gbooobooood ogboooobooon
oo d 20070 40 180

gogob.:boggooobooodgn

1 O

glbooooooboobooooooooooon

0)97

0 1goooo

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

gobooobooboboobso00 Doobogoboobob 2000000000 100
goboboooboo23bbgobouooobbuooobobooobooobob1aobboon
gobooboboboboboobobobobbobooboboobbooobooobooobo

3

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

U200000000000000000O0000O0000O0DO0ODOO0ODODO0

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)
pio pu|  |0.03 0.97

0oooo

TO00000000000000D0OO00 T=500000000000000000000
ooDo0o0o00o0DoD100000000000DO00 11111---111 0000 100000
005x (097 0000000010000 200000000 01010101--- 00000
00000000000D0000000D000000 0.5x(0.01)%°%0.03*° 000000
00O



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, " TT
Ood0O0ProbDO0O0OO0D0OOO Xo,Xy,---, X0 OO00O00O0 O000argmax 0000
oobooobooobo PODODLOOO xg,2z1,---,zp 000000001 000000070
gobodbooobobuooboobbooboobboobooboobobooboo

argmax Prob(zo,z1,- - ,27) (3)
Z0,L1, ", XT
gboogobooooooobooboob ooo000---0000000000OO0DODODODO
gooooooboobobobotboddooooooboboobooboodooooon
gdooooooooobobbobbboboboboobddddiiooooooooog o
gobodboobobuooboooboobuoobboobooono

argmax Prob(xzg)Prob(z|zg)Prob(ze|xy) - - - Prob(zp|zr—_1) (4)

L, L1y XT
goooooooooboooobbobobobbboooooooooooooonoooooon
ooooooooooo

argmax pxopxoxlpxlxz o 'me,le (5)
T0,T1,* ,XT

00000000p, 00000000 0000000py 000 ¢t0 X, =0000000
0dooo0oo0oooooo0o0oD 010 X, =100000000000000000000
0000000000000000000000000000000

00000000 7T=500000000000 05x (099 00000000000
000000000000000000000000000000000000000000
00000000000000000000000000000000000000000
log 00000000000OOlog0.5+T1og(0.99) 00000000 e000000O0
00 0.5 x (0.99)T = log05+Tog(09) O nOoOOO0O0

0(G)0000D0000000000000000D0000000000000000 log
000000000 000000000000 (50000 log00O0ODOODODOOOO
000D0000000o0ooon

T
argmax {log pz, + ZIngll‘t—lxt} (6)
Z0,T1, T i—1
goooad
doooooooooooo

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

n—1

Cn(i) = max  {logpa, + Z 10g pe; 12y +108 oy} (8)

Z0,Z1, " sTn—1 i—1

0000oo0o0ooo0oooC,) o000 nO0O0OD0ODOOOO de{0,1} 0000
00O0DO0DbO0bO0bOobObDO Obest path DO OO OOOODOOoOoOoOoOoOooOonDO



n=100
C1(i) = max{logps, +108 Paoi} (9)
0000000000 bestpath OO0 X, ;0000 S,(;) 00000000000 nO
0 Cu(i),i€{0,1} 00000000000
Sn+1(j) = arinnaX{Cn(i) + log pij } (10)
gooo

Cnt1(j) = Cn(Snt1(j)) +logps, . (i) (11)

O000000000000oO00U0ooO0UoO0o0oUoooooooS,(j)ooo n—100
ooogd S,-i(n,j) D000O0O0DOOOOOOOOOOOOCODOOOO n—-1,n00000
gobooobobooboooboboobboobooobooboobboobooobooboo
goboobogboooobgo

Sp+1(j) 000000000000 n+1000 jO0OO0O00O0DOODOODODOOOOOO
ubobodbon00bOoobobooboboooooo

$1(9) = argmax{Co(i) + log pij} (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))Doboooooooooo
xr1=7j00000000000 20 S((j)000000O0O0O0O0O0OO

Ci(j) = Co(S1(j)) +logps, () (13)

gobodobooooboobooooon

ubbobboobboobbobboobobobobobuoobg nO0O0OOOOLODbOODOO
gboboo 0000000000 DO0O0O00O00O00O0ODOO000O000O00O000000 n+1
gobys0 00bboOo0obOooboobboobooboooo

1. z,=0,100000000000000000000000000000000O
2. 00poooooob 2z =4j000000D0 2, 0000DOOODOOODOOODO

3. 00o0o0oooo

gboo4b0000bobobob nOobO0obOD 2000000000000O0O0O0O0O 2
gobobobobobobobobo rogbobobobOobobOobobOobOoo

gr = argmaxCr(i) (14)
Tr_1 = Sr(@r) (15)
-%nfl — Sn(ﬁfn)

