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1.1.1 0OO00O0OO0ODOOODOOOboOonO

000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000
00 1.3000000000000000000000000000000000000000000000000
0oo00ooo0

00000000000000000000000000000000000000000000 “00”7000
0000000000000000000000000000000000000000000000000000
000000000000000000000000000

0000000000000000000 {#}00000 »({«})0000 ({ }00000000000000
00000000000000000000)0 #({z})00000 (prior distribution) 00000000000
0000000000000000000000000 {#}0000000000000000000000000
0000000000000000 {2}0000000000000000000000

00000000000000000000000000000000000000000000000000
000000000 (000000)00000000000000 L({y} | {+}) 00000000 (likelihood
function) 0000000 {y} 00000000000000 {+}00000000000 (000000000)0

00000000000000000000000000000000000000000000000000
000000000000000000000000000 (Bayes formula)00000000000000 {y}
00000000000000 {z}000000 p{z}|{y})00

LUy} (Dl

0000000000000000000000000000000000000000000000
{z}0 {y}000O0D0OO0ODOO f({«},{yHOOD0ODO

et Ay =Ly} [H{ehr({=}) = p(a} [ {yDA{Y}) (2)

0000000000000 A({y})0 ({#}00000000000000)y0000000000000000
pe} | {y})0 {«}00000000000000 ¥, p({«}|{y})=100000000000 (2)0000

> LUy} Haha(r}) = Ady)) (3)

0000 (2)00000 A({y}) 00000000 (3)00000000000000 (1)000000
000000000000 100000000000 {y}000000000000000000000000
000000D00000D00000000 {«}000 {y}00000000000 L({y}|{«))~{z})OODOO
0oooooo
000000000D000000000000 {y}={y9}00000000 {z}00000
P({a}) = Ly} [ {=zhr({z}) (4)
> Lyt [{ah)r({a})
0000000 P{z}00000 (posterior distribution) 000 000000000000000000000
00000000000000000000000
00000000000000y00000004/00000000000000000000(00000)0




1.1.2 Ignorance Prior 0 Informative Prior

00d0oooU0oo00oooU00ooO0U0o0oDoU000OD “DUbDOoO0”00000y =at+b00000000
0000000000000 0000000000o00D {y;,(i=1..m)} 0000000000

Lilu o)) = s expl= 3 =) 5

000 (0000000000000 {4,000 c00000000OOOODO)DO

00000 {eb}0000000000000000O00O0OOOOOO0OODOOOODOOOOOOOODOD
0000000 (—o00,+00) 000000000000 DODOO0OO0OOODODOOOOOOODDODOOOOO ignorance
prior (00000O0OODODODO)ODOODO

gbooobobooobooooboobobooobon

exp(= 3 W) (6)

i

P({a,b}) =

pos

0000 Z,, 000000000000 (DDDDDDDDD)DDDDDDDDDD
oooO0o0o0 “o0”000000U00OoooooooOoo

1. 00 “000b0’00000oooooon {e,b}0000000ODOOOOOOODO
2.00000000000COOO0O0O0O0OO0OOOGOOOOOOOOOOOOOOOOOOOOOOO0

goooooooooo

DDDDDDDDDD(impI‘Oper prior)DDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
0000000000000 000000000000000000000000000000 (—o0,+00)000
DD[—L,L]DDDDDDDDDDDDDDDDDDDDDDLHOODDDDDDDDDDDD

goodooooooobbooobbobobbobboodoodoUdUoLoUb bbb bbbbobo
gooooooooo

O0O00000 ignorance prior 000000000 O0OCOCO00OODOOCOOO0O0OODOOOOOODODOOOO
00 informative prior 00 0000000000000 0O0OODOO0OOOO DL 000000OUODOOUDOOO
gooo bDDDDDDDDDDDDDD(DDDD “[0,—|—OO)[ll]DDDDDD”DDD)DDDDDDDDDDD
000000 informative prior OO0 OO0 OO0O0O0O

O000000000000000000 informative prior 0000000000000 OOOOOOOOO
000000o00ooooOodnD 1.2000000000000000

1.1.3 «“O0”000ooooo

ocoooboooooooOOoOooOoOoO0OOO0O0OOO0OOOOOOOOO0ObOObCObOCOcOOOOODOOODOOnOO
obobobooooooboooooboobobobobooOoOoboOobOobOooobobOOobOobbOoboboOoooOobLOobOoDbo
0000000000000 00000DO0D0O000000D000000D0OOO0OODO (o™ 0000
oooooooboooboo

0000000000000 00DO00000D00D (0000 mode)000D00OO0DODOOOOODOOO
MAPUO (00000000 Maximum A Posteriori estimate) 10 00000000000000 (6)000
000000 {a,b}00000

ly=> (yi — at; — b)* (7)
i

000000 {e,b}0 MAPOODODODOODOOOODOODODDODOOOOODOOOOOOODOOOO

O00oo00oo00oo0o0oo0oD e,b00000O0O0ODOODODOO0OO

(@) pos = / aP({a, b})dadb (8)

Wox = [ 1P, 0))dact (9)
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00H<000000000000000000DOO00O0OO0O (O0200)0

00000 «“0”’00000000000000000000000O0000D0O00000OO000OOooOoOO0
00000 (00)0000000000000000000000D000000 (utility function) 000000
00 (loss function) 0000000000000 D000O0OOO0DOOOOOOOODDOOOOOOOOOOOOO
000000 MAPOUOUOUOOOOOODOOODOOOODOOOOOOODODODOOOOOOO

MAPOOOCOOODOOOOODOOOOOOOOOODODODUOOOOOODOOOODODOODOOOOODOOOOOO
000000000000 o00 “00000000000000O00” 0000000000000 0O0DOO0DO0
O “00000ooo0od0oooOo0o0ogUoUooDoo0oUUUooD “Wo”oU00r’ooooooogoon

gbooboboo oboobob oboboobobooboboboboobo



1.2 Informative Prior

0000 informative prior D0 00000000000 OOO0O informative prior 0000000000 OO
goobooboooboboototoddoogb bbb bbbbobllllbDbbobbbbL o
goooooooooooood

