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speaker, room acoustics,

noise, microphone

Automatic Speech Recognition

word string

language model can include semantics

hypotheses

time align, pattern

match utterance

local match
probability
estimation

front end
signal processing and
feature extraction

 noise

global decoder
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	�X$RZY\[�P8i�[$��RU�cTk]�Y\Pc��bSY�iZRZY�f/fWX$RUTW�&[�VZY\T�i�fWX�]�]\T��a`c�c[�PcTW_-T�iW²
ú��c[&PcTW_aT�i�X$VUT/iZ`8TWT�fd��iZ[�bcP8�"fWX$RUTW��[&VZY\T�iGRd�8X$R'X$VdT	iZb��2fdY\TWPSR#RU[¶�&Y��=TWVUTWPSRZY�X$RUT��8TWRZ��TWTWP��&Y��ÆTWVdTWPgR���[�V��ci
Y\P·X�]�X$Pc�&b8X$��T�²��#PcT�[�V#_a[�VdT í	î�î i�R�X$RUT�i�X$VUT�fh[&_a_a[�PS]\mMb8iZT�� RU[±_a[¯�STh]�XaiZTW��_aTWPSR	fh[�VdVUT�iZ`8[&P8�&YµPc�
RU[±X/`c�c[�PcT�² �L[�V��-_a[¯�STh]�i�fh[�P8i:Y�iZR�[$�§fh[�P8fWX°RUTWP8X$RZY\[�P8ik[$�=`c�c[�PcT�[�VG`c�c[&PcTW_aT/_a[c�STh]½i ¬ fh[&P8iZRUV�X�Y\PcT��-�gm
`cVU[�PSbcP8fdY�X$RZY\[�P8i���VU[�_ûX"]\Th�SY�fh[�PD®�nGX$P8�LiZTWPgRdTWP8fhT»_a[c�STh]�i±fh[�P8i:Y�iZR�[°��fh[&P8fWX$RUTWP8X$RZY\[�P8i�[$�#��[�V��4_a[c�STh]½i
¬ fh[�P8i�RUV�X�Y\PcT��"�Sm�X��&V�X$_a_»X°VW®�²

ý �cTW[�VUm·X°P8��_aTWRU�c[c�S[$]\[���m �¹[�V í�î�î i/X$VUTa�ST�iUfhVZY\�8T���Y\P�_"X$Pgm�iZ[�bcV�fhT�iÁn|YµP8fd]\b8�&Y\Pc��óõø�ô�öQ²±jGV�YµThÂ8m�n
RU�cT���bcP8�cX$_aTWPSR�X�]§T�Ý&b8X$RZY\[�P4VUTh]\TW��X$PSR��¹[�V�RU�SY�i�`cVU[cfhT�iUi�Y�i#X¸VUT�iZR�X$RdTW_aTWPgR�[$�¿j�X�m�T�iWù8º�bS]\TaX�i�X$`c`S]�Y\T���RU[
iZ`|TWT�fU�4VUT�fh[���PSY\RZY\[�P �

� ¬�� B ��® �
� ¬ �&B � ®�� ¬�� ®� ¬ ��® ¬ �$®

Y\P��#�SY�fU��� ¬�� B ��®�Y�i�RU�cT±`|[giZRUTWVZY\[�V�`cVU[��8X°�SY¼]�Y\RZm�[$�GRU�cT±�gmS`8[&RU�cT�i:Y
	WT�� î X$VUl�[$�a_-[¯�STh] � ¬ YQ² T�²½n=X�iUiZ[�ñ
fdY�X$RUT��L��Y\RU��X4iZ`8T�fdY���fMiZT�Ý&bcTWP8fhT»[°�¾��[�Vh�cih®#�$Y\��TWP!X$P�X�fh[�b8i�RZY�f±��T�fhRU[�V±iZT�Ý&bcTWP8fhT*�!²Me$Y\P8fhT-Y\R�Y�i�Pc[�R
lSPc[���P»�c[$��Rd[¶fh[�_a`cbcRdT/RU�SY�iG`cVd[��8X$�SY�]�YµRZmM�&Y\VUT�fhRZ]\m�n��/T�Ý&b8X$RZY\[�P ¬ �$®ÀY�iGb8i�b8X�]�]µm"b8iZT��"RU[±iZ`S]�Y\R#RU�SY�i�`8[SiZRUTWñ
VZY\[�Vk`cVU[��8X$�SY�]�Y\R�m¸YµPSRU[aX�]�Y\l�Th]�Yµ�c[S[c�	� ¬ �&B � ®=RU�8X$RkVUTW`cVUT�iZTWPSR�i�Rd�cT	fh[�PSRUVZY\�cbcRZY\[�P"[$�=RU�cT/ g�h©¯¥$«Á�����i,"©�
S¤U¢¹n
X$P8��X"`cVZY\[�V/`cVU[&�8X$�SY�]¼Y\RZm�� ¬�� ®#RU�8X$R�VUTW`cVUT�i�TWPgR�i�Rd�cT¸fh[&PgRUV�Yµ�cbcR�Yµ[&P�[$�'Rd�cT¶¢¡ �´n6=¥& 768¤ ,"©�
S¤U¢¹²av�iZb8X�]�]\m� ¬ �&B � ®¾X°P8��� ¬�� ®	X$VdT¶RdV�X�Y\PcT���iZTW`8X$VhX$RUTh]\m�[�P�YµP8�STW`|TWP8�STWPgR±RUVhX�Y\PSYµPc��fh[�VU`|[�V�Xc²±jkm·�S[$Y\Pc�·i�[8n=X$P8�
X�iUi�bc_±Y\Pc�·Rd�8X$R
� ¬ ��®�YµP ¬ �$®�Y�i/Y\P8�STW`|TWP8�STWPgR"[$�	RU�cT-`8X$V�X$_aTWRdTWV�i/[$�#RU�cT"_a[c�STh]�i ¬ �#�SY�fd��Y�i±X�fhRUb8X�]�]\m
Pc[�R"RUVUbcT��SbcVZY\Pc�!RUVhX�Y\PSYµPc�t®�n ¬ �°®�RUbcVUP8i±Rd�cT·X�fh[�b8i�RZY�f�_-[¯�STh]	RdV�X�Y\PSY\Pc��YµPSRU[!X î X��SY\_±bc_��|Y\l�Th]�Y\�c[g[c�
�Gi�RZY\_»X$RZY\[�P ¬�î � �¾®G`cVU[��S]\TW_�²��

ý �cT¶X�fh[�b8i�RZY�f�]�Y\l�Th]�Yµ�c[S[c��Y�i�RU�cTWP·fh[�_-`cbcRUT��M�SmMTh�¯`8X°P8�&YµPc�"Y\R�Y\PgRU[MX�]�]�`8[giUi�Yµ�S]\T»i�R�X$RUT/`8X$Rd�8ikY\P �
RU�8X$R#fWX$P4��TWPcTWV�X$RdT�� � � ¬ �&B � ® ��� ���	� ¬ � � � B � ® ¬ üS®
�#�cTWVUTMRd�cT2iZbc_�Th�cRUTWP8�ci±[$��TWVaX�]�]#`8[gidi:Y\�S]µT4`8X$RU�8i � [$�#]\TWPc��Rd�&%ÙY\P � ² ý �SY½i8Ld�¹bS]�] M4]�Y\l�Th]�Y\�c[g[c� Y½i
iZ[�_-TWRZY\_aT�i#X$`c`cVU[��SY\_»X$RUT��MX�i ��� ¬ �=B � ® �*_»X����� � ¬ � � � B � ® ¬ ôS®
�#�SY�fd��Y�i�b8iZb8X�]¼]\m�VUTh��TWVUVUT�� RU[2X&i�RU�cT L ��YµRdTWVU�SY MMX$`c`cVU[��gY\_»X°RZY\[�P=n8���SY½fd�4Y�i�[$�¹RdTWP�b8iZT�� ��[�V#VUT�fh[��&PSYµR�Yµ[&P
��Y\RU�c[�bcR�_¶b8fd�"]\[giUi¾Y\P�`8TWV��¹[�Vd_»X$P8fhT�²

e�b8fd��XMiZRhX$RZY�iZRZY�fWX�]GiZmciZRUTW_ Y�i/RUVhX�Y\PcT���[�P�X�fh[�b8iZR�Y½f-�cX$R�XMiZ[MRU�8X°RÞ�SbcVZY\Pc�4VUT�fh[���PSY\RZY\[�PLY\R/`cVU[¯�Sb8fhT�i
TW_±Y�iUi:Y\[�P-`cVU[��8X$�SY�]�Y\RZY\T�i A ¬ 
��CBD���$® ¬ iZTWT�òÀY\��bcVUT#üS®=RU�8X$R�fWX$P±�8T�_±bS]\RZY\`S]�YµT��-RU[/`cVU[c�Sb8fhT#X$PaX$`c`cVU[��SYµ_"X$RZY\[�P
RU[�RU�cT�X�fh[&b8iZRZY�fM`cVU[&�8X$�SY�]¼Y\RZm�� ¬ �&B � ® ¬ X�idiZbc_±Y\Pc��iZR�X°RZY�iZRZY�fWX�]#Y\P8�STW`8TWP8�STWP8fhT$®h² ý �cTWVUTMTh�SY½i�RaT �2fdY\TWPgR
RUV�X�YµPSY\Pc��X�]µ�&[�VZY\RU�c_»i�RU[ ]µT�X°VUP�Rd�cTM`8X$V�X$_aTWRdTWV�i/[$�#RU�cT"`cVU[��8X°�SY¼]�Y\RZm!T�iZRZY\_»X$Rd[�V�iW² ý �cT»_a[SiZR¶fh[�_-_a[�P
��[�VU_ð[$�8RU�SY�i³`cVU[cfhT��SbcVUT�Y�i³[$��RUTWPafWX�]�]µT��¸RU�cTk�¹[�Vd�¾X°V��Sñ��8X�fdlg�#X$V��/X�]µ�&[�VZY\RU�c_�n�Y\P±�#�SY�fU�-RU�cT�T�iZRZY\_»X$RU[&V�iD��[�V
RU�cT��cX$R�Xk]�Y\l�Th]�Y\�c[g[c�ci�fh[�P8�&Y\RZY\[�PcT���[�P�T�X�fd����[�Vh��_a[¯�STh] ¬ � ¬ �&B � ®U®8X$VUT³Y\RUTWVhX$RZY\��Th]\m�RUVhX�Y\PcT��aó r�ö:²§òc[&V=RU�cT
��YµRdTWVU�SYÆX$`c`cVd[��SY\_»X$RZY\[�P=n&RU�cT��¹bS]�]8]�Y\l�Th]�Y\�c[g[c�"Y�i�X$`c`cVU[��SY\_»X$RUT��±�Sm±RU�cT�]�Y\l�Th]�Y\�c[g[c�M[$�=RU�cT�_a[giZR�`cVU[&�8X$�S]\T
`8X$RU��RU�cVd[�bc����Rd�cT¸i�R�X$RUT�i¾Y\P·Rd�cT¶_-[¯�STh]�iWn³X�i#�°Yµ�&TWP��gmMRd�cT¸�SmSP8X$_±Y�f±`cVd[���V�X$_-_±Y\Pc�»`cVU[cfhT��SbcVUT�² ý �SY½i
X$`c`cVU[��SY\_»X$RZY\[�P"Y�i#iZ[&_aTWRZY\_aT�i�_a[&VUT�iZTWP8i:Y\RZY\��T�RU[±`8[S[�V�Y\PSY\RZY�X�]�Y 	�X°RZY\[�P8iWnD�cbcR#��Y\RU��X���[g[c�-Y\PSY\RZY�X�]�Y 	�X°RZY\[�P
fWX$P��8T�`8X$VdRZY�fhbS]½X°VZ]\mïi�RUV�X�Y\���SRZ��[�VU�#X$V��LRU[LYµ_-`S]µTW_-TWPgR�n/X$P8�
bS]\RZY\_»X$RdTh]µm
Y�i"_a[�VdT·fh[�PS��TWPSY\TWPgR"��[�V"RU�cT
X$`c`cVU[SX�fU�cT�i��ST�iUfhVZY\�8T�� Y\P�RU�SY�i�X$VURZY�fd]\T�²��#PcT��¹[�Vd_ [$��RU�SY�ikY\RUTWV�X$RZY\[�P=ntRU�cTWP=n�fh[&bS]½� �8T±X�i��¹[$]�]\[$�	i �
��� B]LNM3AKMXW3JTU
MXM p rts�egBCW'U
BCaSM|P
\�M3BCW
M3PYD�V]@tH LNBKW
yiP
\-@EPNU
_�QKQCM3U
P
U�@E? @EZ�ZTW
B @EVb\`P
BiP
Wb@tD�?7D�?TQ @]?TFRW
M3V3BCQK?7D�PYD�BK? LND�P
\`@�QEH�BCG1@3H� c��! " u'VXWYD�P
M3WYD�BK?�w# x \7D�U!@EV3P
_-@tHOH�I�M
	7ZjHl@3D�?TU�P
\TM'Hl@]V�y�B]e�F7D�U
V3WYD�a+D�?-@EPYD�B7?RaSM3?7PYD�BC?TM3FSD�?ix!@EG7H�M%$KJ @EUhU
I7U
P
MXaSUhP
Wb@tD�?�M3FSP
B�aR@ 	KD�a+D'&XM � c(") �5u

