
Chapter in Dialogue Processing in Spoken Language Systems

���������
	��
����������������������	�������� �"!$#&%(')�
%+*,�-��.0/ ���
	��
12*,�-��.0/4365
�7��18��������	9�:%9;�1<�
��=

>@?BA�A
C�D�CFEHGJILKNMPO@QR?SAUTVCXWPYZG�K�M�T[?S\HYVT]GJWPYRA]KNM
O^QZGJ_ `aCFYZb
GJQ Kdcfe MhgUC�\iIjCFQVD�CXWBC�QZkVlC K M
T<C�m�\dC9gUCXnSo
GJQZk[K�M�g�?BA�YZpBC�`,?BIHqLrJqJnPA
CBe

C�Ask�t2m�u+YZA�v7whxhC�A[K
y z2{i|B}~{i�
���J�
�9�X�~�B��|P{��h�H�J|P������}����L|
�
z2�L�~|�{d�L��{^�9{i�����J|��
|S����{i�H����}��X�

�L���X��� �L�~��{d�
���X{����
� ��}~}~���S�B�H�L�
� � ��� ��  �d¡B�P�£¢F�
¤��
|S����{i�H����}J¥�X}§¦§�J�~�����~�S��{X�
� �L¨��B��}J¥�X}
�d¥�S�£©Z|S���J�Hª��X}���¨��
«L¬ �d¡S�£¦§�L�~�����~�B�P{X�f­�{i�Hª��J|B�

®�¯h°j±J²d³S´�±Xµ·¶ ��¸¹�§¢����@�9ª§�S��}���º�����|��L���X�§��»�{j{d�¼�Bº½}~�Lº½��»�{d{j�¼�(}��H�L|������X}����J|,�~����º
}~{dª¿¾B{d�����L|�{d¾U}~�������i������}~�X}~{À�d�Xª-ª0�B|S���j�X}����L|(��{d}½Á2{d{i|�}�Á2��»P�J�H}���{d�^{i|P���X��{d¾
��|9����»��J|B}~�L|�{d�L���§�d�J|B�X{i�H�~��}����L|9��| �@����ª@��}~{j¾9¾S��ª��L��|
�
©Â|7}��S���
»P�J»�{i�¹Á2{�¾B{iº
�~�i�~����{��J�S�Ãª�{d}�����¾B�L���X�������J�2{j�L�J���P��}���|P�-}��H�L|������X}����L|9»�{i�~���L�Hª-�L|��d{X�BÄ8�B�2�H�S�~º
�H{i|B}]�Â���i�P�[���V�L| ÅJÆPÇXÈÊÉÌËXÈÊÅJÆPÇ�ÅJÍJÎXÏ�ÐSÎ�É�ÑZË�Æ�ÒSº
}���{
{d�J�L�����X}����L|7�L�
}���{8}��H�J|P������}����L|
�d�L»��L�B������}���{J���L�
}���{��~���~}~{dªÓ�X�§��Á2�P�J��{X�[�2�P{^ª��J��|U�X���L�Ã�L�Ã�L�B�^{i|P¾�º½}~�Lº½{i|�¾
{d�J�L�����X}����L|U»B�H���d{d¾��S�H{����§}~�À¾S{d}~{H�Hª@��|P{�}��H�J|P������}����L|(�X�d�H�S�H���d�9�L|���}~{d�~}¹�~{d}
�L�h»B�H{d�X���J�P�����9�S|��~{d{i|7¾F���J���X�J�P{d�d�fÄ�}���{i�¹�X�X�J���8��|��i����¾S{�{j�L�J���P��}���|P�À}��P{§{HÔ�{d�iº
}����X{i|�{d�~�§�L�V}���{^�~���~}~{dªÕ��| �j�L|B�X{j�X��|P�9¾B�Xª��J��|Sº��H{i��{j�L�J|B}0��|B���J�Hª��X}����J|U�L|�¾���|
¾S{d}~{j�d}���|P�§�J|P¾^¾B{d�L����|��§�L»B»S�H�J»S�~����}~{i����Á2��}��@��}~}~{i�H�L|��d{d�2Ö��J�h»��J�H}����L|��<�J�S��}~}~{i�~º
�L|��d{d�H×2}��P��}��J�H{§�L��}�º��J�Zº½¾S��ª��L��|
��Ø[|P¾�º½}~�Lº½{i|�¾9{d�J�L�����X}����L|��^�L�H{�»�{i�~�Â�L�Hª�{d¾���|
�L�H¾B{i�¹}~���X{i�~���Â��}���{§�X{H|P{i�H�J�V�d�J�X{i�H���X{§�J�V�L�B�8¨�|��JÁ2��{d¾S��{@�~�J�S�H�j{d�d���L�B��¾S{^�L�B�
¾S{d��{i���L»�ª�{i|B}Ã{iÔ��L�H}~�d�N�L|�¾�}~��}��H���¼¨-�L�B�[��ª@»B�H�L��{dª�{i|B}Ã�L��{i�Ã}���ª�{X��Ù+{
¾����~�i�P�~�
�L�B�2{d�J�J���P��}����L|9»B�H���d{d¾��S�H{d�d�B}���{
�i�~��}~{i�~���@���~{d¾����L�Ã�X�~�����J|S��|����~�d�J�H{d�2}~�§}��H�J|P��º
���X}����L|���»B�H��¾F���d{d¾9�B��}��P{§�~���~}~{dªÀ�P�L|�¾9}���{@}~���J����¾B{d�X{i���J»�{d¾9���L�
»�{H�~���L�Hª@��|��
}��S���¹}~�X��¨���Ú
{d�d{i|B}£¢N»��L|B�����Bº�}~�Jº½Ø]|��L���R���U»�{i�~���J�Hª��L|��d{^{d�J�L�����X}����L|��H{d���S��}~�§�J�H{
»S�H{d�~{H|B}~{d¾9�X�
�L|7{dÛ��Xª^»S��{X�

Ü ÝBÞ8ß�à�á§â^ã@ähß�åiá
Þ

æSO^ç^è�é�ê ësM
ìXí�YRI Cîu9m�QZEHY�ï~QZYRAsvBm
CFQÃIið
GLGJrdxPïÊEi?�ï~IHðhGJGJrJxñEi\jCFA�IHQ�C�EiYZ?BAaIinPIHEHGLuòk�GJIHYZvSA�GJk
Ei?�óÊCFrJYZQZYREdC�EiG^rJ?Su u9m�A�YZr�CFEHYZ?BA�bhGJE~ô¹GLGJAUE~ô�?Àð
CF\HEiYRGLI^GJA�vPC�vSGJk�YRA�C�IHðh?BAPEjCFA�GJ?Sm�I§rJ?BA�ï
WSGJ\HIdC�EHYZ?SA,YRA,C�QZYZu YZEHGLkUk�?Bu�C�YZAVõhö~A,EHxsYRI�ð
C�ðhGJ\�ô¹G9k�GLIHrJ\iYRbhG�?Bm�\�u GJEix�?Pk�?BQZ?BvSn+ó½?B\
GJWBCFQZm
C�EiYRAsv-Eix�G^Ei\jCFA�IHQ�C�EiYZ?BA ðhGJ\¼ó½?B\iu�C�AsrJG§?�óV?Sm�\¹IinPIHEHGLu(õSO^QZEHx�?Sm�vBx+ô¹G@?PrJr�C�IiYZ?BA
CFQRQZn
GJWBCFQZm
C�EiGÀEix�GÀðhGJ\¼ó½?B\iu�C�AsrJG9?�ó¹YZA�ksYRWPYZk�m
CFQVrJ?Su ðh?BA�GLA�EiI�?�ó§?Bm�\�IHnPIiEHGJu)M[?Bm�\�rJms\H\HGLA�E
ó½?PrJmsI�YZI-?SAø÷�ùsú�ûHü�ý�ûH÷Xù�ú(÷XþXÿ����PÿSü���ýSù���ï^EHxsG9GJWBC�QZm
CFEHYZ?BA)?�ó§EHx�G9Ei\jCFA�IHQ�C�EiYZ?BA)r�C�ð
CFb�YZQZY�ï
EiYRGLI-?Fó¹EHxsG9IHnPIHEiGJu CFI·C+ô§x�?SQZG ê	�ií¼õ�
2\jCFA�IHQ�CFEHYZ?BAUYZAUæSO^ç@è-é)YZI^ðhGJ\~ó�?B\Hu+GJk)?BAUb
CFIHYZr
IiGJu�CFA�EiYZr�k�Y�C�QZ?BvSm�G�m�A�YZEHI
�½és>^è@I��LõV`,G�EHxPm�I�GLWBC�QZm
C�EiGÀEi\jCFA�IHQ�C�EiYZ?BA)ð
GJ\¼ó½?B\iu�CFA�rJG9?BA
Eix�YZI-QZGJWSGJQ~õ[é�>@è^I�vSGJA�GJ\dC�QZQZn�rL?B\H\iGJIHðh?BAskaEH?UC+IHGLu�C�APEiYRrXC�QZQZn rJ?Sx�GJ\HGLA�E�IHGLvBu GLA�EdC�EiYR?SA
?Fó C�A�m�EiEHGJ\dC�A�rLG�YZA�Ei?ÀIið
GLGJrdxPï¼CFrJEHIXõ



Chapter in Dialogue Processing in Spoken Language Systems


§x�G+u�CFYRAîvB?�CFQ
?�ó^Eix�G GLA�kPï~EH?�ï~GJA�k GJWBC�QZm
CFEHYZ?BA)ð�\i?�rLGJk�m�\iGUYZI�EH?UksGJEHGJ\iu YZA�G+EHx�G
EH\dC�A�IiQ�C�EHYZ?SA�C�rLrJm�\jCFrJn ?FóVG�C�rdx+?�óÃEix�G-és>^è@I§YZA C�EiGJIHE§IiGJE§?�óVm�AsIHGJGJA�m�EiEHGJ\dC�A�rLGJI�õ�
§x�G
m�EiEHGJ\dC�A�rJGLI7CF\HG�EdC�pBGLA�ó½\H?Su \HGJrL?B\HksGJk,k�Y�C�QZ?BvSm�GJI§YZAUô§x�YZrdxUE~ô�?9IHðhG�C�pSGJ\HI�IHrdx�GJk�msQRG C
u GLGJEHYZA�vhõ�
§x�G�GJA�kPï~EH?FïÊGLA�kUGJWBCFQRmhC�EHYZ?SA�I§?BAUmsA�IHGJGLA,k
C�EdC C�\iG�ðhGJ\~ó½?S\Hu+GJkUYZAU?B\ik�GJ\@EH?
WBGL\HY�ó½n,EHxsG�vSGJA�GJ\dC�Q@rJ?�WBGJ\dC�vSG ?�ó�?Bm�\�QZGJ_PYZrJ?BA�IXM2vB\dC�u u�C�\iI·CFA�kaIiGJu�CFAPEHYZr9\HGJðs\HGJIiGJAPï
EjCFEHYZ?BAsI�õ�
§x�G�GJWBC�QZm
CFEHYZ?BA�I�vSm�YZk�G ?Sm�\�k�GJWSGJQZ?Bð�u+GJAPE�G��[?B\iEHI�M�C�A�kaCFQZQR?�ô�m�I�EH?)EH\jCFrdp
?Bms\^YZu ð�\i?�WBGJu+GJAPE
?�WBGL\^EHYZu+GBõ���GJr�CFm�IHG9?Sm�\^IinPIHEHGLu YRI§ksGJIHYZvBAsGJkUó�?B\§EHxsG�QZYRu+YZEHGJk+k�?�ï
u�CFYZA ?�ó�IHrdx�GJk�msQRYZA�vhM�ô�G7CF\HGÀCFQZIH?9YZAPEHGJ\iGJIHEiGJk,YZA�GLWBC�QZm
C�EiYZA�v9EHx�G�G��[GJrJEiYRWSGJA�GJIiI�?�ó�EHx�G
IHnPIiEHGJu YZAUrJ?SA�WSGJnPYZA�v k�?Su�CFYRA�ïÊ\iGJQZGJWBC�APE�YRA�ó½?B\iu�C�EiYZ?BA�CFA�kUYZAUk�GLEHGJrJEiYZA�v(C�AskUk�G�CFQRYZA�v
C�ðsð�\H?Sð�\HY�C�EiGJQZn�ô§YREix�m�EiEHGJ\dC�A�rJGLI��Ì?B\Vðh?B\iEHYZ?BAsIÃ?Fó�m�EHEiGJ\jCFA�rJGJI��
Eix
C�E2C�\HG�?BmsE~ï~?�ó�ï~k�?Bu�C�YZAVõ
>@GJEHGLrJEHYZ?BA�?FóÃ?BmsE~ï~?�ó�ï~k�?Bu�C�YZA�u�C�EHGL\HY�C�Q
CFQZQR?�ô§I8EHx�G�IHnPIiEHGJu EH?�\HGJrL?BvBAsYRqLG�YZEHI�?�ô§A QZYZu9ï
YZEjCFEHYZ?BA�I^CFA�k�CXWS?BYZk rL?BAPWBGJnPYZA�v�óÊC�QZIiG-?S\§YZA
C�rJrLm�\jCFEHG�YZAPó½?B\iu�CFEHYZ?BAVõ
æSO^ç^è�é�YZIVGJWBCFQZm
C�EiGJk�?BA�\HGJrJ?S\Hk�YZA�vSI
C�A�k�Ei\jCFA�IHrJ\iYZð�EHYZ?BAsIV?�óhx�msu�C�A�ïÊxPm�u CFA§IHrdx�GJkPï

m�QZYZA�v�k�Y�CFQR?SvBm�GLI�õ�
ÃGLIHE�IHGJEiI�ó½?B\
GLWBC�QZm
C�EiYZ?BA�I¹CF\HG�C�QZô£CXnPI
EdC�pSGJA9ó½\i?Bu C�\iGJIHGJ\iWBGJkîIHGJE§?Fó
rJ?Su ð�QZGJEiGJQZn��HmsA�IHGJGLA�� k�Y�CFQR?SvBm�GLI�õ�O�EHGJIiE^IiGJE�YRI§rL?BA�IiYRksGJ\HGJk)ó�m�QZQRn9msA�IHGJGLA(?SA�QZn Y�ó
EHx�G
IHðhG�CFpBGJ\iI-?FóÃEix�G�k�Y�C�QZ?BvSm�GJI�x
CXWBG@A�?BE§bhGJGJA�m�IiGJk�ó½?S\¹Ei\jC�YZA�YZA�v�EHxsG-Iið
GLGJrdxU\HGJrL?BvBAsYRqLGJ\�M
C�Ask9EHx�G@k�Y�C�QZ?BvSm�GJI2EHx�GLu IHGLQRWSGJI
x
CXWSG§A�?BE2bhGJGJA+m�IHGJk�ó½?B\8k�GJWBGLQR?Sð�u GLA�E2?FófEix�G^Ei\jC�AsIHQ�CXï
EHYZ?SA�rJ?Bu+ð
?SA�GJAPEHIXõ�
§x�G¹ðhGJ\¼ó½?B\iu�C�AsrJG¹\iGJIHmsQREiI2\HGJðh?B\iEHGJk9YZA�Eix�YZIÃðhC�ðhGJ\2ô¹GJ\iG§rJ?BAsk�m�rJEiGJk
?BA9Iim�rdx EiGJIHE§IiGJEHIXõP`,G§IHEH\i?BA�vSQZnÀbhGJQZYZGJWBG§Eix
C�E
Eix�YZI¹u+GJEHxs?�k�?�óVGLWBC�QZm
C�EiYZ?BA�YRI8EHx�G§u+?BIHE
u GXC�A�YZA�vFó½m�Q[C�A�k+\HG�CFQRYZIiEHYZr�\HGJvSYRIiEHGJ\@?�ó
ðhGJ\~ó½?S\Hu�C�A�rJG@?�ó¹C�IHðhGJGJrdx(Ei\jCFA�IHQ�C�EiYZ?BA IinPIHEHGLu(õ


