Ooood ‘dim’

April 17, 2013

Title Bayesian and Likelihood Analysis of Dynamic LinearMadél O O 00000000000
oooooooo

Version 1.1-2

Date 2010-10-05

SuggestsMASS

Author Giovanni PetriscGPetris@uark.edu>

Description Maximum likelihood (0 O O ), Kalman filtering and smoothing(O O OO OO0 00O
0000000 00D0), and Bayesian analysis of Normal linear State Space models, also known
as Dynamic Linear Models {10 00000000000 OO0O000OOODOOODOOOO
oooooog)

Maintainer Giovanni PetriskGPetris@uark.edu>
License GPL (>=2)
Repository CRAN

Date/Publication 2010-10-05 16:59:18

OoooO0ORrROOOOOO

AIMS . . o e e e e e e 3
ARtransPars . . . . . . . e e 5
bdiag . . . . . . e 6
convex.bounds . . . ... e 7
dim . e e 7
dimBSample . . . . . . .. e 9
dimFilter . . . . . e e 10
dimForecast . . . . . . . . .. e e e 11
dimGIibbsDIG . . . . . . . e e 13
dimLL . . . e e e 14
dIMMLE . . . . . e 15
dImMMOdARMA . . . . e e 17
dimModPoly . . . . . . . e e 18
dimModReg . . . . . . . . e 19
dimModSeas . . . . . . . . e e 20
dimModTrig . . . . . . 21



oo

O0O00D ROOOODO

dimRandom . . . . . .. e 22
dimSmooth . . . . . . . 23
dimSum . . . e e e 25
dimSvd2var . . . . . . e e e 25
dropFirst . . . . . . e 26
FE e e 27
MCMC . . o o o o e e e e e e e e e e e e e e e 29
NelPlo . . . . . e e e 30
residuals.dimFiltered . . . . . . . . . . . . e 30
rwishart . . . . . e e e e 32
USEeCcon . . . . . . e e 33
34



arms 3

arms goooboooobobooooboobooogn

g

go

go

oo

ERN

oo

go

go

ARMSODOOOOOOOOOOODOOOOOO0OOODOOOODOOOOODOOOOODOD
oo0ooo0o00oooOo0oooDooO0O0o ARMSOOOOODO

arms(y.start, myldens, indFunc, n.sample, ...)

y.start ooo
myldens gbooobooboobgoooooo
indFunc gbooobooobooboobooobooo
n.sample ooooooo

myldens O indFunc 00000 OOO00O0O

oo b oo bbb ooooooo
do0odoOoOdoOodoOo0oOo0ooo0oOo0ooOo0ooOo0ooOoooo0oooOo 1000
Jooooooboboooooooooobobbo oo ooooobobobooo
OO0O000O000000 myldens O log(.Machine$double.xmin) ocooooooo
(0oOooooo)g

gbobooboobooboobooboooobooooob armsiobooooooooOogon
goooo

myldens 0000000 0000OO log(.Machine$double.xmin) oooooooo
goooboooboobuooboboboboobooboobooon

]

n.sample x length(y.start) OO00o00ooDooooDooooooo

DO000O0O0OwWGksOOODODOODOOD COO0OOOO0ODODODO0 http://iwww.
mrc-bsu.cam.ac.uk/pub/methodology/adaptive_rejection/ oooooood
oooQ
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Gilks, W.R., Best, N.G. and Tan, K.K.C. (1995) Adaptive rejection Metropolis sampling within
Gibbs sampling (Corr: 97V46 p541-542 with Neal, R.MApplied Statisticg4:455-472.
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#### ==> Warning: running the examples may take a few minutes! <== ####
## Not run:
set.seed(4521222)
### Univariate densities
#t Unif(-r,r)
y <- arms(runif(1,-1,1), function(x,r) 1, function(x,r) (x>-r) * (x<r), 5000, r=2)
summary(y); hist(y,prob=TRUE,main="Unif(-r,r); r=2")
## Normal(mean,1)
norldens <- function(x,mean) -(x-mean)"2/2
y <- arms(runif(1,3,17), norldens, function(x,mean) ((x-mean)>-7) * ((x-mean)<7),
5000, mean=10)
summary(y); hist(y,prob=TRUE,main="Gaussian(m,1); m=10")
curve(dnorm(x,mean=10),3,17,add=TRUE)
## Exponential(1)
y <- arms(5, function(x) -x, function(x) (x>0) * (x<70), 5000)
summary(y); hist(y,prob=TRUE,main="Exponential(1)")
curve(exp(-x),0,8,add=TRUE)
## Gamma(4.5,1)
y <- arms(runif(1,1e-4,20), function(x) 3.5 *|og(x)-X,
function(x) (x>1e-4) * (x<20), 5000)
summary(y); hist(y,prob=TRUE,main="Gamma(4.5,1)")
curve(dgamma(x,shape=4.5,scale=1),1e-4,20,add=TRUE)
## Gamma(0.5,1) (this one is not log-concave)
y <- arms(runif(1,1e-8,10), function(x) -0.5 * log(x)-X,
function(x) (x>1e-8) * (x<10), 5000)
summary(y); hist(y,prob=TRUE,main="Gamma(0.5,1)")
curve(dgamma(x,shape=0.5,scale=1),1e-8,10,add=TRUE)
## Beta(.2,.2) (this one neither)
y <- arms(runif(1), function(x) (0.2-1) *log(x)+(0.2-1) *|og(1-x),
function(x) (x>1e-5) * (x<1-1le-5), 5000)
summary(y); hist(y,prob=TRUE,main="Beta(0.2,0.2)")
curve(dbeta(x,0.2,0.2),1e-5,1-1e-5,add=TRUE)
## Triangular
y <- arms(runif(1,-1,1), function(x) log(1l-abs(x)), function(x) abs(x)<1, 5000)
summary(y); hist(y,prob=TRUE,ylim=c(0,1),main="Triangular")
curve(l-abs(x),-1,1,add=TRUE)
## Multimodal examples (Mixture of normals)
Imixnorm <- function(x,weights,means,sds) {
log(crossprod(weights, exp(-0.5 * ((x-means)/sds)*2 - log(sds))))
}

y <- arms(0, Imixnorm, function(x,...) (x>(-100)) * (x<100), 5000, weights=c(1,3,2),
means=c(-10,0,10), sds=c(1.5,3,1.5))
summary(y); hist(y,prob=TRUE,main="Mixture of Normals")
curve(colSums(c(1,3,2)/6 * dnorm(matrix(x,3,length(x),byrow=TRUE),c(-10,0,10),c(1.5,3,1.5))),
par(“usr*)[1], par(‘usr')[2], add=TRUE)