egBCW^P
\�M�V3BCW
W
M3V3P aSB7F�M�H!@]W
M�?TBCP|P
Wb@tD�?�M3F�P
BSaiD�?jD�a+D'&XMSP
\1@]P+*7_1@]?7PYD�PYI`egBCW^P
\�M|D�?�V3BKW
W
M3VXP|aSB7F�M�H�U3w

s



�&² � Y\��TWP!X·i�TWR¶[°�ÞX�fh[�b8iZR�Y½f"RdV�X�Y\PSY\Pc���cX$R�X RU�8X$R�Y�i±`c�c[�PcTWRZY�fWX�]�]\m�]�X$�8Th]\T�� ¬ `8[giUi�Yµ�S]\m!��Y\RU��TWVUVU[&V�ih®�n
RUV�X�Y\P·X°P·T�i�RZY\_»X$RU[�V�RU[»�&TWPcTWV�X$RUT�RU�cTa�cX$R�X"�STWP8i:Y\R�m �¹[&V	X$PSm��Smg`|[�RU�cT�i:Y
	WT���iZRhX$RUT ¬ iZ`|TWT�fU��fd]�X�iUi¦® �
Y ² T�²\nSRUV�X�Y\P·X°PMT�iZRZY\_»X$RU[&V'[°�¿RU�cT/TW_¸Y½idi:Y\[�P�`cVU[��8X$�SY�]�Y\R�m��STWP8i�YµRZm�fh[�P8�&Y\RZY\[�PcT��4[�PMRd�cT�YµPc`cbcR�²

üt² � Y\��TWP·X¸`cVU[��8X$�SY�]�Y\R�m4T�iZRZY\_»X$Rd[�V���[�V#RU�cT±�cX$R�X�]�Y\l�Th]�Y\�c[g[c��[°�¿T�X�fd�·i�R�X$RUT�nSb8iZT±�SmgP8X$_¸Y½f�`cVU[&��V�X$_añ
_±Y\Pc�/RU[#�8P8�¸RU�cT�_a[giZRÀ]�Yµl&Th]µmaiZT�Ý&bcTWP8fhT#RU�cVd[�bc���±RU�cT#iZR�X$RdT�iDY\PaX�]�]8RU�cT�`8[gidi:Y\�S]µT�_a[¯�STh]�i�T�Ý�bcTWP8fhT�iW²
ý �SY�i'i�RUTW`aY�i�iZ[�_-TWRZY\_aT�i�fWX�]�]µT��4X���[�V�fhT�� �#Y\RUTWVd�SYÀX�]¼Y\��Pc_-TWPgR ¬ �STWRUTWVU_±Y\PSY\Pc�aRU�cT/X�]�Y\��Pc_aTWPSR'[°�§RU�cT
iZT�Ý�bcTWP8fhT�[$�GX�fh[�b8iZRZY�f�RUVhX�Y\PSYµPc�"��T�fhRU[&V�i���Y\RU�MRU�cT�fh[&VUVUT�iZ`|[�P8�&Y\Pc�M`c�c[�PcTWRZY�f�]�X$�|Th]½i¦®�²

ý �SY½i¸`cVU[¯fhT��SbcVdT�n'iZ[&_aTWRZY\_aT�iafWX�]�]\T��!TW_±�|T��c�ST�� ��YµRdTWVU�SY#]\T�X$VUPSY\Pc� ¬ X�i�b8iZT��LY\P�RU�cTMiZTW��_-TWPgR�X�]¾lSñ
_aT�X$P8i�X�]\��[&VZY\RU�c_ûóõø�ô�öQn°�¹[&VGY\P8iZRhX$P8fhT$®�n8fWX$P"�8T/`cVd[��&T��aRU[afh[�PS��TWVU�&T	RU[aX�]\[¯fWX�]Æ[&`cRZY\_¶bc_ �SY\PM`cV�X�fhRZY�fhT�Y\R
Y�i#VdTW`8T�X$RUT��"bcPSRZY�]GiZ[�_aT�iZRd[�`c`SY\Pc�»fhVZY\RUTWVZY\[�P4�8X�i��8TWTWP�VUT�X&fU�cT��D²
����� � A1��"��S#h"QCD7#5�68NkA�CD7	5�6h���»;ÀA���9 � � 5�5�9��
���
	���� 
����
�����
�������������! "��#����%$�&�')(*
,+-�.'"/
�#bcV	�&Y�iUfhb8iUi�Yµ[&P�[$��PcTWbcV�X�]=PcTWRZ��[�VUlci���[�V#iZ`|TWT�fU�4��Y�]¼]³�8T���[¯fhb8iZT�� [�P10(¥�¢�����¢¡ 328¤���4k¤��W�h¤30§�Q�h©�´c« ¬�î �=úkih®�n
�#�SY�fd��X°VUT�RU�cT�_a[giZR�fh[�_a_a[�P4oÞ­�­EX$V�fd�SY\RUT�fhRUbcVUT±b8iZT��2�¹[&VÞiZ`|TWT�fU��VUT�fh[&��PSY\RZY\[�P=² í [$�'TW�&TWV�n8X�]�]�[$�GRU�cT
�8X�i:Y�f±fh[�P8fd]\b8i:Y\[�P8i�X$�8[�bcR�RU�cT±bcRZY�]�Y\R�m4[$�GRU�cT�iZTaiZRdVUb8fhRUbcVUT�i¾�¹[&V	T�iZR�Yµ_"X$RZY\Pc�»`cVd[��8X$�SY�]�YµR�YµT�i�[�V�]\[¯fWX�]'fh[giZR�i
��[�V#X$P í	î�î ��Y�]¼]GX�]�iZ[±�c[$]��"��[�V�[�RU�cTWV�iZRUVUb8fhRUbcVdT�i'i�b8fU��X�i�X�VdT�fhbcVUVUTWPSR#PcTWRZ�'[&VUl�nSX�i�b8iZT��-Y\P�óõô�ô�öQnS[�V#X
ý Y\_aTWñb:�Th]�X�mgñQ­�TWbcV�X�]\ñQ­�TWRZ�'[&VUl ¬�ý :/­�­/®�n�X�i³b8iZT���Y\P�óõü°r�ö:² ý �cT�iZT�X�]\RUTWVUP8X$RZY\��T#iZRdVUb8fhRUbcVUT�i³��Y�]�]��|T#�cVZY\ThÂ8m
�&Y�iUfhb8iUiZT�� Y\P�e�T�fhR�Yµ[&P·üc²õôt²õüc²

ý mS`SY�fWX�]�]µm�n î �=úki/�8X���T»X-]�X�m�TWVUT��4��TWT��&��[�VU�#X$V���X$V�fd�SY\RUT�fhRUbcVUT"��Y\RU��X°P�Y\Pc`cbcR�]�X�m�TWV ¬ fh[&P8i:Y�iZRZY\Pc��[$�
RU�cT�Y\Pc`cbcR'�$X$VZY�X$�S]\T�ih®�n 	WTWVU[�[�V�_a[&VUT 2S� 
�
S¤�´ ¬ Y\PgRdTWVU_aT��&Y�X$RUT$®³]�X�m�TWV�iWnSX$P8�»X°P»[�bcRd`cbcR�]�X�m�TWV�ncX�iGi��c[���P±Y\P
òÀY\��bcVUT±ôc² �kX�fd�"]½X�m�TWV/fh[�_a`cbcRdT�i#XaiZTWR�[$�³]¼Y\PcT�X$V/�&Y�iUfhVZY\_±Y\P8X$PSR��¹bcP8fhR�Yµ[&P8i±óõü�ü�ö ¬ �&Y�XaX±��ThY\���gR�_»X$RdVZY���®
��[$]�]µ[$��T��M�SmMX±Pc[�PS]�Y\PcT�X$V#��bcP8fhRZY\[�P=n|�#�SY�fU� Y�i#[$��RUTWPMXai:Y\��_a[°Y½�2�¹bcP8fhR�Yµ[&P

5 ¬ 
Æ® � �
�76�Th�c` ¬*8 
Æ® ¬ rc®

o/iM�&Y½idfhb8iUiZT��
Y\PÓóõp�öQn�RU�SY�i"Pc[�PS]�Y\PcT�X$VM��bcP8fhRZY\[�P,`|TWVZ�¹[&VU_»i"X!�&Y �=TWVUTWPSRMVU[$]\T4��[�V»Rd�cT·�SY��c�STWPEX$P8�
RU�cT
[�bcRU`cbcR/bcPSY\R�iÁ² �#P�RU�cT±�SY½�c�STWP�bcPSY\R�iWn|Y\R�iZTWVU�&T�i#RU[M�&TWPcTWV�X$RUT��SYµ�&��[�V��STWV�_a[�_aTWPSR�i�[$�GRU�cT�Y\Pc`cbcR �³RU�SY�i
fWX$P"�8T��S[�PcT�T��=T�fhRZY\��Th]\m»�Sma_»X°PgmaPc[&PS]¼Y\PcT�X$V¾�¹bcP8fhRZY\[�P8iÁncPc[�RG[&PS]µm"�Sm»i:Y\��_a[$Y��ciW² �#PMRU�cT	[&bcRU`cbcR�bcPSYµRhiWn
RU�cT±Pc[�PS]�Y\PcT�X$VZY\RZm�fWX$P��|Ta�&YµTW��T���X&i/XM�&Y �=TWVUTWPSRZY�X$�S]\TMX$`c`cVU[��gY\_»X°RZY\[�P�RU[MRU�cTa�ST�fdY�i:Y\[�P�Rd�cVUT�iZ�c[$]���[$�#X
RU�cVUT�i��c[$]��L]µ[&�$Y�fMbcPSY\Ra[�V±`8TWVhfhTW`cRUVU[�P,óõø&p�ö:n³YQ² T�²\n�T�iUi�TWPgRZY�X�]�]\m!RU[�fh[�bcPSR±TWVUVU[�V�iÁ²�òc[�V±RU�SY�i±`cbcVU`|[giZT�nkRU�cT
[�bcRU`cbcRkPc[�PS]�Y\PcT�X$VZY\RZm2iZ�c[&bS]½�-�8T�X�i:Y\��_a[°Y½�-[�V�i:Y\��_a[$Y��Sñ¡]�Y\l�T��¹bcP8fhR�Yµ[&P=²�o#]\RUTWVdP8X$RZY\��Th]\m�n8X���bcP8fhRZY\[�P2fWX�]¼]\T��
RU�cT±«h©-;:�b," �9MfWX$P��|T±b8iZT��Dn�X&i�Y\R/X$`c`cVU[��gY\_»X°RUT�i	X"iZR�X°RZY�iZRZY�fWX�]¿i:Y\��_-[$Y��M��bcP8fhRZY\[�P=²�òc[�V	X°P�[�bcRU`cbcR�]�X�m�TWV
[$�F!ÿbcPSYµRhiWncRU�SY�i¾�¹bcP8fhRZY\[�P4��[�bS]��M�8T��STh�8PcT���X�i