§x�G)\HGLu�C�YZA�ksGJ\�?�ó9EHx�G)ð
C�ðhGJ\UYZIU?S\HvPC�A�YZqJGJk�YZA Eix�Gîó½?BQZQZ?�ô§YZA�v,ô£CXnPõ§éPGJrJEiYZ?BA��
ð�\iGJIHGJAPEiI�C�vSGJA�GJ\dC�Q§?�WBGL\HWPYZGJô¿?�ó^?Bms\�IHnPIHEiGJuòC�A�k,YZEHI�rJ?Bu+ð
?SA�GJAPEHIXõÃéPGLrJEHYZ?BA���rJ?SAPï
EjCFYZA�I£C�k�GJEdC�YZQZGJk ksGJIHrJ\iYZð�EHYZ?BA+?�ó2EHx�G@GJWBC�QZm
CFEHYZ?BA9ð�\i?PrJGJk�m�\iGBM�Eix�G�rJ\HYZEiGJ\HY�C�m�IHGJk+ó½?S\¹C�I¼ï
IHYZvSA�YZA�vÀIirJ?B\iGJI�EH?9Ei\jC�AsIHQ�C�EiYR?SA�I�M�CFA�k�EHx�G�EH?P?BQZI§k�GJWSGJQZ?BðhGJk+ó½?B\§ðhGJ\¼ó½?B\iu YZA�v�EHx�YZI§EjCFIHp[õ
ö~A(éPGLrJEHYZ?BA! 
M�CFI-C�A�GJ_�CFu ð�QZG^?Fó
EHx�GJIiG�ð�\i?�rLGJk�m�\iGJIÀC�E§ô�?B\ip[M�ô�G-ðs\HGJIiGJAPE-Eix�G�\iGJIHm�QZEiI
?�ó§\HGLrJGJAPE7é�ð
C�A�YZIixPïÊEi?�ï#"2A�vSQRYZIixUð
GL\~ó½?S\Hu�CFA�rJG�GJWBC�QZm
CFEHYZ?BAsI�õ%$<YRAhC�QZQZn�MhC Iim�u u�C�\in C�A�k
rJ?SA�rJQZm�IHYZ?SA�I-CF\HG�ð�\HGLIHGJAPEHGLk(YZA�é�GJrJEHYZ?SA�&�õ

' (*),+Sß�-/. 021*-Và31^å#-%4


§x�G@æBO^ç@è-é�Iin�IiEHGJu YRI2rJ?Su ðh?BIiGJk9?�ó[EHx�\iGJG^u�C�YZA�rJ?Bu+ð
?SA�GJAPEHI�5BC�Iið
GJGLrjx+\HGJrL?BvBAsYRqLGJ\�M
C�u�CFrdx�YZA�G§EH\dC�A�IiQÂCFEHYZ?BA2��g�
,��u ?Pk�m�QZG^CFA�kUC�Iið
GJGLrjx)IHnPAPEHxsGJIHYZI^u+?Pk�m�QZGBõSOñk�Y�C�vB\dC�u
?�óVEix�G§vBGLA�GJ\jCFQVC�\irjxsYREiGJrJEim�\HG@?�óVEHxsG§IHnPIHEiGJu YZI
IHxs?�ô§A9YRA6$<YZvBms\HG7�Bõ�
§x�G§Iið
GJGLrjx�\iGJrJ?BvFï
A�YZEHYZ?SAÀrJ?Su ðh?BA�GLA�E<?�ó[EHx�G§IinPIHEHGLuÓYZI
ksGJIHrJ\iYZb
GJk+GJQZIHGJô§xsGJ\HG�ê����iíHõ�$�?S\2IHðhGJGJrdx Iin�APEix�GJIHYZIXM
ô�G�m�IHG�C�rJ?Su u+GJ\HrJY�CFQRQZn�CXWBC�YZQ�C�bsQRG§Iið
GLGJrdx(Iin�APEix�GJIHYZqJGL\�õ


§x�G�g�
øu+?�ksm�QZG¹YZI�rJ?Bu+ð
?SIHGJk9?FóVE~ô¹?�IiGJð
CF\jC�EiG�EH\jCFA�IHQ�CFEHYZ?BA9Iim�bPï~u ?Pk�m�QZGJI
ô§xsYRrdx
?BðhGJ\dC�EHGîYRAsk�GJðhGJA�k�GJAPEiQRnPõ8
§x�G+o
\iIHE YZI�EHx�GUD�GLA�GJ\jCFQZYRqLGJkøT/9:�½D�T�9,��u ?Pk�m�QZGUê  �M*�LíHM
k�GJIiYZvBA�GJk,Ei? bhGÀu+?B\iG·CFrJrJm�\dC�EiGBõ/
§xsG�IHGJrL?BA�k,YZI^Eix�G9t2x�?PGJA�YZ_Uu+?�ksm�QZG7ê<;LíHMhk�GJIiYRvSA�GJk
EH? b
Gîu ?B\iG�\H?Bbsm�IHEXõ*��?BEixøu ?Pk�msQRGLI�ó½?BQZQZ?�ô C�A6YZAPEHGJ\iQZYRAsvBm
CNïÊb
CFIHGJk�C�ð�ð�\i?�CFrjx<õ=
§x�G
IH?Sm�\HrLGUQ�C�A�vSm
C�vSG YZA�ð�m�E9IiEH\iYRAsv,YRI�o
\iIHE�CFA
C�QZnPqJGJk bPn Cîð
C�\iIHGJ\Xõ¹ö~A EHx�Gîr�C�IiGU?�ó�EHx�G
D�T�9 u+?�ksm�QZGBM2QZGJ_PYRrXC�Q^C�AhC�QZnPIHYZIÀYZI9ð�\i?�WPYRksGJk6b�n6C)u ?S\Hð�x�?SQZ?BvBYZr�CFQ
C�A
CFQRnPqJGL\(ê<&PM*�LíHõ
"
CFrjx6ð
CF\HIiGJ\9ð�\H?Pk�msrJGJI�CîQ�C�A�vSm
C�vSGdï~YRAsk�GJðhGJA�k�GJAPE9YZAPEHGJ\iQZYRAsvBm
C�EiGJ_PE9\HGJðs\HGJIiGJAPEjC�EiYZ?BAVõ

§x�G�YZAPEHGJ\iQRYZA�vSm
CîYRI9Eix�GJA6ð
CFIHIHGLkøEH?,CUvSGJA�GJ\dC�EiYR?SA6rJ?Bu+ð
?SA�GJAPE�M2ô§x�YZrdxaðs\H?Pk�m�rJGLI�C
EjCF\HvSGJE^Q�C�AsvBm
CFvBG^?Sm�EHðsm�E§IHEi\HYZA�v
õ



Chapter in Dialogue Processing in Spoken Language Systems

Speech Recognizer

N-best List

Speech in Source Language

Speech Synthesizer

Speech in Target Language

Text in Target Language

Phoenix Parser

Phoenix Generator

        Interlingua
Frame-Slot Structure

Phoenix Translation ModuleGLR Translation Module

GenKit Generator

Discourse
Processor

Discourse
Memory &
Calendar

GLR* ParserMorph  Analyzer

     Interlingua 
Feature Structure

>@?BA�C�DEC/FHG8IKJ/L!M�NPOQO%R/SUT�I�V

��?BEHx)EH\dC�A�IiQ�C�EHYZ?SAUu ?Pk�m�QZGJI^CF\HG�GUWPm�YZð�ðhGJk,ô§YZEHxUð�\i?PrJGJk�m�\iGJI�ó½?B\@k�GJEHGLrJEHYZA�vUðhC�\HEiI
?Fó
m�EHEiGJ\jCFA�rJGJI�EHxhC�E
C�\iG¹?Sm�EHIiYRksG§?�ó
Eix�G§IHrdx�GJksm�QZYRAsv-ks?Bu�CFYZAVõUX@m�\2vB?�CFQPx�GJ\HG§YZI2EH?�CXWS?BYZk
ð
CF\HEiYÂCFQ�EH\dC�A�IiQ�C�EHYZ?SA�I
?�ó[?BmsE~ï~?�ó�ï~k�?Bu�C�YZA�é�>@è^I
Eix
C�E ó½?B\irJG^u+YRIiQZG�C�k�YZA�v@YZA�EiGJ\Hðs\HGJEdC�EHYZ?SA�I
?Fó
EHx�G�YZA�ð�m�E
é�>@è�õY$s?B\2GJ_�CFu ð�QZGBMLô¹G�ô§YZIHx�EH?�CXWB?SYRk�C@IHYZEim
C�EiYR?SA�YZAÀô§xsYRrdx[Z]\h÷�ù�^Sý�úBý��
_ � `Jý���a7bdc _ ÿSþ�÷�üBe
ý
f _ �	�Rú�gH÷Xù�h^u�CXn�b
G�EH\dC�A�IiQ�C�EHGLk�C�I�Zic _ ÿSþ�÷�ü�e8ý9ý/j fk�Rý�f�lnmUgH÷d÷�a=
§x�YZI
r�CFA�x
C�ð�ðhGJA�bhGJr�C�msIHG�EHx�G�?BmsE~ï~?�ó�ï~k�?Bu�C�YZA�ô¹?S\Hk _ � `Lý��
YZI§IHpPYZð�ðhGJkUk�m�\iYZA�v7CFA
C�QZnPIHYZIXõ


§x�G@k�YZIHrJ?Sm�\HIiG^ð�\i?�rLGJIHIi?B\^YZI¹C·rJ?Bu+ð
?SA�GJAPE
?�ó[EHxsG-D�T�96EH\dC�A�IiQÂCFEHYZ?BA9u+?Pk�m�QZGBõ�
§x�G
k�YZIirJ?Bm�\iIHG+ð�\H?PrJGJIiIH?S\9k�YZIjC�u9bsYRvSm
C�EiGJI�EHx�G+IHðhGJGJrdxøC�rJE�?�ó^G�CFrjx IHGJAPEiGJA�rJGBM8A�?B\iu�CFQRYZqJGLI
EiGJu ðh?B\dC�Q[GJ_Pð�\iGJIHIiYR?SA�I�M2C�AskUYZA�rJ?B\ið
?S\jCFEHGJI�EHxsG�IHGJAPEiGJA�rJG+YRAPEi? C9k�YZIHrL?Bm�\iIHG�ð�Q�C�AUEi\HGJGBõ

§x�G�k�YZIHrJ?Sm�\HIiGÀð�\i?PrJGJIHIi?B\ÀCFQZIH?9m�ðhk
C�EiGJI�C�r�C�QZGJAsk
C�\@ô§x�YZrjxîpBGJGJðsI-Ei\jCFrjp�?Fó ô§xhC�E^Eix�G
Iið
G�CFpBGJ\iIÀxhCXWBG�IjC�YZk,C�bh?Bm�E�EHx�GJYZ\�Iirdx�GJk�m�QZGJIXõ/
§xsG9k�YZIHrJ?Sm�\HIiG ð�\i?�rLGJIHIi?B\�YRI�k�GJIHrL\HYZb
GLk
YZA ksGJEjCFYRQ[GLQRIiGJô§x�GJ\iG�ê<oNí¼õ

p qsrt-[u�Þ@âwvXß�áxvY-<Þ^âyu61=z8{Hãtz<ß�åiá
Þ}|Uàsá§ä%-Vâ^ã@à�-

ö~A)?B\ik�GJ\�Ei?�CFIHIiGJIHI�EHx�G9?�WSGJ\jCFQZQÃG~�fGJrLEHYZWBGJAsGJIHI9?Fó¹?Bm�\�E~ô¹?+EH\jCFA�IHQ�CFEHYZ?BA)u ?Pk�m�QZGJI@YZA C
rJ?SA�IHYZIiEHGJAPEÀCFA�k(rL?BIHE�G��fGLrJEHYZWBG9u�C�A�AsGJ\�Mhô�G9k�GJWBGLQR?Sð
GLkaC9k�GJEdC�YZQZGJk,GJA�k�ïÊEi?�ï~GJA�k)GJWBC�Q�ï