### Bivariate densities
## Bivariate standard normal
y <- arms(c(0,2), function(x) -crossprod(x)/2,
function(x) (min(x)>-5) * (max(x)<5), 500)
plot(y, main="Bivariate standard normal”, asp=1)
## Uniform in the unit square
y <- arms(c(0.2,.6), function(x) 1,
function(x) (min(x)>0) * (max(x)<1), 500)
plot(y, main="Uniform in the unit square", asp=1)
polygon(c(0,1,1,0),c(0,0,1,1))
## Uniform in the circle of radius r
y <- arms(c(0.2,0), function(x,...) 1,
function(x,r2) sum(x*2)<r2, 500, r2=2/2)
plot(y, main="Uniform in the circle of radius r; r=2", asp=1)
curve(-sqrt(4-x~2), -2, 2, add=TRUE)
curve(sqrt(4-x"2), -2, 2, add=TRUE)
## Uniform on the simplex
simp <- function(x) if ( any(x<0) || (sum(x)>1) ) 0 else 1
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y <- arms(c(0.2,0.2), function(x) 1, simp, 500)

plot(y, xlim=c(0,1), ylim=c(0,1), main="Uniform in the simplex", asp=1)
polygon(c(0,1,0), c(0,0,1))

## A bimodal distribution (mixture of normals)

bimodal <- function(x) { log(prod(dnorm(x,mean=3))+prod(dnorm(x,mean=-3))) }

y <- arms(c(-2,2), bimodal, function(x) all(x>(-10)) * all(x<(10)), 500)
plot(y, main="Mixture of bivariate Normals", asp=1)

## A bivariate distribution with non-convex support
support <- function(x) {
return(as.numeric( -1 < x[2] && x[2] < 1 &&
-2 < X[1] &&
( X[1] < 1 || crossprod(x-c(1,0)) < 1) ) )

Min.log <- log(.Machine$double.xmin) + 10
logf <- function(x) {

if ( x[1] < 0 ) return(log(1/4))

else

if (crossprod(x-c(1,0)) < 1 ) return(log(1/pi))

return(Min.log)
}
X <- as.matrix(expand.grid(seq(-2.2,2.2,length=40),seq(-1.1,1.1,length=40)))
y <- sapply(1:nrow(x), function(i) support(x[i,]))
plot(x,type=n,asp=1)
points(x[y==1,],pch=1,cex=1,col=green)
z <- arms(c(0,0), logf, support, 1000)
points(z,pch=20,cex=0.5,col=blue)
polygon(c(-2,0,0,-2),c(-1,-1,1,1))
curve(-sqrt(1-(x-1)*2),0,2,add=TRUE)
curve(sqrt(1-(x-1)"2),0,2,add=TRUE)
sum( z[,1] < 0 ) # sampled points in the square
sum( apply(t(z)-c(1,0),2,crossprod) < 1 ) # sampled points in the circle

## End(Not run)

ARtransPars 00 AROOOOOOO0OO0OOObOOoOa

go

0000000 p00000000O0 ARp)ODODOOOOODOOOOODOOODODOOODO
0000000000 AR(pU0OO0O0000O000O0O0OOODODODODO

oo

ARtransPars(raw)
oo

raw 0opdooon
oo

Oo0000dO000Oraw 00000 tanhOO0O0O (0,1)000000C0O0OCOCODOOOOO
O0000AR(p)DOD0 100000000000 ODOOOOOOOCOOOOODOOOOO
ooooooooo



6 bdiag

ooo

O00OO0O0Oraw 0000000 AR(p)DODOOOODODODODODODODO

oo

Giovanni Petris<sGPetris@uark.edu>
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Jones, 1987. Randomly choosing parameters from the stationarity and invertibility region of autoregressive-
moving average model#pplied Statistics36.

(ar <- ARtransPars(rnorm(5)))
all( Mod(polyroot(c(1,-ar))) > 1 ) # TRUE

bdiag ugbogobogooaoo
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bdiag(...)
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bdiag(matrix(1:4,2,2),diag(3))
bdiag(matrix(1:6,3,2),matrix(11:16,2,3))
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convex.bounds ooooooooooa

oo

obooooooobooooobooboboooboobooooooobooboooooboobon

Oams OO00O000OO0DOO0OO0OCOOOOOOOODOO

gd
convex.bounds(x, dir, indFunc, ..., tol=1e-07)
gd
X gooooooo
dir gooooobooogo
indFunc oooooooooon
indFunc JOOO0OOOOOOO
tol good
gd

goooOoOoooooooOOx +t +» dir O00O0O0O0O0O0O0O0O0O0O0O0O

god
00200000 ansO0O0OO0O00OOX + ans[l] =* dir O x + ans[2]
oo

RN

Giovanni PetrixGPetris@uark.edu>

## boundaries of a unit circle
convex.bounds(c(0,0), c¢(1,1), indFunc=function(x) crossprod(x)<1)

x dir O

dim dmOOOOOO

oo

OO0dmO000000000000000000000000000COOas.dim O is.dlm
goboobooooobooobooooooooboboooobooooooooobooan

gboogboooboobooboooboobooboo
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dim(...)
as.dim(obj)
is.dlm(obj)

oo

0000000 (mGCOFFV,GGWIOODOOOOOO JFF,JIV,IGG IW,
Xooooooooooooooooo eooooooobkMOOOO
ooooooooooooooboooooboobooooooblMObOOOO
oo00oooOXoooooooooooboooOooDOJdFFDO NULLO O OO
0O FFOOO0O0O0O000OO0OO0OO0OO0OO0O0000 (4,4)0000FF[i,j]
ooooooooobOoOoboOoOoooObOOoOoOoDOO kOObOODOOO
0000000 +0000 FRO (4,7)0000X[t,kl] OCOOOOOOO
ooJv,JjccO oo wooooooo.. DoOodmOoOOooOOO
ooooboooooobobooooobobooooboobobobooooo
obooooboobooooobooon

obj OO0 ROODODOOO

oo

O0dmO0O0000000O0O0O0O000000O0O0O0OO00O0O0O0OO0O0O0OO0OODOOOO
goo0oo0o0o0O0O0O0O000000000000000000Wm" 0000000000
ooo

ooodm" 0000000000000 000000O0O0O0OO00OODLMOOCOCCOCOO
ooooooooooboooooobwlMbDObOOOOoDOOO

ooo
OO0OdmO00000m" 0000000000 000O0

go

Giovanni PetrixGPetris@uark.edu>
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Giovanni Petris (2010), An R Package for Dynamic Linear Models. Journal of Statistical Software,
36(12), 1-16 http://www.jstatsoft.org/v36/i12/

Petris, Petrone, and Campagnoli, Dynamic Linear Models with R, Springer (2009).

