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Numerical Inference for Statistical Models using Bayesian and Likelihood Estimation
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x; ~ Poisson(6;t;)

0; ~ Gamma(a, 3) i=1\--,\o

Joe (gl i Gamma(o/),)) 9 Exp()) @295 slyls wodia B9 o sl yal )b ol jo oS
w‘ IR J.o.l.?u (\c\\“\) u‘)li.oib 9T hwg.s

Pump sleosls dc gaze ). Joo=
o2 [ Y Y \ O 4 Y A1 Yo
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Sade g osls el Jolis a5 Jow oS ool Pump slaosls dcgozme il sl

2 2l g oo @lg g (Slealads fo b CiyaS L pngi o |y s o
Q)jso & 90 nimbleCode

pumpCode <- nimbleCode ({

for (i in 1:NM){

thetal[i] ~ dgamma(alpha,beta)
lambdal[i] <- thetalil]*t[i]
x[i] ~ dpois(lambdal[il)

}

alpha ~ dexp(1.0)

beta ~ dgamma(0.1,1.0)

b
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0li] 5 oz Oeoli Sl 1] Oloy Jsbo ) 0ol Cod Cgne (Sbdeny Sl i) Lyl o
el B g a gl yial b oygl s cdon Jl ol jo el pli ey o3 7 5
oS oo oozl nimbleModel gl 51 BUGS oS 51 NIMBLE Jow G slxl sl
nimbleModel (code, constants=list(), data=list(),inits=list(), name=NULL)

ol 2y s 4 b ol sla el

'f"?f“’o; uu).u nimbleCodew)o aS ol ‘;M ASQLO.Q :code @

NSOV RN IN IO oyl a5 wown Jow jo ol polis (o8 lconstants @

ools Byxe yidw yo 1) ol polie olei 0 JAGS § BUGS L yics (6,550 sl

8 Gema Sy Joe G0 S Glapiie polie Jls plye 4 05 atie
R 5 A LSLQ“:*‘:’U Jfé

(o mxin) sloosls gaon sl 090 oo ool jioles list & ygods Wosls :data @
NIMBLE ;0 (ywizrod Al abls jga> Jow (isw 10 3l NIMBLE 0 00l & ps0
Jj“"kf ‘;)M NA L’ odiinaS 6'.@0&‘0

JS.u L QT 69).'.4 099r_3 aS (ol Lg).‘fduyo.s &9).....' LS‘)" 4LJ3‘ )JQLO.Q JAL«» inits ®
15,5 L o (Lo pwicie o 40) S0l (sloo 5 ples sy gl polia sl e Cand
(el 23 o ol )b dad (sl 28lg 50) Wigds o

pumpConsts <- list(N = 10,

t = c(94.3, 15.7, 62.9, 126, 5.24,

31.4, 1.05, 1.05, 2.1, 10.5))

pumpData <- list(x = c(5, 1, 5, 14, 3, 19, 1, 1, 4, 22))

pumpInits <- list(alpha = 1, beta = 1,

theta = rep(0.1, pumpConsts$N))

pump <- nimbleModel(code = pumpCode, name = "pump", constants = pumpConsts,

data = pumpData, inits = pumpInits)

feaylo o S samlin gl

pump$getNodeNames ()

[1] "alpha" "beta" "lifted_d1_over_beta"
[4] "thetal[1]" "theta[2]" "thetal[3]"

[7] "thetal4]" "theta[5]" "theta[6]"

[10] "thetal[7]" "thetal[8]" "thetal[9]"
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[13]
[16]
[19]
[22]
[25]
[28]
[31]

"theta[10]"
"lambda [3]"
"lambda[6]"
"lambda[9]"
"x[2]"
"x [5] "
"x[8]"

pump$logProb_x

[1]
(7]

-2.998011
-2.358795

pump$alpha

(11 1

pump$theta

-1.118924
-2.358795

"lambda[1]" "lambda [2] "
"lambda [4]" "lambda[5]"
"lambda [7]" "lambda [8]"
"lambda [10]" "x[1]"
"x[3]" "x[4]"
"x[6]" "x[7]"
"x[9]" "x[10]"

-1.882686 -2.319466 -4.254550 -20.739651
-9.630645 -48.447798

[1] 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

pump$lambda

(1]

9.430

1.5670 6.290 12.600 0.524 3.140 0.105 0.105 0.210 1.050

IS azile oy 9,5 45 044 oo 00liz] NIMBLE 0 5403 oy (51,2 igraph dw |

pump$plotGraph ()
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Mg o (oS oo BlaslS 1y Jow laul ¢ Joe (59, »» MOMC aiy5) 1> 5 o

w5le Wl & 55 S bR e o G585 5 HSL S o8 bLalS (Cit oS

) & y90d compileNimble C:alli j\ JM Q")S J.,L..,olf Ls‘).; S g oolazl &L.olf)...c J..x.o
!waSLsoooLip»‘

