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Suppose we have an collection of models (J; .4 M. Model M; has a vector of parameters 6 that belongs to
R™. The target is to sample = € [J,c-({k} x R™). Thus, the parameter that will be updated should be

{6) k).

Dimension Matching

Assumption: [, 7(dzx) [ gm(z, da" o (2, 2") = [, 7(dz’) [ gm (2, dz)am, (2, x).

To make the assumption hold, a,,(z,z’) was taken to be min{1, %}

Switching between subspaces

First, suppose we have two subspaces f; = {1} x R™ and f, = {1} x R™ with density p(§(!)|k = 1) and
p(0) |k = 2) separately (i.e. k = 2). Suppose the only move performed is to switch between two subspaces
with probability j(x). One way to swith between two subspaces is to generate a vector of continuous random
variables u(?) with length m; such that ) 1 M) then set #® be some deterministic function of (1)
and u(!). Reversely, we need to generate u(!) with length my such that u(® L () and set 811 be some
deterministic function of ) and u(.

Requirement: there is a bijection between (/1) u()) and (6, u®) (ny +m; = ng + mo).
Then, the proposal distribution q(x,dx’) can be defined by prior distribution of u™ and u(?.

}

86 ()
FICIGRTIE))

. . 2,02 1y)5(2,06® (2)
Acceptance Probability : a(z,z’) = min{1, igl,emIzgﬁl,eu);ﬁ&n%

Notes:
1) my or mz usually is taken to be zero in practice, thus no need to generate uM or w2,

2) for more than two subspaces, there is no need to calculate all possible acceptance probability. Instead,
only acceptance probability of adjacent subspaces need to be calculated (i.e. g, f,,af, fy,.... Then, for
example, the acceptance probability of switching from fi to f3 is just oy, r, X oy, f,.



Application: Possion change-point problem in one dimension

Prior distributions:

1) change-points (k) :
k ~ possion(\)
Assume k € [1, ko],
then there exist (k-1) change-points,
therefore p(k) = e (,: 11)' \
2) positions (s) :

{s2, ..., 8k} generated from even-numbered order statistics from 2k+1 points ~ U(s1, Sg+1)

(2k—1)! k _
m(s2,...5k) = Gorg1—s1)2F— L5y <sa<...<sp<skir Hj:1(51+1 - 85)

3) heights (h) :  {hy,....,h} ~ [(,B)

Four possible transitions:

1) change of height with probability
2) change of position with probability 7y
3) birth of step with probability by_;

4) death of step with probability dj,
which satisfies:

Ddy=m=0

2) bg,..=0

3) bp—1 = ¢ min{l,p(k)/p(k — 1)} and dy = ¢ min{1,p(k — 1)/p(k)}, with constant ¢ choosen as large as
possible subject to by + d < 0.9.

4) gy =7 for k£ 0

Likelihood

Let m; be the number of disaters which happened during [s;,s;11); Let = (k, h1, ..., hg, s2, ..., i) then,
k

Py, .y ynlz) = 69619(2] pmjlog(hy) — Zj:l(sﬂrlfsj)hj)

Proof

P sanli) = eap(3logOu) — [ A0t

i=1 s1
k k

= exp( E m; x log(h g Sj4+1 —
Jj=1 Jj=1



Transitions:

1. Height

Algorithm:

1) generate j randomly from 1 to k and u ~ Uniform(0,1).

2) if accepted (U < a(hy, h})), then update h; to h} such that Zog(Zi) ~U(—3%,3). Otherwise, h; = h;

Proposal : q(h;,h);) = hi’

Acceptance probability : a(h;, b)) = exp{(m; + a —2)(log(h’;) —log(h;)) — (sj+1 — s; + B)(hj — h;)}

Proof:
1) proposal distribution
Let
11 i
u~ um’form[—i, 5] and log(h—J) =u
J
then,
.
h;
h; = e" x h;
log(h;) =u+log(h;)
Also,
P(h; < o) = P(e"h; < )
e
— Pl < X
(€ <)
= P(u < log(+-))
hj
log() — (-})
1D
a
= log(=) + =
og( hj) +
then,



therefore,

2) acceptance probability
Let w(h;) denote the posterior density,

then,
() = prior X likelihood
77 [prior x likelihood
_ p(yh (RX3) yn|h’1)p(h1)
T o1, - ynlhy)p(hy)
then,



