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<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



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

<latexit sha1_base64="lSB9YzucPyjSJG2fzASar8rCFns=">AAAB8nicbVBNSwMxEM36WetX1aOXYBHqpeyKVI9FL3qrYD9gu5Rsmm1Ds8mSzIpl6c/w4kERr/4ab/4b03YP2vpg4PHeDDPzwkRwA6777aysrq1vbBa2its7u3v7pYPDllGppqxJlVC6ExLDBJesCRwE6ySakTgUrB2ObqZ++5Fpw5V8gHHCgpgMJI84JWAlP6l0gT1Bdjc565XKbtWdAS8TLydllKPRK311+4qmMZNABTHG99wEgoxo4FSwSbGbGpYQOiID5lsqScxMkM1OnuBTq/RxpLQtCXim/p7ISGzMOA5tZ0xgaBa9qfif56cQXQUZl0kKTNL5oigVGBSe/o/7XDMKYmwJoZrbWzEdEk0o2JSKNgRv8eVl0jqverVq7f6iXL/O4yigY3SCKshDl6iOblEDNRFFCj2jV/TmgPPivDsf89YVJ585Qn/gfP4A/3yRFg==</latexit>

p(I)

<latexit sha1_base64="hQP1qzevRc85vFQhQN2jcdUKlJ0=">AAAB9XicbVBNS8NAEN3Ur1q/qh69BItQLyURqR6LXjxWsB/QxrLZTtqlm03Ynagl9H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fiy4Rsf5tnIrq2vrG/nNwtb2zu5ecf+gqaNEMWiwSESq7VMNgktoIEcB7VgBDX0BLX90PfVbD6A0j+QdjmPwQjqQPOCMopHu43IX4QlTwUcwOe0VS07FmcFeJm5GSiRDvVf86vYjloQgkQmqdcd1YvRSqpAzAZNCN9EQUzaiA+gYKmkI2ktnV0/sE6P07SBSpiTaM/X3REpDrcehbzpDikO96E3F/7xOgsGll3IZJwiSzRcFibAxsqcR2H2ugKEYG0KZ4uZWmw2pogxNUAUTgrv48jJpnlXcaqV6e16qXWVx5MkROSZl4pILUiM3pE4ahBFFnskrebMerRfr3fqYt+asbOaQ/IH1+QOM3JKQ</latexit>

p(like)

<latexit sha1_base64="bZeHV9W9XtjuOoUuaRYluXrDnx8=">AAAB+HicbVBNSwMxEM36WetHVz16CRahXsquSPVY9OKxgv2AdinZNG1Ds9mQzIrt0l/ixYMiXv0p3vw3pu0etPXBwOO9GWbmhUpwA5737aytb2xubed28rt7+wcF9/CoYeJEU1ansYh1KySGCS5ZHTgI1lKakSgUrBmObmd+85Fpw2P5AGPFgogMJO9zSsBKXbegSh1gT5AqPpmQ6XnXLXplbw68SvyMFFGGWtf96vRimkRMAhXEmLbvKQhSooFTwab5TmKYInREBqxtqSQRM0E6P3yKz6zSw/1Y25KA5+rviZRExoyj0HZGBIZm2ZuJ/3ntBPrXQcqlSoBJuljUTwSGGM9SwD2uGQUxtoRQze2tmA6JJhRsVnkbgr/88ippXJT9Srlyf1ms3mRx5NAJOkUl5KMrVEV3qIbqiKIEPaNX9OZMnBfn3flYtK452cwx+gPn8wf/cJNU</latexit>

p(pizza)

<latexit sha1_base64="W7H/31A0E1MykdR7YGUtA35eRPc=">AAAB+HicbVBNS8NAEN34WetHox69LBahXkoiUj0WRfBmRfsBbSib7aZdutmE3YlYQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZ58eCa3Ccb2tpeWV1bT23kd/c2t4p2Lt7DR0lirI6jUSkWj7RTHDJ6sBBsFasGAl9wZr+8HLiNx+Y0jyS9zCKmReSvuQBpwSM1LULcakD7BEA0qubu/Fx1y46ZWcKvEjcjBRRhlrX/ur0IpqETAIVROu268TgpUQBp4KN851Es5jQIemztqGShEx76fTwMT4ySg8HkTIlAU/V3xMpCbUehb7pDAkM9Lw3Ef/z2gkE517KZZwAk3S2KEgEhghPUsA9rhgFMTKEUMXNrZgOiCIUTFZ5E4I7//IiaZyU3Uq5cntarF5kceTQATpEJeSiM1RF16iG6oiiBD2jV/RmPVkv1rv1MWtdsrKZffQH1ucPbkSS9Q==</latexit>

p(EOS)



<latexit sha1_base64="OYdOW6dB8Ym6KwCfFEfoVZj+lgE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPpuv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDtDY2T</latexit>c0

<latexit sha1_base64="Kz4tDovN/gIOBKwQzOMZsJH3pbE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPpev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDukY2U</latexit>c1

<latexit sha1_base64="au9Q6pcuOAuEpFDMuI3IuqzA6I4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOle9av9csVt+rOQVaJl5MK5Gj2y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnXqt5FtX5XrzSu8ziKcAKncA4eXEIDbqEJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPwFY2V</latexit>c2

<latexit sha1_base64="pmFDN50UMA/0go81cEBTVujFwx0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTSPeuf98sVt+rOQf4SLycVyNHolz97g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUpOrDIgYaxtKSRz9edERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb/8l7TOqt5FtXZXq9Sv8ziKcATHcAoeXEIdbqEBTWAwhCd4gVdHOs/Om/O+aC04+cwh/ILz8Q3xmY2W</latexit>c3

<latexit sha1_base64="3NZxg68WAeZiI82s0a3t4h+k0ZI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDzHY2X</latexit>c4

Recurrent Neural Networks 
(with LSTM cells)

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

<latexit sha1_base64="lSB9YzucPyjSJG2fzASar8rCFns=">AAAB8nicbVBNSwMxEM36WetX1aOXYBHqpeyKVI9FL3qrYD9gu5Rsmm1Ds8mSzIpl6c/w4kERr/4ab/4b03YP2vpg4PHeDDPzwkRwA6777aysrq1vbBa2its7u3v7pYPDllGppqxJlVC6ExLDBJesCRwE6ySakTgUrB2ObqZ++5Fpw5V8gHHCgpgMJI84JWAlP6l0gT1Bdjc565XKbtWdAS8TLydllKPRK311+4qmMZNABTHG99wEgoxo4FSwSbGbGpYQOiID5lsqScxMkM1OnuBTq/RxpLQtCXim/p7ISGzMOA5tZ0xgaBa9qfif56cQXQUZl0kKTNL5oigVGBSe/o/7XDMKYmwJoZrbWzEdEk0o2JSKNgRv8eVl0jqverVq7f6iXL/O4yigY3SCKshDl6iOblEDNRFFCj2jV/TmgPPivDsf89YVJ585Qn/gfP4A/3yRFg==</latexit>

p(I)

<latexit sha1_base64="hQP1qzevRc85vFQhQN2jcdUKlJ0=">AAAB9XicbVBNS8NAEN3Ur1q/qh69BItQLyURqR6LXjxWsB/QxrLZTtqlm03Ynagl9H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fiy4Rsf5tnIrq2vrG/nNwtb2zu5ecf+gqaNEMWiwSESq7VMNgktoIEcB7VgBDX0BLX90PfVbD6A0j+QdjmPwQjqQPOCMopHu43IX4QlTwUcwOe0VS07FmcFeJm5GSiRDvVf86vYjloQgkQmqdcd1YvRSqpAzAZNCN9EQUzaiA+gYKmkI2ktnV0/sE6P07SBSpiTaM/X3REpDrcehbzpDikO96E3F/7xOgsGll3IZJwiSzRcFibAxsqcR2H2ugKEYG0KZ4uZWmw2pogxNUAUTgrv48jJpnlXcaqV6e16qXWVx5MkROSZl4pILUiM3pE4ahBFFnskrebMerRfr3fqYt+asbOaQ/IH1+QOM3JKQ</latexit>

p(like)

<latexit sha1_base64="bZeHV9W9XtjuOoUuaRYluXrDnx8=">AAAB+HicbVBNSwMxEM36WetHVz16CRahXsquSPVY9OKxgv2AdinZNG1Ds9mQzIrt0l/ixYMiXv0p3vw3pu0etPXBwOO9GWbmhUpwA5737aytb2xubed28rt7+wcF9/CoYeJEU1ansYh1KySGCS5ZHTgI1lKakSgUrBmObmd+85Fpw2P5AGPFgogMJO9zSsBKXbegSh1gT5AqPpmQ6XnXLXplbw68SvyMFFGGWtf96vRimkRMAhXEmLbvKQhSooFTwab5TmKYInREBqxtqSQRM0E6P3yKz6zSw/1Y25KA5+rviZRExoyj0HZGBIZm2ZuJ/3ntBPrXQcqlSoBJuljUTwSGGM9SwD2uGQUxtoRQze2tmA6JJhRsVnkbgr/88ippXJT9Srlyf1ms3mRx5NAJOkUl5KMrVEV3qIbqiKIEPaNX9OZMnBfn3flYtK452cwx+gPn8wf/cJNU</latexit>

p(pizza)

<latexit sha1_base64="W7H/31A0E1MykdR7YGUtA35eRPc=">AAAB+HicbVBNS8NAEN34WetHox69LBahXkoiUj0WRfBmRfsBbSib7aZdutmE3YlYQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZ58eCa3Ccb2tpeWV1bT23kd/c2t4p2Lt7DR0lirI6jUSkWj7RTHDJ6sBBsFasGAl9wZr+8HLiNx+Y0jyS9zCKmReSvuQBpwSM1LULcakD7BEA0qubu/Fx1y46ZWcKvEjcjBRRhlrX/ur0IpqETAIVROu268TgpUQBp4KN851Es5jQIemztqGShEx76fTwMT4ySg8HkTIlAU/V3xMpCbUehb7pDAkM9Lw3Ef/z2gkE517KZZwAk3S2KEgEhghPUsA9rhgFMTKEUMXNrZgOiCIUTFZ5E4I7//IiaZyU3Uq5cntarF5kceTQATpEJeSiM1RF16iG6oiiBD2jV/RmPVkv1rv1MWtdsrKZffQH1ucPbkSS9Q==</latexit>

p(EOS)