£ = Sa(Z2)

zo = Si(T1)



gobooobooboooooooo
goobobobobobobooboooooooooobooboboobob4000b00OO
gbobobobobobobobobobobobOobOobOobOobOoDbObO XsD00O
0boob0d X4y 0 XeOOODOOODOOOODODODODODODODODODODOODODOODOODO
gobooobi1obooboboobbooboooboooboobb4bbO0o0bbO

XO X] XZ XN—] XN
O O O O O

U4 0000000000000

goboobooobooobooboobbooboobboobooobo

gbobogobuooobuoobbooboobboobboobboobobooboboa
gobooobobooboooboobbooboooooboobobooboooboonooo
gopbooboooobooobooo

3 dooouoboogd

gboooboooboobooooobobobooooooooboboooobooooobob
gboogobo20000000000000000000 2xg,z1,--- 00000x,21,--- 00

XO X] Xz XN—] XN
YO Y] YZ YN—] YN

U s goboobooobliooobooobooonoog

0000000 yo,u1,--- 0000

00 z¢,21,--- 0000000000000000000000000 yo,y1,--- 00 5
0000000Y; = f(X;)=X;+ 2 0000000000000000000000 2
O000+0000000000000000 ¢=0700000000000000000
0oo0ooooO

Y, = Xp+ Zn, Zn~N(0,(0.7)% (16)

000000000 yo,41,--- 000000 29,21,--- 0000000

Prob(vi < yikei) = o [ exp{—(y‘”“)g}dy a7)

210 J— o 202

goboodgboboooooo

0000000000 {X;}000000000D004{X;} 0000000000 00OO00
0{y;}000000000000000000O0000LOU0O0DDOOUO0ODOz0O yO
00000000101 000000000000 {y;}o00oooooooooOoOoOO
gobogd



000 yo,y1,--- 00000000 zg,21,--- 00000000000000 yo,y1,--
000000000000 #0,41,--- 000000000000000000

argmax PrOb($0,$1,"' » LT | Yo, Y1, - 7yT) (18)
T, L1y T

gboboboboboboobooo

Prob Yo, YT | Lo, " ,TT Prob o, " ,IT
Prob(zo, -,z | Yo, ,yr) = ( Pro|b(y0 Y1 ...)yT) ( )(19)
Prob Zo, - ,TT, Yo, YT
PI‘Ob<$O7 L, XT ‘ Yo, - - 7yT) = ].E)I'Ob(y() Yp, e yT) ) (20)

00000000000 (19) 000 Prob(ye, 1, -+ ,yr) O Prob(zo, -, o7 | yo, - ,yr)
0000000000000 00000000000000000000 29,++-,2r 000
00000000000000000000000000000050000000X;00
00000000 Y,0 X, 00000000000000000000000 0,21, O

argmax Prob(l‘o, T, X1y Yo, Y1, 7yT) (21)
T0,Z1, BT
T T
argmax H Prob(y,|x,)Prob(xg) H Prob(xy,|t,—1) (22)

0,L1, ", T'I’L:O n=1

gbobgosobobobooboboobobobobobobobobobobobobOoDbo
gobooboboobboooboobboobbooboboobbooboobbooboo
ooon logdnd

T T
argmax {logpay + > 108 Ps, 1z, + 108 Gy, } (23)

Z0,L1, ", XT t=1 t=0

gobooooboooobooobboooboobboooboooon 2e,21,--- 000000
0000 (maximum a posteriori estimator, MAP) 0000000000

Co(1) = log(pi) + log(giy, ) (24)
Sn1(j) = argmax{Cy(i) + log p;;j + 10g gjy, , } (25)
Cnt1(j) = Cn(Snt+1(5)) +10gps, .1 (j); + 108 Gy, i1 (26)

n=0,1,---,T—1

gooooon

1 yi — i)’
o = o |-} 0

obobobobobob TOD zpODQOODO

i = argmaxCr(i) (28)

(2
gooog

In = Sn—l—l(i"n—i-l) (29)
n=T-1,---,0

goooobooooo



uboboobooooboobobooboobobooobooobobooboooboooboo
goboobooooon

4 0OO0Oo0ooOgd

Uooboo0oo0oob poo=099,p=050000000000000000000000
gboboboobooobooboboobooboboobobbobooboobooobob
0000000000000 00000000000 EM (Expectation-Maximiziation) O
gbobobobobobo

1. J0booooboo {pij}DDDDDDDDDDDijU:l,ngij§1DDDDD
2.000000MAPODODOCODOO

3. MAP O z¢,21,---,27 0000000CCCCOOOODODOOOODOOOODOODOO
uboobobobobooobooobooobooboboboboobooboonooboo
goboobogo

XO0OUo:Oboboooooooouoobgobo jooboobooooboooooboooo
O Zo,21,---,2r 00000000000000 n;; OO0OO

ni; = Fttimes make a transition from i to j (30)

