
ü,�ÿ�� 	�ù��ûÿ�	�ÿù�� �ù�ü�ÿ�	þ�ÿ� ù,þ��

	�þ�ù ��þ��-��ÿ�þ�
�ü	ù�	
�ÿù�� ûÿ���ù üÿûÿ�ü
�þ�

þ�ü�	���ÿ��
 ù
	��ù	ÿ���


��� �� # �*!. �ù��� ������

 	 �0��� �� 12. �#12��.2. ù�.��+!�1�" �����."

ü!�.1�. 12 �����.: ü��� ��&��. �0 �����.

û�/�1�&�: +0+!�� " � #! #��2! �� #

ù���. ����



	 �0���)�� 12. �#12��.2. ù�.��+!�1�" �����."

2

�ü�ÿü���ü�ù

�ü�ÿ�þ�þ...................................................................................................................4

üÿ�ù++þ ....................................................................................................................5

	ÿ üÿ�ùÿ�ÿù �ü�þ�...................................................................................................6

�02.���2)2�2. .....................................................................................................................7

ô$�� ........................................................................................................................................9

�!#3�0 �2��.0DUNRY �þ��� .......................................................................................12

� �2��. -&����2&� ..........................................................................................................16


� ���0�"..............................................................................................................................17

û��� #!��. 	!�3�)��&� �.� 
� ���0&� ............................................................................18

,��.2. 12�� ù���2#�� 	!�3�)��&�� .................................................................................20

��üûÿù���� �ü+ù��
 �ü�ÿ��+ÿ�
�................................................................ 24

ü�0�20�� �2." 2 �0���)�� �................................................................................................24

ù� 20�01�.2��)2�2. ù�.��2�1�"� .....................................................................................26

	ÿ üÿ�ùÿ�ÿù �ü�þ�................................................................................................. 28

�! 1/� !�12�" ���0&�� .......................................................................................................28

�02.3!�10�"�.......................................................................................................................28

�$�1� �02�3!.1�" �.� ���.1�."� .....................................................................................29

� ��.���" �02.3!�10�"�....................................................................................................29

�.!.��.��" ���0&�.............................................................................................................30

��üûÿù���� �ü�ÿ��+ÿ�
 .................................................................................... 30

�0���� 
� � �����. .�) 2 #" �.2.1�0#.12�"�.................................................................30

�0���� ..................................................................................................................................31

�0���)��. ��. �#��0�!����0" ü3.!� ��" ...........................................................................31

û��� #!��. �0��� �� # .�) �.2.1�0#.12�" ü3.!� �+��.................................................32

û��� #!��. �0��� �� # .�) 2 #" 	0��� *" �!�120"� .........................................................33

ù#2)�.2� ù3.�!01� �0��� �� #� ........................................................................................34



	 �0���)�� 12. �#12��.2. ù�.��+!�1�" �����."

3

üÿûÿ�ù ,ü�ù	ù �ü�ÿ��+ÿ�
............................................................................... 35

ü�0!�) �0���)�� � ................................................................................................................35

�#�$0)�0�0" ���0�"� .............................................................................................................35

	 ù�3���2 .......................................................................................................................37

ù!��� �.................................................................................................................................38

ù��	ÿ��	ù� 	ÿ� ù�ùÿ	þ�üÿ� �ü �ü�ÿ��+ÿ� �ü�ÿù ü-ù���+þ ........ 39

���0� " 2 # �0��� �� # ......................................................................................................39

�� ù�.�2�10�" 10 �0���)�� 10 �$�1� �0 ��. �! ')� ù�.��+!�1�" ..................................40

ù�.�2*1 �2." 2 �0���)�� .................................................................................................41

þ +�ù��ù	ÿ�þ 	þ� +���ù�............................................................................. 41

þ ò�� �. 2�" +!.��.2���" .................................................................................................41

�0!��� �� 2�" +�+11." .....................................................................................................41

%RWWRP�8S ù���#1� 10 ù�2�/�.12 �� �0 2�� 7RS�'RZQ ù���#1�...................................42

ñ��0" �.� ����" +!.��.2���"� ...........................................................................................44

ü�ÿ����ÿ�þ 	� �
�	þ�ù	� ù�ù+��ÿ�þ� ��ÿ�ÿù��.......................... 45

úÿú�ÿ�+�ù-ÿù .......................................................................................................... 53

ù++�ÿ�þ �����+ÿù ................................................................................................ 54

�ÿ�ù�ù� �
�	�þ�ü�......................................................................................... 59



	 �0���)�� 12. �#12��.2. ù�.��+!�1�" �����."

4

�ü�ÿ�þ�þ

�� �)" 2�" �.! *1." 0!�.1�." 0��.� � .���#1� �.� � �.! #1�.1� �0��2&� � #

1$02�� �2.� �0 2 �0���)�� 2  � � $!�1�� � �0�2.� 12. 1#12��.2. .�.��+!�1�"  ����."�
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.�.��2�1�" /�1��"�  .��)!��� " .�.��2�1�" 12 ��." �.�  .��)!��� " �!�� ! #
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ò�." .�) 2 #" /�.!�0�" 12)$ #" 2�" 20$� � ��." .�.��+!�1�"  ����." 0��.� �. /&�0� �

/#�.2)2�2. 12 #" $!�120" .#2+� 2&� 1#12���2&� �. 0�3!�1 #� .#2) � # ��� #�

$!�1�� � �+�2."  � �01/�� 20 ���0�" $!0��� �2.� ��. �. #� � ��1 #� 2� /�./��.1�. .#2�� 	 

�0� �)" .#2) � �* 1#$�� �02.3!��02.� 12�� .����� *�.!��" 0�)" � �* �0��� # �.� 0�20� *"

�0��� �� #� �2�� �!��� 2 �0���)�� � # .�.�20�2.� �.2� 2�" /��3 !0" 03.!� ��" � ����0� .�)

�0!���" ���0�" �&" �.� � ���" 0�.2 �2�/0" ���0&�� � ���" .�) 2�" 03.!� ��" .�.�2 *� �0���2.

� �.� ���)20!0" ���0�"� )�&"  � �.2.1�0#.12�" .�2��.���� �2.� )2� �0 2 �. /��� #!��1 #�

1#12��.2. ��.�� ��. 0�0�0!�.1�. �0���&� 10 ��2.1� �0��� ��&� �. 0�0�20�� #� .#2)�.2. 2 

�0/� �.� 2 #" 2*� #" 2&� 03.!� �+�� � # 1$02�� �2.� �0 2 � 2 ��. 2�" .�.��+!�1�"  ����."�

ù� �.� 2. 3&���.2. 0��.� 2. �.1��� 2���.2. �$ # ��." ��+11." 2. �0!�11)20!.

0�� !��� 1#12��.2. .�.��+!�1�"  ����." $!�1�� � � *� 2�" ���0�"� �.!� 2. 3&���.2.� 1.�

2�� �.1��� � ��/. .�.��+!�1�"  ����."� 	 2���. 2  � � 012���0� 12�� 20$� � ��.

�0!��!�30� 2�" 0���!.2�120!0" 20$� � ����" �0�)/ #" � # $!�1�� � � *�2.� ��. 2�� .�.��+!�1�
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• ô$��

• �!#3� � �2��.0DUNRY �þ���

• ù� � #��0" -&����2&�

• ù� � #��0" 
� ���0&�

���0 ��� / " �0!��!�302.� .�) 2�� �� %� 2 # �&"  !��0� 2�� ��� �. 2�" ����" �.� 12 �&"

.�2��02&���0� 2�� �02.���2)2�2. 12 � 2!)� �0 2 �  � � � ����  ���0�2.�� �2)$ "� 12��

1#��$0�. 0��.�� � 0���2.1� 12�� 0��2.1� 20$� � ���+� �0��2&� � # 0�3.��� �2.� 12 �

1$0/�.1�) �0���&� �0��� ��&��

�2 2���. � # 012���0� 12�" 03.!� ��" � ��� �. 2�" ����" 0�.�0�02��02.� .�) 2��

��0#!� 2�" 03.!� ��"� �$ �2." 1.� ����" 1*��!�1�" 0�20 �!)2#�. �0���� 0�20 /0���.2. .�) 2��
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$!�1�� � � *�2.� 12�" 03.!� ��" .���2#��" �0��� �� # �.� .� � #�0� � 0��2.1� 2 #

�! ����.2 " $0�!�1� * .� #12���  � �&� ���0&� ���� �2.� �.� 1#�$0)�0�0" ���0�"�. ù� � #�0�

��. 0��1�)��1� 2&� .�.�2�10&� 10 �0���)�� 12�" /��3 !0" 03.!� ��" � ù3 *  � ���!&�0� �

�.!#1�.1� �.� � .���#1� 2&� �0��2&� � # .3 ! *� 2 �0���)�� ���02.� .�.3 !� 12��

�!.��.2��� 2�" ��+11." 12�" �0�)/ #" .���#1�" � # $!�1�� � � *�2.� �.�+" �.� 10

1#12��.2. �!.��.2���" � # �0!��.���� �2.� 12. 1#12��.2. .�.��+!�1�"  ����."� þ �.! *1.

0!�.1�. �.2.���0� �0 ��. 0��1�)��1� 2&� 1��.�2��)20!&� 1#12���2&� .�.��+!�1�"  ����."

� # �$ #� �.! #1�.120� �&" 1��0!.�

	ÿ üÿ�ùÿ�ÿù �ü�þ�

	 �.  !�120� 2� 0��.� ���� �� !0� �. �0&!��0� &" �� .�.��.� � +�. ��. .��!+���  �

��.  ��� *�0�� ���� 0��.� ��. .� � #��. .�) �$ #" 1#�/0/0��� #" �.2� 2�2 � 2!)� +120 �.

.� /�/ #� ��� �. ��� �.� �0 ��. �0��� �.��)� ��. 1#��0�!����� ���� � 3!�1� 0��.� /#�.2)�

�. �! 1/� !�120� /�)2� .30�)" �0� 0��.� ��. ��� �. �/� ��&12�� .302�! # ��.2� � .� � #��. 2&�

�$&� .�) 2 #"  � � #" 1#�2��02.� 0�3!��02.� 10 ��. ��.�1� .�) 1#�3!.�)�0�0" ���0�" �

�! 2�10�" 2  � � �$0� ��� �.� þ 0� 2&� �! 2�!&� ��+1� 2�" ����" � 2�" 3!�1�" �.� �

#� � ���1� .�) 2. 1#�3!.�)�0�. �.��12 *� ��.� *" 2 #" .��!&� *" 12 �. 0!���0# *� 2��

0!+2�1� “Jeet?” &" “Did you eat?”, )2.� .#2� ���02.� 2 �01���!� � 12�" ���� ����

õ2.� � ���� � 3!�1� 0��.� .1#����12� � )2.� /0� �� ! *�0 �. $!�1�� � ��1 #�0 2.

1#�3!.�)�0�. ��. �. �! 1/� !�1 #�0 2� ���.�+" �$0� �0$�0�� 2)20 � �)�� ���� /0/ ���&� 0��.�

��. .� � #��. .�) �$ #"� ù#2� � .� � #��. �$&� 0��.� �0��2� �.!.�)!3&1� � #  30��02.�

12�� 1#��!�!&1� �.� 10 ��� #" �.!�� �20"� ��� �2." �21� /*1� � 2 � �! 1/� !�1�) 2&�

3&����2&� �.� 2&� ���0&� � # /! *� 1.� 02���20"� ù#2�" 0��.�  � 1#����0" ��2& .�) 2�"

 � �0" �0��� *�2.� �.!.� �10�" )�&" ��. �.!�/0���. 12�� �0!��2&1� � # ��� � " .� *10�

“pullet surprise” .�2� ��. “Pulitzer Prize”.

	. 1#12��.2. .�.��+!�1�"  ����." �0�2 #!� *� )�&" 2 � ���!&� � # �� #10 “pullet

surprise”. þ .!$��� 2 #" ���� /0/ ���&� 0��.� ��. �! 0�0�0!�.1���� .� � #��. .�)

.� #12���" �.!.��2! #"  �  � �0" �. �!��0� �. �02.3!.12 *� 10 ��. ���� � 10 ��. 10�!� .�)

���0�"� +�. �. 0��20�0120� .#2� � /�0!�.1�. �.2� 2�� 0�2��01� ��." 03.!� ��" 2. 1#12��.2.

.�.��+!�1�"  ����." �$ #� .� ���0#���. � �2��. ���0&� ��0!���" 3 !�" �.� *�2.� � �2��.

.�.3 !�"�� �.2� 2�� /�./��.1�. 2�" .�.��+!�1�" 1#��!��02.� � .� � #��. 2&� .� #12��+�

�.!.��2!&� � # 0�3!��02.� .�) 2 � $!�12� �0 .#2� 2&� .� ���0#���&� � �2��&��

�� �.2.1�0#.12�" /�.3&� *� 12 � 2!)� �0 2 �  � � 2. � �2��. .�.3 !�"

.�.�.!�12.�2.�� �� ��� / � .�.�.!�12.1�" � # $!�1�� � � *�2.� 1#���&" 0��.�:
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• ô$��

• �!#3� � �2��. Markov (HMM)

• ù� � #��0" -&����2&�

• ù� � #��0" 
� ���0&�

þ 0��� �� � #  �.2.1�0#.12�" ���0� /��+�0� 2 �&" � ��� �. “����”  !��02.� �.� 2��

�0� / � ��. .�.��+!�1�" � # �. 03.!� 120��

� ���" .�) 2�" �.!.���& �0�)/ #" .�.�.!�12.1�" .� 20� *� 0!�.�0�. � # �$ #� �/�

$!�1�� � ���0� �.2� 2�� /�./��.1�. .�.��+!�1�"  ����."� 	. � ��� $.!.�2�!�12��� .���01.

12�� 012�.1� ���& 12�� .�.�.!�12.1� �.� 12�� 0�.1$)��1� �0 2 �0���)�� .� !!� #� .�) 2 

�0� �)" )2� � .�.��+!�1� �0���� 0�20�0�2.� 10 0���0/ ����"�

�02.���2)2�2.

õ�0"  � ��� / � ��. 2�� .�.�.!�12.1� 2 # �0��� �� # �. �!��0� �. .�2�02&��� #� 2 

���. 2�" �02.���2)2�2." 1$02��� �0 2 � 2!)� �0 2 �  � �  � ���0�"  ��� *�2.�� þ

�02.���2)2�2. �! �*�20� .�) ��. 10�!� .�) ����"� ��. .�) .#2�"� � 1#��!�!&1� .�.3�!02.�

12�� 0��/!.1� 2&� �0!��.��)�2&� �$&�� þ �02.���2)2�2. 0��.� 0��1�" 2 .� 2��01�.

/�.3 !+� 12��  ����. �02.�* 2&�  ����2+�� ���0  ����2�" �$0� ��. � �./��� /�.�)!3&1� 2�"

3&��2���" 2 #  / *� ��  ����2�" /�.3�! #� &" �! " 2 ���0� " �.� 2 1$��. 2 # 12)�.2 "� 2�"

��+11."� 2 # �.�� *� �.� 2&� / �2�+�� ��  ����2�" /�.3�! #� 0��1�" 12 � 2!)� �0 2 �  � � 

�! 3�! #� 2. 3&���.2. �.� 2�" ���0�"� �0!��� �!)2#�. �! 3 !�" �0��� # ����#1� *

 ����2+� �� ! *� �.  �./ � ��� *� �0 ��1� 2�" 2 ����"� 2.����"� �����.��" /�.3 !�"� � 2�"

/�.3 !�" 12 3*� � ñ��. �!)2#�. 1$02�� �2.� �0 2�� �/� 1#��!.1�.� �0!�� � ���!&� �� ��.

�.!�/0���.� �! 3�! #� 2 3+���. � �0 2 ��1& ��! " 2�" ��+11." 2 #"� 0�+ ��� � �0 2��

��!� 2�" ��+11." 2 #"� �0!�� �  ����2�" ��� *� �� .!�� .�) ��� #" � �0 ��!!�� 2!)� �

þ �02.���2)2�2. #��!$0� )$� �)� .���01. 12 #"  ����2�"� .��� �.� 12��  ����. 0�)"

 ����2�� �� ���0�"  ��� *�2.� �0 /�.3 !02��� 2.$*2�2. �.� .� #12)2�2.� ù�2.�.�� *� 2.

/�.3 !02��� 0���0/. 2&� 1#�.�1����2&� �.� 2�" �)�&1�"� õ�&" 3.��02.� .�) 2 1$��. �� �

��� �. 2�" �02.���2)2�2." 0��.� ��. �0�0��+/0" $.!.�2�!�12��) 2�" .��!+����"  ����."�

�0� �)" � # 0��1$*02.� .�) 2 )2� ��. �2 � 1����. �! 3�!0� 2�� �/�. ���� �0 .�!��+" 2 � �/� 

2!)� /* 3 !�"�

þ 1#��!�!&1��  � /�.3 !�" 12��  ����. �02.�* 2&�  ����2+�� �.�  � .�.� � #��0"

12��  ����. 2 # �/� #  ����2�� .����0��/! *� �0 2�2 � 2!)� +120 �. �.!�� #� ��. 1*��02 

�!)2#� �02.���2)2�2." 2  � � �. �!��0� �. .�2��02&��120�� þ ��.�)2�2. 0�)" 1#12��.2 "

.�.��+!�1�"  ����." �. �0�2 #!�0� 1&12� 10 1#����0" )� # 0�3.���02.� �02.���2)2�2. 12��
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 ����.� 0��.� ��. .�) 2�" �! (� ��10�" 2�" 0#!&120�."� þ ���� �*!�. �! (�)�01� 2�"

0#!&120�." 0��.� � .�!���" .�.��+!�1� ��2& .�) �02.���2�" 1#����0" � !*� #�

�$��. �� -.1�.2 �!�3���. .�) 2�" 2!0�" 0�3!�10�" 2�" ���0�" “elevator” .�) 2 � �/�  ����2��

	� þ�þ	ÿ��-ù��ù	�+�ù-þ��ù

�!�� .�) 2�� $!�1� 2 # 3.1�.2 �!.3���.2 " /0� #��!$0 2!)� " .�.�.!�12.1�" 2&�

1#$� 2�2&� � # �2.� 0�1&�.2&���0" 12��  ����.� 	. /�.�!���.2. 2 # �.�� �!�3 # )� #

.� 2#�+�02.� � �$�2��� ��01� 2&� �#�.2 � !3+�  ����." �.�*�2 #� 1#����1���0" � !3�" �.�

�.! #1��� #� 0�3!�10�" 2�" �/�." ���0�" � # �$0� �0$�0� .�) 2 � �/�  ����2� �. 0�3.���02.�

0�20�+" /�.3 !02���� ù�2��02.� 2 3.1�.2 �!�3���. �.!��0� ��. �0�2 �0!� 0�2*�&1� 2&�

3&� 1#�2 ��1���+� � !3+� 2�"  ����."� �  � �. �!.��.2 � �0� .��.��" 12. �!)2#�. .#2�

��01. 0�3.�0�" 12 .��!+��� ��2��

	 �$�2��) 3.1�.2 �!�3���. .�.�.�*3���0 �.2� 2� /��!�0�. 2 # /0#2�! #

�.�� 1�� # � ��� # .�) 2 � Ralph Potter �.� 2 #" 1#�0!��20" 2 # 12. Bell Laboratories.

ù!$��� 2 �$�2��) 3.1�.2 �!�3���. $!�1�� � �����0 1.� 0!�.�0� .�) ��.2! *" �0 1� �)

2�� �.�#2�!0#1� 2�" 0��� ��&��." 10 .��!+� #" �0 1 �.!� .� #12��� �! ����.2.�

�!�1�� � �����0 0�20�+" .�) ��&11 �)� #"� �0!.�0#2�"� �.� 0!0#��2�" 0�0�0!�.1�."  ����."

��. 2�� �.2.�)�1� �.� 2�� �0!��!.3� �! 2*�&�  ����."�

þ �!+2� �0!��!.3� 2 # �$�2�� * 3.1�.2 �!.3���.2 " �.! #1��12��0 12��

/�� 1�0#1� ���� 2 # Science 2 � � ���!� 2 # ����� � Potter �.� /* 1#�0!��20" 2 #

/�� 1�0#1.� .!�)20!. 2 Visible Speech (1947), ��. ����� � # �0!��!�30� 2 

3.1�.2 �!�3���. �.� 2�� $!�1� 2 #�
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ô$��        

	 2.�!�.1�. 2&� �$�+� 0��.� ��. � !3� .�.��+!�1�" �! 2*�&�� þ /�./��.1�.

2.�!��1�.2 " 2&� �$�+� 0��1+�0� ��. ���� �0 2. �$�� .�.�.!�12.1�" 2�"� ù�.�.!�12� 2.

/0/ ���.  ����." 1.� 1*� �. �.!.�02!��+� /�.�#1��2&� 2.  � �. �.� *�2.� �$��� �0 ���.

