7 BIEx

7.1 iRBEZERF
TERRPERFE RS, H REARAEZZM] (Gaussian State Space Form) 2% AR T, —iH RHHE
REfR MR RE R
Vi = ¢+ Zioy + &, g~ N(0,Gy), (D
or4+1 =di + Tyar + 1y, n: ~ N0, H,), )
2) e AER.Q) BEEEAERES v B r WEIZEE, o 55 + HIRIRERE, REH
B2 — AR P E, BIMLHRR,
1. EIEAREE a0 FFEREGRME, HIFETIEE a0 , RFLBEERE P FERBSE:
ai|Yo ~ N(ai, P1jo)

2. G; 8 H, 5—H#I9 48R : E(GiH,) =0

il
o

BHRRRZEFRAIRIHSE, BREMENRNAREGZT, FIAMRE, FHHl, T8, A75%, RKIGRA
SRR AR BRI E =R R T Ry

G

o GRIE: FATE Fr , EREER o , WRLRBRER T EA TR HERE,

o THHI: #5%E F; , THH Ot +h B Vt+h o

o T fiEE o BE Fr , WIREEES FHEL T, BEEEHRERE.
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7.2 Kalman filter &

Kalman filter f¥ 85818, A 558 F % 8 8% B 0 T &AM E,
E(x]y, z) = E(x|y) + 2. 2. 'z. 3)
Var(x|y, z) = Var(x|y) — £, 22 2, 4)

@ Yo RE 1 — 1 I WEBEENES, BB IERAERESREEBREEDIZ T, EMAH
Bz, KET KBRS HMAGE pOrilar, -+ ar, Yio1) = pOrilas) |

plailar, - o, Yy) = ploagstlay) , FEE a0 5 ¢ 830E, % o1 BORAERGE,

ar+1 = E(a,+1|Yt) (5)
Py = Var(at+1 |Y;) (6)
a; ~ N(ai, Pr) (7

Py RAGFHREN LB RBORRE, Efa7E o & p, T, "MPTBEFE a1, EPy,

ary1 = E(Tio; + Rin:|Yr) (8)
= TtE(atlyt)’
DPi+1 = Var(Tra; + Rin|Yr) )

= T;Var(a;|Y,)T + R, QR;

o v N BREDER AR BRI fEETERE,

vi =y — B Yi—1) = yr — B(Zioy + &:|Yi—1) = yi — Ziay
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W Y- bv, FrEaAE e ¥, MFE, ATEL E(a:Y:) = E(o¢|Yi—1, ve) , BTG BET

SIME

E(w/Yi—1) = E(yr — Zia;|Y—1)

=E(Zia; + & — Z1a,|Y; 1) =0

E(v;) = E[E(]Y;—1)] =0

Cov(yj,v:) = E[vry;] = E[E(v;y;[Yi—1)]

:E[ij(vl|Yl‘—l)]:Oa .]:15

RE EELEME, Dk 3) K,

E(a/Y:) = E(a;|Y:—1, vy)

= E(a;|Y;-1) + Cov(a,, v,)[Var(vt)]_lv,

=a, + M, F v,

Hr M; = Cov(as,v), F; = Var(v,) BHEEBELE
M, 8 F; WETET

M; = Cov(a;, v;) = E[E{a,(Zia, + & — Zia;)'|Yi-1}]

= E[E{a;(a; — az)/Z“Yz—l}] = PtZ;,

F, = Var(Z;at + & — Z[Cl[) = ZtPtZ[/ + H,;
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E (8) £ (13) HKAEE!:
a1 = Ta, + T, M, F; v,
= Tia; + K;vy, t=1,---,n
K, =TMF ' =T,PZ F .
i (9) A Var(o,|y,) FILL (4) BE]
Var(a;|Y;) = Var(a;|Y;—1, v;)

= Var(a;|Y;—1 — Cov(ay, vt)[Var(vt)]_lCov(a,, v)

=P, — M,F'M]

=P, —PZF'ZP,
i (9) =

Py =T, PL; + R QO Ry, r=1,---,n.

Li=T - KiZ

Kalman Filter #H#ERARIEA, EHRETEH], HMEHE—-TEBRAER:

a; =d; + Tio; + Kyvy, Py = TtPtL; + RIQIR;
v, =y — Ziay — ¢y, Ft:ZPtZ;+Ht
K, =T,PZF ', L, =T —K,Z,

Shepherd %f 558 & HIFE R BIRY R E B
v = exp(h;/2)e;
=y* = log(y?) = h; + log (83 )

hiy1 = pu(l — @)+ dhy + 1y
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S PRI RS TOACBUR S Bk R, s s, T
tog (&7) Iss = i ~ N (mi, 7)),

ez (D,2) A& (18), A Af K ¢, =m; , Gy = (0;,0) , y =he . Z =1, dp = u(1 — @),

T, =@, H = (0,0,).R = 1, BHEIBEGELE 1Yo ~ N (u. 02/ (1 — ¢%))e

7.3 Simulation smoother #&

EFARMEHZEZ T, BT EHENMERBRER TR, B R E (simulation smoother) J2H
de Jong and Shepherd (1995) Fifgtt. ABUERHEHREE, BEIEHFE, BPRAZEFS distur-
bance smoothing #1 stae smoothing FJ#E &G R, FMlliE 2% Koopman (2001), 75 HLES
B, BuE RN E

