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Formal Definition of a DLM (1)

Parameters:
» p, the dimensionality of observation vectors.
» m, the dimensionality of the latent state vectors.

» Z; forall t > 1, a p x m matrix relating the latent state to the
observations;

» T; forall t > 1, an m x m transition matrix for the latent
state;

» H; for all t > 1, a p X p covariance matrix for observation
disturbances;

> Q; for all £t > 1, an m x m covariance matrix for the
latent-state disturbances;

» a1, an m x 1 vector giving the prior mean for the latent state;

» P;, an m X m matrix giving the prior covariance for the latent
state.



Formal Definition of a DLM (2)

Variables:
> y;, the observation vector at time t.

> oy, the latent state vector at time t.

v

€¢, the observation disturbances at time t.

v

¢, the latent state disturbances at time t.

Equations:

ye = Zray + €t

ay ~ Normal (a1, P1)
a1 = Trar + 1t

e¢ ~ Normal (0, H;)

ne ~ Normal (0, Q)



Example: White Noise

Equation:
vt ~ Normal (M,O’Z)
As a DLM:
Zt =1 Ht = 0'2
Tt — 1 Qt — 0

al=pu P1=0



Example: Random Walk

Equations:

y1 ~ Normal (,u, ag)
Ye+1l = Yt T €t
€t ~ Normal (O, af)

As a DLM, using y; = a;:

Zy =1 H: =0
Tt:]. Qt:O'E

al=u P1:O'O

N

N



Example: Zero-Centered AR(1)

Equations:
y1 ~ Normal (O, 02)
Yi+1 = Oyt + €t
€+ ~ Normal (0, (1 - gbz) 02)
As a DLM, with a; = y;:

Zt:]. HtZO
Ti=¢ Qt:(1_¢2)02

ap =20 P1:U2



Example: General AR(1)

Equations:

y1 ~ Normal (u, 02)
Yer1 = p+ o (ye —p) +ee
€+ ~ Normal (0, (1 — gbz) 02)

As a DLM, with a1 = yr — o and oo = i

Z: =(1,1) H, =0
(38) e (097
a1 = (0, p) =<2 )



Example: Local Linear Trend (RW)

Equations:

Ye=a; +ée;
Q41 = Ot + Bt + Nat
Brr1 = Bt + st

a1 ~ Normal (ua, ai)

As a DLM:
Zt: (1,0)
11
=0 1)
dp = (Monlu’ﬁ)

)
&)

¢ ~ Normal (
(0,3
ngt ~ Normal (0, 077,5)

Nat ~ Normal

B1 ~ Normal (,u/g, aﬁ)



Example: Quasi-Sinusoidal
Equations:

Yt = Oyl
ay ~ Normal (0, X)

a1 = ¢Upar + e
ne ~ Normal (0, (1 — ¢?) )
Y =diag (02,02)
Uy = counterclockwise rotation by angle 6

As a DLM:

Zt:(170) Ht:O
T, = oUp Q=(1-¢°)X%
312(070) Pt:Z



Example: Quasi-Periodic for moderate P

Equations
Yt = Bta
B1 ~ Normal (0, Xeg)

Bey1 =0 - <<— ZIN:_II /Bt,i> s By 75t,N—2> + €t

e+ ~ Normal (0, pXef)

As a DLM:
Z: =(1,0,...,0) H: =0
-1 - -1 -1
1 ... 0 0
Te=o| . . Q= pEen
0 1 0

al = (07 0) Pt = }:eff



