
Sequence-to-
Sequence Modeling

EECS 183/283a: Natural Language Processing



Recap:  
Recurrent Neural Networks

BOS

I

like

pizza

<latexit sha1_base64="z5OCZYCqIFe3SaWNFcu+CnQ47Zk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiRS1GWpG3dWtA9oQplMJ+3QyYOZG2kJ+RU3LhRx64+482+ctllo64ELh3Pu5d57vFhwBZb1baytb2xubRd2irt7+weH5lGpraJEUtaikYhk1yOKCR6yFnAQrBtLRgJPsI43vpn5nScmFY/CR5jGzA3IMOQ+pwS01DdLTjziFQfYBADSxt1Ddt43y1bVmgOvEjsnZZSj2Te/nEFEk4CFQAVRqmdbMbgpkcCpYFnRSRSLCR2TIetpGpKAKTed357hM60MsB9JXSHgufp7IiWBUtPA050BgZFa9mbif14vAf/aTXkYJ8BCuljkJwJDhGdB4AGXjIKYakKo5PpWTEdEEgo6rqIOwV5+eZW0L6r2ZbV2XyvXG3kcBXSCTlEF2egK1dEtaqIWomiCntErejMy48V4Nz4WrWtGPnOM/sD4/AGzj5Q7</latexit>

�(BOS)

<latexit sha1_base64="pnoNgZGpvMyQKP6TiYLQZQnL/LM=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBDiJexKUI9BL3qLYB6QXcPspJMMmX0w06uGJf/hxYMiXv0Xb/6Nk2QPmljQUFR1093lx1JotO1va2l5ZXVtPbeR39za3tkt7O03dJQoDnUeyUi1fKZBihDqKFBCK1bAAl9C0x9eTfzmAygtovAORzF4AeuHoic4QyPdu/FAlFyEJ0xvxiedQtEu21PQReJkpEgy1DqFL7cb8SSAELlkWrcdO0YvZQoFlzDOu4mGmPEh60Pb0JAFoL10evWYHhulS3uRMhUinaq/J1IWaD0KfNMZMBzoeW8i/ue1E+xdeKkI4wQh5LNFvURSjOgkAtoVCjjKkSGMK2FupXzAFONogsqbEJz5lxdJ47TsnJUrt5Vi9TKLI0cOyREpEYeckyq5JjVSJ5wo8kxeyZv1aL1Y79bHrHXJymYOyB9Ynz9ERZJf</latexit>

�(I)

<latexit sha1_base64="01opeESlquto088SFMjFW3bP52s=">AAAB+nicbVBNS8NAEN34WetXqkcvwSLUS0mkqMeiF48V7Ac0oWy2k3bp5oPdiVpif4oXD4p49Zd489+4bXPQ1gcDj/dmmJnnJ4IrtO1vY2V1bX1js7BV3N7Z3ds3SwctFaeSQZPFIpYdnyoQPIImchTQSSTQ0BfQ9kfXU799D1LxOLrDcQJeSAcRDzijqKWeWXKTIa+4CI+YCT6CyWnPLNtVewZrmTg5KZMcjZ755fZjloYQIRNUqa5jJ+hlVCJnAiZFN1WQUDaiA+hqGtEQlJfNTp9YJ1rpW0EsdUVozdTfExkNlRqHvu4MKQ7VojcV//O6KQaXXsajJEWI2HxRkAoLY2uag9XnEhiKsSaUSa5vtdiQSspQp1XUITiLLy+T1lnVOa/Wbmvl+lUeR4EckWNSIQ65IHVyQxqkSRh5IM/klbwZT8aL8W58zFtXjHzmkPyB8fkDTTGUCg==</latexit>

�(like)

<latexit sha1_base64="NZ5r9yyCp093CjqKK3hxiaQJbDM=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRahXkoiRT0WvXisYD+gCWWz3bRLN5uwO5G2IX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POFNj2t1HY2Nza3inulvb2Dw6PzONyW0WJJLRFIh7Jro8V5UzQFjDgtBtLikOf044/vpv7nScqFYvEI0xj6oV4KFjACAYt9c2yG49Y1QU6gTRmsxnOLvpmxa7ZC1jrxMlJBeVo9s0vdxCRJKQCCMdK9Rw7Bi/FEhjhNCu5iaIxJmM8pD1NBQ6p8tLF7Zl1rpWBFURSlwBrof6eSHGo1DT0dWeIYaRWvbn4n9dLILjxUibiBKggy0VBwi2IrHkQ1oBJSoBPNcFEMn2rRUZYYgI6rpIOwVl9eZ20L2vOVa3+UK80bvM4iugUnaEqctA1aqB71EQtRNAEPaNX9GZkxovxbnwsWwtGPnOC/sD4/AFJYpSd</latexit>

�(pizza)

<latexit sha1_base64="1scdumg/GCdm2ptBmi5Zti8Aybo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjgO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdT+pXM</latexit>�!
h0

<latexit sha1_base64="XIAuq21XZiaUaJC+isp+HYUjzj8=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjQO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdVf5XN</latexit>�!
h1

<latexit sha1_base64="OB7lNOLSIuTeMKquWJszSX5y9YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyUpRV0W3bisYB/QhjCZTtqhk0yYmSg1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3niDhTGnH+bYKK6tr6xvFzdLW9s7unr1/0FIilYQ2ieBCdgKsKGcxbWqmOe0kkuIo4LQdjK6nfvueSsVEfKfHCfUiPIhZyAjWRvLto54wtmSDocZSiods6Fcnvl12Ks4MaJm4OSlDjoZvf/X6gqQRjTXhWKmu6yTay7DUjHA6KfVSRRNMRnhAu4bGOKLKy2bXT9CpUfooFNJUrNFM/T2R4UipcRSYzgjroVr0puJ/XjfV4aWXsThJNY3JfFGYcqQFmkaB+kxSovnYEEwkM7ciMsQSE20CK5kQ3MWXl0mrWnHPK7XbWrl+lcdRhGM4gTNw4QLqcAMNaAKBR3iGV3iznqwX6936mLcWrHzmEP7A+vwBVwSVzg==</latexit>�!
h2

<latexit sha1_base64="wRpO1c51+BEGUUQMAjONxPNw2Ys=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUm0qMuiG5cV7APaECbTSTt0MhNmbpQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5hwpsF1v63C0vLK6lpxvbSxubW9Y+/uNbVMFaENIrlU7RBrypmgDWDAaTtRFMchp61weD3xW/dUaSbFHYwS6se4L1jECAYjBfZBVxpbsf4AsFLyIRsEZ+PALrsVdwpnkXg5KaMc9cD+6vYkSWMqgHCsdcdzE/AzrIARTselbqppgskQ92nHUIFjqv1sev3YOTZKz4mkMiXAmaq/JzIcaz2KQ9MZYxjoeW8i/ud1Uogu/YyJJAUqyGxRlHIHpDOJwukxRQnwkSGYKGZudcgAK0zABFYyIXjzLy+S5mnFO69Ub6vl2lUeRxEdoiN0gjx0gWroBtVRAxH0iJ7RK3qznqwX6936mLUWrHxmH/2B9fkDWImVzw==</latexit>�!
h3

<latexit sha1_base64="lwGM8FQKAQx8Q6KSxsLtwOlrq/c=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiRS1GXRjcsK9gFtCJPppBk6yYSZiVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVLOlHacb2tpeWV1bb20Ud7c2t7Ztff2W0pkktAmEVzIToAV5SyhTc00p51UUhwHnLaD4fXEb99TqZhI7vQopV6MBwkLGcHaSL592BPGlmwQaSyleMgjvzb27YpTdaZAi8QtSAUKNHz7q9cXJItpognHSnVdJ9VejqVmhNNxuZcpmmIyxAPaNTTBMVVePr1+jE6M0kehkKYSjabq74kcx0qN4sB0xlhHat6biP953UyHl17OkjTTNCGzRWHGkRZoEgXqM0mJ5iNDMJHM3IpIhCUm2gRWNiG48y8vktZZ1T2v1m5rlfpVEUcJjuAYTsGFC6jDDTSgCQQe4Rle4c16sl6sd+tj1rpkFTMH8AfW5w9aDpXQ</latexit>�!
h4

• Maintains a latent “hidden state” 
updated after each new token 

• Forward RNN



Recap:  
Recurrent Neural Networks

I

like

pizza

<latexit sha1_base64="pnoNgZGpvMyQKP6TiYLQZQnL/LM=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBDiJexKUI9BL3qLYB6QXcPspJMMmX0w06uGJf/hxYMiXv0Xb/6Nk2QPmljQUFR1093lx1JotO1va2l5ZXVtPbeR39za3tkt7O03dJQoDnUeyUi1fKZBihDqKFBCK1bAAl9C0x9eTfzmAygtovAORzF4AeuHoic4QyPdu/FAlFyEJ0xvxiedQtEu21PQReJkpEgy1DqFL7cb8SSAELlkWrcdO0YvZQoFlzDOu4mGmPEh60Pb0JAFoL10evWYHhulS3uRMhUinaq/J1IWaD0KfNMZMBzoeW8i/ue1E+xdeKkI4wQh5LNFvURSjOgkAtoVCjjKkSGMK2FupXzAFONogsqbEJz5lxdJ47TsnJUrt5Vi9TKLI0cOyREpEYeckyq5JjVSJ5wo8kxeyZv1aL1Y79bHrHXJymYOyB9Ynz9ERZJf</latexit>

�(I)

<latexit sha1_base64="01opeESlquto088SFMjFW3bP52s=">AAAB+nicbVBNS8NAEN34WetXqkcvwSLUS0mkqMeiF48V7Ac0oWy2k3bp5oPdiVpif4oXD4p49Zd489+4bXPQ1gcDj/dmmJnnJ4IrtO1vY2V1bX1js7BV3N7Z3ds3SwctFaeSQZPFIpYdnyoQPIImchTQSSTQ0BfQ9kfXU799D1LxOLrDcQJeSAcRDzijqKWeWXKTIa+4CI+YCT6CyWnPLNtVewZrmTg5KZMcjZ755fZjloYQIRNUqa5jJ+hlVCJnAiZFN1WQUDaiA+hqGtEQlJfNTp9YJ1rpW0EsdUVozdTfExkNlRqHvu4MKQ7VojcV//O6KQaXXsajJEWI2HxRkAoLY2uag9XnEhiKsSaUSa5vtdiQSspQp1XUITiLLy+T1lnVOa/Wbmvl+lUeR4EckWNSIQ65IHVyQxqkSRh5IM/klbwZT8aL8W58zFtXjHzmkPyB8fkDTTGUCg==</latexit>

�(like)

<latexit sha1_base64="NZ5r9yyCp093CjqKK3hxiaQJbDM=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRahXkoiRT0WvXisYD+gCWWz3bRLN5uwO5G2IX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POFNj2t1HY2Nza3inulvb2Dw6PzONyW0WJJLRFIh7Jro8V5UzQFjDgtBtLikOf044/vpv7nScqFYvEI0xj6oV4KFjACAYt9c2yG49Y1QU6gTRmsxnOLvpmxa7ZC1jrxMlJBeVo9s0vdxCRJKQCCMdK9Rw7Bi/FEhjhNCu5iaIxJmM8pD1NBQ6p8tLF7Zl1rpWBFURSlwBrof6eSHGo1DT0dWeIYaRWvbn4n9dLILjxUibiBKggy0VBwi2IrHkQ1oBJSoBPNcFEMn2rRUZYYgI6rpIOwVl9eZ20L2vOVa3+UK80bvM4iugUnaEqctA1aqB71EQtRNAEPaNX9GZkxovxbnwsWwtGPnOC/sD4/AFJYpSd</latexit>

�(pizza)

EOS

<latexit sha1_base64="FTKI9mVNrvBl58fY9qE8wODD60w=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiQi1WVRBHdWtA9oQplMJ+3QyYOZG2kJ+RU3LhRx64+482+ctllo64ELh3Pu5d57vFhwBZb1baysrq1vbBa2its7u3v75kGppaJEUtakkYhkxyOKCR6yJnAQrBNLRgJPsLY3up767ScmFY/CR5jEzA3IIOQ+pwS01DNLTjzkFQfYGADSm7uH7LRnlq2qNQNeJnZOyihHo2d+Of2IJgELgQqiVNe2YnBTIoFTwbKikygWEzoiA9bVNCQBU246uz3DJ1rpYz+SukLAM/X3REoCpSaBpzsDAkO16E3F/7xuAv6lm/IwToCFdL7ITwSGCE+DwH0uGQUx0YRQyfWtmA6JJBR0XEUdgr348jJpnVXtWrV2f16uX+VxFNAROkYVZKMLVEe3qIGaiKIxekav6M3IjBfj3fiYt64Y+cwh+gPj8we4y5RA</latexit>

�(EOS)

<latexit sha1_base64="9zegHgC6fcrm6cJn3vawqFlaY4E=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo2WqKGtTKaTqBUQzwWPWBg6C9RLFSBQI1g0mNzO/+8CU5jK+hyxhXkRGMQ85JWAk364OpLEFC4EoJR/zse9Mfbvm1J058CpxC1JDBVq+/TUYSppGLAYqiNZ910nAy4kCTgWbVgapZgmhEzJifUNjEjHt5fPjp/jUKEMcSmUqBjxXf0/kJNI6iwLTGREY62VvJv7n9VMIr7ycx0kKLKaLRWEqMEg8SwIPuWIURGYIoYqbWzEdE0UomLwqJgR3+eVV0jmvuxf1xl2j1rwu4iijY3SCzpCLLlET3aIWaiOKMvSMXtGb9WS9WO/Wx6K1ZBUzVfQH1ucPeB2VTw==</latexit> �
h0

<latexit sha1_base64="WSQWhUzevdhciDwYd+KHnX0/3TE=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOy7U9+uOXVnDrRK3ILUoEDLt78GQ0HSiMaacKxU33US7eVYakY4nVYGqaIJJhM8on1DYxxR5eXz46fo1ChDFAppKtZorv6eyHGkVBYFpjPCeqyWvZn4n9dPdXjl5SxOUk1jslgUphxpgWZJoCGTlGieGYKJZOZWRMZYYqJNXhUTgrv88irpnNfdi3rjrlFrXhdxlOEYTuAMXLiEJtxCC9pAIINneIU368l6sd6tj0VrySpmqvAH1ucPeaKVUA==</latexit> �
h1

<latexit sha1_base64="iocsfVtY3oEJ/wFmh6VNHm3X0Hk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lKUY9FLx4r2FZoQ9hsJ+3SzW7Y3Sgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmhQmjSrvut1VaW9/Y3CpvV3Z29/YP7MOjrhKpJNAhggl5H2IFjHLoaKoZ3CcScBwy6IWT65nfewCpqOB3OkvAj/GI04gSrI0U2NWBMDaDSGMpxWM+DhrTwK65dXcOZ5V4BamhAu3A/hoMBUlj4JowrFTfcxPt51hqShhMK4NUQYLJBI+gbyjHMSg/nx8/dU6NMnQiIU1x7czV3xM5jpXK4tB0xliP1bI3E//z+qmOLv2c8iTVwMliUZQyRwtnloQzpBKIZpkhmEhqbnXIGEtMtMmrYkLwll9eJd1G3TuvN2+btdZVEUcZHaMTdIY8dIFa6Aa1UQcRlKFn9IrerCfrxXq3PhatJauYqaI/sD5/AHsnlVE=</latexit> �
h2

<latexit sha1_base64="kvBFjl4Dqj6Y1OKfRp47zb8/6hg=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVBIt6rHoxWMF+wFtCJvtpl26yYbdjRJC/StePCji1R/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYViKVhLaI4EJ2A6woZzFtaaY57SaS4ijgtBOMb6Z+54FKxUR8r7OEehEexixkBGsj+XalL4zNaaixlOIxH/nnE9+uOjVnBrRM3IJUoUDTt7/6A0HSiMaacKxUz3US7eVYakY4nZT7qaIJJmM8pD1DYxxR5eWz4yfoxCgDFAppKtZopv6eyHGkVBYFpjPCeqQWvan4n9dLdXjl5SxOUk1jMl8UphxpgaZJoAGTlGieGYKJZOZWREZYYqJNXmUTgrv48jJpn9Xci1r9rl5tXBdxlOAIjuEUXLiEBtxCE1pAIINneIU368l6sd6tj3nrilXMVOAPrM8ffKyVUg==</latexit> �
h3

<latexit sha1_base64="Wdh2q0QuTdIUr7kcsjEagUSIJzQ=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOw3pr5dc+rOHGiVuAWpQYGWb38NhoKkEY014Vipvusk2sux1IxwOq0MUkUTTCZ4RPuGxjiiysvnx0/RqVGGKBTSVKzRXP09keNIqSwKTGeE9VgtezPxP6+f6vDKy1mcpJrGZLEoTDnSAs2SQEMmKdE8MwQTycytiIyxxESbvComBHf55VXSOa+7F/XGXaPWvC7iKMMxnMAZuHAJTbiFFrSBQAbP8Apv1pP1Yr1bH4vWklXMVOEPrM8ffjGVUw==</latexit> �
h4

• Maintains a latent “hidden state” 
updated after each new token 

• Backward RNN



Recap:  
Recurrent Neural Networks

BOS

I

like

pizza

<latexit sha1_base64="z5OCZYCqIFe3SaWNFcu+CnQ47Zk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiRS1GWpG3dWtA9oQplMJ+3QyYOZG2kJ+RU3LhRx64+482+ctllo64ELh3Pu5d57vFhwBZb1baytb2xubRd2irt7+weH5lGpraJEUtaikYhk1yOKCR6yFnAQrBtLRgJPsI43vpn5nScmFY/CR5jGzA3IMOQ+pwS01DdLTjziFQfYBADSxt1Ddt43y1bVmgOvEjsnZZSj2Te/nEFEk4CFQAVRqmdbMbgpkcCpYFnRSRSLCR2TIetpGpKAKTed357hM60MsB9JXSHgufp7IiWBUtPA050BgZFa9mbif14vAf/aTXkYJ8BCuljkJwJDhGdB4AGXjIKYakKo5PpWTEdEEgo6rqIOwV5+eZW0L6r2ZbV2XyvXG3kcBXSCTlEF2egK1dEtaqIWomiCntErejMy48V4Nz4WrWtGPnOM/sD4/AGzj5Q7</latexit>

�(BOS)

<latexit sha1_base64="pnoNgZGpvMyQKP6TiYLQZQnL/LM=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBDiJexKUI9BL3qLYB6QXcPspJMMmX0w06uGJf/hxYMiXv0Xb/6Nk2QPmljQUFR1093lx1JotO1va2l5ZXVtPbeR39za3tkt7O03dJQoDnUeyUi1fKZBihDqKFBCK1bAAl9C0x9eTfzmAygtovAORzF4AeuHoic4QyPdu/FAlFyEJ0xvxiedQtEu21PQReJkpEgy1DqFL7cb8SSAELlkWrcdO0YvZQoFlzDOu4mGmPEh60Pb0JAFoL10evWYHhulS3uRMhUinaq/J1IWaD0KfNMZMBzoeW8i/ue1E+xdeKkI4wQh5LNFvURSjOgkAtoVCjjKkSGMK2FupXzAFONogsqbEJz5lxdJ47TsnJUrt5Vi9TKLI0cOyREpEYeckyq5JjVSJ5wo8kxeyZv1aL1Y79bHrHXJymYOyB9Ynz9ERZJf</latexit>

�(I)

<latexit sha1_base64="01opeESlquto088SFMjFW3bP52s=">AAAB+nicbVBNS8NAEN34WetXqkcvwSLUS0mkqMeiF48V7Ac0oWy2k3bp5oPdiVpif4oXD4p49Zd489+4bXPQ1gcDj/dmmJnnJ4IrtO1vY2V1bX1js7BV3N7Z3ds3SwctFaeSQZPFIpYdnyoQPIImchTQSSTQ0BfQ9kfXU799D1LxOLrDcQJeSAcRDzijqKWeWXKTIa+4CI+YCT6CyWnPLNtVewZrmTg5KZMcjZ755fZjloYQIRNUqa5jJ+hlVCJnAiZFN1WQUDaiA+hqGtEQlJfNTp9YJ1rpW0EsdUVozdTfExkNlRqHvu4MKQ7VojcV//O6KQaXXsajJEWI2HxRkAoLY2uag9XnEhiKsSaUSa5vtdiQSspQp1XUITiLLy+T1lnVOa/Wbmvl+lUeR4EckWNSIQ65IHVyQxqkSRh5IM/klbwZT8aL8W58zFtXjHzmkPyB8fkDTTGUCg==</latexit>

�(like)

<latexit sha1_base64="NZ5r9yyCp093CjqKK3hxiaQJbDM=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRahXkoiRT0WvXisYD+gCWWz3bRLN5uwO5G2IX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POFNj2t1HY2Nza3inulvb2Dw6PzONyW0WJJLRFIh7Jro8V5UzQFjDgtBtLikOf044/vpv7nScqFYvEI0xj6oV4KFjACAYt9c2yG49Y1QU6gTRmsxnOLvpmxa7ZC1jrxMlJBeVo9s0vdxCRJKQCCMdK9Rw7Bi/FEhjhNCu5iaIxJmM8pD1NBQ6p8tLF7Zl1rpWBFURSlwBrof6eSHGo1DT0dWeIYaRWvbn4n9dLILjxUibiBKggy0VBwi2IrHkQ1oBJSoBPNcFEMn2rRUZYYgI6rpIOwVl9eZ20L2vOVa3+UK80bvM4iugUnaEqctA1aqB71EQtRNAEPaNX9GZkxovxbnwsWwtGPnOC/sD4/AFJYpSd</latexit>

�(pizza)

<latexit sha1_base64="1scdumg/GCdm2ptBmi5Zti8Aybo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjgO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdT+pXM</latexit>�!
h0

<latexit sha1_base64="XIAuq21XZiaUaJC+isp+HYUjzj8=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjQO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdVf5XN</latexit>�!
h1

<latexit sha1_base64="OB7lNOLSIuTeMKquWJszSX5y9YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyUpRV0W3bisYB/QhjCZTtqhk0yYmSg1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3niDhTGnH+bYKK6tr6xvFzdLW9s7unr1/0FIilYQ2ieBCdgKsKGcxbWqmOe0kkuIo4LQdjK6nfvueSsVEfKfHCfUiPIhZyAjWRvLto54wtmSDocZSiods6Fcnvl12Ks4MaJm4OSlDjoZvf/X6gqQRjTXhWKmu6yTay7DUjHA6KfVSRRNMRnhAu4bGOKLKy2bXT9CpUfooFNJUrNFM/T2R4UipcRSYzgjroVr0puJ/XjfV4aWXsThJNY3JfFGYcqQFmkaB+kxSovnYEEwkM7ciMsQSE20CK5kQ3MWXl0mrWnHPK7XbWrl+lcdRhGM4gTNw4QLqcAMNaAKBR3iGV3iznqwX6936mLcWrHzmEP7A+vwBVwSVzg==</latexit>�!
h2

<latexit sha1_base64="wRpO1c51+BEGUUQMAjONxPNw2Ys=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUm0qMuiG5cV7APaECbTSTt0MhNmbpQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5hwpsF1v63C0vLK6lpxvbSxubW9Y+/uNbVMFaENIrlU7RBrypmgDWDAaTtRFMchp61weD3xW/dUaSbFHYwS6se4L1jECAYjBfZBVxpbsf4AsFLyIRsEZ+PALrsVdwpnkXg5KaMc9cD+6vYkSWMqgHCsdcdzE/AzrIARTselbqppgskQ92nHUIFjqv1sev3YOTZKz4mkMiXAmaq/JzIcaz2KQ9MZYxjoeW8i/ud1Uogu/YyJJAUqyGxRlHIHpDOJwukxRQnwkSGYKGZudcgAK0zABFYyIXjzLy+S5mnFO69Ub6vl2lUeRxEdoiN0gjx0gWroBtVRAxH0iJ7RK3qznqwX6936mLUWrHxmH/2B9fkDWImVzw==</latexit>�!
h3

<latexit sha1_base64="lwGM8FQKAQx8Q6KSxsLtwOlrq/c=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiRS1GXRjcsK9gFtCJPppBk6yYSZiVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVLOlHacb2tpeWV1bb20Ud7c2t7Ztff2W0pkktAmEVzIToAV5SyhTc00p51UUhwHnLaD4fXEb99TqZhI7vQopV6MBwkLGcHaSL592BPGlmwQaSyleMgjvzb27YpTdaZAi8QtSAUKNHz7q9cXJItpognHSnVdJ9VejqVmhNNxuZcpmmIyxAPaNTTBMVVePr1+jE6M0kehkKYSjabq74kcx0qN4sB0xlhHat6biP953UyHl17OkjTTNCGzRWHGkRZoEgXqM0mJ5iNDMJHM3IpIhCUm2gRWNiG48y8vktZZ1T2v1m5rlfpVEUcJjuAYTsGFC6jDDTSgCQQe4Rle4c16sl6sd+tj1rpkFTMH8AfW5w9aDpXQ</latexit>�!
h4

EOS

<latexit sha1_base64="FTKI9mVNrvBl58fY9qE8wODD60w=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiQi1WVRBHdWtA9oQplMJ+3QyYOZG2kJ+RU3LhRx64+482+ctllo64ELh3Pu5d57vFhwBZb1baysrq1vbBa2its7u3v75kGppaJEUtakkYhkxyOKCR6yJnAQrBNLRgJPsLY3up767ScmFY/CR5jEzA3IIOQ+pwS01DNLTjzkFQfYGADSm7uH7LRnlq2qNQNeJnZOyihHo2d+Of2IJgELgQqiVNe2YnBTIoFTwbKikygWEzoiA9bVNCQBU246uz3DJ1rpYz+SukLAM/X3REoCpSaBpzsDAkO16E3F/7xuAv6lm/IwToCFdL7ITwSGCE+DwH0uGQUx0YRQyfWtmA6JJBR0XEUdgr348jJpnVXtWrV2f16uX+VxFNAROkYVZKMLVEe3qIGaiKIxekav6M3IjBfj3fiYt64Y+cwh+gPj8we4y5RA</latexit>

�(EOS)

<latexit sha1_base64="9zegHgC6fcrm6cJn3vawqFlaY4E=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo2WqKGtTKaTqBUQzwWPWBg6C9RLFSBQI1g0mNzO/+8CU5jK+hyxhXkRGMQ85JWAk364OpLEFC4EoJR/zse9Mfbvm1J058CpxC1JDBVq+/TUYSppGLAYqiNZ910nAy4kCTgWbVgapZgmhEzJifUNjEjHt5fPjp/jUKEMcSmUqBjxXf0/kJNI6iwLTGREY62VvJv7n9VMIr7ycx0kKLKaLRWEqMEg8SwIPuWIURGYIoYqbWzEdE0UomLwqJgR3+eVV0jmvuxf1xl2j1rwu4iijY3SCzpCLLlET3aIWaiOKMvSMXtGb9WS9WO/Wx6K1ZBUzVfQH1ucPeB2VTw==</latexit> �
h0

<latexit sha1_base64="WSQWhUzevdhciDwYd+KHnX0/3TE=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOy7U9+uOXVnDrRK3ILUoEDLt78GQ0HSiMaacKxU33US7eVYakY4nVYGqaIJJhM8on1DYxxR5eXz46fo1ChDFAppKtZorv6eyHGkVBYFpjPCeqyWvZn4n9dPdXjl5SxOUk1jslgUphxpgWZJoCGTlGieGYKJZOZWRMZYYqJNXhUTgrv88irpnNfdi3rjrlFrXhdxlOEYTuAMXLiEJtxCC9pAIINneIU368l6sd6tj0VrySpmqvAH1ucPeaKVUA==</latexit> �
h1

<latexit sha1_base64="iocsfVtY3oEJ/wFmh6VNHm3X0Hk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lKUY9FLx4r2FZoQ9hsJ+3SzW7Y3Sgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmhQmjSrvut1VaW9/Y3CpvV3Z29/YP7MOjrhKpJNAhggl5H2IFjHLoaKoZ3CcScBwy6IWT65nfewCpqOB3OkvAj/GI04gSrI0U2NWBMDaDSGMpxWM+DhrTwK65dXcOZ5V4BamhAu3A/hoMBUlj4JowrFTfcxPt51hqShhMK4NUQYLJBI+gbyjHMSg/nx8/dU6NMnQiIU1x7czV3xM5jpXK4tB0xliP1bI3E//z+qmOLv2c8iTVwMliUZQyRwtnloQzpBKIZpkhmEhqbnXIGEtMtMmrYkLwll9eJd1G3TuvN2+btdZVEUcZHaMTdIY8dIFa6Aa1UQcRlKFn9IrerCfrxXq3PhatJauYqaI/sD5/AHsnlVE=</latexit> �
h2

<latexit sha1_base64="kvBFjl4Dqj6Y1OKfRp47zb8/6hg=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVBIt6rHoxWMF+wFtCJvtpl26yYbdjRJC/StePCji1R/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYViKVhLaI4EJ2A6woZzFtaaY57SaS4ijgtBOMb6Z+54FKxUR8r7OEehEexixkBGsj+XalL4zNaaixlOIxH/nnE9+uOjVnBrRM3IJUoUDTt7/6A0HSiMaacKxUz3US7eVYakY4nZT7qaIJJmM8pD1DYxxR5eWz4yfoxCgDFAppKtZopv6eyHGkVBYFpjPCeqQWvan4n9dLdXjl5SxOUk1jMl8UphxpgaZJoAGTlGieGYKJZOZWREZYYqJNXmUTgrv48jJpn9Xci1r9rl5tXBdxlOAIjuEUXLiEBtxCE1pAIINneIU368l6sd6tj3nrilXMVOAPrM8ffKyVUg==</latexit> �
h3

<latexit sha1_base64="Wdh2q0QuTdIUr7kcsjEagUSIJzQ=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOw3pr5dc+rOHGiVuAWpQYGWb38NhoKkEY014Vipvusk2sux1IxwOq0MUkUTTCZ4RPuGxjiiysvnx0/RqVGGKBTSVKzRXP09keNIqSwKTGeE9VgtezPxP6+f6vDKy1mcpJrGZLEoTDnSAs2SQEMmKdE8MwQTycytiIyxxESbvComBHf55VXSOa+7F/XGXaPWvC7iKMMxnMAZuHAJTbiFFrSBQAbP8Apv1pP1Yr1bH4vWklXMVOEPrM8ffjGVUw==</latexit> �
h4

• Maintains a latent “hidden state” 
updated after each new token 

• Bidirectional RNN



Recap:  
Recurrent Neural Networks

BOS

I

like

pizza

<latexit sha1_base64="z5OCZYCqIFe3SaWNFcu+CnQ47Zk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiRS1GWpG3dWtA9oQplMJ+3QyYOZG2kJ+RU3LhRx64+482+ctllo64ELh3Pu5d57vFhwBZb1baytb2xubRd2irt7+weH5lGpraJEUtaikYhk1yOKCR6yFnAQrBtLRgJPsI43vpn5nScmFY/CR5jGzA3IMOQ+pwS01DdLTjziFQfYBADSxt1Ddt43y1bVmgOvEjsnZZSj2Te/nEFEk4CFQAVRqmdbMbgpkcCpYFnRSRSLCR2TIetpGpKAKTed357hM60MsB9JXSHgufp7IiWBUtPA050BgZFa9mbif14vAf/aTXkYJ8BCuljkJwJDhGdB4AGXjIKYakKo5PpWTEdEEgo6rqIOwV5+eZW0L6r2ZbV2XyvXG3kcBXSCTlEF2egK1dEtaqIWomiCntErejMy48V4Nz4WrWtGPnOM/sD4/AGzj5Q7</latexit>

�(BOS)

<latexit sha1_base64="pnoNgZGpvMyQKP6TiYLQZQnL/LM=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBDiJexKUI9BL3qLYB6QXcPspJMMmX0w06uGJf/hxYMiXv0Xb/6Nk2QPmljQUFR1093lx1JotO1va2l5ZXVtPbeR39za3tkt7O03dJQoDnUeyUi1fKZBihDqKFBCK1bAAl9C0x9eTfzmAygtovAORzF4AeuHoic4QyPdu/FAlFyEJ0xvxiedQtEu21PQReJkpEgy1DqFL7cb8SSAELlkWrcdO0YvZQoFlzDOu4mGmPEh60Pb0JAFoL10evWYHhulS3uRMhUinaq/J1IWaD0KfNMZMBzoeW8i/ue1E+xdeKkI4wQh5LNFvURSjOgkAtoVCjjKkSGMK2FupXzAFONogsqbEJz5lxdJ47TsnJUrt5Vi9TKLI0cOyREpEYeckyq5JjVSJ5wo8kxeyZv1aL1Y79bHrHXJymYOyB9Ynz9ERZJf</latexit>

�(I)

<latexit sha1_base64="01opeESlquto088SFMjFW3bP52s=">AAAB+nicbVBNS8NAEN34WetXqkcvwSLUS0mkqMeiF48V7Ac0oWy2k3bp5oPdiVpif4oXD4p49Zd489+4bXPQ1gcDj/dmmJnnJ4IrtO1vY2V1bX1js7BV3N7Z3ds3SwctFaeSQZPFIpYdnyoQPIImchTQSSTQ0BfQ9kfXU799D1LxOLrDcQJeSAcRDzijqKWeWXKTIa+4CI+YCT6CyWnPLNtVewZrmTg5KZMcjZ755fZjloYQIRNUqa5jJ+hlVCJnAiZFN1WQUDaiA+hqGtEQlJfNTp9YJ1rpW0EsdUVozdTfExkNlRqHvu4MKQ7VojcV//O6KQaXXsajJEWI2HxRkAoLY2uag9XnEhiKsSaUSa5vtdiQSspQp1XUITiLLy+T1lnVOa/Wbmvl+lUeR4EckWNSIQ65IHVyQxqkSRh5IM/klbwZT8aL8W58zFtXjHzmkPyB8fkDTTGUCg==</latexit>

�(like)

<latexit sha1_base64="NZ5r9yyCp093CjqKK3hxiaQJbDM=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRahXkoiRT0WvXisYD+gCWWz3bRLN5uwO5G2IX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POFNj2t1HY2Nza3inulvb2Dw6PzONyW0WJJLRFIh7Jro8V5UzQFjDgtBtLikOf044/vpv7nScqFYvEI0xj6oV4KFjACAYt9c2yG49Y1QU6gTRmsxnOLvpmxa7ZC1jrxMlJBeVo9s0vdxCRJKQCCMdK9Rw7Bi/FEhjhNCu5iaIxJmM8pD1NBQ6p8tLF7Zl1rpWBFURSlwBrof6eSHGo1DT0dWeIYaRWvbn4n9dLILjxUibiBKggy0VBwi2IrHkQ1oBJSoBPNcFEMn2rRUZYYgI6rpIOwVl9eZ20L2vOVa3+UK80bvM4iugUnaEqctA1aqB71EQtRNAEPaNX9GZkxovxbnwsWwtGPnOC/sD4/AFJYpSd</latexit>

�(pizza)

<latexit sha1_base64="1scdumg/GCdm2ptBmi5Zti8Aybo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjgO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdT+pXM</latexit>�!
h0

<latexit sha1_base64="XIAuq21XZiaUaJC+isp+HYUjzj8=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjQO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdVf5XN</latexit>�!
h1

<latexit sha1_base64="OB7lNOLSIuTeMKquWJszSX5y9YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyUpRV0W3bisYB/QhjCZTtqhk0yYmSg1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3niDhTGnH+bYKK6tr6xvFzdLW9s7unr1/0FIilYQ2ieBCdgKsKGcxbWqmOe0kkuIo4LQdjK6nfvueSsVEfKfHCfUiPIhZyAjWRvLto54wtmSDocZSiods6Fcnvl12Ks4MaJm4OSlDjoZvf/X6gqQRjTXhWKmu6yTay7DUjHA6KfVSRRNMRnhAu4bGOKLKy2bXT9CpUfooFNJUrNFM/T2R4UipcRSYzgjroVr0puJ/XjfV4aWXsThJNY3JfFGYcqQFmkaB+kxSovnYEEwkM7ciMsQSE20CK5kQ3MWXl0mrWnHPK7XbWrl+lcdRhGM4gTNw4QLqcAMNaAKBR3iGV3iznqwX6936mLcWrHzmEP7A+vwBVwSVzg==</latexit>�!
h2

<latexit sha1_base64="wRpO1c51+BEGUUQMAjONxPNw2Ys=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUm0qMuiG5cV7APaECbTSTt0MhNmbpQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5hwpsF1v63C0vLK6lpxvbSxubW9Y+/uNbVMFaENIrlU7RBrypmgDWDAaTtRFMchp61weD3xW/dUaSbFHYwS6se4L1jECAYjBfZBVxpbsf4AsFLyIRsEZ+PALrsVdwpnkXg5KaMc9cD+6vYkSWMqgHCsdcdzE/AzrIARTselbqppgskQ92nHUIFjqv1sev3YOTZKz4mkMiXAmaq/JzIcaz2KQ9MZYxjoeW8i/ud1Uogu/YyJJAUqyGxRlHIHpDOJwukxRQnwkSGYKGZudcgAK0zABFYyIXjzLy+S5mnFO69Ub6vl2lUeRxEdoiN0gjx0gWroBtVRAxH0iJ7RK3qznqwX6936mLUWrHxmH/2B9fkDWImVzw==</latexit>�!
h3

<latexit sha1_base64="lwGM8FQKAQx8Q6KSxsLtwOlrq/c=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiRS1GXRjcsK9gFtCJPppBk6yYSZiVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVLOlHacb2tpeWV1bb20Ud7c2t7Ztff2W0pkktAmEVzIToAV5SyhTc00p51UUhwHnLaD4fXEb99TqZhI7vQopV6MBwkLGcHaSL592BPGlmwQaSyleMgjvzb27YpTdaZAi8QtSAUKNHz7q9cXJItpognHSnVdJ9VejqVmhNNxuZcpmmIyxAPaNTTBMVVePr1+jE6M0kehkKYSjabq74kcx0qN4sB0xlhHat6biP953UyHl17OkjTTNCGzRWHGkRZoEgXqM0mJ5iNDMJHM3IpIhCUm2gRWNiG48y8vktZZ1T2v1m5rlfpVEUcJjuAYTsGFC6jDDTSgCQQe4Rle4c16sl6sd+tj1rpkFTMH8AfW5w9aDpXQ</latexit>�!
h4

EOS

<latexit sha1_base64="FTKI9mVNrvBl58fY9qE8wODD60w=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiQi1WVRBHdWtA9oQplMJ+3QyYOZG2kJ+RU3LhRx64+482+ctllo64ELh3Pu5d57vFhwBZb1baysrq1vbBa2its7u3v75kGppaJEUtakkYhkxyOKCR6yJnAQrBNLRgJPsLY3up767ScmFY/CR5jEzA3IIOQ+pwS01DNLTjzkFQfYGADSm7uH7LRnlq2qNQNeJnZOyihHo2d+Of2IJgELgQqiVNe2YnBTIoFTwbKikygWEzoiA9bVNCQBU246uz3DJ1rpYz+SukLAM/X3REoCpSaBpzsDAkO16E3F/7xuAv6lm/IwToCFdL7ITwSGCE+DwH0uGQUx0YRQyfWtmA6JJBR0XEUdgr348jJpnVXtWrV2f16uX+VxFNAROkYVZKMLVEe3qIGaiKIxekav6M3IjBfj3fiYt64Y+cwh+gPj8we4y5RA</latexit>

�(EOS)

<latexit sha1_base64="9zegHgC6fcrm6cJn3vawqFlaY4E=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo2WqKGtTKaTqBUQzwWPWBg6C9RLFSBQI1g0mNzO/+8CU5jK+hyxhXkRGMQ85JWAk364OpLEFC4EoJR/zse9Mfbvm1J058CpxC1JDBVq+/TUYSppGLAYqiNZ910nAy4kCTgWbVgapZgmhEzJifUNjEjHt5fPjp/jUKEMcSmUqBjxXf0/kJNI6iwLTGREY62VvJv7n9VMIr7ycx0kKLKaLRWEqMEg8SwIPuWIURGYIoYqbWzEdE0UomLwqJgR3+eVV0jmvuxf1xl2j1rwu4iijY3SCzpCLLlET3aIWaiOKMvSMXtGb9WS9WO/Wx6K1ZBUzVfQH1ucPeB2VTw==</latexit> �
h0

<latexit sha1_base64="WSQWhUzevdhciDwYd+KHnX0/3TE=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOy7U9+uOXVnDrRK3ILUoEDLt78GQ0HSiMaacKxU33US7eVYakY4nVYGqaIJJhM8on1DYxxR5eXz46fo1ChDFAppKtZorv6eyHGkVBYFpjPCeqyWvZn4n9dPdXjl5SxOUk1jslgUphxpgWZJoCGTlGieGYKJZOZWRMZYYqJNXhUTgrv88irpnNfdi3rjrlFrXhdxlOEYTuAMXLiEJtxCC9pAIINneIU368l6sd6tj0VrySpmqvAH1ucPeaKVUA==</latexit> �
h1

<latexit sha1_base64="iocsfVtY3oEJ/wFmh6VNHm3X0Hk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lKUY9FLx4r2FZoQ9hsJ+3SzW7Y3Sgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmhQmjSrvut1VaW9/Y3CpvV3Z29/YP7MOjrhKpJNAhggl5H2IFjHLoaKoZ3CcScBwy6IWT65nfewCpqOB3OkvAj/GI04gSrI0U2NWBMDaDSGMpxWM+DhrTwK65dXcOZ5V4BamhAu3A/hoMBUlj4JowrFTfcxPt51hqShhMK4NUQYLJBI+gbyjHMSg/nx8/dU6NMnQiIU1x7czV3xM5jpXK4tB0xliP1bI3E//z+qmOLv2c8iTVwMliUZQyRwtnloQzpBKIZpkhmEhqbnXIGEtMtMmrYkLwll9eJd1G3TuvN2+btdZVEUcZHaMTdIY8dIFa6Aa1UQcRlKFn9IrerCfrxXq3PhatJauYqaI/sD5/AHsnlVE=</latexit> �
h2

<latexit sha1_base64="kvBFjl4Dqj6Y1OKfRp47zb8/6hg=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVBIt6rHoxWMF+wFtCJvtpl26yYbdjRJC/StePCji1R/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYViKVhLaI4EJ2A6woZzFtaaY57SaS4ijgtBOMb6Z+54FKxUR8r7OEehEexixkBGsj+XalL4zNaaixlOIxH/nnE9+uOjVnBrRM3IJUoUDTt7/6A0HSiMaacKxUz3US7eVYakY4nZT7qaIJJmM8pD1DYxxR5eWz4yfoxCgDFAppKtZopv6eyHGkVBYFpjPCeqQWvan4n9dLdXjl5SxOUk1jMl8UphxpgaZJoAGTlGieGYKJZOZWREZYYqJNXmUTgrv48jJpn9Xci1r9rl5tXBdxlOAIjuEUXLiEBtxCE1pAIINneIU368l6sd6tj3nrilXMVOAPrM8ffKyVUg==</latexit> �
h3

<latexit sha1_base64="Wdh2q0QuTdIUr7kcsjEagUSIJzQ=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOw3pr5dc+rOHGiVuAWpQYGWb38NhoKkEY014Vipvusk2sux1IxwOq0MUkUTTCZ4RPuGxjiiysvnx0/RqVGGKBTSVKzRXP09keNIqSwKTGeE9VgtezPxP6+f6vDKy1mcpJrGZLEoTDnSAs2SQEMmKdE8MwQTycytiIyxxESbvComBHf55VXSOa+7F/XGXaPWvC7iKMMxnMAZuHAJTbiFFrSBQAbP8Apv1pP1Yr1bH4vWklXMVOEPrM8ffjGVUw==</latexit> �
h4

• Maintains a latent “hidden state” 
updated after each new token 

• Some parts of hidden states 
correlate with sentence features! 

Karpathy et al. 2015



Information to forget  
or keep

New information to add

Long Short-Term Memory
<latexit sha1_base64="D6gPA/ewXkIAWPnvR+L6HN5Sghg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRoh6LXjxWsB/QhrLZTtqlm03Y3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzSRBP6JDyUPOqLFSe9TP+IU37ZcrbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n83PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwhs/4zJJDUq2WBSmgpiYzH4nA66QGTGxhDLF7a2EjaiizNiESjYEb/nlVdK6rHpX1dpDrVK/zeMowgmcwjl4cA11uIcGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx/sDo9P</latexit>

hi�1

<latexit sha1_base64="1nOh/k7a8HKHiMeBSo52MnYpGYs=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qkneqWyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Ci b5pNhNDU8oG9EB71iqaMSNn81OnZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTtCF4iy8vk+Z5xatWqncX5dp1HkcBjuEEzsCDS6jBLdShAQwG8Ayv8OZI58V5dz7mrStOPnMEf+B8/gBkIo3j</latexit>xi

<latexit sha1_base64="qRhb1xFGYZYtvTXyIkaoqR/nlOg=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6MVjBfsh7VKyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9SpVkk780kpr7AQ8lCRrCx0kMvHrHyU5+d94slt+LOgVaJl5ESZGj0i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/eIrOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4ZWfMhknhkqyWBQmHJkIzb5HA6YoMXxiCSaK2VsRGWGFibEZFWwI3vLLq6R1UfFqldpdtVS/zuLIwwmcQhk8uIQ63EIDmkBAwDO8wpujnBfn3flYtOacbOYY/sD5/AE68ZAN</latexit>

�(xi)

<latexit sha1_base64="M0JOvZbU6NA9lupyNVdFdZFP8Gk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURqR6LXjxWsB/QhrLZTtqlm03Y3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzSRBP6JDyUPOqLFSm/UzfuFN++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/Nzp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MbPuExSg5ItFoWpICYms9/JgCtkRkwsoUxxeythI6ooMzahkg3BW355lbQuq16tWnu4qtRv8ziKcAKncA4eXEMd7qEBTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wflAI9M</latexit>ci�1 Cell memory: same 
size as hidden state

<latexit sha1_base64="1QhavJBwEDmou4sL96qGQgmeiCs=">AAACE3icbVDLSgMxFM34rPU16tJNsAjVYpkRqW6EohuXFZy20JYhk2ba0CQzJBmxDP0HN/6KGxeKuHXjzr8xbWehrQcunJxzL7n3BDGjSjvOt7WwuLS8sppby69vbG5t2zu7dRUlEhMPRyySzQApwqggnqaakWYsCeIBI41gcD32G/dEKhqJOz2MSYejnqAhxUgbybePQ5/CS9hWtMcRLDb8EPb9lJ64I1iCnnk9GL8EAz888u2CU3YmgPPEzUgBZKj59le7G+GEE6ExQ0q1XCfWnRRJTTEjo3w7USRGeIB6pGWoQJyoTjq5aQQPjdKFYSRNCQ0n6u+JFHGlhjwwnRzpvpr1xuJ/XivR4UUnpSJONBF4+lGYMKgjOA4IdqkkWLOhIQhLanaFuI8kwtrEmDchuLMnz5P6admtlCu3Z4XqVRZHDuyDA1AELjgHVXADasADGDyCZ/AK3qwn68V6tz6mrQtWNrMH/sD6/AEDSJsc</latexit>

fi = �(Wfhi�1 + Ufxi + bf )

<latexit sha1_base64="u5M1CNyuvJ+/CCVNZn6zxjN1mOc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Av+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBIto3R</latexit>

fi

“Forget” gate: what information 
should be removed from or kept 
in the memory?

