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P Q RTSVUXW Y

Z\[^] _5`�_Oacbed.fgbV_Ohi`

j k dlhXmonqpVb�brf�s5tua�pwvxnq[^y�s5_5`xz
j k dlhXmonqpVb k f k n{d|ziy�_3[}n~s5_5`xn�a
j a�vxh�d�b�h�� p=n vqhiy�dla�bch�[�f��
��n���_On��

j dln���n{dln~`�p=n dln�arhis5ygbV_Ohi`
j b�n=�qb�p=hivxn~dHn~`�p=n
j [^_Oa�p=hiy�dlarnuacbed�y�pVbey�dln
��_3f�sOh~ziyxn f�`�[ �Thi`g�qn{dla�fgbe_Ohi`wf�s}Z"z~n~`gb�a

j ��v�� [�_3f�sOh~z _Oa�[^_��(n{dln~`gb
j dln k dln�a�n{`�be_5`xz f�`�[ _5`gbcn~d k dHn�be_5`�z [�_3f�sOh~z fwpeb�a
j [^_3f�sOh~ziyxnua�bVd�y�pebVy�dln f�`w[ p=hivxn~dln{`�p=n
j p=hi`g�xn~dla�f�be_Ohi`�f�s�fxz~n~`gbca
� h�dln �&n~]�h~a
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� Y¡  U�Y¡¢ £ ¤ Y¦¥ R § ¨u© Y�ª(Y�W « Y

�Thivxn~dln{`�b¡�xa�¬­_5`�p=hivxn{dln~`gb"b�n=�qbca

j¯® hiv�` v�_3[ °&_5s5s²±3a³p�f~d¦t�n´�qa�¬�µ¶n��\fqa·[�d�y�`�t
j ¸ ® hiv�` v�_3[ ° _5s5s²±3a�p�f¹d"t�n��xa�¬ºµ¶n s5_5t�n�a�a k _5`�f�pwv»¬
¼~�~f�] k sOn �Thivqn{dln~`�p�n ��n{s3f�be_Ohi`xa��cdHhi] µ¶hi½�½qa

j �¾n�a�y�s�b
¿ À `g��n~d�bev�f�b bevxn�a�b�fgb�n�h�d�n��xn{`�b"fxa�arn~d�bcng[ ½���bevxn ]�ngf�`�_5`qzh��¡bevqn Á(dla�b�arn~`gb�n{`�p=n Â�ÃTÄeÅ�p�f�yxarn�a�h�d¡p�hiy�s3[ p�f�yxa�n bevxn
acbrfgb�n�h�d$n��xn~`gb"fxa�a�n{d�bcng[ ½��·bVvxn ]�nqf�`�_5`xz h��(bevxn�arngp=hi`�[
a�n{`gb�n{`wp�n Â�Ã Æ�ÅV¬

¿ ® hiv�` ½¹hiyxzivgb­f�` Z\pwy�d.f»¬�µ¡_Oa��7fgbevqn{dÇ�"n~`gbu½�f�s5s5_Oacbe_3p¹¬
¿ È}ÉTÊ

j ¼~� k s3f�`�f�be_Ohi`
¿ À `g��n~d�bev�f�b bevxn�acbrf�bcn�h�d�n´�xn~`gb"fqara�n~dËb�nq[ ½�� Ã Æ p�f�yxarn�a"h�dp=hiy�s3[ p�f�yxarnubevxn acbrfgb�n h�dÌn��xn~`gb­fxa�arn~d�bcng[ ½�� ÃTÄg¬
¿ ® hiv�` v�_3[ ° _5s5s²±3a�p�f~d"t�n��xa�¬ºµ¶n��¡fxa·[�d�y�`�t~¬
¿ ÍeÎ�Ï�È}ÐiÑgÎ
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® hiv�` v�_3[ ° _5s5s²±3a�p�f~d"t�n��xa�¬ºµ¶n��¡fxa·[�d�y�`�t~¬

CoherenceRel(e1,e2)

Explanation(e1,e2)

cause(e2,e1)

cause(e2,e3) cause(e3,e1) hide(e1,john,bill,ck)

cause(e4,e3) diswant(e3,j,e5) × have(e5,bill,ck) carkeys(ck,bill)

cause(e2,e4) diswant(e4,y,e6) × drive(e6,he)

drunk(e2,bill) (he=bill)

Ø­vxn p=hivxn{dln~`�p=n [}n~dÙ_��wfgbe_Ohi` p�f�yxa�n�aubevxn _5`g��n~dln{`�p=n h���_5] k s5_3p�_�b
_5`g��h�d�]�f�be_Ohi`»Ú�dln���n{dln~`�p=n dln�a�his5ygbe_Ohi`�¬
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Ü U�Ý�S�¨�ÕuQ Y Ý�W Ô § ¨uW� �Y�ªTÞ�Ý�RÇU�¨uW Ý�S Ò Õ�Y�WuRßÞ

à�á â(ãÌäTå�æèçêé¾ë¹ìíâßã h�d�î¦ì7é$ï7â(ð(ñ"å _Oa bVvxn ]�h~a�b �cy�`w[�f�]�n{`gb�f�s
f�`w[ a k ngpw_3f�s5s�� k dÙ_���_5sOn�z~ng[ f¹dHn~`�f h���s3f�`xziy�fqz~nè¬>ò
ó v�fgbu]�f�t�n�a·[�_3f�sOh~ziyxn�[�_��(n~dHn~`gb ¸
j bVy�d�`gô7b�f�t�_5`qz
j zidlhiy�`w[�_5`xz
j _5] k s5_3p�fgbey�d�n
õ k n�ngp�v f�pVb�dln k dHn�a�n{`gb�fgbV_Ohi` f�`�[ _5`gbcn~d k dHn�brf�be_Ohi`»¬
ö¶n�� f k�k dHhèfwp�vqn�a�b�h p=hivxn{dln~`�p=n f�`�[ a�bVd�y�pebVy�dlnè¬
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ø ¥ Ý�Ö ù S�Y § ¨uW� �Y�ªTÞ�ÝúRÇU�¨uW Ý�S Ò Õ�Y�WuRßÞ

Ø�û�û·Ø
ö ®»ü�ý ö
ó vg��þ ÿÌvg�xa�_3p=a³Ø¶ygb�h�d
ÿÌvxhi`qn·ac�xa�b�n{]�a ��hiy p�f�s5sOnq[ f�b bevxn ½~n�zi_5`�`�_5`xzuh��TbVvxn·a�n~]�n�a�b�n{d
�·_3[{n�h~a�f�`�[ ö�ÿ � a´vxhg�
j v�b9b k������ �¡�¡�u¬ ` k d ¬3h�dlz � d.f�]·Á(sOn�a � ]�n � þ����~þ��~þ
	���¬ ]�nè¬���
^¬ d.f�]
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¤ Q ªÇW Þ Ý�W Ô � R�R$Y�ªßÝ�W « Y�Þ

��_3f�sOh~ziyxn _Oa�p�vwf~d.f�pVbcn~dÙ_���ng[ ½�� bey�dÙ`�ô7brf�t�_5`xz ¬
C1: . . . I needto travel in May.
A1: And, whatdayin May did youwantto travel?
C2: OK uh I needto be therefor a meetingthat’s from the 12th to the

15th.
A2: And you’re flying into whatcity?
C3: Seattle.
A3: And whattimewouldyou like to leave Pittsburgh?
C4: Uh hmmI don’t think there’s many optionsfor non-stop.
A4: Right. There’s threenon-stopstoday.
C5: Whatarethey?
A5: The first onedepartsPGH at 10:00amarrivesSeattleat 12:05their

time. The secondflight departsPGH at 5:55pm,arrives Seattleat
8pm. And the last flight departsPGH at 8:15pmarrivesSeattleat
10:28pm.

C6: OK I’ ll take the5ishflight on thenightbeforeon the11th.
A6: On the11th?OK. Departingat 5:55pmarrivesSeattleat 8pm,U.S.