West and Harrison, Bayesian forecasting and dynamic models (2nd ed.), Springer (1997).

gooad

dimModReg, dimModPoly , dmModARMA dimModSeas O O"dm" OO OOOO0OO
goooooooog

## Linear regression as a DLM
X <- matrix(rnorm(10),nc=2)
mod <- dimModReg(x)
is.dlm(mod)
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## Adding dims
dimModPoly() + dimModSeas(4) # linear trend plus quarterly seasonal component

dimBSample gobogboobooboobooobooboo

go
oooooooooooooobooooooooob1o0Doo0o0oooo0og

gd
dimBSample(modFilt)

oo
modFilt 00 mU.C,D.C,a,UR,DRymod0 00000000 OOOOOOO
dimFilter oooooooo (dimFilter oooooooooooo)o
O000OmodO"dim" OO00OCO0O0OOOO0O0O00ODOOOOO GGWOODO
gooooJGcEgWwW X oooooooooo
oo

obooooOobooooooobooo

goo

gobodaboboogoboobbooboobboobooboboobbodombonobgd
gboOOtwsp OD0OO0OO0O0OO0OODOOOO0OOO0OO0O00O00O00O0000

ERN
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Giovanni Petris (2010), An R Package for Dynamic Linear Models. Journal of Statistical Software,
36(12), 1-16 http://www.jstatsoft.org/v36/i12/

Petris, Petrone, and Campagnoli, Dynamic Linear Models with R, Springer (2009).

West and Harrison, Bayesian forecasting and dynamic models (2nd ed.), Springer (1997).

good
dimFilter gbooooood

nileMod <- dimModPoly(1, dV = 15099.8, dW = 1468.4)
nileFilt <- dimFilter(Nile, nileMod)
nileSmooth <- dimSmooth(nileFilt) # estimated "true" level
plot(cbind(Nile, nileSmooth$s[-1]), plot.type = "s"
col = c("black", "red"), ylab = "Level",
main = "Nile river", lwd = c(2, 2))
for (i in 1:10) # 10 simulated “"true" levels
lines(dimBSample(nileFilt[-1]), lty=2)
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dimFilter DLMOOODOOOO0O

go

00000000 0ooooooooooooooo0oooooooooooooo/ooon
000000oooooooooooooono dimFiltered” gogbobooobooobboao
"dimFiltered" 0000000000 0000OOresiduals  DOtsdiag COOOOOOO
ooOooooo

oo
dimFilter(y, mod, debug = FALSE, simplify = FALSE)

oo
y boOybOooooooOoboobooboooobooooooooooon
goooo
mod dmO00000000000000000000O00O000000000
00000 mQCO FFR,V,GGWOOOOOOOO JV,IGGIWXyO OO
oood
debug FALSEDOOOOOOOODO cCOOOoooDoooOoooooobooDoooD
oooobRrROOOOODOO
simplify oooooboooooooogoooo?
oo

goooOoOoOooOoOoOoOOOODOOODOOOOO(sSvD)OOOoOoo
ydoooooooboooboo

goo

0000000000000 000simplify 0O FALSEODODOOODOOODOooog
"dimFiltered" ooooooo

y 0000000000000 0simplify O FALSEDOOOOO0O0OOO

mod 00 mod000 (0000000 O0D000)

m 00000000000000000000(@MO00000)0000000
00000000000000000

u.C 0Ooooooo

D.C U.CODO0D00D00D000000000000SVDOOODOOm[t,]—0[t,]

O0000OUCH % +*% diagD.C[t]*2) %  *% t(U.C[I) O
0oooO0oooO

a 0000000000000000000000000000000 (@00
0000)00000000000000000000000

UR 0Ooooooo

D.R UROOOOOODOODO0O000000000 SVDOOOOODalt,]—6[t,]

ODDOOUR[ % *% diagD.R[t]'2) % % tU.R[L]) O
0ooo0oooO

f goooooOo0OOOO0O0OOOO(@EODDODOD)O
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modODOODOO0OO0O VOOOOOOOOOOODOOOO

oo

Giovanni PetrixGPetris@uark.edu>

oood

Zhang, Y. and Li, X.R., Fixed-interval smoothing algorithm based on singular value decomposition,
Proceedings of the 1996 IEEE International Conference on Control Applications

Giovanni Petris (2010), An R Package for Dynamic Linear Models. Journal of Statistical Software,
36(12), 1-16 http://www.jstatsoft.org/v36/i12/

Petris, Petrone, and Campagnoli, Dynamic Linear Models with R, Springer (2009).

good

dmO0OD00O0000000000dimOSVDOOOO0OO00000000O00OD dimSvd2var
0000000000 dmMLEDOOOOOODDODODOOD dmSmoothODODODOOOODO
gooOoOoOoOoOoOoOoOoOODOOOODODODO dmBSample DOOOOOOOOOODOO

nileBuild <- function(par) {
dimModPoly(1, dV = exp(par[1]), dW = exp(par[2]))

}

nileMLE <- dImMLE(Nile, rep(0,2), nileBuild); nileMLE$conv

nileMod <- nileBuild(nileMLES$par)

V(nileMod)

W(nileMod)

nileFilt <- dimFilter(Nile, nileMod)

nileSmooth <- dimSmooth(nileFilt)

plot(cbind(Nile, nileFilt$m[-1], nileSmooth$s[-1]), plot.type=s,
col=c("black","red","blue"), ylab="Level", main="Nile river", lwd=c(1,2,2))

dimForecast gobogboobooboobooobooboo

oo
gbooooboobooooobobooooobooboooobooboooobooboonoo
gbooobooboooobobooooboobooboboooboobooon

oo

dimForecast(mod, nAhead = 1, method = c("plain”, "svd"),
sampleNew = FALSE)
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go
mod “dm" 0000000000000000000D00OO0 mQCo,FF,V,GG
woooOoOooOooOOoOooOoooooOoooooooooOoUdOodmodO
"dimFiltered" O00000000000000 dimFilter oooooo
goooo
nAhead gboooboobooboboon
method method="svd" 0000000000000 O0OOOOOOOOOOOO

