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<latexit sha1_base64="tGtealvxSNwo4ymJdULrgIQ7HSs=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBZBEEoiguKq4KbLCvYBbSiT6aQdOpmEmYm0hPyKGxeKuPVH3Pk3TtostPXAwOGce7lnjh9zprTjfFuljc2t7Z3ybmVv/+DwyD6udlSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT+9zv/tEpWKReNTzmHohHgsWMIK1kYZ2dRBiPfGDdJYNU3bHLt1saNecurMAWiduQWpQoDW0vwajiCQhFZpwrFTfdWLtpVhqRjjNKoNE0RiTKR7TvqECh1R56SJ7hs6NMkJBJM0TGi3U3xspDpWah76ZzJOqVS8X//P6iQ5uvZSJONFUkOWhIOFIRygvAo2YpETzuSGYSGayIjLBEhNt6qqYEtzVL6+TzlXdderuw3Wt0SzqKMMpnMEFuHADDWhCC9pAYAbP8ApvVma9WO/Wx3K0ZBU7J/AH1ucP9PmUYg==</latexit><latexit sha1_base64="tGtealvxSNwo4ymJdULrgIQ7HSs=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBZBEEoiguKq4KbLCvYBbSiT6aQdOpmEmYm0hPyKGxeKuPVH3Pk3TtostPXAwOGce7lnjh9zprTjfFuljc2t7Z3ybmVv/+DwyD6udlSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT+9zv/tEpWKReNTzmHohHgsWMIK1kYZ2dRBiPfGDdJYNU3bHLt1saNecurMAWiduQWpQoDW0vwajiCQhFZpwrFTfdWLtpVhqRjjNKoNE0RiTKR7TvqECh1R56SJ7hs6NMkJBJM0TGi3U3xspDpWah76ZzJOqVS8X//P6iQ5uvZSJONFUkOWhIOFIRygvAo2YpETzuSGYSGayIjLBEhNt6qqYEtzVL6+TzlXdderuw3Wt0SzqKMMpnMEFuHADDWhCC9pAYAbP8ApvVma9WO/Wx3K0ZBU7J/AH1ucP9PmUYg==</latexit><latexit sha1_base64="tGtealvxSNwo4ymJdULrgIQ7HSs=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBZBEEoiguKq4KbLCvYBbSiT6aQdOpmEmYm0hPyKGxeKuPVH3Pk3TtostPXAwOGce7lnjh9zprTjfFuljc2t7Z3ybmVv/+DwyD6udlSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT+9zv/tEpWKReNTzmHohHgsWMIK1kYZ2dRBiPfGDdJYNU3bHLt1saNecurMAWiduQWpQoDW0vwajiCQhFZpwrFTfdWLtpVhqRjjNKoNE0RiTKR7TvqECh1R56SJ7hs6NMkJBJM0TGi3U3xspDpWah76ZzJOqVS8X//P6iQ5uvZSJONFUkOWhIOFIRygvAo2YpETzuSGYSGayIjLBEhNt6qqYEtzVL6+TzlXdderuw3Wt0SzqKMMpnMEFuHADDWhCC9pAYAbP8ApvVma9WO/Wx3K0ZBU7J/AH1ucP9PmUYg==</latexit><latexit sha1_base64="tGtealvxSNwo4ymJdULrgIQ7HSs=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBZBEEoiguKq4KbLCvYBbSiT6aQdOpmEmYm0hPyKGxeKuPVH3Pk3TtostPXAwOGce7lnjh9zprTjfFuljc2t7Z3ybmVv/+DwyD6udlSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT+9zv/tEpWKReNTzmHohHgsWMIK1kYZ2dRBiPfGDdJYNU3bHLt1saNecurMAWiduQWpQoDW0vwajiCQhFZpwrFTfdWLtpVhqRjjNKoNE0RiTKR7TvqECh1R56SJ7hs6NMkJBJM0TGi3U3xspDpWah76ZzJOqVS8X//P6iQ5uvZSJONFUkOWhIOFIRygvAo2YpETzuSGYSGayIjLBEhNt6qqYEtzVL6+TzlXdderuw3Wt0SzqKMMpnMEFuHADDWhCC9pAYAbP8ApvVma9WO/Wx3K0ZBU7J/AH1ucP9PmUYg==</latexit>