New cell content: information 
added from new token

<latexit sha1_base64="OLmoGNj5YL1jgcatKRLNXpo+HnM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDabTbt0sxt2J0IJ/RlePCji1V/jzX/jts1Bqw8GHu/NMDMvTAU36HlfTmltfWNzq7xd2dnd2z+oHh51jMo0ZW2qhNK9kBgmuGRt5ChYL9WMJKFg3XByO/e7j0wbruQDTlMWJGQkecwpQSv1B8hFxHI6G/JhtebVvQXcv8QvSA0KtIbVz0GkaJYwiVQQY/q+l2KQE42cCjarDDLDUkInZMT6lkqSMBPki5Nn7plVIjdW2pZEd6H+nMhJYsw0CW1nQnBsVr25+J/XzzC+DnIu0wyZpMtFcSZcVO78fzfimlEUU0sI1dze6tIx0YSiTaliQ/BXX/5LOhd1v1Fv3F/WmjdFHGU4gVM4Bx+uoAl30II2UFDwBC/w6qDz7Lw578vWklPMHMMvOB/fqBCRhA==</latexit>

c̃i
<latexit sha1_base64="9014JPUTZ+Prqm9DzNPJXlLidSM="></latexit>

c̃i = tanh (Wchi�1 + Ucxi + bc)

“Input” gate: what new 
information should be added to 
the memory?

<latexit sha1_base64="VjaChj9VWptbNv8xX4VyD0oneCA=">AAACH3icbVDLSgMxFM3UV62vqks3wSJUimVGpLoRim5cVrAP6AxDJs20oZkHyR2xDP0TN/6KGxeKiLv+jWk7C209cOHknHu5uceLBVdgmhMjt7K6tr6R3yxsbe/s7hX3D1oqSiRlTRqJSHY8opjgIWsCB8E6sWQk8ARre8Pbqd9+ZFLxKHyAUcycgPRD7nNKQEtuscZdjq+xrXg/INgWzIcybmtt4Kb8zBrjCm7q15OuCvZcbkveH8CpWyyZVXMGvEysjJRQhoZb/LZ7EU0CFgIVRKmuZcbgpEQCp4KNC3aiWEzokPRZV9OQBEw56ey+MT7RSg/7kdQVAp6pvydSEig1CjzdGRAYqEVvKv7ndRPwr5yUh3ECLKTzRX4iMER4GhbucckoiJEmhEqu/4rpgEhCQUda0CFYiycvk9Z51apVa/cXpfpNFkceHaFjVEYWukR1dIcaqIkoekav6B19GC/Gm/FpfM1bc0Y2c4j+wJj8AJp0oEE=</latexit>

ii = � (Wihi�1 + Uixi + bi)
<latexit sha1_base64="aEchhAFUg+LympIj93Uncis+LgA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9EX/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6tWqtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP01IjdQ=</latexit>

ii <latexit sha1_base64="MpIiyNeRcFsWJfwo797tQ0VerTc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9YX/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6tWqtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP0Qkjc4=</latexit>ci
<latexit sha1_base64="LnmLBpgllKFvkVW/K1sj3MqIGVY=">AAACGXicbVDLSsNAFJ34rPUVdelmsAiCWBKR6kYounFZwT6gCWFyM2mHTh7MTIQS+htu/BU3LhRxqSv/xmkbRFsP3MvhnHuZucdPOZPKsr6MhcWl5ZXV0lp5fWNza9vc2W3JJBNAm5DwRHR8IilnMW0qpjjtpIKSyOe07Q+ux377ngrJkvhODVPqRqQXs5ABUVryTAs8hi8x090BJgA7ivGA5jDSyjHG4Y8BXs5O7JFnVqyqNQGeJ3ZBKqhAwzM/nCCBLKKxAk6k7NpWqtycCMWA01HZySRNCQxIj3Y1jUlEpZtPLhvhQ60EOEyErljhifp7IyeRlMPI15MRUX05643F/7xupsILN2dxmikaw/ShMONYJXgcEw6YoKD4UBMCgum/YugTQUDpMMs6BHv25HnSOq3atWrt9qxSvyriKKF9dICOkI3OUR3doAZqIkAP6Am9oFfj0Xg23oz36eiCUezsoT8wPr8BZlmetA==</latexit>

ci = ii � c̃i + fi � ci�1

“Output” gate: what information 
from the memory should be put in 
the new hidden state?

<latexit sha1_base64="fviXRKChDpUqVgDnkErSx0p84mI=">AAACE3icbVDLSgMxFM34rPU16tJNsAjVYpkRqW6EohuXFZy20JYhk2ba0GQyJBmxDP0HN/6KGxeKuHXjzr8xbWehrQcunJxzL7n3BDGjSjvOt7WwuLS8sppby69vbG5t2zu7dSUSiYmHBROyGSBFGI2Ip6lmpBlLgnjASCMYXI/9xj2RioroTg9j0uGoF9GQYqSN5NvHwqfwErYV7XEEiw1fwL6f0hN3BEvQM68H45dg4Isj3y44ZWcCOE/cjBRAhppvf7W7AiecRBozpFTLdWLdSZHUFDMyyrcTRWKEB6hHWoZGiBPVSSc3jeChUbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayU6vOikNIoTTSI8/ShMGNQCjgOCXSoJ1mxoCMKSml0h7iOJsDYx5k0I7uzJ86R+WnYr5crtWaF6lcWRA/vgABSBC85BFdyAGvAABo/gGbyCN+vJerHerY9p64KVzeyBP7A+fwA8lptA</latexit>

oi = �(Wohi�1 + Uoxi + bo)
<latexit sha1_base64="orYJCZ727NsHDPZkhgPuOjKNjLY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmgckS5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LRThIaCjyULGYEWyc9qD7rlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNj91is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4OsyYTFJLJVksilOOrEKzv9GAaUosnziCiWbuVkRGWGNiXTolF0Kw/PIqaV1Ug1q1dn9Zqd/kcRThBE7hHAK4gjrcQQOaQGAIz/AKbx73Xrx372PRWvDymWP4A+/zB1Zsjdo=</latexit>oi

<latexit sha1_base64="gaNf0i60DXvF1qCJrm+VafQitkI=">AAACB3icbVDLSgMxFM34rPU16lKQYBHqpsyIVDdC0Y3LCvYBnWHIpJlOaCYZkoxQhu7c+CtuXCji1l9w59+YtrPQ1gP3cjjnXpJ7wpRRpR3n21paXlldWy9tlDe3tnd27b39thKZxKSFBROyGyJFGOWkpalmpJtKgpKQkU44vJn4nQciFRX8Xo9S4idowGlEMdJGCuyjOKDwCgrTPUwlhp5GPIZViI1yCgO74tScKeAicQtSAQWagf3l9QXOEsI1Zkipnuuk2s+R1BQzMi57mSIpwkM0ID1DOUqI8vPpHWN4YpQ+jIQ0xTWcqr83cpQoNUpCM5kgHat5byL+5/UyHV36OeVppgnHs4eijEEt4CQU2KeSYM1GhiAsqfkrxDGSCGsTXdmE4M6fvEjaZzW3XqvfnVca10UcJXAIjkEVuOACNMAtaIIWwOARPINX8GY9WS/Wu/UxG12yip0D8AfW5w9GZJcG</latexit>

hi = oi � tanh(ci)

<latexit sha1_base64="KRokkjaRfqow4ZXJKKHmahOSn10=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOrzfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gBLwo3T</latexit>

hi

New hidden state: get some 
information from “long-term” 
memory to serve as the 
“working memory” for this 
timestep

Vanishing gradients: no 
longer a problem, because 

we can keep around 
information indefinitely



Recap:  
LSTM

Lakretz et al. 2019

new cell content   : what information does the newest 
token give us? 
• value changes depending on number (singular vs. 

plural) of most recent noun

<latexit sha1_base64="n8Xm+ToMjupSaCorh1O2H/yBIxU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ie0oWw223bpbhJ2J0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUkS8iQIl7ySaUxVI3g7GtzO//cS1EXH0gJOE+4oOIzEQjKKVHnsoZMgzNu2XK27VnYOsEi8nFcjR6Je/emHMUsUjZJIa0/XcBP2MahRM8mmplxqeUDamQ961NKKKGz+bHzwlZ1YJySDWtiIkc/X3REaVMRMV2E5FcWSWvZn4n9dNcXDtZyJKUuQRWywapJJgTGbfk1BozlBOLKFMC3srYSOqKUObUcmG4C2/vEpaF1Xvslq7r1XqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmaOfFeXc+Fq0FJ585hj9wPn8AJmKQpg==</latexit>

c̃

input gate  : which information from the newest token 
should be added to long-term memory? 
• “boy(s)” is likely the subject of the sentence, with some 

long-term dependency with the verb, so it should be 
stored  

• “car(s)” terminates a prepositional phrase, so it’s not 
necessary to store

<latexit sha1_base64="gQ0QZrHgZBkqf996/QQVBa6B0JU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH0muM9g==</latexit>

i

forget gate  : what information from the memory should we 
keep versus forget? 
• when we see the prepositional phrase begin with “near”, 

it’s important to keep around the number of the subject 
(“boy(s)”) because a verb will probably come later

<latexit sha1_base64="mXTTqJLVGzQHkYptyoikscqKUlE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPzd+M8w==</latexit>

f

cell memory   : what information is kept in the long-term 
memory? 
• until the verb associated with the subject appears, we 

should keep around its number

<latexit sha1_base64="89J+JuC5FxMnvUsR7pwslvrJLdI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJuuXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHyVOM8A==</latexit>c

output gate   : what information from the cell memory is 
important for the next token’s prediction? 
• if we’ll predict the verb next, we need to know the 

subject’s number

<latexit sha1_base64="AQmFxXmSPExSf2Mz6CRz+JmpSCo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtwvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP24OM/A==</latexit>o



Recap:  
Recurrent Neural Networks

• Maintains a latent “hidden state” 
updated after each new token 

• Hidden states can be used to:
BOS

I

like

pizza

<latexit sha1_base64="z5OCZYCqIFe3SaWNFcu+CnQ47Zk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiRS1GWpG3dWtA9oQplMJ+3QyYOZG2kJ+RU3LhRx64+482+ctllo64ELh3Pu5d57vFhwBZb1baytb2xubRd2irt7+weH5lGpraJEUtaikYhk1yOKCR6yFnAQrBtLRgJPsI43vpn5nScmFY/CR5jGzA3IMOQ+pwS01DdLTjziFQfYBADSxt1Ddt43y1bVmgOvEjsnZZSj2Te/nEFEk4CFQAVRqmdbMbgpkcCpYFnRSRSLCR2TIetpGpKAKTed357hM60MsB9JXSHgufp7IiWBUtPA050BgZFa9mbif14vAf/aTXkYJ8BCuljkJwJDhGdB4AGXjIKYakKo5PpWTEdEEgo6rqIOwV5+eZW0L6r2ZbV2XyvXG3kcBXSCTlEF2egK1dEtaqIWomiCntErejMy48V4Nz4WrWtGPnOM/sD4/AGzj5Q7</latexit>

�(BOS)

<latexit sha1_base64="pnoNgZGpvMyQKP6TiYLQZQnL/LM=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBDiJexKUI9BL3qLYB6QXcPspJMMmX0w06uGJf/hxYMiXv0Xb/6Nk2QPmljQUFR1093lx1JotO1va2l5ZXVtPbeR39za3tkt7O03dJQoDnUeyUi1fKZBihDqKFBCK1bAAl9C0x9eTfzmAygtovAORzF4AeuHoic4QyPdu/FAlFyEJ0xvxiedQtEu21PQReJkpEgy1DqFL7cb8SSAELlkWrcdO0YvZQoFlzDOu4mGmPEh60Pb0JAFoL10evWYHhulS3uRMhUinaq/J1IWaD0KfNMZMBzoeW8i/ue1E+xdeKkI4wQh5LNFvURSjOgkAtoVCjjKkSGMK2FupXzAFONogsqbEJz5lxdJ47TsnJUrt5Vi9TKLI0cOyREpEYeckyq5JjVSJ5wo8kxeyZv1aL1Y79bHrHXJymYOyB9Ynz9ERZJf</latexit>

�(I)

<latexit sha1_base64="01opeESlquto088SFMjFW3bP52s=">AAAB+nicbVBNS8NAEN34WetXqkcvwSLUS0mkqMeiF48V7Ac0oWy2k3bp5oPdiVpif4oXD4p49Zd489+4bXPQ1gcDj/dmmJnnJ4IrtO1vY2V1bX1js7BV3N7Z3ds3SwctFaeSQZPFIpYdnyoQPIImchTQSSTQ0BfQ9kfXU799D1LxOLrDcQJeSAcRDzijqKWeWXKTIa+4CI+YCT6CyWnPLNtVewZrmTg5KZMcjZ755fZjloYQIRNUqa5jJ+hlVCJnAiZFN1WQUDaiA+hqGtEQlJfNTp9YJ1rpW0EsdUVozdTfExkNlRqHvu4MKQ7VojcV//O6KQaXXsajJEWI2HxRkAoLY2uag9XnEhiKsSaUSa5vtdiQSspQp1XUITiLLy+T1lnVOa/Wbmvl+lUeR4EckWNSIQ65IHVyQxqkSRh5IM/klbwZT8aL8W58zFtXjHzmkPyB8fkDTTGUCg==</latexit>

�(like)

<latexit sha1_base64="NZ5r9yyCp093CjqKK3hxiaQJbDM=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRahXkoiRT0WvXisYD+gCWWz3bRLN5uwO5G2IX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POFNj2t1HY2Nza3inulvb2Dw6PzONyW0WJJLRFIh7Jro8V5UzQFjDgtBtLikOf044/vpv7nScqFYvEI0xj6oV4KFjACAYt9c2yG49Y1QU6gTRmsxnOLvpmxa7ZC1jrxMlJBeVo9s0vdxCRJKQCCMdK9Rw7Bi/FEhjhNCu5iaIxJmM8pD1NBQ6p8tLF7Zl1rpWBFURSlwBrof6eSHGo1DT0dWeIYaRWvbn4n9dLILjxUibiBKggy0VBwi2IrHkQ1oBJSoBPNcFEMn2rRUZYYgI6rpIOwVl9eZ20L2vOVa3+UK80bvM4iugUnaEqctA1aqB71EQtRNAEPaNX9GZkxovxbnwsWwtGPnOC/sD4/AFJYpSd</latexit>

�(pizza)

<latexit sha1_base64="1scdumg/GCdm2ptBmi5Zti8Aybo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjgO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdT+pXM</latexit>�!
h0

<latexit sha1_base64="XIAuq21XZiaUaJC+isp+HYUjzj8=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjQO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdVf5XN</latexit>�!
h1

<latexit sha1_base64="OB7lNOLSIuTeMKquWJszSX5y9YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyUpRV0W3bisYB/QhjCZTtqhk0yYmSg1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3niDhTGnH+bYKK6tr6xvFzdLW9s7unr1/0FIilYQ2ieBCdgKsKGcxbWqmOe0kkuIo4LQdjK6nfvueSsVEfKfHCfUiPIhZyAjWRvLto54wtmSDocZSiods6Fcnvl12Ks4MaJm4OSlDjoZvf/X6gqQRjTXhWKmu6yTay7DUjHA6KfVSRRNMRnhAu4bGOKLKy2bXT9CpUfooFNJUrNFM/T2R4UipcRSYzgjroVr0puJ/XjfV4aWXsThJNY3JfFGYcqQFmkaB+kxSovnYEEwkM7ciMsQSE20CK5kQ3MWXl0mrWnHPK7XbWrl+lcdRhGM4gTNw4QLqcAMNaAKBR3iGV3iznqwX6936mLcWrHzmEP7A+vwBVwSVzg==</latexit>�!
h2

<latexit sha1_base64="wRpO1c51+BEGUUQMAjONxPNw2Ys=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUm0qMuiG5cV7APaECbTSTt0MhNmbpQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5hwpsF1v63C0vLK6lpxvbSxubW9Y+/uNbVMFaENIrlU7RBrypmgDWDAaTtRFMchp61weD3xW/dUaSbFHYwS6se4L1jECAYjBfZBVxpbsf4AsFLyIRsEZ+PALrsVdwpnkXg5KaMc9cD+6vYkSWMqgHCsdcdzE/AzrIARTselbqppgskQ92nHUIFjqv1sev3YOTZKz4mkMiXAmaq/JzIcaz2KQ9MZYxjoeW8i/ud1Uogu/YyJJAUqyGxRlHIHpDOJwukxRQnwkSGYKGZudcgAK0zABFYyIXjzLy+S5mnFO69Ub6vl2lUeRxEdoiN0gjx0gWroBtVRAxH0iJ7RK3qznqwX6936mLUWrHxmH/2B9fkDWImVzw==</latexit>�!
h3

<latexit sha1_base64="lwGM8FQKAQx8Q6KSxsLtwOlrq/c=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiRS1GXRjcsK9gFtCJPppBk6yYSZiVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVLOlHacb2tpeWV1bb20Ud7c2t7Ztff2W0pkktAmEVzIToAV5SyhTc00p51UUhwHnLaD4fXEb99TqZhI7vQopV6MBwkLGcHaSL592BPGlmwQaSyleMgjvzb27YpTdaZAi8QtSAUKNHz7q9cXJItpognHSnVdJ9VejqVmhNNxuZcpmmIyxAPaNTTBMVVePr1+jE6M0kehkKYSjabq74kcx0qN4sB0xlhHat6biP953UyHl17OkjTTNCGzRWHGkRZoEgXqM0mJ5iNDMJHM3IpIhCUm2gRWNiG48y8vktZZ1T2v1m5rlfpVEUcJjuAYTsGFC6jDDTSgCQQe4Rle4c16sl6sd+tj1rpkFTMH8AfW5w9aDpXQ</latexit>�!
h4

EOS

<latexit sha1_base64="FTKI9mVNrvBl58fY9qE8wODD60w=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiQi1WVRBHdWtA9oQplMJ+3QyYOZG2kJ+RU3LhRx64+482+ctllo64ELh3Pu5d57vFhwBZb1baysrq1vbBa2its7u3v75kGppaJEUtakkYhkxyOKCR6yJnAQrBNLRgJPsLY3up767ScmFY/CR5jEzA3IIOQ+pwS01DNLTjzkFQfYGADSm7uH7LRnlq2qNQNeJnZOyihHo2d+Of2IJgELgQqiVNe2YnBTIoFTwbKikygWEzoiA9bVNCQBU246uz3DJ1rpYz+SukLAM/X3REoCpSaBpzsDAkO16E3F/7xuAv6lm/IwToCFdL7ITwSGCE+DwH0uGQUx0YRQyfWtmA6JJBR0XEUdgr348jJpnVXtWrV2f16uX+VxFNAROkYVZKMLVEe3qIGaiKIxekav6M3IjBfj3fiYt64Y+cwh+gPj8we4y5RA</latexit>

�(EOS)

<latexit sha1_base64="9zegHgC6fcrm6cJn3vawqFlaY4E=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo2WqKGtTKaTqBUQzwWPWBg6C9RLFSBQI1g0mNzO/+8CU5jK+hyxhXkRGMQ85JWAk364OpLEFC4EoJR/zse9Mfbvm1J058CpxC1JDBVq+/TUYSppGLAYqiNZ910nAy4kCTgWbVgapZgmhEzJifUNjEjHt5fPjp/jUKEMcSmUqBjxXf0/kJNI6iwLTGREY62VvJv7n9VMIr7ycx0kKLKaLRWEqMEg8SwIPuWIURGYIoYqbWzEdE0UomLwqJgR3+eVV0jmvuxf1xl2j1rwu4iijY3SCzpCLLlET3aIWaiOKMvSMXtGb9WS9WO/Wx6K1ZBUzVfQH1ucPeB2VTw==</latexit> �
h0

<latexit sha1_base64="WSQWhUzevdhciDwYd+KHnX0/3TE=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOy7U9+uOXVnDrRK3ILUoEDLt78GQ0HSiMaacKxU33US7eVYakY4nVYGqaIJJhM8on1DYxxR5eXz46fo1ChDFAppKtZorv6eyHGkVBYFpjPCeqyWvZn4n9dPdXjl5SxOUk1jslgUphxpgWZJoCGTlGieGYKJZOZWRMZYYqJNXhUTgrv88irpnNfdi3rjrlFrXhdxlOEYTuAMXLiEJtxCC9pAIINneIU368l6sd6tj0VrySpmqvAH1ucPeaKVUA==</latexit> �
h1

<latexit sha1_base64="iocsfVtY3oEJ/wFmh6VNHm3X0Hk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lKUY9FLx4r2FZoQ9hsJ+3SzW7Y3Sgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmhQmjSrvut1VaW9/Y3CpvV3Z29/YP7MOjrhKpJNAhggl5H2IFjHLoaKoZ3CcScBwy6IWT65nfewCpqOB3OkvAj/GI04gSrI0U2NWBMDaDSGMpxWM+DhrTwK65dXcOZ5V4BamhAu3A/hoMBUlj4JowrFTfcxPt51hqShhMK4NUQYLJBI+gbyjHMSg/nx8/dU6NMnQiIU1x7czV3xM5jpXK4tB0xliP1bI3E//z+qmOLv2c8iTVwMliUZQyRwtnloQzpBKIZpkhmEhqbnXIGEtMtMmrYkLwll9eJd1G3TuvN2+btdZVEUcZHaMTdIY8dIFa6Aa1UQcRlKFn9IrerCfrxXq3PhatJauYqaI/sD5/AHsnlVE=</latexit> �
h2

<latexit sha1_base64="kvBFjl4Dqj6Y1OKfRp47zb8/6hg=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVBIt6rHoxWMF+wFtCJvtpl26yYbdjRJC/StePCji1R/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYViKVhLaI4EJ2A6woZzFtaaY57SaS4ijgtBOMb6Z+54FKxUR8r7OEehEexixkBGsj+XalL4zNaaixlOIxH/nnE9+uOjVnBrRM3IJUoUDTt7/6A0HSiMaacKxUz3US7eVYakY4nZT7qaIJJmM8pD1DYxxR5eWz4yfoxCgDFAppKtZopv6eyHGkVBYFpjPCeqQWvan4n9dLdXjl5SxOUk1jMl8UphxpgaZJoAGTlGieGYKJZOZWREZYYqJNXmUTgrv48jJpn9Xci1r9rl5tXBdxlOAIjuEUXLiEBtxCE1pAIINneIU368l6sd6tj3nrilXMVOAPrM8ffKyVUg==</latexit> �
h3

<latexit sha1_base64="Wdh2q0QuTdIUr7kcsjEagUSIJzQ=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOw3pr5dc+rOHGiVuAWpQYGWb38NhoKkEY014Vipvusk2sux1IxwOq0MUkUTTCZ4RPuGxjiiysvnx0/RqVGGKBTSVKzRXP09keNIqSwKTGeE9VgtezPxP6+f6vDKy1mcpJrGZLEoTDnSAs2SQEMmKdE8MwQTycytiIyxxESbvComBHf55VXSOa+7F/XGXaPWvC7iKMMxnMAZuHAJTbiFFrSBQAbP8Apv1pP1Yr1bH4vWklXMVOEPrM8ffjGVUw==</latexit> �
h4



Recap:  
Recurrent Neural Networks

• Maintains a latent “hidden state” 
updated after each new token 

• Hidden states can be used to: 

• Get a distribution over the 
next token’s value

MLP
<latexit sha1_base64="8vwhq2oCxu1jUILQ8A4+wvSYjcg=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpiRS1I1QdONCoYJ9QBvCZDpph04ezNyIIdRfceNCEbd+iDv/xmmbhbYeuHA4517uvceLBVdgWd/G0vLK6tp6YaO4ubW9s2vu7bdUlEjKmjQSkex4RDHBQ9YEDoJ1YslI4AnW9kZXE7/9wKTiUXgPacycgAxC7nNKQEuuWVL4AveAPUJ2e9MYV4Zu7dg1y1bVmgIvEjsnZZSj4ZpfvX5Ek4CFQAVRqmtbMTgZkcCpYONiL1EsJnREBqyraUgCppxsevwYH2mlj/1I6goBT9XfExkJlEoDT3cGBIZq3puI/3ndBPxzJ+NhnAAL6WyRnwgMEZ4kgftcMgoi1YRQyfWtmA6JJBR0XkUdgj3/8iJpnVTt02rtrlauX+ZxFNABOkQVZKMzVEfXqIGaiKIUPaNX9GY8GS/Gu/Exa10y8pkS+gPj8wf0hpOw</latexit>

s = MLP(h4)
<latexit sha1_base64="4on0lHiqyhuolEdh5tmaLYxmo98=">AAACCXicbVC7TsMwFL0pr1JeBUYWiwqJqUoQAsYKFsaC6ENqQ+W4TmvVcSLbQarSrCz8CgsDCLHyB2z8DU6bAVqOZOn4nHt17z1exJnStv1tFZaWV1bXiuuljc2t7Z3y7l5ThbEktEFCHsq2hxXlTNCGZprTdiQpDjxOW97oKvNbD1QqFoo7PY6oG+CBYD4jWBupV0YKdZlA3QDroeclt+l9Mpl+COZJM52kvXLFrtpToEXi5KQCOeq98le3H5I4oEITjpXqOHak3QRLzQinaakbKxphMsID2jFU4IAqN5lekqIjo/SRH0rzhEZT9XdHggOlxoFnKrMl1byXif95nVj7F27CRBRrKshskB9zpEOUxYL6TFKi+dgQTCQzuyIyxBITbcIrmRCc+ZMXSfOk6pxVT29OK7XLPI4iHMAhHIMD51CDa6hDAwg8wjO8wpv1ZL1Y79bHrLRg5T378AfW5w9KwJrA</latexit>

s 2 R|V|

<latexit sha1_base64="pDGj7hdCh//dspgO/RzsjL9TRbE="></latexit>

p(X = x | x1, . . . , x4) =
s[x]P

x02V s[x0]

softmax

BOS

I

like

pizza

<latexit sha1_base64="z5OCZYCqIFe3SaWNFcu+CnQ47Zk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiRS1GWpG3dWtA9oQplMJ+3QyYOZG2kJ+RU3LhRx64+482+ctllo64ELh3Pu5d57vFhwBZb1baytb2xubRd2irt7+weH5lGpraJEUtaikYhk1yOKCR6yFnAQrBtLRgJPsI43vpn5nScmFY/CR5jGzA3IMOQ+pwS01DdLTjziFQfYBADSxt1Ddt43y1bVmgOvEjsnZZSj2Te/nEFEk4CFQAVRqmdbMbgpkcCpYFnRSRSLCR2TIetpGpKAKTed357hM60MsB9JXSHgufp7IiWBUtPA050BgZFa9mbif14vAf/aTXkYJ8BCuljkJwJDhGdB4AGXjIKYakKo5PpWTEdEEgo6rqIOwV5+eZW0L6r2ZbV2XyvXG3kcBXSCTlEF2egK1dEtaqIWomiCntErejMy48V4Nz4WrWtGPnOM/sD4/AGzj5Q7</latexit>

�(BOS)

<latexit sha1_base64="pnoNgZGpvMyQKP6TiYLQZQnL/LM=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBDiJexKUI9BL3qLYB6QXcPspJMMmX0w06uGJf/hxYMiXv0Xb/6Nk2QPmljQUFR1093lx1JotO1va2l5ZXVtPbeR39za3tkt7O03dJQoDnUeyUi1fKZBihDqKFBCK1bAAl9C0x9eTfzmAygtovAORzF4AeuHoic4QyPdu/FAlFyEJ0xvxiedQtEu21PQReJkpEgy1DqFL7cb8SSAELlkWrcdO0YvZQoFlzDOu4mGmPEh60Pb0JAFoL10evWYHhulS3uRMhUinaq/J1IWaD0KfNMZMBzoeW8i/ue1E+xdeKkI4wQh5LNFvURSjOgkAtoVCjjKkSGMK2FupXzAFONogsqbEJz5lxdJ47TsnJUrt5Vi9TKLI0cOyREpEYeckyq5JjVSJ5wo8kxeyZv1aL1Y79bHrHXJymYOyB9Ynz9ERZJf</latexit>

�(I)

<latexit sha1_base64="01opeESlquto088SFMjFW3bP52s=">AAAB+nicbVBNS8NAEN34WetXqkcvwSLUS0mkqMeiF48V7Ac0oWy2k3bp5oPdiVpif4oXD4p49Zd489+4bXPQ1gcDj/dmmJnnJ4IrtO1vY2V1bX1js7BV3N7Z3ds3SwctFaeSQZPFIpYdnyoQPIImchTQSSTQ0BfQ9kfXU799D1LxOLrDcQJeSAcRDzijqKWeWXKTIa+4CI+YCT6CyWnPLNtVewZrmTg5KZMcjZ755fZjloYQIRNUqa5jJ+hlVCJnAiZFN1WQUDaiA+hqGtEQlJfNTp9YJ1rpW0EsdUVozdTfExkNlRqHvu4MKQ7VojcV//O6KQaXXsajJEWI2HxRkAoLY2uag9XnEhiKsSaUSa5vtdiQSspQp1XUITiLLy+T1lnVOa/Wbmvl+lUeR4EckWNSIQ65IHVyQxqkSRh5IM/klbwZT8aL8W58zFtXjHzmkPyB8fkDTTGUCg==</latexit>

�(like)

<latexit sha1_base64="NZ5r9yyCp093CjqKK3hxiaQJbDM=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRahXkoiRT0WvXisYD+gCWWz3bRLN5uwO5G2IX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POFNj2t1HY2Nza3inulvb2Dw6PzONyW0WJJLRFIh7Jro8V5UzQFjDgtBtLikOf044/vpv7nScqFYvEI0xj6oV4KFjACAYt9c2yG49Y1QU6gTRmsxnOLvpmxa7ZC1jrxMlJBeVo9s0vdxCRJKQCCMdK9Rw7Bi/FEhjhNCu5iaIxJmM8pD1NBQ6p8tLF7Zl1rpWBFURSlwBrof6eSHGo1DT0dWeIYaRWvbn4n9dLILjxUibiBKggy0VBwi2IrHkQ1oBJSoBPNcFEMn2rRUZYYgI6rpIOwVl9eZ20L2vOVa3+UK80bvM4iugUnaEqctA1aqB71EQtRNAEPaNX9GZkxovxbnwsWwtGPnOC/sD4/AFJYpSd</latexit>

�(pizza)

<latexit sha1_base64="1scdumg/GCdm2ptBmi5Zti8Aybo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjgO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdT+pXM</latexit>�!
h0

<latexit sha1_base64="XIAuq21XZiaUaJC+isp+HYUjzj8=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjQO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdVf5XN</latexit>�!
h1

<latexit sha1_base64="OB7lNOLSIuTeMKquWJszSX5y9YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyUpRV0W3bisYB/QhjCZTtqhk0yYmSg1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3niDhTGnH+bYKK6tr6xvFzdLW9s7unr1/0FIilYQ2ieBCdgKsKGcxbWqmOe0kkuIo4LQdjK6nfvueSsVEfKfHCfUiPIhZyAjWRvLto54wtmSDocZSiods6Fcnvl12Ks4MaJm4OSlDjoZvf/X6gqQRjTXhWKmu6yTay7DUjHA6KfVSRRNMRnhAu4bGOKLKy2bXT9CpUfooFNJUrNFM/T2R4UipcRSYzgjroVr0puJ/XjfV4aWXsThJNY3JfFGYcqQFmkaB+kxSovnYEEwkM7ciMsQSE20CK5kQ3MWXl0mrWnHPK7XbWrl+lcdRhGM4gTNw4QLqcAMNaAKBR3iGV3iznqwX6936mLcWrHzmEP7A+vwBVwSVzg==</latexit>�!
h2

<latexit sha1_base64="wRpO1c51+BEGUUQMAjONxPNw2Ys=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUm0qMuiG5cV7APaECbTSTt0MhNmbpQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5hwpsF1v63C0vLK6lpxvbSxubW9Y+/uNbVMFaENIrlU7RBrypmgDWDAaTtRFMchp61weD3xW/dUaSbFHYwS6se4L1jECAYjBfZBVxpbsf4AsFLyIRsEZ+PALrsVdwpnkXg5KaMc9cD+6vYkSWMqgHCsdcdzE/AzrIARTselbqppgskQ92nHUIFjqv1sev3YOTZKz4mkMiXAmaq/JzIcaz2KQ9MZYxjoeW8i/ud1Uogu/YyJJAUqyGxRlHIHpDOJwukxRQnwkSGYKGZudcgAK0zABFYyIXjzLy+S5mnFO69Ub6vl2lUeRxEdoiN0gjx0gWroBtVRAxH0iJ7RK3qznqwX6936mLUWrHxmH/2B9fkDWImVzw==</latexit>�!
h3

<latexit sha1_base64="lwGM8FQKAQx8Q6KSxsLtwOlrq/c=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiRS1GXRjcsK9gFtCJPppBk6yYSZiVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVLOlHacb2tpeWV1bb20Ud7c2t7Ztff2W0pkktAmEVzIToAV5SyhTc00p51UUhwHnLaD4fXEb99TqZhI7vQopV6MBwkLGcHaSL592BPGlmwQaSyleMgjvzb27YpTdaZAi8QtSAUKNHz7q9cXJItpognHSnVdJ9VejqVmhNNxuZcpmmIyxAPaNTTBMVVePr1+jE6M0kehkKYSjabq74kcx0qN4sB0xlhHat6biP953UyHl17OkjTTNCGzRWHGkRZoEgXqM0mJ5iNDMJHM3IpIhCUm2gRWNiG48y8vktZZ1T2v1m5rlfpVEUcJjuAYTsGFC6jDDTSgCQQe4Rle4c16sl6sd+tj1rpkFTMH8AfW5w9aDpXQ</latexit>�!
h4



Recap:  
Recurrent Neural Networks

• Maintains a latent “hidden state” 
updated after each new token 

• Hidden states can be used to: 

• Get a distribution over the 
next token’s value 

• Get a vector representation of 
the entire sequence

BOS

I

like

pizza

<latexit sha1_base64="z5OCZYCqIFe3SaWNFcu+CnQ47Zk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiRS1GWpG3dWtA9oQplMJ+3QyYOZG2kJ+RU3LhRx64+482+ctllo64ELh3Pu5d57vFhwBZb1baytb2xubRd2irt7+weH5lGpraJEUtaikYhk1yOKCR6yFnAQrBtLRgJPsI43vpn5nScmFY/CR5jGzA3IMOQ+pwS01DdLTjziFQfYBADSxt1Ddt43y1bVmgOvEjsnZZSj2Te/nEFEk4CFQAVRqmdbMbgpkcCpYFnRSRSLCR2TIetpGpKAKTed357hM60MsB9JXSHgufp7IiWBUtPA050BgZFa9mbif14vAf/aTXkYJ8BCuljkJwJDhGdB4AGXjIKYakKo5PpWTEdEEgo6rqIOwV5+eZW0L6r2ZbV2XyvXG3kcBXSCTlEF2egK1dEtaqIWomiCntErejMy48V4Nz4WrWtGPnOM/sD4/AGzj5Q7</latexit>

�(BOS)

<latexit sha1_base64="pnoNgZGpvMyQKP6TiYLQZQnL/LM=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBDiJexKUI9BL3qLYB6QXcPspJMMmX0w06uGJf/hxYMiXv0Xb/6Nk2QPmljQUFR1093lx1JotO1va2l5ZXVtPbeR39za3tkt7O03dJQoDnUeyUi1fKZBihDqKFBCK1bAAl9C0x9eTfzmAygtovAORzF4AeuHoic4QyPdu/FAlFyEJ0xvxiedQtEu21PQReJkpEgy1DqFL7cb8SSAELlkWrcdO0YvZQoFlzDOu4mGmPEh60Pb0JAFoL10evWYHhulS3uRMhUinaq/J1IWaD0KfNMZMBzoeW8i/ue1E+xdeKkI4wQh5LNFvURSjOgkAtoVCjjKkSGMK2FupXzAFONogsqbEJz5lxdJ47TsnJUrt5Vi9TKLI0cOyREpEYeckyq5JjVSJ5wo8kxeyZv1aL1Y79bHrHXJymYOyB9Ynz9ERZJf</latexit>

�(I)

<latexit sha1_base64="01opeESlquto088SFMjFW3bP52s=">AAAB+nicbVBNS8NAEN34WetXqkcvwSLUS0mkqMeiF48V7Ac0oWy2k3bp5oPdiVpif4oXD4p49Zd489+4bXPQ1gcDj/dmmJnnJ4IrtO1vY2V1bX1js7BV3N7Z3ds3SwctFaeSQZPFIpYdnyoQPIImchTQSSTQ0BfQ9kfXU799D1LxOLrDcQJeSAcRDzijqKWeWXKTIa+4CI+YCT6CyWnPLNtVewZrmTg5KZMcjZ755fZjloYQIRNUqa5jJ+hlVCJnAiZFN1WQUDaiA+hqGtEQlJfNTp9YJ1rpW0EsdUVozdTfExkNlRqHvu4MKQ7VojcV//O6KQaXXsajJEWI2HxRkAoLY2uag9XnEhiKsSaUSa5vtdiQSspQp1XUITiLLy+T1lnVOa/Wbmvl+lUeR4EckWNSIQ65IHVyQxqkSRh5IM/klbwZT8aL8W58zFtXjHzmkPyB8fkDTTGUCg==</latexit>

�(like)

<latexit sha1_base64="NZ5r9yyCp093CjqKK3hxiaQJbDM=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRahXkoiRT0WvXisYD+gCWWz3bRLN5uwO5G2IX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POFNj2t1HY2Nza3inulvb2Dw6PzONyW0WJJLRFIh7Jro8V5UzQFjDgtBtLikOf044/vpv7nScqFYvEI0xj6oV4KFjACAYt9c2yG49Y1QU6gTRmsxnOLvpmxa7ZC1jrxMlJBeVo9s0vdxCRJKQCCMdK9Rw7Bi/FEhjhNCu5iaIxJmM8pD1NBQ6p8tLF7Zl1rpWBFURSlwBrof6eSHGo1DT0dWeIYaRWvbn4n9dLILjxUibiBKggy0VBwi2IrHkQ1oBJSoBPNcFEMn2rRUZYYgI6rpIOwVl9eZ20L2vOVa3+UK80bvM4iugUnaEqctA1aqB71EQtRNAEPaNX9GZkxovxbnwsWwtGPnOC/sD4/AFJYpSd</latexit>

�(pizza)

<latexit sha1_base64="1scdumg/GCdm2ptBmi5Zti8Aybo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjgO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdT+pXM</latexit>�!
h0

<latexit sha1_base64="XIAuq21XZiaUaJC+isp+HYUjzj8=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjQO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdVf5XN</latexit>�!
h1

<latexit sha1_base64="OB7lNOLSIuTeMKquWJszSX5y9YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyUpRV0W3bisYB/QhjCZTtqhk0yYmSg1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3niDhTGnH+bYKK6tr6xvFzdLW9s7unr1/0FIilYQ2ieBCdgKsKGcxbWqmOe0kkuIo4LQdjK6nfvueSsVEfKfHCfUiPIhZyAjWRvLto54wtmSDocZSiods6Fcnvl12Ks4MaJm4OSlDjoZvf/X6gqQRjTXhWKmu6yTay7DUjHA6KfVSRRNMRnhAu4bGOKLKy2bXT9CpUfooFNJUrNFM/T2R4UipcRSYzgjroVr0puJ/XjfV4aWXsThJNY3JfFGYcqQFmkaB+kxSovnYEEwkM7ciMsQSE20CK5kQ3MWXl0mrWnHPK7XbWrl+lcdRhGM4gTNw4QLqcAMNaAKBR3iGV3iznqwX6936mLcWrHzmEP7A+vwBVwSVzg==</latexit>�!
h2

<latexit sha1_base64="wRpO1c51+BEGUUQMAjONxPNw2Ys=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUm0qMuiG5cV7APaECbTSTt0MhNmbpQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5hwpsF1v63C0vLK6lpxvbSxubW9Y+/uNbVMFaENIrlU7RBrypmgDWDAaTtRFMchp61weD3xW/dUaSbFHYwS6se4L1jECAYjBfZBVxpbsf4AsFLyIRsEZ+PALrsVdwpnkXg5KaMc9cD+6vYkSWMqgHCsdcdzE/AzrIARTselbqppgskQ92nHUIFjqv1sev3YOTZKz4mkMiXAmaq/JzIcaz2KQ9MZYxjoeW8i/ud1Uogu/YyJJAUqyGxRlHIHpDOJwukxRQnwkSGYKGZudcgAK0zABFYyIXjzLy+S5mnFO69Ub6vl2lUeRxEdoiN0gjx0gWroBtVRAxH0iJ7RK3qznqwX6936mLUWrHxmH/2B9fkDWImVzw==</latexit>�!
h3

<latexit sha1_base64="lwGM8FQKAQx8Q6KSxsLtwOlrq/c=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiRS1GXRjcsK9gFtCJPppBk6yYSZiVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVLOlHacb2tpeWV1bb20Ud7c2t7Ztff2W0pkktAmEVzIToAV5SyhTc00p51UUhwHnLaD4fXEb99TqZhI7vQopV6MBwkLGcHaSL592BPGlmwQaSyleMgjvzb27YpTdaZAi8QtSAUKNHz7q9cXJItpognHSnVdJ9VejqVmhNNxuZcpmmIyxAPaNTTBMVVePr1+jE6M0kehkKYSjabq74kcx0qN4sB0xlhHat6biP953UyHl17OkjTTNCGzRWHGkRZoEgXqM0mJ5iNDMJHM3IpIhCUm2gRWNiG48y8vktZZ1T2v1m5rlfpVEUcJjuAYTsGFC6jDDTSgCQQe4Rle4c16sl6sd+tj1rpkFTMH8AfW5w9aDpXQ</latexit>�!
h4

EOS

<latexit sha1_base64="FTKI9mVNrvBl58fY9qE8wODD60w=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiQi1WVRBHdWtA9oQplMJ+3QyYOZG2kJ+RU3LhRx64+482+ctllo64ELh3Pu5d57vFhwBZb1baysrq1vbBa2its7u3v75kGppaJEUtakkYhkxyOKCR6yJnAQrBNLRgJPsLY3up767ScmFY/CR5jEzA3IIOQ+pwS01DNLTjzkFQfYGADSm7uH7LRnlq2qNQNeJnZOyihHo2d+Of2IJgELgQqiVNe2YnBTIoFTwbKikygWEzoiA9bVNCQBU246uz3DJ1rpYz+SukLAM/X3REoCpSaBpzsDAkO16E3F/7xuAv6lm/IwToCFdL7ITwSGCE+DwH0uGQUx0YRQyfWtmA6JJBR0XEUdgr348jJpnVXtWrV2f16uX+VxFNAROkYVZKMLVEe3qIGaiKIxekav6M3IjBfj3fiYt64Y+cwh+gPj8we4y5RA</latexit>

�(EOS)

<latexit sha1_base64="9zegHgC6fcrm6cJn3vawqFlaY4E=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo2WqKGtTKaTqBUQzwWPWBg6C9RLFSBQI1g0mNzO/+8CU5jK+hyxhXkRGMQ85JWAk364OpLEFC4EoJR/zse9Mfbvm1J058CpxC1JDBVq+/TUYSppGLAYqiNZ910nAy4kCTgWbVgapZgmhEzJifUNjEjHt5fPjp/jUKEMcSmUqBjxXf0/kJNI6iwLTGREY62VvJv7n9VMIr7ycx0kKLKaLRWEqMEg8SwIPuWIURGYIoYqbWzEdE0UomLwqJgR3+eVV0jmvuxf1xl2j1rwu4iijY3SCzpCLLlET3aIWaiOKMvSMXtGb9WS9WO/Wx6K1ZBUzVfQH1ucPeB2VTw==</latexit> �
h0

<latexit sha1_base64="WSQWhUzevdhciDwYd+KHnX0/3TE=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOy7U9+uOXVnDrRK3ILUoEDLt78GQ0HSiMaacKxU33US7eVYakY4nVYGqaIJJhM8on1DYxxR5eXz46fo1ChDFAppKtZorv6eyHGkVBYFpjPCeqyWvZn4n9dPdXjl5SxOUk1jslgUphxpgWZJoCGTlGieGYKJZOZWRMZYYqJNXhUTgrv88irpnNfdi3rjrlFrXhdxlOEYTuAMXLiEJtxCC9pAIINneIU368l6sd6tj0VrySpmqvAH1ucPeaKVUA==</latexit> �
h1

<latexit sha1_base64="iocsfVtY3oEJ/wFmh6VNHm3X0Hk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lKUY9FLx4r2FZoQ9hsJ+3SzW7Y3Sgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmhQmjSrvut1VaW9/Y3CpvV3Z29/YP7MOjrhKpJNAhggl5H2IFjHLoaKoZ3CcScBwy6IWT65nfewCpqOB3OkvAj/GI04gSrI0U2NWBMDaDSGMpxWM+DhrTwK65dXcOZ5V4BamhAu3A/hoMBUlj4JowrFTfcxPt51hqShhMK4NUQYLJBI+gbyjHMSg/nx8/dU6NMnQiIU1x7czV3xM5jpXK4tB0xliP1bI3E//z+qmOLv2c8iTVwMliUZQyRwtnloQzpBKIZpkhmEhqbnXIGEtMtMmrYkLwll9eJd1G3TuvN2+btdZVEUcZHaMTdIY8dIFa6Aa1UQcRlKFn9IrerCfrxXq3PhatJauYqaI/sD5/AHsnlVE=</latexit> �
h2