�)��. ��. �$� " 0��.� ��. .� � #��. .�) .�*1�.2.� ���0 ��#1�. �0!��$0� ��. 1*� � .�) 2���"

��. 2�" �.!.��2! #" � # $!�1�� � � *�2.� .�) 2 1*12��. ��. 2�� .�.�.!�12.1� 2�"  ����."�

þ .�.�.!�12.1� 0��.� .���� ��01� �.� 0*� �� 12 �. �.!.$�0�� û0� #��!$0� 01&20!��� / ��

��!. .�) 2�� .� � #��. 2&� .�#1��2&� � # �.!�� �2.� �0 2�� /�./��.1�. 2�" �&/�� � ��1�"�

û0� ���02.� �! 1���0�. +120 �. .�.�#� *� ��&11���" � 3&��2���" 1$�10�"  �  � �0" �� !0� �.

#��!$ #� 0�2)" 2�" ����"�

þ /�./��.1�. 2.�!��1�.2 " 2&� �$�+� �!.��.2 � �0�2.� &" 0��": 10 ��. 03.!� �� ���0

���� � 3!�1� .� ���0*02.� 1.� ��. �0$&!�12) �$� "� þ  ����. 2&� 20���+� $!�12+� 12��

0�1 / 0��.�  !�.�&���� 10 �$�� �!�� 2�� 0�2��01� 2�" /�./��.1�." 2�" .�.��+!�1�"� �2�

1#��$0�. � 0�1 / " 1#��!��02.� �0 2. .� ���0#���. �$��� �.� )�&" 3.��02.� .�) 2 1$��. �� 2.

.� ���0#���. �$�� � # 2.�!��� #� �0!�11)20! �0 2. 0�10!$)�0�. �!)2#�.  ����."�

.�.��&!�� �2.� 1.� 2�� ���� � 3!�1� 0�1)/ #� 	 �$� " � # 0�����02.�  � ���02.� �.�*20! 

2.�!�.1�. ��. 2�� 1#��0�!����� 0�1 / � þ /�./��.1�. 2 # 2.�!��1�.2 " 2&� �$�+� .�.�20� 2��

2���. �! " 2���. 1*��!�1� 2&� 3.1�.2��+� �! 2*�&� �.� �.!��0� ��.  ���� 0�2���1� 2�"

 � �)2�2." ��. ���0 �$� " �1#$�� �.�0�2.� �02!��� .�)12.1��� þ 1*��!�1� /0� .�.���02.� �.

�.!��0� �.� � �)2#� 2.�!�.1�.� �0� �&���0" 0�3!�10�" 2�" �/�." ����"� 0�3&�����0" .�)��

�.� .�) 2 �/� �2 � � 1#$�� /�.3�! #� &" �! " 2 $! ���) ��� "� þ /�.�*�.�1� .#2� �� !0�

�.  30��02.� 10 ��. 10�!� .�) �.!�� �20"� )�&" 2�� /�.3 !� 12 � !#��) �0 2 �  � � ��.

�2 � ����0�� 2�� ��3.1� � # /��02.� 12��  ����. �.� 2�� 1#�.�1���.2��� �.2�12.1� 2 #

.2)� #� õ� � �.� �. 0��.� 2 .�2� �. �!��0� �. �!0�0� 2!)� " �21� +120 �. 0�.$�12 � ��� *�

 � $! ����" /�.3 !�" �02.�* 2&� �! 2*�&�� �0 .� 2��01�. 2)1  � .!��" )1 �.�  � �!�� !0"

0�3!�10�" 2�" �/�." ����" �. ��� �! 1/� !�� �2.� 1.� �0$&!�12�" ���0�"� þ /�./��.1�.

0�.$�12 � ��1�" 2&� /�.3 !+� 2 # $! ��� * ��� #" 2&� ���0&� �.�0�2.� $! ����

0#�#�!����1�� þ �! 1����1� � # $!�1�� � �0�2.� �� 1#$�� ��. 2�� 0�2��01� 2�" $! ����"

0#�#�!����1�" 12�� /�./��.1�. 2.�!��1�.2 " 2&� �$�+� 0��.� ��. 20$���� 2.�!��1�.2 "

�! 2*�&� � # �.�0�2.� /#�.���� 12!0*�&1� $!)� # �DTW) . þ ��� / " .#2� 1#��12� 2��

���2�12� $! ���� 0#�#�!����1� 0�)" 1#�)� # .�) /�.�*1�.2. ��$��� �0 ��. ��� �

	. �0!�11)20!. 1#12��.2. 2.�!��1�.2 " 2&� �$�+� �$ #� ��. �! �.� !�1��� �.2+3��

.� /0�2��)2�2."� ù#2� � �0�2 #!��. .� 2!��0� 2 � �)!#� �.� 2�" ���0�" � # /0� .��� #� 12 

�0���)�� 2�" 03.!� ��" �. .�.��&!�12 *� �.�0���. 1.� .� /0�2� /0/ ���.  ����." 12��

0�1 / � ù� �.���. .�) 2. 2.�!��1�.2. �$� #" /0� #�0!�0� 2 �.2+3�� .� /0�2��)2�2."� 2)20 /0�
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�.2.�!�302.� .�.��+!�1�� � 2!)� " �0 2 �  � � 2. �0� �)2. �� .�.��+!�1�"

.�2��02&��� �2.� /�.3�!0� .�) 1*12��. 10 1*12��.� +�. �.!�/0���. �)��. 1#12��.2. ��2 *�

.�) 2 � $!�12� �. 0�.�.���0� 2�� ���� � 2�� 3!�1��

�$��. �� ù�.��+!�1�  ����." �0 2�� $!�1� 2�" �0�)/ # 2.�!��1�.2 " 2&� �$�+��

�2. .!$��� 1#12��.2. �$�+� ���0 �$� " .�.�.!�12 *10 ��. �.!�/0���. ��0�)2.�

0�3+��1�) ����" �.!.�)�0��" .�) 2 �  ����2�� û��. 0�3&��10�" .� ���0* �2.� 1.� /��.

/�.3 !02��� �$�� �.� �.���. .�) .#2� 2. �$�� �2.� “�.�&��� ” �.� .�02����2 � 	 �0� �)"

.#2) 0�$0 1.� .� 2��01�. � �02.���2)2�2. 12��  ����. �02.�* 2&�  ����2+� �.� �

�02.���2)2�2. 12��  ����. 2 # �/� #  ����2� �. �0!� !�120� ��1& 2�" /��� #!��." 2&�

1#�)�&� 2&� �$�+� ��. ���0 ���� 2 # �0��� �� # 2�" 03.!� ��"�

ù#2� 0��.� � .�� *120!� �! 1����1� 2&� 1#�.!2�10&� �02.���2)2�2."� .� /0�2� ��.

1#12��.2. ���! * �0��� �� # � # �0!��$ #� �1$#!� /�.3 ! � �����0" ���0�"� 	. 12 �$0�. � #

.�.�2 *�2.� ��. .� ���0#1� �.� .�.��2�1� /�. ��1& 2&� �$�+� .#��� #� �!.����� �0 2 

���0� " 2 # �0��� �� #� �!�1�� � �+�2." .#2� 2�� �! 1����1�� 2 2.�!�.1�. 2&� �$�+� ��.

�0���)��. �0�.�*20!. .� 0�.2) ���0�" �.��12.2.� �� .� /0�2) 10 )2� .3 !� 2�� /.����

$!)� # �.� 2�� 2�1� 0�3���1�" ��� #"�

�� �!)13.20" 03.!� ��" �$�+� $!�1�� � � *� 0*!&12. �$��� 	. 0*!&12. �$��

/��� #!� *�2.� .�) �0!�11)20!0" .�) ��. 0�3&��10�" ��." ����" $!�1�� � �+�2."

�.���.2�� *" ��1 #" )! #" �.� 12.2�12���" 20$����" 1#12./ � ��1�"� ù#2�"  � /�./��.1�0"

Spoken
input

Matching
Algorithm

Selected
Template
Pattern

Template
Pattern
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0���0�2!+� �2.� 12 �. �.� ��� � ��1 #� 2�� 1#$�)2�2. �.� 2. $! ���� �!)2#�. 2&�

0�3&��10&� ��." ����"� ü�0�/� 1#��0!��.���� #� /0/ ���. .�) �0!�11)20!0" 0�3&��10�"

�.2 !�+� #� �.�*20!. �. $0�!�12 *� 2�� �02.���2)2�2. 12��  ����. �02.�* 2&�  ����2+�� þ

$!�1� 2&� 0*!&12&� �$�+� �0�+�0� 0��1�" 2�� �!�� !� .���2#�� .�.�2�10&� .� ���0#1�"  �

 � �0" 1#���&" 1$02�� �2.� �0 2. 1#12��.2. 2.�!��1�.2 " 2&� �$�+��

þ $!�1� 2�" �0�)/ # 2.�!��1�.2 " 2&� �$�+� 0��.� 1��0!. �0!� !�1����� .��� �!�1�0�

.�)�� 03.!� �� 10 �0!��� 0�� !��� 1#12��.2.� ü��.� � �* .� 20�01�.2��� 10 03.!� ��"

���! * �0��� �� #� .��� /0� 0��.� .!�02� .�!���" ��. �. ���0� 2 #" �0�2 *" /�.$&!�1� *" � #

.�.�2 *�2.� 12�" 03.!� ��" .�.��+!�1�" � # $!�1�� � � *� �0��� �0���)�� � ü3.!� ��" � #

.�.�2 *� �0���)�� �01.� # �0��� #"� /��./� .#2) �#�.��02.� .�) $���0" �&" /��. $����/0"

���0�"� �� ! *� �. $!�1�� � � *� 2�� ��� / 2.�!��1�.2 " 2&� �$�+�� .�  .!���)" 2&�

0��� �+� �0��� �� # 10 ���0 1��0� 2�" 03.!� ��" �!.20�2.� 12 0��$�12 0���0/ � ò�. ��� 

�!)����. 0��.� � .*��1� 2&� .�.�2�10&� .� ���0#1�" �0 ��. �!.����) 2!)� �.�� �0 2��

.*��1� 2 # �0��� #" 2 # �0��� �� #� 	 �0� �)" .#2) �.!��0� ��. .��� �� .*��1� 2�"

#� � ��12���" � �#�� �)2�2."�

	ùÿ�ÿù��ù 	� ÿ���

	 2.�!�.1�. 2&� �$�+� �2.� � 0���!.2�120!� �0� / � ��. .�.��+!�1�" �.2� 2��

/0�.02�. 2 # ���� �.� ����� þ ./#�.��. 2�" 12 �. �.!��0� .�!��� .�.��+!�1�� 10 1#�/�.1�)

�0 2 .#�.�)�0� 0�/�.3�! � ��. 2�" .� #12 3&��2���" 20$����" 1#�2��01.� 12 �. $�10� 2��

.���� 2�"� �.2� 2�� /0�.02�. 2 # ���� 0��$0�!����0 ��. .�.��&1� 2�" �0�)/ # �)�& 2�"

.� � �20#1�" � # .� � *��10 .�) 2�� 0�3���1� 2&� .� #12 3&��2��+� 03.!� �+�� ü� 2&

�02.�* 0�$0 �0�2�&�0� �0 2�� �!)1�01� 20$���+� )�&" .#2� 2�" /#�.����" 12!���&1�" 2 #

$!)� # �DTW)� �� �� � .��)!��� � 2.�!��1�.2 " 2&� �$�+� �2.� �!�� ! �� 0*!&12 �� �.�

.!�02� .�!��0�" ��. 2�" .�.�2�10�" 2&� 0�� !��+� 1#12���2&� 12�" .!$�" 2�" /0�.02�." 2 #

����� þ 0���!�2�1� 2 #" 1#�0$�12��0 ��$!� 2 2�� " 2�" /0�.02�." 2 # ���� )� # �.�

.�2��.2.12����.� .�) 12 $.12���" �0�)/ #" 0�0�0!�.1�."� ù� �.� � ��� / " 2.�!��1�.2 " 2&�

�$�+�� 1.� �.1��� ��� / " .�.��+!�1�"� 0��.� 10 �2+1�� $!�1�� � �����0 10 03.!� ��"

12)$0#1�" ���0&�� ù�)�� .� 20�0� 2� �.1��� 20$� � ���� ��� / � # 03.!�)�02.� ��. 2��

0�.�!��&1� 2�" 2.#2)2�2." 0�)"  ����2��

�� Leedham (1992), Moore (1984), �.�  � Rabiner & Jyang (1993) �.!�$ #� �!�12�

20$���� .���#1� 2�" �0�)/ # 2.�!��1�.2 " 2&� �$�+��
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� )! " 12 $.12��)" .�.3�!02.� 12�� /�./��.1�. #� � ��1�" ��." .� � #��." .�) ��

�2�20!����12���" 0��� ��" .���01. .�) ��. 1*� � .�) 0�.��.�2���" 0��� ��"� ü��.� ��

�2�20!����12���" ��.2�  � 0��� ��" �.2� 2�� /�./�.�.1�. 2�" .�.��+!�1�" �.20#�*� �2.� .�) 2.

$.!.�2�!�12��� 2�" 0�1)/ # �.� /0� �! 1/� !�� �2.� 0� 2&� �! 2�!&�� þ $!�1� 2&�

12 $.12��+� � �2��&� �.� 2�" /�./��.1�." 2�" 12 $.12���" 0�0�0!�.1�." �$0� /�0�1/*10�

1��.�2��� 12�� /�./��.1�. .�.��+!�1�"  ����."� õ�&" � /�./��.1�. 2.�!��1�.2 " 2&� �$�+�� �

12 $.12��� 0�0�0!�.1�. .�.�20� 2�� /��� #!��. �.� 2�� .� ���0#1� � �2��&� �.�0�)" .�) 2.

�! " .�.��+!�1� 12 �$0�.� �2 1��0� .#2)  � /* �! 10���10�" .� ���� #�� þ 12 $.12���

0�0�0!�.1�. /0� �0!��.����0� ��01 2.�!�.1�. .���01. 12. .� ���0#���. � �2��. �.� 12.

/0/ ���. 0�1)/ #� ù�2��02.� �.1��02.� 10 1*��02� 12.2�12��� �.� ���.� �!.2��� .���#1� �

 � �. ���02.� �.�*20!. �.2.� �2� 0�02�� �2." 2�� /��2#.�� / �� 12��  � �. .#2�"  �

12.2�12���" � !3�" .� ���0* �2.�: 	. �!#3� � �2��.0DUNRY �þ����

�$��. �� 	#���� / �� 0�)" �!#3 * � �2�� # Markov.

ò�. þ��� )�&" .#2) 2 # 1$��.2 " � .� 20�0�2.� .�) ��. .� � #��. .�) �.2.12�10�"

1#�/0/0���0" �0 �02.��10�"� �� �.2.12�10�" .�.�.!�12 *� 2�" 0�.��.�2���" �.2.12�10�" 2�"

12 $.12���" /�./��.1�." �.�  � �02.��10�" �0!��$ #� ���.� �!.2��� �.� ��� # 0�/ #" /0/ ���.

2.  � �. $!�1�� � � *�2.� ��. �. �.� !�1 #� � �. �.2�12.1� �. �!��0� �. 0���0�0� 12��

1#��$0�.� �� �.2.12�10�" 2 # þ�� 12 1$��. � .�.�.!�12.�2.� �0 �*�� #" �.�  � �02.��10�"

�0 ����� ò21� ��. �.!�/0���.�  � /#�.2�" �02.��10�" .�) 2�� �!+2� �.2�12.1� 2 # þ��

�� ! *� �. 0��.�� 12�� �!+2� �.2�12.1� ��.�0�2.� .�./! ���� �02��.1��� 12�� 0�)�0��
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�.2�12.1�� � 12�� 2!�2� �.2�12.1� 2 # þ��� ù" #� ��1 #�0 )2� 2 þ�� 2 # 1$��.2 " �

0��.� ��. � �2�� .� ���0#1�" 2�" ����" “five”, �. �.�0�2.� � �2�� .�.3 !�" ��. 2� ����

“���20” �.� �. �0!��$0� 12.2�12��� 12 �$0�. ��. )�. 2. 0�3&�����. /0���.2. 2�" ����" 2.  � �.

$!�1�� � � *�2.� ��. �. /��� #!��1 #� 2 � �2�� .�.3 !�"� �� 0�3&��10�" 0��.� /#�.2) �.

�.!�$ �2.� .�) �0� �&��� #" $!�120"�  ��/0"  ����2+� � .�) �! (��!$ #1. ��1� /0/ ���&�

��.�0�2.� 1+�. �0����&�� %�3� � ������"  ����."� ���0 �.2�12.1� 0�)" þ�� �0!��$0�

12.2�12��� 12 �$0�. ��. ���0 2���. 2�" ����"� 	. 12.2�12��� 12 �$0�. �0!��!�3 #� 2�" 2���" �.�

2�� /�.�*�.�1� 2&� �.!.��2!&� � # �0!��$ �2.� 12. /0���.2. 2�" ����"� ò�. 1*12��.

.�.��+!�1�" �� !0� �. �$0� � �#�!���. þ��� )�&" .#2) 2 # 1$��.2 " �� � �� !0� �. 2.

0� � ��10� 10 ��. /��2# �.2.12�10&� �.� �02.��10&��

	 1*12��. .�.��+!�1�" �! �.��0� 12�� 1*��!�1� 2&� /0/ ���&� 12�� 0�1 / �0 2.

.� ���0#���. � �2��. 2 # 1#12��.2 "� ü��  $!�12�" 0�!)�0�2 �. �! 3�!0� “fayv” 2)20 2 

1*12��. ���.�)� �. 0���0�0 2 þ�� � # .�0�� ���02.� 12 1$��. � 1.� ��. .�) 2.

.� ���0#���. � �2��. ��. �. �!.��.2 � ��10� 2�� 1*��!�1� �0 2. /0/ ���. 12�� 0�1 / .�)

2 � $!�12�� ü��  $!�12�" �.!.20��0� 2�� 0�3+��1� 2 # f  �.2� 2 �0�����. 2�" �! 3 !�" 2�"

����" 0�1)/ #� 0��.� ���.�)� )2.� � /��2.�� .�.��+!�1�" 1#��!��0� 2�� 0�1 / �0 2 þ�� 2 #

1$��.2 " � �. #��!�0� 2 #��$�12 � ��. .�./! ���� �02��.1� 12�� �!+2� �.2�12.1� 2 #

þ���

�� 1#��!�10�" .#2�" �.!�� #� ��. 2��� ���.�)2�2." /0�$� �2." �21� 2�� ���.� 3��0�.

��. 1#��0�!���� .� ���0#��� � �2�� .�.3 !�" �. .� 20�0� 2 �.�*20! 2.�!�.1�. ��. 2.

/0/ ���. 0�1)/ #� ù#2� � �! 1����1� �.�0�2.� .��)!��� " ����12�" ���.� 3��0�." 2&� Baun-

Welch. ��. ���� 1#����" ��� / " � # $!�1�� � �0�2.� 12�� 12 $.12��� .�.��+!�1� 0��.�  

.��)!��� " Viterbi. O .��)!��� " Viterbi %�$�0� ��1. .�) 2 /��2# 2&� �)��&� ��. ��.

.� � #��. .�) �.2.12�10�" 2 # þ��  �  � �0" .�2�12 �$ *� �0!�11)20! 12�� 0�1 / � ù#2)

 � ���02.� 2 �.�*20! � � ��2�.

þ .�)/ 1� 0�)" þ�� 0�.!2�2.� 10 �0��� �.��) .�) 2�� � �)2�2. 2&� /0/ ���&�

� # $!�1�� � � *�2.� ��. 2�� /��� #!��. 2&� 01&20!��+� ���.� 2�2&�� �� ���.�)2�20" .#2�"

 !�� #� 2�� 3*1� �.� 2�� ��2.1� 2�" /�.�*�.�1�" �  � �. 1$02��02.� �0 ��. ���� � �0 ��� �.

���� 0�1 / � �.20#�*� #� 2�� 0��� �� 2 # �.�*20! # � � �.2� * � 2 # �.�*20! #

2.�!��1�.2 "� ù� .#2�"  � ���.�)2�20" �! �!$ �2.� .�) .�0�.!�� /0/ ���. � .�) 0�3&��10�"

� # /0� .�2��.2 �2!�� #� 2��  ����. 2 # .�.�0�)�0� # ����#1� * $!�12+�� 2)20 �

.�.��+!�1� �0 2�� $!�1� 2 # þ�� �. 0��.� �� .� 20�01�.2����

	. þ�� 0��.� �!�� !.� .� 20�01�.2���� .�!���� �.� 0#����2.� ò�. �!�2�!� ��. 2.

