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NLP has neglected punctuation

Treebanks treat punctuation marks as 
ordinary tokens, but ARE THEY? 

The Linguistics of Punctuation, Nunberg (1990)  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Punctuation is useful
Punctuation marks are correlated with prosody and 
the syntactic tree structure.  
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• Punctuation marks are not words.  
• Just as prosody is not words. 

• They do not belong in the tree.  
• Only underlying  punctuation marks 

are in the tree, where they surround 
certain phrases. 

Summary…
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The surface punctuation has a non-obvious correlation with the tree.surface

The underlying punctuation has a more direct correlation with the tree.underlying



Tree

underlying 
punctparse generation

Let’s exploit the underlying punctuation  
under a generative model !
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root

rel-clause
appos

dobj

dobj

Hail the king Arthur Pendragon who wields Excalibur

P(punctuated tree | unpunctuated tree)

..✏
<latexit sha1_base64="d+DAA9CD2DeOzt2iu15qUeAVXsI=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswp2NdgZstItgPiA5wt5mkizZ2z1394Rw5E/YWChi678RO/+Nm0sKTXww8Hhvhpl5USK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9Hoeuo3H1EbruS9HScYxnQgeZ8zap3U6mBiuFCyWyr7FT8HWSbBnJSvPiFHrVv66vQUS2OUlglqTDvwEx tmVFvOBE6KndRgQtmIDrDtqKQxmjDL752QU6f0SF9pV9KSXP09kdHYmHEcuc6Y2qFZ9Kbif147tf3LMOMySS1KNlvUTwWxikyfJz2ukVkxdoQyzd2thA2ppsy6iIouhGDx5WXSOK8EfiW488vV21kaUIBjOIEzCOACqnADNagDAwFP8AKv3oP37L1577PWFW8+cwR/4H38AL1PkTI=</latexit><latexit sha1_base64="d+DAA9CD2DeOzt2iu15qUeAVXsI=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswp2NdgZstItgPiA5wt5mkizZ2z1394Rw5E/YWChi678RO/+Nm0sKTXww8Hhvhpl5USK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9Hoeuo3H1EbruS9HScYxnQgeZ8zap3U6mBiuFCyWyr7FT8HWSbBnJSvPiFHrVv66vQUS2OUlglqTDvwEx tmVFvOBE6KndRgQtmIDrDtqKQxmjDL752QU6f0SF9pV9KSXP09kdHYmHEcuc6Y2qFZ9Kbif147tf3LMOMySS1KNlvUTwWxikyfJz2ukVkxdoQyzd2thA2ppsy6iIouhGDx5WXSOK8EfiW488vV21kaUIBjOIEzCOACqnADNagDAwFP8AKv3oP37L1577PWFW8+cwR/4H38AL1PkTI=</latexit><latexit sha1_base64="d+DAA9CD2DeOzt2iu15qUeAVXsI=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswp2NdgZstItgPiA5wt5mkizZ2z1394Rw5E/YWChi678RO/+Nm0sKTXww8Hhvhpl5USK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9Hoeuo3H1EbruS9HScYxnQgeZ8zap3U6mBiuFCyWyr7FT8HWSbBnJSvPiFHrVv66vQUS2OUlglqTDvwEx tmVFvOBE6KndRgQtmIDrDtqKQxmjDL752QU6f0SF9pV9KSXP09kdHYmHEcuc6Y2qFZ9Kbif147tf3LMOMySS1KNlvUTwWxikyfJz2ukVkxdoQyzd2thA2ppsy6iIouhGDx5WXSOK8EfiW488vV21kaUIBjOIEzCOACqnADNagDAwFP8AKv3oP37L1577PWFW8+cwR/4H38AL1PkTI=</latexit><latexit sha1_base64="AorJNcop2+3GrYx5rhn0K04PhDY=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswp2NlgEb7SKYD0iOsLeZS5bs7Z67e0I48idsLBSx9e/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0wyZTQulORA0KLrFpuRXYSTXSJBLYjsY3M7/9hNpwJR/sJMUwoUPJY86odVKnh6nhQsl+perX/DnIKgkKUoUCjX7lqzdQLEtQWiaoMd3AT22YU2 05Ezgt9zKDKWVjOsSuo5ImaMJ8fu+UnDtlQGKlXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY2vw5zLNLMo2WJRnAliFZk9TwZcI7Ni4ghlmrtbCRtRTZl1EZVdCMHyy6ukdVkL/Fpw71frd0UcJTiFM7iAAK6gDrfQgCYwEPAMr/DmPXov3rv3sWhd84qZE/gD7/MHTayQIw==</latexit>

= P(    |root, unpunctuated tree).✏
<latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit> Attach
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P(punctuated tree | unpunctuated tree)

* P(    |appos, unpunctuated tree), ,

,,

.
  P(    |root, unpunctuated tree).✏

<latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit>

= Attach
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root

rel-clause
appos

dobj

dobj

, ,Hail the king Arthur Pendragon who wields Excalibur

, ,

P(punctuated tree | unpunctuated tree)

,,, ,

. * P(    |rel-clause, unpunctuated tree), ,
= P(    |root, unpunctuated tree).✏

<latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit>

= Attach
* P(    |appos, unpunctuated tree), ,
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root
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appos

dobj

dobj

, , ,Hail the king Arthur Pendragon who wields Excalibur,

, ,

P(punctuated tree | unpunctuated tree)

, ,

.

`̀ `̀ `̀`̀

* P(    |dobj, unpunctuated tree)`̀`̀
* P(    |appos, unpunctuated tree), ,

= P(    |root, unpunctuated tree).✏
<latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit>

* P(    |rel-clause, unpunctuated tree), ,
= Attach



.
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root

rel-clause
appos

dobj

dobj

, , ,Hail the king Arthur Pendragon who wields Excalibur,

, ,

P(punctuated tree | unpunctuated tree)

* P(    |appos, unpunctuated tree), ,

, ,

.
  P(    |root, unpunctuated tree).✏

<latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit>

`̀`̀

* P(    |rel-clause, unpunctuated tree), ,

`̀ `̀

* P(    |dobj, unpunctuated tree)`̀`̀

=
  P(    |appos, unpunctuated tree), , Attach
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  P(    | appos, unpunctuated tree), ,
left  

punct
right 
punct

appos

, ,

✏
<latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit> ,

✏
<latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit>

✏
<latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit>

,
✏

<latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit>

`̀`̀

Prob f1 f2 f3 f4

. . .

1 120
000
10 00
10 00

0 001

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>
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• f1: indicator feature for no punctuation (       ). 
• f2: indicator feature that checks for symmetry. 
• f3: span length feature for attaching commas.  
• f4: indicator feature that checks for internal comma.

✏
<latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit>

✏
<latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit><latexit sha1_base64="+DWH5JiBwdS2QN1kj023Sw5XGfk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLawXZXdOOygn1IO5RMmmlDk8yQZIQy9CvcuFDErZ/jzr8x01ZQ0QMXDufcy733hAln2iD04RRWVtfWN4qbpa3tnd298v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpX7nXuqNIvlrZkmNBB4JFnECDZWuuvTRDMey9KgXEEu8uu+hyByfeTVz3NSr9eqvg89F81RAUs0B+X3/jAmqaDSEI617nkoMUGGlWGE01mpn2qaYDLBI9qzVGJBdZDND57BE6sMYRQrW9LAufp9IsNC66kIbafAZqx/e7n4l9dLTVQLMiaT1FBJFouilEMTw/x7OGSKEsOnlmCimL0VkjFWmBibUR7C16fwf9I+cz3kejfVSuNyGUcRHIFjcAo8cAEa4Bo0QQsQIMADeALPjnIenRfnddFacJYzh+AHnLdP9I6Qgg==</latexit>

…
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root
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, , ,Hail the king Arthur Pendragon who wields Excalibur,

, ,

P(surface punct | punctuated tree)
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Rewriting

,Hail the king Arthur Pendragon who wields Excalibur, . `̀`̀
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Rewriting — A Sliding Window Model 

, , , ) .

Geoffrey Nunberg

, , 7!,
, , 7!,
, ) 7! )

) 7! )

P( )

P( )

P( )

P(     )

P( )

Left-absorb

Left-absorb

. 7!. `̀`̀

``

`` ``
Left-absorb

identity

swap



Summary 
generative story
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• Underlying punctuation is generated at each tree node 
(not quite independently). 


• Total underlying punctuation at each slot between words 
is rewritten into surface punctuation (independently). 
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Tree

underlying 
punctparse generation

surface 
punct

In training, we observe the tree and surface punct.  
Want to recover the underlying punctuation. 

P(underlying punct | tree, surface punct)

infer

surface 
punct

Tree
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root

rel-clause
appos

dobj

dobj

. . .

Hail the king Arthur Pendragon who wields Excalibur

, , , ,

.

`̀ `̀

, , ,, `̀`̀ .
,Hail the king Arthur Pendragon who wields Excalibur, . `̀`̀

`̀ `̀`̀ `̀
P(underlying punct| tree, surface punct)

/
<latexit sha1_base64="2Ef02Zs1+UPMC8yBXkJbKN7kpsk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj04jGCeUCyhNnJbDJkdmaY6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KteAWg+DbW1vf2NzaLu2Ud/f2Dw4rR8ctqzJDWZMqoUwnJpYJLlkTOQrW0YaRNBasHY/vZn77iRnLlXzEiWZRSoaSJ5wSdFK7p43SqPqValAL5vBXSViQKhRo9CtfvYGiWcokUkGs7YaBxignBjkVbFruZZZpQsdkyLqOSpIyG+Xzc6f+uVMGfqKMK4n+XP09kZPU2kkau86U4MguezPxP6+bYXIT5VzqDJmki0VJJnxU/ux3f8ANoygmjhBquLvVpyNiCEWXUNmFEC6/vEpal7UwqIUPV9X6bRFHCU7hDC4ghGuowz00oAkUxvAMr/Dmae/Fe/c+Fq1rXjFzAn/gff4AotuPwA==</latexit><latexit sha1_base64="2Ef02Zs1+UPMC8yBXkJbKN7kpsk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj04jGCeUCyhNnJbDJkdmaY6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KteAWg+DbW1vf2NzaLu2Ud/f2Dw4rR8ctqzJDWZMqoUwnJpYJLlkTOQrW0YaRNBasHY/vZn77iRnLlXzEiWZRSoaSJ5wSdFK7p43SqPqValAL5vBXSViQKhRo9CtfvYGiWcokUkGs7YaBxignBjkVbFruZZZpQsdkyLqOSpIyG+Xzc6f+uVMGfqKMK4n+XP09kZPU2kkau86U4MguezPxP6+bYXIT5VzqDJmki0VJJnxU/ux3f8ANoygmjhBquLvVpyNiCEWXUNmFEC6/vEpal7UwqIUPV9X6bRFHCU7hDC4ghGuowz00oAkUxvAMr/Dmae/Fe/c+Fq1rXjFzAn/gff4AotuPwA==</latexit><latexit sha1_base64="2Ef02Zs1+UPMC8yBXkJbKN7kpsk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj04jGCeUCyhNnJbDJkdmaY6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KteAWg+DbW1vf2NzaLu2Ud/f2Dw4rR8ctqzJDWZMqoUwnJpYJLlkTOQrW0YaRNBasHY/vZn77iRnLlXzEiWZRSoaSJ5wSdFK7p43SqPqValAL5vBXSViQKhRo9CtfvYGiWcokUkGs7YaBxignBjkVbFruZZZpQsdkyLqOSpIyG+Xzc6f+uVMGfqKMK4n+XP09kZPU2kkau86U4MguezPxP6+bYXIT5VzqDJmki0VJJnxU/ux3f8ANoygmjhBquLvVpyNiCEWXUNmFEC6/vEpal7UwqIUPV9X6bRFHCU7hDC4ghGuowz00oAkUxvAMr/Dmae/Fe/c+Fq1rXjFzAn/gff4AotuPwA==</latexit><latexit sha1_base64="2Ef02Zs1+UPMC8yBXkJbKN7kpsk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj04jGCeUCyhNnJbDJkdmaY6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KteAWg+DbW1vf2NzaLu2Ud/f2Dw4rR8ctqzJDWZMqoUwnJpYJLlkTOQrW0YaRNBasHY/vZn77iRnLlXzEiWZRSoaSJ5wSdFK7p43SqPqValAL5vBXSViQKhRo9CtfvYGiWcokUkGs7YaBxignBjkVbFruZZZpQsdkyLqOSpIyG+Xzc6f+uVMGfqKMK4n+XP09kZPU2kkau86U4MguezPxP6+bYXIT5VzqDJmki0VJJnxU/ux3f8ANoygmjhBquLvVpyNiCEWXUNmFEC6/vEpal7UwqIUPV9X6bRFHCU7hDC4ghGuowz00oAkUxvAMr/Dmae/Fe/c+Fq1rXjFzAn/gff4AotuPwA==</latexit>

P(underlying | tree)  
* P(surface | underlying)
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root

rel-clause
appos

dobj

dobj

, , ,

. . .

Hail the king Arthur Pendragon who wields Excalibur,

, , , ,

.

`̀`̀

`̀ `̀

.
,Hail the king Arthur Pendragon who wields Excalibur, . `̀`̀

`̀ `̀
P(underlying punct| tree, surface punct)

/
<latexit sha1_base64="2Ef02Zs1+UPMC8yBXkJbKN7kpsk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj04jGCeUCyhNnJbDJkdmaY6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KteAWg+DbW1vf2NzaLu2Ud/f2Dw4rR8ctqzJDWZMqoUwnJpYJLlkTOQrW0YaRNBasHY/vZn77iRnLlXzEiWZRSoaSJ5wSdFK7p43SqPqValAL5vBXSViQKhRo9CtfvYGiWcokUkGs7YaBxignBjkVbFruZZZpQsdkyLqOSpIyG+Xzc6f+uVMGfqKMK4n+XP09kZPU2kkau86U4MguezPxP6+bYXIT5VzqDJmki0VJJnxU/ux3f8ANoygmjhBquLvVpyNiCEWXUNmFEC6/vEpal7UwqIUPV9X6bRFHCU7hDC4ghGuowz00oAkUxvAMr/Dmae/Fe/c+Fq1rXjFzAn/gff4AotuPwA==</latexit><latexit sha1_base64="2Ef02Zs1+UPMC8yBXkJbKN7kpsk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj04jGCeUCyhNnJbDJkdmaY6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KteAWg+DbW1vf2NzaLu2Ud/f2Dw4rR8ctqzJDWZMqoUwnJpYJLlkTOQrW0YaRNBasHY/vZn77iRnLlXzEiWZRSoaSJ5wSdFK7p43SqPqValAL5vBXSViQKhRo9CtfvYGiWcokUkGs7YaBxignBjkVbFruZZZpQsdkyLqOSpIyG+Xzc6f+uVMGfqKMK4n+XP09kZPU2kkau86U4MguezPxP6+bYXIT5VzqDJmki0VJJnxU/ux3f8ANoygmjhBquLvVpyNiCEWXUNmFEC6/vEpal7UwqIUPV9X6bRFHCU7hDC4ghGuowz00oAkUxvAMr/Dmae/Fe/c+Fq1rXjFzAn/gff4AotuPwA==</latexit><latexit sha1_base64="2Ef02Zs1+UPMC8yBXkJbKN7kpsk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj04jGCeUCyhNnJbDJkdmaY6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KteAWg+DbW1vf2NzaLu2Ud/f2Dw4rR8ctqzJDWZMqoUwnJpYJLlkTOQrW0YaRNBasHY/vZn77iRnLlXzEiWZRSoaSJ5wSdFK7p43SqPqValAL5vBXSViQKhRo9CtfvYGiWcokUkGs7YaBxignBjkVbFruZZZpQsdkyLqOSpIyG+Xzc6f+uVMGfqKMK4n+XP09kZPU2kkau86U4MguezPxP6+bYXIT5VzqDJmki0VJJnxU/ux3f8ANoygmjhBquLvVpyNiCEWXUNmFEC6/vEpal7UwqIUPV9X6bRFHCU7hDC4ghGuowz00oAkUxvAMr/Dmae/Fe/c+Fq1rXjFzAn/gff4AotuPwA==</latexit><latexit sha1_base64="2Ef02Zs1+UPMC8yBXkJbKN7kpsk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj04jGCeUCyhNnJbDJkdmaY6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KteAWg+DbW1vf2NzaLu2Ud/f2Dw4rR8ctqzJDWZMqoUwnJpYJLlkTOQrW0YaRNBasHY/vZn77iRnLlXzEiWZRSoaSJ5wSdFK7p43SqPqValAL5vBXSViQKhRo9CtfvYGiWcokUkGs7YaBxignBjkVbFruZZZpQsdkyLqOSpIyG+Xzc6f+uVMGfqKMK4n+XP09kZPU2kkau86U4MguezPxP6+bYXIT5VzqDJmki0VJJnxU/ux3f8ANoygmjhBquLvVpyNiCEWXUNmFEC6/vEpal7UwqIUPV9X6bRFHCU7hDC4ghGuowz00oAkUxvAMr/Dmae/Fe/c+Fq1rXjFzAn/gff4AotuPwA==</latexit>

P(underlying | tree)  
* P(surface | underlying)



Method 1. A Sampling Approach

21

root

rel-clause
appos

dobj
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Hail the king Arthur Pendragon who wields Excalibur,

, , , ,

.

