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ÇÉÈ7Ê	ËlÌ�ÊÎÍÐÏlÑ!ËlÏ�Ò!ÓaÊ	Ô~Ì�Ò¢ÏHÑrÏ�Õ�Ö½Ì�ËlÊ]ÑrÊaÓaÌ�Ô�Ì�×?Ò¢Ø9ÙrÚ�Ê]ÑrÊ	Ô�Ì�Û ÒÝÜ!ÏÞÔÎÊxÑ¢× Ò
ÏHÑ�Ï�Õ�Ö½Ì�ËlÊ�ÑrÊaÓxÌ�Ô�Ì�× ÒÝÕ!Ï�ØnÏ�ß¢Ê	Ö½Ê�ØNÏlÑrÏ�Õ�Ö½Ï�Ö½Ì�× Òáà9×´Ø)âÃã7È

ÇÉärå�Ï�ß�ÌæÒ!ÊçÍ­è!Ï�ÖéÍ`Ê�è!ÏÞËlÊ�Ú�ÊaÏ�Ø9Ò!ÊaÑêÏ�Ò!Ñ�Í­è�ë]ÖÎè!Ê	ë�è!Ê�Ú�Õ�âÃã7ÈOÍ0×´Ø9ì
Í`Ê�Ú�ÚíÌ�ÒÝßîÏ�ÒHëIÔ�Ì�ÖÎÙ!ÏÞÖ½Ì�×?Ò�Ô

Ç5ï*Ì�ËlÊ�Ó�ØTÌ�Ö½Ì�ÓaÏ�Ú ËlÌ�Ê	ÍðÏ�Ü�× Ù�ÖGÍ­è�ë�âéã7È�Ñ!×"ÊÎÔIÒ�×rÖGÍ0×�Ø9ì�ÏÞÔñÍ`Ê�Ú�Ú?Ì�Ò
ß¢Ï�Ò�ë~×rÖÎè!Ê�Ø�ÓaÏÞÔÎÊÎÔ

ÇÉòóÑ�Ê�Ò�Ö½Ìôà9ëîÏ�ØnÊaÏÞÔ~×!àéØnÊxÏ�Ú?ÏHÓ�è!Ì�Ê	ËlÊ�ß¢Ê�Ò�ÖGÏ�Ò!Ñ ÕHØõ×rËlÌóÑrÊ�Õ�×rÖ½Ê�Ò�Ö½Ì�Ï�Ú
ØnÊ	Ô�ÊaÏ�ØTÓ�èêÑrÌ�ØnÊaÓ	Ö½Ì�× Ò�ÔñÖ[×pß¢Ï�ì	Ê~ßî×�ØnÊñÏHÑ�ËlÏ�Ò!ÓaÊÎÔ
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ÇFã´Ö½ÏÞÖ½Ì�Ô�Ö½Ì�ÓaÏ�Ú�� Ï�Ö[Ö½Ê�Ø9Ò È7ÊaÓÎ×�Û Ò!Ì�Ö½Ì�×?Ò
� Ï�ØTÏHÑrÌ�Û?ß
Ç��NÚ�Ù�Û��	òæÒ��`ÊaÓxÌ�Ô�Ì�× ÒpÈNÙrÚ�Ê	Ô6à.×�Ø�ã"Õ´ÊaÊaÓ�è È7ÊaÓÎ×rÛ?Ò!Ì�Ö½Ì�× Ò
Ç�� Ï�ØnÏ�ß¢Ê	ÖÎØnÌ�Ó���×"ÑrÊ�Ú ÔñÏ�Ò!Ñ���×�Ì�ÒHÖ ä Ô�Ö½Ì�ß�ÏÞÖ½Ì�× Ò
Ç���ÏÎëÞÊÎÔÎÌ�Ï�Ò�â­ÕrÕlØõ×�ÏlÓ�è!Ê	ÔñÖ[×�� Ï�ØnÏ�ß¢Ê	Ö½Ê�Ø7âÃÑrÏ�Õ�Ö½ÏÞÖ½Ì�× Ò
Ç���Ò����lÌæÒ!Ê���ÏÎëÞÊÎÔÎÌ�Ï�Ò��?Ï�ØnÏ�ß¢ÊÎÖ½Ê�Ø7âÃÑrÏ�Õ�Ö½Ï�Ö½Ì�× Ò
ÇFã´ÖÎØ9Ù!Ó	ÖÎÙrØnÊ�� Ï�ØnÏ�ß¢Ê	Ö½Ê�Øçä�Ô�Ö½Ìæß»ÏÞÖ½Ì�× Ò]Ï�Ò!Ñ¢âÃÑrÏ�ÕHÖ½ÏÞÖ½Ì�× Ò
Ç âÃÑrÏ�ÕHÖ½ÏÞÖ½Ì�× Ò �"!7× ß�Õ´Ê�Ò�Ô�Ï�Ö½Ì�× Ò Ï�Ò!ÑjÈ"× ÜrÙ�Ô½ÖÎÒ!ÊÎÔ½Ô
ÇÉÈ"× ÜrÙHÔ�Ö#�'ÊxÓaÌ�ÔÎÌ�× Ò ÈNÙrÚ�Ê	Ô
Ç$!7× Ò!Ó�Ú�Ù�ÔÎÌ�× Ò
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ÄñÆ'&)()Â�*+�,��- Ä Å/.`Ä�01	)Æ�23	+45�æÆ6��Â7�8&)�ñÅ�	

Ç5ï*Ì�ËlÊ�Ò�9
:<;�=?>8@�� ÖÎè!ÊBAD×�ÌæÒ�ÖQÑrÌ�Ô½ÖÎØnÌ�ÜrÙHÖ½Ì�× Ò�×�à0ÖÎè!Ê�Ô�Ì�Û Ò�Ï�Ú�; Ï�Ò!Ñ
ÖÎè!Ê�Õ�ÏÞÖ[Ö½Ê�Ø9Ò7> Ï�Ò!Ñ¢Ï�Ú ×rÔ½Ô'à�ÙrÒ!Ó	Ö½Ì�× ÒC�EDF:G>H=JI":<;K@L@?�"×!àéßîÏ�ì�Ì�Ò�Û�Ï
ÑrÊaÓxÌ�Ô�Ì�× ÒMI":N;H@ÃÍ­è!Ê�ÒîÖÎè!Ê]ÏlÓÎÖÎÙ!Ï�Ú?Õ!Ï�Ö[Ö½Ê�Ø.Ò�Ì�Ô#>O�rÖÎè�Ê�Ò»ÖÎè!Ê
× Õ�Ö½ÌæßîÏ�Ú ��Ï	ëaÊ	Ô~ÑrÊaÓxÌ�ÔÎÌ�× Ò4Ø9ÙrÚ�Ê]Ì�ß¢Õ�Ú�Ê�ß]Ê�Ò�Ö[Ô
IQPR:<;K@TSVUXWJY�Z7[]\_^?`badcCeHf�DF:g>H=LI":N;H@J@ihj9k:G> lm;K@