P(Y1,--5yn h))p(h))
(h/ )q(h/ h) . fp(yl ..... yn\h;)p(h;)

m(hj)q(hj, h") T _pWisynlhy)p(hy)
m J @1 ynlhi)p(hy)

= | -

<

exp{(32;2; mi X log(hi) — 32,4 (si1 — si) X hy) +my x log(h}) — (sj41 — s5) x I} % )h'a femPM x by

exp{Y iy mi x log(h:) — S0y (si41 — 5:)hi} X 'B vhi®temPhs x h’

k
= exp{(z m; X log(h;) — Z(Si_}rl — 53) X hi) +mj x log(h}) — (sj41 — s5) X hj — Zmi x log(h;)—
i=1

i i#]
k

- Z(5i+1 —8i) X hi} x (h*]:)(%2 x exp{—B(h; — h;)}
h;

=1

I
= eaxp{m; x (log(h}) —log(h;)) — (sj1 — ;) (hj — h;)} x (]7;)“’2 x exp{—p(h; — h;)}

= exp{m; x (log(h}) —log(h;)) — (sj41 — ;) (hj — hj)} x exp{(a = 2)(log(h}) — log(h;))} x exp{—PB(h]

= cap{m; x (log(h}) —log(h;)) = (sj1 — s3)(h — h;) + (e = 2)(log(R) — log(h;)) — B(hj — h;)}

= exp{(m; + a — 2)(log(h}) — log(h;)) — (sj+1 — s; + B)(h; — h;)}
therefore,

m(hj)a(hj, hy)

(h],hj) min{l, 7@ Ja(hy )

}

= min{l, exp{(m; + a — 2)(log(h}) — log(h;)) — (sj+1 — s; + B)(hj — h;)}}

2. Position

Algorithm:
1) generate j randomly form 2 to k-1, U ~ unifrom(0, 1)
2) if accepted (U < a(sy, s})), then generate s ~ U(s;j_1,5511). Otherwise, set i, = h;.

1
Sj41—85-1

Proposal: q(sj, s}) =



Acceptance probability:

a(sj, %) = min{1,exp{(m}_; — m;_1) x log(h;j—1) + (m); —m;) x log(h;) + (s} — s;)(h; —

J
log(sj41 — s5) +1og(s; — sj—1) — log(sj+1 — s;) — log(s; — sj—1)}}

Proof
1) Prior density

7T(527"'7Sk) = 71—(52 € [tlatSL"'ask € [tZk—BatQk—l])

= (2k — 1)! X 7T(82 S [tl,tg]) X ... X W(Sk S [tzkfg,tgkfl])

2k—1'><H sz% Yds,

[t2i—3,t2i—1]

1
Qk - ]. ' X H/ ﬁdtQi_Q

ti—1,tit] 5k+1 — 81

k
1
:2]€—1!X||/ —dti_
( ) i [5i75i+1] (sk+1_81)2k71 o

1=1

k
(2k —1)!
:—x i
(5k+1—51 HSH

i=1
Similarly,
1!
(8182, 815841, s k) = 75 X (8541 — 8;)(85 — 8j-1)
(Sj+1_3j—1)
S )( )
= ———— X (841 — 85)(s5 — sj-1
(Sj+1fsj,1) Jj+ AN J

2. acceptance probability

hj—1)+



(82, 0y 85, ey 51) (S}, 55) N P(Y15 s Yn|85)T(S5]52, 0851, 85415 0, SE) (5], 55)

(825 00y 85 e 8K)Q(85585) — P(Y1s ey Yn|85)T (85182, 851, 8541, s SK)(85, 8))

(YL, -oos Yn| ST (S]] 52, 851, 85415 0 88) 505

P(Y15 s Un|8j )T (85182, 851, 8541, -, Sk)

P(Y1s s Ynl85) (55152, 851, 8541, -, Sk)

PY1s s Ynl55)T (85182, 851, 8541, -y Sk)

B (exp{(z#m»_l m; X log(hi) = 3245 51 (si41 — 8i) X hi) +m_y x log(h;j—1) +m]; x log(h;)—
cap{ Yy mi x log(hi) = Y7 (siv1 — i) X i}
—(S;— — Sj_l) X hj_l — (Sj_;,_l — 8;) X h]} > m X (s.j+1 - S;)(S; - Sj—l)

exp{31_ mi x log(hi) — S0 (siv1 — 8i) X hi} 5 X (8541 — 55) (85 — 55-1)