Chapter in Dialogue Processing in Spoken Language Systems

m
CFEHYZ?BA,ð�\i?PrJGJk�m�\iGBõ
t2\iYR?S\ÀGLWBC�QZm
C�EiYZ?BAUð�\i?PrJGJk�m�\iGJI YZAPWB?SQZWBGJk(C�rJm�u9bhGJ\HIi?Bu G�ð�\i?�rLGJIHI
?�ó§rJ?Su ð
CF\HYZA�v Eix�G9?BmsEHð�m�E�?�ó§YRAsk�YZW�YZk�mhC�Q2IHnPIHEiGJu rJ?Bu+ð
?SA�GJAPEHI�EH?�x
C�AskPïÊrL?�ksGJka?Sm�E~ï
ð�m�EXõ�ö~AøEHx�G)YZA�YZEHY�C�Q§ðsx
C�IiG(?FóÀk�GJWSGJQZ?Bð�u+GJAPE�M
Eix�YZI u+GJEHx�?Pk6ô§C�I9ó�?Bm�A�k EH?abhG)WBGJ\in
m�IiGdó½m�Q~õ��^?�ô�GJWBGJ\XM2YZE�ð�\H?�WSGJk,EH?)bhG EH?P?UQ�CFb
?S\�YZA�EiGJA�IiYRWSG Ei?Ux
C�AskPïÊrL?�ksG ?BmsEHð�m�E�C�A�k
GJWBCFQRmhC�EHG�G�CFrdx�rL?Bu ðh?BAsGJAPE¹?FóÃEHxsG-IinPIHEHGLu ô§x�GLA�ó½\HGkW�msGJAPE§GJWBC�QZm
CFEHYZ?BA�I�ô�GJ\HG�A�GJGLk�GJkVõ
ö~A CFk�k�YZEHYZ?SAVMVEix�G�E~ô¹?îEH\jCFA�IHQ�CFEHYZ?BA u ?Pk�m�QZGJI�\iGUWPm�YZ\HGJk6IiGJð
C�\dC�EiG�CFA�kaWSGJ\Hn,ksY��[GJ\iGJAPE
ð�\i?�rLGJk�m�\iGJI+ó½?B\�GJWBC�QZm
CFEHYZA�vUEix�GJYZ\9YZAPEHGJ\iA
C�Q§rJ?Su ðh?BA�GLA�EiI�õ�
§x�G�IH?SQRmsEHYZ?BA ô£CFIÀEi?(m�IiG
GJA�k�ïÊEi?�ï~GJA�kUEi\jC�AsIHQ�C�EiYR?SA ?Sm�EHð�msE^C�I�EHx�G�bhC�IHYZI�ó½?S\¹Eix�G�GJWBC�QZm
CFEHYZ?BA<õ�
§x�YZI§bhGJr�CFu G^ðh?BI¼ï
IHYZb�QZG+?BA�QZn,CXó½EiGJ\ÀEix�G Ei\jCFA�IHQ�C�EiYZ?BA,u ?Pk�msQRGLI-ô�GJ\iG ó�m�QZQRnîYRAPEiGJvB\dC�EHGLkaô§YZEHx,Eix�G Iið
GJGLrjx
\HGLrJ?BvSA�YZEHYZ?BA�rJ?Su ðh?BA�GJAPEXõ


§x�G�k�GJWSGJQZ?Bð�u+GJAPE��FGJWBC�QZm
CFEHYZ?BA@rJnPrJQZG§?�ó
?Sm�\2EH\jCFA�IHQ�CFEHYZ?BA�u ?Pk�m�QZGJI[ðs\H?PrJGJGJksI¹YZA�EHx�G
ó½?SQRQZ?�ô§YZA�v�ô§CXnPõ�éPnPIiEHGJu k�GJWSGJQZ?Bð�u+GJAPE£CFA�k�GJWBC�QZm
CFEHYZ?BA CF\HG�ðhGJ\~ó�?B\Hu+GJk ?SA�b
C�EirjxsGJI^?Fó
k
CFEjC�MSG�CFrjx9rL?BA�IiYRIiEHYZA�v�?Fóf\i?Bm�vSx�QZn6������m�EiEHGJ\dC�A�rJGLI�õP`,G§\HG ó½GJ\�EH?�EHx�GLIHG�b
C�Eirdx�GJI§C�I^ü�÷U�Jü
�J÷�ü��Jõ/
§xsG9EHGJIiEÀIiGJEHI9C�\iG9rjxs?BIHGLA,ó½\i?Bu C�QÂCF\HvSGÀðh?P?BQ
?Fó6�Hm�A�IiGJGJA��îk
C�EdC�\HGJIiGJ\HWSGJk ó½?B\
GJWBCFQRmhC�EHYZ?SA�I�õ�éPnPIiEHGJu ðhGJ\~ó�?B\Hu�C�A�rLG-?SA�G�C�rdxUEiGJIHE@IHGJE@YRI�oh\HIHE�GJWBCFQZm
C�EiGJk�ð�\HYZ?B\§Ei? C�APn
k�GJWSGJQZ?Bð�u+GJAPE�b
C�IiGJka?SA,EHx�G9k
CFEjCsõ/
§x�YZI�C�QZQZ?�ô§I�m�I�Ei?UYZIH?BQ�CFEHG9m�EiEHGJ\dC�A�rJGLIK��?B\�ð
C�\iEHI
?�ó^msEHEHGL\jC�AsrJGJI���EHx
CFE7CF\HG+A�?BE�EH\dC�A�IiQÂCFEHGJk6C�k�GkW�mhC�EHGLQRn)bPn,EHx�G+EH\dC�A�IiQÂCFEHYZ?BA,u+?Pk�m�QZGJI�õ
X@m�\9EH\dC�A�IiQ�C�EHYZ?SA,k�GJWBGLQR?Sð�u GLA�E�IHEjCY�øEHx�GJA6C�m�vSu GJAPEiI�EHx�G�C�A
CFQZn�IiYZI7CFA�k,vBGJAsGJ\jCFEHYZ?BA
pPA�?�ô§QZGJk�vSG¹Ii?Bm�\irJGJI�YRA�?B\HksGJ\
EH?@YZu ð�\i?�WBG
Eix�GJYZ\2rJ?�WBGJ\dC�vSGBM�vBmsYRksGJk�bPn�EHxsG§IHGJE2?�ó[ðh?�?S\HQZn
EH\dC�A�IiQ�C�EHGLk9GJ_�C�u ðsQRGLIÃEix
C�E2ô�GJ\HG@YZIH?BQ�CFEHGJk�ó½\H?SuñEHx�G§EiGJIHE�IHGLE�õ�$�?SQRQZ?�ô§YZA�v§k�GLWBGJQZ?Bðsu GJAPE�M
EHxsGÀEiGJIHE@IHGJEiI·CF\HG�\iGdï~ð�\H?PrJGJIiIHGJk EHx�\i?Bm�vSx�EHx�G�IinPIHEHGLu m�IiYRAsv9EHx�G�msð
k
CFEHGJk)pPA�?�ô§QZGJk�vSG
IH?Sm�\HrLGJI�õ%
§xsGJnUC�\HG�EHx�GJAî\HGdï~IHrJ?S\HGJk<M[YZA�?S\Hk�GL\^EH?+u G�CFIHm�\iG�EHx�G�G~�fGJrLE-?Fó
EHx�G�ksGJWBGJQZ?SðPï
u GLA�E§?SAUIHnPIiEHGJu ð
GJ\¼ó½?B\iu�CFA�rJGBõ�X^AsrJGÀô�GÀCF\HG�IdC�EHYZI¼o
GJk)ô§YREix�EHx�G�ð
GL\~ó½?S\Hu�CFA�rJG�QZGJWSGJQ
?BA,Eix�G9rJm�\i\HGJAPE�khC�EjC+IiGJE�M<ô¹G9ðs\H?PrJGJGJk EH?UC+A�GJô��HmsA�IHGJGLA��UEHGLIHE�IHGJEÀCFA�k)b
GJvSYZA,EHx�G
ð�\i?�rLGJIHI§C�vPC�YZAVõXO§ó½EiGJ\
ðh?BIiE~ï~GJWBC�QZm
CFEHYZ?BA�ksGJWBGJQZ?Sð�u GJAPEXMJô�G§b
C�rdpPm�ð�EHx�G§rJms\H\HGLA�E8WBGJ\iIHYZ?BA
?�ó
G�CFrdx�Ei\jCFA�IHQ�C�EiYZ?BA u+?Pk�m�QZGBõ
`,G§bhGJQZYZGJWBG�GJWBCFQRmhC�EHYZ?SA�I2IHx�?Sm�QZk�C�QZô§CXnPI
b
G�ðhGJ\~ó�?B\Hu+GJk9?BA+k
C�EdC�Eix
C�E�YZI¹msIHGJk+A�GJY�ï

EHxsGJ\§ó½?S\§EH\dC�YZA�YZA�v�IHðhGJGJrdx(\iGJrJ?SvBA�YZEHYZ?SA�As?B\�ó½?S\¹k�GLWBGJQZ?BðsYRAsv9EHx�G�EH\dC�A�IiQ�C�EHYZ?SA�u+?Pk�m�QZGJI�õ
O^QZQ
\iGJIHmsQREiI�\HGLð
?S\HEHGLkaYZA(Eix�YZI�ð
CFð
GJ\�C�\HG9bhC�IHGLk,?BA)EHx�YZI�E~nPð
G9?Fó£GJWBCFQZm
C�EiYR?SAVõ�O§E�EHx�G
GJA�k+?�óVC@k�GJWBGLQR?Sð�u GLA�E���GJWBCFQZm
C�EiYR?SA�rJnPrJQZGBMSô¹G�ohA�k9EHx
CFE2ô§x�GJA ô�G§\HGLEHGJIiE¹Eix�G^k
CFEjCsMXó½?B\
EH\dC�A�IirJ\HYZbhGJk khC�EjC@ô�G¹E~nPð�YZr�CFQZQRn�CFrjxsYRGLWBG�?�WBGJ\
ì�����rJ?B\i\HGJrLE¹Ei\jC�AsIHQ�C�EiYR?SA�I�õ��@?�ô¹GJWSGJ\�MFô¹G
bhGJQZYRGLWBG�Eix
C�E§EiGJIHEiYRAsv ?BA�m�AsIHGJGJAîk
C�EdC�b
Gdó�?B\HG�k�GJWBGLQR?Sð�u GLA�E�\HGLð�\HGJIiGJAPEHIÀC�u+?B\iG^WBC�QZYZk
EHGLIHE^?Fó
x�?�ôøEHxsG�IHnPIHEiGJu ô¹?Sm�QZk ðhGJ\~ó½?S\Hu)õ

"2WBCFQZm
C�EiYR?SA�YRI�A�?B\iu�C�QZQZn9k�?SA�G9YZA C��HbhC�EHrdx���u+?�ksGBMhô§x�GJ\HG�C�A)GJAPEHYZ\HG9IiGJE�?Fó£m�E¼ï
EHGL\jC�AsrJGJI�YZI�o
\iIHE^\iGJrJ?SvBA�YZqJGJkîb�n+EHx�G�IHðhGJGJrdx(\iGJrJ?SvBA�YZqJGJ\�CFA�k�EHx�GJAîEH\jCFA�IHQ�CFEHGJkUbPn+EHx�G
EH\dC�A�IiQ�C�EHYZ?SA,u ?Pk�m�QZGJIXõ�90GJrJ?S\Hk�GJk6Iið
GJGLrjx ó½?B\�G�C�rdxamsEHEHGL\jC�AsrJG�YRI�ð�\H?PrJGJIiIHGJk6Eix�\H?Sm�vBx
EHxsG9IHðhGJGJrdxa\iGJrJ?BvSA�YZqJGJ\XMÃCFA�k CFA(?Sm�EHðsm�E@o
QZG9?�ó¹Eix�G9EH?Sð(\iGJrJ?BvSA�YZEHYZ?BA)xPnPð
?SEHx�GJIiYZI�ó½?B\
G�CFrjx)m�EiEHGJ\dC�A�rJG9YZI@ð�\H?Pk�m�rLGJkVõ�
§x�YZI§o
QZG�YZI@EHx�GJA)ð
CFIHIHGLk(?SAUEH?+EHx�G�EH\dC�A�IiQÂCFEHYZ?BA�u+?�k�ï
m�QZGJIXM
ô§x�GJ\iG�EHx�G�m�EiEHGJ\dC�A�rJGLI�CF\HG+EH\jCFA�IHQ�CFEHGJkøC�Ask Eix�G�EH\dC�A�IiQÂCFEHYZ?BA,?Sm�EHðsm�E9YZIÀIdCXWBGJk
YZA CFA(?Sm�EHðsm�E@o
QZGBõhO^k�k�YZEiYR?SA
C�QZQZnPM�C9ohQRG�rJ?SA�EdC�YZA�YZA�v+x�msu�C�A�Ei\jC�AsIHrJ\iYRbhGJk,WSGJ\HIiYR?SA�I�?Fó
EHxsG^YZA�ð�m�E�m�EiEHGJ\dC�A�rJGLI§YRI�C�QZIH?�ðs\H?PrJGJIiIHGJkUEix�\H?Sm�vBx9Eix�G^u�C�rdx�YZA�G�EH\dC�A�IiQÂCFEHYZ?BA9u+?Pk�m�QZGJI�õ
��?BEHx)EH\dC�A�IiQ�C�EHYZ?SA�?Sm�EHðsm�E§o
QZGJI�C�\iGÀEix�GJAUGJWBCFQZm
C�EiGJkVõ�
§x�G�GJWBCFQZm
C�EiYR?SA ?Fó¹EH\dC�A�IirJ\HYZbhGJk
YZA�ð�m�E^CFQZQR?�ô§I�m�I@EH?9C�IHIiGJIHI�x�?�ô�ô�GJQZQ[?Bm�\§Ei\jC�AsIHQ�C�EiYR?SA�u ?Pk�m�QZGJI�ô¹?Sm�QZk9ó½msA�rJEHYZ?SA�ô§YZEix
�HðhGJ\¼ó½GJrJE]� IHðhGJGJrdx)\HGJrL?BvBAsYREiYZ?BAVõ