`̀`̀

`̀ `̀

P(underlying punct| tree, surface punct)

.

✏
<latexit sha1_base64="d+DAA9CD2DeOzt2iu15qUeAVXsI=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswp2NdgZstItgPiA5wt5mkizZ2z1394Rw5E/YWChi678RO/+Nm0sKTXww8Hhvhpl5USK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9Hoeuo3H1EbruS9HScYxnQgeZ8zap3U6mBiuFCyWyr7FT8HWSbBnJSvPiFHrVv66vQUS2OUlglqTDvwExtmVFvOBE6KndRgQtmIDrDtqKQxmjDL752QU6f0SF9pV9KSXP09kdHYmHEcuc6Y2qFZ9Kbif147tf3LMOMySS1KNlvUTwWxikyfJz2ukVkxdoQyzd2thA2ppsy6iIouhGDx5WXSOK8EfiW488vV21kaUIBjOIEzCOACqnADNagDAwFP8AKv3oP37L1577PWFW8+cwR/4H38AL1PkTI=</latexit><latexit sha1_base64="d+DAA9CD2DeOzt2iu15qUeAVXsI=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswp2NdgZstItgPiA5wt5mkizZ2z1394Rw5E/YWChi678RO/+Nm0sKTXww8Hhvhpl5USK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9Hoeuo3H1EbruS9HScYxnQgeZ8zap3U6mBiuFCyWyr7FT8HWSbBnJSvPiFHrVv66vQUS2OUlglqTDvwExtmVFvOBE6KndRgQtmIDrDtqKQxmjDL752QU6f0SF9pV9KSXP09kdHYmHEcuc6Y2qFZ9Kbif147tf3LMOMySS1KNlvUTwWxikyfJz2ukVkxdoQyzd2thA2ppsy6iIouhGDx5WXSOK8EfiW488vV21kaUIBjOIEzCOACqnADNagDAwFP8AKv3oP37L1577PWFW8+cwR/4H38AL1PkTI=</latexit><latexit sha1_base64="d+DAA9CD2DeOzt2iu15qUeAVXsI=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswp2NdgZstItgPiA5wt5mkizZ2z1394Rw5E/YWChi678RO/+Nm0sKTXww8Hhvhpl5USK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9Hoeuo3H1EbruS9HScYxnQgeZ8zap3U6mBiuFCyWyr7FT8HWSbBnJSvPiFHrVv66vQUS2OUlglqTDvwExtmVFvOBE6KndRgQtmIDrDtqKQxmjDL752QU6f0SF9pV9KSXP09kdHYmHEcuc6Y2qFZ9Kbif147tf3LMOMySS1KNlvUTwWxikyfJz2ukVkxdoQyzd2thA2ppsy6iIouhGDx5WXSOK8EfiW488vV21kaUIBjOIEzCOACqnADNagDAwFP8AKv3oP37L1577PWFW8+cwR/4H38AL1PkTI=</latexit><latexit sha1_base64="AorJNcop2+3GrYx5rhn0K04PhDY=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswp2NlgEb7SKYD0iOsLeZS5bs7Z67e0I48idsLBSx9e/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0wyZTQulORA0KLrFpuRXYSTXSJBLYjsY3M7/9hNpwJR/sJMUwoUPJY86odVKnh6nhQsl+perX/DnIKgkKUoUCjX7lqzdQLEtQWiaoMd3AT22YU205Ezgt9zKDKWVjOsSuo5ImaMJ8fu+UnDtlQGKlXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY2vw5zLNLMo2WJRnAliFZk9TwZcI7Ni4ghlmrtbCRtRTZl1EZVdCMHyy6ukdVkL/Fpw71frd0UcJTiFM7iAAK6gDrfQgCYwEPAMr/DmPXov3rv3sWhd84qZE/gD7/MHTayQIw==</latexit>

✏
<latexit sha1_base64="d+DAA9CD2DeOzt2iu15qUeAVXsI=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswp2NdgZstItgPiA5wt5mkizZ2z1394Rw5E/YWChi678RO/+Nm0sKTXww8Hhvhpl5USK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9Hoeuo3H1EbruS9HScYxnQgeZ8zap3U6mBiuFCyWyr7FT8HWSbBnJSvPiFHrVv66vQUS2OUlglqTDvwExtmVFvOBE6KndRgQtmIDrDtqKQxmjDL752QU6f0SF9pV9KSXP09kdHYmHEcuc6Y2qFZ9Kbif147tf3LMOMySS1KNlvUTwWxikyfJz2ukVkxdoQyzd2thA2ppsy6iIouhGDx5WXSOK8EfiW488vV21kaUIBjOIEzCOACqnADNagDAwFP8AKv3oP37L1577PWFW8+cwR/4H38AL1PkTI=</latexit><latexit sha1_base64="d+DAA9CD2DeOzt2iu15qUeAVXsI=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswp2NdgZstItgPiA5wt5mkizZ2z1394Rw5E/YWChi678RO/+Nm0sKTXww8Hhvhpl5USK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9Hoeuo3H1EbruS9HScYxnQgeZ8zap3U6mBiuFCyWyr7FT8HWSbBnJSvPiFHrVv66vQUS2OUlglqTDvwExtmVFvOBE6KndRgQtmIDrDtqKQxmjDL752QU6f0SF9pV9KSXP09kdHYmHEcuc6Y2qFZ9Kbif147tf3LMOMySS1KNlvUTwWxikyfJz2ukVkxdoQyzd2thA2ppsy6iIouhGDx5WXSOK8EfiW488vV21kaUIBjOIEzCOACqnADNagDAwFP8AKv3oP37L1577PWFW8+cwR/4H38AL1PkTI=</latexit><latexit sha1_base64="d+DAA9CD2DeOzt2iu15qUeAVXsI=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswp2NdgZstItgPiA5wt5mkizZ2z1394Rw5E/YWChi678RO/+Nm0sKTXww8Hhvhpl5USK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9Hoeuo3H1EbruS9HScYxnQgeZ8zap3U6mBiuFCyWyr7FT8HWSbBnJSvPiFHrVv66vQUS2OUlglqTDvwExtmVFvOBE6KndRgQtmIDrDtqKQxmjDL752QU6f0SF9pV9KSXP09kdHYmHEcuc6Y2qFZ9Kbif147tf3LMOMySS1KNlvUTwWxikyfJz2ukVkxdoQyzd2thA2ppsy6iIouhGDx5WXSOK8EfiW488vV21kaUIBjOIEzCOACqnADNagDAwFP8AKv3oP37L1577PWFW8+cwR/4H38AL1PkTI=</latexit><latexit sha1_base64="AorJNcop2+3GrYx5rhn0K04PhDY=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswp2NlgEb7SKYD0iOsLeZS5bs7Z67e0I48idsLBSx9e/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0wyZTQulORA0KLrFpuRXYSTXSJBLYjsY3M7/9hNpwJR/sJMUwoUPJY86odVKnh6nhQsl+perX/DnIKgkKUoUCjX7lqzdQLEtQWiaoMd3AT22YU205Ezgt9zKDKWVjOsSuo5ImaMJ8fu+UnDtlQGKlXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY2vw5zLNLMo2WJRnAliFZk9TwZcI7Ni4ghlmrtbCRtRTZl1EZVdCMHyy6ukdVkL/Fpw71frd0UcJTiFM7iAAK6gDrfQgCYwEPAMr/DmPXov3rv3sWhd84qZE/gD7/MHTayQIw==</latexit>

/
<latexit sha1_base64="2Ef02Zs1+UPMC8yBXkJbKN7kpsk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj04jGCeUCyhNnJbDJkdmaY6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KteAWg+DbW1vf2NzaLu2Ud/f2Dw4rR8ctqzJDWZMqoUwnJpYJLlkTOQrW0YaRNBasHY/vZn77iRnLlXzEiWZRSoaSJ5wSdFK7p43SqPqValAL5vBXSViQKhRo9CtfvYGiWcokUkGs7YaBxignBjkVbFruZZZpQsdkyLqOSpIyG+Xzc6f+uVMGfqKMK4n+XP09kZPU2kkau86U4MguezPxP6+bYXIT5VzqDJmki0VJJnxU/ux3f8ANoygmjhBquLvVpyNiCEWXUNmFEC6/vEpal7UwqIUPV9X6bRFHCU7hDC4ghGuowz00oAkUxvAMr/Dmae/Fe/c+Fq1rXjFzAn/gff4AotuPwA==</latexit><latexit sha1_base64="2Ef02Zs1+UPMC8yBXkJbKN7kpsk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj04jGCeUCyhNnJbDJkdmaY6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KteAWg+DbW1vf2NzaLu2Ud/f2Dw4rR8ctqzJDWZMqoUwnJpYJLlkTOQrW0YaRNBasHY/vZn77iRnLlXzEiWZRSoaSJ5wSdFK7p43SqPqValAL5vBXSViQKhRo9CtfvYGiWcokUkGs7YaBxignBjkVbFruZZZpQsdkyLqOSpIyG+Xzc6f+uVMGfqKMK4n+XP09kZPU2kkau86U4MguezPxP6+bYXIT5VzqDJmki0VJJnxU/ux3f8ANoygmjhBquLvVpyNiCEWXUNmFEC6/vEpal7UwqIUPV9X6bRFHCU7hDC4ghGuowz00oAkUxvAMr/Dmae/Fe/c+Fq1rXjFzAn/gff4AotuPwA==</latexit><latexit sha1_base64="2Ef02Zs1+UPMC8yBXkJbKN7kpsk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj04jGCeUCyhNnJbDJkdmaY6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KteAWg+DbW1vf2NzaLu2Ud/f2Dw4rR8ctqzJDWZMqoUwnJpYJLlkTOQrW0YaRNBasHY/vZn77iRnLlXzEiWZRSoaSJ5wSdFK7p43SqPqValAL5vBXSViQKhRo9CtfvYGiWcokUkGs7YaBxignBjkVbFruZZZpQsdkyLqOSpIyG+Xzc6f+uVMGfqKMK4n+XP09kZPU2kkau86U4MguezPxP6+bYXIT5VzqDJmki0VJJnxU/ux3f8ANoygmjhBquLvVpyNiCEWXUNmFEC6/vEpal7UwqIUPV9X6bRFHCU7hDC4ghGuowz00oAkUxvAMr/Dmae/Fe/c+Fq1rXjFzAn/gff4AotuPwA==</latexit><latexit sha1_base64="2Ef02Zs1+UPMC8yBXkJbKN7kpsk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj04jGCeUCyhNnJbDJkdmaY6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KteAWg+DbW1vf2NzaLu2Ud/f2Dw4rR8ctqzJDWZMqoUwnJpYJLlkTOQrW0YaRNBasHY/vZn77iRnLlXzEiWZRSoaSJ5wSdFK7p43SqPqValAL5vBXSViQKhRo9CtfvYGiWcokUkGs7YaBxignBjkVbFruZZZpQsdkyLqOSpIyG+Xzc6f+uVMGfqKMK4n+XP09kZPU2kkau86U4MguezPxP6+bYXIT5VzqDJmki0VJJnxU/ux3f8ANoygmjhBquLvVpyNiCEWXUNmFEC6/vEpal7UwqIUPV9X6bRFHCU7hDC4ghGuowz00oAkUxvAMr/Dmae/Fe/c+Fq1rXjFzAn/gff4AotuPwA==</latexit>

P(underlying | tree)  
* P(surface | underlying)

,Hail the king Arthur Pendragon who wields Excalibur, . `̀`̀
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Method 2. O(n) Dynamic Programming

Idea : Make a (weighted) CFG that generates just the possible 
underlyingly punctuated trees for this sentence

 Soft constraint          :Underlying punctuation fits the tree structure 1

Soft constraint          :Underlying punctuation fits surface punctuation2

1 2Intersect our CFG
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Method 2. O(n) Dynamic Programming

Idea : Make a (weighted) CFG that generates just the possible 
underlyingly punctuated trees for this sentence

Soft constraint          :Underlying punctuation fits surface punctuation2
1 2Intersect our CFG

PCFG

 Soft constraint          :Underlying punctuation fits the tree structure 1
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Method 2. O(n) Dynamic Programming

Idea : Make a (weighted) CFG that generates just the possible 
underlyingly punctuated trees for this sentence

 Soft constraint          :Underlying punctuation fits the tree structure 1

1 2Intersect our CFG

Soft constraint          :Underlying punctuation fits surface punctuation2

,Hail the king Arthur Pendragon who wields Excalibur, . `̀`̀
？ ？ ？ ？

weighted FSA

PCFG
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Method 2. O(n) Dynamic Programming

Idea : Make a (weighted) CFG that generates just the possible 
underlyingly punctuated trees for this sentence

 Soft constraint          :Underlying punctuation fits the tree structure 1

Soft constraint          :Underlying punctuation fits surface punctuation2

1 2Intersect our CFG

\
<latexit sha1_base64="xUyjzGODw4srTm1bLL98hWM4Mcw=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhLnNJlmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqKWvRWMS6E6FhgivWstwK1kk0QxkJ9hhNbnP/8Ylpw2P1YKcJCyWOFB9yijaXehSTfrXm1/05yCoJClKDAs1+9as3iGkqmbJUoDHdwE9smKG2nAo2q/RSwxKkExyxrqMKJTNhNr91Rs6cMiDDWLtSlszV3xMZSmOmMnKdEu3YLHu5+J/XTe3wOsy4SlLLFF0sGqaC2Jjkj5MB14xaMXUEqebuVkLHqJFaF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFFMbwDK/w5knvxXv3PhatJa+YOYY/8D5/AP+kjjI=</latexit><latexit sha1_base64="xUyjzGODw4srTm1bLL98hWM4Mcw=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhLnNJlmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqKWvRWMS6E6FhgivWstwK1kk0QxkJ9hhNbnP/8Ylpw2P1YKcJCyWOFB9yijaXehSTfrXm1/05yCoJClKDAs1+9as3iGkqmbJUoDHdwE9smKG2nAo2q/RSwxKkExyxrqMKJTNhNr91Rs6cMiDDWLtSlszV3xMZSmOmMnKdEu3YLHu5+J/XTe3wOsy4SlLLFF0sGqaC2Jjkj5MB14xaMXUEqebuVkLHqJFaF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFFMbwDK/w5knvxXv3PhatJa+YOYY/8D5/AP+kjjI=</latexit><latexit sha1_base64="xUyjzGODw4srTm1bLL98hWM4Mcw=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhLnNJlmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqKWvRWMS6E6FhgivWstwK1kk0QxkJ9hhNbnP/8Ylpw2P1YKcJCyWOFB9yijaXehSTfrXm1/05yCoJClKDAs1+9as3iGkqmbJUoDHdwE9smKG2nAo2q/RSwxKkExyxrqMKJTNhNr91Rs6cMiDDWLtSlszV3xMZSmOmMnKdEu3YLHu5+J/XTe3wOsy4SlLLFF0sGqaC2Jjkj5MB14xaMXUEqebuVkLHqJFaF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFFMbwDK/w5knvxXv3PhatJa+YOYY/8D5/AP+kjjI=</latexit><latexit sha1_base64="xUyjzGODw4srTm1bLL98hWM4Mcw=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhLnNJlmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqKWvRWMS6E6FhgivWstwK1kk0QxkJ9hhNbnP/8Ylpw2P1YKcJCyWOFB9yijaXehSTfrXm1/05yCoJClKDAs1+9as3iGkqmbJUoDHdwE9smKG2nAo2q/RSwxKkExyxrqMKJTNhNr91Rs6cMiDDWLtSlszV3xMZSmOmMnKdEu3YLHu5+J/XTe3wOsy4SlLLFF0sGqaC2Jjkj5MB14xaMXUEqebuVkLHqJFaF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFFMbwDK/w5knvxXv3PhatJa+YOYY/8D5/AP+kjjI=</latexit>

weighted FSA

PCFG

PCFG weighted FSA = weighted CFG
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Method 2. O(n) Dynamic Programming

Idea : Make a (weighted) CFG that generates just the possible 
underlyingly punctuated trees for this sentence

 Soft constraint          :Underlying punctuation fits the tree structure 1

Soft constraint          :Underlying punctuation fits surface punctuation2

1 2Intersect our CFG
Now we can find the best underlyingly punctuated tree 

• or sum over all of them for the model likelihood in training

For our CFG, this can be done in O(n) time



Results 
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Punctuation Restoration

Syntactic Rephrasing

Rules Learned from the Noisy Channel

Analysis of Attachment model



Distribution over rewrite rules
28

, , , . .`̀

, , , ,. , . ,. .̀̀ .`̀ . `̀

underlying

surface

We learn high probability for Nunberg’s English Rules

British English
American English
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root

nmod dobj

advmod

Earlier Kerry said in answered the questionfact

ccomp

. Real Examples (simplified for slide)