<latexit sha1_base64="OYdOW6dB8Ym6KwCfFEfoVZj+lgE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPpuv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDtDY2T</latexit>c0

<latexit sha1_base64="Kz4tDovN/gIOBKwQzOMZsJH3pbE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPpev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDukY2U</latexit>c1

<latexit sha1_base64="au9Q6pcuOAuEpFDMuI3IuqzA6I4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOle9av9csVt+rOQVaJl5MK5Gj2y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnXqt5FtX5XrzSu8ziKcAKncA4eXEIDbqEJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPwFY2V</latexit>c2

<latexit sha1_base64="pmFDN50UMA/0go81cEBTVujFwx0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTSPeuf98sVt+rOQf4SLycVyNHolz97g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUpOrDIgYaxtKSRz9edERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb/8l7TOqt5FtXZXq9Sv8ziKcATHcAoeXEIdbqEBTWAwhCd4gVdHOs/Om/O+aC04+cwh/ILz8Q3xmY2W</latexit>c3

<latexit sha1_base64="3NZxg68WAeZiI82s0a3t4h+k0ZI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDzHY2X</latexit>c4

Recurrent Neural Networks 
(with LSTM cells)

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

Could we get 
<latexit sha1_base64="c2BrwE7qqNMVndfxfbEF/oYSc38=">AAACF3icbVDLTgIxFO3gC/GFunTTSExgQ2YMUTcmRDe6w0QeCRDSKRdo6DzS3jHAhL9w46+4caExbnXn31geCwVP0uTknHPb3uOGUmi07W8rsbK6tr6R3Extbe/s7qX3Dyo6iBSHMg9koGou0yCFD2UUKKEWKmCeK6Hq9q8nfvUBlBaBf4/DEJoe6/qiIzhDI7XS+UbYE9lGYDKTK+LBOEcv6UxEGGB8S6XoAw3FaMTGuVY6Y+ftKegyceYkQ+YotdJfjXbAIw985JJpXXfsEJsxUyi4hHGqEWkIGe+zLtQN9ZkHuhlP9xrTE6O0aSdQ5vhIp+rviZh5Wg891yQ9hj296E3E/7x6hJ2LZiz8MELw+eyhTiQpBnRSEm0LBRzl0BDGlTB/pbzHFONoqkyZEpzFlZdJ5TTvnOULd4VM8WpeR5IckWOSJQ45J0VyQ0qkTDh5JM/klbxZT9aL9W59zKIJaz5zSP7A+vwBdluffg==</latexit>

�(x) = �(I like pizza)?

If so, what would 
it be useful for?



Sequence Embeddings

<latexit sha1_base64="c2BrwE7qqNMVndfxfbEF/oYSc38=">AAACF3icbVDLTgIxFO3gC/GFunTTSExgQ2YMUTcmRDe6w0QeCRDSKRdo6DzS3jHAhL9w46+4caExbnXn31geCwVP0uTknHPb3uOGUmi07W8rsbK6tr6R3Extbe/s7qX3Dyo6iBSHMg9koGou0yCFD2UUKKEWKmCeK6Hq9q8nfvUBlBaBf4/DEJoe6/qiIzhDI7XS+UbYE9lGYDKTK+LBOEcv6UxEGGB8S6XoAw3FaMTGuVY6Y+ftKegyceYkQ+YotdJfjXbAIw985JJpXXfsEJsxUyi4hHGqEWkIGe+zLtQN9ZkHuhlP9xrTE6O0aSdQ5vhIp+rviZh5Wg891yQ9hj296E3E/7x6hJ2LZiz8MELw+eyhTiQpBnRSEm0LBRzl0BDGlTB/pbzHFONoqkyZEpzFlZdJ5TTvnOULd4VM8WpeR5IckWOSJQ45J0VyQ0qkTDh5JM/klbxZT9aL9W59zKIJaz5zSP7A+vwBdluffg==</latexit>

�(x) = �(I like pizza)

Option 0: average word  
embeddings

But we lose all 
notions of order

<latexit sha1_base64="eJkVN84X2DDdXZEFqEENS2oxihA=">AAACKXicbVBLSwMxGMzWV62vVY9egkWol7IrRb0Uil48VrAP6K5LNpttQ7MPkqy0bPfvePGveFFQ1Kt/xGzbg7YOBIaZ+ZJ848aMCmkYn1phZXVtfaO4Wdra3tnd0/cP2iJKOCYtHLGId10kCKMhaUkqGenGnKDAZaTjDq9zv/NAuKBReCfHMbED1A+pTzGSSnL0Rh1ans8RTs0snViRyuZXpaNsklkiCZyU1s3sftGCVjyglZFDTx29bFSNKeAyMeekDOZoOvqr5UU4CUgoMUNC9EwjlnaKuKSYkaxkJYLECA9Rn/QUDVFAhJ1ON83giVI86EdcnVDCqfp7IkWBEOPAVckAyYFY9HLxP6+XSP/STmkYJ5KEePaQnzAoI5jXBj3KCZZsrAjCnKq/QjxAqjepyi2pEszFlZdJ+6xqnldrt7Vy42peRxEcgWNQASa4AA1wA5qgBTB4BM/gDbxrT9qL9qF9zaIFbT5zCP5A+/4B67Wo4Q==</latexit>

=
1

|x|

|x|X

i=1

�(xi)

<latexit sha1_base64="OYdOW6dB8Ym6KwCfFEfoVZj+lgE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPpuv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDtDY2T</latexit>c0

<latexit sha1_base64="Kz4tDovN/gIOBKwQzOMZsJH3pbE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPpev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDukY2U</latexit>c1

<latexit sha1_base64="au9Q6pcuOAuEpFDMuI3IuqzA6I4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOle9av9csVt+rOQVaJl5MK5Gj2y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnXqt5FtX5XrzSu8ziKcAKncA4eXEIDbqEJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPwFY2V</latexit>c2

<latexit sha1_base64="pmFDN50UMA/0go81cEBTVujFwx0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTSPeuf98sVt+rOQf4SLycVyNHolz97g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUpOrDIgYaxtKSRz9edERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb/8l7TOqt5FtXZXq9Sv8ziKcATHcAoeXEIdbqEBTWAwhCd4gVdHOs/Om/O+aC04+cwh/ILz8Q3xmY2W</latexit>c3

<latexit sha1_base64="3NZxg68WAeZiI82s0a3t4h+k0ZI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDzHY2X</latexit>c4

<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

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)



Sequence Embeddings

<latexit sha1_base64="c2BrwE7qqNMVndfxfbEF/oYSc38=">AAACF3icbVDLTgIxFO3gC/GFunTTSExgQ2YMUTcmRDe6w0QeCRDSKRdo6DzS3jHAhL9w46+4caExbnXn31geCwVP0uTknHPb3uOGUmi07W8rsbK6tr6R3Extbe/s7qX3Dyo6iBSHMg9koGou0yCFD2UUKKEWKmCeK6Hq9q8nfvUBlBaBf4/DEJoe6/qiIzhDI7XS+UbYE9lGYDKTK+LBOEcv6UxEGGB8S6XoAw3FaMTGuVY6Y+ftKegyceYkQ+YotdJfjXbAIw985JJpXXfsEJsxUyi4hHGqEWkIGe+zLtQN9ZkHuhlP9xrTE6O0aSdQ5vhIp+rviZh5Wg891yQ9hj296E3E/7x6hJ2LZiz8MELw+eyhTiQpBnRSEm0LBRzl0BDGlTB/pbzHFONoqkyZEpzFlZdJ5TTvnOULd4VM8WpeR5IckWOSJQ45J0VyQ0qkTDh5JM/klbxZT9aL9W59zKIJaz5zSP7A+vwBdluffg==</latexit>

�(x) = �(I like pizza)

Option 1: take the last  
hidden state

<latexit sha1_base64="mwwxH4kCZw+P9cL2nekg7QBiPJA=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbArQb0IQS8eI5gHJCHMTnqTIbOz68ysEJb8hBcPinj1d7z5N06SPWhiQUNR1U13lx8Lro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1fKpRsEl1g03AluxQhr6Apv+6HbqN59QaR7JBzOOsRvSgeQBZ9RYqXVNhr30zJv0iiW37M5AlomXkRJkqPWKX51+xJIQpWGCat323Nh0U6oMZwInhU6iMaZsRAfYtlTSEHU3nd07ISdW6ZMgUrakITP190RKQ63HoW87Q2qGetGbiv957cQEV92UyzgxKNl8UZAIYiIyfZ70uUJmxNgSyhS3txI2pIoyYyMq2BC8xZeXSeO87F2UK/eVUvUmiyMPR3AMp+DBJVThDmpQBwYCnuEV3pxH58V5dz7mrTknmzmEP3A+fwD+vI9N</latexit>

= h�1

But this is overly 
weighted by information 
from later tokens

<latexit sha1_base64="OYdOW6dB8Ym6KwCfFEfoVZj+lgE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPpuv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDtDY2T</latexit>c0

<latexit sha1_base64="Kz4tDovN/gIOBKwQzOMZsJH3pbE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPpev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDukY2U</latexit>c1

<latexit sha1_base64="au9Q6pcuOAuEpFDMuI3IuqzA6I4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOle9av9csVt+rOQVaJl5MK5Gj2y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnXqt5FtX5XrzSu8ziKcAKncA4eXEIDbqEJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPwFY2V</latexit>c2

<latexit sha1_base64="pmFDN50UMA/0go81cEBTVujFwx0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTSPeuf98sVt+rOQf4SLycVyNHolz97g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUpOrDIgYaxtKSRz9edERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb/8l7TOqt5FtXZXq9Sv8ziKcATHcAoeXEIdbqEBTWAwhCd4gVdHOs/Om/O+aC04+cwh/ILz8Q3xmY2W</latexit>c3