1.2.1 Informative Prior 00 O0O0Q00O04d

goobooboobooobboooobooobooobobooboooobL0bbooobooobbooobLoOoo
gobooooobooobooboboboobooboooobobobboboboobbobbobbooboobboooboDbo
00000000000 0000000000 (overfit)JOODODOOD0ODOODOOOOODODOOOOOOOODOO
00 AIC(Akaike’s Information Criterion) 0000000000000 00O00O0OO00O0DOOOOODOOO
00000 MDL(Minimum Description Length) 0000000000000 00000DOOO0O0ODOOO
00oo0oooooooo

infomative prior 0000 00000000000 O0O00OOCON infomative prior 0000000000000
gbooobooooboobobooboobooboobooboboobobobbobboobooboboboooboDbo
0o0ooooooooo

000000000000 (smoothing) 000000000000000 (O 3,[K.Tanabe, T.Tanaka (1983)])0
0000 MODOOO {4.k=1..M} 0000 {9} 00000000000000OOO “00000”000000
gboooboboobboboboobobuooobooooboo N(U,O’Z)DDDDDDDDD (boooo c?2000
00o)0

oooooo0o0ooO0o0ooooO0 “c0”0o0000o00O000oOo0O00b0O000ODO0O0D “O00b0oOO0o
00000o0o0oDoo0”00000000000000000000D0O0O0000O0DO0O000DO00DO0O000O0
oo0oooO0oMOl000O0O0 100ODDOU0D0O0OCOOU0DODOOOUODODOOUOUODODO AICODDOOOOO
00000o0o00oo00ooOoU0oo00o0o0ooUoOo0OooO00oO0oU0OoO0O0DOO0O0OoOU AICODOOOO
00000000 “«c0”00d000Doo00U0U0oDoooU0UUooDoooOoUUooDoOn

gooooOoOoOoOoOOoO0OOOOO0O0O0OOO “OD0”0000000000000DO0O0DO0OOOOOOoOooOO «“d
0”’000000000000000000000 (AICO0D000D000)00000000000000D0 “0
0”0000000000000D0000000DO0O000000ODOO0OUDODOOOOUOoOD

0000000000000 00D00000000 {2,,¢=1.N}00OO0OO0ODO0OOOOOOODO informative prior
000 “00ooo”oo0oooon

goboooobobooboboooobbooboboobbooobobooobboobbooobbbooobboOoon
ooo (0 4)0

mal{a) = 5 exp(-A Y (i = )?) (10)

(Z,0 AODODDDODDD)00OO0O0O0O0O00O0OOD “0000000”0000000000000000D00O0O
00000 “00000”000000000000D000000000O000D00D00000OO0(0DD00O0O0)
cooooooood

cooooooboooooooobcOoOoooooOoobcOoOoooooOoboOoOoOoOoooon

m({zi}) = Z% exp(—A Z($i+1 =22+ 2i-1)%) (11)

0000000 Z,0A00000000000000000000 “00007000000000000000
D000000D000000000000000000000 (10)00000000(11)00000000000
ooooo

4000 NOOODOOODOO MOOOOODO0O000000000000000 4,0 “0”0000000
0000 2,4 00000000000000000000000000
(yr = o)’

Lo({n | i) = 5 exp(= 30 A= 500 (12)

k

a

000000000 MAPOO

1 . )
= Dok =g+ XY (wipr = 2w+ i)’ (13)
k i
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uboobd ;0bo0obobbobooboboobobooboboobobbobobboobooboo
goobbobooooobobobooooobooooobboooobbbboooobbboooobOog myg

improper DO0O0O0O proper 00 000000000000 OOOOOOOOODODOODOOOODOOODOOOOOO

Z\,Z,0000000000000000000000000O
gbooboboobobooboobobobooboobobobooboboobobo

1. 000000000000 “oco00o0o0oo00”0 “o000O0”0 “0000”000000000
2. 00000000 (Oo0bDObOO)ooDoDD
3. 000000000000O0O0O0O0O0O0O00O0O0

od0oooO0o0oo0oooO0oooO0o0ooO0o0boO0O00 40000000000O000O0OO0O0O0OO0OGOOOGOOO0
000000000000 0000000000O0 (1.220)000000000000

0000000 A0 eO0DOODOOODOODOOODODOOOOD(0DD)D0OOODOOOOOODOOOODDOOO
000000 13000000000 ADeO0OOOO0OODODOOOOOOOOOODOOOOOOODOOOOOOOO
00000 (0000000000 macroscopic parameters) 1000 000000000000000OOO
(0000000000 0)00D000000 (0000000000 microscopic parameters) 000000
o0oooO0o0oo0oOo0ooOoO0o0oO0o0oO0O0OO0OO00O000b0O00O00100000

1.2.2 Non Gaussian Prior

goooobooooooboboboboobboobbooobooboobooboobDoobDbOobDbOoboDbOo oo
O (outlier) 000 0D0OOD0O0OO0OO0DODOOOOOO
00000000000000 {«;,}00000000000000000O0O0OO0OOOOOOOOOOOOO

w({eih) = 5 el=3 Y Beleie) (14)
B JEN(i)i

gbooooan

e J0OODO(DODDDDODO)O CaucyD

A

e 000 Caucy 0 (A=1)000 Pearson system(0.5 < A < 00)

Eloc(xi,xj) = /\log{(wi - :L‘]‘)z + 52} (16)

e JOOOO
Elo((lM‘LJ):A("Lf_J/J)z 1f|°L7_‘LI |<£ (17)
Eioe(wi ;) = 2 else (18)

00000000 (0500000 NHDDODDOD 000 (000000000000 0)000000 ¢ A0
DDDDDDDD(DDDDDDDD)DDDD /., 0000000000000000000000DOOoOOoO0oOoOn
ooooo EF,.000OOOO0U00O0D0O0OCOOOO0U0U0OD0ODODOOOUUODODODDODODOOOUOUODODDOOOOOO
oooooo

0o0oo0oooo0o0U0OoD¢oooUuoooooUUUUoDOooUUUUOoDOooUUUUoDDOOooOUUUoo
0000000000o0o0O0oo0o0oo00o0o0o0oo0oooo0oooo0oo0oooooooooooo (boooooo
gooooooboboooboobooboobooooboooboobboboboboboobOoobDboOobDbUoobo
oo0)ooooo0oo (oo0)0D00o0o (1) 0D0D0o000D00000oOobO0oD000D (DobooooD)ooe
0000 [G.Kitagawa (1987)]0

gooooboobooooobboobobooobooboboooboobobbooobboobboobobOooo
00000 (000 q[l[l[l)DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
ooo



gbooboboobobooboboobon

L({u} | {ai)) = TRt Zibd) 9)