Chapter in Dialogue Processing in Spoken Language Systems

O§E§QZG�C�IiE¹?SA�rJG�C�nBGXC�\�ô¹G�ðhGJ\~ó½?S\Hu Q�C�\HvSG^Iir�C�QZG�IHnPIHEiGJu GJWBC�QZm
CFEHYZ?BA�IXõ�
§x�G^vS?�CFQRI�?�ó
Eix�G�Q�C�\ivBG�GJWBC�QZm
CFEHYZ?BAUCF\HG�Ei?9u G�CFIHm�\iG�EHx�G�rJm�\H\iGJAPE�ð
GJ\¼ó½?B\iu�CFA�rJG�?Fó Eix�G�Iin�IiEHGJu C�A�k
Ei?Àu+G�C�Iim�\HG�EHxsG-ðs\H?BvS\HGJIiI^u�C�k�G§YZA ksGJWBGJQZ?Sð�u GJAPE�?�WBGJ\^C�IHðhGJrJY�o
r�ð
GJ\iYZ?�k�?FóÃEHYZu+GBõ�
2?
u+G�C�Iim�\HG�ð�\H?SvB\iGJIHI
?�WSGJ\2EHYZu GSMJô�G§EjC�pSG¹IiGJWBGL\jC�Qhb
CFrjpSGJk�m�ðÀWSGJ\HIiYZ?BA�I
?Fó
EHxsG§EH\jCFA�IHQ�CFEH?B\iI
ó½\i?Bu�IHYZvBA�Y�o
rXC�APEHQZn�k�Y��fGL\HGJAPE�ð
?SYRAPEiI
YZAÀEiYRu+G,�½CFE
QZG�C�IiE= �u ?SA�Eix�I
C�ð
CF\HE��ÃCFA�k9\HmsA9G�C�rdx
?FóÃEHxsGJu ?�WSGJ\§EHxsG-IdC�u+G^IHGLE^?�ó2m�A�IiGJGJAUEiGJIHE@k
C�EdC�õ�
§x�G�EH\dC�A�IiQ�C�EHYZ?SA�I^C�\iG-Eix�GJA�IHrL?B\HGLk
CFA�k�EHxsG
GJA�k�\HGJIim�QZE2YRI2C§IiGJ\HYZGJI2?�óhIHrJ?S\HGJI2EHxhC�E2IHx�?Sm�QZk�YZA�rJ\iG�C�IiG
ó½\i?Bu�EHx�G�?BQZk�GLIHEVWSGJ\HIiYZ?BA
Ei?ÀEix�G�u ?SIHE�\HGJrLGJAPE^WBGL\HIHYZ?SAVõ

� C�D O/���E��?B�8AsN!T�T�I������=��I�S

`øxsGJAUIHrL?B\HYZA�v+m�EHEiGJ\jCFA�rJGJI�ô¹G�ohA�k(Eix
C�E@EHx�G�u ?BIiE^C�rJrLm�\jCFEHG9\HGLIHm�QZEHI�CF\HG�k�GL\HYZWBGJk)bPn
Iim�b
ksYRWPYZk�YZA�v C�IHðh?BpBGLA(m�EiEHGJ\dC�A�rLG9YRAPEi?9rJ?Bx�GL\HGJAPE�IiGJu�CFA�EiYZr�C�QZQZn9b
C�IiGJk)rjxPm�Asp�IXõ[éPYZA�rJG
CFAUm�EHEiGJ\jCFA�rJG+YRAîIHðh?BAPEjCFA�GJ?BmsI�IHðhGJGJrdx,u�CXn+b
G9WSGJ\HnîIHx�?S\HE�?B\�WBGL\HnUQZ?BAsv
Mhô¹G9C�IiIHYZvBA
u+?B\HG�EHxhC�A9?BAsG§vB\jCFk�G^Ei?�YZE2b
C�IiGJk ?SA9EHx�G@A�msu9b
GJ\2?FóVIHGJAPEHGLA�rJGJI@?B\2ó½\dC�vSu GJAPEHI2YZE2rJ?BA�ï
EdC�YZA�I�õF`,G§r�C�QZQhEHx�GJIiG�IHGJAPEHGLA�rJGJI@?B\2ó½\dC�vSu GJAPEHI��HIHGLu�C�APEiYRr�k�Y�C�QZ?SvBm�G�m�A�YZEHI]�E�Ì?B\§é�>@è^I��Lõ

§x�G�m�EiEHGJ\dC�A�rJG+YZI-bs\H?BpSGJA,k�?�ô§A)YZA�Ei? YZEHI�rJ?Su ðh?BA�GLA�E�é�>@è@I-YZA)?B\ik�GJ\�Ei?�vSYZWBG�u ?B\iG
ô�GJYZvBxPE^Ei?�QR?SA�vBGL\-msEHEHGL\jC�AsrJGJI�M2C�Ask(Ii?�Eix
C�E�m�EiEHGJ\dC�A�rLGJIÀrL?BAPEjCFYRAsYRAsv�é�>@è^I�YRAîu9m�QZEHY�ï
ð�QZG�IiGJu�CFAPEHYZr�k�?Su�C�YZA�I�r�CFA(bhG�� m�k�vBGLk(u+?B\HG�CFrJrJm�\dC�EHGLQRnPõ/"
CFrdx(é�>@è¿EH\jCFA�IHQ�CFEHYZ?BAUYZI
CFIHIHYZvSA�GJk�?BA�G�vS\jC�ksGBõ


2\jCFA�IHrJ\iYZb
GJk�k
CFEjC�rJ?BAPEdC�YZA�I�u�C�\ipBGJ\iI¹Eix
C�E�\HGLð�\HGJIiGJAPE�EHx�G�GJA�k�?FóÃC�AUé�>@èÀõ�
§x�GJIiG
u�C�\HpSGJ\HI^CF\HG�GLA�rJ?Pk�GJk)bPn�xhC�A�kUô§YZEix�Eix�G�IHnPu9b
?SQw�U�XIHGJ?SIU�����U�iIHGJu�C�APEHYZr�GJA�kU?Fó
IHGJvFï
u+GJAPE#���2CFI¹Iix�?�ô§A9YZA9EHx�G@m�EHEiGJ\jCFA�rJG�5��E�� ���J÷dý���� ÷k� ü��ÿ�����÷Xù!���J÷dý����
���t�÷�ú8�� ÿ9ü½÷�fjýSù�þ���÷�ùs÷
� �ÿ��§ÿÀüB�����J÷dý����7��" A�vBQZYZIHx/5��inBGJI]�K�HYZE�  I<?Bp����Hô§x
CFEÃkhCXn�YZIÃu+?B\iG
rJ?BAPWSGJA�YZGJAPE2ó½?S\ÃnS?Bm����Jõ
éPYZA�rLG-Eix�YZI§GJ_�C�u+ð�QZG^x
CFI§EHx�\iGJGÀé�>@è^IXMPYZE§ô§YRQZQh\HGJrLGJYZWBG�EHx�\iGJG�vB\dC�k�GLI�õ


2\jCFA�IHQ�C�EiYZ?BA�I[?Fó
IHðhGJGJrdx9\HGLrJ?BvSA�YZqJGJ\2?Bm�Eið�m�E2C�\HG�IHrL?B\HGLkÀbPn�rJ?Bu+ð
C�\iYZA�v§EHx�GLuñEH?^Eix�G
Ei\jC�AsIHrJ\iYRbhGJk9Ii?Bm�\irJG^Q�C�AsvBm
CFvBG
EiGJ_PE�õ�`øxsGJAÀIirJ?B\iYZA�v�EHxsG¹Ei\jC�AsIHQ�C�EiYR?SA�I<ó½\H?Su Eix�G¹?Sm�EHðsm�E
?FóÃIHðhGJGJrdx)\HGJrL?BvBAsYREiYZ?BAVMsEHx�G�APm�u9bhGJ\§?FóÃvB\dC�k�GLI^ðhGJ\^m�EiEHGJ\dC�A�rLGÀYZI^ksGJEHGJ\iu YZA�GJk�bPn Eix�G
APm�u9bhGJ\V?Fófé�>@è^I2YZA�Eix�G§EH\dC�A�IirJ\HYZbhGJk9IH?Sm�\HrJG§Q�CFA�vBm
CFvBG
ksYÂCFQZ?BvBmsGBõ�éPYZA�rLG§EHx�G�?Bm�Eið�m�E2?�ó
Iið
GJGLrjx�\iGJrJ?BvSA�YZEHYZ?BA+k�?PGJI�A�?BE�rJ?BAPEdC�YZA9EHx�G�é�>@è u�C�\ip�YZA�vSI�MXEHxsG^IHrL?B\HGL\^YZI
\HGkW�msYR\iGJk�EH?
CFQRYZvSA^EHxsG
\HGJrL?BvBAsYREiYZ?BA�?Sm�EHð�msE[EH?^Eix�G
Ei\jC�AsIHrJ\iYRbhGJk�IH?Sm�\HrJG�Q�C�A�vSm
C�vSG2k�Y�C�QZ?BvSm�G2b�n@x
C�AskVõ

§x�GLAVMXó½?S\ÃGXC�rdx é�>@è6YRA�EHxsG§EH\jCFA�IHrL\HYZb
GLk IH?Sm�\HrLG^Q�C�A�vSm
C�vSG
k�Y�C�QZ?SvBm�GBMXEix�G§IHrJ?S\HGJ\�u9m�IiE
k�GLEHGJ\iu YZA�G�ô§x�GJEHxsGJ\ÀEix�G9EH\dC�A�IiQ�C�EHYZ?SA(?Fó£Eix�G9IHðhGJGJrdx6\HGJrL?BvBAsYREiYZ?BA)?Bm�Eið�m�E�YZI�rJ?B\i\HGJrLE�õ

§x�YZI�u GJEix�?Pk C�QZIH?9C�QZQZ?�ô§I
m�I§Ei?ÀksGJEHGJ\iu YZA�G@ô§x�GJEHxsGJ\^?S\¹A�?SE^C�u+YZIHEH\dC�A�IiQ�C�EHYZ?SAÀYZI�k�m�G
Ei?7CFA�GL\H\H?S\^YZA Iið
GLGJrdx(\iGJrJ?BvSA�YZEHYZ?BA<õ

� C�¡ ¢!���E£�?��8A2¤H��?�T�I���?��

`øxsGJAøC�IHIiYZvBA�YZA�v,vS\jC�ksGJI Ei?aC�A6m�EHEiGJ\jCFA�rJG)EHx�GîIHrJ?S\HGJ\�u9m�IiEÀu�C�pBGH�dm�k�vSGJu GLA�EiI7CFI
Ei?,EHx�GU\iGJQZGJWBC�AsrJG(?Fó�EHx�G(és>^è EH?,Eix�GUrJm�\i\HGJAPEUks?Bu�CFYZAVM[EHxsG CFrJrJGJð�EdC�b�YZQZYZE~na?Fó·Eix�G
Ei\jC�AsIHQ�C�EiYR?SAÀC�I2ð
CF\HE
?Fó
EHxsG§u GJGJEiYZA�v^IirjxsGJk�m�QZYZA�v�EjCFIHp[MBC�AskÀEix�G*WPm
CFQZYRE~n�CFA�k7¥hm�GJA�rJn�?�ó
CFrJrJGJð�EdC�b�QZG
Ei\jCFA�IHQ�C�EiYZ?BA�IXõ�$<YZvBm�\iG���YRQZQZm�IiEH\jCFEHGJI<EHx�G8k�GJrJYZIHYZ?SA�u�CFp�YZA�v8ð�\H?PrJGJIiI
\HGkW�msYR\iGJk
Ei?�CF\H\iYRWSG C�E�EHxsG9WBC�\HYZ?Sm�I�EH\jCFA�IHQ�CFEHYZ?BA)vB\dC�k�GJIXõÃT]GJEHEiGJ\HI�EHxhC�EÀCFð�ð
GXC�\�YZA)ð
C�\iGJAPEHx�GJIiGJI
m�Ask�GJ\�EHx�G�vB\jCFk�G�r�CFEHGJvS?B\inUrJ?B\i\HGJIið
?SA�k,EH?9Eix�G�QRGLEHEHGL\-vS\jCFk�GÀC�IiIHYZvBAsGJk(bPn+EHx�G�IHrJ?S\HGJ\
ô§x�GLA�msIHYZA�v9EHxsG-vS\jCFk�YZA�v7CFIHIiYRIiEjCFA�E§ðs\H?BvS\jCFu k�GLIHrJ\iYRbhGJkUYZAUéPm�bsIHGJrJEiYZ?BA��sõ<��õ



Chapter in Dialogue Processing in Spoken Language Systems

Domain?

Tagged as Out−of−Domain
with No Translation?

Out

yes

"Ok Tagged"

T

 Acceptable
Translation?

yes

yes

"Perfect"

no

"Ok"

Fluent?

no

"Bad"

no

E G

D

Cross

 Acceptable
Translation?

yes

yes

"Perfect"

no

"Ok"

Fluent?

no

"Bad"

OW

U

In

 Acceptable
Translation?

yes

yes

"Perfect"

no

"Ok"

Fluent?

no

"Bad"

P K

B

¦=§	¨hµ�©sµ%ª7«�´�§Z°U§	¬�­K® ³�¯�§�­�¨�°§²~¬�´�«�°d°7±²¬�²�³9² ³�´/§�­�¨+³�­2µ%ª�¶