<latexit sha1_base64="3NZxg68WAeZiI82s0a3t4h+k0ZI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDzHY2X</latexit>c4

<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

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



Sequence Embeddings

<latexit sha1_base64="c2BrwE7qqNMVndfxfbEF/oYSc38=">AAACF3icbVDLTgIxFO3gC/GFunTTSExgQ2YMUTcmRDe6w0QeCRDSKRdo6DzS3jHAhL9w46+4caExbnXn31geCwVP0uTknHPb3uOGUmi07W8rsbK6tr6R3Extbe/s7qX3Dyo6iBSHMg9koGou0yCFD2UUKKEWKmCeK6Hq9q8nfvUBlBaBf4/DEJoe6/qiIzhDI7XS+UbYE9lGYDKTK+LBOEcv6UxEGGB8S6XoAw3FaMTGuVY6Y+ftKegyceYkQ+YotdJfjXbAIw985JJpXXfsEJsxUyi4hHGqEWkIGe+zLtQN9ZkHuhlP9xrTE6O0aSdQ5vhIp+rviZh5Wg891yQ9hj296E3E/7x6hJ2LZiz8MELw+eyhTiQpBnRSEm0LBRzl0BDGlTB/pbzHFONoqkyZEpzFlZdJ5TTvnOULd4VM8WpeR5IckWOSJQ45J0VyQ0qkTDh5JM/klbxZT9aL9W59zKIJaz5zSP7A+vwBdluffg==</latexit>

�(x) = �(I like pizza)

Option 2: average hidden  
states over time
But earlier states have no 
information about later ones, 
while later ones have full 
information of the sequence

<latexit sha1_base64="uYDhv9teIYXpShdagikbhZ2yFNs=">AAACI3icbVBLS8NAGNzUV62vqEcvi0XwVBIpKkKh6MVjBfuAJobNZtMu3TzY3YglzX/x4l/x4kEpXjz4X9y0OWjrwMIwM9/ufuPGjAppGF9aaWV1bX2jvFnZ2t7Z3dP3DzoiSjgmbRyxiPdcJAijIWlLKhnpxZygwGWk645ucr/7SLigUXgvxzGxAzQIqU8xkkpy9KsGtDyfI5yaWTqxIpXNr0qfsklmiSRwUtows4dFCw4d6uhVo2bMAJeJWZAqKNBy9KnlRTgJSCgxQ0L0TSOWdoq4pJiRrGIlgsQIj9CA9BUNUUCEnc52zOCJUjzoR1ydUMKZ+nsiRYEQ48BVyQDJoVj0cvE/r59I/9JOaRgnkoR4/pCfMCgjmBcGPcoJlmysCMKcqr9CPESqMalqragSzMWVl0nnrGae1+p39WrzuqijDI7AMTgFJrgATXALWqANMHgGr+AdfGgv2ps21T7n0ZJWzByCP9C+fwByPqan</latexit>

=
1

|x|

|x|X

i=1

hi

<latexit sha1_base64="OYdOW6dB8Ym6KwCfFEfoVZj+lgE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPpuv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDtDY2T</latexit>c0

<latexit sha1_base64="Kz4tDovN/gIOBKwQzOMZsJH3pbE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPpev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDukY2U</latexit>c1

<latexit sha1_base64="au9Q6pcuOAuEpFDMuI3IuqzA6I4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOle9av9csVt+rOQVaJl5MK5Gj2y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnXqt5FtX5XrzSu8ziKcAKncA4eXEIDbqEJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPwFY2V</latexit>c2

<latexit sha1_base64="pmFDN50UMA/0go81cEBTVujFwx0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTSPeuf98sVt+rOQf4SLycVyNHolz97g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUpOrDIgYaxtKSRz9edERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb/8l7TOqt5FtXZXq9Sv8ziKcATHcAoeXEIdbqEBTWAwhCd4gVdHOs/Om/O+aC04+cwh/ILz8Q3xmY2W</latexit>c3

<latexit sha1_base64="3NZxg68WAeZiI82s0a3t4h+k0ZI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDzHY2X</latexit>c4

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



Bidirectional RNN

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

<latexit sha1_base64="h7Vk2qBK0f7ZaOV9VpunzXwvysI=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQ9hsN+3STTbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo2WqKGtTKaTqBUQzwWPWBg6C9RLFSBQI1g0mNzO/+8CU5jK+hyxhXkRGMQ85JWAk364OpLEFC4EoJR/zse9Mfbvm1J058CpxC1JDBVq+/TUYSppGLAYqiNZ910nAy4kCTgWbVgapZgmhEzJifUNjEjHt5fPjp/jUKEMcSmUqBjxXf0/kJNI6iwLTGREY62VvJv7n9VMIr7ycx0kKLKaLRWEqMEg8SwIPuWIURGYIoYqbWzEdE0UomLwqJgR3+eVV0jmvu4164+6i1rwu4iijY3SCzpCLLlET3aIWaiOKMvSMXtGb9WS9WO/Wx6K1ZBUzVfQH1ucPeMGVUQ==</latexit> �
h0

*you can have this with LSTM, 
I’m just leaving it out to save 
space
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<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="h7Vk2qBK0f7ZaOV9VpunzXwvysI=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQ9hsN+3STTbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo2WqKGtTKaTqBUQzwWPWBg6C9RLFSBQI1g0mNzO/+8CU5jK+hyxhXkRGMQ85JWAk364OpLEFC4EoJR/zse9Mfbvm1J058CpxC1JDBVq+/TUYSppGLAYqiNZ910nAy4kCTgWbVgapZgmhEzJifUNjEjHt5fPjp/jUKEMcSmUqBjxXf0/kJNI6iwLTGREY62VvJv7n9VMIr7ycx0kKLKaLRWEqMEg8SwIPuWIURGYIoYqbWzEdE0UomLwqJgR3+eVV0jmvu4164+6i1rwu4iijY3SCzpCLLlET3aIWaiOKMvSMXtGb9WS9WO/Wx6K1ZBUzVfQH1ucPeMGVUQ==</latexit> �
h0

<latexit sha1_base64="rPcJWB+LU3D/fb6qnCjKimo95fQ=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOy7U9+uOXVnDrRK3ILUoEDLt78GQ0HSiMaacKxU33US7eVYakY4nVYGqaIJJhM8on1DYxxR5eXz46fo1ChDFAppKtZorv6eyHGkVBYFpjPCeqyWvZn4n9dPdXjl5SxOUk1jslgUphxpgWZJoCGTlGieGYKJZOZWRMZYYqJNXhUTgrv88irpnNfdRr1xd1FrXhdxlOEYTuAMXLiEJtxCC9pAIINneIU368l6sd6tj0VrySpmqvAH1ucPekaVUg==</latexit> �
h1

*you can have this with LSTM, 
I’m just leaving it out to save 
space



Bidirectional RNN

BOS

I

like

<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="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="h7Vk2qBK0f7ZaOV9VpunzXwvysI=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQ9hsN+3STTbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo2WqKGtTKaTqBUQzwWPWBg6C9RLFSBQI1g0mNzO/+8CU5jK+hyxhXkRGMQ85JWAk364OpLEFC4EoJR/zse9Mfbvm1J058CpxC1JDBVq+/TUYSppGLAYqiNZ910nAy4kCTgWbVgapZgmhEzJifUNjEjHt5fPjp/jUKEMcSmUqBjxXf0/kJNI6iwLTGREY62VvJv7n9VMIr7ycx0kKLKaLRWEqMEg8SwIPuWIURGYIoYqbWzEdE0UomLwqJgR3+eVV0jmvu4164+6i1rwu4iijY3SCzpCLLlET3aIWaiOKMvSMXtGb9WS9WO/Wx6K1ZBUzVfQH1ucPeMGVUQ==</latexit> �
h0

<latexit sha1_base64="rPcJWB+LU3D/fb6qnCjKimo95fQ=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOy7U9+uOXVnDrRK3ILUoEDLt78GQ0HSiMaacKxU33US7eVYakY4nVYGqaIJJhM8on1DYxxR5eXz46fo1ChDFAppKtZorv6eyHGkVBYFpjPCeqyWvZn4n9dPdXjl5SxOUk1jslgUphxpgWZJoCGTlGieGYKJZOZWRMZYYqJNXhUTgrv88irpnNfdRr1xd1FrXhdxlOEYTuAMXLiEJtxCC9pAIINneIU368l6sd6tj0VrySpmqvAH1ucPekaVUg==</latexit> �
h1

*you can have this with LSTM, 
I’m just leaving it out to save 
space

<latexit sha1_base64="vTthBKrLIFPF+q+PUoWiKVSiU/U=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJIi1WPRi8cK9gPaEDbbSbt0kw27GyWE+le8eFDEqz/Em//GbZuDtj4YeLw3w8y8IOFMacf5ttbWNza3tks75d29/YND++i4o0QqKbSp4EL2AqKAsxjammkOvUQCiQIO3WByM/O7DyAVE/G9zhLwIjKKWcgo0Uby7cpAGJtDqImU4jEf+/Wpb1edmjMHXiVuQaqoQMu3vwZDQdMIYk05UarvOon2ciI1oxym5UGqICF0QkbQNzQmESgvnx8/xWdGGeJQSFOxxnP190ROIqWyKDCdEdFjtezNxP+8fqrDKy9ncZJqiOliUZhyrAWeJYGHTALVPDOEUMnMrZiOiSRUm7zKJgR3+eVV0qnX3EatcXdRbV4XcZTQCTpF58hFl6iJblELtRFFGXpGr+jNerJerHfrY9G6ZhUzFfQH1ucPe8uVUw==</latexit> �
h2

pizza

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

�(pizza)



Bidirectional RNN

BOS

I

<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="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="h7Vk2qBK0f7ZaOV9VpunzXwvysI=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQ9hsN+3STTbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo2WqKGtTKaTqBUQzwWPWBg6C9RLFSBQI1g0mNzO/+8CU5jK+hyxhXkRGMQ85JWAk364OpLEFC4EoJR/zse9Mfbvm1J058CpxC1JDBVq+/TUYSppGLAYqiNZ910nAy4kCTgWbVgapZgmhEzJifUNjEjHt5fPjp/jUKEMcSmUqBjxXf0/kJNI6iwLTGREY62VvJv7n9VMIr7ycx0kKLKaLRWEqMEg8SwIPuWIURGYIoYqbWzEdE0UomLwqJgR3+eVV0jmvu4164+6i1rwu4iijY3SCzpCLLlET3aIWaiOKMvSMXtGb9WS9WO/Wx6K1ZBUzVfQH1ucPeMGVUQ==</latexit> �
h0

