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2�3����4#6! "���4>5 ?@�A�B=C;D$E�F$GIHKJ LNM D7OQPROSM
TVUXWZY\[.]Q^0_9` OQaROcbed _0_�f d _g^0f;hjilk&f
W�_nm�^o

E�pqd kr`lf d1st>u ?@�AvB�CcD7E�F.JwH=G.LNMyxZC;DzHKJ{LNM D7OQPR|SM
} Y~f
f;�;f d _�_�^0_ d _��#� d�� �QYXW��
W����rW�� d �r�zWZ_
�QW��6W��6^0W�_9mgUXY~_0`l^9Y\�z�&Y\�&[�]0WZk���krWZYX`l_9Y\�r��W H��\���\�gpd kr`lf d1s B C;D�H�J ��M ^0_ d �0]��d _0`eYX`g�6ie_3�QW�k��6�0k d [.]0W�`lWIhj^0_��QW�_���W�k.�QWZ_ bed _9_����zi�k&W��Q^0m�Y~W�kr���zY\[.]��YXW;TVUXW�Y�[r]Q^0_9` OQa�| mZ^ o

E�pqd k&`lf d1st6u C;D$E F GIH �\�j�\� J LNM G D$OQP¡ QM� d ���d �6^0YX� d UXW�_��¢Y��z��m�^ o
E�p£d kr`ef d�st6u C;D$L=J{E�F�GIH��\���\�$Myx�C;DzH��\���\�IJ E�F�Myx�C;D$E�F$M D$OQPR¤SM



���������
	���
�������	����
����������	���� ��!#"%$&�(')���*�,+
-�	��/.0�1���%2 3

4 Y~W��zW W�Y~_0m�W�U,_0W�_65 d ]0k.�&[�]0WZYX_0U~Y\[r] b W�Y,�&W�_��zY~_
��W�YX_�h d [.]0W�k¢mZ^Nf�i��QW�U~UXY~W�krW�_ d U��)��W�k b ilf��0UXW s W�7)^
��8�Qk&^
[ b YX_�TVUXWZY\[.]Q^0_9` OQaROQa
C;D$L J E F�G H��\�j� �$M �
W�m�W�Y�[�]9_0W���f d _ d U\� d1b ^
�z�&Y\�&[�]0Wv�%9gi��QWZUXU$� C;D�H��\�j� � J{E�FjM�d U\�V� d �#���0k d [�]9UXY\[.]0W9gi��QW�U;:#��W�k#�6W��6^0W�_0m a�C;D$E�F$M Y\���V�QYXW d 8��0k&YXiekrY15 d ]0k �r[.]0W�YX_9UXY\[.] b W�Y,� h �^0kV�QY~W;�6�0k d [�]9W E�F �
�QYXW W�_��<8h d U~UXW�_ bed _9_����¢W�_0_ f d _ �6ie_ W�Y~_0W�k�TVUXW�Y�[�]6�6W kr�&W�YXU,^0_9`=�QW�k��6�0k d [�]9W�_ Y~_��QW�_�= Wv�z�1�d ^ � WZkr^0_0`eW�_d ^��z`lWZ]Q� a
4 YXW?>)_��rW�k �r[.]0YXWZ�QW6���QY~W¢Y~_@7)�0]y�d _0`eYX` b WZYX�y�QW�ky`lWv�z�0k&i�[�]0WZ_0W�_
�>�0k d [�]0W�YX_ �QW�_ d�b ^��z�rY��r[.]0W�_'^0_
��z�9k d [.]0U~Y\[.]0W�_A9gi��QW�U~UXW�_ d ^Qhj�&krW��&W�_��¢��W�k.�QWZ_�m�^0k6>)_Q�&W�k.�&[�]9W�Y~�Q^0_0` �QW�kg�>�0k d [�]0WZ_ �6il_9W�YX_ d _
�QW�k`lWZ_Q^0�&m�� a

B<CEDAFHGJILKNMNOQPSRUT�G�TWVUMNO0XSMYT�Z0T�G\[]MYT_^LT�ZSOQPSRUMNT`[�T<GUT&abT�IcZ0MedfT�g`OShiT�T<PWRkj�lUGi[%g<KnmoGUIclimoIcTojqp�[�MNT�MNDAr_T�lJX0OQPSRUT�G�MNDAmoKNKes
ILT�DtT�MYGJT�G�uvT�Mn[�T�DtMNX g�w hUZQmcP0RJToj\xlUuiT�Z0O0T�X0y<X�z{T�ZW[�T�G)|
}~MYX g OShiT�T`PSRkjtMYOSX
MNDtDtT�Z
[�T�Z w hUZST`PSRimo��X�moG�OSM�PSR�IcT�DtT�MNG�X`p
g Knm�GUILlim�ILToj�uiT�y�T�MnPSRUGUT�X&[]MYT w hUZWmLPSRUTLp�MYG�[�T�Z�IcT�O0hUZS�UP0RJT�G@z1MNZQ[kpv�U[�T�Z�[Um�O��_�cGUO0XSZ0lU��X w hJZQmLPSRUT�DtMNX
OST�MNGUT�G�O0��G�s
XQm��qXSMNOQPSRUT�G@FHMNILT�GJRUT�MNX0T�G�|
�@T�GJG�MND��;�cKNILT�Gi[]T�G�^L�cD g OShUZQmcPSRUKNM�PSRUT�G\}��U[�T�KNK�j&IcT�O0hUZS�UP0RJT�G\z1MNZW[kpk[UmoGUG�MYOSX�[Um�DtMNX
[UmoO g KnmoGUIclimoIcT
Dt�U[�T�K�j�ILT�DtT�MYG�X<|
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7)^Qhj` d �
W�_
���rW�U~UX^0_9`;�QY~W��zW�k 4 Y~�0UXief d kr�
W�Y~� � d k�W�� �Sh �^0k�� d �
�> �
W�k �zW��&m�^0_0`>�r�! 9�z�&W�f#"%$'&)(+*
W�Y~_ 9gii8�Q^0U m�^gW�_�����Y\[ b W�U,_�� � d �#�QYXW;`eW��z�9kri�[.]0W�_0W��6�0k d [�]9W;^0_ d �9] �d _0`lY~`��6ilf �6�0k&W�[�]9W�k�W�k b WZ_0_Q� a 4 d m�^Y\���¢W���m��¢Wv[ b f �d�� YX`0�9�QYXWv�zW����z�0k d [.]0Y\�QWZ_Q�&Y-,
m�Y,W�k&W�_
�QW*9gi���^0U d _ �QY~W�TVW�� d f;� d k.[.]0YX�&W b �r^0k d _9m�^0� d ��8�zWZ_ a/. f hjieUX`eW�_
�QW�_��zieUXU�� d ]0W�k#mZ^0_ �d [.]
���0"1$2&3(4*��6ilk&`lW����rW�U~UX����W�k.�QWZ_ a 4 d �
W�Y���YXk �g�
W��zie_
�QW�k&W��7)^0`eW�_0f�W�k b d ^Qh �QYXW�9gi��Q^0U~W)`eW�UXWZ`l�����QY~W¢h �^0k��QYXW } ^0�&m�^0_0` �6ie_5"1$2&3(4* d U��)6 . 4 8��7 9�z�rWZf ��Y\[.]Q�&YX`�zY~_
� �¢_y�d f�UXY\[.]3� d � d�b ^��z�rY��r[.]0W 9gi��QW�U~U$��� d �����0k d [�]9UXY\[.]0W 9gi���W�UXU D U d _9`l^ d `lWgf�i��QW�U M ^9_
� � d ��6^
[.]0f�i��Q^0U a