Air flight 115.
C7: OK.

õ k ngf�t�n{dla tw`xhg� vxhg� bch b�f�t�n bVy�d�`xa Â������ a�vxhiy�s3[ brf�s5t `xne�xb�Ú
f�`w[ ��� ÎgÉ bevxn�� a�vxhiy�s3[ brf�s5tgÅ
j s5_�b besOn�h��qn{d�s3f k Â�f~dlhiy�`�[ 
�� _5` ¼�`xzis5_Oa�v·ô f�s�bevqhiyxziv�[}n k n~`�[}a
hi` bevxn [}hi]uf�_5`��²Å

j `qh�b�] y�p�v a´_5sOn~`�p=n ½¹n´bí�"n�n~` bVy�d�`xa�n~_�bevxn~d
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¤ Q ªTW Þ

�Thi`g�qn{dla�fgbe_Ohi` Z­`�f�s��xa�_Oa k dHh���_3[}n�a�f arh�pw_Oh�ô�s5_5`xziy�_Oa�bV_3p�f k�k dlhèf�pwv
bch bVy�d�`gô7brf�t�_5`xz Âínè¬3z�¬ Ú õ fwp�t=a�n�b­f�s²¬<ÅV¬
� ñ æèã�� � é�� ì7ã"ð  ñ"ïíå Âía´_5] k s5_�Á+nq[�Å �
Z búnqfwp�v bVd f�`xa�_�be_Ohi`gô�dln~sOn´�wf�`�p=n k s3fwp�n h�� nqfwp�v bey�d�` �
j À � [^y�d�_5`xzºbVv�_Oa bey�d�`up�y�d�dln~`gb¶a k nqf�t�n~d v�fqa arn~sOnqpVbcng[ Z fxa bevxn`qn=�xbúa k ngf�t�n~d Ú�bevqn{` Z ] yxacb�a k ngf�t `xne�xb�¬
j À � pwy�d�dHn~`gb a k ngf�t�n{d([}h�n�aº`qh�b"a�n~sOnqpVb bevxn `xne�xb¦a k ngf�t�n~d Ú�f�`g�h�bVvxn~d¶a k nqf�t�n{d¦]�f�� brf�t�n�bevxn `xne�xb�bey�d�`»¬
j À �·`xh hi`xn n~sOa�n brf�t�n�a·bVvxn `xne�xb·bVy�d�`»Ú¾bVvxn p�y�d�dln~`gb­a k ngf�t�n~d]uf�� b�f�t�n�bVvxn `xn=�qb�bVy�d�`»¬
Ø¶d.f�`xa�_�be_Ohi`gô dHn~sOn���f�`�p=n k s3f�p=n�a·f~dln ��vxn{dln bevxn a�bVdÙywpebVy�dln h��¦bevxn
s3f�`qziy�fxz~n f�s5sOhg��a�a k nqf�t�n~dÌa�v�_��.bca�b�h h�p�pwy�d ¬
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§ ¨uW� �Y�ªTÞ�Ý�RÇU�¨uW Ò W Ý�S#" Þ UXÞ $�« ¨uWuR&%#'
Z\[Vm9fwp�n~`�pV� k f�_5dla�Âíarn�b�y k `xne�xbúa k nqf�t�n{d|n=� k ngpeb�fgbe_Ohi`qaXÅ

j ( � ¼(¼»Ø À ö ( ( � ¼(¼�Ø À ö (
j ) ý ¼ õ Ø À û ö Zºö õ ó ¼(�
j �¶û � ÿ�* À � ¼ßö&Ø �¦û¡ó öúÿ�*xZ�+u¼(�
j �&¼ ) ý ¼ õ Ø ( �¾Zºö Ø
õ _Ozi`�_�Á�p�f�`gb a´_5sOn~`�p=n Â���his5sOhg��a³Á(dlacb k f¹dËb�h��¦f�` fw[em f�p=n{`�pV� k f�_5d�Å

j Z � À a�bVvxn{dln a�hi]�n�bev�_5`xz ½~h�bevqn{d�_5`xz ��hiy h�d¡`xh�b ¸
j Â�	~¬,�}Å
j Z � +(n�a­h�d¡`xh ¸
j Â�	~¬,
}Å
j Z � ¼�v ¸
j ° � ö¶h�¬

À ] k s5_3p�f�be_Ohi`xa¡��h�dÌa k hit�n~` [�_3f�sOh~ziyxn�ac�xacbcn~]�a
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� R�R$Y�ªßÝ�W « Y�Þ

Ø¶d.f�`xa�_�be_Ohi`gô dHn~sOn���f�`�p=n k s3fwp�n�aTf~dln bí� k _3p�f�s5s��¡fgb y�b9bcn~d.f�`�p=n ½~hiy�`w[~ô
f~d�_On�a�¬
��ngp�f�s5sèbVv�fgb�Â7a k hit�n~`~Å�ygb bcn~d.f�`�p=n�a·f~dln�b7� k _3p�f�s5s�� a´vqh�d�b�n{d Ú�p=hi`gô
brf�_5` ]�h�dln k dlhi`xhiy�`qa�Ú�v�fg�qn dln k f�_5dla­¬�¬�¬�Ú�p�hi] k f~dlnq[ b�h ��d�_�b9b�n{`
a�n{`gb�n{`wp�n�a�¬
� f�`g��bevxn�h�dÙ_On�a b�f�t�n­bevxn ygb9b�n{d.f�`wp�n�fqa bVvxn k dÙ_5] _�be_��xn�y�`�_�b=Ú�½�y�b
ygb bcn~d f�`�p=n�a�f¹dHn [�_�� pwy�s�b¦bch arn�zi]�n~`gb

j f a�_5`xzisOn y�b9bcn~d.f�`�p=n ]uf�� h�p�pwy�d f�pwdlh~ara­a�n´�xn~d.f�s}bey�d�`xa
¿ Z � ó n}±M�xn z~h�b���hiy hi` ý õ Z�_5d.-(_Ozivgb0/�/
¿ ° � +(n k
¿ Z � sOnqf���_5`xz hi` �&ngp�n~] ½¹n{d1	~¬

j ] y�s�be_ k sOn ygb9b�n{d.f�`wp�n�a�]�f=� h�p�p�y�d¡_5` f a�_5`xzisOn�bVy�d�`
¿ Z � ó nè±O�xn z~h�b���hiy hi` ý õ Z­_5d.-(_Ozivgb2/�/ sOngfg��_5`xz hi` �&n�ô
p=n{] ½~n~d1	~¬º�&h ��hiy `qn�ng[ f dln{`gb�f�s�p�f~d ¸

j s5_5`qziy�_Oa�bV_3p ½¹hiy�`�[�f¹dË� p�yqn�a _5`�p�s5yw[}n pwyxn �¦h�d.[}a�Ú `qzid f�]�a�Ú
k dlh~a�h�[~�
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� Y¡  U�Y¡¢ £ Ü U�Ý�S�¨�ÕuQ Y UXÞ Ü U43 Y�ª(Y�W�R
Ø¶y�d�`xa�f�`�[ ygb9b�n{d.f�`wp�n�a

j a k ngf�t�n{dla¡t�`xhg� vxhg� bch�b�f�t�n�bVy�d�`xa\Â������­a�vxhiy�s3[�brf�s5t�`xne�xb�Ú
f�`�[ �5� Î�É bevqn´� a´vxhiy�s3[ b�f�s5t�Å

j p=hi`g�xn~dla�f�be_Ohi`�f�`�f�s��xa´_Oa k dHh���_3[}n�a(f�`�f k�k dHhèfwp�v b�h�bey�dÙ`�ô7brf�t�_5`xz
j bVd.f�`xa�_�be_Ohi`gô dHn~sOn���f}`�p�n k s3fwp�n�aTf~dln bí� k _3p�f�s5s��"f�b ygb9b�n{d.f�`�p�n ½¹hiy�`�[~ô
f¹dÙ_On�a�Ú�½�ygbuygb9b�n{d.f�`�p�nua�n�zi]�n{`gb�fgbV_Ohi` _Oa�f [�_�� pwy�s�b k dlhi½�sOn~]
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6 ª(¨uQ W Ô UXW Õ

