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make ecdf <- function(X) {

list(x=c(0,X,10), y=c(0:5/5,1))

dist <- function(X,Y) {
sqrt (sum((X-Y)~2))

set.seed(123)
mu0 <- runif(1,4,6)
Xobs <- sort(rnorm(5,mu0,1))

ecdf obs <- make_ecdf (Xobs)

N <- 1E4

mu_sim <- runif(N,0,10)

Xsim <- sapply(1:N,
function(i){

sort (rnorm(5,mu_sim([i], 1))
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b
Xsim <- t(Xsim)
dist_sim <- sapply(1:N,
function(i){
sqrt (sum( (Xobs-Xsim[i,])"2))
1)
acc_sim <- (dist_sim < 2)

plot_col <- -6*xacc_sim+8

Sobs <- mean(Xobs)
Ssim <- rowMeans(Xsim)

dist_sim2 <- abs(Ssim - Sobs)

##PLOTS
##Plot observed vs first 20 simulated data sets
par (mfrow=c(1,2))
plot(ecdf_obs$x, ecdf obs$y,
type='s', x1lim=c(0,10), 1lwd=3,
xlab='Y', ylab='ecdf', main='Data')
for (i in which(l!acc_sim[1:20])) {
ecdf _sim <- make_ecdf (Xsim[i,])
lines(ecdf_sim$x, ecdf_sim$y,
type='s', col='grey')
}
for (j in 1:2) {
i <- which(acc_sim) [j]
ecdf sim <- make_ecdf (Xsim[i,])
lines(ecdf_sim$x, ecdf_sim$y,
type='s', col=c('red', 'blue')[j], lwd=c(1.4,1)[j])
}
plot(mu_sim[1:20], dist_sim[1:20],
x1im=c(0,10), ylim=c(0,14), cex=1, col=plot_col[1:20], pch=20,
xlab="theta", ylab="Distance")

abline(h=2, col='orange', lwd=1)
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par (mfrow=c(4,2), mar=c(2, 4, 2, 2) + 0.1)
for (hh in quantile(dist_sim[1:1E3],c(0.01,0.05,0.1,0.25))) {
acc_sim <- (dist_sim < hh)
plot_col <- -6xacc_sim+8
dens <- density(mu_sim[1:1E3] [acc_sim[1:1E3]])
plot(dens$x, dens3y,
type='1l"', xlim=c(2,8), ylim=c(0,1.5),
xlab='"', ylab='Density')
myx <- seq(0,10,length.out=100)
myy <- dnorm(myx, mean(Xobs), sd=sqrt(1/5))
lines(myx, myy, lty=2)
#points(mu_sim[acc_sim], rep(0,sum(acc_sim)), pch="|")
plot(mu_sim[1:1E3], dist_sim[1:1E3],
x1im=c(0,10), ylim=c(0,14), pch=16, cex=0.5, col=plot_col,
xlab='"', ylab="Distance")
abline(h=hh, col='orange', lwd=1)
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il ) Do

par (mfrow=c(4,2), mar=c(2, 4, 2, 2) + 0.1)
for (hh in quantile(dist_sim2[1:1E3],c(0.01,0.05,0.1,0.25))) {
acc_sim <- (dist_sim2 < hh)
plot_col <- -6xacc_sim+8
dens <- density(mu_sim[1:1E3] [acc_sim[1:1E3]])
plot(dens$x, dens3y,
type='1l"', xlim=c(2,8), ylim=c(0,1.5),
xlab='"', ylab='Density')
myx <- seq(0,10,length.out=100)
myy <- dnorm(myx, mean(Xobs), sd=sqrt(1/5))
lines(myx, myy, lty=2)

#points(mu_sim[acc_sim], rep(0,sum(acc_sim)), pch="[")
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plot(mu_sim[1:1E3], dist_sim2[1:1E3],
x1im=c(0,10), ylim=c(0,6), pch=16, cex=0.5, col=plot_col,
xlab='"', ylab="Distance")

abline(h=hh, col='orange', lwd=1)
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library (mnormt)

ma2like=function(theta)

{

n=length(y)

sigma=toeplitz(c(l+theta[1] "2+theta[2]~2,theta[1]

+theta[1] *theta[2],theta[2] ,rep(0,n-3)))

if (theta[2]<1 & theta[2]>-1 & theta[1]>-theta[2]-1 & theta[l]<theta[2]+1)
dmnorm(y,rep(0,n),sigma) else O

