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EECS 183/283a: Natural Language Processing



Recap: Sequence-to-Sequence  
with RNNs
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<latexit sha1_base64="1scdumg/GCdm2ptBmi5Zti8Aybo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjgO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdT+pXM</latexit>�!
h0

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

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

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

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

EOS

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

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

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

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

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

Encode

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

h4

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

h5

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

Enc(x) = Pool
�
h1, . . . , h|x|

�
2 Rd

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

h3

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

h2
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<latexit sha1_base64="Kkz5qLszyX5P9/KISnagrUBKHKQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH2042b</latexit>

h1
mi

Problem 2 
Fixed-size representation of entire 

input sequence.

Problem 1 
Long-distance dependencies are harder to 

represent than shorter ones. 

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

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

Problem 3 
We have to encode the input 

sequence token-by-token O(n)



Recap:  
Problem 1: Long-Distance Dependencies
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<latexit sha1_base64="1scdumg/GCdm2ptBmi5Zti8Aybo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjgO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdT+pXM</latexit>�!
h0

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

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

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

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

EOS

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

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

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

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

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

Encode

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

h4

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

h5

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

Enc(x) = Pool
�
h1, . . . , h|x|

�
2 Rd

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

h3

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

h2

pizza EOS

la

piace

mi

pizza

la

piace

BOS

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

h1

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

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

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

hi = f(hi�1,Enc(x),�(yi))

mi



Recap: 
Problem 2: Fixed-Size Sequence Embedding

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

• What if this probability 
distribution could change during 
generation?

BOS

I

like

pizza

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

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

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

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

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

EOS

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

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

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

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

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

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

=

|x|X

i=1

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

p(I) 2 �N1:|x|

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

Enc(x) = Pool
�
h1, . . . , h|x|

�
2 Rd

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

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

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

h3



Recap: Attention

BOS

I

like

pizza

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

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

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

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

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

EOS

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

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

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

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

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

Encode

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

p : Rd ! �N1:|x|

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

• Two questions: 

• Where does g come from? 

• How to implement p?

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

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

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

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

h3

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

Enc(x, g) =

|x|X

i=1

p(i | g)hi
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<latexit sha1_base64="1scdumg/GCdm2ptBmi5Zti8Aybo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUAbwmQ6aYZOZsLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPONLjut7W0vLK6tl7aKG9ube/s2nv7LS0zRWiTSC5VJ8SaciZoExhw2kkVxUnIaTscXk/89j1VmklxB6OU+gkeCBYxgsFIgX3Yk8ZWbBADVko+5HHgjgO74lbdKZxF4hWkggo0Avur15ckS6gAwrHWXc9Nwc+xAkY4HZd7maYpJkM8oF1DBU6o9vPp9WPnxCh9J5LKlABnqv6eyHGi9SgJTWeCIdbz3kT8z+tmEF36ORNpBlSQ2aIo4w5IZxKF02eKEuAjQzBRzNzqkBgrTMAEVjYhePMvL5LWWdU7r9Zua5X6VRFHCR2hY3SKPHSB6ugGNVATEfSIntErerOerBfr3fqYtS5ZxcwB+gPr8wdT+pXM</latexit>�!
h0

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

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

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

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

EOS

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

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

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

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

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

Encode Decode

BOS

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

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

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

h3

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

Enc(x) = Pool
�
h1, . . . , h|x|

�
2 Rd

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

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



text encoding also 
depends on the 
previous state!

BOS

I

like

pizza

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

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

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

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

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

EOS

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

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

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

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

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

Encode Decode

BOS

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

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

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

h3

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

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

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

gi = f(gi�1,Enc(x, gi�1),�(yi))

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

Enc(x, g) =

|x|X

i=1

p(i | g)hi

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

Enc(x, g0)

Recap: Attention



BOS

I

like

pizza

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

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

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

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

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

EOS

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

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

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

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

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

Encode Decode

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

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

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

h3

60%

35%

5

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

Enc(x, g) =

|x|X

i=1

p(i | g)hi

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

p(I | g0)

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

Enc(x, g0) =

|x|X

i=1

p(i | g0)hi

Weighted sum:

Recap: Attention



I

like

pizza

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

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

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

h3

60%

35%

5

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

Enc(x, g) =

|x|X

i=1

p(i | g)hi

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

p(I | g0)

BOS

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

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

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

Enc(x, g0)

mi is the 1st person, 
objective case pronoun

Recap: Attention



I

like

pizza

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

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

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

h3

5

60%

35%

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

Enc(x, g) =

|x|X

i=1

p(i | g)hi

BOS

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

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

mi piace

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

Enc(x, g1)

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

p(I | g1)

piace is the 3rd person 
singular declension of 

piacere

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

Recap: Attention



I

like

pizza

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

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

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

h3

5

5

90%

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

Enc(x, g) =

|x|X

i=1

p(i | g)hi

BOS

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

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

mi piace

piace la

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

Enc(x, g2)

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

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

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

p(I | g2)
Recap: Attention



I

like

pizza

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

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

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

h3

5

5

90%

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

Enc(x, g) =

|x|X

i=1

p(i | g)hi

BOS

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

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

mi piace

piace la

la pizza

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

Enc(x, g3)

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

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

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

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

p(I | g3)
Recap: Attention



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

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

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

p(I | g)

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

gi = f(gi�1,Enc(x, gi�1),�(yi))

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

Enc(x, g) =

|x|X

i=1

p(i | g)hi

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

p : Rd ! �N1:|x|

Recap: Attention



Computing Attention

• Question 1: where does g come from? → hidden state of 
decoder 

• Question 2: how do we compute              ?

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

Enc(x, g) =

|x|X

i=1

p(i | g)hi

We compute weighted mean 
pooling over input hidden 
states, where the weights are 
dependent on some vector g

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

g 2 Rd

(usually the 
current 
decoder 
hidden state)

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

p : Rd ! �N1:|x|

weights are 
determined by a 
probability 
distribution over 
input token indices

<latexit sha1_base64="s4l5zqJhhHAT/w9cAqVb5+N1xBM=">AAAB8nicbVBNS8NAEN34WetX1aOXxSLUS0mkqMeiF48V7AekoWw2m3bpbjbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBXcgOt+O2vrG5tb26Wd8u7e/sFh5ei4Y1SmKWtTJZTuhcQwwRPWBg6C9VLNiAwF64bju5nffWLacJU8wiRlgSTDhMecErCSn9Y47kse4eHFoFJ16+4ceJV4BamiAq1B5asfKZpJlgAVxBjfc1MIcqKBU8Gm5X5mWEromAyZb2lCJDNBPj95is+tEuFYaVsJ4Ln6eyIn0piJDG2nJDAyy95M/M/zM4hvgpwnaQYsoYtFcSYwKDz7H0dcMwpiYgmhmttbMR0RTSjYlMo2BG/55VXSuax7V/XGQ6PavC3iKKFTdIZqyEPXqInuUQu1EUUKPaNX9OaA8+K8Ox+L1jWnmDlBf+B8/gDer5BY</latexit>

p(i | g)



Query, Key, Value

• An analogy: databases 

• A query is some search 
term 

• A table has keys paired 
with values 

• We want to return the 
values of the keys most 
related to the query

i Key Value

1 sheep koyun

2 river ırmak 

rmak
3 author yazar

4 bull boğa

5 fly sinek

6 radio radyo

7 farmer çiftçi

8 plant bitki

9 actress aktris

10 home ev

11 snail salyangoz

Query: what are some words for 
mammals in Turkish?



Query, Key, Value
Query: what are some words for 
mammals in Turkish?

i Key Value

1 sheep koyun

2 river ırmak 

rmak
3 author yazar

4 bull boğa

5 fly sinek

6 radio radyo

7 farmer çiftçi

8 plant bitki

9 actress aktris

10 home ev

11 snail salyangoz

Weight of each item is proportional to 
the similarity of its key with the query

<latexit sha1_base64="nDZv2xihDzRO5Q7Hgfvm3eXT8ZA="></latexit>

p(i | q, ki) / sim(Enc(q),�(ki))



Query, Key, Value
Query: what are some words for 
mammals in Turkish?Weight of each item is proportional to 

the similarity of its key with the query

<latexit sha1_base64="nDZv2xihDzRO5Q7Hgfvm3eXT8ZA="></latexit>

p(i | q, ki) / sim(Enc(q),�(ki))

koyun

ırmak

yazarboğa

sinek

ırmak

çiftçi
bitki

aktris
ev

salyangoz

<latexit sha1_base64="vY0R7qV4g3ZplRqK/GkIZAOhFRQ=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxCBSmJSHVZdOOygn1AG8JkMmmHzkzizKRQQ/FX3LhQxK3/4c6/cdpmodUDFw7n3Mu99wQJo0o7zpdVWFpeWV0rrpc2Nre2d+zdvZaKU4lJE8cslp0AKcKoIE1NNSOdRBLEA0bawfB66rdHRCoaizs9TojHUV/QiGKkjeTbB0mFwh6nIbw/hUOfnsCRT3277FSdGeBf4uakDHI0fPuzF8 Y45URozJBSXddJtJchqSlmZFLqpYokCA9Rn3QNFYgT5WWz6yfw2CghjGJpSmg4U39OZIgrNeaB6eRID9SiNxX/87qpji69jIok1UTg+aIoZVDHcBoFDKkkWLOxIQhLam6FeIAkwtoEVjIhuIsv/yWts6pbq9Zuz8v1qzyOIjgER6ACXHAB6uAGNEATYPAAnsALeLUerWfrzXqftxasfGYf/IL18Q00yZPM</latexit>

p(i | q, ki)vi
Weight each value accordingly



Back to RNNs…
Encode Decode

BOS

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

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

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

Enc(x, g0)

I

like

pizza

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

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

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

h3

<latexit sha1_base64="nDZv2xihDzRO5Q7Hgfvm3eXT8ZA="></latexit>

p(i | q, ki) / sim(Enc(q),�(ki))

Value

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

Enc(x, g) =

|x|X

i=1

p(i | g)hi

<latexit sha1_base64="ypxpeHDwjgFbqAxb73R/GXb3K9o=">AAACFHicbVDLSgMxFM3UV62vqks3wSJUlDIjRV0W3bisYB/QKSWTpm1oMhOSO2IZ+hFu/BU3LhRx68Kdf2PazkJbDwQO59zLzTmBEtyA6347maXlldW17HpuY3Nreye/u1c3Uawpq9FIRLoZEMMED1kNOAjWVJoRGQjWCIbXE79xz7ThUXgHI8XakvRD3uOUgJU6+RNV5NiXvIv7p3jQ4cfYVzpSEGEf2AMkhstxMbU6+YJbcqfAi8RLSQGlqHbyX343orFkIVBBjGl5roJ2QjRwKtg458eGKUKHpM9aloZEMtNOpqHG+MgqXdyLtH0h4Kn6eyMh0piRDOykJDAw895E/M9rxdC7bCc8VDGwkM4O9WKBbeZJQ7jLNaMgRpYQqrn9K6YDogkF22POluDNR14k9bOSd14q35YLlau0jiw6QIeoiDx0gSroBlVRDVH0iJ7RK3pznpwX5935mI1mnHRnH/2B8/kDQv+dGw==</latexit>

p(i | g, hi) / sim(g, hi)<latexit sha1_base64="XQjv6wntN5x1EvmzqUynZt323YU=">AAAB7XicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4xkUcCGzI79MLI7M46M0tCCP/gxYPGePV/vPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooWWqGNaZFFK1AqpR8BjrhhuBrUQhjQKBzWB4O/ObI1Say/jBjBP0I9qPecgZNVZqdPAp5aNuseSW3TnIKvEyUoIMtW7xq9OTLI0wNkxQrduemxh/QpXhTOC00Ek1JpQNaR/blsY0Qu1P5tdOyZlVeiSUylZsyFz9PTGhkdbjKLCdETUDvezNxP+8dmrCa3/C4yQ1GLPFojAVxEgye530uEJmxNgSyhS3txI2oIoyYwMq2BC85ZdXSeOi7FXKlfvLUvUmiyMPJ3AK5+DBFVThDmpQBwaP8Ayv8OZI58V5dz4WrTknmzmGP3A+fwDFzY9H</latexit>⌘



Value

Key

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

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

Enc(x, g) =

|x|X

i=1

p(i | g)hi

Query

<latexit sha1_base64="ypxpeHDwjgFbqAxb73R/GXb3K9o=">AAACFHicbVDLSgMxFM3UV62vqks3wSJUlDIjRV0W3bisYB/QKSWTpm1oMhOSO2IZ+hFu/BU3LhRx68Kdf2PazkJbDwQO59zLzTmBEtyA6347maXlldW17HpuY3Nreye/u1c3Uawpq9FIRLoZEMMED1kNOAjWVJoRGQjWCIbXE79xz7ThUXgHI8XakvRD3uOUgJU6+RNV5NiXvIv7p3jQ4cfYVzpSEGEf2AMkhstxMbU6+YJbcqfAi8RLSQGlqHbyX343orFkIVBBjGl5roJ2QjRwKtg458eGKUKHpM9aloZEMtNOpqHG+MgqXdyLtH0h4Kn6eyMh0piRDOykJDAw895E/M9rxdC7bCc8VDGwkM4O9WKBbeZJQ7jLNaMgRpYQqrn9K6YDogkF22POluDNR14k9bOSd14q35YLlau0jiw6QIeoiDx0gSroBlVRDVH0iJ7RK3pznpwX5935mI1mnHRnH/2B8/kDQv+dGw==</latexit>

p(i | g, hi) / sim(g, hi)

i Key Value

1

2

3

Query:

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

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

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

h3

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

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

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

h3

• Query: current decoder hidden 
state 

• Key: encoder hidden state (at 
some index i) 

• Value: also the encoder hidden 
state at index i

Until I say otherwise, let’s 
assume our keys and 
values are identical



Similarity Between  
Query and Key

<latexit sha1_base64="337TYNDVfy+ZGgd1URqlEZvQsac=">AAACFHicbVDLSgMxFM34rPVVdekmWISKUmakqMuiG5cV7AM6pWTStA1NZmJyRyxDP8KNv+LGhSJuXbjzb0zbWWjrgcDhnHu5OSdQghtw3W9nYXFpeWU1s5Zd39jc2s7t7NZMFGvKqjQSkW4ExDDBQ1YFDoI1lGZEBoLVg8HV2K/fM214FN7CULGWJL2QdzklYKV27lgVOPYl7+C7Ezxo8yPsKx0piLAP7AESw+WokFrtXN4tuhPgeeKlJI9SVNq5L78T0ViyEKggxjQ9V0ErIRo4FWyU9WPDFKED0mNNS0MimWklk1AjfGiVDu5G2r4Q8ET9vZEQacxQBnZSEuibWW8s/uc1Y+hetBIeqhhYSKeHurHANvO4IdzhmlEQQ0sI1dz+FdM+0YSC7TFrS/BmI8+T2mnROyuWbkr58mVaRwbtowNUQB46R2V0jSqoiih6RM/oFb05T86L8+58TEcXnHRnD/2B8/kDbFCdNQ==</latexit>

p(i | q, ki) / sim(q, ki)
<latexit sha1_base64="pPg67hSonVIYWrjXpY4+178SMwA=">AAAB+3icbVC7TsMwFL0pr1JeoYwsFhUSU5WgChgrWBgLog+pDZXjuK1Vxwm2g6ii/AoLAwix8iNs/A1umwFajmTp6Jx7dY+PH3OmtON8W4WV1bX1jeJmaWt7Z3fP3i+3VJRIQpsk4pHs+FhRzgRtaqY57cSS4tDntO2Pr6Z++5FKxSJxpycx9UI8FGzACNZG6tvlB9RjAvVCrEe+n95m90HfrjhVZwa0TNycVCBHo29/9YKIJCEVmnCsVNd1Yu2lWGpGOM1KvUTRGJMxHtKuoQKHVHnpLHuGjo0SoEEkzRMazdTfGykOlZqEvpmcZlSL3lT8z+smenDhpUzEiaaCzA8NEo50hKZFoIBJSjSfGIKJZCYrIiMsMdGmrpIpwV388jJpnVbds2rtplapX+Z1FOEQjuAEXDiHOlxDA5pA4Ame4RXerMx6sd6tj/lowcp3DuAPrM8fiHiUIg==</latexit>

q 2 Rd
<latexit sha1_base64="BIw+HBrkZlWuD1ZEaHpisAWxlJQ=">AAACHXicbVC7TsMwFHV4lvIKMLJYVAimKkEVMFawMBZEH1ITKsdxWquOE9kOokrzIyz8CgsDCDGwIP4Gp80ALUeydHzu+3gxo1JZ1rexsLi0vLJaWiuvb2xubZs7uy0ZJQKTJo5YJDoekoRRTpqKKkY6sSAo9Bhpe8PLPN6+J0LSiN+qUUzcEPU5DShGSks9s+aESA28IB1m0KEcTr9eepPdpf4RdBQNiYRjJ9JN8hnpQzbOembFqloTwHliF6QCCjR65qfjRzgJCVeYISm7thUrN0VCUcxIVnYSSWKEh6hPuppypIe66eS6DB5qxYdBJPTjCk7U3xUpCqUchZ7OzJeXs7Fc/C/WTVRw7qaUx4kiHE8HBQmDKoK5VdCngmDFRpogLKjeFeIBEggrbWhZm2DPnjxPWidV+7Rau65V6heFHSWwDw7AMbDBGaiDK9AATYDBI3gGr+DNeDJejHfjY5q6YBQ1e+APjK8fIsajOw==</latexit>

k 2 Rd0⇥|x|
<latexit sha1_base64="G4dEycaZYoKWAMfJTqkcAaxTIF4="></latexit>

=
esim(q,ki)

P|x|
i=1 e

sim(q,ki0 )



Similarity Between  
Query and Key

<latexit sha1_base64="337TYNDVfy+ZGgd1URqlEZvQsac=">AAACFHicbVDLSgMxFM34rPVVdekmWISKUmakqMuiG5cV7AM6pWTStA1NZmJyRyxDP8KNv+LGhSJuXbjzb0zbWWjrgcDhnHu5OSdQghtw3W9nYXFpeWU1s5Zd39jc2s7t7NZMFGvKqjQSkW4ExDDBQ1YFDoI1lGZEBoLVg8HV2K/fM214FN7CULGWJL2QdzklYKV27lgVOPYl7+C7Ezxo8yPsKx0piLAP7AESw+WokFrtXN4tuhPgeeKlJI9SVNq5L78T0ViyEKggxjQ9V0ErIRo4FWyU9WPDFKED0mNNS0MimWklk1AjfGiVDu5G2r4Q8ET9vZEQacxQBnZSEuibWW8s/uc1Y+hetBIeqhhYSKeHurHANvO4IdzhmlEQQ0sI1dz+FdM+0YSC7TFrS/BmI8+T2mnROyuWbkr58mVaRwbtowNUQB46R2V0jSqoiih6RM/oFb05T86L8+58TEcXnHRnD/2B8/kDbFCdNQ==</latexit>

p(i | q, ki) / sim(q, ki)
<latexit sha1_base64="pPg67hSonVIYWrjXpY4+178SMwA=">AAAB+3icbVC7TsMwFL0pr1JeoYwsFhUSU5WgChgrWBgLog+pDZXjuK1Vxwm2g6ii/AoLAwix8iNs/A1umwFajmTp6Jx7dY+PH3OmtON8W4WV1bX1jeJmaWt7Z3fP3i+3VJRIQpsk4pHs+FhRzgRtaqY57cSS4tDntO2Pr6Z++5FKxSJxpycx9UI8FGzACNZG6tvlB9RjAvVCrEe+n95m90HfrjhVZwa0TNycVCBHo29/9YKIJCEVmnCsVNd1Yu2lWGpGOM1KvUTRGJMxHtKuoQKHVHnpLHuGjo0SoEEkzRMazdTfGykOlZqEvpmcZlSL3lT8z+smenDhpUzEiaaCzA8NEo50hKZFoIBJSjSfGIKJZCYrIiMsMdGmrpIpwV388jJpnVbds2rtplapX+Z1FOEQjuAEXDiHOlxDA5pA4Ame4RXerMx6sd6tj/lowcp3DuAPrM8fiHiUIg==</latexit>

q 2 Rd
<latexit sha1_base64="BIw+HBrkZlWuD1ZEaHpisAWxlJQ=">AAACHXicbVC7TsMwFHV4lvIKMLJYVAimKkEVMFawMBZEH1ITKsdxWquOE9kOokrzIyz8CgsDCDGwIP4Gp80ALUeydHzu+3gxo1JZ1rexsLi0vLJaWiuvb2xubZs7uy0ZJQKTJo5YJDoekoRRTpqKKkY6sSAo9Bhpe8PLPN6+J0LSiN+qUUzcEPU5DShGSks9s+aESA28IB1m0KEcTr9eepPdpf4RdBQNiYRjJ9JN8hnpQzbOembFqloTwHliF6QCCjR65qfjRzgJCVeYISm7thUrN0VCUcxIVnYSSWKEh6hPuppypIe66eS6DB5qxYdBJPTjCk7U3xUpCqUchZ7OzJeXs7Fc/C/WTVRw7qaUx4kiHE8HBQmDKoK5VdCngmDFRpogLKjeFeIBEggrbWhZm2DPnjxPWidV+7Rau65V6heFHSWwDw7AMbDBGaiDK9AATYDBI3gGr+DNeDJejHfjY5q6YBQ1e+APjK8fIsajOw==</latexit>

k 2 Rd0⇥|x|
<latexit sha1_base64="G4dEycaZYoKWAMfJTqkcAaxTIF4="></latexit>

=
esim(q,ki)

P|x|
i=1 e

sim(q,ki0 )

Bilinear attention
<latexit sha1_base64="91xq3Ol8FOGGEBNRuLsiLxL9Eng=">AAACHXicbVA9SwNBEN2LXzF+RS1tFoOgIOFOgtoIoo1lBGOEXAx7m7lkyd7euTsnhiN/xMa/YmOhiIWN+G/cxBQafTDweG+GmXlBIoVB1/10clPTM7Nz+fnCwuLS8kpxde3SxKnmUOOxjPVVwAxIoaCGAiVcJRpYFEioB73ToV+/BW1ErC6wn0AzYh0lQsEZWqlVrPgId5gZEQ22b3apHzHsBmHWG+zQI3pz7QuFoDmTtP7DaxVLbtkdgf4l3piUyBjVVvHdb8c8jUAhl8yYhucm2MyYRsElDAp+aiBhvMc60LBUsQhMMxt9N6BbVmnTMNa2FNKR+nMiY5Ex/SiwncMLzaQ3FP/zGimGh81MqCRFUPx7UZhKijEdRkXbQgNH2beEcS3srZR3mWbcRmIKNgRv8uW/5HKv7O2XK+eV0vHJOI482SCbZJt45IAckzNSJTXCyT15JM/kxXlwnpxX5+27NeeMZ9bJLzgfX2djoh8=</latexit>

sim(q,k) = q|Wk
<latexit sha1_base64="9rDi1GnHwfMjgkaNTM1lW/fIX2Q=">AAACB3icbVBNS8NAEJ34WetX1KMgi0X0VBIp6rHoxWMV+wFNLJvNtl262YTdjVBCb178K148KOLVv+DNf+Om7UFbHww83pthZl6QcKa043xbC4tLyyurhbXi+sbm1ra9s9tQcSoJrZOYx7IVYEU5E7Sumea0lUiKo4DTZjC4yv3mA5WKxeJODxPqR7gnWJcRrI3UsQ+ayGMCeRHW/SDIbkf3WYg8zSKqUHg86tglp+yMgeaJOyUlmKLWsb+8MCZpRIUmHCvVdp1E+xmWmhFOR0UvVTTBZIB7tG2owGaRn43/GKEjo4SoG0tTQqOx+nsiw5FSwygwnfm9atbLxf+8dqq7F37GRJJqKshkUTflSMcoDwWFTFKi+dAQTCQztyLSxxITbaIrmhDc2ZfnSeO07J6VKzeVUvVyGkcB9uEQTsCFc6jCNdSgDgQe4Rle4c16sl6sd+tj0rpgTWf24A+szx/4D5jB</latexit>

W 2 Rd⇥d0



Similarity Between  
Query and Key

<latexit sha1_base64="337TYNDVfy+ZGgd1URqlEZvQsac=">AAACFHicbVDLSgMxFM34rPVVdekmWISKUmakqMuiG5cV7AM6pWTStA1NZmJyRyxDP8KNv+LGhSJuXbjzb0zbWWjrgcDhnHu5OSdQghtw3W9nYXFpeWU1s5Zd39jc2s7t7NZMFGvKqjQSkW4ExDDBQ1YFDoI1lGZEBoLVg8HV2K/fM214FN7CULGWJL2QdzklYKV27lgVOPYl7+C7Ezxo8yPsKx0piLAP7AESw+WokFrtXN4tuhPgeeKlJI9SVNq5L78T0ViyEKggxjQ9V0ErIRo4FWyU9WPDFKED0mNNS0MimWklk1AjfGiVDu5G2r4Q8ET9vZEQacxQBnZSEuibWW8s/uc1Y+hetBIeqhhYSKeHurHANvO4IdzhmlEQQ0sI1dz+FdM+0YSC7TFrS/BmI8+T2mnROyuWbkr58mVaRwbtowNUQB46R2V0jSqoiih6RM/oFb05T86L8+58TEcXnHRnD/2B8/kDbFCdNQ==</latexit>

p(i | q, ki) / sim(q, ki)
<latexit sha1_base64="pPg67hSonVIYWrjXpY4+178SMwA=">AAAB+3icbVC7TsMwFL0pr1JeoYwsFhUSU5WgChgrWBgLog+pDZXjuK1Vxwm2g6ii/AoLAwix8iNs/A1umwFajmTp6Jx7dY+PH3OmtON8W4WV1bX1jeJmaWt7Z3fP3i+3VJRIQpsk4pHs+FhRzgRtaqY57cSS4tDntO2Pr6Z++5FKxSJxpycx9UI8FGzACNZG6tvlB9RjAvVCrEe+n95m90HfrjhVZwa0TNycVCBHo29/9YKIJCEVmnCsVNd1Yu2lWGpGOM1KvUTRGJMxHtKuoQKHVHnpLHuGjo0SoEEkzRMazdTfGykOlZqEvpmcZlSL3lT8z+smenDhpUzEiaaCzA8NEo50hKZFoIBJSjSfGIKJZCYrIiMsMdGmrpIpwV388jJpnVbds2rtplapX+Z1FOEQjuAEXDiHOlxDA5pA4Ame4RXerMx6sd6tj/lowcp3DuAPrM8fiHiUIg==</latexit>

q 2 Rd
<latexit sha1_base64="BIw+HBrkZlWuD1ZEaHpisAWxlJQ=">AAACHXicbVC7TsMwFHV4lvIKMLJYVAimKkEVMFawMBZEH1ITKsdxWquOE9kOokrzIyz8CgsDCDGwIP4Gp80ALUeydHzu+3gxo1JZ1rexsLi0vLJaWiuvb2xubZs7uy0ZJQKTJo5YJDoekoRRTpqKKkY6sSAo9Bhpe8PLPN6+J0LSiN+qUUzcEPU5DShGSks9s+aESA28IB1m0KEcTr9eepPdpf4RdBQNiYRjJ9JN8hnpQzbOembFqloTwHliF6QCCjR65qfjRzgJCVeYISm7thUrN0VCUcxIVnYSSWKEh6hPuppypIe66eS6DB5qxYdBJPTjCk7U3xUpCqUchZ7OzJeXs7Fc/C/WTVRw7qaUx4kiHE8HBQmDKoK5VdCngmDFRpogLKjeFeIBEggrbWhZm2DPnjxPWidV+7Rau65V6heFHSWwDw7AMbDBGaiDK9AATYDBI3gGr+DNeDJejHfjY5q6YBQ1e+APjK8fIsajOw==</latexit>

k 2 Rd0⇥|x|

MLP attention

<latexit sha1_base64="GGr3iFXd/2SNJ2yDIhyjJ9oONj0="></latexit>

sim(q,k) = w|
2 tanh(W1[q;k])

<latexit sha1_base64="dgozcEjyUa/6CIZRFWbaZxuTq5M=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0VaEUoiRV0W3bisYh/QxDCZTNuhk0mYmQgl5Bfc+CtuXCji1p07/8ZJ24W2HrhwOOde7r3HjxmVyrK+jcLS8srqWnG9tLG5tb1j7u61ZZQITFo4YpHo+kgSRjlpKaoY6caCoNBnpOOPrnK/80CEpBG/U+OYuCEacNqnGCkteWa149nQoRw6IVJD309vs/u0GsATGFSOoaNoSKSmlcwzy1bNmgAuEntGymCGpmd+OUGEk5BwhRmSsmdbsXJTJBTFjGQlJ5EkRniEBqSnKUd6k5tOPsrgkVYC2I+ELq7gRP09kaJQynHo6878bjnv5eJ/Xi9R/Qs3pTxOFOF4uqifMKgimMcDAyoIVmysCcKC6lshHiKBsNIhlnQI9vzLi6R9WrPPavWberlxOYujCA7AIagCG5yDBrgGTdACGDyCZ/AK3own48V4Nz6mrQVjNrMP/sD4/AHW1psj</latexit>

W1 2 R(d+d0)⇥d00
<latexit sha1_base64="fOserzgYPM/iVfmPen2Mrt0Ebvs=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWCRuipJKeqy6MZlFfuAppbJZNIOnUzCzEQpIW78FTcuFHHrX7jzb5y0WWjrgQuHc+7l3nvciFGpLOvbKCwtr6yuFddLG5tb2zvm7l5bhrHApIVDFoquiyRhlJOWooqRbiQIClxGOu74MvM790RIGvJbNYlIP0BDTn2KkdLSwDx4GNSgQzl0AqRGrpvcpHeJV6mkA7NsVa0p4CKxc1IGOZoD88vxQhwHhCvMkJQ924pUP0FCUcxIWnJiSSKEx2hIeppyFBDZT6YfpPBYKx70Q6GLKzhVf08kKJByEri6M7tTznuZ+J/Xi5V/3k8oj2JFOJ4t8mMGVQizOKBHBcGKTTRBWFB9K8QjJBBWOrSSDsGef3mRtGtV+7Rav66XGxd5HEVwCI7ACbDBGWiAK9AELYDBI3gGr+DNeDJejHfjY9ZaMPKZffAHxucPZTmWOw==</latexit>

w2 2 Rd00

<latexit sha1_base64="G4dEycaZYoKWAMfJTqkcAaxTIF4="></latexit>

=
esim(q,ki)

P|x|
i=1 e

sim(q,ki0 )