<latexit sha1_base64="rPcJWB+LU3D/fb6qnCjKimo95fQ=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOy7U9+uOXVnDrRK3ILUoEDLt78GQ0HSiMaacKxU33US7eVYakY4nVYGqaIJJhM8on1DYxxR5eXz46fo1ChDFAppKtZorv6eyHGkVBYFpjPCeqyWvZn4n9dPdXjl5SxOUk1jslgUphxpgWZJoCGTlGieGYKJZOZWRMZYYqJNXhUTgrv88irpnNfdRr1xd1FrXhdxlOEYTuAMXLiEJtxCC9pAIINneIU368l6sd6tj0VrySpmqvAH1ucPekaVUg==</latexit> �
h1

*you can have this with LSTM, 
I’m just leaving it out to save 
space

<latexit sha1_base64="vTthBKrLIFPF+q+PUoWiKVSiU/U=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJIi1WPRi8cK9gPaEDbbSbt0kw27GyWE+le8eFDEqz/Em//GbZuDtj4YeLw3w8y8IOFMacf5ttbWNza3tks75d29/YND++i4o0QqKbSp4EL2AqKAsxjammkOvUQCiQIO3WByM/O7DyAVE/G9zhLwIjKKWcgo0Uby7cpAGJtDqImU4jEf+/Wpb1edmjMHXiVuQaqoQMu3vwZDQdMIYk05UarvOon2ciI1oxym5UGqICF0QkbQNzQmESgvnx8/xWdGGeJQSFOxxnP190ROIqWyKDCdEdFjtezNxP+8fqrDKy9ncZJqiOliUZhyrAWeJYGHTALVPDOEUMnMrZiOiSRUm7zKJgR3+eVV0qnX3EatcXdRbV4XcZTQCTpF58hFl6iJblELtRFFGXpGr+jNerJerHfrY9G6ZhUzFfQH1ucPe8uVUw==</latexit> �
h2

pizza

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

�(pizza)

like

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

�(like)
<latexit sha1_base64="dl4P2crCi0X3T4rx7Wqy+qBCmSw=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVBKV6rHoxWMF+wFtCJvtpl26yYbdjRJC/StePCji1R/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYViKVhLaI4EJ2A6woZzFtaaY57SaS4ijgtBOMb6Z+54FKxUR8r7OEehEexixkBGsj+XalL4zNaaixlOIxH/nnE9+uOjVnBrRM3IJUoUDTt7/6A0HSiMaacKxUz3US7eVYakY4nZT7qaIJJmM8pD1DYxxR5eWz4yfoxCgDFAppKtZopv6eyHGkVBYFpjPCeqQWvan4n9dLdXjl5SxOUk1jMl8UphxpgaZJoAGTlGieGYKJZOZWREZYYqJNXmUTgrv48jJpn9Xceq1+d1FtXBdxlOAIjuEUXLiEBtxCE1pAIINneIU368l6sd6tj3nrilXMVOAPrM8ffVCVVA==</latexit> �
h3



Bidirectional RNN

BOS

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

�(BOS)

<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="h7Vk2qBK0f7ZaOV9VpunzXwvysI=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQ9hsN+3STTbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo2WqKGtTKaTqBUQzwWPWBg6C9RLFSBQI1g0mNzO/+8CU5jK+hyxhXkRGMQ85JWAk364OpLEFC4EoJR/zse9Mfbvm1J058CpxC1JDBVq+/TUYSppGLAYqiNZ910nAy4kCTgWbVgapZgmhEzJifUNjEjHt5fPjp/jUKEMcSmUqBjxXf0/kJNI6iwLTGREY62VvJv7n9VMIr7ycx0kKLKaLRWEqMEg8SwIPuWIURGYIoYqbWzEdE0UomLwqJgR3+eVV0jmvu4164+6i1rwu4iijY3SCzpCLLlET3aIWaiOKMvSMXtGb9WS9WO/Wx6K1ZBUzVfQH1ucPeMGVUQ==</latexit> �
h0

<latexit sha1_base64="rPcJWB+LU3D/fb6qnCjKimo95fQ=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOy7U9+uOXVnDrRK3ILUoEDLt78GQ0HSiMaacKxU33US7eVYakY4nVYGqaIJJhM8on1DYxxR5eXz46fo1ChDFAppKtZorv6eyHGkVBYFpjPCeqyWvZn4n9dPdXjl5SxOUk1jslgUphxpgWZJoCGTlGieGYKJZOZWRMZYYqJNXhUTgrv88irpnNfdRr1xd1FrXhdxlOEYTuAMXLiEJtxCC9pAIINneIU368l6sd6tj0VrySpmqvAH1ucPekaVUg==</latexit> �
h1

*you can have this with LSTM, 
I’m just leaving it out to save 
space

<latexit sha1_base64="vTthBKrLIFPF+q+PUoWiKVSiU/U=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJIi1WPRi8cK9gPaEDbbSbt0kw27GyWE+le8eFDEqz/Em//GbZuDtj4YeLw3w8y8IOFMacf5ttbWNza3tks75d29/YND++i4o0QqKbSp4EL2AqKAsxjammkOvUQCiQIO3WByM/O7DyAVE/G9zhLwIjKKWcgo0Uby7cpAGJtDqImU4jEf+/Wpb1edmjMHXiVuQaqoQMu3vwZDQdMIYk05UarvOon2ciI1oxym5UGqICF0QkbQNzQmESgvnx8/xWdGGeJQSFOxxnP190ROIqWyKDCdEdFjtezNxP+8fqrDKy9ncZJqiOliUZhyrAWeJYGHTALVPDOEUMnMrZiOiSRUm7zKJgR3+eVV0qnX3EatcXdRbV4XcZTQCTpF58hFl6iJblELtRFFGXpGr+jNerJerHfrY9G6ZhUzFfQH1ucPe8uVUw==</latexit> �
h2

pizza

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

�(pizza)

like

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

�(like)
<latexit sha1_base64="dl4P2crCi0X3T4rx7Wqy+qBCmSw=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVBKV6rHoxWMF+wFtCJvtpl26yYbdjRJC/StePCji1R/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYViKVhLaI4EJ2A6woZzFtaaY57SaS4ijgtBOMb6Z+54FKxUR8r7OEehEexixkBGsj+XalL4zNaaixlOIxH/nnE9+uOjVnBrRM3IJUoUDTt7/6A0HSiMaacKxUz3US7eVYakY4nZT7qaIJJmM8pD1DYxxR5eWz4yfoxCgDFAppKtZopv6eyHGkVBYFpjPCeqQWvan4n9dLdXjl5SxOUk1jMl8UphxpgaZJoAGTlGieGYKJZOZWREZYYqJNXmUTgrv48jJpn9Xceq1+d1FtXBdxlOAIjuEUXLiEBtxCE1pAIINneIU368l6sd6tj3nrilXMVOAPrM8ffVCVVA==</latexit> �
h3

I

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

�(I)
<latexit sha1_base64="r6vvQo38SNiiokEk4InRf0qFNaI=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQ9hsJ+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUUmhTwYXsBUQBZzG0NdMceokEEgUcusHkZuZ3H0AqJuJ7nSXgRWQUs5BRoo3k29WBMDaHUBMpxWM+9i+mvl1z6s4ceJW4BamhAi3f/hoMBU0jiDXlRKm+6yTay4nUjHKYVgapgoTQCRlB39CYRKC8fH78FJ8aZYhDIU3FGs/V3xM5iZTKosB0RkSP1bI3E//z+qkOr7ycxUmqIaaLRWHKsRZ4lgQeMglU88wQQiUzt2I6JpJQbfKqmBDc5ZdXSee87jbqjbuLWvO6iKOMjtEJOkMuukRNdItaqI0oytAzekVv1pP1Yr1bH4vWklXMVNEfWJ8/ftWVVQ==</latexit> �
h4



Bidirectional RNN

BOS

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

�(BOS)

<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="h7Vk2qBK0f7ZaOV9VpunzXwvysI=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQ9hsN+3STTbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo2WqKGtTKaTqBUQzwWPWBg6C9RLFSBQI1g0mNzO/+8CU5jK+hyxhXkRGMQ85JWAk364OpLEFC4EoJR/zse9Mfbvm1J058CpxC1JDBVq+/TUYSppGLAYqiNZ910nAy4kCTgWbVgapZgmhEzJifUNjEjHt5fPjp/jUKEMcSmUqBjxXf0/kJNI6iwLTGREY62VvJv7n9VMIr7ycx0kKLKaLRWEqMEg8SwIPuWIURGYIoYqbWzEdE0UomLwqJgR3+eVV0jmvu4164+6i1rwu4iijY3SCzpCLLlET3aIWaiOKMvSMXtGb9WS9WO/Wx6K1ZBUzVfQH1ucPeMGVUQ==</latexit> �
h0

<latexit sha1_base64="rPcJWB+LU3D/fb6qnCjKimo95fQ=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOy7U9+uOXVnDrRK3ILUoEDLt78GQ0HSiMaacKxU33US7eVYakY4nVYGqaIJJhM8on1DYxxR5eXz46fo1ChDFAppKtZorv6eyHGkVBYFpjPCeqyWvZn4n9dPdXjl5SxOUk1jslgUphxpgWZJoCGTlGieGYKJZOZWRMZYYqJNXhUTgrv88irpnNfdRr1xd1FrXhdxlOEYTuAMXLiEJtxCC9pAIINneIU368l6sd6tj0VrySpmqvAH1ucPekaVUg==</latexit> �
h1