þ�� 0��.� 2 )2�  � �.2.12�10�" 2 #" 0��.� �0�2 #!���� .�0��!2�20"�
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	 �0�&���2��. 2&� þ�� 0��.� � �� .�!��� #�)�01� 2 # Markov� 1#��0�!����. )2�  �

.� #12���" �!.��.2 � ��10�" �.� � /��!�0�. ��." �.2�12.1�" 0�.!2�2.� �)� .�) 2��

2!�$ #1. �.2�12.1� �.� 0��.� #�) 1#����� .�0��!2�2� .�) 2 �.!0��)� « 2. þ�� /0�

�.!�$ #� 10 �0��� �.��) 0����&1� 2�" /�./��.1�." .�.��+!�1�"� �.� .� 2��01�.� 0��.�

/*1� � �. .�.�#� *� 2. ���� 0�)" 1#12��.2 " þ�� 10 ��. �! 1���0�. �. �0�2�&�0� �

.�)/ 1� 2 # �Alex Waibel, Carnegie Mellon University &Kai-Fu Lee, Carnegie Mellon

University [#�) 2�" �.! *10" 1#����0" Apple Computer] ü!���0�. 2�" ù�.��+!�1�"

�����."� ����� 10�������

�$��. �� û* 2#����" .!$�20�2 ����" �!#3+� � �2��&� Markov.   

	. þ�� �� ! *� �. / ��� *� �0 � ���� #" 2!)� #"� � �� 1#����1���� þ��

.!$�20�2 ���� � # 1#�.�2�2.� 12. 1#12��.2. .�.��+!�1�"  ����." 0��.� 2 þ�� �0 /�0*�#�1�

.�) .!�120!� �! " 2. /0��.� )�&" 3.��02.� 12 1$��. ��.� 	 0!� /��) þ�� � # 3.��02.� 12 

1$��. ���� 1#$�� $!�1�� � �0�2.� ��. 2�� .�.�.!�12.1� /��2*&� .�) 3&���.2. � #� �0��&��

	. 0!� /��� þ�� 0��.� $&!�" /�0*�#�1� �.� 1#�/� #� ���0 �.2�12.1� �0 ���0 ����

�.2�12.1��
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�2��  ! � ��. 2�" ��&11���" �0&!�." ��. þ�� �� !0� �. �0&!��0� 1.� ��. ù#2)�.2 

�0�0!.1���&� �.2.12�10&� �)6$�� � )! " FSA ��. ��. þ�� $!�1�� � �0�2.� ��. 2��

� �20� � ��1� ��&11��+� ���! 3 !�+�� 0�+  )! " þ�� $!�1�� � �0�2.� 12. /��3 !.

� �2��. 10 .� #12��) 0���0/ � 	. /* � �2��. 0��.� �1 /*�.�. .� �.� $!�1�� � � *�2.� ��. �.

� �20� � ��1 #� /�.3 !02��� 3.��)�0�. �.� �0���� /0� #��!$0� 12.�0!� $!�1� 2&�

1#��0�!����&� )!&� 12�� ����� �!.3�. .�.��+!�1�"  ����."�

�� Moore (1984), Paul (1990), �.� Rabiner & Juang (1986) �.!�$ #� �0�2 ��!0�"

20$����" �0!��!.3�" 2&� �!#3+� � �2��&� Markov. þ /�� 1�0#1� 2 # Jame Baker (1975)

�.! #1���0� 2�� 12 $.12��� 0�0�0!�.1�. 12�� /�./��.1�. .�.��+!�1�"  ����."�

��
-ù���	ü�ù MARKOV

	 ����  A. A Markov �0!���!.%0 ��. � �2�� /��2* # ��.�) �. �.!��0� .� � #��0"

�&11��+� �!.���2&� � �. �! ����0� .� � #��0" �!.���2&� $!�1�� � �+�2." .� � #��0"

���.� 2�2&�  �  � �0" 0���2 �2.� 10 !&11��� �0��0�.� �!�1�� � �����0 1.� ��1� 10

#� � ��12��� � �2��.� 10 ��. 0#!0�. �0!� $� �0/�&�� 1#��0!��.��.� ���&� �.� � �2��&� 2�"

.��!+����" ��+11."�

�2�� /0�.02�. 2 # ���� �.� 12�" .!$�" 2�" /0�.02�." 2 # ���� 2. � �2��. Markov

03.!�)12��.� 10 � �#0���0/.� 10 �0!.!$���" / ��" .�) 2 � Baum �.� ��� #" 0!0#��2�"�

ü3)1 �  � ���.� �!.2�� � #� � ��1� � 2&� #� �0��0�&� 0����/&� /0� �0&! *�2.� 1.� ��!�

2&� .� � #��+� #%��+� 0����/&�� 2. � �2��. .#2�  � ��12��.� �!#3� � �2��. Markov

�þ����

�� 0!0#��2�" �!$�1.� �. /�0!0#� *� 2�� $!�1� 2&� þ�� 12�� .�.��+!�1�  ����." 12�"

.!$�" 2�" /0�.02�." 2 # ����� ò�." .�) 2 #" �!+2 #" � # #� ��2�10 2. þ�� �2.�  James

Baker 2 # �.�0��12��� # Carnegie Mellon (CMU),   � � " 2. $!�1�� � ��10 ��. �. .�.�2*�0�

2 1*12��. DRAGON 2 # �.�0��12��� # CMU ��. 2 �!)�!.��. ARPA SUR. ò�." ��� "

#� 12�!��2�" 2&� þ�� �2.�  Frederick Jelinek 2 #  � � # � 0!0#��2���  ��/. 12�� IBM

1#���.��0 12�� .���2#�� 2�" 20$� � ��." 2&� þ��� 	 �����  James �.� � Janet Baker

�/!#1.� 2. 1#12��.2. Dragon �.� .!�)20!. �.2.1�0*.1.� 2 1*12��. DragonScribe, ��. .�)

2. �!+2. 0�� !��� �! ')�2. � # $!�1�� � ��1.� 2�� 20$� � ��. þ���

þ 20$� � ��. þ�� /0� .���2�10 0#!0�. .� / $� 10 0�� !��� 1#12��.2. ��$!� 2. 2���

2�" /0�.02�." ����� .��� .�) 2�" .!$�" 2�" /0�.02�." 2 # ���� 2. þ�� ����.� � �*!�.

�! 1����1� 12�� .�.��+!�1�  ����."�

+�. �!)1�020" ���! 3 !�0" 1#��12.2.� 12 � .�.��+12� �. .�.2!��0� 12�" /�� 1�0*10�"

2&� James Baker (1975. �.� �����) �.� Baum (1972).
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� �2��. -&����2&�

�*�3&�. �0 2�� .� #12 3&��2��� �! 1����1� �.2� 2�� /�./��.1�. 2�" .�.��+!�1�"  �

���0�" �0&! *�2.� 1.� .� � #��0" .�) 3&���.2.� þ � �20�. 2&� 3&����2&� 0��.� � �*��0#!�:

• �� 3&��2���" � ��/0" �$ #� 2 ��0 ���2��. )2� �! 13�! #� ��.  �� � ����

.�.�.!�12.1� /�)2�  � �0!�11)20!0" ��+110" �$ #� �)� �0���2. � �.� ���)20!.

3&���.2.�

• þ .*��1� 2 # �0��� �� # /0� �.!��0� 2�� .�2�12 �$� �!.����� .*��1� 12�"

.�.�2�10�" .� ���0#1�" �.�+" �.� 12�" #� � ��12���" .�.�2�10�" � # 1$02�� �2.�

�0 ���0" �0� / � ��0"�

• 	 �0� �)" )2� 2. 3&���.2. 0��.� 2. �.1��� 12 �$0�. 2�" .��!+����" ��+11."

#� /��+�0� )2� �� !0� �. ���0� 0#� �)20!� � �02.3 !� 03.!� �+� .�) ��. ��+11.

10 ��. ���� �.� �21� �. �� ! *� �. $!�1�� � ��� *� ��. .#2)�.2� .*��1� 2 #

�0��� �� #�


��!$ #� ��!. � �� � 2!)� � ��. 2�� /��� #!��. � �2��&� 3&����2&�� þ

�.!./ 1�.�� �! 1����1� 0�.!2�2.� .�) ��&11�� *" �.�)�0" 1$0/�.1��� #" .�) 2 � �/� 2 �

�.2.1�0#.12� �.� 0�3!�� #� 2�" 1��%0�" 2 # ��. 2�" 0�2#�&1�.��" �/�)2�20" 2&� 3&����2&�� þ

.����� ��. 2� /��� *!��. �0���&�� 0�0�2�1��&�� �0����" $!�1�" �0��� ��&� �02.����10 2 #"

�.2.1�0#.12�" �! " 2�" #� � ��12���" �! 10���10�"� )�&" 2. �0#!&���� /��2#. �.� 2��

12.2�12��� .���#1�� �� ��� / � � # #� � � *�2.� �0 2 $�!� �.�  � #� � ��12���" ��� / �

�� ! *� �. 1#�/�.12 *� �.� �. �.!�$ #� �0�2 �0!0�" .�.�.!.12�10�" ��.��" ��.

.#2 �.2 � ������ .*��1� � .�.�.!.�&��� +�. �.!�/0���.� 2 1*12��. MIT VOYAGER

1#�/�.10 0!�.�0�. �.2.1�0#.1���. �0 2 $�!� �.� #� � ��12��� 0!�.�0�. ��. �. /��� #!��10�

3&��2��� � �2��. �! ��0#1�" ��. 2. ù������ �.� 2. ÿ.�&����� 	. 12.2�12��� �.!.�)�0�.

3&���.2. �.� *�2.� � ��/0" � # � ��� #� �0 3&���.2. �� PLU � .�0��!2�2. .�) 2 

�0!�0$)�0� ) �.� .�.�.!�12.�2.� 1#���&" $!�1�� � �+�2." 0!� /��� þ��� )� # ���0 PLU

�� !0� �. .�.�.!.12.�0� 1.� ��. þ�� �.2�12.1��


��!$ #� � ��� �! ����.2. �0 2�� .� #12 3&��2��� �! 1����1�� ò�. .�) .*2. 0��.�

)2� � 0�2.2��� �0 2 $�!� #� � ��1�� ��.2� ��. 2�� �.2�!2�1� 2 # 1#12��.2 " 3&��2���"

2.���)��1�" .�.�20�2.� � /��� #!��. 0�)" �0��� # .!��� * .�) 3&��2��� /0/ ���. 12.  � �. �

2 � ��2�1� 2&� 02��02+� #� � �0�2.� �0 2 $�!�� þ 0��� �� 12�� �.2.1�0#� .#2 * 2 #

2���.2 " �0 2 $�!� 0��.� 1#���0�. 2�" 0��!2�1�" .�) 2�� ��&11��� .���#1� �.� 2�� ���0�%�

� ��� .� /0�2+� �!�2�!�&� ��. 2�� .� #12 3&��2��� .���#1�� �� �0�2 ��!0�0" 2�"

.�.�.!�12.1�" 0��.� 1��.�2���" ��.2� $!�1�� � � *�2.� .�) 2 #" �.�)�0" 2 # 1#12��.2 "�
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12)1  � 0!0#��2�" /�.3 ! � � *�2.� &" �! " 2. .� #12 3&��2��� $.!.�2�!�12��� � # �.

�!��0� �. .�.�.!.12.� *��

ò�. ��� �!)����. � # .�2��02&��� #� 2. .� #12 3&��2��� 1#12��.2. 0��.� �

.�.�.!�12.1� 2�" /�.�*�.�1�"� �0 �0&!�2���" /�.2#�+10�" 2. 3&���.2. .�.�.!�12.�2.� 1.�

12.�0!�"  �2)2�20"� .��� �.2� 2��  ����. �.! #1��� #� 10 �0��� �.��) �02.���2)2�2.� ��.

��� / " ��. 2�� .�.�.!�12.1� 2�" �02.���2)2�2." 0��.� � $!�1� 2 # 3�)�� #. ò�." 3�)�� "

�0!��$0� 2�� .� #12��� ���! 3 !�. ��. ��. � �./��� ��3!.1� 2 # 3&���.2 " �.� .� 20�0�

�!�12 2!)� .�.�.!�12.1�" 2�" 2#$.�." �02.���2)2�2."� õ�&" � ��� �. 2 # 3�)�� # /0�

�� !0� �. �.�*%0� 2�" �0!��2+10�" 0�0��0" )� # 0�3.��� �2.� .�.�0�)�0�0" � !3�"

�02.���2)2�2." �.!.�)�0�0" .�) /�.���2 #" �.�+" �.� .�) 2 3&��2��) �0!�0$)�0� 

�1#���0�0" 2�" 1#��!�!&1�"��

þ �� 1#����1���� �! 1����1� 12 � $0�!�1�) 2�" .�.�0�)�0��" �02.���2)2�2."� )�&"

 � 1#���0�0" 2�" 1#��!�&1�"� 0��.�  1$0/�.1�)" 0�)" 1#�)� # .�) �.�)�0" � # 1#� /0* #�

.�0��!2�2. .�) 2 �0!�0$)�0� 3&���.2. $!�1�� � � *�0�. 12�� .� #12 3&��2���

.�.�.!�12.1�� �� �.�)�0" 0�)" .� #12 3&��2�� * 1#12��.2 " �. �!��0� �. �.�*�2 #� 2�"

1*��020" � !3�" 2�" 1#��!�!&1�" �.� 2�" ���0" � !3�" 2�" �02.���2)2�2." �.� �. 2�"

0�3!�� #� .�) 2�� ��0#!� 2&� .� #12 3&��2��+� $.!.�2�!�12��+� � # $!�1�� � � *�2.�

12�� .�.�.!�12.1�� ù� 2 .� #12 3&��2��) 1*12��. 0��.� �.2.1�0#.1��� .�) ��.

1#��0�!����� ��&11��� �0&!�.� 2)20 � �0&!�. .#2� �. �!��0� �. 0��.� � �* �.��  !�1����� ù�

/0� #��!$0� ��� �. ��&11��� �0&!�. � # �. #�)�0�2.� 12�� .�.�.!�12.1�  � �.2.1�0#.12�"

�. �!��0� �. 0�20��1 #� 0�20�� �0 2 $�!� .���#1� � �. 1$0/��1 #� 0!�.�0�. ��. �.

�! 1/� !�1 #� 2�" � !3�" 2�" /�.�*�.�1�"� 2�2 �. � # �. �� ! *� �. �02.2!.� *� 10 �.�)�0"

� $.!.�2�!�12��� 2�" .�.�.!�12.1�"�

�� Cole (1986), Mercier, �.� ��� �� ������� �.� Zue (1985) �.!�$ #� �.��" 20$����"

�0!��!.3�" ��. 2. � �2��. 3&����2&�� �� Ljolje & Levinson (1991) �0!��!�3 #� ��.

�.!�/0���. 12  � � $!�1�� � �0�2.� ��. 0!� /��) þ�� ��. 2�� .�.�.!�12.1� 2&�

3&����2&�� � Oshika, �.� ��� �� ������ �.!�$ #� ��. �.!�/0���. ��&11���" .���#1�" ��.

2�� .�.��+!�1�  ����."�


� ���0�"

þ � �20� � ��1� 2&� #� ���0&� .� 2��010 ��.  � ��. .#�.�)�0��" 1��.1�." ���. ��.2�

�.�+" � $&!�2��)2�2. 2&� 1#12���2&� .�.��+!�1�" .#���0�� ���02.� /*1� �� .� )$�

./*�.2� � 0�����1� 2&� � �2��&�  �)���! # 2 # �)1� # �Hsiao-Wuen & Kai-Fu Lee,

Carnegie Mellon University [#�) 2�" �.! *10" 1#����0" Apple Computer],

“� �20� � ��1� �����." ���& 10 ù�0��!2�2 �0���)�� ,” 1990, p.725).
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	 �!)����. .#2) .�.3�!02.� 10 1#12��.2. � #  !�� #� ���0�" .�) 2�� ��0#!� 2&�

.� #12 3&��2��+� 12 �$0�&� 2 #" �3&���.2.� � ���0" � ��/0" #� ���0&�� þ $!�1� 2&�

3&����2&� 0��.� 0��#12���� .���  � �! 10���10�"  � �.1��)�0�0" 10 3&���.2. �.!�$ #� ���!�

� ��0�. 12 � $0�!�1�) 2&� 0��/!�10&� 2�" 1#�.!�!+1�"� ò�." .!���)" .�) 0�.��.�2���"

� ��/0" #� ���0&� �! 2����0�  �  � �0" .�2� *� 2�" ���! 3 !�0" 2 #" .�)  ��� *�0�.

/0/ ���. �.!� .�) �0&!�2���" /��� #!��0"� �0!��$ #� 3�)�� #"� PLU� 1#��.��"� ���1#��.��"

�2 ��1) 2�" 1#��.��"� �.� /�3� �� #"� þ �� 0��2#$����� � ��/. #� ����" 0��.�  2!�3��� "

�0��1�" �.�0�2.� 0#.�1��2 .�) 2 �0!�0$)�0�  PLU (CS-PLU) �.� 3+���. 12 �0!�0$)�0� 

(PIC)� ��.2� 0��.� � �* 0*!&12� �.� ��.2� 0��.� 03��2� � �.2.1�0#� 2�" ��1. 12. )!�. 2�"

#��!$ #1." 20$� � ��." 2&� #� � ��12+��

-�þ�ù	ù �	� �ü�ÿü���ü��

�2�" .!$�" 2�" /0�.02�." 2 # ����  � 0!0#��2�" �!$�1.� �. /�.2#�+� #� 0�.��.�2���

� �2��. &" �! " 2 .�0��!2�2 .�) 2 �0!�0$)�0� � �2�� 3&���.2 "� ò�." .�) 2 #"

�!+2 #" � # �.2.1�0*.10 ��. � �2�� 3&���.2 " 12 �0!�0$)�0� �2.�  Boil Beranek �.�  

Newman (BBN). 	 �����  � úú� �!)130!.� ��. �0�2 �0!� �!)2.1� ��. 2�� $!�1� 2&�

3&����2&� 12 �0!�0$)�0�  �.� 2��  � ���!&1.� �0 2 BYBLOS� ��. 1*12��. .�.��+!�1�"

�0��� # �0��� �� # .�) 2 #" BBN. ù#2)"  /�.3 !02��)" 2*� " 3&���.2 "  � ��12��0

2!�3� �� " �.� 0�3!��0� 2�� �!)1�01� 2)1 /0��+� )1 �.� .!�120!+� �0!�0$ ���&�.

û�.3 !02�� � 2*� � 2!�3�)��&� �.2.1�0#�12��.� .�) 2�� IBM, 2�� Dragon Systems,

2 �.�0��12���  CMU �.� ��� #"  !�.��1� *" � # 0!��� �2.� ���& 10 1#12��.2. �0��� #

�0��� �� #� 	 2!�3� �� � �2�� 0��.� ��. �! �.� !�1���� �! 1����1� 12. 1#12��.2.

.�.��+!�1�"  ����." �0��� # �0��� �� #� þ 0�202.���� $!�1� 2 # �.��12� ��.� *" �.� 2 #"

�.2.1�0#.12�" 1#12���2&� ���! * �0��� �� # �. 0�1��� #� 12�� .� !� 2&� 1#12���2&�

�0��� # �0��� �� #�

+�. 2�� �.! $� �0!�11)20!&� ���! 3 !�+� ���& 12 ���. .#2) 1#��12.2.� �

/�� 1�0*10�" 2 # Schwartz, �.� ���&�� ������� �.�+" 0��1�" �.� 2 ����� 2 # Kai-Fu Lee

(1989) ��. 2�� �0!��!.3� 2 # 1#12��.2 " SPHINX .�) 2 �.�0��12��� CMU.

û��� #!��. 	!�3�)��&� �.� 
� ���0&�

ò�." 2!�3� �� " /0� 0��.� ��. 3+���.� �.!� 2 �0� �)" )2� �0!�� � �.2.1�0#.12�"

.�.3�! #� 2. PCI � 2 #" 2!�3�)�� #" 1.� 3&���.2.� ò�." 2!�3� �� " .� 20�0�2.� .�) ��.

3+���. � ��. PLU �.� �0!�12 �$��02.� �.� .�) 2�" /* ��0#!�" .�) ���! 3 !�0" � #

�! �*�2 #� .�) 2. 1#�3!.�)�0�.� ò�." 2!�3� �� " ��. 2 3+���. uw .� �� ���02.� 12 

1$��. ��.� õ�&" 2. PLU, 2. 2!�3� ��. � �2��. 0��.� 12.2�12���" �.2.1�0#�" � # �.1�� �2.�
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12�� .���#1� �0��� # .!��� * /0����2&�� +0����� .�.�.!�12.�2.� 1.� þ��� )�&" .#2) � #

.� �� ���02.� 12 1$��. ���� �#���&" �0!��$ #� 2!0�" �.2.12�10�" .�.�.!�12+�2.":

• 	�� �02��.1� .�) 2 �! �� *�0� 3+���.

• 	 3+���.

• 	�� �02��.1� .�) 2 ��. 3+���. 12 ��� 3+���.

þ 12.2�12��� ���! 3 !�. � # .�.�.!�12.2.� 10 ��. 2!�3� �� þ�� �0!��$0� �02.���2)2�2.

