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Abstract

Combining general principles about collaboration with a task model for a specific environment
allows an agent to adapt its utterences based upon the history of interactions with the user. How-
ever, developing models that can be used by a collaborative agent is a significant engineering
challenge. Learning techniques that infer an accurate model for a given task from annotated
examples can lessen this burden considerably. However, there are is still a noticeable disparity
between an accurate model and a model that results in dialogs that a human user is comfortable
with.
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-T#�aEð]#;��$ à &)cF!
A %�/0� a2#;cF!��±%"-

� %�$ à �±%�_Bñ
%���&)c<- �h>;>;8 -
 E�<B7���0_'� $F�0#;!*#�a¥ "Ù�_'$'c�%���$ � /±%�!DC"&)_F�)cF�0-�+$'�0#;!�_da�#;c � /±%�! 6 &)�h#;ê;!�� $F�0#;!E- = !DF�FGFGH*IKJ p -4%�ê;&)_ >;�;59L]>�1�� -
� %�$ à �±%�_ ñ
%���&)c9- �h>;>;> -NM4cF#;, = !�$F&)cF%��)$'�0#;!OCB%�$�%�$'# � /±%�!

P �0Ù�c�%�c'�0&h_<;* A /0��_'$'&)cF�0!�ê� "-�-�c'#�%�� à - = !RQ5S,T<U�VWTYX>Z�["\^]"_�Z�[
Ha`bZdc Vfe�TKg�`bZihfT#`9X<V�T#`DF�H*-

7 - A à �"+ A %�c'cF#;/0/
%�!�( � -¥ñ�c'#	�o!E- �h>;>�: - ^ c�%���`7�0!�ê¨�0!�� $'�±%�$F� í�&��0!�)#;/0/±%�Ù�#;c�%�$'� í�&¨(��±%�/0#;ê;��&*�0!�$F&)cF%��)$'�0#;!�_<- = !RQ8SjT<U�VWTjXDZ�["\lk$m#Z�[
FG`b`bn"oKcphqT#`9XrViTYX>Z�["\sFutat*T<U9g�o#Zdg�TK`vTjXwhfTKx�y�n"Zzo#Zdg�T#`�oKcG{fg�`b|
} n"g�taZdg�U9t p -4%�ê;&)_ �;5;�9L]��:�: - "/0/0&)! A é�- à &)c p &)(�� $'#;c9- �h>;>�1 -�~>o#ZzU*[3~�["o#Z�H��uT��qQ5S,T } S,o#xpx�g�` }
�r� �W\9xpT#`btaZdS,o#Zdg�T#`b- �>=�^i� c'&)_F_ p A %�,�Ù�c'�0(�ê;& p �  �-ñG-�CE���L��ê;&h!��0# p 7 - C�- � #]#;c'& p %�!�( � - � %�#;/0���)�h�d- �h>;>�: - P &h%�c'!"+�0!�ê»a�&h%�$'��cF&)_ù$ à %�$�-�cF&)(��0��$9�)��&���_�%�ê;&#- = !�Q5S,T<U�VGTjX�Z�[ \sk$m#Z�[
FG`b`bn"oKcphqT#`9XrViTYX>Z�["\sFutat*T<U9g�o#Zdg�TK`vTjXwhfTKx�y�n"Zzo#Zdg�T#`�oKcG{fg�`b|
} n"g�taZdg�U9t p -4%�ê;&)_ 8#:9L]8�: -

� -D�"�0/£%�!�(���- � &h/��#- �h>;>;5 -��¥+�-�/0�0�)� $ c'&h-�cF&)_F&)!�$�%�$'�0#;!�_ #�a-�cF#;Ù�/0&),�+�_'#;/ í��0!�êv_'$'c�%�$'&)ê;�0&)_�$'#¡_F��-�-½#;c�$�`]!�#h�o/0&h(�ê;& %�B7���0_'� +$'�0#;!E- = !3Q8SjT<U�Vf]KkKZ�[s�uo#Z�V8hfT#`9X<VEFGHa-
� & à ,.&�$���-s���#;`;&)c %�!�( A é�!�$ à �±% ^ à #;,.-�_F#;!E- �#:#:#: - � &)c,+_'#;!4%�/0���)&)( p �)#;!7í�&)c'_�%�$'�0#;!4%�/E�h%�_'&r+�Ù4%�_F&)(vcF&)�)#;,.,.&h!�(4%�$F�0#;!�- = !