5 ¬ 
�?:® �
Th�¯` ¬ 
�?:®

: ��<; 
 Th�¯` ¬ 
��t®
¬ �S®

î �=úki���Y\RU�MTWPc[�bc�&�M�SY½�c�STWP�bcPSY\R�i�fWX$P ¬ Y\P�`cV�YµP8fdY\`S]\T$®#`cVU[$�&Y½�ST±X$VU�SY\RUV�X°VUma_»X$`c`SY\Pc�gi>= ¬ 
D®��8TWRZ��TWTWP
Y\Pc`cbcR'X$P8��[�bcRd`cbcR�² î �Àú�`8X$V�X$_-TWRUTWV�i ¬ RU�cT�Th]\TW_aTWPgRhi³[$��RU�cT���ThY\���SR�_»X$RUVZY�fhT�ih®=X$VUT�RUVhX�Y\PcT��±RU[/X�iUiZ[cfdY�X$RUT
X*LÁ�ST�i:Y\VUT���M�[�bcRU`cbcRG�&T�fhRU[�VG�¾YµRd�2X$P¸YµPc`cbcR���T�fhRd[�V�² ý �SY�i�Y½i�X�fd�SY\TW��T��-��Y�X�RU�cT@?k�U�h©��-A# S��ªCBD4G�h©j0= 768 g���¡©�´
¬ �kj'ú¾®	X�]\��[�VZY\RU�c_ ¬ iZTWT�ó�����öQn�ó ��p�öQnGó�s$u�öGX°P8�!óõ�c�hö³��[�V/_±bS]µR�Y¼]�X�m�TWV�PcTWR���[�Vdl¯i ��ó½�WöQn�óõø�p�öGX$P8� óõ��ô�ö³�¹[&V�i:Y\Pcñ
�$]\T±]�X�m�TWV�PcTWRZ��[�VUlci �kó\����ö³�¹[&V�X�fh[�PSRUVU[$]�RU�cTW[�Vdm·�&TWV�i:Y\[�PD®	Rd�8X$R/b8iZT�i�XMi�RUTWTW`8T�iZRa�ST�iUfhTWPSR�`cVd[¯fhT��SbcVUT"RU[
Y\RUTWV�X$R�Yµ�&Th]µmM_¸YµPSY\_±Y
	WTaXafh[gi�R��¹bcP8fhR�Yµ[&P=²

�



P(phone | acoustic vectors)

Acoustic Vectors

òÀY\��bcVUT±ô � ' ��#���#�� � � � ��� �(� ( � 
 <$#�� " #�����#�"��(�'���,.�+���� 1 )���
���% %���� � �$����� 
��N7���� �  
 � 
�<$#�� �����(%�# +�����6 
�� 	
������ ��  �  ��� 
  #�� � #$ ��� ����� �  !�'#�"�� #$ #���� #�	,7 < ����� ��� #$ $)	��
 ��% ����� � � #�"�� #$ #���� #�	 7�< 
��!��" #��
��������� # ����� "���� #$ 

 ���� "�� # � �������(� ��� ��� � �  ����"����  �6  �� ��% 
� 
  �� ��� ��� 	�
��*��������� ��#�
�� � �:<
� � ��%�# 9 #�� ��%�� #�	  ���� ����� �  � ��"����  )�
 %�#
	�
 � � #������ � ��� #$ � #�"��'#$ #���� �(%�# ����"����  
� � ��%�# ��#$�:9 ��� � )�
 %�# ����� #�� � #�	�� 
�� # � 
�<$#�� �  � #���#�� � #�	 � �&
� 
 %�� 	�	�#��
� 
 <$#�� )

 %�# ������"���� � 
�<$#�� ����� "���� #$ "�%�����#$��� � " �'��7 
�7�� ��� ��� #$ � � �(%�# ��#$� % 
� *7�#$#�� �(� 
�� ��#�	 ��� 	�#�� ��#��'� 
����
����� 	 � �(� ���� �6 
� 	�#$ (��� � 7�#�	 ��� �(%�#
� #���� )

p



ú³[&`cbS]½X°V	fh[giZRk��bcP8fhRZY\[�P8i	X°VUT�n8X$_a[&Pc�¶[&RU�cTWV�iWncRd�cT.0�¤W $´ .��¯¥& ��¦¤@?G�U�h©$� ¬�î e ��®GfhVZY\RUTWVZY\[�P �

� �

��
�!; 


� = ¬ 
 � ® 8��t¬ 
 � ® � � ¬ øS®

[�V#Rd�cT/VUTh]�X$RZY\��T�TWPSRUVU[&`gm»fhV�YµRdTWVZY\[�P�� ¬ X�]½i�[aVUTh��TWVUVUT��"RU[»X&i#þ�bS]�]µ�8X&fUlSñ �DThY\�S]�TWV¶�&Y�iZRhX$P8fhT$® �
��� �

��
�!; 


��
�3; 


� � ¬ 
��c®�]\P � � ¬ 
��c®= � ¬ 
��c® ¬ s�®

�#�cTWVUT�
��¸Y½ikRU�cT/`8X°RURUTWVUPaRd[¶�|TÞfd]�X�idi:Y��8T��Dn �t¬ 
��t® � ¬	� 
 ¬ 
��c® ��
�
�
H� � � ¬ 
��c® ��
�
�
�� � � ¬ 
��c®U®�
ÀVUTW`cVUT�iZTWPSR�ikRU�cT�ST�i:Y\VUT���[�bcRd`cbcR���T�fhRU[&V ¬ �¹[&V¶fd]�X�iUiZT�i ��� �
� � � ��
�
�
�� !L®�n = ¬ 
��S® � ¬ = 
 ¬ 
��t® ��
�
�
�� =�� ¬ 
��c® ��
�
�
�� =�� ¬ 
��c®U® 
RU�cT�[��8iZTWVU��T��4[�bcRd`cbcR	��T�fhRd[�V�nN!�Rd�cT�RU[�RhX�]§PSbc_¶�|TWV/[$�Gfd]½X&iUiZT�iWn=X$P8�8%�RU�cT�RU[�R�X�]³Pgbc_±�8TWV/[°�¿RUVhX�Y\PSYµPc�
`8X$RURdTWVUP8iW²

î �=úkiWn�X�i³��Th]�]ÆX�i³[&RU�cTWV�PcTWbcV�X�]�]\mgñ¡Y\P8iZ`SY¡VUT��MX$V�fd�SY\RUT�fhRUbcVUT�iWn&�8X���T#�8TWTWP-b8iZT���Y\P2X��$X$VZY\TWRZm±[$���#X�m¯iÀ��[�V
iZ`|TWT�fU�cñ�VUTh]�X$RdT��±R�X�iZlciW²³òc[�VDY\P8iZRhX$P8fhT�n$��[�V§iZ[&_aTGR�X&iZl¯iÀRU�cTkTWPgRZY\VUTkY\Pc`cbcRGiZT�Ý&bcTWP8fhT ¬ T�² �|²\nhY�iZ[$]�X$RUT�����[�V��|®tY½i
`cVU[cfhT�iUiZT��aX°R§[�P8fhT��gm�RU�cT î �Àú§n$���SY½fd�a�&Y\TW�	i³RU�cT�RUTW_a`|[�V�X�]�X�fh[&b8iZRZY�fWX�]8iZT�Ý�bcTWP8fhT/X�i³X/iZ`8X$RZY�X�]8`8X°RURUTWVUP=²
òc[&V	RU�cT±fWX�iZT±[$��Y�iZ[$]�X$RdT�����[�Vh�ciWnS��[�V#Y\P8iZRhX$P8fhT�nDT�X�fd�·��[�Vh�MfWX$P��8TaX�iUiZ[cfdY�X$RUT��4��Y\RU��X$P�[�bcRU`cbcR�[$�GRU�cT
PcTWRZ��[�VUlD² í [���TW��TWV�ncRU�SY�i�l�Y\P8��[°�'iZRUVUb8fhRUbcVdT��8X�i�Pc[�R��8TWTWP�b8iZTh��bS]���[�VÞfh[&PgRZY\PSbc[�b8i/iZ`|TWT�fU��VUT�fh[��&PSYµR�Yµ[&P
X$P8�"��Y�]�]�Pc[�R#�8T±�&Y�iUfhb8iUiZT�� ��bcVURU�cTWV#�cTWVUT�²
���
	���� � ��������� $�& &��� <��� $�&��D' ���1�< �� � ���� <�<� �%��'
o/i���T#iZ�8X�]�]�iZTWT�Y\P"RU�cT�PcTh�¯R�iZT�fhRZY\[�P8iWn&RU�cT#�Smg�cVZY��aX°`c`cVU[gX�fd��Y½i��8X�iZT��±[&P¸X�iZR�X$R�Y½i�RZY�fWX�]8`8TWV�i�`8T�fhRZY\��T�RU�8X$R
Y�ik��X�]�Y��±��[�V�X$Pgm±fh[�PcPcT�fhRZY\[�PSY�iZR	X°V�fU�SY\RUT�fhRdbcVUT�n��$Y\��TWPMiZ[�_-T¾X&iUiZbc_a`cRZY\[�P8i�X$�|[�bcRGRd�cT#RUV�X�Y\PSY\Pc��`cVd[¯fhT��SbcVUT�²
^G[�P8i�T�Ý�bcTWPSRZ]\m���T�X$VUT4Pc[�RM�$Y\��Y\Pc��X!i:Y\��PSY���fWX$PSRMRUVUT�X°RU_aTWPSR»�cTWVUT�[$��Rd�cT·`|[giUi:Y\�S]\T�PcTWbcV�X�]/PcTWR���[�Vdl¯i
RU�8X$R/fh[�bS]����|T¶b8i�T��4�¹[&V	RU�SY�i�`cbcVU`|[giZT ¬ iZTWTMó��t��ö³[�Vaóõô&ü�öÀ��[�V	_-[�VUT¶X°�8[�bcR/RU�cT±`|[giUi:Y\�S]\T»X$V�fd�SY\RUT�fhRUbcVUT�i¦®�²
í [���TW��TWV�n§��T"�cVZY\ThÂ8m(�ST�idfhVZY\�8T��cTWVdT�iZ[�_aT"[$�	RU�cT"[�RU�cTWV±l&Y\P8�cia[$��PcTWR���[�Vdl·Rd�8X$RafWX$P��|TMb8iZT��LY\P�X$P
o/­	­/8 í�î·î �Smg�cV�Y½� �8T�i:Y��ST�i�RU�cT î �=ú
�ST�iUfhVZY\�8T���X$�|[$��T�²

� º#X��&Y�X�]¾j�X�i�Y½i±òtbcP8fhRZY\[�P8i ¬ º#j�ò�ih®Qñ�_»X$PSm�VUT�iZT�X$V�fd�cTWV�i�b8iZT»X4��X$V�Y½X°PgR�[$�	X"]�X�m�TWVUT����¹TWT��&��[�VU�#X$V��PcTWR���[�Vdl�Y\PM�#�SY�fd��X/�SY��c�STWPM]�X�m�TWV���Y\RU��XÞ�c�¯T��Sñ��$X$VZY�X$P8fhT � X$b8iUi:Y�X$P"Y�ikb8iZT��-Y\P8iZRUT�X&�"[$�=[�PcT/��Y\RU�
i:Y\��_a[$Y��ci#ó½��ô�öQ²§òtbcVURU�cTWV�n&RU�cT�iZT�PcTWRZ�'[&VUl¯i�fh[&_a_a[�PS]\m�b8i�T	X/i:Y\Pc�$]\T � X$b8iUi:Y�X$P�]�X�m�TWVGX$P8�aX°P¶[&bcRU`cbcR
]½X�m�TWV�RU�8X°R�Y�i#iZRUVZY�fhRZ]\m-]�YµPcT�X°V�² �#P8fhT�VUT�X�iZ[&P8X$�S]\T�`8[Si:Y\RZY\[�P8i#X$VUT���[�bcP8�-��[�V#RU�cT/�SY��c�STWP � X$b8iUi�Y½X°P8iWn
RU�cT±[�`cRZY\_»X�]�[�bcRU`cbcR�]�X�m�TWV��'ThY\���SR�i/fWX$P��|T¸�STWRdTWVU_±Y\PcT���X°P8X�]\mgRZY�fWX�]�]\m���Y\RU��X"_»X$RUV�Y¼�MY\PS��TWV�i:Y\[�P=²
ý �cT�iZT�iZmciZRUTW_»i�fWX$P��|T�RUV�X�YµPcT�� ��Y\RU��_±b8fd�M]\T�iUi�fh[�_a`cbcR�X°RZY\[�PMRU�8X$P�i:Y\��_-[$Y���[&V	iZ[$��RU_»X��cñ��8X�iZT��
î �ÀúGiW² ý �cT�[&bcRU`cbcR�i#fWX$P�X�]�iZ["�8T�b8i�T��·X&i�`cVU[��8X$�SY�]�Y\RZY\T�i�X$P8�2Y\PgRUTW�&V�X$RUT��2YµPSRU[»X-�Smg�cVZY��4iZm¯i�RUTW_
óõø$rcncs�ø°öQ² î X°Pgm±VUT�iZT�X°V�fU�cTWVhiG�8X���T�VUTW`8[�VdRUT��DnS�c[���TW��TWV�n�RU�8X$RkRU�cT��8P8X�]=`8TWVZ��[�VU_»X°P8fhT#Y�i#iZ[&_aTW�#�8X$R
`8[S[�VUTWV#RU�8X°PM��Y\RU�MRU�cT/�QX$V�_a[�VdT�fh[�_a`cbcR�X$R�Yµ[&P8X�]�]µmMTh�c`8TWP8i�Yµ�&T î �=ú³²