Similarity Between  
Query and Key

<latexit sha1_base64="337TYNDVfy+ZGgd1URqlEZvQsac=">AAACFHicbVDLSgMxFM34rPVVdekmWISKUmakqMuiG5cV7AM6pWTStA1NZmJyRyxDP8KNv+LGhSJuXbjzb0zbWWjrgcDhnHu5OSdQghtw3W9nYXFpeWU1s5Zd39jc2s7t7NZMFGvKqjQSkW4ExDDBQ1YFDoI1lGZEBoLVg8HV2K/fM214FN7CULGWJL2QdzklYKV27lgVOPYl7+C7Ezxo8yPsKx0piLAP7AESw+WokFrtXN4tuhPgeeKlJI9SVNq5L78T0ViyEKggxjQ9V0ErIRo4FWyU9WPDFKED0mNNS0MimWklk1AjfGiVDu5G2r4Q8ET9vZEQacxQBnZSEuibWW8s/uc1Y+hetBIeqhhYSKeHurHANvO4IdzhmlEQQ0sI1dz+FdM+0YSC7TFrS/BmI8+T2mnROyuWbkr58mVaRwbtowNUQB46R2V0jSqoiih6RM/oFb05T86L8+58TEcXnHRnD/2B8/kDbFCdNQ==</latexit>

p(i | q, ki) / sim(q, ki)
<latexit sha1_base64="pPg67hSonVIYWrjXpY4+178SMwA=">AAAB+3icbVC7TsMwFL0pr1JeoYwsFhUSU5WgChgrWBgLog+pDZXjuK1Vxwm2g6ii/AoLAwix8iNs/A1umwFajmTp6Jx7dY+PH3OmtON8W4WV1bX1jeJmaWt7Z3fP3i+3VJRIQpsk4pHs+FhRzgRtaqY57cSS4tDntO2Pr6Z++5FKxSJxpycx9UI8FGzACNZG6tvlB9RjAvVCrEe+n95m90HfrjhVZwa0TNycVCBHo29/9YKIJCEVmnCsVNd1Yu2lWGpGOM1KvUTRGJMxHtKuoQKHVHnpLHuGjo0SoEEkzRMazdTfGykOlZqEvpmcZlSL3lT8z+smenDhpUzEiaaCzA8NEo50hKZFoIBJSjSfGIKJZCYrIiMsMdGmrpIpwV388jJpnVbds2rtplapX+Z1FOEQjuAEXDiHOlxDA5pA4Ame4RXerMx6sd6tj/lowcp3DuAPrM8fiHiUIg==</latexit>

q 2 Rd
<latexit sha1_base64="BIw+HBrkZlWuD1ZEaHpisAWxlJQ=">AAACHXicbVC7TsMwFHV4lvIKMLJYVAimKkEVMFawMBZEH1ITKsdxWquOE9kOokrzIyz8CgsDCDGwIP4Gp80ALUeydHzu+3gxo1JZ1rexsLi0vLJaWiuvb2xubZs7uy0ZJQKTJo5YJDoekoRRTpqKKkY6sSAo9Bhpe8PLPN6+J0LSiN+qUUzcEPU5DShGSks9s+aESA28IB1m0KEcTr9eepPdpf4RdBQNiYRjJ9JN8hnpQzbOembFqloTwHliF6QCCjR65qfjRzgJCVeYISm7thUrN0VCUcxIVnYSSWKEh6hPuppypIe66eS6DB5qxYdBJPTjCk7U3xUpCqUchZ7OzJeXs7Fc/C/WTVRw7qaUx4kiHE8HBQmDKoK5VdCngmDFRpogLKjeFeIBEggrbWhZm2DPnjxPWidV+7Rau65V6heFHSWwDw7AMbDBGaiDK9AATYDBI3gGr+DNeDJejHfjY5q6YBQ1e+APjK8fIsajOw==</latexit>

k 2 Rd0⇥|x|

<latexit sha1_base64="8F0GCpWrYnWzQZbOR1Y+kFtdLVk=">AAACGnicbVDLSgNBEJz1GeMr6tHLYBAUJOxKUC9C0IvHCEaFbAyzk944ZHZ2M9MrhiXf4cVf8eJBEW/ixb9xEgM+YkFDUdVNd1eQSGHQdT+cicmp6ZnZ3Fx+fmFxabmwsnpu4lRzqPFYxvoyYAakUFBDgRIuEw0sCiRcBJ3jgX9xA9qIWJ1hL4FGxNpKhIIztFKz4PkIt5gZEfW3ujvUjxheB2HW6W/TQ9q98oVC0JzJb6NZKLoldwg6TrwRKZIRqs3Cm9+KeRqBQi6ZMXXPTbCRMY2CS+jn/dRAwniHtaFuqWIRmEY2fK1PN63SomGsbSmkQ/XnRMYiY3pRYDsHF5q/3kD8z6unGB40MqGSFEHxr0VhKinGdJATbQkNHGXPEsa1sLdSfs004zYPk7cheH9fHifnuyVvr1Q+LRcrR6M4cmSdbJAt4pF9UiEnpEpqhJM78kCeyLNz7zw6L87rV+uEM5pZI7/gvH8C3+yhag==</latexit>

sim(q,k) = q|k Dot product attention
<latexit sha1_base64="8KH92bp4tr87KYy9vidy9UTQ8sc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbRU9mVol6EohePFewHtEvJZrNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL0g408Z1v53Cyura+kZxs7S1vbO7V94/aGmZKkKbRHKpOgHWlDNBm4YZTjuJojgOOG0Ho9up336iSjMpHsw4oX6MB4JFjGBjpVaIrlF42i9X3Ko7A1omXk4qkKPRL3/1QknSmApDONa667mJ8TOsDCOcTkq9VNMEkxEe0K6lAsdU+9ns2gk6sUqIIqlsCYNm6u+JDMdaj+PAdsbYDPWiNxX/87qpia78jIkkNVSQ+aIo5chINH0dhUxRYvjYEkwUs7ciMsQKE2MDKtkQvMWXl0nrvOpdVGv3tUr9Jo+jCEdwDGfgwSXU4Q4a0AQCj/AMr/DmSOfFeXc+5q0FJ585hD9wPn8AF3uOKw==</latexit>

d = d0

But: scale of dot product increases 
as dimensions get larger

<latexit sha1_base64="G4dEycaZYoKWAMfJTqkcAaxTIF4="></latexit>

=
esim(q,ki)

P|x|
i=1 e

sim(q,ki0 )



Similarity Between  
Query and Key

<latexit sha1_base64="337TYNDVfy+ZGgd1URqlEZvQsac=">AAACFHicbVDLSgMxFM34rPVVdekmWISKUmakqMuiG5cV7AM6pWTStA1NZmJyRyxDP8KNv+LGhSJuXbjzb0zbWWjrgcDhnHu5OSdQghtw3W9nYXFpeWU1s5Zd39jc2s7t7NZMFGvKqjQSkW4ExDDBQ1YFDoI1lGZEBoLVg8HV2K/fM214FN7CULGWJL2QdzklYKV27lgVOPYl7+C7Ezxo8yPsKx0piLAP7AESw+WokFrtXN4tuhPgeeKlJI9SVNq5L78T0ViyEKggxjQ9V0ErIRo4FWyU9WPDFKED0mNNS0MimWklk1AjfGiVDu5G2r4Q8ET9vZEQacxQBnZSEuibWW8s/uc1Y+hetBIeqhhYSKeHurHANvO4IdzhmlEQQ0sI1dz+FdM+0YSC7TFrS/BmI8+T2mnROyuWbkr58mVaRwbtowNUQB46R2V0jSqoiih6RM/oFb05T86L8+58TEcXnHRnD/2B8/kDbFCdNQ==</latexit>

p(i | q, ki) / sim(q, ki)
<latexit sha1_base64="pPg67hSonVIYWrjXpY4+178SMwA=">AAAB+3icbVC7TsMwFL0pr1JeoYwsFhUSU5WgChgrWBgLog+pDZXjuK1Vxwm2g6ii/AoLAwix8iNs/A1umwFajmTp6Jx7dY+PH3OmtON8W4WV1bX1jeJmaWt7Z3fP3i+3VJRIQpsk4pHs+FhRzgRtaqY57cSS4tDntO2Pr6Z++5FKxSJxpycx9UI8FGzACNZG6tvlB9RjAvVCrEe+n95m90HfrjhVZwa0TNycVCBHo29/9YKIJCEVmnCsVNd1Yu2lWGpGOM1KvUTRGJMxHtKuoQKHVHnpLHuGjo0SoEEkzRMazdTfGykOlZqEvpmcZlSL3lT8z+smenDhpUzEiaaCzA8NEo50hKZFoIBJSjSfGIKJZCYrIiMsMdGmrpIpwV388jJpnVbds2rtplapX+Z1FOEQjuAEXDiHOlxDA5pA4Ame4RXerMx6sd6tj/lowcp3DuAPrM8fiHiUIg==</latexit>

q 2 Rd
<latexit sha1_base64="BIw+HBrkZlWuD1ZEaHpisAWxlJQ=">AAACHXicbVC7TsMwFHV4lvIKMLJYVAimKkEVMFawMBZEH1ITKsdxWquOE9kOokrzIyz8CgsDCDGwIP4Gp80ALUeydHzu+3gxo1JZ1rexsLi0vLJaWiuvb2xubZs7uy0ZJQKTJo5YJDoekoRRTpqKKkY6sSAo9Bhpe8PLPN6+J0LSiN+qUUzcEPU5DShGSks9s+aESA28IB1m0KEcTr9eepPdpf4RdBQNiYRjJ9JN8hnpQzbOembFqloTwHliF6QCCjR65qfjRzgJCVeYISm7thUrN0VCUcxIVnYSSWKEh6hPuppypIe66eS6DB5qxYdBJPTjCk7U3xUpCqUchZ7OzJeXs7Fc/C/WTVRw7qaUx4kiHE8HBQmDKoK5VdCngmDFRpogLKjeFeIBEggrbWhZm2DPnjxPWidV+7Rau65V6heFHSWwDw7AMbDBGaiDK9AATYDBI3gGr+DNeDJejHfjY5q6YBQ1e+APjK8fIsajOw==</latexit>

k 2 Rd0⇥|x|

Scaled dot product 
attention

<latexit sha1_base64="eLB4ktdbrke/jWMuXsieOnkin4w="></latexit>

sim(q,k) =
q|kp
d0

<latexit sha1_base64="G4dEycaZYoKWAMfJTqkcAaxTIF4="></latexit>

=
esim(q,ki)

P|x|
i=1 e

sim(q,ki0 )



I

like

pizza

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

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

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

h3

Illustration:  
Dot Product Attention

<latexit sha1_base64="6GQtZ8YI+JPj/EIU599MiOZ2lXk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpuv1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuqt5ltXZfq9Rv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHzJY2X</latexit>g0
BOS

<latexit sha1_base64="6GQtZ8YI+JPj/EIU599MiOZ2lXk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpuv1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuqt5ltXZfq9Rv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHzJY2X</latexit>g0(note: many possible ways to initialize      )



I

like

pizza

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

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

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

h3

Illustration:  
Dot Product Attention

<latexit sha1_base64="6GQtZ8YI+JPj/EIU599MiOZ2lXk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpuv1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuqt5ltXZfq9Rv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHzJY2X</latexit>g0

<latexit sha1_base64="SVKenylsWkiGS+Eq5gHjOiYxutQ=">AAACAHicbVA9SwNBEJ3zM8avqIWFzWIQrMKdBLURgjaWEcwHJOext5kkS/b2jt09IRxp/Cs2ForY+jPs/DduPgpNfDDweG+GmXlhIrg2rvvtLC2vrK6t5zbym1vbO7uFvf26jlPFsMZiEatmSDUKLrFmuBHYTBTSKBTYCAc3Y7/xiErzWN6bYYJ+RHuSdzmjxkpB4VAHHrkivcB9aHNpUDEqSD/wgkLRLbkTkEXizUgRZqgGha92J2ZphNIwQbVueW5i/Iwqw5nAUb6dakwoG9AetiyVNELtZ5MHRuTEKh3SjZUtachE/T2R0UjrYRTazoiavp73xuJ/Xis13Us/4zJJDUo2XdRNBTExGadBOlwhM2JoCWWK21sJ61NFmU1C520I3vzLi6R+VvLOS+W7crFyPYsjB0dwDKfgwQVU4BaqUAMGI3iGV3hznpwX5935mLYuObOZA/gD5/MHsESVNA==</latexit>

s1 = g|0h1

BOS



I

like

pizza

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

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

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

h3

Illustration:  
Dot Product Attention

<latexit sha1_base64="6GQtZ8YI+JPj/EIU599MiOZ2lXk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpuv1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuqt5ltXZfq9Rv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHzJY2X</latexit>g0

<latexit sha1_base64="XIjUsrGgm7ZXD+dlsfvOaoGQCCg=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksgqeSlKJehKIXjxXsB7QxbLabdulmE3Y3Qgm9+Fe8eFDEqz/Dm//GbZuDtj4YeLw3w8y8IOFMacf5tgorq2vrG8XN0tb2zu6evX/QUnEqCW2SmMeyE2BFORO0qZnmtJNIiqOA03Ywupn67UcqFYvFvR4n1IvwQLCQEayN5NtHyq+iKzTwnYceE5pKgjka+lXfLjsVZwa0TNyclCFHw7e/ev2YpBEVmnCsVNd1Eu1lWGpGOJ2UeqmiCSYjPKBdQwWOqPKy2QMTdGqUPgpjaUpoNFN/T2Q4UmocBaYzwnqoFr2p+J/XTXV46WVMJKmmgswXhSlHOkbTNFCfSUo0HxuCiWTmVkSGWGJiklAlE4K7+PIyaVUr7nmldlcr16/zOIpwDCdwBi5cQB1uoQFNIDCBZ3iFN+vJerHerY95a8HKZw7hD6zPH7NglTY=</latexit>

s2 = g|0h2

BOS



I

like

pizza

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

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

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

h3

Illustration:  
Dot Product Attention

<latexit sha1_base64="6GQtZ8YI+JPj/EIU599MiOZ2lXk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpuv1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuqt5ltXZfq9Rv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHzJY2X</latexit>g0

<latexit sha1_base64="xZkURta/CY02xvvFiq8gOGudrwc=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FQSW9SLUPTisYL9gDaGzXbSLt1swu5GKKEX/4oXD4p49Wd489+4bXPQ1gcDj/dmmJkXJJwp7Tjf1tLyyuraemGjuLm1vbNr7+03VZxKCg0a81i2A6KAMwENzTSHdiKBRAGHVjC8mfitR5CKxeJejxLwItIXLGSUaCP59qHyK/gK933nocuEBkkJxwO/4tslp+xMgReJm5MSylH37a9uL6ZpBEJTTpTquE6ivYxIzSiHcbGbKkgIHZI+dAwVJALlZdMHxvjEKD0cxtKU0Hiq/p7ISKTUKApMZ0T0QM17E/E/r5Pq8NLLmEhSDYLOFoUpxzrGkzRwj0mgmo8MIVQycyumAyIJNUmoognBnX95kTTPyu55uXpXLdWu8zgK6Agdo1PkogtUQ7eojhqIojF6Rq/ozXqyXqx362PWumTlMwfoD6zPH7Z8lTg=</latexit>

s3 = g|0h3

BOS



I

like

pizza

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

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

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

h3

Illustration:  
Dot Product Attention

<latexit sha1_base64="6GQtZ8YI+JPj/EIU599MiOZ2lXk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpuv1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuqt5ltXZfq9Rv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHzJY2X</latexit>g0

Similarities between query and keys

BOS

<latexit sha1_base64="UtUOz5+zFeEKtS7TlXsI8VYyPSc=">AAACJ3icbVBNS8MwGE79nPOr6tFLcAieRisyvShDLx6nuA9Yt5Jm6RaWpiVJxdH133jxr3gRVESP/hPTrQfdfCDw5Hm/Hy9iVCrL+jIWFpeWV1YLa8X1jc2tbXNntyHDWGBSxyELRctDkjDKSV1RxUgrEgQFHiNNb3iVxZv3REga8js1ikgnQH1OfYqR0pJrXkjXguew71pdh3JFBEYMOgFSA89PBinUYv71ktu0m4ydULfLpiUP6Th1zZJVtiaA88TOSQnkqLnmq9MLcRwQrjBDUrZtK1KdBAlFMSNp0YkliRAeoj5pa8pRQGQnmdyZwkOt9KAfCv24ghP1d0WCAilHgaczs5XlbCwT/4u1Y+WfdRLKo1gRjqeD/JhBFcLMNNijgmDFRpogLKjeFeIBEghrw2RRm2DPnjxPGsdlu1Ku3JyUqpe5HQWwDw7AEbDBKaiCa1ADdYDBI3gGb+DdeDJejA/jc5q6YOQ1e+APjO8fT3ym9g==</latexit>

s0 = g|0h 2 R|x|

I

like

pizza

Weights over keys (weights sum to 1)
<latexit sha1_base64="I78qSGpw7FOAAFozN9dDzxU9MUQ="></latexit>

↵0 = p(· | g0,h) = softmax(s0) 2 �N1:|x|

60%
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5



I

like

pizza

I

like

pizza

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

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

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

h3

Illustration:  
Dot Product Attention

<latexit sha1_base64="6GQtZ8YI+JPj/EIU599MiOZ2lXk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpuv1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuqt5ltXZfq9Rv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHzJY2X</latexit>g0
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Encoding is weighted sum over values
<latexit sha1_base64="GBNPdAkCDKwEyYn2Hyl75s+PIsY="></latexit>

c0 = Enc(x, g0) =

|x|X

i=1

↵0,ihi 2 Rd

BOS

<latexit sha1_base64="ZFfVSxFwYsdWo2a5d+8KPptxLNk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPpuv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDtsY2V</latexit>c0

Similarities between query and keys
<latexit sha1_base64="UtUOz5+zFeEKtS7TlXsI8VYyPSc=">AAACJ3icbVBNS8MwGE79nPOr6tFLcAieRisyvShDLx6nuA9Yt5Jm6RaWpiVJxdH133jxr3gRVESP/hPTrQfdfCDw5Hm/Hy9iVCrL+jIWFpeWV1YLa8X1jc2tbXNntyHDWGBSxyELRctDkjDKSV1RxUgrEgQFHiNNb3iVxZv3REga8js1ikgnQH1OfYqR0pJrXkjXguew71pdh3JFBEYMOgFSA89PBinUYv71ktu0m4ydULfLpiUP6Th1zZJVtiaA88TOSQnkqLnmq9MLcRwQrjBDUrZtK1KdBAlFMSNp0YkliRAeoj5pa8pRQGQnmdyZwkOt9KAfCv24ghP1d0WCAilHgaczs5XlbCwT/4u1Y+WfdRLKo1gRjqeD/JhBFcLMNNijgmDFRpogLKjeFeIBEghrw2RRm2DPnjxPGsdlu1Ku3JyUqpe5HQWwDw7AEbDBKaiCa1ADdYDBI3gGb+DdeDJejA/jc5q6YOQ1e+APjO8fT3ym9g==</latexit>

s0 = g|0h 2 R|x|

Weights over keys (weights sum to 1)
<latexit sha1_base64="I78qSGpw7FOAAFozN9dDzxU9MUQ="></latexit>

↵0 = p(· | g0,h) = softmax(s0) 2 �N1:|x|



I

like

pizza

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

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

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

h3

Illustration:  
Dot Product Attention

<latexit sha1_base64="6GQtZ8YI+JPj/EIU599MiOZ2lXk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpuv1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuqt5ltXZfq9Rv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHzJY2X</latexit>g0

60%
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<latexit sha1_base64="ZFfVSxFwYsdWo2a5d+8KPptxLNk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPpuv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDtsY2V</latexit>c0

mi

I

like

pizza

BOS
sample

mi

<latexit sha1_base64="6tSHcjCZlto/wTwK+HeTWTo5a7w=">AAACH3icbVDLSgMxFM34rPVVdekmWIQWpMyIVDdC0Y3LCvYhnTJk0kwNJpMhuSMtQ//Ejb/ixoUi4q5/Y/pY+DoQOJxzbpJ7wkRwA647dhYWl5ZXVnNr+fWNza3tws5u06hUU9agSijdDolhgsesARwEayeaERkK1grvLyd+64Fpw1V8A8OEdSXpxzzilICVgkI1Kd0GHvYl72Ff2eTkomwwKuNz7AMbQGZUBJIMRqWoRAP3CPcDt1wOCkW34k6B/xJvTopojnpQ+PR7iqaSxUAFMabjuQl0M6KBU8FGeT81LCH0nvRZx9KYSGa62XS/ET60Sg9HStsTA56q3ycyIo0ZytAmJYE789ubiP95nRSis27G4yQFFtPZQ1EqMCg8KQv3uGYUxNASQjW3f8X0jmhCwVaatyV4v1f+S5rHFa9aqV6fFGsX8zpyaB8doBLy0CmqoStURw1E0SN6Rq/ozXlyXpx352MWXXDmM3voB5zxF2r5oVY=</latexit>

p(Y1 | x) = softmax(f(c0, g0))



I

like

pizza

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

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

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

h3

Illustration:  
Dot Product Attention

<latexit sha1_base64="6GQtZ8YI+JPj/EIU599MiOZ2lXk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpuv1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuqt5ltXZfq9Rv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHzJY2X</latexit>g0

mi

I

like

pizza

BOS mi
mi

<latexit sha1_base64="VdLslFl5EfBqLJ2ZDaaZLBskdFY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpev1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuql6tWru/rNRv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AH1TY2a</latexit>g1 <latexit sha1_base64="8iNzpUpRc1+W5bRzePAGVw4a4ZY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRKoboejGZQX7gDaEyXSSDp1MwsxECLELf8WNC0Xc+hvu/BsnbRbaeuBeDufcy9w5XsyoVJb1bZSWlldW18rrlY3Nre0dc3evI6NEYNLGEYtEz0OSMMpJW1HFSC8WBIUeI11vfJP73QciJI34vUpj4oQo4NSnGCktueZB4NrwCga1wLVOIc5b6tonrlm16tYUcJHYBamCAi3X/BoMI5yEhCvMkJR924qVkyGhKGZkUhkkksQIj1FA+ppyFBLpZNP7J/BYK0PoR0IXV3Cq/t7IUChlGnp6MkRqJOe9XPzP6yfKv3QyyuNEEY5nD/kJgyqCeRhwSAXBiqWaICyovhXiERIIKx1ZRYdgz395kXTO6naj3rg7rzavizjK4BAcgRqwwQVoglvQAm2AwSN4Bq/gzXgyXox342M2WjKKnX3wB8bnD5j/k0c=</latexit>

g1 = g(g0, c0, y1)



I

like

pizza

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

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

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

h3

Illustration:  
Dot Product Attention

<latexit sha1_base64="6GQtZ8YI+JPj/EIU599MiOZ2lXk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpuv1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuqt5ltXZfq9Rv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHzJY2X</latexit>g0

mi

I

like

pizza

BOS mi
mi

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

<latexit sha1_base64="j8fe4twmXPJf73rts70UUnVYPGg=">AAACBXicbVA9SwNBEJ3zM8avqKUWi0GwkHArEm2EoI1lBPMByXnsbTbJkr29Y3dPCEcaG/+KjYUitv4HO/+Nm+QKTXww8Hhvhpl5QSy4Nq777SwsLi2vrObW8usbm1vbhZ3duo4SRVmNRiJSzYBoJrhkNcONYM1YMRIGgjWCwfXYbzwwpXkk78wwZl5IepJ3OSXGSn7hQPspPkF4hC5Rz8f3bS4NU5QI1PexXyi6JXcCNE9wRoqQoeoXvtqdiCYhk4YKonULu7HxUqIMp4KN8u1Es5jQAemxlqWShEx76eSLETqySgd1I2VLGjRRf0+kJNR6GAa2MySmr2e9sfif10pM98JLuYwTwySdLuomApkIjSNBHa4YNWJoCaGK21sR7RNFqE1C520IePbleVI/LeFyqXx7VqxcZXHkYB8O4RgwnEMFbqAKNaDwCM/wCm/Ok/PivDsf09YFJ5vZgz9wPn8Ax1iW3g==</latexit>

s1,1 = g|1h1



I

like

pizza

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

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

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

h3

Illustration:  
Dot Product Attention

<latexit sha1_base64="6GQtZ8YI+JPj/EIU599MiOZ2lXk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpuv1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuqt5ltXZfq9Rv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHzJY2X</latexit>g0

mi

I

like

pizza

BOS mi
mi

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

<latexit sha1_base64="v/vskx2eQr15CSP2kPlRDn50+tg=">AAACBXicbVDLSsNAFL2pr1pfUZe6GCyCCylJkepGKLpxWcE+oI1hMp20QyeTMDMRSujGjb/ixoUibv0Hd/6N08dCWw9cOJxzL/feEyScKe0431ZuaXlldS2/XtjY3NresXf3GipOJaF1EvNYtgKsKGeC1jXTnLYSSXEUcNoMBtdjv/lApWKxuNPDhHoR7gkWMoK1kXz7UPmZe4rKI3SJer5732FCU0kwR32/7NtFp+RMgBaJOyNFmKHm21+dbkzSiApNOFaq7TqJ9jIsNSOcjgqdVNEEkwHu0bahAkdUednkixE6NkoXhbE0JTSaqL8nMhwpNYwC0xlh3Vfz3lj8z2unOrzwMiaSVFNBpovClCMdo3EkqMskJZoPDcFEMnMrIn0sMTFJqIIJwZ1/eZE0yiW3UqrcnhWrV7M48nAAR3ACLpxDFW6gBnUg8AjP8Apv1pP1Yr1bH9PWnDWb2Yc/sD5/AMp1luA=</latexit>

s1,2 = g|1h2



I

like

pizza

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

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

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

h3

Illustration:  
Dot Product Attention

<latexit sha1_base64="6GQtZ8YI+JPj/EIU599MiOZ2lXk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpuv1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuqt5ltXZfq9Rv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHzJY2X</latexit>g0

mi

I

like

pizza

BOS mi
mi

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

<latexit sha1_base64="p13Jubd4ct7RRt2XLsofT66+tJA=">AAACBXicbVA9SwNBEJ3zM8avU0stFoNgIeHOSLQRgjaWEcwHJOext9kkS/b2jt09IRxpbPwrNhaK2Pof7Pw3bpIrNPHBwOO9GWbmBTFnSjvOt7WwuLS8sppby69vbG5t2zu7dRUlktAaiXgkmwFWlDNBa5ppTpuxpDgMOG0Eg+ux33igUrFI3OlhTL0Q9wTrMoK1kXz7QPmpe4JKI3SJer5732ZCU0kwR32/5NsFp+hMgOaJm5ECZKj69le7E5EkpEITjpVquU6svRRLzQino3w7UTTGZIB7tGWowCFVXjr5YoSOjNJB3UiaEhpN1N8TKQ6VGoaB6Qyx7qtZbyz+57US3b3wUibiRFNBpou6CUc6QuNIUIdJSjQfGoKJZOZWRPpYYmKSUHkTgjv78jypnxbdcrF8e1aoXGVx5GAfDuEYXDiHCtxAFWpA4BGe4RXerCfrxXq3PqatC1Y2swd/YH3+AM2SluI=</latexit>

s1,3 = g|1h3



I

like

pizza

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

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

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

h3

Illustration:  
Dot Product Attention

<latexit sha1_base64="6GQtZ8YI+JPj/EIU599MiOZ2lXk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpuv1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuqt5ltXZfq9Rv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHzJY2X</latexit>g0

mi

I

like

pizza

BOS mi
mi

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

Similarities between query and keys
<latexit sha1_base64="pKNHz6xAbuDqb2+STsWdm4XANtA=">AAACJ3icbVBNS8MwGE79nPOr6tFLcAieRisyvShDLx6nuA9Yt5Jm6RaWpiVJxdH133jxr3gRVESP/hPTrQfdfCDw5Hm/Hy9iVCrL+jIWFpeWV1YLa8X1jc2tbXNntyHDWGBSxyELRctDkjDKSV1RxUgrEgQFHiNNb3iVxZv3REga8js1ikgnQH1OfYqR0pJrXkjXhuew79pdh3JFBEYMOgFSA89PBinUYv71ktu0m4ydULfLpi UP6Th1zZJVtiaA88TOSQnkqLnmq9MLcRwQrjBDUrZtK1KdBAlFMSNp0YkliRAeoj5pa8pRQGQnmdyZwkOt9KAfCv24ghP1d0WCAilHgaczs5XlbCwT/4u1Y+WfdRLKo1gRjqeD/JhBFcLMNNijgmDFRpogLKjeFeIBEghrw2RRm2DPnjxPGsdlu1Ku3JyUqpe5HQWwDw7AEbDBKaiCa1ADdYDBI3gGb+DdeDJejA/jc5q6YOQ1e+APjO8fUvSm+A==</latexit>

s1 = g|1h 2 R|x|



I

like

pizza

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

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

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

h3

Illustration:  
Dot Product Attention

<latexit sha1_base64="6GQtZ8YI+JPj/EIU599MiOZ2lXk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpuv1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuqt5ltXZfq9Rv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHzJY2X</latexit>g0

mi

I

like

pizza

BOS mi
mi

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

Weights over keys (weights sum to 1)
<latexit sha1_base64="teUMReHvtFhy/lAE3oX0i9q5wiM=">AAACUnicbVJdaxQxFM2uX3WtutVHX4KLsAVZJiJVCoVSffBJKrhtYbMOdzKZ3dBMMiR3yi7p/MaC+OIP8cUHNbO7D9p6IXA4517uyUmySiuPSfK90711+87de1v3ew+2Hz563N95cuJt7YQcC6utO8vAS62MHKNCLc8qJ6HMtDzNzt+1+umFdF5Z8xmXlZyWMDOqUAIwUmlfcdDVHFJGD2g15CK3SHmpcjpL2cuIAOdZEebNbt Q5ygUGbwssYdEMfcp2KVeG8vdSI3wJ6+4sfGzSwPYvuY2LW19h0Vw2TdofJKNkVfQmYBswIJs6TvtfeW5FXUqDQoP3E5ZUOA3gUAktmx6vvaxAnMNMTiI0UEo/DatIGvoiMjktrIvHIF2xf08EKL1fllnsbF3761pL/k+b1Fi8nQZlqhqlEetFRa0pWtrmS3PlpEC9jACEU9ErFXNwIDC+Qi+GwK5f+SY4eTVie6O9T68Hh0ebOLbIM/KcDAkjb8gh+UCOyZgIckV+kF/kd+db52c3/pJ1a7ezmXlK/qnu9h9HGLRF</latexit>

↵1 = p(· | g1,h) = softmax(s1) 2 �N1:|x|

60%

35%

5

Similarities between query and keys
<latexit sha1_base64="pKNHz6xAbuDqb2+STsWdm4XANtA=">AAACJ3icbVBNS8MwGE79nPOr6tFLcAieRisyvShDLx6nuA9Yt5Jm6RaWpiVJxdH133jxr3gRVESP/hPTrQfdfCDw5Hm/Hy9iVCrL+jIWFpeWV1YLa8X1jc2tbXNntyHDWGBSxyELRctDkjDKSV1RxUgrEgQFHiNNb3iVxZv3REga8js1ikgnQH1OfYqR0pJrXkjXhuew79pdh3JFBEYMOgFSA89PBinUYv71ktu0m4ydULfLpi UP6Th1zZJVtiaA88TOSQnkqLnmq9MLcRwQrjBDUrZtK1KdBAlFMSNp0YkliRAeoj5pa8pRQGQnmdyZwkOt9KAfCv24ghP1d0WCAilHgaczs5XlbCwT/4u1Y+WfdRLKo1gRjqeD/JhBFcLMNNijgmDFRpogLKjeFeIBEghrw2RRm2DPnjxPGsdlu1Ku3JyUqpe5HQWwDw7AEbDBKaiCa1ADdYDBI3gGb+DdeDJejA/jc5q6YOQ1e+APjO8fUvSm+A==</latexit>

s1 = g|1h 2 R|x|



I

like

pizza

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

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

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

h3

Illustration:  
Dot Product Attention

<latexit sha1_base64="6GQtZ8YI+JPj/EIU599MiOZ2lXk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpuv1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuqt5ltXZfq9Rv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHzJY2X</latexit>g0

mi

I

like

pizza

BOS mi
mi

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

60%

35%

5

Encoding is weighted sum over values

<latexit sha1_base64="6BP9LU8nJGZTEPgIruSBUxwMbb0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPpev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDvNY2W</latexit>c1

