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VIntegrated Nested Laplace Appproximation
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data <- list( y=y, N=length(y), ...)
inits <- list( list( varl, var2 )
list( varl, var2 ),
list( varl, var2 )
cat( " model {

##Likelihood
##Priors

}", file="model.txt " )
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il ool BB 5 Do 4 mags a5 JAGS 53 Jso ol (3load 0,55 K5 s
rjags de 3 5L 5550 gladins Slsx18 )
library(rjags)

library(coda)

library(lattice)
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## simulate covariate data
n <- 50

sdx <- 6

obsx <- rnorm(n, 0, sdx)

## simulate response data

alpha <- 0
beta <- 10
sdy <- 20

error <- rnorm(n, O, sdy)

obsy <- alpha + betaxtruex + error

ILM)‘) U’JJ.’LA Y‘

jags_d <- list(x = obsx, y = obsy, n = length(obsx))

ey 95 sl gl polie Bae ¥

jags_ini <- list(list(alpha=-2,beta=5,sdy=15),
list (alpha=1,beta=10,sdy=25) )

P JAGS @ sl a3 5 S5 (5m Joe puiluliss .0

cat ("

modelq{

## Likelihood

for (i in 1:n) {

mu[i] <- alpha + beta * x[i]

y[i] ~ dnorm(mu([i], tauy) 1}
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## Priors

alpha ~ dnorm(0, .001)

beta ~ dnorm(0, .001)

sdy ~ dunif (0, 100)

tauy <- 1 / (sdy * sdy)

3", file="yerror.txt")

mod <- jags.model("yerror.txt", data=jags_d,
inits=jags_ini,
n.chains=2,

n.adapt=1000)

o syl 15 e i 51 Voo o e 4 MOMC G505 55 -8

out <- coda.samples(mod,
var=c("alpha", "beta", "sdy"),
n.iter=10000,
thin=10)

055 e 2235 5 (.351 SalaeS 4l Y
summary (out)
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library(rjags)
library(coda)

library(lattice)

Bbion 25 Doge & ey gl 4 by e Dlsies

data("GasolineYield",package="betareg")
Do iy 38 b dsl Jas sl 0

model {

for(j in 1:m) {

for(i in (N[jl+1) : N[j+1] ) {

y[i]l ~ dbeta(mu[il*phi, (1-mu[i])*phi)

logit(mu[i]) <- betal[1]l+b[j,1,1] + (betal[2]+b[j,1,2])*x[i]
}

blj,1,1:2] ~ dmnorm(mb[],sigbl,])



}

beta[1:2] ~ dmnorm(mbetal],sigbetall,])
sigbetal[1:2,1:2] <- inverse(sigbetal,])
sigb[1:2,1:2] ~ dwish(RO[,],4)
sigma.b[1:2,1:2] <- inverse(sigbl[,])
phiinv ~ dgamma(0.01,0.01)

phi <- 1/phiinv

}

DY edeg w38 b dsl Jae sl 0

model {

for(j in 1:m) {

for(i in (N[jI+1) : N[j+1] ) {

y[i] ~ dbeta(mul[il*phi, (1-mul[i])*phi)
logit(mu[i]) <- betal[1]l+b[j,1,1] + (betal[2]+b[j,1,2])*x[i]
}

blj,1,1:2] ~ dmnorm(mb[],sigb[,])

}

beta[1:2] ~ dmnorm(mbetal],sigbetall,])
sigbetal[1:2,1:2] <- inverse(sigbetal,])
sigb[1:2,1:2] ~ dwish(RO[,],4)
sigma.b[1:2,1:2] <- inverse(sigbl[,])
phiuni ~ dunif(0,50)

phi <- phiuni*phiuni

3
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model {
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for(j in 1:m) {

for(i in (N[jl+1) : N[j+1] ) {

y[i] ~ dbeta(muli]*phi, (1-mu[i])*phi)
logit(mu[i]) <- betal[1]+b[j,1,1] + (betal[2]+b[j,1,2])*x[i]
}

blj,1,1:2] ~ dmnorm(mb[],sigbl,])

