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Review Course: Markov Chains and Monte Carlo Methods

Computer Practical: Importance Sampling
Model Answers

Model code in Python

fromscipy inport =

fromscipy inmport stats

s i mport pyl ab

i mport sys

s/ sys. pat h. append(”/home/ludger/lib/python2 .6/ sitepackages/)
import statistics

s def gamaPDF(x, al pha, beta):
return stats. ganma(al pha). pdf (x*bet a)*xbet a

def ganmaSanpl e(n, al pha, beta):
return stats. ganma(al pha).rvs(n)/beta

def kde(x, t, weights):
wei ghts = weights / sum(weights) * |en(weights)
return statistics.pdf(x, t, weights)

1 # Task 1
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oy = array([3, 6, 3, 5 9, 14, 12, 11, 19, 18,
15, 4, 1, 6, 11, 21, 11, 3, 7, 18])

23 # Task 2

»sal pha = 0.1

s beta = 0.1
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24 al pha_post _1 = al pha + sum(y[0:5])
29 al pha_post _2 = al pha + sunm(y[5:10])
beta_post = beta + 5

print(al pha_post_1)

print(al pha_post_2)
print(beta_post)
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37 post _mean_1_| abel l ed = al pha_post_1 / beta_post
s post _mean_2_| abel | ed = al pha_post_2 / beta_post
print (post_mean_1_I abel | ed)
print(post_mean_2_I abel | ed)

o # Task 4

+ | anbda_1

n = 10000
= gammaSanpl e(n, al pha_post_1, beta_post)
o | ambda_2 = gamaSanpl e(n, al pha_post_2, beta_post)
wei ghts = zeros(n)
s for i in xrange(n):
wei ghts[i] = prod(0.5 * stats. poisson(lanbda_1[i]).pnf(y[10:20]) +
0.5 * stats.poisson(lanbda_2[i]).pnf(y[10:20]))

s # Task 5
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s4 post _mean_1_all = sun(l anbda_1*wei ghts) / sumwei ghts)
sff post _nean_2_all = sun{l anbda_2*wei ghts) / sun{wei ghts)
se print(post_nean_1_all)
s print(post_nean_2_all)
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s # Task 6
60|
e/t = linspace(0, 20, 1000)

o | anbda_1_density = kde(lanmbda_1, t, weights)
J pyl ab. figure(l)

J{pyl ab.plot(t, |anmbda_1 density, 'r—’")

o

o

es pyl ab. pl ot (t, gammaPDF(t, al pha_post_1, beta_post), 'g:’)

o pyl ab. show()
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es | anbda_2_density = kde(l anbda_2, t, weights)

o pyl ab. figure(2)

o pyl ab. plot(t, lanbda_2_density, 'r—")

7 pyl ab. pl ot (t, ganmmaPDF(t, al pha_post_2, beta_post), 'g:’)

2 pyl ab. show()
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u# Task 7

s al l ocations = zeros((n, 10))

#for i in xrange(n):

78 al locations[i,:] = stats.poisson(lanbda_1[i]).pnf(y[10:20]) /
79 (stats. poi sson(lanbda_1[i]).pnf(y[10:20]) + stats.poisson(lanbda_2[i]).pnf(y[10:20]))

a1 prob_of _group_1 = zeros(10)
o for i in range(10):
prob_of group_1[i] = sun{allocations[:,i]*weights) / sunmweights)

ss print prob_of _group_1
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Model code in R

#Task 1
y <- ¢(3,6,3,5,9,14,12,11, 19, 18, 15, 4,1, 6, 11, 21, 11, 3, 7, 18)
#Task 2

alpha <- 0.1
beta <- 0.1

al pha_post _1 al pha + sun(y[1:5])
al pha_post _2 al pha + sun(y[6:10])
beta_post = beta + 5

al pha_post _1

al pha_post _2

bet a_post

#Task 3

#Notice that there is a difference between the paraneterisation of the Gamma
#density in the practical, and that used in R type help(rgamma) to see
#the details. Hence, for the R functions, we need to set the scal e paraneter
#to 1/ bet a.

n <- 10000
|l anbda_1 <- rgamma(n, shape=al pha_post _1, scal e=1/beta_post)
| anbda_2 <- rgamma(n, shape=al pha_post_2, scal e=1/beta_post)

wei ghts <- rep(NA, tines=n)
for(i in 1:n){

wei ghts[i] <- prod(0.5 * dpois(y[11:20], lanbda_1[i]) + 0.5 * dpois(y[11l:20], l|anmbda_2[i]))
}

#Task 4

post _nmean_1 | abel | ed
post _mean_2_| abel | ed
post _nmean_1 | abel | ed
post _nmean_2_| abel | ed

al pha_post _1 / beta_post
al pha_post _2 / beta_post

post _nmean_1_all
post _nmean_2_al |
post _mean_1_al

post _nmean_2_al |

sun(l anbda_1 * weights) / sum weights)
sun(l anbda_2 * weights) / sum(wei ghts)

#Task 5
#Note that the function density nust take as argument a vector of weights that sumto 1

| anbda_1_density = density(lanbda_1, wei ghts=wei ghts/sum wei ghts))
| anbda_2_density = density(l anbda_2, wei ghts=wei ghts/sum wei ghts))

t <- seq(0, 20, length.out = 1000)

par (nfrow=c(1, 2))

pl ot (I anbda_1_density, main="Posterior.density.of.lambdal’)
lines(t, dgamm(t, shape=al pha_post_1, scal e=l/beta_post), |ty=2)

| egend("topright”, I ty=c(1,2), |egend=c(”All _data”, "Labelled_-data”))
pl ot (I anbda_2_density, main="Posterior.density.of.lambda2’)
lines(t, dgamma(t, shape=al pha_post_2, scal e=l/beta_post), |ty=2)

| egend("topright”, I ty=c(1,2), |egend=c(”All _data”, "Labelled_-data”))

#Task 6

al l ocations <- matrix(NA, nrow=n, ncol =10)
for(i in 1:n){
al l ocations[i,] <- dpois(y[1l1:20], |anbda_1[i]) /
(dpoi s(y[11:20], lanmbda_1[i]) + dpois(y[11:20], |lanbda_2[i]))
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sd prob_of _group_1 = rep(NA tines=10)

eof for(i in 1:10){

0 prob_of _group_1[i] = sum(allocations[,i] * weights) / sun(weights)
71 }

72 prob_of _group_1