� º�T�fhbcVUVUTWPSR'­�TWbcV�X�]=­#TWRZ��[�VUl/ñ=Rd�cT#��VU[�bc`"X$R�^'X$_±�cVZY��S��T	v�PSY\��TWV�i:Y\RZm ��Pc�$Y\PcTWTWVZY\Pc� :�TW`cR ¬ ^'v �i:�®
�8X�i	�STW�&Th]µ[&`8T���X$P·X°`c`cVU[gX�fd��RU�8X°R�Y�i���TWVUm�i:Y\_±Y�]�X$V/RU[aRd�cT�[�PcTa�ST�iUfhVZY\�|T����cTWVUT�n|Th�tfhTW`cR/RU�8X°R#RU�cT
TW_±Y�iUi:Y\[�P�`cVd[��8X$�SY�]�YµRZm Y½i��&TWPcTWV�X$RUT��"�Sm�X±VUT�fhbcVUVdTWPgR�PcTWbcV�X�]�PcTWRZ�'[&VUl ¬ º#­�­�®Þóõø¯s¦ö:² ý �cT�PcTWRZ�'[&VUl
b8iZT�iMX!iZTWRM[$�aiZR�X$RUT4bcPSY\R�iMRU�8X°R»R�X°l�T�i"RU�cT�X�fh[�b8iZR�Y½f Y\Pc`cbcR�X$P8�
�8X�iMX�VUT�fhbcVUVdTWPgR�fh[�PcPcT�fhR�Yµ[&P
�¹VU[&_ûRU�cT"[�bcRU`cbcR±[$�#RU�cTMiZR�X$RdT±]�X�m&TWV¶�8X&fUl�Rd[MY\R�i�Y\Pc`cbcR�² ý �cTMiZR�X°RUT±]�X�m�TWV±[�bcRU`cbcRaX�]\[�Pc����Y\RU�
RU�cT2X&fh[�b8iZRZY�f-Y\Pc`cbcRaY�iafh[&PcPcT�fhRUT���RU[�RU�cTM[�bcRU`cbcR�]�X�m�TWV�² ý �cTMPcTWRZ�'[&VUl�Y�i±RUV�X�YµPcT���b8i�YµPc�L�8X�fUl

� x \7D�U|V3WYD�P
MXWYD�BK?[V]@]?�G1MiFTM3WYD�ACM3F�egW
BKa AKD�M3LND�?�Q`P
\�M+?�M3P~LNBKW
y BK_�P
ZT_�P
U�@]U�@SZ1BKU
P
MXWYD�BKW�F7D�U
P
WYD�GT_�PYD�BK?zB]AKM3W P
\�M+AC@3H�_TM3U�B]e
@SWb@E?�FTBCa AC@EWYDl@]GjH�MRP
\-@EP^D�U�P
\�MiZ1@]P
P
M3W
?�V�Hl@EU
UScgVXBK?�FjD�PYD�BC?TM3FzBC?�P
\TMR@]V3BK_�U
PYD�VSF-@EPb@Cu�J}@E?�F9M3AC@3H�_1@]PYD�?TQ @SF7D�U
V3W
M3P
M+egBCW
a B]e
P
\�M�V�Hl@EU
UYD�V]@3HNF�M��-?jD�PYD�BC?9B]e!W
M�Hl@EPYD�ACMSM3?7P
W
BCZ7I`G1M3P~LNM3M3? P
\TM�Pb@]W
QKM3P F7D�U
P
WYD�GT_�PYD�BK? @]?TF P
\jD�U�BK_�P
ZT_�P|F7D�U
P
WYD�GT_�PYD�BK?}w

��u



`cVU[�`8X$�gX°RZY\[�PMRU�cVU[�bc�&�MRZY\_aT�²#º�T�fhTWPSR/Th�¯`|TWVZY\_aTWPgRhi/iZ�c[$�,RU�SY�i#_-TWRU�c[¯� RU["�'[&VUlaVU[�bc�&�S]µm�X�i���Th]�]
X�i�RU�cT î �=ú,X$`c`cVU[SX�fU�=nÀ�cbcR/��Y\RU��TW��TWP4��TW��TWV/`8X$V�X$_aTWRdTWV�iW² ý �cTa`cVZY\P8fdY\`8X�]¾�SVhX����8X�fUl�X$`c`8T�X°V�i
RU[±�8T¶X-iZ[�_aTW�#�8X°R'RdVZY�fUlSm»RdV�X�Y\PSY\Pc�2iUfd�cT��SbS]\T�n=�SbcT�RU[±`|[�RUTWPSRZY�X�]=Y\P8iZR�X$�SY�]�Y\RZY\T�iW²

� ý Y\_aTWñb:�Th]�X�mSñQ­�TWbcV�X�]¾­�TWRZ��[�VUlMñ�VUT�fhbcVUVUTWPSR�PcTWRZ��[�VUlci�fWX$P��8T»X$`c`cVd[��SY\_»X$RUT���[��&TWVÞX-�8PSY\RUT"RZY\_aT`8TWVZY\[c�!�Sm�X4�¹TWT��&��[�VU�#X$Vh��PcTWRZ��[�VUlLY\P��#�SY�fd��RU�cT ]µ[S[�`8i"X$VUTMVUTW`S]�X�fhT�� �gm!Rd�cTMTh�¯`S]�Y�fdY\R�b8iZTM[$�
iZTW��TWV�X�]#`cVUT�fhT��&Y\Pc��X�fhR�Yµ�$X$RZY\[�P���X�]µbcT�iÁ² ý �SY�i±��TWT��&�¹[&VU�#X$V��!X$`c`cVU[SX�fU�!�#X�i-iZ�c[$�#P!RU[��|T�b8iZTh��bS]
��Y\RU��X�i:Y\Pc�$]\T·fh[�PS��[$]\bcRZY\[�P8X�]�]�X�m�TWV±��[�V¶fh[&P8iZ[�P8X$PSRaVUT�fh[��&PSYµR�Yµ[&P�YµP,��p���ô4�gm î X°l�Y\Pc[�ó rS��ö:nGX$P8�
]½X°RUTWV	�Sm ��X�Y\�8Th]GTWR/X�]=��[�V	X"i:Y\_±Y�]�X$V/R�X�iZl"b8i:Y\Pc�M_±bS]\RZY\`S]µTafh[�PS��[$]\bcRZY\[�P8X�]§]�X�m�TWV�i�ó�s�p�ö§X$P8� �8P8X�]�]\m
�¹[�Vk�gmS�cVZY��"iZm¯i�RUTW_»iGi�b8fU��X�i�RU�c[giZT��ST�iUfhVZY\�8T��2YµP"RU�SY�i#X$VdRZY�fd]µT±óõü$r$öQ²³O:RGY�i�X�Â8Th�gY\�S]\T�iZRUVdb8fhRUbcVUT�ncX$P8�
YµP�`cV�X�fhR�Y½fhTM_"X$Pgm�VUT�i�T�X$V�fd�cTWV�i ¬ Y\P8fd]µb8�&Y\Pc��b8ih®	�8X���T"b8iZT���X�fh[�_a`cVU[�_¸Y½i�T»�|TWR���TWTWP�RU�cT»i:Y\_a`S]\T
î �Àú�X$P8�MX���bS]�] ý :/­	­
Y\P��#�SY�fd�·�STh]�X�m¯i#X°VUT/[�PS]\mMb8iZT���X°R'Rd�cT�YµPc`cbcR�]�X�m�TWV�²

­�[�RUT-RU�8X$R/Y\P�RU�cTMfWX�iZTa[$��RU�cT ý :/­�­ X$P8��º�­	­�n³RU�cT»�SY��c�STWP�X$P8�L[�bcRU`cbcR�bcPSY\R�iafWX$P��|TM[$�#RU�cT
iUX$_-T��¹[�Vd_ÕX�ik��[�V	X$P î �=ú ¬ i�Yµ�&_a[$Y��cX�]�[�V	iZ[$��RU_»X���®�ncX$P8�"Rd�8X$R�Y\P�X�]�]¿fWX�iZT�i�RU�cT/TWVUVU[&V	fhVZY\RUTWVZY�XMfWX$PM�|T
î e �![�V�VUTh]�X$RZY\��T/TWPSRUVU[�`Sm ¬ X$_a[�Pc�±[�RU�cTWVhih®�²

� w���� zE~#z���{Æ~¾{§Ê�z|{³Ê��G~ ����z8{³ÊWÚ ~�{=Ç�}=z
����� � 9T��"b�,C'��"Q<kB�H�> > � �<"Q9$91"Q;=<
	aA&;��GC
�i":7b" � ":689��5" � (ðCD< � 5�5
o/­	­�i±fWX$P!�8TMb8iZT���Rd[·fd]�X�iUi:Y���m�iZ`8TWT�fd�!bcPSY\R�iaiZb8fd��X�i�`c�c[�PcTW_aT�i±[�V±��[�V��ciÁn§RZmS`SY�fWX�]�]µm!�Sm�_»X°`c`SYµPc�
RUTW_a`|[�V�X�]�VdTW`cVUT�iZTWPSR�X$RZY\[�P8i-Y\PSRU[�iZ`8X$RZY�X�]�[&PcT�iWn�[�VM�gm
b8i:Y\Pc��VUT�fhbcVUVUTWP8fhT�iW² ý �SY½i2Y�iMRU�cT��#X�m�o/­	­�i
��TWVUTMY\PSY\RZY�X�]�]\m?b8i�T���[&Pïi�Yµ_-`S]µT�iZ`8TWT�fd�,VUT�fh[��&PSYµR�Yµ[&P `cVd[��S]\TW_»i ¬ i�TWT�n#T�² �8²½n/óõø�uSn'�&ucn#s$p$ö�®�² í [$��TW��TWV�n
o/­	­�i±fd]½X&iUi:Y��¹m&Y\Pc��fh[�_a`S]\TWRUT"RUTW_a`8[&V�X�]¾i�T�Ý�bcTWP8fhT�i��8X���TaPc[�R��8TWTWP�iZb8fWfhT�idi:�¹bS]���[�V�fh[�PSRZY\Pgbc[&b8i¶i�`8TWT�fd�
VUT�fh[��&PSYµR�Yµ[&P=²�OQP-� X&fhR�n$b8iZT��"X�i�iZb8fd�»RU�cTWmaX$VdT'Pc[&R�]�Y\l�Th]\m»RU[/��[�Vdl���Th]�]8��[�VGfh[�PSRZY\Pgbc[�b8i�iZ`|TWT�fU�=nci:Y\P8fhT�RU�cT
PSbc_¶�|TWV�[$�#`|[giUi:Y\�S]\T»��[�Vh��iZT�Ý&bcTWP8fhT�i/Y\P�X°P�bcRURUTWV�X°P8fhT±Y�i/��TWPcTWV�X�]¼]\m�Y\PS�8PSY\RUT�²Mo�]�iZ[8n³��T±`cVUT�iZTWPSRZ]\m��S[
Pc[�RklgPc[$��[°�¿X$PSm¶`cV�YµP8fdY\`S]\T��4�#X�m�RU[�RdV�X$P8i:]�X$RUT/X$P±Y\Pc`cbcR	i�T�Ý�bcTWP8fhT/[$�§X�fh[&b8iZRZY�f#�&T�fhRU[�V�i¿YµPSRU[aX$Pa[&bcRU`cbcR
iZT�Ý&bcTWP8fhT»[°��i�`8TWT�fd��bcPSY\R�i���Y\RU�!X$P�o/­	­ [�PS]\m�²	�#P�RU�cTa[&RU�cTWV��8X$P8�Dn í�î�î i�`cVU[$��Y��STMXMVUT�X&iZ[�P8X$�S]\T
iZRUVdb8fhRUbcVUT���[�V#VUTW`cVUT�i�TWPgRZY\Pc�MiZT�Ý&bcTWP8fhT�i#[$�GiZ`|TWT�fU��iZ[�bcP8�ci�[�V���[�V��ciW²�oÞiUi�bc_±Y\Pc�2iZb8fd�·X-iZRUVUb8fhRUbcVdT�nc[�PcT
��[S[¯�-b8iZT��¹[&VGo/­	­�ik_±Y\���gR��|T	RU[�`cVU[$��Y��ST�RU�cT/�&Y½i�R�X$P8fhT/_aT�X�i�bcVUT#��[�VkRU�cT#]\[cfWX�]=_»X$R�fd�a�S]\[cfUla[°�¿òÀY\��bcVUT
��²