<latexit sha1_base64="kvBFjl4Dqj6Y1OKfRp47zb8/6hg=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVBIt6rHoxWMF+wFtCJvtpl26yYbdjRJC/StePCji1R/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYViKVhLaI4EJ2A6woZzFtaaY57SaS4ijgtBOMb6Z+54FKxUR8r7OEehEexixkBGsj+XalL4zNaaixlOIxH/nnE9+uOjVnBrRM3IJUoUDTt7/6A0HSiMaacKxUz3US7eVYakY4nZT7qaIJJmM8pD1DYxxR5eWz4yfoxCgDFAppKtZopv6eyHGkVBYFpjPCeqQWvan4n9dLdXjl5SxOUk1jMl8UphxpgaZJoAGTlGieGYKJZOZWREZYYqJNXmUTgrv48jJpn9Xci1r9rl5tXBdxlOAIjuEUXLiEBtxCE1pAIINneIU368l6sd6tj3nrilXMVOAPrM8ffKyVUg==</latexit> �
h3

<latexit sha1_base64="Wdh2q0QuTdIUr7kcsjEagUSIJzQ=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOw3pr5dc+rOHGiVuAWpQYGWb38NhoKkEY014Vipvusk2sux1IxwOq0MUkUTTCZ4RPuGxjiiysvnx0/RqVGGKBTSVKzRXP09keNIqSwKTGeE9VgtezPxP6+f6vDKy1mcpJrGZLEoTDnSAs2SQEMmKdE8MwQTycytiIyxxESbvComBHf55VXSOa+7F/XGXaPWvC7iKMMxnMAZuHAJTbiFFrSBQAbP8Apv1pP1Yr1bH4vWklXMVOEPrM8ffjGVUw==</latexit> �
h4

<latexit sha1_base64="OiOB144p8KySRQZh4BxHLVuQ2JA="></latexit>

Enc(x) = Pool
�
h1, . . . , h|x|

�
2 Rd



single vector of length dn vectors of length d

Recap:  
Recurrent Neural Networks

“Pooling” functions map 
from a sequence of items of 
type t to a single item of type t

<latexit sha1_base64="tT38LZB+oQnE20smD2/RjunOriE=">AAACKHicbVDLSgMxFM34tr6qLt0Ei+CqzIiouLHoxmUV2wqdsWQymTaYSYbkjlqG+Rw3/oobEUXc+iWmj0V9HAgczjmX3HvCVHADrvvpTE3PzM7NLyyWlpZXVtfK6xtNozJNWYMqofR1SAwTXLIGcBDsOtWMJKFgrfD2bOC37pg2XMkr6KcsSEhX8phTAlbqlE98YA+Q15USBT7G2E8I9MIwvyxu8gj7wBNmsCywr3m3B0RrdT+ZiTrlilt1h8B/iTcmFTRGvVN+9SNFs4RJoIIY0/bcFIKcaOBUsKLkZ4alhN6SLmtbKoldIMiHhxZ4xyoRjpW2TwIeqpMTOUmM6SehTQ52NL+9gfif184gPgpyLtMMmKSjj+JMYFB40BqOuGYURN8SQjW3u2LaI5pQsN2WbAne75P/kuZe1Tuo7l/sV2qn4zoW0BbaRrvIQ4eohs5RHTUQRY/oGb2hd+fJeXE+nM9RdMoZz2yiH3C+vgH0Rqcs</latexit>

Pool : Rd⇥n ! Rd

<latexit sha1_base64="pUtRsgqHVxQs0EsVpg3vi1u4pLk="></latexit>

MeanPool(h1, . . . , h|x|) =
1

|x|

|x|X

i=1

hi

<latexit sha1_base64="G7aLTtMc9Dmmikl64BZMiGeKzyU="></latexit>

BidirMeanPool(
�!
h1, . . . ,

�!
h|x|;
 �
h1, . . . ,

 �
h|x|) =

1

|x|

|x|X

i=1

h�!
hi ;
 �
hi

i

<latexit sha1_base64="iFO9O58wPZE/NCF/km3FxLA/GxI="></latexit>

BidirLastPool(
�!
h1, . . . ,

�!
h|x|;
 �
h1, . . . ,

 �
h|x|) =

h�!
h|x|;
 �
h|x|

i

<latexit sha1_base64="OiOB144p8KySRQZh4BxHLVuQ2JA="></latexit>

Enc(x) = Pool
�
h1, . . . , h|x|

�
2 Rd

BOS

I

like

pizza

<latexit sha1_base64="z5OCZYCqIFe3SaWNFcu+CnQ47Zk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiRS1GWpG3dWtA9oQplMJ+3QyYOZG2kJ+RU3LhRx64+482+ctllo64ELh3Pu5d57vFhwBZb1baytb2xubRd2irt7+weH5lGpraJEUtaikYhk1yOKCR6yFnAQrBtLRgJPsI43vpn5nScmFY/CR5jGzA3IMOQ+pwS01DdLTjziFQfYBADSxt1Ddt43y1bVmgOvEjsnZZSj2Te/nEFEk4CFQAVRqmdbMbgpkcCpYFnRSRSLCR2TIetpGpKAKTed357hM60MsB9JXSHgufp7IiWBUtPA050BgZFa9mbif14vAf/aTXkYJ8BCuljkJwJDhGdB4AGXjIKYakKo5PpWTEdEEgo6rqIOwV5+eZW0L6r2ZbV2XyvXG3kcBXSCTlEF2egK1dEtaqIWomiCntErejMy48V4Nz4WrWtGPnOM/sD4/AGzj5Q7</latexit>

�(BOS)

<latexit sha1_base64="pnoNgZGpvMyQKP6TiYLQZQnL/LM=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBDiJexKUI9BL3qLYB6QXcPspJMMmX0w06uGJf/hxYMiXv0Xb/6Nk2QPmljQUFR1093lx1JotO1va2l5ZXVtPbeR39za3tkt7O03dJQoDnUeyUi1fKZBihDqKFBCK1bAAl9C0x9eTfzmAygtovAORzF4AeuHoic4QyPdu/FAlFyEJ0xvxiedQtEu21PQReJkpEgy1DqFL7cb8SSAELlkWrcdO0YvZQoFlzDOu4mGmPEh60Pb0JAFoL10evWYHhulS3uRMhUinaq/J1IWaD0KfNMZMBzoeW8i/ue1E+xdeKkI4wQh5LNFvURSjOgkAtoVCjjKkSGMK2FupXzAFONogsqbEJz5lxdJ47TsnJUrt5Vi9TKLI0cOyREpEYeckyq5JjVSJ5wo8kxeyZv1aL1Y79bHrHXJymYOyB9Ynz9ERZJf</latexit>

�(I)

<latexit sha1_base64="01opeESlquto088SFMjFW3bP52s=">AAAB+nicbVBNS8NAEN34WetXqkcvwSLUS0mkqMeiF48V7Ac0oWy2k3bp5oPdiVpif4oXD4p49Zd489+4bXPQ1gcDj/dmmJnnJ4IrtO1vY2V1bX1js7BV3N7Z3ds3SwctFaeSQZPFIpYdnyoQPIImchTQSSTQ0BfQ9kfXU799D1LxOLrDcQJeSAcRDzijqKWeWXKTIa+4CI+YCT6CyWnPLNtVewZrmTg5KZMcjZ755fZjloYQIRNUqa5jJ+hlVCJnAiZFN1WQUDaiA+hqGtEQlJfNTp9YJ1rpW0EsdUVozdTfExkNlRqHvu4MKQ7VojcV//O6KQaXXsajJEWI2HxRkAoLY2uag9XnEhiKsSaUSa5vtdiQSspQp1XUITiLLy+T1lnVOa/Wbmvl+lUeR4EckWNSIQ65IHVyQxqkSRh5IM/klbwZT8aL8W58zFtXjHzmkPyB8fkDTTGUCg==</latexit>

�(like)

<latexit sha1_base64="NZ5r9yyCp093CjqKK3hxiaQJbDM=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRahXkoiRT0WvXisYD+gCWWz3bRLN5uwO5G2IX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POFNj2t1HY2Nza3inulvb2Dw6PzONyW0WJJLRFIh7Jro8V5UzQFjDgtBtLikOf044/vpv7nScqFYvEI0xj6oV4KFjACAYt9c2yG49Y1QU6gTRmsxnOLvpmxa7ZC1jrxMlJBeVo9s0vdxCRJKQCCMdK9Rw7Bi/FEhjhNCu5iaIxJmM8pD1NBQ6p8tLF7Zl1rpWBFURSlwBrof6eSHGo1DT0dWeIYaRWvbn4n9dLILjxUibiBKggy0VBwi2IrHkQ1oBJSoBPNcFEMn2rRUZYYgI6rpIOwVl9eZ20L2vOVa3+UK80bvM4iugUnaEqctA1aqB71EQtRNAEPaNX9GZkxovxbnwsWwtGPnOC/sD4/AFJYpSd</latexit>

�(pizza)

<latexit sha1_base64="1scdumg/GCdm2ptBmi5Zti8Aybo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjgO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdT+pXM</latexit>�!
h0

<latexit sha1_base64="XIAuq21XZiaUaJC+isp+HYUjzj8=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjQO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdVf5XN</latexit>�!
h1

<latexit sha1_base64="OB7lNOLSIuTeMKquWJszSX5y9YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyUpRV0W3bisYB/QhjCZTtqhk0yYmSg1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3niDhTGnH+bYKK6tr6xvFzdLW9s7unr1/0FIilYQ2ieBCdgKsKGcxbWqmOe0kkuIo4LQdjK6nfvueSsVEfKfHCfUiPIhZyAjWRvLto54wtmSDocZSiods6Fcnvl12Ks4MaJm4OSlDjoZvf/X6gqQRjTXhWKmu6yTay7DUjHA6KfVSRRNMRnhAu4bGOKLKy2bXT9CpUfooFNJUrNFM/T2R4UipcRSYzgjroVr0puJ/XjfV4aWXsThJNY3JfFGYcqQFmkaB+kxSovnYEEwkM7ciMsQSE20CK5kQ3MWXl0mrWnHPK7XbWrl+lcdRhGM4gTNw4QLqcAMNaAKBR3iGV3iznqwX6936mLcWrHzmEP7A+vwBVwSVzg==</latexit>�!
h2

<latexit sha1_base64="wRpO1c51+BEGUUQMAjONxPNw2Ys=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUm0qMuiG5cV7APaECbTSTt0MhNmbpQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5hwpsF1v63C0vLK6lpxvbSxubW9Y+/uNbVMFaENIrlU7RBrypmgDWDAaTtRFMchp61weD3xW/dUaSbFHYwS6se4L1jECAYjBfZBVxpbsf4AsFLyIRsEZ+PALrsVdwpnkXg5KaMc9cD+6vYkSWMqgHCsdcdzE/AzrIARTselbqppgskQ92nHUIFjqv1sev3YOTZKz4mkMiXAmaq/JzIcaz2KQ9MZYxjoeW8i/ud1Uogu/YyJJAUqyGxRlHIHpDOJwukxRQnwkSGYKGZudcgAK0zABFYyIXjzLy+S5mnFO69Ub6vl2lUeRxEdoiN0gjx0gWroBtVRAxH0iJ7RK3qznqwX6936mLUWrHxmH/2B9fkDWImVzw==</latexit>�!
h3

<latexit sha1_base64="lwGM8FQKAQx8Q6KSxsLtwOlrq/c=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiRS1GXRjcsK9gFtCJPppBk6yYSZiVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVLOlHacb2tpeWV1bb20Ud7c2t7Ztff2W0pkktAmEVzIToAV5SyhTc00p51UUhwHnLaD4fXEb99TqZhI7vQopV6MBwkLGcHaSL592BPGlmwQaSyleMgjvzb27YpTdaZAi8QtSAUKNHz7q9cXJItpognHSnVdJ9VejqVmhNNxuZcpmmIyxAPaNTTBMVVePr1+jE6M0kehkKYSjabq74kcx0qN4sB0xlhHat6biP953UyHl17OkjTTNCGzRWHGkRZoEgXqM0mJ5iNDMJHM3IpIhCUm2gRWNiG48y8vktZZ1T2v1m5rlfpVEUcJjuAYTsGFC6jDDTSgCQQe4Rle4c16sl6sd+tj1rpkFTMH8AfW5w9aDpXQ</latexit>�!
h4

EOS

<latexit sha1_base64="FTKI9mVNrvBl58fY9qE8wODD60w=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiQi1WVRBHdWtA9oQplMJ+3QyYOZG2kJ+RU3LhRx64+482+ctllo64ELh3Pu5d57vFhwBZb1baysrq1vbBa2its7u3v75kGppaJEUtakkYhkxyOKCR6yJnAQrBNLRgJPsLY3up767ScmFY/CR5jEzA3IIOQ+pwS01DNLTjzkFQfYGADSm7uH7LRnlq2qNQNeJnZOyihHo2d+Of2IJgELgQqiVNe2YnBTIoFTwbKikygWEzoiA9bVNCQBU246uz3DJ1rpYz+SukLAM/X3REoCpSaBpzsDAkO16E3F/7xuAv6lm/IwToCFdL7ITwSGCE+DwH0uGQUx0YRQyfWtmA6JJBR0XEUdgr348jJpnVXtWrV2f16uX+VxFNAROkYVZKMLVEe3qIGaiKIxekav6M3IjBfj3fiYt64Y+cwh+gPj8we4y5RA</latexit>

�(EOS)

<latexit sha1_base64="9zegHgC6fcrm6cJn3vawqFlaY4E=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo2WqKGtTKaTqBUQzwWPWBg6C9RLFSBQI1g0mNzO/+8CU5jK+hyxhXkRGMQ85JWAk364OpLEFC4EoJR/zse9Mfbvm1J058CpxC1JDBVq+/TUYSppGLAYqiNZ910nAy4kCTgWbVgapZgmhEzJifUNjEjHt5fPjp/jUKEMcSmUqBjxXf0/kJNI6iwLTGREY62VvJv7n9VMIr7ycx0kKLKaLRWEqMEg8SwIPuWIURGYIoYqbWzEdE0UomLwqJgR3+eVV0jmvuxf1xl2j1rwu4iijY3SCzpCLLlET3aIWaiOKMvSMXtGb9WS9WO/Wx6K1ZBUzVfQH1ucPeB2VTw==</latexit> �
h0

<latexit sha1_base64="WSQWhUzevdhciDwYd+KHnX0/3TE=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOy7U9+uOXVnDrRK3ILUoEDLt78GQ0HSiMaacKxU33US7eVYakY4nVYGqaIJJhM8on1DYxxR5eXz46fo1ChDFAppKtZorv6eyHGkVBYFpjPCeqyWvZn4n9dPdXjl5SxOUk1jslgUphxpgWZJoCGTlGieGYKJZOZWRMZYYqJNXhUTgrv88irpnNfdi3rjrlFrXhdxlOEYTuAMXLiEJtxCC9pAIINneIU368l6sd6tj0VrySpmqvAH1ucPeaKVUA==</latexit> �
h1

<latexit sha1_base64="iocsfVtY3oEJ/wFmh6VNHm3X0Hk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lKUY9FLx4r2FZoQ9hsJ+3SzW7Y3Sgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmhQmjSrvut1VaW9/Y3CpvV3Z29/YP7MOjrhKpJNAhggl5H2IFjHLoaKoZ3CcScBwy6IWT65nfewCpqOB3OkvAj/GI04gSrI0U2NWBMDaDSGMpxWM+DhrTwK65dXcOZ5V4BamhAu3A/hoMBUlj4JowrFTfcxPt51hqShhMK4NUQYLJBI+gbyjHMSg/nx8/dU6NMnQiIU1x7czV3xM5jpXK4tB0xliP1bI3E//z+qmOLv2c8iTVwMliUZQyRwtnloQzpBKIZpkhmEhqbnXIGEtMtMmrYkLwll9eJd1G3TuvN2+btdZVEUcZHaMTdIY8dIFa6Aa1UQcRlKFn9IrerCfrxXq3PhatJauYqaI/sD5/AHsnlVE=</latexit> �
h2

<latexit sha1_base64="kvBFjl4Dqj6Y1OKfRp47zb8/6hg=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVBIt6rHoxWMF+wFtCJvtpl26yYbdjRJC/StePCji1R/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYViKVhLaI4EJ2A6woZzFtaaY57SaS4ijgtBOMb6Z+54FKxUR8r7OEehEexixkBGsj+XalL4zNaaixlOIxH/nnE9+uOjVnBrRM3IJUoUDTt7/6A0HSiMaacKxUz3US7eVYakY4nZT7qaIJJmM8pD1DYxxR5eWz4yfoxCgDFAppKtZopv6eyHGkVBYFpjPCeqQWvan4n9dLdXjl5SxOUk1jMl8UphxpgaZJoAGTlGieGYKJZOZWREZYYqJNXmUTgrv48jJpn9Xci1r9rl5tXBdxlOAIjuEUXLiEBtxCE1pAIINneIU368l6sd6tj3nrilXMVOAPrM8ffKyVUg==</latexit> �
h3

<latexit sha1_base64="Wdh2q0QuTdIUr7kcsjEagUSIJzQ=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOw3pr5dc+rOHGiVuAWpQYGWb38NhoKkEY014Vipvusk2sux1IxwOq0MUkUTTCZ4RPuGxjiiysvnx0/RqVGGKBTSVKzRXP09keNIqSwKTGeE9VgtezPxP6+f6vDKy1mcpJrGZLEoTDnSAs2SQEMmKdE8MwQTycytiIyxxESbvComBHf55VXSOa+7F/XGXaPWvC7iKMMxnMAZuHAJTbiFFrSBQAbP8Apv1pP1Yr1bH4vWklXMVOEPrM8ffjGVUw==</latexit> �
h4



Recap:  
Sequence Embeddings

• What can we do with sequence embeddings? 

• Text classification

E.g., sentiment classification, language identification, …

the first hour of this is a complete slog… Negative

no me tires Spanish
(“don’t throw me away”)

<latexit sha1_base64="q+nGJkcax4ytk8tuoz1id6i79SA=">AAACKHicbVDLSgMxFM34rPVVdekmWISKUGZE1I1YFMFlBWuFTimZ9E4bmnmQ3BHL0M9x46+4EVGkW7/ETJ2FVg8EDueem+QcL5ZCo22PrZnZufmFxcJScXlldW29tLF5q6NEcWjwSEbqzmMapAihgQIl3MUKWOBJaHqDi2zevAelRRTe4DCGdsB6ofAFZ2ikTunM77jYB2QVNzK+7Jr0YbRHT6mrRS9glSZ1ER4wvQz5aMqzT729TqlsV+0J6F/i5KRMctQ7pVe3G/EkgBC5ZFq3HDvGdsoUCi5hVHQTDTHjA9aDlqEhC0C300nQEd01Spf6kTInRDpRf26kLNB6GHjGGTDs6+lZJv43ayXon7RTEcYJggk6echPJMWIZq3RrlDAUQ4NYVwJ81fK+0wxjqbboinBmY78l9weVJ2j6tH1Ybl2ntdRINtkh1SIQ45JjVyROmkQTh7JM3kj79aT9WJ9WONv64yV72yRX7A+vwBEQKYT</latexit>

f✓(x) = �(WEnc(x) + b)
<latexit sha1_base64="bT4yeAi1crFACZpHdOaH8ynIH1E=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VQhJKIVHFV7MZlBfuAJpbJdNIOnUzCzEQpId/gxl9x40IRt67c+TdO2oDaeuDC4Zx7ufceL2JUKsv6MgoLi0vLK8XV0tr6xuaWub3TkmEsMGnikIWi4yFJGOWkqahipBMJggKPkbY3qmd++44ISUN+o8YRcQM04NSnGCkt9cwjH15AJ0BqiBFLWuntMXQEHQwVEiK8/3Hqac8sWxVrAjhP7JyUQY5Gz/x0+iGOA8IVZkjKrm1Fyk2QUBQzkpacWJII4REakK6mHAVEusnkpRQeaKUP/VDo4gpO1N8TCQqkHAee7sxOlLNeJv7ndWPln7sJ5VGsCMfTRX7MoAphlg/sU0GwYmNNEBZU3wrxEAmElU6xpEOwZ1+eJ62Til2tVK9Py7XLPI4i2AP74BDY4AzUwBVogCbA4AE8gRfwajwaz8ab8T5tLRj5zC74A+PjG78bnZM=</latexit>

f : V+ ! C



Recap:  
Sequence Embeddings

• What can we do with sequence embeddings? 

• Text classification 

• Multi-sentence classification, e.g., natural language 
inference

<latexit sha1_base64="q+nGJkcax4ytk8tuoz1id6i79SA=">AAACKHicbVDLSgMxFM34rPVVdekmWISKUGZE1I1YFMFlBWuFTimZ9E4bmnmQ3BHL0M9x46+4EVGkW7/ETJ2FVg8EDueem+QcL5ZCo22PrZnZufmFxcJScXlldW29tLF5q6NEcWjwSEbqzmMapAihgQIl3MUKWOBJaHqDi2zevAelRRTe4DCGdsB6ofAFZ2ikTunM77jYB2QVNzK+7Jr0YbRHT6mrRS9glSZ1ER4wvQz5aMqzT729TqlsV+0J6F/i5KRMctQ7pVe3G/EkgBC5ZFq3HDvGdsoUCi5hVHQTDTHjA9aDlqEhC0C300nQEd01Spf6kTInRDpRf26kLNB6GHjGGTDs6+lZJv43ayXon7RTEcYJggk6echPJMWIZq3RrlDAUQ4NYVwJ81fK+0wxjqbboinBmY78l9weVJ2j6tH1Ybl2ntdRINtkh1SIQ45JjVyROmkQTh7JM3kj79aT9WJ9WONv64yV72yRX7A+vwBEQKYT</latexit>

f✓(x) = �(WEnc(x) + b)
<latexit sha1_base64="bT4yeAi1crFACZpHdOaH8ynIH1E=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VQhJKIVHFV7MZlBfuAJpbJdNIOnUzCzEQpId/gxl9x40IRt67c+TdO2oDaeuDC4Zx7ufceL2JUKsv6MgoLi0vLK8XV0tr6xuaWub3TkmEsMGnikIWi4yFJGOWkqahipBMJggKPkbY3qmd++44ISUN+o8YRcQM04NSnGCkt9cwjH15AJ0BqiBFLWuntMXQEHQwVEiK8/3Hqac8sWxVrAjhP7JyUQY5Gz/x0+iGOA8IVZkjKrm1Fyk2QUBQzkpacWJII4REakK6mHAVEusnkpRQeaKUP/VDo4gpO1N8TCQqkHAee7sxOlLNeJv7ndWPln7sJ5VGsCMfTRX7MoAphlg/sU0GwYmNNEBZU3wrxEAmElU6xpEOwZ1+eJ62Til2tVK9Py7XLPI4i2AP74BDY4AzUwBVogCbA4AE8gRfwajwaz8ab8T5tLRj5zC74A+PjG78bnZM=</latexit>

f : V+ ! C



Natural Language Inference

• Aka: recognizing textual entailment 

• Given two sentences      (premise) and      (hypothesis), 
determine the following: 

• If       is true, then is       always true?  
<latexit sha1_base64="Xit4hXDGx8V8gOhzA3oTYC2APR4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Y8mkmTY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDgcM493JsTxJxp47rfTmFldW19o7hZ2tre2d0r7x+0tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxdea3H6jSTIo7M4mpH+GhYCEj2FjpvietmWXTp2k/7pcrbtWdAS0TLycVyNHol796A0mSiApDONa667mx8VOsDCOcTku9RNMYkzEe0q6lAkdU++ns6ik6scoAhVLZJwyaqb8TKY60nkSBnYywGelFLxP/87qJCS/9lIk4MVSQ+aIw4chIlFWABkxRYvjEEkwUs7ciMsIKE2OLKtkSvMUvL5PWWdWrVWu355X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTp45hD9wPn8AUZuTEA==</latexit>

xp

<latexit sha1_base64="NiUNrLFW9NbKwaHQABnjQdTDVK4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Y8mkmTY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDgcM493JsTxJxp47rfTmFldW19o7hZ2tre2d0r7x+0tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxdea3H6jSTIo7M4mpH+GhYCEj2FjpvietmWXTp2l/1C9X3Ko7A1omXk4qkKPRL3/1BpIkERWGcKx113Nj46dYGUY4nZZ6iaYxJmM8pF1LBY6o9tPZ1VN0YpUBCqWyTxg0U38nUhxpPYkCOxlhM9KLXib+53UTE176KRNxYqgg80VhwpGRKKsADZiixPCJJZgoZm9FZIQVJsYWVbIleItfXiats6pXq9Zuzyv1q7yOIhzBMZyCBxdQhxtoQBMIKHiGV3hzHp0X5935mI8WnDxzCH/gfP4ARXuTCA==</latexit>

xh
<latexit sha1_base64="Xit4hXDGx8V8gOhzA3oTYC2APR4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Y8mkmTY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDgcM493JsTxJxp47rfTmFldW19o7hZ2tre2d0r7x+0tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxdea3H6jSTIo7M4mpH+GhYCEj2FjpvietmWXTp2k/7pcrbtWdAS0TLycVyNHol796A0mSiApDONa667mx8VOsDCOcTku9RNMYkzEe0q6lAkdU++ns6ik6scoAhVLZJwyaqb8TKY60nkSBnYywGelFLxP/87qJCS/9lIk4MVSQ+aIw4chIlFWABkxRYvjEEkwUs7ciMsIKE2OLKtkSvMUvL5PWWdWrVWu355X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTp45hD9wPn8AUZuTEA==</latexit>

xp

<latexit sha1_base64="NiUNrLFW9NbKwaHQABnjQdTDVK4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Y8mkmTY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDgcM493JsTxJxp47rfTmFldW19o7hZ2tre2d0r7x+0tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxdea3H6jSTIo7M4mpH+GhYCEj2FjpvietmWXTp2l/1C9X3Ko7A1omXk4qkKPRL3/1BpIkERWGcKx113Nj46dYGUY4nZZ6iaYxJmM8pF1LBY6o9tPZ1VN0YpUBCqWyTxg0U38nUhxpPYkCOxlhM9KLXib+53UTE176KRNxYqgg80VhwpGRKKsADZiixPCJJZgoZm9FZIQVJsYWVbIleItfXiats6pXq9Zuzyv1q7yOIhzBMZyCBxdQhxtoQBMIKHiGV3hzHp0X5935mI8WnDxzCH/gfP4ARXuTCA==</latexit>

xh



• Aka: recognizing textual entailment 

• Given two sentences      (premise) and      (hypothesis), 
determine the following: 

• If       is true, then is       always true?   

• 3 possible labels: 

• Entailment:

Natural Language Inference

<latexit sha1_base64="Xit4hXDGx8V8gOhzA3oTYC2APR4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Y8mkmTY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDgcM493JsTxJxp47rfTmFldW19o7hZ2tre2d0r7x+0tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxdea3H6jSTIo7M4mpH+GhYCEj2FjpvietmWXTp2k/7pcrbtWdAS0TLycVyNHol796A0mSiApDONa667mx8VOsDCOcTku9RNMYkzEe0q6lAkdU++ns6ik6scoAhVLZJwyaqb8TKY60nkSBnYywGelFLxP/87qJCS/9lIk4MVSQ+aIw4chIlFWABkxRYvjEEkwUs7ciMsIKE2OLKtkSvMUvL5PWWdWrVWu355X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTp45hD9wPn8AUZuTEA==</latexit>

xp

<latexit sha1_base64="NiUNrLFW9NbKwaHQABnjQdTDVK4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Y8mkmTY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDgcM493JsTxJxp47rfTmFldW19o7hZ2tre2d0r7x+0tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxdea3H6jSTIo7M4mpH+GhYCEj2FjpvietmWXTp2l/1C9X3Ko7A1omXk4qkKPRL3/1BpIkERWGcKx113Nj46dYGUY4nZZ6iaYxJmM8pF1LBY6o9tPZ1VN0YpUBCqWyTxg0U38nUhxpPYkCOxlhM9KLXib+53UTE176KRNxYqgg80VhwpGRKKsADZiixPCJJZgoZm9FZIQVJsYWVbIleItfXiats6pXq9Zuzyv1q7yOIhzBMZyCBxdQhxtoQBMIKHiGV3hzHp0X5935mI8WnDxzCH/gfP4ARXuTCA==</latexit>

xh
<latexit sha1_base64="Xit4hXDGx8V8gOhzA3oTYC2APR4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Y8mkmTY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDgcM493JsTxJxp47rfTmFldW19o7hZ2tre2d0r7x+0tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxdea3H6jSTIo7M4mpH+GhYCEj2FjpvietmWXTp2k/7pcrbtWdAS0TLycVyNHol796A0mSiApDONa667mx8VOsDCOcTku9RNMYkzEe0q6lAkdU++ns6ik6scoAhVLZJwyaqb8TKY60nkSBnYywGelFLxP/87qJCS/9lIk4MVSQ+aIw4chIlFWABkxRYvjEEkwUs7ciMsIKE2OLKtkSvMUvL5PWWdWrVWu355X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTp45hD9wPn8AUZuTEA==</latexit>

xp

<latexit sha1_base64="NiUNrLFW9NbKwaHQABnjQdTDVK4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Y8mkmTY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDgcM493JsTxJxp47rfTmFldW19o7hZ2tre2d0r7x+0tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxdea3H6jSTIo7M4mpH+GhYCEj2FjpvietmWXTp2l/1C9X3Ko7A1omXk4qkKPRL3/1BpIkERWGcKx113Nj46dYGUY4nZZ6iaYxJmM8pF1LBY6o9tPZ1VN0YpUBCqWyTxg0U38nUhxpPYkCOxlhM9KLXib+53UTE176KRNxYqgg80VhwpGRKKsADZiixPCJJZgoZm9FZIQVJsYWVbIleItfXiats6pXq9Zuzyv1q7yOIhzBMZyCBxdQhxtoQBMIKHiGV3hzHp0X5935mI8WnDxzCH/gfP4ARXuTCA==</latexit>

xh

<latexit sha1_base64="B0wKMd/GCOqbcheLmCKAEOYe3Gs=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiAxVQlChbECBsYi0YfURJHjOo1Vx4lsp6KK+gMs/AoLAwixsrPxNzhtBtpyJEtH59yj63v8hFGpLOvHKK2srq1vlDcrW9s7u3vm/kFbxqnApIVjFouujyRhlJOWooqRbiIIinxGOv7wJvc7IyIkjfmDGifEjdCA04BipLTkmSdOrO08nT1OvAQ6o1skQzinhp5ZtWrWFHCZ2AWpggJNz/x2+jFOI8IVZkjKnm0lys2QUBQzMqk4qSQJwkM0ID1NOYqIdLPpNRN4qpU+DGKhH1dwqv5NZCiSchz5ejJCKpSLXi7+5/VSFVy5GeVJqgjHs0VByqCKYV4N7FNBsGJjTRAWVP8V4hAJhJUusKJLsBdPXibt85pdr9XvL6qN66KOMjgCx+AM2OASNMAdaIIWwOAJvIA38G48G6/Gh/E5Gy0ZReYQzMH4+gXDPJym</latexit>

xp ✏ xh

I was born in the US.
<latexit sha1_base64="gjSqSJymw+IM9RJp4a0jssQ7bQY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1Y1QdOOygn1AG8JkOmmHTiZhZlIsoX/ixoUibv0Td/6NkzYLbT0wcDjnHu6dEyScKe0431ZpbX1jc6u8XdnZ3ds/sA+P2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxne535lQqVgsHvU0oV6Eh4KFjGBtJN+2+7Gx83T2NPNH6Ma3q07NmQOtErcgVSjQ9O2v/iAmaUSFJhwr1XOdRHsZlpoRTmeVfqpogskYD2nPUIEjqrxsfvkMnRllgMJYmic0mqu/ExmOlJpGgZmMsB6pZS8X//N6qQ6vvYyJJNVUkMWiMOVIxyivAQ2YpETzqSGYSGZuRWSEJSbalFUxJbjLX14l7YuaW6/VHy6rjduijjKcwCmcgwtX0IB7aEILCEzgGV7hzcqsF+vd+liMlqwicwx/YH3+AKBek6o=</latexit>

xh =
<latexit sha1_base64="VJUBc/9hihk9l888SmQbwMQkJI0=">AAAB/3icbVA7T8MwGHR4lvIKILGwuFRITFWCUGGsYGEsEn1ISRQ5rttadezIdhBV6MBfYWEAIVb+Bhv/BqfNAC0nWTrd3Wd/vihhVGnH+baWlldW19ZLG+XNre2dXXtvv61EKjFpYcGE7EZIEUY5aWmqGekmkqA4YqQTja5zv3NPpKKC3+lxQoIYDTjtU4y0kUL70PMrni9MJL8he5iEw8CvBKFddWrOFHCRuAWpggLN0P7yewKnMeEaM6SU5zqJDjIkNcWMTMp+qkiC8AgNiGcoRzFRQTbdfwJPjNKDfSHN4RpO1d8TGYqVGseRScZID9W8l4v/eV6q+5dBRnmSasLx7KF+yqAWMC8D9qgkWLOxIQhLanaFeIgkwtpUVjYluPNfXiTts5pbr9Vvz6uNq6KOEjgCx+AUuOACNMANaIIWwOARPINX8GY9WS/Wu/Uxiy5ZxcwB+APr8wfAcJXz</latexit>

[[xh]]
I was born in Iowa.

<latexit sha1_base64="1jAOMEHRdDEHei4tJrRitf1kPkQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1Y1QdOOygn1AG8JkOmmHTjJhZlIsoX/ixoUibv0Td/6NkzYLbT0wcDjnHu6dEyScKe0431ZpbX1jc6u8XdnZ3ds/sA+P2kqkktAWEVzIboAV5SymLc00p91EUhwFnHaC8V3udyZUKibiRz1NqBfhYcxCRrA2km/bfWHsPJ09zfwE3fh21ak5c6BV4hakCgWavv3VHwiSRjTWhGOleq6TaC/DUjPC6azSTxVNMBnjIe0ZGuOIKi+bXz5DZ0YZoFBI82KN5urvRIYjpaZRYCYjrEdq2cvF/7xeqsNrL2Nxkmoak8WiMOVIC5TXgAZMUqL51BBMJDO3IjLCEhNtyqqYEtzlL6+S9kXNrdfqD5fVxm1RRxlO4BTOwYUraMA9NKEFBCbwDK/wZmXWi/VufSxGS1aROYY/sD5/AKyOk7I=</latexit>

xp =

<latexit sha1_base64="yDWPvRunDKg8/3kAcXZLeCWQNYI=">AAAB/3icbVA7T8MwGHR4lvIKILGwuFRITFWCUGGsYGEsEn1ISRQ5rttadezIdhBV6MBfYWEAIVb+Bhv/BqfNAC0nWTrd3Wd/vihhVGnH+baWlldW19ZLG+XNre2dXXtvv61EKjFpYcGE7EZIEUY5aWmqGekmkqA4YqQTja5zv3NPpKKC3+lxQoIYDTjtU4y0kUL70PMrni9MJL8he5iESeBXgtCuOjVnCrhI3IJUQYFmaH/5PYHTmHCNGVLKc51EBxmSmmJGJmU/VSRBeIQGxDOUo5ioIJvuP4EnRunBvpDmcA2n6u+JDMVKjePIJGOkh2rey8X/PC/V/csgozxJNeF49lA/ZVALmJcBe1QSrNnYEIQlNbtCPEQSYW0qK5sS3PkvL5L2Wc2t1+q359XGVVFHCRyBY3AKXHABGuAGNEELYPAInsEreLOerBfr3fqYRZesYuYA/IH1+QPMsJX7</latexit>

[[xp]]

<latexit sha1_base64="g6K4oBUjCJoQVMF1ejQaagvoGRA=">AAACJ3icdVDLSgMxFM34rPU16tJNahFclRmR6kqKblxWsA+YGUomvW1DM48mmWIZ+jdu/BU3goro0j8xbWehrR4IHM45N8k9fsyZVJb1aSwtr6yurec28ptb2zu75t5+XUaJoFCjEY9E0ycSOAuhppji0IwFkMDn0PD71xO/MQQhWRTeqVEMXkC6IeswSpSWWualC4OEDbHjFhw30snJRen9uNXz3IKHXZn4EhQM/gm0zKJVsqbAi8TOSBFlqLbMF7cd0SSAUFFOpHRsK1ZeSoRilMM47yYSYkL7pAuOpiEJQHrpdM8xPtZKG3cioU+o8FT9OZGSQMpR4OtkQFRPznsT8S/PSVTnwktZGCcKQjp7qJNwrCI8KQ23mQCq+EgTQgXTf8W0RwShSleb1yXY8ysvkvppyS6XyrdnxcpVVkcOHaIjdIJsdI4q6AZVUQ1R9ICe0Ct6Mx6NZ+Pd+JhFl4xs5gD9gvH1Dd0sppI=</latexit>

⌘ [[xh]] ✓ [[xh]]



• Aka: recognizing textual entailment 

• Given two sentences      (premise) and      (hypothesis), 
determine the following: 

• If       is true, then is       always true?   

• 3 possible labels: 

• Entailment: 

• Contradiction: 

Natural Language Inference

<latexit sha1_base64="Xit4hXDGx8V8gOhzA3oTYC2APR4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Y8mkmTY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDgcM493JsTxJxp47rfTmFldW19o7hZ2tre2d0r7x+0tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxdea3H6jSTIo7M4mpH+GhYCEj2FjpvietmWXTp2k/7pcrbtWdAS0TLycVyNHol796A0mSiApDONa667mx8VOsDCOcTku9RNMYkzEe0q6lAkdU++ns6ik6scoAhVLZJwyaqb8TKY60nkSBnYywGelFLxP/87qJCS/9lIk4MVSQ+aIw4chIlFWABkxRYvjEEkwUs7ciMsIKE2OLKtkSvMUvL5PWWdWrVWu355X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTp45hD9wPn8AUZuTEA==</latexit>

xp

<latexit sha1_base64="NiUNrLFW9NbKwaHQABnjQdTDVK4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Y8mkmTY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDgcM493JsTxJxp47rfTmFldW19o7hZ2tre2d0r7x+0tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxdea3H6jSTIo7M4mpH+GhYCEj2FjpvietmWXTp2l/1C9X3Ko7A1omXk4qkKPRL3/1BpIkERWGcKx113Nj46dYGUY4nZZ6iaYxJmM8pF1LBY6o9tPZ1VN0YpUBCqWyTxg0U38nUhxpPYkCOxlhM9KLXib+53UTE176KRNxYqgg80VhwpGRKKsADZiixPCJJZgoZm9FZIQVJsYWVbIleItfXiats6pXq9Zuzyv1q7yOIhzBMZyCBxdQhxtoQBMIKHiGV3hzHp0X5935mI8WnDxzCH/gfP4ARXuTCA==</latexit>

xh
<latexit sha1_base64="Xit4hXDGx8V8gOhzA3oTYC2APR4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Y8mkmTY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDgcM493JsTxJxp47rfTmFldW19o7hZ2tre2d0r7x+0tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxdea3H6jSTIo7M4mpH+GhYCEj2FjpvietmWXTp2k/7pcrbtWdAS0TLycVyNHol796A0mSiApDONa667mx8VOsDCOcTku9RNMYkzEe0q6lAkdU++ns6ik6scoAhVLZJwyaqb8TKY60nkSBnYywGelFLxP/87qJCS/9lIk4MVSQ+aIw4chIlFWABkxRYvjEEkwUs7ciMsIKE2OLKtkSvMUvL5PWWdWrVWu355X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTp45hD9wPn8AUZuTEA==</latexit>

xp

<latexit sha1_base64="NiUNrLFW9NbKwaHQABnjQdTDVK4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Y8mkmTY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDgcM493JsTxJxp47rfTmFldW19o7hZ2tre2d0r7x+0tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxdea3H6jSTIo7M4mpH+GhYCEj2FjpvietmWXTp2l/1C9X3Ko7A1omXk4qkKPRL3/1BpIkERWGcKx113Nj46dYGUY4nZZ6iaYxJmM8pF1LBY6o9tPZ1VN0YpUBCqWyTxg0U38nUhxpPYkCOxlhM9KLXib+53UTE176KRNxYqgg80VhwpGRKKsADZiixPCJJZgoZm9FZIQVJsYWVbIleItfXiats6pXq9Zuzyv1q7yOIhzBMZyCBxdQhxtoQBMIKHiGV3hzHp0X5935mI8WnDxzCH/gfP4ARXuTCA==</latexit>

xh

<latexit sha1_base64="B0wKMd/GCOqbcheLmCKAEOYe3Gs=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiAxVQlChbECBsYi0YfURJHjOo1Vx4lsp6KK+gMs/AoLAwixsrPxNzhtBtpyJEtH59yj63v8hFGpLOvHKK2srq1vlDcrW9s7u3vm/kFbxqnApIVjFouujyRhlJOWooqRbiIIinxGOv7wJvc7IyIkjfmDGifEjdCA04BipLTkmSdOrO08nT1OvAQ6o1skQzinhp5ZtWrWFHCZ2AWpggJNz/x2+jFOI8IVZkjKnm0lys2QUBQzMqk4qSQJwkM0ID1NOYqIdLPpNRN4qpU+DGKhH1dwqv5NZCiSchz5ejJCKpSLXi7+5/VSFVy5GeVJqgjHs0VByqCKYV4N7FNBsGJjTRAWVP8V4hAJhJUusKJLsBdPXibt85pdr9XvL6qN66KOMjgCx+AM2OASNMAdaIIWwOAJvIA38G48G6/Gh/E5Gy0ZReYQzMH4+gXDPJym</latexit>

xp ✏ xh
<latexit sha1_base64="lJAMNU2Z/dw7MSwKfCkFA/BMnf0=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQF2VGpLos6sJlBfuAzjBk0rQNzSRDkimWof/gxl9x40IRt27c+Tdm2lnY1gOBwzn3cHNPGDOqtOP8WIWV1bX1jeJmaWt7Z3fP3j9oKpFITBpYMCHbIVKEUU4ammpG2rEkKAoZaYXDm8xvjYhUVPAHPY6JH6E+pz2KkTZSYJ95wthZOn2cBDH0RrdIDaDHuNBwzhsEdtmpOFPAZeLmpAxy1AP72+sKnESEa8yQUh3XibWfIqkpZmRS8hJFYoSHqE86hnIUEeWn05sm8MQoXdgT0jyu4VT9m0hRpNQ4Cs1khPRALXqZ+J/XSXTvyk8pjxNNOJ4t6iUMagGzgmCXSoI1GxuCsKTmrxAPkERYmxpLpgR38eRl0jyvuNVK9f6iXLvO6yiCI3AMToELLkEN3IE6aAAMnsALeAPv1rP1an1Yn7PRgpVnDsEcrK9fWlufGw==</latexit>

xp ✏ ¬xh

I was born in the US.
<latexit sha1_base64="gjSqSJymw+IM9RJp4a0jssQ7bQY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1Y1QdOOygn1AG8JkOmmHTiZhZlIsoX/ixoUibv0Td/6NkzYLbT0wcDjnHu6dEyScKe0431ZpbX1jc6u8XdnZ3ds/sA+P2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxne535lQqVgsHvU0oV6Eh4KFjGBtJN+2+7Gx83T2NPNH6Ma3q07NmQOtErcgVSjQ9O2v/iAmaUSFJhwr1XOdRHsZlpoRTmeVfqpogskYD2nPUIEjqrxsfvkMnRllgMJYmic0mqu/ExmOlJpGgZmMsB6pZS8X//N6qQ6vvYyJJNVUkMWiMOVIxyivAQ2YpETzqSGYSGZuRWSEJSbalFUxJbjLX14l7YuaW6/VHy6rjduijjKcwCmcgwtX0IB7aEILCEzgGV7hzcqsF+vd+liMlqwicwx/YH3+AKBek6o=</latexit>

xh =

I was born in Beijing.
<latexit sha1_base64="1jAOMEHRdDEHei4tJrRitf1kPkQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1Y1QdOOygn1AG8JkOmmHTjJhZlIsoX/ixoUibv0Td/6NkzYLbT0wcDjnHu6dEyScKe0431ZpbX1jc6u8XdnZ3ds/sA+P2kqkktAWEVzIboAV5SymLc00p91EUhwFnHaC8V3udyZUKibiRz1NqBfhYcxCRrA2km/bfWHsPJ09zfwE3fh21ak5c6BV4hakCgWavv3VHwiSRjTWhGOleq6TaC/DUjPC6azSTxVNMBnjIe0ZGuOIKi+bXz5DZ0YZoFBI82KN5urvRIYjpaZRYCYjrEdq2cvF/7xeqsNrL2Nxkmoak8WiMOVIC5TXgAZMUqL51BBMJDO3IjLCEhNtyqqYEtzlL6+S9kXNrdfqD5fVxm1RRxlO4BTOwYUraMA9NKEFBCbwDK/wZmXWi/VufSxGS1aROYY/sD5/AKyOk7I=</latexit>

xp =

<latexit sha1_base64="VJUBc/9hihk9l888SmQbwMQkJI0=">AAAB/3icbVA7T8MwGHR4lvIKILGwuFRITFWCUGGsYGEsEn1ISRQ5rttadezIdhBV6MBfYWEAIVb+Bhv/BqfNAC0nWTrd3Wd/vihhVGnH+baWlldW19ZLG+XNre2dXXtvv61EKjFpYcGE7EZIEUY5aWmqGekmkqA4YqQTja5zv3NPpKKC3+lxQoIYDTjtU4y0kUL70PMrni9MJL8he5iEw8CvBKFddWrOFHCRuAWpggLN0P7yewKnMeEaM6SU5zqJDjIkNcWMTMp+qkiC8AgNiGcoRzFRQTbdfwJPjNKDfSHN4RpO1d8TGYqVGseRScZID9W8l4v/eV6q+5dBRnmSasLx7KF+yqAWMC8D9qgkWLOxIQhLanaFeIgkwtpUVjYluPNfXiTts5pbr9Vvz6uNq6KOEjgCx+AUuOACNMANaIIWwOARPINX8GY9WS/Wu/Uxiy5ZxcwB+APr8wfAcJXz</latexit>

[[xh]]
<latexit sha1_base64="yDWPvRunDKg8/3kAcXZLeCWQNYI=">AAAB/3icbVA7T8MwGHR4lvIKILGwuFRITFWCUGGsYGEsEn1ISRQ5rttadezIdhBV6MBfYWEAIVb+Bhv/BqfNAC0nWTrd3Wd/vihhVGnH+baWlldW19ZLG+XNre2dXXtvv61EKjFpYcGE7EZIEUY5aWmqGekmkqA4YqQTja5zv3NPpKKC3+lxQoIYDTjtU4y0kUL70PMrni9MJL8he5iESeBXgtCuOjVnCrhI3IJUQYFmaH/5PYHTmHCNGVLKc51EBxmSmmJGJmU/VSRBeIQGxDOUo5ioIJvuP4EnRunBvpDmcA2n6u+JDMVKjePIJGOkh2rey8X/PC/V/csgozxJNeF49lA/ZVALmJcBe1QSrNnYEIQlNbtCPEQSYW0qK5sS3PkvL5L2Wc2t1+q359XGVVFHCRyBY3AKXHABGuAGNEELYPAInsEreLOerBfr3fqYRZesYuYA/IH1+QPMsJX7</latexit>

[[xp]]

<latexit sha1_base64="08eqUL3o5ToHeI+DsUcvM7SLsOM=">AAACLnicdVDLSgMxFM34rPVVdekmWgRXZUZE3QhFEVxWsLUwMwyZ9NYGMw+TO+Iw9Ivc+Cu6EFTErZ9h+lj4PBA4nHNuknvCVAqNtv1sTUxOTc/MlubK8wuLS8uVldWWTjLFockTmah2yDRIEUMTBUpopwpYFEq4CK+OB/7FDSgtkvgc8xT8iF3Gois4QyMFlRMPrjNxQ11vw/USkxxcVNz2g57vbfjU4yz9zzukHkQp5howqFTtmj0E/U2cMamSMRpB5dHrJDyLIEYumdauY6foF0yh4BL6ZS/TkDJ+xS7BNTRmEWi/GK7bp1tG6dBuosyJkQ7VrxMFi7TOo9AkI4Y9/dMbiH95bobdA78QcZohxHz0UDeTFBM66I52hAKOMjeEcSXMXynvMcU4mobLpgTn58q/SWun5uzV9s52q/WjcR0lsk42yTZxyD6pk1PSIE3CyR15IC/k1bq3nqw3630UnbDGM2vkG6yPT7FgqPQ=</latexit>

⌘ [[xh]] \ [[xh]] = ;



• Aka: recognizing textual entailment 

• Given two sentences      (premise) and      (hypothesis), 
determine the following: 

• If       is true, then is       always true?   