000000method="plain® O0O0O0O0O0OO

sampleNew sampleNew=n (nO0O00)00000000000O0O0OOOOOOOOO
O00o0O0OnOOOO

ooo
ooooooooon

odoo0oodoooooonoon

ooooooooooooooon

pgoooooooooooooooo

O0o0o0ooooooooobooono

newStates Ofdo0o0oo0ooooboooooboooooooooon
00000000 100000000000000000a00o

newObs newStates OO OOO0OO0OO00OO

O R v I

sampleNew=FALSEO O OO 0OO0O0 200000000000

oo

gboooboobooRrROODODOOODODOOOOOOODOODOOOODOODOOOOD
oboooooooooobobooooboooon

go
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## Comparing theoretical prediction intervals with sample quantiles
set.seed(353)
n<-20 m=«<-1;,p<-5
mod <- dimModPoly() + dimModSeas(4, dV=0)
W(mod) <- rwishart(2 *p,p) * le-1
mO(mod) <- rnorm(p, sd=5)
CO(mod) <- diag(p) * le-1
new <- 100
fore <- dimForecast(mod, nAhead=n, sampleNew=new)
ciTheory <- (outer(sapply(fore$Q, FUN=function(x) sqrt(diag(x))), gnorm(c(0.1,0.9))) +
as.vector(t(fore$f)))
ciSample <- t(apply(array(unlist(fore$newObs), dim=c(n,m,new))[,1,], 1,
FUN=function(x) quantile(x, ¢(0.1,0.9))))
plot.ts(cbind(ciTheory,fore$f[,1]),plot.type="s", col=c("red","red","green"),ylab="y")
for (j in 1:2) lines(ciSample[,j], col="blue")
legend(2,-40,legend=c("forecast mean", "theoretical bounds", "Monte Carlo bounds"),
col=c("green","red","blue"), Ity=1, bty="n")
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dimGibbsDIG did0000O0Oooooooooooooooo

go

oboobooooobOobobooooboooobobobooooboobobooooooooboon
ocoooooooooboooooooobkMOOnon

oo

dimGibbsDIG(y, mod, a.y, b.y, a.theta, b.theta, shape.y, rate.y,
shape.theta, rate.theta, n.sample = 1,
thin = 0, ind, save.states = TRUE,
progressBar = interactive())

shape.theta

oo
y oooooobooooooboooon
mod OoOoO0OoOoOoO dim
a.y oboooooboboooboobooon
b.y goooooboooooooboooon
a.theta 000000000000 ooOoo(@oooooooooon)
b.theta goooOoOoOoOoOoOOOOOOO@EOOOOOOOOOOO)
shape.y obooooOoboooboobooooooooon
rate.y gooooboboooobooboooooboooooon

0000000000000 0ooOOooOoUOoU(@oUooOooooooon)

rate.theta O000ooO0O0o0o0ooO00ooU0ooOoo(@ubooooooooon)
n.sample oboooooboboooboboooon

thin O00000o00O0ooOodthin +1000000000000C0O0O

ind uboboobobooboobooooobooboooobooboooboooban

save.states

progressBar

ooooooooooboooooooboOooooobog ?
coooooooopoooooooogooooooobooogooo ?

oo

doo0oO0OO0oOoOoOoOooooooOoOoOoO0oblMOOOUOOOOODOOOOOOOOOOOOO
gbobooobooboboobooobooboboboooooboooboobooobOoboooboooon
goooooOoOopooooopodUopoOoOoUUOoDoOU0U0OOOUOU0ODbDOOOUODOOOOD
gobooooooooooooooobooobooooooooooooobobooboboboboo
cooooooooOo0oooOdOooo0oOoDo0ooDooUoboooooDoooooowd o
go0o0O0000O0O0OoopoooOoDOOOdiInd DOOOOOCOOOODOOOOOOOO
OO0000000DODOsavestates = TRUE O000000O0O0OOOCOOOOOOCOO
gbobooobooboboooobobooooobooboboooobooboooooboboon
oooooooboooogoo
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dimLL

gooobooobooboobooboobooobon

dv
dw
theta

oo

uboooboobooooooo
oboooboo0oooobooooobooooono
oooobooooboobooonog
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Giovanni Petris (2010), An R Package for Dynamic Linear Models. Journal of Statistical Software,

36(12), 1-16 http://www.jstatsoft.org/v36/i12/
Petris, Petrone, and Campagnoli, Dynamic Linear Models with R, Springer (2009).

g
## See the package vignette for an example
dimLL gooooooooboooooooog
RN
gooodooooboooooooboooooo
oo
dimLL(y, mod, debug=FALSE)
RN
y gooooooooboooooooood
mod "dm" 000000000000 DOOO00O0ODOOOO0O0OOO00O0O00Od
000000 mQCO,FF,vV,GGWOoOooood
debug debug=TRUEO O ROOODOOOODDOOOOOODOOO COOOODO
oooobooobooo
RN
goodobbbbdoooooobbbbodbyooubbbbooooooo
goo
oobooboobooboooboooboooboooo
RN

mod0 0000000 VOOOOOOODODODO0O0O000O
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Durbin and Koopman, Time series analysis by state space methods, Oxford University Press, 2001.
[DOlJ.0DODOODOsSJO000000.00000oooo.(2004).00000000000
gooooooo.ogoooobood.

oo

dmMLEOODODODODODODOOOOOOOOO dimFilter ugboogogaoo

a
##---- See the examples for dImMLE ----
dimMLE ooooooooooood
od
oo00o00ooO0ooooOoooooooooooooooooo MLEOOOO
od
dimMLE(y, parm, build, method = "L-BFGS-B", ..., debug = FALSE)
od
y Oo0ooooooooooooooooon
parm go00o0ooo0o0oOoDoooUoOoooo0ooooooooooooDoog
build paim 000 00000000D0O0OCODOOdmOOOOOO00OOOOOO
OO00o0oooooooooooooon
method ooodooptim OOOOO
optm O build 000000000
debug O000000debug=TRUEOOODO ROOODOOODODOOODOO CO
goooooooo
o0
OO0000ooo0O0dmLL 0000000000000 000 optm OOODODOOOOOO
parm OO0 O000000COOQCO.. OODOOObuild OOOOOOOOOOOOODOOO
ood
ood

