Dynamic Time Series Model
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Dynamic Linear Modéel
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FFBS Algorithm
-

Forward Filtering

e Normal linear analysis by Kalman filter
e Delivers normal ?, from(? |D,)~N(m,C,)
Backward Sampling

e At t=n, sample, ?, from(?, |D,)~N(m,,C,)

fort=n-1,n- 2..,1 sample? fromP(?,|D,, 2., )



Dynamic Model on Time Series
-

e Data: Two time series data

e Number of people who come to ED a day
from Jan.1l. 1993 ~ Nov. 10. 2003

e Number of people who have got chest
radiography
e Two seguences are correlated. Corr=0.3



Data Description
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Continue...

Series: census Series: XXrayfreq
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So..
o

e Residuals are

R(t)=Y(D)- b, - bX(1)-3()- SO-..- ()

e Fit arma(2,1) model to residuals

e Dynamically estimate the coefficients



Dynamic Model
-
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ad 0 00
2T — -
) o & ¢

?2.=06G7 ,+w,



Forward Filtering
S

Posterior at t-1, [?t-l | Dt-l] ~N (mt-l’ Ct-1)

Prior at t, [7t | Dt-l] ~ N(at, Rt)
a,=Gm,,,and R,=G,C, .G,  +W

Posterior at t, [?, | D, ] ~N(m ., C,)
m,=a,+Ae and C,=R,- A QA
A, =R.FQ, and e =Y,- f
f=F'a, and Q,=F,'R,F, +V,



Backward sampling
S

e At t=n, sample ? from(? |D)~Nm,hC)

for t=n-1, n- 2,.., 1, sample ?, from P(?,|D,, ?.., )

?t+1 = (th+1’ Xt+1’ Xt)

?t = (mt’xt’xt-l)

e Build up Q=(?,,2,,..2,)



Posterior distributions
g

L (parameter set) =(f ,j ,U,C,y,,S, I,

LZo, Yo Yoo Y IL) = RY, [ Yoo Yo L) RO | YooY L)
.. Ry, | ¥.Z,,L) Ry [Z,,L)" Rz | L)
=AY 1 Yen Yoo l) RVt Yo Yol
- A% 12, LR |L)

_ A 2e(y-m-fx-fx,)"0
P(ZOIL)OeXIg 049 5




Posteriors...
o

P(f |d, Q =(?,,...7,), D)) =

& ae(yt-fT?t)ZQ
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Continue...
o

fy [ x=N(Ky, /K 1,17k ;) where

— 1 o (yi-l' m-1)2
- +
kl.l S 2 |a:j.|_ U(l_l_J 2)

fy
N t - - - - -
k = fy +é(yi-1 ml)(Y. m) fz(yi-l ml)(yi-z mz)

s.° U(L+j )

T, [Nk, 7k, 1/k,,),where
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RESULTS
4000 times iteration with 3000 burn-in
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Frequency
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Further Study
-

e Discrete uniform prior on model order
e Informative priors on AR(P) to get stationarity

e Instead of using residuals, multivariate
dynamic model for (total count, xray-count)