• 3 possible labels: 

• Entailment: 

• Contradiction: 

• Neutral:  

Natural Language Inference

<latexit sha1_base64="Xit4hXDGx8V8gOhzA3oTYC2APR4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Y8mkmTY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDgcM493JsTxJxp47rfTmFldW19o7hZ2tre2d0r7x+0tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxdea3H6jSTIo7M4mpH+GhYCEj2FjpvietmWXTp2k/7pcrbtWdAS0TLycVyNHol796A0mSiApDONa667mx8VOsDCOcTku9RNMYkzEe0q6lAkdU++ns6ik6scoAhVLZJwyaqb8TKY60nkSBnYywGelFLxP/87qJCS/9lIk4MVSQ+aIw4chIlFWABkxRYvjEEkwUs7ciMsIKE2OLKtkSvMUvL5PWWdWrVWu355X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTp45hD9wPn8AUZuTEA==</latexit>

xp

<latexit sha1_base64="NiUNrLFW9NbKwaHQABnjQdTDVK4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Y8mkmTY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDgcM493JsTxJxp47rfTmFldW19o7hZ2tre2d0r7x+0tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxdea3H6jSTIo7M4mpH+GhYCEj2FjpvietmWXTp2l/1C9X3Ko7A1omXk4qkKPRL3/1BpIkERWGcKx113Nj46dYGUY4nZZ6iaYxJmM8pF1LBY6o9tPZ1VN0YpUBCqWyTxg0U38nUhxpPYkCOxlhM9KLXib+53UTE176KRNxYqgg80VhwpGRKKsADZiixPCJJZgoZm9FZIQVJsYWVbIleItfXiats6pXq9Zuzyv1q7yOIhzBMZyCBxdQhxtoQBMIKHiGV3hzHp0X5935mI8WnDxzCH/gfP4ARXuTCA==</latexit>

xh
<latexit sha1_base64="Xit4hXDGx8V8gOhzA3oTYC2APR4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Y8mkmTY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDgcM493JsTxJxp47rfTmFldW19o7hZ2tre2d0r7x+0tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxdea3H6jSTIo7M4mpH+GhYCEj2FjpvietmWXTp2k/7pcrbtWdAS0TLycVyNHol796A0mSiApDONa667mx8VOsDCOcTku9RNMYkzEe0q6lAkdU++ns6ik6scoAhVLZJwyaqb8TKY60nkSBnYywGelFLxP/87qJCS/9lIk4MVSQ+aIw4chIlFWABkxRYvjEEkwUs7ciMsIKE2OLKtkSvMUvL5PWWdWrVWu355X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTp45hD9wPn8AUZuTEA==</latexit>

xp

<latexit sha1_base64="NiUNrLFW9NbKwaHQABnjQdTDVK4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Y8mkmTY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDgcM493JsTxJxp47rfTmFldW19o7hZ2tre2d0r7x+0tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxdea3H6jSTIo7M4mpH+GhYCEj2FjpvietmWXTp2l/1C9X3Ko7A1omXk4qkKPRL3/1BpIkERWGcKx113Nj46dYGUY4nZZ6iaYxJmM8pF1LBY6o9tPZ1VN0YpUBCqWyTxg0U38nUhxpPYkCOxlhM9KLXib+53UTE176KRNxYqgg80VhwpGRKKsADZiixPCJJZgoZm9FZIQVJsYWVbIleItfXiats6pXq9Zuzyv1q7yOIhzBMZyCBxdQhxtoQBMIKHiGV3hzHp0X5935mI8WnDxzCH/gfP4ARXuTCA==</latexit>

xh

<latexit sha1_base64="B0wKMd/GCOqbcheLmCKAEOYe3Gs=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiAxVQlChbECBsYi0YfURJHjOo1Vx4lsp6KK+gMs/AoLAwixsrPxNzhtBtpyJEtH59yj63v8hFGpLOvHKK2srq1vlDcrW9s7u3vm/kFbxqnApIVjFouujyRhlJOWooqRbiIIinxGOv7wJvc7IyIkjfmDGifEjdCA04BipLTkmSdOrO08nT1OvAQ6o1skQzinhp5ZtWrWFHCZ2AWpggJNz/x2+jFOI8IVZkjKnm0lys2QUBQzMqk4qSQJwkM0ID1NOYqIdLPpNRN4qpU+DGKhH1dwqv5NZCiSchz5ejJCKpSLXi7+5/VSFVy5GeVJqgjHs0VByqCKYV4N7FNBsGJjTRAWVP8V4hAJhJUusKJLsBdPXibt85pdr9XvL6qN66KOMjgCx+AM2OASNMAdaIIWwOAJvIA38G48G6/Gh/E5Gy0ZReYQzMH4+gXDPJym</latexit>

xp ✏ xh
<latexit sha1_base64="lJAMNU2Z/dw7MSwKfCkFA/BMnf0=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQF2VGpLos6sJlBfuAzjBk0rQNzSRDkimWof/gxl9x40IRt27c+Tdm2lnY1gOBwzn3cHNPGDOqtOP8WIWV1bX1jeJmaWt7Z3fP3j9oKpFITBpYMCHbIVKEUU4ammpG2rEkKAoZaYXDm8xvjYhUVPAHPY6JH6E+pz2KkTZSYJ95wthZOn2cBDH0RrdIDaDHuNBwzhsEdtmpOFPAZeLmpAxy1AP72+sKnESEa8yQUh3XibWfIqkpZmRS8hJFYoSHqE86hnIUEeWn05sm8MQoXdgT0jyu4VT9m0hRpNQ4Cs1khPRALXqZ+J/XSXTvyk8pjxNNOJ4t6iUMagGzgmCXSoI1GxuCsKTmrxAPkERYmxpLpgR38eRl0jyvuNVK9f6iXLvO6yiCI3AMToELLkEN3IE6aAAMnsALeAPv1rP1an1Yn7PRgpVnDsEcrK9fWlufGw==</latexit>

xp ✏ ¬xh

I live in the US.
<latexit sha1_base64="gjSqSJymw+IM9RJp4a0jssQ7bQY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1Y1QdOOygn1AG8JkOmmHTiZhZlIsoX/ixoUibv0Td/6NkzYLbT0wcDjnHu6dEyScKe0431ZpbX1jc6u8XdnZ3ds/sA+P2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxne535lQqVgsHvU0oV6Eh4KFjGBtJN+2+7Gx83T2NPNH6Ma3q07NmQOtErcgVSjQ9O2v/iAmaUSFJhwr1XOdRHsZlpoRTmeVfqpogskYD2nPUIEjqrxsfvkMnRllgMJYmic0mqu/ExmOlJpGgZmMsB6pZS8X//N6qQ6vvYyJJNVUkMWiMOVIxyivAQ2YpETzqSGYSGZuRWSEJSbalFUxJbjLX14l7YuaW6/VHy6rjduijjKcwCmcgwtX0IB7aEILCEzgGV7hzcqsF+vd+liMlqwicwx/YH3+AKBek6o=</latexit>

xh =

I was born in Beijing.
<latexit sha1_base64="1jAOMEHRdDEHei4tJrRitf1kPkQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1Y1QdOOygn1AG8JkOmmHTjJhZlIsoX/ixoUibv0Td/6NkzYLbT0wcDjnHu6dEyScKe0431ZpbX1jc6u8XdnZ3ds/sA+P2kqkktAWEVzIboAV5SymLc00p91EUhwFnHaC8V3udyZUKibiRz1NqBfhYcxCRrA2km/bfWHsPJ09zfwE3fh21ak5c6BV4hakCgWavv3VHwiSRjTWhGOleq6TaC/DUjPC6azSTxVNMBnjIe0ZGuOIKi+bXz5DZ0YZoFBI82KN5urvRIYjpaZRYCYjrEdq2cvF/7xeqsNrL2Nxkmoak8WiMOVIC5TXgAZMUqL51BBMJDO3IjLCEhNtyqqYEtzlL6+S9kXNrdfqD5fVxm1RRxlO4BTOwYUraMA9NKEFBCbwDK/wZmXWi/VufSxGS1aROYY/sD5/AKyOk7I=</latexit>

xp =

<latexit sha1_base64="J8RZX42yd8OwB3PvA0SDkoZ6Tzw=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCUIFcYKGBiLRB9SE0WO6zRWHSeynYoq6hew8CssDCDEyszG3+C0GWjLkSwdnXOPru/xE0alsqwfo7S2vrG5Vd6u7Ozu7R+Yh0cdGacCkzaOWSx6PpKEUU7aiipGeokgKPIZ6fqjm9zvjomQNOYPapIQN0JDTgOKkdKSZ9acWNt5Onucegl0+PgWyRAuyKFnVq26NQNcJXZBqqBAyzO/nUGM04hwhRmSsm9biXIzJBTFjEwrTipJgvAIDUlfU44iIt1sds4U1rQygEEs9OMKztS/iQxFUk4iX09GSIVy2cvF/7x+qoIrN6M8SRXheL4oSBlUMcy7gQMqCFZsognCguq/QhwigbDSDVZ0Cfbyyaukc163G/XG/UW1eV3UUQYn4BScARtcgia4Ay3QBhg8gRfwBt6NZ+PV+DA+56Mlo8gcgwUYX7+eX50e</latexit>

xp 2 xh

<latexit sha1_base64="VJUBc/9hihk9l888SmQbwMQkJI0=">AAAB/3icbVA7T8MwGHR4lvIKILGwuFRITFWCUGGsYGEsEn1ISRQ5rttadezIdhBV6MBfYWEAIVb+Bhv/BqfNAC0nWTrd3Wd/vihhVGnH+baWlldW19ZLG+XNre2dXXtvv61EKjFpYcGE7EZIEUY5aWmqGekmkqA4YqQTja5zv3NPpKKC3+lxQoIYDTjtU4y0kUL70PMrni9MJL8he5iEw8CvBKFddWrOFHCRuAWpggLN0P7yewKnMeEaM6SU5zqJDjIkNcWMTMp+qkiC8AgNiGcoRzFRQTbdfwJPjNKDfSHN4RpO1d8TGYqVGseRScZID9W8l4v/eV6q+5dBRnmSasLx7KF+yqAWMC8D9qgkWLOxIQhLanaFeIgkwtpUVjYluPNfXiTts5pbr9Vvz6uNq6KOEjgCx+AUuOACNMANaIIWwOARPINX8GY9WS/Wu/Uxiy5ZxcwB+APr8wfAcJXz</latexit>

[[xh]]

<latexit sha1_base64="yDWPvRunDKg8/3kAcXZLeCWQNYI=">AAAB/3icbVA7T8MwGHR4lvIKILGwuFRITFWCUGGsYGEsEn1ISRQ5rttadezIdhBV6MBfYWEAIVb+Bhv/BqfNAC0nWTrd3Wd/vihhVGnH+baWlldW19ZLG+XNre2dXXtvv61EKjFpYcGE7EZIEUY5aWmqGekmkqA4YqQTja5zv3NPpKKC3+lxQoIYDTjtU4y0kUL70PMrni9MJL8he5iESeBXgtCuOjVnCrhI3IJUQYFmaH/5PYHTmHCNGVLKc51EBxmSmmJGJmU/VSRBeIQGxDOUo5ioIJvuP4EnRunBvpDmcA2n6u+JDMVKjePIJGOkh2rey8X/PC/V/csgozxJNeF49lA/ZVALmJcBe1QSrNnYEIQlNbtCPEQSYW0qK5sS3PkvL5L2Wc2t1+q359XGVVFHCRyBY3AKXHABGuAGNEELYPAInsEreLOerBfr3fqYRZesYuYA/IH1+QPMsJX7</latexit>

[[xp]]

<latexit sha1_base64="kJ6cQD6SnhcCEqlP/n/CeJ9a5kA="></latexit>

⌘ ([[xh]] \ [[xh]] 6= ;) ^ ([[xh]] 6✓ [[xh]])



• Aka: recognizing textual entailment 

• Given two sentences      (premise) and      (hypothesis), 
determine the following: 

• If       is true, then is       always true?   

• 3 possible labels: 

• Entailment: 

• Contradiction: 

• Neutral:   

• How might we use sentence embeddings to implement    ? 

Natural Language Inference

<latexit sha1_base64="Xit4hXDGx8V8gOhzA3oTYC2APR4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Y8mkmTY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDgcM493JsTxJxp47rfTmFldW19o7hZ2tre2d0r7x+0tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxdea3H6jSTIo7M4mpH+GhYCEj2FjpvietmWXTp2k/7pcrbtWdAS0TLycVyNHol796A0mSiApDONa667mx8VOsDCOcTku9RNMYkzEe0q6lAkdU++ns6ik6scoAhVLZJwyaqb8TKY60nkSBnYywGelFLxP/87qJCS/9lIk4MVSQ+aIw4chIlFWABkxRYvjEEkwUs7ciMsIKE2OLKtkSvMUvL5PWWdWrVWu355X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTp45hD9wPn8AUZuTEA==</latexit>

xp

<latexit sha1_base64="NiUNrLFW9NbKwaHQABnjQdTDVK4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Y8mkmTY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDgcM493JsTxJxp47rfTmFldW19o7hZ2tre2d0r7x+0tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxdea3H6jSTIo7M4mpH+GhYCEj2FjpvietmWXTp2l/1C9X3Ko7A1omXk4qkKPRL3/1BpIkERWGcKx113Nj46dYGUY4nZZ6iaYxJmM8pF1LBY6o9tPZ1VN0YpUBCqWyTxg0U38nUhxpPYkCOxlhM9KLXib+53UTE176KRNxYqgg80VhwpGRKKsADZiixPCJJZgoZm9FZIQVJsYWVbIleItfXiats6pXq9Zuzyv1q7yOIhzBMZyCBxdQhxtoQBMIKHiGV3hzHp0X5935mI8WnDxzCH/gfP4ARXuTCA==</latexit>

xh
<latexit sha1_base64="Xit4hXDGx8V8gOhzA3oTYC2APR4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Y8mkmTY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDgcM493JsTxJxp47rfTmFldW19o7hZ2tre2d0r7x+0tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxdea3H6jSTIo7M4mpH+GhYCEj2FjpvietmWXTp2k/7pcrbtWdAS0TLycVyNHol796A0mSiApDONa667mx8VOsDCOcTku9RNMYkzEe0q6lAkdU++ns6ik6scoAhVLZJwyaqb8TKY60nkSBnYywGelFLxP/87qJCS/9lIk4MVSQ+aIw4chIlFWABkxRYvjEEkwUs7ciMsIKE2OLKtkSvMUvL5PWWdWrVWu355X6VV5HEY7gGE7Bgwuoww00oAkEFDzDK7w5j86L8+58zEcLTp45hD9wPn8AUZuTEA==</latexit>

xp

<latexit sha1_base64="NiUNrLFW9NbKwaHQABnjQdTDVK4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Y8mkmTY0kwxJRi1D/8ONC0Xc+i/u/Bsz7Sy09UDgcM493JsTxJxp47rfTmFldW19o7hZ2tre2d0r7x+0tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxdea3H6jSTIo7M4mpH+GhYCEj2FjpvietmWXTp2l/1C9X3Ko7A1omXk4qkKPRL3/1BpIkERWGcKx113Nj46dYGUY4nZZ6iaYxJmM8pF1LBY6o9tPZ1VN0YpUBCqWyTxg0U38nUhxpPYkCOxlhM9KLXib+53UTE176KRNxYqgg80VhwpGRKKsADZiixPCJJZgoZm9FZIQVJsYWVbIleItfXiats6pXq9Zuzyv1q7yOIhzBMZyCBxdQhxtoQBMIKHiGV3hzHp0X5935mI8WnDxzCH/gfP4ARXuTCA==</latexit>

xh

<latexit sha1_base64="B0wKMd/GCOqbcheLmCKAEOYe3Gs=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiAxVQlChbECBsYi0YfURJHjOo1Vx4lsp6KK+gMs/AoLAwixsrPxNzhtBtpyJEtH59yj63v8hFGpLOvHKK2srq1vlDcrW9s7u3vm/kFbxqnApIVjFouujyRhlJOWooqRbiIIinxGOv7wJvc7IyIkjfmDGifEjdCA04BipLTkmSdOrO08nT1OvAQ6o1skQzinhp5ZtWrWFHCZ2AWpggJNz/x2+jFOI8IVZkjKnm0lys2QUBQzMqk4qSQJwkM0ID1NOYqIdLPpNRN4qpU+DGKhH1dwqv5NZCiSchz5ejJCKpSLXi7+5/VSFVy5GeVJqgjHs0VByqCKYV4N7FNBsGJjTRAWVP8V4hAJhJUusKJLsBdPXibt85pdr9XvL6qN66KOMjgCx+AM2OASNMAdaIIWwOAJvIA38G48G6/Gh/E5Gy0ZReYQzMH4+gXDPJym</latexit>

xp ✏ xh
<latexit sha1_base64="lJAMNU2Z/dw7MSwKfCkFA/BMnf0=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQF2VGpLos6sJlBfuAzjBk0rQNzSRDkimWof/gxl9x40IRt27c+Tdm2lnY1gOBwzn3cHNPGDOqtOP8WIWV1bX1jeJmaWt7Z3fP3j9oKpFITBpYMCHbIVKEUU4ammpG2rEkKAoZaYXDm8xvjYhUVPAHPY6JH6E+pz2KkTZSYJ95wthZOn2cBDH0RrdIDaDHuNBwzhsEdtmpOFPAZeLmpAxy1AP72+sKnESEa8yQUh3XibWfIqkpZmRS8hJFYoSHqE86hnIUEeWn05sm8MQoXdgT0jyu4VT9m0hRpNQ4Cs1khPRALXqZ+J/XSXTvyk8pjxNNOJ4t6iUMagGzgmCXSoI1GxuCsKTmrxAPkERYmxpLpgR38eRl0jyvuNVK9f6iXLvO6yiCI3AMToELLkEN3IE6aAAMnsALeAPv1rP1an1Yn7PRgpVnDsEcrK9fWlufGw==</latexit>

xp ✏ ¬xh
<latexit sha1_base64="J8RZX42yd8OwB3PvA0SDkoZ6Tzw=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCUIFcYKGBiLRB9SE0WO6zRWHSeynYoq6hew8CssDCDEyszG3+C0GWjLkSwdnXOPru/xE0alsqwfo7S2vrG5Vd6u7Ozu7R+Yh0cdGacCkzaOWSx6PpKEUU7aiipGeokgKPIZ6fqjm9zvjomQNOYPapIQN0JDTgOKkdKSZ9acWNt5Onucegl0+PgWyRAuyKFnVq26NQNcJXZBqqBAyzO/nUGM04hwhRmSsm9biXIzJBTFjEwrTipJgvAIDUlfU44iIt1sds4U1rQygEEs9OMKztS/iQxFUk4iX09GSIVy2cvF/7x+qoIrN6M8SRXheL4oSBlUMcy7gQMqCFZsognCguq/QhwigbDSDVZ0Cfbyyaukc163G/XG/UW1eV3UUQYn4BScARtcgia4Ay3QBhg8gRfwBt6NZ+PV+DA+56Mlo8gcgwUYX7+eX50e</latexit>

xp 2 xh

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="7yA2W2m+QJSPPdw1HUqPNV+M1f8="></latexit>

f : V+ ⇥ V+ ! �{entailment,contradiction,neutral}



vector concatenation

text encoding 
of hypothesis

text encoding 
of premise

Natural Language Inference

<latexit sha1_base64="lztMPPk6ZzMWO+YAlOcp0oh7HQk="></latexit>

f(xp, xh) = softmax(W [Enc(xp); Enc(xh)] + b)

<latexit sha1_base64="7yA2W2m+QJSPPdw1HUqPNV+M1f8="></latexit>

f : V+ ⇥ V+ ! �{entailment,contradiction,neutral}



vector concatenation

text encoding 
of hypothesis

text encoding 
of premise

Natural Language Inference

<latexit sha1_base64="lztMPPk6ZzMWO+YAlOcp0oh7HQk="></latexit>

f(xp, xh) = softmax(W [Enc(xp); Enc(xh)] + b)

<latexit sha1_base64="7yA2W2m+QJSPPdw1HUqPNV+M1f8="></latexit>

f : V+ ⇥ V+ ! �{entailment,contradiction,neutral}

• Train using labeled data  
<latexit sha1_base64="CNTbEEjU2j+tkDPilgRd9qpS/do="></latexit>

xp, xh, y 2 {entailment, contradiction, neutral}



vector concatenation

text encoding 
of hypothesis

text encoding 
of premise

Natural Language Inference

<latexit sha1_base64="lztMPPk6ZzMWO+YAlOcp0oh7HQk="></latexit>

f(xp, xh) = softmax(W [Enc(xp); Enc(xh)] + b)

<latexit sha1_base64="7yA2W2m+QJSPPdw1HUqPNV+M1f8="></latexit>

f : V+ ⇥ V+ ! �{entailment,contradiction,neutral}

• Train using labeled data  

• Can be used to measure quality of sentence 
representations!

<latexit sha1_base64="CNTbEEjU2j+tkDPilgRd9qpS/do="></latexit>

xp, xh, y 2 {entailment, contradiction, neutral}



query 
document

Recap:  
Sequence Embeddings

• What can we do with sequence embeddings? 

• Text classification 

• Multi-sentence classification, e.g., natural language 
inference 
 

• Retrieval

<latexit sha1_base64="q+nGJkcax4ytk8tuoz1id6i79SA=">AAACKHicbVDLSgMxFM34rPVVdekmWISKUGZE1I1YFMFlBWuFTimZ9E4bmnmQ3BHL0M9x46+4EVGkW7/ETJ2FVg8EDueem+QcL5ZCo22PrZnZufmFxcJScXlldW29tLF5q6NEcWjwSEbqzmMapAihgQIl3MUKWOBJaHqDi2zevAelRRTe4DCGdsB6ofAFZ2ikTunM77jYB2QVNzK+7Jr0YbRHT6mrRS9glSZ1ER4wvQz5aMqzT729TqlsV+0J6F/i5KRMctQ7pVe3G/EkgBC5ZFq3HDvGdsoUCi5hVHQTDTHjA9aDlqEhC0C300nQEd01Spf6kTInRDpRf26kLNB6GHjGGTDs6+lZJv43ayXon7RTEcYJggk6echPJMWIZq3RrlDAUQ4NYVwJ81fK+0wxjqbboinBmY78l9weVJ2j6tH1Ybl2ntdRINtkh1SIQ45JjVyROmkQTh7JM3kj79aT9WJ9WONv64yV72yRX7A+vwBEQKYT</latexit>

f✓(x) = �(WEnc(x) + b)
<latexit sha1_base64="bT4yeAi1crFACZpHdOaH8ynIH1E=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VQhJKIVHFV7MZlBfuAJpbJdNIOnUzCzEQpId/gxl9x40IRt67c+TdO2oDaeuDC4Zx7ufceL2JUKsv6MgoLi0vLK8XV0tr6xuaWub3TkmEsMGnikIWi4yFJGOWkqahipBMJggKPkbY3qmd++44ISUN+o8YRcQM04NSnGCkt9cwjH15AJ0BqiBFLWuntMXQEHQwVEiK8/3Hqac8sWxVrAjhP7JyUQY5Gz/x0+iGOA8IVZkjKrm1Fyk2QUBQzkpacWJII4REakK6mHAVEusnkpRQeaKUP/VDo4gpO1N8TCQqkHAee7sxOlLNeJv7ndWPln7sJ5VGsCMfTRX7MoAphlg/sU0GwYmNNEBZU3wrxEAmElU6xpEOwZ1+eJ62Til2tVK9Py7XLPI4i2AP74BDY4AzUwBVogCbA4AE8gRfwajwaz8ab8T5tLRj5zC74A+PjG78bnZM=</latexit>

f : V+ ! C

<latexit sha1_base64="lztMPPk6ZzMWO+YAlOcp0oh7HQk="></latexit>

f(xp, xh) = softmax(W [Enc(xp); Enc(xh)] + b)

<latexit sha1_base64="7yA2W2m+QJSPPdw1HUqPNV+M1f8="></latexit>

f : V+ ⇥ V+ ! �{entailment,contradiction,neutral}

set of 
reference 

documents

<latexit sha1_base64="3/wmu4UpeZS8dEMjReRvU7tmXvs="></latexit>

arg max
x02D

sim(Enc(x),Enc(x0))



Recap:  
Sequence Embeddings

• What can we do with sequence embeddings? 

• Text classification 

• Multi-sentence classification, e.g., natural language 
inference 
 

• Retrieval 

• Conditional sequence generation! 

• Aka “sequence transduction” 

• E.g., machine translation, response generation in 
dialogue

<latexit sha1_base64="q+nGJkcax4ytk8tuoz1id6i79SA=">AAACKHicbVDLSgMxFM34rPVVdekmWISKUGZE1I1YFMFlBWuFTimZ9E4bmnmQ3BHL0M9x46+4EVGkW7/ETJ2FVg8EDueem+QcL5ZCo22PrZnZufmFxcJScXlldW29tLF5q6NEcWjwSEbqzmMapAihgQIl3MUKWOBJaHqDi2zevAelRRTe4DCGdsB6ofAFZ2ikTunM77jYB2QVNzK+7Jr0YbRHT6mrRS9glSZ1ER4wvQz5aMqzT729TqlsV+0J6F/i5KRMctQ7pVe3G/EkgBC5ZFq3HDvGdsoUCi5hVHQTDTHjA9aDlqEhC0C300nQEd01Spf6kTInRDpRf26kLNB6GHjGGTDs6+lZJv43ayXon7RTEcYJggk6echPJMWIZq3RrlDAUQ4NYVwJ81fK+0wxjqbboinBmY78l9weVJ2j6tH1Ybl2ntdRINtkh1SIQ45JjVyROmkQTh7JM3kj79aT9WJ9WONv64yV72yRX7A+vwBEQKYT</latexit>

f✓(x) = �(WEnc(x) + b)
<latexit sha1_base64="bT4yeAi1crFACZpHdOaH8ynIH1E=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VQhJKIVHFV7MZlBfuAJpbJdNIOnUzCzEQpId/gxl9x40IRt67c+TdO2oDaeuDC4Zx7ufceL2JUKsv6MgoLi0vLK8XV0tr6xuaWub3TkmEsMGnikIWi4yFJGOWkqahipBMJggKPkbY3qmd++44ISUN+o8YRcQM04NSnGCkt9cwjH15AJ0BqiBFLWuntMXQEHQwVEiK8/3Hqac8sWxVrAjhP7JyUQY5Gz/x0+iGOA8IVZkjKrm1Fyk2QUBQzkpacWJII4REakK6mHAVEusnkpRQeaKUP/VDo4gpO1N8TCQqkHAee7sxOlLNeJv7ndWPln7sJ5VGsCMfTRX7MoAphlg/sU0GwYmNNEBZU3wrxEAmElU6xpEOwZ1+eJ62Til2tVK9Py7XLPI4i2AP74BDY4AzUwBVogCbA4AE8gRfwajwaz8ab8T5tLRj5zC74A+PjG78bnZM=</latexit>

f : V+ ! C

<latexit sha1_base64="lztMPPk6ZzMWO+YAlOcp0oh7HQk="></latexit>

f(xp, xh) = softmax(W [Enc(xp); Enc(xh)] + b)

<latexit sha1_base64="7yA2W2m+QJSPPdw1HUqPNV+M1f8="></latexit>

f : V+ ⇥ V+ ! �{entailment,contradiction,neutral}

<latexit sha1_base64="3/wmu4UpeZS8dEMjReRvU7tmXvs="></latexit>

arg max
x02D

sim(Enc(x),Enc(x0))



Sequence Transduction:  
Machine Translation

• Task: map from text in one language (L1) to a distribution 
over texts in another language (L2), assigning high 
probability to texts that preserves the input text meaning

<latexit sha1_base64="D9q+RYMhF/iDEF0J8/XleDlYu7Y="></latexit>

f : V+
L1 ! �V+

L2

Oula A. Alrifai is a Syrian emigrant to the United States and writer 
for various Washington-based think tanks.

<latexit sha1_base64="zuVFR2Tia8fLEJlVxUsdPQ66v6E=">AAACCXicbVDLSgMxFM34rPVVdekmWARXZUakuhGKIrisYB/QDkMmTdvQTDIkd6RlmK0bf8WNC0Xc+gfu/BvTx0JbDwQO59zDzT1hLLgB1/12lpZXVtfWcxv5za3tnd3C3n7dqERTVqNKKN0MiWGCS1YDDoI1Y81IFArWCAfXY7/xwLThSt7DKGZ+RHqSdzklYKWggNvK2uN0OsyCtA1sCOmN7NnV/SzDlzgoFN2SOwFeJN6MFNEM1aDw1e4omkRMAhXEmJbnxuCnRAOngmX5dmJYTOiA9FjLUkkiZvx0ckmGj63SwV2l7ZOAJ+rvREoiY0ZRaCcjAn0z743F/7xWAt0LP+UyToBJOl3UTQQGhce14A7XjIIYWUKo5vavmPaJJhRseXlbgjd/8iKpn5a8cql8d1asXM3qyKFDdIROkIfOUQXdoiqqIYoe0TN6RW/Ok/PivDsf09ElZ5Y5QH/gfP4AitWa3Q==</latexit>

xEnglish =

<latexit sha1_base64="zUSUgm58v9qdXYfjhrGgzhTL96U=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvgqsyIVDdC0Y0boYJ9QFtKJk3b0ExmSO5IyzA7N/6KGxeKuPUX3Pk3ZtpZaOuBwOGce7i5xwsF1+A431ZuaXlldS2/XtjY3NresXf36jqIFGU1GohANT2imeCS1YCDYM1QMeJ7gjW80XXqNx6Y0jyQ9zAJWccnA8n7nBIwUtc+bAfGTtPxOOnGbWBjiG+JIJMkwZe4axedkjMFXiRuRoooQ7Vrf7V7AY18JoEKonXLdULoxEQBp4IlhXakWUjoiAxYy1BJfKY78fSOBB8bpYf7gTJPAp6qvxMx8bWe+J6Z9AkM9byXiv95rQj6F52YyzACJulsUT8SGAKcloJ7XDEKYmIIoYqbv2I6JIpQMNUVTAnu/MmLpH5acsul8t1ZsXKV1ZFHB+gInSAXnaMKukFVVEMUPaJn9IrerCfrxXq3PmajOSvL7KM/sD5/AOIQmfM=</latexit>

xMalay = Oula A. Alrifai ialah seorang pendatang Syria ke Amerika Syarikat 
dan penulis untuk pelbagai badan pemikir yang berpangkalan di 
Washington.



Sequence Transduction:  
Machine Translation

• Task: map from text in one language (L1) to a distribution 
over texts in another language (L2), assigning high 
probability to texts that preserves the input text meaning 
 

• Machine translation research began in the early 1950s on 
machines less powerful than high school calculators 

• Also, pre-“AI”! 

• Heavily funded by military (which language?)

<latexit sha1_base64="D9q+RYMhF/iDEF0J8/XleDlYu7Y="></latexit>

f : V+
L1 ! �V+

L2



Sequence Transduction: 
Machine Translation

Mihkelkohava (Wikipedia)

Vauquois triangle theory of machine translation

<latexit sha1_base64="VkLDlL2NdgRsH7fgQqsZEj8jy2E=">AAACFHicbVDLSgMxFM34tr6qLt0Ei1ARyoxIdSmK4MJFBfuATimZ9LYNZh4md0rLMB/hxl9x40IRty7c+Temj4W2Hggczrk3yTleJIVG2/625uYXFpeWV1Yza+sbm1vZ7Z2KDmPFocxDGaqaxzRIEUAZBUqoRQqY70moeveXQ7/aA6VFGNzhIIKGzzqBaAvO0EjN7JELD7HoURehj8lVwNO8G5qF4X1JP20mY+PGSdPDZjZnF+wR6CxxJiRHJig1s19uK+SxDwFyybSuO3aEjYQpFFxCmnFjDRHj96wDdUMD5oNuJKNQKT0wSou2Q2VOgHSk/t5ImK/1wPfMpM+wq6e9ofifV4+xfdZIRBDFCCbv6KF2LCmGdNgQbQkFHOXAEMaVMH+lvMsU42h6zJgSnOnIs6RyXHCKheLtSe78YlLHCtkj+yRPHHJKzsk1KZEy4eSRPJNX8mY9WS/Wu/UxHp2zJju75A+szx9ZMZ+n</latexit>

⌘ Enc(xL1)?

my, cat, is, black

my, cat,  
be [3s pres], black

my is blackcat

<latexit sha1_base64="N9Tx4XPRVVwpb2OkTMmicSB4N1M=">AAACMXicbVBNSwMxEM3Wr1q/qh69BIugl7IrUgUvRS89VrAqdEvJplMNTbJLMiuWpX/Ji/9EvPSgiFf/hGm7B78eBB7vzUxmXpRIYdH3x15hbn5hcam4XFpZXVvfKG9uXdk4NRxaPJaxuYmYBSk0tFCghJvEAFORhOtocD7xr+/BWBHrSxwm0FHsVou+4Ayd1C03wn5smJQUaHhKQ4QHzJSbNdqHAxpKpnu56BpmmlBuL7C5HEnGBxOjW674VX8K+pcEOamQHM1u+TnsxTxVoJFLZm078BPsZMyg4BJGpTC1kLjh7BbajmqmwHay6cUjuueUHnWru6eRTtXvHRlT1g5V5CoVwzv725uI/3ntFPsnnUzoJEXQfPZRP5UUYzqJj/aEAY5y6AjjRrhdKb9jhnF0IZdcCMHvk/+Sq8NqUKvWLo4q9bM8jiLZIbtknwTkmNRJgzRJi3DySF7IK3nznryx9+59zEoLXt6zTX7A+/wCfh6p0w==</latexit>

8e mine(e) ^ cat(e) =) black(e)

“universal” meaning representation

I have a cat (presupposition)

minha gata é preta 
meu gato é preto

minha [?], gata [?],  
é [3d pres], preta [?]

I have a cat (presupposition) 
The cat’s gender is unknown

(my) 
?

(is)
(black) 

?
(cat) 

?

<latexit sha1_base64="1NCWEyXKlWTuEFFRvq3e6/GfvcI="></latexit>

8e mine(e) ^ cat(e) ^ gender(e) =) black(e)



Sequence Transduction: 
Machine Translation

• End-to-end, we can think about the translation problem as 
generating an output sequence token-by-token by 
mapping from some input word to the target vocabulary, 
using the target language syntax:

my cat is black

minha / meu gata / gato é preta / preto

Portuguese



Sequence Transduction: 
Machine Translation

• End-to-end, we can think about the translation problem as 
generating an output sequence token-by-token by 
mapping from some input word to the target vocabulary, 
using the target language syntax:

my cat is black

kucing ku ireng
<latexit sha1_base64="WxaGc8BCYMM737DgGHn928SaBRA=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseiF48V7Ie0oWy2k3bpbhJ2J0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFBE0UaCETqKBqUBCOxjfzvz2E2gj4ugBJwn4ig0jEQrO0EqPPVAJTgxgv1xxq+4cdJV4OamQHI1++as3iHmqIEIumTFdz03Qz5hGwSVMS73UQML4mA2ha2nEFBg/mx88pWdWGdAw1rYipHP190TGlDETFdhOxXBklr2Z+J/XTTG89jMRJSlCxBeLwlRSjOnsezoQGjjKiSWMa2FvpXzENONoMyrZELzll1dJ66Lq1aq1+8tK/SaPo0hOyCk5Jx65InVyRxqkSThR5Jm8kjdHOy/Ou/OxaC04+cwx+QPn8wc8b5C2</latexit>

;
Javanese



Sequence Transduction: 
Machine Translation

• End-to-end, we can think about the translation problem as 
generating an output sequence token-by-token by 
mapping from some input word to the target vocabulary, 
using the target language syntax:

my cat is black

macja ime është e

Albanian

zezë

We’ll talk more about alignment models later in the semester! 



Putting it Together:  
Sequence-to-Sequence Models

• What do we get from sequence models? 

• Autoregressive (token-by-token) generation

my cat is black

minha / meu gata / gato é preta / preto



Putting it Together:  
Sequence-to-Sequence Models

• What do we get from sequence models? 

• Autoregressive (token-by-token) generation 

• Sentence embeddings
<latexit sha1_base64="SxBXb52tpamqcjH5A7yEvxgUjZw=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVMSkeqyKILLCvYBTSiT6aQdOnkwcyMtIW78FTcuFHHrX7jzb5zELLT1wMDh3HNn5hw34kyCaX5ppaXlldW18nplY3Nre0ff3evIMBaEtknIQ9FzsaScBbQNDDjtRYJi3+W0606usnn3ngrJwuAOZhF1fDwKmMcIBiUN9AMb6BSS64CkNTtUzuyiZJqeDPSqWTdzGIvEKkgVFWgN9E97GJLYpwEQjqXsW2YEToIFMMJpWrFjSSNMJnhE+4oG2KfSSfIEqXGslKHhhUKdAIxc/b2RYF/Kme8qp49hLOdnmfjfrB+Dd+EkLIhioCpj/pAXcwNCI6vDGDJBCfCZIpgIpv5qkDEWmIAqraJKsOYjL5LOad1q1Bu3Z9XmZVFHGR2iI1RDFjpHTXSDWqiNCHpAT+gFvWqP2rP2pr3/WEtasbOP/kD7+AYfIZdW</latexit>

Enc(x)



Putting it Together:  
Sequence-to-Sequence Models

• What do we get from sequence models? 