·!I�T�I���V2?B�¸?B�/A¹·!��V2��?��»º¼I�½�I�¾����=��I�
§x�G+vB\jCFk�GJ\�o
\iIHE�rJQ�C�IiIHY�o
GJI9G�CFrdx msEHEHGL\jC�AsrJG
C�I�GJYZEHxsGJ\§\HGJQZGJWBCFAPE¹Ei?�EHx�G�IirjxsGJk�m�QZYZA�v�k�?Bu�C�YZA6��YZAPï~k�?Su�C�YZAE�LMX\HGJQZGJWBCFA�E�EH?9C�QZQ�ks?Bu�CFYZA�I
��rL\H?BIiI~ï~k�?Bu�C�YZAE��?S\ÀAs?BE�\HGJQZGJWBCFA�E�EH?îEHx�G�IHrdx�GLk�m�QZYZA�v(ks?Bu�CFYZA���?Sm�E~ï~?�ó�ï~k�?Su�C�YZAE�Lõh`,G
GJIiEjC�bsQRYZIix�GJk,EHxsG�ó½?BQZQZ?�ô§YZA�v�rJ\HYZEHGL\HY�C�ó½?B\@k�GJEHGL\Hu YZA�YZA�v9Eix�G�\HGJQZGJWBCFA�rJG9?�ó
G�CFrdx é�>@è�EH?
?Bms\^k�?Su�C�YZAVõFö~APïÊks?Bu�CFYZA é�>@è^I^rL?BAPEjCFYRA�YZAPó½?S\Hu�C�EHYZ?SAÀEix
C�E@ô§YRQZQ[bhG�m�IiGJkUIHðhGJrJY�o
rXC�QZQZn
ó½?S\9IHrdx�GJk�msQRYZA�v6CUu+GJGJEiYRAsv,IHm�rdx CFI9IHm�vSvBGJIiEHYZA�vaC)u GLGJEHYZA�v)?B\9EiYRu+GBM2rJ?SAPo
\Hu+YZA�v C
u GLGJEHYZA�v+?B\^EiYZu GBMsk�GJrJQZYZA�YZA�v C+IHm�vSvBGJIiEHGJk)EHYZu+G-?S\�IHEjCFEHYZA�v�C9IHrdx�GLk�m�QZYZA�v rJ?SA�IHEi\jCFYRAPEXõ
ö�ó^EHxsG é�>@è rJ?BAPEdC�YZA�I�A�?SA�G9?�ó§EHxsYRI�YRA�ó½?B\iu�C�EiYZ?BAUC�A�k)YZIÀC+E~nPð�YZr�C�Q
vS\HGJGLEHYZA�vU?S\�k�Y�CXï
QZ?BvSm�G�u�CFYZA�EiGJA
CFA�rJG�ð�x�\dC�IHGSM
Eix�GJA)EHx�G9é�>@èñYZI^rJ\i?BIiI~ï~k�?Bu�C�YZA2��GBõ v
õZM�¿�ý��ZÿK�ix�GJQZQZ?���?B\
Àw�P÷k�Á�Hô�GJQZQ~õZõRõ ���[ö�óÃEix�G-és>^è�rJ?SA�EdC�YZA�I�A�?�IirjxsGJk�m�QZYZA�v�YRA�ó½?B\iu�C�EiYZ?BAVMXk�?PGJI�A�?BE�YZu ð�QZnÀC
IHrdx�GLk�m�QZYZA�v�\HGJIiEH\HYZrJEiYZ?BA)?B\^Iim�vBvSGJIHEiYZ?BAVMhC�A�kUYZI@A�?BE�C9k�Y�C�QZ?SvBm�G�u�CFYZA�EiGJA
CFA�rJG�ð�x�\dC�IHGSM
EHxsGJA�EHx�G�é�>@è YZI
?Sm�E~ï~?�ó�ï~k�?Su�C�YZA6�ÌGBõ v
õZMSk�YZIHrJm�IiIHYZA�v�?BA�G�  I�rdx�YZQZk�\HGJA��JõPéP?Bu+G^é�>@è^I�r�C�A
?BAsQRn9bhG-CFIHIiYRvSA�GJk�C�k�?Su�CFYRA�vB\dC�k�G@b
C�IiGJk ?SA Eix�G�rJ?BAPEHGL_�E�YZA ô§x�YZrdx YZE¹CFð�ðhG�C�\iI�õ�
§x�YZI
u GXC�A�I<EHx
CFEÃEix�G§é�>@èÃÂw�t�÷^ü�ÿ��Xô§x�YZrdxÀu+G�C�A�It�#�@?�ôaC�\HG�nB?SmEÄ��§?B\H�]�^?�ô7  IVEix
C�E�Ä��^u�CXn
bhG�rJ?BAsIHYZk�GJ\iGJkUYZAPï~k�?Bu�C�YZAÀ?S\§rJ\H?SIHI¼ïÊk�?Su�CFYRA<õBö�ó
YZE§m�IHGLk�YZA�EHxsG-rL?BAPEHGJ_PE@?�ó C�vS\HGJGLEHYZA�v
�#�@GJQZQZ?
õZõZõU�^?�ôaCF\HG�nB?SmEÄ��
MdEix�GJA9ô�G
rJ?BAsIHYZk�GJ\
YZE<rJ\H?SIHI~ï~k�?Su�C�YZAVõdö�óhYRE2YZIVmsIHGJk�YZA�EHx�G�rJ?SAPï
EHGL_�E§?FóVIHm�vSvBGJIiEHYZA�v9C�EHYZu+G
�Hö2r�C�A+u GJGLE
?BA!
ÃmsGJIHk
CXn9C�E�E~ô�?
õ��^?�ô7  I
EHxhC�E�Ä��hMBEix�GJA+ô¹G
rJ?SA�IHYZk�GJ\�YZE§YZAPï~k�?Bu�C�YZAVõBT]YRpSGJô§YZIHGBMsEHx�G�é�>@èÅ\
÷Xù�^Sý�úBý��§ô§x�YZrdx�u G�CFA�I
�Hö�x
CXWSG-E~ô�?��
u�CXn+b
G9rL?BA�IiYRksGJ\HGJk,YZAPï~k�?Su�C�YZA�Y�ó¹ð�\iGJrJGJk�GLkabPn(C�Aîm�EHEiGJ\jCFA�rJG Iim�rdxaC�I��#�@?�ôñu�CFA�n
u ?S\HA�YZA�vSI
k�?�nB?Sm x
CXWSG§ó½\iGJG�EHx�YZI�ô¹GJGLp3Ä���?B\�YZE¹u�CXnÀbhG^rL?BA�IiYRksGJ\HGJkî?Bm�E¼ïÊ?Fó�ïÊks?Bu�CFYZA�Y�ó
ð�\iGJrJGJk�GLkabPnUC�A)m�EHEiGJ\jCFA�rJG9IHmsrjx,C�I��déP?
Msx�?�ôñu�CFA�n+rdx�YZQRks\HGJAUks?�nS?BmUxhCXWBG�Ä��hõ�
§x�G
\HGLIHðh?BA�IiGJI2�²Æ¹GLI#�UC�A�kÇ�Hç@?��+b
GJxhCXWBG9IHYZu+YRQ�CF\HQZn C�A�kîu�CXn9ó~C�QZQ2YRAPEi?�C�APnU?Fó¹EHxsG9EHx�\iGJG
k�?Su�C�YZA9r�CFEHGJvS?B\iYRGLI^k�GJðhGJA�ksYRAsv9?BA�EHx�GLYR\§rL?BAPEHGJ_PEXõ



Chapter in Dialogue Processing in Spoken Language Systems

� {i�~��{d�d} � ���P{i|B}¹}��H�L|������X}����J|UÁ2��}��9�L���[��|B���J�Hª��X}����J|��d�J|B�X{d��{d¾
Ä�¦ �8���h��ª^»��L�H}~�J|B}���|S���J�Hª��X}����J|�}��H�J|P������}~{d¾9�d�J�~�H{d�d}����

�S��}��~��ª�{��S|B��ª@»��J�H}~�L|B}§¾B{d}~�L�����§ª^���~����|P�À�L�
}��H�L|������X}����L|����8�JÁ2¨BÁ2�J�H¾

Ä�¦ }~���X��{d¾ � ��{§�~{i|B}~{i|��d{^�L�¹�i���J�P�~{§�����J�P}�º½�L�Rº�¾B�Xª-�L��| �L|�¾�|��
}��H�L|������X}����L|����8�J���X{i|
�

È �X¾ �8|��X�d�d{H»P}~�J�S��{�}��H�J|P������}����L|

¦=§	¨hµ�Ésµ%Ê=ËS³�Ì�Íh³S±~§i¬3­P³9²d³�´%«6Î@³B±�«�¨�¬�²U§	«�°

·!I�T�I���V2?B�8?��8AÏFÐ�����=SU½B��T�?����ÒÑÁÓ8��½B?�TkRUO§ó½EiGJ\�EHx�G+k�?Bu�C�YZA(?Fó^EHx�GUé�>@è xhC�I�b
GJGLA
k�GLEHGJ\iu YZA�GJkVM<EHxsG IHrL?B\HGL\ÀEix�GJAaðs\H?PrJGJGJksI EH?)C�IHIiYZvBA,?BAsG ?�ó§EHxsG EH\dC�A�IiQ�C�EHYZ?SA2W�mhC�QZYZE~nBï
CFrJrJm�\dC�rJnñvS\jC�ksGJIUQZYZIHEHGLkñYRAÔ$<YZvBm�\iG���õn
§x�G,vB\dC�k�GJIÇ�jt<GJ\¼ó½GJrJE]�
M!��XtÕH� C�AskÖ�#�§C�k��
CF\HG�m�IHGLk6ó½?B\w�dm�ksvBYZA�v)YRA�ïÊk�?Su�CFYRA<M[rJ\H?SIHI¼ïÊk�?Su�CFYRAaCFA�k6?Bm�E¼ïÊ?Fó�ï~k�?Bu�C�YZA és>^è@I�õH��X,Õ


C�vSvBGJk×��YZI�msIHGJk ô§x�GJA,EHxsG EH\dC�A�IiQ�C�EHYZ?SA(Iin�IiEHGJu"rJ?B\i\HGJrJEiQZn,\HGJrJ?SvBA�YZqJGLI9EHx�G�é�>@è CFI
?Sm�E~ï~?�ó�ï~k�?Su�C�Y�A7CFA�k�k�?PGJI^As?BE�EH\jCFA�IHQ�CFEHG�YZE�õ

`øx�GLA CîEH\dC�A�IiQ�C�EHYZ?SAaYZI�� m�k�vBGLk CFI C�rJrLm�\jCFEHGJQZnarL?BAPWBGJnPYZA�v)EHx�G�u+G�C�A�YZA�vî?�ó-Eix�G
é�>@è�M
YZE9YZI�C�IiIHYZvBAsGJkøEHxsGUvB\dC�k�GU?FóK�jt<GJ\~ó�GJrJE#�6?S\���XtÕH�
õÐ
§x�GUvS\jC�ksG¹�jt<GJ\¼ó½GJrJE]� YZI
CFIHIHYZvSA�GJk Ei?7C�x�YZvBx
WPm
CFQZYRE~n�EH\dC�A�IiQ�C�EHYZ?SA EHxhC�E�rJ?BAPEjCFYZA�I£CFQZQ
?FóVEHx�G�YZAPó½?S\Hu�CFEHYZ?BA�?�óÃEix�G
YZA�ð�msE7é�>@è C�A�k YZI9ð�\HGJIiGJAPEHGJk YRA6C�¥hm�GJAPE9u�CFA�A�GJ\XMVð�\i?�WPYRksGJk6EHx�G�YZA�ð�m�E�ô§C�I9C�QZIH?
¥
msGJAPE�õ/$s?B\@GJ_�C�u ðsQRGK\h÷Xù�^BýP��ù,ÿ�� � �P÷�g#ØXýKfdýSùKÀ§÷dú�gHý�ÿ��Zÿ��ÀúSý���\HGJrLGJYZWBGJI�Eix�G�vB\jCFk�G
�dtVGL\~ó½GJrLE#�,ô§x�GJA EH\jCFA�IHQ�CFEHGJkøC�I2�iö�x
CXWSG�CîQZm�A�rdx6k
C�EiG�ô§YREix t<GJk�\i? CFEÀE~ô�?��)?B\2�iö
CFu xhCXW�YZA�v)QZm�A�rdxaô§YZEix t<GJks\H?aC�E�E~ô�?
õ �K
§x�G�vB\dC�k�GQ��X,ÕH�,YZI9C�IHIiYZvBA�GJk6ô§x�GLA Eix�G
Ei\jC�AsIHQ�C�EiYR?SA�YRI^CXô§pPô§C�\ik�?S\§u YZIHIiYZA�vÀIi?Bu+G-As?BAPï~GJIHIiGJAPEHY�C�Q2YZAPó½?S\Hu�C�EHYZ?SAVõ�$s?B\§GJ_�C�u+ð�QZG
\h÷Xù�^Bý���ù+ÿ�� � �P÷�g#ØXý7fdýBùÁÀ0÷jú�gHý�ÿÙ�Rÿ��§úBý��V\HGLrJGJYZWBGJI�EHxsG¹vS\jC�ksG
��XtÕH�-ô§xsGJAÀEi\jCFA�IHQ�C�EiGJk
CFIÁ�iö
x
CXWBG�C�QZm�A�rdx k
CFEHG�C�E�E~ô�?���ö~A EHxsYRI§GL_�CFu ð�QZGBM�À§÷dú�giý^YZI�A�?BE§rL?BA�IiYRksGJ\HGJkîrJ\Hm�rLYÂCFQ
ó½?S\2rJ?BAPWBGLn�YZA�v�Eix
C�E
Eix�G^Iið
GXC�pBGL\¹YZI
b�msIHn9C�E2E~ô¹?�?E  rJQZ?Prjp[õXö~A9\HGLð
?S\HEHYZA�v�?Bm�\
\iGJIHmsQREiI¹ô�G
m�IiG�EHxsGÀr�CFEHGJvS?B\inÏ�dC�rJrLGJð�EjCFb�QZGU� Ei? \iGJð�\HGLIHGJAPE�Eix�G�IHmsu ?�ó
EHx�G�A�msu9b
GJ\§?FóÁ�jt<GJ\¼ó½GJrJE]�
CFA�kÔ��XtÕH�(Ei\jCFA�IHQ�C�EiYZ?BA�IXõVö~A6C�k�k�YZEiYR?SA,EH?UEix�GJIiG�E~ô�?)vB\jCFk�GJIXM2?Bm�E¼ïÊ?Fó�ïÊks?Bu�CFYZA�és>^è@I
u�CXn�b
G�CFIHIHYZvSA�GJk Eix�G�vB\dC�k�G!��XtÕÔ

C�vBvSGJk��9C�I�GJ_Pð�Q�C�YZA�GJk�C�bh?�WBGBõ�
§x�G���XtÕñEdC�vBvSGJk��
é�>@è@I^C�\HG�YZA�rJQZm�ksGJkUYZA Eix�GK�jCFrJrJGJðsEjC�bsQRGk�9r�C�EiGJvB?S\Hn+ó½?B\§?Sm�E~ï~?�óÌïÊk�?Su�CFY�A�EH\jCFA�IHQ�CFEHYZ?BA�IXõ
OÖ�]�£CFk��ÀEi\jCFA�IHQ�C�EiYZ?BA YZI§IiYRu+ð�QZnÀ?SA�G�EHx
CFE§YZI§A�?BE^CFrJrJGJð�EdC�b�QZGBõ

