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Abstract
e:fQg+h8i�jkiQl	m:iQmkl8h l	nQo+h-j:pql	rsr�j	h l	tsmkl	u8vxwswsl	nQt�jko g+vxn�h yzh o l	wXjkg wsl	t�jko{h |QiQi�vxmko g nQ}<jz|�h l	mzg nsrQ|Qg ~ tQg nQ}
jziQl	m	h+vxn�jk~ g �	l	tso m	jk�/l	~diQ~+jkn��x��o m	jk�/l	~diQ~+jknsrQ|QnQtQ~ l8hdo+vx}/l	o fQl	mzl	~ l	wsl	nQo+jkmky4o m	jk�/l	~du8vxwsi�vxnQl	nQo+hdo f�jko{jkmkl
h l	~ l	u	o l	t�rQy�o fQlT|�h l	m4g n�j4wsg �/l	t�g nQg o g+jko g �/lTp�jkyz��o fQlT|�h l	m4i�vQh l8h��Q|Ql	mkg l8h�jknQt�o fQl mkl	u8vxwswsl	nQtQl	m
fQl	~ i�h�o fQl4|�h l	m�o+v�mkl	�1vxmkws|Q~+jko l�o fQl��Q|Ql	mky�jknQt��Wg n�jk~ ~ ysm	jknQ�:h?o fQl h l	~ l	u	o l	t�g o l	w�h+�1e:fQg+h?i�jkiQl	m�u8vxnQu	l

n-o m	jko l8h�vxn�o fQl wsl	o f�vxt�vx~+vx}/g u8jk~Uj	h iQl	u	o+h[o f�jko[l	n�jkrQ~ l o fQl g nQo l	m	jku	o g �/l �Q|Ql	mky�mkl	�Wg nQl	wsl	nQoUvx�qo fQl |�h l	m
�Q|Ql	mkg l8h+��jknQtUg nUi�jkmko g u	|Q~+jkm:o fQlqg nQo l	~ ~ g }/l	nQo8mkl	~+jk�:jko g+vxn�vx�z�Q|Ql	mky�u8vxn�h o m	jkg nQo+hdg nsu8j	h l�o fQl��Q|Ql	mky4mkl	o |Qmkn�h
n�v-g o l	w�h+�
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1 Introduction
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9�I8H-H C-.+').T(+').T012ES!.45 *8C-.+').+*8Hs; 5 ST5 H6(+H 562E*-0[H62LH C8560U(+�?�?')2?(/,+C-��&�5 ')0WHs2?c�(/; ; J H62�S!(+5 *8H6(+5 *A0W5 m-�[; .�(+*->U*-2EH�H6./>E562EI-0�H C-.�S!(+*8¢ S!(/,+C85 *-.�5 *8H6.+')(/,+H 562E* J H C-. ` .+Z£c�2E'FS¤5 *-,/; I->?./042E*-; \!(L; 5 ST5 H6./>
*8I8STZ[.+'�2?c[�?')2?>EI-,+H c�./(+H I8')./04H62�Z[.�,/2E*-0WH ')(+5 *-./>�Z?\!H C-.�I-01.+'�01./; ./,+H 562E*-��9�I8H�(+HqH C-.�01(+S!.
H 5 S!.�H C-.<c�2E'FS¥STI-0WH[H 'F\�H62b,/(+H6,+C�(/; ;?H C-.�I-01.+'4')./; . _ (+*8H[�?')./c�.+').+*-,/./0 J H C-(+H-S!(+\A>?.+�[.+*->�2E*
H C-.b0W�[./,+56c 56,b,+C-(+')(/,+H6.+'F560WH 56,/0<2?c�H C-.�I-01.+'�2E'�2E*£H C-. _ .+'F\�*-(+H I8').b2?c�H C-.��?')2?>EI-,+H6�z&�2E'�5 n-0WH6(+*-,/.�5 *�(<,/2ESTS!.+'),+56(/;?C-2EH6./;8')./01.+' _ (+H 562E*�0W\{0WH6.+S�H C-.4C-2EH6./;-(+*->L')2?2ES¦>?./01,+'F5 �?H 562E*-0[S!(+\
./(/0W56; \�,/2EI8*8H[C8I8*->E')./>b2?c�c�./(+H I8')./01��V�C8560[�85 *->�2?c:�?')2EZ[; .+S�560[*-2E'FS!(/; ; \�S!(+*-(/�8./>LZ?\A; ./(

