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A latent variable model estimation apparatus comprising: 

a variational probability calculating unit that 

a variational probability by maximizing a reference 

the reference value being defined as a lower bound of 

approximation amount in which Laplace approximation of a 

log likelihood function is performed with respect 

an estimator for a complete variable; 

a model estimation unit that estimates an optimum latent 

model by estimating a kind and a parameter of an 

in 	latent 

15 	probability 

converges,-; 

probability 	each 	state; and 

a convergence determination unit that determines whether 

reference value, which is used to calculate the variational 

by the variational probability calculating unit, 

and 

a latent state removing unit that removes the latent state 

satisfying a predetermined condition according to a calculation 

result of the variational probability calculating unit in 

20 	repeating loop processing in which the variational probability 

calculating unit calculates the variational probability, the 

model estimationunit estimates the optimum latent variable model , 

and the convergence determination unit determines whether the 

reference value converges. 
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the latent 	 to the variable model, 	 variable model corre,ponding 

30 	larger 	 the 	 in reference value when 	reference value converges 

loop 	 in which the variational repeating 	processing 	 probability 

the 	 bability, the calculating unit calculates 	variati nal pr 
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the 	 in the reference value c nverges, and when 	reference value 

1 	 is 	t 	the 	 in current 	p pr cc:riing 	compared 	reference value 

the 	 1 preceding 	op proccooing. 

3. 	The latent 	 dcl 	 rding variable m 	e^timati n apparatu, acc 

1, further 	-:. 	- 	 - 	 - t 	claim 	 c 	e . 	 — 	- . 	 - 

to 	 the according 	a calculation recult of 	variational probability 
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calculating unit in rep -ating 1 p processing in which the 

variational probability calculating unit calculates the 
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variational pr 	 m 	cotimati n unit estimates 
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determination 	determines 	the unit 	 whether 	reference value 

c 

4— 2. The latent variable model estimation apparatus according 

to 	f 	1 t 	3 	1, 	the any nc 	claim, 	claim 	wherein 	model estimation 

unit estimates a hidden Markov model as a latent variable model . 

3. A latent -5, 	 variable model estimation method comprising: 

calculating a variational probability by maximizing a 

reference value, the reference value being defined as a lower 

bound of an approximation amount in which Laplace approximation 

of a marginalized log likelihood function is performed with 

respect to an estimator for a complete variable; 

estimating an optimum latent variable model by estimating 

a kind and a parameter of an observation probability in each 

latent state; and 

determining whether a reference value, which is used to 

calculate the variational probability, converges-; and 

removing the latent state satisfying a predetermined 

condition according to a calculation result of the variational 

probabilityinrepeatingloopprocessinginwhichthevariational 

probability is calculated, the optimum latent variable model 

is estimated, and whether the reference value converges is 

determined. 

5. 	The latent 	 to variable model cstimati n method acc rding 

5, further 	 latent claim 	 comprising selecting a 	variable model 

c 	rrcoponding to the larger reference value when the reference 
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c nvcrgco io determined, 	 the 	 in and whcn 	reference value 	the 

1 	 is 	 t 	the 	 in value current 	p pr cooping 	c mpared 	reference 

the 	 1 preceding 	p pr cco„,ing. 
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latent 7. The 	variable model estimation method ace rding-t-e 

further 	 the latent claims, 	comprising removing 	 state satisfying 
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the 	 bability is 	 the 	latent variati nal pr 	 calculated, 	optimum 

del is variable m 	estimated, and whcth- 

is determined. c nvcrgcs 

8. 4. The latent 	 to variable model estimation method according 

--- 	- 	- 	- 	3, wherein 	hidden Markov model -- 	 claim 	 a 

is estimated as a latent variable model. 

9. 5. A latent variable model estimation program causing a 

computer to execute: 

a variational probability calculation processing of 

calculating a variational probability by maximizing a reference 

value, the reference value being defined as a lower bound of 

an approximation amount in which Laplace approximation of a 

marginalized log likelihood function is performed with respect 

to an estimator for a complete variable; 

a model estimation processing of estimating an optimum 

latent variable model by estimating a kind and a parameter of 

an observation probability in each latent state; and 

a convergence determination processing of determining 

whether a reference value, which is used to calculate the 

variational probability in the variational probability 

calculation processing, converges,, 

wherein the latent variable model estimation program 

causes the computer to execute latent state removing processing 

of removing the latent state satisfying apredetermined condition 

according to a calculation result of the variational probability 

calculation processing in repeating loop processing of the 

variational probability calculation processing, the model 
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estimation processing, and the convergence determination 

processing. 

10. 	The latent 	 dcl variable m 	estimation pr gram acc rding 
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latcnt 	 dcl 	thc 	latent of selecting a 	variablc in 	as 	ptimum 

thc latcnt 	 dcl 	 t 	the variable modcl, 	 variablc in 	c rrc.,ponding 

larger 	 thc 	 in reference value when 	reference value c nvcrgcc 
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1 	 f the 	 bability rep 	ting 	p pr =icing 	variational pr 

the 	del 	 and calculati n pr cuing, 	m 	estimation processing, 

dctcrminati 	 the the c nvergence 	 nproccssing, and when 	reference 

in 	 loop 	 is 	to the value 	the current 	processing 	compared 	reference 

in the 	 loop value 	preceding 	processing. 

- 	- 	- --ram according  
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latent eauscs thc c mputer to execute 	state removing pr cc.fsing 

f 	 latent removing the 	state satisfying aprodetermincd conditi n 

f thc according t a calculation result 	variati nal probability 

in 	 1 	 the -alculation processing 	repeating 	op pr cco-oing of 

the variational probability calculation processing, 	model 

- 	 - :.• 	- 

processing. 

12. 6. 	The latent 	model variable 	estimation program 

to 	f 	9 t 	11 	5, 	the latent according 	any nc 	claims 	claim 	wherein 

variable model estimationprogram causes the computer to estimate 

a hidden Markov model as the latent variable model in the model 

estimation processing. 
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