X@A�G�?�ó
Eix�G¹ks\jCXô§b
CFrjpPI<?�ó
\iGJQZn�YZA�v@?BA�xPm�u�C�A=�dm�ksvBGJI<EH?^IirJ?B\iG§EH\dC�A�IiQÂCFEHYZ?BAsIVYZIVEix�GJYZ\
Iim�b��dGJrJEiYZWBGJA�GLIHI�õ<`,G�o
AskUEHx
CFE�IHrJ?S\HGJI�ó�\H?Bu k�Y��[GJ\HGJAPE=�dm�ksvBGJI�u�CXn9WBCF\Hn�bPnUC�I�u9m�rdx
CFI����@ð
GJ\irJGJAPEjCFvBG@ð
?SYRAPEiI�õ�ö~A9C�k�ksYREiYZ?BAVMXIHnPIiEHGJu¿k�GJWSGJQZ?BðhGJ\HI�k�?�A�?SE
u�CFpBG
YZk�G�CFQU�dm�k�vSGJI
bhGJr�CFm�IHG�Eix�GJnUC�\iG�A
CFEHm�\dC�QZQZn9b�Y�C�IHGLkVõP`,G�b
GJQZYZGJWSG�EHx
CFE§EHx�G�u+?BIHE�\HGLQRY�CFb�QZG-\iGJIHmsQREiI-CF\HG
k�GL\HYZWBGJk)ó�\H?Bu GJu+ð�QZ?�nPYRAsv�C�ð
CFA�GJQ�?�ó-CFE�QZG�C�IiE�EHx�\iGJG7�dm�k�vSGJI�ô§x�?(C�\iG A�?SE�YZAPWB?BQZWSGJk
YZA IinPIHEHGLu k�GLWBGJQZ?Bðsu GJAPE
Ei?ÀIirJ?B\iG�EHx�G�Ei\jC�AsIHQ�C�EiYR?SA�I�õ�
§x�GJYZ\§IirJ?B\iGJI-CF\HG�EHx�GLA�CXWSGJ\jCFvBGJk
Ei?BvBGLEHx�GJ\+EH? ó½?B\iu&Eix�G�o
A
CFQ^\iGJIHm�QZEXõ¹` x�GJAøEix�GU?BAsQRn��dm�k�vSGJI�CXWBCFYZQÂCFb�QZG C�\iGUð
GL?Bð�QZG
ô§x�?+ô¹?S\Hp+?BAUIin�IiEHGJu k�GJWSGJQZ?Bð�u+GJAPE�M�YZE@YRI�C�b�Ii?BQZm�EiGJQZn�AsGJrJGJIiIjC�\in(Ei? rJ\i?BIiI�vB\dC�k�G�Eix�G
Ei\jC�AsIHQ�C�EiYR?SA�I^C�Ask(CXWBGJ\dC�vSG�EHx�G�\HGJIim�QZEHI�õ]`øx�GJAU?SA�G*�dmsk�vBG�YZI§m�IiGJkVM[xsG�?B\@IHx�G�rXC�A�A�?SE
bhG�C�Ú QZY�C�EHGLk k�YZ\HGLrJEHQZn ô§YZEix�ksGJWBGJQZ?Sð�u GJAPEXõ



Chapter in Dialogue Processing in Spoken Language Systems

� C � FHG8I2¢6���E£�?B�¸AKL!S�Sk?ÛSkT����/T7ÜH����AE���×V

2? CFIHIiYRIiE Eix�G�IHrJ?S\HGJ\iI YZAøC�IHIiYZvBA�YZA�vUvS\jCFk�GJI Ei?(Eix�GUm�EiEHGJ\dC�A�rLGJI�M�ô�G�xhCXWBG�C)IiYZu ð�QZG
ð�\i?BvB\dC�u¿EHxhC�E
k�YZIið�Q�CXn�I2k�Y�CFQR?SvBm�GLI¹C�A�k9Ei\jCFA�IHQ�C�EiYZ?BA�I�Ý�ð�\H?Su ð�EiI2EHx�G@IHrJ?S\HGJ\8ó½?B\8vB\jCFk�GJI�Ý
IjCXWSGJI�MSEjCFb�m�Q�C�EiGJI¹CFA�k7CXWSGJ\jCFvBGJI8\HGJIim�QZEHI�ÝPC�Ask9k�YZIHð�Q�CXnPI2EHx�GJIiG^\iGJIHm�QZEiI¹YZA9C^EdC�b�QZGBõF`øx�GJA
EHxsG^IjCFu G§k�Y�CFQR?SvBm�G�YZI
EH\dC�A�IiQ�C�EHGLk bPnÀbh?BEix Ei\jC�AsIHQ�C�EiYR?SAÀu+?Pk�m�QZGJI�MF?B\�b�n�k�Y��[GJ\HGJAPE�WBGJ\¼ï
IHYZ?SA�I9?�ó^Eix�G�IjC�u+G9u ?Pk�m�QZGBM<EHxsG�vS\jCFk�YZA�vUð�\i?BvB\dC�u C�QZQZ?�ô§I�Eix�G�IHrJ?S\HGJ\+EH?)rJ?Bu+ð
C�\iG
EHxsG�E~ô�?)EH\jCFA�IHQ�CFEHYZ?BA�IXM2rJ?BðPnPYZA�vUvS\jC�ksGJI9ô§x�GJ\iGUEHx�G�?Sm�EHð�msEÀYZI9YZk�GJAPEHYZr�CFQ~õV`øxsGJAam�E¼ï
EHGL\jC�AsrJGJI9C�\HG�ð
CF\HEHYZrJmsQÂCF\HQZn�QZ?BA�vhM
Eix�G�IHrJ?S\HGJ\�u�CXn+QR?P?SðUEHx�\i?Bm�vSxUEHxsG é�>@è^I�IHx�?�ô§YZA�v
G�CFrjx,Ei\jCFA�IHrJ\iYZb
GJkaés>^è¿ô§YZEHx)YZEHI�EH\dC�A�IiQ�C�EHYZ?SA(C�A�k,C�IiIHYZvBA)YZE-C+vB\dC�k�GSõE
§xsG9ð�\H?SvB\jCFu
GJA�rL?Bm�\dC�vBGLI�EHx�G�m�IiGJ\�EH?�C�IiIHYZvBA)EHx�G�IjCFu G�APm�u9bhGJ\^?Fó¹vB\dC�k�GJI�Ei?�CFAUm�EiEHGJ\dC�A�rJG CFI�YRE
x
CFI£é�>@è@I�õ�
§x�G§IHnPu9bh?BQZI2\HGJð�\iGJIHGLA�EiYZA�v9EHx�G@ð
?SIHIiYRbsQRG§vS\jCFk�GJI§C�\HG§ksGdo
A�GJk�YZA
$VYZvSm�\HGt 
õ

§x�GJIiGÀvS\jCFk�G�IHnPu9b
?SQZI£CF\HG�m�IiGJkUEi? C�IHIiYZvBA�b
?SEHx�EHxsG7WPm
C�QZYZE~nÀvS\jCFk�GÀC�Ask�Eix�G�k�?Su�CFYRA
\HGLQRGLWBC�A�rJG�EH? C�AUé�>@èñC�E§Eix�G�IjCFu G@EHYZu GBõ

»,»�{i�~��{d�d}2��|Bº½¾S��ª��L��|
Á)»�{i�~��{d�d}
�i�H���~��º½¾S��ª��L��|
{)»�{i�~��{d�d}
�J�P}�º½�L�Rº�¾B�Xª-�L��|
¨a�J¨���|Sº½¾B�Xª��J��|
�,�J¨À�i�H�X�~��º½¾B�Xª��J��|
�,�J¨À�L��}�º��J�Zº½¾S��ª��L��|
},�J¨À�L��}�º��J�Zº½¾S��ª��L��| }~���9ÖZ|P��}8}��H�J|P������}~{d¾�×
�,���X¾���|Sº½¾B�Xª��J��|
�,���X¾À�i�H�X�~��º½¾B�Xª��J��|
¾)���X¾À�L��}�º½�L�Zº½¾B�Xª��J��|

¦=§	¨hµ�ÞhµE³9²d³�´%«�°Á¶�°�«�´2ß7§Z±Uàî±Uà�«á³9²d³�´/§�­�¨ ®�°j°U§Z°d±d³�­s±Á°§²�¬�¨�²d³�â

$<YZvBm�\iG,&+IHx�?�ô§IÀCFA(GL_�CFu ð�QZG�?Fó0C+Ei\jC�AsIHQ�C�EiYR?SA(ksYRIið�Q�CXnBGJkîb�n)EHxsG9vB\jCFk�YZA�v�CFIHIiYRI¼ï
EjCFAPE§ð�\H?SvB\jCFu ô§YZEix�vS\jCFk�GJI-CFIHIiYRvSA�GJk�EH?9YZE§bPn�C�IirJ?B\iGJ\�õ�
§x�G·o
\HIiE-é�>@èñYZI§IHrJ?S\HGJk)C�I
ðhGJ\~ó½GLrJEHQZn Ei\jCFA�IHQ�C�EiGJk C�Ask9rJ\H?SIHI~ï~k�?Su�C�YZA���`[�Lõ�
§x�G@u G�CFA�YZA�v^?FóVEHx�YZI¹é�>@èøYZA9rJ?SAPEHGJ_PE
YZu ð�QZYZGJI�EHxhC�E�EHx�G�IHðhG�CFpBGJ\9YZI�u GJ\iGJQZn CFrjpPA�?�ô§QZGJksvBYZA�vUm�Ask�GJ\HIiEjCFA�k�YZA�v)?�ó-Eix�G ðs\HGJWPY�ï
?BmsI^m�EiEHGJ\dC�A�rJG�\jCFEHx�GL\^EHxhC�AUC�rJrLGJð�EHYZA�v9Eix�G�Iim�vBvSGJIHEiYR?SAVõ�`,G�rJ?SA�IHYZk�GL\^EHxsGJIHG�ksYÂCFQZ?BvBmsG
u�CFA
C�vSGJu GLA�E�GJ_Pð�\iGJIHIiYR?SA�I�Ei? bhGÀrJ\i?BIiI~ï~k�?Bu�C�YZAVõ�
§x�G�IHGJrL?BA�k,é�>@èÅ�iA�?��9YZI�C�k�YZ\HGJrLE
\HGLIHðh?BA�IiG EH?�C�AUYZAPï~k�?Su�C�YZA+IHm�vSvBGJIiEHYZ?BA)IH?+YRE@YZI·CFIHIiYRvSA�GJk,C�AUYZAPï~k�?Su�C�YZA+vB\jCFk�GBõ�
§x�G
EHxsYR\ikUé�>@è YZI�rJQZG�C�\iQRn CFA YZAPï~k�?Bu�C�YZAÀé�>@è�õ��¹?SEHx ?FóÃEix�GJIHG�Ei\jC�AsIHQ�C�EiYR?SA�I�ô¹GJ\iG�rJ?BA�IiYZkPï
GJ\iGJkUEH?9bhG�ðhGJ\~ó�GJrJEÁ��t=�§bPn9Eix�G�IHrL?B\HGL\�õ

ã qsrt-Ôu61=z8{Hãtz<ß�åiá
Þ}äQ-/+Pãt{~ß�+

"2WBCFQRmhC�EHYZ?SA�I£CF\HG�ðhGJ\¼ó½?B\iu GJk�ðhGJ\HYZ?Pk�YZr�C�QZQZn9EH? CFIHIiGJIHI�?Bms\§rJm�\H\iGJAPE^Ei\jC�AsIHQ�C�EiYR?SA�ð
GJ\¼ó½?B\¼ï
u�CFA�rJGUC�Ask ?Sm�\9ð�\i?BvB\iGJIHI+?�WBGJ\9EiYZu GBõ��¹GLr�C�m�IiG(Iið
GLGJrdx k
CFEjC)?Fó½EHGJA6WBCF\HYZGJI9YZAaIiE~n�QZG
C�Ask rJ?SA�EiGJAPE�Msð
GJ\¼ó½?B\iu�CFA�rJG^?SA k�Y��[GJ\HGLA�E§GLWBC�QZm
C�EiYZ?BA9IHGLEHI§u�CXn�WBC�\Hn9IiYZvBA�Y�o
r�CFAPEHQZn�õ�
Ã?
rJ?Su ðhGJA�IjCFEHG�ó�?B\^Eix�YZI§WBC�\iYÂCFb�YZQZYRE~nPMSô¹G�Ei\jCFrjp�ð�\i?BvS\HGJIiI-?�WSGJ\§EHYZu+G-bPn+EHGJIiEHYZA�v ksY��[GJ\iGJAPE
WBGL\HIHYZ?SA�I�?�ó
EHx�G�EH\dC�A�IiQ�C�EHYZ?SA�IinPIHEHGLu ?BAîEHx�G�IjCFu G�IHGJE�?Fó msA�IHGJGLA(k
CFEjCsõ
`,G�rJ?SA�k�m�rLE



Chapter in Dialogue Processing in Spoken Language Systems

å�å�æBç�è�é�ê�ë�ì�í�ë�å�å�î

ï�ð�ñkò�ó�é�ð�ô]è�õ�ö�÷

æ�æBø�ó�ø�ùkú�ñ�û�î�æ�ò�ù�î�æBû�ù�ü�õkò�ê�ù!ý�ò�ñPð�õký�òEôUù�å]ò�ö�õPö�ôUõ�þsñ�ùkò�é�õ�î�î

ÿ�õkò�õ�ð�ñ�ü�õ�ö%÷

æ��Uùkú�ñ�û����]ò�ù�����ô���ñ	��õKñ�
�õ�õ�ü�ô]ò�ê�ç�ð�ù�
sü�õkò ù�
�é���ù�ékúKü�ù�õ���õ	��õkòsù�
�é���ù�ékú���î

æ����	�	��ó�����î

ÿ�ð�ñ�ö�õ%÷�æ������Eî

¦=§i¨
µ���µ8Ê���³�â� %Ì	«KªÁ§Z°! %ÌZ³�"�¬�±^³$#2²d³�­h°UÌZ³B±U§	¬�­�ß7§Z±Uà,±Uà�«K³9²d³�´/§�­�¨î®�°d°~§Â°j±d³�­�±6°§²�¬&%
¨�²d³�â

©Â|('��Xª-�L��|(Ö  �)X� ¢*'¹���H×
­,+hÚ.- � �P��{H|S��Û

}��H�J|P�~�H�~����{d¾ ��»�{d{j�¼�U�j�~}�ºÌ��{d�~} }��H�L|��~�i�~����{d¾ ��»�{d{d�~�U�d�~}�º���{d�~}
� {i�~��{d�d} ¬0/ � ¬ )N� �   � �X� «  !1 � «
Ä�¦ �j¡S� ¡ 1 � /  !) � ¬ � / � 1
È �X¾ � « ���   �X� �   ¡S� 1 ¡ � � 1
Ú8{j�d�X��Ø[�~� � � �  �� � � � � �  J� � «

Ä8��}8�J�2'���ª��L��|UÖ ¬ ) ¢�'��¹�H×
� {i�~��{d�d} �!) � «  !1 ��� ¡ « � � � ) ���
Ä�¦ ¬ � ¡ ) � « / � ) ¬ � ¡
Ä�¦6�[�X���X{d¾  �� � � ¡ ) � ) ) ¡S� 1 ) ¡S� 1
È �X¾ � ) ��� « � 1 / � ) / � )
Ú8{j�d�X��Ø[�~� � � �  �� � � � � �   ¬ � ¬
���j�d{i»�}~�L�B��{@�[����¨ � {H�~���L�Hª��J|P�j{�Ö � {i�~�Â{d�d}.36Ä�¦436Ä�¦ø�[�X���X{d¾�×