Oo00ooooody, =10 ¢, =x10000 MOOOODOOOOOOOOOO hl]l]l:l(+l<—>—ll]l]l]
000)pD
1 1-—p
h==log —= 20
5 los — (20)

goboobododob ¢gobbo0obboobboobobooobobobooboobbobobooboobobobDbooLDbo
gooood
00000000 {«;}000000000000000000OD “00000000000”0000000

w({aih) = - ep(-3K Y oai - ) (21)
JEN() ¢

DDDI:I((5|:]DDDDDDDDDD)DDDDDDDDDDDD qDDDDDDDDDDDDDDDD(q:?)DD
Oo00do0ooo0ooOooo00o0o0oo0ooboooboo0oboob0obo0oobOO0oO0O0o00ooo0ob0O0ob0OobOobOOoboOoboOoOoOooan
DDDDDDDDDDD([I[I[I[I[I[I[I[I[I[I[IDDDDDDDDDDDDDDDDDDDDDD)D

Joo0ooOoo0ogooooooo0ooOooO0o0o0ULOo0LO00o0ULOLOD “O0bO0o0U0ULobLOOoOooOo
Jd00d00000000000o0o0oOooOoooOoroo0obOO0ObOO0ObObOO00b00000o0O0o0ooO00ooOoooooon
oo

0000000000000 00000000U0D0D00000U00 Geman DO OOOOUOOO Geman &
Geman 0O0O00OD0OD0ODOOOOODOODOO

) DDDDDDDDDDDD(DDDDDDDDD)|:||:||:||:||:|DDDDDDDDDDDDDDDDDDDDDDD
e J00DDODOOOOUO MAP OU simulated annealing 000000000

gooooboboooooboboobbooboboobobooobDbob0bbooobboobbooobnoOoo
gboobobooboboobobooboobobooboobag

gooooooobooooboooooobooooobooobooboboobobooboooooooboboobboobobooo
00000000 “0c0000000o0o0”00000000D000DO0000000000000O000O0O0DO0
0000000000000 00000000O0O0OD “0000000000”00000000 (0700000
0000 {,;}000000000000000000 (000 (line process) 000 )0

1 oo 1
m({ai}) = o exp(=R({lij}) - 5K > Eulwiwgly) (22)
T FEN(i),i
,;0i0jO00000000000ODOOOOCO {0,1}0000000000 110000040000 “0000
O”000000000000
Ew(xia'rjalij) = (5(ll - lJ)(S(lZ] - 1) (23)

DDDDDDDDDDDDDDDDDD{li]-}I:IEI[I ROOD0OOCOUOUDODOOUUODOODO ROUUODDOUOO
0000000000000 800000000D0D000000 (21)0000000000D0O0000DODO
(22,23)00000000O0OY9000OD0O

Geman & Geman 0000000000000 0C00O00OOO0OODOOODOOODODO (0DOD texture)DOO
gooooooooOoboOooOOoOoo0obOoO0obDOoOooO0 WooooOoooUobOoooDOobooOUODoooDboobooo

goooooooboooooooooooooboboOoooooooooOoboOoboO0ooOooooboOoboobOoooooo
0000000000 00000000000000 [S.Geman, D.Geman (1984)] 00000000

e JOOODODODOO

S.Geman, D.Geman (1984)
D.Geman, S.Geman (1986)
— D.Geman, S.Geman, C.Graffigne (1987)



— H.Derin, H.Elliott, R.Cristi, D.Geman (1984)

— P.Devijiver, M.Dekesel (1986)

— J.Besag (1986)

— D.Terzopoulos (1986)

— C.Koch, J.Marroquin, A.Yuille (1986)
J.Marroquin, S.Mitter, T.Poggio (1987)

- B.Gidas (1989)

Y.Ogata (preprint)

e SPECT(0DDDDDODOODO)ODDOOO

goooooobooobooboobooooooboooboobooboboobDoobobDbooobOoDOoooD
oooooooo

— S.Geman, D.E.McClure (1985)

— S.Geman, D.E.McClure (1987)

o JOOODOODODOODOO

0000000D0000000000000000000000 infomative prior 00000000000
00o000o0o0oooo0oo0oo0o00UoU0oU0oOU0o0 “0000”00000000000000O0O0
ooo0o0000O00D0O0O0O00D0O000O00(O0O0D)0D00DOD “0b000”000DO0O0O0DO
oooooo

(17,18) 000000000000 000D0000D000D00DD0O0DO G.KitagawaOODODOOOO
00000000 00000oooooooOoog (hidden Markov model) 00000 L.E.Baum 0000
0197000000000000000000 [P.Devijiver, M.Dekesel (1986)]0 0000000

- G.Kitagawa (1987)

— P.Devijiver, M.Dekesel (1986)

goooooobooobobooboobooboboobooooboboDobobOobDbOoOobDOoooobDooDOoo
gooobooooooooooboooooboooooooo

1.2.3 Infomative Prior DO O0O0O

dodoobooooooboooooobooooooobooooooooooooooo

D.Marl‘[l‘Vision’(l982)|:||:|DDDDDD[l[lDDDDDDDDDDDDDDDDDDDDDDDDDDDD
0000000000000 D000o0do00oo00o000ooDO0ooo0ooooOog D Marr00oood
doddoooooooboobobodoododoooooooobobobo0odoooooobOoDoooooDoon
doodooooooooooooooooooon (DDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDD)D

DMarOOOOOOUOOOOOOODOO MITOOOOOOO Geman & GemanOOOOOOOOOO D.Marr
O “000070 infomative prior 00 0000000000000 ODOOODODOODODOOODOOOOOOO
gooooooooo ([J.Marroquin, S.Mitter, T.Poggio (1987)])DDDDDDDDDDD “O000ogoogo
[l(ﬂl—posed)[l[ll]l]l][l”DDDDDDDDDDDDDD (ill-posed)DDDDDDDDDDDDDDDDDDD
00000000000 informative prior 00 0000000000000 D0OO0ODO0OOOOOODOOO

DDDDDDDDDDDDDDDDDD(DDDDD)DDDDDDDDDDDDDDD DMarrOOGQdQOGOQOO
00000000000000 (000000 [ EH.Land, J.J.McCann (1971), Horn(1977) |).