8:9%; <>=�� ?@ ACB/D)A�E =%F3G
"1$2&)(+*gY��z�VW�YX_��6�0k d [.]0W�8jm�^H8��6�0k d [.]0W �>)�
W�k �zW��&m�^0_0`>�r�H 0���rW�f � � d �)Y~fJI d ]0f�W�_��QWZk0K#i6il�
W�k d �&YXil_LNM4O4PRQTS�UVOXWZY[P]\_^a`bO+PRced�SafTg[QTSRO4gaQTWhPV` m���Y\�&[�]0WZ_��QWZk@>)_0Y~�6W�k.��YX���d �iK d krU��zk&^0]0W d f . _
�z�&YX�r^9�h �^0kj6 il`lY b �kK�ief
�9UXW s YX���d � ^0_
� 4 W���^ b �&YXie_
�r�H 0���rW�f�W¢^0_��;�QW�k)l d kr_0W�`eYXW�8Q9gW�U~UXil_ >)_0Y~�6W�k.��Y �H 6�1m�Y~�r�.��8�0^9kr`l] W�_��z��Y�[ b W�U,�¢��Y~k.�on |7prq$a"1$2&)(+*
Y��z��f
i��Q^9U d k d ^Qhj`eW�� d ^0�¢^0_��
�
W��z�&W�]Q��Y~f �¢W���W�_Q�&UXY�[r]0W�_ d ^��¢�zY~W��
W�_ts¢W d kr�
W�Y~�r^0_0`>� d �H8�&[�]0_9YX�r�&W�_ a 4 Y~Wt7)^Qhj�&W�YXU~^0_0`VYX_ �QYXW�W�YX_0mZW�UX_0W _@9gi���^0UXW�^0_
�;�QW�k�u�W�k d kr�
W�Y~�r^0_0`>� d �0U d ^Qh �6il_v"1$2&)(+*Y��z��YX_ 7V�0�0YXU��Q^0_0` |�axw mZ^���W�]0W�_ a 4 d h �^0k��QY~W)��W�YX�&W�krW'u�ilk&`lW�]9W�_
�z��W�Y\��W#��W�k&7)kr�
W�Y~� ] d ^0�0� �v�d [�]9UXY\[r]�QY~W5u�W�k d kr�
W�Y~�r^0_0`>�r�&[�]0k&YX�&�rW | ^0_��   �6il_ . _��rW�k&W��r��W���YX_
� ���¢WZk.�QW�_ �QYXW���W�YXf _��d [.]
�z�&W�_CK d �9YX�rWZU_��d ]0W�k��
W�U~W�^
[.]Q�&W�� a 5=W�YX�&W�krW�7V^
� h �^0]9kr^0_0`eW�_��^0�
W�kV�QY~W#�6W�kr��W�_
�QWZ�rW�_ym�krYX_9m�YX�0Y~W�_�Y~_��QW�_:s¢W d kr�
W�Y�8�&^0_0`6�&�r[.]0krY~�r�&W�_ w � O � ¤ �{zN^0_�� p �;�^0k �QW�_3��W�_�I d ]9f
W�_ �QW�k'�6ilk&UXYXWZ`lW�_
��W�_�7)kr�
W�Y~�'�z�0k&W�_0`lWZ_����QWZkY~_Q�&W�krW��&�zY~W�kr�&W)6 Wv�zW�k���Y~k.� d _��QY~W��zWZk �6�&W�UXU~W d ^Qhy�QY~W¢W�_��.���0krWv[�]0WZ_
�QW'6 Y~�rW�k d �&^0k��6W�k&��YXW���W�_|n |}prq �Vn | 3 q �n |l¤%q7a
8:9�~ � B/D�� =���� ��=1� ��=%��F'� B � B F���� B/D
4 d ���
YXW�U �QW�k0u�W�k d k&� WZYX�r^9_0`6�&�r[.]0krY~�r�rW | ^0_
�   Y��z�#W�� � d ^��#�QW�f �6ilkr�6WZk d k&�
W�YX�&W��rW�_��6�9k d [.]
��YX`l_ d U�QWZ_ � d �rm m�^�W�k b W�_0_0WZ_����QW�k�� d �.� �d [�]0U~Y\[r]�`eW�� d `l�V��^0k.��W a�� �^0k b ie_Q�&YX_�^0YXW�k&U,Y\[r]0W#�9m�� a �z�
il_�� d _g`eW�8���0kri�[.]0W�_0W��6�0k d [.]0W�^0_��g� Wv�zil_��QW�k.��h �^0k��k 0���rW�f�W f
Y~�)`ekri � W�fJu�i bed �0^9U d k Y\�z� �QY~W��zW��'u�ilk&] d �
W�_
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ich wollte nur
sagen ...

Basierend auf der errechneten Distanzmatrix wird diejenige Satzhypothese
gesucht, die unter allen Randbedingungen die beste Bewertung erreicht

Um den vom System erkannten Satz zu verstehen, wird die Hypothese durch einen

des erkannten Satzes in die Zielsprache
Die Repraesentation in Interlingua bildet den Ausgangspunkt zur Uebersetzung

Signale und gibt dies ueber einen Lautsprecher aus
Ein kommerzielles Synthesesystem wandelt den generierten Satz in akustische

1. A/D-Wandlung

2. Signalvorverarbeitung

3. Akustische Modellierung

4. Hypothesensuche

6. Uebersetzung

7. Sprachsynthese

spontan gesprochene Sprache

Distanzmatrix

Satzhypothese

Interlingua

Satz in Zielsprache

Datei mit 21-dimensionalen Merkmalsvektoren pro Sprachframe

Hello, I want to say ...

Hallo  aeh

Die ueber ein headset-Mikrophon aufgenommene Spracheingabe wird mit einem
A/D-Wandler abgetastet und quantisiert

Das Sprachsignal wird in 10ms kurzen Zeitintervallen (frames) eingeteilt.
Mittels einer FFT werden 16 melscale Spektralkoeffizienten, sowie Energie,

Zwischen anliegendem Sprachframe und jeder phonetischen Einheit wird

ADC-Daten

Parser analysiert. Die Ausgabe wird die Zwischensprache Interlingua, eine
rechnerinterne Sinndarstellung, abgebildet