3

n=100
y=as.vector(arima.sim(n=n,list(ma=c(0.6,0.2))))

acy=c(sum(y[1: (n-1)]*y[2:n]),sum(y[1: (n-2)]*y[3:n]))

acysim=matrix(0,1074,2)

for (j in 1:1074)

{

theta=runif(2,c(-2,-1),c(2,1))
while((sum(theta)<{-1}) || (diff (theta)<{-1})) theta=runif(2,c(-2,-1),c(2,1))
ysim=as.vector(arima.sim(n=n,list(ma=c(thetal[l],thetal[2]))))
acysim[j,]=c(sum(ysim[1: (n-1)]*ysim[2:n]),sum(ysim[1: (n-2)]*ysim[3:n]))

}

Sigmal=cov(acysim)

ISigmal=solve(Sigmal)



AY

Nsimu=10"6
dede=rep(0,Nsimu)

theta=matrix(0,Nsimu,?2)

for (i in 1:Nsimu)

{

thetali,]=runif(2,c(-2,-1),c(2,1))

while((sum(theta[i,])<{-1}) || (diff (thetali,]1)<{-1})) thetali,]
=runif(2,c(-2,-1),c(2,1))
ysim=as.vector(arima.sim(n=n,list(ma=c(thetali,1],thetali,2]))))
acysim=c(sum(ysim[1: (n-1)]*ysim[2:n]) ,sum(ysim[1: (n-2)]*ysim[3:n]))
dede[i]=t (acy-acysim)%*%ISigmal’*} (acy-acysim)

print (i)

}

ma2like=function(theta)

{

n=length(y)

sigma=toeplitz(c(1+theta[1] "2+theta[2] "2
,theta[1]+theta[1]*theta[2],thetal[2],rep(0,n-3)))

if (theta[2]<1 & theta[2]>-1 & theta[1]>-theta[2]-1 & theta[1]<theta[2]+1)
dmnorm(y,rep(0,n),sigma) else O

3

len=100

A=seq(-2,2,length=1en)

B=seq(-1,1,length=1len)

Z=expand.grid(A,B)

Z=as.matrix(Z)

resi=rep(0,lenxlen)

for (i in 1:(len*len)) resili]l=ma2like(Z[i,])
li=quantile(dede,0.001)
plot(0,0,cex=.4,pch=19,col="wheat"
,Xxlab=expression(thetal[1])
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,ylab=expression(thetal2]) ,xlim=c(-2,2),ylim=c(-1,1))
polygon(c(-2,0,2,-2),c(1,-1,1,1),col="wheat" ,border=F)
points(thetal[dede<=1i,],col="steelblue",pch=19,cex=.4)

contour (A,B,matrix(resi,len,len),add=TRUE,nlev=10,drawlabels=FALSE)
points(0.6,0.2,pch=19,cex=1,col="red")

sl 5 5028 ¥ ¥ S5 (MCMC-ABC 5 RS-ABC jf a3zl b (Y. ¥ IS5 aols) ;s @

n=50
obs=as.vector(arima.sim(n=n,list (ma=c(0.6,0.2))))

acobs=c(sum(obs[1: (n-1)]*obs[2:n]),sum(obs[1: (n-2)]*y[3:n]))

ysim=matrix(0,10000,n)

for (j in 1:10000)

{

ysim[j,]=as.vector(arima.sim(n=n,list (ma=c(thetalj,1],thetalj,2]))))
}

Sigma2=cov(ysim)

ISigma2=solve(Sigma2)

Nsimu=1000000
dedel=dede2=rep(0,Nsimu)

beaumont=matrix(0,Nsimu,?2)

for (i in 1:Nsimu)

{

ysim=as.vector(arima.sim(n=n,list(ma=c(thetali,1],thetali,2]))))
acysim=c(sum(ysim[1: (n-1)]*ysim[2:n]) ,sum(ysim[1: (n-2)]*ysim[3:n]))
beaumont [i,]=acysim-acobs

dedel[i]=t (beaumont [i,])%*%ISigmaly*’%beaumont [i,]

dede2[i]=t (obs-ysim) %*%ISigma2%*% (obs-ysim)

print (i)

}

ma2like=function(theta)



A4

{

n=length(obs)

sigma=toeplitz(c(1+theta[1] "2+theta[2] "2
,theta[l]+theta[1]*theta[2],theta[2],rep(0,n-3)))

if (theta[2]<1 & theta[2]>-1 & theta[1]>-theta[2]-1 & theta[1l]<theta[2]+1)
dmnorm(obs,rep(0,n) ,sigma) else O