OO0 dimMLEO optm OO0O0OO0O0O0O0OOO
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OO0 build DOODddmO00000000VOOOOOOOODOO0O0O0OO
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Giovanni Petris (2010), An R Package for Dynamic Linear Models. Journal of Statistical Software,
36(12), 1-16 http://www.jstatsoft.org/v36/i12/
Petris, Petrone, and Campagnoli, Dynamic Linear Models with R, Springer (2009).

oooo
dimLL , dim

data(NelPlo)
### multivariate local level -- seemingly unrelated time series
buildSu <- function(x) {
Vsd <- exp(x[1:2])
Vcorr <- tanh(x[3])
V <- Vsd %0% Vsd
V[1,2] <- V[2,1] <- V[1,2] * \corr
Wsd <- exp(x[4:5])
Wecorr <- tanh(x[6])
W <- Wsd %0% Wsd
W[1,2] <- W[2,1] <- W[1,2] * Wecorr
return(list(
mO0 = rep(0,2),
CO = 1le7 = diag(2),
= diag(2),
GG = diag(2),
V=V,
W = W)
}

SUMLE <- diImMLE(NelPlo, rep(0,6), buildSu); suMLE
buildSu(suMLES$par)[c("V","W")]

StructTS(NelPlo[,1], type="level") ## compare with W[1,1] and V[1,1]
StructTS(NelPlo[,2], type="level") ## compare with W[2,2] and V[2,2]

## multivariate local level model with homogeneity restriction
buildHo <- function(x) {

Vsd <- exp(x[1:2])

Vcorr <- tanh(x[3])

V <- Vsd %0% Vsd

V[1,2] <- V[2,1] <- V[1,2] * \corr

return(list(

mO0 = rep(0,2),

CO = 1le7 * diag(2),
FF = diag(2),

GG = diag(2)

VvV =V,

W = x[4]"2 = V))

}

hoMLE <- dimMLE(NelPlo, rep(0,4), buildHo); hoMLE
buildHo(hoMLES$par)[c("V","W")]
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dimModARMA ARMAO OO DLMOODOOOOO

oo

oo0o0O0O0dmO0O0O0OOO0O00D0OOOOO0O0OCOO0ODOO0O00OO0 ARMACOOODDOOOO
good

oo
dimModARMA(ar = NULL, ma = NULL, sigma2 = 1, dV, m0, CO0)

oo
ar 000000000000000000000000(@O00000)
ma 000000000000000000000000(@O00000)
sigma2 0000000000 (@O0000000)

dv 00000000000000000000000000VOO00000
00000000000 0000000
mo my0000000000000000000000
co C,00000000000000000000000
oo

ARMAOOO DLIMOOOOOOOOOOOOODOOOOOOOOOOOODOODOOOOOD
ooooo0oO010000000

ooo

O0000dmOOOOO0O0OO0OOO (ar,masigma2z ODO0OO0OO0OO0O0 ARMAOOO
ooo)oooo

oo
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Giovanni Petris (2010), An R Package for Dynamic Linear Models. Journal of Statistical Software,
36(12), 1-16 http://www.jstatsoft.org/v36/i12/

Petris, Petrone, and Campagnoli, Dynamic Linear Models with R, Springer (2009).

Durbin and Koopman, Time series analysis by state space methods, Oxford University Press, 2001.
[DO]lJ.00D0ODSJ.000D000.000000000.(2004).00000000000
gooooooo.obooooooo.

oooo
dimModPoly , dimModSeas, dimModReg
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## ARMA(2,3)

dimModARMA(ar = c¢(.5,.1), ma = c(.4,2,.3), sigma2=1)

## Bivariate ARMA(2,1)

dimModARMA(ar = list(matrix(1:4,2,2), matrix(101:104,2,2)),
ma = list(matrix(-4:-1,2,2)), sigma2 = diag(2))

dimModPoly nOOO0o0OO0DLMOOOOO

oo
oo0o0o0o0-n00000DMOOODOO

oo
dimModPoly(order = 2, dV = 1, dW = c(rep(0, order - 1), 1),
mO = rep(0, order), CO = 1le+07 * diag(hrow = order))
oo

order tddddooooooooboooooooooooooooooooobn
dv ooooooo

dw obooobOobooooboooooon

mO moODO0D0DO00000D00000000O00000OO0

Co Co0ooDOoOoOoOOoOoOooboooopoooooooo

goo
dmOOO0O0O0OO0O0O00O0OOO0OO0O0O0nO00000O0O0OOOOO

g

Giovanni PetrisxGPetris@uark.edu>

good

Giovanni Petris (2010), An R Package for Dynamic Linear Models. Journal of Statistical Software,
36(12), 1-16 http://www.jstatsoft.org/v36/i12/

Petris, Petrone, and Campagnoli, Dynamic Linear Models with R, Springer (2009).

West and Harrison, Bayesian forecasting and dynamic models (2nd ed.), Springer, 1997.

gogdd
dimModARMAdImModReg, dimModSeas

## the default

dimModPoly()

## random walk plus noise
dimModPoly(1, dvV = .3, dW = .01)
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dimModReg oooooobwMOOOOODO

oo
gooooOoOoOoooOooOOdmOooOOoooooo

go

dimModReg(X, addint = TRUE, dV = 1, dW = rep(0, NCOL(X) + addint),
mO = rep(0, length(dw)),
CO = 1e+07 = diag(nrow = length(dW)))

oo

X oood

addint ooo0:00000000000 2

dv oooooono

dw uboobuoooooobogooaboo

mO moU 00000000000 0000O000O000O0

Co Co0opoOoOooooopooooopoooooooag
go

dwooooooooooooooooooooooobDIMOOOOOOODOdWOOOO
cooooooooOOoOoOOoOO0DOOOoOO0DOOO0OOOO0O0DbDOODOODOOOOD
obooooooo

ooo

dmOO0OO0OO0OO0OO0OOQOQOQOOOOOOOOOOOOOODOO

oo
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Giovanni Petris (2010), An R Package for Dynamic Linear Models. Journal of Statistical Software,
36(12), 1-16 http://www.jstatsoft.org/v36/i12/

Petris, Petrone, and Campagnoli, Dynamic Linear Models with R, Springer (2009).