*you can have this with LSTM, 
I’m just leaving it out to save 
space

<latexit sha1_base64="vTthBKrLIFPF+q+PUoWiKVSiU/U=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJIi1WPRi8cK9gPaEDbbSbt0kw27GyWE+le8eFDEqz/Em//GbZuDtj4YeLw3w8y8IOFMacf5ttbWNza3tks75d29/YND++i4o0QqKbSp4EL2AqKAsxjammkOvUQCiQIO3WByM/O7DyAVE/G9zhLwIjKKWcgo0Uby7cpAGJtDqImU4jEf+/Wpb1edmjMHXiVuQaqoQMu3vwZDQdMIYk05UarvOon2ciI1oxym5UGqICF0QkbQNzQmESgvnx8/xWdGGeJQSFOxxnP190ROIqWyKDCdEdFjtezNxP+8fqrDKy9ncZJqiOliUZhyrAWeJYGHTALVPDOEUMnMrZiOiSRUm7zKJgR3+eVV0qnX3EatcXdRbV4XcZTQCTpF58hFl6iJblELtRFFGXpGr+jNerJerHfrY9G6ZhUzFfQH1ucPe8uVUw==</latexit> �
h2

pizza

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

�(pizza)

like

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

�(like)
<latexit sha1_base64="dl4P2crCi0X3T4rx7Wqy+qBCmSw=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVBKV6rHoxWMF+wFtCJvtpl26yYbdjRJC/StePCji1R/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYViKVhLaI4EJ2A6woZzFtaaY57SaS4ijgtBOMb6Z+54FKxUR8r7OEehEexixkBGsj+XalL4zNaaixlOIxH/nnE9+uOjVnBrRM3IJUoUDTt7/6A0HSiMaacKxUz3US7eVYakY4nZT7qaIJJmM8pD1DYxxR5eWz4yfoxCgDFAppKtZopv6eyHGkVBYFpjPCeqQWvan4n9dLdXjl5SxOUk1jMl8UphxpgaZJoAGTlGieGYKJZOZWREZYYqJNXmUTgrv48jJpn9Xceq1+d1FtXBdxlOAIjuEUXLiEBtxCE1pAIINneIU368l6sd6tj3nrilXMVOAPrM8ffVCVVA==</latexit> �
h3

I

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

�(I)
<latexit sha1_base64="r6vvQo38SNiiokEk4InRf0qFNaI=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQ9hsJ+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUUmhTwYXsBUQBZzG0NdMceokEEgUcusHkZuZ3H0AqJuJ7nSXgRWQUs5BRoo3k29WBMDaHUBMpxWM+9i+mvl1z6s4ceJW4BamhAi3f/hoMBU0jiDXlRKm+6yTay4nUjHKYVgapgoTQCRlB39CYRKC8fH78FJ8aZYhDIU3FGs/V3xM5iZTKosB0RkSP1bI3E//z+qkOr7ycxUmqIaaLRWHKsRZ4lgQeMglU88wQQiUzt2I6JpJQbfKqmBDc5ZdXSee87jbqjbuLWvO6iKOMjtEJOkMuukRNdItaqI0oytAzekVv1pP1Yr1bH4vWklXMVNEfWJ8/ftWVVQ==</latexit> �
h4

MLP
softmax

MLP
softmax

MLP
softmax

MLP
softmax

<latexit sha1_base64="9OBP9bdQT45frM8sT76VtW79wBk="></latexit>

L✓(x1) = � log p(BOS | EOS, pizza, like, I; ✓)

<latexit sha1_base64="BYugS42osdfXOmJ5M9q+dq9aU5A="></latexit>

L✓(x2) = � log p(I | EOS, pizza, like; ✓)

<latexit sha1_base64="VPyhsuB5Cnpgh4otFpUsdDrvKPI="></latexit>

L✓(x3) = � log p(like | EOS, pizza; ✓)

<latexit sha1_base64="gX2zFed0aNEb1kgfDl79IcNbjtE="></latexit>

L✓(x4) = � log p(pizza | EOS; ✓)



Sentence Embeddings

BOS

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

�(BOS)

<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="h7Vk2qBK0f7ZaOV9VpunzXwvysI=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQ9hsN+3STTbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo2WqKGtTKaTqBUQzwWPWBg6C9RLFSBQI1g0mNzO/+8CU5jK+hyxhXkRGMQ85JWAk364OpLEFC4EoJR/zse9Mfbvm1J058CpxC1JDBVq+/TUYSppGLAYqiNZ910nAy4kCTgWbVgapZgmhEzJifUNjEjHt5fPjp/jUKEMcSmUqBjxXf0/kJNI6iwLTGREY62VvJv7n9VMIr7ycx0kKLKaLRWEqMEg8SwIPuWIURGYIoYqbWzEdE0UomLwqJgR3+eVV0jmvu4164+6i1rwu4iijY3SCzpCLLlET3aIWaiOKMvSMXtGb9WS9WO/Wx6K1ZBUzVfQH1ucPeMGVUQ==</latexit> �
h0

<latexit sha1_base64="rPcJWB+LU3D/fb6qnCjKimo95fQ=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOy7U9+uOXVnDrRK3ILUoEDLt78GQ0HSiMaacKxU33US7eVYakY4nVYGqaIJJhM8on1DYxxR5eXz46fo1ChDFAppKtZorv6eyHGkVBYFpjPCeqyWvZn4n9dPdXjl5SxOUk1jslgUphxpgWZJoCGTlGieGYKJZOZWRMZYYqJNXhUTgrv88irpnNfdRr1xd1FrXhdxlOEYTuAMXLiEJtxCC9pAIINneIU368l6sd6tj0VrySpmqvAH1ucPekaVUg==</latexit> �
h1

*you can have this with LSTM, 
I’m just leaving it out to save 
space

<latexit sha1_base64="vTthBKrLIFPF+q+PUoWiKVSiU/U=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJIi1WPRi8cK9gPaEDbbSbt0kw27GyWE+le8eFDEqz/Em//GbZuDtj4YeLw3w8y8IOFMacf5ttbWNza3tks75d29/YND++i4o0QqKbSp4EL2AqKAsxjammkOvUQCiQIO3WByM/O7DyAVE/G9zhLwIjKKWcgo0Uby7cpAGJtDqImU4jEf+/Wpb1edmjMHXiVuQaqoQMu3vwZDQdMIYk05UarvOon2ciI1oxym5UGqICF0QkbQNzQmESgvnx8/xWdGGeJQSFOxxnP190ROIqWyKDCdEdFjtezNxP+8fqrDKy9ncZJqiOliUZhyrAWeJYGHTALVPDOEUMnMrZiOiSRUm7zKJgR3+eVV0qnX3EatcXdRbV4XcZTQCTpF58hFl6iJblELtRFFGXpGr+jNerJerHfrY9G6ZhUzFfQH1ucPe8uVUw==</latexit> �
h2

pizza

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

�(pizza)

like

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

�(like)
<latexit sha1_base64="dl4P2crCi0X3T4rx7Wqy+qBCmSw=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVBKV6rHoxWMF+wFtCJvtpl26yYbdjRJC/StePCji1R/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYViKVhLaI4EJ2A6woZzFtaaY57SaS4ijgtBOMb6Z+54FKxUR8r7OEehEexixkBGsj+XalL4zNaaixlOIxH/nnE9+uOjVnBrRM3IJUoUDTt7/6A0HSiMaacKxUz3US7eVYakY4nZT7qaIJJmM8pD1DYxxR5eWz4yfoxCgDFAppKtZopv6eyHGkVBYFpjPCeqQWvan4n9dLdXjl5SxOUk1jMl8UphxpgaZJoAGTlGieGYKJZOZWREZYYqJNXmUTgrv48jJpn9Xceq1+d1FtXBdxlOAIjuEUXLiEBtxCE1pAIINneIU368l6sd6tj3nrilXMVOAPrM8ffVCVVA==</latexit> �
h3

I

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

�(I)
<latexit sha1_base64="r6vvQo38SNiiokEk4InRf0qFNaI=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQ9hsJ+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUUmhTwYXsBUQBZzG0NdMceokEEgUcusHkZuZ3H0AqJuJ7nSXgRWQUs5BRoo3k29WBMDaHUBMpxWM+9i+mvl1z6s4ceJW4BamhAi3f/hoMBU0jiDXlRKm+6yTay4nUjHKYVgapgoTQCRlB39CYRKC8fH78FJ8aZYhDIU3FGs/V3xM5iZTKosB0RkSP1bI3E//z+qkOr7ycxUmqIaaLRWHKsRZ4lgQeMglU88wQQiUzt2I6JpJQbfKqmBDc5ZdXSee87jbqjbuLWvO6iKOMjtEJOkMuukRNdItaqI0oytAzekVv1pP1Yr1bH4vWklXMVNEfWJ8/ftWVVQ==</latexit> �
h4

<latexit sha1_base64="c2BrwE7qqNMVndfxfbEF/oYSc38=">AAACF3icbVDLTgIxFO3gC/GFunTTSExgQ2YMUTcmRDe6w0QeCRDSKRdo6DzS3jHAhL9w46+4caExbnXn31geCwVP0uTknHPb3uOGUmi07W8rsbK6tr6R3Extbe/s7qX3Dyo6iBSHMg9koGou0yCFD2UUKKEWKmCeK6Hq9q8nfvUBlBaBf4/DEJoe6/qiIzhDI7XS+UbYE9lGYDKTK+LBOEcv6UxEGGB8S6XoAw3FaMTGuVY6Y+ftKegyceYkQ+YotdJfjXbAIw985JJpXXfsEJsxUyi4hHGqEWkIGe+zLtQN9ZkHuhlP9xrTE6O0aSdQ5vhIp+rviZh5Wg891yQ9hj296E3E/7x6hJ2LZiz8MELw+eyhTiQpBnRSEm0LBRzl0BDGlTB/pbzHFONoqkyZEpzFlZdJ5TTvnOULd4VM8WpeR5IckWOSJQ45J0VyQ0qkTDh5JM/klbxZT9aL9W59zKIJaz5zSP7A+vwBdluffg==</latexit>

�(x) = �(I like pizza)



Sentence Embeddings

BOS

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

�(BOS)