}

len=100
A=seq(-2,2,length=1en)
B=seq(-1,1,length=len)
Z=expand.grid(A,B)
Z=as.matrix(Z)
resiobs=rep(0,len*len)

for (i in 1:(len*len)) resiobs[i]=ma2like(Z[i,])

cil=c("steelblue","tomato","gold")

par (mfrow=c(1,2))

lil=quantile(dedel,c(0.01,0.001,0.0001))
plot(0,0,cex=.4,pch=19,col="wheat"
,Xxlab=expression(theta[1]),ylab=expression(theta[2]),
xlim=c(-2,2),ylim=c(-1,1))
polygon(c(-2,0,2,-2),c(1,-1,1,1),col="wheat" ,border=F)

for (1 in 1:3) points(thetal[dedel<=1i1[1],],col=cil[1],pch=19,cex=.4)
contour (A,B,matrix(resiobs,len,len),add=TRUE,nlev=5,drawlabels=FALSE)
points(0.6,0.2,pch=19,cex=0.5,col="red")
li2=quantile(dede2,c(0.01,0.001,0.0001))
plot(0,0,cex=.4,pch=19,col="wheat"
,Xxlab=expression(theta[1]),ylab=expression(thetal[2]),
xlim=c(-2,2),ylim=c(-1,1))
polygon(c(-2,0,2,-2),c(1,-1,1,1) ,col="wheat" ,border=F)

for (1 in 1:3) points(thetal[dede2<=1i2[1],],col=cil[1],pch=19,cex=.4)
contour (A,B,matrix(resiobs,len,len),add=TRUE,nlev=4,drawlabels=FALSE)
points(0.6,0.2,pch=19,cex=0.5,col="red")
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len=200

A=seq(-2,2,length=len)
resinl=rep(0,len)

for (i in 1:len)

{

cucu=function(x)

{

ni=length(x)
mi=ma2like(c(A[i],x[1]))

if (ni>1) for (j in 2:ni) mi=c(mi,ma2like(c(A[i],x[j1)))
mi

}
resinl[i]=integrate(cucu,-1,1)$value
print (i)

}

mpl=approxfun(A,resinl)
cl=integrate(mpl,-2,2)$value
mpl=approxfun(A,resini/c1)

B=seq(-1,1,length=1len)
resin2=rep(0,len)

for (i in 1:1len)

{

cucu=function(x)

{

ni=length(x)
mi=ma2like(c(x[1],B[i]))

if (ni>1) for (j in 2:ni) mi=c(mi,ma2like(c(x[jl,B[i])))
mi

}
resin2[i]=integrate(cucu,-2,2)$value
print (i)

}
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mp2=approxfun(B,resin2/cl)

par (mfrow=c(1,2))

lil=quantile(dedel,c(0.1,0.01,0.001))
curve(mpl,-2,2,1lwd=1,ylab="",xlab=expression(thetal1]))
11ty=c(1,3,5,1)

for (1 in 1:3)lines(density(theta[dedel<=1i1[1],1]
,bw=0.05) ,1ty=11ty[1],1wd=2)

legend( "topleft",c( ".1",".001",".01"),1lwd=2,1ty=c(1,3,5))
curve(mp2,-1,1,1lwd=1,ylab="",xlab=expression(thetal2]))
for (1 in 1:3) lines(density(thetal[dedel<=1i1[1],2]
,bw=0.057) ,1ty=11ty[1],1lwd=2)

legend( "topleft",c("","",""),1lwd=2,1ty=c(1,3,5))
#col=cil[1]

Sz Jad o JBa
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require(smfsb)

data(LVdata)

N=1eb

message (paste("N =",N))
prior=cbind(thl=exp(runif(N,-6,2)),
th2=exp (runif (N,-6,2)) ,th3=exp(runif (N,-6,2)))
rows=lapply(1:N,function(i){prior[i,]})
message("starting simulation")
samples=lapply(rows,function(th)
{simTs(c(50,100),0,30,2,stepLVc,th)})
message("finished simulation")
distance<-function(ts)

{

diff=ts-LVperfect

sum(diff*xdiff)

}

message ("computing distances")
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dist=lapply(samples,distance)
message("distances computed")
dist=sapply(dist,c)
cutoff=quantile(dist,1000/N)
post=prior[dist<cutoff,]
op=par (mfrow=c(2,3))
apply(post,2,hist,30)

apply (log(post),2,hist,30)
par (op)

HEHBH B HAH B HAH B RS
system.time

user system elapsed

489.80 0.71 503.31

Zel R s parallel o 3l oslial U g V¥ IS5 & by e o5 Olygns @

require(smfsb)

require(parallel)

options(mc.cores=4)

data(LVdata)