Viterbi recovers good underlying punctuation

, ,
`̀ `̀,

, , ✏
<latexit sha1_base64="d+DAA9CD2DeOzt2iu15qUeAVXsI=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswp2NdgZstItgPiA5wt5mkizZ2z1394Rw5E/YWChi678RO/+Nm0sKTXww8Hhvhpl5USK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9Hoeuo3H1EbruS9HScYxnQgeZ8zap3U6mBiuFCyWyr7FT8HWSbBnJSvPiFHrVv66vQUS2OUlglqTDvwExtmVFvOBE6KndRgQtmIDrDtqKQxmjDL752QU6f0SF9pV9KSXP09kdHYmHEcuc6Y2qFZ9Kbif147tf3LMOMySS1KNlvUTwWxikyfJz2ukVkxdoQyzd2thA2ppsy6iIouhGDx5WXSOK8EfiW488vV21kaUIBjOIEzCOACqnADNagDAwFP8AKv3oP37L1577PWFW8+cwR/4H38AL1PkTI=</latexit><latexit sha1_base64="d+DAA9CD2DeOzt2iu15qUeAVXsI=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswp2NdgZstItgPiA5wt5mkizZ2z1394Rw5E/YWChi678RO/+Nm0sKTXww8Hhvhpl5USK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9Hoeuo3H1EbruS9HScYxnQgeZ8zap3U6mBiuFCyWyr7FT8HWSbBnJSvPiFHrVv66vQUS2OUlglqTDvwExtmVFvOBE6KndRgQtmIDrDtqKQxmjDL752QU6f0SF9pV9KSXP09kdHYmHEcuc6Y2qFZ9Kbif147tf3LMOMySS1KNlvUTwWxikyfJz2ukVkxdoQyzd2thA2ppsy6iIouhGDx5WXSOK8EfiW488vV21kaUIBjOIEzCOACqnADNagDAwFP8AKv3oP37L1577PWFW8+cwR/4H38AL1PkTI=</latexit><latexit sha1_base64="d+DAA9CD2DeOzt2iu15qUeAVXsI=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswp2NdgZstItgPiA5wt5mkizZ2z1394Rw5E/YWChi678RO/+Nm0sKTXww8Hhvhpl5USK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9Hoeuo3H1EbruS9HScYxnQgeZ8zap3U6mBiuFCyWyr7FT8HWSbBnJSvPiFHrVv66vQUS2OUlglqTDvwExtmVFvOBE6KndRgQtmIDrDtqKQxmjDL752QU6f0SF9pV9KSXP09kdHYmHEcuc6Y2qFZ9Kbif147tf3LMOMySS1KNlvUTwWxikyfJz2ukVkxdoQyzd2thA2ppsy6iIouhGDx5WXSOK8EfiW488vV21kaUIBjOIEzCOACqnADNagDAwFP8AKv3oP37L1577PWFW8+cwR/4H38AL1PkTI=</latexit><latexit sha1_base64="AorJNcop2+3GrYx5rhn0K04PhDY=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswp2NlgEb7SKYD0iOsLeZS5bs7Z67e0I48idsLBSx9e/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0wyZTQulORA0KLrFpuRXYSTXSJBLYjsY3M7/9hNpwJR/sJMUwoUPJY86odVKnh6nhQsl+perX/DnIKgkKUoUCjX7lqzdQLEtQWiaoMd3AT22YU205Ezgt9zKDKWVjOsSuo5ImaMJ8fu+UnDtlQGKlXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY2vw5zLNLMo2WJRnAliFZk9TwZcI7Ni4ghlmrtbCRtRTZl1EZVdCMHyy6ukdVkL/Fpw71frd0UcJTiFM7iAAK6gDrfQgCYwEPAMr/DmPXov3rv3sWhd84qZE/gD7/MHTayQIw==</latexit>

✏
<latexit sha1_base64="d+DAA9CD2DeOzt2iu15qUeAVXsI=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswp2NdgZstItgPiA5wt5mkizZ2z1394Rw5E/YWChi678RO/+Nm0sKTXww8Hhvhpl5USK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9Hoeuo3H1EbruS9HScYxnQgeZ8zap3U6mBiuFCyWyr7FT8HWSbBnJSvPiFHrVv66vQUS2OUlglqTDvwExtmVFvOBE6KndRgQtmIDrDtqKQxmjDL752QU6f0SF9pV9KSXP09kdHYmHEcuc6Y2qFZ9Kbif147tf3LMOMySS1KNlvUTwWxikyfJz2ukVkxdoQyzd2thA2ppsy6iIouhGDx5WXSOK8EfiW488vV21kaUIBjOIEzCOACqnADNagDAwFP8AKv3oP37L1577PWFW8+cwR/4H38AL1PkTI=</latexit><latexit sha1_base64="d+DAA9CD2DeOzt2iu15qUeAVXsI=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswp2NdgZstItgPiA5wt5mkizZ2z1394Rw5E/YWChi678RO/+Nm0sKTXww8Hhvhpl5USK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9Hoeuo3H1EbruS9HScYxnQgeZ8zap3U6mBiuFCyWyr7FT8HWSbBnJSvPiFHrVv66vQUS2OUlglqTDvwExtmVFvOBE6KndRgQtmIDrDtqKQxmjDL752QU6f0SF9pV9KSXP09kdHYmHEcuc6Y2qFZ9Kbif147tf3LMOMySS1KNlvUTwWxikyfJz2ukVkxdoQyzd2thA2ppsy6iIouhGDx5WXSOK8EfiW488vV21kaUIBjOIEzCOACqnADNagDAwFP8AKv3oP37L1577PWFW8+cwR/4H38AL1PkTI=</latexit><latexit sha1_base64="d+DAA9CD2DeOzt2iu15qUeAVXsI=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswp2NdgZstItgPiA5wt5mkizZ2z1394Rw5E/YWChi678RO/+Nm0sKTXww8Hhvhpl5USK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9Hoeuo3H1EbruS9HScYxnQgeZ8zap3U6mBiuFCyWyr7FT8HWSbBnJSvPiFHrVv66vQUS2OUlglqTDvwExtmVFvOBE6KndRgQtmIDrDtqKQxmjDL752QU6f0SF9pV9KSXP09kdHYmHEcuc6Y2qFZ9Kbif147tf3LMOMySS1KNlvUTwWxikyfJz2ukVkxdoQyzd2thA2ppsy6iIouhGDx5WXSOK8EfiW488vV21kaUIBjOIEzCOACqnADNagDAwFP8AKv3oP37L1577PWFW8+cwR/4H38AL1PkTI=</latexit><latexit sha1_base64="AorJNcop2+3GrYx5rhn0K04PhDY=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswp2NlgEb7SKYD0iOsLeZS5bs7Z67e0I48idsLBSx9e/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0wyZTQulORA0KLrFpuRXYSTXSJBLYjsY3M7/9hNpwJR/sJMUwoUPJY86odVKnh6nhQsl+perX/DnIKgkKUoUCjX7lqzdQLEtQWiaoMd3AT22YU205Ezgt9zKDKWVjOsSuo5ImaMJ8fu+UnDtlQGKlXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY2vw5zLNLMo2WJRnAliFZk9TwZcI7Ni4ghlmrtbCRtRTZl1EZVdCMHyy6ukdVkL/Fpw71frd0UcJTiFM7iAAK6gDrfQgCYwEPAMr/DmPXov3rv3sWhd84qZE/gD7/MHTayQIw==</latexit>

, , ., ,, `̀ `̀
Earlier Kerry said in answered the questionfact, , ,`̀ . `̀
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root

conj

dobj

Section 1 2 7 and 8

conjconj

Real Examples (simplified for slide).

.

, , , ,

, , ,
Section 1 2 7 and 8, , , .

,

Viterbi recovers good underlying punctuation

Oxford Comma



31

BiLSTM-CRF tagger

Always Period tagger

Ours

What if we don’t have gold parses?

Punctuation Restoration
average edit distance 
[the lower the better]

Chinese
Arabic

English
Spanish

Hindi
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advcl

if true

punct

, failed

root

punct

.

dobj

the caper

Syntactically Transform Sentence from Treebank

conj

but

punct

,
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advcl

if true

punct

,failed

root

punct

.

dobj

the caper

Syntactically Transform Sentence from Treebank

obviously ugly, and high perplexity under an LM

conj

but

punct

,
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advcl

if true

punct

, failed

root

punct

.

dobj

the caper

, ,

.

Syntactically Transform Sentence with our Annotation

conj

but

punct

,
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failed

root

dobj

the caper

advcl

if true

, ,

.

Syntactically Transform Sentence with our Annotation

conj

but
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failed

root

dobj

the caper

advcl

if true

, ,

.

., ,
failedthe caper if true, .

Syntactically Transform Sentence with our Annotation

conj

but

but
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Implemented by  
Finite State Transducer

ab ! ab
<latexit sha1_base64="ePeMdqlhIRYuI9jJXSvpy70gSUM=">AAAB/nicdVDLSgMxFL1TX7W+RsWVm2ARXJVMfbRdiEU3LivYB7SlZNK0Dc08SDJKGQr9FTcuFHHrH7h359+YaRVU9MCFk3PuJfceNxRcaYzfrdTc/MLiUno5s7K6tr5hb27VVBBJyqo0EIFsuEQxwX1W1VwL1gglI54rWN0dXiR+/YZJxQP/Wo9C1vZI3+c9Tok2UsfeIchFLcn7A02kDG5R8s507CzOFQ5LxRJGhhxhnC+hmXJ8gpwcniJ79po5nQBApWO/tboBjTzmayqIUk0Hh7odE6k5FWycaUWKhYQOSZ81DfWJx1Q7nq4/RvtG6aJeIE35Gk3V7xMx8ZQaea7p9IgeqN9eIv7lNSPdK7Zj7oeRZj6dfdSLBNIBSrJAXS4Z1WJkCKGSm10RHRBJqDaJJSF8XYr+J7V8zsE55wpny+cwQxp2YQ8OwIEClOESKlAFCjHcwQM8WhPr3nqynmetKetzZht+wHr5ACl4lns=</latexit><latexit sha1_base64="F5t+l1cCvgEnPDSlVSW4rp85izY=">AAAB/nicdVDLSgMxFM34rONrVFy5CRbB1ZCpj7YLsejGZQX7gHYomTTThmYeJBmlDAV/RQQXirj1D9y7Ef/GTKugogcunJxzL7n3eDFnUiH0bkxNz8zOzecWzMWl5ZVVa229LqNEEFojEY9E08OSchbSmmKK02YsKA48Thve4DTzG5dUSBaFF2oYUzfAvZD5jGClpY61iaEH24L1+goLEV3B7G12rDyyi3vlUhlBTfYRKpThRDk4hI6Nxsgfv5hH8e2bWe1Yr+1uRJKAhopwLGXLQbFyUywUI5yOzHYiaYzJAPdoS9MQB1S66Xj9EdzRShf6kdAVKjhWv0+kOJByGHi6M8CqL397mfiX10qUX3JTFsaJoiGZfOQnHKoIZlnALhOUKD7UBBPB9K6Q9LHAROnEshC+LoX/k3rBdpDtnKN85QRMkANbYBvsAgcUQQWcgSqoAQJScAPuwYNxbdwZj8bTpHXK+JzZAD9gPH8AGweX7w==</latexit><latexit sha1_base64="F5t+l1cCvgEnPDSlVSW4rp85izY=">AAAB/nicdVDLSgMxFM34rONrVFy5CRbB1ZCpj7YLsejGZQX7gHYomTTThmYeJBmlDAV/RQQXirj1D9y7Ef/GTKugogcunJxzL7n3eDFnUiH0bkxNz8zOzecWzMWl5ZVVa229LqNEEFojEY9E08OSchbSmmKK02YsKA48Thve4DTzG5dUSBaFF2oYUzfAvZD5jGClpY61iaEH24L1+goLEV3B7G12rDyyi3vlUhlBTfYRKpThRDk4hI6Nxsgfv5hH8e2bWe1Yr+1uRJKAhopwLGXLQbFyUywUI5yOzHYiaYzJAPdoS9MQB1S66Xj9EdzRShf6kdAVKjhWv0+kOJByGHi6M8CqL397mfiX10qUX3JTFsaJoiGZfOQnHKoIZlnALhOUKD7UBBPB9K6Q9LHAROnEshC+LoX/k3rBdpDtnKN85QRMkANbYBvsAgcUQQWcgSqoAQJScAPuwYNxbdwZj8bTpHXK+JzZAD9gPH8AGweX7w==</latexit><latexit sha1_base64="43oKOKgwHicos1MLtQPETB+Rvyw=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEV0OmPtruim5cVrCt0A4lk6ZtaCYZkoxShoK/4saFIm79Dnf+jZm2gooeuHByzr3k3hPGnGmD0IeTW1hcWl7JrxbW1jc2t9ztnaaWiSK0QSSX6ibEmnImaMMww+lNrCiOQk5b4egi81u3VGkmxbUZxzSI8ECwPiPYWKnr7mEYwo5ig6HBSsk7mL0LXbeIvPJxtVJF0JIThEpVOFNOz6DvoSmKYI56133v9CRJIioM4Vjrto9iE6RYGUY4nRQ6iaYxJiM8oG1LBY6oDtLp+hN4aJUe7EtlSxg4Vb9PpDjSehyFtjPCZqh/e5n4l9dOTL8SpEzEiaGCzD7qJxwaCbMsYI8pSgwfW4KJYnZXSIZYYWJsYlkIX5fC/0mz5PnI869QsXY+jyMP9sEBOAI+KIMauAR10AAEpOABPIFn5955dF6c11lrzpnP7IIfcN4+AboxlK4=</latexit>

ab ! b
<latexit sha1_base64="bnBEzW8R/940dOaDdbHnd0b7/V0=">AAAB/HicdVDLSgMxFL1TX7W+Rrt0EyyCq5Kpj7YLsejGZQX7gLaUTJq2oZkHSUYZhop/4saFIm79Bffu/BvTVkFFD1w4Oedecu9xQ8GVxvjdSs3NLywupZczK6tr6xv25lZdBZGkrEYDEcimSxQT3Gc1zbVgzVAy4rmCNdzR2cRvXDGpeOBf6jhkHY8MfN7nlGgjde0sQS5qSz4YaiJlcG1ema6dw/nifrlUxsiQA4wLZTRTDo+Qk8dT5E5eM8e3AFDt2m/tXkAjj/maCqJUy8Gh7iREak4FG2fakWIhoSMyYC1DfeIx1Ummy4/RrlF6qB9IU75GU/X7REI8pWLPNZ0e0UP125uIf3mtSPdLnYT7YaSZT2cf9SOBdIAmSaAel4xqERtCqORmV0SHRBKqTV6TEL4uRf+TeiHv4LxzgXOVU5ghDduwA3vgQBEqcA5VqAGFGO7gAR6tG+veerKeZ60p63MmCz9gvXwADiGV5g==</latexit><latexit sha1_base64="yE759VlbDpW6T3bXvMo6Lkq5wrQ=">AAAB/HicdVDLSgMxFM34rONrtEs3wSK4Kpn6aLsQi25cVrAPaEvJpJk2NPMgySjDUH/FhS4UcesvuHcj/o2ZjoKKHrhwcs695N7jhJxJhdC7MTM7N7+wmFsyl1dW19atjc2mDCJBaIMEPBBtB0vKmU8biilO26Gg2HM4bTnj09RvXVIhWeBfqDikPQ8PfeYygpWW+lYeQwd2BRuOFBYiuNIvs28VULG8V61UEdRkH6FSFWbKwSG0i2iKwvGLeRTevpn1vvXaHQQk8qivCMdSdmwUql6ChWKE04nZjSQNMRnjIe1o6mOPyl4yXX4Cd7QygG4gdPkKTtXvEwn2pIw9R3d6WI3kby8V//I6kXIrvYT5YaSoT7KP3IhDFcA0CThgghLFY00wEUzvCskIC0yUzisN4etS+D9ploo2KtrnqFA7ARlyYAtsg11ggzKogTNQBw1AQAxuwD14MK6NO+PReMpaZ4zPmTz4AeP5A/+hl1o=</latexit><latexit sha1_base64="yE759VlbDpW6T3bXvMo6Lkq5wrQ=">AAAB/HicdVDLSgMxFM34rONrtEs3wSK4Kpn6aLsQi25cVrAPaEvJpJk2NPMgySjDUH/FhS4UcesvuHcj/o2ZjoKKHrhwcs695N7jhJxJhdC7MTM7N7+wmFsyl1dW19atjc2mDCJBaIMEPBBtB0vKmU8biilO26Gg2HM4bTnj09RvXVIhWeBfqDikPQ8PfeYygpWW+lYeQwd2BRuOFBYiuNIvs28VULG8V61UEdRkH6FSFWbKwSG0i2iKwvGLeRTevpn1vvXaHQQk8qivCMdSdmwUql6ChWKE04nZjSQNMRnjIe1o6mOPyl4yXX4Cd7QygG4gdPkKTtXvEwn2pIw9R3d6WI3kby8V//I6kXIrvYT5YaSoT7KP3IhDFcA0CThgghLFY00wEUzvCskIC0yUzisN4etS+D9ploo2KtrnqFA7ARlyYAtsg11ggzKogTNQBw1AQAxuwD14MK6NO+PReMpaZ4zPmTz4AeP5A/+hl1o=</latexit><latexit sha1_base64="9JCmZl2xPu5EL0ZaV2txKCoj+HQ=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgasjUR9td0Y3LCtYW2qFk0kwbmpkMSUYZhvorblwo4tYPceffmGkrqOiBCyfn3EvuPX7MmdIIfViFpeWV1bXiemljc2t7x97du1EikYS2ieBCdn2sKGcRbWumOe3GkuLQ57TjTy5yv3NLpWIiutZpTL0QjyIWMIK1kQZ2GUMf9iUbjTWWUtyZV2lgV5BTO27UGwgacoJQtQHnyukZdB00QwUs0BrY7/2hIElII004Vqrnolh7GZaaEU6npX6iaIzJBI9oz9AIh1R52Wz5KTw0yhAGQpqKNJyp3ycyHCqVhr7pDLEeq99eLv7l9RId1L2MRXGiaUTmHwUJh1rAPAk4ZJISzVNDMJHM7ArJGEtMtMkrD+HrUvg/uak6LnLcK1Rpni/iKIJ9cACOgAtqoAkuQQu0AQEpeABP4Nm6tx6tF+t13lqwFjNl8APW2yee2pQZ</latexit>