�! 0!$)�0�� .�) 2�� 1#��!�!&1�� ù�2��02. �0 2. .� #12 3&��2��� � �2��. � .���#1� 2�"

0��/!.1�" 2�" 1#��!�!&1�" 12��  ����. 0�1)/ # �� !0� �. ���0� $!�1�� � �+�2." .� ��0�12���

��. 2!�3� �� � �2�� �.!� 1#��0!��.���� �2." �0��� .!���) .�) �.�)�0" 1#��!�!&1�"�

	�� �/�. 12���� � 0�1&��2&1� 2�" 1#��!�!&1�" 10 ��. 2!�3� �� � 1#�0���02.� �0����

2�� /��� #!��. �0!�11)20!&� .�) �� " 2!�3� ��&� � �2��&� ��. ��. �)� 3+���.� 	 3+���.

t, ��. �.!�/0���. �� !0� �. �$0� ��. 2!�3� �� � �2�� ��. 3&��2��� �0!�0$)�0�. 2.  � �.

.�.�2 *� 12! ����0��� 12)�. �“too”, “toe”, �2��� ��� � ��� ��. �0!�0$)�0�. $&!�"

12! ����0��� 12)�.� �.� � ��� ���. ��. ���. 3&��2��� �0!�0$)�0�.� � .!���)" 2&�

2!�3�)��&� � # .�.�2 *�2.� ��. 2�� .������ ��+11. 0��.� � �* �0�.�*20! " .�) 2 � 1#� ���)

.!���) 2&� 3&����2&��

�$��. �� 	!�3� �� ��

	. þ�� 2!�3� ��. � �2��. .� ���0* �2.� 10 ��. ��1� /0/ ���&�� �.2� 2��

.���2#�� 2 # �0��� �� # 2. 2!�3� ��. � �2��. 1#�/� �2.� ��. �. 1$��.2�1 #� 12 �$0�.
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03.!� �+� �0��� �� # � 030/!��) �0���)�� 2  � � 0��.� .� ���0#��� 10 ��. 1*12��.

�0��� *� ù�2��02. 12�� .�.�.!�12.1� )� # $!�1�� � � *�2.� �$�� �.� þ�� 10 0���0/ ����"�

��. 12 �$0�. �0��� �� # �� ! *� �. �! 120� *� 10 ��. 03.!� �� $&!�" 2�� 1#�� ��

0���!)1�02&� /0����2&� ��. ���0 ��. ����� �� ��0" ���0�" 0�1�� �2.� .�) 2 ����2! �)�� � þ

0�1 / " .� 20�0�2.� .�) �!.3����� 2���.2. #� ���0&�� 2. .�2�12 �$. 2!�3� ��. � �2��.

�! 1�0�.*� �2.� .�) 2�� ��1� /0/ ���&�� �.� 2. � �2��. 1#�/� �2.� ��. �. 1$��.2�1 #� 2 

� �2�� ��." ��." ����"� þ /�./��.1�. .���2#��"  � ���02.� � �20� � ��1� #� ���0&�.

ù#2) � # ��� #�0 0��.� �. �.�!� #�0 �!.��.2���" 0�3&��10�" .�) 0�$+!� #"  ����2�"�

	�" /�.$&!�� #�0 10 � ���2�. .�) 3&���.2. 2.  � �.  !�.�+� �2.� 10 2!�3� �� #"�

ò�0�2. 2�" .�.�.2.1�0#�� #�0 �21� +120 �. 1$��.2�1 #�0 2. � �2��.� ü��.� 1.� �.

$!�1�� � � *�0 12 $.12��� �.�$��/�.� ü��.� 1.� �. /�.$&!��& �!���.2. 10 � ���2�. �.�

�. 2. .�.�.2.1�0#�� #�0 �.��� .�)�� �.� ��. ���0�" ��. 2�"  � �0" /0� 0�$.�0 � 2�

0�3&��10�".

�� ��0" ���0�" � # /��� #!� *�2.� .� ���0* �2.� 10 ��. 1*12��. �0��� �� # 12  � � 

#��!$ #� /0��20" 12 #" 2!�3� �� #" .�) 2 #"  � � #" �$ #� �.2.1�0#.120��.

	0$����" �0!��!.3�" 2�" �.2.1�0#�" 2!�3�)��&� �.� 2�" � �20� � ��1�" #� ���0&�

/�� �2.� .�) 2 � C-F Lee, �.� ��� #"� �����a �.� 1990b� �.� .�) 2 � Deng, �.� ��� #"� (1990).

ü��1�" 1#��12.2.� 2 ����� 2 # Kai-Fu Lee (1989) 12  � � �0!��!�3 �2.� 2. 3&���.2.�  �

2!�3� �� �� �.� � � �20� � ��1� ���0&� ��. 2 1*12��. SPHINX 2 # �.�0��12��� # Carnegie

Mellon.

,��.2. 12�� ù���2#�� 	!�3�)��&��   

�0 2�� .� #12 3&��2��� � �20� � ��1�� � #� � ��1� 2!�3� ��&� � �2��&� 10 ��.

1#��0�!���� 1*12��. .�.��+!�1�" 0��.� 1#$�� � �./��� ��. 2 � 1#��0�!���� �.2.1�0#.12�

�.� ��. 2���. 2 # � ��1��� * � # .���0� 12 � �.2.1�0#.12�� ù#2) �. �$0� &" .� 2��01�.� 2.

2!�3� ��. � �2��. 2 # 0�)" �.2.1�0#.12� �. ��� 1#�0!��� �2.� �0 2 �!)�!.��.

.�.��+!�1�" 2 # ��� # �.2.1�0#.12��

ò�. ��� ���. 12�� .���2#�� 2&� 2!�3�)��&� 0��.� � � �)2�2.� ü3)1 � �.1�� �2.� 10

12.2�12��� .���#1� /0/ ���&�� � � �)2�2. 2&� 2!�3� ��&� � �2��&� 0��.� ��. #� �! ')� 2�"

� �)2�2." 2�" 0�����1�" � # $!�1�� � �0�2.� ��. 2�� /��� #!��. .#2+� 2&� � �2��&�� ü��.�

1#���&" /*1� � �. .� �2�� *� .!�02� /0���.2. ��. �. �.�*% #� )�. 2. /#�.2� 3&��2���

�0!�0$)�0�., �21� +120 �. /��� #!��� *� .��)��12. 2!�3� ��. � �2��.� ù#2) �.�0�2.�

�!)����. .!.�+� /0/ ���&�� �0!�� � �.2.1�0#.12�" 0���* #� .#2) 2 �!)����.  !�� �2."

� ��/0" �0��� �� #  �  � �0" .�.�2*1 �2.� ��1& 2�" � �20� � ��1�" #� ���0&� 1.� .!$���

1��0�. �.� �.� *�2.� �.1���" 3)!�0"� �� �.1���" 3)!�0" 1$0/��� �2.� �21� +120 �.

�! 1.!�)� �2.� 12 � 2!)�  ����." ���0 $!�12� .���.�2� 12 1*12��.� ù#2� � �! 1����1�
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�.�0�2.� �! 1.!� ��  ����2�� �� 03.!� ��" � # .�.�2*1 �2.� $!�1�� � �+�2." 2�� ��� / 

2�" �! 1.!� ��"  ����2� �!)�0�2.� �. $!�1�� � ��� *� 0�.�.���2��� .�) 2 �/� 1*� � 

$!�12+��

��. /0*20!� ��� / "� �  � �. �� !0� �. 1#�/�.120� �0 2�� �.!.�&�� �.1��+� � !3+�

0��.� � .���2#�� 2!�3� ��&� � �2��&� 2.  � �. �� ! *� �. $!�1�� � ��� *� 1.� ��1�

/0/ ���&� .�.3 !�"� �0��1�" �.�0�2.� 1+�. �0����&�  ��� *�0��" ��+11.")

�0!��.���� �2." /0���.2. .�) �0��� .!���) .��!+�&�  �  � � � /�.��� #� ���0�" �

�! 2�10�"� ��. .�) 2�" �� 0#!�&" $!�1�� � � *�0�0" ��10�" .#2�" 2�" �.2�� !�." 0��.� �

TIMIT � ��. 1+�. �0����&� � # .�.�2*$���0 .�) 2�� Texas Instruments �.� 2 �ÿ	 ��. �.

�.�*%0�  �)���! 2 1*12��. �$&� 2&� ù�0!��.���+� ù�����+��

ò�." ��� " 2!)� " .���#1�" 2 # �! ����.2 " 2&� .!.�+� /0/ ���&� 0��.� �

/��� #!��. 0�)" �� �0��� * 2!�3� �� # � �2�� # � � �2�� # #� ����"� þ �0���0*�0��
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12. 0!�.12�!�. 2�" AT&T Bell 0�$0 2�� /#�.2)2�2. �. �.�.��0� �� ù�����) �0���)�� .�)

0�3!�10�" /�.�!�2+� ���0&� $!�1�� � �+�2." 1.�  /��) �� /.�2#� �!.3����� 0�1 / �

û* �!�120" ����" ���! 3 !�+� 1$02��� �0 2. ���.2. .���2#��" �0��� # �0��� �� #

.� 20� *�  � 0!�.1�0" 2&� Seitz, ������ �.� Jelinek (1985). þ 0!�.1�. 2 # Jelinek 12�� IBM

��010 2�� �! �.2.!2��� 0!�.1�. ��. 2 � 1$0/�.1�) �0��� �� # �.� �!.��.2���" 12.

�0!�11)20!. 0�� !��� 1#12��.2. .�.��+!�1�" �0��� # �0��� �� #� � Gorin, �.� ��� �� (1993)
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�0!���!.%.� 2 .#2)�.2 1*12��. 0�����1�" �0��� �� # 2  � � .�.�2*$���0 12.

0!�.12�!�. 2�" AT&T Bell.    

ù� 20�01�.2��)2�2. ù�.��2�1�"�

õ�. 2. 1#12��.2. .�.��+!�1�"  ����." �. �!��0� �. �! 1/� !�� #� 2 ���. 2�"

.�!���" .�.��+!�1�" 2�" 0�1)/ # 10 ��. $! ���) ��.�1� � # �. 0��.� .� /0�2) .�) 2 #"

$!�120" 2 # 1#12��.2 "� 	. 1#12��.2. ���! * �0��� �� # 0��2!�� #� �!.����� .�.��2�1� /�.

��1& 2 # /�0��1�� # �0��� �� #� .��� .#2) /0� 0��.� /#�.2) ��. 1#12��.2. �0 �0���)�� 

�0�.�*20! .�) $���0" ���0�"�

��. �*1� ��. .#2 * 2 # 0�/ #" 2 �!)����. 0��.� � $!�1� �!.��.2���" ��. 2 �

�0!� !�1�) 2&� 0���0�)�2&� ���0&� � # 0��.� /�.��1��0" 10 ���0 1��0� � ��. ���� 20$����

0��.� �.  !�.�&�0� 2 �0���) 12�� � !3� /��2! # � 12�� � !3� �����.2 "�

þ .�.��+!�1�  ����." �� !0� �. �0&!��0� 1.� ��. �!)����. .�.��2�1�" 10 /0�/! 0�/�"

/��2# � �.�+" ��� � " �.20#�*�02.� .�) 2�� !��. �! " 2. 3*��.�  � /�.��./+10�" � #

�0��� *� .�) ���0 ��&1� .�.�.!�12 *� 2 1*� � 2&� ���0&� � # �. �� ! *1.� �.

�! 1.!2�� *� 12�� 2!�$ #1. �0!��� �!)2.1� �Douglas Paul, ú���� ���� Lincoln 2 #

MIT “ò�." ù� 20�01�.2��)" ù ù��)!��� " ù� �&/�� � ��1�" �2 ��."� ��.

ù�.��+!�1� �#�0$ *" �����." �0 ��. �2 $.12��) +�&11��) � �2�� �” 1992, p. 25).

ù#2� � �! 1����1� �$0� #� �02��0� .�) 2. �0!�11)20!. 1#12��.2. �0��� # �0��� �� #� ��.

2�2 �.  !���&1� �� !0� �. 0�.22+10� 2�� .�.��2�1� �.2� ��. �.!�� �2. 2�" 2���" 2 # 032�

0�.$�12 � �+�2." �21� 2. 2���.2. 2&� �� ���.�+� 0��� �+��

��. 2!�2� ��� / " �1#$�� 1#�/���02.� �0 2�� /0�/! 0�/� / ��� 0��.� � 03.!� ��

� �*�� �&� .��)!���&� .�.��2�1�"� û* .�) 2 #" �� 1#$�� $!�1�� � � *�0� #"

.��)!��� #" .�.��2�1�" 0��.�  .��)!��� " .�.��2�1�" /�1��" �.�  .��)!��� "

.� �&/�� � ��1�" 12 ��."� 	. 1#12��.2. �0��� # �0��� �� # .�.�2 *� 1*��020" �0�)/ #"

.�.��2�1�" ��.��" �. 0��20��1 #� �0�2 �0!� .� #12��� .���#1�� õ�&" .�.3�!02.� �.� 12 

�12 !��) 1��0�&�.� � # .� � #�0�� ��." .!���)" .�) 20$����" �!�� ! # 2.�!��1�.2 " �.�

���&� � �*�� ��" .�.��2�1�" �$ #� .�.�2#$�0��
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ù�ùýþ	þ�þ

��. .�) 2�" 0#!�&" $!�1�� � � *�0�0" �0�)/ #" .�.��2�1�" 0��.�  .��)!��� "

.�.��2�1�" /�1��" ��.�0�2.� 0��1�" �.� .��)!��� " .�.��2�1�" Viterbi�� þ $!�1��)2�2. 2 #

.��)!��� # .�.��2�1�" /�1��" 12�� .�.��+!�1�  ����." #�0!2 ��12��0 �0 2�� 0��2#$�. 2 #

1#12��.2 " Harpy 2�" ARPA SUR2  � � 0�$0 2�� /#�.2)2�2. �. .�.��&!��0� ����� ���0�" �0

!#��) ��� #" ���20 2�" 0�.2) ����� � .��)!��� " .�.��2�1�" /�1��" ���0�2.� 1#12��.2���

�.2� ��� " 0�)" /��2* # 2.�!��� �2." 2�� 0�1 / �0 2. .� #12��� �!)2#�. 2 # /��2* #� ��

�!+2 � �$ � 2�" 0�1)/ # ��. �.!�/0���. 1#��!�� �2.� �0 2�" .!$���" �.2.12�10�" 2 # /��2* #

�.���� �2." 2. 12 �$0�. � # 2.�!��� #� �.�*20!.� õ�. 2. ���. � � ��2�. �0!��)�2 �2.� .�)

2 � 0�.� �0��.�2. �)� � 	. � � ��2�. � # �.!.��� #� 1#���2 #� 2�� /�1�� 2&� #� ��10&��

ù#2� � /�./��.1�. �.!��0� ��. /��2! .�)3.1�" � ��. �����.� þ .�.��2�1� /�1��" �.!.���0�

��. .�) 2�" �� 1#$�� $!�1�� � � *�0�0" �0�)/ #" 2)1 10 0�� !��� )1 �.� 10 0!0#��2���

1#12��.2.�

�2�� /0�.02�. 2 # ���� �� � .��)!��� � .�.��2�1�" .�.�2*$���.� ��. �. $0�!�12 *�

2�� �!)���1� 2&� 1#12���2&� �0��� # �0��� �� #� ��. 0#!�&" $!�1�� � � *�0�� 20$���� �

 � �. /�./)���0 .�) 2�� IBM, �2.� � 20$���� .� �&/�� � ��1�" 12 ��."� �.�+"  $!�12�"

�! �.��0� 10 ��. 0�3+��1�� � .� �&/�� � ��1� 12 ��." �.!��0� ��. �.�� � ����� �.2�� � 

�0 #� %�3�. � � ��2�. )� � �0 2�� /�1�� #� �02��+� � � �.2�+� � # 1#�.�2�2.� 12 �

.��)!��� .�.��2�1�" /�1��"� � �.�� � ����� " �.2�� � " �.�0�2.� 12 ��.� � ����0" � !3�"

.� �&/�� � ��1�" 12 ��." �$ #� 03.!� 120� 10 0!0#��2��. �.� 0�� !��� 1#12��.2. �0��� #

�0��� �� #� ñ��0" �! 10���10�"� )�&"  .��)!��� " �!�� ! # 2.�!��1�.2 " �0��1�" �.�0�2.�

.��)!��� " �!�� !�" .�.��2�1�"� �!$�1.� �. 0�3.��� �2.� �! " 2 2�� " 2�" /0�.02�." 2 #

����� �� �)" 2 #" �2.� �. �0�+1 #� 2 � .�.�2 *�0� $!)� ��. 2 � �! 1/� !�1�) 0�)" ���! *

1#�)� # .�) #� %�3�0" ���0�" �0 �0���� ���.�)2�2.� ù�2��.2�12�1.� 2�� �0�2 �0!�

.� #12��� .�.��2�1� 2&� �.��0!&���&� .��)!���&� .�.��2�1�" �0 ��. 20$���� 0��22&1�" 2�"

.�.��2�1�"� 1*�3&�. �0 2��  � �.  �./ � � *�2.�  � ���0�" �.�  � #� ���0�" �0 �.!)� �.

.� #12��� � !3��

�.2� 2�� �/�. �0!� / �  � 0!0#��2�" �!$�1.� 2�� .���2#�� �� � �*�� �&� .��)!���&�

.�.��2�1�" ��. 1#12��.2. �.2.�)�1�" 2�"  ��� *�0��" ��+11."� þ �! 1����1� N-best

.�.�2*$���0 .�) 2 #" úú� �.� .���2�10 #%��� /�� 2��)2�2.� þ N-best �0!��$0� � ���"

�0� / � ��0" .�.��2�1�" 03.!�)�&�2." 2�� .�� *120!� �.� 2.$*20!� .!$�� ��. �. �0!��)%0�

�� ���.��" #� %�3�0" ���0�" .�) 2 �. ��3� *� #�)%�� � �! �*�2&� �.2�� � " �0 2�" �

#� %�3�0" ���0�" �.�0�2.� N-best �.2�� � "� � N-best �.2�� � " 12� 1#��$0�. 12���02.� 10

��� #" .��)!��� #" ���)20! �!�� !�" .�.��2�1�" ��. �0!.�2�!& 0�0�0!�.1�.�
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	ÿ üÿ�ùÿ�ÿù �ü�þ�

�2 2���. � # 012���0� 12�� 20$� � ��. ��. ����  !��02.� 10 )! #" 2�" .� #12���" 2�"

.�.�.!�12.1�"� +�. 2�� �.�*20!� �0�2 #!���)2�2. ��." 03.!� ��"� 0�02�� �2.� /* ���0"

��0#!�" 2�" ��� �." 2�" ����" � # 0��.� 0��1 # 1��.�2���" �0 2 .� #12��) �!)2#� � ü��.�:

• � �! 1/� !�12�" ����"

• þ �02�3!.1�

�! 1/� !�12�" ���0&��

ò�." �! 1/� !�12�" 0��.� ��. � �./��� 02���2. � )� �. � # .� /�/02.� 10 ��. �����

�!�1�� � �0�2.� ��. �. �0$&!�10� 2�� 1#��0�!����� ���� .�) )�0" 2�" ���0" ���0�" � #

#��!$ #� 12 �0���)� +�. 0#� ��. 12 � 1$0/�.1�) �.� 12�� $!�1� .�) 2 #" �.2.1�0#.12�"

03.!� �+� 2. �0!�11)20!. 0�� !��� 1#12��.2. $!�1�� � � *� 2�� �!.3����� � 2��

0�2#�&���� .�.�.!�12.1� 2�" ����" 1.� �! 1/� !�12� 2�"� �2. 1#12��.2. .#2� � ���� “one”,

��. �.!�/0���.� �� !0� �. �! 1/� !�120� .�) 2. �!���.2. o n e � .�) 2 %�3� �� þ $!�1� 2 #

1#��.��1� * 0��2!��0� 2�� /�.3 ! � ��1� �02.�* 2&�  �)3&�&� ���0&� 1.� 2�" “one” �.�

“won”. �0!��� 1#12��.2. 0��.� 0#.�1��2.� �0 .#2� 2. 1#12��.2.  �! 1/� !�12�" ONE

.�.3�!02.� 10 /�.3 !02��� ���� .�) )2�  �! 1/� !�12�" one, .�)�� �.� .�  � ���0�" 0��.�

2.#2)1��0"�

�0 �)��. 1#12��.2. .�.��+!�1�"� 3!�10�" � ���!�" �! 2�10�" � # 1#��0!�3�! �2.�

1.� � ��/0" �� ! *� �.  !�12 *� 1.� ���0�" .�  � 02���20" 2 #" /0� �$ #� �0�� /�.12��.2.� ��

0�3!�10�" “end of application” �.� Where am I?” �. .� 20��1 #� 02���20" �0 2�� � !3� end-of-

application � Where-am-I.

