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R codes for Scenario 1 in Simulation studies
library(splines)
library(mvtnorm)

n=200; ni=6; p=3; ID.f=rep(1:n,each=ni)

age=cbind(runif(n),1+runif(n),2+runif(n),3+runif(n),4+runif(n),5+runif(n))
Age=c(t(age))
c=runif(n,1,5)
ci=rep(c,each=ni)
spline1=Age-ci;spline1[spline1<0]=0
spline2=spline1ˆ2;spline2[spline1<0]=0
y.f=1+Age+Ageˆ2+(ci+cos(pi*ci))*spline2+c(t(mvrnorm(n,rep(0,ni),ar1(0.8,ni))))

sp=bs(ci, df=13, intercept=TRUE,degree=3)
X2.f=cbind(Age,Ageˆ2,spline2*sp)
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miss=rbinom(n*ni, 1, prob=0.8)
X2=X2.f[miss==1,]
y=y.f[miss==1]
ID=ID.f[miss==1]

b.in=summary(lm(y˜X2))$coef[,1]
se.in=summary(lm(y˜X2))$coef[,2]

Q.fit2=QIF(y,cbind(1,X2),b.in,table(ID),’ar1’,’cont’)
Q.2.ar=Q.fit2$Q
b.ar=Q.fit2$coefficient[,1]
se.ar=Q.fit2$coefficient[,2]

R codes for quadratic inference functions written by authors

## This is for AR(1)
ar1 <- function(rho,n) {

z <- outer(1:n,1:n,’-’)
z <- rhoˆ(abs(z))
diag(z) <- 1
z}

## Exchangable
exch <- function(para,s) {

z <- matrix(para,s,s)
diag(z) <- 1
z}

QIF = function(y,x,beta_initial,nobs,working,response){
Y <- as.matrix(y)
X <- as.matrix(x)
n <- length(nobs)
p <- dim(x)[[2]]
betadiff <- 1
iteration <- 0
betanew <- as.numeric(beta_initial)
tol<-1e-8 #very important this value have to be larger than simulation tol
maxiter<-200
while (betadiff > tol && iteration < maxiter && sum(betanew)!=0) {

beta <- betanew
sumg <- matrix(rep(0, 2 * p), nrow = 2 * p)
sumc <- matrix(rep(0, 2 * p * 2 * p), nrow = 2 * p)
arsumg <- matrix(rep(0, 2 * p), nrow = 2 * p)
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arsumc <- matrix(rep(0, 2 * p * 2 * p), nrow = 2 * p)
gi <- matrix(rep(0, 2 * p), nrow = 2 * p)
arsumgfirstdev <- matrix(rep(0, 2 * p * p), nrow = 2 * p)
firstdev <- matrix(rep(0, 2 * p * p), nrow = 2 * p)
loc1 <- 0
loc2 <- 0
for (i in 1:n) {

loc1 <- loc2 + 1
loc2 <- loc1 + nobs[i] - 1
yi <- as.matrix(Y[loc1:loc2, ])
xi <- matrix(X[loc1:loc2, ],nrow=nobs[i])
ni <- nrow(yi)
m0 <- diag(ni)

if(working=="ar1"){
m1 <- matrix(rep(0, ni * ni), ni)

for (k in 1:ni) {
for (l in 1:ni) {

if (abs(k - l) == 1)
m1[k, l] <- 1

}}}
if(working=="exch"){

m1 <- matrix(rep(1, ni * ni), ni) - m0
}

if (response == "cont") {
if(length(beta)!=1){ui <- xi %*% beta}
if(length(beta)==1){ ui <- t(beta %*% t(xi))}

fui <- ui
fui_dev <- diag(ni)
vui <- diag(ni)

wi <- t(xi) %*% fui_dev %*% vui %*% m0 %*% vui
zi <- t(xi) %*% fui_dev %*% vui %*% m1 %*% vui

}

if (response == "binary") {
ui <- 1/(1 + exp(-xi %*% beta))
fui <- log(ui) - log(1 - ui)
fui_dev <- diag(as.vector(ui)) %*% diag(as.vector(1 - ui))
vui <- diag(as.vector(sqrt(1/ui))) %*% diag(as.vector(sqrt(1/(1 - ui))))
wi <- t(xi) %*% fui_dev %*% vui %*% m0 %*% vui
zi <- t(xi) %*% fui_dev %*% vui %*% m1 %*% vui

}
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if (response == "poisson") {
ui <- exp(xi %*% beta)

fui <- log(ui)
fui_dev <- diag(as.vector(ui))

vui <- diag(as.vector(sqrt(1/ui)))
wi <- t(xi) %*% fui_dev %*% vui %*% m0 %*% vui
zi <- t(xi) %*% fui_dev %*% vui %*% m1 %*% vui