(8541554

= exp{—mj_1 x log(hj_1) —m; x log(h;) +m}_; x log(hj_1) +m); x log(h;) + (sj41 — 5;) X hj+

(8541 — 85)(sf — 85-1)

(8541 — 85)(s5 — 85-1)

+ (55— 8j-1) X hj1 — (8] = 85-1) X hj_1 — (5541 — 57) X h;} X

= exp{(m}_y —mj_1) x log(hj—1) + (m} —m;) x log(h;) + (s} — ;) x;j +(s5 — 8}) X hj_1}x
x exp{log(sjy1 — s5) +log(s) — sj_1) — log(sj41 — s5) — log(sj — sj-1)}
= exp{(m};_y —mj_1) x log(hj—1) + (m} —my;) x log(h;) + (s} — s5)(hj — hj—1)+

+log(sj+1 — 5) +log(s} — sj-1) — log(sj+1 — s5) — log(s; — sj-1)}

therefore,

a(sj,s

= min{1, exp{(m/_; —m;_1) x log(hj_1) + (m} —my) x log(h;) + (s — s;)(hj — hj_1) +log(sj41 — 8})+

+1og(s} — sj-1) — log(sjr1 — s5) — log(s; — sj-1)}}



3. Birth step:

parameter: z = (k, hy,...hg, So, ..., Sk)
Alogrithm
1) randomly choose j from 1 to 2k-1

2) generate s’ ~ uniform(s;, s;j41)

/ ’
siy1—s sj—s

3) calculate hy = h;(12;) %+ =% and b, = (%) %+ "% X h;

4) if acccepted(U < a(z,z’)),
update s;41 to s', relabel s;1 as 81, Sj1+3 as 8,542, ... ,
update h; to b} and k), relabel hjy 1 as b o, hjro as B 5, ...,
k=k-+1

. . ZaART! k o —1_—_Bh, 2k—1)! k
Prior density: p(z) =e /\h g %hia Le=Bhi x W [T (i1 — 50)

Acceptance probability:

!/

a(z,z") = min{1, exp{—mjlog(h;) + m/log(h}) +m  log(h} 1) + (sj11 — 85)hj — (s = s)h); — (541 — 8" )R+
+ alog(B) — log(T'(a)) + (v — 1)log(h;) + (a— 1)log(h;+1) —a xlog(hj) — B(h; + h;‘+1 — h;)-i—
+1og(2)) + log(2k + 1) — log(sk+1 — s1) + log(s’ — s;) + log(sj+1 — §') — log(sj+1 — s;) + log(dy)—

—log(dg—1) — log(k) + 2 x log(h}; + h},1)}}

Proof
1) 1

Since weighted geometric mean satisfying (s' — s;)log(h}) + (sj4+1 — s")log(h); 1) = (sj+1 — s5)log(h;) and
hivi _ 1-u

h' u
J



then,

log(R's ™% x W5 ™) = log(h3+ ™%

Jj+1 J

’ ’
18'=s; 18j41—8 _ psjr1—s;
Wy 7 x Wiy = =h;

. 1—wu R
h/j‘ 57w ( h;)sj-ﬂ—s/ _ h;ﬁ-l Sj

’ ’ —_
hl; —Sjtsjt1—s % (1 u)8j+1—5, — h;j+175j
U
h'j‘j+1_5j % (1 _ U)SHrS’ — h;Hlfsj
U

1 — oy itz
)fi+17% = hy;

h'j < (

u

w it

W= () x by
then,
1—u
R i1 = " h;
1—u (TN S
= " X (1_u)3;+1*% x h;
u o4 w | Sik1=e L
= X Si+17% X
()™ X () x by
TR L
= Sj+1-55 X
(l—u) ! ! 3
R
= (17u)'1+1 i X hj
therefore,
’ u S].*lis,. ’ L
Wy=(g=)7 7 Xl = (—

2) acceptance probability

_ by ynle’) | p(a) j(z')

)

) = gl @) T)a )

likelihood ratio



PWYLs s Ynl2’) exp{Zi;éj mlog(h;) — Zi;ﬁj(si+1 = si)h; + m;-log(h;) + m9+1109(h3+1) — (= Sj)h; = (sj+1 —

s )N}

P, s Ynl) exp({ Y-y milog(h) — iy (siv1 — si)hi}
k
= exp{( Zmzlog Zmzlog ) +milog(h;) +m) log(h), ) + Z(Si+1 —si)hi—
i#£] i=1