wj
<latexit sha1_base64="s6yAE/d+KtYBqpN670dzeULsQRA=">AAAB9XicbVDLSgMxFL3xWeur6tJNsAiuyowIuiy46bKCfUA7lkyaaWMzmSHJWMow/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7snxY8G1cZxvtLa+sbm1Xdop7+7tHxxWjo7bOkoUZS0aiUh1faKZ4JK1DDeCdWPFSOgL1vEnt7nfeWJK80jem1nMvJCMJA84JcZKD/2QmLEfpNNskD5mg0rVqTlz4FXiFqQKBZqDyld/GNEkZNJQQbTuuU5svJQow6lgWbmfaBYTOiEj1rNUkpBpL52nzvC5VYY4iJR90uC5+nsjJaHWs9C3k3lKvezl4n9eLzHBjZdyGSeGSbo4FCQCmwjnFeAhV4waMbOEUMVtVkzHRBFqbFFlW4K7/OVV0r6suU7Nvbuq1htFHSU4hTO4ABeuoQ4NaEILKCh4hld4Q1P0gt7Rx2J0DRU7J/AH6PMHTZeTCg==</latexit><latexit sha1_base64="s6yAE/d+KtYBqpN670dzeULsQRA=">AAAB9XicbVDLSgMxFL3xWeur6tJNsAiuyowIuiy46bKCfUA7lkyaaWMzmSHJWMow/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7snxY8G1cZxvtLa+sbm1Xdop7+7tHxxWjo7bOkoUZS0aiUh1faKZ4JK1DDeCdWPFSOgL1vEnt7nfeWJK80jem1nMvJCMJA84JcZKD/2QmLEfpNNskD5mg0rVqTlz4FXiFqQKBZqDyld/GNEkZNJQQbTuuU5svJQow6lgWbmfaBYTOiEj1rNUkpBpL52nzvC5VYY4iJR90uC5+nsjJaHWs9C3k3lKvezl4n9eLzHBjZdyGSeGSbo4FCQCmwjnFeAhV4waMbOEUMVtVkzHRBFqbFFlW4K7/OVV0r6suU7Nvbuq1htFHSU4hTO4ABeuoQ4NaEILKCh4hld4Q1P0gt7Rx2J0DRU7J/AH6PMHTZeTCg==</latexit><latexit sha1_base64="s6yAE/d+KtYBqpN670dzeULsQRA=">AAAB9XicbVDLSgMxFL3xWeur6tJNsAiuyowIuiy46bKCfUA7lkyaaWMzmSHJWMow/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7snxY8G1cZxvtLa+sbm1Xdop7+7tHxxWjo7bOkoUZS0aiUh1faKZ4JK1DDeCdWPFSOgL1vEnt7nfeWJK80jem1nMvJCMJA84JcZKD/2QmLEfpNNskD5mg0rVqTlz4FXiFqQKBZqDyld/GNEkZNJQQbTuuU5svJQow6lgWbmfaBYTOiEj1rNUkpBpL52nzvC5VYY4iJR90uC5+nsjJaHWs9C3k3lKvezl4n9eLzHBjZdyGSeGSbo4FCQCmwjnFeAhV4waMbOEUMVtVkzHRBFqbFFlW4K7/OVV0r6suU7Nvbuq1htFHSU4hTO4ABeuoQ4NaEILKCh4hld4Q1P0gt7Rx2J0DRU7J/AH6PMHTZeTCg==</latexit><latexit sha1_base64="s6yAE/d+KtYBqpN670dzeULsQRA=">AAAB9XicbVDLSgMxFL3xWeur6tJNsAiuyowIuiy46bKCfUA7lkyaaWMzmSHJWMow/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7snxY8G1cZxvtLa+sbm1Xdop7+7tHxxWjo7bOkoUZS0aiUh1faKZ4JK1DDeCdWPFSOgL1vEnt7nfeWJK80jem1nMvJCMJA84JcZKD/2QmLEfpNNskD5mg0rVqTlz4FXiFqQKBZqDyld/GNEkZNJQQbTuuU5svJQow6lgWbmfaBYTOiEj1rNUkpBpL52nzvC5VYY4iJR90uC5+nsjJaHWs9C3k3lKvezl4n9eLzHBjZdyGSeGSbo4FCQCmwjnFeAhV4waMbOEUMVtVkzHRBFqbFFlW4K7/OVV0r6suU7Nvbuq1htFHSU4hTO4ABeuoQ4NaEILKCh4hld4Q1P0gt7Rx2J0DRU7J/AH6PMHTZeTCg==</latexit>