<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="h7Vk2qBK0f7ZaOV9VpunzXwvysI=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQ9hsN+3STTbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo2WqKGtTKaTqBUQzwWPWBg6C9RLFSBQI1g0mNzO/+8CU5jK+hyxhXkRGMQ85JWAk364OpLEFC4EoJR/zse9Mfbvm1J058CpxC1JDBVq+/TUYSppGLAYqiNZ910nAy4kCTgWbVgapZgmhEzJifUNjEjHt5fPjp/jUKEMcSmUqBjxXf0/kJNI6iwLTGREY62VvJv7n9VMIr7ycx0kKLKaLRWEqMEg8SwIPuWIURGYIoYqbWzEdE0UomLwqJgR3+eVV0jmvu4164+6i1rwu4iijY3SCzpCLLlET3aIWaiOKMvSMXtGb9WS9WO/Wx6K1ZBUzVfQH1ucPeMGVUQ==</latexit> �
h0

<latexit sha1_base64="rPcJWB+LU3D/fb6qnCjKimo95fQ=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOy7U9+uOXVnDrRK3ILUoEDLt78GQ0HSiMaacKxU33US7eVYakY4nVYGqaIJJhM8on1DYxxR5eXz46fo1ChDFAppKtZorv6eyHGkVBYFpjPCeqyWvZn4n9dPdXjl5SxOUk1jslgUphxpgWZJoCGTlGieGYKJZOZWRMZYYqJNXhUTgrv88irpnNfdRr1xd1FrXhdxlOEYTuAMXLiEJtxCC9pAIINneIU368l6sd6tj0VrySpmqvAH1ucPekaVUg==</latexit> �
h1

*you can have this with LSTM, 
I’m just leaving it out to save 
space

<latexit sha1_base64="vTthBKrLIFPF+q+PUoWiKVSiU/U=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJIi1WPRi8cK9gPaEDbbSbt0kw27GyWE+le8eFDEqz/Em//GbZuDtj4YeLw3w8y8IOFMacf5ttbWNza3tks75d29/YND++i4o0QqKbSp4EL2AqKAsxjammkOvUQCiQIO3WByM/O7DyAVE/G9zhLwIjKKWcgo0Uby7cpAGJtDqImU4jEf+/Wpb1edmjMHXiVuQaqoQMu3vwZDQdMIYk05UarvOon2ciI1oxym5UGqICF0QkbQNzQmESgvnx8/xWdGGeJQSFOxxnP190ROIqWyKDCdEdFjtezNxP+8fqrDKy9ncZJqiOliUZhyrAWeJYGHTALVPDOEUMnMrZiOiSRUm7zKJgR3+eVV0qnX3EatcXdRbV4XcZTQCTpF58hFl6iJblELtRFFGXpGr+jNerJerHfrY9G6ZhUzFfQH1ucPe8uVUw==</latexit> �
h2

pizza

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

�(pizza)

like

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

�(like)
<latexit sha1_base64="dl4P2crCi0X3T4rx7Wqy+qBCmSw=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVBKV6rHoxWMF+wFtCJvtpl26yYbdjRJC/StePCji1R/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYViKVhLaI4EJ2A6woZzFtaaY57SaS4ijgtBOMb6Z+54FKxUR8r7OEehEexixkBGsj+XalL4zNaaixlOIxH/nnE9+uOjVnBrRM3IJUoUDTt7/6A0HSiMaacKxUz3US7eVYakY4nZT7qaIJJmM8pD1DYxxR5eWz4yfoxCgDFAppKtZopv6eyHGkVBYFpjPCeqQWvan4n9dLdXjl5SxOUk1jMl8UphxpgaZJoAGTlGieGYKJZOZWREZYYqJNXmUTgrv48jJpn9Xceq1+d1FtXBdxlOAIjuEUXLiEBtxCE1pAIINneIU368l6sd6tj3nrilXMVOAPrM8ffVCVVA==</latexit> �
h3

I

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

�(I)
<latexit sha1_base64="r6vvQo38SNiiokEk4InRf0qFNaI=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQ9hsJ+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUUmhTwYXsBUQBZzG0NdMceokEEgUcusHkZuZ3H0AqJuJ7nSXgRWQUs5BRoo3k29WBMDaHUBMpxWM+9i+mvl1z6s4ceJW4BamhAi3f/hoMBU0jiDXlRKm+6yTay4nUjHKYVgapgoTQCRlB39CYRKC8fH78FJ8aZYhDIU3FGs/V3xM5iZTKosB0RkSP1bI3E//z+qkOr7ycxUmqIaaLRWHKsRZ4lgQeMglU88wQQiUzt2I6JpJQbfKqmBDc5ZdXSee87jbqjbuLWvO6iKOMjtEJOkMuukRNdItaqI0oytAzekVv1pP1Yr1bH4vWklXMVNEfWJ8/ftWVVQ==</latexit> �
h4

<latexit sha1_base64="c2BrwE7qqNMVndfxfbEF/oYSc38=">AAACF3icbVDLTgIxFO3gC/GFunTTSExgQ2YMUTcmRDe6w0QeCRDSKRdo6DzS3jHAhL9w46+4caExbnXn31geCwVP0uTknHPb3uOGUmi07W8rsbK6tr6R3Extbe/s7qX3Dyo6iBSHMg9koGou0yCFD2UUKKEWKmCeK6Hq9q8nfvUBlBaBf4/DEJoe6/qiIzhDI7XS+UbYE9lGYDKTK+LBOEcv6UxEGGB8S6XoAw3FaMTGuVY6Y+ftKegyceYkQ+YotdJfjXbAIw985JJpXXfsEJsxUyi4hHGqEWkIGe+zLtQN9ZkHuhlP9xrTE6O0aSdQ5vhIp+rviZh5Wg891yQ9hj296E3E/7x6hJ2LZiz8MELw+eyhTiQpBnRSEm0LBRzl0BDGlTB/pbzHFONoqkyZEpzFlZdJ5TTvnOULd4VM8WpeR5IckWOSJQ45J0VyQ0qkTDh5JM/klbxZT9aL9W59zKIJaz5zSP7A+vwBdluffg==</latexit>

�(x) = �(I like pizza)
<latexit sha1_base64="wnlBIisuv20AEHFVGTr+mi2h+nE="></latexit>

=
h�!
h |x|;

 �
h |x|

i



Sentence Embeddings

BOS

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

�(BOS)

<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="h7Vk2qBK0f7ZaOV9VpunzXwvysI=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQ9hsN+3STTbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo2WqKGtTKaTqBUQzwWPWBg6C9RLFSBQI1g0mNzO/+8CU5jK+hyxhXkRGMQ85JWAk364OpLEFC4EoJR/zse9Mfbvm1J058CpxC1JDBVq+/TUYSppGLAYqiNZ910nAy4kCTgWbVgapZgmhEzJifUNjEjHt5fPjp/jUKEMcSmUqBjxXf0/kJNI6iwLTGREY62VvJv7n9VMIr7ycx0kKLKaLRWEqMEg8SwIPuWIURGYIoYqbWzEdE0UomLwqJgR3+eVV0jmvu4164+6i1rwu4iijY3SCzpCLLlET3aIWaiOKMvSMXtGb9WS9WO/Wx6K1ZBUzVfQH1ucPeMGVUQ==</latexit> �
h0

<latexit sha1_base64="rPcJWB+LU3D/fb6qnCjKimo95fQ=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOy7U9+uOXVnDrRK3ILUoEDLt78GQ0HSiMaacKxU33US7eVYakY4nVYGqaIJJhM8on1DYxxR5eXz46fo1ChDFAppKtZorv6eyHGkVBYFpjPCeqyWvZn4n9dPdXjl5SxOUk1jslgUphxpgWZJoCGTlGieGYKJZOZWRMZYYqJNXhUTgrv88irpnNfdRr1xd1FrXhdxlOEYTuAMXLiEJtxCC9pAIINneIU368l6sd6tj0VrySpmqvAH1ucPekaVUg==</latexit> �
h1

*you can have this with LSTM, 
I’m just leaving it out to save 
space

<latexit sha1_base64="vTthBKrLIFPF+q+PUoWiKVSiU/U=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJIi1WPRi8cK9gPaEDbbSbt0kw27GyWE+le8eFDEqz/Em//GbZuDtj4YeLw3w8y8IOFMacf5ttbWNza3tks75d29/YND++i4o0QqKbSp4EL2AqKAsxjammkOvUQCiQIO3WByM/O7DyAVE/G9zhLwIjKKWcgo0Uby7cpAGJtDqImU4jEf+/Wpb1edmjMHXiVuQaqoQMu3vwZDQdMIYk05UarvOon2ciI1oxym5UGqICF0QkbQNzQmESgvnx8/xWdGGeJQSFOxxnP190ROIqWyKDCdEdFjtezNxP+8fqrDKy9ncZJqiOliUZhyrAWeJYGHTALVPDOEUMnMrZiOiSRUm7zKJgR3+eVV0qnX3EatcXdRbV4XcZTQCTpF58hFl6iJblELtRFFGXpGr+jNerJerHfrY9G6ZhUzFfQH1ucPe8uVUw==</latexit> �
h2

pizza

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

�(pizza)

like

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

�(like)
<latexit sha1_base64="dl4P2crCi0X3T4rx7Wqy+qBCmSw=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVBKV6rHoxWMF+wFtCJvtpl26yYbdjRJC/StePCji1R/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYViKVhLaI4EJ2A6woZzFtaaY57SaS4ijgtBOMb6Z+54FKxUR8r7OEehEexixkBGsj+XalL4zNaaixlOIxH/nnE9+uOjVnBrRM3IJUoUDTt7/6A0HSiMaacKxUz3US7eVYakY4nZT7qaIJJmM8pD1DYxxR5eWz4yfoxCgDFAppKtZopv6eyHGkVBYFpjPCeqQWvan4n9dLdXjl5SxOUk1jMl8UphxpgaZJoAGTlGieGYKJZOZWREZYYqJNXmUTgrv48jJpn9Xceq1+d1FtXBdxlOAIjuEUXLiEBtxCE1pAIINneIU368l6sd6tj3nrilXMVOAPrM8ffVCVVA==</latexit> �
h3

