
Appendix 
# load package OpenMx 
library(OpenMx)

# set NPSOL as default optimizer
if (options()$mxOption$'Default optimizer'!='NPSOL'){ mxOption(NULL, "Default optimizer", 'NPSOL')}

# get data
data <- get(load('exampledata.rda'))
name.y <- c('y1','y2') # names in data
name.x <- 'xlagged' # 
name.c <- 'constant' #

# define parameter (starting) values; B is Beta, a is alpha,…
B.init <- matrix(c(.3, 0, 0, .3), 2, 2)
a.init <- matrix(c(1, 1), 2, 1)
P.init <- matrix(c(.3, 0, 0, .3), 2, 2)
BX.init <- matrix(c(0, 0, 0, 0), 2, 2)
aX.init <- matrix(c(0, 0), 2, 1)
PX.init <- matrix(c(0, 0, 0, 0), 2, 2)
L.init <- diag(2)
ta.init <- matrix(0, 2, 1)
Th.init <- diag(2)*0

# define which parameters are freely estimated and which are fixed
B.est <- matrix(TRUE, 2, 2) # freely estimated 
a.est <- matrix(TRUE, 2, 1)
P.est <- matrix(TRUE, 2, 2)
BX.est <- matrix(TRUE, 2, 2)
aX.est <- matrix(TRUE, 2, 1)
PX.est <- matrix(TRUE, 2, 2)
L.est <- matrix(FALSE, 2, 2) # fixed
ta.est <- matrix(FALSE, 2, 1)
Th.est <- matrix(FALSE, 2, 2)

# define parameter labels
B.label <- matrix(c(paste0(paste0('b', 1:2), rep(1:2, each=2))), 2, 2)
a.label <- matrix(paste0('a', 1:2), 2, 1)
P.label <- matrix(c(paste0(paste0('p', 1:2), rep(1:2, each=2))), 2, 2)
P.label[upper.tri(P.label)] <- P.label[lower.tri(P.label)] # make label matrix symmetric as this is a covariance matrix
BX.label <- matrix(c(paste0(paste0('bx', 1:2), rep(1:2, each=2))), 2, 2)
aX.label <- matrix(paste0('ax', 1:2), 2, 1)
PX.label <- matrix(c(paste0(paste0('px', 1:2), rep(1:2, each=2))), 2, 2)
PX.label[upper.tri(PX.label)] <- PX.label[lower.tri(PX.label)] # make label matrix symmetric as this is a covariance matrix
L.label <- matrix(c(paste0(paste0('l', 1:2), rep(1:2, each=2))), 2, 2)
ta.label <- matrix(paste0('ta', 1:2), 2, 1)
Th.label <- matrix(c(paste0(paste0('th', 1:2), rep(1:2, each=2))), 2, 2)
Th.label[upper.tri(Th.label)] <- Th.label[lower.tri(Th.label)]  <- NA # make label matrix diagonal as this is a covariance matrix

# define initial moments to start the Kalman filter
x0.init  <-  matrix(apply(as.matrix(data[, name.y]), 2, mean, na.rm=T), 2, 1) 
P0.init  <-  matrix(cov(as.matrix(data[, name.y]), use='pairwise.complete.obs'), 2, 2)

# define MxModel and store into object 'model'
model <- mxModel(
  name='model', 
  # definition variables
  mxMatrix("Full", nrow=1, ncol=1, free=FALSE, labels=matrix(paste0("data.", name.c), 1, 1), name="u"), 
  mxMatrix("Full", nrow=1, ncol=1, free=FALSE, labels=matrix(paste0('data.', name.x), 1, 1), name='X'), 
  # measurement model
  mxMatrix("Full", nrow=2, ncol=2, values=L.init, free=L.est, labels=L.label, name="L", dimnames=list(name.y, paste0("latent", name.y))), 
  mxMatrix("Full", nrow=2, ncol=1, values=ta.init, free=ta.est, labels=ta.label, name="ta"), 
  mxMatrix("Diag", nrow=2, ncol=2, values=diag(Th.init), free=diag(Th.est), labels=diag(Th.label), name="Th", lbound=diag(2)*0), 
  # latent process model
  mxMatrix("Full", nrow=2, ncol=2, values=B.init, free=B.est, labels=B.label, name="B"), 
  mxMatrix("Full", nrow=2, ncol=1, values=a.init, free=a.est, labels=a.label, name="a"), 
  mxMatrix("Full", nrow=2, ncol=2, values=P.init, free=P.est, labels=P.label, name="P", lbound=matrix(c(0, -10, -10, 0), 2, 2)), 
  mxMatrix("Full", nrow=2, ncol=2, values=BX.init, free=BX.est, labels=BX.label, name="BX"), 
  mxMatrix("Full", nrow=2, ncol=1, values=aX.init, free=aX.est, labels=aX.label, name="aX"), 
  mxMatrix("Full", nrow=2, ncol=2, values=PX.init, free=PX.est, labels=PX.label, name="PX"), 
  # define Algebras
  mxAlgebra(B+BX%x%X, name="Bstar"), 
  mxAlgebra(a+aX%x%X, name="astar"), 
  mxAlgebra(P+PX%x%X, name="Pstar"), 
  # KF initialization
  mxMatrix("Full", nrow=2, ncol=1, values=x0.init, free=FALSE, name="x0"), 
  mxMatrix("Full", nrow=2, ncol=2, values=P0.init, free=FALSE, name="P0"), 
  # attach data
  mxData(observed=data, type='raw'), 
  # maximum likelihood prediction error decomposition estimation
  mxFitFunctionML(), 
  mxExpectationStateSpace(x0="x0", P0="P0", u="u", A="Bstar", B="astar", Q="Pstar", C="L", D="ta", R="Th")
)
# get the names of the model parameters and add as CI
name.par <- names(omxGetParameters(model)) 
model <- mxModel(model, mxCI(reference=name.par))

# run the model
modelout <- mxRun(model, intervals=T)
# print a summary of the results
summary(modelout)
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