• Autoregressive (token-by-token) generation 

• Sentence embeddings 

• Key idea: encode some input into a vector, decode it 
using autoregressive generation 

• Aka: sequence-to-sequence, encoder-decoder, 
sequence transduction, conditional language model…

<latexit sha1_base64="SxBXb52tpamqcjH5A7yEvxgUjZw=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdVMSkeqyKILLCvYBTSiT6aQdOnkwcyMtIW78FTcuFHHrX7jzb5zELLT1wMDh3HNn5hw34kyCaX5ppaXlldW18nplY3Nre0ff3evIMBaEtknIQ9FzsaScBbQNDDjtRYJi3+W0606usnn3ngrJwuAOZhF1fDwKmMcIBiUN9AMb6BSS64CkNTtUzuyiZJqeDPSqWTdzGIvEKkgVFWgN9E97GJLYpwEQjqXsW2YEToIFMMJpWrFjSSNMJnhE+4oG2KfSSfIEqXGslKHhhUKdAIxc/b2RYF/Kme8qp49hLOdnmfjfrB+Dd+EkLIhioCpj/pAXcwNCI6vDGDJBCfCZIpgIpv5qkDEWmIAqraJKsOYjL5LOad1q1Bu3Z9XmZVFHGR2iI1RDFjpHTXSDWqiNCHpAT+gFvWqP2rP2pr3/WEtasbOP/kD7+AYfIZdW</latexit>

Enc(x)



Sequence-to-Sequence 
for Machine Translation

1. Encode input sentence: 
<latexit sha1_base64="LVQCQ0oSG14X97BboBaEaRCcpfE=">AAACDXicbVDLSsNAFJ3UV62vqks3wSrUTUlEqsuiCC5cVLAPaEKYTCft0MmDmRtpCfkBN/6KGxeKuHXvzr9xknahrQcGDufcOzPnuBFnEgzjWyssLa+srhXXSxubW9s75d29tgxjQWiLhDwUXRdLyllAW8CA024kKPZdTjvu6CrzOw9USBYG9zCJqO3jQcA8RjAoySkfWUDHkFwHJK1aoZrMLkrGqZNMjVszTU+ccsWoGTn0RWLOSAXN0HTKX1Y/JLFPAyAcS9kzjQjsBAtghNO0ZMWSRpiM8ID2FA2wT6Wd5GlS/Vgpfd0LhToB6Ln6eyPBvpQT31WTPoahnPcy8T+vF4N3YScsiGKgKm/+kBdzHUI9q0bvM0EJ8IkimAim/qqTIRaYgCqwpEow5yMvkvZpzazX6ndnlcblrI4iOkCHqIpMdI4a6AY1UQsR9Iie0St60560F+1d+5iOFrTZzj76A+3zB+gynLs=</latexit>

Enc(xL1)



parameters of 
decoder model 
(e.g., RNN 
parameters)

embedding of 
sequence to 
translate

Sequence-to-Sequence 
for Machine Translation

1. Encode input sentence:  

2. Generate output sequence token-by-token, conditioning on 
previously-generated tokens and the input sentence 
embedding:

<latexit sha1_base64="LVQCQ0oSG14X97BboBaEaRCcpfE=">AAACDXicbVDLSsNAFJ3UV62vqks3wSrUTUlEqsuiCC5cVLAPaEKYTCft0MmDmRtpCfkBN/6KGxeKuHXvzr9xknahrQcGDufcOzPnuBFnEgzjWyssLa+srhXXSxubW9s75d29tgxjQWiLhDwUXRdLyllAW8CA024kKPZdTjvu6CrzOw9USBYG9zCJqO3jQcA8RjAoySkfWUDHkFwHJK1aoZrMLkrGqZNMjVszTU+ccsWoGTn0RWLOSAXN0HTKX1Y/JLFPAyAcS9kzjQjsBAtghNO0ZMWSRpiM8ID2FA2wT6Wd5GlS/Vgpfd0LhToB6Ln6eyPBvpQT31WTPoahnPcy8T+vF4N3YScsiGKgKm/+kBdzHUI9q0bvM0EJ8IkimAim/qqTIRaYgCqwpEow5yMvkvZpzazX6ndnlcblrI4iOkCHqIpMdI4a6AY1UQsR9Iie0St60560F+1d+5iOFrTZzj76A+3zB+gynLs=</latexit>

Enc(xL1)

previously-generated tokens 
(empty when starting translation) 

typically, we use y to denote 
output tokens

<latexit sha1_base64="IGHRU5SaytE1y3GIfvBuY8dDyQE="></latexit>

yi ⇠ p(Yi | y1, . . . , yi�1,Enc(xL1); ✓dec)

<latexit sha1_base64="p1NSLwEAcwxcU9RTZN+D7OR5Cec=">AAACI3icbVDLSgMxFM3Ud31VXboJFsGFlJkiKoIgunHhQsG2QqcMmfS2Dc1khuSOOAzzL278FTcuFHHjwn8xrV34OhA4nHNPknvCRAqDrvvulKamZ2bn5hfKi0vLK6uVtfWmiVPNocFjGeubkBmQQkEDBUq4STSwKJTQCodnI791C9qIWF1jlkAnYn0leoIztFJQOfJja4/SeVYEuY9wh/lFvSjoMfUlU30JNAu8Xep3YzS7livq67EeVKpuzR2D/iXehFTJBJdB5dVewtMIFHLJjGl7boKdnGkUXEJR9lMDCeND1oe2pYpFYDr5eMeCblulS3uxtkchHavfEzmLjMmi0E5GDAfmtzcS//PaKfYOO7lQSYqg+NdDvVRSjOmoMNoVGjjKzBLGtbB/pXzANONoay3bErzfK/8lzXrN26/tX+1VT04ndcyTTbJFdohHDsgJOSeXpEE4uSeP5Jm8OA/Ok/PqvH2NlpxJZoP8gPPxCQZvpHc=</latexit>

yL2 = hy1, . . . , yni
<latexit sha1_base64="D+ySc1UeOZIM6yAwvyZqZSCQ4vc=">AAAB+3icbVBNS8NAEN3Ur1q/aj16WSyCp5KIVC9CUQRvVrQf0Iaw2W7apZtN2J1IS+hf8eJBEa/+EW/+G7dtDtr6YODx3gwz8/xYcA22/W3lVlbX1jfym4Wt7Z3dveJ+qamjRFHWoJGIVNsnmgkuWQM4CNaOFSOhL1jLH15P/dYTU5pH8hHGMXND0pc84JSAkbxiaexJfIm7wEYAkN7cPUy8Ytmu2DPgZeJkpIwy1L3iV7cX0SRkEqggWnccOwY3JQo4FWxS6CaaxYQOSZ91DJUkZNpNZ7dP8LFRejiIlCkJeKb+nkhJqPU49E1nSGCgF72p+J/XSSC4cFMu4wSYpPNFQSIwRHgaBO5xxSiIsSGEKm5uxXRAFKFg4iqYEJzFl5dJ87TiVCvV+7Ny7SqLI48O0RE6QQ46RzV0i+qogSgaoWf0it6sifVivVsf89aclc0coD+wPn8AcoGUFQ==</latexit>

yn = EOS

(you can condition on other things, too! e.g., images)



Sequence-to-Sequence  
with RNNs

BOS

I

like

pizza

<latexit sha1_base64="z5OCZYCqIFe3SaWNFcu+CnQ47Zk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiRS1GWpG3dWtA9oQplMJ+3QyYOZG2kJ+RU3LhRx64+482+ctllo64ELh3Pu5d57vFhwBZb1baytb2xubRd2irt7+weH5lGpraJEUtaikYhk1yOKCR6yFnAQrBtLRgJPsI43vpn5nScmFY/CR5jGzA3IMOQ+pwS01DdLTjziFQfYBADSxt1Ddt43y1bVmgOvEjsnZZSj2Te/nEFEk4CFQAVRqmdbMbgpkcCpYFnRSRSLCR2TIetpGpKAKTed357hM60MsB9JXSHgufp7IiWBUtPA050BgZFa9mbif14vAf/aTXkYJ8BCuljkJwJDhGdB4AGXjIKYakKo5PpWTEdEEgo6rqIOwV5+eZW0L6r2ZbV2XyvXG3kcBXSCTlEF2egK1dEtaqIWomiCntErejMy48V4Nz4WrWtGPnOM/sD4/AGzj5Q7</latexit>

�(BOS)

<latexit sha1_base64="pnoNgZGpvMyQKP6TiYLQZQnL/LM=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBDiJexKUI9BL3qLYB6QXcPspJMMmX0w06uGJf/hxYMiXv0Xb/6Nk2QPmljQUFR1093lx1JotO1va2l5ZXVtPbeR39za3tkt7O03dJQoDnUeyUi1fKZBihDqKFBCK1bAAl9C0x9eTfzmAygtovAORzF4AeuHoic4QyPdu/FAlFyEJ0xvxiedQtEu21PQReJkpEgy1DqFL7cb8SSAELlkWrcdO0YvZQoFlzDOu4mGmPEh60Pb0JAFoL10evWYHhulS3uRMhUinaq/J1IWaD0KfNMZMBzoeW8i/ue1E+xdeKkI4wQh5LNFvURSjOgkAtoVCjjKkSGMK2FupXzAFONogsqbEJz5lxdJ47TsnJUrt5Vi9TKLI0cOyREpEYeckyq5JjVSJ5wo8kxeyZv1aL1Y79bHrHXJymYOyB9Ynz9ERZJf</latexit>

�(I)

<latexit sha1_base64="01opeESlquto088SFMjFW3bP52s=">AAAB+nicbVBNS8NAEN34WetXqkcvwSLUS0mkqMeiF48V7Ac0oWy2k3bp5oPdiVpif4oXD4p49Zd489+4bXPQ1gcDj/dmmJnnJ4IrtO1vY2V1bX1js7BV3N7Z3ds3SwctFaeSQZPFIpYdnyoQPIImchTQSSTQ0BfQ9kfXU799D1LxOLrDcQJeSAcRDzijqKWeWXKTIa+4CI+YCT6CyWnPLNtVewZrmTg5KZMcjZ755fZjloYQIRNUqa5jJ+hlVCJnAiZFN1WQUDaiA+hqGtEQlJfNTp9YJ1rpW0EsdUVozdTfExkNlRqHvu4MKQ7VojcV//O6KQaXXsajJEWI2HxRkAoLY2uag9XnEhiKsSaUSa5vtdiQSspQp1XUITiLLy+T1lnVOa/Wbmvl+lUeR4EckWNSIQ65IHVyQxqkSRh5IM/klbwZT8aL8W58zFtXjHzmkPyB8fkDTTGUCg==</latexit>

�(like)

<latexit sha1_base64="NZ5r9yyCp093CjqKK3hxiaQJbDM=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRahXkoiRT0WvXisYD+gCWWz3bRLN5uwO5G2IX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POFNj2t1HY2Nza3inulvb2Dw6PzONyW0WJJLRFIh7Jro8V5UzQFjDgtBtLikOf044/vpv7nScqFYvEI0xj6oV4KFjACAYt9c2yG49Y1QU6gTRmsxnOLvpmxa7ZC1jrxMlJBeVo9s0vdxCRJKQCCMdK9Rw7Bi/FEhjhNCu5iaIxJmM8pD1NBQ6p8tLF7Zl1rpWBFURSlwBrof6eSHGo1DT0dWeIYaRWvbn4n9dLILjxUibiBKggy0VBwi2IrHkQ1oBJSoBPNcFEMn2rRUZYYgI6rpIOwVl9eZ20L2vOVa3+UK80bvM4iugUnaEqctA1aqB71EQtRNAEPaNX9GZkxovxbnwsWwtGPnOC/sD4/AFJYpSd</latexit>

�(pizza)

<latexit sha1_base64="1scdumg/GCdm2ptBmi5Zti8Aybo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjgO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdT+pXM</latexit>�!
h0

<latexit sha1_base64="XIAuq21XZiaUaJC+isp+HYUjzj8=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjQO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdVf5XN</latexit>�!
h1

<latexit sha1_base64="OB7lNOLSIuTeMKquWJszSX5y9YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyUpRV0W3bisYB/QhjCZTtqhk0yYmSg1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3niDhTGnH+bYKK6tr6xvFzdLW9s7unr1/0FIilYQ2ieBCdgKsKGcxbWqmOe0kkuIo4LQdjK6nfvueSsVEfKfHCfUiPIhZyAjWRvLto54wtmSDocZSiods6Fcnvl12Ks4MaJm4OSlDjoZvf/X6gqQRjTXhWKmu6yTay7DUjHA6KfVSRRNMRnhAu4bGOKLKy2bXT9CpUfooFNJUrNFM/T2R4UipcRSYzgjroVr0puJ/XjfV4aWXsThJNY3JfFGYcqQFmkaB+kxSovnYEEwkM7ciMsQSE20CK5kQ3MWXl0mrWnHPK7XbWrl+lcdRhGM4gTNw4QLqcAMNaAKBR3iGV3iznqwX6936mLcWrHzmEP7A+vwBVwSVzg==</latexit>�!
h2

<latexit sha1_base64="wRpO1c51+BEGUUQMAjONxPNw2Ys=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUm0qMuiG5cV7APaECbTSTt0MhNmbpQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5hwpsF1v63C0vLK6lpxvbSxubW9Y+/uNbVMFaENIrlU7RBrypmgDWDAaTtRFMchp61weD3xW/dUaSbFHYwS6se4L1jECAYjBfZBVxpbsf4AsFLyIRsEZ+PALrsVdwpnkXg5KaMc9cD+6vYkSWMqgHCsdcdzE/AzrIARTselbqppgskQ92nHUIFjqv1sev3YOTZKz4mkMiXAmaq/JzIcaz2KQ9MZYxjoeW8i/ud1Uogu/YyJJAUqyGxRlHIHpDOJwukxRQnwkSGYKGZudcgAK0zABFYyIXjzLy+S5mnFO69Ub6vl2lUeRxEdoiN0gjx0gWroBtVRAxH0iJ7RK3qznqwX6936mLUWrHxmH/2B9fkDWImVzw==</latexit>�!
h3

<latexit sha1_base64="lwGM8FQKAQx8Q6KSxsLtwOlrq/c=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiRS1GXRjcsK9gFtCJPppBk6yYSZiVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVLOlHacb2tpeWV1bb20Ud7c2t7Ztff2W0pkktAmEVzIToAV5SyhTc00p51UUhwHnLaD4fXEb99TqZhI7vQopV6MBwkLGcHaSL592BPGlmwQaSyleMgjvzb27YpTdaZAi8QtSAUKNHz7q9cXJItpognHSnVdJ9VejqVmhNNxuZcpmmIyxAPaNTTBMVVePr1+jE6M0kehkKYSjabq74kcx0qN4sB0xlhHat6biP953UyHl17OkjTTNCGzRWHGkRZoEgXqM0mJ5iNDMJHM3IpIhCUm2gRWNiG48y8vktZZ1T2v1m5rlfpVEUcJjuAYTsGFC6jDDTSgCQQe4Rle4c16sl6sd+tj1rpkFTMH8AfW5w9aDpXQ</latexit>�!
h4

EOS

<latexit sha1_base64="FTKI9mVNrvBl58fY9qE8wODD60w=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiQi1WVRBHdWtA9oQplMJ+3QyYOZG2kJ+RU3LhRx64+482+ctllo64ELh3Pu5d57vFhwBZb1baysrq1vbBa2its7u3v75kGppaJEUtakkYhkxyOKCR6yJnAQrBNLRgJPsLY3up767ScmFY/CR5jEzA3IIOQ+pwS01DNLTjzkFQfYGADSm7uH7LRnlq2qNQNeJnZOyihHo2d+Of2IJgELgQqiVNe2YnBTIoFTwbKikygWEzoiA9bVNCQBU246uz3DJ1rpYz+SukLAM/X3REoCpSaBpzsDAkO16E3F/7xuAv6lm/IwToCFdL7ITwSGCE+DwH0uGQUx0YRQyfWtmA6JJBR0XEUdgr348jJpnVXtWrV2f16uX+VxFNAROkYVZKMLVEe3qIGaiKIxekav6M3IjBfj3fiYt64Y+cwh+gPj8we4y5RA</latexit>

�(EOS)

<latexit sha1_base64="9zegHgC6fcrm6cJn3vawqFlaY4E=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo2WqKGtTKaTqBUQzwWPWBg6C9RLFSBQI1g0mNzO/+8CU5jK+hyxhXkRGMQ85JWAk364OpLEFC4EoJR/zse9Mfbvm1J058CpxC1JDBVq+/TUYSppGLAYqiNZ910nAy4kCTgWbVgapZgmhEzJifUNjEjHt5fPjp/jUKEMcSmUqBjxXf0/kJNI6iwLTGREY62VvJv7n9VMIr7ycx0kKLKaLRWEqMEg8SwIPuWIURGYIoYqbWzEdE0UomLwqJgR3+eVV0jmvuxf1xl2j1rwu4iijY3SCzpCLLlET3aIWaiOKMvSMXtGb9WS9WO/Wx6K1ZBUzVfQH1ucPeB2VTw==</latexit> �
h0

<latexit sha1_base64="WSQWhUzevdhciDwYd+KHnX0/3TE=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOy7U9+uOXVnDrRK3ILUoEDLt78GQ0HSiMaacKxU33US7eVYakY4nVYGqaIJJhM8on1DYxxR5eXz46fo1ChDFAppKtZorv6eyHGkVBYFpjPCeqyWvZn4n9dPdXjl5SxOUk1jslgUphxpgWZJoCGTlGieGYKJZOZWRMZYYqJNXhUTgrv88irpnNfdi3rjrlFrXhdxlOEYTuAMXLiEJtxCC9pAIINneIU368l6sd6tj0VrySpmqvAH1ucPeaKVUA==</latexit> �
h1

<latexit sha1_base64="iocsfVtY3oEJ/wFmh6VNHm3X0Hk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lKUY9FLx4r2FZoQ9hsJ+3SzW7Y3Sgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmhQmjSrvut1VaW9/Y3CpvV3Z29/YP7MOjrhKpJNAhggl5H2IFjHLoaKoZ3CcScBwy6IWT65nfewCpqOB3OkvAj/GI04gSrI0U2NWBMDaDSGMpxWM+DhrTwK65dXcOZ5V4BamhAu3A/hoMBUlj4JowrFTfcxPt51hqShhMK4NUQYLJBI+gbyjHMSg/nx8/dU6NMnQiIU1x7czV3xM5jpXK4tB0xliP1bI3E//z+qmOLv2c8iTVwMliUZQyRwtnloQzpBKIZpkhmEhqbnXIGEtMtMmrYkLwll9eJd1G3TuvN2+btdZVEUcZHaMTdIY8dIFa6Aa1UQcRlKFn9IrerCfrxXq3PhatJauYqaI/sD5/AHsnlVE=</latexit> �
h2

<latexit sha1_base64="kvBFjl4Dqj6Y1OKfRp47zb8/6hg=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVBIt6rHoxWMF+wFtCJvtpl26yYbdjRJC/StePCji1R/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYViKVhLaI4EJ2A6woZzFtaaY57SaS4ijgtBOMb6Z+54FKxUR8r7OEehEexixkBGsj+XalL4zNaaixlOIxH/nnE9+uOjVnBrRM3IJUoUDTt7/6A0HSiMaacKxUz3US7eVYakY4nZT7qaIJJmM8pD1DYxxR5eWz4yfoxCgDFAppKtZopv6eyHGkVBYFpjPCeqQWvan4n9dLdXjl5SxOUk1jMl8UphxpgaZJoAGTlGieGYKJZOZWREZYYqJNXmUTgrv48jJpn9Xci1r9rl5tXBdxlOAIjuEUXLiEBtxCE1pAIINneIU368l6sd6tj3nrilXMVOAPrM8ffKyVUg==</latexit> �
h3

<latexit sha1_base64="Wdh2q0QuTdIUr7kcsjEagUSIJzQ=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOw3pr5dc+rOHGiVuAWpQYGWb38NhoKkEY014Vipvusk2sux1IxwOq0MUkUTTCZ4RPuGxjiiysvnx0/RqVGGKBTSVKzRXP09keNIqSwKTGeE9VgtezPxP6+f6vDKy1mcpJrGZLEoTDnSAs2SQEMmKdE8MwQTycytiIyxxESbvComBHf55VXSOa+7F/XGXaPWvC7iKMMxnMAZuHAJTbiFFrSBQAbP8Apv1pP1Yr1bH4vWklXMVOEPrM8ffjGVUw==</latexit> �
h4

Encode
<latexit sha1_base64="OiOB144p8KySRQZh4BxHLVuQ2JA="></latexit>

Enc(x) = Pool
�
h1, . . . , h|x|

�
2 Rd

<latexit sha1_base64="OiOB144p8KySRQZh4BxHLVuQ2JA="></latexit>

Enc(x) = Pool
�
h1, . . . , h|x|

�
2 Rd



Sequence-to-Sequence  
with RNNs

BOS

<latexit sha1_base64="z5OCZYCqIFe3SaWNFcu+CnQ47Zk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiRS1GWpG3dWtA9oQplMJ+3QyYOZG2kJ+RU3LhRx64+482+ctllo64ELh3Pu5d57vFhwBZb1baytb2xubRd2irt7+weH5lGpraJEUtaikYhk1yOKCR6yFnAQrBtLRgJPsI43vpn5nScmFY/CR5jGzA3IMOQ+pwS01DdLTjziFQfYBADSxt1Ddt43y1bVmgOvEjsnZZSj2Te/nEFEk4CFQAVRqmdbMbgpkcCpYFnRSRSLCR2TIetpGpKAKTed357hM60MsB9JXSHgufp7IiWBUtPA050BgZFa9mbif14vAf/aTXkYJ8BCuljkJwJDhGdB4AGXjIKYakKo5PpWTEdEEgo6rqIOwV5+eZW0L6r2ZbV2XyvXG3kcBXSCTlEF2egK1dEtaqIWomiCntErejMy48V4Nz4WrWtGPnOM/sD4/AGzj5Q7</latexit>

�(BOS)

Decode <latexit sha1_base64="OiOB144p8KySRQZh4BxHLVuQ2JA="></latexit>

Enc(x) = Pool
�
h1, . . . , h|x|

�
2 Rd



Sequence-to-Sequence  
with RNNs

BOS

<latexit sha1_base64="z5OCZYCqIFe3SaWNFcu+CnQ47Zk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiRS1GWpG3dWtA9oQplMJ+3QyYOZG2kJ+RU3LhRx64+482+ctllo64ELh3Pu5d57vFhwBZb1baytb2xubRd2irt7+weH5lGpraJEUtaikYhk1yOKCR6yFnAQrBtLRgJPsI43vpn5nScmFY/CR5jGzA3IMOQ+pwS01DdLTjziFQfYBADSxt1Ddt43y1bVmgOvEjsnZZSj2Te/nEFEk4CFQAVRqmdbMbgpkcCpYFnRSRSLCR2TIetpGpKAKTed357hM60MsB9JXSHgufp7IiWBUtPA050BgZFa9mbif14vAf/aTXkYJ8BCuljkJwJDhGdB4AGXjIKYakKo5PpWTEdEEgo6rqIOwV5+eZW0L6r2ZbV2XyvXG3kcBXSCTlEF2egK1dEtaqIWomiCntErejMy48V4Nz4WrWtGPnOM/sD4/AGzj5Q7</latexit>

�(BOS)

Decode

<latexit sha1_base64="Kkz5qLszyX5P9/KISnagrUBKHKQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH2042b</latexit>

h1

<latexit sha1_base64="EGvughdwnPpuwguHw+I4X2EQpPo=">AAACBHicbVDJSgNBEK2JW4zbqMdcGoOQgIYZkehFCHrxGMEskAxDT6cn06RnobtHDEMOXvwVLx4U8epHePNv7CwHjT4oeLxXRVU9L+FMKsv6MnJLyyura/n1wsbm1vaOubvXknEqCG2SmMei42FJOYtoUzHFaScRFIcep21veDXx23dUSBZHt2qUUCfEg4j5jGClJdcsBi5DF8gv95KAle9dVjlCgZuxY3tccc2SVbWmQH+JPSclmKPhmp+9fkzSkEaKcCxl17YS5WRYKEY4HRd6qaQJJkM8oF1NIxxS6WTTJ8boUCt95MdCV6TQVP05keFQylHo6c4Qq0AuehPxP6+bKv/cyViUpIpGZLbITzlSMZokgvpMUKL4SBNMBNO3IhJggYnSuRV0CPbiy39J66Rq16q1m9NS/XIeRx6KcABlsOEM6nANDWgCgQd4ghd4NR6NZ+PNeJ+15oz5zD78gvHxDZUplig=</latexit>

hi = f(�(xi), hi�1)

<latexit sha1_base64="OiOB144p8KySRQZh4BxHLVuQ2JA="></latexit>

Enc(x) = Pool
�
h1, . . . , h|x|

�
2 Rd

<latexit sha1_base64="uvQeW3YM5/hF1F7RUXuMowMUBPc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOq7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH1T42a</latexit>

h0



Sequence-to-Sequence  
with RNNs

Decode

<latexit sha1_base64="Kkz5qLszyX5P9/KISnagrUBKHKQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH2042b</latexit>

h1
MLP softmax

sample

mi



Sequence-to-Sequence  
with RNNs

mi

Decode

<latexit sha1_base64="Kkz5qLszyX5P9/KISnagrUBKHKQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH2042b</latexit>

h1

<latexit sha1_base64="59eDde2uoc7kvpe57FHMBF9QoWE=">AAACBHicbZC7TsMwFIadcivlFmDsElEhlaVKKlQYK1gYGIpEL1IbKsd1WquOE9kniCrKwMKrsDCAECsPwcbb4LYZoOWXLH36zzk6Pr8XcabAtr+N3Mrq2vpGfrOwtb2zu2fuH7RUGEtCmyTkoex4WFHOBG0CA047kaQ48Dhte+PLab19T6ViobiFSUTdAA8F8xnBoK2+WexFI3aX9IA+QHJdTdPyHAOWnvTNkl2xZ7KWwcmghDI1+uZXbxCSOKACCMdKdR07AjfBEhjhNC30YkUjTMZ4SLsaBQ6ocpPZEal1rJ2B5YdSPwHWzP09keBAqUng6c4Aw0gt1qbmf7VuDP65mzARxUAFmS/yY25BaE0TsQZMUgJ8ogETyfRfLTLCEhPQuRV0CM7iycvQqlacWqV2c1qqX2Rx5FERHaEyctAZqqMr1EBNRNAjekav6M14Ml6Md+Nj3pozsplD9EfG5w9X0JiO</latexit>

�L2(mi)

<latexit sha1_base64="m1bvoxn2ItSUw3p3/mzNk2dJg/s=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUmKVJdFNy5cVLAPaEKYTCft0MmDmRsxhLjxV9y4UMStf+HOv3HSZqGtBwYO59zDnXu8mDMJpvmtLS2vrK6tVzaqm1vbO7v63n5XRokgtEMiHom+hyXlLKQdYMBpPxYUBx6nPW9yVfi9eyoki8I7SGPqBHgUMp8RDEpy9UM7UnaRztLczWygD5DdNPLc1Wtm3ZzCWCRWSWqoRNvVv+xhRJKAhkA4lnJgmTE4GRbACKd51U4kjTGZ4BEdKBrigEonm16QGydKGRp+JNQLwZiqvxMZDqRMA09NBhjGct4rxP+8QQL+hZOxME6AhmS2yE+4AZFR1GEMmaAEeKoIJoKpvxpkjAUmoEqrqhKs+ZMXSbdRt5r15u1ZrXVZ1lFBR+gYnSILnaMWukZt1EEEPaJn9IretCftRXvXPmajS1qZOUB/oH3+AMx6l8U=</latexit>

yL2



Sequence-to-Sequence  
with RNNs

mi

Decode

<latexit sha1_base64="Kkz5qLszyX5P9/KISnagrUBKHKQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH2042b</latexit>

h1

<latexit sha1_base64="+QuQ58XVino6+hScoHmmH43bUWc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6GPWr/VLZrbhzkFXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQu5ZKGqH2s/mpU3JulQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtO0YbgLb+8SlrViler1O4vy/WbPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AH4V42c</latexit>

h2

<latexit sha1_base64="EGvughdwnPpuwguHw+I4X2EQpPo=">AAACBHicbVDJSgNBEK2JW4zbqMdcGoOQgIYZkehFCHrxGMEskAxDT6cn06RnobtHDEMOXvwVLx4U8epHePNv7CwHjT4oeLxXRVU9L+FMKsv6MnJLyyura/n1wsbm1vaOubvXknEqCG2SmMei42FJOYtoUzHFaScRFIcep21veDXx23dUSBZHt2qUUCfEg4j5jGClJdcsBi5DF8gv95KAle9dVjlCgZuxY3tccc2SVbWmQH+JPSclmKPhmp+9fkzSkEaKcCxl17YS5WRYKEY4HRd6qaQJJkM8oF1NIxxS6WTTJ8boUCt95MdCV6TQVP05keFQylHo6c4Qq0AuehPxP6+bKv/cyViUpIpGZLbITzlSMZokgvpMUKL4SBNMBNO3IhJggYnSuRV0CPbiy39J66Rq16q1m9NS/XIeRx6KcABlsOEM6nANDWgCgQd4ghd4NR6NZ+PNeJ+15oz5zD78gvHxDZUplig=</latexit>

hi = f(�(xi), hi�1)
<latexit sha1_base64="59eDde2uoc7kvpe57FHMBF9QoWE=">AAACBHicbZC7TsMwFIadcivlFmDsElEhlaVKKlQYK1gYGIpEL1IbKsd1WquOE9kniCrKwMKrsDCAECsPwcbb4LYZoOWXLH36zzk6Pr8XcabAtr+N3Mrq2vpGfrOwtb2zu2fuH7RUGEtCmyTkoex4WFHOBG0CA047kaQ48Dhte+PLab19T6ViobiFSUTdAA8F8xnBoK2+WexFI3aX9IA+QHJdTdPyHAOWnvTNkl2xZ7KWwcmghDI1+uZXbxCSOKACCMdKdR07AjfBEhjhNC30YkUjTMZ4SLsaBQ6ocpPZEal1rJ2B5YdSPwHWzP09keBAqUng6c4Aw0gt1qbmf7VuDP65mzARxUAFmS/yY25BaE0TsQZMUgJ8ogETyfRfLTLCEhPQuRV0CM7iycvQqlacWqV2c1qqX2Rx5FERHaEyctAZqqMr1EBNRNAjekav6M14Ml6Md+Nj3pozsplD9EfG5w9X0JiO</latexit>

�L2(mi)

<latexit sha1_base64="m1bvoxn2ItSUw3p3/mzNk2dJg/s=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUmKVJdFNy5cVLAPaEKYTCft0MmDmRsxhLjxV9y4UMStf+HOv3HSZqGtBwYO59zDnXu8mDMJpvmtLS2vrK6tVzaqm1vbO7v63n5XRokgtEMiHom+hyXlLKQdYMBpPxYUBx6nPW9yVfi9eyoki8I7SGPqBHgUMp8RDEpy9UM7UnaRztLczWygD5DdNPLc1Wtm3ZzCWCRWSWqoRNvVv+xhRJKAhkA4lnJgmTE4GRbACKd51U4kjTGZ4BEdKBrigEonm16QGydKGRp+JNQLwZiqvxMZDqRMA09NBhjGct4rxP+8QQL+hZOxME6AhmS2yE+4AZFR1GEMmaAEeKoIJoKpvxpkjAUmoEqrqhKs+ZMXSbdRt5r15u1ZrXVZ1lFBR+gYnSILnaMWukZt1EEEPaJn9IretCftRXvXPmajS1qZOUB/oH3+AMx6l8U=</latexit>

yL2



Sequence-to-Sequence  
with RNNs

mi

Decode

<latexit sha1_base64="+QuQ58XVino6+hScoHmmH43bUWc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6GPWr/VLZrbhzkFXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQu5ZKGqH2s/mpU3JulQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtO0YbgLb+8SlrViler1O4vy/WbPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AH4V42c</latexit>

h2

<latexit sha1_base64="m1bvoxn2ItSUw3p3/mzNk2dJg/s=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUmKVJdFNy5cVLAPaEKYTCft0MmDmRsxhLjxV9y4UMStf+HOv3HSZqGtBwYO59zDnXu8mDMJpvmtLS2vrK6tVzaqm1vbO7v63n5XRokgtEMiHom+hyXlLKQdYMBpPxYUBx6nPW9yVfi9eyoki8I7SGPqBHgUMp8RDEpy9UM7UnaRztLczWygD5DdNPLc1Wtm3ZzCWCRWSWqoRNvVv+xhRJKAhkA4lnJgmTE4GRbACKd51U4kjTGZ4BEdKBrigEonm16QGydKGRp+JNQLwZiqvxMZDqRMA09NBhjGct4rxP+8QQL+hZOxME6AhmS2yE+4AZFR1GEMmaAEeKoIJoKpvxpkjAUmoEqrqhKs+ZMXSbdRt5r15u1ZrXVZ1lFBR+gYnSILnaMWukZt1EEEPaJn9IretCftRXvXPmajS1qZOUB/oH3+AMx6l8U=</latexit>

yL2

MLP softmax

sample

piace



Sequence-to-Sequence  
with RNNs

mi

piace

Decode

<latexit sha1_base64="+QuQ58XVino6+hScoHmmH43bUWc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6GPWr/VLZrbhzkFXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQu5ZKGqH2s/mpU3JulQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtO0YbgLb+8SlrViler1O4vy/WbPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AH4V42c</latexit>

h2

<latexit sha1_base64="BLD423yzviVm46txMjJh8ZFY7jc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/ah/3i9X3Ko7B/lLvJxUIEejX/7sDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5scqAhLG2pZDM1Z8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyX9I6q3q1au3uolK/zuMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzf5242d</latexit>

h3

<latexit sha1_base64="m1bvoxn2ItSUw3p3/mzNk2dJg/s=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUmKVJdFNy5cVLAPaEKYTCft0MmDmRsxhLjxV9y4UMStf+HOv3HSZqGtBwYO59zDnXu8mDMJpvmtLS2vrK6tVzaqm1vbO7v63n5XRokgtEMiHom+hyXlLKQdYMBpPxYUBx6nPW9yVfi9eyoki8I7SGPqBHgUMp8RDEpy9UM7UnaRztLczWygD5DdNPLc1Wtm3ZzCWCRWSWqoRNvVv+xhRJKAhkA4lnJgmTE4GRbACKd51U4kjTGZ4BEdKBrigEonm16QGydKGRp+JNQLwZiqvxMZDqRMA09NBhjGct4rxP+8QQL+hZOxME6AhmS2yE+4AZFR1GEMmaAEeKoIJoKpvxpkjAUmoEqrqhKs+ZMXSbdRt5r15u1ZrXVZ1lFBR+gYnSILnaMWukZt1EEEPaJn9IretCftRXvXPmajS1qZOUB/oH3+AMx6l8U=</latexit>

yL2

MLP softmax

sample

la

<latexit sha1_base64="5PPdOztOeH4KBNvT7K/37eQBEkM=">AAACB3icbZC7SgNBFIZn4y3G26qlIItBiE3YDRItgzYWFhHMBbIxzE5OkiGzF2bOimHZzsZXsbFQxNZXsPNtnFwKTfxh4OM/53Dm/F4kuELb/jYyS8srq2vZ9dzG5tb2jrm7V1dhLBnUWChC2fSoAsEDqCFHAc1IAvU9AQ1veDmuN+5BKh4GtziKoO3TfsB7nFHUVsc8dKMBv0tchAdMrktpWphixCmD9KRj5u2iPZG1CM4M8mSmasf8crshi30IkAmqVMuxI2wnVCJnAtKcGyuIKBvSPrQ0BtQH1U4md6TWsXa6Vi+U+gVoTdzfEwn1lRr5nu70KQ7UfG1s/ldrxdg7byc8iGKEgE0X9WJhYWiNQ7G6XAJDMdJAmeT6rxYbUEkZ6uhyOgRn/uRFqJeKTrlYvjnNVy5mcWTJATkiBeKQM1IhV6RKaoSRR/JMXsmb8WS8GO/Gx7Q1Y8xm9skfGZ8/sD6Z2A==</latexit>

�L2(piace)



Sequence-to-Sequence  
with RNNs

mi

piace

la

Decode

<latexit sha1_base64="BLD423yzviVm46txMjJh8ZFY7jc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/ah/3i9X3Ko7B/lLvJxUIEejX/7sDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5scqAhLG2pZDM1Z8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyX9I6q3q1au3uolK/zuMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzf5242d</latexit>

h3

<latexit sha1_base64="3yBX6PA8MuRYxuO8JYuMESIDlMY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOpf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL1atXZ/Wanf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wf7X42e</latexit>

h4

<latexit sha1_base64="m1bvoxn2ItSUw3p3/mzNk2dJg/s=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUmKVJdFNy5cVLAPaEKYTCft0MmDmRsxhLjxV9y4UMStf+HOv3HSZqGtBwYO59zDnXu8mDMJpvmtLS2vrK6tVzaqm1vbO7v63n5XRokgtEMiHom+hyXlLKQdYMBpPxYUBx6nPW9yVfi9eyoki8I7SGPqBHgUMp8RDEpy9UM7UnaRztLczWygD5DdNPLc1Wtm3ZzCWCRWSWqoRNvVv+xhRJKAhkA4lnJgmTE4GRbACKd51U4kjTGZ4BEdKBrigEonm16QGydKGRp+JNQLwZiqvxMZDqRMA09NBhjGct4rxP+8QQL+hZOxME6AhmS2yE+4AZFR1GEMmaAEeKoIJoKpvxpkjAUmoEqrqhKs+ZMXSbdRt5r15u1ZrXVZ1lFBR+gYnSILnaMWukZt1EEEPaJn9IretCftRXvXPmajS1qZOUB/oH3+AMx6l8U=</latexit>

yL2

MLP softmax

sample

pizza

<latexit sha1_base64="/IyEqczYjWBauuHjNAvfou9alEM=">AAACBHicbZC7TsMwFIadcivlFmDsElEhlaVKKlQYK1gYGIpEL1IbKsd1WquOE9kniCrKwMKrsDCAECsPwcbb4LYZoOWXLH36zzk6Pr8XcabAtr+N3Mrq2vpGfrOwtb2zu2fuH7RUGEtCmyTkoex4WFHOBG0CA047kaQ48Dhte+PLab19T6ViobiFSUTdAA8F8xnBoK2+WexFI3aX9IA+QHJdTdPyHDlOT/pmya7YM1nL4GRQQpkaffOrNwhJHFABhGOluo4dgZtgCYxwmhZ6saIRJmM8pF2NAgdUucnsiNQ61s7A8kOpnwBr5v6eSHCg1CTwdGeAYaQWa1Pzv1o3Bv/cTZiIYqCCzBf5MbcgtKaJWAMmKQE+0YCJZPqvFhlhiQno3Ao6BGfx5GVoVStOrVK7OS3VL7I48qiIjlAZOegM1dEVaqAmIugRPaNX9GY8GS/Gu/Exb80Z2cwh+iPj8wdKGZiF</latexit>

�L2(la)



Sequence-to-Sequence  
with RNNs

mi

piace

la

Decode

<latexit sha1_base64="3yBX6PA8MuRYxuO8JYuMESIDlMY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOpf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL1atXZ/Wanf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wf7X42e</latexit>

h4

<latexit sha1_base64="m1bvoxn2ItSUw3p3/mzNk2dJg/s=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUmKVJdFNy5cVLAPaEKYTCft0MmDmRsxhLjxV9y4UMStf+HOv3HSZqGtBwYO59zDnXu8mDMJpvmtLS2vrK6tVzaqm1vbO7v63n5XRokgtEMiHom+hyXlLKQdYMBpPxYUBx6nPW9yVfi9eyoki8I7SGPqBHgUMp8RDEpy9UM7UnaRztLczWygD5DdNPLc1Wtm3ZzCWCRWSWqoRNvVv+xhRJKAhkA4lnJgmTE4GRbACKd51U4kjTGZ4BEdKBrigEonm16QGydKGRp+JNQLwZiqvxMZDqRMA09NBhjGct4rxP+8QQL+hZOxME6AhmS2yE+4AZFR1GEMmaAEeKoIJoKpvxpkjAUmoEqrqhKs+ZMXSbdRt5r15u1ZrXVZ1lFBR+gYnSILnaMWukZt1EEEPaJn9IretCftRXvXPmajS1qZOUB/oH3+AMx6l8U=</latexit>

yL2

MLP softmax

sample

EOS

pizza

<latexit sha1_base64="JXUumcBj1RLk/Tex60Z3cF7YMgE=">AAACB3icbZDLSsNAFIYn9VbrLepSkGAR6qYkRarLohsXLirYCzSxTKaTdujkwsyJ2Ibs3Pgqblwo4tZXcOfbOG2z0NYfBj7+cw5nzu9GnEkwzW8tt7S8srqWXy9sbG5t7+i7e00ZxoLQBgl5KNoulpSzgDaAAaftSFDsu5y23OHlpN66p0KyMLiFUUQdH/cD5jGCQVld/dCOBuwusYE+QHJdSdPSDCM2HuP0pKsXzbI5lbEIVgZFlKne1b/sXkhinwZAOJayY5kROAkWwAinacGOJY0wGeI+7SgMsE+lk0zvSI1j5fQMLxTqBWBM3d8TCfalHPmu6vQxDOR8bWL+V+vE4J07CQuiGGhAZou8mBsQGpNQjB4TlAAfKcBEMPVXgwywwARUdAUVgjV/8iI0K2WrWq7enBZrF1kceXSAjlAJWegM1dAVqqMGIugRPaNX9KY9aS/au/Yxa81p2cw++iPt8wfzj5oE</latexit>

�L2(pizza) <latexit sha1_base64="H+NisKUht/6djKt5oGatKGxbzvE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEq8eiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/ah/0S9X3Ko7B/lLvJxUIEejX/7sDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5scqAhLG2pZDM1Z8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyX9I6q3q1au3uvFK/zuMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzf8442f</latexit>

h5



Sequence-to-Sequence  
with RNNs

BOS

I

like

pizza

<latexit sha1_base64="1scdumg/GCdm2ptBmi5Zti8Aybo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjgO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdT+pXM</latexit>�!
h0

<latexit sha1_base64="XIAuq21XZiaUaJC+isp+HYUjzj8=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjQO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdVf5XN</latexit>�!
h1

<latexit sha1_base64="OB7lNOLSIuTeMKquWJszSX5y9YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyUpRV0W3bisYB/QhjCZTtqhk0yYmSg1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3niDhTGnH+bYKK6tr6xvFzdLW9s7unr1/0FIilYQ2ieBCdgKsKGcxbWqmOe0kkuIo4LQdjK6nfvueSsVEfKfHCfUiPIhZyAjWRvLto54wtmSDocZSiods6Fcnvl12Ks4MaJm4OSlDjoZvf/X6gqQRjTXhWKmu6yTay7DUjHA6KfVSRRNMRnhAu4bGOKLKy2bXT9CpUfooFNJUrNFM/T2R4UipcRSYzgjroVr0puJ/XjfV4aWXsThJNY3JfFGYcqQFmkaB+kxSovnYEEwkM7ciMsQSE20CK5kQ3MWXl0mrWnHPK7XbWrl+lcdRhGM4gTNw4QLqcAMNaAKBR3iGV3iznqwX6936mLcWrHzmEP7A+vwBVwSVzg==</latexit>�!
h2

<latexit sha1_base64="wRpO1c51+BEGUUQMAjONxPNw2Ys=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUm0qMuiG5cV7APaECbTSTt0MhNmbpQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5hwpsF1v63C0vLK6lpxvbSxubW9Y+/uNbVMFaENIrlU7RBrypmgDWDAaTtRFMchp61weD3xW/dUaSbFHYwS6se4L1jECAYjBfZBVxpbsf4AsFLyIRsEZ+PALrsVdwpnkXg5KaMc9cD+6vYkSWMqgHCsdcdzE/AzrIARTselbqppgskQ92nHUIFjqv1sev3YOTZKz4mkMiXAmaq/JzIcaz2KQ9MZYxjoeW8i/ud1Uogu/YyJJAUqyGxRlHIHpDOJwukxRQnwkSGYKGZudcgAK0zABFYyIXjzLy+S5mnFO69Ub6vl2lUeRxEdoiN0gjx0gWroBtVRAxH0iJ7RK3qznqwX6936mLUWrHxmH/2B9fkDWImVzw==</latexit>�!
h3

<latexit sha1_base64="lwGM8FQKAQx8Q6KSxsLtwOlrq/c=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiRS1GXRjcsK9gFtCJPppBk6yYSZiVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVLOlHacb2tpeWV1bb20Ud7c2t7Ztff2W0pkktAmEVzIToAV5SyhTc00p51UUhwHnLaD4fXEb99TqZhI7vQopV6MBwkLGcHaSL592BPGlmwQaSyleMgjvzb27YpTdaZAi8QtSAUKNHz7q9cXJItpognHSnVdJ9VejqVmhNNxuZcpmmIyxAPaNTTBMVVePr1+jE6M0kehkKYSjabq74kcx0qN4sB0xlhHat6biP953UyHl17OkjTTNCGzRWHGkRZoEgXqM0mJ5iNDMJHM3IpIhCUm2gRWNiG48y8vktZZ1T2v1m5rlfpVEUcJjuAYTsGFC6jDDTSgCQQe4Rle4c16sl6sd+tj1rpkFTMH8AfW5w9aDpXQ</latexit>�!
h4

EOS

<latexit sha1_base64="9zegHgC6fcrm6cJn3vawqFlaY4E=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo2WqKGtTKaTqBUQzwWPWBg6C9RLFSBQI1g0mNzO/+8CU5jK+hyxhXkRGMQ85JWAk364OpLEFC4EoJR/zse9Mfbvm1J058CpxC1JDBVq+/TUYSppGLAYqiNZ910nAy4kCTgWbVgapZgmhEzJifUNjEjHt5fPjp/jUKEMcSmUqBjxXf0/kJNI6iwLTGREY62VvJv7n9VMIr7ycx0kKLKaLRWEqMEg8SwIPuWIURGYIoYqbWzEdE0UomLwqJgR3+eVV0jmvuxf1xl2j1rwu4iijY3SCzpCLLlET3aIWaiOKMvSMXtGb9WS9WO/Wx6K1ZBUzVfQH1ucPeB2VTw==</latexit> �
h0

<latexit sha1_base64="WSQWhUzevdhciDwYd+KHnX0/3TE=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOy7U9+uOXVnDrRK3ILUoEDLt78GQ0HSiMaacKxU33US7eVYakY4nVYGqaIJJhM8on1DYxxR5eXz46fo1ChDFAppKtZorv6eyHGkVBYFpjPCeqyWvZn4n9dPdXjl5SxOUk1jslgUphxpgWZJoCGTlGieGYKJZOZWRMZYYqJNXhUTgrv88irpnNfdi3rjrlFrXhdxlOEYTuAMXLiEJtxCC9pAIINneIU368l6sd6tj0VrySpmqvAH1ucPeaKVUA==</latexit> �
h1

<latexit sha1_base64="iocsfVtY3oEJ/wFmh6VNHm3X0Hk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lKUY9FLx4r2FZoQ9hsJ+3SzW7Y3Sgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmhQmjSrvut1VaW9/Y3CpvV3Z29/YP7MOjrhKpJNAhggl5H2IFjHLoaKoZ3CcScBwy6IWT65nfewCpqOB3OkvAj/GI04gSrI0U2NWBMDaDSGMpxWM+DhrTwK65dXcOZ5V4BamhAu3A/hoMBUlj4JowrFTfcxPt51hqShhMK4NUQYLJBI+gbyjHMSg/nx8/dU6NMnQiIU1x7czV3xM5jpXK4tB0xliP1bI3E//z+qmOLv2c8iTVwMliUZQyRwtnloQzpBKIZpkhmEhqbnXIGEtMtMmrYkLwll9eJd1G3TuvN2+btdZVEUcZHaMTdIY8dIFa6Aa1UQcRlKFn9IrerCfrxXq3PhatJauYqaI/sD5/AHsnlVE=</latexit> �
h2

<latexit sha1_base64="kvBFjl4Dqj6Y1OKfRp47zb8/6hg=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVBIt6rHoxWMF+wFtCJvtpl26yYbdjRJC/StePCji1R/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYViKVhLaI4EJ2A6woZzFtaaY57SaS4ijgtBOMb6Z+54FKxUR8r7OEehEexixkBGsj+XalL4zNaaixlOIxH/nnE9+uOjVnBrRM3IJUoUDTt7/6A0HSiMaacKxUz3US7eVYakY4nZT7qaIJJmM8pD1DYxxR5eWz4yfoxCgDFAppKtZopv6eyHGkVBYFpjPCeqQWvan4n9dLdXjl5SxOUk1jMl8UphxpgaZJoAGTlGieGYKJZOZWREZYYqJNXmUTgrv48jJpn9Xci1r9rl5tXBdxlOAIjuEUXLiEBtxCE1pAIINneIU368l6sd6tj3nrilXMVOAPrM8ffKyVUg==</latexit> �
h3

<latexit sha1_base64="Wdh2q0QuTdIUr7kcsjEagUSIJzQ=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOw3pr5dc+rOHGiVuAWpQYGWb38NhoKkEY014Vipvusk2sux1IxwOq0MUkUTTCZ4RPuGxjiiysvnx0/RqVGGKBTSVKzRXP09keNIqSwKTGeE9VgtezPxP6+f6vDKy1mcpJrGZLEoTDnSAs2SQEMmKdE8MwQTycytiIyxxESbvComBHf55VXSOa+7F/XGXaPWvC7iKMMxnMAZuHAJTbiFFrSBQAbP8Apv1pP1Yr1bH4vWklXMVOEPrM8ffjGVUw==</latexit> �
h4

Encode

<latexit sha1_base64="3yBX6PA8MuRYxuO8JYuMESIDlMY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOpf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL1atXZ/Wanf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wf7X42e</latexit>

h4

<latexit sha1_base64="H+NisKUht/6djKt5oGatKGxbzvE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEq8eiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/ah/0S9X3Ko7B/lLvJxUIEejX/7sDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5scqAhLG2pZDM1Z8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyX9I6q3q1au3uvFK/zuMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzf8442f</latexit>

h5

Decode<latexit sha1_base64="OiOB144p8KySRQZh4BxHLVuQ2JA="></latexit>

Enc(x) = Pool
�
h1, . . . , h|x|

�
2 Rd

<latexit sha1_base64="BLD423yzviVm46txMjJh8ZFY7jc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/ah/3i9X3Ko7B/lLvJxUIEejX/7sDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5scqAhLG2pZDM1Z8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyX9I6q3q1au3uolK/zuMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzf5242d</latexit>

h3

<latexit sha1_base64="+QuQ58XVino6+hScoHmmH43bUWc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6GPWr/VLZrbhzkFXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQu5ZKGqH2s/mpU3JulQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtO0YbgLb+8SlrViler1O4vy/WbPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AH4V42c</latexit>

h2

pizza EOS

la

piace

mi

pizza

la

piace

BOS

<latexit sha1_base64="Kkz5qLszyX5P9/KISnagrUBKHKQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH2042b</latexit>

h1
mi



parameters of 
decoder model

embedding of 
sequence to 
translate

“previously-generated” 
(teacher-forcing) tokens 

for example (i)

Training

• Given a training dataset of bitexts  

• We want to find parameters that maximize the probability 
of target sequences    conditioned on input sequence  

<latexit sha1_base64="LYWozuq3H6wKx4Amb2brsiAbWq4="></latexit>

D =
n⇣

x(i)
L1, y

(i)
L2

⌘oM

i=1

<latexit sha1_base64="SrBrpWzHYFEGvjTp+wNTwBoUEVE=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ad0hpJJM21oJhmSjDAM/Q03LhRx68+482/MtLPQ6oHA4Zx7uDcnTDjTxnW/nMra+sbmVnW7trO7t39QPzzqaZkqQrtEcqkGIdaUM0G7hhlOB4miOA457Yez28LvP1KlmRQPJktoEOOJYBEj2FjJ96U1i2yezUf1htt0F0B/iVeSBpTojOqf/liSNKbCEI61HnpuYoIcK8MIp/Oan2qaYDLDEzq0VOCY6iBf3DxHZ1YZo0gq+4RBC/VnIsex1lkc2skYm6le9QrxP2+Ymug6yJlIUkMFWS6KUo6MREUBaMwUJYZnlmCimL0VkSlWmBhbU82W4K1++S/pXTS9VrN1f9lo35R1VOEETuEcPLiCNtxBB7pAIIEneIFXJ3WenTfnfTlaccrMMfyC8/ENxJGSLg==</latexit>

y
<latexit sha1_base64="3q3Eb0Z4UAt3V16MIdThqJNzxig=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ad0hpJJM21oJhmSjFiG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uDcnTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaT29zvPlKlmRQPZprQIMYjwSJGsLGS70tr5tnsaTao1ty6OwdaJV5BalCgNah++UNJ0pgKQzjWuu+5iQkyrAwjnM4qfqppgskEj2jfUoFjqoNsfvMMnVlliCKp7BMGzdXfiQzHWk/j0E7G2Iz1speL/3n91ETXQcZEkhoqyGJRlHJkJMoLQEOmKDF8agkmitlbERljhYmxNVVsCd7yl1dJ56LuNeqN+8ta86aoowwncArn4MEVNOEOWtAGAgk8wyu8Oanz4rw7H4vRklNkjuEPnM8fwwySLQ==</latexit>

x
<latexit sha1_base64="q/fM12tbnv76nmpVuhgi7c+kh/k="></latexit>

✓⇤ = argmax
✓

0

B@�
MX

i=1

���y(i)
L2

���X

j=1

log p
⇣
y(i)j | y(i)1 , . . . , y(i)j�1,Enc✓enc

⇣
x(i)
L1

⌘
; ✓dec

⌘
1

CA



parameters of 
decoder model

embedding of 
sequence to 
translate

“previously-generated” 
(teacher-forcing) tokens 

for example (i)

