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> source("http://www.math.ntnu.no/inla/givemeINLA.R")
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> library(INLA)
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> inla.upgrade (testing=TRUE)
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> formula <- y ~1 + x1 + x2 + f(z1, model="...")
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> names(inla.models()$latent)

[1] "linear" "iid" "mec" "meb" "rgeneric"
[6] "rwl" "rw2" "crw2" "seasonal" "besag"
[11] "besag2" "bym" "bym2" "besagproper" "besagproper2"
[16] "ar1" "ar" "ou" "generic" "genericO"
[21] "genericl" ‘"generic2" '"generic3" "spde" "spde2"

[26] "spde3" "iid1d" "iid2d" "iid3d" "iid4d"
[31] "iidbq4" "2diid" "z" "rw2d" "rw2diid"
[36] "s1lm" "matern2d" "copy" "clinear" "sigm"

[41] "revsigm"
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> inla(formula, family = "...", data)
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> names(inla.models()$likelihood) #output partially omitted

[1] "poisson" "gpoisson"

[3] "binomial" "testbinomiall"
[5] "gamma" "beta"

[7] "betabinomial" "cbinomial"

[9] "nbinomial" "simplex"

[11] "gaussian" "normal"

[13] "circularnormal" "wrappedcauchy"
[156] "iidgamma" "iidlogitbeta"
[17] "sas" "loggammafrailty"
[19] "logistic" "skewnormal"
[21] "sn" "gev"

[23] "laplace" "lognormal"
[25] "exponential" "coxph"

[27] "weibull" "loglogistic"

[29] "zeroinflatednbinomialO"
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>formula = inla.surv(time, event, subject)~ age + sex + dis2 + dis3 + dis4 +

f (subject, model="iid", param=c(l, 1))

19bee L2l 2y )90t inla &b abewgd INLA o) s8) Coles 59 9

>mod=inla(formula, family="coxph", data=data,

control.data=list(param=c(1,1)), control.fixed=list(prec=1))

"param” .5 o ool by Lo sloJae 10 jguil eols Cavogs g1y Vinlasurv()” &b ol o a8
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>rm(list=1s())
>library (INLA)

## data entry
>time=c(182,182,63,68,182,152,182,130,134,145,152,182,98,152,182,88,95,
105,130,137,167,182,152,182,81,182,71,84,126,134,152,182,116,130,
182,91,182,63,68,84,95,152,182,105,152,182,63,102,152,182,63,77,
112,140,182,77,119,152,161,167,182,105,112,145,161,182,152,182,81,
95,182,84,91,102,108,130,134,182,182,91,182,63,102,119,161,161,
172,179,182,88,91,95,105,112,119,119,137,145,167,172,182,91,98,
108,112,134,137,161,161,179,182,71,174,182,95,105,134,137,140, 145,
150,150,182,66,68,130,137,182,77,85,112,137,161,174,182,81,84,126,
134,161,161,174,182,68,77,98,102,102,102,182,112,182,88,88,91,98,112,
134,134,137,137,140,140,152,152,182,77,179,182,112,182,71,71,74,77,112,
116,116,140,140,167,182,77,95,126,150,182,88,126,130,130,134,182,63,74,
84,84,88,91,95,108,134,137,179,182,81,88,105,116,123,140,145,152,161,
161,179,182,88,95,112,119,126,126,150,157,179,182,68,68,84,102,105,119,
123,123,137,161,179,182,140,182,152,182,182,81,182,63,88,134,182,84, 134,
182)
>event=c(1,0,1,1,0,1,0,1,1,1,1,0,1,1,1,1,1,1,1,1,1,0,1,0,1,0,1,1,1,1,1,0,1,1,0,1,
o,1,1,1,1,1,0,1,1,0,1,1,1,0,1,1,1,1,0,1,1,1,1,1,0,1,1,1,1,1,1,0,1,1,0,1,1,
1,1,1,1,0,0,1,0,1,1,1,1,1,1,1,0,1,1,1,1,1,1,1,1,1,1,1,0,1,1,1,1,1,1,1,1,
1,0,1,1,0,1,1,1,1,1,1,1,1,0,1,1,1,1,0,1,1,1,1,1,1,0,1,1,1,1,1,1,1,0,1,1,
1,1,1,1,0,1,0,1,1,1,1,1,1,1,1,1,1,1,1,1,0,1,1,0,1,0,1,1,1,1,1,1,1,1,1,1,
o,1,1,1,1,0,1,1,1,1,1,0,1,1,1,2,1,2,1,1,1,1,1,0,1,1,1,1,1,1,1,1,1,1,1,
o,1,1,1,1,1,1,1,1,1,0,1,1,1,1,1,1,1,1,1,1,1,0,1,0,1,1,1,1,0,1,1,1,0,1,
1,1
>subject=c(1,2,3,3,3,4,4,5,5,5,5,5,6,6,6,7,7,7,7,7,7,7,8,8,9,9,10,10,10,10,10,
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10,11,11,11,12,12,13,13,13,13,13,13,14,14,14,15,15,15,15,16,16, 16,16,
i6,17,17,17,17,17,17,18,18,18,18,18,19,19,20,20,20,21,21,21,21,21,21,
21,22,23,23,24,24,24,24,24,24,24,24,25,25,25,25,25,25,25,25,25,25,25,
25,26,26,26,26,26,26,26,26,26,26,27,27,27,28,28,28,28,28,28,28,28,28,
29,29,29,29,29,30,30,30,30,30,30,30,31,31,31,31,31,31,31,31,32,32,32,
32,32,32,32,33,33,34,34,34,34,34,34,34,34,34,34,34,34,34,34,35,35, 35,
36,36,37,37,37,37,37,37,37,37,37,37,37,38,38,38,38,38,39,39,39,39,39,
39,40,40,40,40,40,40,40,40,40,40,40,40,41,41,41,41,41,41,41,41,41,41,
41,41,42,42,42,42,42,42,42,42,42,42,43,43,43,43,43,43,43,43,43,43,43,

