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Introduction: #HFEE ERNA X
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Dirichlet 7370 (2)
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Dirichlet 731 (3)
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Dirichlet 731 (3)
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Dirichlet 731 (3)
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Blocked Gibbs Sampling
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Collapsed Gibbs Sampling
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Collapsed Gibbs Sampling
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Stick-breaking construction
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Chinese Restaurant Process
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Chinese Restaurant Process
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Gauss-Gamma Distribution
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Dirichlet Process M Jit» FH

Gauss-Gamma Distribution
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@ Gaussian Process (O’Hagen, 1978)
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Nonparametric Bayesian HMM (1)
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Nonparametric Bayesian HMM (2)
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Nonparametric Bayesian HMM (3)
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(Beal+, 2002; Teh+, 2006)
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Dirichlet Process M EJEHIE([Z{F5

H =~ .
G|y,H~DP(y,H) -
G, | @,G ~ DP(a,,G) [RRNTRNNR I
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WY R—EXFTTDILIIC 6, | ‘ll .
TE3 ’




Infinite Hidden Markov Models

HMM TESZEDTERT AT
d)qk%':ﬁj—é (_ﬁ) ﬁj\ 'J

Z HMM THIAESNS 4
IRREDFER 7

G |7,H ~DP(y,H)
G; | @,,G ~ DP(e,,G)

ransition all 3.12
Matrix

A =




Infinite Hidden Markov Models

_>GO

G|y,H~DP(y,H)

E. ~ some distribution
S | S1,Gs,, ~ G,

\ ‘S E ~ E,
B-0-0-0-0-0

Es,
\0\6000

m G, | 2y, G ~ DP(,G)




Infinite Hidden Markov Models

Size Density Stickiness G ‘7/’ H ~DP(y,H)

m 3 Gi\ao,G~DP(ao,-G)-

E. ~ some distribution

‘Stl St1~G

e|s £ ~E.
0-0-0-0-0-0

\¢\‘ :
® ® O 0 O
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State Sequence Produced by iHMMs
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iHMM DEE

B &7 ~NA X% (Beal, 2003)
BIREHZFRE (ZHI2) BEWLVTHELT S
@ Blocked Gibbs Sampler (Teh+, 2006)

@ Stick-Breaking process Z{# L\, EBF#1751Z sampling
@ RREHYS

EfR{E dDHT1-6D . Forward-backward H FI FE

AHE > Beam Sampler (Van Gael+, 2008)
@ Collapsed Gibbs Sampler

@ Chinese Restaurant Process Z{# L\, B 1THI D HEAF

NHEEE

@ Conditional Simultaneous Draws Sampler (Makino+,

2009)




Hierarchical Dirichlet Process D[ty FH (1)

=) jc:i-id) I‘I:O“JQ:E?)I/ (Teh, Jordan, Beal&Blei 2004) ‘
@ Latent Dirichlet Allocation (Blei, Ng&Jordan 2003)
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BrEVIDEHEESTEHTETED




Hierarchical Dirichlet Process @ Jits B (2)

@ N-gram model (Teh, 2006)

@ Suffix tree D% node 2.
BEEEMZEFTA>I Pitman-Yor
Process ZE|UH TS

@FE XM= Chinese Restaurant
process LY T TEHI

of to
@ ..
> Kneser-Ney RLa— 2%

AIRE TES S S

B3BITNZEZEREELT ‘ c. |
f o]

co-gram &7 JL (Mochihashi
&Sumita, 2007), Sequence three e
Memoizer (Wood+, 2009) ...
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iIHMM DIREEDFERBHOS AR

(Makino+, 2009; Makino+, in submission)

BHMM: & X DR AIKEE [EIRIL
REICIECREROBUENHDIGEN S

@ Dirichlet Process (&, 75 RXR) T D1=612%
FMATES

> SFFHAEHBE T,
BENIKREZITRRTT 5

]

adjective  noun noun noun noun verb noun  auxverb verb

superlative common common common proper transitive pronoun present transitive
time title title name past bare form

family




IHMM with Dirichlet Process Mixtures
(Fox+, 2008)

BHMMMWDHAEISRA) DT 5
@ Nested Chinese Restaurant Process (Blei+, 2004)
Z HMM [THRERLT=2DICHE

G, ~ DP(«,, H)
G, ~ DP(a;,Gy)

Z. ~DP(a,,H)

E, ~ some distribution
e.g. Gauss-Wishart




IHMM with Dirichlet Process Mixtures

G, ~ DP(«,,H)
G, ~ DP(a;,Gy)