Similarities between query and keys
<latexit sha1_base64="pKNHz6xAbuDqb2+STsWdm4XANtA=">AAACJ3icbVBNS8MwGE79nPOr6tFLcAieRisyvShDLx6nuA9Yt5Jm6RaWpiVJxdH133jxr3gRVESP/hPTrQfdfCDw5Hm/Hy9iVCrL+jIWFpeWV1YLa8X1jc2tbXNntyHDWGBSxyELRctDkjDKSV1RxUgrEgQFHiNNb3iVxZv3REga8js1ikgnQH1OfYqR0pJrXkjXhuew79pdh3JFBEYMOgFSA89PBinUYv71ktu0m4ydULfLpi UP6Th1zZJVtiaA88TOSQnkqLnmq9MLcRwQrjBDUrZtK1KdBAlFMSNp0YkliRAeoj5pa8pRQGQnmdyZwkOt9KAfCv24ghP1d0WCAilHgaczs5XlbCwT/4u1Y+WfdRLKo1gRjqeD/JhBFcLMNNijgmDFRpogLKjeFeIBEghrw2RRm2DPnjxPGsdlu1Ku3JyUqpe5HQWwDw7AEbDBKaiCa1ADdYDBI3gGb+DdeDJejA/jc5q6YOQ1e+APjO8fUvSm+A==</latexit>

s1 = g|1h 2 R|x|

Weights over keys (weights sum to 1)
<latexit sha1_base64="teUMReHvtFhy/lAE3oX0i9q5wiM=">AAACUnicbVJdaxQxFM2uX3WtutVHX4KLsAVZJiJVCoVSffBJKrhtYbMOdzKZ3dBMMiR3yi7p/MaC+OIP8cUHNbO7D9p6IXA4517uyUmySiuPSfK90711+87de1v3ew+2Hz563N95cuJt7YQcC6utO8vAS62MHKNCLc8qJ6HMtDzNzt+1+umFdF5Z8xmXlZyWMDOqUAIwUmlfcdDVHFJGD2g15CK3SHmpcjpL2cuIAOdZEebNbt Q5ygUGbwssYdEMfcp2KVeG8vdSI3wJ6+4sfGzSwPYvuY2LW19h0Vw2TdofJKNkVfQmYBswIJs6TvtfeW5FXUqDQoP3E5ZUOA3gUAktmx6vvaxAnMNMTiI0UEo/DatIGvoiMjktrIvHIF2xf08EKL1fllnsbF3761pL/k+b1Fi8nQZlqhqlEetFRa0pWtrmS3PlpEC9jACEU9ErFXNwIDC+Qi+GwK5f+SY4eTVie6O9T68Hh0ebOLbIM/KcDAkjb8gh+UCOyZgIckV+kF/kd+db52c3/pJ1a7ezmXlK/qnu9h9HGLRF</latexit>

↵1 = p(· | g1,h) = softmax(s1) 2 �N1:|x|

<latexit sha1_base64="qdUGq9B/tymCJ2j2kTtDlftaSUE=">AAACTXicbVHPa9swGJXTbmmzX1577EU0DDIowSoj26VQOgY7tmVJCrFrZFlJRGXZSJ9Hg+p/sJfBbv0vdtlhpZTKmQ9dug8Ej/fe9+nTU1JIYSAIbrzW2vqz5+2Nzc6Ll69ev/Hfbo1MXmrGhyyXuT5LqOFSKD4EAZKfFZrTLJF8nFx8rvXxd66NyNU3WBQ8yuhMialgFBwV+ymLCT7AIfBLsF8Uq3ph7vz1OHtZ7eFZTN7Xui mz2IoDUp3bq8eOqwqHVBZzGluyh0WF57HAoVA4zCjMk8SeVudp7HeDfrAs/BSQBnRRU8ex/zNMc1ZmXAGT1JgJCQqILNUgmORVJywNLyi7oDM+cVDRjJvILtOo8DvHpHiaa3cU4CX7uMPSzJhFljhnvaNZ1Wryf9qkhOmnyApVlMBdUsuLpqXEkOM6WpwKzRnIhQOUaeF2xWxONWXgPqDjQiCrT34KRvt9MugPTj50D4+aODbQDtpFPUTQR3SIvqJjNEQMXaNf6A+69X54v7077/6vteU1Pdvon2q1HwCPx7Q0</latexit>

c1 = Enc(x, g1) =

|x|X

i=1

↵1,ihi 2 Rd



I

like

pizza

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

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

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

h3

Illustration:  
Dot Product Attention

<latexit sha1_base64="6GQtZ8YI+JPj/EIU599MiOZ2lXk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpuv1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuqt5ltXZfq9Rv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHzJY2X</latexit>g0

mi

I

like

pizza

BOS mi
mi

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

60%

35%

5 <latexit sha1_base64="6BP9LU8nJGZTEPgIruSBUxwMbb0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPpev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDvNY2W</latexit>c1

sample
piace

<latexit sha1_base64="dlscywCJ+7kkjQnH9KG1nNN3hsA="></latexit>

p(Y2 | x,mi) = softmax(f(c1, g1))



I

like

pizza

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

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

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

h3

Illustration:  
Dot Product Attention

<latexit sha1_base64="6GQtZ8YI+JPj/EIU599MiOZ2lXk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpuv1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuqt5ltXZfq9Rv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHzJY2X</latexit>g0

mi piace

I

like

pizza

BOS mi
mi

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

60%

35%

5 <latexit sha1_base64="6BP9LU8nJGZTEPgIruSBUxwMbb0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPpev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDvNY2W</latexit>c1

sample
piace

<latexit sha1_base64="dlscywCJ+7kkjQnH9KG1nNN3hsA="></latexit>

p(Y2 | x,mi) = softmax(f(c1, g1))



I

like

pizza

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

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

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

h3

Illustration:  
Dot Product Attention

<latexit sha1_base64="6GQtZ8YI+JPj/EIU599MiOZ2lXk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpuv1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuqt5ltXZfq9Rv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHzJY2X</latexit>g0

mi piace

I

like

pizza

BOS mi
mi

<latexit sha1_base64="VdLslFl5EfBqLJ2ZDaaZLBskdFY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpev1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuql6tWru/rNRv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AH1TY2a</latexit>g1
<latexit sha1_base64="7t0Q1AtPztPjrLGf/EPZC94JDQs=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtJF262YTdjVBKf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXpIJr47rfztr6xubWdmGnuLu3f3BYOjpu6SRTDJssEYnqBFSj4BKbhhuBnVQhjQOB7WB0O/PbT6g0T+SjGafoxzSSPOSMGis9RP1qv1R2K+4cZJV4OSlDjka/9NUbJCyLURomqNZdz02NP6HKcCZwWuxlGlPKRjTCrqWSxqj9yfzUKTm3yoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadog3BW355lbSqFa9Wqd1flus3eRwFOIUzuAAPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWtecfOYE/sD5/AH20Y2b</latexit>g2

piace
piace

<latexit sha1_base64="xFdxHl0M9g3SE7YaAZh9aCuPXjs=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiVNCSiFQ3QtGNywr2Am0Ik+kkHTqZhJmJEEJ3bnwVNy4UcesruPNtnLYRtPWHgY//nMOZ83sxo1JZ1pdRWFhcWl4prpbW1jc2t8ztnZaMEoFJE0csEh0PScIoJ01FFSOdWBAUeoy0veH1uN6+J0LSiN+pNCZOiAJOfYqR0pZr7gcuhZcwqARuRk/s0THEP5C69Mg1y1bVmgjOg51DGeRquOZnrx/hJCRcYYak7NpWrJwMCUUxI6NSL5EkRniIAtLVyFFIpJNN7hjBQ+30oR8J/biCE/f3RIZCKdPQ050hUgM5Wxub/9W6ifIvnIzyOFGE4+kiP2FQRXAcCuxTQbBiqQaEBdV/hXiABMJKR1fSIdizJ89D67Rq16q127Ny/SqPowj2wAGoABucgzq4AQ3QBBg8gCfwAl6NR+PZeDPep60FI5/ZBX9kfHwDb7+XJQ==</latexit>

gi = g(gi�1, ci�1, yi)
General hidden state update rule:



I

like

pizza

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

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

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

h3

Illustration:  
Dot Product Attention

<latexit sha1_base64="6GQtZ8YI+JPj/EIU599MiOZ2lXk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpuv1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuqt5ltXZfq9Rv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHzJY2X</latexit>g0

mi piace

I

like

pizza

BOS mi
mi

<latexit sha1_base64="VdLslFl5EfBqLJ2ZDaaZLBskdFY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpev1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuql6tWru/rNRv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AH1TY2a</latexit>g1
<latexit sha1_base64="7t0Q1AtPztPjrLGf/EPZC94JDQs=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtJF262YTdjVBKf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXpIJr47rfztr6xubWdmGnuLu3f3BYOjpu6SRTDJssEYnqBFSj4BKbhhuBnVQhjQOB7WB0O/PbT6g0T+SjGafoxzSSPOSMGis9RP1qv1R2K+4cZJV4OSlDjka/9NUbJCyLURomqNZdz02NP6HKcCZwWuxlGlPKRjTCrqWSxqj9yfzUKTm3yoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadog3BW355lbSqFa9Wqd1flus3eRwFOIUzuAAPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWtecfOYE/sD5/AH20Y2b</latexit>g2

piace
piace

General scoring function:<latexit sha1_base64="J3jgtiMlqnzp9mHXXxiYyfQxt9Y=">AAACIXicbVBNS8MwGE79nPNr6tFLcAgTZLQicxdh6MXjFPcB6yxplm5haVqSVBxd/4oX/4oXD4rsJv4Z060H3Xwg8OR5vx83ZFQq0/wylpZXVtfWcxv5za3tnd3C3n5TBpHApIEDFoi2iyRhlJOGooqRdigI8l1GWu7wOo23HomQNOD3ahSSro/6nHoUI6Ulp1CVDoWXEJX6Dj2Fto/UwPXiQXICbcqzvxvfJQ/x2A50o3RO/JSME6dQNMvmFHCRWBkpggx1pzCxewGOfMIVZkjKjmWGqhsjoShmJMnbkSQhwkPUJx1NOfKJ7MbTCxN4rJUe9AKhH1dwqv6uiJEv5ch3dWa6spyPpeJ/sU6kvGo3pjyMFOF4NsiLGFQBTO2CPSoIVmykCcKC6l0hHiCBsNKm5rUJ1vzJi6R5VrYq5crtebF2ldmRA4fgCJSABS5ADdyAOmgADJ7BK3gHH8aL8WZ8GpNZ6pKR1RyAPzC+fwC5q6P+</latexit>

si = a(gi,h) 2 R|x|

<latexit sha1_base64="hXkTiOGyKCtF4SxPB5dhiFHb7f0=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0WooCURqW6EohuXFewDmhgm00k7dDIJMxOhhH6FG3/FjQtF3Io7/8ZJm0VtPXDhcM693HuPHzMqlWX9GIWl5ZXVteJ6aWNza3vH3N1rySgRmDRxxCLR8ZEkjHLSVFQx0okFQaHPSNsf3mR++5EISSN+r0YxcUPU5zSgGCkteeYpqvQ9egKdEKmBH6SD8TG8glp6cChXRGDEZjzPLFtVawK4SOyclEGOhmd+O70IJyHhCjMkZde2YuWmSCiKGRmXnESSGOEh6pOuphyFRLrp5K0xPNJKDwaR0MUVnKizEykKpRyFvu7MLpTzXib+53UTFVy6KeVxogjH00VBwqCKYJYR7FFBsGIjTRAWVN8K8QAJhHUgsqRDsOdfXiSts6pdq9buzsv16zyOIjgAh6ACbHAB6uAWNEATYPAEXsAbeDeejVfjw/icthaMfGYf/IHx9Qs5vp7Z</latexit>

a(gi,h) = g|i h
E.g., dot product attention:



I

like

pizza

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

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

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

h3

Illustration:  
Dot Product Attention

<latexit sha1_base64="6GQtZ8YI+JPj/EIU599MiOZ2lXk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpuv1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuqt5ltXZfq9Rv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHzJY2X</latexit>g0

mi piace

I

like

pizza

BOS mi
mi

<latexit sha1_base64="VdLslFl5EfBqLJ2ZDaaZLBskdFY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpev1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuql6tWru/rNRv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AH1TY2a</latexit>g1
<latexit sha1_base64="7t0Q1AtPztPjrLGf/EPZC94JDQs=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtJF262YTdjVBKf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXpIJr47rfztr6xubWdmGnuLu3f3BYOjpu6SRTDJssEYnqBFSj4BKbhhuBnVQhjQOB7WB0O/PbT6g0T+SjGafoxzSSPOSMGis9RP1qv1R2K+4cZJV4OSlDjka/9NUbJCyLURomqNZdz02NP6HKcCZwWuxlGlPKRjTCrqWSxqj9yfzUKTm3yoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadog3BW355lbSqFa9Wqd1flus3eRwFOIUzuAAPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWtecfOYE/sD5/AH20Y2b</latexit>g2

piace
piace

Attention weights:

90%

5

5

<latexit sha1_base64="k7yRforf3+CRabzo6YFJqW7FwZA="></latexit>

↵i = softmax(si) 2 RN1:|x|



I

like

pizza

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

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

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

h3

Illustration:  
Dot Product Attention

<latexit sha1_base64="6GQtZ8YI+JPj/EIU599MiOZ2lXk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpuv1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuqt5ltXZfq9Rv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHzJY2X</latexit>g0

mi piace

I

like

pizza

BOS mi
mi

<latexit sha1_base64="VdLslFl5EfBqLJ2ZDaaZLBskdFY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpev1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuql6tWru/rNRv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AH1TY2a</latexit>g1
<latexit sha1_base64="7t0Q1AtPztPjrLGf/EPZC94JDQs=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtJF262YTdjVBKf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXpIJr47rfztr6xubWdmGnuLu3f3BYOjpu6SRTDJssEYnqBFSj4BKbhhuBnVQhjQOB7WB0O/PbT6g0T+SjGafoxzSSPOSMGis9RP1qv1R2K+4cZJV4OSlDjka/9NUbJCyLURomqNZdz02NP6HKcCZwWuxlGlPKRjTCrqWSxqj9yfzUKTm3yoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadog3BW355lbSqFa9Wqd1flus3eRwFOIUzuAAPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWtecfOYE/sD5/AH20Y2b</latexit>g2

piace
piace

Weighted sum of values:

90%

5

5

<latexit sha1_base64="uq1uMq4cH/D5Sne9TpfeCfgjMws="></latexit>

ci =

|x|X

j=1

↵i,jhj

<latexit sha1_base64="CRN+TiNU6b3HUGQB8ORRbsbeS5w=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtpl262YTdiVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94iThfkSHSoSCUbTSA+tX+6WyW3HnIKvEy0kZcjT6pa/eIGZpxBUySY3pem6CfkY1Cib5tNhLDU8oG9Mh71qqaMSNn81PnZJzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTtCF4yy+vkla14tUqtfvLcv0mj6MAp3AGF+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1jUnnzmBP3A+fwDwuY2X</latexit>c2



I

like

pizza

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

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

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

h3

Illustration:  
Dot Product Attention

<latexit sha1_base64="6GQtZ8YI+JPj/EIU599MiOZ2lXk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpuv1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuqt5ltXZfq9Rv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHzJY2X</latexit>g0

mi piace la

I

like

pizza

BOS mi
mi

<latexit sha1_base64="VdLslFl5EfBqLJ2ZDaaZLBskdFY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpev1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuql6tWru/rNRv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AH1TY2a</latexit>g1
<latexit sha1_base64="7t0Q1AtPztPjrLGf/EPZC94JDQs=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtJF262YTdjVBKf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXpIJr47rfztr6xubWdmGnuLu3f3BYOjpu6SRTDJssEYnqBFSj4BKbhhuBnVQhjQOB7WB0O/PbT6g0T+SjGafoxzSSPOSMGis9RP1qv1R2K+4cZJV4OSlDjka/9NUbJCyLURomqNZdz02NP6HKcCZwWuxlGlPKRjTCrqWSxqj9yfzUKTm3yoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadog3BW355lbSqFa9Wqd1flus3eRwFOIUzuAAPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWtecfOYE/sD5/AH20Y2b</latexit>g2

piace
piace

90%

5

5

<latexit sha1_base64="CRN+TiNU6b3HUGQB8ORRbsbeS5w=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtpl262YTdiVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94iThfkSHSoSCUbTSA+tX+6WyW3HnIKvEy0kZcjT6pa/eIGZpxBUySY3pem6CfkY1Cib5tNhLDU8oG9Mh71qqaMSNn81PnZJzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTtCF4yy+vkla14tUqtfvLcv0mj6MAp3AGF+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1jUnnzmBP3A+fwDwuY2X</latexit>c2

sample
la

<latexit sha1_base64="8Db49r1xcqeC4Ie6J2FKUZaTwoM="></latexit>

p(Yi+1 | x, y1, . . . , yi) = softmax(f(ci, gi))

General function for distribution over 
next token:



I

like

pizza

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

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

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

h3

Illustration:  
Dot Product Attention

<latexit sha1_base64="6GQtZ8YI+JPj/EIU599MiOZ2lXk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpuv1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuqt5ltXZfq9Rv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHzJY2X</latexit>g0

mi piace la pizza

I

like

pizza

BOS mi
mi

<latexit sha1_base64="VdLslFl5EfBqLJ2ZDaaZLBskdFY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpev1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuql6tWru/rNRv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AH1TY2a</latexit>g1
<latexit sha1_base64="7t0Q1AtPztPjrLGf/EPZC94JDQs=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtJF262YTdjVBKf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXpIJr47rfztr6xubWdmGnuLu3f3BYOjpu6SRTDJssEYnqBFSj4BKbhhuBnVQhjQOB7WB0O/PbT6g0T+SjGafoxzSSPOSMGis9RP1qv1R2K+4cZJV4OSlDjka/9NUbJCyLURomqNZdz02NP6HKcCZwWuxlGlPKRjTCrqWSxqj9yfzUKTm3yoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadog3BW355lbSqFa9Wqd1flus3eRwFOIUzuAAPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWtecfOYE/sD5/AH20Y2b</latexit>g2

piace
piace

90%

5

5

la
la

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

<latexit sha1_base64="j9ED/v9VoTZafzlrC4vPNFqgo5U=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSATXxnW/nMLK6tr6RnGztLW9s7tX3j9o6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/Pbj6g0j+WDmSToR3QoecgZNVa6Z/3zfrniVt05yF/i5aQCORr98mdvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JilQEJY2VLGjJXf05kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb/8l7TOql6tWru7qNSv8ziKcATHcAoeXEIdbqEBTWAwhCd4gVdHOM/Om/O+aC04+cwh/ILz8Q3yPY2Y</latexit>c3

pizza
Alignment Visualization



One Last Overview
• We encoded our input sequence into hidden states:

<latexit sha1_base64="Pk6j5621Ipord3VT9ulInB8oA04="></latexit>

h1, . . . , h|x| = h 2 Rd⇥|x|



One Last Overview
• We encoded our input sequence into hidden states: 

• Now we want to predict the next word
<latexit sha1_base64="S2D59mbQPA9lsLrP4iiQZTVk8Eg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYD+gDWWznbZLN5uwuxFC6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzglhwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo4SxbDJIhGpTkA1Ci6xabgR2IkV0jAQ2A4mdzO//YRK80g+mjRGP6QjyYecUWOldtrP+IU37ZcrbtWdg6wSLycVyNHol796g4glIUrDBNW667mx8TOqDGcCp6VeojGmbEJH2LVU0hC1n83PnZIzqwzIMFK2pCFz9fdERkOt0zCwnSE1Y73szcT/vG5ihjd+xmWcGJRssWiYCGIiMvudDLhCZkRqCWWK21sJG1NFmbEJlWwI3vLLq6R1WfVq1drDVaV+m8dRhBM4hXPw4BrqcA8NaAKDCTzDK7w5sfPivDsfi9aCk88cwx84nz8D349g</latexit>yi+1

<latexit sha1_base64="Pk6j5621Ipord3VT9ulInB8oA04="></latexit>

h1, . . . , h|x| = h 2 Rd⇥|x|



One Last Overview
• We encoded our input sequence into hidden states: 

• Now we want to predict the next word 

• We have access to the previous decoder hidden state
<latexit sha1_base64="KNATO/Iq7byZl7oGgNLXcjBHv5E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPq8X664VXcOskq8nFQgR6Nf/uoNEpbFKA0TVOuu56bGn1BlOBM4LfUyjSllIxph11JJY9T+ZH7qlJxZZUDCRNmShszV3xMTGms9jgPbGVMz1MveTPzP62YmvPYnXKaZQckWi8JMEJOQ2d9kwBUyI8aWUKa4vZWwIVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBKPI3S</latexit>gi

<latexit sha1_base64="S2D59mbQPA9lsLrP4iiQZTVk8Eg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYD+gDWWznbZLN5uwuxFC6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzglhwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo4SxbDJIhGpTkA1Ci6xabgR2IkV0jAQ2A4mdzO//YRK80g+mjRGP6QjyYecUWOldtrP+IU37ZcrbtWdg6wSLycVyNHol796g4glIUrDBNW667mx8TOqDGcCp6VeojGmbEJH2LVU0hC1n83PnZIzqwzIMFK2pCFz9fdERkOt0zCwnSE1Y73szcT/vG5ihjd+xmWcGJRssWiYCGIiMvudDLhCZkRqCWWK21sJG1NFmbEJlWwI3vLLq6R1WfVq1drDVaV+m8dRhBM4hXPw4BrqcA8NaAKDCTzDK7w5sfPivDsfi9aCk88cwx84nz8D349g</latexit>yi+1

<latexit sha1_base64="Pk6j5621Ipord3VT9ulInB8oA04="></latexit>

h1, . . . , h|x| = h 2 Rd⇥|x|



One Last Overview
• We encoded our input sequence into hidden states: 

• Now we want to predict the next word 

• We have access to the previous decoder hidden state 

• First, compute attention scores for each input hidden state using similarity between 

query (    ) and keys ( ): 
<latexit sha1_base64="Hrgis8XcOER1SLIM90DgiqM0NiU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4W19Y3NreJ2aWd3b/+gfHjU0lGiGDZZJCLV8alGwSU2DTcCO7FCGvoC2/7kNvPbT6g0j+SDmcbYD+lI8oAzaqz02AupGftBOp4NyhW36s5BVomXkwrkaAzKX71hxJIQpWGCat313Nj0U6oMZwJnpV6iMaZsQkfYtVTSEHU/nSeekTOrDEkQKfukIXP190ZKQ62noW8ns4R62cvE/7xuYoLrfsplnBiUbPFRkAhiIpKdT4ZcITNiagllitushI2poszYkkq2BG/55FXSuqh6tWrt/rJSv8nrKMIJnMI5eHAFdbiDBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kD6HuRFw==</latexit>

h

<latexit sha1_base64="KNATO/Iq7byZl7oGgNLXcjBHv5E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPq8X664VXcOskq8nFQgR6Nf/uoNEpbFKA0TVOuu56bGn1BlOBM4LfUyjSllIxph11JJY9T+ZH7qlJxZZUDCRNmShszV3xMTGms9jgPbGVMz1MveTPzP62YmvPYnXKaZQckWi8JMEJOQ2d9kwBUyI8aWUKa4vZWwIVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBKPI3S</latexit>gi

<latexit sha1_base64="KNATO/Iq7byZl7oGgNLXcjBHv5E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPq8X664VXcOskq8nFQgR6Nf/uoNEpbFKA0TVOuu56bGn1BlOBM4LfUyjSllIxph11JJY9T+ZH7qlJxZZUDCRNmShszV3xMTGms9jgPbGVMz1MveTPzP62YmvPYnXKaZQckWi8JMEJOQ2d9kwBUyI8aWUKa4vZWwIVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBKPI3S</latexit>gi

<latexit sha1_base64="S2D59mbQPA9lsLrP4iiQZTVk8Eg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYD+gDWWznbZLN5uwuxFC6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzglhwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo4SxbDJIhGpTkA1Ci6xabgR2IkV0jAQ2A4mdzO//YRK80g+mjRGP6QjyYecUWOldtrP+IU37ZcrbtWdg6wSLycVyNHol796g4glIUrDBNW667mx8TOqDGcCp6VeojGmbEJH2LVU0hC1n83PnZIzqwzIMFK2pCFz9fdERkOt0zCwnSE1Y73szcT/vG5ihjd+xmWcGJRssWiYCGIiMvudDLhCZkRqCWWK21sJG1NFmbEJlWwI3vLLq6R1WfVq1drDVaV+m8dRhBM4hXPw4BrqcA8NaAKDCTzDK7w5sfPivDsfi9aCk88cwx84nz8D349g</latexit>yi+1

<latexit sha1_base64="J3jgtiMlqnzp9mHXXxiYyfQxt9Y=">AAACIXicbVBNS8MwGE79nPNr6tFLcAgTZLQicxdh6MXjFPcB6yxplm5haVqSVBxd/4oX/4oXD4rsJv4Z060H3Xwg8OR5vx83ZFQq0/wylpZXVtfWcxv5za3tnd3C3n5TBpHApIEDFoi2iyRhlJOGooqRdigI8l1GWu7wOo23HomQNOD3ahSSro/6nHoUI6Ulp1CVDoWXEJX6Dj2Fto/UwPXiQXICbcqzvxvfJQ/x2A50o3RO/JSME6dQNMvmFHCRWBkpggx1pzCxewGOfMIVZkjKjmWGqhsjoShmJMnbkSQhwkPUJx1NOfKJ7MbTCxN4rJUe9AKhH1dwqv6uiJEv5ch3dWa6spyPpeJ/sU6kvGo3pjyMFOF4NsiLGFQBTO2CPSoIVmykCcKC6l0hHiCBsNKm5rUJ1vzJi6R5VrYq5crtebF2ldmRA4fgCJSABS5ADdyAOmgADJ7BK3gHH8aL8WZ8GpNZ6pKR1RyAPzC+fwC5q6P+</latexit>

si = a(gi,h) 2 R|x|

<latexit sha1_base64="Pk6j5621Ipord3VT9ulInB8oA04="></latexit>

h1, . . . , h|x| = h 2 Rd⇥|x|



One Last Overview
• We encoded our input sequence into hidden states: 

• Now we want to predict the next word 

• We have access to the previous decoder hidden state 

• First, compute attention scores for each input hidden state using similarity between 

query (    ) and keys ( ):  

• Then, take softmax of attention scores to get a distribution over keys: 

<latexit sha1_base64="Hrgis8XcOER1SLIM90DgiqM0NiU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4W19Y3NreJ2aWd3b/+gfHjU0lGiGDZZJCLV8alGwSU2DTcCO7FCGvoC2/7kNvPbT6g0j+SDmcbYD+lI8oAzaqz02AupGftBOp4NyhW36s5BVomXkwrkaAzKX71hxJIQpWGCat313Nj0U6oMZwJnpV6iMaZsQkfYtVTSEHU/nSeekTOrDEkQKfukIXP190ZKQ62noW8ns4R62cvE/7xuYoLrfsplnBiUbPFRkAhiIpKdT4ZcITNiagllitushI2poszYkkq2BG/55FXSuqh6tWrt/rJSv8nrKMIJnMI5eHAFdbiDBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kD6HuRFw==</latexit>

h

<latexit sha1_base64="KNATO/Iq7byZl7oGgNLXcjBHv5E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPq8X664VXcOskq8nFQgR6Nf/uoNEpbFKA0TVOuu56bGn1BlOBM4LfUyjSllIxph11JJY9T+ZH7qlJxZZUDCRNmShszV3xMTGms9jgPbGVMz1MveTPzP62YmvPYnXKaZQckWi8JMEJOQ2d9kwBUyI8aWUKa4vZWwIVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBKPI3S</latexit>gi

<latexit sha1_base64="KNATO/Iq7byZl7oGgNLXcjBHv5E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPq8X664VXcOskq8nFQgR6Nf/uoNEpbFKA0TVOuu56bGn1BlOBM4LfUyjSllIxph11JJY9T+ZH7qlJxZZUDCRNmShszV3xMTGms9jgPbGVMz1MveTPzP62YmvPYnXKaZQckWi8JMEJOQ2d9kwBUyI8aWUKa4vZWwIVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBKPI3S</latexit>gi

<latexit sha1_base64="gQsuQPjo503AGZy46y/YtB0vRCk="></latexit>

↵i = softmax(si) 2 �N1:|x|

<latexit sha1_base64="S2D59mbQPA9lsLrP4iiQZTVk8Eg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYD+gDWWznbZLN5uwuxFC6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzglhwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo4SxbDJIhGpTkA1Ci6xabgR2IkV0jAQ2A4mdzO//YRK80g+mjRGP6QjyYecUWOldtrP+IU37ZcrbtWdg6wSLycVyNHol796g4glIUrDBNW667mx8TOqDGcCp6VeojGmbEJH2LVU0hC1n83PnZIzqwzIMFK2pCFz9fdERkOt0zCwnSE1Y73szcT/vG5ihjd+xmWcGJRssWiYCGIiMvudDLhCZkRqCWWK21sJG1NFmbEJlWwI3vLLq6R1WfVq1drDVaV+m8dRhBM4hXPw4BrqcA8NaAKDCTzDK7w5sfPivDsfi9aCk88cwx84nz8D349g</latexit>yi+1

<latexit sha1_base64="J3jgtiMlqnzp9mHXXxiYyfQxt9Y=">AAACIXicbVBNS8MwGE79nPNr6tFLcAgTZLQicxdh6MXjFPcB6yxplm5haVqSVBxd/4oX/4oXD4rsJv4Z060H3Xwg8OR5vx83ZFQq0/wylpZXVtfWcxv5za3tnd3C3n5TBpHApIEDFoi2iyRhlJOGooqRdigI8l1GWu7wOo23HomQNOD3ahSSro/6nHoUI6Ulp1CVDoWXEJX6Dj2Fto/UwPXiQXICbcqzvxvfJQ/x2A50o3RO/JSME6dQNMvmFHCRWBkpggx1pzCxewGOfMIVZkjKjmWGqhsjoShmJMnbkSQhwkPUJx1NOfKJ7MbTCxN4rJUe9AKhH1dwqv6uiJEv5ch3dWa6spyPpeJ/sU6kvGo3pjyMFOF4NsiLGFQBTO2CPSoIVmykCcKC6l0hHiCBsNKm5rUJ1vzJi6R5VrYq5crtebF2ldmRA4fgCJSABS5ADdyAOmgADJ7BK3gHH8aL8WZ8GpNZ6pKR1RyAPzC+fwC5q6P+</latexit>

si = a(gi,h) 2 R|x|

<latexit sha1_base64="Pk6j5621Ipord3VT9ulInB8oA04="></latexit>

h1, . . . , h|x| = h 2 Rd⇥|x|



One Last Overview
• We encoded our input sequence into hidden states: 

• Now we want to predict the next word 

• We have access to the previous decoder hidden state 

• First, compute attention scores for each input hidden state using similarity between 

query (    ) and keys ( ):  

• Then, take softmax of attention scores to get a distribution over keys: 

• Finally, compute a weighted sum of values ( ) using this distribution 
 
 