|:|11|:||]|:|[||]|:|(DDDDD[ll]D)DEl[ll:ll:lEl[ll:ll]DDDDDDDDDDDDDDDDDDDDDDD
dooooooboobooboooooooooooon ‘“DD”DDDDDDDDDDDDDDD(“DDDD”)DDD
doobooooboooooboooooboobobooobbooooboboooooboobOoooooOooooooo
DDDDDDDD(15),(16),(17,18)|:||:||:||:|DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
dooboooooooooooooooooo

godoooooooobobooooooooboooooooboo bbb b0 oo b0 ooooooo
00000000 informative prior 00 0000000000000 O00D0OO0O0ODOO0OOOOOOOODOOOOO
0o0o0oodoooooooooooooobooooooooboooooon

0000000000000 0 “Marr 000D 0000000000000000 D.MarrOOOQOOOOO
poooooooooobooooooo
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e IODODO
o NOOODODOODOO
o OO ODOODODOODOO

gboobooboboooobooboobooboboooooboooboobobooboooobooobooon
0000000000000 000000000000000D0D(O0000D0DO0D000OD0OOooO
gooooooo)oooo0oooooooo0ooooooooooO0O0oUoooOOOO00ooooOoOObOOoUOoo
000000000000 D MarrOOODODOODOOOOOOOOOO0OOOO0O0DO0DO0DO0OO0DODODODODODODOODOOOO
goboooooooooooboooooooooobooooon
goooOobobOoboooooooboobobobo

e JOOODODODOO
e JO0OO0OD0OOOOOOOOODOODODO
e JO0OOOOOOOOOOO

0000000 (000000000000 000000000D0000000D0O00D0000oOoooOoOoO)O
U000 DMarr00ODOO0ODOODOOOOO HAkaikeO J.Rissanen 00O 0O0OO0O0O0O0O0OOODOOODOO
goooooooooooooo
00000 DMarO0OODOOOOOODOOOOOOOOOOOOODOOOODOOOOOODOOOOOOODOO
goooboooboooooboobooboooooboobooooboobobOoobobobOoooooobobooooDDo
goobooooboooooooooon
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1.3 00bOboooobobo:b0bood

o000 1100 1.2000000000000C000000C000DOO000D0DDO0U0OoLOO0UDOoOUDOoOOg
gooooOdOoodOooU0ooOooUooUUoooU0ooUdU0oooUoOoUUooOoOoUOooUOooUoooD 230000
oooooobgoooo

1.3.1 OO0OO0OODOOOOO

0000000000000 o0oOoO0OO0O0OOO0O000D00DUDUO0UOOOOOLOD “o0”0O0O0Od
gooobooboobobooobonbog

ma{ei)) = - exp(-A Y (wopr — 201+ 211 ) (24)

Lolfueh | (o)) = o exp(— Y =)y (25)

g
00000 {%}000 {+}00000000 (0070 “000007)000000000 (2500000000
(24)000 A0000000000000 (00000000 “0A0000000000000 AOD ignorant prior
00000 MAPOODOOO”00)000000000000000000000000000000O0O0000
00000000000000000 “00000000”0000 “0000000”0000000000000
0070000000000000000 Z,0000000000000000000000000000000
000000000 (0000 2.3000)0

000000000000000000 “0000”000000000000000000000000000
00000000000000000000000000000000000000000 (00000 AD¢)00
000000000000000 “00000000070000 “0000000”00000000000000
000000000000 (00)0000000000000 ABICOOD00000000000000

00000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000
000000000000000000000000000000(00000000000000000)0000
0000000000000000000000000000000000000000

00000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000
000000000000000000000000000000000

0000000000000000 (00000000000)0000000000000000000000
0000000000000000000000000000000000000000000000000000
00000000000000000000000000000000

1.3.2 ABICO

000000000000 00000000000000000000000000000000000000
000000 ABICOOOOODO0OO0O00O000000000000000000000000000
0000000 «({z}) 000000000 ADODODODOO0LO000000000 000000000 (0
0000000000)0
000 {49} 000000000 ABICODOOO A, pO

- SABICO = [ L")y [Hahm({a)ite) (26)

000 (ABICODD)0000000000000 fd{}0000000000000000000 (000)00
ooo

0000000000 m({z})000000000000000000000000 L,({y*}|{z})00000
00000000000000
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gbod«~00ObOOO0OO0DOOOO0OO0ObLbOOOODbOOODbOODDbOOODDOODbOOODbDbDOObDOOn
gboooboobooboobooooboooob

exp(E2({}))

D = T (E (D)) o
00000000000 LOoD0Dooooooooa
L} o) = g e B () 4o) (28)

ooooo
O0ooo ABICO

= 3ABICOW ) =log [ exp(EL ({5}, (o)) + EX({a}) ~log ZE ({ah)dfe) = log [ exp(EX({a})als} (29)

oooo
0000 logZ¥{z}0 {#}0000000000000000000

= SABICOW =log [ exp(Bf({y"). {e)) + EX{ah)dfe} = log [ exp(BX({e))afe} —log ZE (30

oooooo

0000000 0000LO0O0000O0O0000D (D00DLDO000DObO0O0O0DD)00DOO0OOO0DOO0
ao

ABICOUOOODO OOUOOOOOO ABICOOODOODOOODODUOODODODOOOOOOOOOOO

dEX({x})) _ g
— o A (31)

000000 ABICO ADQODOOOOOOOOUOOUOOOODODOO

[ A exp(BY + ENd{e} [ A exp(E2)d{e)
Jesp(Ef + EN{z} [ oxp(ED)dfr)

=0 (32)

DDDDDDDDDDDDDDDDDD{yd},{m}DDDDDDDDDDDDDDDDDDDDDDDDDDD “A
00000000000 00oooo0000oooo0o0o0o0oD A0DO0O0”D0D0000000O0
0000 () 000000000D0000000(),000000000000000D0

(AN )pos = (AY) (33)

godooDpOOOO0ODOQOOOOOUOOOUOODOOUDOOOUODOOOOODOOD2300000000DO0O0O0DOO
oood

goboobboooobbobobbooboboobobooboboobbbobobboobbbooobboon
00000000000 ABICOOOODOD AIC(ODOOD)0000O0DOOOO0OOODODOOOOOOODOO
00000000000 ABICOODOOOOUUOOUOOOODODOOOOOOOOOOOOOOOOO AICOOOO
ooooOooo (26)0000D0 —%ABIC'DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
gobooooobooobooboooobobooboooDo

{x;}0000000000000 {»;}0{\p}000000000O0O0OOO0OODOOOODOOOOODOOOO
00000000000 O00O0O000000000O0OO00000 MAPOOOOOOOODOOOO

30))DoOoOooDooooDO {«}000000(0D0000)000D0O000DODDO(D00DOODOOOO
0000000000000 000000D0000000D0O0O0 (000000 D)00000DOO0OOOO ABIC
00oOooooooooo)o