}

betal[1:2] ~ dmnorm(mbetal],sigbetall,])
sigbetal[1:2,1:2] <- inverse(sigbetal,])
sigb[1:2,1:2] ~ dwish(RO[,],4)
sigma.b[1:2,1:2] <- inverse(sigbl[,])
phib ~ dbeta(1.1,1.1)

phi <- (50%phib)~2

}

0¥ g 38 b sl Jae gl 0

model {

for(j in 1:m) {

for(i in (N[jl+1) : N[j+1] ) {

y[i] ~ dbeta(mul[i]*phi, (1-mu[i])*phi)
logit(mu[i]) <- betal[1]l+b[j,1,1] + (betal[2]+b[j,1,2])*x[i]
}

blj,1,1:2] ~ dmnorm(mb[],sigb[,])

}

betal[1:2] ~ dmnorm(mbetal],sigbetall,])
sigbetal[1:2,1:2] <- inverse(sigbetal,])
sigb[1:2,1:2] ~ dwish(RO[,],4)
sigma.b[1:2,1:2] <- inverse(sigbl[,])
phib ~ dbeta(1.5,1.5)
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phi <- (50%phib)~2
}

o) Jae gl @

model {

for(j in 1:m) {

for(i in (N[jl+1) : N[j+1] ) {

y[i] ~ dbeta(mul[il*phil[il, (1-mu[i])*phil[i])
logit(mul[i]) <- betal[1l+b[j,1,1] + (betal[2]+b[j,1,2])*x[i]
log(phi[i]) <- deltal[1]

}

b[j,1,1:2] ~ dmnorm(mb[],sigb[,])
d[j,1,1:2] ~ dmnorm(mb[],sigb[,])

}

betal[1:2] ~ dmnorm(mbetal],sigbetall,])
delta[1:2] ~ dmnorm(mbetal],sigbetall,])
sigbetal[1:2,1:2] <- inverse(sigbetal,])
sigb[1:2,1:2] ~ dwish(RO[,],4)
sigma.b[1:2,1:2] <- inverse(sigbl[,])
meanphi <- mean(phi)
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model {

for(j in 1:m) {

for(i in (N[jI+1) : N[j+1] ) {

y[i] ~ dbeta(mul[il*phil[il, (1-mul[il)*philil)

logit(mul[i]) <- betal[1]+b[j,1,1] + (betal[2]+b[j,1,2])*x[1i]
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log(phi[i]) <- delta[1]l+d[j,1,1]

}

blj,1,1:2] ~ dmnorm(mb[],sigbl,])
dlj,1,1:2] ~ dmnorm(mb[],sigbl,])

}

betal[1:2] ~ dmnorm(mbetal],sigbetall,])
delta[1:2] ~ dmnorm(mbetal],sigbetall,])
sigbetal[1:2,1:2] <- inverse(sigbetal,])
sigb[1:2,1:2] ~ dwish(RO[,],4)
sigma.b[1:2,1:2] <- inverse(sigbl[,])
meanphi <- mean(phi)
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model {

for(j in 1:m) {

for(i in (N[jl+1) : N[j+1] ) {

y[i]l ~ dbeta(mu[il*phil[i], (1-muli])*philil)
logit(mu[i]) <- betal[1]l+b[j,1,1] + (betal[2]+b[j,1,2])*x[i]
log(phi[i]) <- deltal[2]*x[i]

}

blj,1,1:2] ~ dmnorm(mb[],sigbl,])
d[j,1,1:2] ~ dmnorm(mb[],sigb[,])

}

betal[1:2] ~ dmnorm(mbetal],sigbetall,])
deltal[1:2] ~ dmnorm(mbetal],sigbetall,])
sigbetal[1:2,1:2] <- inverse(sigbetal,])
sigb[1:2,1:2] ~ dwish(RO[,],4)

sigma.b[1:2,1:2] <- inverse(sigbl[,])
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meanphi <- mean(phi)
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model {

for(j in 1:m) {

for(i in (N[jI+1) : N[j+1] ) {

y[i]l ~ dbeta(mu[il*phil[i], (1-mu[i])*philil)
logit(mul[i]) <- betal[1l+b[j,1,1] + (betal[2]+b[j,1,2])*x[i]
log(phi[i]) <- delta[1]+(delta[2]*x[i])