�Thi`g�qn{dla�fgbe_Ohi`wf�s k f~d�be_3pw_ k f�`�bca¶] yxacbTp=hi`xa�b�f�`gbVs��¡n�a�b�f�½�s5_Oa�v¡p�hi] ]�hi`
zidlhiy�`�[ Âíh�d�] y�bey�f�s�½~n~s5_On´�VÅe¬
Ø­v�yxa�Úºf vxngf~dln~d ] yxa�b zidlhiy�`�[ f a k ngf�t�n~d ±3a ygb9b�n{d.f�`wp�n�a Â�½��
]�f�t�_5`xz�_�b(p�sOngf~dwbev�f�b Âr½¹n{s5_On��xng[»ÅÌy�`�[}n~dla�b�f�`�[^_5`xz·v�fxaÇh�p�p�y�d�dlng[»ÅeÚ
h�d¶n{sOa�n _5`�[^_3p�f�bcn�bev�f�b�f zidlhiy�`�[^_5`xz k dlhi½�sOn~] h�p�p�y�dÙdlng[�¬
Z\pwt�`qhq��sOng[}z~n~]�n~`gb

j p=hi`gbV_5`�yxn~d � ½wf�pwtep�vwf�`�`xn~s � fwp�tw`xhg��sOnq[{z~n{]�n{`gb�bchit�n{`uÂÙf�sOarh
`qh�[}a�_�� ��_Oa´_Ohi` f���f�_5s3f�½�sOnxÅ

j ¼~�~f�] k sOn
¿ Z � ¬�¬�¬edln´bVy�d�`�_5`xz hi` ý ¬ õ ¬�-(_Ozivgbúhi`xnè¬
¿ � �87 9 � 9 9

j zidlhiy�`w[}a�Z·± a ygb bcn~d f�`�p=nèÚif�`w[ f�sOarh dHn�bey�dÙ`qa�bey�d�`
��_Oa k s3f�� Âía�bVdHhi`qz~n{d�]�n�bevxh»[»Å

j [^_Oa k s3f=�·f�s5s�h�d k f¹dËb&h�� ygb9b�n{d.f�`�p�n�b�h ½¹n·zidlhiy�`�[{nq[��xn{d�½�f�be_5]
j ¼~�~f�] k sOn
¿ � � û : À ± s5sèb�f�t�n�bVvxn 
»_Oa´v -(_Ozivgbúhi` bevqn 	�	ebVv»¬
¿ Z �<; É = � Î >?>@= �BA
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��nDC�yxn�a�b���h�d"dln k f�_5d
j _5`w[�_3p�f�bcn s3fwp�t�h�� zidlhiy�`�[�_5`qz
j ¼~�~f�] k sOn
¿ � � û : À ± s5sèb�f�t�n�bVvxn 
»_Oa´v -(_Ozivgbúhi` bevqn 	�	ebVv»¬
¿ Z �FE Ð �GA
¿ � � À ± s5s}brf�t�n bevqn 
»_Oa´v -(_Ozivgb�hi` bevxn 	�	ebVv»¬

,.-�/1032547698:-5-<;=/>/321?5@1A5B1CDCE/3?1?F/ ,HG5B1I5J KOL 4ON 4O2



§ ¨uW� �Y�ªTÞ�Ý�RÇU�¨uW Ý�S H�Ö ù SeU�« Ý�R(Q ªßY

ÿÌd.fxzi]ufgbV_3p�a � bevxn acbey�[~� h��­vxhg� s3f�`xziy�fxz~n _Oa�yxa�nq[ bch f�p�p�hi]�ô
k s5_Oa�v z~hèf�sOa�Â�� v�f k bcn~d�	gÅJIT½~n���hi`�[ s5_�b�n{d.f�si]�ngf�`�_5`xz�¬
�Thi`g�qn{dla�fgbe_Ohi`wf�s À ] k s5_3p�f�bey�dln ]�nqf�`xa f k f¹dËbV_3p�y�s3f~d¡p�s3fqara h�� s5_�ôp=n{`xa�ng[ _5`g��n~dln{`wp�n�a Â�bev�f�b·bVvxn a k ngf�t�n{d ne� k nqpVbca�bevxn vxngf~dln{d¶bch
[�d.f��­ÅV¬
( d�_3p=nè± a�]�f��»_5]�a ��h�d p=hi`g�xn~dla�f�be_Ohi` n=� k s3f�_5` vxhg� vxngf~dln{dla�[^d f=�
a�y�p�v _5`g��n~dln{`wp�n�a�¬
¼~�~f�] k sOn

j Z � ó v�fgb­[�f�� _5` � f�� [�_3[ ��hiy �¡f�`gb�bch bed.fg�xn~s ¸
j � � À `xn�nq[�bch ½~n­bevxn~dln���h�d$f ]�n�n�be_5`xz�bVv�fgb=±3a �cdlhi] bVvxn 	�þxbev
b�h bevqn 	K
xbVv»¬

j Z � û : ¬¾Ø­vxn~dln f~dln L `xhi`gôoa�b�h k a­hi` bevqn 	�	ebVv»¬

À ] k s5_3p�f�bey�dln�ô�s5_Mp=n~`xarng[ _5`g��n~dln{`�p=n�a

j bVvxn ]�n�n�be_5`qz _5`g��h�d�]�f�be_Ohi` f�`xac�¦n{dla­bevxn dHnDC�yxn�acb���h�d bVd f��xn~s
[�fgbcn�a

j bVvxn~dHn f~dln `xh�b0� `qhi`gô�acbch k a
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6 ªÌU�« YNM9Þ Ýú¥ U�Ö Þ
� f��»_5] h�� ) y�f�`gbe_�b7� � ° n ne�~f�pVbes�� fxa _5`g��h�dÙ]ufgbV_��xn fqa _Oa dln�ô
C�y�_5dlng[ �
j � f�t�n ��hiy�dip=hi`gbVdÙ_5½�ygbe_Ohi`�fxa"_5`g��h�d�]�f�be_��xn"fxa"_Oa dlnOC�y�_5dHng[uÂ ��h�d
bVvxn p�y�dÙdln~`gb k y�d k h~a�n�a­h�� bVvxn n=�~pwv�f�`xz~nêÅV¬

j �&h `xh�b ]�f�t�n ��hiy�d¡p=hi`gbed�_5½�y�be_Ohi` ]�h�dln _5`g��h�d�]�f�be_��xn bVv�f�`
_OaudHnDC�y�_5dlng[�¬

� f��»_5] h�� ) y�f�s5_�b7� � Ø d��ubch ]�f�t�n���hiy�d(p�hi`�bed�_5½�ygbV_Ohi`�hi`xn­bev�f�b
_Oa�bVdÙyqn �
j �&h `xh�búa�f=� ��v�f�b���hiy ½~n~s5_On´�xn�bch ½¹n¯�7f�sOarn}¬
j �&h `xh�búa�f=� bevwfgb���h�dÇ��v�_3pwv ��hiy s3f�pwt�f�[}nDC�y�f�bcn�n���_3[}n~`�p=nè¬
� f��»_5] h��·�¾n{sOn���f�`wp�n � °(n dln~sOn´��f�`gb �
� f��»_5] h��·� f�`�`xn{d � ° n k n~dHa k _3pwyxhiyxa �
j Z �xhi_3[ hi½xa�p�y�d�_�b7� h�� ne� k dln�ara�_Ohi`»¬
j Z �xhi_3[ f�] ½�_Oziy�_�b7��¬
j ° n ½~dÙ_On��"Â�fg�qhi_3[ y�`�`qnqp=n�a�a�f~d�� k dlhis5_ �»_�bí�~Åe¬
j ° n h�d.[}n~d�s���¬
ó v�_3p�v ]uf��»_5]�a�s5_3p�n~`xa�n k dln���_Ohiyxa�_5`���n{dln~`�p�n�a ¸
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Ü U�Ý�S�¨�ÕuQ Y Ò «¶RßÞ