Z. ~DP(a,,H)
E_~some distribution
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Bz, HRRED—EPEIE DR DICTETIELA?
— Hierarchical Nested infinite HMM (HN-iHMM)



2BEEE HN-IHMM

Bz, NVREED —ERETR D=1
@iz, A¥s,,, DHEEICEET S
Bz, DHEEM s, , (&7, ITEKFT S

St ~ p(St |St—1’ Zt—l)
L ~ p(zt |St’St—1’ Zt—l)
€ ~ p(et | Zt)
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2FEBHN-IHMMDFERX (1)

G, ~ GEM(«,)
G, ~ DP(a;,G,)

L. ~GEM(a,)

\ E, ~ some distribution
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| | | |
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2FEBHN-IHMMDFE X (2)

G, ~ GEM(a)
G, ~ DP(ey,G,)
G,, ~ DP(¢,G,)
Z. ~ GEM(a,)
E, ~ some distribution




2[E B HN-IHMM D 18 & (3
G, ~ GEM(ay)
G, ~ DP(az,G,)

. . . GS,Z i DP(a-I?’GS)
Z. ~GEM(ay)
Lo = DP(ai,ZS.)
O Zs‘,s,z - DP(aZZ’Zs‘,s)
E, ~ some distribution
@ @ @\ ‘ "‘_" "‘ "“
x\g /

noogg -




Bz, HAVIREED

2= Ll _E (HN-IHMM

1
S, S,
2
z,72 S,

@ n-f&

EBIREED HMM [Z

—HTHALIICRELERE

3 ARIZHRERTE D

ka ~ GEM(e)
Gsk]_kl 11 DP(&| 1lek1 lll)

ES].'n

~ some distribution




HN-IHMM® 451
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=ER (1)

BANTIHMMMOLERLI=—5 U RZFH 81,
£HED HMM ZHETET 5
@—8R. /A XND%L\A-B-CDFEYIRLIZ
RZAN. DLIT ODHEDELGLZHD
V=T O ADEAEHETRHEEEINTILS
@Beam Sampling 50,000 step & DIKRESI| &,
HNDIRRES D E DA TEH = T
@7 —4 & N=500




(a) IHMM

ifm o (1) 0,=1600, o, =1

BHEFED iHMM
Tl EELL{HBE

eSS 3.5 4.0
L TENnIKRE S HEERE
4 315 - N
FETHCEN
> BTG INTIREE
TEAL cr i

BMCMC ¥ 2T T DFRFIH ’g_* L
local maximum [ZfE>TLELY, &
Rt tH TE7RLD

cDEZDN
HEERS HE

Ml =3.61 ..'..
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(b) 2-level HN-iHMM

%E% (2) " ;(5) o, =25, a,=5, o,=1
15

KR 10

@2f& 2 HN-iIHMM N
— L Wy 0
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> (c) 3-level HN-iHMM

25

fa ok (3) o[ 1S i o2 0l
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KR 10

@3 HN-IHMM S
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EERINDEE

BHN-iIHMM TIlE. R77% state DS L
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@@ E D HMM (X2 iHMM) TlX. 975 state B

HEREMETT D

@HN-IHMM Tl 97X 250 Dtk EE D [FHHVE
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@ Alice’s Adventure in Wonderland @73 X % #]
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1 Lt%%ﬁ Makino+, in submission)

€ HMM Z %Il FE
& (End-Of-Sentence &)

B0 1,078
@ Conditional Simultaneous Draws Sampler (Makino+,
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fim o (2)