v-5 *-��H62 H C-.sI-01.+'�H62�,+C-2?2?01.sZ[.+H ` ./.+*�(+H�; ./(/0WH�H ` 2�c�2E'FS!0 J 2E*-.sH \d�?56,/(/; ; \ � I85 H6.<0W5 ST�[; . J (+*->(+*-2EH C-.+'s2E*-.[H C-(+H�0WC-2 ` 0:H C-.U,/2EST�[; .+H6.U; 560WH�2?cd�?')2?>EI-,+H�c�./(+H I8')./01�



� ./,/2E*-> J�` C-.+*�H C-.<')./0WI-; H60�2?c (<I-01.+' '). � I-./0WH�(+').!01./(+'),+C-./>�5 *�H C-.!,/(+H6(/; 2?�	I-.TH ` 2�; 5 ST5 H0W5 H I-(+H 562E*-04,/2EI-; >sC-(+�?�[.+*��QH C-.+').L,/2EI-; >sZ[.�H62?2sS!(+*8\T')./0WI-; H6042E' J 2E*<H C-.L,/2E*8H ')(+'F\ J *-2�')./0WI-; H6�
V�C-./01.�0W5 H I-(+H 562E*-0 2?,/,+I8' � I85 H6.�2?c H6.+* J . _ .+*�56c�012ES!.+H 5 S!./0qH C-.UI-01.+'�>?2?./0q*-2EH�')./(/; 56B/.U5 H6� ] *c�(/,+H J c�2E'�5 *-0WH6(+*-,/. ` C-.+*bH62?2 S!(+*8\�')./0WI-; H60�S!(+H6,+C�H C-.�I-01.+'T,/2E*-0WH ')(+5 *8H60�(<; (+')�8./; \�(/>?2E�?H6./>
“ trick”

,/2E*-0W560WH60�2?cs�?')./01.+*8H 5 *-� 2E*-; \¤(Ac�. ` 2?c�H C-.+S J Z?\ (+I8H62ES!(+H 56,/(/; ; \ c 56; H6.+'F5 *-��012ES!.
re
0WI-; H601�QV�C-. c 56; H6.+'F5 *-�UH6./,+C8*85 � I-.�560-H \d�?56,/(/; ; \<*-2EH��[.+')012E*-(/; 56B/./> J (+*->UH C8560 ` 56; ;�H6(+ST�[.+' ` 5 H CH C-.U�82?2?>E*-./010q2?cdH C-.[')./,/2ESTS!.+*->?(+H 562E*-�

] *�2EI8' _ 56. ` H C-.<( _ (+56; (+Z[; .<012?; I8H 562E*-0�H62�H C-./01.��?')2EZ[; .+S!0U(+').4*-2EHs,/2EST�[; .+H6./; \A01(+H 5601c�(/,+H62E'F\{�
V�C-.bH ')(/>?./2?c�c�Z[.+H ` ./.+* S!(+5 *8H6(+5 *85 *-�£H C-.bI-01.+'�5 *8H6.+')c�(/,/.�0W5 ST�[; .�(+*-> (+H H C-.�01(+S!.�H 5 S!.
catch

5 *-��(/; ;8H C-.4I-01.+'�*-././>?0[560[')./012?; _ ./>�5 *Ac�( _ 2E'�2?czH C-. 0W5 ST�[; 56,+5 H \{�QV�C8560-560s,/2E'F')./,+H{Z?I8H{5 H
lea_ ./0:H C-.U0W�[(/,/.U2E�[.+* H624S!2E').U012E�?C8560WH 56,/(+H6./>T012?; I8H 562E*-01�

] *bH C8560��[(+�[.+' ` .s�?')./01.+*8H�(�012?; I8H 562E*bH C-(+H�')./; 56./0L2E*bH C-.�2EZ[01.+' _ (+H 562E*�2?c�C-2 ` H C8560��85 *->b2?c
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H62ES!.+'F¢6,/; .+'F���F��V�C-. S!(+�12E'b>E56c�c�.+').+*-,/. 5 *AH C8560�,/(/01. ')./; 56./0�2E*AH C-.bc�(/,+H4H C-(+H4C8I8S!(+*£H62
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m-�[; .+H6./; \£>E5
f
c�.+').+*8H{�[(+H H6.+'F*-0{5 *�')./; (+H 562E*�H62UH C-.�,+I-0WH62ES!.+'�5 * � I85 ')./0 J ,/; .+'F�-� 0{').+�[; \�(+*->U'). � I-./0WHc�2E'sc I8'FH C-.+'s0W�[./,+56c 56,/(+H 562E*-�

V�C-.A0W5 STI-; (+H 562E* 2?c4H C8560LZ[.+C-( _ 562EI8'<C-(/0LZ[./.+*�H C-.£�82?(/;�2?c4S!(+*8\��F5 *8H6./; ; 56�8.+*8H��£0W\{0WH6.+S!0 J
` C856,+C (+').LZ[(/01./>£2E* D 'FH 56c 56,+56(/; ] *8H6./; ; 56�8.+*8H J 5 *85 H 56(/; ; \!5 *�H C-.�c�2E'FS 2?cU.+¡8�[.+'FH 0W\{0WH6.+S!0T(+*->
*-2 ` (/0�')./,/2ESTS!.+*->?.+'<0W\{0WH6.+S!0
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�
�
�?J � ,+C-(/c�.+'<.+HU(/; � J��
�
�
�?J 9�I8'F�-. J
2000)

� D ; 2E*-��H C8560�; 5 *-.�2?c�')./01./(+'),+C ` . �?')2E�[2?01. H62�Z?I856; >�( ')./,/2ESTS!.+*->?.+'b0W\{0WH6.+S�H C-(+H
.+¡8H6.+*->?0 (�,/; (/010W56,/(/; � I-.+'F\�S!(+*-(/�8.+' ` 5 H C (�01.+H�2?c��F5 *8H6./; ; 56�8.+*8H���c I8*-,+H 562E*-0qH C-(+H ` 56; ;zC-./; �H C-.[I-01.+'-5 * H C-.[�?')2?,/./010q2?c{01./; ./,+H 5 *-� ([H ')( _ ./;)')./; (+H6./>4�?')2?>EI-,+H�c ')2ES (U,/(+H6(/; 2?�	I-./�

@�2E').45 *A�8.+*-.+')(/; J H C-.��?')2E�[2?01./>�')./,/2ESTS!.+*->?.+'�,/(+*�C-./; ��(�I-01.+'q5 *�H C-.�H6(/0W�A2?czZ?I8*->?; 5 *-��(
H ')( _ ./;/�[; (+*!0WH6(+' t5 *-�Tc ')2ES ./; .+S!.+*8H6(+'F\ H ')( _ ./;��F5 H6.+S!0�� J ; 5 �-.�(/,+H 5 _ 5 H 56./0 J (/,/,/2ESTS!2?>?(+H 562E*!(+*->
events

	FK ` (+*-��(+*->�&�./01.+*8S!(+56.+' J��
�
�
�?J�� ; 56,/.+� J��
�
�
�?J @A5 H601,+C-. J��
�
�
� �F� ] H�C-./; �[0{H C-.qI-01.+'
H62s')./c�2E'FSTI-; (+H6.�H C-. � I-.+'F\!.+¡8�[; 2E5 H 5 *-��Z[2EH C�0WI8STS!(+'F\T�8*-2 ` l

./>?�8.L(+Z[2EI8H�H C-.L>E560WH 'F5 Z?I8H 562E*!2?c
H C-.T>?(+H6(

(Chaudhuri
(+*->L7�(+\{(/; J��
�
�
� ��(+*->�(T0W5 ST�[; .��)>?./,+560W562E*�S!2?>?./; ��H C-(+H�>?.+H6. rST5 *-./0c�./(+H I8')./� 0{�?')2?>EI-,+H�5 ST�[2E'FH6(+*-,/.�>EI8'F5 *-�sH C-.�01./; ./,+H 562E*<H6(/0W�-�)V�C-.��?')2EH62EH \d�[.L>?./01,+'F5 Z[./>s5 *<H C8560

