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v�wixzy<{k|i}G{*~!{8�o�c�Py#��yC}G�3{kxz�R}G�R�����@�C�
��yC}c�P{kxz�R}G�R���i�h�>w7xR�c�zxz�<�,{@���@{kxz��wiyC�

�u�d�S�*�������
��{#�<xz{k�z{kyC����xz�z��xz{p�z�Y�G�z���txz�3���3�<x�{0�a�3xz�z���z�7��wixz���zx0wiy<�R�twk 
�R}G�3y��i�¡�z�[�3yC�0w7y,{k�P�[�R�G���z�[�P¢3{ky£�z�[{p{k¤8�a¥§¦R�¨�,xz�7�3{p��{kyC�z�#}cyC 
¤0�c�<�,{@}Gy<¤kxz{7wi�R}Gy<|�¤k�7�3{kx0w7|3{3©�xz�3ª<�,�z�zy<{k�z�k©a|P{ky,{px0wf�o}c�U�!w7y,�u�z�[{k{k�
�7�(«7�L¬@�@�[©u�z�,{­�z�[{k{k¤0�Y U�z�7 R�z��{k{k¤0�®�zx0wiy<�R�tw7�R}c�Py¯�z�C�z�z{p�°�i�
v�w7xzy,{k|7}c{�~!{8�o�G�3y±wiy<�£�>wixR�G�zxz�,�<{���yC}c�P{kxz�R}G�R�3¥�²n{k¤k�P|3yC}c�R}G�3y
w7y,�±~#wi¤0�C}cy<{�³Sx0wiy<�R�´wi�R}G�3y�µSy,|7}cy<{���wf�P{�ª[{k{py��<�,|Px0wi�<{k�(�z�
�<{7wk�n�n}G�z��xz{k¶C�C}Gxz{k��{kyC�z�@}GyC�zxz�C�,�<¤k{k�%ªC���z�[�PyC�0wiy<{k�3�<���C�<��wiy
�z���C�<��wiy��Y}´wf�G�3|P�k¥·³S��wf�o�c�7�¸�´�3x��<{k�3{0�c�P�,��{pyC�!w7y,��{k�Pwf�G�[wk 
�R}G�3y��7�S�3�<x��z�C�z�z{k�¹�Py!w7�,{p¶C�[w7�z{d��wi�0wC©[w>�tw7xz|3{@��wi�0w7ª[w7�z{>�n}c�z�
�z�[�3yC�0w7y,{k�P�[�!�z¤0�<{k�,�C�o}cy<|·�Y}´wf�G�3|P�¡}G��ª[{8}Gy,|%|Cwi�z�<{kxz{k�'�´�3xuµºyC 
|i�o}c�z�a©��@{kxz��wiy�w7y,���C��wiyC}c�z�a¥

»[¼¾½d¿uÀ � ¿uÁkÀ�Â
«7�>¬@�Ã��ÄoÅi©YÆfÇa��wi�nª�{k{kyuwi���Py,|*{7w7xR�c�*�z�C�z�z{k���n�z�*w7�z�z{k���<�n�z�<{
�zx0wiy<�R�tw7�R}c�Py'�i�*�z���3¢3{py��C}twk�c�P|3�k¥�¦R����wi�·}cyC}c�R}´wf�o�G��ª[{k{ky�ª<�C}E�G�
ª[w7�z{k���3yuw@�z�[{k{k¤0���[w7�0wiª�wi�z{Ã�i��Å7Æ@xz{7w7���Y}´wf�G�3|P�n�i�a�z�<{@¤p�3yC�t{kxR 
{ky,¤p{Èxz{k|7}c�z�zx0w7�R}c�Py>�0wi�z¢[©P{ky<¤k�3����wi�z�R}Gy<|*w��P�C¤7wiª<�C�tw7xz�>�i�Éwixz�3�<y<�
Ê3Ë3Ë �h�3xz�<�k¥�¦R�>��wi�>�<{k�R}c|Py,{p�·wi�¨w��z�[{fwi¢3{pxR Ì}Gy<�,{k��{ky[�<{kyC���z�C�R 
�z{k�§���C}G¤8���zx0w7y,�R�´wi�z{p���z�[�3¢P{ky·�,�z�z{px0wiy<¤k{k�d�txz�P��µºy<|i�o}c�z��wiy<�
wf�G�z���txz�P�£�@{kxz��w7yd}cyC�z�Ã�3y<{��i�q�@{kxz�¡wiya©<µºy<|i�o}G�z���3xn«Pw7�[w7y,{k�z{P¥
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Generate L1