Level 1|Level 2 emission symbols with occurrence counts
(clusters) | (states)
Ala 714| 457-she  96-they 63—it 55-he 30-alice Fla 218| 169-UNK 27—put 10-have
3994|b 467| 6l-queen 61-king 55—gryphon53-hatter  38—duchess 1705|b 175| 148-be  10-take 8—feel
[42]|c 324 180-it 67—there 29-—she 21—this 16—that [40]|¢ 132| 50-go  32—come  22-look 8—sit 6—stand
d 303| 283—and 8&—while G—even d 111| 23-do 18—say 17-UNK  13-begin 12-speak
e 279 267—-and e 96| 28tell 15-let 14-UNK  10-make 7—fetch
f 229 79—when 69-as 304f 17—that 15-because f 93| 8l-went S-swam
Bla 1577 1412-EOS 7l-and 66—but 11—-why 0-UNK Gla 211| 172-was 16-UNK 7—is
3716|b 675| 653—the 19-a 1504|b 182| 149—was 33—were
[33]|c 400] 137-her  75-his 57-its 46-their  40-my [40]|c 102| 32—came 26-began 11-UNK 10-kept 6—stood
d 180| 174-alice S5-five d 101| 33-UNK 24-made 10-left 8—called  8-got
e 155| 110-that 22-what 11-whether 9-though e 72| 29-heard 15-gave 5-noticed
f 144| 99-—very 20-—quite 18-rather f 64| 26-got 19-tried 10—set
Cla 460| 4590 H|a 197| 57—would 44—must 18—will 16—doesn’t 15—could
3396|b 417 412—of 1443|b 167| 161-had
[48]|¢ 322 232-in 63—with 19—on [41]|c 86| S1-know 10-like 9—were f—mnean 5—do
d 179 64—up  59-down  22-out 17-back 6—on d 84| 66-have 7-never 5—seem
e 147 107-at 13-after ll-among 7—before 5-like e 82| 30-think 20-wish 10—suppose 6G-believe 6G-say
f 147| 53—off 39-down 24-UNK 22-away f 77| 42-did 2l-could  13-would
Dl|a 557| 497-the  20-this 17-her T—these 6-those Ila 252| 247-UNK
2631|b 449 441-the 1003|b 114| 65-little 13-UNK O—great 6—sharp  5-sudden
[41]|c 438 436-a [30]|c¢ 92| 48-UNK l14-—curious 12—good
d 123| 94-a 16—another  5—such d 57| 57-turtle
e 115 71-no 18—any 14—some e 55| 15-sort 12-UNK 7—tone S—pair
f 85| 65—omne  8—each 7—his f 48| 32-tone 14-voice
E|la 378| 334—said 15—cried 7—added  6—shouted Jla 86| 29-—eyes 15-UNK 14—face O—feet 8—sister
2314|b 356 252-you 50+ 20-they  14—we 5—cats 949\b 77| 43—way  9-dormouse 6-UNK = 6-lobsters 5-hookah
[34]|¢ 337 321- 10—we [41]|c 74| 30—door 18-house
d 198| 194-as d 72| 38-time 17-moment G6-—question 5—morning
e 172] 43—don’t 28—can’t 25—could 20—can 20—shall e 56| 36-thing 6-day 5—question 101
f 107| 50-and 20-now 12—just 11-not 5—dinah f 52| 19-UNK 17-words - -




Level 1 |Level 2 emission symbols with occurrence counts
(clusters)| (states)
Cla 460| 459—to
3396|b 417| 412—of
[48]|c 322| 232—in 63—with 19—on
d 179 64—up 59—down 22—out 17-back 6—on
e 147| 107—-at 13—after ll-among 7-before 5-like
f 147| 53—off 39—down 24-UNK 22-away
Dia 557| 497—the  20-this 17-her T—these 6—those
2631|b 449| 441-the
[41]|c 438| 436-a
d 123| 94-a l16—another  5—such
e 115| 71-no 18—any 14—some
f 86| 65-one 8—each 7-his
Ela 378]| 334-said 15-cried 7T—added  6—shouted
2314|b 356 252—you 50—+ 29—they  14—we S—cats
[34]|c 337| 3214 10—we
d 198| 194-as




Level 1|Level 2 emission symbols with occurrence counts
(clusters) | (states)
Fla 218| 169—UNK 27-—put 10-have
1705|b 175| 148-Dbe 10—take 8—feel
[40](c 132| 50-go 32—come 22-look 8—sit 6—stand
d 111| 23—do 18—say 17-UNK  13-Dbegin 12-speak
e 96| 28tell 15-1et 14-UNK 10—make T—fetch
f 93| 8§l-went S5—swam
Gla 211|172—was 16-UNK 7—15s
1504(b 182 149—was 33—were
[40](c 102| 32—came 26-began 11-UNK 10-kept 6—stood
d 101| 33-UNK 24-made 10-]eft 8—called  8—got
e 72| 29-heard 15-—gave S—noticed
f 64| 26—got 19—tried 10—set
Hia 197 57—would 44—must 18—will 16—doesn’t 15—could
1443|b 167| 161-had
[41]({c 86| S51-know 10-like 9—were 6—mean 5—do
d 84| 66-have T-never S—seem 103
a Q7 2N—thinl T—arich 1N —o1iiinecs A haliatre G_ogyr
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