ab ! ba
<latexit sha1_base64="tikgguWrjC/ibNMDxeZmHqNYERo=">AAAB/XicdVDJSgNBEK1xN27jcvPSGARPoScuSQ6i6MWjglkgCaGm00ma9Cx09ygxiH6KFw+KePUTvHvzb+wkCir6oOD1e1V01fNjKbSh9N0ZG5+YnJqemU3NzS8sLrnLKyUdJYrxIotkpCo+ai5FyItGGMkrseIY+JKX/e7xwC9fcKVFFJ6bXszrAbZD0RIMjZUa7hoSn9SUaHcMKhVd2hemGm6aZnLbhXyBEkt2KM0WyEjZ3SNehg6RPnhN7d8CwGnDfas1I5YEPDRMotZVj8am3kdlBJP8OlVLNI+RdbHNq5aGGHBd7w+3vyabVmmSVqRshYYM1e8TfQy07gW+7QzQdPRvbyD+5VUT08rX+yKME8NDNvqolUhiIjKIgjSF4szIniXIlLC7EtZBhczYwAYhfF1K/ielbMajGe+Mpg+PYIQZWIcN2AIPcnAIJ3AKRWBwBXfwAI/OjXPvPDnPo9Yx53NmFX7AefkAzPeWUQ==</latexit><latexit sha1_base64="gQFbceWVsxBP1GDF6SRBaAwiiJA=">AAAB/XicdVDLSgMxFM3UVx1f42PnJlgEVyVTH20XYtGNywr2AW0pd9K0Dc08SDJKLcVfEcSFIm79BPduxL8xbRVU9MCFk3PuJfceLxJcaULercTU9MzsXHLeXlhcWl5xVtfKKowlZSUailBWPVBM8ICVNNeCVSPJwPcEq3i9k5FfuWBS8TA41/2INXzoBLzNKWgjNZ0NwB6uS97papAyvDQvsJtOiqSzu/lcnmBD9gjJ5PFE2T/AbpqMkTp6sQ+j2ze72HRe662Qxj4LNBWgVM0lkW4MQGpOBRva9VixCGgPOqxmaAA+U43BePsh3jZKC7dDaSrQeKx+nxiAr1Tf90ynD7qrfnsj8S+vFut2rjHgQRRrFtDJR+1YYB3iURS4xSWjWvQNASq52RXTLkig2gQ2CuHrUvw/KWfSLkm7ZyRVOEYTJNEm2kI7yEVZVECnqIhKiKIrdIPu0YN1bd1Zj9bTpDVhfc6sox+wnj8AvoaXxQ==</latexit><latexit sha1_base64="gQFbceWVsxBP1GDF6SRBaAwiiJA=">AAAB/XicdVDLSgMxFM3UVx1f42PnJlgEVyVTH20XYtGNywr2AW0pd9K0Dc08SDJKLcVfEcSFIm79BPduxL8xbRVU9MCFk3PuJfceLxJcaULercTU9MzsXHLeXlhcWl5xVtfKKowlZSUailBWPVBM8ICVNNeCVSPJwPcEq3i9k5FfuWBS8TA41/2INXzoBLzNKWgjNZ0NwB6uS97papAyvDQvsJtOiqSzu/lcnmBD9gjJ5PFE2T/AbpqMkTp6sQ+j2ze72HRe662Qxj4LNBWgVM0lkW4MQGpOBRva9VixCGgPOqxmaAA+U43BePsh3jZKC7dDaSrQeKx+nxiAr1Tf90ynD7qrfnsj8S+vFut2rjHgQRRrFtDJR+1YYB3iURS4xSWjWvQNASq52RXTLkig2gQ2CuHrUvw/KWfSLkm7ZyRVOEYTJNEm2kI7yEVZVECnqIhKiKIrdIPu0YN1bd1Zj9bTpDVhfc6sox+wnj8AvoaXxQ==</latexit><latexit sha1_base64="pW5S4vDzkhp0JjySdCGtMgReOwY=">AAAB/XicdVDLSgMxFM3UV62v+ti5CRbB1ZCpj7a7ohuXFewD2lLupJk2NJMZkoxSS/FX3LhQxK3/4c6/MX0IKnrgwsk595J7jx8Lrg0hH05qYXFpeSW9mllb39jcym7v1HSUKMqqNBKRavigmeCSVQ03gjVixSD0Bav7g4uJX79hSvNIXpthzNoh9CQPOAVjpU52D7CPW4r3+gaUim7tCzKdbI64heNSsUSwJSeE5Et4ppyeYc8lU+TQHJVO9r3VjWgSMmmoAK2bHolNewTKcCrYONNKNIuBDqDHmpZKCJluj6bbj/GhVbo4iJQtafBU/T4xglDrYejbzhBMX//2JuJfXjMxQbE94jJODJN09lGQCGwiPIkCd7li1IihJUAVt7ti2gcF1NjAJiF8XYr/J7W86xHXuyK58vk8jjTaRwfoCHmogMroElVQFVF0hx7QE3p27p1H58V5nbWmnPnMLvoB5+0TXb+UhA==</latexit>

ab ! a
<latexit sha1_base64="pQpLvil68PonyJs2YTB9mYa8KB4=">AAAB/HicdVDLSgNBEOz1GeNr1aOXwSB4CrO+cxBFLx4VjAkkIfROJsmQ2Qczs8qyRPwTLx4U8eovePfm3zhJFFS0oKGo6qa7y4+l0IbSd2dsfGJyajo3k5+dm19YdJeWL3WUKMbLLJKRqvqouRQhLxthJK/GimPgS17xeycDv3LFlRZReGHSmDcC7ISiLRgaKzXdFSQ+qSvR6RpUKromSPJNt0CLe1ul/RIllmxTulkiI2Vnl3hFOkTh8DV/cAsAZ033rd6KWBLw0DCJWtc8GptGhsoIJnk/X080j5H1sMNrloYYcN3Ihsf3ybpVWqQdKVuhIUP1+0SGgdZp4NvOAE1X//YG4l9eLTHt/UYmwjgxPGSjRe1EEhORQRKkJRRnRqaWIFPC3kpYFxUyY/MahPD1KfmfXG4WPVr0zmnh6BhGyMEqrMEGeLAHR3AKZ1AGBincwQM8OjfOvfPkPI9ax5zPmRX4AeflAwybleU=</latexit><latexit sha1_base64="tQ7PVPthbFmM0JgIVtQiSLirhX0=">AAAB/HicdVDJSgNBEO1xjeMWzdFLYxA8hZ64JDmIQS8eI5gFkhBqOj1Jk56F7h4lDPFXPOhBEa/+gncv4t/YSRRU9EHB470qquq5keBKE/JuzczOzS8sppbs5ZXVtfX0xmZNhbGkrEpDEcqGC4oJHrCq5lqwRiQZ+K5gdXdwOvbrl0wqHgYXehixtg+9gHucgjZSJ50B7OKW5L2+BinDKwzY7qSzJFfYKxVLBBuyT0i+hKfKwSF2cmSC7PGLfRTdvtmVTvq11Q1p7LNAUwFKNR0S6XYCUnMq2MhuxYpFQAfQY01DA/CZaieT40d4xyhd7IXSVKDxRP0+kYCv1NB3TacPuq9+e2PxL68Za6/YTngQxZoFdLrIiwXWIR4ngbtcMqrF0BCgkptbMe2DBKpNXuMQvj7F/5NaPueQnHNOsuUTNEUKbaFttIscVEBldIYqqIooGqIbdI8erGvrznq0nqatM9bnTAb9gPX8Af4bl1k=</latexit><latexit sha1_base64="tQ7PVPthbFmM0JgIVtQiSLirhX0=">AAAB/HicdVDJSgNBEO1xjeMWzdFLYxA8hZ64JDmIQS8eI5gFkhBqOj1Jk56F7h4lDPFXPOhBEa/+gncv4t/YSRRU9EHB470qquq5keBKE/JuzczOzS8sppbs5ZXVtfX0xmZNhbGkrEpDEcqGC4oJHrCq5lqwRiQZ+K5gdXdwOvbrl0wqHgYXehixtg+9gHucgjZSJ50B7OKW5L2+BinDKwzY7qSzJFfYKxVLBBuyT0i+hKfKwSF2cmSC7PGLfRTdvtmVTvq11Q1p7LNAUwFKNR0S6XYCUnMq2MhuxYpFQAfQY01DA/CZaieT40d4xyhd7IXSVKDxRP0+kYCv1NB3TacPuq9+e2PxL68Za6/YTngQxZoFdLrIiwXWIR4ngbtcMqrF0BCgkptbMe2DBKpNXuMQvj7F/5NaPueQnHNOsuUTNEUKbaFttIscVEBldIYqqIooGqIbdI8erGvrznq0nqatM9bnTAb9gPX8Af4bl1k=</latexit><latexit sha1_base64="lpMPw7BYk47Tyx1Kk71Vi1YzUDc=">AAAB/HicdVDLSgNBEJyNrxhfqzl6GQyCpzAbH0luQS8eIxgTSELoncwmQ2Z3lplZZQnxV7x4UMSrH+LNv3HyEFS0oKGo6qa7y48F14aQDyeztLyyupZdz21sbm3vuLt7N1omirIGlUKqlg+aCR6xhuFGsFasGIS+YE1/dDH1m7dMaS6ja5PGrBvCIOIBp2Cs1HPzgH3cUXwwNKCUvMOAcz23QIrl42qlSrAlJ4SUqniunJ5hr0hmKKAF6j33vdOXNAlZZKgArdseiU13DMpwKtgk10k0i4GOYMDalkYQMt0dz46f4EOr9HEgla3I4Jn6fWIModZp6NvOEMxQ//am4l9eOzFBpTvmUZwYFtH5oiAR2Eg8TQL3uWLUiNQSoIrbWzEdggJqbF7TEL4+xf+Tm1LRI0XvihRq54s4smgfHaAj5KEyqqFLVEcNRFGKHtATenbunUfnxXmdt2acxUwe/YDz9gmdVJQY</latexit>

ab ! ab
<latexit sha1_base64="ChP0Kn3pzVd7whE5jByLJ9hYCrk=">AAAB/HicbVDJSgNBEK1xjeM2mqOXxiB4CjNe9CIGvXiMYBZIQqjp9CRNeha6e5RhiPgnXjwo4tVf8O7Nv7GzHDTxQcHjvSqq6vmJ4Eq77re1tLyyurZe2LA3t7Z3dp29/bqKU0lZjcYilk0fFRM8YjXNtWDNRDIMfcEa/vBq7DfumFQ8jm51lrBOiP2IB5yiNlLXKSLxSVvy/kCjlPE9QdvvOiW37E5AFok3I6WLT/v8EQCqXeer3YtpGrJIU4FKtTw30Z0cpeZUsJHdThVLkA6xz1qGRhgy1cknx4/IkVF6JIilqUiTifp7IsdQqSz0TWeIeqDmvbH4n9dKdXDWyXmUpJpFdLooSAXRMRknQXpcMqpFZghSyc2thA5QItUmL9uE4M2/vEjqJ2XPLXs3bqlyCVMU4AAO4Rg8OIUKXEMVakAhgyd4gVfrwXq23qz3aeuSNZspwh9YHz/lmZXH</latexit><latexit sha1_base64="v79p/50Qm/F1HOqS9Kb3TPxhLew=">AAAB/HicbVDLSsNAFJ3UV42vaJduBovgqiRudCMW3bisYB/QhnIznbRDJ5MwM1FCqL/iQheKuPUX3LsR/8bpY6GtBy4czrmXe+8JEs6Udt1vq7C0vLK6Vly3Nza3tnec3b2GilNJaJ3EPJatABTlTNC6ZprTViIpRAGnzWB4Ofabt1QqFosbnSXUj6AvWMgIaCN1nRLgAHck6w80SBnfYbCDrlN2K+4EeJF4M1I+/7DPkscvu9Z1Pju9mKQRFZpwUKrtuYn2c5CaEU5HdidVNAEyhD5tGyogosrPJ8eP8KFRejiMpSmh8UT9PZFDpFQWBaYzAj1Q895Y/M9rpzo89XMmklRTQaaLwpRjHeNxErjHJCWaZ4YAkczciskAJBBt8rJNCN78y4ukcVzx3Ip37ZarF2iKItpHB+gIeegEVdEVqqE6IihDD+gZvVj31pP1ar1NWwvWbKaE/sB6/wHXKJc7</latexit><latexit sha1_base64="v79p/50Qm/F1HOqS9Kb3TPxhLew=">AAAB/HicbVDLSsNAFJ3UV42vaJduBovgqiRudCMW3bisYB/QhnIznbRDJ5MwM1FCqL/iQheKuPUX3LsR/8bpY6GtBy4czrmXe+8JEs6Udt1vq7C0vLK6Vly3Nza3tnec3b2GilNJaJ3EPJatABTlTNC6ZprTViIpRAGnzWB4Ofabt1QqFosbnSXUj6AvWMgIaCN1nRLgAHck6w80SBnfYbCDrlN2K+4EeJF4M1I+/7DPkscvu9Z1Pju9mKQRFZpwUKrtuYn2c5CaEU5HdidVNAEyhD5tGyogosrPJ8eP8KFRejiMpSmh8UT9PZFDpFQWBaYzAj1Q895Y/M9rpzo89XMmklRTQaaLwpRjHeNxErjHJCWaZ4YAkczciskAJBBt8rJNCN78y4ukcVzx3Ip37ZarF2iKItpHB+gIeegEVdEVqqE6IihDD+gZvVj31pP1ar1NWwvWbKaE/sB6/wHXKJc7</latexit><latexit sha1_base64="GzIumE6vlFHEPGFpeneBoTXjCJ0=">AAAB/HicbVBNS8NAEN34WeNXtEcvi0XwVBIveix68VjBfkAbymS7aZdudsPuRgmh/hUvHhTx6g/x5r9x2+agrQ8GHu/NMDMvSjnTxve/nbX1jc2t7cqOu7u3f3DoHR23tcwUoS0iuVTdCDTlTNCWYYbTbqooJBGnnWhyM/M7D1RpJsW9yVMaJjASLGYEjJUGXhVwhPuKjcYGlJKPGNxo4NX8uj8HXiVBSWqoRHPgffWHkmQJFYZw0LoX+KkJC1CGEU6nbj/TNAUygRHtWSogoTos5sdP8ZlVhjiWypYweK7+nigg0TpPItuZgBnrZW8m/uf1MhNfhQUTaWaoIItFccaxkXiWBB4yRYnhuSVAFLO3YjIGBcTYvFwbQrD88ippX9QDvx7c+bXGdRlHBZ2gU3SOAnSJGugWNVELEZSjZ/SK3pwn58V5dz4WrWtOOVNFf+B8/gB2YZP6</latexit>
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Implemented by  
Finite State Transducer