(33)0000000000000

O(E} + E)
—5 lwa=erary =10 (34)
J
gooooooooooo
AM{2TAP () = (A5 (35)
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godg
godbobbboooobbbooodobbbdooobD bbb bbb bObooOoUoobooO over-
fit000000000D000000 (AICO000000000D “00007000000000)0
0doodooboooooooooboobobo00oo0ooooDbO0000oooDooDbDOn texture I OO (DDD
ggoooobobobobobbbbboboouooa SnapShOtDDDDDDDD)DDD (33)DDDDDD MAPOOO
oobooooooooboooboo
ABICOOODODOOOOO (DOODOOD)ODO0D0OOO0DOOOOODDOOOOODDODOOOOO ABICOOO
[l[l[l[l[l[l[l[l[l[l[l[lDDDDDDDDDDDDDDDDDDDDDDDD(DDDDDDD)D QRDD(GI‘ELIH-
Schmidt 00 0)000000000 [K.Tanabe, T.Tanaka(1983)]0
goobbbooooobbbooobobobooooob bbb bbb bbb Uooo0DbDbh ooo
O (density estimation, o0o0o00o000)0000000o0ooo0o0ooooo0ooooooo0oooooono
Jo0ooooboOo0o00oooobobo00o00ooUbDbD convexOOOOODOODDODODOODOOOOOOOODO
0000000000 (convexODOOO 2320000)0000000000000000 MAPODODOODOOO
000000 [MIshiguro, Y.Sakamoto (1984)]0 0000000000000 0000D0 [K.Tanabe, M.Sagae,
S.Ueda (preprint)| DO D0 ABICOODODOOODDDOOO
DDDDDDDDDDDDDDDDDDDDDDD(DDDDD)DDDDDDDDDDDDDDDDDDDDD
000000 [G.Kitagawa (1987)] 0000000000
goodoooooboooobbobobbbbobbobbboooodooooogOoobobDbboboDboo
Oo0doooooooOoOooooCoOo 230000goooooodg

00000 ABICODOOOOOO0OO0OODO0OOOO0ODOOO0O0OO0O0OO0DO0ODO0OO0OO0O0D00DO0O0000O00000O0000O0
goooooooooooo

1. ABICO
ABICOOOODDDDODO [H.Akaike (1980)] 0 OO (“a Baysian information criterion”] AICOOOOO)00O0OOOO
00000000000 ABICOODO0DOOD0O0D0U00O0O0OO0O0O0O0O0000000000000 H.AkaikkeOOOOOO
0 [Good (1965)]0 “000 2000 (Type 2 Maximum Likelyhood Estimation)”’0000000000000
empirical Bayes 0000000000000 O00O00O00O00O00O0 H.AkaikeOOODOODOODO ABICODOOOOO
000000000000000000000000000000000000000000 ABICOOOOODOOOOO
000000000000 00000O00O0DoOoooOD(oooooo)o

e 00 (DUDDOUDOOOOODODODOD)
— H.Akaike (1980)
M.Ishiguro (1981)
— Y.H.Tamura (1988)
- G.Kitagawa (1981,1987) - 0O0QOQ0Q0QOOO
goooooo

K.Tanabe, T.Tanaka (1983)

goooboobooo

— M.Ishiguro, Y.Sakamoto (1983)
— M.Ishiguro, Y.Sakamoto (1985)

e JOOO
— M.Ishiguro, Y.Sakamoto (1984)
— K.Tanabe, M.Sagae, S.Ueda (preprint)
e D0DOOODD (DOO)
- Y.Ogata, K.Katsura (1988)
goooooo
— T.Nakamura (1986)
000 (Doooooooooo)

00000000000 (M.Ishiguro)
- 000000000000 (T.Kamakura)
- 0Do0ooooo (Y.H.Tamura)
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- 0000000 (K.Tanabe)
- 000000000000000 (M.Ishiguro)
- 000000000 (M.Ishiguro)

e Y.Sakamoto, M.Ishiguro 00000000000 D ‘00000000ODODOOODOO(0DOOO 19800000
ooooo

2. 000000000000000O00000O
R.EKalman 0000000000000 ( state space reprisentation) 000000000 (state vector) 00O
0000000000000 0000000000000000000000D000000O0D0O0DOOoDO(@oO)
0000000000000 00000000000 “00”0000000000 ABICOOOOOOOO
0000000000000 o00O0o0o000000000o0o00o00o000o00o0oUoO GKitagawaOOODO
J00o0o0o0oo0oo0o0o0o00000000ooooooo ABICOOOOOOooooooooo
0000000000000 00000000000000000 (00000 0)000D0D0D0O0DO00ODOO

000000000000 0000o000o0o0000000000o0o00U00o00o000Dnooo0O ABICOOOO
0000000000000 0 (D00D0000)0D0OOOD0ODO0ODODODOOoDOoOoOO

3. 00000oooooooo
W.Bialek O A.Zee O [W.Bialek, A.Zee (1987), A.Zee (preprint)| 00000000 (path integral) 00000000
0000000000000 O0 (MAPD)ODODODODDODDOODOODOODOODODOODODOOOOODOO ABICOO
goooooooooooobooooobooooooboooobooboooobooooobooOooOoOoOobOOoooObob0obOboOooOooboOo0on
00000000000000 simulation without annealing 0000000000000

4. EM O
EM O (Expectation-Maximization algorithm) 0000000000000 0D0O00D0CO0OO0DOOODOOOODOOOO
0000000000000 “000070000000(32)0000000 iteration00000000 “0007000
000000 [A.P.Dempster, N.M.Laird, D.B.Rubin (1977)]0
EMOOOOODOOOOOOOOOOO0OOO0OO0OO0OO0OO0O00O A.P.Dempster 000000 2000000 hyper parameter
estimation 00000000000
0000000000000 o00000000 “0000”’0000000000 “000”000000 ABICOOOO
gopoooooo

5. J000OO0000OO0O00DOOo0OOoDOooOoooDoog

G.EHinton00O0DODO0ODODOOOO (DOOO0DODOOOOD)OD “000000”(0000)0D00O0O0O0ODOOO (32)
00000000000 ([G.E.Hinton, T.J.Sejuowski(1986)])0
oooooooooooooobooboooboooooooooooooOoOoOOOOCOObOObOObOOoOoOoOoOoOoOOOOObOO
000000000000000000000000000000 “00”7000000000000 ABICOOOOOO
0 (000 EMOOODOOOOOOODOOOOOOOOOOODOOOOOOOODOOO)DODOODOOOOODO (32)
gbooboobooboooobooboobobooboooboobooboobobooooooooon

