gbooobooood gboooobon
oo d 20070 70 90

gobobooooobood

1 O

glbooooooboobooooooooooon

0)97

0 1goooo

gobobob o, 1020000000000 b000O0O0bOO0bDDbOObODOoO0bOO0DbOo0Do
goboboboboboboboooooboooboobobobobobobobobo
obobOobOobOobOobOobOo obbobOOobOOobOob oY 10b0ObO0On 0.010
gobooboogobooo

oobooobooboboob 4990 DOooobogoobooooboobo 2000000000 100
goboboooboo23bbgobouooobbuooobobooobooobob1aobboon
gobooboboboboboobobobobbobooboboobbooobooobooobo

3

2

0 100 200 300 400 500 B 0‘ 100 200 300 400 500

U200000bo0oobooboobbooboobboobooboobon

0000000001000 00000000000000DO00000O0O0DOO0ODO 2000
0000000000000 0000000000000000000000000000
2200000000000 00000000---0000 0000000 0101010101---0101 0000
000000000000000000000o0n

000000000000 0000000000000000000000D000000
0000000000200 00000000000000000000D000000000
00000000000010000000000D0O000O000O00D0 200000000
00000000000000000000000000000000000000000
00000000ooOoooo



000000000000000000000000000
e 0000000 10000000000O0O0O0DO0OO0

e J00O0DOODDO ¢?=07°00000000000000

e 0000000 ONONONONONONONONONDNDNDNDODDODNOOOOOOOd

gbooooobogo20000b00bbogboboooooboboooooboboooonDo
gooooboooobooboooboon

g3bdgobogbooobooobooboooboobboobooboboobobo
gobooobbooboobobuoobboobboobobuoobboobooboboobobo
gobo30000oboooog

Xvap 3

e

U 3:000000000020000 zMmap

uobbd 0—-10 1—-000000000000O0000O0O00O00O0DOO0O00O0O0
gobooobobooboooboobboobboooboobbooboooboobobo
gobodgbobooobuoobooobooboboodan

2 OQOoOoobooo

ubobooboboobtboilbboobboobboobooobooboobobbooboo
gobodbo¢:t=000000000000000 p=050000000000001
oobobod pp=050000000000000000¢t0 Xy=¢00000000DO
0000 t010 Xy =7000000000000 Prob{Xy41 =j|X;=4}0 p;; 00
0000 p; 00DDO0O0OOO0D P={p;} 0000000000O000OCOODO 10000

Poo  Poi . 0.99 0.01 (1)
po pu|  |0.03 0.97

ooooo

T00000000000000000 T=499000000000000000000
0000000000 100000000000000 11111---111 0000 100000
005x (097 0000000010000 200000000 01010101---00000
000000000000000000000000 0.5x(0.01)20x0.032° 000000
o000



gddooooooobooouoodoboboooououo oo 1ooboooooooo
goooooogooooo---000 0000 0O0ODQOOOUOOOOOOOO DO.5><(O.99)T|] O
O0o0doooooobooooobooooobobooooo o0 1ooooooooooooo

gooooo
argmax Prob(Xo = xo, X1 =1, , X7 = a7) (2)

T0,T1, " XT
Oo000dPrecbOD00O0D0OODOO Xo,X4,---, X0 OOOOO0O O00O0argmax 0000

oooooobog pOOODOO zg,21,---,xr0000000OIDOO000000TO
gobodboobbooobooobboobuoobboobooboobboobooo

argmax Prob(zo,z1,--- ,z7) (3)
T0,@1, T
Jdddooooooooooooo oooo00---000D00OO0OO0OO0O0O0O0O0O0O0O0OOO
ggogooooboobbbobodooooooooboobobobdoooooon
dooooooooobobobobooboboobbootbbddoooooooooUoa
dooooooobobbobobootooooooooooobooooboog

argmax Prob(zg)Prob(zi|zg)Prob(za|z1) - - - Prob(zr|xr_1) (4)
Z0,T1, " XT
oo bobbobobobobobobbooboobooboboboboo
dooooooooon

argmax pxopxoxlpxlxz T 'me,le (5)
TO,T1, " XT

00000000p 00000000 0000000py 000 t0 X,=0000000
000000000000 t010 Xy =100000000000000000000
0000000000000000000000000000000

D00D00000 T=490000000000 05x(0.99* 00000000000
D00000000000000000000000000000000000000000
000000000000 00000000000000000000000000000
log 000000 O0000000lg0.54Tlog(0.99) 00000000 e0000O0000
00 0.5 x (0.99)T = log05+Tog(09) OO OOOO0O0

0((G)000000000000000000000000000000000000 log
000000000000000000000 (5)0000 log0000000000O0
D000000000O0O00O00