Cpump <- compileNimble (pump)

Cpump$theta

[1] 0.15514136 1.88240160 1.80451250 0.83617765 1.22254365 1.15835525
[7] 0.99001994 0.30737332 0.09461909 0.15720154

IS @ b ol ksl 068 o 1> nimbleMCMC &b 5l oolasawl b MCMC s,
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nimbleMCMC (code, constants=list(), data=list(), inits, nchains=1, niter=10000, sum-
mary=FALSE, WAIC=TRUE)

qu )Ja.: I SO uo)suw.a )5.'od.g aS \ﬁ\ 6‘):’ MCMC Lglxbﬁ.?é)‘ olass inchain @
g0

-09-43@)‘)53)[:’ Voooo uo)-gu*“ )#QJMCMC LgL:b)LS;J alows :niter ®

alle pou; ST 090 o0 dwlbe Jow WAIC jLxe ol TRUEL pl s ST:WAIC @

S o dale L 1o s (s o3 5l okl b 1) WATC )Lore o8yl 595 |,

Oyt (S 2 g0 31 e MCMC yuzs yo 40 wbl TRUE QT)‘J..E.A S| isummary @
Zewsl FALSE (logS )l ol Jlado (08 iy j5bot Lol camo o (yLtd 1) sl )y o

>l (MCMC sl ,)|,SS slawi g o)l |y MCMC oy iz sl bl 2l oyl
5 O S ses 3l GlaoMS (rny Sladises (rigeen S 0 atine |y Wl
\oooo L, PL\SJ.Q MCMC)—»-?U) 30 JLA.A Ls‘)" MOGA uld-h\-‘ (5>3J'> 0‘9-*9‘“ ‘) WAIC)L\M

S 1y |y iged

mcmc.out <- nimbleMCMC(code = pumpCode, constants = pumpConsts,
data = pumpData, inits = pumplnits,

nchains = 2, niter = 10000,

summary = TRUE, WAIC = TRUE)

names (mcmc . out)

[1] "samples" "summary" "WAIC"

mcme . out$summary

$ chainl”

Mean Median  St.Dev. 95YCI_low 95%CI_upp

alpha 0.6980435 0.6583506 0.2703768 0.2878982 1.314046
beta 0.9286260 0.8215685 0.5496913 0.1836991 2.287270

$chain2

Mean Median  St.Dev. 95%CI_low 95%CI_upp

alpha 0.6910196 0.6580365 0.2654838 0.2771956 1.285815
beta 0.9162727 0.8143443 0.5375082 0.1857723 2.270243



M NIMBLE o jo Jow cole =0

$all.chains

Mean Median St.Dev. 95%CI_low 95%CI_upp

alpha 0.6945316 0.6580365 0.2679578 0.2832985 1.299932
beta 0.9224494 0.8182816 0.5436554 0.1854908 2.278544
mcme . out$waic

NULL

Mf@ oolaw! configureMCMC C‘.’b )" JJ.A S99y y» MCMC \‘"“")9@‘ <SS ool 6‘)-.’
ol bUildMCMC 206 sl ylogS )T 51 S5 a8
configureMCMC (model, thin=1, print= FALSE, autoBlouck= FALSE, ---)

el 00 (a3 425 nimbleModel yo a5 Jus tmodel ®
el MCMC digs il gl o8 Jobo ithin ®
A Al o gl diged c);;,o\)lg r:‘..xf HEY Sl 0 LRSI Caaund Qﬁ\)o ‘monitors @

yoba Lol o 15 0 O yg0 45095 (600 Ssl (6,5 g (ol TRUE )31 tautoBlock ®
el FALSE (,logS )] ol jlade 5,8 s

D g 00wl buildMCMC &b 51 NIMBLE Jow G 51 MCMC b G slwl (6l
(sl ) Oyg0h U ol LSl
buildMCMC (conf, - - -)
5l slaads dadiges (ails S5 9 MOMC e )oSl 5l oy W b S 2l 1
oS oo 00liw] runMCMC ol 51 WAIC g ,aio a0 (o aujes polie
runMCMC (meme, niter= 10000, nburnin=0, thin, nchain=1, --- )
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> pumpConf <- configureMCMC(pump, print = TRUE)

[1] RW sampler: alpha

[2] conjugate_dgamma_dgamma sampler: beta

[3] conjugate_dgamma_dpois sampler: thetal[1]

[4] conjugate_dgamma_dpois sampler: thetal[2]

[5] conjugate_dgamma_dpois sampler: thetal[3]