I

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

�(I)
<latexit sha1_base64="r6vvQo38SNiiokEk4InRf0qFNaI=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQ9hsJ+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUUmhTwYXsBUQBZzG0NdMceokEEgUcusHkZuZ3H0AqJuJ7nSXgRWQUs5BRoo3k29WBMDaHUBMpxWM+9i+mvl1z6s4ceJW4BamhAi3f/hoMBU0jiDXlRKm+6yTay4nUjHKYVgapgoTQCRlB39CYRKC8fH78FJ8aZYhDIU3FGs/V3xM5iZTKosB0RkSP1bI3E//z+qkOr7ycxUmqIaaLRWHKsRZ4lgQeMglU88wQQiUzt2I6JpJQbfKqmBDc5ZdXSee87jbqjbuLWvO6iKOMjtEJOkMuukRNdItaqI0oytAzekVv1pP1Yr1bH4vWklXMVNEfWJ8/ftWVVQ==</latexit> �
h4

<latexit sha1_base64="c2BrwE7qqNMVndfxfbEF/oYSc38=">AAACF3icbVDLTgIxFO3gC/GFunTTSExgQ2YMUTcmRDe6w0QeCRDSKRdo6DzS3jHAhL9w46+4caExbnXn31geCwVP0uTknHPb3uOGUmi07W8rsbK6tr6R3Extbe/s7qX3Dyo6iBSHMg9koGou0yCFD2UUKKEWKmCeK6Hq9q8nfvUBlBaBf4/DEJoe6/qiIzhDI7XS+UbYE9lGYDKTK+LBOEcv6UxEGGB8S6XoAw3FaMTGuVY6Y+ftKegyceYkQ+YotdJfjXbAIw985JJpXXfsEJsxUyi4hHGqEWkIGe+zLtQN9ZkHuhlP9xrTE6O0aSdQ5vhIp+rviZh5Wg891yQ9hj296E3E/7x6hJ2LZiz8MELw+eyhTiQpBnRSEm0LBRzl0BDGlTB/pbzHFONoqkyZEpzFlZdJ5TTvnOULd4VM8WpeR5IckWOSJQ45J0VyQ0qkTDh5JM/klbxZT9aL9W59zKIJaz5zSP7A+vwBdluffg==</latexit>

�(x) = �(I like pizza)
<latexit sha1_base64="PeSF3CxJeP11dWdjBaCD2ZUB1p8="></latexit>

=
1

|x|

|x|X

i=1

h�!
hi ;
 �
hi

i



Aside: 
Contextual Word Embeddings

BOS

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

�(BOS)

<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

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="h7Vk2qBK0f7ZaOV9VpunzXwvysI=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQ9hsN+3STTbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo2WqKGtTKaTqBUQzwWPWBg6C9RLFSBQI1g0mNzO/+8CU5jK+hyxhXkRGMQ85JWAk364OpLEFC4EoJR/zse9Mfbvm1J058CpxC1JDBVq+/TUYSppGLAYqiNZ910nAy4kCTgWbVgapZgmhEzJifUNjEjHt5fPjp/jUKEMcSmUqBjxXf0/kJNI6iwLTGREY62VvJv7n9VMIr7ycx0kKLKaLRWEqMEg8SwIPuWIURGYIoYqbWzEdE0UomLwqJgR3+eVV0jmvu4164+6i1rwu4iijY3SCzpCLLlET3aIWaiOKMvSMXtGb9WS9WO/Wx6K1ZBUzVfQH1ucPeMGVUQ==</latexit> �
h0

<latexit sha1_base64="rPcJWB+LU3D/fb6qnCjKimo95fQ=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOy7U9+uOXVnDrRK3ILUoEDLt78GQ0HSiMaacKxU33US7eVYakY4nVYGqaIJJhM8on1DYxxR5eXz46fo1ChDFAppKtZorv6eyHGkVBYFpjPCeqyWvZn4n9dPdXjl5SxOUk1jslgUphxpgWZJoCGTlGieGYKJZOZWRMZYYqJNXhUTgrv88irpnNfdRr1xd1FrXhdxlOEYTuAMXLiEJtxCC9pAIINneIU368l6sd6tj0VrySpmqvAH1ucPekaVUg==</latexit> �
h1

pizza

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

�(pizza)

like

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

�(like)
I

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

�(I)

ELMo, Peters et al. 2018

<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

*you can have this with LSTM, 
I’m just leaving it out to save 
space

<latexit sha1_base64="vTthBKrLIFPF+q+PUoWiKVSiU/U=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJIi1WPRi8cK9gPaEDbbSbt0kw27GyWE+le8eFDEqz/Em//GbZuDtj4YeLw3w8y8IOFMacf5ttbWNza3tks75d29/YND++i4o0QqKbSp4EL2AqKAsxjammkOvUQCiQIO3WByM/O7DyAVE/G9zhLwIjKKWcgo0Uby7cpAGJtDqImU4jEf+/Wpb1edmjMHXiVuQaqoQMu3vwZDQdMIYk05UarvOon2ciI1oxym5UGqICF0QkbQNzQmESgvnx8/xWdGGeJQSFOxxnP190ROIqWyKDCdEdFjtezNxP+8fqrDKy9ncZJqiOliUZhyrAWeJYGHTALVPDOEUMnMrZiOiSRUm7zKJgR3+eVV0qnX3EatcXdRbV4XcZTQCTpF58hFl6iJblELtRFFGXpGr+jNerJerHfrY9G6ZhUzFfQH1ucPe8uVUw==</latexit> �
h2

<latexit sha1_base64="dl4P2crCi0X3T4rx7Wqy+qBCmSw=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVBKV6rHoxWMF+wFtCJvtpl26yYbdjRJC/StePCji1R/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYViKVhLaI4EJ2A6woZzFtaaY57SaS4ijgtBOMb6Z+54FKxUR8r7OEehEexixkBGsj+XalL4zNaaixlOIxH/nnE9+uOjVnBrRM3IJUoUDTt7/6A0HSiMaacKxUz3US7eVYakY4nZT7qaIJJmM8pD1DYxxR5eWz4yfoxCgDFAppKtZopv6eyHGkVBYFpjPCeqQWvan4n9dLdXjl5SxOUk1jMl8UphxpgaZJoAGTlGieGYKJZOZWREZYYqJNXmUTgrv48jJpn9Xceq1+d1FtXBdxlOAIjuEUXLiEBtxCE1pAIINneIU368l6sd6tj3nrilXMVOAPrM8ffVCVVA==</latexit> �
h3

<latexit sha1_base64="r6vvQo38SNiiokEk4InRf0qFNaI=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQ9hsJ+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUUmhTwYXsBUQBZzG0NdMceokEEgUcusHkZuZ3H0AqJuJ7nSXgRWQUs5BRoo3k29WBMDaHUBMpxWM+9i+mvl1z6s4ceJW4BamhAi3f/hoMBU0jiDXlRKm+6yTay4nUjHKYVgapgoTQCRlB39CYRKC8fH78FJ8aZYhDIU3FGs/V3xM5iZTKosB0RkSP1bI3E//z+qkOr7ycxUmqIaaLRWHKsRZ4lgQeMglU88wQQiUzt2I6JpJQbfKqmBDc5ZdXSee87jbqjbuLWvO6iKOMjtEJOkMuukRNdItaqI0oytAzekVv1pP1Yr1bH4vWklXMVNEfWJ8/ftWVVQ==</latexit> �
h4

These hidden 
states can be 
interpreted as 
“context-aware” 
word embeddings 

Solves the problem 
of polysemy (lexical 
ambiguity)



Aside: 
Contextual Word Embeddings

BOS

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

�(BOS)

<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

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="h7Vk2qBK0f7ZaOV9VpunzXwvysI=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQ9hsN+3STTbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo2WqKGtTKaTqBUQzwWPWBg6C9RLFSBQI1g0mNzO/+8CU5jK+hyxhXkRGMQ85JWAk364OpLEFC4EoJR/zse9Mfbvm1J058CpxC1JDBVq+/TUYSppGLAYqiNZ910nAy4kCTgWbVgapZgmhEzJifUNjEjHt5fPjp/jUKEMcSmUqBjxXf0/kJNI6iwLTGREY62VvJv7n9VMIr7ycx0kKLKaLRWEqMEg8SwIPuWIURGYIoYqbWzEdE0UomLwqJgR3+eVV0jmvu4164+6i1rwu4iijY3SCzpCLLlET3aIWaiOKMvSMXtGb9WS9WO/Wx6K1ZBUzVfQH1ucPeMGVUQ==</latexit> �
h0

<latexit sha1_base64="rPcJWB+LU3D/fb6qnCjKimo95fQ=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQ9hsN+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUEtomggvZC7CinMW0rZnmtJdIiqOA024wuZn53QcqFRPxvc4S6kV4FLOQEayN5NvVgTA2p6HGUorHfOy7U9+uOXVnDrRK3ILUoEDLt78GQ0HSiMaacKxU33US7eVYakY4nVYGqaIJJhM8on1DYxxR5eXz46fo1ChDFAppKtZorv6eyHGkVBYFpjPCeqyWvZn4n9dPdXjl5SxOUk1jslgUphxpgWZJoCGTlGieGYKJZOZWRMZYYqJNXhUTgrv88irpnNfdRr1xd1FrXhdxlOEYTuAMXLiEJtxCC9pAIINneIU368l6sd6tj0VrySpmqvAH1ucPekaVUg==</latexit> �
h1

pizza

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

�(pizza)

like

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

�(like)
I

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

�(I)