ab ! ab
<latexit sha1_base64="ePeMdqlhIRYuI9jJXSvpy70gSUM=">AAAB/nicdVDLSgMxFL1TX7W+RsWVm2ARXJVMfbRdiEU3LivYB7SlZNK0Dc08SDJKGQr9FTcuFHHrH7h359+YaRVU9MCFk3PuJfceNxRcaYzfrdTc/MLiUno5s7K6tr5hb27VVBBJyqo0EIFsuEQxwX1W1VwL1gglI54rWN0dXiR+/YZJxQP/Wo9C1vZI3+c9Tok2UsfeIchFLcn7A02kDG5R8s507CzOFQ5LxRJGhhxhnC+hmXJ8gpwcniJ79po5nQBApWO/tboBjTzmayqIUk0Hh7odE6k5FWycaUWKhYQOSZ81DfWJx1Q7nq4/RvtG6aJeIE35Gk3V7xMx8ZQaea7p9IgeqN9eIv7lNSPdK7Zj7oeRZj6dfdSLBNIBSrJAXS4Z1WJkCKGSm10RHRBJqDaJJSF8XYr+J7V8zsE55wpny+cwQxp2YQ8OwIEClOESKlAFCjHcwQM8WhPr3nqynmetKetzZht+wHr5ACl4lns=</latexit><latexit sha1_base64="F5t+l1cCvgEnPDSlVSW4rp85izY=">AAAB/nicdVDLSgMxFM34rONrVFy5CRbB1ZCpj7YLsejGZQX7gHYomTTThmYeJBmlDAV/RQQXirj1D9y7Ef/GTKugogcunJxzL7n3eDFnUiH0bkxNz8zOzecWzMWl5ZVVa229LqNEEFojEY9E08OSchbSmmKK02YsKA48Thve4DTzG5dUSBaFF2oYUzfAvZD5jGClpY61iaEH24L1+goLEV3B7G12rDyyi3vlUhlBTfYRKpThRDk4hI6Nxsgfv5hH8e2bWe1Yr+1uRJKAhopwLGXLQbFyUywUI5yOzHYiaYzJAPdoS9MQB1S66Xj9EdzRShf6kdAVKjhWv0+kOJByGHi6M8CqL397mfiX10qUX3JTFsaJoiGZfOQnHKoIZlnALhOUKD7UBBPB9K6Q9LHAROnEshC+LoX/k3rBdpDtnKN85QRMkANbYBvsAgcUQQWcgSqoAQJScAPuwYNxbdwZj8bTpHXK+JzZAD9gPH8AGweX7w==</latexit><latexit sha1_base64="F5t+l1cCvgEnPDSlVSW4rp85izY=">AAAB/nicdVDLSgMxFM34rONrVFy5CRbB1ZCpj7YLsejGZQX7gHYomTTThmYeJBmlDAV/RQQXirj1D9y7Ef/GTKugogcunJxzL7n3eDFnUiH0bkxNz8zOzecWzMWl5ZVVa229LqNEEFojEY9E08OSchbSmmKK02YsKA48Thve4DTzG5dUSBaFF2oYUzfAvZD5jGClpY61iaEH24L1+goLEV3B7G12rDyyi3vlUhlBTfYRKpThRDk4hI6Nxsgfv5hH8e2bWe1Yr+1uRJKAhopwLGXLQbFyUywUI5yOzHYiaYzJAPdoS9MQB1S66Xj9EdzRShf6kdAVKjhWv0+kOJByGHi6M8CqL397mfiX10qUX3JTFsaJoiGZfOQnHKoIZlnALhOUKD7UBBPB9K6Q9LHAROnEshC+LoX/k3rBdpDtnKN85QRMkANbYBvsAgcUQQWcgSqoAQJScAPuwYNxbdwZj8bTpHXK+JzZAD9gPH8AGweX7w==</latexit><latexit sha1_base64="43oKOKgwHicos1MLtQPETB+Rvyw=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEV0OmPtruim5cVrCt0A4lk6ZtaCYZkoxShoK/4saFIm79Dnf+jZm2gooeuHByzr3k3hPGnGmD0IeTW1hcWl7JrxbW1jc2t9ztnaaWiSK0QSSX6ibEmnImaMMww+lNrCiOQk5b4egi81u3VGkmxbUZxzSI8ECwPiPYWKnr7mEYwo5ig6HBSsk7mL0LXbeIvPJxtVJF0JIThEpVOFNOz6DvoSmKYI56133v9CRJIioM4Vjrto9iE6RYGUY4nRQ6iaYxJiM8oG1LBY6oDtLp+hN4aJUe7EtlSxg4Vb9PpDjSehyFtjPCZqh/e5n4l9dOTL8SpEzEiaGCzD7qJxwaCbMsYI8pSgwfW4KJYnZXSIZYYWJsYlkIX5fC/0mz5PnI869QsXY+jyMP9sEBOAI+KIMauAR10AAEpOABPIFn5955dF6c11lrzpnP7IIfcN4+AboxlK4=</latexit>

ab ! b
<latexit sha1_base64="bnBEzW8R/940dOaDdbHnd0b7/V0=">AAAB/HicdVDLSgMxFL1TX7W+Rrt0EyyCq5Kpj7YLsejGZQX7gLaUTJq2oZkHSUYZhop/4saFIm79Bffu/BvTVkFFD1w4Oedecu9xQ8GVxvjdSs3NLywupZczK6tr6xv25lZdBZGkrEYDEcimSxQT3Gc1zbVgzVAy4rmCNdzR2cRvXDGpeOBf6jhkHY8MfN7nlGgjde0sQS5qSz4YaiJlcG1ema6dw/nifrlUxsiQA4wLZTRTDo+Qk8dT5E5eM8e3AFDt2m/tXkAjj/maCqJUy8Gh7iREak4FG2fakWIhoSMyYC1DfeIx1Ummy4/RrlF6qB9IU75GU/X7REI8pWLPNZ0e0UP125uIf3mtSPdLnYT7YaSZT2cf9SOBdIAmSaAel4xqERtCqORmV0SHRBKqTV6TEL4uRf+TeiHv4LxzgXOVU5ghDduwA3vgQBEqcA5VqAGFGO7gAR6tG+veerKeZ60p63MmCz9gvXwADiGV5g==</latexit><latexit sha1_base64="yE759VlbDpW6T3bXvMo6Lkq5wrQ=">AAAB/HicdVDLSgMxFM34rONrtEs3wSK4Kpn6aLsQi25cVrAPaEvJpJk2NPMgySjDUH/FhS4UcesvuHcj/o2ZjoKKHrhwcs695N7jhJxJhdC7MTM7N7+wmFsyl1dW19atjc2mDCJBaIMEPBBtB0vKmU8biilO26Gg2HM4bTnj09RvXVIhWeBfqDikPQ8PfeYygpWW+lYeQwd2BRuOFBYiuNIvs28VULG8V61UEdRkH6FSFWbKwSG0i2iKwvGLeRTevpn1vvXaHQQk8qivCMdSdmwUql6ChWKE04nZjSQNMRnjIe1o6mOPyl4yXX4Cd7QygG4gdPkKTtXvEwn2pIw9R3d6WI3kby8V//I6kXIrvYT5YaSoT7KP3IhDFcA0CThgghLFY00wEUzvCskIC0yUzisN4etS+D9ploo2KtrnqFA7ARlyYAtsg11ggzKogTNQBw1AQAxuwD14MK6NO+PReMpaZ4zPmTz4AeP5A/+hl1o=</latexit><latexit sha1_base64="yE759VlbDpW6T3bXvMo6Lkq5wrQ=">AAAB/HicdVDLSgMxFM34rONrtEs3wSK4Kpn6aLsQi25cVrAPaEvJpJk2NPMgySjDUH/FhS4UcesvuHcj/o2ZjoKKHrhwcs695N7jhJxJhdC7MTM7N7+wmFsyl1dW19atjc2mDCJBaIMEPBBtB0vKmU8biilO26Gg2HM4bTnj09RvXVIhWeBfqDikPQ8PfeYygpWW+lYeQwd2BRuOFBYiuNIvs28VULG8V61UEdRkH6FSFWbKwSG0i2iKwvGLeRTevpn1vvXaHQQk8qivCMdSdmwUql6ChWKE04nZjSQNMRnjIe1o6mOPyl4yXX4Cd7QygG4gdPkKTtXvEwn2pIw9R3d6WI3kby8V//I6kXIrvYT5YaSoT7KP3IhDFcA0CThgghLFY00wEUzvCskIC0yUzisN4etS+D9ploo2KtrnqFA7ARlyYAtsg11ggzKogTNQBw1AQAxuwD14MK6NO+PReMpaZ4zPmTz4AeP5A/+hl1o=</latexit><latexit sha1_base64="9JCmZl2xPu5EL0ZaV2txKCoj+HQ=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgasjUR9td0Y3LCtYW2qFk0kwbmpkMSUYZhvorblwo4tYPceffmGkrqOiBCyfn3EvuPX7MmdIIfViFpeWV1bXiemljc2t7x97du1EikYS2ieBCdn2sKGcRbWumOe3GkuLQ57TjTy5yv3NLpWIiutZpTL0QjyIWMIK1kQZ2GUMf9iUbjTWWUtyZV2lgV5BTO27UGwgacoJQtQHnyukZdB00QwUs0BrY7/2hIElII004Vqrnolh7GZaaEU6npX6iaIzJBI9oz9AIh1R52Wz5KTw0yhAGQpqKNJyp3ycyHCqVhr7pDLEeq99eLv7l9RId1L2MRXGiaUTmHwUJh1rAPAk4ZJISzVNDMJHM7ArJGEtMtMkrD+HrUvg/uak6LnLcK1Rpni/iKIJ9cACOgAtqoAkuQQu0AQEpeABP4Nm6tx6tF+t13lqwFjNl8APW2yee2pQZ</latexit>

ab ! ba
<latexit sha1_base64="tikgguWrjC/ibNMDxeZmHqNYERo=">AAAB/XicdVDJSgNBEK1xN27jcvPSGARPoScuSQ6i6MWjglkgCaGm00ma9Cx09ygxiH6KFw+KePUTvHvzb+wkCir6oOD1e1V01fNjKbSh9N0ZG5+YnJqemU3NzS8sLrnLKyUdJYrxIotkpCo+ai5FyItGGMkrseIY+JKX/e7xwC9fcKVFFJ6bXszrAbZD0RIMjZUa7hoSn9SUaHcMKhVd2hemGm6aZnLbhXyBEkt2KM0WyEjZ3SNehg6RPnhN7d8CwGnDfas1I5YEPDRMotZVj8am3kdlBJP8OlVLNI+RdbHNq5aGGHBd7w+3vyabVmmSVqRshYYM1e8TfQy07gW+7QzQdPRvbyD+5VUT08rX+yKME8NDNvqolUhiIjKIgjSF4szIniXIlLC7EtZBhczYwAYhfF1K/ielbMajGe+Mpg+PYIQZWIcN2AIPcnAIJ3AKRWBwBXfwAI/OjXPvPDnPo9Yx53NmFX7AefkAzPeWUQ==</latexit><latexit sha1_base64="gQFbceWVsxBP1GDF6SRBaAwiiJA=">AAAB/XicdVDLSgMxFM3UVx1f42PnJlgEVyVTH20XYtGNywr2AW0pd9K0Dc08SDJKLcVfEcSFIm79BPduxL8xbRVU9MCFk3PuJfceLxJcaULercTU9MzsXHLeXlhcWl5xVtfKKowlZSUailBWPVBM8ICVNNeCVSPJwPcEq3i9k5FfuWBS8TA41/2INXzoBLzNKWgjNZ0NwB6uS97papAyvDQvsJtOiqSzu/lcnmBD9gjJ5PFE2T/AbpqMkTp6sQ+j2ze72HRe662Qxj4LNBWgVM0lkW4MQGpOBRva9VixCGgPOqxmaAA+U43BePsh3jZKC7dDaSrQeKx+nxiAr1Tf90ynD7qrfnsj8S+vFut2rjHgQRRrFtDJR+1YYB3iURS4xSWjWvQNASq52RXTLkig2gQ2CuHrUvw/KWfSLkm7ZyRVOEYTJNEm2kI7yEVZVECnqIhKiKIrdIPu0YN1bd1Zj9bTpDVhfc6sox+wnj8AvoaXxQ==</latexit><latexit sha1_base64="gQFbceWVsxBP1GDF6SRBaAwiiJA=">AAAB/XicdVDLSgMxFM3UVx1f42PnJlgEVyVTH20XYtGNywr2AW0pd9K0Dc08SDJKLcVfEcSFIm79BPduxL8xbRVU9MCFk3PuJfceLxJcaULercTU9MzsXHLeXlhcWl5xVtfKKowlZSUailBWPVBM8ICVNNeCVSPJwPcEq3i9k5FfuWBS8TA41/2INXzoBLzNKWgjNZ0NwB6uS97papAyvDQvsJtOiqSzu/lcnmBD9gjJ5PFE2T/AbpqMkTp6sQ+j2ze72HRe662Qxj4LNBWgVM0lkW4MQGpOBRva9VixCGgPOqxmaAA+U43BePsh3jZKC7dDaSrQeKx+nxiAr1Tf90ynD7qrfnsj8S+vFut2rjHgQRRrFtDJR+1YYB3iURS4xSWjWvQNASq52RXTLkig2gQ2CuHrUvw/KWfSLkm7ZyRVOEYTJNEm2kI7yEVZVECnqIhKiKIrdIPu0YN1bd1Zj9bTpDVhfc6sox+wnj8AvoaXxQ==</latexit><latexit sha1_base64="pW5S4vDzkhp0JjySdCGtMgReOwY=">AAAB/XicdVDLSgMxFM3UV62v+ti5CRbB1ZCpj7a7ohuXFewD2lLupJk2NJMZkoxSS/FX3LhQxK3/4c6/MX0IKnrgwsk595J7jx8Lrg0hH05qYXFpeSW9mllb39jcym7v1HSUKMqqNBKRavigmeCSVQ03gjVixSD0Bav7g4uJX79hSvNIXpthzNoh9CQPOAVjpU52D7CPW4r3+gaUim7tCzKdbI64heNSsUSwJSeE5Et4ppyeYc8lU+TQHJVO9r3VjWgSMmmoAK2bHolNewTKcCrYONNKNIuBDqDHmpZKCJluj6bbj/GhVbo4iJQtafBU/T4xglDrYejbzhBMX//2JuJfXjMxQbE94jJODJN09lGQCGwiPIkCd7li1IihJUAVt7ti2gcF1NjAJiF8XYr/J7W86xHXuyK58vk8jjTaRwfoCHmogMroElVQFVF0hx7QE3p27p1H58V5nbWmnPnMLvoB5+0TXb+UhA==</latexit>

ab ! a
<latexit sha1_base64="pQpLvil68PonyJs2YTB9mYa8KB4=">AAAB/HicdVDLSgNBEOz1GeNr1aOXwSB4CrO+cxBFLx4VjAkkIfROJsmQ2Qczs8qyRPwTLx4U8eovePfm3zhJFFS0oKGo6qa7y4+l0IbSd2dsfGJyajo3k5+dm19YdJeWL3WUKMbLLJKRqvqouRQhLxthJK/GimPgS17xeycDv3LFlRZReGHSmDcC7ISiLRgaKzXdFSQ+qSvR6RpUKromSPJNt0CLe1ul/RIllmxTulkiI2Vnl3hFOkTh8DV/cAsAZ033rd6KWBLw0DCJWtc8GptGhsoIJnk/X080j5H1sMNrloYYcN3Ihsf3ybpVWqQdKVuhIUP1+0SGgdZp4NvOAE1X//YG4l9eLTHt/UYmwjgxPGSjRe1EEhORQRKkJRRnRqaWIFPC3kpYFxUyY/MahPD1KfmfXG4WPVr0zmnh6BhGyMEqrMEGeLAHR3AKZ1AGBincwQM8OjfOvfPkPI9ax5zPmRX4AeflAwybleU=</latexit><latexit sha1_base64="tQ7PVPthbFmM0JgIVtQiSLirhX0=">AAAB/HicdVDJSgNBEO1xjeMWzdFLYxA8hZ64JDmIQS8eI5gFkhBqOj1Jk56F7h4lDPFXPOhBEa/+gncv4t/YSRRU9EHB470qquq5keBKE/JuzczOzS8sppbs5ZXVtfX0xmZNhbGkrEpDEcqGC4oJHrCq5lqwRiQZ+K5gdXdwOvbrl0wqHgYXehixtg+9gHucgjZSJ50B7OKW5L2+BinDKwzY7qSzJFfYKxVLBBuyT0i+hKfKwSF2cmSC7PGLfRTdvtmVTvq11Q1p7LNAUwFKNR0S6XYCUnMq2MhuxYpFQAfQY01DA/CZaieT40d4xyhd7IXSVKDxRP0+kYCv1NB3TacPuq9+e2PxL68Za6/YTngQxZoFdLrIiwXWIR4ngbtcMqrF0BCgkptbMe2DBKpNXuMQvj7F/5NaPueQnHNOsuUTNEUKbaFttIscVEBldIYqqIooGqIbdI8erGvrznq0nqatM9bnTAb9gPX8Af4bl1k=</latexit><latexit sha1_base64="tQ7PVPthbFmM0JgIVtQiSLirhX0=">AAAB/HicdVDJSgNBEO1xjeMWzdFLYxA8hZ64JDmIQS8eI5gFkhBqOj1Jk56F7h4lDPFXPOhBEa/+gncv4t/YSRRU9EHB470qquq5keBKE/JuzczOzS8sppbs5ZXVtfX0xmZNhbGkrEpDEcqGC4oJHrCq5lqwRiQZ+K5gdXdwOvbrl0wqHgYXehixtg+9gHucgjZSJ50B7OKW5L2+BinDKwzY7qSzJFfYKxVLBBuyT0i+hKfKwSF2cmSC7PGLfRTdvtmVTvq11Q1p7LNAUwFKNR0S6XYCUnMq2MhuxYpFQAfQY01DA/CZaieT40d4xyhd7IXSVKDxRP0+kYCv1NB3TacPuq9+e2PxL68Za6/YTngQxZoFdLrIiwXWIR4ngbtcMqrF0BCgkptbMe2DBKpNXuMQvj7F/5NaPueQnHNOsuUTNEUKbaFttIscVEBldIYqqIooGqIbdI8erGvrznq0nqatM9bnTAb9gPX8Af4bl1k=</latexit><latexit sha1_base64="lpMPw7BYk47Tyx1Kk71Vi1YzUDc=">AAAB/HicdVDLSgNBEJyNrxhfqzl6GQyCpzAbH0luQS8eIxgTSELoncwmQ2Z3lplZZQnxV7x4UMSrH+LNv3HyEFS0oKGo6qa7y48F14aQDyeztLyyupZdz21sbm3vuLt7N1omirIGlUKqlg+aCR6xhuFGsFasGIS+YE1/dDH1m7dMaS6ja5PGrBvCIOIBp2Cs1HPzgH3cUXwwNKCUvMOAcz23QIrl42qlSrAlJ4SUqniunJ5hr0hmKKAF6j33vdOXNAlZZKgArdseiU13DMpwKtgk10k0i4GOYMDalkYQMt0dz46f4EOr9HEgla3I4Jn6fWIModZp6NvOEMxQ//am4l9eOzFBpTvmUZwYFtH5oiAR2Eg8TQL3uWLUiNQSoIrbWzEdggJqbF7TEL4+xf+Tm1LRI0XvihRq54s4smgfHaAj5KEyqqFLVEcNRFGKHtATenbunUfnxXmdt2acxUwe/YDz9gmdVJQY</latexit>