[6] conjugate_dgamma_dpois sampler: thetal[4]

[7] conjugate_dgamma_dpois sampler: thetal[5]

[8] conjugate_dgamma_dpois sampler: thetal[6]

[9] conjugate_dgamma_dpois sampler: thetal7]

[10] conjugate_dgamma_dpois sampler: thetal[8]

[11] conjugate_dgamma_dpois sampler: thetal[9]

[12] conjugate_dgamma_dpois sampler: theta[10]

> pumpConf$addMonitors(c("alpha", "beta", "theta"))
thin = 1: alpha, beta, theta

> pumpMCMC <- buildMCMC (pumpConf)

> CpumpMCMC <- compileNimble (pumpMCMC, project = pump)
> niter <- 1000

> set.seed(1)

> samples <- runMCMC(CpumpMCMC, niter = niter)

> par(mfrow = c(1, 4), mai = c(.6, .4, .1, .2))

> plot(samples[ , "alpha"l, type = "1", xlab = "iteration",

+ ylab = expression(alpha))

> plot(samples[ , "beta"]l, type = "1", xlab = "iteration",

+ ylab = expression(beta))

> plot(samples[ , "alpha"], samples[ , "beta"], xlab = expression(alpha),
+ ylab = expression(beta))

> plot(samples[ , "thetal[1]"], type = "1", xlab = "iteration",

+ ylab = expression(thetal[1]))
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> acf(samples[, "alpha"])

> acf(samples[, "beta"l)
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Series samples|, "beta"] Series samples|, "alpha"]
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pumpConf$addSampler (target = c("alpha", "beta"), type = "RW_block",

control = list(adaptInterval = 100))

pumpMCMC2 <- buildMCMC (pumpConf)
CpumpNewMCMC <- compileNimble (pumpMCMC2, project = pump,

resetFunctions = TRUE)

> set.seed(1)

> CpumpNewMCMC$run (niter)

NULL

> samplesNew <- as.matrix(CpumpNewMCMC$mvSamples)

\4

A\

\4

\4

A\

par (mfrow = c(1, 4), mai = c(.6, .4, .1, .2))

plot(samplesNew[ , "alpha"], type = "1", xlab = "iteration",
ylab = expression(alpha))
plot(samplesNew[ , "beta"], type = "1", xlab = "iteration",
ylab = expression(beta))

plot(samplesNew[ , "alpha"], samplesNew[ , "beta"], xlab = expression(alpha),
ylab = expression(beta))
plot(samplesNew[ , "thetal[1]"], type = "1", xlab = "iteration",

ylab = expression(theta[1]))
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> acf(samplesNew[, "alpha"])
> acf(samplesNew[, "beta"])
Series samplesNew[, "beta"] Series samplesNew[, "alpha"]
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393):’ dbern(prob=p) (N —p)\-®
Lo dbeta(shapel=a, shape2=b) _i”;((\a—’bw))b’

1 :137_\ exp(—x Y
9o-sU dchisq(df=k) e
2l dexp(rate=\) A exp(—Az)
L dgamma(shape=r, scale=)\) w
\
JLo).a dnorm(meam:,u7 tau:T) (Ylw) v exp 77(96;;”
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solveLeastSquares <- nimbleFunction(
run = function(X = double(2), y = double(1)) {
ans <- inverse(t(X) %*% X) %*) (£(X) %*% y)
return(ans)
returnType (double(2))
1)
X <- matrix(rnorm(400), nrow = 100)
y <- rnorm(100)
solveLeastSquares(X, y)
1]

[1,]1 -0.04923065

[2,] -0.01581343

[3,] 0.08329691

[4,] -0.11434964
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> CsolveleastSquares <- compileNimble(solveLeastSquares)
> CsolveLeastSquares (X, y)

[,1]

[1,] -0.04923065

[2,] -0.01581343

[3,1] 0.08329691

[4,] -0.11434964
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Abstract

Markov chain Monte Carlo (MCMC) algorithms, such as Metropolis-Hastings algorithm
and Gibbs sampling, are methods for producing samples from complex probability distri-
butions. If the speed of convergence is slowed down in the MCMC methods, the algorithm
runs for a long time. One of the reasons that make the convergence of the MCMC al-
gorithms to be slow is separately updating the components of the distribution that are
dependent. Group blocking of elements that are dependent is one of the conventional
approaches to avoid such a problem. In this thesis, we represent an automated blocking
method with a good performance to prevent subjective blocking. Finally, we evaluate the
automated blocking process by using both real data and simulated examples and compare
the results with those from standard MCMC algorithms.

Keywords: Metropolis-Hastings algorithm, Gibbs sampler, Automated blocking sampling,
Dependent parameters, Efficiency of MCMC sampling methods.
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