Synthesize L1
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N-best Search
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Recognition

Í,Î ÏPÐCÑtÒ�Ó3Ô�Õ �3{kxz�3}G{k���i�m�z�,{¨�Y�C�z�z{p�
¦Uy�¤p�C�3�[{kx0w7�R}c�Py �n}c�z�¹��wixz�zy<{kx�{8�a�Pxz�z��wi����³@²ÖÄØ×kÇ%wiy<�
�Ù}G{k��{ky<�k©d�´{7wi�R}GªY}o�o}c�U��wiy<�¸���3�z{kyC�R}´wf�u�i�¡�d�C�c�R}o�o}cy<|3��wf���z��{k{k¤0�
�zx0wiy<�R�tw7�R}c�Py��PyÚ�o}c�*}c�z{k���0w7�z¢��[w7�#ª[{k{ky±�,{k�¨�3y<�z�zx0wi�z{k�(ªC��w

�<�<ªY�o}c¤*�<{k���3y<�z�zx0wi�R}G�3y#}Gy!�z�<xR}cy<|�ÅfÛ3Û3×C¥�¦Ry<�,{p�[{ky<�[{kyC�R�G�3©a�3�z�<{kx
�z��{k{k¤0���zx0wiy<�R�tw7�R}c�Pyd�z�C�z�z{p���nÄ Ü<© Ê Ç<�[wk�P{nª[{k{ky¨�,xz{k�z{pyC�z{k�Ý©Ù�z�,�7�n 
}Gy<|��z�,{>|Pxz�7��}Gy<|d}cyC�z{pxz{k�z�n}cyu�z�,{@��{8�G�Ý¥
³S�Ãª[{k|i}Gy*{kÞC�z{ky<�Y}Gy,|>�P�,xS�z�C�z�z{p�(�z�@�z�[�PyC�0wiy<{k�3���È�C�<��wiyC U�z�i 
�C�<��w7y��Y}´wf�G�3|P�k©]�<�7�n{k�P{kxk©Ý}G���<xz�7�3{k��{pyC�z�*wiy<��¤8��wiy<|3{p�*wf�G�3y<|
�z{p�3{kx0wk�>�C}c��{py,�R}G�3y<�!�7�>�3�<x�{7wixR�o}G{kx��z�C�z�z{k�ßwixz{#y<{k¤k{k�z�0w7xz�'�z�
}Gy<¤kxz{7wi�z{h�z�[{k{k�a©Cxz�3ª<�<�z�zy,{k�z�hwiy<��¤k�7�P{kx0wi|P{n�i�a�z�<{n�z�C�z�z{k��}cy*�z�,{
�Ìwi¤k{#�7�d}o�E�o t�t�3xz�¨{k��wiy<���<y,|Px0wi���¡wi�R}G¤7wf�*�z�[�PyC�0wiy<{k�3���!}cy<�,�<�k¥
¦Uy��z�<{>�t�i�o�c�7�n}Gy,|<©a�n{d�n}o�E�mxz{k�[�Pxz�>�3y��z�,{��z�0w7�z{d�7���z�<{k�z{����P�z�
xz{p¤k{kyC��{8�a�Pxz�z�k¥

