


Appendix 1. Sample Size for Simulations

These commands compare, in graphical terms, regression parameters for sampled datasets of size n=200 or n=10000 against the generating parameters.
require(MASS)
# choose one or other sample size
n <- 200
# n <- 10000
# generating values
beta <- c(0.5,0.8,-0.4) # regression parameters
sigma <- 0.7 # overdispersion parameter
# sample 100 datasets for given n
beta.sample.data <- matrix(NA,100,3)
for (t in 1:100) {X1 <- rnorm(n)
X2 <- c(rep(0,n/2),rep(1,n/2))
mu <- exp(beta[1]+beta[2]*X1+beta[3]*X2) # regression means
y <- rnbinom(n=n,mu=mu,size=1/sigma) # generate responses
NB <- glm.nb(y ∼X1+X2)
for (j in 1:3) {beta.sample.data[t,j]=as.numeric(NB$coef[j])}}
# beta[2] for sampled datasets versus generating value
hist(beta.sample.data[,2],breaks=19, col = "peachpuff", prob = T, 
xlab = "beta.2 estimates",
main = "Sample Data Regression Parameters versus Generating Value",
cex.main=1,cex.axis=1)
lines(density(beta.sample.data[,2]),lwd = 2,col = "chocolate3")
abline(v = beta[2], col = "red", lwd = 2)
legend(x = "topright", c("Density plot", "Generating Value"),
col = c("chocolate3", "red"), lwd = c(2, 2),cex=0.75)
# beta[3] for sampled datasets versus generating value
hist(beta.sample.data[,3],breaks=19, col = "peachpuff", prob = T, 
xlab = "beta.3 estimates",
main = "Sample Data Regression Parameters versus Generating Value",
cex.main=1,cex.axis=1)
lines(density(beta.sample.data[,3]), lwd = 2, col = "chocolate3")
abline(v = beta[3], col = "red", lwd = 2)
legend(x = "topright", c("Density plot", "Generating Value"),
col = c("chocolate3", "red"), lwd = c(2.8, 2.8),cex=0.75

Appendix 2. R Code for Simulations

The R code used in the simulation of section 5 is listed below:
require(jagsUI); require(CountMQ); require(MASS); require(robNB); require(lqmm)
set.seed(23456)
[bookmark: _GoBack]source("glmrob.nb.r")
n <- 10000 # sample size
# Two predictors: predictor 1 is N(0,1), predictor 2 is binary
X1 <- rnorm(n); X2 <- c(rep(0,n/2),rep(1,n/2))
X <- cbind(1,X1,X2)
b <- c(0.5,0.8,-0.4) # generating regression parameters
sigma <- 0.7 # generating overdispersion parameter
y <- rnbinom(n=n,mu= exp(b[1]+b[2]*X1+b[3]*X2),size=1/sigma) # generate responses
# Uncontamined data
D <- list(y=y,X1=X1,X2=X2,n=n)
#
# Contamination in response
#
eps <- 0.05 # proportion of contamination
contam <- sample(1:n,eps*n) # random sampling without replacement
C <- 20 # size of contamination
bin.contam <- rep(0,n)
for (i in 1:length(contam)) {bin.contam[contam[i]] <- 1}
ycont <- y
ycont[contam] <- y[contam]+C # contaminated response vector
# Contaminated Data
Dcont <- list(y=ycont,X1=X1,X2=X2,n=n)
##
# Robust NB (Aeberhard et al, 2014)
#
RNB <- glmrob.nb(y,X); RNB$coef; RNB$stdev
RNBcont <- glmrob.nb(ycont,X); RNBcont$coef; RNBcont$stdev
#
# Neg-Bin M-quantiles (Chambers et al, 2014), q=0.5, Huber Cutpoint k=2
#
NBMQ <- glm.mq.nb(x=X,y=y,maxit=100,acc=0.01,q=0.5,k=2,theta.init=1)
NBMQ$coef