ci,j = f(wjxi:i+1 + bj)
<latexit sha1_base64="WzLQmjNuQ8hg4e8VCGSANrcmdCQ=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0WoVEqigiIIBTddVrAPaEOYTCfttJMHMxO1hHyIG3/FjQtF3LgQ/BsnbQRtPTBw7jn3MvceJ2RUSMP40nILi0vLK/nVwtr6xuaWvr3TFEHEMWnggAW87SBBGPVJQ1LJSDvkBHkOIy1ndJX6rVvCBQ38GzkOieWhvk9dipFUkq2fYDumR8MEXkK31PWQHDhufJfY8TD5qe5VRS9o2UxgGTr28NDWi0bFmADOEzMjRZChbusf3V6AI4/4EjMkRMc0QmnFiEuKGUkK3UiQEOER6pOOoj7yiLDiyXEJPFBKD7oBV8+XcKL+noiRJ8TYc1RnurCY9VLxP68TSffciqkfRpL4ePqRGzEoA5gmBXuUEyzZWBGEOVW7QjxAHGGp8iyoEMzZk+dJ87hiGhXz+rRYrWVx5MEe2AclYIIzUAU1UAcNgMEDeAIv4FV71J61N+192prTspld8Afa5zfO96Et</latexit><latexit sha1_base64="WzLQmjNuQ8hg4e8VCGSANrcmdCQ=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0WoVEqigiIIBTddVrAPaEOYTCfttJMHMxO1hHyIG3/FjQtF3LgQ/BsnbQRtPTBw7jn3MvceJ2RUSMP40nILi0vLK/nVwtr6xuaWvr3TFEHEMWnggAW87SBBGPVJQ1LJSDvkBHkOIy1ndJX6rVvCBQ38GzkOieWhvk9dipFUkq2fYDumR8MEXkK31PWQHDhufJfY8TD5qe5VRS9o2UxgGTr28NDWi0bFmADOEzMjRZChbusf3V6AI4/4EjMkRMc0QmnFiEuKGUkK3UiQEOER6pOOoj7yiLDiyXEJPFBKD7oBV8+XcKL+noiRJ8TYc1RnurCY9VLxP68TSffciqkfRpL4ePqRGzEoA5gmBXuUEyzZWBGEOVW7QjxAHGGp8iyoEMzZk+dJ87hiGhXz+rRYrWVx5MEe2AclYIIzUAU1UAcNgMEDeAIv4FV71J61N+192prTspld8Afa5zfO96Et</latexit><latexit sha1_base64="WzLQmjNuQ8hg4e8VCGSANrcmdCQ=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0WoVEqigiIIBTddVrAPaEOYTCfttJMHMxO1hHyIG3/FjQtF3LgQ/BsnbQRtPTBw7jn3MvceJ2RUSMP40nILi0vLK/nVwtr6xuaWvr3TFEHEMWnggAW87SBBGPVJQ1LJSDvkBHkOIy1ndJX6rVvCBQ38GzkOieWhvk9dipFUkq2fYDumR8MEXkK31PWQHDhufJfY8TD5qe5VRS9o2UxgGTr28NDWi0bFmADOEzMjRZChbusf3V6AI4/4EjMkRMc0QmnFiEuKGUkK3UiQEOER6pOOoj7yiLDiyXEJPFBKD7oBV8+XcKL+noiRJ8TYc1RnurCY9VLxP68TSffciqkfRpL4ePqRGzEoA5gmBXuUEyzZWBGEOVW7QjxAHGGp8iyoEMzZk+dJ87hiGhXz+rRYrWVx5MEe2AclYIIzUAU1UAcNgMEDeAIv4FV71J61N+192prTspld8Afa5zfO96Et</latexit><latexit sha1_base64="WzLQmjNuQ8hg4e8VCGSANrcmdCQ=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0WoVEqigiIIBTddVrAPaEOYTCfttJMHMxO1hHyIG3/FjQtF3LgQ/BsnbQRtPTBw7jn3MvceJ2RUSMP40nILi0vLK/nVwtr6xuaWvr3TFEHEMWnggAW87SBBGPVJQ1LJSDvkBHkOIy1ndJX6rVvCBQ38GzkOieWhvk9dipFUkq2fYDumR8MEXkK31PWQHDhufJfY8TD5qe5VRS9o2UxgGTr28NDWi0bFmADOEzMjRZChbusf3V6AI4/4EjMkRMc0QmnFiEuKGUkK3UiQEOER6pOOoj7yiLDiyXEJPFBKD7oBV8+XcKL+noiRJ8TYc1RnurCY9VLxP68TSffciqkfRpL4ePqRGzEoA5gmBXuUEyzZWBGEOVW7QjxAHGGp8iyoEMzZk+dJ87hiGhXz+rRYrWVx5MEe2AclYIIzUAU1UAcNgMEDeAIv4FV71J61N+192prTspld8Afa5zfO96Et</latexit>