Z�yqa�bV_5`�ÂP	K/�Q~þ}Å¦hi½xa�n{d��xng[ubev�f�b [�_3f�sOh~ziyqnºygb bcn~d.f�`�p=n�a f~dln�f t�_5`�[
h�� a k ngf�t�n~d È»ÏR=TS � É Úih�d¶a k n�ngpwv fwpeb ¬
¼~�~f�] k sOn �³k n{d���h�d�]�f�be_��xnuarn~`gb�n{`�p=n�a
j À `�f�]�n�bev�_Oa�a�v�_ k bVvxn Ø­_�brf�`�_3p~¬
j À arngp=hi`�[ bVv�_Oa�]�h�bV_Ohi`»¬
j À ½~n�b���hiy Á»�xn [}his5s3f¹dHa·_�b���_5s5s~a�`xhg� b�hi]�h�d�dHhg�u¬
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U ù Y¡Y�«Ì© Ò «¶R(Þ

Ø­vxn ygb9b�n{d.f�`wp�n h���f�`g� arn~`gb�n{`�p=n _5` f dlnqf�s$a�_�bey�f�be_Ohi` p=hi`xa�bV_�ô
bey�bcn�a³bVv�dln�n tw_5`�[}a�h��\fwpeb=¬
*xh»p�ygbV_Ohi`�f~d�� f�pVbca
j bVvxn ygb9b�n{d.f�`�p�n�h��"f a�n~`gbcn~`�p=n���_�bev f k f~d�be_3pwy�s3f~d¶]�ngf�`�_5`qz

À s5sOh�pwygbV_Ohi`�f~d�� f�pVbca

j bVvxn�fwpeb&h��Tfxa�t�_5`qz�Úèf�`xac�¦n{d�_5`xz�Ú k dHhi] _Oa´_5`qz�Úên�brp¹¬�_5` ygb bcn~dÙ_5`qz
f a�n{`gb�n{`wp�n

ÿ+n~dÙsOh»p�ygbV_Ohi`�f~d�� f�pVbca

j bVvxn�Âíh��.bcn~`�_5`gb�n{`gbV_Ohi`�f�s1Å k dHh»[�y�pVbe_Ohi`¦h���p=n{d�b�f�_5`¦n´� nqpVbca"y k hi`
bVvxn���n�n{s5_5`qz~a�Úxbevxhiyxziv�bca�Úèh�d�fwpebV_Ohi`xa h��$bVvxn·f�[�[^dHn�a�arn�n�_5`�ygb ô
b�n{d�_5`xz f arn~`gbcn~`�p=n

V � Ð Ï�È}ÉXWY=�Ê � = � ÈZ=\[
j sOh»p�ygbV_Ohi`�f~d�� � y�b9bcn~d.f�`�p=n
j _5s5sOh»p�ygbV_Ohi`�f~dE�u��h�d.p�n ��k dHh�b�n�acbe_5`qz
j k n{d�sOh�pwygbV_Ohi`�f~d�� n��(nqpVb � acbch k�k _5`xz h�d f�`�`qhq��_5`xz bevxn vxngf~dln~d
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U ù Y¡Y�«Ì© Ò «¶R(Þ

õ ngf~d�sOn yxa�n�a³bVv�_Oa�b�n{d�] bch p�s3fqara�_��.� _5s5sOh�pwygbV_Ohi`�f~dE� f�pVbca ÂP	K/�]�
}ÅV¬
j Z¦ara�n~dËbV_��xn�a � p�hi] ] _�b9bV_5`xz bVvxn a k ngf�t�n~dÌbch arhi]�n´bVv�_5`xz�±3a ½~n�ô
_5`qz bevxn p�fqarn Â Ñ�ÐZ^_^+Î�Ñ`=aS�Éb^�cedÇÐ�=f=TS Éb^ g ��hK� È h Ê�c·Ñ � Î�È h S�Éb^
Í � È~ÑK=TS Éi^@c­Ï � ÉTÏRj Ð$Ê@S�Éb^ Å

j ��_5dlngpebV_��xn�a � fgb bcn~] k b�a ½��¡bevqn"a k ngf�t�n~d~bch�z~n´b(bevqn\f�[�[�dln�a�arn�n
b�h [}h arhi]�n´bVv�_5`xz Â È~ÑJk�S�Éb^@c ��h Ê»Î h S Éi^ h Î�lgÐ$Î�Ñ`=TS Éb^�cmS�ÉonpSq=Tr
S�Éb^ È�Ê�npS ÑsS Éb^�c�ÍeÎt^p^ZS�Éb^ Å

j �Çhi] ] _Oa�a�_��xn�a � p=hi] ] _�b be_5`xz bVvxn a k ngf�t�n~d�bch a�hi]�n �cy�bey�dln
p=hiy�dla�n h���fwpebV_Ohi` Â d hu� 9 S.Ñ�S�Éb^�cedXj�È}É$ÉoS�Éb^�c n ��� S Éb^�c ÍeÎv=Tr
=TS�Éb^@c � d?d � Ñ�S�Éb^ Å

j ¼~� k dln�ara�_��xn�a � ne� k dln�a�a�_5`xz bevxn k ac��p�vqhisOh~zi_3p�f�sTacbrf�bcn h���bevxn
a k ngf�t�n{d»f�½¹hiygb fúacbrfgb�n¡h��$fg�Tf�_5dla Â = � È}É�kwS Éb^�c È�d � j � ^xSzy`S Éi^@c� ÎRj Ï � 9 S Éi^@c�Ê»Î#d{j �@h S�Éb^ Å

j �&ngp�s3f¹d f�be_Ohi`xa � ½~d�_5`xzi_5`xz f�½¹hiygb f [^_��(n{dln~`gb a�b�fgbcn h�� bevxn
�¦h�d�s3[ ��_3f bevxn y�b9bcn~d.f�`�p=n Â�_5`�p�s5yw[�_5`xz ]uf�`g� h��¦bevxn k n~d���h�dËô
]ufgbV_��xn f�pVbca·f�½~h��xn �m| h Î�Ñ�S}^�É�c1~ � ÐmW h Îm� h Î�Ê Å
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� Y¡  U�Y¡¢ H8HT£ Ü U�Ý�S�¨�ÕuQ Y UXÞ Ü U43 Y�ª(Y�W�R

( dlhiy�`w[�_5`xz
j f�vxngf~dln{d�] yxacbÌzidlhiy�`w[ f­a k ngf�t�n~d ±3a¡ygb9b�n{d.f�`wp�n�a"Âr½���]�f�tw_5`xz
_�b�p�sOngf~d$bVv�fgb�Âr½¹n{s5_On��xng[»Å�y�`�[{n{dlacbrf�`w[�_5`xz v�fxa�h�p�p�y�dÙdlng[»ÅVÚ�h�d
n~sOa�n _5`�[�_3p�fgb�nºbVv�fgb­f zidlhiy�`�[�_5`xz k dlhi½�sOn~] h�p�pwy�d�dlnq[

À ] k s5_3p�f�bey�dln

j p=hi`g�xn~dla�f�be_Ohi`�f�s�_5] k s5_3p�fgbVy�dln ]�nqf�`xa f k f~d�be_3pwy�s3fwd�pws3fxa�a h��
s5_3p=n~`xarng[ _5`g��n~dHn~`�p=n�a�Â�bev�f�b bevxn�a k ngf�t�n~d�n=� k nqpVbca"bVvxn vxngf~dln{d
b�h [�d.f��­Å

j ( d�_3p�n}±3a�]uf��»_5]�a ��h�d»p�hi`��xn{dla�fgbV_Ohi`¡ne� k s3f�_5`­vxhg� vxngf~dln{dlaß[^d f=�
a�y�pwv _5`g��n{dln~`�p=n�a
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� Y¡  U�Y¡¢ H�H8HT£ Ü U�Ý�S�¨�ÕuQ Y Ò «¶RßÞ