}

blj,1,1:2] ~ dmnorm(mbl[],sigbl,])
d[j,1,1:2] ~ dmnorm(mb[],sigb[,])

}

betal[1:2] ~ dmnorm(mbetal],sigbetall,])
delta[1:2] ~ dmnorm(mbetal],sigbetall,])
sigbetal[1:2,1:2] <- inverse(sigbetal,])
sigb[1:2,1:2] ~ dwish(RO[,],4)
sigma.b[1:2,1:2] <- inverse(sigbl[,])
meanphi <- mean(phi)

3
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model {

for(j in 1:m) {

for(i in (N[jI+1) : N[j+1] ) {

y[i] ~ dbeta(mul[il*phil[il, (1-mul[il)*philil)

logit(mul[i]) <- betal[1]+b[j,1,1] + (betal[2]+b[j,1,2])*x[1i]
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log(philil) <- d[j,1,1]+delta[2]*x[i]

}

blj,1,1:2] ~ dmnorm(mb[],sigbl,])
dlj,1,1:2] ~ dmnorm(mb[],sigbl,])

}

betal[1:2] ~ dmnorm(mbetal],sigbetall,])
delta[1:2] ~ dmnorm(mbetal],sigbetall,])
sigbetal[1:2,1:2] <- inverse(sigbetal,])
sigb[1:2,1:2] ~ dwish(RO[,],4)
sigma.b[1:2,1:2] <- inverse(sigbl[,])
meanphi <- mean(phi)

3
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model {

for(j in 1:m) {

for(i in (N[jl+1) : N[j+1] ) {

y[i]l ~ dbeta(mu[il*phil[i], (1-muli])*philil)
logit(mu[i]) <- betal[1]l+b[j,1,1] + (betal[2]+b[j,1,2])*x[i]
log(phi[i]) <- (deltal[1]+d[j,1,1])+(deltal[2]*x[i])
}

blj,1,1:2] ~ dmnorm(mb[],sigbl,])

d[j,1,1:2] ~ dmnorm(mb[],sigb[,])

}

betal[1:2] ~ dmnorm(mbetal],sigbetall,])

deltal[1:2] ~ dmnorm(mbetal],sigbetall,])
sigbetal[1:2,1:2] <- inverse(sigbetal,])
sigb[1:2,1:2] ~ dwish(RO[,],4)

sigma.b[1:2,1:2] <- inverse(sigbl[,])
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meanphi <- mean(phi)

3
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model {

for(i in 1:m) {

for(j in 1:n) {

yl[i,j] ~ dbeta(muli,j] * phi,(1-muli,j]l)* phi)

logit(muli,jl)<-betal1]l+b[i,1,1]+(betal2]+b[i,1,2])*S[i]+
(beta[3]+b[i,1,3])*W[il+
(betal[4]+b[i,1,4])*SF[i]+(beta[5]+b[i,1,5])*C[i]

}

bli,1,1:5] ~ dmnorm(mb[],sigbl[,])

}

betal[1:5] ~ dmnorm(mbetal],sigbetall,])

sigbetal[1:5,1:5] <- inverse(sigbetal,])

sigb[1:5,1:5] ~ dwish(RO[,],25)

sigma.b[1:5,1:5] <- inverse(sigbl[,])

phiinv ~ dgamma(0.01,0.01)

phi <- 1/(phiinv)

}
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model {

for(i in 1:m) {

for(j in 1:n) {

yl[i,j] ~ dbeta(muli,j] * phi,(1-muli,j]l)* phi)
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logit(muli,jl)<-betal[1]+b[i,1,1]+(betal2]+b[i,1,2])*S[i]+

(beta[3]1+b[i,1,3])*W[il+
(betal[4]+b[i,1,4])*SF[i]+(betal[b]+b[i,1,5])*C[i]

}

bli,1,1:5] ~ dmnorm(mbl[],sigbl,])