©Â|5'¹�Xª 1N  � / �!) � � «J¬ � ¡ )01 � ¬
Ä8�P}
�L�2'¹�Xª 1N� � / ¬N« �   / � � ¬ ¬ ) �  
�8���6'¹�Xª 1 ¡S� ¬ � ¬ � « «!/ � ¡ � �X� 1

���d�j{i»P}~�J�S��{-�h�H�L|������X}����L| � {i�~���J�Hª��L|��d{�Ö � {i�~�Â{d�d}.3øÄ�¦^×
©Â|5'¹�Xª 1N  � / �!) � � «J¬ � ¡ )01 � ¬
Ä8�P}
�L�2'¹�Xª ¬ �X� � ¡   � 1 ) ¬ � /  J� � )
�8���6'¹�Xª « 1 � ¡ ) / � � « � ��� )N  � «

¦=§i¨
µ�7�µ,°Ð«B²d´�«�­s±j³�¨�«�°2±²¬�²)®8 [²U§�Ì59�:�:�7ÔÊ=ËS³�Ì�Íh³S±~§i¬3­ ¬�± ³5;=<8>a³�­�´ °wà�¬×«�­%§?�Ô¬�­
#tà[²�«�«6ªÁ§Â³�Ì	¬�¨�Í�«�°



Chapter in Dialogue Processing in Spoken Language Systems

IHYZu+YRQ�CF\^GJWBCFQRmhC�EHYZ?SA�I�ô§YZEHx,?SEHx�GJ\�IH?Sm�\HrLG�CFA�k,EjCF\HvSGJEÀQ�CFA�vBm
CFvBGJI!��"2A�vSQZYRIixVM2D�GJ\Hu�C�AVM
Õ�?B\iG�C�AaCFA�k(æPC�ð
CFA�GJIiG��Jõ89§GJrLGJAPE�ð
GL\~ó½?S\Hu�CFA�rJG�\HGJIim�QZEHI�ó½?B\�Eix�GJIHG9Q�CFA�vBm
CFvBGJI�CFð�ð
GXC�\
YZA,ê����LíHõ


§x�G�\HGLIHm�QZEHI2YZAÁ$<YZvBm�\iG�;0ô¹GJ\iG¹?Sb�EjCFYZA�GJk�ó½\H?Su ?Sm�\2O^ð�\iYRQ%�XìBì�;§é�ð
C�A�YZIixPïÊEi?�ï#"2A�vSQRYZIix
GJWBCFQRmhC�EHYZ?SAVõ�
§xsG^IHrL?B\HYZA�v�ó�?B\�EHx�YZI�GJWBC�QZm
CFEHYZ?BA9IiGJE§ô£CFI¹rL?BA�k�msrJEHGJkîð�\HYZ?B\�EH?�EHxsG-YZAPEH\i?�ï
k�m�rLEHYZ?BA,?Fó£Eix�G9rJ\H?SIHI¼ïÊk�?Su�CFYRAîr�C�EiGJvB?S\HnPõ%
§x�G9rJ\i?BIHI¼ïÊks?Bu�CFYZA(é�>@è^IÀCF\HG9YZA�rJQZm�ksGJk,YZA
EHxsG ?BmsE~ï~?�ó�ï~k�?Bu�C�YZA�r�C�EiGJvB?S\HnPõ/$<YZvBm�\iG�;+IHx�?�ô§I9C+b�\HGXC�pPk�?�ô§A,?�ó^Eix�G9GJWBCFQRmhC�EHYZ?SA(\iGdï
IHmsQREiI�ó�?B\7�+m�A�IHGLGJAøéPð
C�AsYRIix(ksYÂCFQZ?BvBmsGJI�rJ?BAPEjCFYZA�YZA�v2�����+m�EiEHGJ\dC�A�rLGJI9EH\dC�A�IiQÂCFEHGJk,YZAPEH?
"2A�vSQZYRIix(bPn�EHxsG D�T/9A@ÀC�A�k,t2x�?PGJA�YZ_�EH\dC�A�IiQ�C�EHYZ?SA(u+?�ksm�QZGJI�õ×
§x�GÀEi\jCFA�IHQ�C�EiYZ?BA�I@ô¹GJ\iG
IHrL?B\HGLkUbPn C�A YZA�ksGJð
GLA�k�GJAPE§IHrL?B\HGL\^A�?SE¹YZAPWB?SQRWSGJk9YZA Eix�G^k�GLWBGJQZ?Bðsu GJAPE�?�óVEHxsG-IinPIHEHGLu(õ

§x�G+YRAsk�GJðhGJA�k�GJAPE�IHrJ?S\HGJ\�ô§C�I�C�b�YZQZYZA�vBm
CFQVIiEHm�k�GLA�E�¥
m�GLA�E�YRAaé�ð
C�A�YZIix CFA�k�"2A�vSQRYZIix
ô§YZEHx�A�?�ó½?S\Hu�C�Q�Ei\jC�YZA�YZA�v�YZA QZYZA�vBmsYRIiEHYZrJI§?S\¹Ei\jC�AsIHQ�C�EiYR?SAVõ
O@rJrJGJð�EdC�b�QZG9Ei\jC�AsIHQ�C�EiYR?SAUðhGJ\~ó½?S\Hu�C�A�rJG�YZI^u+G�C�Iim�\HGJk)bPn�IHm�u+u YZA�v�EHx�G��jt<GJ\¼ó½GJrJE]�

C�Ask}��XtÕH�,IHrJ?S\HGJIXõ§O^rLrJGJð�EdC�b�QZG)EjC�IipaðhGJ\~ó�?B\Hu�C�A�rLG�ó½?B\9Eix�GUIirjxsGJk�m�QZYZA�v,k�?Su�C�YZA,YZI
u GXC�IHms\HGJk�bPn Iim�u u+YRAsv-Eix�GK�dtVGL\~ó½GJrLE#�
M@��X,ÕH� CFA�kQ��XtÕ EdC�vBvSGJk��9IirJ?B\iGJI�õ[éPYZA�rJG�EHx�G
Q�C�EiEHGJ\
IiGJE�?�óVC�rJrJGLð�EjCFb�QZG§\HGJIim�QZEHI�YRAsrJQZm�k�G���XtÕ@ïÛ

C�vSvBGJk×�·és>^è@I�M�Eix�YZI¹C�rLrJ?Bm�APEiI2ó½?B\8EHx�G
IHGLGJu YZA�vSQRn�b
GJEiEHGJ\�ðhGJ\~ó½?S\Hu�C�A�rJG§?SA9?Bm�E¼ïÊ?Fó�ï~k�?Bu�C�YZA�é�>@è^I
Eix
C�A9?SAÀYZAPï~k�?Bu�C�YZAÀé�>@è@I�õ
$s?B\9IHðhGJGJrdx�\HGJrL?BvBAsYRqLGJk YZA�ðsm�E�M2ô�GUm�IiGJkøEHxsG�o
\HIiE~ï~b
GLIHE�xPn�ðh?BEix�GJIiGJI�?�ó�EHx�G�Iið
GJGLrjx
\HGLrJ?BvSA�YZqJGJ\�õ�
§x�G�IHðhGJGJrdxU\HGLrJ?BvSA�YZEHYZ?BA�ô�?B\HkUCFrJrJm�\dC�rJn�ó½?B\§Eix�YZI§IHGJE@ô£CFI,;�;�õ�ë���õ


§x�G�\HGLIHm�QZEHI�Iix�?�ô§A(YZAs$<YZvBms\HG�o+C�\iG�ó½\i?Bu C�QÂCF\HvSGdïÊIir�C�QZG�GJWBC�QZm
CFEHYZ?BA�?Fó£éPð
CFA�YZIHxPï
EH?Fïd" A�vBQZYZIHx IHðhGJGJrdxøEH\dC�A�IiQ�C�EHYZ?SA,rJ?BA�ksm�rJEHGLkøYZA�X^rLEH?BbhGJ\���ìBì�&�õ�
§x�G ô�?B\ik CFrJrJm�\dC�rJn
ó½?S\ÀIið
GJGLrjx6\iGJrJ?BvSA�YZEHYZ?BA ô£CFIá;���õ<����õ�
§x�G�GJWBCFQZm
C�EiYR?SA(IiGJE9rJ?SA�IHYZIHEiGJk6?�ó^IiYR_PEiGJGJAamsAPï
IHGLGJA6k�Y�C�QZ?BvSm�GJI�Eix
C�E�rJ?BAPEdC�YZA�GJk,?�WSGJ\á�� �ì�msEHEHGL\jC�AsrJGJI9ô§YZEHx¹���Bì��îé�>@è^I�õ<`,G9rdx�?BIiG
EHxs\HGJG+WBGJ\iIHYZ?BA�I�?�ó¹bh?BEix,EHx�G9D�T/9¿CFA�k t x�?PGJA�YZ_Uu ?Pk�msQRGLI^EHxhC�E�rJ?BYZA�rLYRksGJk,ô§YZEHx)EHx�G
k�GJWSGJQZ?Bð�u+GJAPE�ð
GJ\iYZ?�ksIÀGJAsk�YZA�v�YRA)ç^?�WSGJu9bhGJ\
��ìBì� 
MhO^ðs\HYZQ,��ìSì�&�C�Ask�X^rLEH?BbhGJ\���ìSì�&�õ
O§E^Eix�G�EHYZu G@?�ó
EHx�G�GJWBCFQRmhC�EHYZ?SAVMBEix�G
X^rLEH?BbhGJ\
��ìSì�&�WSGJ\HIiYR?SAU\HGLð�\HGJIiGJAPEHGJk,Eix�G�GJA�kU?Fó
EHxsG9u ?BIiE^\iGJrJGJAPE�k�GJWBGLQR?Sð�u GLA�E@ð
GL\HYZ?PkVõ¸$<YZvBms\HG,o+IHx�?�ô§I�EHx�G9ðhGJ\HrLGJAPEÀ?Fó£C�rJrLGJð�EjCFb�QZG
EH\dC�A�IiQ�C�EHYZ?SA�I¹ô§YZEix ?BmsE~ï~?�ó�ï~k�?Bu�C�YZA�k�GLEHGJrJEiYZ?BA2�U�dtVGL\~ó½GJrLE#�
MÐ��XtÕH�7CFA�k���XtÕÔ
 CFvBvSGJk����
ó½?S\§EHx�GJIiG�EHYZu+G§ð
GJ\iYZ?�ksI�õ��^GJ\iG�ô�G-IiGJGÀC�IHEiG�C�k�n+\HYZIHG�YRA�C�rJrLGJð�EjCFb�QZG�IHrL?B\HGLI^?�WBGL\§EHYZu GBõ

§x�YZI�\iYRIiG YZI�Eix�G \iGJIHm�QZE�?�ó§k�GJWSGJQZ?Bð�u+GJAPE�?�ó§EHx�G+WBC�\iYR?Sm�I�pPA�?�ô§QZGJk�vBG9Ii?Bm�\irJGJI9?Fó^EHx�G
EH\dC�A�IiQ�C�EHYZ?SA�rL?Bu ðh?BAsGJAPEHI�k�m�\HYZA�v9Eix�GJIiG�EHYZu G@ð
GL\HYZ?Pk�I�õ

�h�H�J|P�~�H�~����{d¾ ©Â|B»B�P}
­,+hÚ.- � ����{i|S��Û

¸��J�X{dª§��{i�~º / ) «   «  
�8»B�~����º / � 1N  «X«
Ä��d}~�L��{H�~º / � 1N� 1 ¡

Ä8�P}�»B��}8�J�V}��P{^¢X»�{d{j�¼� Ú
{d�d���L|B�CBd{i�
­,+hÚ.- � ����{i|S��Û

¸��J�X{dª§��{i�~º / ) ) / � «
�8»B�~����º / � ��� ¬  
Ä��d}~�L��{H�~º / � �!1 ¬X¬

¦Ð§	¨hµEDsµEª�«�Ë�«�Ìi¬F %â!«�­s±,¬�±�µ6 h³�­%§Z°UàG%H±�¬&%�Ê@­�¨�Ì�§�°~à�#2²d³�­h°~ÌÂ³B±U§	¬�­�H7Íh³�Ì�§Z±I"�¬�Ë�«B²J#t§�â!«



Chapter in Dialogue Processing in Spoken Language Systems

K (£ãt.}.}z2à�)Ãz2Þ@âML(á
Þ^ä%{iã,+PåHá
Þt+


§x�G9GLWBC�QZm
C�EiYZ?BAU?Fó0C+IHðhGJGJrdx EH\jCFA�IHQ�CFEHYZ?BA)IHnPIHEiGJu u9m�IiE^ð�\i?�WPYRksG7C�u+G�C�AsYRAsv�ó½m�Q2C�A�k
CFrJrJm�\dC�EHG�u GXC�IHms\HG�?�ó¹YZEiI§G��fGLrJEHYZWBGLA�GJIHIXõVö~Aî?B\HksGJ\�EH? C�rLrJ?Bu+ð�QZYRIix�EHx�YZI�MsYZE§YRI@GJIHIiGJAPEHY�C�Q
Eix
C�E<EHx�G�GJWBC�QZm
CFEHYZ?BA�bhG
rJ?SA�k�m�rJEiGJk9?BA�IHGJEiIÃ?Fó*�HmsA�IHGJGLA���k
C�EdC§EHxhC�EV\iG�¥
GJrLE
EH\dC�A�IiQÂCFEHYZ?BA
ðhGJ\~ó�?B\Hu�C�A�rLG§m�A�k�GJ\8\HG�CFQ
m�IiGJ\�rJ?BA�ksYREiYZ?BA�IXõ�
§x�G§GLWBC�QZm
C�EiYZ?BA�ð�\H?PrJGJksm�\HG�u9m�IiEVA�GJmsEH\jCFQ�ï
YZqJG9Iim�b��dGJrJEiYZW�YZE~nUYZA,IirJ?B\iYRAsv
M[EdC�pBG�YZAPEH?UC�rJrL?Bm�APE�m�EiEHGJ\dC�A�rLG QZGJA�vSEHxaC�Ask(rJ?Su ð�QZGJ_PYZE~nPM
rJ?Su ðhGJA�IdC�EHG·ó½?B\�k
CFEjC9ô§xsYRrdx)YZI^A�?SE-\iGJQZGJWBC�APE@EH?�EHx�G�k�?Su�C�YZA+b
GJYZA�v�GJWBCFQZm
C�EiGJkVM[C�A�k
GJu+ð�QZ?�n7C�rJ?SA�IHYZIHEiGJAPE^IiGJE^?FóÃrJ\iYREiGJ\HY�C7ó½?B\%�dm�k�vSYZA�vÀEi\jCFA�IHQ�C�EiYZ?BA6WPm
CFQZYRE~nPõ

