1 Basic filter
In Durbin and Koopmans (2012)

Vv =Yy — Zyay

Fy = Z,P.Z, + H,
aye = at + PZ{F
Py, =P, — PZ|F; ' Z,P,
K, = TP, Z/F*

aiy1 = Tyay + Ky

Py =Ty P(T, — K1 Zy)' + RiQiR,

Our in place algorithm

Vg =Y — ¢t — Ziay

ZP = Z,P;
F, = ZPZ|+ H;

iFv, = F 'y,
K,=F'zp

Qe = ar + Klv)
Py, =P, — K,(ZP)
at1 = di + Trag,
Py = Ty Py Ti + RiQ R,

2 Diffuse filter

In Durbin and Koopmans (2012)

Vt(O) =Y — Ztago)

Foot = ZiPo 17,
Foi= ZtP*,tZ{& + H;

My = Pm7tZ£

M, =P, 7,
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When Fgo}t is regular

Ft(l) = Fo;}t
Ft(z) = _F;a}tF*,tFo_o,lt
K9 =1M B
KV =10, ,F + T,M o FP
=1, - K"z
L' = -kMz,
ai?t) = a§°) + Moo,tFt(l)l/t(O)

Pt = Pooyp — Poo o ZiF ML,

Py =Py — Py ZlF N 2, Py — P (ZUFWD Z,P,  + FP Z,P,)

a9 = Tal” + kv
Poo i1 = TP LY

Pryi1 = TPy Lt + TP L + RiQu R
When F;)}t =0
K =T,M,  F}
L =1, -z
L =-k"z,
o = aio) + M*’thtlz/t(o)

tlt *,
Poo,t|t = Poo,t
! —1
P*,t|t = P*,t - P*,tZtF*,t ZtP*,t

oD, — T 4+ KO
Poo,tJrl = TtPoo,tTt/
Pt = TtP*,tLﬁo) + RQ R,
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When Fo_o}t is singular but different from zero, one uses a univariate step.
The diffuse filter is used only for few iterations at the beginning of the
computation of the filter. For some of the arrays we use the same one that will



be used for the rest of the computation. Our in place algorithm is

Vp =Yg — Ct — Ly
Foor = thoo,tZt/
Fow=2Z,P.4Z; + H,
ZPy = ZyPy ¢
ZP, = Z,P,,

When Fo_o,lt is regular

Kooy =F(ZPy)
K.i=F(ZP) + FuiKow)
Gt = Gt + Kc/,o,tVt
Poo,t|t = Poo,t - Kéo,t(zpw)
P,y = Pey — (ZP*)/Roo,t — (ZPOO)/K*7t
a1 = dy + Tray,
Po t41 = TtPoo,tTt/
Py iy1 =TiP, oy T] + RiQR;

When F !, =0
KO, =T,M, F,} (DK2012 5.15)
Gt = Gt + K;ol)tvt(o)
Poo,tlt = Poo,t
Pyt = Pt — P*,tzéF;tlth*,t
ol = Tal” + KO0 (DK2012 p. 129)
P41 = Ty Poo 4T} (DK2012 5.14)
Pyyi1 = TP, L + RQR, (DK2012 5.17).



3 Basic smoother

Ly =T — K12, (DK2012 p. 87)

rio1 = ZiF v+ Ly (DK2012 4.38)

ay = a; + Pire_y (DK2012 4.35)

N1 = Z,F ' Z; + LyN; L, (DK2012 4.42)

Vi =P, — PiN; 1P, (DK2012 4.44)

uy = F; 'y, — Ky (DK2012 4.59)

& = Hyuy (DK2012 4.58)

Dy = F ' + K|N, K, (DK2012 4.66)
Var(e,|Y,,) = H, — H,D, H, (DK2012 4.65)
e = Qy Ry (DK2012 4.63)
Var(m|Yn) = Qr — QRN Ry Qy (DK2012 4.68)

In place basic smoother

K, =TK!
Li=T, — KiZ;
rio1 = Z{(iFv); + Lyry
ar = ar + Piry_q
Ni_1=Z,(iFZ); + LyN, L,
Vi=P — PNt Py
¢ = Hy((iFv)y — K'ry)
Dy =F ' + KiN,K,
(Ve)y = Hy — HiD:H;
M = QtRiltrt
(Vn)e = Q¢ — QtRQNthQt



Diffuse smoother

L =1, - K"z
1= Kz,
o2, = L0
A= 2O 4 1o 1 L0
i = al” + Pl + P e,
N, = L NOL
NY = ziFV z, 4+ L NOLO 4 O NO LO
NP =2 FP 2, + L' NOLO 4 L' NOLD 4 L NOLO
LV NOLM
Vi =Py — PoyN{ Py = (PN Pog ) = Pog N Py
— P N2\ Pocy
& = —H K Or”
i = QiRyry”

Var(e|Y,) = Hy — H KV NO K
Var(len) =Q: — QthNt(O)RtQt
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In place diffuse smoother

Kooy =TK.,,
K, =TK!
LO=T; — Koo Z;
L=-K:Z
r0 = L0'r0_1

1= ZFVy, + (L0)'r11 + Lr0_1
ahat; = ago) + P70+ Py 41l
NO = (L0)'(N0)(L0)
N1 = Z;iFZ; + (L0) (N1.1)(L0) + L(NO0)LO
N2 = Z,F Fu F2 Zy + (L0) (N2.1)(L0) + L N LM 4 L' N L)
LV NOLM
Vi = Poy — PouNO\ Py — (PN Poc ) — Poo N Py
— PoouNZ) Pocy
& = —H K Or
M = QtR;rzEO)
Var(e,|V,) = H, — H KO NO K

Var(UtD/n) =@ — QthNt(o)RtQt

5 Univariate smoother step

Initialization
Tt,;l?t =T
Nip, = Ny
For i =pi_1,...,0,if |Fy4| > 0,
revio1 = Z4 Fy v+ L e (DK2012 6.15)
Ne-vio1 = Z{ ;F; ' Zei+ L} ;N i Ly i (DK2012 6.15)
€,i07 Fy ) (e — K i (DK2012 p. 157)
Var(é;) = o i Fy 2 (Fri + K ;Np i Ky ) (DK2012 p. 157)

lf Ft,i =0

Tt—1,—1 = Tt

Ni_1,i-1 =Ny



and
. !
Tt—1,p, 1 = L4_17t,0
!
Nt_lvpt—l = t—1Nt,OTt—1

Tt—1 = Ti—1,p; 1

Ni1= Nt*lvpt—l

(DK2012 6.15)
(DK2012 6.15)

6 Univariate diffuse smoother step

Initialization

Ttp, =Tt
Ntapt =Ny
For i =pi_1,...,0,if |Fy ;| > 0,

-7/ 4
70¢-1,i-1 = L im0t

_ ! —1 . ! ) 12 )
Tlietio1 = 2By Vei + Log im0 + Lo g 71t

Ny = LN Lo i

t—1,i— oo, t,itVt i

Nt(i)l,i—l = Zt/,iFt(,?Zt,i + Lgc,t,iN(O)Lt + Loo,t,iN(l)Lo}t,i
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N, _, = 20 5D Zu+ LN LE, + L NOLY + 18 NOLD

3 ?

LY ML

N

lf Ft7i = 0
Tt—1,i—1 = Tt
Ni_1,-1 = Ny

and

Tt—1,pe1 = Tt/717“t,0
Nt—l,pt—l = Tt/—th,OTt—l
Tt—1 = Tt—1,p;_1
Ny 1=Ni1p,_,

N2
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