<latexit sha1_base64="Hrgis8XcOER1SLIM90DgiqM0NiU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4W19Y3NreJ2aWd3b/+gfHjU0lGiGDZZJCLV8alGwSU2DTcCO7FCGvoC2/7kNvPbT6g0j+SDmcbYD+lI8oAzaqz02AupGftBOp4NyhW36s5BVomXkwrkaAzKX71hxJIQpWGCat313Nj0U6oMZwJnpV6iMaZsQkfYtVTSEHU/nSeekTOrDEkQKfukIXP190ZKQ62noW8ns4R62cvE/7xuYoLrfsplnBiUbPFRkAhiIpKdT4ZcITNiagllitushI2poszYkkq2BG/55FXSuqh6tWrt/rJSv8nrKMIJnMI5eHAFdbiDBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kD6HuRFw==</latexit>

h

<latexit sha1_base64="Hrgis8XcOER1SLIM90DgiqM0NiU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4W19Y3NreJ2aWd3b/+gfHjU0lGiGDZZJCLV8alGwSU2DTcCO7FCGvoC2/7kNvPbT6g0j+SDmcbYD+lI8oAzaqz02AupGftBOp4NyhW36s5BVomXkwrkaAzKX71hxJIQpWGCat313Nj0U6oMZwJnpV6iMaZsQkfYtVTSEHU/nSeekTOrDEkQKfukIXP190ZKQ62noW8ns4R62cvE/7xuYoLrfsplnBiUbPFRkAhiIpKdT4ZcITNiagllitushI2poszYkkq2BG/55FXSuqh6tWrt/rJSv8nrKMIJnMI5eHAFdbiDBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kD6HuRFw==</latexit>

h

<latexit sha1_base64="KNATO/Iq7byZl7oGgNLXcjBHv5E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPq8X664VXcOskq8nFQgR6Nf/uoNEpbFKA0TVOuu56bGn1BlOBM4LfUyjSllIxph11JJY9T+ZH7qlJxZZUDCRNmShszV3xMTGms9jgPbGVMz1MveTPzP62YmvPYnXKaZQckWi8JMEJOQ2d9kwBUyI8aWUKa4vZWwIVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBKPI3S</latexit>gi

<latexit sha1_base64="KNATO/Iq7byZl7oGgNLXcjBHv5E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPq8X664VXcOskq8nFQgR6Nf/uoNEpbFKA0TVOuu56bGn1BlOBM4LfUyjSllIxph11JJY9T+ZH7qlJxZZUDCRNmShszV3xMTGms9jgPbGVMz1MveTPzP62YmvPYnXKaZQckWi8JMEJOQ2d9kwBUyI8aWUKa4vZWwIVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBKPI3S</latexit>gi

<latexit sha1_base64="gQsuQPjo503AGZy46y/YtB0vRCk="></latexit>

↵i = softmax(si) 2 �N1:|x|

<latexit sha1_base64="S2D59mbQPA9lsLrP4iiQZTVk8Eg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYD+gDWWznbZLN5uwuxFC6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzglhwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo4SxbDJIhGpTkA1Ci6xabgR2IkV0jAQ2A4mdzO//YRK80g+mjRGP6QjyYecUWOldtrP+IU37ZcrbtWdg6wSLycVyNHol796g4glIUrDBNW667mx8TOqDGcCp6VeojGmbEJH2LVU0hC1n83PnZIzqwzIMFK2pCFz9fdERkOt0zCwnSE1Y73szcT/vG5ihjd+xmWcGJRssWiYCGIiMvudDLhCZkRqCWWK21sJG1NFmbEJlWwI3vLLq6R1WfVq1drDVaV+m8dRhBM4hXPw4BrqcA8NaAKDCTzDK7w5sfPivDsfi9aCk88cwx84nz8D349g</latexit>yi+1

<latexit sha1_base64="J3jgtiMlqnzp9mHXXxiYyfQxt9Y=">AAACIXicbVBNS8MwGE79nPNr6tFLcAgTZLQicxdh6MXjFPcB6yxplm5haVqSVBxd/4oX/4oXD4rsJv4Z060H3Xwg8OR5vx83ZFQq0/wylpZXVtfWcxv5za3tnd3C3n5TBpHApIEDFoi2iyRhlJOGooqRdigI8l1GWu7wOo23HomQNOD3ahSSro/6nHoUI6Ulp1CVDoWXEJX6Dj2Fto/UwPXiQXICbcqzvxvfJQ/x2A50o3RO/JSME6dQNMvmFHCRWBkpggx1pzCxewGOfMIVZkjKjmWGqhsjoShmJMnbkSQhwkPUJx1NOfKJ7MbTCxN4rJUe9AKhH1dwqv6uiJEv5ch3dWa6spyPpeJ/sU6kvGo3pjyMFOF4NsiLGFQBTO2CPSoIVmykCcKC6l0hHiCBsNKm5rUJ1vzJi6R5VrYq5crtebF2ldmRA4fgCJSABS5ADdyAOmgADJ7BK3gHH8aL8WZ8GpNZ6pKR1RyAPzC+fwC5q6P+</latexit>

si = a(gi,h) 2 R|x|

<latexit sha1_base64="Pk6j5621Ipord3VT9ulInB8oA04="></latexit>

h1, . . . , h|x| = h 2 Rd⇥|x|

<latexit sha1_base64="GfudYwztbxn6pur3N/pbIgifKSE="></latexit>

ci =

|x|X

j=1

↵i,jhj 2 Rd



One Last Overview
• We encoded our input sequence into hidden states: 

• Now we want to predict the next word 

• We have access to the previous decoder hidden state 

• First, compute attention scores for each input hidden state using similarity between 

query (    ) and keys ( ):  

• Then, take softmax of attention scores to get a distribution over keys: 

• Finally, compute a weighted sum of values ( ) using this distribution 
 
 

• Use the weighted sum to predict the next word: 

<latexit sha1_base64="Hrgis8XcOER1SLIM90DgiqM0NiU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4W19Y3NreJ2aWd3b/+gfHjU0lGiGDZZJCLV8alGwSU2DTcCO7FCGvoC2/7kNvPbT6g0j+SDmcbYD+lI8oAzaqz02AupGftBOp4NyhW36s5BVomXkwrkaAzKX71hxJIQpWGCat313Nj0U6oMZwJnpV6iMaZsQkfYtVTSEHU/nSeekTOrDEkQKfukIXP190ZKQ62noW8ns4R62cvE/7xuYoLrfsplnBiUbPFRkAhiIpKdT4ZcITNiagllitushI2poszYkkq2BG/55FXSuqh6tWrt/rJSv8nrKMIJnMI5eHAFdbiDBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kD6HuRFw==</latexit>

h

<latexit sha1_base64="Hrgis8XcOER1SLIM90DgiqM0NiU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4W19Y3NreJ2aWd3b/+gfHjU0lGiGDZZJCLV8alGwSU2DTcCO7FCGvoC2/7kNvPbT6g0j+SDmcbYD+lI8oAzaqz02AupGftBOp4NyhW36s5BVomXkwrkaAzKX71hxJIQpWGCat313Nj0U6oMZwJnpV6iMaZsQkfYtVTSEHU/nSeekTOrDEkQKfukIXP190ZKQ62noW8ns4R62cvE/7xuYoLrfsplnBiUbPFRkAhiIpKdT4ZcITNiagllitushI2poszYkkq2BG/55FXSuqh6tWrt/rJSv8nrKMIJnMI5eHAFdbiDBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kD6HuRFw==</latexit>

h

<latexit sha1_base64="KNATO/Iq7byZl7oGgNLXcjBHv5E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPq8X664VXcOskq8nFQgR6Nf/uoNEpbFKA0TVOuu56bGn1BlOBM4LfUyjSllIxph11JJY9T+ZH7qlJxZZUDCRNmShszV3xMTGms9jgPbGVMz1MveTPzP62YmvPYnXKaZQckWi8JMEJOQ2d9kwBUyI8aWUKa4vZWwIVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBKPI3S</latexit>gi

<latexit sha1_base64="KNATO/Iq7byZl7oGgNLXcjBHv5E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPq8X664VXcOskq8nFQgR6Nf/uoNEpbFKA0TVOuu56bGn1BlOBM4LfUyjSllIxph11JJY9T+ZH7qlJxZZUDCRNmShszV3xMTGms9jgPbGVMz1MveTPzP62YmvPYnXKaZQckWi8JMEJOQ2d9kwBUyI8aWUKa4vZWwIVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBKPI3S</latexit>gi

<latexit sha1_base64="gQsuQPjo503AGZy46y/YtB0vRCk="></latexit>

↵i = softmax(si) 2 �N1:|x|

<latexit sha1_base64="S2D59mbQPA9lsLrP4iiQZTVk8Eg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYD+gDWWznbZLN5uwuxFC6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzglhwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo4SxbDJIhGpTkA1Ci6xabgR2IkV0jAQ2A4mdzO//YRK80g+mjRGP6QjyYecUWOldtrP+IU37ZcrbtWdg6wSLycVyNHol796g4glIUrDBNW667mx8TOqDGcCp6VeojGmbEJH2LVU0hC1n83PnZIzqwzIMFK2pCFz9fdERkOt0zCwnSE1Y73szcT/vG5ihjd+xmWcGJRssWiYCGIiMvudDLhCZkRqCWWK21sJG1NFmbEJlWwI3vLLq6R1WfVq1drDVaV+m8dRhBM4hXPw4BrqcA8NaAKDCTzDK7w5sfPivDsfi9aCk88cwx84nz8D349g</latexit>yi+1

<latexit sha1_base64="J3jgtiMlqnzp9mHXXxiYyfQxt9Y=">AAACIXicbVBNS8MwGE79nPNr6tFLcAgTZLQicxdh6MXjFPcB6yxplm5haVqSVBxd/4oX/4oXD4rsJv4Z060H3Xwg8OR5vx83ZFQq0/wylpZXVtfWcxv5za3tnd3C3n5TBpHApIEDFoi2iyRhlJOGooqRdigI8l1GWu7wOo23HomQNOD3ahSSro/6nHoUI6Ulp1CVDoWXEJX6Dj2Fto/UwPXiQXICbcqzvxvfJQ/x2A50o3RO/JSME6dQNMvmFHCRWBkpggx1pzCxewGOfMIVZkjKjmWGqhsjoShmJMnbkSQhwkPUJx1NOfKJ7MbTCxN4rJUe9AKhH1dwqv6uiJEv5ch3dWa6spyPpeJ/sU6kvGo3pjyMFOF4NsiLGFQBTO2CPSoIVmykCcKC6l0hHiCBsNKm5rUJ1vzJi6R5VrYq5crtebF2ldmRA4fgCJSABS5ADdyAOmgADJ7BK3gHH8aL8WZ8GpNZ6pKR1RyAPzC+fwC5q6P+</latexit>

si = a(gi,h) 2 R|x|

<latexit sha1_base64="Pk6j5621Ipord3VT9ulInB8oA04="></latexit>

h1, . . . , h|x| = h 2 Rd⇥|x|

<latexit sha1_base64="8Db49r1xcqeC4Ie6J2FKUZaTwoM="></latexit>

p(Yi+1 | x, y1, . . . , yi) = softmax(f(ci, gi))

<latexit sha1_base64="GfudYwztbxn6pur3N/pbIgifKSE="></latexit>

ci =

|x|X

j=1

↵i,jhj 2 Rd



One Last Overview
• We encoded our input sequence into hidden states: 

• Now we want to predict the next word 

• We have access to the previous decoder hidden state 

• First, compute attention scores for each input hidden state using similarity between 

query (    ) and keys ( ):  

• Then, take softmax of attention scores to get a distribution over keys: 

• Finally, compute a weighted sum of values ( ) using this distribution 
 
 

• Use the weighted sum to predict the next word: 

• Use the weighted sum to update the decoder hidden state:

<latexit sha1_base64="Hrgis8XcOER1SLIM90DgiqM0NiU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4W19Y3NreJ2aWd3b/+gfHjU0lGiGDZZJCLV8alGwSU2DTcCO7FCGvoC2/7kNvPbT6g0j+SDmcbYD+lI8oAzaqz02AupGftBOp4NyhW36s5BVomXkwrkaAzKX71hxJIQpWGCat313Nj0U6oMZwJnpV6iMaZsQkfYtVTSEHU/nSeekTOrDEkQKfukIXP190ZKQ62noW8ns4R62cvE/7xuYoLrfsplnBiUbPFRkAhiIpKdT4ZcITNiagllitushI2poszYkkq2BG/55FXSuqh6tWrt/rJSv8nrKMIJnMI5eHAFdbiDBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kD6HuRFw==</latexit>

h

<latexit sha1_base64="Hrgis8XcOER1SLIM90DgiqM0NiU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4W19Y3NreJ2aWd3b/+gfHjU0lGiGDZZJCLV8alGwSU2DTcCO7FCGvoC2/7kNvPbT6g0j+SDmcbYD+lI8oAzaqz02AupGftBOp4NyhW36s5BVomXkwrkaAzKX71hxJIQpWGCat313Nj0U6oMZwJnpV6iMaZsQkfYtVTSEHU/nSeekTOrDEkQKfukIXP190ZKQ62noW8ns4R62cvE/7xuYoLrfsplnBiUbPFRkAhiIpKdT4ZcITNiagllitushI2poszYkkq2BG/55FXSuqh6tWrt/rJSv8nrKMIJnMI5eHAFdbiDBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kD6HuRFw==</latexit>

h

<latexit sha1_base64="KNATO/Iq7byZl7oGgNLXcjBHv5E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPq8X664VXcOskq8nFQgR6Nf/uoNEpbFKA0TVOuu56bGn1BlOBM4LfUyjSllIxph11JJY9T+ZH7qlJxZZUDCRNmShszV3xMTGms9jgPbGVMz1MveTPzP62YmvPYnXKaZQckWi8JMEJOQ2d9kwBUyI8aWUKa4vZWwIVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBKPI3S</latexit>gi

<latexit sha1_base64="KNATO/Iq7byZl7oGgNLXcjBHv5E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPq8X664VXcOskq8nFQgR6Nf/uoNEpbFKA0TVOuu56bGn1BlOBM4LfUyjSllIxph11JJY9T+ZH7qlJxZZUDCRNmShszV3xMTGms9jgPbGVMz1MveTPzP62YmvPYnXKaZQckWi8JMEJOQ2d9kwBUyI8aWUKa4vZWwIVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBKPI3S</latexit>gi

<latexit sha1_base64="gQsuQPjo503AGZy46y/YtB0vRCk="></latexit>

↵i = softmax(si) 2 �N1:|x|

<latexit sha1_base64="S2D59mbQPA9lsLrP4iiQZTVk8Eg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYD+gDWWznbZLN5uwuxFC6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzglhwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo4SxbDJIhGpTkA1Ci6xabgR2IkV0jAQ2A4mdzO//YRK80g+mjRGP6QjyYecUWOldtrP+IU37ZcrbtWdg6wSLycVyNHol796g4glIUrDBNW667mx8TOqDGcCp6VeojGmbEJH2LVU0hC1n83PnZIzqwzIMFK2pCFz9fdERkOt0zCwnSE1Y73szcT/vG5ihjd+xmWcGJRssWiYCGIiMvudDLhCZkRqCWWK21sJG1NFmbEJlWwI3vLLq6R1WfVq1drDVaV+m8dRhBM4hXPw4BrqcA8NaAKDCTzDK7w5sfPivDsfi9aCk88cwx84nz8D349g</latexit>yi+1

<latexit sha1_base64="J3jgtiMlqnzp9mHXXxiYyfQxt9Y=">AAACIXicbVBNS8MwGE79nPNr6tFLcAgTZLQicxdh6MXjFPcB6yxplm5haVqSVBxd/4oX/4oXD4rsJv4Z060H3Xwg8OR5vx83ZFQq0/wylpZXVtfWcxv5za3tnd3C3n5TBpHApIEDFoi2iyRhlJOGooqRdigI8l1GWu7wOo23HomQNOD3ahSSro/6nHoUI6Ulp1CVDoWXEJX6Dj2Fto/UwPXiQXICbcqzvxvfJQ/x2A50o3RO/JSME6dQNMvmFHCRWBkpggx1pzCxewGOfMIVZkjKjmWGqhsjoShmJMnbkSQhwkPUJx1NOfKJ7MbTCxN4rJUe9AKhH1dwqv6uiJEv5ch3dWa6spyPpeJ/sU6kvGo3pjyMFOF4NsiLGFQBTO2CPSoIVmykCcKC6l0hHiCBsNKm5rUJ1vzJi6R5VrYq5crtebF2ldmRA4fgCJSABS5ADdyAOmgADJ7BK3gHH8aL8WZ8GpNZ6pKR1RyAPzC+fwC5q6P+</latexit>

si = a(gi,h) 2 R|x|

<latexit sha1_base64="Pk6j5621Ipord3VT9ulInB8oA04="></latexit>

h1, . . . , h|x| = h 2 Rd⇥|x|

<latexit sha1_base64="8Db49r1xcqeC4Ie6J2FKUZaTwoM="></latexit>

p(Yi+1 | x, y1, . . . , yi) = softmax(f(ci, gi))
<latexit sha1_base64="xFdxHl0M9g3SE7YaAZh9aCuPXjs=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiVNCSiFQ3QtGNywr2Am0Ik+kkHTqZhJmJEEJ3bnwVNy4UcesruPNtnLYRtPWHgY//nMOZ83sxo1JZ1pdRWFhcWl4prpbW1jc2t8ztnZaMEoFJE0csEh0PScIoJ01FFSOdWBAUeoy0veH1uN6+J0LSiN+pNCZOiAJOfYqR0pZr7gcuhZcwqARuRk/s0THEP5C69Mg1y1bVmgjOg51DGeRquOZnrx/hJCRcYYak7NpWrJwMCUUxI6NSL5EkRniIAtLVyFFIpJNN7hjBQ+30oR8J/biCE/f3RIZCKdPQ050hUgM5Wxub/9W6ifIvnIzyOFGE4+kiP2FQRXAcCuxTQbBiqQaEBdV/hXiABMJKR1fSIdizJ89D67Rq16q127Ny/SqPowj2wAGoABucgzq4AQ3QBBg8gCfwAl6NR+PZeDPep60FI5/ZBX9kfHwDb7+XJQ==</latexit>

gi = g(gi�1, ci�1, yi)

<latexit sha1_base64="GfudYwztbxn6pur3N/pbIgifKSE="></latexit>

ci =

|x|X

j=1

↵i,jhj 2 Rd



Complexity

<latexit sha1_base64="gQsuQPjo503AGZy46y/YtB0vRCk="></latexit>

↵i = softmax(si) 2 �N1:|x|

<latexit sha1_base64="J3jgtiMlqnzp9mHXXxiYyfQxt9Y=">AAACIXicbVBNS8MwGE79nPNr6tFLcAgTZLQicxdh6MXjFPcB6yxplm5haVqSVBxd/4oX/4oXD4rsJv4Z060H3Xwg8OR5vx83ZFQq0/wylpZXVtfWcxv5za3tnd3C3n5TBpHApIEDFoi2iyRhlJOGooqRdigI8l1GWu7wOo23HomQNOD3ahSSro/6nHoUI6Ulp1CVDoWXEJX6Dj2Fto/UwPXiQXICbcqzvxvfJQ/x2A50o3RO/JSME6dQNMvmFHCRWBkpggx1pzCxewGOfMIVZkjKjmWGqhsjoShmJMnbkSQhwkPUJx1NOfKJ7MbTCxN4rJUe9AKhH1dwqv6uiJEv5ch3dWa6spyPpeJ/sU6kvGo3pjyMFOF4NsiLGFQBTO2CPSoIVmykCcKC6l0hHiCBsNKm5rUJ1vzJi6R5VrYq5crtebF2ldmRA4fgCJSABS5ADdyAOmgADJ7BK3gHH8aL8WZ8GpNZ6pKR1RyAPzC+fwC5q6P+</latexit>

si = a(gi,h) 2 R|x|

<latexit sha1_base64="Pk6j5621Ipord3VT9ulInB8oA04="></latexit>

h1, . . . , h|x| = h 2 Rd⇥|x|

<latexit sha1_base64="8Db49r1xcqeC4Ie6J2FKUZaTwoM="></latexit>

p(Yi+1 | x, y1, . . . , yi) = softmax(f(ci, gi))
<latexit sha1_base64="xFdxHl0M9g3SE7YaAZh9aCuPXjs=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiVNCSiFQ3QtGNywr2Am0Ik+kkHTqZhJmJEEJ3bnwVNy4UcesruPNtnLYRtPWHgY//nMOZ83sxo1JZ1pdRWFhcWl4prpbW1jc2t8ztnZaMEoFJE0csEh0PScIoJ01FFSOdWBAUeoy0veH1uN6+J0LSiN+pNCZOiAJOfYqR0pZr7gcuhZcwqARuRk/s0THEP5C69Mg1y1bVmgjOg51DGeRquOZnrx/hJCRcYYak7NpWrJwMCUUxI6NSL5EkRniIAtLVyFFIpJNN7hjBQ+30oR8J/biCE/f3RIZCKdPQ050hUgM5Wxub/9W6ifIvnIzyOFGE4+kiP2FQRXAcCuxTQbBiqQaEBdV/hXiABMJKR1fSIdizJ89D67Rq16q127Ny/SqPowj2wAGoABucgzq4AQ3QBBg8gCfwAl6NR+PZeDPep60FI5/ZBX9kfHwDb7+XJQ==</latexit>

gi = g(gi�1, ci�1, yi)

<latexit sha1_base64="GfudYwztbxn6pur3N/pbIgifKSE="></latexit>

ci =

|x|X

j=1

↵i,jhj 2 Rd

O(n)

O(m)

O(n m)



Back to Problem 2
• Main problem: fixed-size representation (“bottleneck”) of input sequence 

at each stage of decoding 

• Attention fixes this by allowing access to different parts of the input sequence 
based on where we are in decoding 

• While decoding token-by-token, we can “focus” on different input parts  

• Looks like alignment in MT!
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Other Benefits
• Helps with vanishing gradient problem via shortcut to far-away 

states 

• Provides some kind of interpretability (“soft” alignment) learned 
without any supervision
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Self-Attention
• Attention was initially developed for sequence-to-

sequence problems 

• But we can also use it during single-sequence generation 
to solve analogous problems: 

• Problem 1: long-distance dependencies 

• Problem 2: fixed-size representation of sequence so far

When she tried to print her tickets, she 
found that the printer was out of toner. 
She went to the stationery store to buy 

more toner. It was very overpriced. 
After installing the toner into the 
printer, she finally printed her …

<latexit sha1_base64="Vvgug9PlYclpnpFfGwe9WkGni6I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOq7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH0q42Y</latexit>

h0
<latexit sha1_base64="Q69zUJ/7O7PPSb7TRfziid/XESo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH2L42Z</latexit>

h1

<latexit sha1_base64="+ICSjFUlmKarMSDpltF8Q3vQhPM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOl+1G/1i9X3Ko7B1klXk4qkKPZL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6Rdq3oX1fpdvdK4zuMowgmcwjl4cAkNuIUmtIDBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/3s42a</latexit>

h2

BOS

I

like

<latexit sha1_base64="ETa/0iF58Af8pmAcy+yXcpU+Tso=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/ah/3i9X3Ko7B/lLvJxUIEejX/7sDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5scqAhLG2pZDM1Z8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyX9I6q3oX1dpdrVK/zuMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzf5N42b</latexit>

h3

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="AUVkrDYewO5qTZ9Lfm31D1Ydir4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOrX+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqt5ltXZfq9Rv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QP6u42c</latexit>

h4



Self-Attention

<latexit sha1_base64="9ZMeIhTGI4iqzqkf+6A+sDZLIGw=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiQi1Y1QdCO4qWIf0MQwmUzboZNJmJkIJWTnxl9x40IRt/6CO//GSZuFth4Y5nDOvdx7jx8zKpVlfRulhcWl5ZXyamVtfWNzy9zeacsoEZi0cMQi0fWRJIxy0lJUMdKNBUGhz0jHH13mfueBCEkjfqfGMXFDNOC0TzFSWvLM/ZFH4Tm8hkP9O5RDJ0Rq6PvpbXafBplnVq2aNQGcJ3ZBqqBA0zO/nCDCSUi4wgxJ2bOtWLkpEopiRrKKk0gSIzxCA9LTlKOQSDed3JHBQ60EsB8J/biCE/V3R4pCKcehryvzLeWsl4v/eb1E9c/clPI4UYTj6aB+wqCKYB4KDKggWLGxJggLqneFeIgEwkpHV9Eh2LMnz5P2cc2u1+o3J9XGRRFHGeyBA3AEbHAKGuAKNEELYPAInsEreDOejBfj3fiYlpaMomcX/IHx+QNmxphu</latexit>

ki = Khi 2 Rd

<latexit sha1_base64="oVlyzVEARmLXRsPetsTx0Ogneig=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiQi1Y1QdOOyin1AE8NkMmmHTiZhZlIoITs3/oobF4q49Rfc+TdO2i609cAwh3Pu5d57/IRRqSzr2ygtLa+srpXXKxubW9s75u5eW8apwKSFYxaLro8kYZSTlqKKkW4iCIp8Rjr+8LrwOyMiJI35vRonxI1Qn9OQYqS05JmHI4/CS9iGA/07lEMnQmrg+9ld/pAFuWdWrZo1AVwk9oxUwQxNz/xyghinEeEKMyRlz7YS5WZIKIoZyStOKkmC8BD1SU9TjiIi3WxyRw6PtRLAMBb6cQUn6u+ODEVSjiNfVxZbynmvEP/zeqkKL9yM8iRVhOPpoDBlUMWwCAUGVBCs2FgThAXVu0I8QAJhpaOr6BDs+ZMXSfu0Ztdr9duzauNqFkcZHIAjcAJscA4a4AY0QQtg8AiewSt4M56MF+Pd+JiWloxZzz74A+PzB4pamIQ=</latexit>

vi = V hi 2 Rd

<latexit sha1_base64="sTKoU+4b8r+MTDJpVSXZ0BV0nqI=">AAACBnicbVBNS8NAEN34WetX1KMIi0XwVBKR6rHoRfBSxX5AE8tms22XbjZhdyKU0JMX/4oXD4p49Td489+4aXvQ1gcDj/dmmJkXJIJrcJxva2FxaXlltbBWXN/Y3Nq2d3YbOk4VZXUai1i1AqKZ4JLVgYNgrUQxEgWCNYPBZe43H5jSPJZ3MEyYH5Ge5F1OCRipYx9cY49L7EUE+kGQ3Y7usxB7wCOmcTjq2CWn7IyB54k7JSU0Ra1jf3lhTNOISaCCaN12nQT8jCjgVLBR0Us1SwgdkB5rGyqJ2eNn4zdG+MgoIe7GypQEPFZ/T2Qk0noYBaYzP1fPern4n9dOoXvuZ1wmKTBJJ4u6qcAQ4zwTHHLFKIihIYQqbm7FtE8UoWCSK5oQ3NmX50njpOxWypWb01L1YhpHAe2jQ3SMXHSGqugK1VAdUfSIntErerOerBfr3fqYtC5Y05k99AfW5w96eJiG</latexit>

K 2 Rd⇥d
<latexit sha1_base64="ArSCFmted6V+xSlU9jl8oAe31Fo=">AAACBnicbVBNS8NAEN3Ur1q/qh5FWCyCp5KIVI9FLx6r2A9oYtlsNu3SzSbsToQSevLiX/HiQRGv/gZv/hs3bQ/a+mDg8d4MM/P8RHANtv1tFZaWV1bXiuuljc2t7Z3y7l5Lx6mirEljEauOTzQTXLImcBCskyhGIl+wtj+8yv32A1Oax/IORgnzItKXPOSUgJF65cMWdrnEbkRg4PvZ7fg+C7ALPGIaB+NeuWJX7QnwInFmpIJmaPTKX24Q0zRiEqggWncdOwEvIwo4FWxcclPNEkKHpM+6hkpi9njZ5I0xPjZKgMNYmZKAJ+rviYxEWo8i33Tm5+p5Lxf/87ophBdexmWSApN0uihMBYYY55nggCtGQYwMIVRxcyumA6IIBZNcyYTgzL+8SFqnVadWrd2cVeqXsziK6AAdoRPkoHNUR9eogZqIokf0jF7Rm/VkvVjv1se0tWDNZvbRH1ifP4xYmJE=</latexit>

V 2 Rd⇥d

<latexit sha1_base64="iTIFgJEOC+Dje0XCa16P91pDPto=">AAACBnicbVBNS8NAEJ34WetX1aMIi0XwVBKR6rHoxWMr9gOaWDabbbt0swm7G6GEnrz4V7x4UMSrv8Gb/8ZNm4O2Phh4vDfDzDw/5kxp2/62lpZXVtfWCxvFza3tnd3S3n5LRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/7oOvPbD1QqFok7PY6pF+KBYH1GsDZSr3TUQC4TyA2xHvp+eju5TwPkahZShYJJr1S2K/YUaJE4OSlDjnqv9OUGEUlCKjThWKmuY8faS7HUjHA6KbqJojEmIzygXUMFNnu8dPrGBJ0YJUD9SJoSGk3V3xMpDpUah77pzM5V814m/ud1E92/9FIm4kRTQWaL+glHOkJZJihgkhLNx4ZgIpm5FZEhlphok1zRhODMv7xIWmcVp1qpNs7Ltas8jgIcwjGcggMXUIMbqEMTCDzCM7zCm/VkvVjv1sesdcnKZw7gD6zPH4Q4mIw=</latexit>

Q 2 Rd⇥d
<latexit sha1_base64="X+brEm08uML5cUS1W1PM0MJMyP8=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUoQKixIFSyMLaIPqQ2R4zitqeME20Gqoi4s/AoLAwix8g9s/A1OmwFajmT56Jx7de89XsyoVJb1bRQWFpeWV4qrpbX1jc0tc3unJaNEYNLEEYtEx0OSMMpJU1HFSCcWBIUeI21veJn57QciJI34jRrFxAlRn9OAYqS05Jr79+4dPIcNONB/j3LYC5EaeF56Pb71XbNsVawJ4Dyxc1IGOequ+dXzI5yEhCvMkJRd24qVkyKhKGZkXOolksQID1GfdDXlKCTSSSdXjOGhVnwYREI/ruBE/d2RolDKUejpymxHOetl4n9eN1HBmZNSHieKcDwdFCQMqghmkUCfCoIVG2mCsKB6V4gHSCCsdHAlHYI9e/I8aR1X7Gql2jgp1y7yOIpgDxyAI2CDU1ADV6AOmgCDR/AMXsGb8WS8GO/Gx7S0YOQ9u+APjM8fpxyXcA==</latexit>

qj = Qhj 2 Rd

<latexit sha1_base64="Wnb6a9t3NUaSOIW3lTnIlfcdHWY=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4KolIdSMU3bisYB/QxjCZ3rTTTiZxZiKUUHDjr7hxoYhbf8Kdf+P0sdDWAxcO59zLvfcECWdKO863tbC4tLyymlvLr29sbm3bO7s1FaeSQpXGPJaNgCjgTEBVM82hkUggUcChHvSvRn79AaRisbjVgwS8iHQECxkl2ki+va/8rMeG+ALf+727FhMaJCUc933m2wWn6IyB54k7JQU0RcW3v1rtmKYRCE05UarpOon2MiI1oxyG+VaqICG0TzrQNFSQCJSXjX8Y4iOjtHEYS1NC47H6eyIjkVKDKDCdEdFdNeuNxP+8ZqrDcy9jIkk1CDpZFKYc6xiPAsFtJoFqPjCEUMnMrZh2iSTUJKHyJgR39uV5UjspuqVi6ea0UL6cxpFDB+gQHSMXnaEyukYVVEUUPaJn9IrerCfrxXq3PiatC9Z0Zg/9gfX5A3eZl20=</latexit>

sji = q|j ki
<latexit sha1_base64="LOkZORwfyY8HvSif6mpwFzdMbNk="></latexit>

↵ji =
exp(sji)Pj

i0=1 exp(sji0)<latexit sha1_base64="FAEqNKH8jG8C9tH+24UamlCKHl4=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgqiQi1U2h6MZlBfuAJobJdNJOO5OEmUmhhOzd+CtuXCji1h9w5984bbPQ1gMXDufcy733+DGjUlnWt1FYW9/Y3Cpul3Z29/YPzMOjtowSgUkLRywSXR9JwmhIWooqRrqxIIj7jHT88c3M70yIkDQK79U0Ji5Hg5AGFCOlJc8sY28E69CRCfdSWrezhxF0EIuHyEtHNIMTj3pmxapac8BVYuekAnI0PfPL6Uc44SRUmCEpe7YVKzdFQlHMSFZyEklihMdoQHqahogT6abzXzJ4qpU+DCKhK1Rwrv6eSBGXcsp93cmRGsplbyb+5/USFVy5KQ3jRJEQLxYFCYMqgrNgYJ8KghWbaoKwoPpWiIdIIKx0fCUdgr388ippn1ftWrV2d1FpXOdxFMEJKIMzYINL0AC3oAlaAINH8AxewZvxZLwY78bHorVg5DPH4A+Mzx/xXJpk</latexit>

cj =
jX

i=1

↵jivi

• Keys, values, and queries are transformations of the same 
underlying representations 