T
argmax {10g Pz, + Y 108 Pr, 10 } (6)
0,1, ,TT =1
00000
0000000000000 00O0000000000000000000000000
00D000000000000000

Co(i) = log(pi) (7)

n—1

Cn(i) = max  {logps, + Z log Pz, 12, + 108 Da, 1i} (8)

20,21, s Tn—1 =1



0000oo0O0ooo0ooO0Cc,) o000 nO00O0O0ODO0OOO de{0,1} 0000
000D0Db0bO0obOobOoDbO Obest path OO0 OOOODOODOOODODOODO
gbobobobbobobobOd n=100

Ci(i) = max{logpsy +10gPagi} (9)

0000000000 best path 000 X, ;0000 S,(i)) 00000000000 n0O
0 Cu(i),i€{0,1} 00000000000

Snt1(j) = argmax{Cy (i) +logpi;} (10)
0000

Cnt1(j) = Cn(Snt1(j)) +10gps,.1(j); (11)

0000000000000 000O00O0O0000000000O0S,(j))0b0d0 n—100
ooogd S,-1(n,j) 0000000000000 OOOOOODOOOO n—1,n00000
gbobooooboboboobooboobooob20b000b00b0bO0obDO0ODbDODO
gobogbooobbooobooobbooobogan

S.+1(y) 0ODOOODDOOOOOODO n+1000 jO0O00O0O0ODOOODOOOODOOODOO
gobobdb»0O0DODODODOODODOD

Sij) = arg?lax{Co(i)—i—logpij} (12)

gbob 1000 0000y =4y0000000002 000000000000
ool =0000 x=1000000000004000000 xgzy =00,01,10,110

000000 1000000 2000000000000000 200 51(0),5.(1) 00O

000000000000 S(0)0 Si(1))Dooboooooooooo
xr1=7j00000000000 20 S((j)000000O0OO0O0O0OO

C1(j) = Co(S1(4)) +logps, (jy; (13)

gobooboooooooboooon

gboogobooboboobboboboobooboboboobog n0OO0ODDOODDODODO
bbb n00bOO00OO0OO0O0ODOOODDOOODOOODOODOOODOOODOOODOO0O n+1
ugbobOyj0 0obooobooboobbooboobooon

1. z,=0,100000000000000000O00DO0DODOODODODODLOD
2.00000000 2z, =y0000000 2z, 00000000000O0DOODODO0O
J. uboooooo

oboo400000000D0OLO0 nODODOD 200000000000000O00O 2



goboboboboboobobobo rogbobobobOobobOobobOobOoo

gr = argmaxCr(i) (14)
Fr—1 = Sp(@rp) (15)
i'nfl — Sn (i‘n)

1 = Sa(Z2)

o = Si(21)

gbobobobobobob
gboboboboboboboboooboobooooooooooobob4000000
goobobobobobobobobobobobOobobUobobUubUobo XsoO0
oobod Xy U XeUODOOODOOOOOOODOODOOOOOOoooDOoooooooDo
gbobobo1l1obobobobobobobobobooboooooo40b00b00DO

Xo X, X> X1 Xy
O O O O O

04 00000000D0DOD

gbobooboooboobooboboobooobbooboooboboooboaonoo

goboooboooboobboooobbooobbooboboobobooboboo
gbobobobobobobobobobobobobobobOobobobobDoDog
gobooobooooboobooo

3 dooooboognd

gbooboobooobooboboobooboobooboobooboboobonooo
gboogoboz20000000000000000000 29, z1,--- 00000, 21,--- 00

Xo X X; Xyt Xy
Yy Y, Y, Yy, Yy

Us 00b00bobob1iooooooooooonog

0000000 yo,u0, -~ 0000

00 zg,2,--- 0000000000000000000000000 yo,y1,--- 005
0000000Y;=f(X;)=X;+24 0000000000000000000000 Z
000040000000000000000 ¢=0700000000000000000



oo0ooooon
Y, = Xn+4 Zn, Zn~N(0,(0.7)%) (16)

000000000 yo,y1,--- 000000 z0,21,--- 0000000

; 32
Prob(Yt<yi\xi):;TU/_yooexp{—W}dy (17)
ddooooooooon

0000000000 {X;}000000000004{X;} 0000000000 00O0O0
0{y;} 0000000000000 000000O0O00O0O00OODOO0OOODz0O yO
00000000101 000000000000 {y;}000000000ooo0ooo
gobogd

000 yo,41,--- 00000000 zg,21,--- 00000000000000 0,41, - -
goo0ooooooood ze,241,--- OO0O0O0Oo0obOO0ooOooooboOoooo

argmax Prob(zo,z1, -, 27 | Y0,y1, - , Y1) (18)
T0,L1, " XTT

goboobooobobooobooon

Prob(yo, -+ ,yr | ®o,* -+ ,x7)Prob(zg, - , 27
Prob(xo, -,z | yo, - ,yr) = ( Pro|b(y0 U1 )yT) ( )(19)