=

‣ Limit	high-order	filters

‣ composi'onality

‣ long-term	deps.



Linear	convolu'on	filters

�3
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⇥<latexit sha1_base64="31WJ/8W8XVpyRSjAMQ1QIt37vXQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAlxwjmAckS5idzCZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlEph0fe/vcLG5tb2TnG3tLd/cHhUPj5pWZ0ZxptMS206EbVcCsWbKFDyTmo4TSLJ29H4bu63n7ixQqsHnKQ8TOhQiVgwik5q9VAk3PbLFb/qL0DWSZCTCuRo9MtfvYFmWcIVMkmt7QZ+iuGUGhRM8lmpl1meUjamQ951VFG3JJwurp2RC6cMSKyNK4Vkof6emNLE2kkSuc6E4siuenPxP6+bYXwbToVKM+SKLRfFmSSoyfx1MhCGM5QTRygzwt1K2IgaytAFVHIhBKsvr5PWVTXwq8H9daVWz+MowhmcwyUEcAM1qEMDmsDgEZ7hFd487b14797HsrXg5TOn8Afe5w+3+Y86</latexit><latexit sha1_base64="31WJ/8W8XVpyRSjAMQ1QIt37vXQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAlxwjmAckS5idzCZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlEph0fe/vcLG5tb2TnG3tLd/cHhUPj5pWZ0ZxptMS206EbVcCsWbKFDyTmo4TSLJ29H4bu63n7ixQqsHnKQ8TOhQiVgwik5q9VAk3PbLFb/qL0DWSZCTCuRo9MtfvYFmWcIVMkmt7QZ+iuGUGhRM8lmpl1meUjamQ951VFG3JJwurp2RC6cMSKyNK4Vkof6emNLE2kkSuc6E4siuenPxP6+bYXwbToVKM+SKLRfFmSSoyfx1MhCGM5QTRygzwt1K2IgaytAFVHIhBKsvr5PWVTXwq8H9daVWz+MowhmcwyUEcAM1qEMDmsDgEZ7hFd487b14797HsrXg5TOn8Afe5w+3+Y86</latexit><latexit sha1_base64="31WJ/8W8XVpyRSjAMQ1QIt37vXQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAlxwjmAckS5idzCZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlEph0fe/vcLG5tb2TnG3tLd/cHhUPj5pWZ0ZxptMS206EbVcCsWbKFDyTmo4TSLJ29H4bu63n7ixQqsHnKQ8TOhQiVgwik5q9VAk3PbLFb/qL0DWSZCTCuRo9MtfvYFmWcIVMkmt7QZ+iuGUGhRM8lmpl1meUjamQ951VFG3JJwurp2RC6cMSKyNK4Vkof6emNLE2kkSuc6E4siuenPxP6+bYXwbToVKM+SKLRfFmSSoyfx1MhCGM5QTRygzwt1K2IgaytAFVHIhBKsvr5PWVTXwq8H9daVWz+MowhmcwyUEcAM1qEMDmsDgEZ7hFd487b14797HsrXg5TOn8Afe5w+3+Y86</latexit><latexit sha1_base64="31WJ/8W8XVpyRSjAMQ1QIt37vXQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAlxwjmAckS5idzCZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlEph0fe/vcLG5tb2TnG3tLd/cHhUPj5pWZ0ZxptMS206EbVcCsWbKFDyTmo4TSLJ29H4bu63n7ixQqsHnKQ8TOhQiVgwik5q9VAk3PbLFb/qL0DWSZCTCuRo9MtfvYFmWcIVMkmt7QZ+iuGUGhRM8lmpl1meUjamQ951VFG3JJwurp2RC6cMSKyNK4Vkof6emNLE2kkSuc6E4siuenPxP6+bYXwbToVKM+SKLRfFmSSoyfx1MhCGM5QTRygzwt1K2IgaytAFVHIhBKsvr5PWVTXwq8H9daVWz+MowhmcwyUEcAM1qEMDmsDgEZ7hFd487b14797HsrXg5TOn8Afe5w+3+Y86</latexit>

