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(A Bayesian Approach for The Adaptive Forecast
on the Simple State Space Model)
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Abstract

Most forecasting models often fail to produce appropriate forecasts because we build a
model based on the assumption of the data being generated from the only one stochastic
process. However, in many real problems, the time series data are generated from one
stochastic process for a while and then abruptly undergoes certain structural changes. In this
paper, we assume the basic underlying process is the simple state-space model with random
level and deterministic drift but interrupted by three types of exogenous shocks: level shift,
drift change, outlier. A Bayesian procedure to detect, estimate and adapt to the structural
changes are developed and compared with simple, double and adaptive exponential smoothing
using simulated data and the U. S. leading composite index.

1. A&

oA AlAGe e EA EYS HEAA odFS st 4 FREgF SASA FW 1
2o 93t dEx= vAGAAR] dESexE T et FZ2W S (structural change)l]
3l sEdoz Wit ks dEFHHe MEe dAAQANAE T FAR AFHR L Q)
o A5 Bt FREEe] fFPo 2 o AEstAY st Fowd(evel shift), 5
A7F Mgkl 717 W SH(drift change) 12131 gk Al oA H]AAAQ] A E Hol= dAAW
Sh(outlier) T°| Aot o]t FERWIE Q1A Aoz WEd = Qv o5y s
#3 A= S WMEor T3] o] Fofx gk

Trigg and Leach(1967)= A|FHEEZHA oS0 2o upe} H3g47 Wt
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o] g3te] IARFe WS B35t th. Harrison and Stevens(1976)% state-space mode
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M3l S ¥d 9] exponential smoothing modelol A ¢ =FW st} 7|27 HEE Q14517
EAHS 539 Jun and Joo(1993)% state-space modelg o] &3to] 7 7] A 3 x| 4=
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FES 73 & olE o] &ele] FxRWEe WAREE AASI o]E oI AL HAE &

MeFA et o] At e AlFshy] 8 EoddS Fske] ARIMA,1,1)S] AlALES AAsH

of AfAl e dee FxRWIE AFoz TAAZ & ArE dAE HEste 1 A9dE

T ATHERY o]F AFALERY, 44 AFHEEY(Trigg and Leach, 1967) 5 #&3t

Azpel vlw FAE Y 2] o] AA7E AAATANA AEA WEESEAE dolr ] f§ v

o] AAMYPA G g3t 2 FHES A &3 Ao} v wsih

2. Model Description

D W7t §le 45

Simple state-space model®] deterministic drift €& F7}x 71 238 & &3 2} (1a)

Z, =L + a (b
L, = L,y + &+ b,

o] 71 Ly ~ Ny, py), a;~ iid. NO,0%), b, ~ iid. NO,03) otk &= &A% 71&7]E e
= el zok Le 7 AR Ao #EA S} FFES dudth Ly, {a), {8} BT EHO
o {a), {(b3v AE ABAAZE it JHggd. o] A FE Herd A A4
(recursive equation)< Harrison and Stevens(1976)2] 74 AZF 7|&71E F713F HEg=

21(2b), 21 (2c)e} #r}. (2a)
Ll zy...,21 ~ NI, p)
B b1+ & B B (2b)
=&+ ltil+7b;—1+02a+02b(2t li1— &)
02(1(19;—1"_0%) /=1.2.3 (2c)

P R
Zt‘zt—l'zz—z'--.,zlgl 7]11'1%}]\-(](1&):‘1]' T']:_L}n\_]_'( Vt)’g_‘ Z}‘Z}‘ E]"%T’]' 7]—‘—4'-

f:= l¢71+é (3a)
vi= 0+t ag (3b)

2) A MM Wsk7E e A

Jun and Oliver(1985), Jun(1989)¥} #-2 WHo =z 7IASFE E{iste] Fowsg, 71&7|¥38),
AAAWEE e 3o 2(4), (5), (6)°]tth