Prob(zg, - , 27, Yo, - ,yr
PI‘Ob(I‘O, e, XT | Yo, - 7yT) = ].(DI'Ob(y(] Y1, Z/T) ) (20)

00000000000 (19) 000 Prob(ye, 1, ,yr) O Prob(zo, -, o7 | yo, - ,yr)
000000000000000000000000000000000 xg,-+-,2r 000
00000000000000000000000000000050000000X;00
00000000 Y,0 X, 00000000000000000000000 =g, 21, O

argmax Prob(zo,z1, -, 27, Yo,Y1,  , Y1) (21)
Z0,T1, " TT

T T
argmax H Prob(yy, |z, )Prob(zo) H Prob(z,|x,—1) (22)

Z0,Z1, 2T n—1
goooosoooooooobooonoooooboooooooooooooogo
Joooooooooobooboboodddogooooooobboobbooooooo
oo00d log OO

T0,T1," 2T

T T
argmax {log pz, + Z log pa; 12 + Z 10g Gy, (23)
t=1 t=0

ooooooooooooooboooooooooooooodd ze,21,--- 000000
0000 (maximum a posteriori estimator, MAP) D0 DO OO0O0OOO

Co(i) = log(pi) + log(diy,) (24)
Sn+1(j) = argmax{C, (i) +logpij +log gjy,, } (25)
Cn+ (]) = Cn(Sn+1(j)) + 10gpSn+1(j)j + log jyn+1 (26)

n=01,-,T-1



goooooan

Qoy = \/;mjexp{—(yi;ﬁ} (27)
Joooooooobbbo TO0O zp000DODO
gy = argmaxCr(i) (28)
i
gogd
In = Spy1(Zns1) (29)

n=T-1,-,0

gobooooooo

ubbodgbooobuoobboobuoobbooboobbuoobooobooboa
goooooboognd

4 0O40O0O0OooOd

O00o0oDo0o0o00n po=099,p=050000000000000000000
coooooooooobooOoooooooOobobOoOooooooDooOobobOOoOooooOooOoOboon
0000000000000 00000 EM (Expectation-Maximiziation) 000000 0O
ooooooo

1. 000000000 {p;}00000000000) p;=1,0<p;<100000

(2

2.000000MAPODODOCODOO

3. MAP O 29,21,---,27 0000000000000 OOOODOOCOOOOOOOOO
ubooboboboboobobuoobouoboboobobobobuoboboobobobay
gboboobogo

XOOo:boboooooooouooobo jo00b00obooooboooooooon
O Zo,21,---, 27 00000000000000 n;; OO0OO

nij = Fttimes make a transition from i to j (30)
oooon ngo,n(n,nlo,nHDDDDDDDDDDD pijDDDDDD ﬁijDDDDD
ugad

Nij Nij

Dij = = 31
v gl':o”ij nio + ni1 (31

4. 2000000000000 000O0O0O0O0OOODOOOOLOOO0



5 U000 YDOhohooouoooooood

Xo,X1,---,Xr000000000000000000050000000000000
0D0000000000000 Yy, Y4,---,Ypy 00000000000000000000
00000000000000000000000000000000000 Yy, Y,---,Yr
00000000000000000000000000000000000000000
00000000000000000000 Prob(ye,y1,---,yr) 000000000000

9 9

8 ‘ 8

AN ey TV LS
7\ jm Hh HMI “ Il HM W A w ” Mﬂ J 'i'v
1 | |

il Ak
o N I \M“W”
I il
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400

£y

‘”; M ‘ ﬂi

‘”W‘Hﬁwﬂl‘ w

L

Signal
a2
i S——

Signal

h'i
: W‘ I J

T

!'!u

=

||

Time Time

U6 000b000boboooboboobobooooboob 200b000b000b0bo0obooo
goobooooboogn

oobd ;000000 bd0 o, —y; UO0DOO0OD0OO0ODODOO0ODOO0ODODOO0O0O0O00
060000000000000O0O0UO0OOOOOODOODOOODOO X;€e{1,---,20}00
O00Y;,=1+X;mod80000000000000000 X0O00000000 {p;;}00
goboopoboobbooboooboobboobobooobooeonbOoOonbDO
0000000000000 0 8kHz2O00O0O0D00O0OO 8(2560) 0000000004000
Ul00msecU O 8O0 DOO0O0OO0OOOOODODODOOOODOODOOODODOOOe0OOOOOO
goobooooobooboooooboobob eMODODODUODODOOOODODODODDOO
gboboboboboobobooboooooobooooooooooog