- Z(Siﬂ —s;)hi — (8" — Sj)h;‘ — (8541 — Sl)h;'ﬂ}

i#]

= exp{—mylog(h;) + mjlog(h}) +mj 1log(hj 1) + (sj41 = s;)h; — (8" = s;)h) = (841 — 8 )Wj41}

prior density ratio

p(gg/) . p(k‘—i—l,hl,... h] 1, ;, ;+1,hj+2(hj+1),...,hgﬂ_l(hk),Sg,...,Sj,slj+1(8/),S/j+2(8j+1),...,S;H_l(sk))

p(x) (k’, hl, ...hj, ceey hk, Sy ey S5y Sty eny Sk)

_)\Ak 1 —Bh; 1 —Bh’ h' 2(k+1)—1)!
¢ X 1liz; F(a)h “lem X (a)hga ot x (a)h_lj-‘rla “l W iz (Sip1 — 81)%
- Ak—1 a 1 _ (2k—1)!
ey x [Ty Plahi® e x <75k+1 sn)% I (siv1 — s1)

X(s" —s5) X (8541 —5")

3 Ak 1 kB> 3 a—1__gp, (2k—1)! k . .
¢ -1 X | Tt e Phi x (Ghi1—s1)2F 1 [Lizi(siv1 — s0)

al_h a—1 h/v1
W X gt T 2k k) (5 ) (5501 — 8)

X
h§ e (k41— 51)° Sj+1 = 5;

| >

_ B (h;h;le)aflefﬁ(h;Jrh;-Jrlfhj) L @R 1DEA) (8= 55) (841 = 87)
D(a)" by (Sk+1 — 51)? Sj+1— Sj

proposal ratio

j(') _ dp X p(sj_H)
J(@)ar(u®) by x p(s') x 135

1
dk;X%

bkfl X 1, X (1i )k

Sk+4+1—S1

_ dk X (8k+1 — 81)
bk—l x k

jacobian

’
S —S

Let v = 22—
Sj41—5;

10



then,

then,

3(9(k’))

!/ !/ / !/
O(RYy o Ny 1589, 0y 83g1)

A(O®), u®)

OH' 9H’

H 95
aS’ oS’
OH aS

/
8(h1, ceey hj,u, hj+1, ceey hk, 825400y 55, 8, 85415 0-

on’ o
oh, )
1x1x---x 6h;i1 8%““ Xx1x---x1
8hj 8u
on’' on;
oh; u
Ohjyy  Ohji,
th Bu
(+2)" hj x v(325)" 7 X (l—lu)21
() (0= 1)(525)72 %
U 1
h: x (v—1 =2 % —h; x
| J (U )(1—U) (1_u)2 J U(
h; ( u )21;72
(1—wu)? 1—u

11



a(@(k’))
(0% (k) |

PY1; - Ynl?’) | p(a') j@) |

. k:)
Y1, ynlz) — plr)  jl)gr(u®)
= exp{—mjlog(h;) +m/log(h;) +m log(h} 1) + (8541 — s5)hj — (5" — 55)h; — (5541 — 8" )W)} %

B (h;h}H YL o= BRS A ) 5 2k +1)2A) (8" = 85)(sj41 = &) die X (sp41 = 51)
L(a)"  hy (Sk41 — 51)? Sj+1 — Sj di—1 xk

(R + 1 q)?
h;

X
= exp{—mylog(h;) + mjlog(h}) +m} 1log(h; 1) + (sj41 — 85)hj — (8" = s;)h) — (sj41 — 8" )1+

+ adog(B) — log(T()) + (o — Dlog(h') + (& — log(h) — (o — log(hy) — B + Byyy — H)+
+10g(2\) + log(2k + 1) — 2 x log(sk4+1 — 1) + log(s’ — s;) +log(sjy1 — ") — log(sj+1 — s;) + log(dy)+
+10g(s+1 — 81) — log(dy—1) — log(k) + 2 x log(h} + ) 1) — log(h;)}

= exp{—mjlog(h;) +mllog(h}) +m/ log(R) 1) + (5541 — s;)hj — (8" — s5)h; — (sj31 — ")+

+ alog(B) — log(T()) + (o = 1)log(h;) + (o — Dlog(hj, 1) — a x log(h;) — B(h 4+ hijy — B+
+10g(2X) + log(2k + 1) — log(sk+1 — s1) + log(s" — ;) +log(sj+1 — ') — log(sj+1 — 8;) + log(dk)—