Z�yqa�bV_5`�ÂP	K/�Q~þ}Å¦hi½xa�n{d��xng[ubev�f�b [�_3f�sOh~ziyqnºygb bcn~d.f�`�p=n�a f~dln�f t�_5`�[
h�� a k ngf�t�n~d È»ÏR=TS � É Úih�d¶a k n�ngpwv fwpeb ¬
Ø­vxn ygb9b�n{d.f�`wp�n h���f�`g� arn~`gb�n{`�p=n _5` f dlnqf�s$a�_�bey�f�be_Ohi` p=hi`xa�bV_�ô
bey�bcn�a bev�dln�nºtw_5`�[}aÌh��(f�pVb � sOh�pwygbV_Ohi`�f~d���Ú�_5s5sOh�p�y�be_Ohi`�f~d ��Úêf�`�[ k n~dËô
sOh�pwygbe_Ohi`wf~d���¬
õ ngf~d�sOn yqarn�a bVvxn bcn~d�] a k n�ngp�v fwpeb�a bch pws3fxa�a�_��.� _5s5sOh�pwygbe_Ohi`wf~d��
f�pVbca�Â�	K/�]�
}Åe¬
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Ü Ò U �
Z dHngp=n{`gb p=hi] k ygb�fgbV_Ohi`�f�s²Ú�n=� k f�`�[{nq[�Úuv�_On{d.f~d.pwv�_Mp�f�s¶[�_3f�sOh~ziyqn
f�pVb¡brfqz~zi_5`xz a�p�vxn~]�n ÂX��_3f�sOh~ziyqn�Z¡pebu� f~d�twy k _5` õ n��xn{d.f�s�*�f=�gô
n~dHa�Å
ü h�d��¡f~d.[ sOh�hit�_5`xz sOn´�qn{s�ÂÙ[^d f=��a �cdlhi] õ ngf~d�sOn � Z­yxa�bV_5` a k n�nqpwv
f�pVbca�Å

j õ b�fgb�n{]�n{`gb � f pws3f�_5] ]uf�[}n ½�� bevxn a k ngf�t�n~d
j À `g��h�ôe��nDC�yxn�a�b � f C�yqn�acbe_Ohi` ½�� bevxn a k ngf�t�n~d
¿ � vxngpwt � f C^yxn�acbe_Ohi` ��h�d p=hi`gÁ(dÙ] _5`xz _5`g��h�dÙ]ufgbV_Ohi`

j À `D-(yxn{`wp�n�ô�hi`gô9fw[�[�dln�ara�n�n � õ ngf~d�sOnè± a³[�_5dlngpebV_��xn�a
¿ û k n~`gô�h k be_Ohi` � fu�"ngf�t�a�yxz~z~n�a�bV_Ohi` h�d s5_Oa�bV_5`xz�h��|h k be_Ohi`xa
¿ Z\pVbe_Ohi`�ô9[�_5dlnqpVbe_��qn � f�` f�pVbeywf�s»p�hi] ]�f�`w[

j À `D-(yxn{`wp�n�ô�hi`gô�a k ngf�t�n{d � Z­yxa�bV_5`»±3a�p=hi] ] _Oara�_��xn�a
¿ û��(n~d � a k nqf�t�n~d h��(n~dHa b�h [}h a�hi]�n�bev�_5`xz Â7a�y�½rmongpeb bch
p=hi`gÁ(dÙ]ufgbV_Ohi`~Å

¿ �Thi] ] _�b � a k ngf�t�n~d¡_Oa�p=hi] ] _�b9bcng[ b�h [}hi_5`xz arhi]�n´bVv�_5`xz
j �Çhi`g�xn~`gbe_Ohi`�f�s � h�bVvxn~d
¿ û k n~`�_5`xz � zidHn�n�be_5`xz~a
¿ � sOh~a�_5`xz � �7f~dln��¦n{s5sOa
¿ Ø­v�f�`�t�_5`xz � bVv�f�`�tw_5`xz f�`�[ dln�a k hi`w[�_5`xz bch bVv�f�`�t=a
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Ü Ò U � $�« ¨uWuRTU�W Q Y�Ô '
°Tfwp�tV�¡f~d.[ sOh�hitw_5`xz sOn´�xn~s�ÂÙ[�d.f���a��cdlhi] zidlhiy�`�[^_5`xz�Ú�f�[em f�p=n~`�pe�
k f�_5dHa�Ú(¬�¬�¬�Å

j Z¦zidln�n~]�n~`gb � a k ngf�t�n~d ±3a�dln�a k hi`xa�n�bch k dln���_Ohiyxa k dlh k h~a�f�s
¿ Z\p�p=n k b
¿ Z\p�p=n k b ô k f~d�b
¿ � f���½~n
¿ ��n9m�ngpVb9ô k f¹dËb
¿ ��n9m�ngpVb
¿ µ¶his3[

j Z­`xac�"n~d � f�`qa��¦n~dÙ_5`qz f C�yqn�acbe_Ohi`
j ý `w[}n{dlacbrf�`�[�_5`xz � ��vxn�bevxn~dÌa k ngf�t�n~d¡y�`�[{n{dlacbch�h�[ k dln´��_Ohiyqa
¿ õ _Ozi`�f�s�ô�`xhi`gô�y�`�[}n~dHacbrf�`ê[^_<`xz
¿ õ _Ozi`�f�s�ô�y�`�[}n~dla�b�f�`�[+_<`qz

� Z\pwt � p=hi`gbe_5`�yqn{d|h�d fqara�n�ara�]�n~`gb
� ��n k ngfgb9ô dHn k v�d.fqarn � dln k n´bV_�be_Ohi` h�d¡dln���h�d�] y�s3fgbV_Ohi`
� �Thi] k sOn´bV_Ohi` � p=his5s3f�½~h�d.fgbV_��xn�p�hi] k sOn´bV_Ohi`

° _3fqarng[­bchg�¡f~d.[}aTb�fxa�teô�h�d�_On{`�bcng[�[�_3f�sOh~ziyxn}Úgarh�f�sOarh õ ��_�b�p�v�½~hèf~d.[
Âía´v�f�s5sOhg�­Å��ÌZ�� õ *
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Ò ¤ Ý­Õ�Õ�Y�Ô Ü U�Ý�S�¨�ÕuQ Y Q Þ UXW Õ Ü Ò U �

[assert] C1: . . . I needto travel in May.
[info-
req,ack]

A1: And, whatdayin May did youwantto travel?

[assert,
answer]

C2: OK uhI needto betherefor ameetingthat’s from the
12thto the15th.

[info-
req,ack]

A2: And you’re flying into whatcity?

[assert,answer]C3: Seattle.
[info-
req,ack]

A3: And whattimewouldyou like to leave Pittsburgh?

[check,hold] C4: Uh hmm I don’t think there’s many optionsfor non-
stop.

[accept,ack] A4: Right.
[assert] There’s threenon-stopstoday.
[info-req] C5: Whatarethey?
[assert,
open-option]

A5: Thefirst onedepartsPGHat 10:00amarrivesSeattle
at 12:05 their time. The secondflight departsPGH
at 5:55pm,arrivesSeattleat 8pm. And the lastflight
departsPGHat8:15pmarrivesSeattleat 10:28pm.

[accept,ack] C6: OK I’ ll take the5ishflight on thenight beforeon the
11th.

[check,ack] A6: On the11th?
[assert,ack] OK. Departingat 5:55pmarrivesSeattleat 8pm,U.S.