àÝ¼ �*á À �S��á À@âuã!änÁkåuæ �È�u�Sç â �>�È�u�>�u� À
��{#��wf�P{#�z�0wixz�z{k��¤k�i�o�G{k¤k�R}Gy,|%we�´wix5|3{#��wi�0wiª�wi�z{#�7�>�C�<��wiy��z�
�C�,��w7y��C}twk�c�P|3�S¤k{kyC�z{pxz{k��wixz�P�,y<���z�<{n�z¤k{ky�wixR}G�>�i�Ýwi�<�[�i}GyC�z��{kyC�
�z¤8�<{k�<�Y�o}cy<|,¥�¦Uy�{7wi¤0��xz{k¤k�Pxz�Y}Gy,|>�z{p�z�R}c�PyÝ©<�R�h�@�z�<ªYè5{k¤k�z��w7xz{�{fwi¤0�
|i}G�3{ky�w@¤fwf�G{ky,��wix�ét�3y<{��i�SÅf×@�z¤k{ky�wixR}G�3�0ênw7y,�¡wi�z¢3{p���z�>�z¤8�<{k�<�Y�G{
w���{k{k�R}Gy<|ë�n}G�z�'�z�<{#�Y}´wf�G�3|·��wixz�zy<{kxk¥£³��,{#xz{p¤k�3xz�C}cy<|·�z{k�z�<�
wf�o�c�7���S�3yC�c�¨�3y<{���{kxz�z�3yu�z�>�z�[{7wi¢¡wi�hw@�R}c��{�ªC�*��wk�d�7�mw@�,�<�z�Y 
�z�i U�0wf�G¢��z�n}c�z¤0�a¥�ìÃwi�0w�}G��ª[{8}Gy<|�¤k�7�E�G{k¤k�z{p�ë}Gyë�R}G�d}o�tw7xí�Ìwi�z�C}c�Py
}cy·�@{pxz��wiya©hµºy<|i�o}c�z��w7y,�·�C��wiyC}c�z���,�R}Gy,|#�z�<{!�0w7��{��z{k�z�<�'w7�
�>wixR�G�zxz�,�<{*��yC}c�P{kxz�R}G�R�uwiy<��v�wixzy<{k|i}G{*~!{8�o�c�PyÝ¥

ì�}´wf�G�3|P� xz{k¤p�3xz�<{k� �zx0w7y,�z¤pxR}cª[{p�
�@{kxz��w7y Ü Ê3Ë Å ÊPË
µSy,|7�E}G�z� Æ Ë3Ë ÅkÜ Ë
µSy,|7�E}G�z��ét�,�<�3y<{8 U¶C��wf�o}c�U�<ê î Ë î Ë
�C�[w7yY}G�z� î Ê × Ë

ïqðkñCò Ò�ÓPÔSïÈóCÒ*ôCõ,öP÷Cøzðk÷CÒköPÐCù@ô<ú8óCÒ7û3ÐCò Î ÷CÏ�ïqðkùzü�ý�ðkøzðkñ<ðkùzÒ
Õ y¨wk�3{kx0w7|3{3©Ù�z�,{nxz{p�z�Y�G�R}cy<|@�C}´wf�G�3|3��¤k�7�3{px�wiª[�P�,��Å Ë  8ÅfÆ��<�z�z{kxR 
wiy<¤k{k�k©<{7wi¤0�!�<���z� ÊPË �z{p¤k�3y<�,�n�G�3y<|,¥�³��,{Ã�z{k�z�n�z{k�h�[{kxz�C�c{kÞ3}G�R}G{k�
�,�R}Gy,|%�z���C�3�z�<{k��ªC}c|Px0wi�����3yþwiy·}cyC}c�R}´wf���z{k���i�>�C}´wf�G�3|3���n{pxz{
�t�3�<y,�#�z��ª[{¨wixz�P�,y<�#Ü Ê �t�PxÃµºy<|i�o}c�z��w7y,��ÿPÿd�t�3xL�@{kxz��wiy��a�z�<{
�3�C¤7w7ª,�C�tw7xz�'�R}��k{�é��Ý}G|,¥hÆ3êd�t�Px��@{kxz��w7y'}c��w7ª[�3�<�!Ü Ë�� �´wixz|P{kx
�z�[w7y¡�´�3x�µSy,|7�E}G�z�a©,�¨�3�z�R�G�d�<�,{>�z�>�z�<{��´wixz|P{kxnyC�<�dª�{kxn�i�q}cy	��{k¤8 
�R}c�Py,�Ãwiy<�#¤k�P���[�3�<y<�#�n�3xz�<�k¥
���t�z{kxnxz{p¤k�3xz�C}cy<|,©<�z�<{@�C}twk�c�P|3�Ãwixz{Ã�zx0wiy<�z¤kxR}Gª[{k���´�i�o�c�7�n}cy<|>�z�<{
�0wi��{�¤p�3yC�3{pyC�R}c�Py,�%wi��wk�E�¨�R}c�z{p�k¥�³��<{��zx0wiy<�z¤kxR}G�,�R}G�3y��t�3xz��w7�
¤k�7�3{kxz�¨w��z{k�*�i���z�[�3yC�0w7y,{k�P�,�¨{8�a{k¤k�z�>�o}c¢P{��d}G�z�,xz�PyC�,y<¤8}´wi�R}G�3y<�k©
xz{k�z�0wixz�z�k©��C�,��w7y�wiy<�!y<�3y<�C�,�¡w3y#y,�7}c�z{k�Lwi���n{8�o�mwi����wi�<�z{k�k¥
�£�[xz�z�>�zx0wk}cyC}Gy,|ewiy<��{k�Pwf�G�[w7�R}c�Py��z{p�@�t�3x*µSy,|7�E}G�z�%wiy<�·�@{kxR 
��wiy�¤k�Py,�R}G�z�z�È�7�mwiª[�P�,��Û Ë �C}´wf�G�3|3�S�t�PxÈ�zx0wk}cyC}cy<|*w7y,�uÆ Ë �C}twk�c�P|3�
�z{k��w7�[w7xz��wi���<{k�3{8�G�3�<��{kyC�¨�z{k�z���z{k�k¥�Æ Ë  UÜ Ë y<{k�­�Y}´wf�G�3|P�!w7xz{
xz{k�z{kxz�P{k��wi�n}Gy,�<{k�[{ky<�<{kyC�@{k�Pwk�c��wi�R}G�3y#�z{k�k¥