—log(dix—1) — log(k) 4 2 x log(h} + ) ,1)}
therefore,

A(0*")

o P, ynlz’)  p(ah) (')
a(m,x’) :mzn{L X 3(9(k),u(k))

P tal®) ~ p@) @) |

= min{1, exp{—mjlog(h;) + mjlog(h}) + m} log(R} 1) + (sjt1 — s5)h; — (s" — s5)hy — (501 — 8" )1+
+ alog(B) — log(T(a)) + (a — 1)log(R}) + (e — 1)log (R}, 1) — a x log(hy) — B(R + ),y — b))+
+1og(2)) + log(2k + 1) — log(sk+1 — s1) + log(s" — s;) + log(sj+1 — 8') — log(sj+1 — s;) + log(dy)—

—log(dg—1) — log(k) 4 2 x log(h}; + h},1)}}

12



4. Death step

parameter: z = (k, hy,...hg, So, ..., Sk)

Alogrithm:
1) randomly choose j from 1 to 2k-1
il Ll
2) calculate b = h;/**"" x h; 4™

4) if accepted (U < a(z,2')),
remove s;41, relabel s;o as 52‘—5-1’ 843 AS 8,542, ---
update h; and hji1 to h}, relabel hjio as b) g, hjis as b o, ...,

k=k-1

Acceptance probability:

(o) — iy, POl 0l ) o(0%")

= min{1, exp{—mjy1log(hji1) — mjlog(h;) +mjlog(h}) + (sjr2 — sjr1)hjr1 + (sj11 — 85)hj — (sjp2 — s5) M+
+1og(T(@)) — a x log(8) + (o — D)log(h};) — (a — 1)log(h;) — (a — D)log(hjt1) + B(hj + hje1 — hi)+
+log(sj+2 — s5) —log(sj+1 — s5) —log(sj42 — sj41) + log(bk—1) + log(k) — log(dy) — log(sk+1 — 1)+

+log(h}) —2 x log(hj + hjy1)}}

Proof
1) 1)
Since weighted geometric mean satisfying (s;+1 — s;)log(h;) + (sj4+2 — s;)log(hji1) = (84 — sj)log(h}),

then,

13



log(h7* %) +log(h3 (P ™%) = log(h/;j“ﬂj)

log(hij“*sj X h;ff*sj) = log(h’;j“isj)

’ ’
Sj+175; Sj+278; _ pr5i+175;
b X WY =1

Sj+1-9) Sj+2=%]

’ G G
hj = hj X hj+1

Sj+1-9) sj+2=%;

I p %027 Sj+27%]
hj = hj X hj+1

2) acceptance probability

likelihood ratio

PY1, - Ynl2) _ exp{d ;i jo1 M X log(hi) — 3245 501 (Sit1 — i) X by +m x log(hf;) — (sj1+2-s;) X I}
pY1, - Ynlz) exp{Zle m; X log(h;) — Zle(siﬂ —8;) X hi}

k
= exp{ Z m; X log(h;) — Z (8i41 — i) X hi +mj x log(h};) — (sj12—s;) X B} — Zmi x log(h;)
i#j,j+1 i#5,j+1 i=1

k

+ Z(Si-',-l —5i) X h}

i=1

= exp{—mj1 x log(hji1) —mj x log(hj) +m/; x log(h}) + (5542 — sj11) X hjy1 + (541 — 85Xy

— (sj42 — s5) X b}

prior density ratio

14



pa’)  pk =1 ha, o hyjoa, B R (hya) By o (gas)s s By (Bk)s 825005855 8 j11(8542), 8" j2(S5438), s Sh_1 (k)

p(l‘) p(/{, ]7,17 ...hj, ceey hk7 81y eeey 8j7 Sj+1, ceey Sk)
) k-2 1 —Bh; 1 —Bh} 2(k=1)—-1)!
. € (k—2)! X Hl;éj J+1 F(a)h “ 7 x (a) h;‘l ? (SIH(—l( 51)%(16 )1) 1 Hi;ﬁj,j+1(5i+1 - Si) X (sj+2 — S5

A k-1 kB pa—l, ph, (2k—1)! ' ‘
€ -1 < [Tim T i Pl x (sk+1 51)27« 1 Hz 1(si41 — s4)

ya—1 75h'~ 2
k=1 hj ; (k41— 51) 5j42 = 5j

= X X
A ha 1 e—Bhj % F(a) hj+1aile*3hj+l (2]43 — 1)(2]17 — 2) (Sj+1 — Sj)(8j+2 — 8j+1)