}

beta[1:5] ~ dmnorm(mbetal],sigbetall,])

sigbetal[1:5,1:5] <- inverse(sigbetal,])

sigb[1:5,1:5] ~ dwish(RO[,],25)

sigma.b[1:5,1:5] <- inverse(sigb[,])

phiuni ~ dunif(0,50)

phi <- phiuni*phiuni

}
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model {

for(i in 1:m) {

for(j in 1:n) {

y[i,j] ~ dbeta(muli,j] * phi,(1-muli,jl)* phi)

logit(muli,jl)<-betal1]+b[i,1,1]+(beta[2]+b[i,1,2])*S[i]
+(beta[3]1+b[i,1,3])*W[il+

(betal4]+b[i,1,4])*SF[i]+(betal[5]+b[i,1,5])*C[i]

}

bli,1,1:5] ~ dmnorm(mb[],sigb[,])

}

betal[1:5] ~ dmnorm(mbetal],sigbetall,])

sigbetal[1:5,1:5] <- inverse(sigbetal,])

sigb[1:5,1:5] ~ dwish(RO[,],25)

sigma.b[1:5,1:5] <- inverse(sigbl[,])
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phib ~ dbeta(1.1,1.1)
phi <- (50%phib)~2
}
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model {

for(i in 1:m) {

for(j in 1:n) {

y[i,j] ~ dbeta(muli,j] * phi,(1-muli,j])* phi)

logit(muli,jl)<-betal[1]+b[i,1,1]+(beta[2]+b[i,1,2])*S[i]+
(beta[3]+b[i,1,3])*W[il+

(betal4]+b[i,1,4])*SF[i]+(betal[5]+b[i,1,5])*C[i]

}

bli,1,1:5] ~ dmnorm(mb[],sigb[,])

}

betal[1:5] ~ dmnorm(mbetal],sigbetall,])

sigbetal[1:5,1:5] <- inverse(sigbetal,])

sigb[1:5,1:5] ~ dwish(RO[,],25)

sigma.b[1:5,1:5] <- inverse(sigbl[,])

phib ~ dbeta(1.5,1.5)

phi <- (50%phib)~2

}
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model {

for(i in 1:m) {

for(j in 1:n) {

yl[i,j] ~ dbeta(muli,j] * phi,(1-muli,j]l)* phi)
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logit(muli,jl)<-betal1]+b[i,1,1]+(betal[2]+b[i,1,2])*S[il+

(beta[3]+b[i,1,3])*W[il+
(betal4]+b[i,1,4])*SF[i]+(betal[5]+b[i,1,5])*C[i]
log(phil[i,j]) <- deltal[1l+(deltal[2]*S[i])+(deltal[3]*W[i])+
(delta[5]*C[i])

}

bli,1,1:5] ~ dmnorm(mb[],sigb[,])

dli,1,1:5] ~ dmnorm(mb[],sigbl,])

}

betal[1:5] ~ dmnorm(mbetal],sigbetall,])

delta[1:5] ~ dmnorm(mbetal],sigbetall,])

sigbetal[1:5,1:5] <- inverse(sigbetal,])

sigb[1:5,1:5] ~ dwish(RO[,],25)

sigma.b[1:5,1:5] <- inverse(sigbl[,])

meanphi <- mean(phil[,])

3
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model {

for(i in 1:m) {

for(j in 1:n) {

y[i,j] ~ dbeta(muli,j] * phi,(1-muli,jl)* phi)

logit(muli,j])<-betal[1]+b[i,1,1]+(betal2]+b[i,1,2]1)*S[i]+
(beta[3]+b[i,1,3])*xW[i]l+

(betal4]+b[i,1,4])*SF[i]l+(beta[5]+b[i,1,5])*C[il]

log(phi[i,jl)<-delta[1]+d[i,1,1]1+(delta[2]*S[i])+

(delta[3]*W[il)+(delta[5]*C[i])

}

bli,1,1:5] ~ dmnorm(mb[],sigbl,])
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dfi,1,1:5] ~ dmnorm(mb[],sigbl,])