òt[�V¶i�R�X$RZY�iZRZY�fWX�]GVdT�fh[���PSY\RZY\[�P�iZmciZRUTW_»iÁn=RU�cT"VU[$]\T"[$�#RU�cTa]\[cfWX�]'T�i�RZY\_»X$RU[�V�_±b8iZR��|T»RU[�X$`c`cVU[��SYµ_"X$RUT
`cVU[��8X°�SY¼]�Y\RZY\T�iW²kOQPa`8X°VURZY�fhbS]�X$V�n��°Yµ�&TWPaRU�cT��8X�i:Y�f í�î�î T�Ý&b8X$RZY\[�P8iWn&��T'��[�bS]���]�Y\l�T#Rd[/T�iZRZY\_»X$RUT#iZ[&_aTWRU�SY\Pc�
]�Y\l�T�RU�cT4`cVU[��8X$�SY�]�Y\RZm�A ¬ 
�� BI���&®Þ[°��òÀY\��bcVUT�ücnkRU�8X$R�Y�iWn�RU�cTM`cVU[��8X°�SY¼]�Y\RZm�[$��RU�cT�[��8i�TWVU��T��!�cX$R�X���T�fhRU[�V
�$Y\��TWP"RU�cT��gmS`8[�Rd�cT�i:Y
	WT�� í	î�î iZR�X°RUT ¬ �#�SY�fd�2fh[&VUVUT�iZ`|[�P8�cikRU[¶iZ[&_aTÞi�`8TWT�fd��iZ[�bcP8�|®�² í [���TW��TWV�n í�î·î i
X$VUT"�8X�iZT���[&P�X��&TWVUm�iZRUV�Y½fhR¸�¹[�Vd_»X�]�Y�iZ_�RU�8X$R�Y�ia�&Y �2fhbS]\R»RU[�_a[c�&Y��¹m!�¾YµRd�c[�bcR�]µ[Si:Y\Pc��RU�cT"RU�cTW[�VdTWRZY�fWX�]
��[�bcP8�cX$RZY\[�P8i�[�V�RU�cT�T �MfdYµTWP8fhm4[$�§RU�cT�RUV�X�Y\PSY\Pc�MX$P8�"VUT�fh[���PSY\RZY\[�P�X�]\��[�VZY\RU�c_"iW²Gòc[&VURUbcP8X$RUTh]\m�nco/­�­	i�fWX$P
T�iZRZY\_»X°RUT	`cVd[��8X$�SY�]�YµR�YµT�i�Rd�8X$R#X$VUT�VUTh]�X$RUT��"RU[±RU�cT�iZT±¤C,¸�µ«d«Z�¡©�´"`cVU[��8X$�SY�]�Y\RZY\T�iWn=X$P8�MiZ[afWX$PM�|T�� X�YµV�]µm"T�X�i:Y�]\m
Y\PgRdTW��V�X$RUT��·YµPSRU[�X$P í	î�î ñ��8X�iZT��LX$`c`cVU[gX�fd�=²MO:P�`8X$VdRZY�fhbS]½X°V�n�o/­	­�i±fWX$P��|T»RdV�X�Y\PcT���Rd[�`cVU[c�Sb8fhTMRU�cT
0§©$«W�Z¤��Z�¡©���`cVU[&�8X$�SY�]¼Y\RZm0A ¬ ��� BI
��|®�n|RU�8X$R�Y�iWnDRU�cT" [0§©$«W�Z¤��Z�¡©��Z��`cVd[��8X$�SY�]�YµRZm�[$��RU�cT í	î�î iZRhX$RUT��°Yµ�&TWP�RU�cT
X�fh[�b8i�RZY�f'�cX°R�XcnÁY¼�8T�X&fU�±o/­	­�[�bcRd`cbcR=Y�i�X�iUi�[¯fdY�X$RUT�����Y\RU�±X	i�`8T�fdY���f í�î�î iZR�X$RUT�² ý �SY�i�fWX$P��|T#fh[�Pg�&TWVURUT��
RU[aTW_¸Y½idi:Y\[�P�`cVU[&�8X$�SY�]¼Y\RZY\T�i�b8i:Y\Pc�Mj�X�m&T�iWùcVUbS]\T�²

e�TW�&TWV�X�]	X$bcRU�c[�Vhi��8X���TMiZ�c[$�#P!RU�8X°R¶Rd�cTM[�bcRU`cbcR�i±[°�	oÞ­�­�i±b8iZT��LY\P fd]�X�iUi�Y¼��fWX°RZY\[�P�_a[c�ST�fWX$P!�|T
Y\PgRdTWVU`cVUTWRUT���X&i#T�iZR�Yµ_"X$RUT�i�[$��  0³©�«W�Z¤��Z�¡©�����`cVU[��8X$�SY�]�Y\RZY\T�i�[°�'[�bcRU`cbcR�fd]�X�idiZT�i/fh[�P8�&Y\RZY\[�PcT��L[�P�RU�cT�YµPc`cbcR
óõp�öQn±ó\��u�öQn±óõü¯s¦ö:n¶óìø�ø�öQ² jkTh�¹[�VdT���T·VdTW`8T�X$R4RU�SY�iM`cVU[S[$�Un	Rd�cT���TWPcTWV�X�]�`cV�YµP8fdY\`S]\T fWX°P,�8T��&TW[�_aTWRUVZY�fWX�]�]\m
_a[�R�Yµ�$X$RUT�� ¬ i�TWT¶òÀY\��bcVUT/rc®h²

ý �cT��8��bcVUT/iZ�c[$�	i�Rd�8X$R'X$P-T�Ý�bSY�]�Y\�cVZY\b8_ RU�8X$R�Y�ikVUT�X�fd�cT��¸YµP"RU�cT�Y��ST�X�]§fWX�iZT	�S[ST�i�YµP"�QX�fhR�fh[�VUVUT�iZ`|[�P8�
RU[aRd�cT�PcTWRZ��[�VUl"[�bcRU`cbcR =2�|ThYµPc�MT�Ý&b8X�]�RU[aRU�cT�`8[gi�RUTWVZY\[�V�`cVU[��8X$�SY�]�Y\R�m A=²�^G[�P8i�Y½�STWV/X$P�X$VUT�X¸YµP �¹T�X°RUbcVUT

���



g = p

g

(1-g)

<F  > = p(1-g)

<F  > = (1-p)g2

1

dVòÀY\��bcVUTMr � � #$��� #$�(� � � ��� ���� �(��
��(� ���&��� "�� �����!�(%�
�� '���� 9 ��� � .�� 	�#�
�� � <�1 "�� ��	�� ��# "��� � #�� � ���
"��'��7 
�7���� � ��� #$ $)
������� ��� 7�� ����� �  � #�
���%�#�	 9 %�#��
�(%�# ��"�9�
�� 	 � ������#�6 .(	���#!� � ��%�# 
�-�#�� 
���#!	 #�-�� 
���� ���
� � ��%�# '���� ������"���� � �'���
� ����� 
 � 
 � ��#$���(% 
��� �%������ 	27�#
%�� ��%�1�6 �  #���� 
���� � �(%�# 	���9 ��9�
 � 	 � ��� ��# .(	 ��#!� �
��%�#

�-�#�� 
���# 	�#�-�� 
��(� ��� � �'���
	 ����� 

� 
��'��#$����% 
��  �%������ 	87�# � ��951 )

��ü



iZ`8X�fhT"X$VU[�bcP8��X RUV�X�Y\PSY\Pc��`8X$RURUTWVdP 
��8n�X$P8�LX�iUiZbc_aT-RU�8X$R/��T»fh[�P8i:Y��STWV±[�PS]\m�RZ��[�fd]�X�iUiZT�i ��RU�cTaRhX$VU��TWR
fd]�X�iUi¾�¹[&V#RU�SY�i�`8X$RURUTWVdP=n8X$P8�MRd�cT�fd]½X&iUi�[$�GX�]�]¿`8X$RdRUTWVUP8i�RU�8X°R	�S[»Pc[&R#�8Th]\[�Pc�MRU[-RU�cT/�8V�i�R	fd]�X�iUiW² ��T�fhRU[&V�i
Y\P�RU�cT»i�Th]µT�fhRdT���X$VdT�X"��Y�]¼]�bcP8�STWVU��[�X$PLbc`g�#X$V�� Ld��[�V�fhT�MMfh[&VUVUT�iZ`|[�P8�&Y\Pc��RU[MRU�cT-��V�X��&Y\TWPSR/[$�'RU�cT-TWVUVU[�V
RUTWVU_@��[�V	X�]�]�`8X$RURUTWVUP8i���Y\RU��X-R�X$VU��TWR�[$�¾� �8RU�cTaÝ&b8X��SV�X$R�Y½f�TWVUVU[�V�RUTWVU_ YµP�RU�SY�i/fWX�i�T/Y�i 


�
¬ � 8 =�® � n|��Y\RU�

X��STWVZY\��X$R�Yµ�&TM[$� ¬ � 8 =D®�n³X$P8��Rd�SY½i-fWX�iZT"��Y�]¼]�[¯fWfhbcVaX �¹VhX�fhRZY\[�P�[$�#RU�cT»R�Yµ_-TM�$Y\��TWP��Sm�`cVU[&�8X$�SY�]¼Y\RZm�A=²
ý �cTWVUTh��[�VUT�nDRd�cT¶bc`S�#X$V�� ��[�V�fhT ¬ X��&TWV�X$��T���V�X��&Y\TWPSR/RUTWVU_M®#X$`c`S]�Y\T���RU["RU�cT±VUTW�$Y\[�P�Y½i�T�Ý&b8X�]GRU[ A ¬ � 8 =D®�²
ý �cTM�S[$�#Pg�#X$Vh�4�¹[&V�fhT±Y�iai:Y\_±Y�]�X$VZ]\m!�STh�8PcT��Dn'X$P8�L��Y�]�]#�8X�]�X$P8fhT"�¹[&V�RU�cT"T�Ý�bSY�]�Y\�cV�X$RUT��
fWX�iZT�² ý �SY�i���Y�]¼]
[�PS]\mM[cfWfhbcV#�#�cTWP�Rd�cT/PcTWR���[�Vdla[�bcRU`cbcR�Y�i�T�Ý�b8X�]§RU[aRU�cT/`|[giZRUTWV�Yµ[&V#`cVU[��8X$�SY�]�Y\RZm��S²

o
_a[�VUTk��[�VU_»X�]¯`cVU[S[$�Un$[�VZY\�$Y\P8X�]�]\m»�°Yµ�&TWP�Y\P�óõø�ø�öQn�Y�i�VdTW`8T�X$RUT��¸�cTWVUT�²�òc[�VGfh[�PSRZY\PSbc[�b8iZñ���X�]µbcT��MX&fh[�b8iZRZY�f
Y\Pc`cbcR	�&T�fhRU[�V�iWnSRU�cT î e ��Y\P ¬ ø¯®�fWX°PM�8T�Th�c`cVUT�iUi�T���X�ik��[$]�]\[$�	i �

� �
� A ¬ 
D® ��

�3; 


��� ; 
 A ¬ ��� BI
D®Dó = � ¬ 
D® 8 � � ¬ 
D®Qö � � 
 ¬ �S®

e$Y\P8fhT�A ¬ 
D® � : �?
; 
 A ¬ ��? � 
D®hng��T/�8X���T��

� �
� ��
? ; 
��

��
�*; 


��� ; 
 ó = � ¬ 
D® 8�� � ¬ 
D®Qö � A ¬ ��� BI
Æ®�� A ¬ ��? � 
D® � 

o��¹RUTWVaX2]¼Y\RUR�]µT4_a[�VUT"X�]\��TW�cV�Xcn�b8i�YµPc�LRU�cT2X&iUiZbc_a`cRZY\[�P�RU�8X$R � � ¬ 
Æ® �	��� � Y�� 
�
 ���SnGX$P8��X��c�&Y\Pc��X$P8�
iZbc�cRUVhX�fhRZY\Pc� A � ¬ � � BI
D®�YµP4RU�cT/`cVUTW�&Y\[�b8i#T�Ý&b8X$RZY\[�P ]\T�X��ci�RU[ �

� �
� ��
?
; 
 �

��� ; 