Nulldurchgangsrate, peak-to-peak Wert und dessen Maximalwert ermittelt

ein Distanzwert berechnet und damit eine Distanzmatrix aufgebaut

5. Parser

7)�0�9YXU\��^0_0` |Qa w � u�W�k d kr�
W�YX�&^0_0`>� d �9U d ^�h�Y~fJ"1$2&)(+*�8��7 9�z�rWZf
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YX_ _ d ]0WZk �
^ b ^0_Qhj�'_0i�[�]3_0Y�[�]��#hjW�]0U~W�kzhjk&W�Y�^0_
�=m�^0�6W�k&Uz�d �r��YX`�f��il`lU~Y\[.] a 9 d _���W�_
�QW�� � d ]9W�k�hjW�]H8UXWZk b ilk&krY~`lYXWZkrW _
�QW\= Wv[�]0_9Y b W�_�^0_
����� d �rY\���rY��r[.]0W@9gW��&]0i��QW�_ d _ a 4 Y~W��)] d � � W��Qi�[.]�m�^0k � ilUX`eW6��� d��W�Y~_0W�`lk&i � W\7)_9m d ]0U9�6il_g� d �rm�]  �� ie�r]0Wv�zW�_�W�_��.�z�&W�]���� d ^
���QW�k��QY~W)`eW�W�YX`e_0W��&W����������
	���
������������ d ^���8`lWZ���d ]0UX�V�¢W�k �QW�_�f;^ �9a �
^9k�7)^
��� d ]9U��QWZk#�
W��z�&W�_��� Q�
il�&]0W���W�_0Y~f
f;�Vf d _�I d _
�Q�
W��QY~_0`l^9_0`lW�_]��ie]0W�krWZk��Vk.�Q_�^0_0`#mZ^��)Y~U hjW���YXW �zYXW�m a s a ��^0k.[.]
�7 �_�� d1s �Q�6WZf d _Q�&Y b ^0_
� m�k d `lf d �&Y b `lW�`eW��
W�_��zY~_
�n Oe¤%q7a � Y~_0W�� d �rm�]  �� ie�r]0Wv�zW �
W��z�&W�]Q� d ^
�¢W�Y~_0W�k)�>W��S^9W�_0m#�6ie_ 5=ilk&�rW�_ a 4 YXW���W#Y\����`lW�_ d ^�� d _0_ �QY~W����������	���
������������ �0�¢W�_0_ ��YXW)h �^0kV� d ���6ilkrU~YXW�`eW�_
�QW d1b ^
�z�&Y\�r[.]0W��>YX`l_ d U d f � d ]9k.�r[.]0W�Y~_0UXY�[r]
�z�&W�_�Y��z� a4 Y~W)f d �&]0W�f d �&Y\�r[.]0W � ilk&f;^0UXY~W�kr^9_0`'�QW���m�kril�9UXW�fn���QW�k)�>�0k d [�]0WZk b W�_0_�^0_0` Y\�z� � d _9_��QYXW�hjilU~`lW�_��QWn ¤%q � �6W�Y L ��YXW d ^
�V�QW�f d�b ^
���rY��r[.]0W�_��6�0k d [.]
�zY~`l_ d U d �0`lW�U~W�YX�&W��rW s¢W�il� d [�]��r^9_0`6�&�zW��6^0W�_0m>� d ^Qh���W�8k&W�_�s d ��Y\�#�QWZk��6�0k d [.]0W�k b WZ_0_0W�k �zW�Y~_0W���_Q� �r[.]0W�Y��Q^0_0`�� d kl�^9� WZk�h.�d UXU~���
�¢W�U�[�]0W\5 iekr�&W;`lW����0kri�[.]0W�_��^0k �QW�_ a�6W�Y�� W�Y~_0W�5=ilk&�.�zWv�S^0WZ_0m#�
W��z�&W�]0W�_�� d ^
� � 5=ilkr�&W�_��9�QYXW d ^
�¢W�Y~_0W�f �
W bed _0_��rWZ_|u�i bld �0^0U d k! �z� d f�f
W�_ a � p#" $�G�" %IG�P�PZP�G&"�' "¢F)( ! D7|QP w1M4 WZk ��k b W�_0_9W�k)WZ_Q� �r[.]0W�Y\��WI� �zY�[�] � WZY�`eW�`lW��
W�_9W�k/s¢W�ie� d [.]Q�&^0_0`>�r�zWv�S^0WZ_0m L h �^0k��QYXW � WZ_0YX`eW�5=ilkr�`8��W��S^9W�_0m H��\���\� �
�QYXW#^9_Q�&W�k d U~UXW�_ 5=ilkr� �zW��6^0W�_9m�W�_��QY~W � d ]9k.�r[.]0W�Y~_0UXY�[r]
�z�&W#Y\��� �

H��\���\��pqd kr`ef d�s* C;D � J{L�M.G D7|QPROSM
4 d �
W�Y���YXk �N���rY~UXU\�&[�]��¢W YX`eW�_
�;�6ilk d ^
��`lW���W��rm��Z�
� d1�nd U~UXW�5=ilk&�rW W�Y~_0W�k)�>W��S^9W�_0m#Y~_0] d U~�rU~Y\[r]��QY~W#`lU~W�Y�8[.]0W 5�Y\[.]��rYX` b WIY~�ch �^9kg��W�_+�;�ilkrWZkN] d �
W�_�� � d�� ��ilf�YX� d U~UXW � W�]0U~W�krW�k b WI_9_Q^0_9`lW�_�Y~_0_0W�k&] d U~� �QWZk5=ilk&�.�zWv�S^0WZ_0m `lUXWZY\[.]0W�krf d�� W�_�`eW���Y\[.]Q�&W����zY~_
� $ a9gYX���QW�k s d  6W��-,R�r[.]0WI_=��_��.�&[�]0WZY\�Q^0_9`6�zk&W�`lWZU bed _0_�f d _ �QY~W;krW�[.]Q�&W��6W�Y~�rW��QW�k'T)U~W�Y\[.]�^0_0` |�a�O^0f;hjilk&f
WZ_NmZ^

C;D � J{LNM�p C;D
� Myx�C;D$L J � MCcD7LNM G D7|QPR|SM�¢ie�
W�Y C;D7LNM ��YXW�f
Y~�r�&UXW�k&W 5 d ]0k.�&[�]9W�YX_0U~Y\[.] b WZY �;Y��z�Z�¢� d��3L �
W�ie� d [.]��rW�����YXk � a 4 d�L �QY~Wm�^9`lkr^9_
�QW�U~YXW�`eW�_
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hI�^0k � W��QW#m�^�^0_��rWZk.�r[.]0W�Y��QW�_
��W/I W hjW�krW�_9m��z�0k d [.]0WVW�YX_�W�Y~`lW�_
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�QYX`eW�_69gi��QW�UXU~W�� d k d U~UXW�U0^9_
�
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�QW�k&W�k.��W�YX� ���z�rWZYX`l�V��YXW s¢W�krWv[r]0_Q^9_0`6�&� d ^0WZkV�QW�k*7)U~`lilk&YX�&]0f
WZ_ d _ a
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m�Y~W�krW _
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W�_��¢m�^gW�Y~_0W�fKW�YX_9m�YX`eW�_�`lWq8f�W�YX_
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W�k � d ���
W����rW 9gi��QW�UXU W�_Q��h.�d UXUX�� d _0_��
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W�Y~_
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WZ_���k b W�_0_9W�k.�¢Y��z� a
Wahrscheinlichkeit
akkum. Distanz  /

akkum. Distanz  /
Wahrscheinlichkeit

Wahrscheinlichkeit
akkum. Distanz  /

Entscheidung

i

Akku.

Modelle

Speech Language

out(L2)

out(L1)

out(Ln)

Merkmalsextraktion

Phonol.