West and Harrison, Bayesian forecasting and dynamic models (2nd ed.), Springer, 1997.

ogood
dimModARMAdImModPoly , dimModSeas

X <- matrix(runif(6,4,10), nc = 2); x
dimModReg(x)
dimModReg(x, addint = FALSE)
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dimModSeas goooboooobMOObOODO

oo
ooooooooooooobwMmoOoDoooon

go

dimModSeas(frequency, dvV = 1, dW = c(1, rep(0, frequency - 2)),
mO = rep(0, frequency - 1),
CO = l1le+07 = diag(nrow = frequency - 1))

RN
frequency Ooooooooooo
av goooooad
dw gooooooooobooooooo
mO moUOO0O0O0O00O0O00000O0O0O000O0O0O0O
(0{0] CodDODoopDoobDoopbopoooooood
oo

dmDODODO0ODOO0ODOOO (frequency 000000000000 O0O0O0OO)

go
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Giovanni Petris (2010), An R Package for Dynamic Linear Models. Journal of Statistical Software,
36(12), 1-16 http://www.jstatsoft.org/v36/i12/

Petris, Petrone, and Campagnoli, Dynamic Linear Models with R, Springer (2009).

Harvey, Forecasting, structural time series models and the Kalman filter, Cambridge University
Press, 1989.

good

dimModARMAdImModPoly ,dimModRegO0 00000000 OOOOOOO dimModTrig
gooooooo

## seasonal component for quarterly data
dimModSeas(4, dV = 3.2)
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dimModTrig DLMOOO0ODOOOOO0O0OOOO00O0DODO000D

oo

g

go

oo

oo

oo

g

oo

000000000 dmO0OOO0OO0OO0OO0O0OO0OO0O0OODOOO

dimModTrig(s, g, om, tau, dV = 1, dW = 0, m0O, CO0)

S gbooobooobg

q DM OOOOOOOO

om ooo

tau obooooobooog

dv ooooooo

dw obooooOooooooobooon

mO moUUO0O0ooooobogooboaoboaoboanod
Co Co0opoOopoooOoopooooopoooooooog

gbooboobOs,omtau DO0OODOOO0OOODOOOOODOOOOODOOOOOsOOOOOO
oooobooboobodbdttauw JOOoooobooobo0oboboobooodbOtau OO
ooboboobod0ombOOobooooobobgbOobOOob0OoOobOobOoobOobDooooo
tau DomOOOOO0OOOO0OOOO0O0OOqOOO0OO0O0OCODOODOOOOODOODOOOOO0
oobooboooobOooooooboooooboooboooboooosbobooooooboon
qgUO0000000OODOOOOOOOOOOOOOOOO floor(s/2) ooogd

gooooooO0dmOQoQoQoOoOooOoOoOoOooOoOOOOoOdwdo0ogoogooogog

g
dmOO0OO0O00OO0O0OO0OOOOOODOOODOO
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Giovanni Petris (2010), An R Package for Dynamic Linear Models. Journal of Statistical Software,
36(12), 1-16 http://www.jstatsoft.org/v36/i12/

Petris, Petrone, and Campagnoli, Dynamic Linear Models with R, Springer (2009).

West and Harrison, Bayesian forecasting and dynamic models (2nd ed.), Springer (1997).

oo
dimModSeas, dmModARMAdImModPoly , dimModReg
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dimRandom

dimModTrig(s = 3)

dimModTrig(tau = 3, q = 1) # same thing
dimModTrig(s = 4) # for quarterly data
dimModTrig(s = 4, g = 1)

dimModTrig(tau = 4, g = 2) # a bad idea!

ml <- dimModTrig(tau = 6.3, = 2); ml

m2 <- dimModTriglom = 2 * pi/ 6.3, q = 2)
all.equal(unlist(m1), unlist(mz2))

dimRandom 00000 DLM

go

g

go

go

(OooooooooOo)dm® OOOOOOOOOOOO0O0O0O000O0O0O0O0O00O0000
gboboobOoboooooboooobobooooobooooobooobn

dimRandom(m, p, nobs = 0, JFF, JV, JGG, JW)

m ooooboooo

p oooobooooo

nobs gbooooobooooobobooboooooboo
JFF 0000000 FFOOODOOOO?

JV ooooooovooooooog ?

JGG oooooooeccoooooono ?

JW ooooooowiogooooog ?

coooobmMOoOoOoooOooOoOoooooooooOoooooooooobkMmOoOoonO
ooooooooooooooooooOooOoOoobOobOo GGl oooo100oooooo
ooogoooooooooDboobwmObODOOOOOOOoOoOooODOOOOOoO0Oooooo
obooooooooooooooobooobkMOOO0O0O0O0JFF O TRUED D ODOFF
O0000Onobs OOOOOOOOCOOOOOOOOOOOODODOOOOOOOOOOOOO
v,ijcGGiwioooooooooo

goo

obooooobooooobooboooooo

mod "dm" OO0O0O0OO0OO0OOOOO
theta boooboooobooboobooboooono
y oboooboooobooboooooobooon

nobs 0 0000O0O0O0OmodOOOOODOODODODO
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go

oo

oo
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oo

Anderson and Moore, Optimal filtering, Prentice-Hall (1979)

oo
dim

dimRandom(1, 3, 5)

dimSmooth DLMOODOO

go

go

g

oo

gboooobobooooobobooooobobooooboboooobobooonoo
ooo

dimSmooth(y, ...)