}

beta[1:5] ~ dmnorm(mbetal],sigbetall,])
delta[1:5] ~ dmnorm(mbetal],sigbetall,])
sigbetal[1:5,1:5] <- inverse(sigbetal,])
sigb[1:5,1:5] ~ dwish(RO[,],25)
sigma.b[1:5,1:5] <- inverse(sigbl[,])
meanphi <- mean(phil,])

}
:e-\”‘_)md\j .

model {

for(i in 1:m) {

for(j in 1:n) {

y[i,jl ~ dbeta(muli,j] * phi,(1-muli,jl)* phi)

logit(muli,jl)<-betal[1]+b[i,1,1]+(beta[2]+b[i,1,2])*S[i]+
(beta[3]+b[i,1,3])*W[il+
(betal[4]+b[i,1,4])*SF[i]+(beta[5]+b[i,1,5])*C[i]

log(phili,j])<- delta[1]l+(delta[2]+d[i,1,2])*S[i]+

(delta[3]+d[i,1,3])*W[il+(delta[5]+d[i,1,5])*C[i]

}

bli,1,1:5] ~ dmnorm(mbl[],sigb[,])

d[i,1,1:5] ~ dmnorm(mb[],sigb[,])

}

betal[1:5] ~ dmnorm(mbetal],sigbetall,])

delta[1:5] ~ dmnorm(mbetal],sigbetall,])

sigbetal[1:5,1:5] <- inverse(sigbetal,])

sigb[1:5,1:5] ~ dwish(RO[,],25)

sigma.b[1:5,1:5] <- inverse(sigbl[,])
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meanphi <- mean(phil,])

3

:e'\cJ"“’d\x’ d

model {
for(i in 1:m) {
for(j in 1:n) {
y[i,j] ~ dbeta(muli,j] * phi, (1-muli,jl)* phi)
logit(muli,jl)<-betal[1]+b[i,1,1]+(betal[2]+b[i,1,2])*S[i]+
(beta[3]+b[i,1,3])*W[i]+
(betal4]+b[i,1,4])*SF[i]+(betal[5]+b[i,1,5])*C[i]
log(phil[i,jl)<-(deltal[1]+d[i,1,1])+(deltal[2]+d[i,1,2])*S[i]+
(deltal3]+d[i,1,3])
*W[il+(delta[6]+d[i,1,5])*C[i]
}
bli,1,1:5] ~ dmnorm(mb[],sigb[,])
d[i,1,1:5] ~ dmnorm(mb[],sigb[,])
}
betal[1:5] ~ dmnorm(mbetal],sigbetall,])
delta[1:5] ~ dmnorm(mbetal[],sigbetall,])
sigbetal[1:5,1:5] <- inverse(sigbetal,])
sigb[1:5,1:5] ~ dwish(RO[,],25)
sigma.b[1:5,1:5] <- inverse(sigbl[,])
meanphi <- mean(phil,])
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Abstract

In most applications including analysis of rate responses and proportions like infla-
tion rate, growth rate, punctual customeres ratio in a financial business and a disease
percent in a special region, we are interested in detecting effective elements on re-
sponse variable. This aim is usually obtainable by regression models. The scale of
such responses is continuous and restricted to the interval (0,1). Logistic and probit
regression models are the popular models to analyze this type of responses. However,
the real distribution of such responses are usually greatly skewed and then the afor-
mentioned models are not appropriate for analyzing them. A new proposed regression
model that has a logical and appropriate adaptation with the essence of rate responses
is beta regression model which has recently become popular due to high flexibility of
beta distribution in modeling various kinds of skewnesses. The beta regression model
is an element of generalized linear models. An essential assumption in generalized
linear models is independency of response variables. However, in various situations,
e.g. in analyzing longitudinal data, spatial data and time series, the response vari-
ables are dependent. In these cases, generalized linear mixed models have been used
in which the dependency structure of responses is considered by using latent variables.
Fitting these models is easier by the Bayesian approach. This simplicity is due to the
revolution of MCMC sampling methods. Therefore, our main aim is Bayesian analysis

of dependent responses with continuous scale and restricted support.
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