�02.3!�10�"�

þ ���� “�02�3!.1�” /0� 0��.� ��." 20$���)" )! " 12�� �� ��$.��. .�.��+!�1�"

 ����."� .��� 0��.� ��. 1#��12+1. 2 # 12./� # 0��� ��&��." �.2� 2�� .�.��+!�1�  ����."� þ

�02�3!.1� .�.3�!02.� 12�� �02.2! �� 2�" .�.��&!�1����" 0�1)/ # 10 ��. � !3� )� # ���0"

1#��12+10" 2�" 03.!� ��" �� ! *� �. $!�1�� � ��1 #�� þ � !3� 2�" �.� 2 �0!�0$)�0� 2�"

 !��02.� .�) 2 � ��1���) � 2 #���) � # �.����0� � .�.��&!�1���� 0�1 / "� ü�� ��.

 ��� *�0�� ���� �02.2!��02.� 10 10�!� .�) ����2! � ��10�"� 2��03&��� *" �.�� *" 2)� #

0�.3�"� �0!���" �.!.�!�3 #" �0���� # � ��� �. ���� .�.�.!�12.1� 0�.!2�2.� 0�¶  � ���! #

.�) 2�" .�.�2�10�" 2�" 03.!� ��"�

	. �! ')�2. .�.��+!�1�"  ����." � ���� #� &" �! " 2 � 2*� �.� 2�� �0!� $� 2&�

�02.3!�10&� � # �.!�� #�� ù#2� 0��.� ��. .� ��)��1� 2 # #��1��� * 1$0/�.1� * 2 #"� 2 #

1#� ��� * 1$0/�.1� *� �.� 2*�&� 2&� 03.!� �+� ��. 2�"  � �0" /��� #!�����.�� þ ��.�)2�2.
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2�" 0��� ��&��." �0 2 � ��1���) �.� 2 #��1���) � # 0��0!��$02.� 10 ��. ���� 03.!� �� 0��.�

��. �0�0��+/�" �!�2�!� .�� �)��1�" �! ')�2 "�

�$�1� �02�3!.1�" �.� ���.1�."�    

�2. 1*�$! �. 0�� !��� 1#12��.2. .�.��+!�1�"  ����."  � ���0�" /0� �02.3�! #� 2��

��� �. � # �$ #� �.2� 2�� 0��� ��&��. �02.�* 2&� .��!+�&�� þ �02�3!.1� � # .� /�/02.� 10

��. ���� 0��.� .��� ��. �02.2! �� .�) 2�� ��. %�3�.�� .�.�.!.12.1� 12�� ����� 1#���&"

.�) 2�� .�.�.!�12.1� �0 þ��� 12�� �!.3�����.

�0!�� � �.2.1�0#.12�" 1#12���2&� .�.��&!�� #� 2� /#��2��� .��. 2�" ��� �." 2�"

1��.1�." 10 0���0/ ����" ��.�0�2.� �0��� ���� 1��.1� � ��.� ��. 2�� �0�2�&1� 2�" .�!��0�."

12�� .�.��+!�1�� þ 1��.1�. 2&� ���0&� �� !0� ��. �.!�/0���. �. $!�1�� � ���0� ��. 2��

0��� �� 2�" ����" .���01. 12�" #� %�3�0" ���0�" �0 �.� � �)2#�. .� #12��� �!)2#�.� �� !0�

�. $!�1�� � ���0� ��. 2�� �0�&1� 2 # /�.12��.2 " .�.��2�1�"� �0!� !�� �2." 2 � .!���) 2&�

0���0� ���&� ���0&�� �� !0� �. � ���10� 12�� �! 3*�.�� .�) ���� �.2� 2��  ����.� �.

0���$0� 2�" /� !�+10�" 2 # �/� # 2 #  ����2� �.� 2�� " �� !0� �. $!�1�� � ���0� 12 �. ���0�

��. 1*12��. �. 1#��0!�3�!02.� 10 �0�.�*20! �.��) 1.� ��. .��!+���  �� ���.1� � ����"

�0��� ����" 20$����" � # 0�02�� �2.� 12. 1��0!��� 1#12��.2. �!0#�." �#�.�� �2.� .�) .���"

�.2�� !�0" 2.���)��1�"� )�&" ���þ� ����ù	ù� �&" 10 1*��020" 1��.1� � ����" / ��" � #

 !�� �2.� .�) ��&11 � ����" �0&!�0"� �0!���" .�) 2�" .�� *120!0" � !3�" �. 0�1&�.2&� *�

12. 0�� !��� 1#12��.2. .�.��+!�1�" 12 �! 10$�" ���� ��

� ��.���" �02.3!�10�"�

û0� #��!$ #� “� � �.����.” � .1�30�0" 12�� .�.��+!�1�  ����."� ò�. .��) �!)2#� 

 ����." �� !0� �. �$0� ��. �)� �02�3!.1� 10  � � /�� 20 1��0� 12�� 03.!� ��� �.��.

.1�30�. /0� 0��2!��02.�� 
��!$0� � .����� �. 0�.13.��120� � �!�� !� �.� � .�!���"

0�0�0!�.1�.�

� ��� �! ')�2. .�.��+!�1�" /0� 0��2!�� #� �0!�11)20!0" .�) ��. �02.3!�10�" ��. 2��

�/�. ���� �.2� 2�� � !0�. ��." 03.!� ��"� þ ���� “��.” ��. �.!�/0���. �� !0� �.

$!�1�� � ���0� ��. �. �.!��0� 2 %�3� � 10 �0!��� 1��0�. ��." 03.!� ��" �.� 2. �!���.2. 0 �

. 10 ��� � ��� 1��0� � �0 ���0 �0!��2&1� � �02�3!.1� � # 0�����02.� �. �!��0� �. 0��.�

1.3�" �.� 0#�!���"�
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�.!.��.��" ���0&�

�0 ��. �.� ���) �0���) �0 2�� �.2.$+!�1� ��. 2�� ���� ³.�.��&!��&” �� !0� �.

�0!��$ �2.�  � .�)� #�0" ���! 3 !�0":

ù�.��&!��& !��. ù��ÿ�	��: .�.��+!�1., �ü����	ù�: �. .�.��&!�1&� 	�ÿ	�

������: .�.��&!��0�� ü�ÿ,ü	�: .���&!�1�� � ü�ÿ�þ�ù: .�.��&!�1���.�   

12)1 � 2. �0���� .�.��+!�1�"  ����." .�.�2 *� �0$&!�12�" �.2.$&!�10�" ��. ���0 ��. .�)
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• 	. �0����

• ü3.!� ��" 1#��0�!����&� �0��� ��&�

�0����

	. �0���� 1#���&" 1#�.�2)�2.� 10 1#12��.2. �0���&� �0��� ��&� �.� $!�1��0* #� &"

030/!�� � �)! � 10 03.!� ��" � # .�.�2*1 �2.� $!�1�� � �+�2." .#2� 2. 1#12��.2.� 	 

�0���) 0�)" 1#12��.2 " .�.��+!�1�" �0��� # �0��� �� # �0!���" 3 !�" �.�0�2.�  ���)
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 ����."� �#�0�+" ���&" 2. 1#12��.2. .�.��+!�1�" �. .#��� #� 10 �1$* �.� 0#�#��1�.  !)� "

2&� 20���+� $!�12+� 12�� .���2#�� �0��� �� # �. .#���0��

ù#2)�.2� ù3.�!01� �0��� �� #�

þ .#2)�.2� .3.�!01� �0��� �� # ��0!���" 3 !�" �.�0�2.� /�0!0*��1� 03.!� ��" �

�0��12 � ��1� �0��� �� #� 1#�0���02.� 2�� .#2)�.2� .3.�!01� �0��� �� # .�) .!$0�. � on-line

1#12��.2.� ù�.�.!�12� ��. �!+2 ���. .���.�2� 12�� .#2)�.2� .���2#�� �0��� �� #�

þ .��. 2�" .#2)�.2�" .3.�!01�" �0��� �� # ��. 2 #" �.2.1�0#.12�" 03.!� �+� 0��.�

2 )2� �02.3�!0� 2�� /�./��.1�. �0�2 �0! *" �.� !�1� * �.�  !�1� * 2 # �0��� �� # 2�"

03.!� ��" .�) 2 � �.2.1�0#.12� �! " 2 1*12��. .�.��+!�1�"� � �.2.1�0#.12�" /0�

$!0���02.� ��� � �. %�$�0� ��. �. �.� !�10� 2 .�.�2 *�0� �0���)�� 2�" 03.!� ��" �.� 12��

1#��$0�. �.  !�10� �.� 2�" �02.3!�10�" 2 # �0��� �� # ��. 2 1*12��.� +�. 03.!� ��" ���! *

�0��� �� # � .#2)�.2� .3.�!01� �0��� �� # .�� � �0� �.� �.��12� 1#�2 �)20!� 2�� /�./��.1�.

.���2#��"� ù#2� � �! 1����1� �� !0� �. $!�1�� � ���0� �)� ��. 03.!� ��" � #

$!�1�� � � *� on-line 1#12��.2. #� � ��12+�� )�&"  � /�0�.3�"  ����." ��. 2 � ��1���)

1#12���2&� #� � ��12+��

�� �.2.1�0#.12�" 1#12���2&� .�.��+!�1�" �0��� # �0��� �� # 12!�3 �2.� 12��

.#2)�.2� .3.�!01� �0��� �� # �0 1� �) �. �.!�$ #� ��. �.��) 0�.2 ���0#1�" 12 �0���)�

�! 13�! #� 0!�.�0�. ��. 2�� /�0!0*��1� 2 # �0��� �� # 0��!�3&� 1#��!��)�0�. �0 2.

.�2�12 �$. � # �.!�� �2.� .�) $!�120" 2�" 03.!� ��"� þ 1#$�)2�2. 0�3���1�" 2&� 12 �$0�&�

2 # �0��� �� # /�.�.����02.� 1*�3&�. �0 2�� 1#$�)2�2. 0�3���1�" 2 #" 12. �0��0�.� .��� ��0"

���0�" /0� �! 12��0�2.� 12 �0���)� + Dragon Systems /��� *!��10 2 �!+2 1*12��.

#�.�)!0#1�" 2  � � /�.��20� 2�� 20$���� .#2)�.2�" .3.�!01�" �0��� �� #�

þ .#2)�.2� .3.�!01� �0��� �� # .�.�.!�12� ��. ��� 2!)� �0 2 �  � �  �

�.2.1�0#.12�" 1#12���2&� .�.��+!�1�" �! 1�.� *� �. .�0#�#�� *� 12�" .����0" 2&�

$!�12+� 2 #"� ü��.� ��. �! 1����1� �0  � ��. .#�.�)�0�� 1��.1�. �.� ��2�1� /���01�"�
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üÿûÿ�ù ,ü�ù	ù �ü�ÿ��+ÿ�


	 0�0!�) �0���)�� �  � 1#�$0)�0�0" ���0�"� 2 .�3���2 � �.�  � .!��� � 0��.� 0�/���

���.2. �0��� �� # 2.  � �. �. 1#��2�� *� 12�" 0�)�0�0" 0�)2�20"�

ü�0!�) �0���)�� �

	 0�0!�) �0���)�� 0�)" 1#12��.2 " 0��.� 2 1*� � 2&� ���0&� 2�"  � �0" � 03.!� ��

0��2!��0� �.� .�.���0� �.  ��� *�2.�  � �./�� 20 12����� ù� 20�0� 2�" #� %�3�0" ���0�" � # 2 

1*12��. �. .�� � ��10� �.2� 2�� /�./��.1�. 2�" .�.��+!�1�" 12�� 0�1 / � ��. 03.!� ��

0���$ # $!&��2&� �� !0� ��. �.!�/0���. �. 0��2!��0� 2�� .�)� #�� 0�1 / :

	 $!+�. 0��.� >�03� #/�1��� �!.2� #��1��� � #�2) .� � � �0��"@

)� #  � �./�� 20 .�) 2�" ���0�" .���01. 12�" .��*�0" �. �� ! *10 �. 0��&�0� �02� 2�� ����

“0��.�”. �� ���0�" 12�" .��*�0" .�.�.!�12 *� 2 0�0!�) �0���)�� ��. 2�� �0!��2&1� .#2�� 	 

0�0!�) �0���)�� 0��.� 1�.��&" �1 /*�.� �0 2  ���) �0���)�� �.� �0!���" 3 !�" �� !0� �.

0��.� 1$0/)� �1 /*�.� �0 2 01&20!��) �0���)�� � þ ��� �. 2 # 0�0!� * �0��� �� # 1#�/�02.�

�0 2�� $!�1� 2�" �!.��.2���"�

�#�$0)�0�0" ���0�"�

�� 1#�$0)�0�0" ���0�" 0��.� ���0�" � # �$ *� �.� � �)2#�. 10 ��. 1*12��.

.�.��+!�1�"  ����."� õ2.� $!�1�� � � *�2.� 12 �/� 0�0!�) �0���)�� � 0��.� ���.�� � .*��1�

2&� �.�+� �.2� 2�� /�./��.1�. 2�" .�.��+!�1�"� +0�����  � � � 1*��.�0" ���0�" 0��.�

�0!�11)20! 1#�$0)�0�0" .�) 2�" � �#1*��.�0" ���0�" ��.2� �0!��$ #� ���)20!� .� #12���

���! 3 !�. +120 �. � ����0� 2 1*12��.� õ�&"  � /�.�)1�0" �� 1#$�� $!�1�� � � *�0�0"

���0�" 12�� ù������ ��+11. 0��.� � � 1*��.�0" ���0�"� ù���01. 10 .#2�" #��!$ #�

�0�2 #!����" ���0�" )�&" “a” �.� “the” 2&�  � �&� � .� #12���  � �)2�2. 0��.� #�0*�#�� ��. 2 

�0���2. 2�" 0�.2) 2&� �.�+� 12. 1#12��.2. .�.��+!�1�"  ����."�

��. 1#����" 20$���� ��. 2�� �0�2�&1� 12�� .�!���. .�.��+!�1�" /#�.����

1#�$0)�0�&� ���0&� 0��.� �. 0�1.$�0� ��. �.2+3��  � �)2�2." ��. 2 2.�!�.1�. �! 2*�&�

.���01. 12�" ���0�" � # 0�1�� �2.� �.� 12�" .� ���0#���0" 12 1*12��.� ù� 2 2.�!�.1�. � #

�. �!0�0� .�) 2 1*12��. .�.��+!�1�" ./#�.20� �. �! 10���10� 2 �.2+3��� 2)20 2 1*12��.

�� !0� �. ��2�10� 0���0�.�&1� � 0�.����%� .�) 2 � $!�12�� ��. ���� 20$���� 0��.� �

/�0�����1� 2&� 1#�$0)�0�&� ���0&�� þ 20$���� 2�" /�0�����1�" 0��.� ��. �0�2 #!��. � #

�.!�$02.� .�) �0!��� 0�� !��� 1#12��.2. .�.��+!�1�"� �0!��.����0� 2�� .3.�!01� 2&�

.� #12��+� �! 2*�&� �.�0��." .�) 2�" ���0�" .�) 2�� ���� ����� ù#2� � /�./��.1�.

.�./0���*0� 2�" /�.3 !�" �02.�* 2&� ���0&� �.� 0�.$�12 � �0� 2�"  � �)2�20"� õ� 20 0��.�

/#�.2)� 2. 1*� �. 2&� 1#�$0)�0�&� ���0&� �. �!��0� �. .� 30*� �2.�� ù#2) /0� 0��.� ���2 20
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/#�.2)�� 0�/��� 12. 1#12��.2. �0��� # �0��� �� #� �.� )2.�  � 1#�$0)�0�0" ���0�" .� 20� *�

��. 3#1��� 1#��!�! �1� ���0&��

�.!�����. �0 2�" 1#�$0)�0�0" ���0�" 12. 1#12��.2. .�.��+!�1�"  ����." 1#�.�2�2.�

�.� ��. ����  ��/. ���0&� � #  � ��� �2.� .� #12��� .1.30�" ���0�" �.�  �  � �0" 0��.�

/*1� � �. /�.�!�� *� �.2� 2��  ����.� �.!./0���.2. 2�2 �&� ���0&� 0��.�  � ���0�" “know”

�.� “no” �.�&" �.�  � ���0�" “two”, “to” �.� “too”. �0 .� #12��) 0���0/ .#2�"  � ���0�" 0��.�

/*1� � �. �! 1/� !�12 *�� 0�2)" �.� .� .�.�#� *� �0 �! 1&/�.�� �0�2)2�2.�

�
��ùúÿ����

	 ���� � Voice Control Systems (VCS) .���2#�0 �.� 0�.13���10 .� ��0�12���

1#��02 $� 10 ��. 0�� !��) .��)!��� ��. 2 � $0�!�1�) 2�" �! 30!)�0��" 0�1)/ #� �$0/��12��0

��. 03.!� ��" � # 1$02�� �2.� �0 2�� 2��03&��.� 	 1*12��. 0�.$�12 � ��10 2. 13���.2.

��1& 2�" $!�1�" ��." ��1�" /0/ ���&� .�) 0��2!0�2�" ���0�"  �  � �0" �0!�)!��.� 2 � .!���)

2&� /#�.2+� .� � #��+� 2&� �!.���2&� �����0 Foster & Schalk, 1993, �03��.� ��� �

.��)!��� " 1#��.��1� * �0!�0�$0 �0!���" .�) 2�" 20$����" /�0�����1�" /�.��1��0" 12. VCS

1#12��.2. 03.!� �+��

ù�) 2 ���� �.� ��� � �.2.1�0#.12�" �!$�1.� �. �.! #1��� #� .��� �.

�.2.1�0#.1���. .�3.��2��� 0!�.�0�. 1#��.��1� * ��. ��. �0!� $� 03.!� �+�� � �� �

�.2.1�0#.12�" �! 13�! #� 2 1#��.��1�) ��. 03.!� ��" )�&" 2 2.$#/! �0� 3&��"� �.�

2��03&����" 03.!� ��"� þ Amerigon $!�1�� � �0� 2 � .��)!��� .�.��+!�1�" .�3.��2 # 2&�

Lernout & Hauspie 12 0�0�$)�0� ��1& 2�" 3&��" .#2 ����2 � ù#2) 2 1*12��. �.�0�2.�

AudioNav �.� �.1��02.� 12�� 1#��.��12� 0�1 /  � ��2&� /!)�&� ��. �. 1$��.2�10�

/�./! ��" �02.�* 2�" 2!�$ #1." ��1�" 2 # $!�12� �.� 2 # �!  !�1� * 2 # $!�12�� �0!�� �

�.2.1�0#.12�" 1#12���2&� �!.30� # )�&" 2 SRI (�.� 2 Corona 2 0�� !��) 2 # #� �! ')�)

�.� 2 BBN �0!��$ #� .�3.��2���  �)�.2. �!.���2&� 12. �0���� 2 #" 1.� �.1��� 12 �$0�.

�0��� �� #� .���  � �0!�11)20! � �.2.1�0#.12�" 1#12���2&� ��. 03.!� ��" �!.30� # /0�

�$ #�  � ���!+10� 2 � .�3.��2��) 1$��.2�1�) 12. 0�� !��� 2 #" �! ')�2.�
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	 ù�3���2 

	.  �)�.2. 2&� �!.���2&� 10 ��. .�3���2 .� 20� *� 2 �� 0��� � 1*� � 

1#�$0)�0�&� ���0&� 12�� ù������ ��+11.� ��.  ��/.  � ��2&� �!.���2&� � # 0��.�

/*1� �� 2)1 ��. 2. 1#12��.2. .�.��+!�1�" )1 �.� ��. 2 #" .��!+� #"� �$0� ��. 0�/��)

)� �.: ���02.� 2 ü�1*� � � 	 ü�1*� � .�.3�!02.� 10  �)�.2. �!.���2&� � # �$ #� 1.�

�.2����� 2 3+���. iy �1#��0!��.���� �2.� “b, c, d” �.� “g”). �� /* ���0"  ��/0" �0

1#�$0)�0�.  �)�.2. �!.���2&� 12�� ù�0!��.���� ù������ ��+11. 0��.� 2 .�1*� � 

�1#��0!��.���� �2.� 2 “a” �.� 2 “h” ) �.� 2 eh�1*� � 2  � � �0!��.����0� 2. “m, n, s”

�.� “f”.

�)�& 2 # )2� � /#�.2)2�2. 1#��.��1� * 2&� ���0&� 0��.� ��. 1��.�2��� ��0#!�

� ��+� 03.!� �+�� �0���� �! 1 $� /)���0 12�� /��� #!��. 0!�.�0�&� � # �. $0�!�� �2.� 2 �

1#��.��1�)� 	 �0� �)" )2� �)� �0!��� .�) 2. 0�� !��� 1#12��.2. .�.��+!�1�"

�!.��.2 � � *� .�3.��2��) 1#��.��1�) /0�$�0� 2 0���0/ /#1� ��." � # $.!.�2�!��0� 2��

03.!� �� .#2�� �0!�� � �.2.1�0#.12�" �! 2!�� #� 2 #" $!�120" �. 2 .�2��.2.12�1 #� �0 2 

12!.2�&2��) .�3���2 �“alpha, bravo, charlie…”) � �0 ��. .��� � 1*� � .�) �0!�11)20! 