� = �� ¬ 
D® 8 ü%= � ¬ 
D® A ¬ � � BI
D®�6 A � ¬ � � BD
D®����FA ¬ ��? � 
D® � 

6 � ��

?
; 
 �
��� ; 
 � A ¬ � � BI
Æ® 8 A � ¬ � � BI
D®����FA ¬ ��? � 
Æ® � 


�
� ��
?
; 
 �

��� ; 
 ¬ = � ¬ 
D® 8 A ¬ � � BI
Æ®U® � � A ¬ ��? � 
D® � 
 ¬ pS®

6 � ��
?
; 
 �

��� ; 
 ¬ A ¬ � � BD
D® ¬ � 8 A ¬ � � BI
Æ®U®U®��FA ¬ ��? � 
D® � 

e$Y\P8fhT�RU�cT'iZT�fh[&P8�/RUTWVU_×Y\P�RU�SY�iÀ�8P8X�]STh�¯`cVUT�idi:Y\[�P ¬ pS®cY�iÆYµP8�STW`|TWP8�STWPgRk[$�cRU�cTGPcTWRZ��[�VUl�[�bcRU`cbcR�iÁn�_±Y\PSY\_±Y
	�X$ñ
RZY\[�P4[$�GRU�cT¶idÝ�b8X$VdT��Sñ�TWVUVU[�V	fh[SiZR#��bcP8fhRZY\[�P4Y�i	X&fU�SY\TW��T��4�Sm�fU�c[S[gi:Y\Pc�"PcTWR���[�Vdl»`8X$VhX$_aTWRUTWV�i¾RU[»_¸YµPSY\_±Y
	WT
RU�cT��8V�iZR�Th�c`8T�fhR�X$R�Yµ[&P»RUTWVd_�² í [$��TW��TWV�n&RU�cT#�8VhiZR�Th�¯`|T�fhR�X$RZY\[�P"RUTWVU_ Y�i�i:Y\_a`S]\m»RU�cT�_aT�X$PMiUÝ&b8X$VUT��Sñ�TWVUVd[�V
�8TWRZ��TWTWP�RU�cT±PcTWRZ�'[&VUlM[�bcRU`cbcR = � ¬ 
Æ®¾X$P8�4RU�cT±`|[giZRUTWVZY\[�V/`cVd[��8X$�SY�]�YµRZm0A ¬ � � BI
D®h² î Y\PSY\_±Y
	�X$RZY\[�P�[°� ¬ �S®�Y½iRU�Sb8i#T�Ý&bSY\��X�]\TWPSR/RU["_±Y\PSYµ_¸Y 	�X°RZY\[�P�[$��RU�cT/�8VhiZR#RUTWVU_ [$� ¬ pS®�n¯Y ² T�²\n8T�i�RZY\_»X$RZY\[�P4[$� A ¬ � � BI
D®'X°R#RU�cT�[&bcRU`cbcR[$��RU�cT î �Àú§² ý �SY½i�iZ�c[$�	i�RU�8X$R/XM�&Y�iUfhVZY\_±Y\P8X$PSR��¹bcP8fhRZY\[�PL[��cR�X�Y\PcT����Sm�_±Y\PSY\_±Y
	hY\Pc��RU�cT î e ��VdTWR�X�Y\P8i
RU�cT/T�iUi�TWPgRZY�X�]³`cVU[�`8TWVdR�m"[$�§�|ThY\Pc�MRU�cT/�8T�iZR�X$`c`cVU[��gY\_»X°RZY\[�PMRU[aRU�cT�j�X�m�T�ik`cVU[��8X°�SY¼]�Y\RZY\T�i/�\´L�b2|¤	«h¤�´c«h¤/©-;
,"¤W �´M« �¯¥& ��¦¤/¤��U�h©��W²³oÓi:Y\_±Y�]�X$V�`cVU[S[$�¿�#X�ik�$Y\��TWP Y\P�óõø�ø�öD��[�V�RU�cT�VUTh]�X$RZY\��T/TWPSRUVU[�`Sm2fh[SiZR���bcP8fhRZY\[�P=²

e$Y\P8fhT�RU�cT�iZT�`cVd[g[$�Qi#X$VdT/[�PS]\m»�8X�i�T��M[�PMRU�cT/_¸YµPSY\_±Y
	WT���fhV�YµRdTWVZY\[�P ¬ X°P8�"Pc[�R#[�PMRU�cT±X$V�fd�SY\RUT�fhRUbcVUT/[$�
RU�cT#PcTWRZ��[�VUl|®�n$RU�cTWm±X$VUT#�$X�]�Y��-�¹[�VGX°Pgm�[$�=RU�cT#o/­	­�iG�&Y�iUfhb8iUi�T��±Y\P4e�T�fhRZY\[�P2üt²õôc²õücn��$Y\��TWP"RZ�'[/fh[�P8�&Y\RZY\[�P8i �
�&² ý �cTaiZm¯i�RUTW_Ï_±b8iZR	�|T»iZb��2fdY\TWPSRZ]\m�fh[�_a`S]\Th� ¬ T�² �|²\n�fh[&PgR�X�YµP�TWPc[�bc�&��`8X$V�X$_-TWRUTWV�ih®�RU[M�8T±RUVhX�Y\PcT��
RU[¶X���[S[¯�"X$`c`cVU[��SY\_»X$RZY\[�P"[$�=RU�cT�_»X$`c`SY\Pc�±��bcP8fhRZY\[�PM�8TWRZ��TWTWPaY\Pc`cbcR	X°P8�"RU�cT	[&bcRU`cbcR#fd]½X&iUiWncX$P8�� x \-@E?�y7U|P
B�� @]_jH��oB��b@]U|BEe��TW
M�D�M�>^?7D�AKM3W
UYD�Pb@]M3P3J��'M3WYHOD�?�egBCW^P
\�M �-QK_�W
MS@]?TFRegBKW P
\7D�U|Z1M3W
U
Z-M3V3PYD�AKM�BK?`P
\�M�Z�W
B7BEe
w

��ô



üt² ý �cT2i�m¯iZRdTW_û_±b8iZR��|TMRUV�X�Y\PcT��LRU[·X4�$]\[��8X�]'TWVUVU[&V�_±Y\PSY\_±bc_ ¬ �#�cTWVUT"_aT�X$P!iUÝ&b8X$VUT��LTWVUVU[�V±X$P8�
VUTh]�X$RZY\��T/TWPSRUVU[�`Sm2X°VUT/TWVUVU[�V#fhVZY\RUTWV�Y½X-RU�8X$R���Y�]¼]³�'[&VUla��[�V�RU�SY�i�`cbcVU`8[gi�T$®

O:R/�8X�i��8TWTWP�Th�c`8TWVZY\_aTWPSR�X�]�]\m�[��8i�TWVU��T��4RU�8X$R�nt��[�V�iZmciZRUTW_»i�RUV�X�Y\PcT��4[�P�X-]�X$VU��TaX$_-[�bcPgR�[$�'iZ`|TWT�fU�=n
RU�cT�[�bcRU`cbcR�i�[$�§X/`cVU[&`8TWVZ]\maRUVhX�Y\PcT�� î �=ú!�S[�YµP-�QX�fhR'X$`c`cVd[��SY\_»X$RUT�`8[giZRdTWVZY\[�V�`cVU[��8X$�SY�]�Y\RZY\T�i ¬ iZTWT/òÀY\��bcVUT
øc²\��Y\P�óìp$ö�®�nSTW��TWP"��[�V#TWVUVd[�V���X�]\bcT�i�RU�8X$R#X$VdT/Pc[�R#`cVUT�fdY�iZTh]\m�Rd�cT/�$]\[��8X�]§_±Y\PSY\_±bc_�²��

ý �gb8iWn|TW_±Y�iUi:Y\[�P�`cVU[&�8X$�SY�]¼Y\RZY\T�i�fWX$P��8T±T�iZRZY\_»X$RdT��M�Sm�X$`c`S]\m�Y\Pc�·j�X�m�T�iWùtVUbS]\T¶Rd[»RU�cT�oÞ­�­E[&bcRU`cbcR�iW²
OQP4`cV�X�fhRZY�fWX�]�iZm¯i�RUTW_»iWnS��T�X�fhRUb8X�]�]\m�fh[�_a`cbcRdT

A ¬ 
��CBI���&®
A ¬ 
��c® �

A ¬ ��� BI
��c®
A ¬ ���$® ¬ ��uS®

ý �8X$R�Y�iWn³��T»�&Y\�&Y½�STMRd�cTa`8[gi�RUTWVZY\[�V�T�i�RZY\_»X$RUT�iÞ�¹VU[&_ÏRU�cTao/­	­y[&bcRU`cbcR�i��Sm·T�i�RZY\_»X$RUT�i�[$�	fd]½X&iUi/`cVZY\[�VhiWn
P8X$_aTh]\m�RU�cTGVUTh]�X$R�Yµ�&TG��VUT�Ý&bcTWP8fdY\T�i�[$�8T�X�fd�afd]�X�iUi�X�i³�STWRUTWVU_±Y\PcT�����VU[�_ðRU�cT'fd]�X�iUiÀ]�X$�|Th]�i�RU�8X$R�X$VUTk`cVU[c�Sb8fhT��
�Sm�X-��[�V�fhT�� �#Y\RUTWVU�SY#X�]�Y\��Pc_aTWPSR�[$��RU�cTaRUV�X�YµPSY\Pc���cX$R�Xt² ý �cT"iUfWX�]\T���]�Y\l�Th]�Y\�c[g[c�![°�'RU�cT±]\Th��R��8X$P8�Li:Y��ST
fWX$Pa�|T	b8i�T��»X�ikX$PaTW_±Y�iUi�Yµ[&P»`cVU[&�8X$�SY�]¼Y\RZm-�¹[�V�Rd�cT í�î�î n�i�YµP8fhT�nc�SbcVZY\Pc�±VUT�fh[��&PSYµR�Yµ[&P=ngRd�cTÞiUfWX�]¼Y\Pc���QX�fhRU[�V
A ¬ 
 � ®�Y�i�X¶fh[&P8iZR�X$PSR���[�V#X�]�]¿fd]�X�iUiZT�i�X$P8�M�¾Y¼]�]§Pc[&R	fU�8X°Pc��T/RU�cT¶fd]�X�idi:Y���fWX$RZY\[�P=²