³S��w7�,�[{fwix�}Gy#gnTU176i.aj3QÉ?ír[r[g�D�

� Å ¤�®¦zµ�µÈµ�Å7ÛPÛiÜ
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Í<Î Ï3ÐCÑtÒ��<Ô ì�{k�3{0�c�P�,��{pyC�@�i�����C¤7w7ª,�C�tw7xz�#�3}��p{
�Ý¼ � À � ½�æ#å#Á � Ák½�å¯ÀÃå#æ#Ákå#À

�a¼c»[¼ ���	�����
����� �!��"�#	$���%�&
�<�3xuwi¤k�P�,�z�R}G¤����C�,{0�E}Gy,|<©@�z{p�3{kx0wk�¨wf�G�z{kxzy[w7�R}c�P{�wk�c|P�3xR}G�z�,�¨�#wixz{
ª�{8}cy<|({kÞC�C�G�3xz{k�£}cy<¤8�G�,�C}cy<|(³Ãì@¬Ã¬í©¨~#�3 R³ÃìÃ¬@¬í©¨~('*)¯w7y,�
'��,+ Ä -Y©�îiÇU¥£¦Ry��z�<{���wf}Gy(«7�>¬Ã�@�ë�z�C�z�z{p�!©*wiy.'��,+§wf�G|3�7 
xR}G�z�<� �n}c�z��¤k�3yC�z{pÞC�R R�<{k�[{py[�,{pyC���,�<�3y<{k��{p�d}c�>¤p�,xzxz{kyC�R�G���,�z{k�
�´�3x��z�[{7w7¢3{kx!}Gy,�<{k�[{py,�<{kyC�#xz{k¤k�P|3yC}c�R}G�3ya¥/�,�Px�{fwi¤0���,�<�3y<{k��{3©
�z�<{kxz{d}G�*w�¤p�3yC�z{kÞC�>}cy<�<{k�[{ky<�,{pyC�d�z{k�>�7���<xz�3�z�3�U�C�Y}G¤7wk���3{k¤p�z�3xz�k¥
³��<{��3�<�z�,�<�n�z¤k�Pxz{k�È�t�PxÈ{7w7¤8���<�,�Py,{p��{@�z{k|P��{kyC��w7xz{@¤k�P���<�,�z{k�
�´xz�3�§�z�,{u{k�<¤8�E}G�<{7wiy·�C}c�z�0w7y,¤k{u�,�R}Gy<|�¤k�PyC�z{kÞC���,{p�[{ky<�,{kyC���z{k|7 
�¨{kyC���n{8}G|3�C�z�k¥
²n{k¤k{pyC�!¤0�[w7y,|P{k��}Gy,¤0�c�<�,{#�z�<{!}GyC�zxz�C�,�<¤k�R}G�3y��i�Ly,�7}c�z{����C�C 
{0�c�*w7�>�n{8�o�hwi�>�z�<{¡}G���<xz�7�3{k��{pyC�>�i���z�<{��zx0wf}GyY}Gy,|ewf�G|3�PxR}c�z�<���
�
�z�<{·Å7Û3ÛP×�xz{k�z�Y�G�z��}Gy'�0wiªC�G{�Æ��h{kxz{#�3ª<�0wf}Gy,{p���,�R}Gy,|·�zxR}G�,�<�3y<{
¤8�c�<�z�z{kxR}Gy,|<©[¤k�Pxzxz{k¤k�R}G�3{>�zx0wk}cyC}cy<|¨wiy<�!�t{7wi�z�<xz{>�n{8}G|3�C�z�k¥0�,�,xz�z�<{kx
}c���<xz�7�3{k�¨{kyC�z�d�<�R}Gy,|#¤kxz�P�z�d�h�3xz���zxR}c�<�,�Py,{p��w7xz{����3�z�R}GªY�G{�ª<�,�
y,�P��{p�3wk�c��wi�z{p�#�,{kxz{P¥