Training

• Given a training dataset of bitexts  

• We want to find parameters that maximize the probability 
of target sequences    conditioned on input sequence 
 
 
 
 
 

• Options for backprop: use pre-trained         and freeze, or 
finetune by backprop directly     

<latexit sha1_base64="LYWozuq3H6wKx4Amb2brsiAbWq4="></latexit>

D =
n⇣

x(i)
L1, y

(i)
L2

⌘oM

i=1

<latexit sha1_base64="SrBrpWzHYFEGvjTp+wNTwBoUEVE=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ad0hpJJM21oJhmSjDAM/Q03LhRx68+482/MtLPQ6oHA4Zx7uDcnTDjTxnW/nMra+sbmVnW7trO7t39QPzzqaZkqQrtEcqkGIdaUM0G7hhlOB4miOA457Yez28LvP1KlmRQPJktoEOOJYBEj2FjJ96U1i2yezUf1htt0F0B/iVeSBpTojOqf/liSNKbCEI61HnpuYoIcK8MIp/Oan2qaYDLDEzq0VOCY6iBf3DxHZ1YZo0gq+4RBC/VnIsex1lkc2skYm6le9QrxP2+Ymug6yJlIUkMFWS6KUo6MREUBaMwUJYZnlmCimL0VkSlWmBhbU82W4K1++S/pXTS9VrN1f9lo35R1VOEETuEcPLiCNtxBB7pAIIEneIFXJ3WenTfnfTlaccrMMfyC8/ENxJGSLg==</latexit>

y
<latexit sha1_base64="3q3Eb0Z4UAt3V16MIdThqJNzxig=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ad0hpJJM21oJhmSjFiG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uDcnTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaT29zvPlKlmRQPZprQIMYjwSJGsLGS70tr5tnsaTao1ty6OwdaJV5BalCgNah++UNJ0pgKQzjWuu+5iQkyrAwjnM4qfqppgskEj2jfUoFjqoNsfvMMnVlliCKp7BMGzdXfiQzHWk/j0E7G2Iz1speL/3n91ETXQcZEkhoqyGJRlHJkJMoLQEOmKDF8agkmitlbERljhYmxNVVsCd7yl1dJ56LuNeqN+8ta86aoowwncArn4MEVNOEOWtAGAgk8wyu8Oanz4rw7H4vRklNkjuEPnM8fwwySLQ==</latexit>

x
<latexit sha1_base64="q/fM12tbnv76nmpVuhgi7c+kh/k="></latexit>

✓⇤ = argmax
✓

0

B@�
MX

i=1

���y(i)
L2

���X

j=1

log p
⇣
y(i)j | y(i)1 , . . . , y(i)j�1,Enc✓enc

⇣
x(i)
L1

⌘
; ✓dec

⌘
1

CA

<latexit sha1_base64="pqHIr0L+AcU72SD4LlUWcED/lB8=">AAAB+nicbVDLSgNBEJyNrxhfiR69DAbBU9gViR6DXjxGMA9IlmV20kmGzD6Y6VXDmk/x4kERr36JN//G2bgHTSxoKKq66e7yYyk02vaXVVhZXVvfKG6WtrZ3dvfKlf22jhLFocUjGamuzzRIEUILBUroxgpY4Evo+JOrzO/cgdIiCm9xGoMbsFEohoIzNJJXrvRxDMi8PsIDphDymVeu2jV7DrpMnJxUSY6mV/7sDyKeBBAil0zrnmPH6KZMoeASZqV+oiFmfMJG0DM0ZAFoN52fPqPHRhnQYaRMhUjn6u+JlAVaTwPfdAYMx3rRy8T/vF6Cwws3FWGcYPbVfNEwkRQjmuVAB0IBRzk1hHElzK2Uj5liHE1aJROCs/jyMmmf1px6rX5zVm1c5nEUySE5IifEIeekQa5Jk7QIJ/fkibyQV+vRerberPef1oKVzxyQP7A+vgEAG5SA</latexit>

✓enc
<latexit sha1_base64="Dn0QTNkBJyJe88wCM3ktP10OPrQ=">AAACHnicbVDLSgNBEJyNrxhfqx69DAbBU9gVjV6EoBePEcwDsiHMTjrJkNkHM71iWPIlXvwVLx4UETzp3zib5KCJBQNFVTc9VX4shUbH+bZyS8srq2v59cLG5tb2jr27V9dRojjUeCQj1fSZBilCqKFACc1YAQt8CQ1/eJ35jXtQWkThHY5iaAesH4qe4AyN1LHPPBwAMnpJp6STeggPmELIx2Pq8SSeM7pgjI5ddErOBHSRuDNSJDNUO/an1414EkCIXDKtW64TYztlCgWXMC54iYaY8SHrQ8vQkAWg2+kk3pgeGaVLe5EyL0Q6UX9vpCzQehT4ZjJgONDzXib+57US7F20UxHGCWZ5J4d6iaQY0awr2hUKOMqRIYwrYf5K+YApxtE0WjAluPORF0n9pOSWS+Xb02LlalZHnhyQQ3JMXHJOKuSGVEmNcPJInskrebOerBfr3fqYjuas2c4++QPr6wcUW6PB</latexit>

✓ = ✓enc [ ✓dec



Sequence-to-Sequence Tasks

• Machine translation 

• Summarization (long text → short text) 

• Dialogue (previous utterances → next utterance) 

• Syntactic parsing (input sentence → serialized parse) 

• Code generation (natural language → Python code)

<latexit sha1_base64="nIlopxjouIDMP6v8WUkJ/NCRRyk=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0Wom5KIVJdFNy4r2AekoUwmk3boPMLMRAyhn+HGhSJu/Rp3/o3TNgttPXDhcM693HtPmDCqjet+O6W19Y3NrfJ2ZWd3b/+genjU1TJVmHSwZFL1Q6QJo4J0DDWM9BNFEA8Z6YWT25nfeyRKUykeTJaQgKORoDHFyFjJT+oZHHAawafzYbXmNtw54CrxClIDBdrD6tcgkjjlRBjMkNa+5yYmyJEyFDMyrQxSTRKEJ2hEfEsF4kQH+fzkKTyzSgRjqWwJA+fq74kcca0zHtpOjsxYL3sz8T/PT018HeRUJKkhAi8WxSmDRsLZ/zCiimDDMksQVtTeCvEYKYSNTaliQ/CWX14l3YuG12w07y9rrZsijjI4AaegDjxwBVrgDrRBB2AgwTN4BW+OcV6cd+dj0Vpyiplj8AfO5w8R95B7</latexit>

p(y | x)



Limitations of  
Vanilla Seq2Seq RNN

BOS

I

like

pizza

<latexit sha1_base64="1scdumg/GCdm2ptBmi5Zti8Aybo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjgO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdT+pXM</latexit>�!
h0

<latexit sha1_base64="XIAuq21XZiaUaJC+isp+HYUjzj8=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjQO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdVf5XN</latexit>�!
h1

<latexit sha1_base64="OB7lNOLSIuTeMKquWJszSX5y9YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyUpRV0W3bisYB/QhjCZTtqhk0yYmSg1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3niDhTGnH+bYKK6tr6xvFzdLW9s7unr1/0FIilYQ2ieBCdgKsKGcxbWqmOe0kkuIo4LQdjK6nfvueSsVEfKfHCfUiPIhZyAjWRvLto54wtmSDocZSiods6Fcnvl12Ks4MaJm4OSlDjoZvf/X6gqQRjTXhWKmu6yTay7DUjHA6KfVSRRNMRnhAu4bGOKLKy2bXT9CpUfooFNJUrNFM/T2R4UipcRSYzgjroVr0puJ/XjfV4aWXsThJNY3JfFGYcqQFmkaB+kxSovnYEEwkM7ciMsQSE20CK5kQ3MWXl0mrWnHPK7XbWrl+lcdRhGM4gTNw4QLqcAMNaAKBR3iGV3iznqwX6936mLcWrHzmEP7A+vwBVwSVzg==</latexit>�!
h2

<latexit sha1_base64="wRpO1c51+BEGUUQMAjONxPNw2Ys=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUm0qMuiG5cV7APaECbTSTt0MhNmbpQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5hwpsF1v63C0vLK6lpxvbSxubW9Y+/uNbVMFaENIrlU7RBrypmgDWDAaTtRFMchp61weD3xW/dUaSbFHYwS6se4L1jECAYjBfZBVxpbsf4AsFLyIRsEZ+PALrsVdwpnkXg5KaMc9cD+6vYkSWMqgHCsdcdzE/AzrIARTselbqppgskQ92nHUIFjqv1sev3YOTZKz4mkMiXAmaq/JzIcaz2KQ9MZYxjoeW8i/ud1Uogu/YyJJAUqyGxRlHIHpDOJwukxRQnwkSGYKGZudcgAK0zABFYyIXjzLy+S5mnFO69Ub6vl2lUeRxEdoiN0gjx0gWroBtVRAxH0iJ7RK3qznqwX6936mLUWrHxmH/2B9fkDWImVzw==</latexit>�!
h3

<latexit sha1_base64="lwGM8FQKAQx8Q6KSxsLtwOlrq/c=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiRS1GXRjcsK9gFtCJPppBk6yYSZiVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVLOlHacb2tpeWV1bb20Ud7c2t7Ztff2W0pkktAmEVzIToAV5SyhTc00p51UUhwHnLaD4fXEb99TqZhI7vQopV6MBwkLGcHaSL592BPGlmwQaSyleMgjvzb27YpTdaZAi8QtSAUKNHz7q9cXJItpognHSnVdJ9VejqVmhNNxuZcpmmIyxAPaNTTBMVVePr1+jE6M0kehkKYSjabq74kcx0qN4sB0xlhHat6biP953UyHl17OkjTTNCGzRWHGkRZoEgXqM0mJ5iNDMJHM3IpIhCUm2gRWNiG48y8vktZZ1T2v1m5rlfpVEUcJjuAYTsGFC6jDDTSgCQQe4Rle4c16sl6sd+tj1rpkFTMH8AfW5w9aDpXQ</latexit>�!
h4

EOS

<latexit sha1_base64="9zegHgC6fcrm6cJn3vawqFlaY4E=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo2WqKGtTKaTqBUQzwWPWBg6C9RLFSBQI1g0mNzO/+8CU5jK+hyxhXkRGMQ85JWAk364OpLEFC4EoJR/zse9Mfbvm1J058CpxC1JDBVq+/TUYSppGLAYqiNZ910nAy4kCTgWbVgapZgmhEzJifUNjEjHt5fPjp/jUKEMcSmUqBjxXf0/kJNI6iwLTGREY62VvJv7n9VMIr7ycx0kKLKaLRWEqMEg8SwIPuWIURGYIoYqbWzEdE0UomLwqJgR3+eVV0jmvuxf1xl2j1rwu4iijY3SCzpCLLlET3aIWaiOKMvSMXtGb9WS9WO/Wx6K1ZBUzVfQH1ucPeB2VTw==</latexit> �
h0

<latexit sha1_base64="WSQWhUzevdhciDwYd+KHnX0/3TE=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOy7U9+uOXVnDrRK3ILUoEDLt78GQ0HSiMaacKxU33US7eVYakY4nVYGqaIJJhM8on1DYxxR5eXz46fo1ChDFAppKtZorv6eyHGkVBYFpjPCeqyWvZn4n9dPdXjl5SxOUk1jslgUphxpgWZJoCGTlGieGYKJZOZWRMZYYqJNXhUTgrv88irpnNfdi3rjrlFrXhdxlOEYTuAMXLiEJtxCC9pAIINneIU368l6sd6tj0VrySpmqvAH1ucPeaKVUA==</latexit> �
h1

<latexit sha1_base64="iocsfVtY3oEJ/wFmh6VNHm3X0Hk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lKUY9FLx4r2FZoQ9hsJ+3SzW7Y3Sgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmhQmjSrvut1VaW9/Y3CpvV3Z29/YP7MOjrhKpJNAhggl5H2IFjHLoaKoZ3CcScBwy6IWT65nfewCpqOB3OkvAj/GI04gSrI0U2NWBMDaDSGMpxWM+DhrTwK65dXcOZ5V4BamhAu3A/hoMBUlj4JowrFTfcxPt51hqShhMK4NUQYLJBI+gbyjHMSg/nx8/dU6NMnQiIU1x7czV3xM5jpXK4tB0xliP1bI3E//z+qmOLv2c8iTVwMliUZQyRwtnloQzpBKIZpkhmEhqbnXIGEtMtMmrYkLwll9eJd1G3TuvN2+btdZVEUcZHaMTdIY8dIFa6Aa1UQcRlKFn9IrerCfrxXq3PhatJauYqaI/sD5/AHsnlVE=</latexit> �
h2

<latexit sha1_base64="kvBFjl4Dqj6Y1OKfRp47zb8/6hg=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVBIt6rHoxWMF+wFtCJvtpl26yYbdjRJC/StePCji1R/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYViKVhLaI4EJ2A6woZzFtaaY57SaS4ijgtBOMb6Z+54FKxUR8r7OEehEexixkBGsj+XalL4zNaaixlOIxH/nnE9+uOjVnBrRM3IJUoUDTt7/6A0HSiMaacKxUz3US7eVYakY4nZT7qaIJJmM8pD1DYxxR5eWz4yfoxCgDFAppKtZopv6eyHGkVBYFpjPCeqQWvan4n9dLdXjl5SxOUk1jMl8UphxpgaZJoAGTlGieGYKJZOZWREZYYqJNXmUTgrv48jJpn9Xci1r9rl5tXBdxlOAIjuEUXLiEBtxCE1pAIINneIU368l6sd6tj3nrilXMVOAPrM8ffKyVUg==</latexit> �
h3

<latexit sha1_base64="Wdh2q0QuTdIUr7kcsjEagUSIJzQ=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOw3pr5dc+rOHGiVuAWpQYGWb38NhoKkEY014Vipvusk2sux1IxwOq0MUkUTTCZ4RPuGxjiiysvnx0/RqVGGKBTSVKzRXP09keNIqSwKTGeE9VgtezPxP6+f6vDKy1mcpJrGZLEoTDnSAs2SQEMmKdE8MwQTycytiIyxxESbvComBHf55VXSOa+7F/XGXaPWvC7iKMMxnMAZuHAJTbiFFrSBQAbP8Apv1pP1Yr1bH4vWklXMVOEPrM8ffjGVUw==</latexit> �
h4

Encode

<latexit sha1_base64="3yBX6PA8MuRYxuO8JYuMESIDlMY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOpf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL1atXZ/Wanf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wf7X42e</latexit>

h4

<latexit sha1_base64="H+NisKUht/6djKt5oGatKGxbzvE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEq8eiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/ah/0S9X3Ko7B/lLvJxUIEejX/7sDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5scqAhLG2pZDM1Z8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyX9I6q3q1au3uvFK/zuMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzf8442f</latexit>

h5

Decode<latexit sha1_base64="OiOB144p8KySRQZh4BxHLVuQ2JA="></latexit>

Enc(x) = Pool
�
h1, . . . , h|x|

�
2 Rd

<latexit sha1_base64="BLD423yzviVm46txMjJh8ZFY7jc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/ah/3i9X3Ko7B/lLvJxUIEejX/7sDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5scqAhLG2pZDM1Z8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyX9I6q3q1au3uolK/zuMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzf5242d</latexit>

h3

<latexit sha1_base64="+QuQ58XVino6+hScoHmmH43bUWc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6GPWr/VLZrbhzkFXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQu5ZKGqH2s/mpU3JulQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtO0YbgLb+8SlrViler1O4vy/WbPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AH4V42c</latexit>

h2
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BOS

<latexit sha1_base64="Kkz5qLszyX5P9/KISnagrUBKHKQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH2042b</latexit>

h1

Problem 2 
Fixed-size representation of entire 

input sequence.

Problem 1 
Long-distance dependencies are harder to 

represent than shorter ones. 

The federal government wants to do something about 
the high prices for gas, electricity, and fuel 

    Die Bundesregierung will etwas gegen die hohen 
Preise für Gas, Strom und Treibstoff machen.

Problem 3 
We have to encode the input 

sequence token-by-token O(n)

mi



Problem 1: Long-Distance 
Dependencies
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pizza

<latexit sha1_base64="1scdumg/GCdm2ptBmi5Zti8Aybo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjgO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdT+pXM</latexit>�!
h0

<latexit sha1_base64="XIAuq21XZiaUaJC+isp+HYUjzj8=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjQO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdVf5XN</latexit>�!
h1

<latexit sha1_base64="OB7lNOLSIuTeMKquWJszSX5y9YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyUpRV0W3bisYB/QhjCZTtqhk0yYmSg1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3niDhTGnH+bYKK6tr6xvFzdLW9s7unr1/0FIilYQ2ieBCdgKsKGcxbWqmOe0kkuIo4LQdjK6nfvueSsVEfKfHCfUiPIhZyAjWRvLto54wtmSDocZSiods6Fcnvl12Ks4MaJm4OSlDjoZvf/X6gqQRjTXhWKmu6yTay7DUjHA6KfVSRRNMRnhAu4bGOKLKy2bXT9CpUfooFNJUrNFM/T2R4UipcRSYzgjroVr0puJ/XjfV4aWXsThJNY3JfFGYcqQFmkaB+kxSovnYEEwkM7ciMsQSE20CK5kQ3MWXl0mrWnHPK7XbWrl+lcdRhGM4gTNw4QLqcAMNaAKBR3iGV3iznqwX6936mLcWrHzmEP7A+vwBVwSVzg==</latexit>�!
h2

<latexit sha1_base64="wRpO1c51+BEGUUQMAjONxPNw2Ys=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUm0qMuiG5cV7APaECbTSTt0MhNmbpQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5hwpsF1v63C0vLK6lpxvbSxubW9Y+/uNbVMFaENIrlU7RBrypmgDWDAaTtRFMchp61weD3xW/dUaSbFHYwS6se4L1jECAYjBfZBVxpbsf4AsFLyIRsEZ+PALrsVdwpnkXg5KaMc9cD+6vYkSWMqgHCsdcdzE/AzrIARTselbqppgskQ92nHUIFjqv1sev3YOTZKz4mkMiXAmaq/JzIcaz2KQ9MZYxjoeW8i/ud1Uogu/YyJJAUqyGxRlHIHpDOJwukxRQnwkSGYKGZudcgAK0zABFYyIXjzLy+S5mnFO69Ub6vl2lUeRxEdoiN0gjx0gWroBtVRAxH0iJ7RK3qznqwX6936mLUWrHxmH/2B9fkDWImVzw==</latexit>�!
h3

<latexit sha1_base64="lwGM8FQKAQx8Q6KSxsLtwOlrq/c=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiRS1GXRjcsK9gFtCJPppBk6yYSZiVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVLOlHacb2tpeWV1bb20Ud7c2t7Ztff2W0pkktAmEVzIToAV5SyhTc00p51UUhwHnLaD4fXEb99TqZhI7vQopV6MBwkLGcHaSL592BPGlmwQaSyleMgjvzb27YpTdaZAi8QtSAUKNHz7q9cXJItpognHSnVdJ9VejqVmhNNxuZcpmmIyxAPaNTTBMVVePr1+jE6M0kehkKYSjabq74kcx0qN4sB0xlhHat6biP953UyHl17OkjTTNCGzRWHGkRZoEgXqM0mJ5iNDMJHM3IpIhCUm2gRWNiG48y8vktZZ1T2v1m5rlfpVEUcJjuAYTsGFC6jDDTSgCQQe4Rle4c16sl6sd+tj1rpkFTMH8AfW5w9aDpXQ</latexit>�!
h4

EOS

<latexit sha1_base64="9zegHgC6fcrm6cJn3vawqFlaY4E=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo2WqKGtTKaTqBUQzwWPWBg6C9RLFSBQI1g0mNzO/+8CU5jK+hyxhXkRGMQ85JWAk364OpLEFC4EoJR/zse9Mfbvm1J058CpxC1JDBVq+/TUYSppGLAYqiNZ910nAy4kCTgWbVgapZgmhEzJifUNjEjHt5fPjp/jUKEMcSmUqBjxXf0/kJNI6iwLTGREY62VvJv7n9VMIr7ycx0kKLKaLRWEqMEg8SwIPuWIURGYIoYqbWzEdE0UomLwqJgR3+eVV0jmvuxf1xl2j1rwu4iijY3SCzpCLLlET3aIWaiOKMvSMXtGb9WS9WO/Wx6K1ZBUzVfQH1ucPeB2VTw==</latexit> �
h0

<latexit sha1_base64="WSQWhUzevdhciDwYd+KHnX0/3TE=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOy7U9+uOXVnDrRK3ILUoEDLt78GQ0HSiMaacKxU33US7eVYakY4nVYGqaIJJhM8on1DYxxR5eXz46fo1ChDFAppKtZorv6eyHGkVBYFpjPCeqyWvZn4n9dPdXjl5SxOUk1jslgUphxpgWZJoCGTlGieGYKJZOZWRMZYYqJNXhUTgrv88irpnNfdi3rjrlFrXhdxlOEYTuAMXLiEJtxCC9pAIINneIU368l6sd6tj0VrySpmqvAH1ucPeaKVUA==</latexit> �
h1

<latexit sha1_base64="iocsfVtY3oEJ/wFmh6VNHm3X0Hk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lKUY9FLx4r2FZoQ9hsJ+3SzW7Y3Sgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmhQmjSrvut1VaW9/Y3CpvV3Z29/YP7MOjrhKpJNAhggl5H2IFjHLoaKoZ3CcScBwy6IWT65nfewCpqOB3OkvAj/GI04gSrI0U2NWBMDaDSGMpxWM+DhrTwK65dXcOZ5V4BamhAu3A/hoMBUlj4JowrFTfcxPt51hqShhMK4NUQYLJBI+gbyjHMSg/nx8/dU6NMnQiIU1x7czV3xM5jpXK4tB0xliP1bI3E//z+qmOLv2c8iTVwMliUZQyRwtnloQzpBKIZpkhmEhqbnXIGEtMtMmrYkLwll9eJd1G3TuvN2+btdZVEUcZHaMTdIY8dIFa6Aa1UQcRlKFn9IrerCfrxXq3PhatJauYqaI/sD5/AHsnlVE=</latexit> �
h2

<latexit sha1_base64="kvBFjl4Dqj6Y1OKfRp47zb8/6hg=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVBIt6rHoxWMF+wFtCJvtpl26yYbdjRJC/StePCji1R/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYViKVhLaI4EJ2A6woZzFtaaY57SaS4ijgtBOMb6Z+54FKxUR8r7OEehEexixkBGsj+XalL4zNaaixlOIxH/nnE9+uOjVnBrRM3IJUoUDTt7/6A0HSiMaacKxUz3US7eVYakY4nZT7qaIJJmM8pD1DYxxR5eWz4yfoxCgDFAppKtZopv6eyHGkVBYFpjPCeqQWvan4n9dLdXjl5SxOUk1jMl8UphxpgaZJoAGTlGieGYKJZOZWREZYYqJNXmUTgrv48jJpn9Xci1r9rl5tXBdxlOAIjuEUXLiEBtxCE1pAIINneIU368l6sd6tj3nrilXMVOAPrM8ffKyVUg==</latexit> �
h3

<latexit sha1_base64="Wdh2q0QuTdIUr7kcsjEagUSIJzQ=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOw3pr5dc+rOHGiVuAWpQYGWb38NhoKkEY014Vipvusk2sux1IxwOq0MUkUTTCZ4RPuGxjiiysvnx0/RqVGGKBTSVKzRXP09keNIqSwKTGeE9VgtezPxP6+f6vDKy1mcpJrGZLEoTDnSAs2SQEMmKdE8MwQTycytiIyxxESbvComBHf55VXSOa+7F/XGXaPWvC7iKMMxnMAZuHAJTbiFFrSBQAbP8Apv1pP1Yr1bH4vWklXMVOEPrM8ffjGVUw==</latexit> �
h4

Encode

<latexit sha1_base64="3yBX6PA8MuRYxuO8JYuMESIDlMY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOpf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL1atXZ/Wanf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wf7X42e</latexit>

h4

<latexit sha1_base64="H+NisKUht/6djKt5oGatKGxbzvE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEq8eiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/ah/0S9X3Ko7B/lLvJxUIEejX/7sDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5scqAhLG2pZDM1Z8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyX9I6q3q1au3uvFK/zuMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzf8442f</latexit>

h5

Decode<latexit sha1_base64="OiOB144p8KySRQZh4BxHLVuQ2JA="></latexit>

Enc(x) = Pool
�
h1, . . . , h|x|

�
2 Rd

<latexit sha1_base64="BLD423yzviVm46txMjJh8ZFY7jc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/ah/3i9X3Ko7B/lLvJxUIEejX/7sDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5scqAhLG2pZDM1Z8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyX9I6q3q1au3uolK/zuMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzf5242d</latexit>

h3

<latexit sha1_base64="+QuQ58XVino6+hScoHmmH43bUWc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6GPWr/VLZrbhzkFXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQu5ZKGqH2s/mpU3JulQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtO0YbgLb+8SlrViler1O4vy/WbPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AH4V42c</latexit>

h2

pizza EOS

la

piace

mi

pizza

la

piace

BOS

<latexit sha1_base64="Kkz5qLszyX5P9/KISnagrUBKHKQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH2042b</latexit>

h1

Update new hidden state wrt encoded input, e.g:
<latexit sha1_base64="SyOMo/skLvNji+x02CT+z8E2wh0="></latexit>

hi = �(Wh [hi�1; Enc(x)] +We�(yi) + b1)

<latexit sha1_base64="kNb2Bjr1wubx7V6nl+iBbyFNCYE="></latexit>

hi = f(hi�1,Enc(x),�(yi))

mi



equally weight  
contribution of each 

input token / index 

Problem 2: Fixed-Size  
Sentence Embedding

<latexit sha1_base64="pUtRsgqHVxQs0EsVpg3vi1u4pLk="></latexit>

MeanPool(h1, . . . , h|x|) =
1

|x|

|x|X

i=1

hi

<latexit sha1_base64="OiOB144p8KySRQZh4BxHLVuQ2JA="></latexit>

Enc(x) = Pool
�
h1, . . . , h|x|

�
2 Rd

<latexit sha1_base64="E9aT2mPJCTjx1fY2vWJMUHzKOI4=">AAACI3icbVBLS8NAGNzUV62vqEcvi0XwVBKRKkKh6MVjBfuAJobNZtMu3TzY3YglzX/x4l/x4kEpXjz4X9y0OWjrwMIwM9/ufuPGjAppGF9aaWV1bX2jvFnZ2t7Z3dP3DzoiSjgmbRyxiPdcJAijIWlLKhnpxZygwGWk645ucr/7SLigUXgvxzGxAzQIqU8xkkpy9KsGtEQSOCltmNlDOrEilc4vS5+ySWZ5Pkc4NbNFAw4d6uhVo2bMAJeJWZAqKNBy9KnlRTgJSCgxQ0L0TSOWdoq4pJiRrGIlgsQIj9CA9BUNUUCEnc52zOCJUjzoR1ydUMKZ+nsiRYEQ48BVyQDJoVj0cvE/r59I/9JOaRgnkoR4/pCfMCgjmBcGPcoJlmysCMKcqr9CPESqFqlqragSzMWVl0nnrGbWa/W782rzuqijDI7AMTgFJrgATXALWqANMHgGr+AdfGgv2ps21T7n0ZJWzByCP9C+fwBvkKap</latexit>

=

|x|X

i=1

1

|x|hi

BOS

I

like

pizza

<latexit sha1_base64="1scdumg/GCdm2ptBmi5Zti8Aybo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjgO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdT+pXM</latexit>�!
h0

<latexit sha1_base64="XIAuq21XZiaUaJC+isp+HYUjzj8=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjQO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdVf5XN</latexit>�!
h1

<latexit sha1_base64="OB7lNOLSIuTeMKquWJszSX5y9YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyUpRV0W3bisYB/QhjCZTtqhk0yYmSg1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3niDhTGnH+bYKK6tr6xvFzdLW9s7unr1/0FIilYQ2ieBCdgKsKGcxbWqmOe0kkuIo4LQdjK6nfvueSsVEfKfHCfUiPIhZyAjWRvLto54wtmSDocZSiods6Fcnvl12Ks4MaJm4OSlDjoZvf/X6gqQRjTXhWKmu6yTay7DUjHA6KfVSRRNMRnhAu4bGOKLKy2bXT9CpUfooFNJUrNFM/T2R4UipcRSYzgjroVr0puJ/XjfV4aWXsThJNY3JfFGYcqQFmkaB+kxSovnYEEwkM7ciMsQSE20CK5kQ3MWXl0mrWnHPK7XbWrl+lcdRhGM4gTNw4QLqcAMNaAKBR3iGV3iznqwX6936mLcWrHzmEP7A+vwBVwSVzg==</latexit>�!
h2

<latexit sha1_base64="wRpO1c51+BEGUUQMAjONxPNw2Ys=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUm0qMuiG5cV7APaECbTSTt0MhNmbpQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5hwpsF1v63C0vLK6lpxvbSxubW9Y+/uNbVMFaENIrlU7RBrypmgDWDAaTtRFMchp61weD3xW/dUaSbFHYwS6se4L1jECAYjBfZBVxpbsf4AsFLyIRsEZ+PALrsVdwpnkXg5KaMc9cD+6vYkSWMqgHCsdcdzE/AzrIARTselbqppgskQ92nHUIFjqv1sev3YOTZKz4mkMiXAmaq/JzIcaz2KQ9MZYxjoeW8i/ud1Uogu/YyJJAUqyGxRlHIHpDOJwukxRQnwkSGYKGZudcgAK0zABFYyIXjzLy+S5mnFO69Ub6vl2lUeRxEdoiN0gjx0gWroBtVRAxH0iJ7RK3qznqwX6936mLUWrHxmH/2B9fkDWImVzw==</latexit>�!
h3

<latexit sha1_base64="lwGM8FQKAQx8Q6KSxsLtwOlrq/c=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiRS1GXRjcsK9gFtCJPppBk6yYSZiVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVLOlHacb2tpeWV1bb20Ud7c2t7Ztff2W0pkktAmEVzIToAV5SyhTc00p51UUhwHnLaD4fXEb99TqZhI7vQopV6MBwkLGcHaSL592BPGlmwQaSyleMgjvzb27YpTdaZAi8QtSAUKNHz7q9cXJItpognHSnVdJ9VejqVmhNNxuZcpmmIyxAPaNTTBMVVePr1+jE6M0kehkKYSjabq74kcx0qN4sB0xlhHat6biP953UyHl17OkjTTNCGzRWHGkRZoEgXqM0mJ5iNDMJHM3IpIhCUm2gRWNiG48y8vktZZ1T2v1m5rlfpVEUcJjuAYTsGFC6jDDTSgCQQe4Rle4c16sl6sd+tj1rpkFTMH8AfW5w9aDpXQ</latexit>�!
h4

EOS

<latexit sha1_base64="9zegHgC6fcrm6cJn3vawqFlaY4E=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo2WqKGtTKaTqBUQzwWPWBg6C9RLFSBQI1g0mNzO/+8CU5jK+hyxhXkRGMQ85JWAk364OpLEFC4EoJR/zse9Mfbvm1J058CpxC1JDBVq+/TUYSppGLAYqiNZ910nAy4kCTgWbVgapZgmhEzJifUNjEjHt5fPjp/jUKEMcSmUqBjxXf0/kJNI6iwLTGREY62VvJv7n9VMIr7ycx0kKLKaLRWEqMEg8SwIPuWIURGYIoYqbWzEdE0UomLwqJgR3+eVV0jmvuxf1xl2j1rwu4iijY3SCzpCLLlET3aIWaiOKMvSMXtGb9WS9WO/Wx6K1ZBUzVfQH1ucPeB2VTw==</latexit> �
h0

<latexit sha1_base64="WSQWhUzevdhciDwYd+KHnX0/3TE=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOy7U9+uOXVnDrRK3ILUoEDLt78GQ0HSiMaacKxU33US7eVYakY4nVYGqaIJJhM8on1DYxxR5eXz46fo1ChDFAppKtZorv6eyHGkVBYFpjPCeqyWvZn4n9dPdXjl5SxOUk1jslgUphxpgWZJoCGTlGieGYKJZOZWRMZYYqJNXhUTgrv88irpnNfdi3rjrlFrXhdxlOEYTuAMXLiEJtxCC9pAIINneIU368l6sd6tj0VrySpmqvAH1ucPeaKVUA==</latexit> �
h1

<latexit sha1_base64="iocsfVtY3oEJ/wFmh6VNHm3X0Hk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lKUY9FLx4r2FZoQ9hsJ+3SzW7Y3Sgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmhQmjSrvut1VaW9/Y3CpvV3Z29/YP7MOjrhKpJNAhggl5H2IFjHLoaKoZ3CcScBwy6IWT65nfewCpqOB3OkvAj/GI04gSrI0U2NWBMDaDSGMpxWM+DhrTwK65dXcOZ5V4BamhAu3A/hoMBUlj4JowrFTfcxPt51hqShhMK4NUQYLJBI+gbyjHMSg/nx8/dU6NMnQiIU1x7czV3xM5jpXK4tB0xliP1bI3E//z+qmOLv2c8iTVwMliUZQyRwtnloQzpBKIZpkhmEhqbnXIGEtMtMmrYkLwll9eJd1G3TuvN2+btdZVEUcZHaMTdIY8dIFa6Aa1UQcRlKFn9IrerCfrxXq3PhatJauYqaI/sD5/AHsnlVE=</latexit> �
h2

<latexit sha1_base64="kvBFjl4Dqj6Y1OKfRp47zb8/6hg=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVBIt6rHoxWMF+wFtCJvtpl26yYbdjRJC/StePCji1R/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYViKVhLaI4EJ2A6woZzFtaaY57SaS4ijgtBOMb6Z+54FKxUR8r7OEehEexixkBGsj+XalL4zNaaixlOIxH/nnE9+uOjVnBrRM3IJUoUDTt7/6A0HSiMaacKxUz3US7eVYakY4nZT7qaIJJmM8pD1DYxxR5eWz4yfoxCgDFAppKtZopv6eyHGkVBYFpjPCeqQWvan4n9dLdXjl5SxOUk1jMl8UphxpgaZJoAGTlGieGYKJZOZWREZYYqJNXmUTgrv48jJpn9Xci1r9rl5tXBdxlOAIjuEUXLiEBtxCE1pAIINneIU368l6sd6tj3nrilXMVOAPrM8ffKyVUg==</latexit> �
h3

<latexit sha1_base64="Wdh2q0QuTdIUr7kcsjEagUSIJzQ=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOw3pr5dc+rOHGiVuAWpQYGWb38NhoKkEY014Vipvusk2sux1IxwOq0MUkUTTCZ4RPuGxjiiysvnx0/RqVGGKBTSVKzRXP09keNIqSwKTGeE9VgtezPxP6+f6vDKy1mcpJrGZLEoTDnSAs2SQEMmKdE8MwQTycytiIyxxESbvComBHf55VXSOa+7F/XGXaPWvC7iKMMxnMAZuHAJTbiFFrSBQAbP8Apv1pP1Yr1bH4vWklXMVOEPrM8ffjGVUw==</latexit> �
h4

Encode <latexit sha1_base64="OiOB144p8KySRQZh4BxHLVuQ2JA="></latexit>

Enc(x) = Pool
�
h1, . . . , h|x|

�
2 Rd

<latexit sha1_base64="Kkz5qLszyX5P9/KISnagrUBKHKQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH2042b</latexit>

h1
<latexit sha1_base64="+QuQ58XVino6+hScoHmmH43bUWc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6GPWr/VLZrbhzkFXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQu5ZKGqH2s/mpU3JulQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtO0YbgLb+8SlrViler1O4vy/WbPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AH4V42c</latexit>

h2
<latexit sha1_base64="BLD423yzviVm46txMjJh8ZFY7jc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/ah/3i9X3Ko7B/lLvJxUIEejX/7sDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5scqAhLG2pZDM1Z8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyX9I6q3q1au3uolK/zuMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzf5242d</latexit>

h3



<latexit sha1_base64="pUtRsgqHVxQs0EsVpg3vi1u4pLk="></latexit>

MeanPool(h1, . . . , h|x|) =
1

|x|

|x|X

i=1

hi

<latexit sha1_base64="OiOB144p8KySRQZh4BxHLVuQ2JA="></latexit>

Enc(x) = Pool
�
h1, . . . , h|x|

�
2 Rd

<latexit sha1_base64="E9aT2mPJCTjx1fY2vWJMUHzKOI4=">AAACI3icbVBLS8NAGNzUV62vqEcvi0XwVBKRKkKh6MVjBfuAJobNZtMu3TzY3YglzX/x4l/x4kEpXjz4X9y0OWjrwMIwM9/ufuPGjAppGF9aaWV1bX2jvFnZ2t7Z3dP3DzoiSjgmbRyxiPdcJAijIWlLKhnpxZygwGWk645ucr/7SLigUXgvxzGxAzQIqU8xkkpy9KsGtEQSOCltmNlDOrEilc4vS5+ySWZ5Pkc4NbNFAw4d6uhVo2bMAJeJWZAqKNBy9KnlRTgJSCgxQ0L0TSOWdoq4pJiRrGIlgsQIj9CA9BUNUUCEnc52zOCJUjzoR1ydUMKZ+nsiRYEQ48BVyQDJoVj0cvE/r59I/9JOaRgnkoR4/pCfMCgjmBcGPcoJlmysCMKcqr9CPESqFqlqragSzMWVl0nnrGbWa/W782rzuqijDI7AMTgFJrgATXALWqANMHgGr+AdfGgv2ps21T7n0ZJWzByCP9C+fwBvkKap</latexit>

=

|x|X

i=1

1

|x|hi

BOS

I

like

pizza

<latexit sha1_base64="1scdumg/GCdm2ptBmi5Zti8Aybo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjgO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdT+pXM</latexit>�!
h0

<latexit sha1_base64="XIAuq21XZiaUaJC+isp+HYUjzj8=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjQO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdVf5XN</latexit>�!
h1

<latexit sha1_base64="OB7lNOLSIuTeMKquWJszSX5y9YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyUpRV0W3bisYB/QhjCZTtqhk0yYmSg1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3niDhTGnH+bYKK6tr6xvFzdLW9s7unr1/0FIilYQ2ieBCdgKsKGcxbWqmOe0kkuIo4LQdjK6nfvueSsVEfKfHCfUiPIhZyAjWRvLto54wtmSDocZSiods6Fcnvl12Ks4MaJm4OSlDjoZvf/X6gqQRjTXhWKmu6yTay7DUjHA6KfVSRRNMRnhAu4bGOKLKy2bXT9CpUfooFNJUrNFM/T2R4UipcRSYzgjroVr0puJ/XjfV4aWXsThJNY3JfFGYcqQFmkaB+kxSovnYEEwkM7ciMsQSE20CK5kQ3MWXl0mrWnHPK7XbWrl+lcdRhGM4gTNw4QLqcAMNaAKBR3iGV3iznqwX6936mLcWrHzmEP7A+vwBVwSVzg==</latexit>�!
h2

<latexit sha1_base64="wRpO1c51+BEGUUQMAjONxPNw2Ys=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUm0qMuiG5cV7APaECbTSTt0MhNmbpQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5hwpsF1v63C0vLK6lpxvbSxubW9Y+/uNbVMFaENIrlU7RBrypmgDWDAaTtRFMchp61weD3xW/dUaSbFHYwS6se4L1jECAYjBfZBVxpbsf4AsFLyIRsEZ+PALrsVdwpnkXg5KaMc9cD+6vYkSWMqgHCsdcdzE/AzrIARTselbqppgskQ92nHUIFjqv1sev3YOTZKz4mkMiXAmaq/JzIcaz2KQ9MZYxjoeW8i/ud1Uogu/YyJJAUqyGxRlHIHpDOJwukxRQnwkSGYKGZudcgAK0zABFYyIXjzLy+S5mnFO69Ub6vl2lUeRxEdoiN0gjx0gWroBtVRAxH0iJ7RK3qznqwX6936mLUWrHxmH/2B9fkDWImVzw==</latexit>�!
h3

<latexit sha1_base64="lwGM8FQKAQx8Q6KSxsLtwOlrq/c=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiRS1GXRjcsK9gFtCJPppBk6yYSZiVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVLOlHacb2tpeWV1bb20Ud7c2t7Ztff2W0pkktAmEVzIToAV5SyhTc00p51UUhwHnLaD4fXEb99TqZhI7vQopV6MBwkLGcHaSL592BPGlmwQaSyleMgjvzb27YpTdaZAi8QtSAUKNHz7q9cXJItpognHSnVdJ9VejqVmhNNxuZcpmmIyxAPaNTTBMVVePr1+jE6M0kehkKYSjabq74kcx0qN4sB0xlhHat6biP953UyHl17OkjTTNCGzRWHGkRZoEgXqM0mJ5iNDMJHM3IpIhCUm2gRWNiG48y8vktZZ1T2v1m5rlfpVEUcJjuAYTsGFC6jDDTSgCQQe4Rle4c16sl6sd+tj1rpkFTMH8AfW5w9aDpXQ</latexit>�!
h4

EOS

<latexit sha1_base64="9zegHgC6fcrm6cJn3vawqFlaY4E=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo2WqKGtTKaTqBUQzwWPWBg6C9RLFSBQI1g0mNzO/+8CU5jK+hyxhXkRGMQ85JWAk364OpLEFC4EoJR/zse9Mfbvm1J058CpxC1JDBVq+/TUYSppGLAYqiNZ910nAy4kCTgWbVgapZgmhEzJifUNjEjHt5fPjp/jUKEMcSmUqBjxXf0/kJNI6iwLTGREY62VvJv7n9VMIr7ycx0kKLKaLRWEqMEg8SwIPuWIURGYIoYqbWzEdE0UomLwqJgR3+eVV0jmvuxf1xl2j1rwu4iijY3SCzpCLLlET3aIWaiOKMvSMXtGb9WS9WO/Wx6K1ZBUzVfQH1ucPeB2VTw==</latexit> �
h0

<latexit sha1_base64="WSQWhUzevdhciDwYd+KHnX0/3TE=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOy7U9+uOXVnDrRK3ILUoEDLt78GQ0HSiMaacKxU33US7eVYakY4nVYGqaIJJhM8on1DYxxR5eXz46fo1ChDFAppKtZorv6eyHGkVBYFpjPCeqyWvZn4n9dPdXjl5SxOUk1jslgUphxpgWZJoCGTlGieGYKJZOZWRMZYYqJNXhUTgrv88irpnNfdi3rjrlFrXhdxlOEYTuAMXLiEJtxCC9pAIINneIU368l6sd6tj0VrySpmqvAH1ucPeaKVUA==</latexit> �
h1

<latexit sha1_base64="iocsfVtY3oEJ/wFmh6VNHm3X0Hk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lKUY9FLx4r2FZoQ9hsJ+3SzW7Y3Sgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmhQmjSrvut1VaW9/Y3CpvV3Z29/YP7MOjrhKpJNAhggl5H2IFjHLoaKoZ3CcScBwy6IWT65nfewCpqOB3OkvAj/GI04gSrI0U2NWBMDaDSGMpxWM+DhrTwK65dXcOZ5V4BamhAu3A/hoMBUlj4JowrFTfcxPt51hqShhMK4NUQYLJBI+gbyjHMSg/nx8/dU6NMnQiIU1x7czV3xM5jpXK4tB0xliP1bI3E//z+qmOLv2c8iTVwMliUZQyRwtnloQzpBKIZpkhmEhqbnXIGEtMtMmrYkLwll9eJd1G3TuvN2+btdZVEUcZHaMTdIY8dIFa6Aa1UQcRlKFn9IrerCfrxXq3PhatJauYqaI/sD5/AHsnlVE=</latexit> �
h2

<latexit sha1_base64="kvBFjl4Dqj6Y1OKfRp47zb8/6hg=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVBIt6rHoxWMF+wFtCJvtpl26yYbdjRJC/StePCji1R/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYViKVhLaI4EJ2A6woZzFtaaY57SaS4ijgtBOMb6Z+54FKxUR8r7OEehEexixkBGsj+XalL4zNaaixlOIxH/nnE9+uOjVnBrRM3IJUoUDTt7/6A0HSiMaacKxUz3US7eVYakY4nZT7qaIJJmM8pD1DYxxR5eWz4yfoxCgDFAppKtZopv6eyHGkVBYFpjPCeqQWvan4n9dLdXjl5SxOUk1jMl8UphxpgaZJoAGTlGieGYKJZOZWREZYYqJNXmUTgrv48jJpn9Xci1r9rl5tXBdxlOAIjuEUXLiEBtxCE1pAIINneIU368l6sd6tj3nrilXMVOAPrM8ffKyVUg==</latexit> �
h3

<latexit sha1_base64="Wdh2q0QuTdIUr7kcsjEagUSIJzQ=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOw3pr5dc+rOHGiVuAWpQYGWb38NhoKkEY014Vipvusk2sux1IxwOq0MUkUTTCZ4RPuGxjiiysvnx0/RqVGGKBTSVKzRXP09keNIqSwKTGeE9VgtezPxP6+f6vDKy1mcpJrGZLEoTDnSAs2SQEMmKdE8MwQTycytiIyxxESbvComBHf55VXSOa+7F/XGXaPWvC7iKMMxnMAZuHAJTbiFFrSBQAbP8Apv1pP1Yr1bH4vWklXMVOEPrM8ffjGVUw==</latexit> �
h4