00000 ne,not,n10,n1 10000000000 p;; 000000 p; OOOOO
ggad

Lt T (31)
ijO N4 nio + N1

Dij

4. 2000000000000000000D0D0D0OD0ODODODO

5 U000 YOoooouoooooood

Xo, X1, , Xy OOUOOOooOoOobOoboOooooboob s0odbobobobooobogoD
obobobobobobobD Yo Yy, , Yy 0000D00D0O0ODOODOODOODOODODO
goooobooobooobooobooooobooboooboobobo0obog Yo, Y1, , Y
gopboobobooboooboobbooboooboobbooboooboobobo
oo000o0o0oooooooooooooog Prob(y,vi,---,yr) 00000000 0OODODO
uobd ;000 bdd o, —y; U00O00O00O00DO0O0O0O00O0O0OOO0O00O0000
060000000000000O0O0OO0OOOODODOODOOOODOO X;€e{1,---,20}00
O00Y;=1+X;,mod80000000000000000 XO0O0OO0O0OO0O0O0ODO {p;;}00
goboooboboobobooboooboobbooboooboooetonoboonobO
0000000000000 D 8kHzO0OOODOODODO 8(2560) 0000000004000
U1l00msecO 0 8000000 O0DOODOOODODOOODOODOODOOOG0O0O0DOO0
ogbooooooooobooooooobob EMODODOODOODOOOOOOoDbODbOO
gobodobooobooboooboobboooboobboooba



L 1‘ .

) "

ﬂ ﬂ
UW H. [ ﬁw”'»' )

I L m‘ \.
M bl W’ | l Mv I | M»M M

0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400

il

7
I |
: M\
.

Wh\

Signal

=—
Signal

i

[l WWH‘

=

jm

w s @ BN < w °

il

W

It
W

il “w
I

Time Time

U6 000b00b0bodbboobbouoboob 20bb0o0obooboboobboo
gobooboodad

6 UUoUouoon

gbobooobooboobo20b0b00obooobobooboboboobobooboon
0000o0oDoOoo00O0opDooo0U0oooDooU0ooooOoOOoO0ooDooOoOoOonO MAP
000000000000 Gibbs Sampler 0000000 O00D0ODOOOOO0ODODOOODOOO
gbobobobobobobobobobobobobobobobobobobDoDo
oooogo

7 Gibbs Sampler

O00O00O0OO000O0OXZuw.y0OOOoooooooooooooooooobooooooo
OO0D00DzZwe OOOOOOODOOOOOODOOO

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

U7o0bobobob1ibooboooooooonoo

Y0,Y1, - ,yr U0 O O0D0DO0D00O0O0ODOO0O0OO0

Prob(zo, -« , 7, yo, - ,y7r
PrOb(:EO?' X7 | Yo, -+ 7yT) = lg’rob(yo Y1, - - yT) ) (32)

= ¢ Prob(xg, -+, 21, Yo, - ,yr) (33)

T T
= c H Prob(yy, |z, )Prob(zo) H Prob(z,|x,—1) (34)
= n=1

ooboodn ze,z1,---,zxr 0000000 0OO0O0OO0OOOO0O0OOO0OOOO0 cOO0OO

1. 000000 zo,21,---,zr 001 000000000000

2. 000 roooboboboobbbobbobobbObOob b0, DOD0ODO



3.0 (??7)000000000000000;00000000Prob(z|zi_1), Prob(zi |z:),
Prob(y;]z;) 0 300000000000 30000000000000%; 000 00
000010000000000003000000000000000000 hy, hy
0000[0:1] 0000000000000 hy/(ho+h) 000000000 000
0000000000 1000000k >h 00 2,=00000000 10000
0000000000000

4. 2. 000000000

googoobooboobboobuoobbooboobbooobooboboooo
2000000000000 00DODOO0OObLODODOOODODOOODOODODO
gooooo

8 Uuubnobgggd

OOooOoOooooono MAPOODOO zg,21,---, 2 000000D0O0OOOCOOOOODO
oboooo

max Prob(:co,asl,--- y IT | Yo, Y1, - ,yT) (35)

T0,T1, " XT
goboooobuoooobboobboobooobuoobboobboobbooboo
goboobooobbooobooon
0000000000000 000 3000000UooooooOo 20

9 Jooooboooooon

uboboooboooboobooobbooboobboobooboooooobooboonbbo
gboboboboboobooooooooobooooboboboboboboboDboDo
00X 0booboobotbboUb0000000000D00;z0 200 ;0000000
OO0ONB(;)0:000000000000000000CODODOOOO
gob0 000o0oo0ogdoMRFO
googd

P(X; = 2;[; X = ) = P(X; = x| Xxp(i) = TNB()) (36)
0000000000000 O00 GooooooooooooobooobobooooOoon
D00000 Plala) = Pla|ayse) 0000000
000 Gibbs OO

00 00000 Ple)>00000CO0OO0O0OOODOODODODOO

P(x) =] felz) 00000000 DO Gibbs 000D D0 (37)
ceC

gobodgboobboooooab..

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,” TEEE Trans. Information Theory, vol.47, no.2, pp.549-567, Feb. 2001.