• For each token generated at index i, we have: 

• A key: 

• A value: 

• When trying to generate our next token at index j, we need 
a query: 

• Scores over keys: 

• Attention distribution over keys: 

• Weighted sum of values: 
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<latexit sha1_base64="zS6Ag7yZRN2x3/XYI/ogGEJodMw=">AAACHnicbVBNS8NAEN3Ur1q/oh69LBbBU0lEqxeh6EXwUsV+QBPLZrtp1242YXcjlJBf4sW/4sWDIoIn/Tdu2gja+mDgzZsZZuZ5EaNSWdaXUZibX1hcKi6XVlbX1jfMza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzheVZv3RMhachv1CgiboD6nPoUI6WlrnnkBEgNPD8ZpvAUXsKfdJBCh/I89ZLr9DbpQUfRgEh4l3bNslWxxoCzxM5JGeSod80PpxfiOCBcYYak7NhWpNwECUUxI2nJiSWJEB6iPuloypHe4ybj91K4p5Ue9EOhgys4Vn9PJCiQchR4ujM7V07XMvG/WidW/ombUB7FinA8WeTHDKoQZl7BHhUEKzbSBGFB9a0QD5BAWGlHS9oEe/rlWdI8qNjVSvXqsFw7y+0ogh2wC/aBDY5BDVyAOmgADB7AE3gBr8aj8Wy8Ge+T1oKRz2yDPzA+vwEL3aJ4</latexit>

k = Kh 2 Rd⇥j

<latexit sha1_base64="W9eYs6p//qg0QGNPLpACK7OmDfM=">AAACHnicbVBNS8NAEN3Ur1q/oh69LBbBU0lEqxeh6MVjFfsBTSyb7aZdu9mE3U2hhPwSL/4VLx4UETzpv3HTRtDWBwNv3swwM8+LGJXKsr6MwsLi0vJKcbW0tr6xuWVu7zRlGAtMGjhkoWh7SBJGOWkoqhhpR4KgwGOk5Q0vs3prRISkIb9V44i4Aepz6lOMlJa65okTIDXw/GSUwnPYhD/pIIUO5XnqJTfpXdKDjqIBkfA+7Zplq2JNAOeJnZMyyFHvmh9OL8RxQLjCDEnZsa1IuQkSimJG0pITSxIhPER90tGUI73HTSbvpfBAKz3oh0IHV3Ci/p5IUCDlOPB0Z3aunK1l4n+1Tqz8MzehPIoV4Xi6yI8ZVCHMvII9KghWbKwJwoLqWyEeIIGw0o6WtAn27MvzpHlUsauV6vVxuXaR21EEe2AfHAIbnIIauAJ10AAYPIAn8AJejUfj2Xgz3qetBSOf2QV/YHx+AzDGoo4=</latexit>

v = V h 2 Rd⇥j
<latexit sha1_base64="X+brEm08uML5cUS1W1PM0MJMyP8=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUoQKixIFSyMLaIPqQ2R4zitqeME20Gqoi4s/AoLAwix8g9s/A1OmwFajmT56Jx7de89XsyoVJb1bRQWFpeWV4qrpbX1jc0tc3unJaNEYNLEEYtEx0OSMMpJU1HFSCcWBIUeI21veJn57QciJI34jRrFxAlRn9OAYqS05Jr79+4dPIcNONB/j3LYC5EaeF56Pb71XbNsVawJ4Dyxc1IGOequ+dXzI5yEhCvMkJRd24qVkyKhKGZkXOolksQID1GfdDXlKCTSSSdXjOGhVnwYREI/ruBE/d2RolDKUejpymxHOetl4n9eN1HBmZNSHieKcDwdFCQMqghmkUCfCoIVG2mCsKB6V4gHSCCsdHAlHYI9e/I8aR1X7Gql2jgp1y7yOIpgDxyAI2CDU1ADV6AOmgCDR/AMXsGb8WS8GO/Gx7S0YOQ9u+APjM8fpxyXcA==</latexit>

qj = Qhj 2 Rd

<latexit sha1_base64="Hrgis8XcOER1SLIM90DgiqM0NiU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4W19Y3NreJ2aWd3b/+gfHjU0lGiGDZZJCLV8alGwSU2DTcCO7FCGvoC2/7kNvPbT6g0j+SDmcbYD+lI8oAzaqz02AupGftBOp4NyhW36s5BVomXkwrkaAzKX71hxJIQpWGCat313Nj0U6oMZwJnpV6iMaZsQkfYtVTSEHU/nSeekTOrDEkQKfukIXP190ZKQ62noW8ns4R62cvE/7xuYoLrfsplnBiUbPFRkAhiIpKdT4ZcITNiagllitushI2poszYkkq2BG/55FXSuqh6tWrt/rJSv8nrKMIJnMI5eHAFdbiDBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kD6HuRFw==</latexit>

h
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<latexit sha1_base64="zS6Ag7yZRN2x3/XYI/ogGEJodMw=">AAACHnicbVBNS8NAEN3Ur1q/oh69LBbBU0lEqxeh6EXwUsV+QBPLZrtp1242YXcjlJBf4sW/4sWDIoIn/Tdu2gja+mDgzZsZZuZ5EaNSWdaXUZibX1hcKi6XVlbX1jfMza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzheVZv3RMhachv1CgiboD6nPoUI6WlrnnkBEgNPD8ZpvAUXsKfdJBCh/I89ZLr9DbpQUfRgEh4l3bNslWxxoCzxM5JGeSod80PpxfiOCBcYYak7NhWpNwECUUxI2nJiSWJEB6iPuloypHe4ybj91K4p5Ue9EOhgys4Vn9PJCiQchR4ujM7V07XMvG/WidW/ombUB7FinA8WeTHDKoQZl7BHhUEKzbSBGFB9a0QD5BAWGlHS9oEe/rlWdI8qNjVSvXqsFw7y+0ogh2wC/aBDY5BDVyAOmgADB7AE3gBr8aj8Wy8Ge+T1oKRz2yDPzA+vwEL3aJ4</latexit>

k = Kh 2 Rd⇥j

<latexit sha1_base64="X+brEm08uML5cUS1W1PM0MJMyP8=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUoQKixIFSyMLaIPqQ2R4zitqeME20Gqoi4s/AoLAwix8g9s/A1OmwFajmT56Jx7de89XsyoVJb1bRQWFpeWV4qrpbX1jc0tc3unJaNEYNLEEYtEx0OSMMpJU1HFSCcWBIUeI21veJn57QciJI34jRrFxAlRn9OAYqS05Jr79+4dPIcNONB/j3LYC5EaeF56Pb71XbNsVawJ4Dyxc1IGOequ+dXzI5yEhCvMkJRd24qVkyKhKGZkXOolksQID1GfdDXlKCTSSSdXjOGhVnwYREI/ruBE/d2RolDKUejpymxHOetl4n9eN1HBmZNSHieKcDwdFCQMqghmkUCfCoIVG2mCsKB6V4gHSCCsdHAlHYI9e/I8aR1X7Gql2jgp1y7yOIpgDxyAI2CDU1ADV6AOmgCDR/AMXsGb8WS8GO/Gx7S0YOQ9u+APjM8fpxyXcA==</latexit>

qj = Qhj 2 Rd

<latexit sha1_base64="2xZ5vZS5WhgX9Rf7E4/Q5ZecG3c=">AAACIXicbVDLSsNAFJ3UV62vqks3g0VwVRKR2o1QdOOyin1Ak4bJdNJOO5nEmYlQQn7Fjb/ixoUi3Yk/47SNoK0HBs6ccy/33uNFjEplmp9GbmV1bX0jv1nY2t7Z3SvuHzRlGAtMGjhkoWh7SBJGOWkoqhhpR4KgwGOk5Y2up37rkQhJQ36vxhFxAtTn1KcYKS25xaodIDXw/ESm7hBewgd32LUpV0RgxOCPOUqhFrOvl9yl3aFbLJllcwa4TKyMlECGuluc2L0QxwHhCjMkZccyI+UkSCiKGUkLdixJhPAI9UlHU44CIp1kdmEKT7TSg34o9OMKztTfHQkKpBwHnq6c7igXvan4n9eJlV91EsqjWBGO54P8mEEVwmlcsEcFwYqNNUFYUL0rxAMkENYJyYIOwVo8eZk0z8pWpVy5PS/VrrI48uAIHINTYIELUAM3oA4aAIMn8ALewLvxbLwaH8ZkXpozsp5D8AfG1zdjSKRL</latexit>

sj = q|j k 2 Rj

<latexit sha1_base64="Hrgis8XcOER1SLIM90DgiqM0NiU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4W19Y3NreJ2aWd3b/+gfHjU0lGiGDZZJCLV8alGwSU2DTcCO7FCGvoC2/7kNvPbT6g0j+SDmcbYD+lI8oAzaqz02AupGftBOp4NyhW36s5BVomXkwrkaAzKX71hxJIQpWGCat313Nj0U6oMZwJnpV6iMaZsQkfYtVTSEHU/nSeekTOrDEkQKfukIXP190ZKQ62noW8ns4R62cvE/7xuYoLrfsplnBiUbPFRkAhiIpKdT4ZcITNiagllitushI2poszYkkq2BG/55FXSuqh6tWrt/rJSv8nrKMIJnMI5eHAFdbiDBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kD6HuRFw==</latexit>

h
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<latexit sha1_base64="zS6Ag7yZRN2x3/XYI/ogGEJodMw=">AAACHnicbVBNS8NAEN3Ur1q/oh69LBbBU0lEqxeh6EXwUsV+QBPLZrtp1242YXcjlJBf4sW/4sWDIoIn/Tdu2gja+mDgzZsZZuZ5EaNSWdaXUZibX1hcKi6XVlbX1jfMza2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzheVZv3RMhachv1CgiboD6nPoUI6WlrnnkBEgNPD8ZpvAUXsKfdJBCh/I89ZLr9DbpQUfRgEh4l3bNslWxxoCzxM5JGeSod80PpxfiOCBcYYak7NhWpNwECUUxI2nJiSWJEB6iPuloypHe4ybj91K4p5Ue9EOhgys4Vn9PJCiQchR4ujM7V07XMvG/WidW/ombUB7FinA8WeTHDKoQZl7BHhUEKzbSBGFB9a0QD5BAWGlHS9oEe/rlWdI8qNjVSvXqsFw7y+0ogh2wC/aBDY5BDVyAOmgADB7AE3gBr8aj8Wy8Ge+T1oKRz2yDPzA+vwEL3aJ4</latexit>

k = Kh 2 Rd⇥j

<latexit sha1_base64="X+brEm08uML5cUS1W1PM0MJMyP8=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUoQKixIFSyMLaIPqQ2R4zitqeME20Gqoi4s/AoLAwix8g9s/A1OmwFajmT56Jx7de89XsyoVJb1bRQWFpeWV4qrpbX1jc0tc3unJaNEYNLEEYtEx0OSMMpJU1HFSCcWBIUeI21veJn57QciJI34jRrFxAlRn9OAYqS05Jr79+4dPIcNONB/j3LYC5EaeF56Pb71XbNsVawJ4Dyxc1IGOequ+dXzI5yEhCvMkJRd24qVkyKhKGZkXOolksQID1GfdDXlKCTSSSdXjOGhVnwYREI/ruBE/d2RolDKUejpymxHOetl4n9eN1HBmZNSHieKcDwdFCQMqghmkUCfCoIVG2mCsKB6V4gHSCCsdHAlHYI9e/I8aR1X7Gql2jgp1y7yOIpgDxyAI2CDU1ADV6AOmgCDR/AMXsGb8WS8GO/Gx7S0YOQ9u+APjM8fpxyXcA==</latexit>

qj = Qhj 2 Rd

<latexit sha1_base64="2xZ5vZS5WhgX9Rf7E4/Q5ZecG3c=">AAACIXicbVDLSsNAFJ3UV62vqks3g0VwVRKR2o1QdOOyin1Ak4bJdNJOO5nEmYlQQn7Fjb/ixoUi3Yk/47SNoK0HBs6ccy/33uNFjEplmp9GbmV1bX0jv1nY2t7Z3SvuHzRlGAtMGjhkoWh7SBJGOWkoqhhpR4KgwGOk5Y2up37rkQhJQ36vxhFxAtTn1KcYKS25xaodIDXw/ESm7hBewgd32LUpV0RgxOCPOUqhFrOvl9yl3aFbLJllcwa4TKyMlECGuluc2L0QxwHhCjMkZccyI+UkSCiKGUkLdixJhPAI9UlHU44CIp1kdmEKT7TSg34o9OMKztTfHQkKpBwHnq6c7igXvan4n9eJlV91EsqjWBGO54P8mEEVwmlcsEcFwYqNNUFYUL0rxAMkENYJyYIOwVo8eZk0z8pWpVy5PS/VrrI48uAIHINTYIELUAM3oA4aAIMn8ALewLvxbLwaH8ZkXpozsp5D8AfG1zdjSKRL</latexit>

sj = q|j k 2 Rj

<latexit sha1_base64="1uTQ4hSpPf6xz1fcJpSrW/MvzNU=">AAACGXicbVDJSgNBFOxxjXGLevTSGIR4CTMi0YsgevEYwSyQGcKbTo9p7VnofiOGYX7Di7/ixYMiHvXk39hZBDUWNBRV9ej3yk+k0Gjbn9bM7Nz8wmJhqbi8srq2XtrYbOo4VYw3WCxj1fZBcyki3kCBkrcTxSH0JW/5N2dDv3XLlRZxdImDhHshXEUiEAzQSN2S7YaAfT/IXJBJH/LuNT2mLvI7zHQcYAh3eeU7oo271y2V7ao9Ap0mzoSUyQT1bund7cUsDXmETILWHcdO0MtAoWCS50U31TwBdgNXvGNoBCHXXja6LKe7RunRIFbmRUhH6s+JDEKtB6FvksMl9V9vKP7ndVIMjrxMREmKPGLjj4JUUozpsCbaE4ozlANDgClhdqWsDwoYmjKLpgTn78nTpLlfdWrV2sVB+eR0UkeBbJMdUiEOOSQn5JzUSYMwck8eyTN5sR6sJ+vVehtHZ6zJzBb5BevjC9CVoXI=</latexit>

↵j = softmax(sj)

<latexit sha1_base64="Hrgis8XcOER1SLIM90DgiqM0NiU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4W19Y3NreJ2aWd3b/+gfHjU0lGiGDZZJCLV8alGwSU2DTcCO7FCGvoC2/7kNvPbT6g0j+SDmcbYD+lI8oAzaqz02AupGftBOp4NyhW36s5BVomXkwrkaAzKX71hxJIQpWGCat313Nj0U6oMZwJnpV6iMaZsQkfYtVTSEHU/nSeekTOrDEkQKfukIXP190ZKQ62noW8ns4R62cvE/7xuYoLrfsplnBiUbPFRkAhiIpKdT4ZcITNiagllitushI2poszYkkq2BG/55FXSuqh6tWrt/rJSv8nrKMIJnMI5eHAFdbiDBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kD6HuRFw==</latexit>

h
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<latexit sha1_base64="1uTQ4hSpPf6xz1fcJpSrW/MvzNU=">AAACGXicbVDJSgNBFOxxjXGLevTSGIR4CTMi0YsgevEYwSyQGcKbTo9p7VnofiOGYX7Di7/ixYMiHvXk39hZBDUWNBRV9ej3yk+k0Gjbn9bM7Nz8wmJhqbi8srq2XtrYbOo4VYw3WCxj1fZBcyki3kCBkrcTxSH0JW/5N2dDv3XLlRZxdImDhHshXEUiEAzQSN2S7YaAfT/IXJBJH/LuNT2mLvI7zHQcYAh3eeU7oo271y2V7ao9Ap0mzoSUyQT1bund7cUsDXmETILWHcdO0MtAoWCS50U31TwBdgNXvGNoBCHXXja6LKe7RunRIFbmRUhH6s+JDEKtB6FvksMl9V9vKP7ndVIMjrxMREmKPGLjj4JUUozpsCbaE4ozlANDgClhdqWsDwoYmjKLpgTn78nTpLlfdWrV2sVB+eR0UkeBbJMdUiEOOSQn5JzUSYMwck8eyTN5sR6sJ+vVehtHZ6zJzBb5BevjC9CVoXI=</latexit>

↵j = softmax(sj)

<latexit sha1_base64="W9eYs6p//qg0QGNPLpACK7OmDfM=">AAACHnicbVBNS8NAEN3Ur1q/oh69LBbBU0lEqxeh6MVjFfsBTSyb7aZdu9mE3U2hhPwSL/4VLx4UETzpv3HTRtDWBwNv3swwM8+LGJXKsr6MwsLi0vJKcbW0tr6xuWVu7zRlGAtMGjhkoWh7SBJGOWkoqhhpR4KgwGOk5Q0vs3prRISkIb9V44i4Aepz6lOMlJa65okTIDXw/GSUwnPYhD/pIIUO5XnqJTfpXdKDjqIBkfA+7Zplq2JNAOeJnZMyyFHvmh9OL8RxQLjCDEnZsa1IuQkSimJG0pITSxIhPER90tGUI73HTSbvpfBAKz3oh0IHV3Ci/p5IUCDlOPB0Z3aunK1l4n+1Tqz8MzehPIoV4Xi6yI8ZVCHMvII9KghWbKwJwoLqWyEeIIGw0o6WtAn27MvzpHlUsauV6vVxuXaR21EEe2AfHAIbnIIauAJ10AAYPIAn8AJejUfj2Xgz3qetBSOf2QV/YHx+AzDGoo4=</latexit>

v = V h 2 Rd⇥j

<latexit sha1_base64="Hrgis8XcOER1SLIM90DgiqM0NiU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4W19Y3NreJ2aWd3b/+gfHjU0lGiGDZZJCLV8alGwSU2DTcCO7FCGvoC2/7kNvPbT6g0j+SDmcbYD+lI8oAzaqz02AupGftBOp4NyhW36s5BVomXkwrkaAzKX71hxJIQpWGCat313Nj0U6oMZwJnpV6iMaZsQkfYtVTSEHU/nSeekTOrDEkQKfukIXP190ZKQ62noW8ns4R62cvE/7xuYoLrfsplnBiUbPFRkAhiIpKdT4ZcITNiagllitushI2poszYkkq2BG/55FXSuqh6tWrt/rJSv8nrKMIJnMI5eHAFdbiDBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kD6HuRFw==</latexit>

h
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<latexit sha1_base64="1uTQ4hSpPf6xz1fcJpSrW/MvzNU=">AAACGXicbVDJSgNBFOxxjXGLevTSGIR4CTMi0YsgevEYwSyQGcKbTo9p7VnofiOGYX7Di7/ixYMiHvXk39hZBDUWNBRV9ej3yk+k0Gjbn9bM7Nz8wmJhqbi8srq2XtrYbOo4VYw3WCxj1fZBcyki3kCBkrcTxSH0JW/5N2dDv3XLlRZxdImDhHshXEUiEAzQSN2S7YaAfT/IXJBJH/LuNT2mLvI7zHQcYAh3eeU7oo271y2V7ao9Ap0mzoSUyQT1bund7cUsDXmETILWHcdO0MtAoWCS50U31TwBdgNXvGNoBCHXXja6LKe7RunRIFbmRUhH6s+JDEKtB6FvksMl9V9vKP7ndVIMjrxMREmKPGLjj4JUUozpsCbaE4ozlANDgClhdqWsDwoYmjKLpgTn78nTpLlfdWrV2sVB+eR0UkeBbJMdUiEOOSQn5JzUSYMwck8eyTN5sR6sJ+vVehtHZ6zJzBb5BevjC9CVoXI=</latexit>

↵j = softmax(sj)

<latexit sha1_base64="W9eYs6p//qg0QGNPLpACK7OmDfM=">AAACHnicbVBNS8NAEN3Ur1q/oh69LBbBU0lEqxeh6MVjFfsBTSyb7aZdu9mE3U2hhPwSL/4VLx4UETzpv3HTRtDWBwNv3swwM8+LGJXKsr6MwsLi0vJKcbW0tr6xuWVu7zRlGAtMGjhkoWh7SBJGOWkoqhhpR4KgwGOk5Q0vs3prRISkIb9V44i4Aepz6lOMlJa65okTIDXw/GSUwnPYhD/pIIUO5XnqJTfpXdKDjqIBkfA+7Zplq2JNAOeJnZMyyFHvmh9OL8RxQLjCDEnZsa1IuQkSimJG0pITSxIhPER90tGUI73HTSbvpfBAKz3oh0IHV3Ci/p5IUCDlOPB0Z3aunK1l4n+1Tqz8MzehPIoV4Xi6yI8ZVCHMvII9KghWbKwJwoLqWyEeIIGw0o6WtAn27MvzpHlUsauV6vVxuXaR21EEe2AfHAIbnIIauAJ10AAYPIAn8AJejUfj2Xgz3qetBSOf2QV/YHx+AzDGoo4=</latexit>

v = V h 2 Rd⇥j

<latexit sha1_base64="FAEqNKH8jG8C9tH+24UamlCKHl4=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgqiQi1U2h6MZlBfuAJobJdNJOO5OEmUmhhOzd+CtuXCji1h9w5984bbPQ1gMXDufcy733+DGjUlnWt1FYW9/Y3Cpul3Z29/YPzMOjtowSgUkLRywSXR9JwmhIWooqRrqxIIj7jHT88c3M70yIkDQK79U0Ji5Hg5AGFCOlJc8sY28E69CRCfdSWrezhxF0EIuHyEtHNIMTj3pmxapac8BVYuekAnI0PfPL6Uc44SRUmCEpe7YVKzdFQlHMSFZyEklihMdoQHqahogT6abzXzJ4qpU+DCKhK1Rwrv6eSBGXcsp93cmRGsplbyb+5/USFVy5KQ3jRJEQLxYFCYMqgrNgYJ8KghWbaoKwoPpWiIdIIKx0fCUdgr388ippn1ftWrV2d1FpXOdxFMEJKIMzYINL0AC3oAlaAINH8AxewZvxZLwY78bHorVg5DPH4A+Mzx/xXJpk</latexit>

cj =
jX

i=1

↵jivi

<latexit sha1_base64="Hrgis8XcOER1SLIM90DgiqM0NiU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4W19Y3NreJ2aWd3b/+gfHjU0lGiGDZZJCLV8alGwSU2DTcCO7FCGvoC2/7kNvPbT6g0j+SDmcbYD+lI8oAzaqz02AupGftBOp4NyhW36s5BVomXkwrkaAzKX71hxJIQpWGCat313Nj0U6oMZwJnpV6iMaZsQkfYtVTSEHU/nSeekTOrDEkQKfukIXP190ZKQ62noW8ns4R62cvE/7xuYoLrfsplnBiUbPFRkAhiIpKdT4ZcITNiagllitushI2poszYkkq2BG/55FXSuqh6tWrt/rJSv8nrKMIJnMI5eHAFdbiDBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kD6HuRFw==</latexit>

h
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<latexit sha1_base64="FAEqNKH8jG8C9tH+24UamlCKHl4=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgqiQi1U2h6MZlBfuAJobJdNJOO5OEmUmhhOzd+CtuXCji1h9w5984bbPQ1gMXDufcy733+DGjUlnWt1FYW9/Y3Cpul3Z29/YPzMOjtowSgUkLRywSXR9JwmhIWooqRrqxIIj7jHT88c3M70yIkDQK79U0Ji5Hg5AGFCOlJc8sY28E69CRCfdSWrezhxF0EIuHyEtHNIMTj3pmxapac8BVYuekAnI0PfPL6Uc44SRUmCEpe7YVKzdFQlHMSFZyEklihMdoQHqahogT6abzXzJ4qpU+DCKhK1Rwrv6eSBGXcsp93cmRGsplbyb+5/USFVy5KQ3jRJEQLxYFCYMqgrNgYJ8KghWbaoKwoPpWiIdIIKx0fCUdgr388ippn1ftWrV2d1FpXOdxFMEJKIMzYINL0AC3oAlaAINH8AxewZvxZLwY78bHorVg5DPH4A+Mzx/xXJpk</latexit>

cj =
jX

i=1

↵jivi

<latexit sha1_base64="nRR6g88AAYpZ6k4IBzUT5R+J30M="></latexit>

xj+1 ⇠ p(Xj+1 | x1, . . . , xj) = softmax(f(cj , hj))

tickets

<latexit sha1_base64="Hrgis8XcOER1SLIM90DgiqM0NiU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4W19Y3NreJ2aWd3b/+gfHjU0lGiGDZZJCLV8alGwSU2DTcCO7FCGvoC2/7kNvPbT6g0j+SDmcbYD+lI8oAzaqz02AupGftBOp4NyhW36s5BVomXkwrkaAzKX71hxJIQpWGCat313Nj0U6oMZwJnpV6iMaZsQkfYtVTSEHU/nSeekTOrDEkQKfukIXP190ZKQ62noW8ns4R62cvE/7xuYoLrfsplnBiUbPFRkAhiIpKdT4ZcITNiagllitushI2poszYkkq2BG/55FXSuqh6tWrt/rJSv8nrKMIJnMI5eHAFdbiDBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kD6HuRFw==</latexit>

h

<latexit sha1_base64="p88Ja72A5KFDW+JHMAcwY/yzvc0=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQUUoiUt0IRTcuK9gHtCFMppN22skkzEzEErpz46+4caGIW3/BnX/jpM1CWw/cy+Gce5m5x4sYlcqyvo3cwuLS8kp+tbC2vrG5ZW7vNGQYC0zqOGShaHlIEkY5qSuqGGlFgqDAY6TpDa9Tv3lPhKQhv1OjiDgB6nHqU4yUllxzv+8mg2N7DC9hr9R3BycQp+1hqh65ZtEqWxPAeWJnpAgy1Fzzq9MNcRwQrjBDUrZtK1JOgoSimJFxoRNLEiE8RD3S1pSjgEgnmdwxhoda6UI/FLq4ghP190aCAilHgacnA6T6ctZLxf+8dqz8CyehPIoV4Xj6kB8zqEKYhgK7VBCs2EgThAXVf4W4jwTCSkdX0CHYsyfPk8Zp2a6UK7dnxepVFkce7IEDUAI2OAdVcANqoA4weATP4BW8GU/Gi/FufExHc0a2swv+wPj8AXKzlyY=</latexit>

hj+1 = g(hj , cj , xj+1)
where g is some RNN



• For each token generated at index i, we have: 

• A key: 

• A value: 

• When trying to generate our next token at index j, we need 
a query: 

• Scores over keys: 

• Attention distribution over keys: 

• Weighted sum of values: 

<latexit sha1_base64="9ZMeIhTGI4iqzqkf+6A+sDZLIGw=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiQi1Y1QdCO4qWIf0MQwmUzboZNJmJkIJWTnxl9x40IRt/6CO//GSZuFth4Y5nDOvdx7jx8zKpVlfRulhcWl5ZXyamVtfWNzy9zeacsoEZi0cMQi0fWRJIxy0lJUMdKNBUGhz0jHH13mfueBCEkjfqfGMXFDNOC0TzFSWvLM/ZFH4Tm8hkP9O5RDJ0Rq6PvpbXafBplnVq2aNQGcJ3ZBqqBA0zO/nCDCSUi4wgxJ2bOtWLkpEopiRrKKk0gSIzxCA9LTlKOQSDed3JHBQ60EsB8J/biCE/V3R4pCKcehryvzLeWsl4v/eb1E9c/clPI4UYTj6aB+wqCKYB4KDKggWLGxJggLqneFeIgEwkpHV9Eh2LMnz5P2cc2u1+o3J9XGRRFHGeyBA3AEbHAKGuAKNEELYPAInsEreDOejBfj3fiYlpaMomcX/IHx+QNmxphu</latexit>

ki = Khi 2 Rd

<latexit sha1_base64="oVlyzVEARmLXRsPetsTx0Ogneig=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiQi1Y1QdOOyin1AE8NkMmmHTiZhZlIoITs3/oobF4q49Rfc+TdO2i609cAwh3Pu5d57/IRRqSzr2ygtLa+srpXXKxubW9s75u5eW8apwKSFYxaLro8kYZSTlqKKkW4iCIp8Rjr+8LrwOyMiJI35vRonxI1Qn9OQYqS05JmHI4/CS9iGA/07lEMnQmrg+9ld/pAFuWdWrZo1AVwk9oxUwQxNz/xyghinEeEKMyRlz7YS5WZIKIoZyStOKkmC8BD1SU9TjiIi3WxyRw6PtRLAMBb6cQUn6u+ODEVSjiNfVxZbynmvEP/zeqkKL9yM8iRVhOPpoDBlUMWwCAUGVBCs2FgThAXVu0I8QAJhpaOr6BDs+ZMXSfu0Ztdr9duzauNqFkcZHIAjcAJscA4a4AY0QQtg8AiewSt4M56MF+Pd+JiWloxZzz74A+PzB4pamIQ=</latexit>

vi = V hi 2 Rd

<latexit sha1_base64="sTKoU+4b8r+MTDJpVSXZ0BV0nqI=">AAACBnicbVBNS8NAEN34WetX1KMIi0XwVBKR6rHoRfBSxX5AE8tms22XbjZhdyKU0JMX/4oXD4p49Td489+4aXvQ1gcDj/dmmJkXJIJrcJxva2FxaXlltbBWXN/Y3Nq2d3YbOk4VZXUai1i1AqKZ4JLVgYNgrUQxEgWCNYPBZe43H5jSPJZ3MEyYH5Ge5F1OCRipYx9cY49L7EUE+kGQ3Y7usxB7wCOmcTjq2CWn7IyB54k7JSU0Ra1jf3lhTNOISaCCaN12nQT8jCjgVLBR0Us1SwgdkB5rGyqJ2eNn4zdG+MgoIe7GypQEPFZ/T2Qk0noYBaYzP1fPern4n9dOoXvuZ1wmKTBJJ4u6qcAQ4zwTHHLFKIihIYQqbm7FtE8UoWCSK5oQ3NmX50njpOxWypWb01L1YhpHAe2jQ3SMXHSGqugK1VAdUfSIntErerOerBfr3fqYtC5Y05k99AfW5w96eJiG</latexit>