2y 1 (F+de

i

Zy =L, + a, (4a)
I, :{ L +&+4P+p, t=M
Li+&+0b, t+=M (4b)
2y 2 (7]&71¥sh
Z, =L+a, (5a)
L ={ Ly +&+0by <M
! L +&+d4P+p, t=M (5b)
2y 3 (gAAs
z, ={ Li+494a, =M (62)
Lt+at, llséM
L, =L, +&+0b, (6b)

400% 7 FEUS WSS s L, D, 0E
BAS 9l W] AaERE

4 ~ Na§ 2,28 (7
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3) Al ALY AR SEEE

71 €71 ske} AA AWM TS H- AEE 409 MEAE MS & S W MAAH
o|Fo] zo AR FEEELE Jun(1989)°] FFW oA 3 A e wHow FI 4 9l
.z} Fxuste e zo AR FERIE= Sy 2o

Zy | zi-q, .., 2545 M ~ N, v) (8a)
t=1,2,...,M—1

Zi |z, 2545 M ~ NCf+ kP4, v) (8b)
L= M,M+1, ...

" ) Py (9a)
[ﬁ;ﬂ = M+1,M+2, ...
AL~ (9b)
o rom 7]&7|Hst=
o [ - . —u (10a)
1+ L =M+1,M+2, ...
2 (10b)
olth. AN M| 79
‘ 1 t=M (11a)
o
£O = ‘ _(1—7M) t=M+1 (11b)
AN
_(1_TM)]~:1117]» 1= M+2,M+3, ... (110)

s 2t

i FENSE sk G dF e mE Wast WA AAD Aolsh wAH Hrh,
webd WEAR Mol Foli fol k4 wEe] wAel Wasith MAHelF Fxustd o
GEE dZosts Fausel ofs vAH BuE nolth meb FEUsS] ofF 13
o] K4 W o) o)A B,

4) st ALFSEILE

Jun and Oliver(1989)= W sIAld MS &3 e W FFEHeF] AFIERLLE FE3Y
o o] 7| &7|Aste} AAHMslNM e FASA FEE 5 Aok A2+ WEFe ALFEE
XS e

Az, oo z2p M ~ NQAS D 7l ) (12a)
o] 7] A]
PI t=1,....,M—1
R R (12b)
/l(.): ) /1( ) k( )
t 71',( )(n%,)—l-/;/l Jy]» e;
(=M,M+1,...
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) t=1,..., M—1
()2 -1
)= 1 + ki (12¢)
! l 7Z'(§A> J=1 V;
t=M,M+1

3. 7Hdel SERE 2 A%

1) 74

AANPE @S B 9 oldel FRUNN YA BITFH AANYE p2 B9
Hoaed Epdel vhARARe o1e) Atk 5 AAAAAA uae W TEvas) g
Avkn AFF F Qe Pl [pptl.... - 110tk dstE A e WEFEE O+ 9l
7] welth of #E7ahilel AR mel tiel thed ge b Agwch

Hy: A% M4 o}Fd Msie washa sl

Hy P AR MAA FEsIE SAsT,

Hy t AA MM 7%/ A8k A s
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2) 7Hde] SRS
Fdel AASEe Fxase AR ARz dehs SEov. Fruse FAE e
S5 .

f={ 0 LAHAA FEAR B 24
T L a%A we A
fo={ O LA FEASA w3
CELL aea ge 4%
fo={ O LAAN AL v A
TELL a%A we 4%
fo={ O LARAN ANt v A
CTLL %A we 4%

(s, FEust

A71A eyt et ept eo=1.