Regeln
Prosodie

Lexikon

Syntax

argbest[out(Li)]

7)�0�0Y~U\�Q^0_9`  0a w � 7)k.[.]0Y~�rW b �&^0k¢W�Y~_0W������0k d [�]0Y��QW�_��rY ,
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� d f f
i���W�UXU~YXW krW�_ bed _9_ � a 4 Y~W��zW �z�9k d [.]0W�_�^0_ d �0]��d _0`eYX`eW�_5m�]0ie_0W�f�W�
W�m�WZY\[.]0_0W�_���YXW d U\�)myilUx ��0]0ie_0W�f�W a 4 YXWVkrW����rUXY�[�]9W�_vm�]0il_0WZf
W6�9�QYXWV�H Q�9Y\�r[.]n�zYX_�� h �^0k�W�YX_9W)W�Y~_0m�Y~`lW6�d � WZk�_9Y\[.]Q�)h �^9k�f�W�]0k&W�krW��6�0k d [.]0W�_����
W�Y\���0YXWZU\�z��W�Y\��W;� d ���
W�k&W�YX� �)W�kr���d ]0_��rW���[.]���YXf 4 W�^0�.�&[�]9W�_i��QWZk;� d �����&]���Y~f ��_0`eUXY\�&[�]9W�_����¢W�k �QW�_ d U���9gie_0il�9]0il_0WZf
W�f�i��QW�U~UXY~W�kr� a 4 W�k m�]0il_9W�f�� d �&m�W�Y�8_0WZk��6�0k d [�]9WNU��d1� ����Y\[.] � d _0_ �Q^0k.[.] �QYXWyu WZkrW�Y~_0YX`e^0_0`=�QW�k����0k d [�]9W�_Q�H ��0Y\�&[r]0W�_�9gie_0il�9]0il_0WZf
Wf�YX����W�k 9gW�_0`lW=��W�k:m�ilU  Q�0]9il_0W�f�W��0Y~U\�QW�_ a 9gY~���z�&W�YX`eW�_
�QWZk�� d ]0U'�QWZkNmZ^�Y\�QW�_��rY ,
m�Y~WIk&W�_
�QW�_��L�T�IcT�GUO0XWmoGi[~MYRJZ0T�Z��1G�XST�Z0OSliPSRqlJGUILT�G@z1moZST�G�y�lJG)xm�P0RJO0X�G�lUZ�[�MNT�T�lUZ0�ch)xmoMNOQPSRUT�G w hJZQmLPSRUT�G FHGJILKNMNOQPSR)pkr_T�lUX0OWPSR)p