}

gi0 <- (1/n) * wi %*% (yi - ui)
gi1 <- (1/n) * zi %*% (yi - ui)
gi[1:p, ] <- gi0
gi[(p + 1):(2 * p), ] <- gi1
arsumc <- arsumc + gi %*% t(gi)
arsumg <- arsumg + gi
di0 <- -(1/n) * wi %*% fui_dev %*% xi
di1 <- -(1/n) * zi %*% fui_dev %*% xi
firstdev[1:p, ] <- di0
firstdev[(p + 1):(2 * p), ] <- di1
arsumgfirstdev <- arsumgfirstdev + firstdev

}

arcinv = solve(arsumc)
Q <- t(arsumg) %*% arcinv %*% arsumg
arqif1dev <- t(arsumgfirstdev) %*% arcinv %*% arsumg
arqif2dev <- t(arsumgfirstdev) %*% arcinv %*% arsumgfirstdev

invarqif2dev <- solve(arqif2dev)

betanew <- beta - invarqif2dev %*% arqif1dev
betadiff <- abs(sum(betanew - beta)) #t(betanew - beta)%*%(betanew - beta)

iteration <- iteration + 1
}

betase <- sqrt(diag(invarqif2dev))
Z <- as.vector(betanew)/betase
betapvalue <- 2 * (1 - pnorm(abs(Z)))

result <- cbind(betanew,betase,Z,betapvalue)

return(list(iteration=iteration, coefficient=result, Q=Q))
}
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BIQIF = function(y,x,beta,nobs,working,response){
Y <- as.matrix(y)
X <- as.matrix(x)
n <- length(nobs)
p <- dim(x)[[2]]

sumg <- matrix(rep(0, 2 * p), nrow = 2 * p)
sumc <- matrix(rep(0, 2 * p * 2 * p), nrow = 2 * p)
arsumg <- matrix(rep(0, 2 * p), nrow = 2 * p)
arsumc <- matrix(rep(0, 2 * p * 2 * p), nrow = 2 * p)
gi <- matrix(rep(0, 2 * p), nrow = 2 * p)
arsumgfirstdev <- matrix(rep(0, 2 * p * p), nrow = 2 * p)
firstdev <- matrix(rep(0, 2 * p * p), nrow = 2 * p)
loc1 <- 0
loc2 <- 0
for (i in 1:n) {

loc1 <- loc2 + 1
loc2 <- loc1 + nobs[i] - 1
yi <- as.matrix(Y[loc1:loc2, ])
xi <- matrix(X[loc1:loc2, ],nrow=nobs[i])
ni <- nrow(yi)
m0 <- diag(ni)

if(working=="ar1"){
m1 <- matrix(rep(0, ni * ni), ni)

for (k in 1:ni) {
for (l in 1:ni) {

if (abs(k - l) == 1)
m1[k, l] <- 1

}}}
if(working=="exch"){

m1 <- matrix(rep(1, ni * ni), ni) - m0
}

if (response == "cont") {
if(length(beta)!=1){ui <- xi %*% beta}
if(length(beta)==1){ ui <- t(beta %*% t(xi))}

fui <- ui
fui_dev <- diag(ni)
vui <- diag(ni)

wi <- t(xi) %*% fui_dev %*% vui %*% m0 %*% vui
zi <- t(xi) %*% fui_dev %*% vui %*% m1 %*% vui

}

if (response == "binary") {
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ui <- 1/(1 + exp(-xi %*% beta))
fui <- log(ui) - log(1 - ui)
fui_dev <- diag(as.vector(ui)) %*% diag(as.vector(1 - ui))
vui <- diag(as.vector(sqrt(1/ui))) %*% diag(as.vector(sqrt(1/(1 - ui))))
wi <- t(xi) %*% fui_dev %*% vui %*% m0 %*% vui
zi <- t(xi) %*% fui_dev %*% vui %*% m1 %*% vui

}

if (response == "poisson") {
ui <- exp(xi %*% beta)

fui <- log(ui)
fui_dev <- diag(as.vector(ui))
vui <- diag(as.vector(sqrt(1/ui)))
wi <- t(xi) %*% fui_dev %*% vui %*% m0 %*% vui
zi <- t(xi) %*% fui_dev %*% vui %*% m1 %*% vui

}

gi0 <- (1/n) * wi %*% (yi - ui)
gi1 <- (1/n) * zi %*% (yi - ui)
gi[1:p, ] <- gi0
gi[(p + 1):(2 * p), ] <- gi1
arsumc <- arsumc + gi %*% t(gi)
arsumg <- arsumg + gi
di0 <- -(1/n) * wi %*% fui_dev %*% xi
di1 <- -(1/n) * zi %*% fui_dev %*% xi
firstdev[1:p, ] <- di0
firstdev[(p + 1):(2 * p), ] <- di1
arsumgfirstdev <- arsumgfirstdev + firstdev

}

arcinv = solve(arsumc)
Q <- t(arsumg) %*% arcinv %*% arsumg

return(list(Q=Q))
}
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