ab ! a
<latexit sha1_base64="iVq4a4qWLxo/z3yl1S1u96LGUsU=">AAAB+3icbVBNS8NAEJ34WeNXrEcvi0XwVBIvehGLXjxWsB/QljLZbtqlm03Y3aglFPwlXjwo4tXf4N2b/8ak7UFbHww83pthZp4fC66N635bS8srq2vrhQ17c2t7Z9fZK9Z1lCjKajQSkWr6qJngktUMN4I1Y8Uw9AVr+MOr3G/cMaV5JG/NKGadEPuSB5yiyaSuU0Tik7bi/YFBpaJ7gnbXKblldwKySLwZKV182uePAFDtOl/tXkSTkElDBWrd8tzYdFJUhlPBxnY70SxGOsQ+a2VUYsh0J53cPiZHmdIjQaSykoZM1N8TKYZaj0I/6wzRDPS8l4v/ea3EBGedlMs4MUzS6aIgEcREJA+C9Lhi1IhRRpAqnt1K6AAVUpPFlYfgzb+8SOonZc8tezduqXIJUxTgAA7hGDw4hQpcQxVqQOEBnuAFXq2x9Wy9We/T1iVrNrMPf2B9/AAluZVb</latexit><latexit sha1_base64="0i0qjEgoK3e9DXtHdVjTPOiwF/k=">AAAB+3icbVBNS8NAEN3Urxq/Yj16WSyCp5J40YtY9OKxgv2ANpTJdtMu3WzC7kYtoX/FSw+KePU3ePci/hs3bQ/a+mDg8d4MM/OChDOlXffbKqysrq1vFDftre2d3T1nv9RQcSoJrZOYx7IVgKKcCVrXTHPaSiSFKOC0GQyvc795T6VisbjTo4T6EfQFCxkBbaSuUwIc4I5k/YEGKeMHDHbXKbsVdwq8TLw5KV9+2BfJ5MuudZ3PTi8maUSFJhyUantuov0MpGaE07HdSRVNgAyhT9uGCoio8rPp7WN8bJQeDmNpSmg8VX9PZBApNYoC0xmBHqhFLxf/89qpDs/9jIkk1VSQ2aIw5VjHOA8C95ikRPORIUAkM7diMgAJRJu48hC8xZeXSeO04rkV79YtV6/QDEV0iI7QCfLQGaqiG1RDdUTQI3pCz+jFGlsT69V6m7UWrPnMAfoD6/0HF0iWzw==</latexit><latexit sha1_base64="0i0qjEgoK3e9DXtHdVjTPOiwF/k=">AAAB+3icbVBNS8NAEN3Urxq/Yj16WSyCp5J40YtY9OKxgv2ANpTJdtMu3WzC7kYtoX/FSw+KePU3ePci/hs3bQ/a+mDg8d4MM/OChDOlXffbKqysrq1vFDftre2d3T1nv9RQcSoJrZOYx7IVgKKcCVrXTHPaSiSFKOC0GQyvc795T6VisbjTo4T6EfQFCxkBbaSuUwIc4I5k/YEGKeMHDHbXKbsVdwq8TLw5KV9+2BfJ5MuudZ3PTi8maUSFJhyUantuov0MpGaE07HdSRVNgAyhT9uGCoio8rPp7WN8bJQeDmNpSmg8VX9PZBApNYoC0xmBHqhFLxf/89qpDs/9jIkk1VSQ2aIw5VjHOA8C95ikRPORIUAkM7diMgAJRJu48hC8xZeXSeO04rkV79YtV6/QDEV0iI7QCfLQGaqiG1RDdUTQI3pCz+jFGlsT69V6m7UWrPnMAfoD6/0HF0iWzw==</latexit><latexit sha1_base64="iW8GKNDTQdZc9f4T0kByf6OeDjs=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBIveix68VjBfkAbymS7aZduNmF3opbSv+LFgyJe/SPe/Ddu2hy09cHA470ZZuaFqRQGPe/bWVvf2NzaLu2Ud/f2Dw7do0rLJJlmvMkSmehOCIZLoXgTBUreSTWHOJS8HY5vcr/9wLURibrHScqDGIZKRIIBWqnvVoCGtKfFcISgdfJIodx3q17Nm4OuEr8gVVKg0Xe/eoOEZTFXyCQY0/W9FIMpaBRM8lm5lxmeAhvDkHctVRBzE0znt8/omVUGNEq0LYV0rv6emEJszCQObWcMODLLXi7+53UzjK6CqVBphlyxxaIokxQTmgdBB0JzhnJiCTAt7K2UjUADQxtXHoK//PIqaV3UfK/m33nV+nURR4mckFNyTnxySerkljRIkzDyRJ7JK3lzZs6L8+58LFrXnGLmmPyB8/kDtnKTjg==</latexit>
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ab ! ab
<latexit sha1_base64="ePeMdqlhIRYuI9jJXSvpy70gSUM=">AAAB/nicdVDLSgMxFL1TX7W+RsWVm2ARXJVMfbRdiEU3LivYB7SlZNK0Dc08SDJKGQr9FTcuFHHrH7h359+YaRVU9MCFk3PuJfceNxRcaYzfrdTc/MLiUno5s7K6tr5hb27VVBBJyqo0EIFsuEQxwX1W1VwL1gglI54rWN0dXiR+/YZJxQP/Wo9C1vZI3+c9Tok2UsfeIchFLcn7A02kDG5R8s507CzOFQ5LxRJGhhxhnC+hmXJ8gpwcniJ79po5nQBApWO/tboBjTzmayqIUk0Hh7odE6k5FWycaUWKhYQOSZ81DfWJx1Q7nq4/RvtG6aJeIE35Gk3V7xMx8ZQaea7p9IgeqN9eIv7lNSPdK7Zj7oeRZj6dfdSLBNIBSrJAXS4Z1WJkCKGSm10RHRBJqDaJJSF8XYr+J7V8zsE55wpny+cwQxp2YQ8OwIEClOESKlAFCjHcwQM8WhPr3nqynmetKetzZht+wHr5ACl4lns=</latexit><latexit sha1_base64="F5t+l1cCvgEnPDSlVSW4rp85izY=">AAAB/nicdVDLSgMxFM34rONrVFy5CRbB1ZCpj7YLsejGZQX7gHYomTTThmYeJBmlDAV/RQQXirj1D9y7Ef/GTKugogcunJxzL7n3eDFnUiH0bkxNz8zOzecWzMWl5ZVVa229LqNEEFojEY9E08OSchbSmmKK02YsKA48Thve4DTzG5dUSBaFF2oYUzfAvZD5jGClpY61iaEH24L1+goLEV3B7G12rDyyi3vlUhlBTfYRKpThRDk4hI6Nxsgfv5hH8e2bWe1Yr+1uRJKAhopwLGXLQbFyUywUI5yOzHYiaYzJAPdoS9MQB1S66Xj9EdzRShf6kdAVKjhWv0+kOJByGHi6M8CqL397mfiX10qUX3JTFsaJoiGZfOQnHKoIZlnALhOUKD7UBBPB9K6Q9LHAROnEshC+LoX/k3rBdpDtnKN85QRMkANbYBvsAgcUQQWcgSqoAQJScAPuwYNxbdwZj8bTpHXK+JzZAD9gPH8AGweX7w==</latexit><latexit sha1_base64="F5t+l1cCvgEnPDSlVSW4rp85izY=">AAAB/nicdVDLSgMxFM34rONrVFy5CRbB1ZCpj7YLsejGZQX7gHYomTTThmYeJBmlDAV/RQQXirj1D9y7Ef/GTKugogcunJxzL7n3eDFnUiH0bkxNz8zOzecWzMWl5ZVVa229LqNEEFojEY9E08OSchbSmmKK02YsKA48Thve4DTzG5dUSBaFF2oYUzfAvZD5jGClpY61iaEH24L1+goLEV3B7G12rDyyi3vlUhlBTfYRKpThRDk4hI6Nxsgfv5hH8e2bWe1Yr+1uRJKAhopwLGXLQbFyUywUI5yOzHYiaYzJAPdoS9MQB1S66Xj9EdzRShf6kdAVKjhWv0+kOJByGHi6M8CqL397mfiX10qUX3JTFsaJoiGZfOQnHKoIZlnALhOUKD7UBBPB9K6Q9LHAROnEshC+LoX/k3rBdpDtnKN85QRMkANbYBvsAgcUQQWcgSqoAQJScAPuwYNxbdwZj8bTpHXK+JzZAD9gPH8AGweX7w==</latexit><latexit sha1_base64="43oKOKgwHicos1MLtQPETB+Rvyw=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEV0OmPtruim5cVrCt0A4lk6ZtaCYZkoxShoK/4saFIm79Dnf+jZm2gooeuHByzr3k3hPGnGmD0IeTW1hcWl7JrxbW1jc2t9ztnaaWiSK0QSSX6ibEmnImaMMww+lNrCiOQk5b4egi81u3VGkmxbUZxzSI8ECwPiPYWKnr7mEYwo5ig6HBSsk7mL0LXbeIvPJxtVJF0JIThEpVOFNOz6DvoSmKYI56133v9CRJIioM4Vjrto9iE6RYGUY4nRQ6iaYxJiM8oG1LBY6oDtLp+hN4aJUe7EtlSxg4Vb9PpDjSehyFtjPCZqh/e5n4l9dOTL8SpEzEiaGCzD7qJxwaCbMsYI8pSgwfW4KJYnZXSIZYYWJsYlkIX5fC/0mz5PnI869QsXY+jyMP9sEBOAI+KIMauAR10AAEpOABPIFn5955dF6c11lrzpnP7IIfcN4+AboxlK4=</latexit>

ab ! ba
<latexit sha1_base64="tikgguWrjC/ibNMDxeZmHqNYERo=">AAAB/XicdVDJSgNBEK1xN27jcvPSGARPoScuSQ6i6MWjglkgCaGm00ma9Cx09ygxiH6KFw+KePUTvHvzb+wkCir6oOD1e1V01fNjKbSh9N0ZG5+YnJqemU3NzS8sLrnLKyUdJYrxIotkpCo+ai5FyItGGMkrseIY+JKX/e7xwC9fcKVFFJ6bXszrAbZD0RIMjZUa7hoSn9SUaHcMKhVd2hemGm6aZnLbhXyBEkt2KM0WyEjZ3SNehg6RPnhN7d8CwGnDfas1I5YEPDRMotZVj8am3kdlBJP8OlVLNI+RdbHNq5aGGHBd7w+3vyabVmmSVqRshYYM1e8TfQy07gW+7QzQdPRvbyD+5VUT08rX+yKME8NDNvqolUhiIjKIgjSF4szIniXIlLC7EtZBhczYwAYhfF1K/ielbMajGe+Mpg+PYIQZWIcN2AIPcnAIJ3AKRWBwBXfwAI/OjXPvPDnPo9Yx53NmFX7AefkAzPeWUQ==</latexit><latexit sha1_base64="gQFbceWVsxBP1GDF6SRBaAwiiJA=">AAAB/XicdVDLSgMxFM3UVx1f42PnJlgEVyVTH20XYtGNywr2AW0pd9K0Dc08SDJKLcVfEcSFIm79BPduxL8xbRVU9MCFk3PuJfceLxJcaULercTU9MzsXHLeXlhcWl5xVtfKKowlZSUailBWPVBM8ICVNNeCVSPJwPcEq3i9k5FfuWBS8TA41/2INXzoBLzNKWgjNZ0NwB6uS97papAyvDQvsJtOiqSzu/lcnmBD9gjJ5PFE2T/AbpqMkTp6sQ+j2ze72HRe662Qxj4LNBWgVM0lkW4MQGpOBRva9VixCGgPOqxmaAA+U43BePsh3jZKC7dDaSrQeKx+nxiAr1Tf90ynD7qrfnsj8S+vFut2rjHgQRRrFtDJR+1YYB3iURS4xSWjWvQNASq52RXTLkig2gQ2CuHrUvw/KWfSLkm7ZyRVOEYTJNEm2kI7yEVZVECnqIhKiKIrdIPu0YN1bd1Zj9bTpDVhfc6sox+wnj8AvoaXxQ==</latexit><latexit sha1_base64="gQFbceWVsxBP1GDF6SRBaAwiiJA=">AAAB/XicdVDLSgMxFM3UVx1f42PnJlgEVyVTH20XYtGNywr2AW0pd9K0Dc08SDJKLcVfEcSFIm79BPduxL8xbRVU9MCFk3PuJfceLxJcaULercTU9MzsXHLeXlhcWl5xVtfKKowlZSUailBWPVBM8ICVNNeCVSPJwPcEq3i9k5FfuWBS8TA41/2INXzoBLzNKWgjNZ0NwB6uS97papAyvDQvsJtOiqSzu/lcnmBD9gjJ5PFE2T/AbpqMkTp6sQ+j2ze72HRe662Qxj4LNBWgVM0lkW4MQGpOBRva9VixCGgPOqxmaAA+U43BePsh3jZKC7dDaSrQeKx+nxiAr1Tf90ynD7qrfnsj8S+vFut2rjHgQRRrFtDJR+1YYB3iURS4xSWjWvQNASq52RXTLkig2gQ2CuHrUvw/KWfSLkm7ZyRVOEYTJNEm2kI7yEVZVECnqIhKiKIrdIPu0YN1bd1Zj9bTpDVhfc6sox+wnj8AvoaXxQ==</latexit><latexit sha1_base64="pW5S4vDzkhp0JjySdCGtMgReOwY=">AAAB/XicdVDLSgMxFM3UV62v+ti5CRbB1ZCpj7a7ohuXFewD2lLupJk2NJMZkoxSS/FX3LhQxK3/4c6/MX0IKnrgwsk595J7jx8Lrg0hH05qYXFpeSW9mllb39jcym7v1HSUKMqqNBKRavigmeCSVQ03gjVixSD0Bav7g4uJX79hSvNIXpthzNoh9CQPOAVjpU52D7CPW4r3+gaUim7tCzKdbI64heNSsUSwJSeE5Et4ppyeYc8lU+TQHJVO9r3VjWgSMmmoAK2bHolNewTKcCrYONNKNIuBDqDHmpZKCJluj6bbj/GhVbo4iJQtafBU/T4xglDrYejbzhBMX//2JuJfXjMxQbE94jJODJN09lGQCGwiPIkCd7li1IihJUAVt7ti2gcF1NjAJiF8XYr/J7W86xHXuyK58vk8jjTaRwfoCHmogMroElVQFVF0hx7QE3p27p1H58V5nbWmnPnMLvoB5+0TXb+UhA==</latexit>