_ (o) h; a1 = B(R)—hj—hj i) 5 (k1 — 31)2 Sj+2 —Sj
B “hj X hjta 2k —1)(20) (511 — )(5542 — 5511)

proposal ratio

j@g@)) o xp(s) x i
j(z) di—1 X p(sjy1)
_ bi—2 X Sk+11*81
=T
br—2 X (k—1)
dr—1 X (Sk+1 — 51)
Jacobian
Let v = 3175
Sj+2—5;
then,
v 1—v
h’ =hy x hjj
then,

15



li li / / / / / ! / /
O(RYy, ey By B By By 85,0 85,8T80 0 8 )

| BICCORNGS)!

8(0("0) 0(h1, ceey hj—la hj, hj+1, hj+2, ceey hk, S92y eeny Sj, Sj+1, Sj+2, veoy Sk)
OH’ OH’
— | OH oS
98’ 2s’
OH oS

on,  on
=1x1x---X% Bf;j ahr;lj,l X1x---x1
Bh;  Ohji1

on, oW
_|an; ona

o u

8hj 3hj+1

1—u\1—v u_\v

&= (%)
I Ryt —hj

(hjr1+hi)?  (hjr1thy)?

1—-u 1—v _hj hj"rl u v
= X — X
( U ) (hjt1+hj)?2  (hjp1 + hj)? (1 - u)
_ (hj+1 )i —hj o hi
h; (hjt1+h)*  (hjer+hy)*  hj
_ 1 hl—v hv hl—v hv
- (hj+1 + hj)2 Ty XNy = g X Ry

—oh ’
(hji1+ hj)?

R
 (hjg1+ hy)?

then,

16



Pyl p(e) (@) o(0%))
D mnl®) 9@ @) 3@, ahy

|
= exp{—mji1 x log(hj+1) —m; x log(hy) +m x log(h}) + (sj+2 = 8j+1) X hjp1 + (sj41 — 85) X hj—

I'() (hi;)a—le—ﬂ(h;—hj—hwrl) o (8p41 — 51)2 . Siva— s, )
B “hy X hjiq (2k —1)(2X\) * (sj51 — 5;)(Sj12 — Sj11)

— (8j42 — 85) X h}} X

br_o X (k — ].) % zhg
di—1 % (Sk41 —51)  (hjg1 + hy)?

= exp{—m;t1 x log(hj+1) — m; x log(hy) +m; x log(h}) + (sj+2 — 8j4+1) X hjp1 + (sj41 — 85) X oy —

— (sj42 — 85) x B +log(T(a)) — a x log(B) + (a — 1)log(R}) — (a — 1)log(h;) — (a — 1)log(h;1)

— B(hj — hj = hjs1) +log(sk+1 — s1) — log(2k — 1) — log(2A) + log(sj+2 — 57) — log(sj+1 — 5;) — log(sj+2 — $j+1)
+ log(br—2) + log(k — 1) — log(dy—1) 4+ 2 x log(h}) — 2 x log(hj + hj41)}

= exp{—mj1 x log(hj1) —my x log(h;) +m’; x log(h}) 4 (sj42 — 8j41) X hjy1 4 (8541 — 85) X hj—

= (sj+2 = 85) x b + log(T()) — a x log(B) + a x log(h}) — (a = 1)log(h;) — (a — 1)log(hj+1)

— B(W; = hj = hji1) +log(sks1 — s1) — log(2k — 1) — log(A) +log(sj2 — s5) — log(sj+1 — s7) — log(sjt2 — 5j+1)

+log(bi—2) + log(k — 1) — log(dr—1) — 2 x log(hj + hj41)}
therefore,

b wle) | p@) i) o(0™")
olw ) =mintL ) p@ @ w®) o, amy

= min{1, exp{—mj11log(hj1) — m;log(h;) + mjlog(h}) + (sj+2 — sjt1)hje1 + (8541 — 85)h; — (sj42 — s5) I+
+log((a)) — a x log(B) + (a — Dlog(h}) — (a — Dlog(hy) — (a — Dlog(hj+1) + B(hj + hjsr — hj)+
+log(sj+2 — 85) — log(sjt1 — 85) — log(sjt2 — sj+1) + log(bk—1) + log(k) — log(dk) — log(sk+1 — s1)+

+ log(h}) — 2 x log(hj + hjy1)}}
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