K 2 Rd⇥d
<latexit sha1_base64="ArSCFmted6V+xSlU9jl8oAe31Fo=">AAACBnicbVBNS8NAEN3Ur1q/qh5FWCyCp5KIVI9FLx6r2A9oYtlsNu3SzSbsToQSevLiX/HiQRGv/gZv/hs3bQ/a+mDg8d4MM/P8RHANtv1tFZaWV1bXiuuljc2t7Z3y7l5Lx6mirEljEauOTzQTXLImcBCskyhGIl+wtj+8yv32A1Oax/IORgnzItKXPOSUgJF65cMWdrnEbkRg4PvZ7fg+C7ALPGIaB+NeuWJX7QnwInFmpIJmaPTKX24Q0zRiEqggWncdOwEvIwo4FWxcclPNEkKHpM+6hkpi9njZ5I0xPjZKgMNYmZKAJ+rviYxEWo8i33Tm5+p5Lxf/87ophBdexmWSApN0uihMBYYY55nggCtGQYwMIVRxcyumA6IIBZNcyYTgzL+8SFqnVadWrd2cVeqXsziK6AAdoRPkoHNUR9eogZqIokf0jF7Rm/VkvVjv1se0tWDNZvbRH1ifP4xYmJE=</latexit>

V 2 Rd⇥d

<latexit sha1_base64="iTIFgJEOC+Dje0XCa16P91pDPto=">AAACBnicbVBNS8NAEJ34WetX1aMIi0XwVBKR6rHoxWMr9gOaWDabbbt0swm7G6GEnrz4V7x4UMSrv8Gb/8ZNm4O2Phh4vDfDzDw/5kxp2/62lpZXVtfWCxvFza3tnd3S3n5LRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/7oOvPbD1QqFok7PY6pF+KBYH1GsDZSr3TUQC4TyA2xHvp+eju5TwPkahZShYJJr1S2K/YUaJE4OSlDjnqv9OUGEUlCKjThWKmuY8faS7HUjHA6KbqJojEmIzygXUMFNnu8dPrGBJ0YJUD9SJoSGk3V3xMpDpUah77pzM5V814m/ud1E92/9FIm4kRTQWaL+glHOkJZJihgkhLNx4ZgIpm5FZEhlphok1zRhODMv7xIWmcVp1qpNs7Ltas8jgIcwjGcggMXUIMbqEMTCDzCM7zCm/VkvVjv1sesdcnKZw7gD6zPH4Q4mIw=</latexit>

Q 2 Rd⇥d
<latexit sha1_base64="X+brEm08uML5cUS1W1PM0MJMyP8=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUoQKixIFSyMLaIPqQ2R4zitqeME20Gqoi4s/AoLAwix8g9s/A1OmwFajmT56Jx7de89XsyoVJb1bRQWFpeWV4qrpbX1jc0tc3unJaNEYNLEEYtEx0OSMMpJU1HFSCcWBIUeI21veJn57QciJI34jRrFxAlRn9OAYqS05Jr79+4dPIcNONB/j3LYC5EaeF56Pb71XbNsVawJ4Dyxc1IGOequ+dXzI5yEhCvMkJRd24qVkyKhKGZkXOolksQID1GfdDXlKCTSSSdXjOGhVnwYREI/ruBE/d2RolDKUejpymxHOetl4n9eN1HBmZNSHieKcDwdFCQMqghmkUCfCoIVG2mCsKB6V4gHSCCsdHAlHYI9e/I8aR1X7Gql2jgp1y7yOIpgDxyAI2CDU1ADV6AOmgCDR/AMXsGb8WS8GO/Gx7S0YOQ9u+APjM8fpxyXcA==</latexit>

qj = Qhj 2 Rd

<latexit sha1_base64="Wnb6a9t3NUaSOIW3lTnIlfcdHWY=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4KolIdSMU3bisYB/QxjCZ3rTTTiZxZiKUUHDjr7hxoYhbf8Kdf+P0sdDWAxcO59zLvfcECWdKO863tbC4tLyymlvLr29sbm3bO7s1FaeSQpXGPJaNgCjgTEBVM82hkUggUcChHvSvRn79AaRisbjVgwS8iHQECxkl2ki+va/8rMeG+ALf+727FhMaJCUc933m2wWn6IyB54k7JQU0RcW3v1rtmKYRCE05UarpOon2MiI1oxyG+VaqICG0TzrQNFSQCJSXjX8Y4iOjtHEYS1NC47H6eyIjkVKDKDCdEdFdNeuNxP+8ZqrDcy9jIkk1CDpZFKYc6xiPAsFtJoFqPjCEUMnMrZh2iSTUJKHyJgR39uV5UjspuqVi6ea0UL6cxpFDB+gQHSMXnaEyukYVVEUUPaJn9IrerCfrxXq3PiatC9Z0Zg/9gfX5A3eZl20=</latexit>

sji = q|j ki
<latexit sha1_base64="LOkZORwfyY8HvSif6mpwFzdMbNk="></latexit>

↵ji =
exp(sji)Pj

i0=1 exp(sji0)<latexit sha1_base64="FAEqNKH8jG8C9tH+24UamlCKHl4=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgqiQi1U2h6MZlBfuAJobJdNJOO5OEmUmhhOzd+CtuXCji1h9w5984bbPQ1gMXDufcy733+DGjUlnWt1FYW9/Y3Cpul3Z29/YPzMOjtowSgUkLRywSXR9JwmhIWooqRrqxIIj7jHT88c3M70yIkDQK79U0Ji5Hg5AGFCOlJc8sY28E69CRCfdSWrezhxF0EIuHyEtHNIMTj3pmxapac8BVYuekAnI0PfPL6Uc44SRUmCEpe7YVKzdFQlHMSFZyEklihMdoQHqahogT6abzXzJ4qpU+DCKhK1Rwrv6eSBGXcsp93cmRGsplbyb+5/USFVy5KQ3jRJEQLxYFCYMqgrNgYJ8KghWbaoKwoPpWiIdIIKx0fCUdgr388ippn1ftWrV2d1FpXOdxFMEJKIMzYINL0AC3oAlaAINH8AxewZvxZLwY78bHorVg5DPH4A+Mzx/xXJpk</latexit>

cj =
jX

i=1

↵jivi

Is Attention All You Need?

<latexit sha1_base64="nRR6g88AAYpZ6k4IBzUT5R+J30M="></latexit>

xj+1 ⇠ p(Xj+1 | x1, . . . , xj) = softmax(f(cj , hj))
<latexit sha1_base64="p88Ja72A5KFDW+JHMAcwY/yzvc0=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQUUoiUt0IRTcuK9gHtCFMppN22skkzEzEErpz46+4caGIW3/BnX/jpM1CWw/cy+Gce5m5x4sYlcqyvo3cwuLS8kp+tbC2vrG5ZW7vNGQYC0zqOGShaHlIEkY5qSuqGGlFgqDAY6TpDa9Tv3lPhKQhv1OjiDgB6nHqU4yUllxzv+8mg2N7DC9hr9R3BycQp+1hqh65ZtEqWxPAeWJnpAgy1Fzzq9MNcRwQrjBDUrZtK1JOgoSimJFxoRNLEiE8RD3S1pSjgEgnmdwxhoda6UI/FLq4ghP190aCAilHgacnA6T6ctZLxf+8dqz8CyehPIoV4Xj6kB8zqEKYhgK7VBCs2EgThAXVf4W4jwTCSkdX0CHYsyfPk8Zp2a6UK7dnxepVFkce7IEDUAI2OAdVcANqoA4weATP4BW8GU/Gi/FufExHc0a2swv+wPj8AXKzlyY=</latexit>

hj+1 = g(hj , cj , xj+1)
<latexit sha1_base64="DTItHAqdsEs+GeOf0Vhke9k8ew0=">AAACAHicbVDLSsNAFL3xWesr6sKFm8EiVISSiFQ3QtGNywr2AW0Ik+mkHTt5MDMRS8jGX3HjQhG3foY7/8Zpm4W2Hrhw5px7mXuPF3MmlWV9GwuLS8srq4W14vrG5ta2ubPblFEiCG2QiEei7WFJOQtpQzHFaTsWFAcepy1veD32Ww9USBaFd2oUUyfA/ZD5jGClJdfcH7jp/YmdoUvUjQes/Dh9HrtmyapYE6B5YuekBDnqrvnV7UUkCWioCMdSdmwrVk6KhWKE06zYTSSNMRniPu1oGuKASiedHJChI630kB8JXaFCE/X3RIoDKUeBpzsDrAZy1huL/3mdRPkXTsrCOFE0JNOP/IQjFaFxGqjHBCWKjzTBRDC9KyIDLDBROrOiDsGePXmeNE8rdrVSvT0r1a7yOApwAIdQBhvOoQY3UIcGEMjgGV7hzXgyXox342PaumDkM3vwB8bnD5SnlSE=</latexit>

hj+1 = �(xj+1)



• For each token generated at index i, we have: 

• A key: 

• A value: 

• When trying to generate our next token at index j, we need 
a query: 

• Scores over keys: 

• Attention distribution over keys: 

• Weighted sum of values: 

<latexit sha1_base64="sTKoU+4b8r+MTDJpVSXZ0BV0nqI=">AAACBnicbVBNS8NAEN34WetX1KMIi0XwVBKR6rHoRfBSxX5AE8tms22XbjZhdyKU0JMX/4oXD4p49Td489+4aXvQ1gcDj/dmmJkXJIJrcJxva2FxaXlltbBWXN/Y3Nq2d3YbOk4VZXUai1i1AqKZ4JLVgYNgrUQxEgWCNYPBZe43H5jSPJZ3MEyYH5Ge5F1OCRipYx9cY49L7EUE+kGQ3Y7usxB7wCOmcTjq2CWn7IyB54k7JSU0Ra1jf3lhTNOISaCCaN12nQT8jCjgVLBR0Us1SwgdkB5rGyqJ2eNn4zdG+MgoIe7GypQEPFZ/T2Qk0noYBaYzP1fPern4n9dOoXvuZ1wmKTBJJ4u6qcAQ4zwTHHLFKIihIYQqbm7FtE8UoWCSK5oQ3NmX50njpOxWypWb01L1YhpHAe2jQ3SMXHSGqugK1VAdUfSIntErerOerBfr3fqYtC5Y05k99AfW5w96eJiG</latexit>

K 2 Rd⇥d
<latexit sha1_base64="ArSCFmted6V+xSlU9jl8oAe31Fo=">AAACBnicbVBNS8NAEN3Ur1q/qh5FWCyCp5KIVI9FLx6r2A9oYtlsNu3SzSbsToQSevLiX/HiQRGv/gZv/hs3bQ/a+mDg8d4MM/P8RHANtv1tFZaWV1bXiuuljc2t7Z3y7l5Lx6mirEljEauOTzQTXLImcBCskyhGIl+wtj+8yv32A1Oax/IORgnzItKXPOSUgJF65cMWdrnEbkRg4PvZ7fg+C7ALPGIaB+NeuWJX7QnwInFmpIJmaPTKX24Q0zRiEqggWncdOwEvIwo4FWxcclPNEkKHpM+6hkpi9njZ5I0xPjZKgMNYmZKAJ+rviYxEWo8i33Tm5+p5Lxf/87ophBdexmWSApN0uihMBYYY55nggCtGQYwMIVRxcyumA6IIBZNcyYTgzL+8SFqnVadWrd2cVeqXsziK6AAdoRPkoHNUR9eogZqIokf0jF7Rm/VkvVjv1se0tWDNZvbRH1ifP4xYmJE=</latexit>

V 2 Rd⇥d

<latexit sha1_base64="iTIFgJEOC+Dje0XCa16P91pDPto=">AAACBnicbVBNS8NAEJ34WetX1aMIi0XwVBKR6rHoxWMr9gOaWDabbbt0swm7G6GEnrz4V7x4UMSrv8Gb/8ZNm4O2Phh4vDfDzDw/5kxp2/62lpZXVtfWCxvFza3tnd3S3n5LRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/7oOvPbD1QqFok7PY6pF+KBYH1GsDZSr3TUQC4TyA2xHvp+eju5TwPkahZShYJJr1S2K/YUaJE4OSlDjnqv9OUGEUlCKjThWKmuY8faS7HUjHA6KbqJojEmIzygXUMFNnu8dPrGBJ0YJUD9SJoSGk3V3xMpDpUah77pzM5V814m/ud1E92/9FIm4kRTQWaL+glHOkJZJihgkhLNx4ZgIpm5FZEhlphok1zRhODMv7xIWmcVp1qpNs7Ltas8jgIcwjGcggMXUIMbqEMTCDzCM7zCm/VkvVjv1sesdcnKZw7gD6zPH4Q4mIw=</latexit>

Q 2 Rd⇥d

<latexit sha1_base64="Wnb6a9t3NUaSOIW3lTnIlfcdHWY=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4KolIdSMU3bisYB/QxjCZ3rTTTiZxZiKUUHDjr7hxoYhbf8Kdf+P0sdDWAxcO59zLvfcECWdKO863tbC4tLyymlvLr29sbm3bO7s1FaeSQpXGPJaNgCjgTEBVM82hkUggUcChHvSvRn79AaRisbjVgwS8iHQECxkl2ki+va/8rMeG+ALf+727FhMaJCUc933m2wWn6IyB54k7JQU0RcW3v1rtmKYRCE05UarpOon2MiI1oxyG+VaqICG0TzrQNFSQCJSXjX8Y4iOjtHEYS1NC47H6eyIjkVKDKDCdEdFdNeuNxP+8ZqrDcy9jIkk1CDpZFKYc6xiPAsFtJoFqPjCEUMnMrZh2iSTUJKHyJgR39uV5UjspuqVi6ea0UL6cxpFDB+gQHSMXnaEyukYVVEUUPaJn9IrerCfrxXq3PiatC9Z0Zg/9gfX5A3eZl20=</latexit>

sji = q|j ki
<latexit sha1_base64="LOkZORwfyY8HvSif6mpwFzdMbNk="></latexit>

↵ji =
exp(sji)Pj

i0=1 exp(sji0)<latexit sha1_base64="FAEqNKH8jG8C9tH+24UamlCKHl4=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgqiQi1U2h6MZlBfuAJobJdNJOO5OEmUmhhOzd+CtuXCji1h9w5984bbPQ1gMXDufcy733+DGjUlnWt1FYW9/Y3Cpul3Z29/YPzMOjtowSgUkLRywSXR9JwmhIWooqRrqxIIj7jHT88c3M70yIkDQK79U0Ji5Hg5AGFCOlJc8sY28E69CRCfdSWrezhxF0EIuHyEtHNIMTj3pmxapac8BVYuekAnI0PfPL6Uc44SRUmCEpe7YVKzdFQlHMSFZyEklihMdoQHqahogT6abzXzJ4qpU+DCKhK1Rwrv6eSBGXcsp93cmRGsplbyb+5/USFVy5KQ3jRJEQLxYFCYMqgrNgYJ8KghWbaoKwoPpWiIdIIKx0fCUdgr388ippn1ftWrV2d1FpXOdxFMEJKIMzYINL0AC3oAlaAINH8AxewZvxZLwY78bHorVg5DPH4A+Mzx/xXJpk</latexit>

cj =
jX

i=1

↵jivi

Is Attention All You Need?

<latexit sha1_base64="nRR6g88AAYpZ6k4IBzUT5R+J30M="></latexit>

xj+1 ⇠ p(Xj+1 | x1, . . . , xj) = softmax(f(cj , hj))
<latexit sha1_base64="p88Ja72A5KFDW+JHMAcwY/yzvc0=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQUUoiUt0IRTcuK9gHtCFMppN22skkzEzEErpz46+4caGIW3/BnX/jpM1CWw/cy+Gce5m5x4sYlcqyvo3cwuLS8kp+tbC2vrG5ZW7vNGQYC0zqOGShaHlIEkY5qSuqGGlFgqDAY6TpDa9Tv3lPhKQhv1OjiDgB6nHqU4yUllxzv+8mg2N7DC9hr9R3BycQp+1hqh65ZtEqWxPAeWJnpAgy1Fzzq9MNcRwQrjBDUrZtK1JOgoSimJFxoRNLEiE8RD3S1pSjgEgnmdwxhoda6UI/FLq4ghP190aCAilHgacnA6T6ctZLxf+8dqz8CyehPIoV4Xj6kB8zqEKYhgK7VBCs2EgThAXVf4W4jwTCSkdX0CHYsyfPk8Zp2a6UK7dnxepVFkce7IEDUAI2OAdVcANqoA4weATP4BW8GU/Gi/FufExHc0a2swv+wPj8AXKzlyY=</latexit>

hj+1 = g(hj , cj , xj+1)
<latexit sha1_base64="DTItHAqdsEs+GeOf0Vhke9k8ew0=">AAACAHicbVDLSsNAFL3xWesr6sKFm8EiVISSiFQ3QtGNywr2AW0Ik+mkHTt5MDMRS8jGX3HjQhG3foY7/8Zpm4W2Hrhw5px7mXuPF3MmlWV9GwuLS8srq4W14vrG5ta2ubPblFEiCG2QiEei7WFJOQtpQzHFaTsWFAcepy1veD32Ww9USBaFd2oUUyfA/ZD5jGClJdfcH7jp/YmdoUvUjQes/Dh9HrtmyapYE6B5YuekBDnqrvnV7UUkCWioCMdSdmwrVk6KhWKE06zYTSSNMRniPu1oGuKASiedHJChI630kB8JXaFCE/X3RIoDKUeBpzsDrAZy1huL/3mdRPkXTsrCOFE0JNOP/IQjFaFxGqjHBCWKjzTBRDC9KyIDLDBROrOiDsGePXmeNE8rdrVSvT0r1a7yOApwAIdQBhvOoQY3UIcGEMjgGV7hzXgyXox342PaumDkM3vwB8bnD5SnlSE=</latexit>

hj+1 = �(xj+1)

<latexit sha1_base64="dYoKHthJYvWfiJxQ5QsC8D4h6Jg=">AAAB8XicbVBNSwMxEJ34WetX1aOXYBHaS9kVqR6LXjxWsB/YLiWbZtvYbHZJsmJZ+i+8eFDEq//Gm//GtN2Dtj4YeLw3w8w8PxZcG8f5Riura+sbm7mt/PbO7t5+4eCwqaNEUdagkYhU2yeaCS5Zw3AjWDtWjIS+YC1/dD31W49MaR7JOzOOmReSgeQBp8RY6b4bD3npqfdQLvcKRafizICXiZuRImSo9wpf3X5Ek5BJQwXRuuM6sfFSogyngk3y3USzmNARGbCOpZKETHvp7OIJPrVKHweRsiUNnqm/J1ISaj0OfdsZEjPUi95U/M/rJCa49FIu48QwSeeLgkRgE+Hp+7jPFaNGjC0hVHF7K6ZDogg1NqS8DcFdfHmZNM8qbrVSvT0v1q6yOHJwDCdQAhcuoAY3UIcGUJDwDK/whjR6Qe/oY966grKZI/gD9PkDor2QQQ==</latexit>

�(xj))

<latexit sha1_base64="GyzeGofS+/L5DnVJJ0/YN/ulzEs=">AAACC3icbVDLTsJAFJ3iC/FVdelmAjHBDWmNQTcmRDcuwcgjobWZDgMMTKd1ZmokDXs3/oobFxrj1h9w5984BRYKnuQmJ+fcm3vv8SNGpbKsbyOztLyyupZdz21sbm3vmLt7DRnGApM6DlkoWj6ShFFO6ooqRlqRICjwGWn6w8vUb94TIWnIb9QoIm6Aepx2KUZKS56Zv/MG8BzWoBP1afHBGxxBh3LoBEj1fT+5Ht92PLNglawJ4CKxZ6QAZqh65pfTCXEcEK4wQ1K2bStSboKEopiRcc6JJYkQHqIeaWvKUUCkm0x+GcNDrXRgNxS6uIIT9fdEggIpR4GvO9Mb5byXiv957Vh1z9yE8ihWhOPpom7MoAphGgzsUEGwYiNNEBZU3wpxHwmElY4vp0Ow519eJI3jkl0ulWsnhcrFLI4sOAB5UAQ2OAUVcAWqoA4weATP4BW8GU/Gi/FufExbM8ZsZh/8gfH5A8cAmao=</latexit>

qj = Q�(xj) 2 Rd

<latexit sha1_base64="W37hK3eOqsL3/5JaB2qTgqB9mzQ=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHqpiQi1Y1QdCO4qWIf0MQwmUzboZNJmJmIJXTvxl9x40IRt/6AO//GSZuFth64cDjnXu69x48Zlcqyvo2FxaXlldXCWnF9Y3Nr29zZbckoEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH15kfvueCEkjfqtGMXFD1Oe0RzFSWvLM0tCj8AxeQSce0MqDRw+hQzl0QqQGvp/ejO8CzyxbVWsCOE/snJRBjoZnfjlBhJOQcIUZkrJrW7FyUyQUxYyMi04iSYzwEPVJV1OOQiLddPLLGB5oJYC9SOjiCk7U3xMpCqUchb7uzG6Us14m/ud1E9U7dVPK40QRjqeLegmDKoJZMDCggmDFRpogLKi+FeIBEggrHV9Rh2DPvjxPWkdVu1atXR+X6+d5HAWwD0qgAmxwAurgEjRAE2DwCJ7BK3gznowX4934mLYuGPnMHvgD4/MHsC+ZnA==</latexit>

ki = K�(xi) 2 Rd

<latexit sha1_base64="SuPP3UVRy7RXd6VimlmUfuUhQqg=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHqpiQi1Y1QdOOyin1AE8NkMmmHTiZhZlIsoXs3/oobF4q49Qfc+TdO2i609cCFwzn3cu89fsKoVJb1bSwtr6yurRc2iptb2zu75t5+S8apwKSJYxaLjo8kYZSTpqKKkU4iCIp8Rtr+4Cr320MiJI35nRolxI1Qj9OQYqS05JmloUfhBWxBJ+nTyoNHj6FDOXQipPq+n92O7wPPLFtVawK4SOwZKYMZGp755QQxTiPCFWZIyq5tJcrNkFAUMzIuOqkkCcID1CNdTTmKiHSzyS9jeKSVAIax0MUVnKi/JzIUSTmKfN2Z3yjnvVz8z+umKjx3M8qTVBGOp4vClEEVwzwYGFBBsGIjTRAWVN8KcR8JhJWOr6hDsOdfXiStk6pdq9ZuTsv1y1kcBXAISqACbHAG6uAaNEATYPAInsEreDOejBfj3fiYti4Zs5kD8AfG5w/UG5my</latexit>

vi = V �(xi) 2 Rd



Bidirectional Encoders

BOS

I

like

pizza

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

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

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

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

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

EOS

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

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

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

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

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

Encode

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

h4

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

h5

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

Enc(x) = Pool
�
h1, . . . , h|x|

�
2 Rd

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

h3

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

h2

pizza EOS

la

piace

mi

pizza

la

piace

BOS

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

h1
mi

Problem 3 
We have to encode the input 

sequence token-by-token O(n)
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<latexit sha1_base64="qRhb1xFGYZYtvTXyIkaoqR/nlOg=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6MVjBfsh7VKyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9SpVkk780kpr7AQ8lCRrCx0kMvHrHyU5+d94slt+LOgVaJl5ESZGj0i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/eIrOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4ZWfMhknhkqyWBQmHJkIzb5HA6YoMXxiCSaK2VsRGWGFibEZFWwI3vLLq6R1UfFqldpdtVS/zuLIwwmcQhk8uIQ63EIDmkBAwDO8wpujnBfn3flYtOacbOYY/sD5/AE68ZAN</latexit>

�(xi)
<latexit sha1_base64="EXJRk72HBL7gkTb6jhz5ITLJvyM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4W19Y3NreJ2aWd3b/+gfHjU0lGiGDZZJCLV8alGwSU2DTcCO7FCGvoC2/7kNvPbT6g0j+SDmcbYD+lI8oAzaqz02AupGftBOpkNyhW36s5BVomXkwrkaAzKX71hxJIQpWGCat313Nj0U6oMZwJnpV6iMaZsQkfYtVTSEHU/nSeekTOrDEkQKfukIXP190ZKQ62noW8ns4R62cvE/7xuYoLrfsplnBiUbPFRkAhiIpKdT4ZcITNiagllitushI2poszYkkq2BG/55FXSuqh6tWrt/rJSv8nrKMIJnMI5eHAFdbiDBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kD7QqRGg==</latexit>

k <latexit sha1_base64="vk96m7sv44ZDwxcat0WlVpbMJ78=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLoxmUF+8C2lEx6pw3NZMYkI5Shf+HGhSJu/Rt3/o2ZdhbaeiBwOOdecu7xY8G1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alj++yfzWEyrNI3lvJjH2QjqUPOCMGis9dENqRn6QPk77pbJbcWcgy8TLSRly1Pulr+4gYkmI0jBBte54bmx6KVWGM4HTYjfRGFM2pkPsWCppiLqXzhJPyalVBiSIlH3SkJn6eyOlodaT0LeTWUK96GXif14nMcFVL+UyTgxKNv8oSAQxEcnOJwOukBkxsYQyxW1WwkZUUWZsSUVbgrd48jJpnle8aqV6d1GuXed1FOAYTuAMPLiEGtxCHRrAQMIzvMKbo50X5935mI+uOPnOEfyB8/kD9iiRIA==</latexit>q
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<latexit sha1_base64="qRhb1xFGYZYtvTXyIkaoqR/nlOg=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6MVjBfsh7VKyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9SpVkk780kpr7AQ8lCRrCx0kMvHrHyU5+d94slt+LOgVaJl5ESZGj0i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/eIrOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4ZWfMhknhkqyWBQmHJkIzb5HA6YoMXxiCSaK2VsRGWGFibEZFWwI3vLLq6R1UfFqldpdtVS/zuLIwwmcQhk8uIQ63EIDmkBAwDO8wpujnBfn3flYtOacbOYY/sD5/AE68ZAN</latexit>

�(xi)
<latexit sha1_base64="EXJRk72HBL7gkTb6jhz5ITLJvyM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4W19Y3NreJ2aWd3b/+gfHjU0lGiGDZZJCLV8alGwSU2DTcCO7FCGvoC2/7kNvPbT6g0j+SDmcbYD+lI8oAzaqz02AupGftBOpkNyhW36s5BVomXkwrkaAzKX71hxJIQpWGCat313Nj0U6oMZwJnpV6iMaZsQkfYtVTSEHU/nSeekTOrDEkQKfukIXP190ZKQ62noW8ns4R62cvE/7xuYoLrfsplnBiUbPFRkAhiIpKdT4ZcITNiagllitushI2poszYkkq2BG/55FXSuqh6tWrt/rJSv8nrKMIJnMI5eHAFdbiDBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kD7QqRGg==</latexit>

k <latexit sha1_base64="vk96m7sv44ZDwxcat0WlVpbMJ78=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLoxmUF+8C2lEx6pw3NZMYkI5Shf+HGhSJu/Rt3/o2ZdhbaeiBwOOdecu7xY8G1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alj++yfzWEyrNI3lvJjH2QjqUPOCMGis9dENqRn6QPk77pbJbcWcgy8TLSRly1Pulr+4gYkmI0jBBte54bmx6KVWGM4HTYjfRGFM2pkPsWCppiLqXzhJPyalVBiSIlH3SkJn6eyOlodaT0LeTWUK96GXif14nMcFVL+UyTgxKNv8oSAQxEcnOJwOukBkxsYQyxW1WwkZUUWZsSUVbgrd48jJpnle8aqV6d1GuXed1FOAYTuAMPLiEGtxCHRrAQMIzvMKbo50X5935mI+uOPnOEfyB8/kD9iiRIA==</latexit>q<latexit sha1_base64="y02YUJ3gvkLzRign/IG63QGWEb4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAHpI2m</latexit>s1
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<latexit sha1_base64="qRhb1xFGYZYtvTXyIkaoqR/nlOg=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6MVjBfsh7VKyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9SpVkk780kpr7AQ8lCRrCx0kMvHrHyU5+d94slt+LOgVaJl5ESZGj0i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/eIrOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4ZWfMhknhkqyWBQmHJkIzb5HA6YoMXxiCSaK2VsRGWGFibEZFWwI3vLLq6R1UfFqldpdtVS/zuLIwwmcQhk8uIQ63EIDmkBAwDO8wpujnBfn3flYtOacbOYY/sD5/AE68ZAN</latexit>

�(xi)
<latexit sha1_base64="EXJRk72HBL7gkTb6jhz5ITLJvyM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4W19Y3NreJ2aWd3b/+gfHjU0lGiGDZZJCLV8alGwSU2DTcCO7FCGvoC2/7kNvPbT6g0j+SDmcbYD+lI8oAzaqz02AupGftBOpkNyhW36s5BVomXkwrkaAzKX71hxJIQpWGCat313Nj0U6oMZwJnpV6iMaZsQkfYtVTSEHU/nSeekTOrDEkQKfukIXP190ZKQ62noW8ns4R62cvE/7xuYoLrfsplnBiUbPFRkAhiIpKdT4ZcITNiagllitushI2poszYkkq2BG/55FXSuqh6tWrt/rJSv8nrKMIJnMI5eHAFdbiDBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kD7QqRGg==</latexit>

k <latexit sha1_base64="vk96m7sv44ZDwxcat0WlVpbMJ78=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLoxmUF+8C2lEx6pw3NZMYkI5Shf+HGhSJu/Rt3/o2ZdhbaeiBwOOdecu7xY8G1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alj++yfzWEyrNI3lvJjH2QjqUPOCMGis9dENqRn6QPk77pbJbcWcgy8TLSRly1Pulr+4gYkmI0jBBte54bmx6KVWGM4HTYjfRGFM2pkPsWCppiLqXzhJPyalVBiSIlH3SkJn6eyOlodaT0LeTWUK96GXif14nMcFVL+UyTgxKNv8oSAQxEcnOJwOukBkxsYQyxW1WwkZUUWZsSUVbgrd48jJpnle8aqV6d1GuXed1FOAYTuAMPLiEGtxCHRrAQMIzvMKbo50X5935mI+uOPnOEfyB8/kD9iiRIA==</latexit>q<latexit sha1_base64="5n9Mvo3RgrklJF/Y5yy+moKlZrs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oUy2m3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKnR6KZIR9r1+uuFV3DrJKvJxUIEejX/7qDWKaRkwaKlDrrucmxs9QGU4Fm5Z6qWYJ0jEOWddSiRHTfja/d0rOrDIgYaxsSUPm6u+JDCOtJ1FgOyM0I73szcT/vG5qwms/4zJJDZN0sShMBTExmT1PBlwxasTEEqSK21sJHaFCamxEJRuCt/zyKmldVL1atXZ/Wanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+4Y4/H</latexit>↵1
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<latexit sha1_base64="6BP9LU8nJGZTEPgIruSBUxwMbb0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPpev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDvNY2W</latexit>c1