000 [G.E.Hinton, T.J.Sejnowski(1986)] 0000000 “00 (32)00000 (00000000000000)00
0000000000 (00)0000000700000000000000000000000000

0000000000 (00000000 000)00000000000000BOOOOOOOD

000 Geman & Geman 000 0000000000000 DDO0OO0OOOOOOODODOO (32)00000000000O
000000000000000000000000 ([D.Geman, S.Geman (1986), S.Geman, D.E. McClure (1987)])0
0000 ABICOODOODO0OO0OO0O0O0O Geman & Geman 0 0000000000000 00O0D0OO0OO0OOOO EM
0000000000000 000 GEHntonO0OOODOOODODOOOODDOOODOOOODODDOOODOOOOODOO
00000000000D0O00 (230)0 ABICOOOD00O00DOOOOOOOOOOOOODOOOOOOODOOOO
gooo
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14 O000OOOOOODOOOOOObDOD
1.4.1 OOOO0OOOOOCOOOOOODOOC

ggoobobbooobobbuoooobbbooodobbboooo

googd mixtureDDDDDDDDDDDDDDDDDDDDgDDDD{Ph,k:L.g}DDDDDDDDD
goobooboobobobobobtobodoogbobob bbbl Do boobooboobobo
000000000000 000000D00000D000000000000000000 {Sx}(S; € {1,2.9}) 0O
Jooooooobobobbobob0oooooooooobobobbobo0b0ododooooooDooobOooboO
0000000000000 0000o0o000oooOogn overfitdO0O00OO informative prior 00000
oooooobgoooo

0000D0D0O00D00000000 (outlier) 00000 [G.Kitagawa, H.Akaike (1982)]0 0000000 ([N.E.Day
(1969), J.H.Wolfe (1970), A.J.Scott, M.J.Symons (1971),D.A.Binder (1978)] 0 mixture 1000000 ODODOO
oooobodoboobobooboboobobooboog

gdddooddgoooobogoobbbobbobbbooodoodooooobboobbbbbobobobo
gooboobobobobbbbobtotbdddduobobobboobobobo (DDDDD [A.D.Gordon(1981)][|[|
0)00000000000000000000000 (Minimum Spanning Tree) 00 000000000000
DDDDDDDDDDDDDDDDDDDDDDDDDD(DDDDDDDD)DDDDDDDDDDDDDDD

A.J.Scott, M.J.Symouns (1971)00000000000000000O0000000O0O0 mixture problem O
00o000D0D0o0o0oo00o0oooOoooDOooo “0c0”’000000000000000000OooDOooOooon
ggobbbdboooobbboooubbbooodobbboooobo

oooOo ({y;},¢=1.) 00000000000 p0D00000000DDO0ODO0OD pOOOCOOOOO “O
DDD”(DDDDD)DDDDDDDDDDDDDDDDDD “00”’0D00000D000D00DoD0o0oOooooad
gooobuobbooboooobobboommebbO U%DPDDDDDDDDDDDDDDDDDgDDDDD
DD(DDDDD)DDDDDDDDDDDDDDDDDDDDD{Si}(siE{l,?..g})DDDDDDDDDDD

Li{sh | {mes of}y ASHLY) = 5 exp(= ) (36)

g
|yi —my |>  logo? _
k=1 1

0000 (Z,0 {ms,03},{S;}00000000000)0
000000000000000000000000000000000000000000000 ignorant prior
0000000000
00000 {m,¢}}0000000000000000000

1. {mk,rfi}DDDDDDDDDDDD ABICO (EMD)0000O

0000000000000 4S;}000000000000000 {m,0e?}000000000 {S;}00
goobobooobobboooboooboooo 5(5{—k?)l]DDDDDDDDDDDDDDDDDDDDD
DDDDD{m/k,()'i}DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD{S,;}DD
gdooboobuoodboobuoboooboob oo oL UL bbb oL oo
gobobooobobooboboo [N.E.Day(l969),J.H.VVOlfe(1970)]DDDDDDDDDDDDDDD
00 EMOOODOODDOOOOOODOOOOOO [A.P.Dempster, NM.Laird, D.B.Rubin (1977)] 000000
oo

2. {my,02},{$;} 000000000 (0000)000000

000 {$}000000000 {m,0?}000000000000000(0000000000)0 {my, o2}
00000000000 S;00000000000000000000000000000 (ICM)0000
000000 {5}00000000000 [AJ.Scott, M.J.Symons (1971)]0 0000000000000
00000000000000

3. {m,02},{S,}000000000000000000000000
0000000 (2)0000000000000000000000000000000
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oodooooooU0UooooooUooooU0UooooUU0ooooUUU0DODOoD0OUooLoOoUOnO “ooogrg
000ooooooodUoo “coboo0”00Uoooooo

D00 mixture 000000000 {S;}0000000000000D0O0O00OOOOOOOOOOOODOOO
gooobooooboooobobobooooboobooobobooobooboobbobobooboobDLoOobDbooLDbo
0000000000000000000000 {S,}000000000000000000000

000000 “00oU00o0opoO0”0U000oo0oOU00OOoOO0U00OO0DOO00DO0ODDOOOUODODOODOOOO
gbooboooboobobobobooboobooooboobboboboobbobbobbooboobboooboDbo
gbooboobooboboobobooboboo

goooobooboooobobooobboobbooobooooboobbboobbooobooobLbOooo
ooo0oo0o0o0o0(ooo)oboo0O00000o0D0O0O000o0ooODOOooOo

000000000000 00000000000 simulated annealing000000000000000O00O0O
goooooooOoOoOoOoOoOoOoOoOoOooooooo

00000000000000 (1989 Dec.) 0 A.FJ Smith0000D000000000 AF.J.Smith0O0OO
0000000000000 (Gibbs Sampler)0 “O00000000700000000000O0OODOOOOOO
0000000000000 000000000 (antibody) 000000000000 ODOD mixture problem
000o0oooooo (ooo)o