/�.�!�1��0" ���0�"�

�� �.2.1�0#.12�" 03.!� �+�  �  � � � 0!��� �2.� �0 ��. �! ')� .�.��+!�1�" � # /0�

/�.��20� .�3.��2��) 1$��.2�1�) �� ! *� �. $!�1�� � � *� ��. 20$���� � # .�.�2*$���0 .�)

2�� Amerigon 12 1*12��. AudioNav 12. Media Laboratories 2 # MIT � �.� .�) ��� #"� 	 

1*12��. �0�+�0� 2�� 0��/!.1� 2 # ü�1#�)� # $!�1�� � �+�2." 2)1 .� #12��� /0/ ���. )1 

�.� .� /0�2� �!)2#�. 1#��.��1� *� õ�&" �.�  � �0!�11)20!0" ���0" #��!$ #10" �! 10���10�"

12 � 1#��.��1�)� �21� �.� .#2� .�.�20� ��.� �.2�� � .�.3 !�"� þ ��� / " � #

$!�1�� � �����0 .�) 2. Media Laboratories 2 # �ÿ	 ��. 2 � /�.�!�2) 1#��.��1�) 2&�

�!.���2&� 2&� �#!�&�  � ��2&� 0��.� �.1�1���� 10 ��.� ���.�. 1*�$#1�"� � # /��02.� 12 

1$��. �� � ���.�." 1*�$#1�" .� �� ���0� 2. �!)2#�. 2&� 1#�$0)�0�&� �!.���2&� � #

�!����.� �.2� 2�� / ���� 2 # 1#12��.2 " .�.��+!�1�" 12�� 1#��.���)�0�� 0�1 / � 	 

�!���. “b” ��. �.!�/0���. .���&!�12��0 1.� “a, b, d, e, p, v” �.� “z”. ù� /0� #��!$ #�

 �)�.2. 12 � �.2�� � .�.3 !�" � # �. .!$�� #� .�) “v” � “z” 2)20  � �)�0" 0��� ��" � # 2 

1*12��. /�.2�!0� 0��.� “a, b, d, e” �.� “p”. ���0 �!���. � # .� � #�0� �.!�$0� ��. �� 1*� � 

.�) 0�.�.�2���" 0��� ��" � # 1#�/��� �2.� �0 2�" �! �� *�0�0" 0��� ��" �.� 1#��!�� �2.� �0

2 � �.2�� � 2&�  � ��2&�� 0+" )2 # �. �.!.�0��0� ��. 0��� ��� ü3)1 � ���0 1*12��.

.�.��+!�1�" �.� 1#1�0#� 0�1)/ # �.! #1���0� � �./��� 1#�$0)�0�. �!)2#�.  ���.�." � #

$!�1�� � �����0 .�) 2 MIT /0� �� !0� �. �0&!��0�  �� �.2����� ". �.2� 2�� /��� #!��.

2&� �����&� �.� 2&� .��)!���&� 0��.� 1��.�2��) �. #� ��� �2.� 10 0�202.���0" / ����" �!��

20� *� 10 03.!� ��.
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�0!�11)20!. ��. 2�" 03.!� ��" 12. Media Laboratories 2 # �ÿ	 �� ! *� �. �!0� *�

12 #" Marx & Schmandt (1994). ��. ���� 03.!� �� � # $!�1�� � �0� �0#!&���� /��2#.

�0!��!�302.� .�) 2 � Fanty, �.� ��� #"� �������

���.�." ��

aÆÆ ah hÆÆ ah nÆÆ anrs tÆÆ dept

bÆÆ abdepvz iÆÆ Iy oÆÆ lo uÆÆ qu

cÆÆ ctz jÆÆ adgjktz pÆÆ cdepvz vÆÆ bdepvz

dÆÆ cdvz kÆÆ adjkq qÆÆ qi wÆÆ fmnw

eÆÆ e lÆÆ l rÆÆ iry xÆÆ sx

fÆÆ fx mÆÆ mn sÆÆ fs yÆÆ y

gÆÆ gt zÆÆ defnstvxz

�$��. �� ���.�." 1*�$#1�"�

ù!��� �   

� ��� 1#12��.2. .�.��+!�1�" #� 12�!�� #� )2� � ��3!.1� 2&� .!���+� �. �!��0� �.

0��.� ��. .� � #��. .�) �0� �&���. %�3�.� �0 2�� $!�1� 2�2 �&� 1#12���2&�  $!�12�" �.

�!��0� �. 0�1��0� 2 � .!���) ���� 1.� “ ��. 2�110!. 2�110!. ���20” � ù#2) 0��.� ��.

0�.�)� #� 2�" .�����" 2&� 1#12���2&� .�.��+!�1�"  ����." �. �0!� !�1 #� 2�� 0�0�0!�.1�.

10 ��. �02�3!.1� .�� ����� ù� � �02�3!.1� ��. 2 “$���.” 0��.� “000” )2.�   ����2�" ��0�

“��. $����/.” 2 1*12��. �. .� �!��0� �0 “1000”� ü��   ����2�" .�.3�!0� “��. $����/.

2�110!.” 2)20 2 1*12��. �. .� �!��0� �0 “10004”.

� �0!� !�1�)" .#2)" �!$�10 �. 0��.2.�0��02.� 12�" .!$�" 2�" /0�.02�." 2 # ���� )2.� �

.*��1� 2�" 2.$*2�2." �.� 2�" /*�.��" 2 # #��1��� * 2&� #� � ��12+� ��.�.� 0#� �)20!� 2��

$!�1� �.�! ���0&� ��. 2 � $0�!�1�) �� 1*��02�" / ����" .���#1�"� �2. ��1. 2 # ����  �

3#1�� � .!��� � .� 2��01.� ��. 12 �$0� � ��+� 0�� !��+� 1#12���2&��

1#��0!��.��.� ���&� 2�" 20$� � ��." True Type 2�" ÿú�, 2 Hark 2�" úú�� 2�� 20$� � ��.

2&� lernout & Hauspie �.� 2�� 0!�.�0� ���� 2�" Corona.

ò�." �.2.1�0#.12�" 03.!� �+� �� !0� �. /��� #!��10� ��.� .��)!��� 3#1��+�

.!���+�   � � " �. /�$02.� .�.��&!�1���0" 10�!�" .�) 2 �! ')� .�.��+!�1�" �.� �. 2�"

0�.�.�.�*0�� þ �.2.1�0#� �.� � /�./��.1�. 0���$ # �. 0��.� �.!)� �0" �0 0�0��0" � #

.�.�2 *�2.� ��. 2�� /��� #!��. .�3.��2���" 0�1)/ #�
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ù��	ÿ��	ù� 	ÿ� ù�ùÿ	þ�üÿ� �ü �ü�ÿ��+ÿ� �ü�ÿù

ü-ù���+þ

þ 0�2���1� 2 # �0��� �� # � # $!0���02.� 10 ��. 03.!� �� �. �!��0� �. �0!��$0� 2�"

.�)� #�0" �0&!�10�":

• ��. 0���0!&���� 0�2���1� 2 # �0��� #" 2 # �0��� �� #

• �! 10$2��) 2.�!�.1�. �02.�* 2 # .�.�2 *�0� # �0��� �� # ��. 2�� 03.!� �� �.�

2 # �! ')�2 "

• �.� !�1�)" .�.3 !��� �0 2 �&" 2 �0���)�� 2�" 03.!� ��" �. .#���0��

���0� " 2 # �0��� �� #

þ .�)/ 1� �.� � 2.$*2�2. 0�)" 1#12��.2 " .�.��+!�1�" �0�+�02.� �0 2�� .*��1� 12 

���0� " 2 # �0��� �� # ��." 03.!� ��"� �0!�� � 0!0#��2�"  ����." 0�2�� *� )2� � /#1� ��. 2 #

�! ����.2 " .�.��+!�1�" .#���0� � �.!������ �0 2�� .*��1� 2 # �0��� #" 2 # �0��� �� #�

�0� �)" � # /0�  30��02.� 12�� .*��1� 2 # .!��� * 2&� ���0&�� .��� 12�� .#������

� �#�� �)2�2. � # $.!.�2�!��0� 2�� /�./��.1�. .�.��+!�1�"� )2.� ���02.� $!�1� 1#12��.2 "

�0��� # �0��� �� #�

+0���� 2. 1#12��.2. �  � .��)!��� � .�.��+!�1�"  ����." 2.��� � *�2.� 1.�

1#12��.2. ���! *� �01.� #� � �0��� # �0��� �� #� �2�� ����� �!.3�. #��!$0� ��� �.

� 1 2�� � ��1� 10 )2� .3 !� 2 #" )! #" .#2 *"� .��� �0 ��1� 0��0�!��� /0/ ���. 2. ���!�

�0���)��. 0��.� .#2� 2.  � �. 2 ���0� " 2 #" �#�.��02.� 12�� �0!� $� 2&� ���� ���0&�� 2.

�01.�. �0���)��. .�) �������� �.� 2. �0���. �0���)��. .�) ���� �.� �0!�11)20!0" ���0�"�

ü3)1 � �$ #� 1$0/�.120� 1#12��.2. .�.��+!�1�" 2.  � �. #� 12�!�� #� �0���)�� 2�" 2���"

2&� ������ ���0&�� ��. �0���)�� 2&� $���&� ���0&� �. �� ! *10 �. �0&!��0� “���!)” 10

��� �0" �0!��2+10�"� ò21� �. �!��0� �. 0��.120 �! 10�2�� � 10 )2� .3 !� 2�� 1��.1�. .#2+�

2&� )$� .#12�!�  !�1���&� )!&� 2.���)��1�" ��. 2 ���0� #" 2 # �0��� �� #� 	. 1#12��.2.

���! * �0��� �� #� )�&"  !�12��.� �.!.���&� 0��.� 0#!�&" /�.��1��. �.� $!�1�� � � *�2.� 10

03.!� ��" � # .3 ! *� ��12&2���" ��!20"� 12�� 2��03&���� .�.��+!�1� ���10&� �.� 10

1#12��.2. 2.���)��1�" �.#2���.�+� 03.!� �+�� þ 03.!� �� 2&� 1#12��.2&� �01.� #

�0��� �� # 012���02.� 10 �0�!.�.2��� 0!�.12�!�.�� 1#12��.2. .�.��+!�1�" 1#�0$ *"  ����."�

	. 1#12��.2. �0��� # �0��� �� # $!�1�� � � *�2.� 10 0�� !��� �! ')�2. � # .3 ! *�

03.!� ��" )�&" � .���� �!.3�. �02.�* �!.30�&� �.� � /�)!�&1� 0��!�3&��          

�.!� 2�� �/�.�20!� .���� � # �$ #� 2. 1#12��.2. �0��� # �0��� �� #�  � �0!�11)20!0"

03.!� ��" �0!��$ #� �0���)�� � �* ���!)20! .�) )2� �. �0!��0�0 �.�0�"� +�. �.!�/0���.� �

���1� 0�)" 2��03+� # .#2 ����2 # .�.�20� ���)20!0" .�) 0�� 1� ���0�"� �.�  � �0!�11)20!0"
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03.!� ��" $!�1�� � � *� ���)20!0" .�) 0�.2) ���0�"� ù�)�� �.� 2 �0���)�� � #

$!�1�� � �0�2.� 10 03.!� ��" #�.�)!0#1�" /0� 0��.� .�0!�)!�12 � 	 .!$��) 1*12��.

�.!.�&��" .�2�� � ���+� .�.3 !+� � # �.2.1�0#�12��0 .�) 2 � .XU]ZHLO $,� ��.

�.!�/0���.� .�.�2 *10 �)� ���20 $����/0" ���0�"�

�� ù�.�2�10�" 10 �0���)�� 10 �$�1� �0 ��. �! ')� ù�.��+!�1�"

	. 1#12��.2. �0��� # �0��� �� # 0��.� � �* 0�/�.3�! �2.� .��� 0��.� 1$0/�.1���. ��.

03.!� ��" #�.�)!0#1�" �.� �� !0� �. ��� .�2.� �!�� �2.� ��.� � ��2��� 12�� 0�1 / 

/0/ ���&� �.� 10 03.!� ��" 0���$ # 1#12���2&� ���! * �0��� �� #�

ù� 2 �0���)�� ��." 03.!� ��" 0��.� �0��� �.� 10 �0��� �.��) /�.3 ! � ����� 

2)20 �. �!��0� �. #��!$0� ��." #%��� 1#�/02��)" �.!�� �2."� �0 .#2� 2�� �0!��2&1� ��.

1*12��. .�.��+!�1�" �. �!��0� �. 0�2����0� .�) 2 �)1 0#.�1��2 0��.� 10 �0��� #"

.!��� *" .�) 0��� ��"� ÿ1$#!�1� � 1$02��� �0 2 ���0� " 2 # �0��� �� # 0��.� .��1�� � .� 2 

1*12��. .�.�20� 2 ���0� " 2 # 01&20!�� * �.� 2 # 0�0!� * �0��� �� # �. 0��.� � �* ���!)�

ù� � 03.!� �� .�.�20� �02.��10�" .���01. 10 #� �0���)��. � �02.�* 2 # �.1�� * �.�

0�)" 0�/�� * �0��� �� # 2 # 1#12��.2 " .�.��+!�1�"�  $!)� " � # .�.�20�2.� ��. 2�� �02��01�

.�) 2 ��. #� �0���)�� 12 ��� �. �!��0� �. 0�2����0��

ù� ��. 1*12��. �0 0�1&�.2&��� �0���)�� 0��.� �.2����� � 0��.� 1��.�2��) �.

0�0��0� )2� 2 �0���)�� 2 # 2.�!���0� �0 .#2) � # $!0���02.� 12�� 03.!� ��� ù�  � /�.3 !�"

0��.� 0�202.���0" ���.�)� 2 1*12��. .�.��+!�1�" �. ��� 0��.� �.2����� ��. 2��

1#��0�!����� 03.!� ��� ù� �.���. 1*12��. .�.��&!�1�" /0� �.�*�20� 2�" .�.�2�10�" 10

�0���)�� 2�" 03.!� ��"�  �.2.1�0#.12�" �. �!��0� �. /��� #!��10� �� �0��� �� �

	. /0/ ���. � # $!�1�� � � *�2.� ��. 2�� /��� #!��. 2&� � �2��&� 12. �0���� �.

�!��0� �. .�2��.2 �2!�� #� 2. $.!.�2�!�12���  ����." 2 # .�.�0�)�0� # ����#1� * $!�12+��

ù#2) 0��.� �/�.�20!. 1��.�2��) ��. � �2��. .�0��!2�2 #  ����2�� � �2��. .�.3 !�" � #

/��� #!� *�2.� $!�1�� � �+�2." /0���.2. .�) ��/!0" /0� 0��.� �.2�����. ��. �#�.��� #"

����#1� *" $!�12+�� � �2��. � # �.1�� �2.� ���& 10 /0/ ���. .�)  ����2�" ù�0!��.���+�

ù�����+� /0� �. �!��0� �. $!�1�� � � *�2.� .�)  ����2�" 2&� ù#12!.�����&� ù�����+��

ù�)�� �.� � �2��. � # �$ #� �.2.1�0#.120� .�) /0���.2. � # �! �!$ �2.� .�) �.2 �� #" 2�"

ú 12+��" �� !0� �. ��� 0!���0* �2.� ��.� � ��2��� .�) �.2 �� #" 12�� �0!� $� 2 #

��1�1���� ���0 3 !� � # �! �*�2 #� 0!&2�10�" ��. 2�� �.2.����)2�2. 2&� � �2��&�

.�.3 !�" ��. ��. �� ����#1�) .�) $!�120"� 2. � �2��. �. �!��0� �. / ����� �2.� �.��� �.�

0�� #��!$0� ��� � �!)����.�  �.2.1�0#.12�" �. �!��0� �. 1��.�!.3�10� 2�" �0�)/ #" � # �.

�!��0� �. $!�1�� � ��� *� ��. �. 2! � � ��� *� 2. � �2��.�
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ù�.�2*1 �2." 2 �0���)�� 

�0 �! �� *�0� 2���. 0�02�12��.� � ����0" ��� / � 1$0/�.1� * �0��� �� #� ù#2�"  �

��� / � 03.!�)� �2.� 0��1�" ��. �. 0�0�20�� #� ��. �/� #��!$ � �0���)�� � ��. 1��.�2���

0!+2�1� ��. 2�� .���#1� 2 # ���.2 " .#2 * 0��.� �)20  � 20��� � $!�120" $!0���02.� �.

�! 1��1 #� �0���)�� 12�� 03.!� ��� ù� 0��.� ���.�� � �!)1�01� �0��� �� #  �.2.1�0#.12�"

�. �!��0� �. �.� !�10� �&" .#2� �. 0��20#$�0�� ù� � .���2#�� 2 # �0��� �� # ���02.� �0 2��

�! 1���� �0��� �� # � # �.!�$02.� .�) 2 � �.2.1�0#.12� 2�" 03.!� ��"�  � $!�120" �. �!��0�

�. ���! 3 !�� *� ��. 2. ��. 12 �$0�. � # �$ #� �! 120�0� �.� �� !0� �. 0��.� .�.��.�. �

�! 1���� /0����2&�  ����." 2&� ��&� 12 �$0�&� �!�� .#2� $!�1�� � ��� *��   

þ +�ù��ù	ÿ�þ 	þ� +���ù�

�2 2���. .#2) �. ���0� 10 �0&!�2��� ��1� �.! #1�.1� ��&11��+� � �2��&� � #

$!�1�� � � *�2.� 12�" /��3 !0" 03.!� ��" .�.��+!�1�"  ����."� þ ��&11��� 0�0�0!�.1�. �$0�

�. ���0� �0 2�� .�.��+!�1� 0�)" �0��� # �! 2*� # ��!)2.1�"� ��1& 2�" .���#1�" 2 # 10

���!� #� �!)2#�. 1*�3&�. �0 ��� � #" �.�)�0"�

þ ò�� �. 2�" +!.��.2���"

 þ �!.��.2��� ��." ��+11." .3 !� 2 � 2!)� �0 2 �  � � 2. 1*�� �. ��." ��+11."

1$02�� �2.� �02.�* 2 #" ��. �. 1$��.2�1 #� � ��/0" ���#��2&�� þ �!.��.2��� �0!��.����0�

2 #" �.�)�0" 0�0�� #" 1*�3&�. �0 2 #"  � � #" 2. 1*�� �. ��." ��+11."� 2. 3&���.2. 12��

�0!��2&1� �."� 1#/� �2.� �02.�* 2 #"� 	. 1*�� �. ��." ��+11." 0��.�  � �0�0��+/�" � ��/0"

.�) 2�"  � �0" )�. 2. ���*�.2. 1#�2��0�2.�� þ ��� �. 2�" ��+11."  !��02.� 1.� 2 1*� � 

)�&� 2&� 20!�.2��+� .� � #��+� � # �� ! *� �. �.!.$� *� �0 ��1� 2 #" �.�)�0" � #

#�.� !0*0� � �!.��.2��� 2�" ��+11."�

	#���� � ��� �. 2�" �!.��.2���" ��." ��+11."  !��02.� 1.� ��. 1#��!2�1� 2011�!&�

1#�)�&� &" 0��":

G = (Vn, Vt P, S)

)� # Vn �.� Vt 0��.� �� 20!�.2��� �.� 20!�.2��� �0���)��. ��0�0!.1���. 1*� �.�� P 0��.� ��.

�0�0!.1��� 1*� � .�) �.�)�0" �.!.�&��" �.� S 0��.� 2 .!$��) 1*�� � ��. ���0

�.!.�)�0�� .� � #��. 1#��)�&�� 	. 1*� �. Vn �.� Vt ���.� .1*�/02. �.� � ��&1� 2 #"� �12&

V, �.�0�2.� �0���)�� 2�" ��+11."�

�0!��� �� 2�" +�+11."

�#��!�� �2." 2�� .�)/ 1� 2&� 1#12���2&� .�.��+!�1�"  ����."� 0��.� 1��.�2��) 2 

�. �� ! *�0 �. � 1 2�� � ��1 #�0 2�� /#1� ��. 2 # �! " .�.��+!�1� ���.2 "� �� ��&11�� �

�0!� !�1� � �$ #� 1.� 1� �) �. �0�+1 #� 2�� .�0�.�)2�2. 2 # �0!�0$ ��� # 2&� �! 2�10&�
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�.� �. /�0#� �*� #� 2�� /�./��.1�. 2�" .�.��+!�1�"� þ ��� �. 2&� ��&11��+� �0!� !�1�+�

�$0� �. ���0� �0 2 �&"  � �0�0��+/0�" � ��/0"� 0�20 .#2�" �0&! *�2.� )2� 0��.�  � 3�)�� �� 2.