## Default S3 method:
dimSmooth(y, mod, ...)

## S3 method for class dimFiltered
dimSmooth(y, ..., debug = FALSE)

y gboobooboobobboobooboon
gboobooboobobboobooboobooboboboboo

mod "dm" 0000000000

debug debug=FALSE 00 O0OOO0OO0OO COOOQOOOOOOOOOOOODOOO
Ooooo0oRrROODOOOOO

0000000000000 00000(COooU0g)yobooO modODODOOOOOOO
oooooooooo

dimFiltered 000000000 dimFilter gbooobooooooocoboooooon
000000000000 00O0 dimSmooth.dimFiltered gbooooooooboo

00000000000 O0O0oO0O00O0oooOoOoOo(svD)DOODOoOOoOoO svbOoooOo
oood



24 dimSmooth

ooo

gbooobooaooad

S gooOoCOOO0O0OO0O000UUOOUUU (UuUUOO)Yooooooo
obooooOoooooobooon
u.s oooooboo
D.S usooooooooooooooooooo svboooooo
oo

modd0 0000000 VOOOOOOOOOOOOOO

oo
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Zhang, Y. and Li, X.R., Fixed-interval smoothing algorithm based on singular value decomposition,
Proceedings of the 1996 IEEE International Conference on Control Applications

Giovanni Petris (2010), An R Package for Dynamic Linear Models. Journal of Statistical Software,
36(12), 1-16 http://www.jstatsoft.org/v36/i12/

Petris, Petrone, and Campagnoli, Dynamic Linear Models with R, Springer (2009).

good

dmO0OO00O00O0000000O0dIm OSVDOOOOOOOOOO0O0O00000O dimSvd2var O
O0000000o0ooooooooo dimFiter  OOOO0OOOOOOO dmMLECOCOO
0000000000000 000O0000000OO dmBSsample DOOOOOOODOO
oono

s <- dimSmooth(Nile, dimModPoly(1, dV = 15100, dW = 1470))
plot(Nile, type =0)
lines(dropFirst(s$s), col = "red")

## Multivariate

set.seed(2)

tmp <- dimRandom(3, 5, 20)
obs <- tmp$y

m <- tmp$mod

rm(tmp)

f <- dimFilter(obs, m)
s <- dimSmooth(f)
all.equal(s, dimSmooth(obs, m))



dimSum 25

dimSum ugbogobogooaoo

oo

dmSumOO000O00CCOODLMODOOCO DLIMOOODOOO%+% dimSumO OO
oood

oo
dimSum(...)
X %+% vy
oo
dmO0000000000000OQOCOOOOOODOOOOOOOOO
ooo
X,y dmOO0O0OO0O0C0O0OOO
ggd

dmO000000O00OO0OOOO0OOOOOOO

oo
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Giovanni Petris (2010), An R Package for Dynamic Linear Models. Journal of Statistical Software,
36(12), 1-16 http://www.jstatsoft.org/v36/i12/
Petris, Petrone, and Campagnoli, Dynamic Linear Models with R, Springer (2009).

ml <- dimModPoly(2)

m2 <- dimModPoly(1)
dimSum(m1, m2)

ml %+% m2 # same thing

dimSvd2var gboogbooobobobooboobooboobo

oo
gbooobOobooooboboooobooooooboooo

oo
dimSvd2var(u, d)
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go

gbobgoboboooboboboobobooooobobobobon
gbobooboboooboboooobobooooobooonoo

oo

000000000 z(nxn)0 SVDO ud?/ 000000000ul nxn0000000
O0d000000000000000000000000000 wd?/ 000000 d00d0
gooooooooooboooouooboooboooooooooboooooooboodud
000000000000d00000000000000N00N000N00N0oN0oNoonono
00000000000 000000 U] % *% diag(d[i]*2) %  *% t(u[[i]])
oooo

00O
0000000000sSvDOOOOOoOoOoooOoooo0oooooooooooooooo
OO00oo0oo @oooooon)o

oag
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Horn and Johnson, Matrix analysis, Cambridge University Press (1985)

0

X <- matrix(rnorm(16),4,4)

X <- crossprod(x)

tmp <- La.svd(x)

all.equal(dimSvd2var(tmp$u, sgrt(tmp$d)), x)

## Vectorized usage

x <- dimFilter(Nile, dimModPoly(1, dV=15099, dW=1469))

x$se <- sgrt(unlist(dimSvd2var(x$U.C, x$D.C)))

## Level with 50% probability interval

plot(Nile, lty=2)

lines(dropFirst(x$m), col="blue")

lines(dropFirst(x$m - .67 *x$se), lty=3, col="blue")

lines(dropFirst(x$m + .67 *x$se), lty=3, col="blue")

dropFirst oooooboboooooooooooa

oo

000000000 dropFirst gobodooobobbooooboboooooooboon

JooooboobobooooooobobooooooooooOd
ad

dropFirst(x)



FF

go

go

oo

X gooobooobon

O

O0000000000000 x[-1]
obooooOobOOtwsp DOOoO0ooooobooon

Giovanni PetriscGPetris@uark.edu>

(pres <- dropFirst(presidents))
start(presidents)
start(pres)

O x[-1,]

27

ooooo0Oo00ts Doooooooog

F

F dmOOO0O0OOOOOO

oo

oo

dmO0000000000000000000000000000000000

## S3 method for class dim
FF(x)

## S3 replacement method for
FF(x) <- value

## S3 method for class dim
V(X)

## S3 replacement method for
V(x) <- value

## S3 method for class dim
GG(x)

## S3 replacement method for
GG(x) <- value

## S3 method for class dim
W(X)

## S3 replacement method for
W(x) <- value

## S3 method for class dim
mO(x)

## S3 replacement method for
mO(x) <- value

## S3 method for class dim
CO(x)

## S3 replacement method for
CO(x) <- value

## S3 method for class dim

class

class

class

class

class

class

dim

dim

dim

dim

dim

dim
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oo

go

oo

g

oo

JFF(x)

## S3 replacement method for class dim
JFF(x) <- value

## S3 method for class dim

JV(X)

## S3 replacement method for class dim
JV(X) <- value

## S3 method for class dim

JGG(x)

## S3 replacement method for class dim
JGG(x) <- value

## S3 method for class dim

JW(x)

## S3 replacement method for class dim
JW(x) <- value

## S3 method for class dim

X(X)

## S3 replacement method for class dim
X(x) <- value

X dm O0O00D0O0OOO0OOOO
value 0000 mOODDOOOOODODODOODODO)

FF

vaue 00000000000 0O0OD0O0O0OOOvalue OO0OO00OxOOOOODOOOOO

obooooOoboooooboooo

O

goooOooOoOoOoOO0O0OO0OdmOOOOooooood

gboooboobdxgoboooooboo

Giovanni PetrisxGPetris@uark.edu>

oo
dim

set.seed(222)

mod <- dimRandom(5, 6)
all.equal( FF(mod), mod$FF )
all.equal( V(mod), mod$V )
all.equal( GG(mod), mod$GG )
all.equal( W(mod), mod$w )
all.equal( mO(mod), mod$mO0 )
all.equal( CO(mod), mod$CO0)
mO(mod)

mO(mod) <- rnorm(6)
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CO(mod)