ab ! a
<latexit sha1_base64="pQpLvil68PonyJs2YTB9mYa8KB4=">AAAB/HicdVDLSgNBEOz1GeNr1aOXwSB4CrO+cxBFLx4VjAkkIfROJsmQ2Qczs8qyRPwTLx4U8eovePfm3zhJFFS0oKGo6qa7y4+l0IbSd2dsfGJyajo3k5+dm19YdJeWL3WUKMbLLJKRqvqouRQhLxthJK/GimPgS17xeycDv3LFlRZReGHSmDcC7ISiLRgaKzXdFSQ+qSvR6RpUKromSPJNt0CLe1ul/RIllmxTulkiI2Vnl3hFOkTh8DV/cAsAZ033rd6KWBLw0DCJWtc8GptGhsoIJnk/X080j5H1sMNrloYYcN3Ihsf3ybpVWqQdKVuhIUP1+0SGgdZp4NvOAE1X//YG4l9eLTHt/UYmwjgxPGSjRe1EEhORQRKkJRRnRqaWIFPC3kpYFxUyY/MahPD1KfmfXG4WPVr0zmnh6BhGyMEqrMEGeLAHR3AKZ1AGBincwQM8OjfOvfPkPI9ax5zPmRX4AeflAwybleU=</latexit><latexit sha1_base64="tQ7PVPthbFmM0JgIVtQiSLirhX0=">AAAB/HicdVDJSgNBEO1xjeMWzdFLYxA8hZ64JDmIQS8eI5gFkhBqOj1Jk56F7h4lDPFXPOhBEa/+gncv4t/YSRRU9EHB470qquq5keBKE/JuzczOzS8sppbs5ZXVtfX0xmZNhbGkrEpDEcqGC4oJHrCq5lqwRiQZ+K5gdXdwOvbrl0wqHgYXehixtg+9gHucgjZSJ50B7OKW5L2+BinDKwzY7qSzJFfYKxVLBBuyT0i+hKfKwSF2cmSC7PGLfRTdvtmVTvq11Q1p7LNAUwFKNR0S6XYCUnMq2MhuxYpFQAfQY01DA/CZaieT40d4xyhd7IXSVKDxRP0+kYCv1NB3TacPuq9+e2PxL68Za6/YTngQxZoFdLrIiwXWIR4ngbtcMqrF0BCgkptbMe2DBKpNXuMQvj7F/5NaPueQnHNOsuUTNEUKbaFttIscVEBldIYqqIooGqIbdI8erGvrznq0nqatM9bnTAb9gPX8Af4bl1k=</latexit><latexit sha1_base64="tQ7PVPthbFmM0JgIVtQiSLirhX0=">AAAB/HicdVDJSgNBEO1xjeMWzdFLYxA8hZ64JDmIQS8eI5gFkhBqOj1Jk56F7h4lDPFXPOhBEa/+gncv4t/YSRRU9EHB470qquq5keBKE/JuzczOzS8sppbs5ZXVtfX0xmZNhbGkrEpDEcqGC4oJHrCq5lqwRiQZ+K5gdXdwOvbrl0wqHgYXehixtg+9gHucgjZSJ50B7OKW5L2+BinDKwzY7qSzJFfYKxVLBBuyT0i+hKfKwSF2cmSC7PGLfRTdvtmVTvq11Q1p7LNAUwFKNR0S6XYCUnMq2MhuxYpFQAfQY01DA/CZaieT40d4xyhd7IXSVKDxRP0+kYCv1NB3TacPuq9+e2PxL68Za6/YTngQxZoFdLrIiwXWIR4ngbtcMqrF0BCgkptbMe2DBKpNXuMQvj7F/5NaPueQnHNOsuUTNEUKbaFttIscVEBldIYqqIooGqIbdI8erGvrznq0nqatM9bnTAb9gPX8Af4bl1k=</latexit><latexit sha1_base64="lpMPw7BYk47Tyx1Kk71Vi1YzUDc=">AAAB/HicdVDLSgNBEJyNrxhfqzl6GQyCpzAbH0luQS8eIxgTSELoncwmQ2Z3lplZZQnxV7x4UMSrH+LNv3HyEFS0oKGo6qa7y48F14aQDyeztLyyupZdz21sbm3vuLt7N1omirIGlUKqlg+aCR6xhuFGsFasGIS+YE1/dDH1m7dMaS6ja5PGrBvCIOIBp2Cs1HPzgH3cUXwwNKCUvMOAcz23QIrl42qlSrAlJ4SUqniunJ5hr0hmKKAF6j33vdOXNAlZZKgArdseiU13DMpwKtgk10k0i4GOYMDalkYQMt0dz46f4EOr9HEgla3I4Jn6fWIModZp6NvOEMxQ//am4l9eOzFBpTvmUZwYFtH5oiAR2Eg8TQL3uWLUiNQSoIrbWzEdggJqbF7TEL4+xf+Tm1LRI0XvihRq54s4smgfHaAj5KEyqqFLVEcNRFGKHtATenbunUfnxXmdt2acxUwe/YDz9gmdVJQY</latexit>

ab ! b
<latexit sha1_base64="mKCaJmLVOmkvNweMQbvGVD5fzCk=">AAAB/HicbVC7TsMwFL3hWcIr0JHFokJiqhIWWBAVLIxFog+pjSrHdVqrjhPZDiiKivgTFgYQYuUX2Nn4G5y2A7Qc6UrH59wr33uChDOlXffbWlpeWV1bL23Ym1vbO7vO3n5TxakktEFiHst2gBXlTNCGZprTdiIpjgJOW8HoqvBbd1QqFotbnSXUj/BAsJARrI3Uc8oYBagr2WCosZTxvXnZPafiVt0J0CLxZqRy8WmfPwJAved8dfsxSSMqNOFYqY7nJtrPsdSMcDq2u6miCSYjPKAdQwWOqPLzyfJjdGSUPgpjaUpoNFF/T+Q4UiqLAtMZYT1U814h/ud1Uh2e+TkTSaqpINOPwpQjHaMiCdRnkhLNM0MwkczsisgQS0y0yasIwZs/eZE0T6qeW/Vu3ErtEqYowQEcwjF4cAo1uIY6NIBABk/wAq/Wg/VsvVnv09YlazZThj+wPn4Agy2Vhg==</latexit><latexit sha1_base64="+YJF7di4YmOjtXmg4bcwVm2JeMc=">AAAB/HicbVC7TsMwFL0prxJegY4sFhUSU5WwwIKoYGEsEn1IbVU5rtNadeLIdkBRVH6FAQYQYuUX2FkQf4PTdoCWI13p+Jx75XuPH3OmtOt+W4Wl5ZXVteK6vbG5tb3j7O41lEgkoXUiuJAtHyvKWUTrmmlOW7GkOPQ5bfqjy9xv3lKpmIhudBrTbogHEQsYwdpIPaeEkY86kg2GGksp7szL7jllt+JOgBaJNyPl8w/7LH78sms957PTFyQJaaQJx0q1PTfW3QxLzQinY7uTKBpjMsID2jY0wiFV3Wyy/BgdGqWPAiFNRRpN1N8TGQ6VSkPfdIZYD9W8l4v/ee1EB6fdjEVxomlEph8FCUdaoDwJ1GeSEs1TQzCRzOyKyBBLTLTJKw/Bmz95kTSOK55b8a7dcvUCpijCPhzAEXhwAlW4ghrUgUAKD/AML9a99WS9Wm/T1oI1mynBH1jvP3S8lvo=</latexit><latexit sha1_base64="+YJF7di4YmOjtXmg4bcwVm2JeMc=">AAAB/HicbVC7TsMwFL0prxJegY4sFhUSU5WwwIKoYGEsEn1IbVU5rtNadeLIdkBRVH6FAQYQYuUX2FkQf4PTdoCWI13p+Jx75XuPH3OmtOt+W4Wl5ZXVteK6vbG5tb3j7O41lEgkoXUiuJAtHyvKWUTrmmlOW7GkOPQ5bfqjy9xv3lKpmIhudBrTbogHEQsYwdpIPaeEkY86kg2GGksp7szL7jllt+JOgBaJNyPl8w/7LH78sms957PTFyQJaaQJx0q1PTfW3QxLzQinY7uTKBpjMsID2jY0wiFV3Wyy/BgdGqWPAiFNRRpN1N8TGQ6VSkPfdIZYD9W8l4v/ee1EB6fdjEVxomlEph8FCUdaoDwJ1GeSEs1TQzCRzOyKyBBLTLTJKw/Bmz95kTSOK55b8a7dcvUCpijCPhzAEXhwAlW4ghrUgUAKD/AML9a99WS9Wm/T1oI1mynBH1jvP3S8lvo=</latexit><latexit sha1_base64="HMGXlnxAH7JvXmvn6Vjshy96cfk=">AAAB/HicbVC7TsMwFL3hWcor0JHFokJiqhIWGCtYGItEH1IbVY7rtFYdO7IdUBSVX2FhACFWPoSNv8FpM0DLka50fM698r0nTDjTxvO+nbX1jc2t7cpOdXdv/+DQPTruaJkqQttEcql6IdaUM0HbhhlOe4miOA457YbTm8LvPlClmRT3JktoEOOxYBEj2Fhp6NYwCtFAsfHEYKXko31Vh27da3hzoFXil6QOJVpD92swkiSNqTCEY637vpeYIMfKMMLprDpINU0wmeIx7VsqcEx1kM+Xn6Ezq4xQJJUtYdBc/T2R41jrLA5tZ4zNRC97hfif109NdBXkTCSpoYIsPopSjoxERRJoxBQlhmeWYKKY3RWRCVaYGJtXEYK/fPIq6Vw0fK/h33n15nUZRwVO4BTOwYdLaMIttKANBDJ4hld4c56cF+fd+Vi0rjnlTA3+wPn8ARP1k7k=</latexit>
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Implemented by  
Finite State Transducer

ab ! ab
<latexit sha1_base64="ePeMdqlhIRYuI9jJXSvpy70gSUM=">AAAB/nicdVDLSgMxFL1TX7W+RsWVm2ARXJVMfbRdiEU3LivYB7SlZNK0Dc08SDJKGQr9FTcuFHHrH7h359+YaRVU9MCFk3PuJfceNxRcaYzfrdTc/MLiUno5s7K6tr5hb27VVBBJyqo0EIFsuEQxwX1W1VwL1gglI54rWN0dXiR+/YZJxQP/Wo9C1vZI3+c9Tok2UsfeIchFLcn7A02kDG5R8s507CzOFQ5LxRJGhhxhnC+hmXJ8gpwcniJ79po5nQBApWO/tboBjTzmayqIUk0Hh7odE6k5FWycaUWKhYQOSZ81DfWJx1Q7nq4/RvtG6aJeIE35Gk3V7xMx8ZQaea7p9IgeqN9eIv7lNSPdK7Zj7oeRZj6dfdSLBNIBSrJAXS4Z1WJkCKGSm10RHRBJqDaJJSF8XYr+J7V8zsE55wpny+cwQxp2YQ8OwIEClOESKlAFCjHcwQM8WhPr3nqynmetKetzZht+wHr5ACl4lns=</latexit><latexit sha1_base64="F5t+l1cCvgEnPDSlVSW4rp85izY=">AAAB/nicdVDLSgMxFM34rONrVFy5CRbB1ZCpj7YLsejGZQX7gHYomTTThmYeJBmlDAV/RQQXirj1D9y7Ef/GTKugogcunJxzL7n3eDFnUiH0bkxNz8zOzecWzMWl5ZVVa229LqNEEFojEY9E08OSchbSmmKK02YsKA48Thve4DTzG5dUSBaFF2oYUzfAvZD5jGClpY61iaEH24L1+goLEV3B7G12rDyyi3vlUhlBTfYRKpThRDk4hI6Nxsgfv5hH8e2bWe1Yr+1uRJKAhopwLGXLQbFyUywUI5yOzHYiaYzJAPdoS9MQB1S66Xj9EdzRShf6kdAVKjhWv0+kOJByGHi6M8CqL397mfiX10qUX3JTFsaJoiGZfOQnHKoIZlnALhOUKD7UBBPB9K6Q9LHAROnEshC+LoX/k3rBdpDtnKN85QRMkANbYBvsAgcUQQWcgSqoAQJScAPuwYNxbdwZj8bTpHXK+JzZAD9gPH8AGweX7w==</latexit><latexit sha1_base64="F5t+l1cCvgEnPDSlVSW4rp85izY=">AAAB/nicdVDLSgMxFM34rONrVFy5CRbB1ZCpj7YLsejGZQX7gHYomTTThmYeJBmlDAV/RQQXirj1D9y7Ef/GTKugogcunJxzL7n3eDFnUiH0bkxNz8zOzecWzMWl5ZVVa229LqNEEFojEY9E08OSchbSmmKK02YsKA48Thve4DTzG5dUSBaFF2oYUzfAvZD5jGClpY61iaEH24L1+goLEV3B7G12rDyyi3vlUhlBTfYRKpThRDk4hI6Nxsgfv5hH8e2bWe1Yr+1uRJKAhopwLGXLQbFyUywUI5yOzHYiaYzJAPdoS9MQB1S66Xj9EdzRShf6kdAVKjhWv0+kOJByGHi6M8CqL397mfiX10qUX3JTFsaJoiGZfOQnHKoIZlnALhOUKD7UBBPB9K6Q9LHAROnEshC+LoX/k3rBdpDtnKN85QRMkANbYBvsAgcUQQWcgSqoAQJScAPuwYNxbdwZj8bTpHXK+JzZAD9gPH8AGweX7w==</latexit><latexit sha1_base64="43oKOKgwHicos1MLtQPETB+Rvyw=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEV0OmPtruim5cVrCt0A4lk6ZtaCYZkoxShoK/4saFIm79Dnf+jZm2gooeuHByzr3k3hPGnGmD0IeTW1hcWl7JrxbW1jc2t9ztnaaWiSK0QSSX6ibEmnImaMMww+lNrCiOQk5b4egi81u3VGkmxbUZxzSI8ECwPiPYWKnr7mEYwo5ig6HBSsk7mL0LXbeIvPJxtVJF0JIThEpVOFNOz6DvoSmKYI56133v9CRJIioM4Vjrto9iE6RYGUY4nRQ6iaYxJiM8oG1LBY6oDtLp+hN4aJUe7EtlSxg4Vb9PpDjSehyFtjPCZqh/e5n4l9dOTL8SpEzEiaGCzD7qJxwaCbMsYI8pSgwfW4KJYnZXSIZYYWJsYlkIX5fC/0mz5PnI869QsXY+jyMP9sEBOAI+KIMauAR10AAEpOABPIFn5955dF6c11lrzpnP7IIfcN4+AboxlK4=</latexit>

ab ! b
<latexit sha1_base64="bnBEzW8R/940dOaDdbHnd0b7/V0=">AAAB/HicdVDLSgMxFL1TX7W+Rrt0EyyCq5Kpj7YLsejGZQX7gLaUTJq2oZkHSUYZhop/4saFIm79Bffu/BvTVkFFD1w4Oedecu9xQ8GVxvjdSs3NLywupZczK6tr6xv25lZdBZGkrEYDEcimSxQT3Gc1zbVgzVAy4rmCNdzR2cRvXDGpeOBf6jhkHY8MfN7nlGgjde0sQS5qSz4YaiJlcG1ema6dw/nifrlUxsiQA4wLZTRTDo+Qk8dT5E5eM8e3AFDt2m/tXkAjj/maCqJUy8Gh7iREak4FG2fakWIhoSMyYC1DfeIx1Ummy4/RrlF6qB9IU75GU/X7REI8pWLPNZ0e0UP125uIf3mtSPdLnYT7YaSZT2cf9SOBdIAmSaAel4xqERtCqORmV0SHRBKqTV6TEL4uRf+TeiHv4LxzgXOVU5ghDduwA3vgQBEqcA5VqAGFGO7gAR6tG+veerKeZ60p63MmCz9gvXwADiGV5g==</latexit><latexit sha1_base64="yE759VlbDpW6T3bXvMo6Lkq5wrQ=">AAAB/HicdVDLSgMxFM34rONrtEs3wSK4Kpn6aLsQi25cVrAPaEvJpJk2NPMgySjDUH/FhS4UcesvuHcj/o2ZjoKKHrhwcs695N7jhJxJhdC7MTM7N7+wmFsyl1dW19atjc2mDCJBaIMEPBBtB0vKmU8biilO26Gg2HM4bTnj09RvXVIhWeBfqDikPQ8PfeYygpWW+lYeQwd2BRuOFBYiuNIvs28VULG8V61UEdRkH6FSFWbKwSG0i2iKwvGLeRTevpn1vvXaHQQk8qivCMdSdmwUql6ChWKE04nZjSQNMRnjIe1o6mOPyl4yXX4Cd7QygG4gdPkKTtXvEwn2pIw9R3d6WI3kby8V//I6kXIrvYT5YaSoT7KP3IhDFcA0CThgghLFY00wEUzvCskIC0yUzisN4etS+D9ploo2KtrnqFA7ARlyYAtsg11ggzKogTNQBw1AQAxuwD14MK6NO+PReMpaZ4zPmTz4AeP5A/+hl1o=</latexit><latexit sha1_base64="yE759VlbDpW6T3bXvMo6Lkq5wrQ=">AAAB/HicdVDLSgMxFM34rONrtEs3wSK4Kpn6aLsQi25cVrAPaEvJpJk2NPMgySjDUH/FhS4UcesvuHcj/o2ZjoKKHrhwcs695N7jhJxJhdC7MTM7N7+wmFsyl1dW19atjc2mDCJBaIMEPBBtB0vKmU8biilO26Gg2HM4bTnj09RvXVIhWeBfqDikPQ8PfeYygpWW+lYeQwd2BRuOFBYiuNIvs28VULG8V61UEdRkH6FSFWbKwSG0i2iKwvGLeRTevpn1vvXaHQQk8qivCMdSdmwUql6ChWKE04nZjSQNMRnjIe1o6mOPyl4yXX4Cd7QygG4gdPkKTtXvEwn2pIw9R3d6WI3kby8V//I6kXIrvYT5YaSoT7KP3IhDFcA0CThgghLFY00wEUzvCskIC0yUzisN4etS+D9ploo2KtrnqFA7ARlyYAtsg11ggzKogTNQBw1AQAxuwD14MK6NO+PReMpaZ4zPmTz4AeP5A/+hl1o=</latexit><latexit sha1_base64="9JCmZl2xPu5EL0ZaV2txKCoj+HQ=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgasjUR9td0Y3LCtYW2qFk0kwbmpkMSUYZhvorblwo4tYPceffmGkrqOiBCyfn3EvuPX7MmdIIfViFpeWV1bXiemljc2t7x97du1EikYS2ieBCdn2sKGcRbWumOe3GkuLQ57TjTy5yv3NLpWIiutZpTL0QjyIWMIK1kQZ2GUMf9iUbjTWWUtyZV2lgV5BTO27UGwgacoJQtQHnyukZdB00QwUs0BrY7/2hIElII004Vqrnolh7GZaaEU6npX6iaIzJBI9oz9AIh1R52Wz5KTw0yhAGQpqKNJyp3ycyHCqVhr7pDLEeq99eLv7l9RId1L2MRXGiaUTmHwUJh1rAPAk4ZJISzVNDMJHM7ArJGEtMtMkrD+HrUvg/uak6LnLcK1Rpni/iKIJ9cACOgAtqoAkuQQu0AQEpeABP4Nm6tx6tF+t13lqwFjNl8APW2yee2pQZ</latexit>