r�xm<GUMNOQPSR�lUGi[%CEXWmoKNMNT�GUMNOQPSR
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�6�0k d [.]0W�_�k&W��Q^0m�Y~W�kr� �zY\[.]q�Q^0k [�]q��YXW�`lWZf
W�Y~_
� d f
W�9gi���W�UXU~YXW�k&^0_0` �QW�k:m�ilU  Q�9]0il_0WZf
W=�QY~W�7)_H8m d ]0U��6ie_ 9gi��QWZUXUXWZ_N^9_
�gW�kr]y�il]��#��Y\[.]g��^0k.[.]��QY~W�`eW�f
WZYX_
� d f�W } ^0�rm�^9_0`�� d ��=�k d YX_0Y~_0`6��f d �rW�k&Y d Uh �^0k m�ieUx ��0]0il_9W�f
W a 4 d U\�z` dld k � ^9_
� 7V_
�QW�k �zW�_ n � q _�^0�&m��rW�_ �QY~W��zW . �QW�W�h �^0k'W�YX_0WZ_�m��¢W�Y��z�&^ ,
`lWZ_7)_
� d �&m�f
Y~� � d k d UXU~W�UXWZk�7Vk.[.]0YX�&W b �r^0k a �>YXW�_ d ]0f�W�_ d _���� d�� 9gil_0ie�0]0il_9W�f
Wn`l^0�&W . _
��Y bed �&ilkrWZ_h �^0k;W�Y~_0W���� WZm�Y-, �&[�]9Wg�6�0k d [.]0W�� d k.�z�&W�UXU~W�_ a m�kri3�6�0k d [.]0W��rk d Y~_0YXW�k&�rW�_ �zYXWnW�YX_0WZ_Cm�]0il_0WZf
W�k b W�_H8_0W�kZ� �
W�Y �QW�f 9gie_0iv8�^9_
� m�ilU  Q�9]0il_0WZf
W'�6W�kr��W�_
�QW��V�¢WZk.�QW�_ a 7)^Qh��QWZk#W�k.���rW�_��>�r^QhjW'��YXk.�gf�YX�u#Y~�rW�k&�0Y\��^
[�]9W��QYXW��
W����rWtm�]0ie_0W�fn�zW��6^0W�_9m�`lW�_9W�krY~W�kr� a 7)^�h �QW�k�mZ�¢W�Y~�rW�_3�6�r^�hjW���YXk � d ^Qh �QY~W��zWZk�
W����rW�_.�� Q�
il�&]0W���W#W�YX_ } d [.]Q�
W d kr�
W�Y~�r^0_0`>�r�&[�]0k&YX�&�¢��^0k.[.]0`lW hI�^0]0kr� a 4 d �
W�Y �¢W�k �QW�_���YXWV`lW�`eW��
W�_0W�_u#Y~�rW�k&�0Y�805 d ]0k �r[.]0W�YX_9U Y�[r] b W YX�rW _ �QW�k �>)�
W�k&` �d _0`eW��6ie_NWZYX_0W�f m ]9il_0W�f YX_gWZYX_ d _
��W�krW���f�YX��W�Y~_0W�fTVW���Y�[�]��r^0_9`6� h d�b �&ilkVf;^0UX�&YX�0U,Y~mIY~W�kr� a 4 YXW���W�k#TVW���Y\[.]��r^0_0`>� h d�b �&ilk�W�_��.���0krY�[�]����QWZk'u WZkr�¢Wv[�]
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� m�ieUx ��0]0ie_0W�f�W d ^Qh �QW�_�= k d YX_9YX_0`>�r� d �rW�_�
W�k&W�[�]9_0W��¢��^9k.�QW�_ a 4 Y~W � W�_0Y~`lW��>�0k d [�]0W>�0�QY~W#f
Y~�V�QW�f 9gi��QW�U~U b ilkrk&W��z�
ie_
�QYXWZkr���
� d ��YX_��QWZf �
W�8�&[�]0k&YXW��
W�_9W�_ } d [.]0f;^0UX�&YX�0U,Y bld �rY~il_
�&�r[.]0krY~�r���QYXW ]��i6[.]
�z�&W#f�i��QY-,
mZYXW�k&�rW*5 d ]0k.�&[�]0WZYX_0U~Y\[.] b W�Y,��hI�^0k��QY~W�  ��
il�&]0W��zW�W�krmZW�^0`l�Z�l��YXk � d U\���QY~W¢`eW��z�0k&i�[�]9W�_0W)�>�0k d [�]0W�Y\�QWZ_Q�&Y-,
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�� �
W�Y _Q^0kn`lW�k&YX_0`eW�_6 W�Y��z�&^0_0`6��W�YX_��0^ � W�_ a �6YXWn�z�&W�UXU~�rW�_ d �
W�k;�
W�Y�Y~]0krW�_ >)_��rW�k �z^
[.]�^0_0`lWZ_ d _3�zW�[.]
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W�Y 4 d U\�z` dld k.� ��7)_
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��� ����� �
	���
����"
 ���
	 �U��� %�� ����
������ � %�
������
 �
s¢W�Y~f d1b ^
�z�&Y\�&[�]H8j�0]0ie_0W��&Y\�r[.]0W�_67)_
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W�k&Y b�d _0Y\�&[�]9W�_���_0`eUXY��r[.] d U�� d ^
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� b ie_Q�&YX_�^0YXW�k&U,Y\[r]�ie]0_0W I WZYX�0^0_9` d kr�&Y b ^0UXY~W�kr� a[. f 4 W�^0� �r[.]0W�_ � d `eW�`lWZ_g��YXk �W�� � W _ d [�] 4 Y d U~W b ��k&ilU~UXW�_
� �0�r[.]0U d `lWZ_
��i��QW�kVkrW�Y~� WZ_
� d ^��z`lWv�z�0k&i0[.]0W�_ a�
^0k�9gi���W�UXU~YXW�k&^0_0`n�zilU�[�]9W�k b ^0k&m�m�W�Y~�rY,`lW�k d1b ^
���rY\�&[�]9W�k#� � W b �rW'] d � ��Y\[.]gY~_��6�0k d [�]9W�k b W�_9_0W�kr_�QY~W��r[.]0il_��
W��&[�]9krYXWZ� WZ_0W@9gW��&]0i��QW���W�k �)Y��0�QW�_�9 d k b i�� 9gi��QW�UXU~W�i��QWZk���W�k } W�^9kril_ d UXWZ_ } W��rmZWD }#} M �Q^0k.[.]0`eW��zW��&m�� a 4 YXW W�kzhjieUX`lk&W�Y\[.]
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b ie_Q�&W s � d �9]��d _0`eYX`eW�k[m�]0ie_0W�f�W6�e�QYXW��zY�[�] d U\� `lWZ_ �^
`lW�_
� krie�0^
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�K#ie_Q�&W s ��W�kr��Y~W��zWZ_
] d �
W�_ a 4 d �'K#il_9m�W��0� �QW�k
��9 9�,R� ] d ��_ d �l�^0k&UXY\[.] d ^
[.]�� d �)T)WZ�0YXW�� �QW�k 6 . 4WZ_Q� �r[.]0W�Y\��W�_
�;� WZYX_��
^ � � a�6WZYX_0i ^0_
� } d1bed ` d � d n |l| q mZW�YX`e�rW�_�YX_�YX]0k&W�k�>)_��rWZk.�z^�[�]�^0_0`9�6� d1� WZYX_0W�� d k d UXUXWZUXW*7)k [�]0Y~�rW b �&^0k���
W�Y �QW�k � W���W��6�0k d [�]9W��Q^0k.[.]�W�Y~_�W�YX_0mZYX`lWv� W�k&`li��QY��r[.]0W�� ��9 9�f�i��QW�U~UXY~W�kr�V��YXk � � W�Y~_0W�f 7V_
� d �rm� d �zY~W�krWZ_
� d ^Qh �QW�f�m k&YX_0mZYX���QW�kau W b �&ilk.�6^ d _Q�&Y\�zY~W�kr^9_0`#YX_���W�k . �QW�_��rY , bed �rY~il_
��UXW�Y��z�&^0_0`��^0�
W�k&UXW�`eW�_Y��z� a s¢WZY��QW�f W�k&`li��QY��r[.]0W�_ ��9 9 ] d _
�QWZUX�;W��'�zY\[.]�^0f W�YX_ l 4 ��9 9 f
Y~� | �
^
���1�d _
�QW�_3^0_
�WZYX_0W�kVT d ^ � �6W�kr�&W�YXU~^0_0` � W �
^
��� d _
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� d �rm ��^0k �QW �0kri��6�0k d [.]0WWZYX_tl�i��QW��
i6i b `eW�_0W�k&YXW�k&� a 4 YXW�= Wv�z�1�d ^ � WZkr^0_0`'��^0k.��W#� d k d U~UXW�UQh �^9k � W��QW�I�WIhjW�k&W�_0m����0k d [�]9W��6W b �&ilk`8�6^ d _Q�&Y\�zY~W�kr�y^0_
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���������
	�� � � '1�H�����#��	��(�t$&�~' +
- �
��! �t�
� �1��� OeO
` d � d m�^���W�k�u WZkrf;^0�&^0_0`0�>� d1� W�� d ^
[�]�hI�^0k��QYXW . �QW�_��rY-,�m�YXW kr^0_9`��6ie_N�>�0k d [�]0WZ_�W�YX_9W�I ieUXUXW �z�9YXW�U~���il�n�QY~W#�6�0k d [�]9W#�Q^9k.[.];W�YX_0WZ_;`lW�� �d [�]��r_9Y\�zU~i6��W�_vm�krilmZW � ��YXWV�QY~W'u W b �&ilk.�6^ d _Q�&Y\�zY~W�kr^9_0`#i��QW�k��Q^9k.[.]W�Y~_0W�_�`eW�� �d [.]Q�&_0Y\��� WZ] d hj�&W��rW�_ m k&ilm�W � ��Y~W#W�YX_ ��9 9 f�i��QW�U~UXY~W�kr����YXk.� as¢W�Y����0k d [�]0Y��QW�_��rY ,
m�YXW krWZ_
�QW�_��7 9�z�&W�f�W�_ bed _0_�f d _ m���Y\�&[�]0WZ_ d1b ^
�z�&Y\�r[.]H8j�0]0ie_0W��rY��r[.]0W�_ 7)_H8�v�d �&m�W�^0_��rW�k �r[.]0W�Y\��W�_����QY~W mZ^0k�9gi���W�UXU~YXW�k&^0_0`V�QW�kaI�WIhjW�krWZ_0m��z�9k d [.]0W�_ W�YX_'`lUXie� d U~W��)��9 9 i���W�k } }�6W�k&�¢W�_
��W�_���^0_
�;�zieU\[.]0W�_��>�QYXW��6il_;W�Y~_0W�k �QY�� W�k&W�_0m�Y~W�kr�&W�krW�_\9gi��QWZUXUXY~W�kr^9_0`)Y~_ � ilkrf �6il_vm�]0ie_0W�f�8bed �&W�`liekrYXWZ_ D �0kri d �g�0]9il_0W�f�W�� M i��QW�k�m�]0il_9W�f
WZ_ D ,�_0W �0]0il_9W�f
Wv� M TVW��0k d ^
[.]�f d [�]0WZ_ a�
Y\�&�zf d _0_5n | � q �&k d Y~_0YXWZkr�rWyYX_ W�Y~_0W�k � d k d U~UXW�U~W�_�7Vk.[.]0YX�&W b �&^0k0hI�^0k � W��QW��6�0k d [�]9W WZYX_ ��YX_ 8!�
^
��� d _
��8��9 9 f�YX�   
 `eW��0^0_
��W�_0W�_=T d ^ � ,R�r[.]0W�_ 5 d ]0k �r[.]0W�Y~_0UXY�[r] b W�Y,�.�&�QY\[r]��rW�_�^0_��N�6W�k&`lUXY�[�] �QY~W��zW/u�ilk`8`eW�]0W�_
���¢W�Y��zW#f�YX�?9gW�]0k`8!�
^
��� d _
��8E��9 9�� a 4 Y~W#�
W��r��W�krWZ_g��k&`lW��0_9Y\�r��W#W�k&m�YXW�U~�rW � d ����Y~_H8!�
^��z� d _
��8��9 9 a �
Y��r�zf d _9_��zW�U~�
�z��k1�d ^0f;�&W d �
W�k�W�YX_ �Q� d1�;b W�Y~_ d ^
�zk&W�Y\[.]0W�_
��W�� 4 d �&W�_0f d �rWZkrY d U �6iekr] d _
�QW�_� d k��y^0f �QY~W5m d k d f
W��&W�k �QWv��9gW�]0k`8!�
^��z� d _
��8E��9 9�,��Vm�^ �&k d YX_0Y~W�krW�_ a 9g^0�&]Q^
� d f  W�� d U a n O w�q�&k d Y~_0YXWZkr�rWZ_�YX_�WZYX_0W�k�YX_��rW�`ek d UXW�_ 7Vk.[.]0YX�&W b �r^0k�W�Y~_�W�Y~_0m�YX`eW�� �6ieUXU��z�1�d _
��YX`;�6W�k&�0^0_
�QWZ_0W�� _9W�^0krie_ d U~W����hjWZW���8\hjilkr� d k � 	 } W��rm'f
Y~�#W�Y~_0W�f�s d [ b �9kril� d ` d �rY~il_H8Q7)UX`eilk&YX�r]9f;^
� d ^�hV�QW�k s d �zY��)krie]0W�k d�b ^��z�rY;8�&[�]0WZk�9gW�k b f d UXW D m 64m�8 K#iQW-1nm�Y~W�_Q�&W�_ p>a �Vk.�Q_�^0_0` M.a 4 d � } } b U d �&�zY ,
m�YXWZkr�rW � W��QW�_��>�0k d [�]Qhjk d f�Wd U\�¢m�^�WZYX_0W�k��6il_ O �>�0k d [�]0WZ_N`eW�]��iekrW�_
� D � _9`lUXY��r[.]�i��QW�k � d � d _9Y\�r[.] M a 4 YXW�7V^
�z` d _0`>� d1b �rY~�QY~W�kr^9_H8`eW�_ h �^0k � W��QW �>�0k d [�]0W �^9� WZk��QY~W �6�9k d [.]Qhjk d f�W��
��^0k �QW�_ �^
�
W�kn�QYXW `lW�� d f;�&W

