# This function carries out randomization test of Moran I for negative binomial

# regression residuals. It uses glm.nb from the MASS package

# The five arguments are: argument 1 = dataset for fitting model

#   argument 2 = name of model output from NB regression for actual data

#   argument 3 = number of simulations desired, such as 999 for 1000 observations

#   argument 4 = the name of the weight matrix containing neighborhood information

#   argument 5 = numeric value for seed in generating simulated data

residual.NB.MoranI<-function(dataset,model,numsims,wtmat,   

     seed=sample(1:1000000,1))

{

set.seed(seed)

#define moranI function

moranI.calc<-function(simres,wtres)

{

if (length(simres)>0)

{

simstd<- simres -mean(simres)

moranI<-t(simstd)%*% wtres %*% simstd/(t(simstd)%*% simstd)

} else moranI<-NA

moranI

}
#create matrix to hold results

moran.results<-NULL
flag<-0

i<-0

j<-0
#obtain model components
model$call->modelformula

RHS<-strsplit(as.character(modelformula[2]),'~')[[1]][2]

#this version only adds residuals if model converges
while(flag==0)

{

#generate new responses based on NB regression model

temp.y<-sapply(fitted(model),function(x) rnbinom(1,mu=x,size=model$theta))
#regress simulated data

glm.nb(as.formula(paste('temp.y', '~',RHS)),

   data=dataset,na.action=na.omit,control=glm.control(maxit=100))->simout1
#check if model converged. If no, do not add residuals.

if(simout1$converged) {

#obtain residuals and calculate Moran I
simres<-residuals(simout1,type="pearson")

cur.moran<-moranI.calc(simres,wtmat)
i<-i+1

moran.results<-c(moran.results,cur.moran)
}

#next simulation

j<-j+1

#check if number of simulations requested is met

if(i==numsims) flag<-1

}

#finally add the actual values as the last row

res.actual<-residuals(model,type="pearson")

last.moran<-moranI.calc(res.actual,wtmat)
moran.results<-c(moran.results,last.moran)
names(moran.results)<-c(as.character(1:numsims),"Actual")

moran.results

}
#This function calculates p-value and plots randomization distribution

#arguments: argument 1 is the vector of simulated Moran I results

#   arguments 2 and 3 are the names (in quotes) of response and predictor for 

#        labeling graph

#   argument 4 should be 1 or 2 indicating a one- or two-tailed test

plot.NB.moranI<-function(out.sims,response,predictor,numtails=2)

{

#calculate p-value

cursim<-out.sims[!is.na(out.sims)]

actual.val<-cursim[length(cursim)]

#which tail is it in

medval<-median(cursim)

num.bigger<-ifelse(actual.val>medval,sum(cursim>=actual.val),

   sum(cursim<=actual.val))

#double one-tailed p-value for two-tailed value

p.val<-if(numtails==1) num.bigger/(length(cursim)) else 

    2*num.bigger/(length(cursim)) 
morp<-out.sims[1:(length(out.sims)-1)]

zz<-density(morp)

plot.density(zz,main="Moran's I Residual Permutation Test",

    xlab="Reference Distribution",

    lwd=2,col=2,xlim=c(min(out.sims),max(out.sims)))

hist(morp,freq=F,add=T)

points(actual.val,0,pch=17,col=4,cex=1.5)

arrows(actual.val,0.4, actual.val,3,lwd=2,length=.09,code=1,col=4,lty=1)
tailtext<-if(numtails==1)   paste(response, " vs ",predictor,

   ", # of simulations = ",

   prettyNum(length(cursim), big.mark=","),

   ", p = ",format.pval(p.val),' (one-tailed)',sep='') else  

   paste(response, " vs ",predictor,", # of simulations = ",

   prettyNum(length(cursim), big.mark=","),

   ", p = ",format.pval(p.val),' (two-tailed)',sep='')
mtext(tailtext,line=0.5,side=3,cex=.7)

pretty.actual<-round(actual.val,3)

par(xpd=TRUE)

text(actual.val,3,"observed\nvalue ",col=4,cex=.55,pos=3)

par(xpd=FALSE)

}

#SAMPLE RUNS

#load MASS package

#library(MASS)

#carry out randomizations--999 translates into 1000 total observations
#test.sims<-residual.NB.MoranI(year5.disease,output.nb,999,wtmat5,100)

# Calculate p-value and plot results. I do a one-tailed test.

#plot.NB.moranI(test.sims,"Prev.1","SSTAsums_smint",numtails=1)