ÇÉòôà+DF:g>H=LI":N;H@J@ Ì�Ô Ï7no��p»Úô×rÔ�Ô'à�ÙrÒ�ÓÎÖ½Ì�×?ÒC� Ìrq¼ÊRq'Ê�Ø.Øõ×�Ø'Ó	× ÙrÒHÖs��ÖÎè!Ê�Ò
Í`Ê�è!ÏÞËlÊ ÖÎè�Ê Í`Ê�Ú�Ú ��ìHÒ�×lÍQÒ ß�Ïxå�Ì�ß]Ùrß ÏÝÕ�×rÔ½Ö½Ê�ØnÌ�×�ØnÌ"ÑrÊxÓaÌ�ÔÎÌ�× Ò¢Ø.ÙrÚ�Ê
IQtvuo:N;H@�SwURWJYxZkURyzfV9k:g>8@{h}|6:N;�l~>8@

Ç��'Ì��pÓ�Ù�Ú Ö½Ì�Ê	Ô
� 9k:<;�=�>8@6Ì�Ô Ò�×rÖ­ìHÒH×HÍ­Ò Ê±å�ÏHÓ	ÖÎÚ ë
� Õ!Ï�ØnÏ�ß¢Ê	ÖÎØnÌ�ÓÃà.×´Ø9ß�Ô`×!à"|��B:N;�l~>8@6Ï�Ò�Ñk9'��:G>8@6Ï�ØnÊ]ÏÞÔ½Ô�Ùrß¢ÊaÑ
� Õ!Ï�ØnÏ�ß¢Ê	Ö½Ê�ØõÔd� Ï�Ò�Ñk�{Ï�ØnÊ�ÊÎÔ½Ö½Ì�ßîÏ�Ö½ÊxÑ à�Øõ×?ßÐÖÎØnÏlÌ�Ò!Ì�Ò�Û ÑrÏ�Ö½Ï
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Ç��NÚ�Ù�Û��	òæÒ���Ïxå�Ì�ß4Ùrß â ��×�Ô�Ö½Ê�ØnÌ�×�ØTÌ��s�0ò���â ��� �'ÊxÓ	×"ÑrÊ�Ø
URWLY�ZkURyzf 9k:g> lm;H@'SVUXWJY�ZkUXyzf |��� :N;�l~>8@{hR9	�� :g>8@

Ç�
:Ê	ëpò Ô�ÔxÙ!ÊÎÔ
� è�×HÍ
� Ûr×�× Ñ���Ï�ØnÊ]ÖÎè!Ê�Ó�è�× Ì�ÓxÊ	ÔQ×!à | � :N;�l~>8@6Ï�Ò�Ñk9 � :G>8@��
� è�×HÍ
� Ûr×�× Ñ���Ï�ØnÊ]ÖÎè!Ê����������NÊ	Ô�Ö½Ì�ß¢ÏÞÖ[×�Ø¸Ô���ðÏ�Ò!Ñ�����

� è�×HÍ
� Ûr×�× Ñ���Ì�ÔQÖÎè!Ê��0ò���â �jÑrÊaÓÎ×"ÑrÊ�Ø���Ï�Ò�ë»×?Õ�Ö½Ì�ß»Ï�Ú�Ì�Ö9ë �!�
Ç���ÏÎëÞÊÎÔ�È7Ì�Ô�ì7!7× ÒHÔ�Ì�Ô½Ö½Ê�Ò!Ó	ë

� ÑrÊ�Ò�Ô�Ì�Ö.ë "�Õ!Ï�ØnÏ�ß¢Ê	Ö½Ê�ØNÊ	Ô�Ö½Ì�ß�ÏÞÖ½Ì�× Ò]ÓÎ×?Ò�Ô�Ì�Ô½Ö½Ê�Ò�ÓÎë�Ìæß¢ÕrÚ�ÌóÊÎÔ ��ÏÎëÞÊÎÔ
ØnÌ�Ôxì»ÓÎ× ÒHÔ�Ì�Ô½Ö½Ê�Ò!Ó	ë�Ì à0ÖÎè�Ê]Ó�èH×�Ì�ÓaÊ ×�à`ÑrÊ�Ò�ÔÎÌ�Ö9ë]à9×´Ø9ßîÔGÌ�Ô Ó	×�Ø9ØnÊaÓ	Ö

� � � " ��â � ÊÎÔ½Ö½Ì�ßîÏ�Ö½ÊÎÔçÏ�ØnÊ#��Ú�Ï�ØõÛ Ê Ô�Ï�ß¢ÕrÚ�Ê$�*Ô�ÖÎØõ×?Ò�Û Ú ë
ÓÎ×?Ò�Ô�Ì�Ô½Ö½Ê�ÒHÖ
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-H	)Æ�ÆíÄQÁ 	'&´Æ'*T	'	+4�(ÐÁ 	'�
	'&0Ä+�,��Â��*) ÄñÆ'&

speech
recognizer

P(M) P(W|M) P(A|S,W,M) P(X|A,S,W,M)P(S|W,M)

words W
realized 
   as a 
sequence
of sound S

sounds S
received 
by transducer
in acoustic 
ambient as A

transmission
   channel

linguistic
channel

articulatory
  channel

acoustic
channel

signals A
converted
from acoustic
to electric,
transmitted and
received as
X for processing

M W S A X
message
 source

message M
realized as 
   a word
sequence
      W 

Sources of Variability

* Task  specification    * Speaker characteristics

 * Contextual variability  * Speaking behavior  Channel  variability
     and distortions

  Speaking
environment

Transducer 
variability &
 distortions
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�� ×´ØnÑ
ã�Ê���Ù!Ê�Ò!ÓaÊM>

	 ×�Ì�Ô½ë
!0è!Ï�ÒrÒ!Ê�Ú �ã"Õ´ÊaÊaÓ�è

ã�Ì�Û?Ò!Ï�ÚC;

�ã"Õ´ÊaÊxÓ�è
ã�Ì�Û Ò!Ï�ÚE;

!0è!Ï�ÒrÒ!Ê�Ú
�'ÊxÓ	×"ÑrÌ�ÒHÛ �È7ÊaÓÎ×�Û Ò!Ì�
�ÊxÑ

� ×�ØTÑ!Ô �>

Ç
� []Z����][���������������� �zUX\ \����"!$#��%�&�][]\ Y UX\��$'(�*)+#��C[]\ Y
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	)Æ"�,��- Ä{�,�æÂ��ÐÂ-� 4éÅ�ÄñÆ)Æ6�.� � 	'& *�Ä3&0Ä#-K	��,	'&`Æ