43,44 ,44,45,45,45,46,46,47 ,47,47,47,48,48,48)

>group=c(rep(1,81) ,rep(2,172))

>rats.data <- as.data.frame(cbind(time,event,subject,group))
>rats.data$group <- factor(rats.data$group,labels=c('treatment', 'control'))
>cutpoints = seq( 62,182, len=6)

>formula = inla.surv(time, event, subject=subject) ~ group +

f(subject, model="iid",param=c(1,0.001))

>model = inla(formula,family="coxph",control.hazard=list(cutpoints=cutpoints),
control.inla = list(int.strategy="grid", diff.logdens=15, dz=0.2),
data=rats.data)

>h = inla.hyperpar(model, dz=0.2, diff.logdens=15)

>sigma.subj <- inla.tmarginal(function(x) sqrt(1/x), h$marginals.hy[[1]])
#sigma.basline <- inla.tmarginal(function(x) 1/exp(x), h$marginals.hy[[2]])

>inla.emarginal (function(x) x, sigma.subj)
>inla.qgmarginal(c(0.025, 0.5, 0.975), sigma.subj)
>inla.hpdmarginal (0.95, sigma.subj)

S 3wainis Jgl Jbo 4 bgoyo glaus Y.

>rm(1list=1s())

>set.seed(2321)

>lambda <- 3

>upper <- 4

>T.rec <- list()

>m <- 200

>for (i in 1:m){

N <- rpois(1l, lambda * upper)
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Tn <- rexp(N, lambda)

Sn <- cumsum(Tn)

Un <- runif(N)

keep <- (Un <= cos(Sn)~2) #indicator, as logical vector
T.rec[[i]] <- Snl[keep]

}

>n.obs <- sapply(T.rec, length)

>seq.max <- seq_len(max(n.obs))

>T.rec.mat <- sapply(T.rec, "[", i = seq.max)

>len <- length(T.rec.matl[,1])

>T.rec.vec <- cbind(rep(l:m, each = len), as.vector(T.rec.mat),
rep(1,length(T.rec.mat[,1])), rep(l,length(T.rec.mat[,1]1)))

>T.rec.f <- T.rec.vec['!is.na(T.rec.vec[,2]),]

#rbinom(length(T.rec.mat[,1]),size=1,prob=0.8)

>dat <- as.data.frame(cbind(T.rec.f[,2], T.rec.f[,3], T.rec.f[,1],
T.rec.f[,4]))

>names (dat) <- c("time", "event", "subject", "covariate")

>dat

>library (INLA)

>n.cut = 20 # 40, 60, 80

>cutpoints = seq( 0, 10, len=n.cut)

>formula = inla.surv(time, event, subject=subject) ~ 1 +

f(subject, model="iid")

>model = inla(formula, family="coxph",

control.hazard=1list (cutpoints=cutpoints),

#control.inla = list(int.strategy="grid", diff.logdens=15, dz=0.2),
data=dat)

>h = inla.hyperpar(model, dz=0.2, diff.logdens=15)

#summary (h)

>st <- st.low <- st.up <- rep(NA, n.cut)

>for (i in 1:n.cut){

st[i] <- median(h$marginals.random$baseline.hazard[[i]][,1])
st.low[i] <- quantile(h$marginals.random$baseline.hazard[[i]][,1],
probs=0.025)

st.up[i] <- quantile(h$marginals.random$baseline.hazard[[i]][,1],
probs=0.975)

}
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>temp=seq(0,10,length.out=(n.cut-1))
>graph<-stepfun(temp,st,f=0)
>graph.low <- stepfun(temp,st.low,f=0)
>graph.up <- stepfun(temp,st.up,f=0)

>plot(graph, ylim=c(-4,1), main="", xlab="time", ylab="baseline hazard",
1lty=2)

#lines(graph.low, col=3, 1lty=3)

#lines(graph.up, col=3, 1lty=3)

>curve (log(3*cos(x)~2), from=0, to=10, ylab=expression(hat(h) (t)),
col="red", xlab="t", add=TRUE)

#library(NHPoisson)

#lambda <- function(t) 3*cos(t)~2
#tt <- seq(0,4,length.out=10)

#yy <- lambda(tt)
#aux<-simNHP.fun(lambda=yy)
#aux$posNH



Aabstract

Due to the complexity of appropriate statistical models for Bayesian analysis of recurrent event
data, we need to use sampling-based methods such as MCMC algorithms. However, MCMC meth-
ods applied to these models come with a wide range of problems in terms of convergence, mixing
properties and computational time. An alternative method is integrated nested Laplace approxi-
mation (INLA) method, introduced by Rue et al. (2009). The INLA method is very fast and does
not suffer the same problems as MCMC. Moreover, the approximations described by INLA to be
extremely accurate so that, in order for any bias to be detected, the MCMC algorithm would have
to run for much longer time than it is usually done in practice. In this thesis, we assume that recur-
rent events occur according to a non-homogeneous Poisson process and then perform approximate

Bayesian inference using INLA. We illustrate our approach using both simulated and real life data.

Keywords: Recurrent events, integrated nested Laplace approximation, non-homogeneous

Poisson process, Cox proportional hazard model, Gaussian Markov random field.
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