NBMQcont <- glm.mq.nb(x=X,y=ycont,maxit = 100,acc = 0.01,q=0.50,k=2, 
theta.init = 1)
NBMQcont$coef
#
# Machados and Santos-Silva (2005) Quantile Regression by Jittering Counts
#
QRJ <- lqm.counts(y ∼X1+X2,tau=0.5,M=100); QRJ
QRJcont <- lqm.counts(ycont ∼X1+X2,tau=0.5,M=100); QRJcont
#
# Negative Binomial (Bayesian est)
#
cat("model { for (j in 1:3) {b[j] ∼dnorm(0,0.001)}
for (i in 1:n){y[i] ∼dnegbin(alpha/(alpha+mu[i]),alpha)
log(mu[i]) <- b[1]+b[2]*X1[i]+b[3]*(X2[i]-0.5)}
alpha  ∼ dgamma(1,0.001)}", file="PNB.jag")
inits <- function(){list(alpha=rexp(1,1),b=rnorm(3,0,1))}
pars <- c("b","alpha")
# fits to uncontaminated data (D) and contaminated data (Dcont)
NB <- autojags(D, inits, pars, model.file="PNB.jag",2,
iter.increment=500,n.burnin=100,Rhat.limit=1.1,max.iter=5000,seed=1234)
# summary(NB)
NBcont <- autojags(Dcont, inits, pars, model.file="PNB.jag",2,
iter.increment=500,n.burnin=100,Rhat.limit=1.1,max.iter=5000,seed=1234)
summary(NBcont)
#
# Conditional Mean PLN model
#
cat("model { for (j in 1:3) {b[j] ∼ dnorm(0,0.001)}
for (i in 1:n){y[i]   dpois(exp(eta[i]))
eta[i] ∼dnorm(b[1]+ b[2]*X1[i]+b[3]*(X2[i]-0.5),tau)}
tau ∼ dgamma(1,0.001); sig2 <- 1/tau}", file="PLN.jag")
# initial values and estimation
inits <- function(){list(tau=runif(1,0,5),b=rnorm(3,0,1))}
pars <- c("b","tau","sig2")
# fits to uncontaminated data (D) and contaminated data (Dcont)
PLN <- autojags(D, inits, pars, model.file="PLN.jag",2,
iter.increment=1000,n.burnin=100,Rhat.limit=1.1,max.iter=5000,seed=1234)
summary(PLN)
PLNcont <- autojags(Dcont, inits, pars, model.file="PLN.jag",2, 
iter.increment=1000,n.burnin=100,Rhat.limit=1.1,max.iter=5000,seed=1234)
summary(PLNcont)
#
# Hierarchical Quantile (Median) Regression using PLN model
#
D$q=0.5; Dcont$q=0.5
cat("model { xi <- (1-2*q)/(q*(1-q))
# alternative priors for delta
delta    dgamma(1,0.001)
# delta    dunif(0,10000)
# delta <- 1/phi; log(phi) <- omega0; omega0 ∼ dnorm(0,0.001)
for (j in 1:3) {b[j]    dnorm(0,0.001)}
for (i in 1:n) {y[i]    dpois(exp(eta[i]))
eta[i]    dnorm(nu[i],tau[i])
nu[i] <- xi*w[i]+b[1]+b[2]*X1[i]+b[3]*(X2[i]-0.5)
w[i]  ∼ dexp(delta)
tau[i] <- (q*(1-q)*delta)/(2*w[i])
r[i] <- eta[i]-(b[1]+b[2]*X1[i]+b[3]*(X2[i]-0.5))
d[i] <- abs(r[i])/delta
stepw[i] <- step(w[i]-1/delta)
logw[i] <- log(w[i]*delta)}
for (j in 1:40) {w.sel[j] <- w[250+(j-1)*250]}
# ranks of w from pairwise comparison
rankw <- rank(w)}", file="HQRPLN.jag")
# initial values, gamma and uniform priors on delta
inits <- function(){list(delta=runif(1,0,5),b=rnorm(3,0,1), w=rexp(n,1))}
# initial values, lognormal prior on 1/delta
# inits <- function(){list(b=rnorm(3,0,1), omega0=rnorm(1,0,1),w=rexp(n,1))}
pars <- c("b","delta","w.sel")
# fits to uncontaminated data (D) and contaminated data (Dcont)
HQR <- autojags(D, inits, pars, model.file="HQRPLN.jag",2, 
iter.increment=1000,n.burnin=100,Rhat.limit=1.1, max.iter=10000,seed=1234)
summary(HQR)
HQRcont <- autojags(Dcont,inits,pars, model.file="HQRPLN.jag",2,