000000000000 000000D0OD0O000O0000000D0D0DD0O0O0D0D0O00OOOOOOO (log
linear model) 000000000 DOO(00D0DDOO0OOOOD)0000DDODOOODODOOODOOOOOODODO
oooooooooooooooOoOoOOO0O0O00b000oooooooOooOoOOOOODbOO0bDO0OO0OOOBbOO
00o00000o00o0o0o0o0o0o0oO0ooO0ooOooooonD BOOOO

1.4.2 00O0O0O0O0OO0O0O Neural Network

0000000000000 000000D00O00000DO0O0O0000OoD (*00000”,“Neural Net-
Work”)[l[lDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
0000 “0007 Parallel Distributed Processing (1986) DO DO O0O0 “PDP”000000000000OO

gboboobboooobobooooboooboooobboobooobbboooboobbooobbOoon
000 (00000 feed-forward back-propagation 00000000000000000O0 (00DDOOO
[I[I[I[I))I:IEII:IEII:IEIElEIElEIElEIDDDDDDDDDDDDDDDDDDDDDDDD

gooooOoOoOOoOOOO0ODO ‘0000”0000 000U0O00000O0O0ODULODOOOODUODODOOoOOoOo
0000000000000 000000000000000D0000D0000000 (D0000)0000D0O0
0o0do0o0ooU0oUooooU0oooo0ooo00ooo0UooDo0UoDooU0o0oooU0ooUooooOU 20
0000000000000 00000000000D000 (0000 “00000”"00000000000000
goooooobooooboboboooboboobooobobooobooboobbobobooboobDboOobDbUoobo
00000000000000000000000000000000000000000000)0

gbooooboooobbooboob “DDDDDD”(hidden units)[ll]l]DDDDDDDDDDDDDDDD
goooobooooooogoboobooooooooob bbb ob bbb boobog
0000000000000 0000000000000000O0O00 ABICOODODOD EMOODOODOOOOOO
ooooooOoooo23000000BO0O0O0O0O0O0O00OO0O0UOO0O0OOO0OD “OO00UDOO”00OOO0
ooooboobooboooobobooobuoboooboooobooooo

Geman&Geman 0 PDPO0O000OO0OOO0O0O0OOOO0OOOOO0O0O0OOOOOOOOOOOOOOOO
000000000000000 GemankGeman 0000000000 (D0OO0)0 PDPOOCOOOOOODOOO
goooo0ooOoUoooU0UoooUooDoOU00Oo0U0OoU0U0OoU000o0U0DoU0OooUDOUD “cOoDoo”U0DOO
000000000D00000000 100%000000000000000000000000O00DO0O0000O0O0
gooooooobobooobooboobooooooboobobUoboobbobboOobDboobobobbooLoDbo
gboooobooboobooooboooon

ooo0o0ooO0oOoU0o0oU0Oo0oo0U0o0oOoU00oOo0O0oO0OUOU0DO0DO0O0DDOOUDOOoUOOUoDOO
ooooooboooooo

1. 000000000000000D0D00D000000D0ODO0000 (DOD00000ODO0OODO0O000OOD
00000000000 “0000000”00000000)0

2.overfit000000000OO
3. “00007”00000000



4. J000ODOOOOOOO

gooooooooo
00BOOOOODOODOOODOOOOODOOOODODODOOOOODOOOODO (log linear model) 000
gboooboobooboboobobooboobooon

Harmony Theory 00000

PSmolensky 000 0000000000000 00D0O0OOO0O0OOOOOOOOOO ‘Harmony Theory’ O
00000000 0000oooo0o00000o00000o00000000D0000DO0O000 PDP O Harmony
Theory 0000000000000 DO0O0OO0OO0OODODOODOOOOOOOOOOOOOOODOOOOOOOOO
goooooobooooboboooboboooooobboooboooooUoDb b0 oDbOooUooDb oo
goodobooooboooOobOooOooOo0bOobOooDbOO0obOOoO0bDUOoO0o0bOObUoObOOoDbDOobDOobDOobOo
gooooooooooboooooooo
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2 J0b0bOooobbood

0000000000000 00000DO000000O0D0O0000DDOO00O0ODDODO0OO0 (DODOooo
0)00000000D00000000000000DDO0D00000000D0ODO0O00O0O0O00O0OOoDoDO
gooobodooboooboobooobuoooobooboboobobooo

2,1 ODOO0O0OOOOO0ObDObOOObDOn

dodoooooooobbobboobbb bbb ooobooooDOO
goooboooooobboobdioddddbgb bbbl o
000000000000 000000 (00000000000 00000)000D000000

0000000000000 ooo00o0ooo0oooo0oD0o0o0o0oooooo0ooooOooooog in-
formative prior 00 O0U0OO0OD0 overfit 00 0000000000000 O00OO0OOO0ODOODOOOOOOOOODO
000O0000oo0bOO000oo0bOoO0o00o0o0O0oooooDoOo0o0boOD 141000000000 000DODOO0d
goobobobooooobobooooooo

00000o0o0o000U0ooo0o0o0000o0o000DU0Uo00o0O000D0o0U0O0OO00D0DUDOooOooDoUooOo
gooooo

000000 informative prior 00000000 OD000 OO00O0OO0OO0O0DOOOO0OOO0ODOOODOOODOOOO
000000000000 00000000000000O00000D0000000UOO00O0DoDOoOOoOoUoOoOO
goobooboobobobbbtobdddgoobobDbbbbbodUdUU bbb Do bobobobobo
Oooooo “o0oo0”00oooooon

doodooobooooooooooooooOoObb o000 oo bboboooo0oooooooo
gooooood “DDD”DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD(DDDDDD
0000)00000000000000000000O0O0OOOo0OoO0ODOO00O0O0O0O00O0O0O0O0OOD “o0O”
DDDDDDDDDDD(DDDDDDDD)D “d00000D000o0”000000ooooooog