�7)^ � W�kr^9_0` d1b�b ^H8f;^0U~YXW�k&� a 4 Y~W��6�0k d [�]9Wgf�YX�n�QW�f ] �i�[.]
�z�&W�_ d�bQb ^0f;^0U~YXW�k&�rW _ 5=W�kr����^0k.��W d U\�n�QYXW�� d �.� �d [�]9UXY\[r]`eW��z�0k&i�[�]9W�_0W��6�0k d [�]9W d _0`eW�_0ilf�f�W�_ a 4 YXW�TVk d , b� 0aRO m�W�Y~`l� ��W�_ �
W��&[�]9krYXWZ� WZ_0W�_�`lU~il� d UXW�_ 7)_H8� d �rm d U\�)� d k d UXU~W�UXW\7)k [�]0Y~�rW b �&^0k��0�
W�Y �QW�f h �^0k � W��QW�mZ^gW�k b W�_0_0W�_��QW;�6�0k d [�]9W E F W�YX_�W�k&`li��QY��r[.]0W����9 9 WZYX_0`eW��zW��&m��¢��Y~k.����YXW �
W�Y[�
Y��r�zf d _9_�n | � q �
W��&[�]0k&YXW��
W�_ a
Akustische Alignment Entscheidung

Sprache L

Sprache L

i iargmax P(L  | A)

. . . .

Repraesentation

1 

n

7)�0�0Y~U\�Q^0_9`  0a�O � m d k d U~UXW�U~W�7)k.[.]0Y~�rW b �&^0k¢f�YX��`eUXil� d UXWZf 7)_
� d �rm
9g^0�&]Q^
� d f  W�� d U a �6WZkr`lU~Y\[r]0WZ_���YXW���W�_\7)_
� d �rm�f�YX� hjW�Y~_0W�k&W�k19gi��QWZUXUXY~W�kr^9_0` d�b ^��z�rY��r[.]0W�k
9gW�k b 8f d U~W
Y~_ � ilk&f��6ie_Cm�]0ie_0W�f�W�_ ^9_
��m�]0il_9W�f bed �rW�`eilkrY~W�_�^0_����z�&W�UXU~�rW�_�hjW��z�Z��� d�� W�Y~_ WZYX_0m�WZUX_0W��} } h �^9k �QYXW 6 . 4 b W�Y~_0W d ^��zkrWZY\[.]0W�_
�QW 4 Y�� W�k&W�_0m�Y~W�kr^9_0`��QW�k �6�0k d [.]0W�_g`eW����d ]0k&UXW�Y��z�rWZ� a �
� d kV] d �



���������
	�� � � '1�H�����#��	��(�t$&�~' +
- �
��! �t�
� �1��� Oe|
�QW�k67)_
� d �&mgW�Y~_0W���`lU~il� d UXW�_ ��9 9 i��QW�k }#} �0k&i��>�0k d [�]0W��QW�_Cu�ilk&�rW�Y~U$��� d1��b WZYX_0W��&k d _
� b krY;8�0Y~W�kr�&W�_ 4 d �rW�_ � WZ_��il�&YX`l���¢WZk.�QW�_ ��� d ���QW�_�� d f
f�W�U~�0kriem�W � ��W�k 4 d �&W�_ �
W��&[�]9UXW�^0_9YX`l�'^0_
�3W�k<8]0W��9UXY\[.] b i6�z�&W�_0` �^0_
�z�&YX`eW�k;`lW���� d UX�rWZ��� d �
W�k�YX_��z`lWv� d f;�'f;^ � �QW�k 7)_
� d �rm d ^Qhj`lk&^0_
� ��W�YX_9W�k�_0Y~W���8krY~`lW�_ . �QW�_��rY ,
mIY~W�kr^9_0`6��UXW�Y~�z�&^0_0` d U\� _0Y\[.]Q�VW�k�hjilUX`ekrW�Y�[�]�WZYX_0`eW��z�&^Qhj�#�¢WZk.�QW�_ a TVU~il� d UXW } W��&m�W;�0m�� a��YX_H8H�
^
��� d _���8/��9 9����r[.]0W�Y~_0W�_�_0Y�[�]�� `lW�WZYX`l_9W����y�QY~W5K#ilf��0U~W s Y~�1�d � W�YX_9W�k;�6�0k d [�]9W
�
WIhjk&YXW��QY~`lW�_����Y\��W�krm�^��z�0Y~W�`lW�U~_ a

4 YXW@5�Y��r��W�_
�r[.] d hj�rUXWZk#`lY~_0`lW�_ � d ]0W�k m�^0k�9gi���W�UXU~YXW�k&^0_0`�W�Y~_0m�W�U~_0W�k m�]0il_0WZf
W;�0mZ� a `ek1�i � W�krW�kK#U d �r�zWZ_ �6ie_�m ]9il_0W�f bed �&W�`liekrYXWZ_ � W���W�k��>�0k d [�]0W���^0k.[.] WZYX`lWZ_
�z���d _
�QY~`lW ��9 9 �^0�
W�k a u#YXW�U~W;�QWZk� ilk �r[.]0W�k ���0krWv[�]0WZ_��zY�[�]=� d �
W�Y�h �^0k��QYXW�9gi��QWZUXUXY~W�kr^9_0`
�6ie_�m�]0il_0WZf
W�_ d U\� �QY~W�`lWZW�YX`e_0W��.���rW�9gW�8�&]0i��QW d ^�� n w%p q � n O w�q � n | � q$a s¢W�Y��QW�kyhjW�YX_0WZkrW�_\9gi��QW�U~UXY~W�kr^0_9` b ief
f�W�_ W�]0W�k UXYX_ b ��8�k&W�[�]6� �G��9 9�� m�^9k
7)_��¢WZ_
�Q^0_0`9�0�¢W�Y~Uy�zY~W���YXW m�W�Y~�rUXY�[r]0W��6�&kr^ b �r^9k#�QWZk��6�9k d [.]0W'� Wv�r�zWZk)_ d [�]��0Y~U\�QW�_ a 4 Y~W\7)�0�0Y~U\�Q^0_9` 9a�| m�WZYX`l�Z�0��YXW hI�^0k � W��QW��6�0k d [.]0W;�QY~W�W�k&`li��QY��r[.]0W�_ ��9 9�� d ^Qh �QW�kVUXY~_ b W�_��6W�Y~�rW'�Q^0k [�] W�YX_0mZW�UX_0WU~YX_ b ��8jkrW�[.]��.����9 9�� h �^0k � W���W��'m�]0il_0WZf W�k.��W��rmZ���¢W�k �QW�_ a

/zz/

.