N=1eb

bs=1e4

batches=N/bs

message (paste("N =",N," | bs =",bs," | batches =",batches))
distance<-function(ts)

{

diff=ts[,1]-LVprey

sum(diff*diff)

}

post=NULL

for (i in 1:batches) {

message (paste("batch",i,"of",batches))
prior=cbind(thil=exp(runif (bs,-6,2)),
th2=exp(runif (bs,-6,2)),th3=exp(runif (bs,-6,2)))
rows=lapply(1:bs,function(i){prior[i,]})
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samples=mclapply(rows,function(th)
{simTs(c(50,100),0,30,2,stepLVc,th)})
dist=mclapply(samples,distance)
dist=sapply(dist,c)
cutoff=quantile(dist,1000/N)
post=rbind(post,prior[dist<cutoff,])
}

message (paste("Finished. Kept",
dim(post) [1],"simulations"))

op=par (mfrow=c(2,3))

apply (post,2,hist,30)

apply (log(post),2,hist,30)

par (op)

HAHHHHAHHHHAHAHH

system.time

user system elapsed

463.37 0.11 465.65
Sl sl (g3 loads 03l Afz:\°VL5bgA-ftﬁii4fl{%JAJi3ﬁbbjlw> .

require (smfsb)

require(parallel)

options(mc.cores=4)

data(LVdata)

N=1e7

bs=1eb

batches=N/bs

message (paste("N =",N," | bs =",bs," | batches =",batches))
ssinit <- function(vec)

{

ac23=as.vector(acf (vec,lag.max=2,plot=FALSE)$acf) [2:3]
c(mean(vec),log(var(vec)+1),ac23)

}

ssi <- function(ts)

{
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c(ssinit(ts[,1]),ssinit(ts[,2]),cor(ts[,1],ts[,2]))
}

message("Batch 0: Pilot run batch")
prior=cbind(thl=exp(runif(bs,-6,2)),
th2=exp(runif (bs,-6,2)),th3=exp(runif (bs,-6,2)))
rows=lapply(1:bs,function(i){prior[i,]})
samples=mclapply (rows,function(th)
{simTs(c(50,100),0,30,2,stepLVc,th)})
sumstats=mclapply(samples,ssi)
sds=apply (sapply (sumstats,c),1,sd)

print (sds)

# now define a standardised distance
ss<-function(ts)

{

ssi(ts)/sds

}

ssO=ss(LVperfect)

distance <- function(ts)

{

diff=ss(ts)-ss0

sum(diff*diff)

}

post=NULL

for (i in 1:batches) {

message (paste("batch",i,"of",batches))
prior=cbind(thl=exp(runif(bs,-6,2)),
th2=exp(runif (bs,-6,2)) ,th3=exp(runif (bs,-6,2)))
rows=lapply(1:bs,function(i){prior([i,]})
samples=mclapply(rows,function(th)
{simTs(c(50,100),0,30,2,stepLVc,th)})
dist=mclapply(samples,distance)
dist=sapply(dist,c)
cutoff=quantile(dist,1000/N,na.rm=TRUE)
post=rbind(post,prior[dist<cutoff,])
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}

message (paste("Finished. Kept",dim(post) [1],"simulations"))
th=c(thl = 1, th2 = 0.005, th3 = 0.6)

op=par (mfrow=c(2,3))

for (i in 1:3) {

hist(post[,i],30,co0l=5,

main=paste("Posterior for thetal",i,"]",sep=""))
abline(v=th[i],1lwd=2,co0l=2)

}

for (i in 1:3) {

hist(log(post[,i]),30,col=5,

main=paste("Posterior for log(thetal[",i,"])",sep=""))
abline(v=log(th[i]),1lwd=2,co0l=2)

}

par (op)

HEHBH B HAHBHH

system.time

user system elapsed

38692.07 11.28 70334.63
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Aabstract

Approximate Bayesian Computation (ABC) methods, also known as likelihood-free
sampling techniques, have been appeared in the past ten years as the most satisfactory
approach to Bayesian analysis of complex and intractable likelihood problems. ABC was
used first in genetics, then in a broader spectrum of applications. Over the past few years,
both practical and theoretical issues of these methods, in statistics and other disciplines,
are desired. Due to the massive and unprecedented reception of such methods, in this the-
sis, we present different algorithms and review some theoretical aspects for ABC methods.
Then, we show some examples of their applications in real and simulated situations.
Keywords Likelihood-free methods, Bayesian statistics, ABC methodology, Noisy ABC.
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