Air flight 115.
[ack] C7: OK.
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� � ¤î· � ¥Pª
C1: . . . I needto travel in May.
A1: And, whatdayin May did youwantto travel?
C2: OK uh I needto be therefor a meetingthat’s from the 12th to the

15th.
A2: And you’re flying into whatcity?
C3: Seattle.
A3: And whattimewouldyou like to leave Pittsburgh?
C4: Uh hmmI don’t think there’s many optionsfor non-stop.
A4: Right. There’s threenon-stopstoday.
C5: Whatarethey?
A5: The first onedepartsPGH at 10:00amarrivesSeattleat 12:05their

time. The secondflight departsPGH at 5:55pm,arrives Seattleat
8pm. And the last flight departsPGH at 8:15pmarrivesSeattleat
10:28pm.

C6: OK I’ ll take the5ishflight on thenightbeforeon the11th.
A6: On the11th?OK. Departingat 5:55pmarrivesSeattleat 8pm,U.S.

Air flight 115.
C7: OK.

Ô í % m���í ËD½t¼�Ë_Ñ ë ��í ËD½t¼�Ë_Ñ Ö �aÖ �8Ë_Ñ Ä /8¾�ÌbÂD½eÍÐºZÃ&ë����l�
Ô í 1 �TÖ % ð#ë 1 ��m ��í ËD½ ¼ Ë_Ñ Ö �Pí Ë ½t¼�Ë_Ñ ë � ÕF¼�Ò�Ò ë Ö Ñ�¼�Ê_Ä�Ã}½JÈZÃÅ¼
ÑxÄD½t¼4�l���

Ô í 5 �TÖ 1 ð#ë 5 ��mq��í ËD½ ¼ Ë_Ñ Ö �Pí Ë ½t¼�Ë_Ñ ë � ÕF¼�Ò�Ò�ë Ö Ñ�¼`Àt½u¾�Ë_Ä ½u¾�ºbË
Îp¾à½.�'�l�l�

Ô í 9 �TÖ 5 ��m_�Pí Ë ½t¼�Ë_ÑîÖ ��í ËD½ ¼ ËpÑ°ë � ÕF¼�Ò�Ò`ë Ö Ñ�¼�Ê_Ä�Ã}½uÈxÃz¼ ½u¾�»N¼4�l���
Ô í = � ë 9 ð#ë C ��mp��í ËD½ ¼ ËpÑ ë �Pí ËD½t¼�Ë_Ñ¿Ö �aÖ �8Ë_ÑNÄ©ËvºbËvÀt½tºbÊ`/�¾�ÌbÂ ½
ÍÐºZÃ&ë����l�
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DS1

C1 DS2 DS3 DS4 DS5

A1–C2 A2–C3 A3 C4–C7

Ô í % m���í ËD½t¼�Ë_Ñ ë ��í ËD½t¼�Ë_Ñ Ö �aÖ �8Ë_Ñ Ä /8¾�ÌbÂD½eÍÐºZÃ&ë����l�
Ô í 1 m���í ËD½t¼�Ë_Ñ Ö ��í ËD½ ¼ Ë_Ñ ë � ÕF¼�Ò�Ò�ë Ö Ñ�¼�Ê_Ä�Ã}½JÈZÃÅ¼ ÑZÄ ½t¼4���l�
Ô í 5 m���í ËD½t¼�Ë_Ñ Ö ��í ËD½ ¼ Ë_Ñ ë � ÕF¼�Ò�Ò�ë Ö Ñ�¼`Àt½u¾�Ë_Ä ½u¾�ºbË Îp¾à½.�'�l���
Ô í 9 m���í ËD½t¼�Ë_Ñ Ö ��í ËD½ ¼ Ë_Ñ ë � ÕF¼�Ò�Ò�ë Ö Ñ�¼�Ê_Ä�Ã}½JÈZÃÅ¼ü½J¾�»N¼4���l�
Ô í = mp��í ËD½ ¼ Ë_Ñ ë ��í ËD½ ¼ ËpÑÓÖ �aÖ �8Ë_Ñ°Ä ËvºbËvÀt½tºbÊ^/8¾�ÌbÂD½XÍÐºZÃoë����l�
í % Ñ�ºb» ¾�Ë_ÄD½ ¼KÀÓí 1 
Xí 5 
Xí 9 
 í =
í 1 ÀPÄD½u¾�ÀtÍaÄ_ÎJ½u¾�ºbË ðPÊ�ÃÅ¼OÎs¼OÑ ¼KÀNí =
í 5 ÀPÄD½u¾�ÀtÍaÄ_ÎJ½u¾�ºbË ðPÊ�ÃÅ¼OÎs¼OÑ ¼KÀNí =

���P�������a���������s�,����������������������� �z����������� ��¡ �Ne
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ë{ÄxË Æw¼ ¾�» ÊZÒ�¼�»N¼�ËD½t¼DÑ ÈvÀ�¾�ËvÌ Ö2í÷ð�ÊZÒ�ÄZËZËx¾�ËvÌ ÍÐºZÃf»øÄxÒ�¾�À »¿À
ó�¼DÎ�º�ÌbËx¾à½u¾�ºbËNÄZÒ�Ì�ºZÃf¾à½uÂZ»¿À5Ã�ÄxËvÌ�¼eÍtÃÅºb» ¾�Ë ÍÐ¼ ÃÅ¼�ËD½u¾�ÄxÒ ½ º ÎpÈv¼ ð�Æ_ÄvÀ#¼OÑ
í ËD½ ¼KÌbÃ�Ä ½u¾�ºbË º_ÍÏí ËDÍÐºZÃf»øÄD½J¾�ºbË_ÄZÒN�?í ËD½t¼�ËD½u¾�ºbËpÄZÒ@ÎsºbÂv¼�ÃÅ¼ Ë_Îs¼
Ô Ø ºZºZÃÅ¼ ÄZË_Ñ RiºbÒ�Ò�Ä_Îw* � %K�'�'1 �

���P�������a���������s�,����������������������� �z����������� ��¡ ���



¢ £³¤¿¥³¦N§©¨ ª ¤î± ¤0§Nª1´.¸
Ù ¼`¼OÑ ¼OÑ ½tº ÆZÈx¾�Ò�Ñ ÎsºbËDÇv¼�ÃÅÀ³Ä ½u¾�ºbË_ÄxÒ ÄOÌ�¼ ËD½ À
ë.ºbËD½J¾�ËZÈZÈZ» º_Í�ÄZÊZÊ�ÃÅº@Ä_ÎpÂv¼`À
Ô ÊpÄD½�½ ¼ ÃfËDð�»øÄD½#Î_Âx¾�ËvÌ
Ô �8ËZ¾à½ ¼ ðqÀ ½#ÄD½t¼ ÄZÈD½ ºb»øÄD½ ºbË
Ô Ø ñ^R
Ô ÍtÃ�Äx»N¼`À
Ô Ê�ÃÅº Ñ
È_Îu½J¾�ºbË ÃfÈZÒ�¼`À
Ô ÊxÒ�ÄZËDðPÆpÄvÀ#¼OÑ

���P�������a���������s�,����������������������� �z����������� ��¡ �N}
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is−yes(answer)
�

is−no(answer)

"When would you like to leave?"

is−time(answer)

"What city are you leaving from?"

"Where are you going?"

is−city(answer)
�

"Do you want to specify a carrier?"