6 LUgoboo

gboobooobooboobo20b0b00boo0oboboo0obobobooobobooboon
00000D0o0o000oDooo0U00oDooOU000oooo0o0oooDooOooonO MAP
000000000000 Gibbs Sampler 000000000000 OO0O0ODOOOOOO
goboogbboobooobuoobboobbooobuoobbooboooboobobo
gooooo

7 Gibbs Sampler

0000000000 2Zu,p 00000D0OO0O0OODOOOODOOOOOODDOOOOD
O000O0Zuap OOOOOOODODODOOCOOOOOO



Xy X, X, Xy. Xy
Y, Y, Y, Yy, Yy

U 7oobobobobiocoooooooboooo

Y0,Y1, - ,yr UOOO0O000000O00O00O0O00000

Prob(zo, - ,x7, Y0, - ,y7)

Prob(zg, -+ ,x y = 32
(o T | Yo yr) Prob(yo, 41, y7) (32)
= c Prob(wo,--- s TTy Yo, -+ 73/T) (33)

T T
= ¢ H Prob(yn’xn)Prob(l‘o) H Prob($n|$n71) (34)

n=0 n=1

gooobon xg,z1,---,22 0000000000000 0DOODO0ODODOOD cODODO

1. 000000 2,21, ,z20 001 000000000000
2,000 700000000000000000000 0002, 000000

3.0(34)000000000000000x00000000Prob(z|zi_1), Prob(zi |z:),
Prob(y;]2;) 0 300000000000 30000000000000%;000 00
000010000000000003000000000000000000 h, hy
00O00[0:1]0000000000000 he/(ho+h)00000000x;0 000
0000000000 1000000k >h 00 2,=00000000 10000
0000000000000

4. 2. 000000000

gboboobboobouoobboobuobboobuooboooboobooon
200000000000 bOO00O0bObOoO0oDbOobOoobLDboOooOobDbOoooobobOoan
gooooo

8 UuUuubuuobgood

Oooooooooo MAPOOO zg,aa,---,2p J000D00OCOOO0OOODOCOO
ooooo

mnax Pr0b<$07$17"' » LT | Yo, Y1, - 7yT) (35)

Z0,T1, " XT

gobogooboogoobboobobooboooboobbooboboobbooboo
000000000000000 20000 T=20000000000000000



uobooboooobooboon zormze D00 D0OO0O0OOO0DOOODOOO

Y p(E7)
p(Z]Y) p(Z, ¥) p(Z,¥)
2. Fo1(Zo, 1) F12(Z1,%2)Go(ZT0)G1(Z1)G2(Z2)
= f;o,l(fﬂoyﬂfl)Fl,Q(M,$2)G0($0)G1($1)G2(9¢2) (37)
ZGQ(@) ZF1,2(561, T2)G (1) ZFOJ(UEO, 71)Go(%o)
- 22(962) }1,2($1,$2)G1(9€1) ;70,1(900,961)G0(3?0) (38)
ZGz(iz) ZFl,z(i‘l, Z2)G1(Z1)H1(21)
- 2Gz(l‘2) 1 Fyo(x1,22)Gr(21) (39)
ZGQ(@)HQ(@)
-2 (40)

000 F,GOOOOOODOOOO0OO0000 Fa(x1,22) = paye,0 Gi(21) = qayy, D000
HOOOOOOOOOOOOOOOOOO0O0O000000000000000000000
00000000000000000000000000000000000000000
0000000000000000

9 Joouobogooooo

gbooboooooooogoooooboboboboboboooonDobobobobn
gobooooboobbooboboobboobooooboooboboooboooboboo
0oXxXooboobobuotbbotdO0b00bO0ObL0O0ODOezd 200 ;00000 DOO
OONB(;)0:000000000000O000O0OOODOOOOO
0o0d 0ogoooodoMRFEFO
gobogond

P(X; = 2;[i X = ) = P(X; = 2;| XxB(5) = TNB()) (41)

000000000000000GO0000000000000000000000000
000000 P(zilx) = Plalense) 0000000

000 Gibbs OO

00 200000 Px)>00000C0000000000000

P(z) =[] f(x) 000000000 Gibbs 000000 (42)
ceC

uobooboooboooooan..

Jodgd

[1] H. Kiinsch, S. Geman, and A. Kehagias, “Hidden Markov random fields,” Annals of Applied
Probability, vol.5, no.3, pp.557-602, 1995.

[2] S. Geman and K. Kochanek. “Dynamic programming and the graphical representation of error-
correcting codes,” IEEE Trans. Information Theory, vol.47, no.2, pp.549-567, Feb. 2001.

10



