v. 0.9.6.
## rescale X to constant sum c
 X <- X / rowSums(X) * c
 ## calculate weight limit quantiles column-wise
 ls <- apply(X <- X, 
 MARGIN = 2, 
 FUN = quantile, 
 probs = c(l, 1 - l), 
 type = 5)
 ## perform weight-transformation
 W <- t((t(X) - ls[1,]) / (ls[2,] - ls[1,]))
 ## create similarity matrix as outer product
 A <- t(W) %*% W
 ## perform eigenspace decomposition
 EIG <- eigen(A)
 ## assign raw eigenvectors V
 V <- EIG$vectors[,order(seq(ncol(A), 1, -1))]
 Vf <- V[,order(seq(ncol(A), 1, -1))]
 ## rotate eigenvectors and assign factor loadings
 Vr <- do.call(what = rotation, 
args = list(Vf[,1:q]))
 Vq <- Vr$loadings[,seq(q, 1, -1)]
 ## rescale factor loadings and transpose matrix
 Vqr <- t(Vq) / colSums(Vq) * c
 ## optionally calculate normalised factor loadings
 if(missing(Vqn) == TRUE) {
## calculate row-wise min and max values
Vqr.min <- matrixStats::rowMins(x = Vqr)
Vqr.max <- matrixStats::rowMaxs(x = Vqr)
## calculate Vqn
Vqn <- (Vqr - Vqr.min) / (Vqr.max - Vqr.min)
 } else {
## or use respective values from input data 
Vqn <- Vqn
 }
 ## get eigenvector scores as non-negative least squares estimate
 Mq <- t(apply(W, MARGIN = 1, FUN = function(row) {
limSolve::nnls(t(Vqn), as.vector(t(row)))$X
 }))
 ## modelled values matrix
 Wm <- Mq %*% Vqn
 ## calculate scaling vector after Miesch (1976)
 ls <- apply(X <- X, 
 MARGIN = 2, 
 FUN = quantile, 
 probs = c(l, 1 - l), 
 type = 5)
 s <- c - sum(ls[1,]) / rowSums(Vqn * (ls[2,] - ls[1,]))
 ## rescale end-member loadings after Miesch (1976)
 Vqs <- t(apply(X = cbind(t(t(s)), Vqn), 
MARGIN = 1, 
FUN = function(row) {
 row[1] * row[2:length(row)] * (ls[2, ] - ls[1, ]) + ls[1, ]
 }))
 ## normalise end-member loadings
 Vqsn <- Vqs / rowSums(Vqs) * c
 ## rescale end-member scores
 Mqs <- t(t(Mq) / s) / rowSums(t(t(Mq) / s))
 ## calculate modelled data set
 Xm <- Mqs %*% Vqs
 ## normalise modelled data set
 Xm <- Xm / rowSums(Xm) * c
Supplementary Code A.2 – Robust EMMA, extended protocol
 ## check data integrity
 check.data(X = X_num, q = 4, l = 0, c = 100)
 ## set l_min
 l_min <- 0
 ## get and adjust l_max
 l_max <- test.l.max(X = X_num)
 l_max <- 0.95 * l_max
 ## generate l_vector
 l <- seq(from = l_min,
 to = l_max,
 length = 100)
 ## define q_min (only first option is used, others are commented out)
 q_min <- test.factors(X = X_num, 
l = l, 
xlim = c(1, 7),
plot = TRUE,
col = heat.colors(100))$q.min
 # q_min <- rep(x = 2, times = length(l))
 # q_min <- c(2, 2, 2, 2, 3, 3, 4)
 ## define q_max (only first option is used, others are commented out)
 q_max <- test.parameters(X = X_num, 
 q = 2:7, 
 l = l, 
 plot = "mRt")$q.max
 # q_max <- q.min + 3
 # q_max <- rep(x = 5, times = length(l))
 ## build parameter matrix
 q_min <- ifelse(test = q_min < 2, 
 yes = 2, 
 no = q_min)
 q_max <- ifelse(test = q_max < q_min, 
 yes = NA, 
 no = q_max)
 P <- cbind(q_min, q_max, l)
 P <- na.exclude(P)
 ## run all possible models
 EM_pot <- test.robustness(X = X_num, 
P = P, 
plot = TRUE)
 ## define limits
 limits_ext <- cbind(c(60, 69, 94, 98),
 c(68, 78, 97, 101))
 ## model robust loadings
 EM_load_rob_ext <- robust.loadings(em = EM_pot, 
limits = limits_ext, 
plot = TRUE)
 ## get optimum l-value
 l_opt <- get.l.opt(X = X_num, 
l = l, 
Vqn = EM_load_rob_ext$Vqn$mean, 
plot = TRUE)[1]
 ## model robust scores
 EM_scores_rob_ext <- robust.scores(loadings = EM_load_rob_ext, 
l = l_opt, 
plot = TRUE,
mc_n = 100)
Supplementary Code A.3 – Robust EMMA, compact protocol
 ## Check data integrity
 check.data(X = X_num, q = 4, l = 0, c = 100)
 ## Get weight transformation limits
 l <- get.l(X = X_num)
 ## Get q_min and q_max, reassign l-vector
 q <- get.q(X = X_num, l = l)
 l <- as.numeric(rownames(q))
 ## Model all possible end-member scenarios
 EM_pot <- model.EM(X = X_num, 
q = q, 
l = l)
 ## Get limits automatically
 limits_comp <- get.limits(loadings = EM_pot$loadings)
 ## Define limits manually
 # limits <- cbind(c(10, 20, 30),
 #c(15, 25, 35))
 ## Perform robust EMMA
 EMMA_rob_comp <- robust.EM(em = EM_pot, 
limits = limits_comp, 
plot = TRUE)
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