Aol iV 9F 1i)o] H Al

| EEXY Zae Ry
¢l Dirichlet® 32 & A&

Doz AAGY, 8| A" M-1

M—1 AR 7}A] 11”45}4 Sl w3k
golm M—1AEAA 2 W

AEEo] Hu Hge Akﬁ;%-ﬁ—z% U} &} 5 o)
shoh, AFAA R gl Aol AL

oAl 7} Wsle] WA EE

(on, 21, ¢, 90) | Dy

) ) - _ (13)
~ Dirichlet (1+ E IV 1+ E 1+ E 71+ E 80
7= 7= 7= 7=

o] fir}. o]% o gale] 7o) AWHES TaY TheF 2
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=

1+ 570

(14)
PrlH:l Du ) =1y
ie{Wagls, s, e, A A

3) 7Hd e AFEE
A A A toﬂfﬂ ZHAAL e ARATE 2={{2),241,...,20, Dy} Z HERRIL Foj 0 HHE
FEH @S5 We A Mol M el ke dhg Pjr%%—% ek v 2
Pr(H; | 2)

Pr(H;l zp,2p11, .20 s Dy-1)

Pr(zy, 2p11,...,20| Hi ;Dy )Pr(H; | Dy1)
ZJ:PT(ZmZMl‘ -~-vzt‘ H,‘ s Dy 1)PF(H," Dy 1) (153)

___QPr(H;| Dy )
2IQPr(H;T Dy

i,j € (AL, FEws, 7171, AR
o] 7] A
1)2 s (0)2
1 A
F ol 454
e 1] AL v)" 2402 (15b)
exp[g( 7[(11) _W)}
A 0)" L (0)2
o mli 5]

fPr(Zm | 202010 enn 2,348 M 5T
XPr(d | 2,20 1, ... 2, s M Lpdd)

[ exp| L[ Zror=funr = Hizia O
b 2 Vit1

A(‘) /1( N2
Xexp[_%[(ﬂ%))}] s

]

(16)

t

!

()
Vip1t ksl

exp[—%[ (Zuer—fuuy — KAL) }]

o] Atk mhebA MRS AZH 9} Rk
PR =F RDALD, n=t+ 1042, (17c)

VB =y AR, =41, 042, . (17d)
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FRi1=Fropr1 H RS AN ),

FR =B g +( 1/?%)(2"1—1(4(«@1% n=t+k+2,t+k+3,...

n—1

(R _ () ()
Va1 = Vet k1 T Ri b1 T s

Jb
(P = GZZVV(R; 7 + n=t+k+2,t+k+3,...
n—1
o 7] A
& Fevisiy A AEsE T
&=

E+AD, e sl WA,

(18a)

(18b)

(18¢c)

(18d)

3ol A= 7Hde] AbsgEd A sy AE Fo FAE Y. oA
& 7P oA A H WstRESe AR D Ao, olF ofg d Sl i
sk FEwsks s Hekel g dAE AlAE.

<A -d S AA>

A1 S e BE A pell disl] 7 o] AFFRES ARk

Pr(H; |z, ..., 21Dy ;M)

i (ARGE, £, 8105, AAAeH

MAX ;= m?X Pr(H;| 2, ;M)
M= pp+1,...,t—1
@A 3 #AESFNAA HAPAIEEE G MAXMLE Zr=t),
MAX jp .= " MAX

Me [pp+1,...,t—1]

(19)

(20)

(21)

A 4 s=masgeold ©A 55 A¥sta, X gowd mr WEAES M HLE

AEjste] +1A15 o] F-9] 1%‘—7?12 BAR & #5730 A WA A pE

M —1 A A& 7FA gk H]—Oﬂg‘]._l—_y_ 317 A
& o @A 6o i

O
rﬂ

L bg Aool waE TEUSE FHse] (11479 dSAE T

%A 5
A 61 Zy, 0l QAAE 1B +1 2 A ©A 12 Eopin

(= A A%
A% AW W WA ol Aol %wﬂ Ak b Aol MAYE Fruse F
! F AR 9AE FEUGFS F4HUA H2E o

=S

NEHAE B3 2 =RoA AN Q2-o= HAxe] 45 dolrgirt mdo] Agd
Zgggolo]: Weaol¢l BorlandcAe] C++S ol falgdth WA AAAEZ AAEH7] 98
EEATFREZYE AAAZ F 989 2 ARIMAOLDZ ] AAGZ AsA A

Zi=& (222)
Zi=Z e~ gy t=2,...,100 (22b)

o714 g ~ MO,1)  i=1,...,100
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