3&���.2.�  � 1#��.��" �  � ���0�"� 1#�/� �2.� �02.�* 2 #"� �0 � �. /��2.��� �0 � � 

�0!�0$)�0� � �.� �0 � �. �! 1/ �)�0�� 1��.1�.� ò21�� ��. �.!�/0���.� .� �.2� ��1 )! 

#��!$ #� � �* ���0" ���0�" � # .� � #� *� ��. / �0�1. ���� 10 ��. ��+11.� 2)20 � /��2.��

.�.��+!�1�" �. �$0� ���)20!0" �0!��2+10�" �. 0����0�� �0 .� 2��01�. � .�)/ 1� 2�"

/�./��.1�." .�.��+!�1�" �. 0��.� �.�*20!� .�) 2�� �0!��2&1� � # �. #��!$.� � ���" ���0�"�

	 �.!�/0���. .#2) /��+�0� )2� ��. �.2����� ��2! /#1� ��." ��. ���0 ��+11.� �� !0� �.

�0!��$0� ��� � ��2! 2 # ��1 # )! # 2&� 20!�.2��+� � # 0��.� /#�.2) �. .� � #� *� ���0

/ ��� 20!�.2��)� ù� � ��+11. �0&!��0� 1.� ��. /���!.��. )� # 2. 20!�.2��� 1#1$02�� �2.�

�0 2�" �02.��10�"� 2)20 .#2) 2 ��2! �. 1$02��02.� �0 2 ��1 1#�/02��) �.!�� �2. 10 ���0

1��0� .�)3.1�" 12 �!�3 � �! 10���12��� ���+�2.", .#2� � � 1)2�2. �02!�2.� �0 2 ���0� "

2�" ³�0!��� ��"´.

Bottom-Up ù���#1� 10 ù�2�/�.12 �� �0 2�� Top-Down ù���#1�

�*�3&�. �0 2 �  !�1�) 2�" ��� �. 2�" ��+11." �0&! *�0 )2� ��. �!)2.1� 0��.� ��.

���!�" ��3!.1� �.� )2� 2. 3&���.2. .� 20� *� 2. �0�0��+/� 1*�� �. 10 ��. ��+11.� 	 

1$��. � .� �� ���0� ��. �.!�/0���. 2  � � #�)�0�2.� 12�� �.!.���& �0+!�1�� ù�) 2 1$��.

0��.� /#�.2� � 0�.�&�� 1#��.�!.1��2&� ��. 2 �&" .�) 2. 3&���.2. 1#�2��0�2.�  � ���0�"� ��.

2 �&"  � ���0�" 2.��� � *�2.� 10 ��!� 2 # �)� #� �&" 2. ��!� 2 # �)� # 1$��.2�� #� 3!�10�"�

�.� �&"  � 3!�10�" 1$��.2�� #� �! 2�10�"� ù�2�12! 3. �� ! *�0 �. / *�0 �&" ��. �!)2.1�

�� !0� �. .�.�#�0� 12. 1*�� �. .�) 2.  � �. .�.!2��02.� �0 ��1� ��. 1*� � .�) �.�)�0"� þ

/�./��.1�. �0 2�� �.� !��02.� 2 .� #��!$0� ��. 1*� � .�) �.�)�0" 10 ��. �!.��.2��� ��. 2��

1*��01� �10 20!�.2���) � ��. 2�� .� 1*��01� (10 20!�.2���) ��." �!)2.1�" �.�0�2.�

1#�2.�2��� .���#1� 2�" ��+11."� � .��)!��� "   � � " $!�1�� � �0� 2 #" �!.��.2�� *"

�.�)�0" 12�� �.20*�#�1�:

	0!�.2��) Æ �!)2.1�

�.�0�2.� Bottom-Up 1#�2.�2��)" .�.�#2�"� ù�2��02. .�  � �.�)�0" $!�1�� � � *�2.� ��.

.� 1*��01��

�!)2.1�Æ 	0!�.2��)

 .��)!��� " �.�0�2.� Top-Down 1#�2.�2��)" .�.�#2�"�     
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	 2���. 2�" /��2.��" .�.��+!�1�" 2  � � �02.2!��0� 2. .� #12��� /0/ ���. 10

��&11��� 1*�� �. �.�0�2.� .� #12��)" .� �&/�� � ��2�" �AD). ù" #� ��1 #�0 )2�  AD

�$0� 0�0�0!�.120� 2� / �0�1. ��3!.1� �.� �$0� .� 3.1�10� ��. 2 1*� � 2&� 3�)��&�

�1*�� �. � 20!�.2����. �2�� 1#��$0�.  ��&11��)" .� �&/�� � ��2�" �LD) 03.!�)�0� 2 #"

��&11�� *" �0!� !�1� *"� û #�0* �2." .�) ��2& �! " 2. ���&  LD �� !0� �. �! 1/� !�10�

0�� 2 1*� � 2&� 3�)��&� .�2�12 �$0� 10 ��. �.� ���� �!)2.1� 2�" ��+11."� 	 �0� �)" .#2)

�� !0� �. .� 2!�%0� 2�� .� / $� �.��.1���&� 1#�/�.1�+� .�) 3�)�� #"  �  � � � �$ #�

�0&!��0� .�) 2 � AD.    

�$��. �� �.!.�&�� 2�" ��3!.1�" “The child cried as left in the red plane” 1*�3&�. �0 2 #"

�!.��.2�� *" �.�)�0"� 	 �� 20!�.2��)  �0���)�� ��. .#2) 2 �.!�/0���. .�2�12 �$0� 10 3!�10�"�

��!� 2 # �)� #� �.� ���0�": NP =  #1�.12��� 3!�1�� 33  �! �02��� 3!�1�� V = !��.� CONJ =

1*�/01� " PRON = .�2&�#��.� ART = �!�! � PREP = �!)�01�� ADJ = 0���02 � 	. 20!�.2��� 0��.�

3&��2��� 1*�� �.�

�.2� 2�� Top-Down .���#1��  � �!.��.2�� � �.�)�0" .� 2!�� #� 2�� �0+!�1� ��

�.� ���+� .� � #��+� .�) 1*�� �.� .��� 10 .#2� 2�� �0!��2&1� �.���. 1#�� �) /0� �$0�

�! ���0� #� �02���� �2�� �0!��2&1� .#2��  � �!.��.2�� � �.�)�0" $!�1�� � � *�2.� ��. �.

�0!� !�1 #� 2 � .!���) 2&� /#�.2+� 1#�/�.1�+� 2&� 1#��)�&� � # �!��0� �. ��3� *� #�)%�

.�) 2�� /��2.�� .�.��+!�1�" 10 .� #12��) 0���0/ � þ /�./��.1�. �0���� .�) 2�� � !#3�� )� #

THE CHILD CRIED AS SHE LEFT IN THE RED PLANE
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 LD �.�!�0� .�)3.1� ��. ��. �!)2.1� � # .���0� 12�� ��+11.� �� �!.��.2�� � �.�)�0"

$!�1�� � � *�2.� ��. �. 0�.$�0� ��. 1*� � .�) 3�)�� #" � # �. .�2�12 �$ *� 12�� �!)2.1�

� # .� 3.1�12��0 .�) 2 � LD. þ /�./��.1�. �.!��0� 0��1�" ��. 0� 2&� �! 2�!&� ���.�)2�2.

0�3���1�" 2&� �.!.�)�0�&� 3�)��&� 1*�3&�. �0 2�� 12.2�12��� / �� 2�" �!.��.2���" 2�"

��+11."� þ 1#� ���� ���.�)2�2. ��. 2�� .� � #��. 2&� 3�)��&� #� � ���02.� 12�� 1#��$0�.

.�) 2 � AD. �#��.�!.1�.2����  LD $!�1�� � �0� 2�� �!.��.2��� �)� ��. �. 0���0�

1#��0!�1�.2. 1$02��� �0 2 #" 3�)�� #" 2�" �!)2.1�" � # 0�����02.� &" ���.�)20!� �.� �.

.� !�%0� .#2� 2�� �!)2.1� 12�� �0!��2&1� � # � ���.�)2�2. 0�3���1�" 2�" .� � #��." 2&�

3�)��&� � # �! �*�20� 0��.� ���!��

	 �*!� �0�&���2��. 2�" %RWWRP�8S .���#1�" 0��.� )2� ��. �!)2.1� /0� �� !0� �.

.�.��&!�120� �.!. �)� )2.� ��. �.���. .�) 2. 1*�� �. 2�"  $' ���0� ��� �. .�)3.1��

�.2� 2�� %RWWRP�8S .���#1� /0� ���02.� $!�1� 2&� ��&11��+� �0!� !�1�+� 12��

.� �&/�� � ��1� 2 # .� #12�� * 1��.2 "�

ñ��0" �.� ����" +!.��.2���"�

+0���� ���0 2#���� �!.��.2��� �� !0� �. $!�1�� � ���0� ��. 2�� � �20� � ��1� 2�"

��+11." 10 ��. ��&11��) .� �&/�� � ��2� LD. �*�3&�. �0 2 � Levinson (1985) ���0

�0�0!.1���� ��+11. �� !0� �. �.!.$�0� .�) ��. �.� ���� �!.��.2���� .��� 2 ����2! ��.

2�� $!�1� ��� �." ����" �!.��.2���" 0��.� � �! 1.!� �� 2 # ��&11�� * � �2�� # 10 ��. �� 

1#��.2��) � �2�� 2�" 3#1���" ��+11."� +�. �.!�/0���.  � 3#1�� � ��&11�� � �.�)�0" 1#$��

�.! #1��� �2.� 10 0#.�1��2� �! " 2 �0!�0$)�0� � !3�� 	 �0�&���2��. 2�" $!�1�"

.�+20!�" �!.��.2���" 0��.� � .#������ � �#�� �)2�2. � # 1#�.�2�2.� 12 #" .�2�12 �$ #"

.��)!��� #" .���#1�"� ò21�  .!���)" 2&� �!��0&� � # .�.�20�2.� �.2� 2�� .� �&/�� � ��1�

�0 $!�1� 2 # .��)!��� * Viterbi ��. ��. .� � #��. w, $!�1�� � �+�2." �.� ���� �!.��.2����

0��.� .��� � " 2 # wVn × � )� # nV 0��.� 2 ���0� " 2 # �� 20!�.2�� * �0��� �� # �.� w

2 ��� " 2�" / �0�1." �!)2.1�"�

+0����  � ��+110" 0�0*�0! # �0!�0$ ��� # .�.�* �2.� �0 2�� $!�1� 2 # .��)!��� #

Cocke-Younger-Kasami (CYK) � �0 2 � .��)!��� 2 # Earley. � .��)!��� " CYK .!$���

�.2.1�0#�12��0 .�) 2 � Cocke, .��� /�� 1�0*2��0 .�.��!2�2. .�) 2 � Kasami (1965) �.� 2 �

Younger (1967). þ ��� / " 2 # Earley �0!���" 3 !�" �.�0�2.� .��)!��� " .���#1�"

/�.�!���.2 " �.� /�� 1�0*2��0 2 ����� � CYK .��)!��� " 0��.� ��. �! 1����1� /#�.��� *

�! �!.��.2�1� * DP, 0�+ .�2��02.  .��)!��� " Earley $!�1�� � �0� ��. �*!�. / ��

/0/ ���&� � # �.�0�2.� /���!.��. ��. 2 � .� 20�01�.2��) 1#�/�.1�) 0�/���01&�

#� .�.�*10&� �0 1� �) 2�� 0��22&1� 2&� ��0 ��� �2&� #� � ��1�+�� ���0 .��)!��� "

.�.�20� ( )3wO �!��0�"� 0�+ � ��� / " 2 # Earley .�.�20� ( )2wO �!��0�" 12�� �0!��2&1� � #
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/0� #��!$ #� .1�30�0" 12�� �!.��.2���� �� �!)13.2.  Paeseler /�� 1�0#10 ��. 2! � � ��1�

2�" �0�)/ # 2 # Earley �  � �. $!�1�� � �0� 2�� /�./��.1�. .�.��2�1�" /�1��" �0 1� �) 2��

�0�&1� 2�" � �#�� �)2�2."� �21� +120 �. 0��.� .��� �� 2 # ��� #" 2�" .� � #��." 0�)/ #�

þ .���#1� .�) .!�120!� �! " 2. /0��� (LR) 0��.� ��." .� 20�01�.2��)" .��)!��� "

��. 2�� .���#1� ��&11+� 0�0*�0! # �0!�0$ ��� #�   � � " .!$��� �.2.1�0#�12��0 ��.

��+110" �! �!.��.2�1� *� ò�." �0���0#��� " .��)!��� " .���#1�" .�) .!�120!� �! " 2.

/0��� 03.!�)12��0 12 �!)����. 2�" .�.��+!�1�" 1#�0$ *"  ����."� 	 �! �*�2 � 1*12��.

�.�0�2.� HMM-LR ��.2� �.1��02.� 10 .���#1� 2&� 3�)��&� �0 $!�1� þ�� 1#� /0#)�0�� �0

.���#1� .�) .!�120!� �! " 2. /0��� �0 $!�1� �!)��0%�"�

       +�. 2 �!)����. 2�" .�.��+!�1�" 1#�0$ *"  ����." �$ #� 0��1�" $!�1�� � ���0� 0�/�� �

2*� � �!.��.2���"� þ �!.��.2���" 0�.#����� # /��2* # �02.��10&� (ATN) 0��.� )� �0" �0

2�" �!.��.2���" 0�0*�0! # �0!�0$ ��� # .��� �� .� 20�01�.2���" �)�& 2 # )2� 1#�$&�0* #�

� ��� � � ��2�. .���#1�"� �� �!.��.2���" .#2�" �.2.1�0#�12��.� 0�/��� ��. 2�� 0�0�0!�.1�.

2�" 3#1���" ��+11."� ��. ù	� �!.��.2��� $!�1�� � �����0 12 1*12��. “HWIM” 10

1#�/�.1�) �0 2�� ��� / “island-driven” 12��  � �.  � 3�)�� ��  � ���0�" �  � 3!�10�"

�! 1/� !�� �2.� �!.��.2 � �+�2." ��. .!$��� /�0!0*��1�� �.� 12�� 1#��$0�. 0�1&�.2+� �2.�

$!�1�� � �+�2." 2�� .�.��2�1� “middle-out”. þ ��� / " .#2� .� 20�0� ��. �!&2)2#��

.�)���1� .�) 2�� 1#��.2��� .�) 2. .!�120!� �! " 2. /0��. .���#1�� �� 12 $.12���"

0� � ��2���" �!.��.2���" .� 20� *� �0���0*10�" 2&� 2#���+� �!.��.2��+� 12�"  � �0" 2.

$.!.�2�!�12��� �! 12��0�2.� 12. 12 �$0�. 2 # 2#��� * �0��� �� #� �!�1�� � �����.� 12��

0�0�0!�.1�.  ����." ��. �. � �20� � ��1 #� 2�� ���! 3 !�. �.� �. �! 1��1 #� 2.

$.!.�2�!�12��� 2�" 3#1���" ��+11." 12. �� 20!�.2��� 12 �$0�. 2�" �!.��.2���"� �

1#�#� � ��1�)" 2&� $.!.�2�!�12��+� 2�" ���! 3 !�." 12�� �!.��.2��� .� 20�0� ��. ���.

�! " 2�� �.2.�)�1� 2�"  ����." 10 )2� .3 !� 2�� �.! $� ��&11���" ��+1�" ��!.� 2�"

�!.��.2���" / ��"� �2�� /�� 1�0#1� 2 #"  � Hemphill �.� Picone �.! #1��� #� 2 � �.1��)

3 !�.��1�) 2�" 0� � ��2���" �!.��.2���" �.� #� 12�!�� #� )2� 2 �. �0&!��0� )2� �

/�./��.1�. �.!.�&��"  ����." 0��.� �.1�1���� 12�� �!.��.2��� �.!� 10 ��. FSA �$0�

#� � ��12��� ��0 �0�2��.2. )2.� ��." .��)!��� " .���#1�" /�.�!���.2 " $!�1�� � �0�2.� ��.

�. �.!��0� 2�" #� ��10�"�  

ü�ÿ����ÿ�þ 	� �
�	þ�ù	� ù�ù+��ÿ�þ� ��ÿ�ÿù��

�2 2���. .#2) �!.��.2 � �0�2.� ��. .�.3 !� 12. 1#12��.2. .�.��+!�1�"  ����."� 10

0�0��. � # /�./!.��2�1.� ��� � 1��.�2��) !)� 12 �.!0��)� .��� �.� 10 .#2� � #

��.�1�+� #� 2 �.!)�� �0 2�2 �. 0��1�)��1� /0� 0��.� /#�.2)� �. .�.30!�0� 2 1*� � 2&�

1#12���2&� �.� 2&� 20$���+� � # �$ #� �.! #1�.120� �.� #� � ���0� 10 )�� 2�� /��!�0�.

.���2#��" 2&� 1#12���2&� .�.��+!�1�"  ����."� �� �)" �." 12 2���. .#2) 0��.� �
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�.! #1�.1� �0!��+� 1#12���2&� � # .�2��.2 �2!�� #� /�.3 !02���" �! 10���10�" �.� �/�0"

� # �$ #� �.! #1�.120� ��$!� 1��0!.� ù�)�� �. �.! #1�.12 *� 1#��!�2�� � ���.�0" 2�"

.�)/ 1�" 2&� /�.3)!&� 1#12���2&�� 	�� " �. 1��0�&�0� )2� � )�� .�.3 !� ���02.� �#!�&" 10

0!0#��2��� 1#12��.2. �.� .� 30*�02.� � 1#��2�1� ���& 10 0�� !��� 1#12��.2.�

ARPA �!)�!.��. �.2.�)�1�" �����."� �2�" þ�&���0" � ��20�0" 2�" ù�0!���" � �0!� / "

2&� .#2)�.2&� 1#12���2&� .�.��+!�1�"  ����." �0����" ����.�." 0�1�$�0� �0 2 

0� � �.�)�0� �!)�!.��. ARPA (Advanced Research Projects Agency) .�) 2 2���.

.�*�."� )2.� 2 ����� .�.� ��+���0 ��. �0�2.02 *" /��!�0�." �!)�!.��. �0 1� �) 2��

.���2#�� 2 # 2 ��. �.2.�)�1�"  ����."� �� 12)$ � � # 02���1.� .�) 2 �!)�!.��. ARPA ��.

2�� �.2.1�0#� 0�)" �! 2+2#� # 1#12��.2 "� �.�+" �.� 2. $.!.�2�!�12��� 2 # 1#12��.2 "

HARPY 2 # �.�0��12��� # Carnegie-Mellon, 2 �)� 1*12��. � # ��.� � � *10 2 #"

1#��0�!���� #" 12)$ #" /�/ �2.� 12 � ���.�. ��

���.�." ��

�0�2.020�" �2)$ � 2 # �! �!���.2 " ARPA �.!.�2�!�12��� 2 # �! �!���.2 "

HARPY

�. /�$02.� 1#�/0/0����  ����. �.�

.�) � �� *" �  ����2�" �� ���� #" .!10��� *� � �#��� *�

1#�0!�.�)�0� #"  ����2�" �.�

10 ��. �� � !#�+/0" /&��2� .�� #1. 20!�.2��+� #� � ��12+�

$!�1�� � �+�2." ��. �.�) ���!)3&� ��0�12) ���!)3&�  ����."

�0 ���! * �.�� * !*���1� .��  ����2� �� �! 2�10�" 0�����1�" .��  ����2�

/0$)�0� ���� ���0�" ���� ���0�"

$!�1�� � �+�2." 20$��2) 1#�2.�2��) ��1 " �.!�� �2." /�.���/&1�"  ��

��. ��. �0!� !�1��� ���. .���2�1� 0��!�3 #

�.!�$0� ���)20! .�) ��� 1��.1� � ���) ��� " �� 1��.1� � ���) ��� "

10 ���0" 3 !�" 10 �!.��.2��) $!)� �� 3 !�" 10 �!.��.2��) $!)� 

�0 ��. ����MIPS 1#1�0#� ��� 0,36 3'3B.$�� $!�1�� � �+�2." ����

36-bit ���0&� �0 �)12 " �� .��

0�0�0!�.�)�0�� �!)2.1�

�$��. �� �� 12)$ � 2 # �! �!���.2 " ARPA ��. 2 �! 2+2#� 1*12��. .�.��+!�1�"  ����."� 10

1#�/�.1�) �0 2. $.!.�2�!�12��� 2 # 1#12��.2 " HARPY 2 # �.�0��12��� # Carnegie-Mellon.
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	 ����  Klatt ��!.%0 ��. .�.3 !� ��. 2 �!)�!.��. ARPA �  � �. 1#��!��0� �.�

.�2��.!.����0� 2�" .!$�20�2 ����" �.� 2�" �/�)2�20" �0�2 #!��." 2011�!&� 1#12���2&� � #

�! ��#%.� .�) 2�� �0��2�� �2 � ���.�. � �.!.2��0�2.� � 1#� ���� .�)/ 1� 2&� 1#12���2&�

�0 ��1� 2. $.!.�2�!�12��� � # /)���.� 12 � ���.�. �� �. 1��0�&�0� )2� � �0!��� ��

$!�1�� � �0�2.� 1.� ��2! 2�" /#1� ��." .�.��+!�1�" 0�)" ���.2 "� õ�&" .�.3�!02.� .�) 2 �

Klatt �0 /0/ ��� 2 � /�.3 !02��) �.!�� �2. /�.���/&1�" �02.�* 2&� 1#12���2&� 0��.�

/*1� � �. �.� !�12 *� .�)�#2.  � /�.3 !�" 12�� .�)/ 1� �02.�* 2&� 1#12���2&�� 	.