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

�(xi) <latexit sha1_base64="5n9Mvo3RgrklJF/Y5yy+moKlZrs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oUy2m3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKnR6KZIR9r1+uuFV3DrJKvJxUIEejX/7qDWKaRkwaKlDrrucmxs9QGU4Fm5Z6qWYJ0jEOWddSiRHTfja/d0rOrDIgYaxsSUPm6u+JDCOtJ1FgOyM0I73szcT/vG5qwms/4zJJDZN0sShMBTExmT1PBlwxasTEEqSK21sJHaFCamxEJRuCt/zyKmldVL1atXZ/Wanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+4Y4/H</latexit>↵1
<latexit sha1_base64="B+mxMVRDDNVNMBEjYV3nMORijCY=">AAAB8XicbVBNTwIxFHyLX4hfqEcvjcTEE9k1Bj0SvXjERJAIhHRLFxq63U37loRs+BdePGiMV/+NN/+NXdiDgpM0mcy8l84bP5bCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMlGiGW+ySEa67VPDpVC8iQIlb8ea09CX/NEf32b+44RrIyL1gNOY90I6VCIQjKKVnrohxZEfpJNZv1xxq+4cZJV4OalAjka//NUdRCwJuUImqTEdz42xl1KNgkk+K3UTw2PKxnTIO5YqGnLTS+eJZ+TMKgMSRNo+hWSu/t5IaWjMNPTtZJbQLHuZ+J/XSTC47qVCxQlyxRYfBYkkGJHsfDIQmjOUU0so08JmJWxENWVoSyrZErzlk1dJ66Lq1aq1+8tK/SavowgncArn4MEV1OEOGtAEBgqe4RXeHOO8OO/Ox2K04OQ7x/AHzucP/cGRJQ==</latexit>v
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<latexit sha1_base64="qRhb1xFGYZYtvTXyIkaoqR/nlOg=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6MVjBfsh7VKyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9SpVkk780kpr7AQ8lCRrCx0kMvHrHyU5+d94slt+LOgVaJl5ESZGj0i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/eIrOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4ZWfMhknhkqyWBQmHJkIzb5HA6YoMXxiCSaK2VsRGWGFibEZFWwI3vLLq6R1UfFqldpdtVS/zuLIwwmcQhk8uIQ63EIDmkBAwDO8wpujnBfn3flYtOacbOYY/sD5/AE68ZAN</latexit>

�(xi)
<latexit sha1_base64="EXJRk72HBL7gkTb6jhz5ITLJvyM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4W19Y3NreJ2aWd3b/+gfHjU0lGiGDZZJCLV8alGwSU2DTcCO7FCGvoC2/7kNvPbT6g0j+SDmcbYD+lI8oAzaqz02AupGftBOpkNyhW36s5BVomXkwrkaAzKX71hxJIQpWGCat313Nj0U6oMZwJnpV6iMaZsQkfYtVTSEHU/nSeekTOrDEkQKfukIXP190ZKQ62noW8ns4R62cvE/7xuYoLrfsplnBiUbPFRkAhiIpKdT4ZcITNiagllitushI2poszYkkq2BG/55FXSuqh6tWrt/rJSv8nrKMIJnMI5eHAFdbiDBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kD7QqRGg==</latexit>

k <latexit sha1_base64="vk96m7sv44ZDwxcat0WlVpbMJ78=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLoxmUF+8C2lEx6pw3NZMYkI5Shf+HGhSJu/Rt3/o2ZdhbaeiBwOOdecu7xY8G1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alj++yfzWEyrNI3lvJjH2QjqUPOCMGis9dENqRn6QPk77pbJbcWcgy8TLSRly1Pulr+4gYkmI0jBBte54bmx6KVWGM4HTYjfRGFM2pkPsWCppiLqXzhJPyalVBiSIlH3SkJn6eyOlodaT0LeTWUK96GXif14nMcFVL+UyTgxKNv8oSAQxEcnOJwOukBkxsYQyxW1WwkZUUWZsSUVbgrd48jJpnle8aqV6d1GuXed1FOAYTuAMPLiEGtxCHRrAQMIzvMKbo50X5935mI+uOPnOEfyB8/kD9iiRIA==</latexit>q <latexit sha1_base64="B+mxMVRDDNVNMBEjYV3nMORijCY=">AAAB8XicbVBNTwIxFHyLX4hfqEcvjcTEE9k1Bj0SvXjERJAIhHRLFxq63U37loRs+BdePGiMV/+NN/+NXdiDgpM0mcy8l84bP5bCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMlGiGW+ySEa67VPDpVC8iQIlb8ea09CX/NEf32b+44RrIyL1gNOY90I6VCIQjKKVnrohxZEfpJNZv1xxq+4cZJV4OalAjka//NUdRCwJuUImqTEdz42xl1KNgkk+K3UTw2PKxnTIO5YqGnLTS+eJZ+TMKgMSRNo+hWSu/t5IaWjMNPTtZJbQLHuZ+J/XSTC47qVCxQlyxRYfBYkkGJHsfDIQmjOUU0so08JmJWxENWVoSyrZErzlk1dJ66Lq1aq1+8tK/SavowgncArn4MEV1OEOGtAEBgqe4RXeHOO8OO/Ox2K04OQ7x/AHzucP/cGRJQ==</latexit>v <latexit sha1_base64="m9bRsq4DSRBnylJM0EbQuKFl+vY=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4W19Y3NreJ2aWd3b/+gfHjU0lGiGDZZJCLV8alGwSU2DTcCO7FCGvoC2/7kNvPbT6g0j+SDmcbYD+lI8oAzaqz02AupGftBymaDcsWtunOQVeLlpAI5GoPyV28YsSREaZigWnc9Nzb9lCrDmcBZqZdojCmb0BF2LZU0RN1P54ln5MwqQxJEyj5pyFz9vZHSUOtp6NvJLKFe9jLxP6+bmOC6n3IZJwYlW3wUJIKYiGTnkyFXyIyYWkKZ4jYrYWOqKDO2pJItwVs+eZW0LqperVq7v6zUb/I6inACp3AOHlxBHe6gAU1gIOEZXuHN0c6L8+58LEYLTr5zDH/gfP4A4OKREg==</latexit>c

We can get context-sensitive representations of 
each input token in parallel!

<latexit sha1_base64="SuVHntMNm20GqTcJ/A9jjLqdc5o="></latexit>

s = q|k 2 R|x|⇥|x|
<latexit sha1_base64="2K7uMDdLYod1RQHCfG56vmmuTzg=">AAACG3icbVDLSgNBEJyN7/iKevQyGIR4CbtBohdB9OJRwWggG0LvZDYZMrO7zPRKwrL/4cVf8eJBEU+CB//GyePgq2Cgpqqb7q4gkcKg6346hbn5hcWl5ZXi6tr6xmZpa/vGxKlmvMFiGetmAIZLEfEGCpS8mWgOKpD8Nhicj/3bO66NiKNrHCW8raAXiVAwQCt1SjUfZNIHekJ95EPMTByigmHeyab/rlD5iZdXfAXYD8LM5AedUtmtuhPQv8SbkTKZ4bJTeve7MUsVj5BJMKbluQm2M9AomOR50U8NT4ANoMdblkaguGlnk9tyum+VLg1jbV+EdKJ+78hAGTNSga0cr2h+e2PxP6+VYnjczkSUpMgjNh0UppJiTMdB0a7QnKEcWQJMC7srZX3QwNDGWbQheL9P/ktualWvXq1fHZZPz2ZxLJNdskcqxCNH5JRckEvSIIzck0fyTF6cB+fJeXXepqUFZ9azQ37A+fgCX/SiRg==</latexit>

↵ = softmaxdim=1(s)
<latexit sha1_base64="GG2ZxcEgx/ePIbY6UytzMhw191U=">AAACKHicbVBLSwMxGMzWV62vVY9egkXwVHZFqnixqAdPUsE+oNuWbJq2odnskmTFku7P8eJf8SKiSK/+ErNtD9o6EBjm+ybJjB8xKpXjjK3M0vLK6lp2PbexubW9Y+/uVWUYC0wqOGShqPtIEkY5qSiqGKlHgqDAZ6TmD67Tee2RCElD/qCGEWkGqMdpl2KkjNS2Lz3Koae9G8IUamkvQKrv+/ouaWv3YuSFxpterZ+SUZJ4SUvPaW077xScCeAicWckD2Yot+13rxPiOCBcYYakbLhOpJoaCUUxI0nOiyWJEB6gHmkYylFAZFNPgibwyCgd2A2FOVzBifrboVEg5TDwzWYaRM7PUvG/WSNW3fOmpjyKFeF4+lA3ZlCFMG0NdqggWLGhIQgLav4KcR8JhJXpNmdKcOcjL5LqScEtFor3p/nS1ayOLDgAh+AYuOAMlMAtKIMKwOAZvIIP8Gm9WG/WlzWermasmWcf/IH1/QNE46lD</latexit>

2 {�N1:|x|}|x|
<latexit sha1_base64="/UGdUp/jyIww+RuOJByhWNURwnE="></latexit>

c = ↵v 2 Rd⇥|x|
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<latexit sha1_base64="qRhb1xFGYZYtvTXyIkaoqR/nlOg=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6MVjBfsh7VKyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9SpVkk780kpr7AQ8lCRrCx0kMvHrHyU5+d94slt+LOgVaJl5ESZGj0i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/eIrOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4ZWfMhknhkqyWBQmHJkIzb5HA6YoMXxiCSaK2VsRGWGFibEZFWwI3vLLq6R1UfFqldpdtVS/zuLIwwmcQhk8uIQ63EIDmkBAwDO8wpujnBfn3flYtOacbOYY/sD5/AE68ZAN</latexit>

�(xi)
<latexit sha1_base64="EXJRk72HBL7gkTb6jhz5ITLJvyM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4W19Y3NreJ2aWd3b/+gfHjU0lGiGDZZJCLV8alGwSU2DTcCO7FCGvoC2/7kNvPbT6g0j+SDmcbYD+lI8oAzaqz02AupGftBOpkNyhW36s5BVomXkwrkaAzKX71hxJIQpWGCat313Nj0U6oMZwJnpV6iMaZsQkfYtVTSEHU/nSeekTOrDEkQKfukIXP190ZKQ62noW8ns4R62cvE/7xuYoLrfsplnBiUbPFRkAhiIpKdT4ZcITNiagllitushI2poszYkkq2BG/55FXSuqh6tWrt/rJSv8nrKMIJnMI5eHAFdbiDBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kD7QqRGg==</latexit>

k <latexit sha1_base64="vk96m7sv44ZDwxcat0WlVpbMJ78=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLoxmUF+8C2lEx6pw3NZMYkI5Shf+HGhSJu/Rt3/o2ZdhbaeiBwOOdecu7xY8G1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alj++yfzWEyrNI3lvJjH2QjqUPOCMGis9dENqRn6QPk77pbJbcWcgy8TLSRly1Pulr+4gYkmI0jBBte54bmx6KVWGM4HTYjfRGFM2pkPsWCppiLqXzhJPyalVBiSIlH3SkJn6eyOlodaT0LeTWUK96GXif14nMcFVL+UyTgxKNv8oSAQxEcnOJwOukBkxsYQyxW1WwkZUUWZsSUVbgrd48jJpnle8aqV6d1GuXed1FOAYTuAMPLiEGtxCHRrAQMIzvMKbo50X5935mI+uOPnOEfyB8/kD9iiRIA==</latexit>q <latexit sha1_base64="B+mxMVRDDNVNMBEjYV3nMORijCY=">AAAB8XicbVBNTwIxFHyLX4hfqEcvjcTEE9k1Bj0SvXjERJAIhHRLFxq63U37loRs+BdePGiMV/+NN/+NXdiDgpM0mcy8l84bP5bCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMlGiGW+ySEa67VPDpVC8iQIlb8ea09CX/NEf32b+44RrIyL1gNOY90I6VCIQjKKVnrohxZEfpJNZv1xxq+4cZJV4OalAjka//NUdRCwJuUImqTEdz42xl1KNgkk+K3UTw2PKxnTIO5YqGnLTS+eJZ+TMKgMSRNo+hWSu/t5IaWjMNPTtZJbQLHuZ+J/XSTC47qVCxQlyxRYfBYkkGJHsfDIQmjOUU0so08JmJWxENWVoSyrZErzlk1dJ66Lq1aq1+8tK/SavowgncArn4MEV1OEOGtAEBgqe4RXeHOO8OO/Ox2K04OQ7x/AHzucP/cGRJQ==</latexit>v <latexit sha1_base64="m9bRsq4DSRBnylJM0EbQuKFl+vY=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4W19Y3NreJ2aWd3b/+gfHjU0lGiGDZZJCLV8alGwSU2DTcCO7FCGvoC2/7kNvPbT6g0j+SDmcbYD+lI8oAzaqz02AupGftBymaDcsWtunOQVeLlpAI5GoPyV28YsSREaZigWnc9Nzb9lCrDmcBZqZdojCmb0BF2LZU0RN1P54ln5MwqQxJEyj5pyFz9vZHSUOtp6NvJLKFe9jLxP6+bmOC6n3IZJwYlW3wUJIKYiGTnkyFXyIyYWkKZ4jYrYWOqKDO2pJItwVs+eZW0LqperVq7v6zUb/I6inACp3AOHlxBHe6gAU1gIOEZXuHN0c6L8+58LEYLTr5zDH/gfP4A4OKREg==</latexit>c
<latexit sha1_base64="SuVHntMNm20GqTcJ/A9jjLqdc5o="></latexit>

s = q|k 2 R|x|⇥|x|
<latexit sha1_base64="2K7uMDdLYod1RQHCfG56vmmuTzg=">AAACG3icbVDLSgNBEJyN7/iKevQyGIR4CbtBohdB9OJRwWggG0LvZDYZMrO7zPRKwrL/4cVf8eJBEU+CB//GyePgq2Cgpqqb7q4gkcKg6346hbn5hcWl5ZXi6tr6xmZpa/vGxKlmvMFiGetmAIZLEfEGCpS8mWgOKpD8Nhicj/3bO66NiKNrHCW8raAXiVAwQCt1SjUfZNIHekJ95EPMTByigmHeyab/rlD5iZdXfAXYD8LM5AedUtmtuhPQv8SbkTKZ4bJTeve7MUsVj5BJMKbluQm2M9AomOR50U8NT4ANoMdblkaguGlnk9tyum+VLg1jbV+EdKJ+78hAGTNSga0cr2h+e2PxP6+VYnjczkSUpMgjNh0UppJiTMdB0a7QnKEcWQJMC7srZX3QwNDGWbQheL9P/ktualWvXq1fHZZPz2ZxLJNdskcqxCNH5JRckEvSIIzck0fyTF6cB+fJeXXepqUFZ9azQ37A+fgCX/SiRg==</latexit>

↵ = softmaxdim=1(s)
<latexit sha1_base64="GG2ZxcEgx/ePIbY6UytzMhw191U=">AAACKHicbVBLSwMxGMzWV62vVY9egkXwVHZFqnixqAdPUsE+oNuWbJq2odnskmTFku7P8eJf8SKiSK/+ErNtD9o6EBjm+ybJjB8xKpXjjK3M0vLK6lp2PbexubW9Y+/uVWUYC0wqOGShqPtIEkY5qSiqGKlHgqDAZ6TmD67Tee2RCElD/qCGEWkGqMdpl2KkjNS2Lz3Koae9G8IUamkvQKrv+/ouaWv3YuSFxpterZ+SUZJ4SUvPaW077xScCeAicWckD2Yot+13rxPiOCBcYYakbLhOpJoaCUUxI0nOiyWJEB6gHmkYylFAZFNPgibwyCgd2A2FOVzBifrboVEg5TDwzWYaRM7PUvG/WSNW3fOmpjyKFeF4+lA3ZlCFMG0NdqggWLGhIQgLav4KcR8JhJXpNmdKcOcjL5LqScEtFor3p/nS1ayOLDgAh+AYuOAMlMAtKIMKwOAZvIIP8Gm9WG/WlzWermasmWcf/IH1/QNE46lD</latexit>

2 {�N1:|x|}|x|
<latexit sha1_base64="/UGdUp/jyIww+RuOJByhWNURwnE="></latexit>

c = ↵v 2 Rd⇥|x|

<latexit sha1_base64="GyzeGofS+/L5DnVJJ0/YN/ulzEs=">AAACC3icbVDLTsJAFJ3iC/FVdelmAjHBDWmNQTcmRDcuwcgjobWZDgMMTKd1ZmokDXs3/oobFxrj1h9w5984BRYKnuQmJ+fcm3vv8SNGpbKsbyOztLyyupZdz21sbm3vmLt7DRnGApM6DlkoWj6ShFFO6ooqRlqRICjwGWn6w8vUb94TIWnIb9QoIm6Aepx2KUZKS56Zv/MG8BzWoBP1afHBGxxBh3LoBEj1fT+5Ht92PLNglawJ4CKxZ6QAZqh65pfTCXEcEK4wQ1K2bStSboKEopiRcc6JJYkQHqIeaWvKUUCkm0x+GcNDrXRgNxS6uIIT9fdEggIpR4GvO9Mb5byXiv957Vh1z9yE8ihWhOPpom7MoAphGgzsUEGwYiNNEBZU3wpxHwmElY4vp0Ow519eJI3jkl0ulWsnhcrFLI4sOAB5UAQ2OAUVcAWqoA4weATP4BW8GU/Gi/FufExbM8ZsZh/8gfH5A8cAmao=</latexit>

qj = Q�(xj) 2 Rd

<latexit sha1_base64="W37hK3eOqsL3/5JaB2qTgqB9mzQ=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHqpiQi1Y1QdCO4qWIf0MQwmUzboZNJmJmIJXTvxl9x40IRt/6AO//GSZuFth64cDjnXu69x48Zlcqyvo2FxaXlldXCWnF9Y3Nr29zZbckoEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH15kfvueCEkjfqtGMXFD1Oe0RzFSWvLM0tCj8AxeQSce0MqDRw+hQzl0QqQGvp/ejO8CzyxbVWsCOE/snJRBjoZnfjlBhJOQcIUZkrJrW7FyUyQUxYyMi04iSYzwEPVJV1OOQiLddPLLGB5oJYC9SOjiCk7U3xMpCqUchb7uzG6Us14m/ud1E9U7dVPK40QRjqeLegmDKoJZMDCggmDFRpogLKi+FeIBEggrHV9Rh2DPvjxPWkdVu1atXR+X6+d5HAWwD0qgAmxwAurgEjRAE2DwCJ7BK3gznowX4934mLYuGPnMHvgD4/MHsC+ZnA==</latexit>

ki = K�(xi) 2 Rd

<latexit sha1_base64="SuPP3UVRy7RXd6VimlmUfuUhQqg=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHqpiQi1Y1QdOOyin1AE8NkMmmHTiZhZlIsoXs3/oobF4q49Qfc+TdO2i609cCFwzn3cu89fsKoVJb1bSwtr6yurRc2iptb2zu75t5+S8apwKSJYxaLjo8kYZSTpqKKkU4iCIp8Rtr+4Cr320MiJI35nRolxI1Qj9OQYqS05JmloUfhBWxBJ+nTyoNHj6FDOXQipPq+n92O7wPPLFtVawK4SOwZKYMZGp755QQxTiPCFWZIyq5tJcrNkFAUMzIuOqkkCcID1CNdTTmKiHSzyS9jeKSVAIax0MUVnKi/JzIUSTmKfN2Z3yjnvVz8z+umKjx3M8qTVBGOp4vClEEVwzwYGFBBsGIjTRAWVN8KcR8JhJWOr6hDsOdfXiStk6pdq9ZuTsv1y1kcBXAISqACbHAG6uAaNEATYPAInsEreDOejBfj3fiYti4Zs5kD8AfG5w/UG5my</latexit>

vi = V �(xi) 2 Rd

Problem 1 
No position 
information!

Problem 2 
No nonlinearities!



Position Embeddings

• Currently, our model is operating only on embedding of 
individual wordtypes 

• Let’s also embed their indices: 

<latexit sha1_base64="7mJdpl/pDR3HNAfg0fYyTgsudLs=">AAAB/HicbZDLSsNAFIZP6q3WW7RLN4NFaDclEaluhKIblxXsBdoQJtNJO3RyYWYihlBfxY0LRdz6IO58G6dtFtr6w8DHf87hnPm9mDOpLOvbKKytb2xuFbdLO7t7+wfm4VFHRokgtE0iHomehyXlLKRtxRSnvVhQHHicdr3JzazefaBCsii8V2lMnQCPQuYzgpW2XLM8iMes+uiyGrpCC665ZsWqW3OhVbBzqECulmt+DYYRSQIaKsKxlH3bipWTYaEY4XRaGiSSxphM8Ij2NYY4oNLJ5sdP0al2hsiPhH6hQnP390SGAynTwNOdAVZjuVybmf/V+onyL52MhXGiaEgWi/yEIxWhWRJoyAQliqcaMBFM34rIGAtMlM6rpEOwl7+8Cp2zut2oN+7OK83rPI4iHMMJVMGGC2jCLbSgDQRSeIZXeDOejBfj3fhYtBaMfKYMf2R8/gCxGZOF</latexit>

�(xi) = �(x)

<latexit sha1_base64="hm87yuZUVslAmrDFMBiLzBkA4Ak=">AAACBnicbZDLSsNAFIZP6q3WW9SlCINFaBFKIlLdCEU3LivYC7QhTKbTdujkwsxELKErN76KGxeKuPUZ3Pk2TpsstPWHgY//nMOZ83sRZ1JZ1reRW1peWV3Lrxc2Nre2d8zdvaYMY0Fog4Q8FG0PS8pZQBuKKU7bkaDY9zhteaPrab11T4VkYXCnxhF1fDwIWJ8RrLTlmofdaMhKDy4ro0uUchmdpMTKrlm0KtZMaBHsDIqQqe6aX91eSGKfBopwLGXHtiLlJFgoRjidFLqxpBEmIzygHY0B9ql0ktkZE3SsnR7qh0K/QKGZ+3siwb6UY9/TnT5WQzlfm5r/1Tqx6l84CQuiWNGApIv6MUcqRNNMUI8JShQfa8BEMP1XRIZYYKJ0cgUdgj1/8iI0Tyt2tVK9PSvWrrI48nAAR1ACG86hBjdQhwYQeIRneIU348l4Md6Nj7Q1Z2Qz+/BHxucPm0mWqw==</latexit>

�(xi) = �(x) + �(i)



Position Embeddings

• Currently, our model is operating only on embedding of 
individual wordtypes 

• Let’s also embed their indices:  

• First option: just learn absolute representations 

• But unlike vocabularies of fixed sizes, sequences can be of 
arbitrary lengths…

<latexit sha1_base64="7mJdpl/pDR3HNAfg0fYyTgsudLs=">AAAB/HicbZDLSsNAFIZP6q3WW7RLN4NFaDclEaluhKIblxXsBdoQJtNJO3RyYWYihlBfxY0LRdz6IO58G6dtFtr6w8DHf87hnPm9mDOpLOvbKKytb2xuFbdLO7t7+wfm4VFHRokgtE0iHomehyXlLKRtxRSnvVhQHHicdr3JzazefaBCsii8V2lMnQCPQuYzgpW2XLM8iMes+uiyGrpCC665ZsWqW3OhVbBzqECulmt+DYYRSQIaKsKxlH3bipWTYaEY4XRaGiSSxphM8Ij2NYY4oNLJ5sdP0al2hsiPhH6hQnP390SGAynTwNOdAVZjuVybmf/V+onyL52MhXGiaEgWi/yEIxWhWRJoyAQliqcaMBFM34rIGAtMlM6rpEOwl7+8Cp2zut2oN+7OK83rPI4iHMMJVMGGC2jCLbSgDQRSeIZXeDOejBfj3fhYtBaMfKYMf2R8/gCxGZOF</latexit>

�(xi) = �(x)

<latexit sha1_base64="hm87yuZUVslAmrDFMBiLzBkA4Ak=">AAACBnicbZDLSsNAFIZP6q3WW9SlCINFaBFKIlLdCEU3LivYC7QhTKbTdujkwsxELKErN76KGxeKuPUZ3Pk2TpsstPWHgY//nMOZ83sRZ1JZ1reRW1peWV3Lrxc2Nre2d8zdvaYMY0Fog4Q8FG0PS8pZQBuKKU7bkaDY9zhteaPrab11T4VkYXCnxhF1fDwIWJ8RrLTlmofdaMhKDy4ro0uUchmdpMTKrlm0KtZMaBHsDIqQqe6aX91eSGKfBopwLGXHtiLlJFgoRjidFLqxpBEmIzygHY0B9ql0ktkZE3SsnR7qh0K/QKGZ+3siwb6UY9/TnT5WQzlfm5r/1Tqx6l84CQuiWNGApIv6MUcqRNNMUI8JShQfa8BEMP1XRIZYYKJ0cgUdgj1/8iI0Tyt2tVK9PSvWrrI48nAAR1ACG86hBjdQhwYQeIRneIU348l4Md6Nj7Q1Z2Qz+/BHxucPm0mWqw==</latexit>

�(xi) = �(x) + �(i)



Position Embeddings

• Currently, our model is operating only on embedding of 
individual wordtypes 

• Let’s also embed their indices:  

• Sinusoidal embeddings 
 
 
 

• (in practice, most methods use learned embeddings)

<latexit sha1_base64="7mJdpl/pDR3HNAfg0fYyTgsudLs=">AAAB/HicbZDLSsNAFIZP6q3WW7RLN4NFaDclEaluhKIblxXsBdoQJtNJO3RyYWYihlBfxY0LRdz6IO58G6dtFtr6w8DHf87hnPm9mDOpLOvbKKytb2xuFbdLO7t7+wfm4VFHRokgtE0iHomehyXlLKRtxRSnvVhQHHicdr3JzazefaBCsii8V2lMnQCPQuYzgpW2XLM8iMes+uiyGrpCC665ZsWqW3OhVbBzqECulmt+DYYRSQIaKsKxlH3bipWTYaEY4XRaGiSSxphM8Ij2NYY4oNLJ5sdP0al2hsiPhH6hQnP390SGAynTwNOdAVZjuVybmf/V+onyL52MhXGiaEgWi/yEIxWhWRJoyAQliqcaMBFM34rIGAtMlM6rpEOwl7+8Cp2zut2oN+7OK83rPI4iHMMJVMGGC2jCLbSgDQRSeIZXeDOejBfj3fhYtBaMfKYMf2R8/gCxGZOF</latexit>

�(xi) = �(x)

<latexit sha1_base64="hm87yuZUVslAmrDFMBiLzBkA4Ak=">AAACBnicbZDLSsNAFIZP6q3WW9SlCINFaBFKIlLdCEU3LivYC7QhTKbTdujkwsxELKErN76KGxeKuPUZ3Pk2TpsstPWHgY//nMOZ83sRZ1JZ1reRW1peWV3Lrxc2Nre2d8zdvaYMY0Fog4Q8FG0PS8pZQBuKKU7bkaDY9zhteaPrab11T4VkYXCnxhF1fDwIWJ8RrLTlmofdaMhKDy4ro0uUchmdpMTKrlm0KtZMaBHsDIqQqe6aX91eSGKfBopwLGXHtiLlJFgoRjidFLqxpBEmIzygHY0B9ql0ktkZE3SsnR7qh0K/QKGZ+3siwb6UY9/TnT5WQzlfm5r/1Tqx6l84CQuiWNGApIv6MUcqRNNMUI8JShQfa8BEMP1XRIZYYKJ0cgUdgj1/8iI0Tyt2tVK9PSvWrrI48nAAR1ACG86hBjdQhwYQeIRneIU348l4Md6Nj7Q1Z2Qz+/BHxucPm0mWqw==</latexit>

�(xi) = �(x) + �(i)



Position Embeddings

BOS

I

like

pizza

EOS

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

�(xi)
<latexit sha1_base64="EXJRk72HBL7gkTb6jhz5ITLJvyM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4W19Y3NreJ2aWd3b/+gfHjU0lGiGDZZJCLV8alGwSU2DTcCO7FCGvoC2/7kNvPbT6g0j+SDmcbYD+lI8oAzaqz02AupGftBOpkNyhW36s5BVomXkwrkaAzKX71hxJIQpWGCat313Nj0U6oMZwJnpV6iMaZsQkfYtVTSEHU/nSeekTOrDEkQKfukIXP190ZKQ62noW8ns4R62cvE/7xuYoLrfsplnBiUbPFRkAhiIpKdT4ZcITNiagllitushI2poszYkkq2BG/55FXSuqh6tWrt/rJSv8nrKMIJnMI5eHAFdbiDBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kD7QqRGg==</latexit>

k <latexit sha1_base64="vk96m7sv44ZDwxcat0WlVpbMJ78=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLoxmUF+8C2lEx6pw3NZMYkI5Shf+HGhSJu/Rt3/o2ZdhbaeiBwOOdecu7xY8G1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alj++yfzWEyrNI3lvJjH2QjqUPOCMGis9dENqRn6QPk77pbJbcWcgy8TLSRly1Pulr+4gYkmI0jBBte54bmx6KVWGM4HTYjfRGFM2pkPsWCppiLqXzhJPyalVBiSIlH3SkJn6eyOlodaT0LeTWUK96GXif14nMcFVL+UyTgxKNv8oSAQxEcnOJwOukBkxsYQyxW1WwkZUUWZsSUVbgrd48jJpnle8aqV6d1GuXed1FOAYTuAMPLiEGtxCHRrAQMIzvMKbo50X5935mI+uOPnOEfyB8/kD9iiRIA==</latexit>q <latexit sha1_base64="B+mxMVRDDNVNMBEjYV3nMORijCY=">AAAB8XicbVBNTwIxFHyLX4hfqEcvjcTEE9k1Bj0SvXjERJAIhHRLFxq63U37loRs+BdePGiMV/+NN/+NXdiDgpM0mcy8l84bP5bCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMlGiGW+ySEa67VPDpVC8iQIlb8ea09CX/NEf32b+44RrIyL1gNOY90I6VCIQjKKVnrohxZEfpJNZv1xxq+4cZJV4OalAjka//NUdRCwJuUImqTEdz42xl1KNgkk+K3UTw2PKxnTIO5YqGnLTS+eJZ+TMKgMSRNo+hWSu/t5IaWjMNPTtZJbQLHuZ+J/XSTC47qVCxQlyxRYfBYkkGJHsfDIQmjOUU0so08JmJWxENWVoSyrZErzlk1dJ66Lq1aq1+8tK/SavowgncArn4MEV1OEOGtAEBgqe4RXeHOO8OO/Ox2K04OQ7x/AHzucP/cGRJQ==</latexit>v <latexit sha1_base64="m9bRsq4DSRBnylJM0EbQuKFl+vY=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4W19Y3NreJ2aWd3b/+gfHjU0lGiGDZZJCLV8alGwSU2DTcCO7FCGvoC2/7kNvPbT6g0j+SDmcbYD+lI8oAzaqz02AupGftBymaDcsWtunOQVeLlpAI5GoPyV28YsSREaZigWnc9Nzb9lCrDmcBZqZdojCmb0BF2LZU0RN1P54ln5MwqQxJEyj5pyFz9vZHSUOtp6NvJLKFe9jLxP6+bmOC6n3IZJwYlW3wUJIKYiGTnkyFXyIyYWkKZ4jYrYWOqKDO2pJItwVs+eZW0LqperVq7v6zUb/I6inACp3AOHlxBHe6gAU1gIOEZXuHN0c6L8+58LEYLTr5zDH/gfP4A4OKREg==</latexit>c
<latexit sha1_base64="SuVHntMNm20GqTcJ/A9jjLqdc5o="></latexit>

s = q|k 2 R|x|⇥|x|
<latexit sha1_base64="2K7uMDdLYod1RQHCfG56vmmuTzg=">AAACG3icbVDLSgNBEJyN7/iKevQyGIR4CbtBohdB9OJRwWggG0LvZDYZMrO7zPRKwrL/4cVf8eJBEU+CB//GyePgq2Cgpqqb7q4gkcKg6346hbn5hcWl5ZXi6tr6xmZpa/vGxKlmvMFiGetmAIZLEfEGCpS8mWgOKpD8Nhicj/3bO66NiKNrHCW8raAXiVAwQCt1SjUfZNIHekJ95EPMTByigmHeyab/rlD5iZdXfAXYD8LM5AedUtmtuhPQv8SbkTKZ4bJTeve7MUsVj5BJMKbluQm2M9AomOR50U8NT4ANoMdblkaguGlnk9tyum+VLg1jbV+EdKJ+78hAGTNSga0cr2h+e2PxP6+VYnjczkSUpMgjNh0UppJiTMdB0a7QnKEcWQJMC7srZX3QwNDGWbQheL9P/ktualWvXq1fHZZPz2ZxLJNdskcqxCNH5JRckEvSIIzck0fyTF6cB+fJeXXepqUFZ9azQ37A+fgCX/SiRg==</latexit>