iter.increment=2000,n.burnin=100,Rhat.limit=1.05,max.iter=10000,seed=1234)
summary(HQRcont)
#
# Outlier detection
#
require(rjags); require(jagstools)
HQR.rjags <- jags.model(inits=inits,data=Dcont,n.chains=2, file="HQRPLN.jag")
update(HQR.rjags,5000)
# ranks of w from pairwise comparison
HQR.r <- coda.samples(HQR.rjags, c("rankw"),n.iter=5000)
r.samps <- jagsresults(HQR.r, c("rankw"))
# convert posterior mean ranks to total pairwise exceedance probs
ranks.w <- r.samps[,1]/(n-1)
ranks.high <- rep(0,n)
for (j in 1:n) {if(ranks.w[j] > 0.7) ranks.high[j] =1}
# concordance between exceedance probs (A) and contaminated cases
T <- table(bin.contam,ranks.high)
# sensitivity, specificity, Youden index
T[4]/(T[2]+T[4]); T[1]/(T[1]+T[3]); T[4]/(T[2]+T[4])+T[1]/(T[1]+T[3])-1
# exceedance probs against exponential mean
HQR.e <- coda.samples(HQR.rjags, c("stepw"),n.iter=5000)
exc.samps <- jagsresults(HQR.e, c("stepw"))
exc.w <- exc.samps[,1]
exc.high <- rep(0,n)
for (j in 1:n) {if(exc.w[j] > 0.7) exc.high[j] =1}
# concordance between exceedance probs (B) and contaminated cases
T <- table(bin.contam,exc.high)
# sensitivity, specificity, Youden index
T[4]/(T[2]+T[4]); T[1]/(T[1]+T[3]); T[4]/(T[2]+T[4])+T[1]/(T[1]+T[3])-1
# residual distance measure
HQR.d <- coda.samples(HQR.rjags, c("d"),n.iter=5000)
d.samps <- jagsresults(HQR.d, c("d"))
d <- d.samps[,1]
z.d <- (d-mean(d))/sd(d)
d.high <- rep(0,n)
for (j in 1:n) {if(z.d[j] > 1.5) d.high[j] =1}
# concordance between standardized d and contaminated cases
T <- table(bin.contam,d.high)
# sensitivity, specificity, Youden index
T[4]/(T[2]+T[4]); T[1]/(T[1]+T[3]); T[4]/(T[2]+T[4])+T[1]/(T[1]+T[3])-1
# log-transformed w
HQR.t <- coda.samples(HQR.rjags, c("logw"),n.iter=2500)
t.samps <- jagsresults(HQR.t, c("logw"))
logw <- t.samps[,1]
z.logw <- (logw-mean(logw))/sd(logw)
z.logw.high <- rep(0,n)
for (j in 1:n) {if(z.logw[j] > 1.5) z.logw.high[j] =1}
# concordance between highest standardized log(w) and contaminated cases
T <- table(bin.contam,z.logw.high)
# sensitivity, specificity, Youden index
T[4]/(T[2]+T[4]); T[1]/(T[1]+T[3]); T[4]/(T[2]+T[4])+T[1]/(T[1]+T[3])-1
# modified boxplot rule (Hubert and Vandervieren, 2008)
HQR.w <- coda.samples(HQR.rjags, c("w"),n.iter=5000)
w.samps <- jagsresults(HQR.w, c("w"))
w.mn <- w.samps[,1]
require(robustbase)
# multiplier adjustment to IQR based on medcouple function
adj =1.5*exp(3*mc(w.mn))
IF=quantile(w.mn,0.75)+adj*(quantile(w.mn,0.75)-quantile(w.mn,0.25))
w.high <- rep(0,n)
for (j in 1:n) {if(w.mn[j] > IF) w.high[j] =1}
# concordance between exceedance probs (A) and contaminated cases
T <- table(bin.contam,w.high)
# sensitivity, specificity, Youden index
T[4]/(T[2]+T[4]); T[1]/(T[1]+T[3]); T[4]/(T[2]+T[4])+T[1]/(T[1]+T[3])-1
# correlations between outlier indicators 1-4
out.ix <- matrix(NA,n,4)
out.ix[,1] <- ranks.w;out.ix[,2] <- exc.w;out.ix[,3] <- z.d;out.ix[,4] <- z.logw
cor(out.ix)