�[(+�[.+'T�[(
r
H 56(/; ; \�5 ST�[; .+S!.+*8H60�(+*->�.+¡8H6.+*->?0UH C-.!,/2E*-,/.+�?H60�>?./01,+'F5 Z[./>�5 *�(T�?'). _ 562EI-0U�[(+�[.+'

	 3456,/,+54(+*->UMN.+'FH C8*-.+' J��
�
�
� �F�)@�2E')./2 _ .+' J H C8560��?')2EH62EH \d�[.L.+¡8�[; 2E5 H604(�S!./>E56(+H62E'�,/2 m�[2E*-.+*8H J(/>?(+�?H6./>sH62sH C-.�*-././>?0�2?c-,/(
se-
Z[(/01./>�')./(/012E*85 *-�4S!.+H C-2?>?2?; 2?�	\�	 D (+S!2?>EHq(+*->��4; (/B/( J��
�
��� � J

H C-(+H:560�c I-; ; \�>?./01,+'F5 Z[./>�5 *�	 3456,/,+5�.+H�(/; � J
�
�
�
� �F� ] * H C8560:�[(+�[.+' ` .U,/2E*-,/.+*8H ')(+H6.U2E* H C-.[�?')2EH o-H \d�[.<c I8*
c
H 562E*-0�>?. _ 2EH6./>�H62b0WI8�?�[2E'FH-H C-.45 *8H6.+')(/,+H 5 _ . � I-.+'F\�S!(+*-(/�8.+S!.+*8Hs(+*->L5 *��[(+'FH 56,+I-; (+'` .[56; ; I-0WH ')(+H6.[C-2 ` H C-.U0W\{0WH6.+S >?./(/; 0 ` 5 H C � I-.+'F56./0:H C-(+H�>?24*-2EHz�?')2 _ 56>?.U(+*8\�')./0WI-; H601�

V�C-.q�[(+�[.+'�560�2E')�8(+*856B/./>�(/0�c�2?; ; 2 ` 01� � ./,+H 562E* � >?./01,+'F5 Z[./04(�H \d�?56,/(/;�01,/.+*-(+'F562�2?c?I-01(/�8.L(+*->
�?')./01.+*8H60�H C-.�5 ST�[; .+S!.+*8H6(+H 562E* 2?c-H C8560��?')2EH62EH \d�[.��:H C-.�S!(+5 *�012?c H ` (+').�,/2EST�[2E*-.+*8H60�(+*->T5 *
�[(+'FH 56,+I-; (+'4H C-.<�	')(+�?C856,/(/;8I-01.+'�5 *8H6.+')c�(/,/./� � ./,+H 562E*! �>?./01,+'F5 Z[./0[H C-.4H6./,+C8*856,/(/;->?.+H6(+56; 0U2?c:H C-.
5 *8H6./; ; 56�8.+*8H�,/2EST�[2E*-.+*8HzH C-(+H�0WI8�?�[2E'FH60:5 *8H6.+')(/,+H 5 _ . � I-.+'F\�S!(+*-(/�8.+S!.+*8H
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YU.+H:I-0�S!(+�-.�(+*!.+¡-(+ST�[; .[H C-(+Hz56; ; I-0WH ')(+H6.[H C-.[H \d�[.U2?c{>?./,+560W562E*�0WI8�?�[2E'FHzH C-(+Hz560:5 ST�[; .+S!.+*8H6./>
5 *�H C-.�0W\{0WH6.+S!� D I-01.+'�5604(/,/,/./010W5 *-��H C-.�')./,/2ESTS!.+*->?.+'�H62sZ?I856; >�(�H ')( _ ./;Q�[; (+*-� D H�(L,/.+'FH6(+5 *
0WH6(/�8.b2?c�H C-.�H ')( _ ./;��[; (+* ,/2EST�[2?0W5 H 562E*£�?')2?,/./010�C-.�560<; 2?2E�85 *-�£c�2E'�(LC-2EH6./;�5 * (+* (/; ')./(/>E\
01./; ./,+H6./>�>?./0WH 5 *-(+H 562E*-� D >E56(/; 2?�	I-.�(/0�>?./01,+'F5 Z[./>T5 *�H C-.�c�2?; ; 2 ` 5 *-� 560qS!(+*-(/�8./>TZ?\bH C-.U' e-,/2ESTS!.+*->?.+')��V�C8560U>?2?./0[*-2EH-�?')2?,/././>LI-0W5 *-��(4=�(+H I8')(/;8YU(+*-�	I-(/�8.45 *8H6.+')c�(/,/.4Z?I8H ` 5 H C�(T01.+H
2?cq0WH6(+*->?(+')> ` .+Z�c�2E'FS!01��MN.4I-01.4C-.+').T(+*�5 *-c�2E'FS!(/;->?./01,+'F5 �?H 562E*�H62�c�2?,+I-0U2E*�H C-.�5 *-c�2E'FS a-H 562E*�,/2E*8H6.+*8H�.+¡-,+C-(+*-�8.[')(+H C-.+'-H C-(+*�2E* H C-.Uc�2E'FS!(+H6�

• Customer: ] � >�; 5 �-.�H62bc 5 *->b(+*�C-2EH6./; ` 5 H C�')2?2ES -
�?'F56,/.�� �
�
�?J{` 5 H C��[(+'F�85 *-��(+*->

] *8H6.+'F*-.+H�,/2E*8*-./,+H 562E*
• Recommender: ] � S 012E'F'F\�H C-.+').<560�*-2bS!(+H6,+C-�{9 a V
�[H C-.+').!(+').!01. _ .+')(/;-C-2EH6./; 0

` 5 H C�')2?2ES -
�?'F56,/.�� ���
�?J�` 5 H C!�[(+'F�85 *-�!(+*-> ] *8H6.+'F*-.+H�,/2E*8*-./,+H 562E*���3 2E*-.�C-2EH6./;

` 5 H C ')2?2ES -
�?'F56,/.! ��"?J?` 5 H C ] *8H6.+'F*-.+H�,/2E*8*-./,+H 562E* Z?I8H ` 5 H C *-24�[(+'F�85 *-�

• Customer:
; .+HzS!.U01./.[H C8560q,+C-./(+�!2E�?H 562E*$# C-.U01././0:5 H&%

• Custome '
*-2 ` ; .+HzS!.U01./.[H C-.U2EH C-.+'-S!2E').U.+¡8�[.+*-0W5 _ .U012?; I8H 562E*-0

• Recommender: ` 2EI-; >4\{2EI�; 5 �-.[H624C-( _ .U([')./0WH6(+I8')(+*8Hz5 * H C-.[C-2EH6./; (
• Customer: yes

# C-.U�8.+H60 �
� ')(+*8�-./>T0WI-�8�8./0WH 562E*-0)%

M C-(+Hq.+S!.+')�8./0�c ')2ES H C8560�>?./01,+'F5 �?H 562E*T560�H C-(+H:H C-.�')./,/2ESTS!.+*->?.+'-*-2EH�2E*-; \��[(/010W5 _ ./; \�').+�[; 56./0
H62�H C-. I-01.+' J Z?I8H<(/; 012�0WI-�8�8./0WH60�S!2?>E56c 56,/(+H 562E*-0�H62�H C-.�I-01.+')� 0 � I-.+'F\ J >E'F5 _ 5 *-�£(/,+H 5 _ ./; \�H C-.>E56(/; 2?�	I-./��V�C8560�560 (+*!5 ST�[2E'FH6(+*8H�c�./(+H I8').�2?c-H C-.�')./,/2ESTS!.+*->?.+'UH C-(+H��?I8H�5 H�5 *�H C-.�,/; (/010�2?c
“conversational”

0W\{0WH6.+S!0 	 D C-(U(+*->49�')./01; 2 `UJ
�
�
�
�?J *,+ �-.+'s(+*->4V�C-2ES!012E* J
�
�
�
� �F�
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