òÀY\��bcVdT���iZ�c[$�	i³RU�cT#�8X&i:Y�f��gmS�cVZY��aiUfd�cTW_aT�n&Y\Pa�#�SY�fd�»RU�cT�o/­	­
��TWPcTWVhX$RUT�i�`|[giZRUTWV�Yµ[&V�T�iZRZY\_»X$RUT�i�RU�8X$R
fWX$P!�|TMRUV�X$P8i:��[�VU_-T��4Y\PgRU[�TW_±Y�iUi�Yµ[&P�`cVU[��8X°�SY¼]�Y\RZY\T�iMX�i±�ST�iUfhVZY\�|T���X$�|[��&T�nGX$P8�LRU�cTWP!b8iZT��LY\P��SmgP8X°_±Y�f
`cVU[��&V�X$_a_±Y\Pc��ThYµRd�cTWV���[�V���[�V�fhT��aX�]¼Y\��Pc_-TWPgR ¬ �#�cTWP-RU�cT	��[�Vh�¶i�T�Ý�bcTWP8fhT�Y�i'X&iUiZbc_aT��|®³[�V���[�V�VUT�fh[��&PSYµR�Yµ[&P
¬ �#�cTWPM��[�Vh�MiZT�Ý�bcTWP8fhT�i�X$VUT/�SmS`8[�RU�cT�i�Y 	WT��|®h²
��� � � (����m(i":95"Q9���;�;�F
e$Y\P8fhT���TabS]\RZY\_»X$RdTh]µm��STWV�Yµ�&TMT�iUiZTWPSRZY�X�]�]µm�RU�cT�iUX°_aTa`cVU[��8X°�SY¼]�Y\RZm!��Y\RU�!X$P�o/­�­ÕX�i���T»��[�bS]�����Y\RU�!X
fh[�PS��TWPSRZY\[�P8X�] ¬ T�² �|²\n � X$b8idi:Y�X$P�_±Y��¯RUbcVdT$®aT�iZRZY\_»X$RU[&V�n#�#�8X°R"Y½i"Rd�cT·`|[$Y\PgR
	 ý �cTWVUT�X°VUT�X$Ra]\T�X�i�RMR���[
`8[&RUTWPgR�Y½X�]¿X��S��X°PgR�X°��T�ikRU�8X$R#��T�X$P8�"[�Rd�cTWV�i��8X���T/[��8iZTWVd��T�� �
�&²�oÞi�Pc[�RUT��4Y\P�RU�cT¸YµPSRUVU[c�Sb8fhRZY\[�P=nGi�R�X$P8�cX$V���iZRhX$RZY�iZRZY�fWX�]GVUT�fh[&��PSY
	WTWV�i�VUT�Ý�bSY\VUTMiZRUVd[�Pc��X�iUiZbc_-`cRZY\[�P8i
X$�8[�bcR�RU�cTaiZR�X°RZY�iZRZY�fWX�]GfU�8X$VhX�fhRUTWV�[$�GRU�cT�Y\Pc`cbcR�n=iZb8fd��X&i#`8X$VhX$_aTWRUTWVZY
	hY\Pc��Rd�cT/Y\Pc`cbcR¶�STWP8i:Y\RZY\T�i�X�i
_±Y��¯RUbcVdT�ia[$� � X$b8iUi:Y�X$P��STWP8i:Y\RZY\T�iM��Y\RU�
Pc[(fh[&VUVUTh]�X$RZY\[�P��8TWRZ��TWTWP!��T�X$RUbcVdT�iWn�[�VMX�i±RU�cT�`cVU[c�Sb8fhR
[$�¿�&Y�iUfhVUTWRUT±�STWP8i:Y\RZY\T�i���[�V#�&Y��=TWVUTWPgR¾�¹T�X$RdbcVUT�ikRU�8X$R#X$VUT�X�idiZbc_aT��"RU[±�8T�i�R�X$RZY�iZRZY�fWX�]�]\m"Y\P8�STW`8TWP8�STWPSR�²
ý �SY�i³R�mS`8T�[$��X&iUiZbc_a`cRZY\[�P�Y�i³Pc[�R�VUT�Ý&bSY\VUT�����Y\RU�»X$P�oÞ­�­!T�i�RZY\_»X$RU[�V�n��#�SY�fd�a��Y�]�]8�8T	X°P¸X&�S��X$PSR�X$��T
`8X$VURZY�fhbS]�X$VZ]\mM�#�cTWP�X�_±Y��cRUbcVUT/[$�³�¹T�X°RUbcVUT�R�mS`8T�i�X$VUT�b8iZT��DncT�² �8²½ng�SY\P8X$Vdm2X$P8�Mfh[&PgRZY\PSbc[�b8iW²�e�`|T�fdY��¹ñ
Y½fWX�]¼]\m�n³iZR�X$P8�cX$Vh� í�î·î X$`c`cVU[gX�fd�cT�i�VUT�Ý�bSY\VUT±RU�cT±X�iUiZbc_-`cRZY\[�P�RU�8X$R/iZb8fWfhT�iUi:Y\��TaX�fh[�b8i�RZY�f��&T�fhRU[�V�i
X$VUT�bcP8fh[�VUVUTh]�X$RdT��D²Gòc[�V�Rd�cT#oÞ­�­
T�iZRZY\_»X$Rd[�V�n$_±bS]\RZY\`S]µT�Y\Pc`cbcR�i�fWX$P-�8T�b8iZT�����VU[�_ÓX/VhX$Pc��T�[$�=RZY\_aT
iZRUTW`8iWncX$P8�-RU�cT/PcTWRZ��[�VUl±��Y�]�]§]\T�X$VUP�i�[�_aTWRU�SY\Pc�aX$�8[&bcR#RU�cT/fh[�VUVUTh]�X$RZY\[�PM�|TWRZ�'TWTWPMRd�cTÞX�fh[&b8iZRZY�f�Y\Pcñ
`cbcR�iW²G­�[�RUT�RU�8X$R�RU�cT/b8iZT�[$�¿iZb8fd�·X�PcTWRZ��[�VUla�¾Y¼]�]³]\T�X��MRU[aX±_-[�VUT���TWPcTWV�X�]§TW_¸Y½idi:Y\[�P�`cVU[&�8X$�SY�]¼Y\RZm
RU�8X$R#_»X�m»X�]½i�[»�|T�b8iZT��2YµP�RU�cT/�°]µ[&�8X�]��ST�fh[c�&Y\Pc�8² ý �8X$R¾Y½iÁncY����-6 � 6����¹V�X°_aT�i�[$�GX�fh[�b8iZR�Y½f���T�fhñ
RU[�V�i � ��
������� � ��
������ ��
�
�
�� 
�� ��
�
�
�� 
���
����¶X°VUT/b8iZT���X&ikY\Pc`cbcR/RU[±`cVU[$��Y��ST¶fh[&PgRUTh�cRUb8X�]ÀYµPS��[�VU_"X$RZY\[�PRU[�RU�cTMPcTWRZ��[�VUlDn³RU�cT"[�bcRU`cbcRa�$X�]\bcT�i±[$�	RU�cTMo/­�­y��Y�]�]	T�iZRZY\_»X$RdT>A ¬ � � B � ��
������� ® ��� � �û� ��
�
�
�� !�²ý �SY�i�`cVd[��&Y��ST�iaX�i:Y\_a`S]\T�_aT�fd�8X$PSY�iZ_���[�V�YµP8fh[&VU`8[�VhX$RZY\Pc��X�fh[�b8i�RZY�f»fh[�PSRUTh�cR�YµPSRU[�RU�cT�iZRhX$RZY�iZRZY�fWX�]
�¹[�Vd_¶bS]�X$R�Yµ[&P=²��

� �NM3VXM3?7PYH�IKJ�� D�Z�ZTa�@E?�? p �7rts�\-@EUi?TBCP
M3F[P
\-@EP! H�B7Vt@tH�a+D�?7D�aR@/_�U
_-@tHOH�IzW
M3Z�W
M3U
M3?7P�@tH�P
M3W
?-@EPYD�ACM�U
BEH�_�PYD�BK?�U�L \7D�V�\ V�\-@E?�QKM
F�M3V�D�UYD�BK? W
M3Q]D�BK?�U�@E?�F`Z-BKU
P
M3WYD�BCW|Z�W
BKG-@EG7DOHODfPYD�M3UiBK?7H�I�e @EW'egW
BCa P
\TM�P
Wb@tD�?7D�?TQ F1@]Pb@jw!x \TMXI�P
\7_�U \1@3ACM|HOD�P
PYH�MSM#"�M3VXP^BC?`Z1MXWYegBKWYk
aR@]?TV3M�L \�M3?�P
\�M3W
M|D�U|U
_%$RV�D�M3?7P�P
Wb@tD�?7D�?TQ F1@]Pb@jw &

')( e}V3BC_TW
U
MCJ+* � � UN@]W
M|?�BKP!P
\TM�BK?7H�I�Lo@tIiP
B|D�?�V3BKW
Z1BCWb@EP
MiU
_TVb\RV3BK?7P
M 	7P3w ��@]?7ISV3_�W
W
M3?7PNU
I7U
P
M3a�UN_TU
M �1W
U
Po@E?�F�U
MXV3BK?�F
PYD�aSM�FTM3WYD�AC@]PYD�AKM3Uip�,CqjJ-r-,3s�V3BKa�ZT_�P
M3F`B]ACM3W @�U
Z1@]?�B]e!@|egM3LzegWb@EaSMXU3J1@3HOH�B]LoD�?�QRAKM3W
IiHOD�a+D�P
M3F @EVXBK_�U
PYD�V]@tH V3BK?7P
M
	7P�aSB7FTMbHOHOD�?TQ�w
. BKaSMRU
I7U
P
M3aSU�P
Wb@E?�UYegBKW
a @`V3BC?7P
M
	7P+LND�?�FTB]L B]e�@�egM3L @EF��b@EV3MX?7P egWb@]aSM3URcgPYI7Z7D�V]@tHOH�I �3k
q�evWb@EaSM3U�D�?zP
BKPb@3Hlu LND�P
\/� D�?�M]@EW
0 D�U
VXWYD�a+D�?1@]?7P1*�?1@3H�I7UYD�U c2� 0 *�u�JCL^\7D�Vb\ �-?�FTU @^HOD�?�M]@]WNP
Wb@E?�UYegBKW
a�@EPYD�BK? P
\1@]P'a�@ 	KD�a+D'&3MXU^P
\�M G1M3P~LNM3M3?7k~V�Hl@EU
UNAC@]WYDl@E?�V3M�L \jDOH�M
a+D�?7D�a+D'&�D�?�Q9P
\�M�LND�P
\jD�?7k~V�Hl@EU
UiAC@EWYDl@]?TV3M cgU
M3MKJ1MCw Q�w J}p�,43tsvu�w'x \�M�?TMX_TWb@3H!?TM3P~LNBKW
y V]@E? G1MiU
M3M3? @EU�@SQKMX?TM3Wb@3HOD'&]@EPYD�BC?[BEe!P
\�M3U
M
@EZ�Z�W
B7@EVb\�M3U�P
\1@]P Z1M3W
a+D�P
U�@EW
G7D�P
Wb@EW
I`L�M�D�QK\7P
U�@E?�F @+?TBC?jHOD�?�M]@]W�P
Wb@E?�UYegBKW
aR@]PYD�BK? BEe!P
\�M|D�?TZ�_�P|F-@EPb@jw

�Wr



q

q

q

3

2

1

q

q

6

5

4

q

q

q

q
3

2

1

...

time

HMM states

n

2 3 4 5 6 k K

"d"

"a"

"d"

1
. . . . . . . .

k

x   +  acoustic context

ANN

.

.

.

.

.

.

.

.
.

.

n

.........

p(q  | x  )n

.

òÀY\��bcVUT�� � ' � #�-�#�� <!����� #! � #�"�� 6��(%�#

������� ��� � -�#���� ��� 
�� 9 � �(% � � ��%���
���	 � #������������ #�� � �  " �'#$ #���� #�	 � � �(%�#
��#$�F.�� � ����� #�� 1�) 
 %��  ��#���#���
�� #$ � � �$
���" �'��7 
�7�� ��� ��� #$ �(% 
�� 
 � # �� #�	 6 
 ��� #�� 	�� -��  �� ���K7�< "�� � ���  �6*
� � ���$
��  (�$
�� #�	
��� � #�� ��%���� 	  ��� 
�� � � #�� 7���	�<���
�� � � "�� ����� 
�� � � ��� 
�� ����� � �(%�� )	� � �(%�#84������ # 
�7 ��-�#�6 ��%�# 
�� � ��9� ����� �����
��" � � ��� #�
���%,'���� �����("����
 �<�� 7������ �$# �(%�#&�� # ��� �(%�#$ #  (�$
�� #�	 ��� � #�� ��%���� 	  K.(
 ��� #�� � 
�������� �(%�#&��#$��
���� -�#
� ���*
�� � �(%��K1 
� 	��  � 
�� ��#$ � �'��� �(%�#!
������� ��� � � ��"���� � � �(%�#�� � ����� � #$ �" ��� 	������
 � 
�� #�) 
 %�# 	�
 � �  ����� 	 ��� ��#  %���9  
�(%�#E7 #$ � "�
���%&�(%�� ������% ��%�# � ��	�#��  ��" � � ����� #
�&. �(% 
��
�$
��E7 #&	�#$� #�� � ����#�	�7�<E7 
����$�(��
���� � ��� �(%��'������%
"�������� #��  �1�6 
�� 	 �(%�# 	�
� %�#�	 " 
���%
 �%���9� � �  ������������� 
���� ��� �(% 
�� �$
��27 #
	�#$� #�� � ����#�	 ������# �(%�#
	��  � 
�� ��#$ 
�� #
����� "���� #�	 ����� �(%�# � 
� � � ��
�� # ���
��%�# 	�
�� 
�)

���



üt² î �ÀúGi/X$VUTaX"��[S[c��_"X$R�fd�·Rd[��&Y½idfhVZY\_±Y\P8X$RZY\��TM[�� �ZT�fhRZY\��T���bcP8fhRZY\[�P8i ¬ T�² �8²\n|_aT�X$P�iUÝ&b8X$VUT��4TWVUVd[�VW®�n
X$P8�/iZ[�RU�cT�`cVU[��8X$�SY�]�Y\RZY\T�i���Y�]�]c�8T�[�`cRZY\_±Y
	WT���RU[#_»X��gY\_±Y
	WT'�&Y�iUfhV�Yµ_¸YµP8X°RZY\[�Pa�8TWRZ��TWTWP¶i�[�bcP8��fd]�X�iUi�T�iWn
V�X$RU�cTWV�RU�8X$P�RU[�_a[SiZR¶fd]\[giZTh]\m�_»X$R�fd��RU�cTM�&Y�iZRUVZY\�cbcRZY\[�P8i-��Y\RU�SY\P!T�X�fd��fd]�X�iUiW²�O:RafWX$P��|T2X°VU��bcT��
RU�8X$R¶i�b8fU��X4RUV�X�YµPSY\Pc��Y�iafh[&P8iZTWVU��X°RZY\��TM[$�	`8X$VhX$_aTWRUTWV�iÁnGi:Y\P8fhTMRU�cTM`8X$V�X°_aTWRUTWV�i�[$�	Rd�cT»T�iZR�Yµ_"X$RUT
X$VUT±RUV�X�Y\PcT��LRU[�iZ`S]�Y\R±RU�cT»iZ`8X�fhT-�8TWRZ��TWTWP�fd]�X�iUiZT�iWn³V�X°RU�cTWV/RU�8X$P�Rd[�VUTW`cVUT�i�TWPgR/RU�cT-��[$]\bc_aT�i�RU�8X$R
fh[�_a`8[SiZT/RU�cT¶�&Y\�&Y�i:Y\[�P�[$��i�`8X�fhT¶fh[�P8i�RZY\RUbcRZY\Pc�»T�X&fU��fd]½X&iUiW²�e�[�_aT�[°�¿RU�cT/VdT�iZbS]\R�i	fdY\RUT�� Y\P�e�T�fhR�Yµ[&P
�aX$`c`8T�X°V	RU["iZbc`c`8[�VdR	RU�cT�Pc[�RZY\[�P4RU�8X$R���TW��TWV#`8X$V�X$_-TWRUTWV�i#X$VdT/VUT�Ý�bSY\VUT�� ��[�V#RU�cT�i�T¶iZmciZRUTW_»i¾RU�8X$P
YµP4Pc[�PcñQ�&Y�iUfhVZY\_±Y\P8X$RZY\��TaiZmciZRUTW_"i���Y\RU�·i�Yµ_¸Y¼]�X$V�`8TWV��¹[�Vd_»X$P8fhT ¬ iZTWT�n¯YµP4`8X$VURZY�fhbS]�X$V�n³ó rcsWö�®h²