Xt = O — day, V(x)) =P

Vi =y — Ziay = 210 + & — Z1a;
= Zix; + & (20)

Xi41 = Lix; + Ry — Krgy (21)

AT, PSR SRS R B 3, SEFTBREIE 1, v T, 3

& = E(e;ly) B2 ﬁt =E@mnly) o

RS E(er] Y1) = 0. 1 (20) KEFIGHIE (e0v]) = B (a0x}) Z)+E (216} ), B E(erx)) = 0

fort=1,---,n,j=t,---,n

E (ev}) = ' (22)



PAR:

E («%X,/H) = —H,K],

E (e:x/ ) = —H,K/L, 4,

E (8;)6,/1) = —H[K[/L;_’_l c L:,l_la

EHREREFAE (20),, 2D ABRTA (22) A,

A -1 ! 7! —1 ry/ / —1
b= Hy(F7 v = K[ Zp oy F i = KL 2] Fvia =

~ KiLjy o Ly ZyFy o)
— H, (F_]vt—Kt’r,), f=n,- 1, (23)

Hefrry {R—RER, ERE:

ri—1 :Z;Ft_]vt—i—L;r,, rm=0, t=mn,---,1.

B ne B AR, BTERER 7 = E(nly)

j=t
i =D Eq)F;'v; (24)
O/R/Z |, j=t+1,
(mj)=1 "7 (25)

E(i/]tx;)zg’ j:t+29"'9n:
Y4

E (’7txz/+2) = Q,R;L;H,

E (”tx;+3) = QtR;L;+1L;+2:

E(mx,) = QRiLiyy - Loy, (26)
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# (26) it A (24) A

= OR; (Z;+1Ft111”t+1 + L Ziaviea o
Ly Ly Ly ZyFy o)

:QlRl/‘rla t:n:"'ala
%r}’l = 05 Nl’l = Oa é[ E@ﬁi@ﬁ%a
E_,‘t = Ht (Ft_lvt — Kt/’:[) ,

t=nn—1,---,1, (27)
/\EP ~l ‘m%_‘i@i@ﬁ%%:a Nn O,
77;_] = Z;Fl_lv, — W[/C[_]dt + L;’:t, (28)
W, = H, (F;lz, — K;NtLt) , (29)
N1 =ZF'Z,+ W/ C'W, + LN, L,, (30)
BMIABEEHERERE Q) R, B B+ 1, ..,n— L &8 & j > 1 B
g‘l‘ = E(S[l])[, Y v}’b dt+15 Y d}’l)
n
= E(Sl‘lvls Y v}’l) + Z E (glld])
j=t+1
n
=&+ > B(ad)) il (31)
j=t+1
& HBER23), 1 L jEBEA
E(g,djf) = —E(gtg‘]{)
— _E(etv;)@—lﬂj + E(e/7) K Hj,
= HK/L,,- --L;_]Z}Fj_lhg +E(e7) K, Hj, (32)
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HFFIA (22), (28), 82 (32) ALIBER B AT A

Eerf) = —HK/L,, - LiN;,  j=i+1,--,n, (33)
# (33) HFA (32) X&EE

E(ed)) = HiK|L),, - L|_, (Z]fFj—lHj - LJ’.JVjK;Hj)

== H[Kl/ ;_"_1 "'L}_]ﬁ/j/. (34)
& (34) HAEE 31 K
n
& =&+ HK D L, L WCd,
j=t+1

e (23) A 2

n
& =HF v — HK] D Ly - L Z[F .

j=t+1
e AR, WA (28) HAUFE R
Fr= D Ligi- L (ZiF vy = W),
j=t+1

st (27) R

n
fo= HF v = HK] Y Ly Ly (ZF = WG )
j=t+1

= H[ (F[_IV[ — Kt/ft)
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B, BRI & = & + di, Hh dp ~ N0, Gy) , C; HEEATT

C; = Var(ely, &r41, -+, €n)
- Var(gth)l’ Virl, oo 5 Vn, dl+la T dn)

n
= H, — H,D;H, — Y E(e:d))C; 'E(e,d))
j=t+1

n
= H, — Ht[Fz_l + KD Ly LJ/'_I(ZJ{F}_IZj
j=r+1

+ W,C_IW/)L]/_I tt L[+1K1]Hto

J 7T J
/\q:]
n
Ne=3 Ll L, (Z]{jpj—lzj + W]’-cj—le) Li—1- Liste
=141

i

Ct = Hl — thth, t=n,---, 19 (35)

D, = F' + K|N.K,, (36)

HAHREET R X BB —E

C,=H, — HD,H;,, D,=F"'4+K/NK,, (37)
d, ~ N, C)), x%:m@ﬁz-@&u) (38)
Foo1=ZF W+ L7, — W/ Cld, (39)
N\ =ZF'Z,+ LIN,L, + WC~'W,, (40)

BT MR DL ¢ + Zeyely, 0, cot + Zit1ve41, -+ 5 o + Znyn TEBHHEESE, v —
o — Ky, FEBIRZEREEE, METTD BCE R REE B R B
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