Ç���×�ÌæÒ�ÖQÊ	Ô�Ö½Ì�ß�ÏÞÖ[×�Ø¸Ô'Ö[×ÝÌæß¢ÕrÚ�Ê�ß]Ê�Ò�Ö0ÖÎè�Ê�ÕrÚ�Ù�Û���Ì�Ò ��â � ÑrÊaÓ	×"ÑrÊ�Ø
Ç��NØõ×0/21*Ì�ÑrÑrÊ�Ò ��Ï�Ø9ì±×rË���×"ÑrÊ�Ú�Ì�ÒHÛ¢×!à'ã"Õ´ÊxÊaÓ�è �½Ï�Ò!Ñ��!Ï�Ò�Û?Ù!ÏÞÛ�Ê$�

� ßîÏ�ÖÎè!Ê�ß]ÏÞÖ½ÌóÓxÏ�Ú�Ú ë�ØTÌ�Ûr×�Ø¸× Ù�Ô�� Í`Ê�Ú�Ú Ô½ÖÎÙ!ÑrÌ�ÊaÑ4Ï�Ò!ÑpÙrÒ!ÑrÊ�ØõÔ�Ö[×�×"Ñ
� ß�× ÑrÊ�Ú�Ì�Ò�Û�Ü�×�ÖÎèáÖ½Ê�ßÝÕ�×�ØnÏ�Ú´Ï�Ò!Ñ¢Ô�Õ´ÊaÓÎÖÎØnÏ�Ú ËlÏ�ØnÌóÏÞÖ½Ì�× ÒHÔ
� ÕrÚ�Ê�Ò�Ö9ë�×!à:Ö½Ê½ålÖÎÜ�×�× ìxÔ��?ØnÊ±à<Ê�ØnÊ�Ò!ÓaÊÎÔj�"Ö[×�× Ú Ô ��Êxq�Û�q3154	
 �

� ÑrÏÞÖ½Ïs��Ñ�ØnÌ�ËlÊ�ÒC�Nè�Ï�Ò!Ñ�Ú�Ì�Ò�ÛjÚ�Ï�ØõÛ�Ê]Ï�ß�× ÙrÒ�Ö[ÔG×!à:ÖÎØnÏHÌæÒ!Ì�Ò�ÛpÑrÏÞÖ½Ï
Ç$!7× Ò%/:Ô�Õ´ÊaÊaÓ�è¢Ì�Ô Ò�×rÖGÛ�Ê�Ò!Ê�ØnÏÞÖ½ÊaÑ Ü�ë61)� �

� Ô�× Ù�ØnÓxÊ�×!àçÕ�×�Ö½Ê�Ò�Ö½ÌóÏ�Ú�Øõ× Ü�Ù�Ô�ÖÎÒ!Ê	Ô�Ô ÕHØ¸× ÜrÚ�Ê�ßîÔ
�87&9;:<:=9?>�@ ×!à ��ÖÎè!Ê�ØnÊ�Ì�Ô Ò�×rÖÎè!ÌæÒ�ÛpÚ�Ì�ì	Ê�ß»×�ØnÊ6ÖÎØTÏHÌ�Ò!ÌæÒ�Û ÑrÏÞÖ½Ï �

Ç â­Ò�×rÖÎè!Ê�Ø��?Ê�ØõÔxÕ´ÊxÓ	Ö½Ì�ËlÊA/B1)� � Ì�Ô Ï�ÑrÌ�ÔÎÓ�ØnÌæß�ÌæÒ!Ï�Ò�Ö0à�ÙrÒ!Ó	Ö½Ì�× Ò~à.×�Ø
Õ´Ê�Ø�à.×�Ø9ß¢Ì�Ò�ÛîÓ�Ú�Ï�Ô�ÔÎÌDC"ÓaÏÞÖ½Ì�× ÒC�íÌrqóÊxq:Ó	× ß¢ÕrÙHÖ½Ì�Ò�Û]Ë�Ôjq`Ô�× ÙrØTÓxÊ�ßî×�ÑrÊ�Ú
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Ç �?p �
�'ÊÎÖ½ÏlÌ�Ú�ÊaÑ ��×"ÑrÊ�Ú�Ì�Ò�Û �½Ì�Ò4ßîÏ�ÒHëIÖ½Ê±ålÖÎÜ�×�× ì�ÔÃÏ�Ò�ÑêØTÊ½à<Ê�ØnÊ�Ò�ÓxÊ	Ô �
� ß�×�ØnÊ~ÑrÏÞÖ½ÏQ�7ß»×�ØnÊIÓ	× Ò�Ö½Ê±ålÖs�íß»×�ØnÊ�ß�Ì ålÖÎÙrØnÊ	Ô���ß�×�ØTÊ6Ö9ëlÌ�Ò�Û/q�q�q
� ÓÎ×?ÙrÕrÚ�ÊaÑîÍÃÌ�ÖÎèî×rÖÎè!Ê�Ø)Ö½ÊaÓ�èrÒ!Ì ��Ù�ÊÎÔj�"Êxq�Û"q�ÖÎØnÊxÊ�Ó�Ú�ÙHÔ�Ö½Ê�ØnÌ�Ò�Û
� Ì�Ò!Ó	×�Ø9Õ�×´ØnÏÞÖ½ÌæÒ�Û¢Ô½ÖÎØ9Ù!Ó	ÖÎÙrØnÊ	ÔIÖ[×ÝÏ�Õ�ÕHØõ×�å�Ì�ß¢ÏÞÖ½Ê~ß¢Ì�Ô�ÔÎÌ�Ò�Û�Ó�è!Ï�ÒrÒ�Ê�Ú Ô

Ç ��� �çâÃÑrÏ�Õ�Ö½Ì�ËlÊ���×"ÑrÊ�Ú�Ì�Ò�Û �[ÖÎè!Ì�ÔQÖ½Ï�Ú�ì �
� à�Øõ× ßÐÔ½Ö½ÏÞÖ½Ì�ÓIÖ[×ÝÑ!ë�Ò�Ï�ß¢Ì�ÓñÏ�Ò�Ñî× Ò ��Ú�Ì�Ò!Ê]Ó�Ú�Ï�Ô�Ô�Ì C"Ê�Ø*ÑrÊÎÔÎÌ�Û Ò
� ÓÎ×?Õ!Ì�Ò�Û�ÍÃÌ�ÖÎè4Ò!Ê	ÍÉÓÎ×?Ò!ÑrÌ�Ö½Ì�×?Ò�ÔñÏ�Ò!Ñ4Ù�Ò!Ê½å´Õ´ÊaÓ	Ö½ÊxÑ ÔÎÌ�ÖÎÙ!Ï�Ö½Ì�× Ò�Ô