/a/

/aeh/
.
.
...
. .

..
.
.

.

.

. .

7)�9�0YXU��Q^0_0`  9a�| � m�]0ie_0W�f�f
i���W�UXU~YXW�k&^0_0`��z� d �&��`lUXie� d U~W�k�9gi��QW�UXU~YXW�k&^0_0`�
Y\�&�zf d _0_=^0_
���6Y~_0`lW�kvn   
 q ^0_
��9g^0�r]�^
� d f  gW�� d U a n O w�q hI�^0]0kr�&W�_�>)_��rW�k �z^
[.]�^0_0`lWZ_��Q^0k [�] ��
W�Y �QW�_0WZ_ � W��QWv�0m�]0il_0WZf WZYX`lWZ_
�z���d _
�QY~`�f�i��QW�UXU~YXW�k&� D ,
_9W��0]0ie_0W�f�W�� M ��YXk.��^0_
�g�6W�k&`lU~Y\[r]0W�_ �QY~W6 . 4 8 6 W�Y\���r^0_9`lW�_qf
Y~� 9gi���W�UXU~YXW�k&^0_0`lWZ_ �6il_ m�]0ie_0W�f bed �rWZ`lilk&YXW�_���Y~W�W���� d u�i bed U7�0K#U d _0`lU d ^0�Z�I�W�YX�
W�U d ^0�&W�_����6�&il�=^0_
��m d ^
�zW D �9kri d � �0]0ie_0W�f�W�� M a s¢W�Y��QW�>)_��rW�k �z^
[.]�^0_0`lWZ_ bld f
WZ_ `eW��rk&W�_0_��m�^ �QW�f ��k&`lW��0_9Y\�I�V� d�� �QY~W�6 WZY\�z�&^0_0`3��W�kN�k 0���rW�f�W�f
Y~�;m�^0_0W�]9f
W�_��QW�k 4 Y � WZkrW�_0mZYXW�k&�r]0W�Y,���QWZk9gi��QWZUXUXY~W�kr^9_0` d _
���rY~W�` a 4 YXW���W�k d1b ^
���rY\�&[�] 8��0]9il_0W��&Y\�&[�]0W�7)_
� d �rm�f
Y~� hjW�YX_0WZk4m�]0il_9W�f
f�i��QW�U~UXY~W�kr^0_9`��Y~k.��f
WZY\�z��YX_tu�W�kr�9YX_
�Q^9_0`;f
Y~���0]0ie_0ilU~il`lY��r[.]0W�_ 7)_
� �d �&m�W�_��6W�kr��W�_
�QWZ� a
��� ����� � ��� %�� ���E' � 
 � ��� � %�
 ���� 
 �
m�]0ie_0ilU~il`lY��r[.]0W 7)_
���d �rmZW���YX_
�ou�W�k�h d ]0k&W�_��y� WZY��QW�_9W�_�m�^0k . �QW�_��rY-,�m�Y,W�kr^0_9`g��W�k
�6�9k d [.]0W�U~YX_0`e^0Y�8���rY\�&[�]9W�� 5�Y��r��W�_gY~_��QW�_ 4 W b i��QY~W�kr^9_0`6���0kriem�W � W�Y~_0`lWZ�0^0_
�QWZ_N��Y~k.� a 4 WZk ��YX_
� d �rm'UXY~_0`l^0Y��z�&Y\�r[.]0W�_5�Y��r�zWZ_
���
W��r[.]0k��d _ b ���zY�[�] d �
W�k d ^Qh ��YX_0]9W�YX�&W�_���Y~W'm�]0il_9W�f
W�i��QW�k3K d �&W�`liekrYXWZ_��QW�k.��W�UX�
W�_ a 9 d _H8[.]0W��7 9�z�rWZf _Q^0�&m�W�_�U~W��QYX`eUXY�[�]=�QY~W5K#W�_9_Q�&_0Y\���^9� WZk;�QY~W �c�d ^ ,
` b W�YX� `lWv�zW�]0WZ_0W�k m�]0il_0WZf
W6��f�W�Y\���b ief
f�W�_ � W���i�[�]3���ri�[.] d ���rY��r[.]0W 9gi���W�UXU~W
m�^9f � Y~_
� d �rm a 4 d �
W�Y¢] d _
�QWZUX� W�����Y\[.] ^9f�m ]9il_0W�f�8`ek d f
f d �&Y b W�_���f
Y~�*>)_0Y;8 ^9_
��s¢Y~`lk d f
f�W�_��9�zW�U~�rW�_9W�k d ^
[�] = k&YX`ek d f�f�W�_ a 7)^Qh �QYXW���W�5 W�Y��zW f�iv8��W�UXU~YXW�k&� f d _'�z�0k d [.]0W�_��H Q�0Y��r[.]0Wy�0]0il_9il� d�b �&Y\�&[�]0W I WZ`lW�U~_�� d U��zi�u iek.�&[�]0k&Y hj�&W�_���_ d [�]'�QW�_9W�_ YX_ W�YX_9W�k
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� �1��� O� 
�6�0k d [.]0W m�]0ie_0W�f�W d _0W�YX_ d _
�QWZkr`lW hI�^0`l�#��W�k.��W�_ � �^0kzhjWZ_ a �6i bed _0_��
W�Y��z�0Y~W�U\���¢W�Y~��W�Y~f ��_0`lU~Y\�&[�]0WZ_d ^�h�W�Y~_ ��� ��WZYX_ ��� �#hjieUX`lWZ_ D � � � ��� � � � � � �&� M ��il`eW�`lW�_��QYXWv�zW/K#ilf;�9YX_ d �rYXie_�YXf 4 W�^9�.�r[.]0W�_�_0Y�[�]���6ilk b ilf�f;��� a 4 W�k m�]0ie_0W�f �^0�
W�kr` d _0`=�6il_ ��� ��_ d [.] ��� � �
W b �d f
W � d ]0WZk;YXf � _9`lUXY��r[.]0W�_=W�YX_9W]0ie]0W@5 d ]0k.�&[�]9W�YX_0U~Y\[r] b W YX��mZ^0`lW�iek.�Q_9W����
YXf 4 W�^0�.�&[�]9W�_gW�Y~_0W'�zW�]9k#_0YXWv�QkrY~`lW a 4 YXW@7V�0�0YXU��Q^0_0`  0a¡ m�W�Y~`l�V�QWZ_N�9]0il_0ieUXie`lY\�&[�]9W�_ 7)_
� d �rm#h �^0k �QYXW � d k d UXU~W�UXW~7)k.[.]0YX�&W b �r^0k�f
Y~� ��9 9�� a

Akustische Alignment

. . . .

Repraesentation

/h/ /a/ /l/ /oh/

/l/ /eu/ /t/ /e/

Sprache L

Sprache L

3.125 /a/ /u/
2.167 /m/ /uh/

1.564 /z/ /i/

. . . .