Encode <latexit sha1_base64="OiOB144p8KySRQZh4BxHLVuQ2JA="></latexit>

Enc(x) = Pool
�
h1, . . . , h|x|

�
2 Rd

<latexit sha1_base64="XvYN+kIOSTZcOW4WX9o5bC1adxs=">AAACDnicbVA7T8MwGHTKq5RXgJHFoqpUlipBqLBUqmBhLBJ9SE2IHNdprToP2Q6iSvMLWPgrLAwgxMrMxr/BaTNAy0mWTnf32f7OjRgV0jC+tcLK6tr6RnGztLW9s7un7x90RBhzTNo4ZCHvuUgQRgPSllQy0os4Qb7LSNcdX2V+955wQcPgVk4iYvtoGFCPYiSV5OiVBrRE7DsJbZjpXTK1QpXOLkse0mkaVekJHDnU0ctGzZgBLhMzJ2WQo+XoX9YgxLFPAokZEqJvGpG0E8QlxYykJSsWJEJ4jIakr2iAfCLsZLZOCitKGUAv5OoEEs7U3xMJ8oWY+K5K+kiOxKKXif95/Vh6F3ZCgyiWJMDzh7yYQRnCrBs4oJxgySaKIMyp+ivEI8QRlqrBkirBXFx5mXROa2a9Vr85Kzcv8zqK4AgcgyowwTlogmvQAm2AwSN4Bq/gTXvSXrR37WMeLWj5zCH4A+3zB2pAnFw=</latexit>

=

|x|X

i=1

p(i)hi

<latexit sha1_base64="CcNkmUO7xF6THYyDX8c2Xkpy/h8=">AAACCXicbVA7T8MwGHR4lvIKMLJYVEhlqRKECgtSBQtjkehDaqLKcZzWquNEtoOo0qws/BUWBhBi5R+w8W9w2gzQcpKl0913tr/zYkalsqxvY2l5ZXVtvbRR3tza3tk19/bbMkoEJi0csUh0PSQJo5y0FFWMdGNBUOgx0vFG17nfuSdC0ojfqXFM3BANOA0oRkpLfRPGVXoCL6HjBwLh1M7SiRPpQH5f+pBNsr5ZsWrWFHCR2AWpgALNvvnl+BFOQsIVZkjKnm3Fyk2RUBQzkpWdRJIY4REakJ6mHIVEuul0kwwea8WHQST04QpO1d+JFIVSjkNPT4ZIDeW8l4v/eb1EBRduSnmcKMLx7KEgYVBFMK8F+lQQrNhYE4QF1X+FeIh0JUqXV9Yl2PMrL5L2ac2u1+q3Z5XGVVFHCRyCI1AFNjgHDXADmqAFMHgEz+AVvBlPxovxbnzMRpeMInMA/sD4/AF3r5pC</latexit>

p(i) =
1

|x|

<latexit sha1_base64="yxuuUqH9JXyp27ZtAkGPA/HcF1c=">AAACGHicbVC7TsMwFHXKq5RXgJHFokIqS0kQKoipAgZYUJHoQ2pC5bhua9VxIttBVGk+g4VfYWEAIdZu/A1O2wFajmTp6Nx7ru89XsioVJb1bWQWFpeWV7KrubX1jc0tc3unJoNIYFLFAQtEw0OSMMpJVVHFSCMUBPkeI3Wvf5nW649ESBrwezUIieujLqcdipHSUss8Cgs3h9ChHDpXhCn0EDs+Uj3Pi2+TVmyfD51A29Pp8VMyTJKWmbeK1hhwnthTkgdTVFrmyGkHOPIJV5ghKZu2FSo3RkJRzEiScyJJQoT7qEuamnLkE+nG48MSeKCVNuwEQj+u4Fj97YiRL+XA93RnurWcraXif7VmpDpnbkx5GCnC8eSjTsSgCmCaEmxTQbBiA00QFlTvCnEPCYSVzjKnQ7BnT54nteOiXSqW7k7y5YtpHFmwB/ZBAdjgFJTBNaiAKsDgGbyCd/BhvBhvxqfxNWnNGFPPLvgDY/QDPZCgnw==</latexit>

p(I) 2 �N1:|x|

<latexit sha1_base64="Kkz5qLszyX5P9/KISnagrUBKHKQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH2042b</latexit>

h1
<latexit sha1_base64="+QuQ58XVino6+hScoHmmH43bUWc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6GPWr/VLZrbhzkFXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQu5ZKGqH2s/mpU3JulQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtO0YbgLb+8SlrViler1O4vy/WbPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AH4V42c</latexit>

h2
<latexit sha1_base64="BLD423yzviVm46txMjJh8ZFY7jc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/ah/3i9X3Ko7B/lLvJxUIEejX/7sDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5scqAhLG2pZDM1Z8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyX9I6q3q1au3uolK/zuMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzf5242d</latexit>

h3

Problem 2: Fixed-Size  
Sentence Embedding



<latexit sha1_base64="OiOB144p8KySRQZh4BxHLVuQ2JA="></latexit>

Enc(x) = Pool
�
h1, . . . , h|x|

�
2 Rd

<latexit sha1_base64="E9aT2mPJCTjx1fY2vWJMUHzKOI4=">AAACI3icbVBLS8NAGNzUV62vqEcvi0XwVBKRKkKh6MVjBfuAJobNZtMu3TzY3YglzX/x4l/x4kEpXjz4X9y0OWjrwMIwM9/ufuPGjAppGF9aaWV1bX2jvFnZ2t7Z3dP3DzoiSjgmbRyxiPdcJAijIWlLKhnpxZygwGWk645ucr/7SLigUXgvxzGxAzQIqU8xkkpy9KsGtEQSOCltmNlDOrEilc4vS5+ySWZ5Pkc4NbNFAw4d6uhVo2bMAJeJWZAqKNBy9KnlRTgJSCgxQ0L0TSOWdoq4pJiRrGIlgsQIj9CA9BUNUUCEnc52zOCJUjzoR1ydUMKZ+nsiRYEQ48BVyQDJoVj0cvE/r59I/9JOaRgnkoR4/pCfMCgjmBcGPcoJlmysCMKcqr9CPESqFqlqragSzMWVl0nnrGbWa/W782rzuqijDI7AMTgFJrgATXALWqANMHgGr+AdfGgv2ps21T7n0ZJWzByCP9C+fwBvkKap</latexit>

=

|x|X

i=1

1

|x|hi

BOS

I

like

pizza

<latexit sha1_base64="1scdumg/GCdm2ptBmi5Zti8Aybo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjgO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdT+pXM</latexit>�!
h0

<latexit sha1_base64="XIAuq21XZiaUaJC+isp+HYUjzj8=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjQO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdVf5XN</latexit>�!
h1

<latexit sha1_base64="OB7lNOLSIuTeMKquWJszSX5y9YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyUpRV0W3bisYB/QhjCZTtqhk0yYmSg1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3niDhTGnH+bYKK6tr6xvFzdLW9s7unr1/0FIilYQ2ieBCdgKsKGcxbWqmOe0kkuIo4LQdjK6nfvueSsVEfKfHCfUiPIhZyAjWRvLto54wtmSDocZSiods6Fcnvl12Ks4MaJm4OSlDjoZvf/X6gqQRjTXhWKmu6yTay7DUjHA6KfVSRRNMRnhAu4bGOKLKy2bXT9CpUfooFNJUrNFM/T2R4UipcRSYzgjroVr0puJ/XjfV4aWXsThJNY3JfFGYcqQFmkaB+kxSovnYEEwkM7ciMsQSE20CK5kQ3MWXl0mrWnHPK7XbWrl+lcdRhGM4gTNw4QLqcAMNaAKBR3iGV3iznqwX6936mLcWrHzmEP7A+vwBVwSVzg==</latexit>�!
h2

<latexit sha1_base64="wRpO1c51+BEGUUQMAjONxPNw2Ys=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUm0qMuiG5cV7APaECbTSTt0MhNmbpQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5hwpsF1v63C0vLK6lpxvbSxubW9Y+/uNbVMFaENIrlU7RBrypmgDWDAaTtRFMchp61weD3xW/dUaSbFHYwS6se4L1jECAYjBfZBVxpbsf4AsFLyIRsEZ+PALrsVdwpnkXg5KaMc9cD+6vYkSWMqgHCsdcdzE/AzrIARTselbqppgskQ92nHUIFjqv1sev3YOTZKz4mkMiXAmaq/JzIcaz2KQ9MZYxjoeW8i/ud1Uogu/YyJJAUqyGxRlHIHpDOJwukxRQnwkSGYKGZudcgAK0zABFYyIXjzLy+S5mnFO69Ub6vl2lUeRxEdoiN0gjx0gWroBtVRAxH0iJ7RK3qznqwX6936mLUWrHxmH/2B9fkDWImVzw==</latexit>�!
h3

<latexit sha1_base64="lwGM8FQKAQx8Q6KSxsLtwOlrq/c=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiRS1GXRjcsK9gFtCJPppBk6yYSZiVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVLOlHacb2tpeWV1bb20Ud7c2t7Ztff2W0pkktAmEVzIToAV5SyhTc00p51UUhwHnLaD4fXEb99TqZhI7vQopV6MBwkLGcHaSL592BPGlmwQaSyleMgjvzb27YpTdaZAi8QtSAUKNHz7q9cXJItpognHSnVdJ9VejqVmhNNxuZcpmmIyxAPaNTTBMVVePr1+jE6M0kehkKYSjabq74kcx0qN4sB0xlhHat6biP953UyHl17OkjTTNCGzRWHGkRZoEgXqM0mJ5iNDMJHM3IpIhCUm2gRWNiG48y8vktZZ1T2v1m5rlfpVEUcJjuAYTsGFC6jDDTSgCQQe4Rle4c16sl6sd+tj1rpkFTMH8AfW5w9aDpXQ</latexit>�!
h4

EOS

<latexit sha1_base64="9zegHgC6fcrm6cJn3vawqFlaY4E=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo2WqKGtTKaTqBUQzwWPWBg6C9RLFSBQI1g0mNzO/+8CU5jK+hyxhXkRGMQ85JWAk364OpLEFC4EoJR/zse9Mfbvm1J058CpxC1JDBVq+/TUYSppGLAYqiNZ910nAy4kCTgWbVgapZgmhEzJifUNjEjHt5fPjp/jUKEMcSmUqBjxXf0/kJNI6iwLTGREY62VvJv7n9VMIr7ycx0kKLKaLRWEqMEg8SwIPuWIURGYIoYqbWzEdE0UomLwqJgR3+eVV0jmvuxf1xl2j1rwu4iijY3SCzpCLLlET3aIWaiOKMvSMXtGb9WS9WO/Wx6K1ZBUzVfQH1ucPeB2VTw==</latexit> �
h0

<latexit sha1_base64="WSQWhUzevdhciDwYd+KHnX0/3TE=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOy7U9+uOXVnDrRK3ILUoEDLt78GQ0HSiMaacKxU33US7eVYakY4nVYGqaIJJhM8on1DYxxR5eXz46fo1ChDFAppKtZorv6eyHGkVBYFpjPCeqyWvZn4n9dPdXjl5SxOUk1jslgUphxpgWZJoCGTlGieGYKJZOZWRMZYYqJNXhUTgrv88irpnNfdi3rjrlFrXhdxlOEYTuAMXLiEJtxCC9pAIINneIU368l6sd6tj0VrySpmqvAH1ucPeaKVUA==</latexit> �
h1

<latexit sha1_base64="iocsfVtY3oEJ/wFmh6VNHm3X0Hk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lKUY9FLx4r2FZoQ9hsJ+3SzW7Y3Sgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmhQmjSrvut1VaW9/Y3CpvV3Z29/YP7MOjrhKpJNAhggl5H2IFjHLoaKoZ3CcScBwy6IWT65nfewCpqOB3OkvAj/GI04gSrI0U2NWBMDaDSGMpxWM+DhrTwK65dXcOZ5V4BamhAu3A/hoMBUlj4JowrFTfcxPt51hqShhMK4NUQYLJBI+gbyjHMSg/nx8/dU6NMnQiIU1x7czV3xM5jpXK4tB0xliP1bI3E//z+qmOLv2c8iTVwMliUZQyRwtnloQzpBKIZpkhmEhqbnXIGEtMtMmrYkLwll9eJd1G3TuvN2+btdZVEUcZHaMTdIY8dIFa6Aa1UQcRlKFn9IrerCfrxXq3PhatJauYqaI/sD5/AHsnlVE=</latexit> �
h2

<latexit sha1_base64="kvBFjl4Dqj6Y1OKfRp47zb8/6hg=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVBIt6rHoxWMF+wFtCJvtpl26yYbdjRJC/StePCji1R/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYViKVhLaI4EJ2A6woZzFtaaY57SaS4ijgtBOMb6Z+54FKxUR8r7OEehEexixkBGsj+XalL4zNaaixlOIxH/nnE9+uOjVnBrRM3IJUoUDTt7/6A0HSiMaacKxUz3US7eVYakY4nZT7qaIJJmM8pD1DYxxR5eWz4yfoxCgDFAppKtZopv6eyHGkVBYFpjPCeqQWvan4n9dLdXjl5SxOUk1jMl8UphxpgaZJoAGTlGieGYKJZOZWREZYYqJNXmUTgrv48jJpn9Xci1r9rl5tXBdxlOAIjuEUXLiEBtxCE1pAIINneIU368l6sd6tj3nrilXMVOAPrM8ffKyVUg==</latexit> �
h3

<latexit sha1_base64="Wdh2q0QuTdIUr7kcsjEagUSIJzQ=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOw3pr5dc+rOHGiVuAWpQYGWb38NhoKkEY014Vipvusk2sux1IxwOq0MUkUTTCZ4RPuGxjiiysvnx0/RqVGGKBTSVKzRXP09keNIqSwKTGeE9VgtezPxP6+f6vDKy1mcpJrGZLEoTDnSAs2SQEMmKdE8MwQTycytiIyxxESbvComBHf55VXSOa+7F/XGXaPWvC7iKMMxnMAZuHAJTbiFFrSBQAbP8Apv1pP1Yr1bH4vWklXMVOEPrM8ffjGVUw==</latexit> �
h4

Encode <latexit sha1_base64="OiOB144p8KySRQZh4BxHLVuQ2JA="></latexit>

Enc(x) = Pool
�
h1, . . . , h|x|

�
2 Rd

<latexit sha1_base64="XvYN+kIOSTZcOW4WX9o5bC1adxs=">AAACDnicbVA7T8MwGHTKq5RXgJHFoqpUlipBqLBUqmBhLBJ9SE2IHNdprToP2Q6iSvMLWPgrLAwgxMrMxr/BaTNAy0mWTnf32f7OjRgV0jC+tcLK6tr6RnGztLW9s7un7x90RBhzTNo4ZCHvuUgQRgPSllQy0os4Qb7LSNcdX2V+955wQcPgVk4iYvtoGFCPYiSV5OiVBrRE7DsJbZjpXTK1QpXOLkse0mkaVekJHDnU0ctGzZgBLhMzJ2WQo+XoX9YgxLFPAokZEqJvGpG0E8QlxYykJSsWJEJ4jIakr2iAfCLsZLZOCitKGUAv5OoEEs7U3xMJ8oWY+K5K+kiOxKKXif95/Vh6F3ZCgyiWJMDzh7yYQRnCrBs4oJxgySaKIMyp+ivEI8QRlqrBkirBXFx5mXROa2a9Vr85Kzcv8zqK4AgcgyowwTlogmvQAm2AwSN4Bq/gTXvSXrR37WMeLWj5zCH4A+3zB2pAnFw=</latexit>

=

|x|X

i=1

p(i)hi
<latexit sha1_base64="yxuuUqH9JXyp27ZtAkGPA/HcF1c=">AAACGHicbVC7TsMwFHXKq5RXgJHFokIqS0kQKoipAgZYUJHoQ2pC5bhua9VxIttBVGk+g4VfYWEAIdZu/A1O2wFajmTp6Nx7ru89XsioVJb1bWQWFpeWV7KrubX1jc0tc3unJoNIYFLFAQtEw0OSMMpJVVHFSCMUBPkeI3Wvf5nW649ESBrwezUIieujLqcdipHSUss8Cgs3h9ChHDpXhCn0EDs+Uj3Pi2+TVmyfD51A29Pp8VMyTJKWmbeK1hhwnthTkgdTVFrmyGkHOPIJV5ghKZu2FSo3RkJRzEiScyJJQoT7qEuamnLkE+nG48MSeKCVNuwEQj+u4Fj97YiRL+XA93RnurWcraXif7VmpDpnbkx5GCnC8eSjTsSgCmCaEmxTQbBiA00QFlTvCnEPCYSVzjKnQ7BnT54nteOiXSqW7k7y5YtpHFmwB/ZBAdjgFJTBNaiAKsDgGbyCd/BhvBhvxqfxNWnNGFPPLvgDY/QDPZCgnw==</latexit>

p(I) 2 �N1:|x|

<latexit sha1_base64="p5oUxG9SsZT4WNeA5JcpOIebAAs="></latexit>

LastPool(h1, . . . , h|x|) = h|x|

<latexit sha1_base64="r+z48ZFzdh8yNR/Rh85n9X7sCT8="></latexit>

p(i) =

(
1 i = |x|
0 i < |x|

<latexit sha1_base64="Kkz5qLszyX5P9/KISnagrUBKHKQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH2042b</latexit>

h1
<latexit sha1_base64="+QuQ58XVino6+hScoHmmH43bUWc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6GPWr/VLZrbhzkFXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQu5ZKGqH2s/mpU3JulQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtO0YbgLb+8SlrViler1O4vy/WbPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AH4V42c</latexit>

h2
<latexit sha1_base64="BLD423yzviVm46txMjJh8ZFY7jc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/ah/3i9X3Ko7B/lLvJxUIEejX/7sDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5scqAhLG2pZDM1Z8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyX9I6q3q1au3uolK/zuMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzf5242d</latexit>

h3

Problem 2: Fixed-Size  
Sentence Embedding



Attention

• Generalization of pooling: 
assign a probability 
distribution over input 
indices, and compute 
weighted sum over hidden 
states 

• What if this probability 
distribution could change 
during generation?

BOS

I

like

pizza

<latexit sha1_base64="1scdumg/GCdm2ptBmi5Zti8Aybo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjgO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdT+pXM</latexit>�!
h0

<latexit sha1_base64="XIAuq21XZiaUaJC+isp+HYUjzj8=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjQO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdVf5XN</latexit>�!
h1

<latexit sha1_base64="OB7lNOLSIuTeMKquWJszSX5y9YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyUpRV0W3bisYB/QhjCZTtqhk0yYmSg1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3niDhTGnH+bYKK6tr6xvFzdLW9s7unr1/0FIilYQ2ieBCdgKsKGcxbWqmOe0kkuIo4LQdjK6nfvueSsVEfKfHCfUiPIhZyAjWRvLto54wtmSDocZSiods6Fcnvl12Ks4MaJm4OSlDjoZvf/X6gqQRjTXhWKmu6yTay7DUjHA6KfVSRRNMRnhAu4bGOKLKy2bXT9CpUfooFNJUrNFM/T2R4UipcRSYzgjroVr0puJ/XjfV4aWXsThJNY3JfFGYcqQFmkaB+kxSovnYEEwkM7ciMsQSE20CK5kQ3MWXl0mrWnHPK7XbWrl+lcdRhGM4gTNw4QLqcAMNaAKBR3iGV3iznqwX6936mLcWrHzmEP7A+vwBVwSVzg==</latexit>�!
h2

<latexit sha1_base64="wRpO1c51+BEGUUQMAjONxPNw2Ys=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUm0qMuiG5cV7APaECbTSTt0MhNmbpQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5hwpsF1v63C0vLK6lpxvbSxubW9Y+/uNbVMFaENIrlU7RBrypmgDWDAaTtRFMchp61weD3xW/dUaSbFHYwS6se4L1jECAYjBfZBVxpbsf4AsFLyIRsEZ+PALrsVdwpnkXg5KaMc9cD+6vYkSWMqgHCsdcdzE/AzrIARTselbqppgskQ92nHUIFjqv1sev3YOTZKz4mkMiXAmaq/JzIcaz2KQ9MZYxjoeW8i/ud1Uogu/YyJJAUqyGxRlHIHpDOJwukxRQnwkSGYKGZudcgAK0zABFYyIXjzLy+S5mnFO69Ub6vl2lUeRxEdoiN0gjx0gWroBtVRAxH0iJ7RK3qznqwX6936mLUWrHxmH/2B9fkDWImVzw==</latexit>�!
h3

<latexit sha1_base64="lwGM8FQKAQx8Q6KSxsLtwOlrq/c=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiRS1GXRjcsK9gFtCJPppBk6yYSZiVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVLOlHacb2tpeWV1bb20Ud7c2t7Ztff2W0pkktAmEVzIToAV5SyhTc00p51UUhwHnLaD4fXEb99TqZhI7vQopV6MBwkLGcHaSL592BPGlmwQaSyleMgjvzb27YpTdaZAi8QtSAUKNHz7q9cXJItpognHSnVdJ9VejqVmhNNxuZcpmmIyxAPaNTTBMVVePr1+jE6M0kehkKYSjabq74kcx0qN4sB0xlhHat6biP953UyHl17OkjTTNCGzRWHGkRZoEgXqM0mJ5iNDMJHM3IpIhCUm2gRWNiG48y8vktZZ1T2v1m5rlfpVEUcJjuAYTsGFC6jDDTSgCQQe4Rle4c16sl6sd+tj1rpkFTMH8AfW5w9aDpXQ</latexit>�!
h4

EOS

<latexit sha1_base64="9zegHgC6fcrm6cJn3vawqFlaY4E=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo2WqKGtTKaTqBUQzwWPWBg6C9RLFSBQI1g0mNzO/+8CU5jK+hyxhXkRGMQ85JWAk364OpLEFC4EoJR/zse9Mfbvm1J058CpxC1JDBVq+/TUYSppGLAYqiNZ910nAy4kCTgWbVgapZgmhEzJifUNjEjHt5fPjp/jUKEMcSmUqBjxXf0/kJNI6iwLTGREY62VvJv7n9VMIr7ycx0kKLKaLRWEqMEg8SwIPuWIURGYIoYqbWzEdE0UomLwqJgR3+eVV0jmvuxf1xl2j1rwu4iijY3SCzpCLLlET3aIWaiOKMvSMXtGb9WS9WO/Wx6K1ZBUzVfQH1ucPeB2VTw==</latexit> �
h0

<latexit sha1_base64="WSQWhUzevdhciDwYd+KHnX0/3TE=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOy7U9+uOXVnDrRK3ILUoEDLt78GQ0HSiMaacKxU33US7eVYakY4nVYGqaIJJhM8on1DYxxR5eXz46fo1ChDFAppKtZorv6eyHGkVBYFpjPCeqyWvZn4n9dPdXjl5SxOUk1jslgUphxpgWZJoCGTlGieGYKJZOZWRMZYYqJNXhUTgrv88irpnNfdi3rjrlFrXhdxlOEYTuAMXLiEJtxCC9pAIINneIU368l6sd6tj0VrySpmqvAH1ucPeaKVUA==</latexit> �
h1

<latexit sha1_base64="iocsfVtY3oEJ/wFmh6VNHm3X0Hk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lKUY9FLx4r2FZoQ9hsJ+3SzW7Y3Sgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmhQmjSrvut1VaW9/Y3CpvV3Z29/YP7MOjrhKpJNAhggl5H2IFjHLoaKoZ3CcScBwy6IWT65nfewCpqOB3OkvAj/GI04gSrI0U2NWBMDaDSGMpxWM+DhrTwK65dXcOZ5V4BamhAu3A/hoMBUlj4JowrFTfcxPt51hqShhMK4NUQYLJBI+gbyjHMSg/nx8/dU6NMnQiIU1x7czV3xM5jpXK4tB0xliP1bI3E//z+qmOLv2c8iTVwMliUZQyRwtnloQzpBKIZpkhmEhqbnXIGEtMtMmrYkLwll9eJd1G3TuvN2+btdZVEUcZHaMTdIY8dIFa6Aa1UQcRlKFn9IrerCfrxXq3PhatJauYqaI/sD5/AHsnlVE=</latexit> �
h2

<latexit sha1_base64="kvBFjl4Dqj6Y1OKfRp47zb8/6hg=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVBIt6rHoxWMF+wFtCJvtpl26yYbdjRJC/StePCji1R/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYViKVhLaI4EJ2A6woZzFtaaY57SaS4ijgtBOMb6Z+54FKxUR8r7OEehEexixkBGsj+XalL4zNaaixlOIxH/nnE9+uOjVnBrRM3IJUoUDTt7/6A0HSiMaacKxUz3US7eVYakY4nZT7qaIJJmM8pD1DYxxR5eWz4yfoxCgDFAppKtZopv6eyHGkVBYFpjPCeqQWvan4n9dLdXjl5SxOUk1jMl8UphxpgaZJoAGTlGieGYKJZOZWREZYYqJNXmUTgrv48jJpn9Xci1r9rl5tXBdxlOAIjuEUXLiEBtxCE1pAIINneIU368l6sd6tj3nrilXMVOAPrM8ffKyVUg==</latexit> �
h3

<latexit sha1_base64="Wdh2q0QuTdIUr7kcsjEagUSIJzQ=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOw3pr5dc+rOHGiVuAWpQYGWb38NhoKkEY014Vipvusk2sux1IxwOq0MUkUTTCZ4RPuGxjiiysvnx0/RqVGGKBTSVKzRXP09keNIqSwKTGeE9VgtezPxP6+f6vDKy1mcpJrGZLEoTDnSAs2SQEMmKdE8MwQTycytiIyxxESbvComBHf55VXSOa+7F/XGXaPWvC7iKMMxnMAZuHAJTbiFFrSBQAbP8Apv1pP1Yr1bH4vWklXMVOEPrM8ffjGVUw==</latexit> �
h4

Encode
<latexit sha1_base64="XvYN+kIOSTZcOW4WX9o5bC1adxs=">AAACDnicbVA7T8MwGHTKq5RXgJHFoqpUlipBqLBUqmBhLBJ9SE2IHNdprToP2Q6iSvMLWPgrLAwgxMrMxr/BaTNAy0mWTnf32f7OjRgV0jC+tcLK6tr6RnGztLW9s7un7x90RBhzTNo4ZCHvuUgQRgPSllQy0os4Qb7LSNcdX2V+955wQcPgVk4iYvtoGFCPYiSV5OiVBrRE7DsJbZjpXTK1QpXOLkse0mkaVekJHDnU0ctGzZgBLhMzJ2WQo+XoX9YgxLFPAokZEqJvGpG0E8QlxYykJSsWJEJ4jIakr2iAfCLsZLZOCitKGUAv5OoEEs7U3xMJ8oWY+K5K+kiOxKKXif95/Vh6F3ZCgyiWJMDzh7yYQRnCrBs4oJxgySaKIMyp+ivEI8QRlqrBkirBXFx5mXROa2a9Vr85Kzcv8zqK4AgcgyowwTlogmvQAm2AwSN4Bq/gTXvSXrR37WMeLWj5zCH4A+3zB2pAnFw=</latexit>

=

|x|X

i=1

p(i)hi
<latexit sha1_base64="yxuuUqH9JXyp27ZtAkGPA/HcF1c=">AAACGHicbVC7TsMwFHXKq5RXgJHFokIqS0kQKoipAgZYUJHoQ2pC5bhua9VxIttBVGk+g4VfYWEAIdZu/A1O2wFajmTp6Nx7ru89XsioVJb1bWQWFpeWV7KrubX1jc0tc3unJoNIYFLFAQtEw0OSMMpJVVHFSCMUBPkeI3Wvf5nW649ESBrwezUIieujLqcdipHSUss8Cgs3h9ChHDpXhCn0EDs+Uj3Pi2+TVmyfD51A29Pp8VMyTJKWmbeK1hhwnthTkgdTVFrmyGkHOPIJV5ghKZu2FSo3RkJRzEiScyJJQoT7qEuamnLkE+nG48MSeKCVNuwEQj+u4Fj97YiRL+XA93RnurWcraXif7VmpDpnbkx5GCnC8eSjTsSgCmCaEmxTQbBiA00QFlTvCnEPCYSVzjKnQ7BnT54nteOiXSqW7k7y5YtpHFmwB/ZBAdjgFJTBNaiAKsDgGbyCd/BhvBhvxqfxNWnNGFPPLvgDY/QDPZCgnw==</latexit>

p(I) 2 �N1:|x|

<latexit sha1_base64="OiOB144p8KySRQZh4BxHLVuQ2JA="></latexit>

Enc(x) = Pool
�
h1, . . . , h|x|

�
2 Rd

<latexit sha1_base64="Kkz5qLszyX5P9/KISnagrUBKHKQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH2042b</latexit>

h1
<latexit sha1_base64="+QuQ58XVino6+hScoHmmH43bUWc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6GPWr/VLZrbhzkFXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQu5ZKGqH2s/mpU3JulQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtO0YbgLb+8SlrViler1O4vy/WbPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AH4V42c</latexit>

h2
<latexit sha1_base64="BLD423yzviVm46txMjJh8ZFY7jc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/ah/3i9X3Ko7B/lLvJxUIEejX/7sDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5scqAhLG2pZDM1Z8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyX9I6q3q1au3uolK/zuMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzf5242d</latexit>

h3



Attention

BOS

I

like

pizza

<latexit sha1_base64="1scdumg/GCdm2ptBmi5Zti8Aybo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjgO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdT+pXM</latexit>�!
h0

<latexit sha1_base64="XIAuq21XZiaUaJC+isp+HYUjzj8=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjQO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdVf5XN</latexit>�!
h1

<latexit sha1_base64="OB7lNOLSIuTeMKquWJszSX5y9YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyUpRV0W3bisYB/QhjCZTtqhk0yYmSg1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3niDhTGnH+bYKK6tr6xvFzdLW9s7unr1/0FIilYQ2ieBCdgKsKGcxbWqmOe0kkuIo4LQdjK6nfvueSsVEfKfHCfUiPIhZyAjWRvLto54wtmSDocZSiods6Fcnvl12Ks4MaJm4OSlDjoZvf/X6gqQRjTXhWKmu6yTay7DUjHA6KfVSRRNMRnhAu4bGOKLKy2bXT9CpUfooFNJUrNFM/T2R4UipcRSYzgjroVr0puJ/XjfV4aWXsThJNY3JfFGYcqQFmkaB+kxSovnYEEwkM7ciMsQSE20CK5kQ3MWXl0mrWnHPK7XbWrl+lcdRhGM4gTNw4QLqcAMNaAKBR3iGV3iznqwX6936mLcWrHzmEP7A+vwBVwSVzg==</latexit>�!
h2

<latexit sha1_base64="wRpO1c51+BEGUUQMAjONxPNw2Ys=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUm0qMuiG5cV7APaECbTSTt0MhNmbpQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5hwpsF1v63C0vLK6lpxvbSxubW9Y+/uNbVMFaENIrlU7RBrypmgDWDAaTtRFMchp61weD3xW/dUaSbFHYwS6se4L1jECAYjBfZBVxpbsf4AsFLyIRsEZ+PALrsVdwpnkXg5KaMc9cD+6vYkSWMqgHCsdcdzE/AzrIARTselbqppgskQ92nHUIFjqv1sev3YOTZKz4mkMiXAmaq/JzIcaz2KQ9MZYxjoeW8i/ud1Uogu/YyJJAUqyGxRlHIHpDOJwukxRQnwkSGYKGZudcgAK0zABFYyIXjzLy+S5mnFO69Ub6vl2lUeRxEdoiN0gjx0gWroBtVRAxH0iJ7RK3qznqwX6936mLUWrHxmH/2B9fkDWImVzw==</latexit>�!
h3

<latexit sha1_base64="lwGM8FQKAQx8Q6KSxsLtwOlrq/c=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiRS1GXRjcsK9gFtCJPppBk6yYSZiVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVLOlHacb2tpeWV1bb20Ud7c2t7Ztff2W0pkktAmEVzIToAV5SyhTc00p51UUhwHnLaD4fXEb99TqZhI7vQopV6MBwkLGcHaSL592BPGlmwQaSyleMgjvzb27YpTdaZAi8QtSAUKNHz7q9cXJItpognHSnVdJ9VejqVmhNNxuZcpmmIyxAPaNTTBMVVePr1+jE6M0kehkKYSjabq74kcx0qN4sB0xlhHat6biP953UyHl17OkjTTNCGzRWHGkRZoEgXqM0mJ5iNDMJHM3IpIhCUm2gRWNiG48y8vktZZ1T2v1m5rlfpVEUcJjuAYTsGFC6jDDTSgCQQe4Rle4c16sl6sd+tj1rpkFTMH8AfW5w9aDpXQ</latexit>�!
h4

EOS

<latexit sha1_base64="9zegHgC6fcrm6cJn3vawqFlaY4E=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo2WqKGtTKaTqBUQzwWPWBg6C9RLFSBQI1g0mNzO/+8CU5jK+hyxhXkRGMQ85JWAk364OpLEFC4EoJR/zse9Mfbvm1J058CpxC1JDBVq+/TUYSppGLAYqiNZ910nAy4kCTgWbVgapZgmhEzJifUNjEjHt5fPjp/jUKEMcSmUqBjxXf0/kJNI6iwLTGREY62VvJv7n9VMIr7ycx0kKLKaLRWEqMEg8SwIPuWIURGYIoYqbWzEdE0UomLwqJgR3+eVV0jmvuxf1xl2j1rwu4iijY3SCzpCLLlET3aIWaiOKMvSMXtGb9WS9WO/Wx6K1ZBUzVfQH1ucPeB2VTw==</latexit> �
h0

<latexit sha1_base64="WSQWhUzevdhciDwYd+KHnX0/3TE=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOy7U9+uOXVnDrRK3ILUoEDLt78GQ0HSiMaacKxU33US7eVYakY4nVYGqaIJJhM8on1DYxxR5eXz46fo1ChDFAppKtZorv6eyHGkVBYFpjPCeqyWvZn4n9dPdXjl5SxOUk1jslgUphxpgWZJoCGTlGieGYKJZOZWRMZYYqJNXhUTgrv88irpnNfdi3rjrlFrXhdxlOEYTuAMXLiEJtxCC9pAIINneIU368l6sd6tj0VrySpmqvAH1ucPeaKVUA==</latexit> �
h1

<latexit sha1_base64="iocsfVtY3oEJ/wFmh6VNHm3X0Hk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lKUY9FLx4r2FZoQ9hsJ+3SzW7Y3Sgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmhQmjSrvut1VaW9/Y3CpvV3Z29/YP7MOjrhKpJNAhggl5H2IFjHLoaKoZ3CcScBwy6IWT65nfewCpqOB3OkvAj/GI04gSrI0U2NWBMDaDSGMpxWM+DhrTwK65dXcOZ5V4BamhAu3A/hoMBUlj4JowrFTfcxPt51hqShhMK4NUQYLJBI+gbyjHMSg/nx8/dU6NMnQiIU1x7czV3xM5jpXK4tB0xliP1bI3E//z+qmOLv2c8iTVwMliUZQyRwtnloQzpBKIZpkhmEhqbnXIGEtMtMmrYkLwll9eJd1G3TuvN2+btdZVEUcZHaMTdIY8dIFa6Aa1UQcRlKFn9IrerCfrxXq3PhatJauYqaI/sD5/AHsnlVE=</latexit> �
h2

<latexit sha1_base64="kvBFjl4Dqj6Y1OKfRp47zb8/6hg=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVBIt6rHoxWMF+wFtCJvtpl26yYbdjRJC/StePCji1R/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYViKVhLaI4EJ2A6woZzFtaaY57SaS4ijgtBOMb6Z+54FKxUR8r7OEehEexixkBGsj+XalL4zNaaixlOIxH/nnE9+uOjVnBrRM3IJUoUDTt7/6A0HSiMaacKxUz3US7eVYakY4nZT7qaIJJmM8pD1DYxxR5eWz4yfoxCgDFAppKtZopv6eyHGkVBYFpjPCeqQWvan4n9dLdXjl5SxOUk1jMl8UphxpgaZJoAGTlGieGYKJZOZWREZYYqJNXmUTgrv48jJpn9Xci1r9rl5tXBdxlOAIjuEUXLiEBtxCE1pAIINneIU368l6sd6tj3nrilXMVOAPrM8ffKyVUg==</latexit> �
h3

<latexit sha1_base64="Wdh2q0QuTdIUr7kcsjEagUSIJzQ=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOw3pr5dc+rOHGiVuAWpQYGWb38NhoKkEY014Vipvusk2sux1IxwOq0MUkUTTCZ4RPuGxjiiysvnx0/RqVGGKBTSVKzRXP09keNIqSwKTGeE9VgtezPxP6+f6vDKy1mcpJrGZLEoTDnSAs2SQEMmKdE8MwQTycytiIyxxESbvComBHf55VXSOa+7F/XGXaPWvC7iKMMxnMAZuHAJTbiFFrSBQAbP8Apv1pP1Yr1bH4vWklXMVOEPrM8ffjGVUw==</latexit> �
h4

Encode

<latexit sha1_base64="TNC881LMC3Gs/BOOl31TsNveGzg="></latexit>

p : Rd ! �N1:|x|

• Compute a new distribution 
over input indices depending 
on some other vector g 

• Two questions: 

• Where does g come from? 

• How to implement p?

<latexit sha1_base64="ciZJajmi5f0h1crJVDpUEMt/1Kc=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KolIdVl047KKfUATy2QyaYdOJmFmIpaQX3HjQhG3/og7/8Zpm4W2Hhg4nHMv98zxE86Utu1va2V1bX1js7RV3t7Z3duvHFQ7Kk4loW0S81j2fKwoZ4K2NdOc9hJJceRz2vXH11O/+0ilYrG415OEehEeChYygrWRBpXqELlMIDfCeuT72V3+EAwqNbtuz4CWiVOQGhRoDSpfbhCTNKJCE46V6jt2or0MS80Ip3nZTRVNMBnjIe0bKnBElZfNsufoxCgBCmNpntBopv7eyHCk1CTyzeQ0o1r0puJ/Xj/V4aWXMZGkmgoyPxSmHOkYTYtAAZOUaD4xBBPJTFZERlhiok1dZVOCs/jlZdI5qzuNeuP2vNa8KuoowREcwyk4cAFNuIEWtIHAEzzDK7xZufVivVsf89EVq9g5hD+wPn8AeUqUGg==</latexit>

g 2 Rd<latexit sha1_base64="Kkz5qLszyX5P9/KISnagrUBKHKQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH2042b</latexit>

h1
<latexit sha1_base64="+QuQ58XVino6+hScoHmmH43bUWc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6GPWr/VLZrbhzkFXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQu5ZKGqH2s/mpU3JulQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtO0YbgLb+8SlrViler1O4vy/WbPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AH4V42c</latexit>

h2
<latexit sha1_base64="BLD423yzviVm46txMjJh8ZFY7jc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/ah/3i9X3Ko7B/lLvJxUIEejX/7sDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5scqAhLG2pZDM1Z8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyX9I6q3q1au3uolK/zuMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzf5242d</latexit>

h3

<latexit sha1_base64="X+So7EigzfzDm9HinBS0iZb9CuY="></latexit>

Enc(x, g) =

|x|X

i=1

p(i | g)hi



Attention

BOS

I

like

pizza

<latexit sha1_base64="1scdumg/GCdm2ptBmi5Zti8Aybo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjgO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdT+pXM</latexit>�!
h0

<latexit sha1_base64="XIAuq21XZiaUaJC+isp+HYUjzj8=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjQO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdVf5XN</latexit>�!
h1

<latexit sha1_base64="OB7lNOLSIuTeMKquWJszSX5y9YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyUpRV0W3bisYB/QhjCZTtqhk0yYmSg1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3niDhTGnH+bYKK6tr6xvFzdLW9s7unr1/0FIilYQ2ieBCdgKsKGcxbWqmOe0kkuIo4LQdjK6nfvueSsVEfKfHCfUiPIhZyAjWRvLto54wtmSDocZSiods6Fcnvl12Ks4MaJm4OSlDjoZvf/X6gqQRjTXhWKmu6yTay7DUjHA6KfVSRRNMRnhAu4bGOKLKy2bXT9CpUfooFNJUrNFM/T2R4UipcRSYzgjroVr0puJ/XjfV4aWXsThJNY3JfFGYcqQFmkaB+kxSovnYEEwkM7ciMsQSE20CK5kQ3MWXl0mrWnHPK7XbWrl+lcdRhGM4gTNw4QLqcAMNaAKBR3iGV3iznqwX6936mLcWrHzmEP7A+vwBVwSVzg==</latexit>�!
h2

<latexit sha1_base64="wRpO1c51+BEGUUQMAjONxPNw2Ys=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUm0qMuiG5cV7APaECbTSTt0MhNmbpQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5hwpsF1v63C0vLK6lpxvbSxubW9Y+/uNbVMFaENIrlU7RBrypmgDWDAaTtRFMchp61weD3xW/dUaSbFHYwS6se4L1jECAYjBfZBVxpbsf4AsFLyIRsEZ+PALrsVdwpnkXg5KaMc9cD+6vYkSWMqgHCsdcdzE/AzrIARTselbqppgskQ92nHUIFjqv1sev3YOTZKz4mkMiXAmaq/JzIcaz2KQ9MZYxjoeW8i/ud1Uogu/YyJJAUqyGxRlHIHpDOJwukxRQnwkSGYKGZudcgAK0zABFYyIXjzLy+S5mnFO69Ub6vl2lUeRxEdoiN0gjx0gWroBtVRAxH0iJ7RK3qznqwX6936mLUWrHxmH/2B9fkDWImVzw==</latexit>�!
h3

<latexit sha1_base64="lwGM8FQKAQx8Q6KSxsLtwOlrq/c=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiRS1GXRjcsK9gFtCJPppBk6yYSZiVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVLOlHacb2tpeWV1bb20Ud7c2t7Ztff2W0pkktAmEVzIToAV5SyhTc00p51UUhwHnLaD4fXEb99TqZhI7vQopV6MBwkLGcHaSL592BPGlmwQaSyleMgjvzb27YpTdaZAi8QtSAUKNHz7q9cXJItpognHSnVdJ9VejqVmhNNxuZcpmmIyxAPaNTTBMVVePr1+jE6M0kehkKYSjabq74kcx0qN4sB0xlhHat6biP953UyHl17OkjTTNCGzRWHGkRZoEgXqM0mJ5iNDMJHM3IpIhCUm2gRWNiG48y8vktZZ1T2v1m5rlfpVEUcJjuAYTsGFC6jDDTSgCQQe4Rle4c16sl6sd+tj1rpkFTMH8AfW5w9aDpXQ</latexit>�!
h4

EOS

<latexit sha1_base64="9zegHgC6fcrm6cJn3vawqFlaY4E=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo2WqKGtTKaTqBUQzwWPWBg6C9RLFSBQI1g0mNzO/+8CU5jK+hyxhXkRGMQ85JWAk364OpLEFC4EoJR/zse9Mfbvm1J058CpxC1JDBVq+/TUYSppGLAYqiNZ910nAy4kCTgWbVgapZgmhEzJifUNjEjHt5fPjp/jUKEMcSmUqBjxXf0/kJNI6iwLTGREY62VvJv7n9VMIr7ycx0kKLKaLRWEqMEg8SwIPuWIURGYIoYqbWzEdE0UomLwqJgR3+eVV0jmvuxf1xl2j1rwu4iijY3SCzpCLLlET3aIWaiOKMvSMXtGb9WS9WO/Wx6K1ZBUzVfQH1ucPeB2VTw==</latexit> �
h0

<latexit sha1_base64="WSQWhUzevdhciDwYd+KHnX0/3TE=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOy7U9+uOXVnDrRK3ILUoEDLt78GQ0HSiMaacKxU33US7eVYakY4nVYGqaIJJhM8on1DYxxR5eXz46fo1ChDFAppKtZorv6eyHGkVBYFpjPCeqyWvZn4n9dPdXjl5SxOUk1jslgUphxpgWZJoCGTlGieGYKJZOZWRMZYYqJNXhUTgrv88irpnNfdi3rjrlFrXhdxlOEYTuAMXLiEJtxCC9pAIINneIU368l6sd6tj0VrySpmqvAH1ucPeaKVUA==</latexit> �
h1

<latexit sha1_base64="iocsfVtY3oEJ/wFmh6VNHm3X0Hk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lKUY9FLx4r2FZoQ9hsJ+3SzW7Y3Sgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmhQmjSrvut1VaW9/Y3CpvV3Z29/YP7MOjrhKpJNAhggl5H2IFjHLoaKoZ3CcScBwy6IWT65nfewCpqOB3OkvAj/GI04gSrI0U2NWBMDaDSGMpxWM+DhrTwK65dXcOZ5V4BamhAu3A/hoMBUlj4JowrFTfcxPt51hqShhMK4NUQYLJBI+gbyjHMSg/nx8/dU6NMnQiIU1x7czV3xM5jpXK4tB0xliP1bI3E//z+qmOLv2c8iTVwMliUZQyRwtnloQzpBKIZpkhmEhqbnXIGEtMtMmrYkLwll9eJd1G3TuvN2+btdZVEUcZHaMTdIY8dIFa6Aa1UQcRlKFn9IrerCfrxXq3PhatJauYqaI/sD5/AHsnlVE=</latexit> �
h2

<latexit sha1_base64="kvBFjl4Dqj6Y1OKfRp47zb8/6hg=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVBIt6rHoxWMF+wFtCJvtpl26yYbdjRJC/StePCji1R/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYViKVhLaI4EJ2A6woZzFtaaY57SaS4ijgtBOMb6Z+54FKxUR8r7OEehEexixkBGsj+XalL4zNaaixlOIxH/nnE9+uOjVnBrRM3IJUoUDTt7/6A0HSiMaacKxUz3US7eVYakY4nZT7qaIJJmM8pD1DYxxR5eWz4yfoxCgDFAppKtZopv6eyHGkVBYFpjPCeqQWvan4n9dLdXjl5SxOUk1jMl8UphxpgaZJoAGTlGieGYKJZOZWREZYYqJNXmUTgrv48jJpn9Xci1r9rl5tXBdxlOAIjuEUXLiEBtxCE1pAIINneIU368l6sd6tj3nrilXMVOAPrM8ffKyVUg==</latexit> �
h3