CO(mod) <- rwishart(10, 6)

### A time-varying model

mod <- dimModReg(matrix(rnorm(10), 5, 2))
JFF(mod)

X(mod)

mcmc MCMCODOOOOODOOOODOOOODOOoOoOoO

oo

gbooooobobooooobobooooboobooooooboboooobooboboon
gooooooo

oo

mcmcMean(x, sd = TRUE)
mcmcMeans(x, sd = TRUE)
mcmcSD(x)

ergMean(x, m = 1)

oo
X obboooOoboooooboboooooboboooboobobooooon
oood
sd oo0:0000000000DO0DbO00O0DbDbO0ooooboogono ?
m MNROW(X) OO OOOO0O000000000000000000
oo

o000 xoooooooooboooooboooooooboooooobouooao
gdod0d000O0O00O000000000U00U000U0U00U0000D0DoDUOUOOoOoOOOd
00000000000000000000000000000000000SckalD OO0
00000000 (Oo0O0O0ogd)dmemcMeansd mecmcMeand OO OO0 OO

oo
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P. Green (2001). A Primer on Markov Chain Monte Carlo. Gomplex Stochastic Systems
(Barndorff-Nielsen, Cox and Kluppelberg, eds.). Chapman and Hall/CRC.

X <- matrix(rexp(1000), nc=4)

dimnames(x) <- list(NULL, LETTERS[1:NCOL(x)])
mcmcSD(X)

mcmcMean(x)

em <- ergMean(x, m = 51)

plot(ts(em, start=51), xlab="Iteration", main="Ergodic means")



30 residuals.dIimFiltered

NelPlo Nelson-Plosse O 0 OO0 OO O

oo
Nelson-Plosserl 0 O OO 0O O

RN
data(NelPlo)

goooogd
gooooooo

mts [1:43, 1:2]-4.393.12 1.08 -1.50 3.91 ...
- attr(*, "tsp")=num [1:3] 1946 1988 1

- attr(*, "class")= chr [1:2] "mts" "ts"

- attr(*, "dimnames")=List of 2

.$: NULL

..$: chr[1:2] "ip" "stock.prices"

oo
0000001946000 19880 0000000000 (S&P500)0 O O (100+ diff(log()) )
ooooooo

oo
0D00000000000000O0 tseries 0000000000

O

data(NelPlo)

plot(NelPlo)

residuals.dimFiltered
ooooooo

oo

go0ooo0ooooooobooooboooooooooooooooooooooo
oad

## S3 method for class dimFiltered
residuals(object, ..., type = c("standardized”, "raw"), sd = TRUE)
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gd
object "dimFiltered” O0oDOoooooog (ood dmFilter ooooo)
goooooooo
type 0000000DbO0o0bOO0oooOOoooOoooOooooooaO ?
sd sd = TRUEDO O DODOOOOOODOOOOO
oo
O000d00oooooooooooooooooooodtype ="standardized" gd

ooo0o0o0O0O00O00000000(@CO)0DoOoODODODODOOO0O0O00DO00O0O0000
gooan

sd = TRUEDOOOOOOOOOOODOOO res O0OO0OOOOOOOODOSdOOOO
oooooooooon

go

OO object DOOOOOOOOOO0OOOOyOOOOOODOOOOOOO dimFilter
O0O00ooo0Osimplify = TRUE OO0O0OO0OO0OO0O0OO0OOOOOOyOOOOOOO

go
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Giovanni Petris (2010), An R Package for Dynamic Linear Models. Journal of Statistical Software,
36(12), 1-16 http://www.jstatsoft.org/v36/i12/

Petris, Petrone, and Campagnoli, Dynamic Linear Models with R, Springer (2009).

West and Harrison, Bayesian forecasting and dynamic models (2nd ed.), Springer (1997).

good

dimFilter

## diagnostic plots

nileMod <- dimModPoly(1, dV = 15100, dW = 1468)
nileFilt <- dimFilter(Nile, nileMod)

res <- residuals(nileFilt, sd=FALSE)

ggnorm(res)

tsdiag(nileFilt)
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rwishart gbooobooboood

oo
gboboooOoboooobooboooooboaon

gd
rwishart(df, p = nrow(SqrtSigma), Sigma, SqrtSigma = diag(p))

oo
df O00ooo0oooooooooo
p gogoobobboooonon
Sigma O0000000000O00oooO sigma
SqrtSigma O00O0O0O0ODODODOODODOOOOO sigmad 000 (0O 0O)O Sigmad
crossprod(SqrtSigma) oo0oooooooooo
oo

gboboobOoboboooooboboooooobobooooooboboooooboon

aoo
_ c|w|(n—p=1)/2 1 .

000 .0000000000df O0OD00c000000000OD0OODODOO0OOOO0O0O
OnX00000b0ooooboboooobon

Var(Wy;) = n(S5 + ZuXy)

000000000000 0D0DD000000DOO00 Ssigma O SqgrtSigma 0000 OO
OO000opoOoOoO0sSigma00000000O0SgrtSigma 0000000 Sigmad 000
oooobooobooboobooboboboon

ggd
0000000000 df O0O000D0O00 Sigma O crossprod(SqrtSigma) ooo
ogoboobooobooobooobouooboooobo

oo
googobooboobooboobooboo

oo
OOO0O0OO0OO0O00 SnewddOOOoogdB.Venables1 O OOOOOOODO

go

Giovanni PetrisxGPetris@uark.edu>
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googd
Press (1982). Applied multivariate analysis.

rwishart(25, p = 3)

a <- matrix(rnorm(9), 3)
rwishart(30, SqrtSigma = a)
b <- crossprod(a)
rwishart(30, Sigma = b)

USecon oooooobooog

oo
ooooooooobooo

gd
data(USecon)

gogoooo
gogoooooo
mts [1:40, 1:2] 0.1364 0.0778 -0.3117 -0.5478 -1.2636 ...
- attr(*, "dimnames")=List of 2
.5 NULL
.$: chr[1:2] "M1" "GNP"
- attr(*, "tsp")=num [1:3] 1978 1988 4
- attr(*, "class")= chr [1:2] "mts" "ts"
od

0000001978000 19870 0000000000 OOOOOOOOOOO'MYI DOO
GNPO OO (100+difflog()) )O0OOOOOO

oo
OOOOOOODODOODODODODDOD tseries OOOOOOOOOO

data(USecon)
plot(USecon)
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