F��K��o#`�Ua\9t�g�`�hqo#t*\<|d��oKta\a���5\ao#t*T#`bg�` }�� Q5S,T9UY\a\a�#g�` } t � m#Z�[
� n"S,T*y"\YoK`�~>TKSY��tj["T*y�T#`�hqo#t*\<|d��oKta\a���8\ao#t*T#`bg�` } p ^ cF&)!�$F# p
= $F%�/ éK-ñ
%�cFÙ�%�c�% �"cF#;_Y�£%�!�( A %�!�(4%��)&vð]�0(�!�&)c9- �h>;>#: - � /±%�!�_Ga2#;c*(��0_,+�)#;��c'_F&#- = ! � à �0/0�0- 6 - A # à &h! p 7;&hc'c'é � #;c'ê�%�! p %�!�( � %�c'$ à %W��-� #;/0/±%���` p &)(�� $'#;cF_ p Ha`bZz\<`bZdg�T#`bt5g�`lhfT#xpx�n"`bg�Uao#Zdg�T#` p -4%�ê;&)_ 1��	:<L1;1;1 - �>=�^¡� cF&)_'_ p A %�,9Ù�cF�0(�ê;& p �  �-

7 -f¡B�0,Ç%�!�( � -f�"�0/d- �#:#:#: -á �B]���0cF�0!�êG-�cF#;Ù�/0&),�+�_'#;/ í��0!�ê�`]!�#	�o/ +&)(�ê;&.a2cF#;, &)!�( ��_F&)cF_<; � ��$�$F�0!�ê*�0!�$'&hc'(�&)-�&h!�(�&)!���é£,.#7(�&)/0_B$F#$ à &ï$'&h_�$9- = !DQ8S,T9U�Vq]�¢�Z�[s�ioKZzV5hfT#`9X<VEFGH p -4%�ê;&)_ �;�;�9L]�;�;> -
^ &)_F_F% P %�� p � &)(�c'#£C"#;,.�0!�ê;#;_ p %�!�(sCB%�!��0&)/Pð
- ) &h/0(�- �#:#:#: -f¤L&)c,+_'�0#;!G_F-�%��h&�%�/0ê;&)Ù�c�%�%�!�(*� $'_B%�-�-�/0�0�	%�$'�0#;!G$'#�-�cF#;ê;c�%�,.,.�0!�êáÙ7é(�&h,.#;!�_'$'c�%�$'�0#;!E- = !�H*`bZ�`
V�hfT#`9XrV�T#`p¥^oKU*["g�`�\¦{@\YoKS*`bg�` } p -4%�ê;&)_3;��:<L]3;��1 -ëE&h%�/ P &)_ à=p A à %�cF/0&)_ 6 �0� à=p %�!�( A %�!�(�é9ð]�0(�!�&hc<- �h>;>;> - ? _'�0!�êo-�/±%�!c'&)�h#;ê;!�� $F�0#;!*�0! à ��,�%�!"+��h#;,.-���$F&)cE�h#;/0/±%�Ù�#;cF%�$F�0#;!E- = !DQ5S,T9U�V8TYX

Z�[ \�¢�Z�[§Ha`bZdc�V8hfT#`9X<VfTK`©¨�t*\9SG¥^T<�K\9c g�` } p -4%�ê;&)_ �;�9L]�;� -ëW- P &)_ à=p A - 6 �0� à=p %�!�( A -¥ð7�0(�!�&)c9- �#:#:�� - A #;/0/±%�Ù�#;cF%�$F�0!�êG�o� $ àa2#7�h��_F&)(¨%�!�(¨��!�a2#]�)��_'&)(*��_F&)cF_"��!�(�&)cB�0,.-�&)c'a2&)�)$E�)#;,.,���!��0�	%�+$'�0#;!E- = !3Q8SjT<U�VfI#Z�[�Ha`bZ�V5hqT#`9XrVqT#`©¨�t*\<SG¥^T<�$\<c�c g�` } -
C�- P � $F,�%�! p ð
-.ð]�0!�ê à=p � -�¡B&)cF!�_ p %�!�( � - ) %�/0`;&)c9- �#:#:#: -ë�7#M4��!E;O �c'&)�0!�a�#;c'�)&h,.&)!�$o/0&	%�c'!��0!�êá_'-�#;`;&h!�(��±%�/0#;ê;��&�_'é]_'$'&),>-