"Which carrier do you prefer?"

is−city(answer)
� "Please say the name of a city"

not−city(answer)

not−city(answer)

"Please say the name of a city"

is−city(answer)

not−city(answer)

not−city(answer)

is−city(answer)

is−time(answer)

not−time(answer)

"Please say ‘morning’ or ‘evening’"

not−time(answer)

not−yes−or−no(answer)

"Please say ‘yes’ or ‘no’"
 

not−yes−or−no(answer)

is−yes(answer)
�

is−no(answer)
�

Õ1ïNï2Õ ÈvÀ#¼DÑ ½JÂZ¾�ÀÉÄxÊZÊ�ÃÅº@Ä_ÎpÂ &
ë.ºb» Ê_Ä_ÎJ½eÍÐºZÃ Àj�vÀt½t¼�» ¾�ËZ¾à½J¾�ÄD½J¾àÇv¼ &

���P�������a���������s�,����������������������� �z����������� ��¡ ��¡
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¹oÒ�º_½�m�aÓÈv¼`Àt½u¾�ºbË
Ô ñõ¼�Ê_Ä�Ã}½uÈxÃz¼ Y º?ÎKÄ ½u¾�ºbËUm u D ÃÅºb» ,NÂ_ÄD½0Î_¾à½?� ÄwÃz¼;�`ºbÈ Ò�¼DÄDÇx¾�ËvÌ�¡6v
Ô ñõ¼�Ê_Ä�Ã}½uÈxÃz¼DÕ0¾�»N¼Am u � Âv¼�Ë ,<ºbÈZÒ�Ñ �`ºbÈ Ò�¾[*²¼ø½tº Ò�¼OÄ Çv¼)¡6v
Ô Ö0¾�ÃfÒ�¾�ËD¼Am u�v
Ô &�&�&

¹Z½u¾�Ò�ÒpÂ_ÄvÀ�Ê�ÃÅºbÆZÒ�¼�»NÀ®Ä_Î`ÎsºbÈZËD½u¾�ËOÌ2ÍÐº�Ã8ÈvÀ#¼�Ã�¾�Ëx¾à½u¾�ÄD½J¾àÇv¼A
DÌbÃÅºbÈZË_Ñ�¾�ËvÌS

¼�½4Î &
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~ ¦©±-�Nª1´.¸�¤ò­ £³¦©± �?« ¬®­ ¢ £³¤¿¥³¦N§©¨ ª ¤î± ¤0§Nª1´
ñ1¾�ÄZÒ�º�Ì Ä�Ãf¾�À#¼KÀ0ÍtÃÅºb» ½uÂv¼ ¾�ËD½t¼�Ã�Ä_ÎJ½u¾�ºbË º_Í�½.,<º ºZÃÉ»¿ºZÃz¼ ÄvÌ�¼�ËD½ ÀK

ÄvÀm½JÂv¼B� Î�ºxºbÊ�¼�Ã Ä ½t¼ ½tº ÄpÎ_ÂZ¾�¼�Çv¼ Ä À#¼ ½òº_ÍBÌ�º@ÄZÒ�À
Ô ¾�Ë ½t¼�Ã ÄpÎu½J¾�ºbË ¾�ÀeÇZ¾�¼�,<¼OÑ ¾�Ë ½t¼�Ãf»NÀ0º_Í u�ÎsºbËDÇv¼�ÃÅÀ³Ä ½u¾�ºbË Ä_ÎJ½tÀ!v
Ô ÄpÎu½J¾�ºbË Î_Âvºb¾�Îs¼ ¾�ÀÓÆ_ÄOÀ4¼DÑ ºbË Ì�º@ÄZÒ�À2ÄxË_Ñ Ã ÈxÒ�¼KÀ1º_Í0Æ�¼�Â_ÄDÇZ¾�ºZÃ
×'H�ÄZ» ÊZÒ�¼ Æ_ÄOÀ4¼DÑ ºbË ó�º?Î_Âv¼`Àt½t¼�Ã : ÀüÕNó�ÖîíôÙB¹ ¹��vÀt½t¼�»

DIALOGUE MANAGER

while conversationis notfinished
if userhascompleteda turn
then interpretuser’sutterance
if systemhasobligations
then addressobligations
else if systemhasturn
then if systemhasintendedconversationacts

then call generatorto produceNL utterances
else if somematerialis ungrounded
then addressgroundingsituation
else if high-level goalsareunsatisfied
then addressgoals
else releaseturnor attemptto endconversation

else if noonehasturn
then take turn
else if longpause
then take turn

¢ £!¤N¥�¦[§.¨�©ª£[£¬«7¤­¤�¦N®[¯N°[±N²³²´¤�®N®�¤ ¢¶µ[±N·[¸º¹s»¼§s½ �[§



� � ¾ · � ¿!À
ëGÒ�¾�¼�ËD½�mBÚÓú0â�Ý�ß1ß�Ü ÿiÜ ß\Ü �2þaßfß��våKæ�ã\ÿ@é þÐÝ y âF
?ê^�PíôÙ D ï ó�Ø % �
¹��vÀt½t¼�» Àt½4ÄD½ ¼
Ô ñ1¾�ÀPÎ�ºbÈxÃzÀ#¼ÓºbÆZÒ�¾�Ì@Ä ½u¾�ºbËvÀ�mÉÙBï Ùò×
Ô Õ ÈZÃfË ÂvºbÒ�Ñ�¼�Ã�m�Àj�vÀ ½ ¼ »
Ô í ËD½t¼�Ë_Ñ�¼DÑ À Êw¼K¼DÎ_Â ÄpÎu½ ÀKmNÙBï Ùm×
Ô cBËpÄ_Îw*_Ëvº6,NÒ�¼DÑ�Ì�¼OÑ À�Ê�¼`¼OÎpÂ ÄpÎu½ ÀKm0íôÙ D ï ó�Ø %
Ô ñ1¾�ÀPÎ�ºbÈxÃzÀ#¼ÓÌ�º@ÄxÒ�ÀKm<Ì�¼ ½\ða½uÃ�ÄDÇO¼ ÒàðfÌ�º@ÄxÒÁ
 ÎpÃÅ¼OÄ ½t¼�ða½uÃ�ÄDÇO¼ ÒàðPÊxÒ�ÄZË

¹��vÀt½t¼�» Àt½4ÄD½ ¼ ÈZÊ@ÑZÄ ½t¼ �Ð½tº ÄpÑZÑ�ÃÅ¼KÀ#ÀmÌbÃÅºbÈZË_Ñ
¾�ËvÌS
?Ì�º@ÄZÒ�À��
Ô í ËD½t¼�Ë_Ñ�¼DÑ0À�Ê�¼`¼OÎpÂeÄpÎu½ ÀKm�ó�×2a c�×i¹bÕBð²íôÙ D ï ó�Ø % 
pÖ�ëpX1ÙBï � Y ð
×8ñ�3Ï× %