ab ! ba
<latexit sha1_base64="tikgguWrjC/ibNMDxeZmHqNYERo=">AAAB/XicdVDJSgNBEK1xN27jcvPSGARPoScuSQ6i6MWjglkgCaGm00ma9Cx09ygxiH6KFw+KePUTvHvzb+wkCir6oOD1e1V01fNjKbSh9N0ZG5+YnJqemU3NzS8sLrnLKyUdJYrxIotkpCo+ai5FyItGGMkrseIY+JKX/e7xwC9fcKVFFJ6bXszrAbZD0RIMjZUa7hoSn9SUaHcMKhVd2hemGm6aZnLbhXyBEkt2KM0WyEjZ3SNehg6RPnhN7d8CwGnDfas1I5YEPDRMotZVj8am3kdlBJP8OlVLNI+RdbHNq5aGGHBd7w+3vyabVmmSVqRshYYM1e8TfQy07gW+7QzQdPRvbyD+5VUT08rX+yKME8NDNvqolUhiIjKIgjSF4szIniXIlLC7EtZBhczYwAYhfF1K/ielbMajGe+Mpg+PYIQZWIcN2AIPcnAIJ3AKRWBwBXfwAI/OjXPvPDnPo9Yx53NmFX7AefkAzPeWUQ==</latexit><latexit sha1_base64="gQFbceWVsxBP1GDF6SRBaAwiiJA=">AAAB/XicdVDLSgMxFM3UVx1f42PnJlgEVyVTH20XYtGNywr2AW0pd9K0Dc08SDJKLcVfEcSFIm79BPduxL8xbRVU9MCFk3PuJfceLxJcaULercTU9MzsXHLeXlhcWl5xVtfKKowlZSUailBWPVBM8ICVNNeCVSPJwPcEq3i9k5FfuWBS8TA41/2INXzoBLzNKWgjNZ0NwB6uS97papAyvDQvsJtOiqSzu/lcnmBD9gjJ5PFE2T/AbpqMkTp6sQ+j2ze72HRe662Qxj4LNBWgVM0lkW4MQGpOBRva9VixCGgPOqxmaAA+U43BePsh3jZKC7dDaSrQeKx+nxiAr1Tf90ynD7qrfnsj8S+vFut2rjHgQRRrFtDJR+1YYB3iURS4xSWjWvQNASq52RXTLkig2gQ2CuHrUvw/KWfSLkm7ZyRVOEYTJNEm2kI7yEVZVECnqIhKiKIrdIPu0YN1bd1Zj9bTpDVhfc6sox+wnj8AvoaXxQ==</latexit><latexit sha1_base64="gQFbceWVsxBP1GDF6SRBaAwiiJA=">AAAB/XicdVDLSgMxFM3UVx1f42PnJlgEVyVTH20XYtGNywr2AW0pd9K0Dc08SDJKLcVfEcSFIm79BPduxL8xbRVU9MCFk3PuJfceLxJcaULercTU9MzsXHLeXlhcWl5xVtfKKowlZSUailBWPVBM8ICVNNeCVSPJwPcEq3i9k5FfuWBS8TA41/2INXzoBLzNKWgjNZ0NwB6uS97papAyvDQvsJtOiqSzu/lcnmBD9gjJ5PFE2T/AbpqMkTp6sQ+j2ze72HRe662Qxj4LNBWgVM0lkW4MQGpOBRva9VixCGgPOqxmaAA+U43BePsh3jZKC7dDaSrQeKx+nxiAr1Tf90ynD7qrfnsj8S+vFut2rjHgQRRrFtDJR+1YYB3iURS4xSWjWvQNASq52RXTLkig2gQ2CuHrUvw/KWfSLkm7ZyRVOEYTJNEm2kI7yEVZVECnqIhKiKIrdIPu0YN1bd1Zj9bTpDVhfc6sox+wnj8AvoaXxQ==</latexit><latexit sha1_base64="pW5S4vDzkhp0JjySdCGtMgReOwY=">AAAB/XicdVDLSgMxFM3UV62v+ti5CRbB1ZCpj7a7ohuXFewD2lLupJk2NJMZkoxSS/FX3LhQxK3/4c6/MX0IKnrgwsk595J7jx8Lrg0hH05qYXFpeSW9mllb39jcym7v1HSUKMqqNBKRavigmeCSVQ03gjVixSD0Bav7g4uJX79hSvNIXpthzNoh9CQPOAVjpU52D7CPW4r3+gaUim7tCzKdbI64heNSsUSwJSeE5Et4ppyeYc8lU+TQHJVO9r3VjWgSMmmoAK2bHolNewTKcCrYONNKNIuBDqDHmpZKCJluj6bbj/GhVbo4iJQtafBU/T4xglDrYejbzhBMX//2JuJfXjMxQbE94jJODJN09lGQCGwiPIkCd7li1IihJUAVt7ti2gcF1NjAJiF8XYr/J7W86xHXuyK58vk8jjTaRwfoCHmogMroElVQFVF0hx7QE3p27p1H58V5nbWmnPnMLvoB5+0TXb+UhA==</latexit>

ab ! a
<latexit sha1_base64="pQpLvil68PonyJs2YTB9mYa8KB4=">AAAB/HicdVDLSgNBEOz1GeNr1aOXwSB4CrO+cxBFLx4VjAkkIfROJsmQ2Qczs8qyRPwTLx4U8eovePfm3zhJFFS0oKGo6qa7y4+l0IbSd2dsfGJyajo3k5+dm19YdJeWL3WUKMbLLJKRqvqouRQhLxthJK/GimPgS17xeycDv3LFlRZReGHSmDcC7ISiLRgaKzXdFSQ+qSvR6RpUKromSPJNt0CLe1ul/RIllmxTulkiI2Vnl3hFOkTh8DV/cAsAZ033rd6KWBLw0DCJWtc8GptGhsoIJnk/X080j5H1sMNrloYYcN3Ihsf3ybpVWqQdKVuhIUP1+0SGgdZp4NvOAE1X//YG4l9eLTHt/UYmwjgxPGSjRe1EEhORQRKkJRRnRqaWIFPC3kpYFxUyY/MahPD1KfmfXG4WPVr0zmnh6BhGyMEqrMEGeLAHR3AKZ1AGBincwQM8OjfOvfPkPI9ax5zPmRX4AeflAwybleU=</latexit><latexit sha1_base64="tQ7PVPthbFmM0JgIVtQiSLirhX0=">AAAB/HicdVDJSgNBEO1xjeMWzdFLYxA8hZ64JDmIQS8eI5gFkhBqOj1Jk56F7h4lDPFXPOhBEa/+gncv4t/YSRRU9EHB470qquq5keBKE/JuzczOzS8sppbs5ZXVtfX0xmZNhbGkrEpDEcqGC4oJHrCq5lqwRiQZ+K5gdXdwOvbrl0wqHgYXehixtg+9gHucgjZSJ50B7OKW5L2+BinDKwzY7qSzJFfYKxVLBBuyT0i+hKfKwSF2cmSC7PGLfRTdvtmVTvq11Q1p7LNAUwFKNR0S6XYCUnMq2MhuxYpFQAfQY01DA/CZaieT40d4xyhd7IXSVKDxRP0+kYCv1NB3TacPuq9+e2PxL68Za6/YTngQxZoFdLrIiwXWIR4ngbtcMqrF0BCgkptbMe2DBKpNXuMQvj7F/5NaPueQnHNOsuUTNEUKbaFttIscVEBldIYqqIooGqIbdI8erGvrznq0nqatM9bnTAb9gPX8Af4bl1k=</latexit><latexit sha1_base64="tQ7PVPthbFmM0JgIVtQiSLirhX0=">AAAB/HicdVDJSgNBEO1xjeMWzdFLYxA8hZ64JDmIQS8eI5gFkhBqOj1Jk56F7h4lDPFXPOhBEa/+gncv4t/YSRRU9EHB470qquq5keBKE/JuzczOzS8sppbs5ZXVtfX0xmZNhbGkrEpDEcqGC4oJHrCq5lqwRiQZ+K5gdXdwOvbrl0wqHgYXehixtg+9gHucgjZSJ50B7OKW5L2+BinDKwzY7qSzJFfYKxVLBBuyT0i+hKfKwSF2cmSC7PGLfRTdvtmVTvq11Q1p7LNAUwFKNR0S6XYCUnMq2MhuxYpFQAfQY01DA/CZaieT40d4xyhd7IXSVKDxRP0+kYCv1NB3TacPuq9+e2PxL68Za6/YTngQxZoFdLrIiwXWIR4ngbtcMqrF0BCgkptbMe2DBKpNXuMQvj7F/5NaPueQnHNOsuUTNEUKbaFttIscVEBldIYqqIooGqIbdI8erGvrznq0nqatM9bnTAb9gPX8Af4bl1k=</latexit><latexit sha1_base64="lpMPw7BYk47Tyx1Kk71Vi1YzUDc=">AAAB/HicdVDLSgNBEJyNrxhfqzl6GQyCpzAbH0luQS8eIxgTSELoncwmQ2Z3lplZZQnxV7x4UMSrH+LNv3HyEFS0oKGo6qa7y48F14aQDyeztLyyupZdz21sbm3vuLt7N1omirIGlUKqlg+aCR6xhuFGsFasGIS+YE1/dDH1m7dMaS6ja5PGrBvCIOIBp2Cs1HPzgH3cUXwwNKCUvMOAcz23QIrl42qlSrAlJ4SUqniunJ5hr0hmKKAF6j33vdOXNAlZZKgArdseiU13DMpwKtgk10k0i4GOYMDalkYQMt0dz46f4EOr9HEgla3I4Jn6fWIModZp6NvOEMxQ//am4l9eOzFBpTvmUZwYFtH5oiAR2Eg8TQL3uWLUiNQSoIrbWzEdggJqbF7TEL4+xf+Tm1LRI0XvihRq54s4smgfHaAj5KEyqqFLVEcNRFGKHtATenbunUfnxXmdt2acxUwe/YDz9gmdVJQY</latexit>

ab ! ba
<latexit sha1_base64="X9i9rRVUuICmbAV+G4o69QrcjU0=">AAAB/XicbVC7SgNBFL0bXzG+4qOzGQyCVdi10UYM2lhGMA9IlnB3MpsMmd1ZZmaVGIJ+io2FIrZ+gr2df+PkUWjigQtnzrmXufcEieDauO63k1lYXFpeya7m1tY3Nrfy2ztVLVNFWYVKIVU9QM0Ej1nFcCNYPVEMo0CwWtC7HPm1W6Y0l/GN6SfMj7AT85BTNFZq5feQBKSpeKdrUCl5Z1+Ya+ULbtEdg8wTb0oK55+5s0cAKLfyX822pGnEYkMFat3w3MT4A1SGU8GGuWaqWYK0hx3WsDTGiGl/MN5+SA6t0iahVLZiQ8bq74kBRlr3o8B2Rmi6etYbif95jdSEp/6Ax0lqWEwnH4WpIEaSURSkzRWjRvQtQaq43ZXQLiqkxgY2CsGbPXmeVI+Lnlv0rt1C6QImyMI+HMAReHACJbiCMlSAwj08wQu8Og/Os/PmvE9aM850Zhf+wPn4AUISlfE=</latexit><latexit sha1_base64="gyBUJSSqh7j+0fAw2wCno1IlXeM=">AAAB/XicbVDLSsNAFJ34rPEVHzs3g0VwVRI3uhGLblxWsA9oQ7mZTtqhk0yYmSg1FH9FEBeKuPUT3LsR/8ZJ24W2Hrhw5px7mXtPkHCmtOt+W3PzC4tLy4UVe3VtfWPT2dquKZFKQqtEcCEbASjKWUyrmmlOG4mkEAWc1oP+Re7Xb6hUTMTXepBQP4JuzEJGQBup7ewCDnBLsm5Pg5Ti1rzAbjtFt+SOgGeJNyHFsw/7NHn8sitt57PVESSNaKwJB6WanptoPwOpGeF0aLdSRRMgfejSpqExRFT52Wj7IT4wSgeHQpqKNR6pvycyiJQaRIHpjED31LSXi/95zVSHJ37G4iTVNCbjj8KUYy1wHgXuMEmJ5gNDgEhmdsWkBxKINoHlIXjTJ8+S2lHJc0velVssn6MxCmgP7aND5KFjVEaXqIKqiKA79ICe0Yt1bz1Zr9bbuHXOmszsoD+w3n8AM6GXZQ==</latexit><latexit sha1_base64="gyBUJSSqh7j+0fAw2wCno1IlXeM=">AAAB/XicbVDLSsNAFJ34rPEVHzs3g0VwVRI3uhGLblxWsA9oQ7mZTtqhk0yYmSg1FH9FEBeKuPUT3LsR/8ZJ24W2Hrhw5px7mXtPkHCmtOt+W3PzC4tLy4UVe3VtfWPT2dquKZFKQqtEcCEbASjKWUyrmmlOG4mkEAWc1oP+Re7Xb6hUTMTXepBQP4JuzEJGQBup7ewCDnBLsm5Pg5Ti1rzAbjtFt+SOgGeJNyHFsw/7NHn8sitt57PVESSNaKwJB6WanptoPwOpGeF0aLdSRRMgfejSpqExRFT52Wj7IT4wSgeHQpqKNR6pvycyiJQaRIHpjED31LSXi/95zVSHJ37G4iTVNCbjj8KUYy1wHgXuMEmJ5gNDgEhmdsWkBxKINoHlIXjTJ8+S2lHJc0velVssn6MxCmgP7aND5KFjVEaXqIKqiKA79ICe0Yt1bz1Zr9bbuHXOmszsoD+w3n8AM6GXZQ==</latexit><latexit sha1_base64="iKFiqfxYTOD+HgZkJTsonJN2V+Y=">AAAB/XicbVC7TsMwFHXKq5RXeGwsFhUSU5WwwFjBwlgk+pDaqLpxndaqY0e2AypRxa+wMIAQK//Bxt/gtBmg5UhXOj7nXvneEyacaeN5305pZXVtfaO8Wdna3tndc/cPWlqmitAmkVyqTgiaciZo0zDDaSdRFOKQ03Y4vs799j1VmklxZyYJDWIYChYxAsZKffcIcIh7ig1HBpSSD/YFlb5b9WreDHiZ+AWpogKNvvvVG0iSxlQYwkHrru8lJshAGUY4nVZ6qaYJkDEMaddSATHVQTbbfopPrTLAkVS2hMEz9fdEBrHWkzi0nTGYkV70cvE/r5ua6DLImEhSQwWZfxSlHBuJ8yjwgClKDJ9YAkQxuysmI1BAjA0sD8FfPHmZtM5rvlfzb71q/aqIo4yO0Qk6Qz66QHV0gxqoiQh6RM/oFb05T86L8+58zFtLTjFziP7A+fwB0suUJA==</latexit>
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