= !©~>T#SY�#tj["T*ywT#`1hfT#`b��\<S*t*o#Zdg�TK`�o#c�ª � tYZz\9x�t � F«�G{@Q�¬ ��FGFph@{
hfT#`9X*\9S,\9`�Ua\ �8­�®K®K® p -�%�ê;&h_ �	:<L]�#: -

¡p-f��- P #7� à Ù4%���,>- �h>;>;8 -. �)#;/0/±%�Ù�#;c�%�$'� í�&»-�/±%�!�!��0!�ê�,.#](�&h/
#�a�0!�$'&h!�$'�0#;!4%�/á_'$'cF���)$'��c'&K-¯hqT#x�y
n�Zzo#Zdg�TK`�o#c�{fg�` } n�g�tYZdg�U<t pù��1��217��p
CE&h�)&),�Ù�&)c9-

^ - � %�_F���@%�!�(D¡p-�ëE%�`�%)é7%�,�%"- �h>;>�1 - 6 &)-½&h%�$B%�!�(G-�c'&h(��0�)$ L $��
#`;&�é]_�$'# &r°á�h�0&)!�$»$'&�+]$»&h(�� $F�0!�ê - = !�hqT#`9X*\9S,\9`�UY\±TK`³²«n"x�o#`
´ oKU9ZdTKS*tig�`�hfTKx�y�n"Zdg�` } ª � taZz\<xpt p -4%�ê;&)_ �;�h89L��h�;� -

A - 6 �0� à=p A -@ð]�0(�!�&)c p %�!�( ëu- P &)_ à - �#:#:�� - A #;/0/±%�ê;&)!E;� E-�-�/ é]�0!�ê�)#;/0/±%�Ù�#;c�%�$'� í�&¨(��0_F�)#;��c'_F&»$ à &)#;c'év$'# à ��,�%�!"+��)#;,.-���$'&)c��0!�$'&hc,+%���$'�0#;!E-«F«S*Z�g µ�U<g�o#cEH*`bZd\9c�c g } \9`�UY\9-Eð]-�&)�)�±%�/ = _'_F��&9#;! = !�$'&h/0/0�0ê;&)!�$
? _F&)c = !7$'&)c'a�%��)&h_<- ^ #.%�-�-�&h%�c9-

��- ^ &)�)���)� p � -=ñ�#;�0�h� p ¡p- ) c'�0ê à $ p ð
- ) - P &h& p CW- � %�cF�)� p %�!�(� ñ�#	�o,�%�!E- �h>;>;> -9 "! �0!�$'&hê;cF%�$F&)(ó_ à &)/0/
%�!�(£,.&�$ à #](�#;/0#;ê�éa2#;c¥c�%�-��0(á(�&)í�&)/0#;-�,.&)!�$�#�aT`]!�#	�o/0&)(�ê;&*+�Ù4%�_F&)(�%�ê;&)!�$F_<- = !�Q8S,T9U�V
]�_�Z�[§�uo#Z�V8hqT#`9XrV@F�H*-

� %�cF�0/ é]!ó �- ) %�/0`;&)c9- �#:#:#: -� E!e%�-�-�/0�0�h%�$F�0#;!v#�aïcF&)�0!�a2#;cF�)&),.&)!7$/0&h%�c'!��0!�ê $F#v(��±%�/0#;ê;��&£_�$FcF%�$F&)ê�é _'&h/0&)��$'�0#;!��0!�% _F-�#;`;&)! (��±%�+/0#;ê;��&�_�é�_�$F&), a2#;c�&),�%��0/d-£e�TKn�S*`�o#cGTjX�FGS*Zdg µ�U9g�o#cfH*`bZd\9c�c g } \9`�UY\
�8\9t*\YoKS,U*[ p@�h� ; �;8�:<L71��h5 -
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