X@m�\9GJA�k�ïÊEi?�ï~GJA�køGJWBCFQZm
C�EiYR?SA,ð�\H?PrJGLk�m�\HG)k�GJIirJ\HYZbhGJk�YRA EHx�YZI9ð
CFð
GL\�C�QZQZ?�ô§I�m�I+EH?
rJ?SA�IHYZIiEHGJAPEHQZnaCFA�kaYZA�GJ_PðhGJA�IiYRWSGJQZn,u G�CFIHm�\iG Eix�G ?�WSGJ\jCFQRQ�ðhGJ\~ó½?S\Hu�C�A�rJG+?�ó^?Sm�\ÀIið
GLGJrdx
Ei\jC�AsIHQ�C�EiYR?SAaIin�IiEHGJu)õ*X@m�\+GJ_Pð
GJ\iYZGJA�rJG,x
CFI9IHx�?�ô§A EHx
CFE9rJ?BA�ksm�rJEHYZA�v ó½\HGkW�msGJAPE GJA�k�ï
Ei?�ï~GJA�kaGLWBC�QZm
C�EiYZ?BA�I�YZI9C�A G��fGLrJEHYZWBG�Ei?�?SQ�ó½?B\�EHx�G�k�GJWSGJQZ?Bð�u+GJAPE�?�ó�?Bm�\�IHnPIiEHGJuòC�A�k
u+G�C�Iim�\HYZA�v�YZEiI§ð
GJ\¼ó½?B\iu�CFA�rJG�?�WBGJ\§EiYZu GBõ

N ä�O§Þ@á%4�{#-<âQP*-�.}-VÞ8ß�+


§x�G�ô�?B\Hp�\HGJðh?B\iEHGJk9YZA�EHx�YZI2ð
C�ðhGJ\
ô§C�I<ó½msA�k�GJk�YZA�ð
C�\iE
bPn�C^vS\jCFA�E<ó½\i?BuñO=
,9 ïVö~APEHGJ\¼ï
ð�\iGJEHYZA�vH
2GJQZGJrJ?Su u9m�AsYRrXC�EHYZ?�A�I/90GJIHGXC�\Hrdx T<C�bh?B\jCFEH?S\HYZGJI2?�ó[æ�CFð
C�AVõX`,G§C�\iG¹vS\jC�EiGdó½m�Q�ó½?B\
O=
,9�  IÃrL?BAPEHYZAPm�YZA�v�Iim�ð�ðh?B\HE�?�óV?Sm�\
ð�\i?��dGJrLE�õ�`,G^CFQZIH?�Eix
C�A�p5R§C�\i?BQTS¹C�A6" IHI~ïH>@nPpBGJu�C
CFA�kaEix�GUè^AsYREiGJkøéPEjCFEHGJI >@GJðhC�\HEiu GJAPE�?�óÀ>@Gdó½GJAsIHG+ó½?B\9Eix�GJYZ\9IHmsð�ð
?S\HE9?Fó·?Sm�\�ô¹?S\Hp[õ
`,G�ô�?BmsQRkîQRYZpSG-Ei?�EHx
CFA�pUC�QZQ2u GJu9bhGJ\HI§?Fó¹EHxsGÀæSO^ç^è�éUEiG�C�u+I-CFE^EHxsG9è^A�YZWBGL\HIHYZE~n�?�ó
Õ�C�\iQZIH\Hmsx�G^C�A�kUR§CF\HA�GLvBYZG^g�GJQZQZ?BA�è^A�YZWSGJ\HIiYRE~n�ó½?S\ÃEix�GJYZ\
k�GLk�YZr�C�EiGJk ô�?B\ip�?BA9?Sm�\2u�C�APn
GJWBCFQZm
C�EiYR?SA�I�õ

äQ-TV�-<à�-VÞ@ä%-/+

����Ú§��z2�J��{X� ¶ �B�9�L�~���L|B����W^�S�¹�XBi¨��J�H{i��}d�J�@�ZYP�X{H|P{i|-�L|�¾\[@�ZYS�P{2{j¾F��}~�J�H�d�Vz<�P�J»P}~{i�
�j¡&]JØV�J�L��º
���X}����J|_^�Ða`iÍJÅ!b@ËXc§ÉCdPÅe^�ÉÌÎ�É�Å§ËXc^ÉCdPÅ,fQ`HÉ<ÑZÆ5g§Ðah^Î�Æ8i�Î�Æ�j�ÐSÎ!j�ÅlkSÅImndPÆ�ËXÏ�Ënj�bJ��z2{i|B}~{i�¹���L�
¢X»��L¨N{i|5+
�L|��L���X��{§�8|�¾S{i�H�~}~�J|P¾���|��S�
Ä8�H{d���L|7­8�H�X¾��P��}~{^©Â|��~}���}��P}~{¹�L�]¢F�i��{H|P�d{§�J|P¾��[{d�~�Bº
|��L�����X�X�V� /0/X¬ �odPÉ�É p�q r�r�s6s6s6t?mdÒjÅ�tRËnj�Ñ?t�ÅHÇ�Ð�r6uT^�i,vZr&g.i6ksÒjÐ�`HÍLÅ!bIr&g,iwksÒjÐ�`iÍJÅ!b	t dPÉxh0Ï��

  ��Ú§��W��J�P�~�~{H�J� � �~��|��i��»B��{d�@�J�Ãz2�Xª@»B�P}~��}����L|��L�Ã�9�L�~»B�P�J���X���X�§�[{d�~�S|B���d�J�VÚ8{H»��L�H}d��+
�L���J�H�Lº
}~�J�H�����J�-z2�Xª@»B�P}~��}����L|��L��+���|P�J�S���~}����j�d�
z2�L�~|�{d�L��{��9{i�����J|(�8|B���X{i�H����}½�X� � ��}~}~���B�S�H�J�h� � �^�
� / 1 / �

¡B���^��+h�J�X��{X�§�
| ©Â|B}~{j�L�H�X}~{j¾yW¹{i�S�~���~}����À¢��¼��{dª�{§���J� � �L�H}����J� � �J�H�~{@ØV�J�L�����X}����J|h�Jzo`�Ë!miÅHÅHÇXÈ
ÑZÆ{jNÒ¹ËXc§ÉCdPÅ,|�}BÆPÇQf§ÆPÆ�ÐSÎXÏa~9ÅHÅJÉÌÑRÆ�j�ËXc�ÉCdPÅ.fAu�i���f�uTi
ÈX�����!��i�ÎXÒ�u6`HÐamiÅdÒI�T�§Å!s�~9ÅI��Ñ?mHË	�
� ÐBÆPÅ\��������t

) ���^��+h�J�X��{��J|P¾9�����[�Xª@��}~�B�¹­,+hÚ.-@º2�
| Ø��·�i��{i|B}�¸¹�L���~{-¢N¨���»B»B��|P� � �L�H����|����
���X�L�~��}���ª���J�-z2�L|B}~{dÛ�} � �H{d{�­8�H��ª�ª��L�H�d�lz=`½Ë�mHÅHÅiÇ�ÑZÆ{jNÒ£ËXc@ÉCdPÅ�ÉCdPÑ?`½Ç��HÆPÉ�Å!`HÆPÎ�É�ÑZË�ÆPÎLÏo��Ë�`��XÒXdPËnp�Ë�Æ
zÃÎ�`¼ÒjÑZÆ�jUkSÅImIdPÆPËXÏ�ËIj�ÑZÅdÒ������JzQksÈ��	|!����khÑ?�JÐa`?j	�.k�dPÅe�£ÅLÉCdPÅ!`~Ï�Î�ÆPÇLÒI�Zf0Ð0j�ÐFÒjÉT�����	|at

� �,+V��+h{d�X��|
�T'^�PØV�J�L|��d�h�J|P¾5'^�
­��X}~{d�d�(k�dPÅ��.+[©�z2Ø�^�bJÒdÉ�Å!h\q�f��ÀË�`����iÅJÆ�mIdQcdË�`,i�ÅHÎ�`iÆBÈ
ÑZÆ{jîÎ�ÆPÇ�vhÒjÑZÆ�jyi�Î�Æ�j�ÐSÎ!j�Å!t�u[Ë�h=p
ÐSÉ�Å!`\f0ÒHÒdÑ�ÒjÉ�ÅiÇ5i�Î�Æ�j�ÐBÎ!j�ÅA�HÆBÒdÉx`HÐ&mJÉ�ÑZË�Æ�u[Ë�ÆBÒdË�`HÉ�ÑZÐ&h
��u�f�i��!u=�T� � Ë�Ða`HÆPÎXÏ����
�P}���ª@|�� /	/ �X�   «E� � ¬ �

¬ �,+V�S�9�J�	��{i��¾��P���B­��J�J�L��¾���S�Z�8º�W@�B¢�{d�B� È �B¢N�B��ª��PÙa��Ù+�J�H¾s�B�^��Ù+�J����{i���J� � �L�H����|���Ú
{d�L�
©Z|S»B�P}
��| ¶ ��¸¹�§¢�]S�·z �J|P�j{i»P}�º È ���~{d¾9�8»B»B�H�X�X�~�
� �U©Z|�zo`�Ë!mHÅiÅHÇ�ÑZÆ�jXÒ
ËXcJkG~��Q�� X�



Chapter in Dialogue Processing in Spoken Language Systems

« �£z�� � ��Ú
���&¡{X� È �&'
�2Ø[���X{i|B���S�6+V��¢���+h{d�X��|
�
�L|�¾Uz��&[V�L| ØV�~��º�'��X¨N{dª��S�l'8���~�d�J�S�H�~{�»S�H�Jº
�d{d�~����|��^�L��¾����L�����L��{d�
Á ��}��·ª0�B��}���»S��{§}��B�H{d��¾S�d�Ã©Â|�zo`�Ë!miÅHÅHÇ�ÑZÆ�jXÒVËXc6f�uTi,¢ �� 	��£
ËXÒjÉÌË�Æa��~Jf§�
� /0/ � �

1 � È ��¢N�B�PªÀ� � ��­�{i��}�|P{i�J���§�B¦§{dª@»
�X�^�&+
�J�X��{X�	+V� ¶ �S�9�J�	��{i��¾����@�BØ
�P�9�d¸¹�L���J�N©¼�BÚ
�X�L��|��S��§��¢N���J����¾S�B�§Ù �BÙ �L�H¾��
���BÙ+���XBd��Bd�X|��,�L|�¾,�@�BÙ �L����{i��� ¶ ��¸��£¢F]V�[�JÁ2�J�H¾S�À���S��}���º
����|��L���L�£¢N»��L¨�{H|�+h�J|P�J�P���X{��h�H�J|P������}����L|
�9©Z|��¹Ú � �øÙ �L�~¨B�����L»(�L|�¢X»��L¨N{i|�+h�L|��L���X��{
�[{d�~�S|��L�����X�X�[� /	/ � �

/ �¹�@�BÙ �L����{H�����h�H�J|P������}����L|��L�Ãz2�L|B��{i�H�~�X}����J|P�J�
¢X»�{d{d�~�
�¹¢N�B�Pª^��}~}~{d¾+}~�À©�Ø<ØVØ,z2�Xª^»S��}~{i�J�
� /0/X¬ �

� � �§�@�BÙ �L����{H��� ��� � ��|B¨�{X� '@��­���}~{d�d� ���P­��J�J�L��¾B�S� �§�B¦§{dª@»
� �^�a+h�J�X��{X�
+<�a+
{d�X��|h�����B�9�J��{i�J��+V�S�9�J�	��{i��¾����@�B�9�d¸��J���J��©~�SÚ
���L��|��S��¦���¢N�B��ª��B���§��¢N���J����¾S�B�
���PÙ �X�XBj��Bd�X|��S�§�§�ZYP{i»S»�{i|S�Â{i��¾s� � ��YS���L|
� ¶ ��¸¹�§¢6©~©X]��¹¾S�J�J|P�d{j����| ¢X»��L|B}~�J|P{d�J�P�
¢X»�{d{d�~� �h�H�L|������X}����J|h�¹¢X�S��ª@��}~}~{d¾ }~��©½z �£¢S¢ � ��� /	/�¬ �

�X���§���PÙ �X�XBj��Bd�X|��S�V¸@�B���J¨���º½Ù+�J����{i��� � �a'@� È �P�B�[¸@��z2���d�d�J�H�S�V¦��aW��L�~���J�P�~�B���2�§��¦§{dª@»
�
�@�a+
�L�X��{��+�^�B�9�d¸��J���J�+�§� � �L�CBH��|h��©¼�BÚ
�X�L��|��S��z�� � �9Ú
�X�&¡{X� �§��¢F�~���S��}XB�� È ��¢X�S��ª��
���P�[��ª@��}~�S�N�L|�¾��^�BÙ+�J����{i��� ¶ �¹¸��£¢Nº / ¡a]X�[�JÁ2�J�H¾S� ¢N»��J|B}~�L|�{d�L���¹¢N»�{d{d�~���h�H�J|P������}����L|
�
©Â|¤z=`½Ë!miÅHÅiÇ�ÑRÆ�jXÒ
ËXc,�X¥�¥2¥��HÆPÉ�Å!`iÆ�Î�ÉÌÑRË�ÆPÎLÏ�u[Ë�Æ�cdÅ!`½ÅLÆZmiÅ§Ë�ÆJf,mHË�Ð�ÒdÉ�Ñ?mdÒI��^	p�ÅiÅImId�Î�ÆPÇe^�Ñ¦j�ÆPÎXÏ
zo`�Ë!miÅdÒHÒdÑRÆ�j����!u�f�^Z^�ze¢ �����L�B� /0/ ) �

�2�S���¹�L�H}����i��{^Á2��� »B�H���d{d�~�~{j¾�������|P��}���{Q+¦§d� Øa¨ ª����i�H�@»��X�~¨X���X{^Á2��}��5+T+
¸§z
¢��~}½�X��{