Ç ��� �
�'Ì�Ô�Ó�ØnÌ�ß¢Ì�Ò�ÏÞÖ½Ì�ËlÊ1�]×"Ñ�Ê�Ú�ÌæÒ�Û ��Ò!Ê±ålÖQÔ�Ê	Ô�Ô�Ì�× Ò �
� à�Øõ× ß Ñ�Ê�Ò�ÔÎÌ�Ö9ë�Ö[×ÝÑrÊaÓxÌ�ÔÎÌ�× ÒÝÜ�× ÙrÒ!ÑrÏ�ØõëÝÊ	Ô�Ö½Ì�ß�ÏÞÖ½Ì�× Ò
� ÓÎ×?Ò�Ô�Ì�Ô½Ö½Ê�ÒHÖ'ÖÎØTÏHÌ�Ò!ÌæÒ�Û Ï�Ò!Ñ ØnÊaÓÎ×�Û Ò!Ì�Ö½Ì�×?Òá× Ü}A�ÊxÓ	Ö½Ì�ËlÊ

Ç��îÏ�Ò�ë�â­Ú Û�×�ØnÌ�ÖÎè�ßáÔ6�3� �Q�+��â � �+� �6ò �{� �4ò��+�k!`ä � Ê	Ö½ÓRq
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Ä Æ6&$40Ä3*´Ä3. �¸Å�� �,� 	)Æ ) Å"� -H� �0Ä{�,�æÂ��QÆ

Ç���ÔÎÊ]Õ�×lÍ`Ê�Øæà�Ù�Ú�Ô½Ö½ÏÞÖ½Ì�Ô½Ö½Ì�ÓaÏ�Ú?Õ�ÏÞÖ[Ö½Ê�Ø9Ò4ß�Ï�Ö½Ó�è�Ì�Ò�Û�Õ!Ï�ØnÏlÑrÌ�Û ßîÔ
Ç âÃÓ�è�Ì�ÊÎËlÊîè!Ì�Û è�ÏHÓaÓ�ÙrØTÏHÓ	ëÝÌ à`Ö½ÊÎÔ½Ö½Ì�Ò�ÛÝÑrÏ�Ö½Ï�� ØnÊ	Ô�Ê�ß¢ÜrÚ�Ê��]Í­è!Ï�Ö~è�ÏÞËlÊ
Ü´ÊaÊ�ÒîÔ�ÊaÊ�Ò�ÌæÒ�ÖÎØnÏlÌ�Ò!Ì�Ò�Û �½ÊRq Û"q54Iò " 	 òóã�4w! �d��È'� �"â 4Iòóã_� � ã
	 �

ÇÉÈ7Ê�Ú ë»×?ÒîÏ�Ú�Ï�Ø¸Û�Ê]Ï�Õ�ÕrÚ�Ì�ÓaÏÞÖ½Ì�×?Ò �DÔ�Õ´ÊaÓaÌDC"Ó]ÖÎØnÏlÌ�Ò!Ì�Ò�ÛÝÔ�Ê	ÖéÖ[×ÝÓaÏ�Õ�ÖÎÙrØTÊ
Ï�ÚóÚíÕ�×�Ô�Ô�ÌæÜrÚ�Ê­ÔxÕ´ÊxÊaÓ�è�Ï�Ò!Ñ Ú�Ï�ÒHÛ Ù!ÏÞÛ Ê ËlÏ�ØnÌ�Ï�Ö½Ì�× Ò�Ô � 	 ×rÖ È7ÊaÏ�Ú�Ì�Ô�Ö½Ì�Ó$�

Ç5ï*Ì�ËlÊ�è!Ì�Û è�Ê�Ø.Øõ×�ØéØTÏÞÖ½Ê à.×�ØGØnÊaÏ�Ú �DÍ0×�Ø9Ú�ÑêÏ�ÕrÕ�Ú�Ì�ÓaÏÞÖ½Ì�× ÒHÔñÔ�Ù!Ó�è¢ÏÞÔ
Ì�Ò �<ËlÊ�è!ÌóÓ�Ú�Ê�è!Ï�Ò!Ñ!Ôg�.à�ØTÊxÊ]âÃã7È � 	 ×�ÖéâÃÓxÓ�ÙrØnÏ�Ö½Ê �

ÇÉòæßÝÕrÚ ëáÏ»ÑrÊ	Û ØnÏlÑrÏÞÖ½Ì�× ÒîÌ�Ò¢Ó�Øõ×rÔ½Ôg��Ó	× Ò!ÑrÌ�Ö½Ì�× ÒáÖ½Ê	Ô�Ö½Ì�Ò�Û � 	 ×rÖ È"×?ÜrÙ�Ô�Ö �
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Initial models
Indirect (Global)
Adaptation

Adapted models

Model Adaptation

Initial models

Direct  (Local)
Adaptation

Adapted models

Model Transformation
(e.g. MLLR)

Joint Adaptation
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adapted
 models

  on−line 
adaptation

supervision
information

recognizer
recognition result

supervised

unsupervised

      updated
hyperparameters transcription

  feature
extraction

   acoustic
normalization

input speech 
  utterance
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Vector Field Smoothing (VFS)
(Hattori et al., ICSLP 92)
(Ohkura, et al, ICSLP 92)

SM-MAP
(Chien et al., IEEE SP Letters 1997)

SM-MAP-VFS
(Chien et al., ICASSP 97)

MAP-VFS
(Tonomura et al., ICASSP 95)

Model Transformation-MAP
(Digalakis et al., IEEE SAP 1996)

Maximum Likelihood
Linear Regression (MLLR)

Means only
(Leggetter et al., Comp.

Speech & Language 1995)

Stochastic Matching (SM)
(Sankar et al., IEEE SAP 1996)

Signal Bias Removal (SBR)
(Rahim et al., IEEE SAP 1996)

MLLR+Variance Adaptation
(Gales et al., Computer

Speech  & Language 1996)
&

 MLLR with Dynamic
Regression Classes

(Leggetter et al., ARPA 
STL Workshop1995)

ML-Based Model 
Transformation/Estimation

MAP Linear Regression (MAPLR)
(Siohan et al, 1999)

Structural MAP (SMAP)
(Shinoda et al., ASRU 97)

MAP-Channel Estimation
(Chien et al., Speech Com 1997

Vaseghi et al., ICSLP 96)

MAP-Based Model
Transformation/Estimation

MAP of CDHMM, Single Gaussian
(Lee et al., IEEE SAP 1991)

MAP of CDHMM, Gaussian Mixture
F-B MAP & Segmental MAP

(Gauvain et al. Speech Comm.
1992, IEEE SAP 1994)