ELMo, Peters et al. 2018

<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

*you can have this with LSTM, 
I’m just leaving it out to save 
space

<latexit sha1_base64="vTthBKrLIFPF+q+PUoWiKVSiU/U=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJIi1WPRi8cK9gPaEDbbSbt0kw27GyWE+le8eFDEqz/Em//GbZuDtj4YeLw3w8y8IOFMacf5ttbWNza3tks75d29/YND++i4o0QqKbSp4EL2AqKAsxjammkOvUQCiQIO3WByM/O7DyAVE/G9zhLwIjKKWcgo0Uby7cpAGJtDqImU4jEf+/Wpb1edmjMHXiVuQaqoQMu3vwZDQdMIYk05UarvOon2ciI1oxym5UGqICF0QkbQNzQmESgvnx8/xWdGGeJQSFOxxnP190ROIqWyKDCdEdFjtezNxP+8fqrDKy9ncZJqiOliUZhyrAWeJYGHTALVPDOEUMnMrZiOiSRUm7zKJgR3+eVV0qnX3EatcXdRbV4XcZTQCTpF58hFl6iJblELtRFFGXpGr+jNerJerHfrY9G6ZhUzFfQH1ucPe8uVUw==</latexit> �
h2

<latexit sha1_base64="dl4P2crCi0X3T4rx7Wqy+qBCmSw=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVBKV6rHoxWMF+wFtCJvtpl26yYbdjRJC/StePCji1R/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYViKVhLaI4EJ2A6woZzFtaaY57SaS4ijgtBOMb6Z+54FKxUR8r7OEehEexixkBGsj+XalL4zNaaixlOIxH/nnE9+uOjVnBrRM3IJUoUDTt7/6A0HSiMaacKxUz3US7eVYakY4nZT7qaIJJmM8pD1DYxxR5eWz4yfoxCgDFAppKtZopv6eyHGkVBYFpjPCeqQWvan4n9dLdXjl5SxOUk1jMl8UphxpgaZJoAGTlGieGYKJZOZWREZYYqJNXmUTgrv48jJpn9Xceq1+d1FtXBdxlOAIjuEUXLiEBtxCE1pAIINneIU368l6sd6tj3nrilXMVOAPrM8ffVCVVA==</latexit> �
h3

<latexit sha1_base64="r6vvQo38SNiiokEk4InRf0qFNaI=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQ9hsJ+3STTbsbpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR4lUUmhTwYXsBUQBZzG0NdMceokEEgUcusHkZuZ3H0AqJuJ7nSXgRWQUs5BRoo3k29WBMDaHUBMpxWM+9i+mvl1z6s4ceJW4BamhAi3f/hoMBU0jiDXlRKm+6yTay4nUjHKYVgapgoTQCRlB39CYRKC8fH78FJ8aZYhDIU3FGs/V3xM5iZTKosB0RkSP1bI3E//z+qkOr7ycxUmqIaaLRWHKsRZ4lgQeMglU88wQQiUzt2I6JpJQbfKqmBDc5ZdXSee87jbqjbuLWvO6iKOMjtEJOkMuukRNdItaqI0oytAzekVv1pP1Yr1bH4vWklXMVNEfWJ8/ftWVVQ==</latexit> �
h4

Tagging tasks:
<latexit sha1_base64="GwQTW50mkS6jtmTH1cyN+Lj3W4U=">AAACGnicbVC7SgNBFJ31bXxFLW0Gg2AVdoNEsRK1sIxiVMhuwt3JbDI4+2DmrhKW/Q4bf8XGQhE7sfFvnKwpNPHAwOGcc5l7j59IodG2v6yp6ZnZufmFxdLS8srqWnl940rHqWK8yWIZqxsfNJci4k0UKPlNojiEvuTX/u3J0L++40qLOLrEQcK9EHqRCAQDNFKn7ASH1A0B+76fXeTtrNbNqatEr4+gVHxP3VMuEdpFhIHMGnmnXLGrdgE6SZwRqZARGp3yh9uNWRryCJkErVuOnaCXgULBJM9Lbqp5AuwWerxlaAQh115WnJbTHaN0aRAr8yKkhfp7IoNQ60Hom+RwRT3uDcX/vFaKwYGXiShJkUfs56MglRRjOuyJdoXiDOXAEGBKmF0p64MChqbNkinBGT95klzVqk69Wj/fqxwdj+pYIFtkm+wSh+yTI3JGGqRJGHkgT+SFvFqP1rP1Zr3/RKes0cwm+QPr8xvSO6Fn</latexit>

f : R2d ! �P
<latexit sha1_base64="ctaPLIfG5tvo8ChZOMWo2Gk3ZJk="></latexit>

p(P | x, i) / W
h�!
hi ;

���!
h|x|�i

i
+ b

Pronoun

Verb

Noun



Text Classification

• Let’s say we have some embedding function (aka encoder) 

• And we want to learn to classify text 

• E.g.: spam vs. not spam 

• We want to learn the optimal parameters of some function 
 
 
such that for some labeled dataset 
  

<latexit sha1_base64="Y30mymFSoJMlJXMhKH/2TezDoek=">AAAB/3icbVDLSgNBEJz1GeNrVfDiZTAInsKuSPQYFMFjBPOAbAizk04yZPbhTG8wrDn4K148KOLV3/Dm3zgbc9DEgoaiqpvuLj+WQqPjfFkLi0vLK6u5tfz6xubWtr2zW9NRojhUeSQj1fCZBilCqKJACY1YAQt8CXV/cJn59SEoLaLwFkcxtALWC0VXcIZGatv7HsI9plchH1MP7hIxpF7cF2274BSdCeg8caekQKaotO1PrxPxJIAQuWRaN10nxlbKFAouYZz3Eg0x4wPWg6ahIQtAt9LJ/WN6ZJQO7UbKVIh0ov6eSFmg9SjwTWfAsK9nvUz8z2sm2D1vpSKME4Tsw2xRN5EUI5qFQTtCAUc5MoRxJcytlPeZYhxNZHkTgjv78jypnRTdUrF0c1ooX0zjyJEDckiOiUvOSJlckwqpEk4eyBN5Ia/Wo/VsvVnvP60L1nRmj/yB9fENDtmWJA==</latexit>

Enc ⌘ �Note: 
is the notation we’ll use  
for encoding sequences 

<latexit sha1_base64="qIFvn2Cxo3sZ/lV6Mc6fXcSEnE0="></latexit>

D = {xi, yi}Mi=1

<latexit sha1_base64="pfMvy6MWwk9VoIWnJPI3IGudPJQ="></latexit>

f✓ : Rn ! �{spam,not spam}

<latexit sha1_base64="59PaSAVgx6PsIcWwGbhdwLW7LxI="></latexit>

✓⇤ = argmax
✓

MY

i=1

f(yi | Enc(xi); ✓)

<latexit sha1_base64="Bt4Yfy5WDEU0Y7SyMPX4/kub+BQ=">AAACG3icbVDLSgMxFM3UV62vqks3wSIIQpkpUsVVUQSXVewDOtOSSTNtaOZBckctw/yHG3/FjQtFXAku/BvTx0JbDwQO59xL7jluJLgC0/w2MguLS8sr2dXc2vrG5lZ+e6euwlhSVqOhCGXTJYoJHrAacBCsGUlGfFewhju4GPmNOyYVD4NbGEbM8Ukv4B6nBLTUyZdsYA+QXAY0PcO2T6BPiUjqafsI25L3+kCkDO8njusmN2lbLxXMojkGnifWlBTQFNVO/tPuhjT2WQBUEKValhmBkxAJnAqW5uxYsYjQAemxlqYB8ZlyknG2FB9opYu9UOoXAB6rvzcS4is19F09ObpRzXoj8T+vFYN36iQ8iGJgOv34Iy8WGEI8Kgp3uWQUxFATQiXXt2LaJ5JQ0HXmdAnWbOR5Ui8VrXKxfH1cqJxP68iiPbSPDpGFTlAFXaEqqiGKHtEzekVvxpPxYrwbH5PRjDHd2UV/YHz9APgtogU=</latexit>

Enc : V+ ! Rn



Text Classification

• Our classifier might just look like a linear transformation or 
MLP, e.g.,  
 

• And we can train this classifier by fixing the parameters of 
the Encoder 

• Or, we could also backpropagate into the encoder itself

<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="3dAJW+sK3cnsBDfoAOL4mMWnoOg=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwICURqV6EohePFewHNKFstpt26WYTdidiCfkrXjwo4tU/4s1/47bNQVsfDDzem2FmXpAIrsFxvq2V1bX1jc3SVnl7Z3dv3z6otHWcKspaNBax6gZEM8ElawEHwbqJYiQKBOsE49up33lkSvNYPsAkYX5EhpKHnBIwUt+ueDBiQPA19jLcOcOBl/ftqlNzZsDLxC1IFRVo9u0vbxDTNGISqCBa91wnAT8jCjgVLC97qWYJoWMyZD1DJYmY9rPZ7Tk+McoAh7EyJQHP1N8TGYm0nkSB6YwIjPSiNxX/83ophFd+xmWSApN0vihMBYYYT4PAA64YBTExhFDFza2YjogiFExcZROCu/jyMmmf19x6rX5/UW3cFHGU0BE6RqfIRZeoge5QE7UQRU/oGb2iNyu3Xqx362PeumIVM4foD6zPHxEhky4=</latexit>

✓ = {W, b}

<latexit sha1_base64="EOytFKx3dm/0mEgumbwQahZvzps=">AAACEnicbVDJSgNBEO2JW4xb1KOXxiAoSJgRiV6EoBdPIYpZIBNCT6eSNOlZ6K4Rw5Bv8OKvePGgiFdP3vwbO8tBEx8UPN6roqqeF0mh0ba/rdTC4tLySno1s7a+sbmV3d6p6jBWHCo8lKGqe0yDFAFUUKCEeqSA+Z6Emte/Gvm1e1BahMEdDiJo+qwbiI7gDI3Uyh652ANk9IK6Ca0dU88dUpfHEZ3oLRfhAZPbUmnYyubsvD0GnSfOlOTIFOVW9stthzz2IUAumdYNx46wmTCFgksYZtxYQ8R4n3WhYWjAfNDNZPzSkB4YpU07oTIVIB2rvycS5ms98D3T6TPs6VlvJP7nNWLsnDcTEUQxQsAnizqxpBjSUT60LRRwlANDGFfC3Ep5jynG0aSYMSE4sy/Pk+pJ3inkCzenueLlNI402SP75JA45IwUyTUpkwrh5JE8k1fyZj1ZL9a79TFpTVnTmV3yB9bnD4fdnNA=</latexit>

✓ = {W, b} [ ✓RNN