2�110!. .#2� 1#12��.2. �.!�$ #� /�.3 !02���" �! 10���10�"� .��� )�. #� �02 *� ��. top-

down � !3� 0�0�0!�.1�."�

���.�." �

�*12��. �.2.� ���10" �! 2�10�" ��� �0!��� ��

CMU HARPY 95 33

CMU HEARSAY II 91, 74 33, 46

BBN HWIM 44 195

System Development Corp. 24 105

�$��. �� 	. 2�110!. 1#12��.2. � # �! ��#%.� .�) 2 �!)�!.��. ARPA 1971 �.�  � 2���" 2�"

1#� ����" .�)/ 1�" 2 #"�

	. 1#12��.2. .#2� 0��.� 2. 0��":

1. 	 1*12��. HARPY  2 # �.�.��12��� # Carnegie-Mellon (CMU) (Lowerre �.� Reddy,

1980). þ ��1� ��. 2 1*12��. HARPY 0��.� ��. /��2# ������ �.2.12�10&� � #

�0!��.����0� �0��� ����" .�.�.!.12�10�"� 1#�2.�2��)� �.� �.�)�0" ���0&� 1#�202.���� #"

10 ��. .��) ��.�1� � 	 �! �*�2 � FSA .� �&/�� � �0�2.� 10 1$�1� �0 .� #12���"

�02!�10�" $!�1�� � �+�2." /#�.���) �! �!.��.2�1�) DP �.� .�.��2�1� /�1��"� 	 

1*12��. � # �! ������0 2 HARPY 0��.� 2 1*12��. DRAGON, 2  � � #� � �����0

12 �.�0��12��� Carnegie-Mellon �.� �0!�����.�0 .� �&/�� � ��1� 0�)" FSA �0 2��

$!�1� .�.��2�1�" breadth-first DP. � )! " .#2)" 1��.��0� )2� )�. 2. � � ��2�.

0�20�� �2.� �.!�����. .�2� �. 0�20�� �2.� �!+2. 2. � � ��2�. ����12�" ���.� 3���."� þ

�! 1���� 2�" ��� �." .�.��2�1�" /�1��" 12 1*12��. HARPY �0�2�&10 10 �0��� �.��)

2�� #� � ��12��� .� 20�01�.2��)2�2. 2 # 1#12��.2 "� þ .� #12��� 0�0�0!�.1�. 12 

1*12��. HARPY .� 20�0�2.� .�) �� 0�.�)�0�0" �.!.��2! #" �!.�����" �!)��0%�" �0

/��!�0�. 12 ��.�1� �)� # ���msec. �2�� 1#��$0�. 2. ��.�1�. 1#�/��� �2.� ��0 ��! �1�

2&� �����&� 1#1$�2�1�"� .� 0��.� )� �. 10 ��.� � ��2��) �.��)� �0 1� �) �. �0�+1 #� 2 �

.�.�2 *�0� $!)� 0�0�0!�.1�." �.� �. 0� �.�*� #� 2�� 0��/!.1� 2 # � !*� #� 	.
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�! �*�2 �2. “ù� #12��� 	���.2.” 2.��� � *�2.� 10 ��. .�) 2�" �� #��!$ #10"  ��/0" �0

�!�2�!� 2�� .�)12.1� Itakura.

2. 	 1*12��. HEARSEY II  2 # �.�0��12��� # Carnegie-Mellon. 	 1*12��. HEARSEY

0$0� 20�0�&" /�.3 !02��� .!$�20�2 ���� .�) 2 1*12��. HARPY. �� ���! 3 !�0" .�) )�0"

2�" .� #12���" �.� ��&11���" ����" 0�1&�.2+� �2.� 10 ��. “black-board”   � � "

�0�2 #!�0� 1.� 0�0�2�" �.2� 2�� 0�0�0!�.1�.� �� 0�0�0!�.12�" ���! 3 !�." 0��.� 20�0�&"

2���.2 � ����� � �.� 1$02��� 0*� �. 2! � � � *�2.�� ��. 1#��12+1. “o 0�.���0#2�"

����"” �$0� 2�� � !3� 0�)" FSA 2 # 2*� # HARPY ��. 2�� 1*��01� ���0&� .�) � ��/0"

#� ���0&�� þ .����0��/!.1� �0 2 .� #12��) 1��. �!.��.2 � �0�2.� �0 2� ��� / island-

driven ��2. 2��  � �. .�.�2�20�2.� � ���� �0 2�� �0�.�*20!� ���.�)2�2. �0 1� �) 2��

 � ���!&1� 2�" #� �02���" �!)2.1�"� � .��)!��� " 2&� Cocke-Younger-Kasami (CYK)

$!�1�� � �0�2.� 12�� /�./��.1�. .#2� �0 1� �) �. 0�0�0!��� �2.� �.!�����. � ���"

#� �02���" ���0�"� þ .� #12��� 0�0�0!�.1�. 12 1*12��. HERSAYII 1#��12.2.� 12 � .�)

� !#3� 10 � !#3� #� � ��1�) 2 # ���2 #" �.� 2&� 1��0�&� )� # ���02.� /���0#1� .�) 2 

��/0�� 10 �� 0���.�#�2)�0�. ��.�1�. 0*! #" ���msec, 2)1 10 �! 0��1$#���0"

�#�.2 � !3�"� )1 �.� 10 0� �.�#���0" �#�.2 � !3�"  ����."� ��.�1�. �0 )� �0" 2���"

 �./ � � *�2.� �.� 2.��� � *�2.� �0 ��1� 2�� �!�!&1� ��� �2." $!�1� 0�)" /��2! #

.�)3.1�" �.� ��. 10�!� .�) �.2+3��. 0���$ #�

3. 	 1*12��. HWIM  (“Hear What I Mean”) $!�1�� � �0� �.� .#2) 2�� ��� / island-driven

�.2� 2��  � �.  � 20����" #� ��10�" /��� #!� *�2.� .�) �0����" ���.�)2�2." ���0�"� þ

�0��� � ���� .� �&/�� � ��1� 0��2#�$��02.� $!�1�� � �+�2." ��. � �*�� � /��2# .�)

3&� � ��� *" �.�)�0" � # 03.!�)� �2.� 10 ��. �����. .�) 2�" /#�.2�" �.2.2��10�" 2�"

�#�.2 � !3�"� �� #� �02���" ���0�" �.20#�*� �2.� �0 ��1� 2. �.!.���& .�) 1#�2.�2��)

�.� 1��.1� � ���) 2!)� �   � � " � !3 � �0�2.� .�) ��. ATN �!.��.2���. þ 20����

#�)�01� �!.��.2 ��0�2.� $!�1�� � �+�2." 2� ��� / �.�*20!�" .�.��2�1�".

4. 	 1*12��. Systems Development Corporation (SDC) �.2.�)�1�"  ����." �.!��0� ��.

1*� � .�) 0�.��.�2��� 3&��2��� .�2��!.3. � # �! �!$ �2.� .�) .� #12��� �.�

3&��2��� 0�0�0!�.1�.� 2.  � �. 12�� 1#��$0�. .� ���0* �2.� 10 ��. ���.�. )� # �.�

���02.� � 0�0�0!�.1�.� 	 1*12��. 12� 1#��$0�. .� � #�0� 2�" �0�)/ #" .�.��2�1�" left-to-

right �.� best-first $!�1�� � �+�2." ��. 3&��2��) $.!2 �!�3   � � " 1#�/�0� 2�"

1��.1� � ����" �.� 1#�2.�2���" ����" ��! 3 !�." �0 2. #� �02��� 3&��2��� .�2��!.3.

�.2� 2�� .� #12��� 0�0�0!�.1�.�

TANGORA 	.#2)$! �. �0 2. �! �!���.2. � # 1$0/��� �2.� .�) 2�� ARPA, 2�� �/�. 0� $�

�!�1� �2.� 10 0������ .��� �� 0!�.1�. 12�� ÿú� � # .3 ! *10 2�� 03.!� �� 12.2�12��+�

�0�)/&� 12�� .#2)�.2� .�.��+!�1�  ����."� �#��0�!����.�  � �!+20" 0!�.1�0" 1$02��� �0 2.
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þ�� /�� 1�0*2��.� .�) 2 � Jelinek (1976) �.� .�0��!2�2. �.2� 2�� �/�. �0!� / .�) 2 �

Baker (1975) 12 �.�0��12��� Carnegie-Mellon. 	 ����  � 0!0#��2�" 2�" IBM �.! #1�.1.�

��. /�� 1�0#1� 1*�3&�. �0 2��  � �. 0��2#�$��02.� 1��.�2��� �.�*20!� .�)/ 1� 12��

�0!��2&1� 1#�0$ *" .�.��+!�1�"  ����." 0�.!2���� #  ����2� �0!� !�1��� # ���.2 "� 10

1$�1� �0 2 1*12��. HARPY. ò�. ��� 1��.�2��) .� 2��01�. � # �! ��#%0 .�) 2�� �!0#�.

2&� .��!+�&� 2�" IBM �2.� 2 0��": �2�" .!$�" 2 # ���� � 0!0#��2���  ��/. 2�" ÿú� 012�.10

2�� �! 1 $� 2�" 12 �!)����. 2�" #�.�)!0#1�" �0��0� # 12 $+! 0!�.1�."� 	 .� 2��01�.�

2  � � .�.� ��+���0 2 ����� �2.� ��. 0�.!2���� #  ����2�� .�.��+!�1�" �0� �&���&�

���0&�� 1$0/)� 10 �!.��.2��) $!)� � 1*12��. .�.��+!�1�" �0��� # �0��� �� # ����� ���0&���

2  � � �2.� �.1�1��� ���& 10 ��. 10�!� #� � ��12��+� 0#� ��+� � # �0!�����.�.� �02.�*

2&� ���&� ��. �0�2!��) #� � ��12� �.� ��. 12.��) 0!�.1�."� 	 ����� 2 1*12��. �0�2 *!��10

10 �!.��.2��) $!)� 10 �! 1&���) #� � ��12� �0 2�110!�" ���.�0" 0�0�0!�.1�." 1��.2 " �.�

�0 0���2.1� 2 # �0��� �� # .�) ���� ���0�" 12�" ����� ���0�"� 	 1*12��. ��!0 2 )� �. 2 #

.�) 2 � Albert Tangora. �0!��� .� 20��1�.2. � # .3 ! *� 2�� .�)/ 1� 2 # 1#12��.2 "

/)���.� .�) 2 � Picone (1990) �.� �.! #1��� �2.� 12 � ���.�. ��

���.�." ��

,��. ù�.��+!�1�" �#��)" ü13.����&�

���0&� ���

ù���� �!.3�. �!.30� # ���� ���0&� 2.9

ù���� �!.3�. �!.30� # ����� ���0&� 5.4

�� ���� �� 1#$�� $!�1�� � � *�0�0" ���0�" 12�� .���� �!.3�.

�!.30� # � # $!�1�� � � *� 3&��2���" �.1���" 3)!�0"

2.5

�� ���� �� 1#$�� $!�1�� � � *�0�0" ���0�" 12�� .���� �!.3�.

�!.30� # � # $!�1�� � � *� fenonic�.1���" 3)!�0"

0.7

�$��. ��� ù� 20��1�.2. ��. 2�� .�)/ 1� 2 # 1#12��.2 " TANGORA )�&" �.! #1��12��.� .�) 2 �

Picone (1990).   

BYBLOS. �2. 0�)�0�. $!)��. � ARPA �02 � ��1���0 10 DARPA (Defense Advanced

Projects Research Agency). ò�. .�) 2. 1#12��.2. � # .�.�2*$���.� 12�� �0!� / .#2� �2.�

2 1*12��. BYBLOS. ü��.� ��. 1*12��. 1#�0$ *" .�.��+!�1�"  ����." 0�.!2���� #  ����2�

�.� .�0#�*�02.� 10 03.!� ��" �0��� # �0��� �� #� ò�. .�) 2. � �./��� $.!.�2�!�12��� 2 #

1#12��.2 " BYBLOS 0��.� )2� �0!��.����0� � �2��. 3�)��&� .�0��!2�2. 2 # �0!�0$ ��� #�

	 �0� �)" .#2) 0��2!��0� 2�� /#�.2)2�2. �. 1#��0!���3� *�  � 0��/!�10�" 2�" 1#��!�!&1�"�

	 ����� )2.� 2 1*12��. �.! #1��12��0 #��!$0 ��. 0#!�&" /�./0/ ���� �� %� 12��
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� ��)2�2. 0�0�0!�.1�."  ����." )2� 2. 12 $.12��� 1#12��.2. .�.��+!�1�"  ����." � #

�.1�� �2.� 10 3&��2���" � ��/0" 0��.� �� �!.��.2 � ��1��.�   

þ .� #12��� 0�0�0!�.1�. 12 1*12��. BYBLOS �0!��.����0� 2 � #� � ��1�) �� mel-

cepstral 1#�20�012+� ���0 ���msec $!�1�� � �+�2." �.!��#! 2&� ���msec. 	. .� #12���

� �2��. 0��.� þ�� /�.�!�2�" �.!.2�!�1�" �.� �.1�� �2.� 10 /�.�#1�.2��� ����2�1� (VQ), �

 � �. $!�1�� � �0� ��. �&/��) ����� ��� 1#��)�&�� 	 1*12��. BYBLOS �$0� / ���.120�

��2& .�) � ����0" �.2.12�10�" �.� ��. /��3 !. ���.2.� �2 ���� ���0&� DRMD

$!�1�� � �����0 1.� #���) / ����"� 	!�. �!.��.2��� � �2��. /��� #!�����.� ��. 2�� ���#%�

2&� #� �02��+� ���0&�� 	 �!+2 0��.� ��. �.� ���� �!.��.2��� (FSA) �0 �0!��� �� �� 2 

/0*20! ��. �!.��.2��� �0*� #" ����" �0!��� ��" ��� �.� 2 2!�2 ��. �0�� �!.��.2���

�.��� �1� �0 2 � .!���) 2&� ���0&���

	 1*12��. SPHINX. 	  1*12��. SPHINX, 2  � �  �.2.1�0#�12��0 12 �.�0��12��� 

Carnegie-Mellon, .� 20�0� ��. ��� 1*12��. � # �.1��02.� 12�� �! 10�2��� 3&��2���

� �20� � ��1�� 	 1*12��. .�0#�*�02.� 10 .�.��+!�1� 1#�0$ *"  ����." �0��� # �0��� �� #

.�0��!2�2 #  ����2��  

�$��. ��� -&��2��) � �2�� � # $!�1�� ��0�2.� 12 1*12��. SPHINX.

	 1#12��. SPHINX �.1��02.� 10 .�0��!2�2. �0!�0$ ��� #� /�.�!�2�" �.!.2�!�1�"

� �2��. 3�)��&�� 2.  � �. 10 .#2� 2�� �! 1����1� .�.3�! �2.� &" 2!�3� �� �� þ �.1���

B M M

B

B

M

E

M

E

B M E
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þ�� 2 � � ��. � # $!�1�� � �0�2.� /��02.� 12 1$��. ��� ����. 2�2 � # 0�/ #" � �2��.

3�)��&� �.2.!2�12��.� ���& 12 #" ���� �� 1#$�� 0�3.���)�0� #" 3#1�� *" 2!�3� �� #" 12 

DRMD, 2  � � $!�1�� � �����0 ��. �. / ���.120� 2 1*12��.� 	. þ�� 0��.� /�.�!�2�"

�.!.2�!�10�"� .��� �$ #� ��. 0�/�.3�! � $.!.�2�!�12��)� 12 )2� 2!�. �&/��� �����. 2&� ���

1#��)�&� $!�1�� � � *�2.�� cepstral, /�.3 !��� cepstral, �.� 0�0!�0�.�� $.!.�2�!�12���� 2.

 � �. �! �!$ �2.� .�) LP .���#1� �.� �.���. �&/�� � �0�2.� �0$&!�12�� ���0 �02��.1� 12 

FSA �.!��0� 2!�. � �./��� $.!.�2�!�12��� �.� 12�� 1#��$0�.  � ���.�)2�20" 2 #"

1#�/��� �2.��   

	 1*12��. LINCOLN.  	 1*12��. .#2) �.1�12��0 12�" �! 1���0�0" 2&� 0!0#��2+� 12.

0!�.12�!�. Lincoln �. � �20� � ��1 #� 2��  ����. ��2& .�) /�.3 !02���" �.2.12�10�"

2.$*2�2."� ��2.1�" �.� 1#�.�1����2&�� 	 ����  Paul 0���20��0 .#2� 2�� �!0#�. 12 � 2 ��.

2�" .�.��+!�1�" 1#�0$ *"  ����." 10 �0��� �0���)�� 2)1 ��. 2�� �0!��2&1� 0�.!2���� #

 ����2� )1 �.� ��. 2�� �0!��2&1� .�0��!2�2 #  ����2�� 	 DRMD $!�1�� � �����0 �0 ��.

�!.��.2��� �0*� #" ����"� �#�0$ *" �.!.2�!�1�"� Gaussian’s �#��)2�2." þ��

$!�1�� � � *�2.� ��. �. � �20� � ��1 #� 3&���.2. 0#.�1��2. 12 �0!�0$)�0� �

DECIPHER 	 1*12��. Decipher, 2  � �  �.2.1�0#�12��0 .�) 2�� SRI International,

$.!.�2�!��02.� .�) �/�)2�20" �.!)� �0" �0 .#2�" 2&� 1#12���2&� � # �.! #1��12��.� �&"

2+!.� ò�. .�� 1��0�&2 $.!.�2�!�12��) .#2 * 2 # 1#12��.2 " 0��.� � �0���� �! 1 $� � #

/��02.� 12�� � �20� � ��1� 2&� 3&� � ���+� �0�2 �0!�+� )�&"  � /�.�0�2���" 0��/!�10�"

1#��!�!&1�" �.� � �/���&�2 "  ����2� 3&� � ���� �! 1.!� ��� ú.1�1��� 10 �0�!��.2. 2�"

DRMD, 1#��!�10�" �0 2. 1#12��.2. SPHINX �.� BYBLOS /�� #� 1.� .� 2��01�. �0�2�&1�

2�" .�)/ 1�" 1.� 1#���0�. 2�" 3&� � ����" � �20� � ��1�"�

CSELT �.� ��! " 2�" 1#�/�.1����" ü#!&�.'��" �! 1���0�." ESPRIT,  � 0!0#��2�" 12 

Centro Studi e Laboratori Telecomunicazioni (CSELT) �.� 12 �.�0��12��� 2 # �.��!� 

�.2.1�0*.1.� ��. 1*12��. 1#�0$ *" .�.��+!�1�"  ����." ���� ���0&� 2  � � �0!��$0� ��.

� �./��) 1*12��. /�.2*�&1�" #� ��10&�� �!�1�� � �+�2." ��. 0�/ " 2�" N-best �! 1����1�"

2 1*12��. CSELT 0�����0� ���0�" �0 ��1� ��. 2!.$�� 3&��2��� �0!��!.3� �.� 12�� 1#��$0�.

�0�2�+�0� 2�� #�)�01� $!�1�� � �+�2." �0�2 �0!�" 2.�!�.1�.� �0 ��. ��+11. �0 �0!��� ��

��� �0�!��.2. 12.  � �. 1#��02�$ #� /*  ����2�"  �  � � � 0�3&� *� ��� �! 2�10�"

�.!��02.� ��. .�!��0�. 12�" ���0�" 2�" 2���" 2 # ����� 0�+  !#��)" 1&12+� �! 2�10&� 0��.�
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Template ô$� "
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Transition �02��.1�

Translation �02�3!.1�
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V

Variability �02.���2)2�2.

Variation û�.�*�.�1�
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AD Acoustic Decoder

ARPA Advanced Research Projects Agency

ATN Augmented Transition Network

BBN Bolt Beranek and Newman

CMU Carnegie-Mellon University

CS-PLU Context-sensitive Phone-like Unit

DARPA Defense Advanced Research Projects Agency

DRMD DARPA Resources Management Database

FSA Finite State Automata

HMM Hidden Markov Model

LB Level Building Algorithm

LD Linguistic Decoder

MIT Massachusetts Institute of Technology

NBS National Bureau of Standards

PC Personal Computer

PIC Phoneme in Context

PLU Phone-like Unit

SDC Systems Development Corporation

SRI Stanford Research Institute

SSI Speech Systems Inc.

TI Texas Instruments Corporation

VCS Voice Control System

VQ Vector Quantization