<latexit sha1_base64="Wdh2q0QuTdIUr7kcsjEagUSIJzQ=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOw3pr5dc+rOHGiVuAWpQYGWb38NhoKkEY014Vipvusk2sux1IxwOq0MUkUTTCZ4RPuGxjiiysvnx0/RqVGGKBTSVKzRXP09keNIqSwKTGeE9VgtezPxP6+f6vDKy1mcpJrGZLEoTDnSAs2SQEMmKdE8MwQTycytiIyxxESbvComBHf55VXSOa+7F/XGXaPWvC7iKMMxnMAZuHAJTbiFFrSBQAbP8Apv1pP1Yr1bH4vWklXMVOEPrM8ffjGVUw==</latexit> �
h4

Encode Decode

BOS

<latexit sha1_base64="Kkz5qLszyX5P9/KISnagrUBKHKQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH2042b</latexit>

h1
<latexit sha1_base64="+QuQ58XVino6+hScoHmmH43bUWc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6GPWr/VLZrbhzkFXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQu5ZKGqH2s/mpU3JulQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtO0YbgLb+8SlrViler1O4vy/WbPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AH4V42c</latexit>

h2
<latexit sha1_base64="BLD423yzviVm46txMjJh8ZFY7jc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/ah/3i9X3Ko7B/lLvJxUIEejX/7sDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5scqAhLG2pZDM1Z8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyX9I6q3q1au3uolK/zuMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzf5242d</latexit>

h3

<latexit sha1_base64="OiOB144p8KySRQZh4BxHLVuQ2JA="></latexit>

Enc(x) = Pool
�
h1, . . . , h|x|

�
2 Rd

<latexit sha1_base64="qqKSJiEwWZbidgUyMeooZoUQkCI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3TpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCajhUijeRIGSd1LNaRxI3g5GtzO//cS1EYl6xHHK/ZhGSoSCUbTSQ9R3++WKW3XnIKvEy0kFcjT65a/eIGFZzBUySY3pem6K/oRqFEzyaamXGZ5SNqIR71qqaMyNP5mfOiVnVhmQMNG2FJK5+ntiQmNjxnFgO2OKQ7PszcT/vG6G4bU/ESrNkCu2WBRmkmBCZn+TgdCcoRxbQpkW9lbChlRThjadkg3BW355lbQuql6tWru/rNRv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnRfn3flYtBacfOYY/sD5/AHzyY2Z</latexit>g0

<latexit sha1_base64="VdLslFl5EfBqLJ2ZDaaZLBskdFY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpev1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuql6tWru/rNRv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AH1TY2a</latexit>g1
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<latexit sha1_base64="1scdumg/GCdm2ptBmi5Zti8Aybo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjgO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdT+pXM</latexit>�!
h0

<latexit sha1_base64="XIAuq21XZiaUaJC+isp+HYUjzj8=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjQO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdVf5XN</latexit>�!
h1

<latexit sha1_base64="OB7lNOLSIuTeMKquWJszSX5y9YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyUpRV0W3bisYB/QhjCZTtqhk0yYmSg1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3niDhTGnH+bYKK6tr6xvFzdLW9s7unr1/0FIilYQ2ieBCdgKsKGcxbWqmOe0kkuIo4LQdjK6nfvueSsVEfKfHCfUiPIhZyAjWRvLto54wtmSDocZSiods6Fcnvl12Ks4MaJm4OSlDjoZvf/X6gqQRjTXhWKmu6yTay7DUjHA6KfVSRRNMRnhAu4bGOKLKy2bXT9CpUfooFNJUrNFM/T2R4UipcRSYzgjroVr0puJ/XjfV4aWXsThJNY3JfFGYcqQFmkaB+kxSovnYEEwkM7ciMsQSE20CK5kQ3MWXl0mrWnHPK7XbWrl+lcdRhGM4gTNw4QLqcAMNaAKBR3iGV3iznqwX6936mLcWrHzmEP7A+vwBVwSVzg==</latexit>�!
h2

<latexit sha1_base64="wRpO1c51+BEGUUQMAjONxPNw2Ys=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUm0qMuiG5cV7APaECbTSTt0MhNmbpQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5hwpsF1v63C0vLK6lpxvbSxubW9Y+/uNbVMFaENIrlU7RBrypmgDWDAaTtRFMchp61weD3xW/dUaSbFHYwS6se4L1jECAYjBfZBVxpbsf4AsFLyIRsEZ+PALrsVdwpnkXg5KaMc9cD+6vYkSWMqgHCsdcdzE/AzrIARTselbqppgskQ92nHUIFjqv1sev3YOTZKz4mkMiXAmaq/JzIcaz2KQ9MZYxjoeW8i/ud1Uogu/YyJJAUqyGxRlHIHpDOJwukxRQnwkSGYKGZudcgAK0zABFYyIXjzLy+S5mnFO69Ub6vl2lUeRxEdoiN0gjx0gWroBtVRAxH0iJ7RK3qznqwX6936mLUWrHxmH/2B9fkDWImVzw==</latexit>�!
h3

<latexit sha1_base64="lwGM8FQKAQx8Q6KSxsLtwOlrq/c=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiRS1GXRjcsK9gFtCJPppBk6yYSZiVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVLOlHacb2tpeWV1bb20Ud7c2t7Ztff2W0pkktAmEVzIToAV5SyhTc00p51UUhwHnLaD4fXEb99TqZhI7vQopV6MBwkLGcHaSL592BPGlmwQaSyleMgjvzb27YpTdaZAi8QtSAUKNHz7q9cXJItpognHSnVdJ9VejqVmhNNxuZcpmmIyxAPaNTTBMVVePr1+jE6M0kehkKYSjabq74kcx0qN4sB0xlhHat6biP953UyHl17OkjTTNCGzRWHGkRZoEgXqM0mJ5iNDMJHM3IpIhCUm2gRWNiG48y8vktZZ1T2v1m5rlfpVEUcJjuAYTsGFC6jDDTSgCQQe4Rle4c16sl6sd+tj1rpkFTMH8AfW5w9aDpXQ</latexit>�!
h4

EOS

<latexit sha1_base64="9zegHgC6fcrm6cJn3vawqFlaY4E=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo2WqKGtTKaTqBUQzwWPWBg6C9RLFSBQI1g0mNzO/+8CU5jK+hyxhXkRGMQ85JWAk364OpLEFC4EoJR/zse9Mfbvm1J058CpxC1JDBVq+/TUYSppGLAYqiNZ910nAy4kCTgWbVgapZgmhEzJifUNjEjHt5fPjp/jUKEMcSmUqBjxXf0/kJNI6iwLTGREY62VvJv7n9VMIr7ycx0kKLKaLRWEqMEg8SwIPuWIURGYIoYqbWzEdE0UomLwqJgR3+eVV0jmvuxf1xl2j1rwu4iijY3SCzpCLLlET3aIWaiOKMvSMXtGb9WS9WO/Wx6K1ZBUzVfQH1ucPeB2VTw==</latexit> �
h0

<latexit sha1_base64="WSQWhUzevdhciDwYd+KHnX0/3TE=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOy7U9+uOXVnDrRK3ILUoEDLt78GQ0HSiMaacKxU33US7eVYakY4nVYGqaIJJhM8on1DYxxR5eXz46fo1ChDFAppKtZorv6eyHGkVBYFpjPCeqyWvZn4n9dPdXjl5SxOUk1jslgUphxpgWZJoCGTlGieGYKJZOZWRMZYYqJNXhUTgrv88irpnNfdi3rjrlFrXhdxlOEYTuAMXLiEJtxCC9pAIINneIU368l6sd6tj0VrySpmqvAH1ucPeaKVUA==</latexit> �
h1

<latexit sha1_base64="iocsfVtY3oEJ/wFmh6VNHm3X0Hk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lKUY9FLx4r2FZoQ9hsJ+3SzW7Y3Sgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmhQmjSrvut1VaW9/Y3CpvV3Z29/YP7MOjrhKpJNAhggl5H2IFjHLoaKoZ3CcScBwy6IWT65nfewCpqOB3OkvAj/GI04gSrI0U2NWBMDaDSGMpxWM+DhrTwK65dXcOZ5V4BamhAu3A/hoMBUlj4JowrFTfcxPt51hqShhMK4NUQYLJBI+gbyjHMSg/nx8/dU6NMnQiIU1x7czV3xM5jpXK4tB0xliP1bI3E//z+qmOLv2c8iTVwMliUZQyRwtnloQzpBKIZpkhmEhqbnXIGEtMtMmrYkLwll9eJd1G3TuvN2+btdZVEUcZHaMTdIY8dIFa6Aa1UQcRlKFn9IrerCfrxXq3PhatJauYqaI/sD5/AHsnlVE=</latexit> �
h2

<latexit sha1_base64="kvBFjl4Dqj6Y1OKfRp47zb8/6hg=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVBIt6rHoxWMF+wFtCJvtpl26yYbdjRJC/StePCji1R/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYViKVhLaI4EJ2A6woZzFtaaY57SaS4ijgtBOMb6Z+54FKxUR8r7OEehEexixkBGsj+XalL4zNaaixlOIxH/nnE9+uOjVnBrRM3IJUoUDTt7/6A0HSiMaacKxUz3US7eVYakY4nZT7qaIJJmM8pD1DYxxR5eWz4yfoxCgDFAppKtZopv6eyHGkVBYFpjPCeqQWvan4n9dLdXjl5SxOUk1jMl8UphxpgaZJoAGTlGieGYKJZOZWREZYYqJNXmUTgrv48jJpn9Xci1r9rl5tXBdxlOAIjuEUXLiEBtxCE1pAIINneIU368l6sd6tj3nrilXMVOAPrM8ffKyVUg==</latexit> �
h3

<latexit sha1_base64="Wdh2q0QuTdIUr7kcsjEagUSIJzQ=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOw3pr5dc+rOHGiVuAWpQYGWb38NhoKkEY014Vipvusk2sux1IxwOq0MUkUTTCZ4RPuGxjiiysvnx0/RqVGGKBTSVKzRXP09keNIqSwKTGeE9VgtezPxP6+f6vDKy1mcpJrGZLEoTDnSAs2SQEMmKdE8MwQTycytiIyxxESbvComBHf55VXSOa+7F/XGXaPWvC7iKMMxnMAZuHAJTbiFFrSBQAbP8Apv1pP1Yr1bH4vWklXMVOEPrM8ffjGVUw==</latexit> �
h4

Encode Decode

BOS

<latexit sha1_base64="Kkz5qLszyX5P9/KISnagrUBKHKQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH2042b</latexit>

h1
<latexit sha1_base64="+QuQ58XVino6+hScoHmmH43bUWc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6GPWr/VLZrbhzkFXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQu5ZKGqH2s/mpU3JulQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtO0YbgLb+8SlrViler1O4vy/WbPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AH4V42c</latexit>

h2
<latexit sha1_base64="BLD423yzviVm46txMjJh8ZFY7jc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/ah/3i9X3Ko7B/lLvJxUIEejX/7sDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5scqAhLG2pZDM1Z8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyX9I6q3q1au3uolK/zuMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzf5242d</latexit>

h3

<latexit sha1_base64="qqKSJiEwWZbidgUyMeooZoUQkCI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3TpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCajhUijeRIGSd1LNaRxI3g5GtzO//cS1EYl6xHHK/ZhGSoSCUbTSQ9R3++WKW3XnIKvEy0kFcjT65a/eIGFZzBUySY3pem6K/oRqFEzyaamXGZ5SNqIR71qqaMyNP5mfOiVnVhmQMNG2FJK5+ntiQmNjxnFgO2OKQ7PszcT/vG6G4bU/ESrNkCu2WBRmkmBCZn+TgdCcoRxbQpkW9lbChlRThjadkg3BW355lbQuql6tWru/rNRv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnRfn3flYtBacfOYY/sD5/AHzyY2Z</latexit>g0

<latexit sha1_base64="VdLslFl5EfBqLJ2ZDaaZLBskdFY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpev1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuql6tWru/rNRv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AH1TY2a</latexit>g1

<latexit sha1_base64="XMh0Pl/qJeEPa9VRDgPyOl1mKD8="></latexit>

gi = f(gi�1,Enc(x, gi�1),�(yi))

Recall:
<latexit sha1_base64="X+So7EigzfzDm9HinBS0iZb9CuY="></latexit>

Enc(x, g) =

|x|X

i=1

p(i | g)hi

<latexit sha1_base64="IEN1gUjblB0v4OTXzC8OEMqDegI=">AAACBnicbVDLSgMxFM3UV62vqksRgkWoIGVGpLosiuCygn1AZxgyadqGZjJDckdahq7c+CtuXCji1m9w59+Yjl1o9UDgcO65Sc4JYsE12PanlVtYXFpeya8W1tY3NreK2ztNHSWKsgaNRKTaAdFMcMkawEGwdqwYCQPBWsHwcjpv3TGleSRvYRwzLyR9yXucEjCSX9x3gY0gvZJ0UnYj45xelI4mx7jv20d+sWRX7Az4L3FmpIRmqPvFD7cb0SRkEqggWnccOwYvJQo4FWxScBPNYkKHpM86hkoSMu2lWYwJPjRKF/ciZY4EnKk/N1ISaj0OA+MMCQz0/Gwq/jfrJNA791Iu4wSYCZo91EsEhghPO8FdrhgFMTaEUMXNXzEdEEUomOYKpgRnPvJf0jypONVK9ea0VLuY1ZFHe+gAlZGDzlANXaM6aiCK7tEjekYv1oP1ZL1ab9/WnDXb2UW/YL1/AfRymMo=</latexit>

Enc(x, g0)
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<latexit sha1_base64="1scdumg/GCdm2ptBmi5Zti8Aybo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjgO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdT+pXM</latexit>�!
h0

<latexit sha1_base64="XIAuq21XZiaUaJC+isp+HYUjzj8=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjQO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdVf5XN</latexit>�!
h1

<latexit sha1_base64="OB7lNOLSIuTeMKquWJszSX5y9YQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyUpRV0W3bisYB/QhjCZTtqhk0yYmSg1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3niDhTGnH+bYKK6tr6xvFzdLW9s7unr1/0FIilYQ2ieBCdgKsKGcxbWqmOe0kkuIo4LQdjK6nfvueSsVEfKfHCfUiPIhZyAjWRvLto54wtmSDocZSiods6Fcnvl12Ks4MaJm4OSlDjoZvf/X6gqQRjTXhWKmu6yTay7DUjHA6KfVSRRNMRnhAu4bGOKLKy2bXT9CpUfooFNJUrNFM/T2R4UipcRSYzgjroVr0puJ/XjfV4aWXsThJNY3JfFGYcqQFmkaB+kxSovnYEEwkM7ciMsQSE20CK5kQ3MWXl0mrWnHPK7XbWrl+lcdRhGM4gTNw4QLqcAMNaAKBR3iGV3iznqwX6936mLcWrHzmEP7A+vwBVwSVzg==</latexit>�!
h2

<latexit sha1_base64="wRpO1c51+BEGUUQMAjONxPNw2Ys=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUm0qMuiG5cV7APaECbTSTt0MhNmbpQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5hwpsF1v63C0vLK6lpxvbSxubW9Y+/uNbVMFaENIrlU7RBrypmgDWDAaTtRFMchp61weD3xW/dUaSbFHYwS6se4L1jECAYjBfZBVxpbsf4AsFLyIRsEZ+PALrsVdwpnkXg5KaMc9cD+6vYkSWMqgHCsdcdzE/AzrIARTselbqppgskQ92nHUIFjqv1sev3YOTZKz4mkMiXAmaq/JzIcaz2KQ9MZYxjoeW8i/ud1Uogu/YyJJAUqyGxRlHIHpDOJwukxRQnwkSGYKGZudcgAK0zABFYyIXjzLy+S5mnFO69Ub6vl2lUeRxEdoiN0gjx0gWroBtVRAxH0iJ7RK3qznqwX6936mLUWrHxmH/2B9fkDWImVzw==</latexit>�!
h3

<latexit sha1_base64="lwGM8FQKAQx8Q6KSxsLtwOlrq/c=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiRS1GXRjcsK9gFtCJPppBk6yYSZiVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVLOlHacb2tpeWV1bb20Ud7c2t7Ztff2W0pkktAmEVzIToAV5SyhTc00p51UUhwHnLaD4fXEb99TqZhI7vQopV6MBwkLGcHaSL592BPGlmwQaSyleMgjvzb27YpTdaZAi8QtSAUKNHz7q9cXJItpognHSnVdJ9VejqVmhNNxuZcpmmIyxAPaNTTBMVVePr1+jE6M0kehkKYSjabq74kcx0qN4sB0xlhHat6biP953UyHl17OkjTTNCGzRWHGkRZoEgXqM0mJ5iNDMJHM3IpIhCUm2gRWNiG48y8vktZZ1T2v1m5rlfpVEUcJjuAYTsGFC6jDDTSgCQQe4Rle4c16sl6sd+tj1rpkFTMH8AfW5w9aDpXQ</latexit>�!
h4

EOS

<latexit sha1_base64="9zegHgC6fcrm6cJn3vawqFlaY4E=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo2WqKGtTKaTqBUQzwWPWBg6C9RLFSBQI1g0mNzO/+8CU5jK+hyxhXkRGMQ85JWAk364OpLEFC4EoJR/zse9Mfbvm1J058CpxC1JDBVq+/TUYSppGLAYqiNZ910nAy4kCTgWbVgapZgmhEzJifUNjEjHt5fPjp/jUKEMcSmUqBjxXf0/kJNI6iwLTGREY62VvJv7n9VMIr7ycx0kKLKaLRWEqMEg8SwIPuWIURGYIoYqbWzEdE0UomLwqJgR3+eVV0jmvuxf1xl2j1rwu4iijY3SCzpCLLlET3aIWaiOKMvSMXtGb9WS9WO/Wx6K1ZBUzVfQH1ucPeB2VTw==</latexit> �
h0

<latexit sha1_base64="WSQWhUzevdhciDwYd+KHnX0/3TE=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOy7U9+uOXVnDrRK3ILUoEDLt78GQ0HSiMaacKxU33US7eVYakY4nVYGqaIJJhM8on1DYxxR5eXz46fo1ChDFAppKtZorv6eyHGkVBYFpjPCeqyWvZn4n9dPdXjl5SxOUk1jslgUphxpgWZJoCGTlGieGYKJZOZWRMZYYqJNXhUTgrv88irpnNfdi3rjrlFrXhdxlOEYTuAMXLiEJtxCC9pAIINneIU368l6sd6tj0VrySpmqvAH1ucPeaKVUA==</latexit> �
h1

<latexit sha1_base64="iocsfVtY3oEJ/wFmh6VNHm3X0Hk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lKUY9FLx4r2FZoQ9hsJ+3SzW7Y3Sgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmhQmjSrvut1VaW9/Y3CpvV3Z29/YP7MOjrhKpJNAhggl5H2IFjHLoaKoZ3CcScBwy6IWT65nfewCpqOB3OkvAj/GI04gSrI0U2NWBMDaDSGMpxWM+DhrTwK65dXcOZ5V4BamhAu3A/hoMBUlj4JowrFTfcxPt51hqShhMK4NUQYLJBI+gbyjHMSg/nx8/dU6NMnQiIU1x7czV3xM5jpXK4tB0xliP1bI3E//z+qmOLv2c8iTVwMliUZQyRwtnloQzpBKIZpkhmEhqbnXIGEtMtMmrYkLwll9eJd1G3TuvN2+btdZVEUcZHaMTdIY8dIFa6Aa1UQcRlKFn9IrerCfrxXq3PhatJauYqaI/sD5/AHsnlVE=</latexit> �
h2

<latexit sha1_base64="kvBFjl4Dqj6Y1OKfRp47zb8/6hg=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVBIt6rHoxWMF+wFtCJvtpl26yYbdjRJC/StePCji1R/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYViKVhLaI4EJ2A6woZzFtaaY57SaS4ijgtBOMb6Z+54FKxUR8r7OEehEexixkBGsj+XalL4zNaaixlOIxH/nnE9+uOjVnBrRM3IJUoUDTt7/6A0HSiMaacKxUz3US7eVYakY4nZT7qaIJJmM8pD1DYxxR5eWz4yfoxCgDFAppKtZopv6eyHGkVBYFpjPCeqQWvan4n9dLdXjl5SxOUk1jMl8UphxpgaZJoAGTlGieGYKJZOZWREZYYqJNXmUTgrv48jJpn9Xci1r9rl5tXBdxlOAIjuEUXLiEBtxCE1pAIINneIU368l6sd6tj3nrilXMVOAPrM8ffKyVUg==</latexit> �
h3

<latexit sha1_base64="Wdh2q0QuTdIUr7kcsjEagUSIJzQ=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOw3pr5dc+rOHGiVuAWpQYGWb38NhoKkEY014Vipvusk2sux1IxwOq0MUkUTTCZ4RPuGxjiiysvnx0/RqVGGKBTSVKzRXP09keNIqSwKTGeE9VgtezPxP6+f6vDKy1mcpJrGZLEoTDnSAs2SQEMmKdE8MwQTycytiIyxxESbvComBHf55VXSOa+7F/XGXaPWvC7iKMMxnMAZuHAJTbiFFrSBQAbP8Apv1pP1Yr1bH4vWklXMVOEPrM8ffjGVUw==</latexit> �
h4

Encode Decode

<latexit sha1_base64="Kkz5qLszyX5P9/KISnagrUBKHKQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH2042b</latexit>

h1
<latexit sha1_base64="+QuQ58XVino6+hScoHmmH43bUWc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6GPWr/VLZrbhzkFXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQu5ZKGqH2s/mpU3JulQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtO0YbgLb+8SlrViler1O4vy/WbPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AH4V42c</latexit>

h2
<latexit sha1_base64="BLD423yzviVm46txMjJh8ZFY7jc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/ah/3i9X3Ko7B/lLvJxUIEejX/7sDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5scqAhLG2pZDM1Z8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyX9I6q3q1au3uolK/zuMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzf5242d</latexit>

h3

60%

35%

5

Recall:
<latexit sha1_base64="X+So7EigzfzDm9HinBS0iZb9CuY="></latexit>

Enc(x, g) =

|x|X

i=1

p(i | g)hi

<latexit sha1_base64="/M4f7DS+l3r6SvmCEfHQ33J1W7E=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9KK3CvYD2qVks9k2NMmuSbZQSn+HFw+KePXHePPfmLZ70NYHA4/3ZpiZFyScaeO6305ubX1jcyu/XdjZ3ds/KB4eNXWcKkIbJOaxagdYU84kbRhmOG0nimIRcNoKhrczvzWiSrNYPppxQn2B+5JFjGBjJT8p36OuYCHq99zzXrHkVtw50CrxMlKCDPVe8asbxiQVVBrCsdYdz02MP8HKMMLptNBNNU0wGeI+7VgqsaDan8yPnqIzq4QoipUtadBc/T0xwULrsQhsp8BmoJe9mfif10lNdO1PmExSQyVZLIpSjkyMZgmgkClKDB9bgoli9lZEBlhhYmxOBRuCt/zyKmleVLxqpfpwWardZHHk4QROoQweXEEN7qAODSDwBM/wCm/OyHlx3p2PRWvOyWaO4Q+czx/XupDd</latexit>

p(I | g0)

<latexit sha1_base64="SpSRqyr+LIWNXlFUVd8hZGO8cx4="></latexit>

Enc(x, g0) =

|x|X

i=1

p(i | g0)hi

Weighted sum:



Attention

I

like

pizza

Encode Decode
<latexit sha1_base64="Kkz5qLszyX5P9/KISnagrUBKHKQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH2042b</latexit>

h1
<latexit sha1_base64="+QuQ58XVino6+hScoHmmH43bUWc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6GPWr/VLZrbhzkFXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQu5ZKGqH2s/mpU3JulQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtO0YbgLb+8SlrViler1O4vy/WbPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AH4V42c</latexit>

h2
<latexit sha1_base64="BLD423yzviVm46txMjJh8ZFY7jc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/ah/3i9X3Ko7B/lLvJxUIEejX/7sDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5scqAhLG2pZDM1Z8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyX9I6q3q1au3uolK/zuMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzf5242d</latexit>

h3

60%

35%

5

Recall:
<latexit sha1_base64="X+So7EigzfzDm9HinBS0iZb9CuY="></latexit>

Enc(x, g) =

|x|X

i=1

p(i | g)hi

<latexit sha1_base64="/M4f7DS+l3r6SvmCEfHQ33J1W7E=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9KK3CvYD2qVks9k2NMmuSbZQSn+HFw+KePXHePPfmLZ70NYHA4/3ZpiZFyScaeO6305ubX1jcyu/XdjZ3ds/KB4eNXWcKkIbJOaxagdYU84kbRhmOG0nimIRcNoKhrczvzWiSrNYPppxQn2B+5JFjGBjJT8p36OuYCHq99zzXrHkVtw50CrxMlKCDPVe8asbxiQVVBrCsdYdz02MP8HKMMLptNBNNU0wGeI+7VgqsaDan8yPnqIzq4QoipUtadBc/T0xwULrsQhsp8BmoJe9mfif10lNdO1PmExSQyVZLIpSjkyMZgmgkClKDB9bgoli9lZEBlhhYmxOBRuCt/zyKmleVLxqpfpwWardZHHk4QROoQweXEEN7qAODSDwBM/wCm/OyHlx3p2PRWvOyWaO4Q+czx/XupDd</latexit>

p(I | g0)

BOS

<latexit sha1_base64="qqKSJiEwWZbidgUyMeooZoUQkCI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3TpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCajhUijeRIGSd1LNaRxI3g5GtzO//cS1EYl6xHHK/ZhGSoSCUbTSQ9R3++WKW3XnIKvEy0kFcjT65a/eIGFZzBUySY3pem6K/oRqFEzyaamXGZ5SNqIR71qqaMyNP5mfOiVnVhmQMNG2FJK5+ntiQmNjxnFgO2OKQ7PszcT/vG6G4bU/ESrNkCu2WBRmkmBCZn+TgdCcoRxbQpkW9lbChlRThjadkg3BW355lbQuql6tWru/rNRv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnRfn3flYtBacfOYY/sD5/AHzyY2Z</latexit>g0

<latexit sha1_base64="VdLslFl5EfBqLJ2ZDaaZLBskdFY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpev1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuql6tWru/rNRv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AH1TY2a</latexit>g1
mi

<latexit sha1_base64="IEN1gUjblB0v4OTXzC8OEMqDegI=">AAACBnicbVDLSgMxFM3UV62vqksRgkWoIGVGpLosiuCygn1AZxgyadqGZjJDckdahq7c+CtuXCji1m9w59+Yjl1o9UDgcO65Sc4JYsE12PanlVtYXFpeya8W1tY3NreK2ztNHSWKsgaNRKTaAdFMcMkawEGwdqwYCQPBWsHwcjpv3TGleSRvYRwzLyR9yXucEjCSX9x3gY0gvZJ0UnYj45xelI4mx7jv20d+sWRX7Az4L3FmpIRmqPvFD7cb0SRkEqggWnccOwYvJQo4FWxScBPNYkKHpM86hkoSMu2lWYwJPjRKF/ciZY4EnKk/N1ISaj0OA+MMCQz0/Gwq/jfrJNA791Iu4wSYCZo91EsEhghPO8FdrhgFMTaEUMXNXzEdEEUomOYKpgRnPvJf0jypONVK9ea0VLuY1ZFHe+gAlZGDzlANXaM6aiCK7tEjekYv1oP1ZL1ab9/WnDXb2UW/YL1/AfRymMo=</latexit>

Enc(x, g0)

mi is the 1st person, 
objective case pronoun



Attention

I

like

pizza

Encode Decode
<latexit sha1_base64="Kkz5qLszyX5P9/KISnagrUBKHKQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH2042b</latexit>

h1
<latexit sha1_base64="+QuQ58XVino6+hScoHmmH43bUWc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6GPWr/VLZrbhzkFXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQu5ZKGqH2s/mpU3JulQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtO0YbgLb+8SlrViler1O4vy/WbPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AH4V42c</latexit>

h2
<latexit sha1_base64="BLD423yzviVm46txMjJh8ZFY7jc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/ah/3i9X3Ko7B/lLvJxUIEejX/7sDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5scqAhLG2pZDM1Z8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyX9I6q3q1au3uolK/zuMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzf5242d</latexit>

h3

5

60%

35%

Recall:
<latexit sha1_base64="X+So7EigzfzDm9HinBS0iZb9CuY="></latexit>

Enc(x, g) =

|x|X

i=1

p(i | g)hi

BOS

<latexit sha1_base64="qqKSJiEwWZbidgUyMeooZoUQkCI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3TpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCajhUijeRIGSd1LNaRxI3g5GtzO//cS1EYl6xHHK/ZhGSoSCUbTSQ9R3++WKW3XnIKvEy0kFcjT65a/eIGFZzBUySY3pem6K/oRqFEzyaamXGZ5SNqIR71qqaMyNP5mfOiVnVhmQMNG2FJK5+ntiQmNjxnFgO2OKQ7PszcT/vG6G4bU/ESrNkCu2WBRmkmBCZn+TgdCcoRxbQpkW9lbChlRThjadkg3BW355lbQuql6tWru/rNRv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnRfn3flYtBacfOYY/sD5/AHzyY2Z</latexit>g0

<latexit sha1_base64="VdLslFl5EfBqLJ2ZDaaZLBskdFY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpev1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuql6tWru/rNRv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AH1TY2a</latexit>g1
mi

mi piace

<latexit sha1_base64="CoXfw5aUSRI68mk4GDUbzjnHHyU=">AAACBnicbVDLSgMxFM3UV62vqksRgkWoIGVGpLosiuCygn1AZxgyadqGZjJDckdahq7c+CtuXCji1m9w59+Yjl1o9UDgcO65Sc4JYsE12PanlVtYXFpeya8W1tY3NreK2ztNHSWKsgaNRKTaAdFMcMkawEGwdqwYCQPBWsHwcjpv3TGleSRvYRwzLyR9yXucEjCSX9x3gY0gvZJ0UnYj45xelI4mx7jvO0d+sWRX7Az4L3FmpIRmqPvFD7cb0SRkEqggWnccOwYvJQo4FWxScBPNYkKHpM86hkoSMu2lWYwJPjRKF/ciZY4EnKk/N1ISaj0OA+MMCQz0/Gwq/jfrJNA791Iu4wSYCZo91EsEhghPO8FdrhgFMTaEUMXNXzEdEEUomOYKpgRnPvJf0jypONVK9ea0VLuY1ZFHe+gAlZGDzlANXaM6aiCK7tEjekYv1oP1ZL1ab9/WnDXb2UW/YL1/AfX3mMs=</latexit>

Enc(x, g1)

<latexit sha1_base64="nmaCkH3BLyuUjWqS5U589piGzFo=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9KK3CvYD2qVks9k2NMmuSbZQSn+HFw+KePXHePPfmLZ70NYHA4/3ZpiZFyScaeO6305ubX1jcyu/XdjZ3ds/KB4eNXWcKkIbJOaxagdYU84kbRhmOG0nimIRcNoKhrczvzWiSrNYPppxQn2B+5JFjGBjJT8p36OuYCHq97zzXrHkVtw50CrxMlKCDPVe8asbxiQVVBrCsdYdz02MP8HKMMLptNBNNU0wGeI+7VgqsaDan8yPnqIzq4QoipUtadBc/T0xwULrsQhsp8BmoJe9mfif10lNdO1PmExSQyVZLIpSjkyMZgmgkClKDB9bgoli9lZEBlhhYmxOBRuCt/zyKmleVLxqpfpwWardZHHk4QROoQweXEEN7qAODSDwBM/wCm/OyHlx3p2PRWvOyWaO4Q+czx/ZP5De</latexit>

p(I | g1)

piace is the 3rd person 
singular declension of 

piacere

<latexit sha1_base64="7t0Q1AtPztPjrLGf/EPZC94JDQs=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtJF262YTdjVBKf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXpIJr47rfztr6xubWdmGnuLu3f3BYOjpu6SRTDJssEYnqBFSj4BKbhhuBnVQhjQOB7WB0O/PbT6g0T+SjGafoxzSSPOSMGis9RP1qv1R2K+4cZJV4OSlDjka/9NUbJCyLURomqNZdz02NP6HKcCZwWuxlGlPKRjTCrqWSxqj9yfzUKTm3yoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadog3BW355lbSqFa9Wqd1flus3eRwFOIUzuAAPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWtecfOYE/sD5/AH20Y2b</latexit>g2



Attention

I

like

pizza

Encode Decode
<latexit sha1_base64="Kkz5qLszyX5P9/KISnagrUBKHKQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH2042b</latexit>

h1
<latexit sha1_base64="+QuQ58XVino6+hScoHmmH43bUWc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6GPWr/VLZrbhzkFXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQu5ZKGqH2s/mpU3JulQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtO0YbgLb+8SlrViler1O4vy/WbPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AH4V42c</latexit>

h2
<latexit sha1_base64="BLD423yzviVm46txMjJh8ZFY7jc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/ah/3i9X3Ko7B/lLvJxUIEejX/7sDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5scqAhLG2pZDM1Z8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyX9I6q3q1au3uolK/zuMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzf5242d</latexit>

h3

5

5

90%

Recall:
<latexit sha1_base64="X+So7EigzfzDm9HinBS0iZb9CuY="></latexit>

Enc(x, g) =

|x|X

i=1

p(i | g)hi

BOS

<latexit sha1_base64="qqKSJiEwWZbidgUyMeooZoUQkCI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3TpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCajhUijeRIGSd1LNaRxI3g5GtzO//cS1EYl6xHHK/ZhGSoSCUbTSQ9R3++WKW3XnIKvEy0kFcjT65a/eIGFZzBUySY3pem6K/oRqFEzyaamXGZ5SNqIR71qqaMyNP5mfOiVnVhmQMNG2FJK5+ntiQmNjxnFgO2OKQ7PszcT/vG6G4bU/ESrNkCu2WBRmkmBCZn+TgdCcoRxbQpkW9lbChlRThjadkg3BW355lbQuql6tWru/rNRv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnRfn3flYtBacfOYY/sD5/AHzyY2Z</latexit>g0

<latexit sha1_base64="VdLslFl5EfBqLJ2ZDaaZLBskdFY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpev1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuql6tWru/rNRv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AH1TY2a</latexit>g1
mi

mi piace

piace la

<latexit sha1_base64="px+trkupkHBhthZ8m8U9ApxK3ek=">AAACBnicbVDLSgMxFM3UV62vUZciBItQQcpMkeqyKILLCvYBnWHIpGkbmnmQ3JGWoSs3/oobF4q49Rvc+TemdRbaeiBwOPfcJOf4seAKLOvLyC0tr6yu5dcLG5tb2zvm7l5TRYmkrEEjEcm2TxQTPGQN4CBYO5aMBL5gLX94NZ237plUPArvYBwzNyD9kPc4JaAlzzx0gI0gvQ7ppORE2jm9KB1NTnHfq5x4ZtEqWzPgRWJnpIgy1D3z0+lGNAlYCFQQpTq2FYObEgmcCjYpOIliMaFD0mcdTUMSMOWmsxgTfKyVLu5FUp8Q8Ez9vZGSQKlx4GtnQGCg5mdT8b9ZJ4HehZvyME6A6aCzh3qJwBDhaSe4yyWjIMaaECq5/iumAyIJBd1cQZdgz0deJM1K2a6Wq7dnxdplVkceHaAjVEI2Okc1dIPqqIEoekBP6AW9Go/Gs/FmvP9Yc0a2s4/+wPj4Bvd8mMw=</latexit>

Enc(x, g2)

<latexit sha1_base64="7t0Q1AtPztPjrLGf/EPZC94JDQs=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtJF262YTdjVBKf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXpIJr47rfztr6xubWdmGnuLu3f3BYOjpu6SRTDJssEYnqBFSj4BKbhhuBnVQhjQOB7WB0O/PbT6g0T+SjGafoxzSSPOSMGis9RP1qv1R2K+4cZJV4OSlDjka/9NUbJCyLURomqNZdz02NP6HKcCZwWuxlGlPKRjTCrqWSxqj9yfzUKTm3yoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadog3BW355lbSqFa9Wqd1flus3eRwFOIUzuAAPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWtecfOYE/sD5/AH20Y2b</latexit>g2

<latexit sha1_base64="7m6csuXnPlfQZWL3h7zFLVezT7I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSAXXxnW/nMLK6tr6RnGztLW9s7tX3j9o6SRTDJssEYnqBFSj4BKbhhuBnVQhjQOB7WB0M/Pbj6g0T+SDGafoxzSSPOSMGivdR/3zfrniVt05yF/i5aQCORr98mdvkLAsRmmYoFp3PTc1/oQqw5nAaamXaUwpG9EIu5ZKGqP2J/NTp+TEKgMSJsqWNGSu/pyY0FjrcRzYzpiaoV72ZuJ/Xjcz4ZU/4TLNDEq2WBRmgpiEzP4mA66QGTG2hDLF7a2EDamizNh0SjYEb/nlv6R1VvVq1drdRaV+ncdRhCM4hlPw4BLqcAsNaAKDCJ7gBV4d4Tw7b877orXg5DOH8AvOxzf4VY2c</latexit>g3

<latexit sha1_base64="toaOfjqIlkKpaKcuwm3OgR4/oyM=">AAAB9HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JLDHoketEbJoIksCHdbhca2u7adkkI4Xd48aAxXv0x3vw3FtiDgi+Z5OW9mczMCxLOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpOFaFNEvNYtQOsKWeSNg0znLYTRbEIOH0Mhjcz/3FElWaxfDDjhPoC9yWLGMHGSn5SvkNdwULU71XPe8WSW3HnQKvEy0gJMjR6xa9uGJNUUGkIx1p3PDcx/gQrwwin00I31TTBZIj7tGOpxIJqfzI/eorOrBKiKFa2pEFz9ffEBAutxyKwnQKbgV72ZuJ/Xic10ZU/YTJJDZVksShKOTIxmiWAQqYoMXxsCSaK2VsRGWCFibE5FWwI3vLLq6RVrXi1Su3+olS/zuLIwwmcQhk8uIQ63EIDmkDgCZ7hFd6ckfPivDsfi9ack80cwx84nz/axJDf</latexit>

p(I | g2)



Attention

I

like

pizza

Encode Decode
<latexit sha1_base64="Kkz5qLszyX5P9/KISnagrUBKHKQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH2042b</latexit>

h1
<latexit sha1_base64="+QuQ58XVino6+hScoHmmH43bUWc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6GPWr/VLZrbhzkFXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQu5ZKGqH2s/mpU3JulQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtO0YbgLb+8SlrViler1O4vy/WbPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AH4V42c</latexit>

h2
<latexit sha1_base64="BLD423yzviVm46txMjJh8ZFY7jc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/ah/3i9X3Ko7B/lLvJxUIEejX/7sDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5scqAhLG2pZDM1Z8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyX9I6q3q1au3uolK/zuMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzf5242d</latexit>

h3

5

5

90%

Recall:
<latexit sha1_base64="X+So7EigzfzDm9HinBS0iZb9CuY="></latexit>

Enc(x, g) =

|x|X

i=1

p(i | g)hi

BOS

<latexit sha1_base64="qqKSJiEwWZbidgUyMeooZoUQkCI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3TpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCajhUijeRIGSd1LNaRxI3g5GtzO//cS1EYl6xHHK/ZhGSoSCUbTSQ9R3++WKW3XnIKvEy0kFcjT65a/eIGFZzBUySY3pem6K/oRqFEzyaamXGZ5SNqIR71qqaMyNP5mfOiVnVhmQMNG2FJK5+ntiQmNjxnFgO2OKQ7PszcT/vG6G4bU/ESrNkCu2WBRmkmBCZn+TgdCcoRxbQpkW9lbChlRThjadkg3BW355lbQuql6tWru/rNRv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnRfn3flYtBacfOYY/sD5/AHzyY2Z</latexit>g0

<latexit sha1_base64="VdLslFl5EfBqLJ2ZDaaZLBskdFY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpev1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuql6tWru/rNRv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AH1TY2a</latexit>g1
mi

mi piace

piace la

sa pizza

<latexit sha1_base64="IDPKAnWam2MVKls/juu92WcyoFA=">AAACBnicbVDLSgMxFM3UV62vqksRgkWoIGVGpbosiuCygn1AZxgyaaYNzTxI7kjLMCs3/oobF4q49Rvc+TemtQttPRA4nHtuknO8WHAFpvll5BYWl5ZX8quFtfWNza3i9k5TRYmkrEEjEcm2RxQTPGQN4CBYO5aMBJ5gLW9wNZ637plUPArvYBQzJyC9kPucEtCSW9y3gQ0hvQ5pVrYj7RxflA6zY9xzT4/cYsmsmBPgeWJNSQlNUXeLn3Y3oknAQqCCKNWxzBiclEjgVLCsYCeKxYQOSI91NA1JwJSTTmJk+FArXexHUp8Q8ET9vZGSQKlR4GlnQKCvZmdj8b9ZJwH/wkl5GCfAdNDJQ34iMER43AnucskoiJEmhEqu/4ppn0hCQTdX0CVYs5HnSfOkYlUr1duzUu1yWkce7aEDVEYWOkc1dIPqqIEoekBP6AW9Go/Gs/FmvP9Yc8Z0Zxf9gfHxDfkBmM0=</latexit>

Enc(x, g3)

<latexit sha1_base64="7t0Q1AtPztPjrLGf/EPZC94JDQs=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtJF262YTdjVBKf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXpIJr47rfztr6xubWdmGnuLu3f3BYOjpu6SRTDJssEYnqBFSj4BKbhhuBnVQhjQOB7WB0O/PbT6g0T+SjGafoxzSSPOSMGis9RP1qv1R2K+4cZJV4OSlDjka/9NUbJCyLURomqNZdz02NP6HKcCZwWuxlGlPKRjTCrqWSxqj9yfzUKTm3yoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadog3BW355lbSqFa9Wqd1flus3eRwFOIUzuAAPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWtecfOYE/sD5/AH20Y2b</latexit>g2

<latexit sha1_base64="7m6csuXnPlfQZWL3h7zFLVezT7I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSAXXxnW/nMLK6tr6RnGztLW9s7tX3j9o6SRTDJssEYnqBFSj4BKbhhuBnVQhjQOB7WB0M/Pbj6g0T+SDGafoxzSSPOSMGivdR/3zfrniVt05yF/i5aQCORr98mdvkLAsRmmYoFp3PTc1/oQqw5nAaamXaUwpG9EIu5ZKGqP2J/NTp+TEKgMSJsqWNGSu/pyY0FjrcRzYzpiaoV72ZuJ/Xjcz4ZU/4TLNDEq2WBRmgpiEzP4mA66QGTG2hDLF7a2EDamizNh0SjYEb/nlv6R1VvVq1drdRaV+ncdRhCM4hlPw4BLqcAsNaAKDCJ7gBV4d4Tw7b877orXg5DOH8AvOxzf4VY2c</latexit>g3

<latexit sha1_base64="hoKd3p7v07IeU6EuXzHQxaWkcQM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPqX/XLFrbpzkFXi5aQCORr98ldvkLAsRmmYoFp3PTc1/oQqw5nAaamXaUwpG9EIu5ZKGqP2J/NTp+TMKgMSJsqWNGSu/p6Y0FjrcRzYzpiaoV72ZuJ/Xjcz4bU/4TLNDEq2WBRmgpiEzP4mA66QGTG2hDLF7a2EDamizNh0SjYEb/nlVdK6qHq1au3+slK/yeMowgmcwjl4cAV1uIMGNIFBBM/wCm+OcF6cd+dj0Vpw8plj+APn8wf52Y2d</latexit>g4

<latexit sha1_base64="uJhTjJF2FhV+5nD+NDeWaE8yIWc=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9lVqR6LXvRWwX5Au5RsNtuGJtk1yRZK6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzgoQzbVz321lZXVvf2Mxt5bd3dvf2CweHDR2nitA6iXmsWgHWlDNJ64YZTluJolgEnDaDwe3Ubw6p0iyWj2aUUF/gnmQRI9hYyU9K96gjWIh63YuzbqHolt0Z0DLxMlKEDLVu4asTxiQVVBrCsdZtz02MP8bKMMLpJN9JNU0wGeAebVsqsaDaH8+OnqBTq4QoipUtadBM/T0xxkLrkQhsp8Cmrxe9qfif105NdO2PmUxSQyWZL4pSjkyMpgmgkClKDB9Zgoli9lZE+lhhYmxOeRuCt/jyMmmcl71KufJwWazeZHHk4BhOoAQeXEEV7qAGdSDwBM/wCm/O0Hlx3p2PeeuKk80cwR84nz/cSZDg</latexit>

p(I | g3)



Attention

• Update decoding hidden state based on an updated 
version of the input sequence encoding 
 

• The updated sequence is determined via a weighted sum 
over input hidden states 
 

• Next time: how do we compute              ? 
<latexit sha1_base64="u8fflsCLbaji9+QI5FM8/Oaou8A=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9KK3CvYDtkvJZrNtaDZZkqxQSn+GFw+KePXXePPfmLZ70NYHA4/3ZpiZF6acaeO6305hbX1jc6u4XdrZ3ds/KB8etbXMFKEtIrlU3RBrypmgLcMMp91UUZyEnHbC0e3M7zxRpZkUj2ac0iDBA8FiRrCxkp9W71EvYREanPfLFbfmzoFWiZeTCuRo9stfvUiSLKHCEI619j03NcEEK8MIp9NSL9M0xWSEB9S3VOCE6mAyP3mKzqwSoVgqW8Kgufp7YoITrcdJaDsTbIZ62ZuJ/3l+ZuLrYMJEmhkqyGJRnHFkJJr9jyKmKDF8bAkmitlbERlihYmxKZVsCN7yy6ukfVHz6rX6w2WlcZPHUYQTOIUqeHAFDbiDJrSAgIRneIU3xzgvzrvzsWgtOPnMMfyB8/kDrdOQOg==</latexit>

p(I | g)

<latexit sha1_base64="XMh0Pl/qJeEPa9VRDgPyOl1mKD8="></latexit>

gi = f(gi�1,Enc(x, gi�1),�(yi))

<latexit sha1_base64="X+So7EigzfzDm9HinBS0iZb9CuY="></latexit>

Enc(x, g) =

|x|X

i=1

p(i | g)hi

<latexit sha1_base64="TNC881LMC3Gs/BOOl31TsNveGzg="></latexit>

p : Rd ! �N1:|x|