�LT2X$P8�L[�RU�cTWVhi��8X���T"`8TWV��¹[�Vd_aT���Pgbc_-TWVU[�b8i�Th�¯`|TWVZY\_aTWPSR�i±RU�8X$R±�8X���T"��TWVZY��8T���RU�cT�iZTMRZ��[�`|[$Y\PgRhiW²
OQP�iZ[&_aT±[$�GRU�cTW_�n=X¸�c�¯T�� í�î�î �#X�i#b8i�T���X$P8��X�]\RUTWVUP8X$RdT�`cVU[��8X°�SY¼]�Y\RZm�T�iZRZY\_»X$RU[&V�i#��TWVUT±iZbc�8iZRZY\RUbcRdT��
ó�s�n���øSn�pcn§ø��tn§øSsgnÀrcs�öQ² � �cTWP!Rd�cT�iZT»Th�c`8TWV�Yµ_-TWPgR�i¸�'TWVdT»fh[�PSRUVU[$]�]\T��L�¹[&V�RU�cT"Pgbc_±�|TWVa[$�#`8X$V�X$_-TWRUTWV�iWn
RU�cTWVUT4�8X���TM�8TWTWP�i:Y\��PSY���fWX$PgR"Y\_a`cVd[��&TW_aTWPgRhi±b8i:Y\Pc��Rd�cT·X$`c`cVU[SX�fU�cT�i-�ST�iUfhVZY\�8T����cTWVdT�²,e�[�_-TM[$��RU�SY�i
Ý&b8X$PgR�YµRhX$RZY\��T/TW�&Y½�STWP8fhT±��Y�]�]��8T��cV�YµThÂ8m�i�bc_a_»X$VZY
	WT��2YµPLe�T�fhRZY\[�P �t²

� � �¶xa}¿Ê�È ��� � ��� � Ü �ÓÎ��GÇ�Í Å ÊU{³Ê�Ç Å �/�¶z|{=Î#Ú
����� �m(G6�KMCD9-"�# $ �G9T��6!�
o/i/_aTWPSRZY\[�PcT���X$�8[$��T�n³��T»X$P8��[&RU�cTWV�i/�8X���T"�&Y½idfhVZY\_±Y\P8X$RZY\��Th]\m!RUV�X�Y\PcT���]�X$VU��T"PcTWbcV�X�]�PcTWR���[�Vdl¯i�RU[4T�iZñ
RZY\_»X$RdT í	î�î TW_¸Y½idi:Y\[�P�`cVU[&�8X$�SY�]¼Y\RZY\T�i2�¹[�Vafh[�PSRZY\PSbc[�b8iaiZ`|TWT�fU�
VUT�fh[���PSY\RZY\[�P=²!O:P�`8X$VdRZY�fhbS]½X°V�n'i�m¯iZRdTW_»i
�8X���T��|TWTWP��STW��Th]\[�`|T���RU["`8TWVZ��[�VU_ÏiZ`8TWT�fd��VUT�fh[&��PSY\RZY\[�P4�¹[�V±��u�u&uaX$P8� ��u�u�u¸�'[&V��M��[cfWX$�cbS]�X$VZY\T�iWnD�°Yµ�&TWP
_±Y�]�]�Yµ[&P8i±[$�GTh�8X$_a`S]\T�i�[$���¹T�X°RUbcVUT±��T�fhRU[�Vhi��¹[�V/RdV�X�Y\PSY\Pc�8²±o#R�[�bcV�]�X$�8[�VhX$RU[�VUm�nD��T±�8X���T��¹[cfhb8iZT���[&P�b8iZñ
Y\Pc�·X4i:Y\_a`S]\T î �=ú×RU�8X$R�Y�i�Y�]�]\b8iZRUV�X°RUT���Y\P!òÀY\��bcVUT»øcnDRd�c[�bc����i:Y\_±Y�]�X$V±VUT�iZbS]\R�i��8X���T±�8TWTWP!X�fU�SY\TW��T���X$R
[�RU�cTWV�]�X$�8i��¾YµRd��iZRUVUb8fhRdbcVUT�i	i�b8fU��X&i	º#­�­�iW²�OQR�Y�i��ST�fhTW`cR�Yµ�&Th]µm�i:Y\_a`S]\T�n§fh[�P8i:Y�iZR�YµPc�4[$�¾XMi�YµPc�°]µT¸]½X°VU��T
�SY��c�STWP�]�X�m�TWV�n|R�mS`SY�fWX�]�]\m·�¾YµRd�·�|TWRZ�'TWTWP%��u&uaX$P8�4rgu�u�u¸�SY½�c�STWPLbcPSYµRhi/RU�8X$R�VUT�fhThY\��T±Y\Pc`cbcR��¹Vd[�_ i�TW��TWV�X�]
�SbcP8�SVUT��MX�fh[�b8iZR�Y½f���X°VZY�X$�S]\T�i ¬ T�² �8²½ngp���V�X$_-T�iG[°�ÀX&fh[�b8iZRZY�f�fh[�PgRdTh�¯R�fh[�P8i:Y�iZRZY\Pc�a[$����ü$RU�a[&V��STWV'ú³TWV�fhTW`cRdb8X�]�|Y\PcT�X$Vaú�VdT��&Y½fhR�Yµ[&P(fh[ST �2fdY\TWPgRhi ¬ ú �=ú�ñU��üS®�óõô�u�öGX$P8�·]µ[&��TWPcTWVU��m�n�X�]\[�Pc�M�¾YµRd��RU�cThY\V±�STWVZY\��X$RZY\��T�iÁn§[&V¶ü�ø
��T�X$RUbcVUT�i�`8TWV��¹V�X°_aT$®�²
	 ý �cT¶[&bcRU`cbcR	RZmS`SY�fWX�]�]µm�fh[�VUVUT�iZ`|[�P8�ci�RU[Mi:Y\_a`S]\T»fh[�PSRUTh�cRUñ¡Y\P8�STW`8TWP8�STWPSR¸X&fh[�b8iZRZY�f
fd]�X�iUiZT�i�iZb8fd�(X�i�`c�c[&PcT�i¶�STh�8PcT�����[�V/RU�cT ý O î O ý `c�c[&PcTWRZY�fM�cX$R�X$�8X�i�T�nDb8i:Y\Pc��øt�±`c�c[�PcT�iW² �GX�fd����[�V��
_a[c�STh]Æfh[�P8i�Y½i�R�ik[$�§X�iZb8fWfhT�iUi�Yµ[&P»[$�=`c�c[�PcT�_a[c�STh]�iWn8X$P8�±T�X&fU�"`c�c[�PcT�_a[¯�STh]Db8iZT�i�X�i:Y\Pc�$]\T/�STWP8i:Y\RZm�nc��Y\RU�
TW_±Y�iUi:Y\[�P4`cVU[��8X$�SY�]�Y\RZY\T�i�fWX�]�fhbS]�X$RUT��2�¹Vd[�_ î �=ú![&bcRU`cbcR�i��&Y�Xaj�X�m&T�iWùcVUbS]\T�²

:�T�i�`SYµRdT	RU�SY�i�X$`c`8X$VdTWPgR�i:Y\_a`S]�Y½fdY\RZm�n|RU�cTWVUT	X$VdTÞiZ[&_aT	i:Y\��PSY���fWX$PSR	fd�8X$V�X�fhRUTWV�Y½i�RZY�fWi�[$�§Rd�SY½i�iZmciZRUTW_ RU�8X$R
�8X���T¶X°`c`8T�X$VUT��4RU["�8T±PcT�fhT�iUidX$VUm"��[�V	�&[g[c�4`8TWVZ��[�VU_»X°P8fhT�² ý �cT±_»X ��[�V�`8[$Y\PSR�i	X°VUTaiZbc_a_»X$V�Y 	WT�� Y\P�RU�cT
��[$]�]µ[$��Y\Pc�MiZT�fhRZY\[�P8i �¯�¹[�V¾�¹bcVURd�cTWV#Th�¯`S]�X$P8X°RZY\[�P=n�i�TWTaóõp$öQ²
��� � ��A�CN"Q<+"Q<GB
��T�X$P8��[�RU�cTWV�i¸�8X��&TMb8iZT��![�Pcñ¡]�Y\PcT�RUV�X�Y\PSY\Pc�LYµP8i�RUT�X��![°�Þ[ �=ñ¡]�Y\PcT ¬ RUVUbcTM��VhX��&Y\TWPgRW®��8X�fUlS`cVU[�`8X°�gX$RZY\[�P=²
OQP!Rd�SY½i-X$`c`cVU[gX�fd�=n�RU�cTM��ThY\���SR�i±X$VUTMX�� �Zb8iZRUT��LY\P�RU�cTM�&Y\VUT�fhRZY\[�P
[$�	RU�cTMTWVUVd[�V±��V�X��&Y\TWPSRa��Y\RU��VUT�iZ`8T�fhR
RU[�RU�cT���ThY\���SR»�&T�fhRU[�V�n#X�i¸T�iZRZY\_»X$RUT�� ��VU[�_ X�i:Y\Pc�$]\T�`8X$RdRUTWVUP=² �
Y\RU�,X$P X�fWfhbcVhX$RUT�T�i�RZY\_»X$RUT4[$��RU�cT
TWVUVU[&V»��VhX��&Y\TWPgR�n�[�PcT�fh[�bS]��
`cVU[¯fhTWT�� YµP�RU�cT��&Y\VUT�fhRZY\[�P×[$��RU�cT4]\[¯fWX�]�RdV�X�Y\PSY\Pc�!_±Y\PSYµ_±bc_�² í [$��TW��TWV�n
RU�cTM`|TWVUñ�`8X$RURUTWVdP!��V�X��&Y\TWPSRaT�iZRZY\_»X$RdT2fWX$P!�|T��&Y\TW�'T��!X&iaX4Pc[$Y�iZm�T�i�RZY\_»X$RUTM[$��RU�cTM��V�X��&Y\TWPSRa[$��TWV±RU�cT
TWPSRZY\VUTaRUV�X�YµPSY\Pc��iZTWR�² ý �cT»i:Y
	WTa[$��RU�cT±]\T�X$VUPSY\Pc��iZRUTW`�fWX$P��|Ta��Y\TW��T���X�i�RU�cT±_»X$��PSY\RUb8�ST-[$�'RU�cT-Pc[$Y�iZT��
Y\P!RU�cT-]¼Y\_±Y\R�nk��TWVUm�]½X°VU��T-]µT�X°VUPSY\Pc��iZRUTW`8i�_a[$��T"[$��TWV�RU�cT"TWVUVU[&V¸i�bcVZ� X&fhT»V�X°P8�S[�_±]\m�n��#�SY�]\TM��TWVUm�i�_»X�]�]
iZRUTW`8i±fd]\[giZTh]\m!fh[�VUVUT�i�`8[�P8�LRU[�Rd�cT»RUVdbcTa��V�X��&Y\TWPSR�²4OQPL� X�fhR�n=Y\RafWX$P��8T"�8TWPcTh��fdY�X�]/RU[��8X���T-_a[�VUTaPc[°Y½i�T
� ��@]?7I`M
	7Z-M3WYD�aSM3?7P
U�\-@3AKM�G1M3MX?�FTBC?TM�D�?�BK_�WNHl@EG�P
\-@EP|W
MXU
_jH�P
M3F`D�?�P
\7D�U|Vb\�BED�V3MiBEehD�?�ZT_�P^evM]@EP
_�W
M3U3w . BKa�M�BEe!P
\�M3U
MS@]W
M

W
M3Z1BCW
P
M3F`D�?[p qKrts~w

��ø



P(phone | acoustic vectors)

Acoustic Vectors

500-4000 hidden units

vectors
9  26-dimensional
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