¹��vÀt½t¼�» mÂ# Ý ÛkÃ ú�é�âZßBÛ?âF
 þÐÝ y âF
 Û�þfÛ 
?Ü@æ úÉâ�Ý�ßõß�Ü ßaãJâF��äRçj�
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Ò�Ó ÔbÕ�Ö�Ö�×ÙØÚSÓ ÔbÛIÜÞÝ�Õ¼ß<Õ�ØÒ�Ó àÙÝo×�á-âGÕZã�âdã�ä0×æåwç4ã�è�Ûêé�è�ã!ØÚSÓ ëSì�Ø íïî�ðòñ�ó�ôzõdö$ô¶ñÒ�Ó ÷�Ý�Õ¼ß<ÕSã�ß<ÕbÜÞÝ�ÕSä�Õ¼×�ä�Ö�ÕùøÚSÓ Ú�Ý�Õ¼ß<ÕSã�ß>ÕZú�û�ß<×�ü�ä�ý�×zå�ä�Õ�×�ä�Ö�ÕUãzÜbþUÿIú|ãæÜ��2ÿú�ãzÜ��Uÿ�ã����	��û�ß<×�ü�ä0×zå4ä�Õ�×�ä�Ö�ÕbãzÜ�
�Ø íïî�ðòñ�ó�ôzõEñ
���¶ñ�ó�������ô����Ò�Ó 
����$áUÝ�Õ¼ß<ÕSã�ß<ÕSÜÞÝoÕbÜÞß<ã���ý<ä�×�ß´ÜÞý¶øÚSÓ Ú�Ý�Õ¼ß<ÕSã�ß>ÕZú|ÜÞß>ü�èÞì�ý�ã����	�ZÝ�Õ�Ö�Û�è�×�ä!ÜÞÕ¼ß'ãzÜ���Ø íïî�ðòñ�ó�ôzõ������lî�� ó�������ô����Ò�Ó Òbý<ÕSã ÜÞß<ü�è¶ìdÜÞ×�û�Õ ÜUÜ¶Ý�ÕSä�Õ�×�ä�Ö�Õ�å�ß<×�â � ÜÞ×���ØÚSÓ �'×�üoßAáUÛ�ý<Ý�Û ý�â � è¼×�âdâdã����KØ íïî�ðòñ�ó�ôzõEñ�ó�ô�!
"!ñ�#jô������������$�%#zî�ðòñ�ó�ôzõ.ðÒ�Ó Ôb×¼á Ö�×���û�áUÛ�Ö�Ö�ÜÞÝoãzÜ�ÜÞã�ì�ÕùøÚSÓ &¬Ü áUÛ�Ö�ÖIÜÞã�ì�Õ '�Ý�×�ü�ß<ý�ã��(�*)�ú�âGÛ��lüÈÜÞÕ�ý�ØÒ�Ó ÷�Ý�ãæÜUÛêå	áAÕEáAÕ���Ü2ã�Ö�×���û�ÜÞÝoÕ2è¼×�ã�ý´Ü2Û���ý´Ü¶Õ�ã��IøÚSÓ Ú�Ý�ãæÜU×�ä!Ü¶Û ×��$áA×�ü�Ö���ÜÞã�ì�Õ���+dÝ�×�ü�ß<ý�ú�,�âGÛ��lüÈÜÞÕ�ý�Ø íïî�ðòñ�ó�ôzõ�-.!/#Sñ�ó�ô�!10�î2!/#.��0Ò�Ó 3Ù×�ß<û�Õ Ü2ÛêÜ?ØÚSÓ ëSì�Ø í4� ó������ -.!/#Sñ�ó�ô�!50wî6!/#.��0Ò�Ó Òbý<ÕbÜÞÝ�ÕS×æÜÞÝ�Õ¼ßFÜÞß<ü�è¶ìdÜÞ×�û�Õ Ü2ä�Õ¼×�äoÖ Õ�å�ß<×�â þ�ÜÞ×���ØÚSÓ ëSì�Ø 78!9��ô�!/���4#zî ðÁñ�ó�ôzõ.ðÒ�Ó :6Õ Ü<; ý�ü�ý<ÕbÜÞÝoÕSÝ�Õ�Ö�Û�è�×�ä!ÜÞÕ¼ß'Û=�oý´ÜÞÕ�ã���ØÚSÓ ëSì�Ø >?��ô�!A@B�C#zî�ðÁñ�ó�ôzõùðØ�Ø¼Ø
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Communicative Acts (INPUT) Communicative Acts (OUTPUT)

MOUSE MENU MAP DISPLAYS SPEAKERS

SPECIALIZED REASONERS/DATABASES/KNOWLEDGE BASES

KEYBOARD MICROPHONE

D E F E G H I

UNDERSTANDING
NATURAL LANGUAGE

AGENT
CONVERSATIONAL

MANAGER
PROBLEM-SOLVING

GENERATION

SPELLING
CORRECTION MANAGER

DISPLAY
RECOGNITION

SPEECH

REALIZATION/

CONTEXT

SYNTHESIS
SPEECH

J K E L M G N H

DISCOURSE

CONTEXT
PS
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P ÆRQ Q Ä S Å(T ¾VU Å9W;À X T U X S ¾ ¿AY Z�Å(Z
Ò�Ó ÔbÕ�Ö�Ö�×ÙØ [8�\�����Nî6!B@ÚSÓ ÔbÛIÜÞÝ�Õ¼ß<Õ�Ø [8�\�����Nî6!B@Ò�Ó àÙÝo×�á-âGÕZã�âdã�ä0×æåwç4ã�è�Ûêé�è�ã!Ø íïî2�������^]��\_$`��¶ð��ÚSÓ ëSì�Ø a��\���òñb�[ô�!/���Ò�Ó ÷�Ý�Õ¼ß<ÕSã�ß<ÕbÜÞÝ�ÕSä�Õ¼×�ä�Ö�Õùø c8`��¶ðd�­î���!ÚSÓ Ú�Ý�Õ¼ß<ÕSã�ß>ÕZú�û�ß<×�ü�ä�ý�×zå�ä�Õ�×�ä�Ö�ÕUãzÜbþUÿIú|ãæÜ��2ÿú�ãzÜ��Uÿ�ã����	��û�ß<×�ü�ä0×zå4ä�Õ�×�ä�Ö�ÕbãzÜ�
�Ø ae!Èðf0g�$�Ò�Ó 
����$áUÝ�Õ¼ß<ÕSã�ß<ÕSÜÞÝoÕbÜÞß<ã���ý<ä�×�ß´ÜÞý¶ø c8`��¶ðd�­î���!ÚSÓ Ú�Ý�Õ¼ß<ÕSã�ß>ÕZú|ÜÞß>ü�èÞì�ý�ã����	�ZÝ�Õ�Ö�Û�è�×�ä!ÜÞÕ¼ß'ãzÜ���Ø ae!Èðf0g�$�Ò�Ó Òbý<ÕSã ÜÞß<ü�è¶ìdÜÞ×�û�Õ ÜUÜ¶Ý�ÕSä�Õ�×�ä�Ö�Õ�å�ß<×�â � ÜÞ×���Ø íïî2�������^]��\_$`��¶ð��ÚSÓ �'×�üoßAáUÛ�ý<Ý�Û ý�â � è¼×�âdâdã����KØ a��\���òñb�[ô�!/���Ò�Ó Ôb×¼á Ö�×���û�áUÛ�Ö�Ö�ÜÞÝoãzÜ�ÜÞã�ì�Õùø c8`��¶ðd�­î���!ÚSÓ &¬Ü áUÛ�Ö�ÖIÜÞã�ì�Õ '�Ý�×�ü�ß<ý�ã��(�*)�ú�âGÛ��lüÈÜÞÕ�ý�Ø ae!Èðf0g�$�Ò�Ó ÷�Ý�ãæÜUÛêå	áAÕEáAÕ���Ü2ã�Ö�×���û�ÜÞÝoÕ2è¼×�ã�ý´Ü2Û���ý´Ü¶Õ�ã��Iø c8`��¶ðd�­î���!ÚSÓ Ú�Ý�ãæÜU×�ä!Ü¶Û ×��$áA×�ü�Ö���ÜÞã�ì�Õ���+dÝ�×�ü�ß<ý�ú�,�âGÛ��lüÈÜÞÕ�ý�Ø ae!Èðf0g�$�Ò�Ó 3Ù×�ß<û�Õ Ü2ÛêÜ?Ø íïî2�������^]��\_$`��¶ð��ÚSÓ ëSì�Ø a��\���òñb�[ô�!/���Ò�Ó Òbý<ÕbÜÞÝ�ÕS×æÜÞÝ�Õ¼ßFÜÞß<ü�è¶ìdÜÞ×�û�Õ Ü2ä�Õ¼×�äoÖ Õ�å�ß<×�â þ�ÜÞ×���Ø íïî2�������^]��\_$`��¶ð��ÚSÓ ëSì�Ø a��\���òñb�[ô�!/���Ò�Ó :6Õ Ü<; ý�ü�ý<ÕbÜÞÝoÕSÝ�Õ�Ö�Û�è�×�ä!ÜÞÕ¼ß'Û=�oý´ÜÞÕ�ã���Ø h�`�@<@A�¶ðd�­î���!ÚSÓ ëSì�Ø a��\���òñb�[ô�!/���Ø�Ø¼Ø
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uwvyx�z {}|�~��R~��y��|�� ��~��$����~����<����~�����|�����v������ �R�/� ��|��w��� ����� �
¡�v�¢�z £�x�uwuwu ~��¥¤����¦���e��§�~�¤�¨�v
©�vyx�z ����� ª<��� ~���~�� � �«~��¬| �¬|����}��~��d����~��bv6{}|�� ­�®�¯ ~��V�����°�w�w�B��±

�²� ³w� ±�~��/�����/��~�¤?¨ �����²�´��¤��?�.�w���oµ����/|�~�¤�¨ ��¤�� ��¤�± �B��¶��´¤�v
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