MAP of DHMM, SCHMM
Empirical Bayes (EB)
Adaptive Learning of 

CDHMM (Mixture Weights)
(Huo et al., IEEE SAP 1995)

Adaptive Learning of
CDHMM (All Parameters)

Quasi-Bayesian (QB) Learning
(Huo et al., IEEE SAP 1997)

Extended MAP (EMAP)
Correlation between Gaussian
(Zavaliagkos et al., ICASSP 95)

Regression Model Prediction
(Cox, CS&L, 1995)

(Ahadi et al. CS&L 1997)
Adaptive Learning, Correlated

CDHMM (All Parameters)
(Huo et al., IEEE SAP 1998)

Adaptation by Correlation
(Chen et al., DARPA STL 1997)

MAP Formulation of
Model Estimation/Adaptation

On-Line Adaptive Learning

ML-Based Model Transformation
+ MAP-Based Model Adaptation

MAP of Correlated
Jointly Mean Vectors

(Lasry et al., IEEE PAMI 1984)

Markov Random Field
(IEEE SAP, Shahshahani 1997)

ML Formulation of
Model Estimation

Joint MAP of Transformation
and HMM Parameters

(Siohan et al, ICASSP 2000)

Baum-Welch Training Algorithms (1970, 1972)

MLE for Tied Mixture (Huang et al., 1989; Bellegarda, et al, 1990)
Code Dependent

Cepstral Normalization (CDCN)
(Acero, 1993)

Non-Llinear SM
(Surendran et al., IEEE SAP 1999)

On-Line Hierarchical MAP
(Chien, IEEE SAP 1999)

Prior Evolution
(Huo et al., EuroSpeech 1999)

Segmental K-Means Training (Rabiner et al., 1986, Juang, et al,1990)

Incremental MAP-VFS
(Takahashi et al., ICASSP 95)

Unified Auto-Adaptation
(Mokbel et al, 1999)

Constrained MLLR for HMM 
Adaptation (Digalakis et al,

IEEE SAP 1995)

Hierarchical Spectral Clustering
(Furui, IEEE ASSP 1989)

MLE for Mixture HMM (Juang et al., 1986)

From HMM to Segment Models (Ostendorf et al, 1996)

On-Line Joint MAP ?
Any Other Advances ?

Multiple Linear Regression
(Furui, IEEE ASSP 1980)
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Ç���â �'�´È Ë�Ô�q � �C�´È&ÔÎÌ�ßîÌ�Ú�Ï�Ø7Ö[×���â ��" 1)� � Ë�Ô�q � � " 1 ���
Ç 	Þ× Ì�Ò�Ö#��â �'�´È Ï�Ò�Ñ ��â ��" 1)� � Ü´ÊÎÖ[Ö½Ê�Ø)ÖÎè!Ï�Ò¢Ï�Ú × Ò�Ê
ÇÉÈ7Ê	Ô�ÊaÏ�ØnÓ�è ò�Ô�ÔxÙ!Ê	Ô

� Ì�Ö½Ê�ØnÏÞÖ½Ì�ËlÊk�]â �O×�ËlÊ�Ø'� Ï�Ò!Ñ �
� ÑrÊaÏ�Ú ÍÃÌ�ÖÎè¢ÕlØnÌ�×�Ø*×!à0ÖÎØTÏ�Ò�Ô[à9×´Ø9ß¢ÊxÑ �� S ��� : � @
� ÑrÌ�Ô½Ö[×�ØõÖ½Ì�×?Ò»Ì�Ò�ÖÎØõ×"Ñ�Ù�ÓxÊaÑ Ü�ë�Ì�Ò!Ó	×�Ø9ØnÊaÓ	ÖñÖÎØnÏ�Ò�Ô[à.×�Ø9ß¢ÏÞÖ½Ì�×�ÒHÔ

Ç��îÏ�Ò�ëpÒ�ÊÎÍ;Ï�Ú Ûr×´ØnÌ�ÖÎèrß»Ô*ÍÃÌ�Ú�Ú�à.× Ú�Úô×HÍ



���������	��
���
	����������� À �

Æ"�,& � 46�,� & 	��s.*Ä Æ6	'2 �QÂ�&)- Ä Å�� � Ä+�,��Â��

ÇÉÈ7Ê�ß�×�ËlÊ6Ì�Ø.ØnÊ�Ú�ÊÎËlÏ�Ò�Ö6à<ÏHÓ	Ö[×�ØõÔáÜ´Ê±à.×�ØnÊIÖÎØnÏlÌ�Ò!Ì�Ò�Û�"rÏHÑrÏ�Õ�Ö½ÏÞÖ½Ì�× Ò
Ç��NØõ×"Ñ�Ù�ÓxÊ]Ó	× ßÝÕ!ÏHÓ	Ö0Ô�Õ´ÊaÊxÓ�è4ß�× ÑrÊ�Ú Ô

� ÓxÊ�Õ�Ô½ÖÎØnÏ�Ú+ß¢ÊxÏ�Ò]Ò�×´Ø9ß¢Ï�Ú�Ì�
�ÏÞÖ½Ì�×�Ò � ! � 	 �
� ÓÎ×"Ñ�ÊIÑrÊ�Õ´Ê�Ò�ÑrÊ�ÒHÖ~ÓxÊ�Õ�Ô�ÖÎØTÏ�Ú+Ò�×�Ø.ß�Ï�Ú�Ì�
�ÏÞÖ½Ì�× Ò �v! �5! 	 �
� Ë�×"ÓxÏ�Ú�ÖÎØnÏHÓ	Ö Ú�Ê�ÒHÛrÖÎè¢Ò�×´Ø9ß¢Ï�Ú�Ì 
�Ï�Ö½Ì�× Ò � � 4 � 	 �
� � �Q��ÈFÒ�×�Ø.ß�Ï�Ú�Ì�
�ÏÞÖ½Ì�× Ò]Ì�Ò�ÔxÕ´ÊxÏ�ìÎÊ�Ø'ÏlÑrÏ�Õ�Ö½Ì�ËlÊ ÖÎØnÏHÌæÒ!Ì�Ò�Û ��ã´â 4 �
� Ô�Ì�Û?Ò!Ï�Ú�Ü!ÌóÏÞÔ ØnÊ�ßî×�ËlÏ�Ú���ã_�GÈ��6Ï�Ò!ÑîÔ½Ö[×"Ó�è�ÏÞÔ�Ö½ÌóÓ�ßîÏ�Ö½Ó�è�Ì�Ò�Û ��ã_� �

Ç 	 ×´Ø9ß¢Ï�Ú�Ì�
�ÏÞÖ½Ì�× ÒC��âÃÑrÏ�Õ�Ö½ÏÞÖ½Ì�× Ò»Ï�Ò!Ñ !7×´Ø9ØnÊ�Ú�ÏÞÖ½Ì�×?Ò
Ç��îÏ�ì	ÊÝÙ�Ô�Ê�×!à`Ï�Ùaå�Ì�Ú�ÌóÏ�Øõë�Ô½ÖÎØ9Ù!Ó	ÖÎÙrØnÊ�Ï�Ü�× ÙHÖQß�Ì�Ô�ÔÎÌ�Ò�Û�Ó�è!Ï�ÒrÒ!Ê�Ú Ô
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*�Ä#&0Ä3-H	��,	'& � 0 � �ñÁ Ä3� 2 4`Â�&)&)	0Å�Ä+�,��Â��

Ç���×rÖé×!àéÕ!Ï�ØnÏ�ß¢Ê	Ö½Ê�ØõÔIÜrÙ�Ö Ò�×rÖÃÊ�ÒH× Ù�Û è»ÏlÑrÏ�Õ�Ö½Ï�Ö½Ì�× Ò�ÑrÏÞÖ½Ï
� ÖÎØ9Ù!Ê à.×´Ø*Ü�×rÖÎè»Ó�Ú�ÏÞÔ½Ô�ÌDCíÊ�Ø'Ï�Ò!Ñ�Ô�ÖÎØ9Ù�ÓÎÖÎÙrØTÊ�Õ!Ï�ØnÏ�ß�Ê	Ö½Ê�ØõÔ

Ç�� Ï�ØnÏ�ß¢Ê	Ö½Ê�Ø 4+ëlÌ�Ò�Û
� Ö9ë�Õ´Êîò9ò Ï�Ò!Ñjò9ò.òz��â � ÏHÑrÏ�Õ�Ö½ÏÞÖ½Ì�× Ò
� Ö½Ì�ÊaÑ¢Ó�Ú�ÏÞÔ½Ô~ÏHÑrÏ�Õ�Ö½ÏÞÖ½Ì�×?Ò¢ßîÏ�ÖÎØnÌ�ÓaÊÎÔÃÌ�Ò � �C�´È

Ç�� Ï�ØnÏ�ß¢Ê	Ö½Ê�Ø !7×�Ø9ØTÊ�Ú�Ï�Ö½Ì�× Ò
� Ê½ålÖ½Ê�Ò!ÑrÊaÑ���â � �<×�ØÃä ��â ���
� ÓÎ×´Ø9ØnÊ�Ú�ÏÞÖ½ÊaÑ 1)� �O� ��Ù!Ï�Ô�Ì�����Ï	ëaÊ	Ô1�lÊaÏ�Ø.Ò!Ì�Ò�Û
� ËlÊxÓ	Ö[×�Ø�CíÊ�Ú�Ñ�Ôxß�×�×�ÖÎè!Ì�Ò�Û�Ï�Ò�Ñ���â ��" � 
 ã
� ØnÊ	Û ØnÊ	Ô�Ô�Ì�× Ò¢Ü!Ï�Ô�ÊaÑ ß�× ÑrÊ�Ú�ÕHØTÊxÑrÌóÓÎÖ½Ì�×?Ò �xÈ'� ���

Ç 1:Ì�Ê�ØnÏ�ØnÓlè!Ì�ÓaÏ�ÚB�NØnÌ�×´ØQä�Ë�× ÚóÙ�Ö½Ì�× Ò �­ã´ÖÎØ9Ù!Ó	ÖÎÙrØnÏ�Ú6�]â � �½ã_��â ���
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D1(.) D2(.) D3(.)

Λy

ΛxT

S Y

X

Training

Testing

Signal
Space

Feature
Space

Model
Space

feature
extraction

Ç ; ß�ÏÎëîÜ´Ê�ÑrÌ�Ô½Ö[×�ØõÖ½ÊaÑ¢Ï�Ò!Ñ Ò�×rÖÃÊxÏ�Ô�Ì�Úôë�Ó�è!Ï�ØnÏHÓ	Ö½Ê�ØTÌ�
�ÊaÑ Ü�ë����
ÓaÏ�Ù�ÔÎÌ�Ò�Û Ê�Ø.Øõ×�ØõÔáÌ�Ò¢ØTÊxÓ	×rÛ Ò!Ì�Ö½Ì�× Ò,URWLY�ZkURy"fV9k:g> lm;�= ���)@

Ç�
l×�Ø.ß ×�à0ÖÎè!Ê�ÑrÌ�Ô�Ö[×�Ø¸Ö½Ì�× Ò�Ô�� u : hb@���� � :}hb@­Ï�Ò!Ñ����x: hb@­ß¢Ï	ë�Ò�×�ÖQÜ´Ê
ìHÒH×HÍ­Ò�×�Ø0ÊxÏ�Ô�Ì�Úôë�Ó�è!Ï�ØnÏHÓ	Ö½Ê�ØTÌ�
�ÊaÑ

Ç âÃÑrÏ�ÕHÖ½ÏÞÖ½Ì�× Ò�Ï�Ò!Ñ�!7× ß¢Õ´Ê�Ò�ÔÎÏÞÖ½Ì�× Ò]Ï�ØnÊ�Ô�× ß�ÊçÔ½× Ú�Ù�Ö½Ì�×?Ò�Ô
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Æ�Â�� &�4)	)Æ&Â-�/�,&0Ä3���
���ñÁ & �,	)Æ"�,��� Á -K��Æ6- Ä{�34�(

Ç��îÌ�Ó�Øõ× Õrè�×?Ò!Ê»Ï�Ò!Ñ !0è�Ï�ÒrÒ!Ê�Ú��îÌ�Ô�ß¢ÏÞÖ½Ó�è
Ç$!0è!Ï�Ò�Û�Ì�Ò�Û�!0è!Ï�Ò�Ò!Ê�Ú?Ï�Ò!Ñ¢âQß�Ü�Ì�Ê�ÒHÖ 	 ×�Ì�Ô�Ê
Ç �`Ï�ØõëlÌ�Ò�Û ã"Õ´ÊaÏ�ì	Ê�Ø !0è!Ï�ØnÏHÓ	Ö½Ê�ØTÌ�Ô�Ö½Ì�Ó	Ô�Ï�Ò!ÑÝã"Õ´ÊxÏ�ìÞÌ�ÒHÛêã´Ö.ë�Ú�Ê
Ç 4)ÏÞÔxìîÏ�Ò�Ñ �0×"ÓaÏ�Ü�ÙrÚ�Ï�Øõë��'Ê�Õ´Ê�Ò!Ñ�Ê�Ò!Ó	ë
Ç���×"ÑrÊ�Ú�ò Ò!Ó	×�Ø9ØnÊaÓ	ÖÎÒ!ÊÎÔ½Ô~Ï�Ò!Ñjä�Ô½Ö½Ì�ß»ÏÞÖ½Ì�×�Ò�äíØ9Ø¸×�Ø
Ç$!7× ßÝÜ!Ì�Ò!Ï�Ö½Ì�× Ò ×!à:â­Ü�×rËlÊx� �GÒrìHÒ�×lÍ­Ò 
l×´Ø9ßÐ×�à �`Ì�Ô½Ö[×�ØõÖ½Ì�× Ò
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ÇÉÈ7ÊaÑ�Ù!ÓaÊ 4�ØnÏlÌ�Ò!Ì�Ò�ÛH�'ÏÞÖ½Ï��'Ê�Õ´Ê�Ò!ÑrÊ�Ò!Ó	ë
� è!Ï�Ò�Ñ�Ú�Ê Ö½Ê	Ô�Ö½Ì�ÒHÛÝÑrÏÞÖ½ÏÝÒ�×�ÖQÕlØnÊ	ËlÌ�× Ù�ÔxÚ ë�Ô�ÊaÊ�Ò�Ì�ÒîÖÎØnÏHÌæÒ!Ì�Ò�Û