Å7ÛPÛYÅ Å7ÛPÛ3×
vn�3yC�t{kxz{ky<¤k{¨²�{p|i}G�z�zx0wi�R}G�3y ÛC¥EÅ � ×Y¥ î �
²n{k�z�3�<xz¤k{¨~#wiy�wi|3{p��{kyC� Æ7Ü � îY¥ Ê1�

ïqðkñCò Ò2�,Ô�3]ö54>õ<ð8ÑtÎ ùzö3÷uö76mÒkÑtÑÌö7Ñ�8UÑUðføUÒkù

�Ý¼oàÝ¼ �9#	:<;=��>
³��<{*�z{7wixz¤0�#���C�<�Y�G{��i���z�<{*xz{k¤k�3|PyY}��k{kx>ª<�C}E�G�,�Lw��z�3xz�z{k�!�o}c�z���7�
�z{kyC�z{ky<¤k{��C�C�[�3�z�<{k�z{k�k¥h�C�[{k{k��w7y,�¨��{k���Pxz�dxz{k¶C�C}Gxz{k��{kyC�z�S��wk�3{
ª[{k{ky!}G���<xz�i�P{k�!¤p�3y<�R}c�<{kx0wiªC�G��ét�0wiªC�G{*×3ê8¥

Å7Û3ÛCÅ ÅfÛ3Û3×
³n}G��{@�t�3x�¬� Uª[{k�z� ×f  Ê �*}cy ×k 0Å Ë �z{k¤
~!{k�¨�3xz�!�<�0wi|P{ Ê3Ë ~!ªC�C�z{k� î3~!ªC�C�z{p�
~#w7Þ3}c�*�,�?���C¤7wiª<�Y�´wixz�u�3}��p{ Ê3ËPË Å ËPË3Ë3Ë
~#w7Þ3}c�*�,�@)]{kxz�C�c{pÞ3}c�U� Ê  0Å Ë ÅfÆ Ë

ï]ðkñCò ÒBA,Ô C]Òfú8Òk÷CøEDF4>õ3Ñtö�G7Ò
4>Òk÷CøUù(ö76þøRóCÒ­ôCÒ7ð8ÑUú8óIH�ö<û3ÐCò ÒCÔ
J9KMLNKMO<P=QSR
O<TNLVUWLVXZY\[^]<Q�R=P7U�R
Y�U_P
KF`=U�Oba�X
Y�ced<UgfhO<P
iMKFQed2j9klJ�R=Qemon

³��C}c�*��wi�*w7¤8�C}G{k�3{k�%ªC���<�R}cy<|#�z�<{��h�3xz���<{k�[{ky<�<{kyC��¬� Uª[{p�z�
wk�c|P�3xR}G�z�,�§Ä ÿfÇhwi�*w�ª�wi¤0¢C��wixz�%�[w7�z�@}cy#�z�<{d�t�Pxz��wixz�#ª�wi¤0¢C��wixz�
�<xz�<yY}Gy,|uwk�c|P�3xR}G�z�,�!¥
²n{k¤k{pyC��{pÞC�[{kxR}G��{kyC�z�!�n}G�z�·�z�,{u��wk�E�L�C�zxz{k{k�#«7�3�<xzy[wk�>³�w7�z¢
�z�<�7�>©[�z��wi�@�z�<{>xz{k¤k�P|3yC}��p{kx@¤7w7y#�[w7y,�C�G{d�P�C¤7wiª<�Y�´wixR}G{k�>�7���,�#�z�
Å Ë3ËPË3Ë �n�3xz�<�Ãwi�Ãwd�[{pxz�Y�G{kÞ3}G�R���i��ÅPÅ Ë ¥
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