0000000000000 0000000D0000000000000 quenched randomness 000 0O
000000000000 00000000 (1921)0000000000000000 (2; € {-1,+41})0000O

ooo
1 1
Zon exp(af .eg(:) EL“L] + thZLZ) (38)
JEN(i),i i

P({xi}) =

000(0o0D0J = K/2000)0000000000000000 {hy;}00000000000000O0DODO
0000{y}000000000000D0D0D00O(38)000000000000000000000DOODOODOO
gooooboooooobooboboboboooooobobobobooboooobobobobobbObObOoDOoDbDUObOoDbO
oooo0o0o000D0O0O00000000D00OD (00000 0L)0D0D0000ODOD000DDOO0O0 “0D0O00
00000000 0000000 “000000000 (combinatorial difficulty) 000" 00000000O0O
0000oo0o0oD (0T=00)0000000000000000000D0D0000000O0O0DODOO0O0OO00ODODO
oo

goooooOoQoOoOoOoOOOOO0OO0OO0O0OOUOLOOULUOUUUODUODODUOUOOD BOoOOOODOOOOO
00000 “0000”700000000000000D00000000O00O0DOOOO0OD “0CO0D00000O0
0”00000000000C00C0C00O000000000U0D00DO0OO0DODOOOO0OODOOODOOUOUUODOO
gooooocoboooooo

gooboobbooooboboobbooobooobbooobobooboboooboobbooobOoon
gbooboooboooboboobooboobooboobobooboboobbobbobobooboboboooboDbo
gbooboboobobooobobooobobooo

gboboobbooobobooobboooboooobboobobobooobobooobboobboooboOon
goboooooooobooooo

goooobooboooboboobOooUoooo0obOobDUOO0obODUOObDO0ObOO0OO0bDODObODUOUODODOoO
gooooooo

G.E.Hinton O T.J.SejnowskiO 000000000 P.Smolensky 0 Harmony Theory, Geman& Geman O
00000000000000000000000000000000000000000000 Geman&Geman
000000000 U.Grenander 000000000000 D0O0O0O [U.Grenander (1983)|000 O texture O
000000000000 0000000000000000 [G.C.Cross, A K.Jain (1983)] 0000000000
goobooboboooboooboobobooooo [J.Moussoris(1974)]DDDDDDDDD
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00000000 Y.Ogatad M.TanemuraD OO OO 0000000000000 [Y.Ogata,M.Tanemura
(1981)] 0000000000000 O00D00000000000000000000 [Y.Ogata(preprint)] 000
oooooboooooo

00000ODOD0O000000D (0DD)D0000 [W.Bialek, A Zee (1987,1983)] 0000

0001986000 19870 0000000000000 000DODO (Y.Sakamoto, M.Ishiguro, K.Tanabe
00000)000000 Geman&Geman 0 0000000000000 O0DODO0OO0O0DOOOOOOOOOOO
0000000000 Geman&Geman(1986) 0000000000 simulated annealing 0000000000
gooooOoOOO0OOO0O0OO00D0D0D0OO000O0OOOOOD PDPOOOOOOOOOOOOOOO
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22 J000O0Oooooooobobbobbbooooooooo
2.2.1 Simulation without Annealing

goodooooooooobobobobbbbobobbbodddooUUULULbbbbbbLbED
JooooooooboobooooodoooooooDoobobobobbboododooooooDoooboobo
gooogo (marginal distribution)l]l]l] (DDDDDDDDDDDDDDDDDDD)DDDDDDD(DD
D)DDDDDDDDDDDDDDDDDDDDD
gooooooboooooo $5DDDDDDDDDDDDDDDDDDDDDDDDDP{f{}DDDDDDD
uad ~
- TR,

goooo
/TPm dx; (40)

gbooooood

gooooooboobooboooooobooooboboboooobooobbobooobDOoDbDobObOoobooo
gooobooooboboobooboobbooooooooobooboobbobobooboobDboOobDbooLDbo
000000000000 00000000000D0OD (0000000000000 2400000)0

gooboboobooboooboobooboobooboooobooobooobobobobDoboboOoobDOoDbOoOOoboOoo
000000000000000000000000000000000000000 (Gibbs Sampler 0000
000000)00o0O0O00O00000000 700000700000000000D00000000DODOO
0000000000 00000000000000000000000000000000 (000000000
ooooooo)o

00000 (3®)00000000oooooooon

E,os({zi}) = —f] E Tixj — thZ:E, (41)

JEN(i),i

goboobooooboobooboobooboooboobboobbooboobboboboobooboobboboDbo
0oOoOo (15000

Ems({fi}):—% Z ﬁ ZM (42)
JEN(i),i

DDDDDD(n(k)DDDDykDDDDDDDD)D

O0O0anneal 000 0000000000000 0000D0O0O00O0O000ODO simulation without an-
nealing 00 000000000000 0O0 simulated annealing0000000000000000O

goddoobooobooooooboooobooobooobooboooobo oo oo oooooooOoooo
dddooooooooobooooobobooooooOboooooobooooooooa

2000000000000000000O0O0O00000O0DLDO0O0O0OO0DODOOO0O0O0ODOODODOO0O0OODODODOOd0
[I[I[I[I[I[I[I[I[I[IDDDDDDDDDDDDDDDDDDDDDDDD(DDDDDDDDD)D

Jdo0d0oo0o0oo0oo0DOoooU0DO00oU0D “O0D00000D00oO0”0D000oO0ooOooooOooOooa
00000000000 oDO00oD0ddoo0doooOoooooooooooDooDooooOoOoooO «“ag
00000’ 00dil0i000oo0di0ooUoi0000000Do000DO0U000UdU0UoDoOoOooOUOOOn
doobooooooooooooooooobooooooooooooa

godoobooboooooooboobooooooboooboooo oo oo ooooOoooo
DDDDDDDDDDDDDDDDDDDDDDD(DDDDDDD)DDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDD(DD)DDDDDDDDDDDDDDDDDDDDDDDDD
[I[I“l:ll]D[Il:l”Dl:l[ll:ll]l:lDDDDDDDDDDDDDDDDDDDDDDDDDD(“D[I[IDD[I[I”DD
DDDDDDDDDDDDDDD“DDD”DDDDDDDDDD)D “J00000o0oOo’0oo0SKOoDooo
0000000000000 00000oo0ooooooooooood feedback loopO0 00O 0DODOODOODOO
gooooood

doddobooboooooooboooooooooboobo oo oo oooooooOoooo
doobooobobooooobooooobobooobbooobboOooobObooooo b0 oo bOoooDbOooboooo
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0000000000000 D00O0O0(0DO0O00D000D0D0DO00DLOO0O0DODO0O0OODOOODOO
0000000000000 000) 000000000000 DO0O000000ODOO000o0O0ODOODOoOo
oooO00000OO0O0OO0O0OO0O0OO0O0OO0OO0O0O0O0O0O0OO0O0O0O0O0O0O0O0OO0O0O0O00O0O0O0O0O0O0O0O0O0O0O0O0O0O00
obooboobooboobooboobooboobooooo
0000000000000 000D0000O0O00OD00O0O0O0O0OUU0U0DU0DOOO0OODOOODO simulation
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