Phonemsequenz Entscheidung

1 

n

/a/

/b/

/z/
/e/

/i/

/x/

argmax P(L |A)
i i

7)�0�0Y~U\�Q^0_9`  0aw  � m d k d UXU~W�UXW�7)k.[.]0Y~�rW b �r^0k�f
Y~�¢�0]9il_0ieUXil`eY\�&[�]0WZf 7)_
� d �rm
4 YXW . �QW�_��rY-,�m�Y,W�kr^0_9`;�6il_ �>�0k d [�]0WZ_gf�YX��W�Y~_0W�f ��ilU\[.]0W�_��7 9�z�&W�f �zY~W�]Q�¢hjieUX`eW�_
�QW�k&f d�� W�_ d ^
� �m�^0_ �d [.]
�z���¢W�k �QW�_���YXWV� WZYXf d1b ^
���rY\�&[�] 8��0]9il_0W��&Y\�&[�]0WZ_ 7)_
� d �&m0m�]0ie_0W�f�f
i��QWZUXUXWV�rk d Y~_0YXW�k&� a 4 YXW���W��W�k.�QWZ_�m�^0k;��[.]��d �rm�^0_9`g��W�k m ]9il_0W�f�`lk d f�f d �rY b h �^0k � W��QW��>�0k d [�]0W;�
W�_�^0�&m�� a 4 YXW�^0_Q�
W bed _0_Q�&W=�W��z���d ^ � W�kr^9_0`g��Y~k.�=�QW b i��QY~W�kr�#^9_
� �
W b ief
f;�V�0k&i �>�0k d [�]0f�i��QW�U~U�W�Y~_0W�_ 5 d ]0k �r[.]0W�YX_9UXY\[.] b W�Y,�.��8��W�kr��m�^9`lW�iek.�Q_0WZ� a
4 W�k�7)_
� d �rm��6ie_v6 d f�W�U0^0_
�
T d ^0� d YX_ n w1prq � n w 3 q `lW�]�� d ^Qhy�QY~W . �QW�WZ_��6il_ �Vil^
��W�^0_
� } W�^0�
W�k&`DNw � p plM m�^0kl�^
[ b ^9_
����YXk.���6ie_�YX]0_9W�_ d U���
���� 5���
 � W��
����� � �"�&�"�������!� ����� � ��� ����� � ��
 
 �����"�&� �
W�mZW�Y\[.]H8_0WZ� a 4 d � WZY ] d _
�QWZUX��Wv����Y\[.] ^9f W�YX_0W;� d k d UXU~W�UXW67)k.[.]0Y~�rW b �&^0k#f�YX�'�QW�f 9 d�s Y~f;^0f�6 Y b W�UXY,]0i6i��6 �i���^0_0`6� d _
� d �rm6�y�
W�Y��QWZk�h �^9k � Wv�QW
mZ^ Y��QW�_��rY-,�m�Y,W�krW�_��QW��6�0k d [.]0W
WZYX_�� d �rm��0]9il_0W�f;� d �zY~W�kr�&W�k W�k<8`ei��QY\�&[�]0WZk
��9 9����rk d YX_0Y~W�kr����YXk � a s¢W�Y
YX]0k&W�k . f��0UXWZf
W _Q�&YXW kr^0_9`��
W��z�&W�]�� � W��QWv� `lk&i � W�W�k&`li��QY��r[.]0W��9 9 d ^
� b UXWZYX_0W�_ | 8!�
^
��� d _
�£U~YX_ b ��8j_ d [�]H8jkrWv[�]��.����9 9���h �^0k���YXWgWZYX_0m�WZU _9W�_ m ]9il_0W�f�W a 4 WZk

5 d ]0k �r[.]0W�Y~_0UXY�[r] b W�Y,�.���¢W�k&�¢��YXk �Nf�YX� �QW�fJu#YX�&W�kr�9Y 8Q7)U~`lilk&YX�&]0f�^
�¢�
W�k&W�[.]0_0W�� a 4 Y~W m ]9il_0W�f�`lk d f�8f d �&Y b YX_ � iekrfK�6il_tm�]0ie_0W�f;�0Y~`lk d f�f
W�_�Y\���¢W�Y~_
Y~_Q�&W�`lk d U~W�k3s¢W��z� d _
�Q�&W�YXU �QWv� 4 W b i���YXW�k&^0_0`6���0krii8m�Wv�r�zWv� a �
Y��r��f d _0_|n | � q ^0_Q�&W�kr_ d ]0f �QY � WZkrW�_0mZYXW�k&�rW¢�6�&^
�QY~W�_;� d kl�^
�
W�k��e�¢W�U�[�]0Wau iekr`eW�]0W�_
���¢W�Y��zW�� WZY�QWZk;��YX_��
W�m�YXWZ]Q^0_9`NWZYX_0W�k m�]0ie_0W�f�`lk d f
f d �&Y b �6iekrm�^9m�YXW ]0W�_ �zW�Y7���QY~W�YX_��rWZ`lk d UXW�i��QW�k��QY~W��I�
i6���<8�0k&i�[IW��&�zYX_9` 	:u d krY d _��rW a 4 d m�^3�6W�k&`lU~Y\[r]�W�k �QYXW�hjieUX`lWZ_
�QW�_3m���W�Y�u d krY d _��rW�_3f�YX�rWZY _ d _
�QWZk � ��Y~_0W� d k d UXUXWZUXW�7)k.[.]0YX�&W b �r^0k d ^�h��QWZk's d ��Y\�¢�6ie_�m�]0ie_0W�f�W�k b WZ_0_Q^9_0` f
Y~�¢YX_ �QWZ_ 4 W b i��QY~W�kr^9_0`6���0kriem�W �Y~_Q�&W�`lk&YXW�k&�rW�kXm�]0il_9W�f
`ek d f
f d �&Y b;D ��YXW��
W�Y 6 d f�W�U6^0_�� T d ^0� d YX_ M.a 4 YXW . _Q�&W�kr�0]9il_0W�f �>)�
W�k&` d _9`6��8� d ]0k �r[.]0W�Y~_0UXY�[r] b WIY~��m���Y\�&[�]0WZ_
m���W�Y4m�]0ie_0W�f�f
i���W�UXU~W�_ R�^0_�� Y W�k&`lY~�0�V�zY�[�]�m�^ � FCB�p � UXie` C;D Y�J R M
�<MYD r
lv[�T�G�uvT �iGi[]T�G�O0MnPSR&[�MNT [�ZST�MUFHMNGqXSZ`xm�ILT���� �
	 �

�
��� � � � �
	 �
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Bewertung GSST-Erkenner

t*1.0
Deutsche Testsaetze (142) mit Bigrammen (normiert)
Englische Testsaetze (173) mit Bigrammen (normiert)
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Bewertung GSST-Erkenner
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Deutsche Testsaetze (142) mit Bigrammen (kalibriert)
Englische Testsaetze (173) mit Bigrammen (kalibriert)
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PohneLM = 94.92% ueber alle Testsaetze
PmitLM = 95.23% ueber alle Testsaetze
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Bewertung GSST-LM

Deutsche Testsaetze aus CMU (82) - ohne Geraeusche
Englische Testsaetze aus CMU (173) - ohne Geraeusche
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Deutsche Testsaetze aus CMU (82) - geraeuschbereinigt

Spanische Testsaetze aus CMU (86) - geraeuschbereinigt
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Spanische Testsaetze aus CMU (86) CDmitLM
Englische Testsaetze aus CMU (173) CDmitLM
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