ÇÉÈ7ÊaÑ�Ù!ÓaÊ7!0Øõ×�Ô�Ôg� !7× Ò!ÑrÌ�Ö½Ì�× Ò
�îÌ�Ô�ß¢ÏÞÖ½Ó�è
� ßîÏlÌ�Ò�Ö½ÏHÌæÒ ÏlÓxÓ�ÙrØnÏlÓÎë�×rËlÊ�ØNÏIÍÃÌ�ÑrÊáØnÏ�ÒHÛ�Ê­×!à)Ö½Ê	Ô�Ö½Ì�ÒHÛ�Ó	× Ò!ÑrÌ�Ö½Ì�× Ò�Ô
� ÏáÔxÚ�Ì�Û èHÖQÑrÊ	ËlÌ�ÏÞÖ½Ì�×?Ò�à�Øõ× ß1ÖÎØnÏHÌ�Ò�Ì�Ò�Û4Ó	× Ò!Ñ�Ì�Ö½Ì�× Ò�ÔÃÔ�è�× Ù�Ú�Ñ4Ò�×�Ö

ÓxÏ�Ù�Ô�Ê�Ï»Ñ�ØTÏÞÔ�Ö½ÌóÓ]ÑrÊ	Û ØnÏHÑ�ÏÞÖ½Ì�× Ò¢Ì�Ò»âÃã7È Õ´Ê�Øæà9×´Ø9ß¢Ï�Ò!ÓaÊ
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Ç�
�ÏÞÔ½ÖéâÃÑrÏ�ÕHÖ½ÏÞÖ½Ì�× Ò /)�îÏ�ì	ÊÝÙ�Ô�ÊI×!àçÏlÑrÏ�Õ�Ö½Ï�Ö½Ì�× Ò�ÑrÏÞÖ½Ï
� ÑrÌ�ØnÊaÓ	Ö 1)� � Õ!Ï�ØnÏ�ß¢Ê	Ö½Ê�ØNÏlÑrÏ�ÕHÖ½ÏÞÖ½Ì�× Ò
� Ì�Ò!ÑrÌæØnÊxÓ	ÖQÖÎØnÏ�Ò�Ô[à.×�Ø9ß¢ÏÞÖ½Ì�× Ò]Õ!Ï�ØnÏ�ß¢Ê	Ö½Ê�ØNÏlÑrÏ�ÕHÖ½ÏÞÖ½Ì�× Ò
� ��â �jÍéÌóÑrÊ�ÚôëÝÙ�ÔÎÊxÑîà.×�Ø0ÑrÌ�ØnÊaÓ	ÖñÏlÑrÏ�Õ�Ö½Ï�Ö½Ì�× Ò
� � ��ÍÃÌ�ÑrÊ�Ú ëÝÙHÔ�ÊaÑ�à.×´Ø�Ì�Ò!Ñ�Ì�ØnÊaÓÎÖ~ÏlÑrÏ�Õ�Ö½Ï�Ö½Ì�× Ò ��Êxq�Û"q)� �C�´È��
� ÓÎ×?ß¢Ü!Ì�Ò�ÊxÑ���â � à9×´Ø*Ü�×rÖÎè»Ñ�Ì�ØnÊaÓÎÖ Ï�Ò!Ñ4Ì�Ò�ÑrÌ�ØnÊaÓÎÖ ÏHÑ�Ï�Õ�Ö½Ï�Ö½Ì�× Ò

Ç��:ë�Ò!Ï�ß¢Ì�Ó
!7× ßÝÕ�Ê�Ò�ÔÎÏÞÖ½Ì�× Ò /i�îÏ�ì	ÊÝÙ�Ô�Ê�×!à0Ö½Ê	Ô�Ö½ÌæÒ�ÛÝÑrÏÞÖ½Ï
� Ï�Ù�Ö[×���ÏHÑrÏ�Õ�Ö½ÏÞÖ½Ì�× Òá×�Ø�Ô�Ê�Ú à<��ÏlÑrÏ�Õ�Ö½Ï�Ö½Ì�× Ò
� Ì�Ö½Ê�ØnÏÞÖ½Ì�ËlÊîÙrÒ�Ô�Ù�Õ´Ê�ØõËlÌ�Ô�ÊaÑêÏHÑrÏ�Õ�Ö½ÏÞÖ½Ì�× Ò
� ÑrÌ�ØnÊaÓ	Ö~ß»×�ÑrÊ�Ú�Õ!Ï�ØTÏ�ß¢ÊÎÖ½Ê�ØNÓ	× ß¢ÕrÊ�ÒHÔ�ÏÞÖ½Ì�× Ò

Ç$!7× ßÝÕ´Ê�Ò�ÔÎÏÞÖ½Ì�× Ò]Ï�Ò!ÑÝÏHÑrÏ�Õ�Ö½ÏÞÖ½Ì�× Ò�Ôxè!Ï�ØTÊáÔÎÌ�ßîÌ�Ú�Ï�Ø7Ö½ÊaÓ�è�Ò!Ì ��Ù!Ê	Ô
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Ç5ï*Ì�ËlÊ�Ò�ÖÎØTÏHÌ�Ò!ÊaÑ ß�× ÑrÊ�Ú Ô5� a Ï�Ò�Ñ Ï]Ö½Ê	Ô�Ö Ù�Ö[Ö½Ê�ØnÏ�Ò!ÓxÊ �

Ç âGÔ�ÔxÙrßîÊ6Ô½× ß»Êçà.×�Ø9ß1×!à`Ñ�Ì�Ô�Ö[×´ØõÖ½Ì�× Ò

�ÊaÏÞÖÎÙrØnÊ�ã"Õ!ÏHÓaÊ /:ÖÎè!Ê × Ü�ÔÎÊ�Ø¸ËlÊxÑ Ù�Ö[Ö½Ê�ØnÏ�Ò�ÓxÊ � Ì�Ô ØnÊ�Ú�ÏÞÖ½ÊaÑ Ö[×�ÖÎè!Ê

� ×�ØTÌ�Û�Ì�Ò!Ï�Ú �pÙ�Ö[Ö½Ê�ØnÏ�Ò�ÓxÊ
; Ü�ë1; S � � : � @
��×"ÑrÊ�Ú ã"Õ�ÏHÓaÊ
/:ÖÎè!Ê � ÖÎØnÏ�Ò�Ô[à.×�Ø9ß�ÊxÑ �¢ß�× ÑrÊ�Ú�� � Ì�Ô ØnÊ�Ú�ÏÞÖ½ÊaÑ Ö[×

ÖÎè!ÊI×�ØnÌ�Û�Ì�Ò!Ï�Ú?ßî×�Ñ�Ê�Ú ÔT� a Ü�ë�� � S���� : � a @
Ç�
 Ì�Ò!Ñ�Í0×�ØnÑ Ô½ÖÎØnÌ�Ò�Û > Ï�Ò!Ñ Õ!Ï�ØnÏ�ß¢Ê	Ö½Ê�Ø¸Ô��p×�Ø	� ÖÎè!Ï�Ö ßîÏxå�Ì�ßáÌ 
�Ê
ÖÎè!Ê A<×�Ì�ÒHÖ Ú�Ì�ì	Ê�Ú�Ì�è�×�×"ÑM9k: � =?> l
�1×�Ø���= � a @
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È7ÊxÓ	×rÛ Ò�Ì�Ö½Ì�× Ò /
> SwURWLY�ZkURy

>
9k:g> = � l
�Ð×´Ø���= � a @

ã´Ö[×"Ó�è�ÏÞÔ�Ö½ÌóÓM�îÏ�Ö½Ó�è!ÌæÒ�Û /

�ÊaÏÞÖÎÙrØnÊ�ã"Õ!ÏHÓaÊ
�îÏ�Ö½Ó�è!ÌæÒ�Û /

�
SwURWLY�ZkURy� 9k: � l
�C=?> = � a @

��×"ÑrÊ�Ú ã"Õ�ÏHÓaÊ��îÏÞÖ½Ó�è!Ì�Ò�Û /
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Ç���ÊÎë�× Ò!Ñ��NÚ�Ù�Ûx��òæÒ
�'ÊxÓaÌ�Ô�Ì�× Ò4ÈNÙrÚ�ÊÎÔ
Ç��îÌ�Ò!Ì�ß¢Ïxåk�'ÊxÓaÌ�Ô�Ì�× Ò ÈNÙrÚ�Ê	Ô*/0à�Øõ× ß ��×�Ì�Ò�ÖÃÖ[×$òæÒ�Ö½Ê�ØõËlÏ�Ú7ä�Ô�Ö½ÌæßîÏÞÖ½Ê
Ç���ÏÎëÞÊÎÔÎÌ�Ï�Ò��NØTÊxÑrÌóÓÎÖ½Ì�ËlÊk�`ÊaÓxÌ�Ô�Ì�× Ò ÈNÙrÚ�ÊÎÔ�/ñÈ7Ê�ßî×�ËlÊáä�Ô�Ö½Ìæß»ÏÞÖ½Ì�× Ò
�'Ò!ÓaÊ�ØõÖ½ÏHÌ�ÒHÖ9ë

Ç���ÏÎëÞÊÎÔÎÌ�Ï�Ò��îÌ�Ò�Ì�ß¢Ï�åk�'ÊaÓxÌ�ÔÎÌ�× ÒpÈNÙrÚ�Ê	Ô
Ç���ÏÎëÞÊÎÔÎÌ�Ï�Ò��NØTÊxÑrÌóÓÎÖ½Ì�ËlÊk�`ÊaÓxÌ�Ô�Ì�× Ò ÈNÙrÚ�ÊÎÔ���ÔÎÌ�Ò�ÛÝã´ÖÎØ9Ù�ÓÎÖÎÙrØTÊ
� Ï�ØnÏ�ß¢Ê	Ö½Ê�Ø¸Ô

Ç��­ÖÎè�Ê�ØÃÈ"× ÜrÙHÔ�Ö �`ÊaÓaÌ�Ô�Ì�×?ÒêÈNÙ�Ú�ÊÎÔ
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Ç�� Ï�ØõÖ½Ì�Ö½Ì�×?Ò�ÔÎÏ�ß4ÕrÚ�ÊéÔ�Õ�ÏHÓaÊ]Ì�Ò�Ö[×pÑrÊxÓaÌ�ÔÎÌ�× Ò¢ØTÊÎÛ�Ì�× Ò�ÔQÖ[×ÝÓ�Ú�Ï�Ô�ÔÎÌ à.ë ;
Ç âGÔ�ÔxÙrßîÊñÏ�Ò¢ÙrÒ!ÓaÊ�ØõÖ½ÏHÌ�ÒHÖ9ëpØnÊ	Û�Ì�× Ò � � à9×´Ø�ÊaÏHÓ�è 1)� � � �
Ç � ×�ØõÔ½Ö ��ÓxÏ�Ô�Ê�ÕHØõ×?Ü!Ï�Ü!ÌæÚ�Ì�Ö9ë�×!à'Ê�Ø9Øõ×�Ø�à9×´Ø*Ï»ÑrÊaÓaÌ�Ô�Ì�×?Ò �
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� ZkURy �
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�Ì�Ò�Û
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���������	��
���
	����������� � �

-K���
��-êÄ �84éÅ´Ä Æ�Æ6� � �]40Ä+�,��Â��V� (
	)Â�&�0 � 4*Â7�)�����
Ç 4GÍ0×x��ã´Ö½Ê�Õ ��ÌæÒ!Ì�ß¢Ï�å7!0Ú�ÏÞÔ½Ô�ÌDCíÓxÏ�Ö½Ì�× Ò�ã´× Ú�Ù�Ö½Ì�×?Ò

� �� ��S$ZkUXy �
	X� � | � : � @
� ���� S�� � � | �zh ZkURy ��	R� � | � : � @�S

ZkURy  
	 |  dh ZkUXy �
	X��� | � : � @�
��
Ç�
�ÊaÏÞÖÎÙrØnÊ�ã"Õ!ÏHÓaÊ
�îÌ�Ò�Ì�ß¢Ï�å 1 ��� ò Ò�ËlÊ�Ø¸Ô�Ì�× Ò�Ì�ÔQÔ�Ì�ß�Ì�Ú�Ï�Ø

���������	��
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