↵ = softmaxdim=1(s)
<latexit sha1_base64="GG2ZxcEgx/ePIbY6UytzMhw191U=">AAACKHicbVBLSwMxGMzWV62vVY9egkXwVHZFqnixqAdPUsE+oNuWbJq2odnskmTFku7P8eJf8SKiSK/+ErNtD9o6EBjm+ybJjB8xKpXjjK3M0vLK6lp2PbexubW9Y+/uVWUYC0wqOGShqPtIEkY5qSiqGKlHgqDAZ6TmD67Tee2RCElD/qCGEWkGqMdpl2KkjNS2Lz3Koae9G8IUamkvQKrv+/ouaWv3YuSFxpterZ+SUZJ4SUvPaW077xScCeAicWckD2Yot+13rxPiOCBcYYakbLhOpJoaCUUxI0nOiyWJEB6gHmkYylFAZFNPgibwyCgd2A2FOVzBifrboVEg5TDwzWYaRM7PUvG/WSNW3fOmpjyKFeF4+lA3ZlCFMG0NdqggWLGhIQgLav4KcR8JhJXpNmdKcOcjL5LqScEtFor3p/nS1ayOLDgAh+AYuOAMlMAtKIMKwOAZvIIP8Gm9WG/WlzWermasmWcf/IH1/QNE46lD</latexit>

2 {�N1:|x|}|x|
<latexit sha1_base64="/UGdUp/jyIww+RuOJByhWNURwnE="></latexit>

c = ↵v 2 Rd⇥|x|

<latexit sha1_base64="GyzeGofS+/L5DnVJJ0/YN/ulzEs=">AAACC3icbVDLTsJAFJ3iC/FVdelmAjHBDWmNQTcmRDcuwcgjobWZDgMMTKd1ZmokDXs3/oobFxrj1h9w5984BRYKnuQmJ+fcm3vv8SNGpbKsbyOztLyyupZdz21sbm3vmLt7DRnGApM6DlkoWj6ShFFO6ooqRlqRICjwGWn6w8vUb94TIWnIb9QoIm6Aepx2KUZKS56Zv/MG8BzWoBP1afHBGxxBh3LoBEj1fT+5Ht92PLNglawJ4CKxZ6QAZqh65pfTCXEcEK4wQ1K2bStSboKEopiRcc6JJYkQHqIeaWvKUUCkm0x+GcNDrXRgNxS6uIIT9fdEggIpR4GvO9Mb5byXiv957Vh1z9yE8ihWhOPpom7MoAphGgzsUEGwYiNNEBZU3wpxHwmElY4vp0Ow519eJI3jkl0ulWsnhcrFLI4sOAB5UAQ2OAUVcAWqoA4weATP4BW8GU/Gi/FufExbM8ZsZh/8gfH5A8cAmao=</latexit>

qj = Q�(xj) 2 Rd

<latexit sha1_base64="W37hK3eOqsL3/5JaB2qTgqB9mzQ=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHqpiQi1Y1QdCO4qWIf0MQwmUzboZNJmJmIJXTvxl9x40IRt/6AO//GSZuFth64cDjnXu69x48Zlcqyvo2FxaXlldXCWnF9Y3Nr29zZbckoEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH15kfvueCEkjfqtGMXFD1Oe0RzFSWvLM0tCj8AxeQSce0MqDRw+hQzl0QqQGvp/ejO8CzyxbVWsCOE/snJRBjoZnfjlBhJOQcIUZkrJrW7FyUyQUxYyMi04iSYzwEPVJV1OOQiLddPLLGB5oJYC9SOjiCk7U3xMpCqUchb7uzG6Us14m/ud1E9U7dVPK40QRjqeLegmDKoJZMDCggmDFRpogLKi+FeIBEggrHV9Rh2DPvjxPWkdVu1atXR+X6+d5HAWwD0qgAmxwAurgEjRAE2DwCJ7BK3gznowX4934mLYuGPnMHvgD4/MHsC+ZnA==</latexit>

ki = K�(xi) 2 Rd

<latexit sha1_base64="SuPP3UVRy7RXd6VimlmUfuUhQqg=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHqpiQi1Y1QdOOyin1AE8NkMmmHTiZhZlIsoXs3/oobF4q49Qfc+TdO2i609cCFwzn3cu89fsKoVJb1bSwtr6yurRc2iptb2zu75t5+S8apwKSJYxaLjo8kYZSTpqKKkU4iCIp8Rtr+4Cr320MiJI35nRolxI1Qj9OQYqS05JmloUfhBWxBJ+nTyoNHj6FDOXQipPq+n92O7wPPLFtVawK4SOwZKYMZGp755QQxTiPCFWZIyq5tJcrNkFAUMzIuOqkkCcID1CNdTTmKiHSzyS9jeKSVAIax0MUVnKi/JzIUSTmKfN2Z3yjnvVz8z+umKjx3M8qTVBGOp4vClEEVwzwYGFBBsGIjTRAWVN8KcR8JhJWOr6hDsOdfXiStk6pdq9ZuTsv1y1kcBXAISqACbHAG6uAaNEATYPAInsEreDOejBfj3fiYti4Zs5kD8AfG5w/UG5my</latexit>

vi = V �(xi) 2 Rd

Problem 2 
No nonlinearities!



<latexit sha1_base64="xjUU9muKRDb3ZmFhGpSEGftUSDo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy0emDgcM693DMnSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT29zvPnJtRKwecJbwQUTHSoSCUbSS70cUJ0GYTeZDOazW3Lq7APlLvILUoEBrWP30RzFLI66QSWpM33MTHGRUo2CSzyt+anhC2ZSOed9SRSNuBtki85ycWWVEwljbp5As1J8bGY2MmUWBncwzmlUvF//z+imG14NMqCRFrtjyUJhKgjHJCyAjoTlDObOEMi1sVsImVFOGtqaKLcFb/fJf0rmoe4164/6y1rwp6ijDCZzCOXhwBU24gxa0gUECT/ACr07qPDtvzvtytOQUO8fwC87HN27ukfY=</latexit>

hl
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MLP

MLP

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

�(xi)
<latexit sha1_base64="EXJRk72HBL7gkTb6jhz5ITLJvyM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4W19Y3NreJ2aWd3b/+gfHjU0lGiGDZZJCLV8alGwSU2DTcCO7FCGvoC2/7kNvPbT6g0j+SDmcbYD+lI8oAzaqz02AupGftBOpkNyhW36s5BVomXkwrkaAzKX71hxJIQpWGCat313Nj0U6oMZwJnpV6iMaZsQkfYtVTSEHU/nSeekTOrDEkQKfukIXP190ZKQ62noW8ns4R62cvE/7xuYoLrfsplnBiUbPFRkAhiIpKdT4ZcITNiagllitushI2poszYkkq2BG/55FXSuqh6tWrt/rJSv8nrKMIJnMI5eHAFdbiDBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kD7QqRGg==</latexit>

k <latexit sha1_base64="vk96m7sv44ZDwxcat0WlVpbMJ78=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLoxmUF+8C2lEx6pw3NZMYkI5Shf+HGhSJu/Rt3/o2ZdhbaeiBwOOdecu7xY8G1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alj++yfzWEyrNI3lvJjH2QjqUPOCMGis9dENqRn6QPk77pbJbcWcgy8TLSRly1Pulr+4gYkmI0jBBte54bmx6KVWGM4HTYjfRGFM2pkPsWCppiLqXzhJPyalVBiSIlH3SkJn6eyOlodaT0LeTWUK96GXif14nMcFVL+UyTgxKNv8oSAQxEcnOJwOukBkxsYQyxW1WwkZUUWZsSUVbgrd48jJpnle8aqV6d1GuXed1FOAYTuAMPLiEGtxCHRrAQMIzvMKbo50X5935mI+uOPnOEfyB8/kD9iiRIA==</latexit>q <latexit sha1_base64="B+mxMVRDDNVNMBEjYV3nMORijCY=">AAAB8XicbVBNTwIxFHyLX4hfqEcvjcTEE9k1Bj0SvXjERJAIhHRLFxq63U37loRs+BdePGiMV/+NN/+NXdiDgpM0mcy8l84bP5bCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMlGiGW+ySEa67VPDpVC8iQIlb8ea09CX/NEf32b+44RrIyL1gNOY90I6VCIQjKKVnrohxZEfpJNZv1xxq+4cZJV4OalAjka//NUdRCwJuUImqTEdz42xl1KNgkk+K3UTw2PKxnTIO5YqGnLTS+eJZ+TMKgMSRNo+hWSu/t5IaWjMNPTtZJbQLHuZ+J/XSTC47qVCxQlyxRYfBYkkGJHsfDIQmjOUU0so08JmJWxENWVoSyrZErzlk1dJ66Lq1aq1+8tK/SavowgncArn4MEV1OEOGtAEBgqe4RXeHOO8OO/Ox2K04OQ7x/AHzucP/cGRJQ==</latexit>v <latexit sha1_base64="m9bRsq4DSRBnylJM0EbQuKFl+vY=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4W19Y3NreJ2aWd3b/+gfHjU0lGiGDZZJCLV8alGwSU2DTcCO7FCGvoC2/7kNvPbT6g0j+SDmcbYD+lI8oAzaqz02AupGftBymaDcsWtunOQVeLlpAI5GoPyV28YsSREaZigWnc9Nzb9lCrDmcBZqZdojCmb0BF2LZU0RN1P54ln5MwqQxJEyj5pyFz9vZHSUOtp6NvJLKFe9jLxP6+bmOC6n3IZJwYlW3wUJIKYiGTnkyFXyIyYWkKZ4jYrYWOqKDO2pJItwVs+eZW0LqperVq7v6zUb/I6inACp3AOHlxBHe6gAU1gIOEZXuHN0c6L8+58LEYLTr5zDH/gfP4A4OKREg==</latexit>c
<latexit sha1_base64="SuVHntMNm20GqTcJ/A9jjLqdc5o="></latexit>

s = q|k 2 R|x|⇥|x|
<latexit sha1_base64="2K7uMDdLYod1RQHCfG56vmmuTzg=">AAACG3icbVDLSgNBEJyN7/iKevQyGIR4CbtBohdB9OJRwWggG0LvZDYZMrO7zPRKwrL/4cVf8eJBEU+CB//GyePgq2Cgpqqb7q4gkcKg6346hbn5hcWl5ZXi6tr6xmZpa/vGxKlmvMFiGetmAIZLEfEGCpS8mWgOKpD8Nhicj/3bO66NiKNrHCW8raAXiVAwQCt1SjUfZNIHekJ95EPMTByigmHeyab/rlD5iZdXfAXYD8LM5AedUtmtuhPQv8SbkTKZ4bJTeve7MUsVj5BJMKbluQm2M9AomOR50U8NT4ANoMdblkaguGlnk9tyum+VLg1jbV+EdKJ+78hAGTNSga0cr2h+e2PxP6+VYnjczkSUpMgjNh0UppJiTMdB0a7QnKEcWQJMC7srZX3QwNDGWbQheL9P/ktualWvXq1fHZZPz2ZxLJNdskcqxCNH5JRckEvSIIzck0fyTF6cB+fJeXXepqUFZ9azQ37A+fgCX/SiRg==</latexit>

↵ = softmaxdim=1(s)
<latexit sha1_base64="GG2ZxcEgx/ePIbY6UytzMhw191U=">AAACKHicbVBLSwMxGMzWV62vVY9egkXwVHZFqnixqAdPUsE+oNuWbJq2odnskmTFku7P8eJf8SKiSK/+ErNtD9o6EBjm+ybJjB8xKpXjjK3M0vLK6lp2PbexubW9Y+/uVWUYC0wqOGShqPtIEkY5qSiqGKlHgqDAZ6TmD67Tee2RCElD/qCGEWkGqMdpl2KkjNS2Lz3Koae9G8IUamkvQKrv+/ouaWv3YuSFxpterZ+SUZJ4SUvPaW077xScCeAicWckD2Yot+13rxPiOCBcYYakbLhOpJoaCUUxI0nOiyWJEB6gHmkYylFAZFNPgibwyCgd2A2FOVzBifrboVEg5TDwzWYaRM7PUvG/WSNW3fOmpjyKFeF4+lA3ZlCFMG0NdqggWLGhIQgLav4KcR8JhJXpNmdKcOcjL5LqScEtFor3p/nS1ayOLDgAh+AYuOAMlMAtKIMKwOAZvIIP8Gm9WG/WlzWermasmWcf/IH1/QNE46lD</latexit>

2 {�N1:|x|}|x|
<latexit sha1_base64="/UGdUp/jyIww+RuOJByhWNURwnE="></latexit>

c = ↵v 2 Rd⇥|x|

<latexit sha1_base64="GyzeGofS+/L5DnVJJ0/YN/ulzEs=">AAACC3icbVDLTsJAFJ3iC/FVdelmAjHBDWmNQTcmRDcuwcgjobWZDgMMTKd1ZmokDXs3/oobFxrj1h9w5984BRYKnuQmJ+fcm3vv8SNGpbKsbyOztLyyupZdz21sbm3vmLt7DRnGApM6DlkoWj6ShFFO6ooqRlqRICjwGWn6w8vUb94TIWnIb9QoIm6Aepx2KUZKS56Zv/MG8BzWoBP1afHBGxxBh3LoBEj1fT+5Ht92PLNglawJ4CKxZ6QAZqh65pfTCXEcEK4wQ1K2bStSboKEopiRcc6JJYkQHqIeaWvKUUCkm0x+GcNDrXRgNxS6uIIT9fdEggIpR4GvO9Mb5byXiv957Vh1z9yE8ihWhOPpom7MoAphGgzsUEGwYiNNEBZU3wpxHwmElY4vp0Ow519eJI3jkl0ulWsnhcrFLI4sOAB5UAQ2OAUVcAWqoA4weATP4BW8GU/Gi/FufExbM8ZsZh/8gfH5A8cAmao=</latexit>

qj = Q�(xj) 2 Rd

<latexit sha1_base64="W37hK3eOqsL3/5JaB2qTgqB9mzQ=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHqpiQi1Y1QdCO4qWIf0MQwmUzboZNJmJmIJXTvxl9x40IRt/6AO//GSZuFth64cDjnXu69x48Zlcqyvo2FxaXlldXCWnF9Y3Nr29zZbckoEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH15kfvueCEkjfqtGMXFD1Oe0RzFSWvLM0tCj8AxeQSce0MqDRw+hQzl0QqQGvp/ejO8CzyxbVWsCOE/snJRBjoZnfjlBhJOQcIUZkrJrW7FyUyQUxYyMi04iSYzwEPVJV1OOQiLddPLLGB5oJYC9SOjiCk7U3xMpCqUchb7uzG6Us14m/ud1E9U7dVPK40QRjqeLegmDKoJZMDCggmDFRpogLKi+FeIBEggrHV9Rh2DPvjxPWkdVu1atXR+X6+d5HAWwD0qgAmxwAurgEjRAE2DwCJ7BK3gznowX4934mLYuGPnMHvgD4/MHsC+ZnA==</latexit>

ki = K�(xi) 2 Rd

<latexit sha1_base64="SuPP3UVRy7RXd6VimlmUfuUhQqg=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHqpiQi1Y1QdOOyin1AE8NkMmmHTiZhZlIsoXs3/oobF4q49Qfc+TdO2i609cCFwzn3cu89fsKoVJb1bSwtr6yurRc2iptb2zu75t5+S8apwKSJYxaLjo8kYZSTpqKKkU4iCIp8Rtr+4Cr320MiJI35nRolxI1Qj9OQYqS05JmloUfhBWxBJ+nTyoNHj6FDOXQipPq+n92O7wPPLFtVawK4SOwZKYMZGp755QQxTiPCFWZIyq5tJcrNkFAUMzIuOqkkCcID1CNdTTmKiHSzyS9jeKSVAIax0MUVnKi/JzIUSTmKfN2Z3yjnvVz8z+umKjx3M8qTVBGOp4vClEEVwzwYGFBBsGIjTRAWVN8KcR8JhJWOr6hDsOdfXiStk6pdq9ZuTsv1y1kcBXAISqACbHAG6uAaNEATYPAInsEreDOejBfj3fiYti4Zs5kD8AfG5w/UG5my</latexit>

vi = V �(xi) 2 Rd

<latexit sha1_base64="0Juwjhp/rBgaj6WiKfsZphQYhiU=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy0emDgcM693DMnSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT29zvPnJtRKwecJbwQUTHSoSCUbSS70cUJ0GYsflQDqs1t+4uQP4SryA1KNAaVj/9UczSiCtkkhrT99wEBxnVKJjk84qfGp5QNqVj3rdU0YibQbbIPCdnVhmRMNb2KSQL9edGRiNjZlFgJ/OMZtXLxf+8forh9SATKkmRK7Y8FKaSYEzyAshIaM5QziyhTAublbAJ1ZShraliS/BWv/yXdC7qXqPeuL+sNW+KOspwAqdwDh5cQRPuoAVtYJDAE7zAq5M6z86b874cLTnFzjH8gvPxDWdLkfE=</latexit>cl

<latexit sha1_base64="0OcmP40WUltJj5Vq2SYXYkgR9ao="></latexit>

hl = W (l)
2 ReLU(W (l)

1 )cl + b(l)1 ) + b(l)2

x L layers



<latexit sha1_base64="xjUU9muKRDb3ZmFhGpSEGftUSDo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy0emDgcM693DMnSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT29zvPnJtRKwecJbwQUTHSoSCUbSS70cUJ0GYTeZDOazW3Lq7APlLvILUoEBrWP30RzFLI66QSWpM33MTHGRUo2CSzyt+anhC2ZSOed9SRSNuBtki85ycWWVEwljbp5As1J8bGY2MmUWBncwzmlUvF//z+imG14NMqCRFrtjyUJhKgjHJCyAjoTlDObOEMi1sVsImVFOGtqaKLcFb/fJf0rmoe4164/6y1rwp6ijDCZzCOXhwBU24gxa0gUECT/ACr07qPDtvzvtytOQUO8fwC87HN27ukfY=</latexit>

hl
MLP

MLP

MLP

MLP

MLP

Nonlinearities

BOS

I

like

pizza

EOS

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

�(xi)
<latexit sha1_base64="EXJRk72HBL7gkTb6jhz5ITLJvyM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4W19Y3NreJ2aWd3b/+gfHjU0lGiGDZZJCLV8alGwSU2DTcCO7FCGvoC2/7kNvPbT6g0j+SDmcbYD+lI8oAzaqz02AupGftBOpkNyhW36s5BVomXkwrkaAzKX71hxJIQpWGCat313Nj0U6oMZwJnpV6iMaZsQkfYtVTSEHU/nSeekTOrDEkQKfukIXP190ZKQ62noW8ns4R62cvE/7xuYoLrfsplnBiUbPFRkAhiIpKdT4ZcITNiagllitushI2poszYkkq2BG/55FXSuqh6tWrt/rJSv8nrKMIJnMI5eHAFdbiDBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kD7QqRGg==</latexit>

k <latexit sha1_base64="vk96m7sv44ZDwxcat0WlVpbMJ78=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLoxmUF+8C2lEx6pw3NZMYkI5Shf+HGhSJu/Rt3/o2ZdhbaeiBwOOdecu7xY8G1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alj++yfzWEyrNI3lvJjH2QjqUPOCMGis9dENqRn6QPk77pbJbcWcgy8TLSRly1Pulr+4gYkmI0jBBte54bmx6KVWGM4HTYjfRGFM2pkPsWCppiLqXzhJPyalVBiSIlH3SkJn6eyOlodaT0LeTWUK96GXif14nMcFVL+UyTgxKNv8oSAQxEcnOJwOukBkxsYQyxW1WwkZUUWZsSUVbgrd48jJpnle8aqV6d1GuXed1FOAYTuAMPLiEGtxCHRrAQMIzvMKbo50X5935mI+uOPnOEfyB8/kD9iiRIA==</latexit>q <latexit sha1_base64="B+mxMVRDDNVNMBEjYV3nMORijCY=">AAAB8XicbVBNTwIxFHyLX4hfqEcvjcTEE9k1Bj0SvXjERJAIhHRLFxq63U37loRs+BdePGiMV/+NN/+NXdiDgpM0mcy8l84bP5bCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMlGiGW+ySEa67VPDpVC8iQIlb8ea09CX/NEf32b+44RrIyL1gNOY90I6VCIQjKKVnrohxZEfpJNZv1xxq+4cZJV4OalAjka//NUdRCwJuUImqTEdz42xl1KNgkk+K3UTw2PKxnTIO5YqGnLTS+eJZ+TMKgMSRNo+hWSu/t5IaWjMNPTtZJbQLHuZ+J/XSTC47qVCxQlyxRYfBYkkGJHsfDIQmjOUU0so08JmJWxENWVoSyrZErzlk1dJ66Lq1aq1+8tK/SavowgncArn4MEV1OEOGtAEBgqe4RXeHOO8OO/Ox2K04OQ7x/AHzucP/cGRJQ==</latexit>v <latexit sha1_base64="m9bRsq4DSRBnylJM0EbQuKFl+vY=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4W19Y3NreJ2aWd3b/+gfHjU0lGiGDZZJCLV8alGwSU2DTcCO7FCGvoC2/7kNvPbT6g0j+SDmcbYD+lI8oAzaqz02AupGftBymaDcsWtunOQVeLlpAI5GoPyV28YsSREaZigWnc9Nzb9lCrDmcBZqZdojCmb0BF2LZU0RN1P54ln5MwqQxJEyj5pyFz9vZHSUOtp6NvJLKFe9jLxP6+bmOC6n3IZJwYlW3wUJIKYiGTnkyFXyIyYWkKZ4jYrYWOqKDO2pJItwVs+eZW0LqperVq7v6zUb/I6inACp3AOHlxBHe6gAU1gIOEZXuHN0c6L8+58LEYLTr5zDH/gfP4A4OKREg==</latexit>c
<latexit sha1_base64="SuVHntMNm20GqTcJ/A9jjLqdc5o="></latexit>

s = q|k 2 R|x|⇥|x|
<latexit sha1_base64="2K7uMDdLYod1RQHCfG56vmmuTzg=">AAACG3icbVDLSgNBEJyN7/iKevQyGIR4CbtBohdB9OJRwWggG0LvZDYZMrO7zPRKwrL/4cVf8eJBEU+CB//GyePgq2Cgpqqb7q4gkcKg6346hbn5hcWl5ZXi6tr6xmZpa/vGxKlmvMFiGetmAIZLEfEGCpS8mWgOKpD8Nhicj/3bO66NiKNrHCW8raAXiVAwQCt1SjUfZNIHekJ95EPMTByigmHeyab/rlD5iZdXfAXYD8LM5AedUtmtuhPQv8SbkTKZ4bJTeve7MUsVj5BJMKbluQm2M9AomOR50U8NT4ANoMdblkaguGlnk9tyum+VLg1jbV+EdKJ+78hAGTNSga0cr2h+e2PxP6+VYnjczkSUpMgjNh0UppJiTMdB0a7QnKEcWQJMC7srZX3QwNDGWbQheL9P/ktualWvXq1fHZZPz2ZxLJNdskcqxCNH5JRckEvSIIzck0fyTF6cB+fJeXXepqUFZ9azQ37A+fgCX/SiRg==</latexit>

↵ = softmaxdim=1(s)
<latexit sha1_base64="GG2ZxcEgx/ePIbY6UytzMhw191U=">AAACKHicbVBLSwMxGMzWV62vVY9egkXwVHZFqnixqAdPUsE+oNuWbJq2odnskmTFku7P8eJf8SKiSK/+ErNtD9o6EBjm+ybJjB8xKpXjjK3M0vLK6lp2PbexubW9Y+/uVWUYC0wqOGShqPtIEkY5qSiqGKlHgqDAZ6TmD67Tee2RCElD/qCGEWkGqMdpl2KkjNS2Lz3Koae9G8IUamkvQKrv+/ouaWv3YuSFxpterZ+SUZJ4SUvPaW077xScCeAicWckD2Yot+13rxPiOCBcYYakbLhOpJoaCUUxI0nOiyWJEB6gHmkYylFAZFNPgibwyCgd2A2FOVzBifrboVEg5TDwzWYaRM7PUvG/WSNW3fOmpjyKFeF4+lA3ZlCFMG0NdqggWLGhIQgLav4KcR8JhJXpNmdKcOcjL5LqScEtFor3p/nS1ayOLDgAh+AYuOAMlMAtKIMKwOAZvIIP8Gm9WG/WlzWermasmWcf/IH1/QNE46lD</latexit>

2 {�N1:|x|}|x|

<latexit sha1_base64="0Juwjhp/rBgaj6WiKfsZphQYhiU=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy0emDgcM693DMnSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT29zvPnJtRKwecJbwQUTHSoSCUbSS70cUJ0GYsflQDqs1t+4uQP4SryA1KNAaVj/9UczSiCtkkhrT99wEBxnVKJjk84qfGp5QNqVj3rdU0YibQbbIPCdnVhmRMNb2KSQL9edGRiNjZlFgJ/OMZtXLxf+8forh9SATKkmRK7Y8FKaSYEzyAshIaM5QziyhTAublbAJ1ZShraliS/BWv/yXdC7qXqPeuL+sNW+KOspwAqdwDh5cQRPuoAVtYJDAE7zAq5M6z86b874cLTnFzjH8gvPxDWdLkfE=</latexit>cl

<latexit sha1_base64="0OcmP40WUltJj5Vq2SYXYkgR9ao="></latexit>

hl = W (l)
2 ReLU(W (l)

1 )cl + b(l)1 ) + b(l)2

<latexit sha1_base64="8vQMXyFMSq+QVpQro/GwQqTHxX0=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBR6qYkItWNUHQjuKlgL9DGMJlO2qGTSZiZCCXkDdz4Km5cKOLWrTvfxkkbQVsPDHz8/znMOb8XMSqVZX0ZhYXFpeWV4mppbX1jc8vc3mnJMBaYNHHIQtHxkCSMctJUVDHSiQRBgcdI2xtdZn77nghJQ36rxhFxAjTg1KcYKS255mEvQGro+ckovUsq7CiF5/B6Sj/OMHWZa5atqjUpOA92DmWQV8M1P3v9EMcB4QozJGXXtiLlJEgoihlJS71YkgjhERqQrkaOAiKdZHJPCg+00od+KPTjCk7U3xMJCqQcB57uzHaUs14m/ud1Y+WfOQnlUawIx9OP/JhBFcIsHNingmDFxhoQFlTvCvEQCYSVjrCkQ7BnT56H1nHVrlVrNyfl+kUeRxHsgX1QATY4BXVwBRqgCTB4AE/gBbwaj8az8Wa8T1sLRj6zC/6U8fENaPucSg==</latexit>

k(l) = K(l)hl
<latexit sha1_base64="Kg7JDDOEda93wpXtdljx1Fo4FDM=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBR6qYkItWNUHTjsoK9QBvDZDpph04mYWZSKCFv4MZXceNCEbdu3fk2TtoI2npg4OP/z2HO+b2IUaks68soLC2vrK4V10sbm1vbO+buXkuGscCkiUMWio6HJGGUk6aiipFOJAgKPEba3ug689tjIiQN+Z2aRMQJ0IBTn2KktOSax70AqaHnJ+P0PqmwkxRewtaMfpxh6jLXLFtVa1pwEewcyiCvhmt+9vohjgPCFWZIyq5tRcpJkFAUM5KWerEkEcIjNCBdjRwFRDrJ9J4UHmmlD/1Q6McVnKq/JxIUSDkJPN2Z7SjnvUz8z+vGyr9wEsqjWBGOZx/5MYMqhFk4sE8FwYpNNCAsqN4V4iESCCsdYUmHYM+fvAit06pdq9Zuz8r1qzyOIjgAh6ACbHAO6uAGNEATYPAAnsALeDUejWfjzXiftRaMfGYf/Cnj4xuMWJxg</latexit>

v(l) = V (l)hl
<latexit sha1_base64="P5C/B77Jsqh4PaEBiy6fL5NIkwI=">AAACD3icbZDLSsNAFIYnXmu9RV26GSxK3ZREpLoRim5ctmAv0MYwmU7aoZNJnJkIJeQN3Pgqblwo4tatO9/GSRtBWw8MfPz/Ocw5vxcxKpVlfRkLi0vLK6uFteL6xubWtrmz25JhLDBp4pCFouMhSRjlpKmoYqQTCYICj5G2N7rK/PY9EZKG/EaNI+IEaMCpTzFSWnLNo16A1NDzk7v0Nimz4xRewMaUfpxh6jLXLFkVa1JwHuwcSiCvumt+9vohjgPCFWZIyq5tRcpJkFAUM5IWe7EkEcIjNCBdjRwFRDrJ5J4UHmqlD/1Q6McVnKi/JxIUSDkOPN2Z7ShnvUz8z+vGyj93EsqjWBGOpx/5MYMqhFk4sE8FwYqNNSAsqN4V4iESCCsdYVGHYM+ePA+tk4pdrVQbp6XaZR5HAeyDA1AGNjgDNXAN6qAJMHgAT+AFvBqPxrPxZrxPWxeMfGYP/Cnj4xt8RZxW</latexit>

q(l) = Q(l)hl

<latexit sha1_base64="13GouMMvgcAi3SSsaPvJz7Vg6Kw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0Wpm5KIVDdC0Y3LCvYBTSyT6aQdOpmEmUmhhPyBG3/FjQtF3Lp15984aSNo64ELh3Pu5d57vIhRqSzryygsLa+srhXXSxubW9s75u5eS4axwKSJQxaKjockYZSTpqKKkU4kCAo8Rtre6Drz22MiJA35nZpExA3QgFOfYqS01DOPnQCpoecnOO0xeAkdxKIhgj/qOL1PKuwk7Zllq2pNAReJnZMyyNHomZ9OP8RxQLjCDEnZta1IuQkSimJG0pITSxIhPEID0tWUo4BIN5n+k8IjrfShHwpdXMGp+nsiQYGUk8DTndmdct7LxP+8bqz8CzehPIoV4Xi2yI8ZVCHMwoF9KghWbKIJwoLqWyEeIoGw0hGWdAj2/MuLpHVatWvV2u1ZuX6Vx1EEB+AQVIANzkEd3IAGaAIMHsATeAGvxqPxbLwZ77PWgpHP7IM/MD6+Aa6+nHQ=</latexit>

cl = ↵v(l)

x L layers