xi:i+1
<latexit sha1_base64="tGtealvxSNwo4ymJdULrgIQ7HSs=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBZBEEoiguKq4KbLCvYBbSiT6aQdOpmEmYm0hPyKGxeKuPVH3Pk3TtostPXAwOGce7lnjh9zprTjfFuljc2t7Z3ybmVv/+DwyD6udlSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT+9zv/tEpWKReNTzmHohHgsWMIK1kYZ2dRBiPfGDdJYNU3bHLt1saNecurMAWiduQWpQoDW0vwajiCQhFZpwrFTfdWLtpVhqRjjNKoNE0RiTKR7TvqECh1R56SJ7hs6NMkJBJM0TGi3U3xspDpWah76ZzJOqVS8X//P6iQ5uvZSJONFUkOWhIOFIRygvAo2YpETzuSGYSGayIjLBEhNt6qqYEtzVL6+TzlXdderuw3Wt0SzqKMMpnMEFuHADDWhCC9pAYAbP8ApvVma9WO/Wx3K0ZBU7J/AH1ucP9PmUYg==</latexit><latexit sha1_base64="tGtealvxSNwo4ymJdULrgIQ7HSs=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBZBEEoiguKq4KbLCvYBbSiT6aQdOpmEmYm0hPyKGxeKuPVH3Pk3TtostPXAwOGce7lnjh9zprTjfFuljc2t7Z3ybmVv/+DwyD6udlSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT+9zv/tEpWKReNTzmHohHgsWMIK1kYZ2dRBiPfGDdJYNU3bHLt1saNecurMAWiduQWpQoDW0vwajiCQhFZpwrFTfdWLtpVhqRjjNKoNE0RiTKR7TvqECh1R56SJ7hs6NMkJBJM0TGi3U3xspDpWah76ZzJOqVS8X//P6iQ5uvZSJONFUkOWhIOFIRygvAo2YpETzuSGYSGayIjLBEhNt6qqYEtzVL6+TzlXdderuw3Wt0SzqKMMpnMEFuHADDWhCC9pAYAbP8ApvVma9WO/Wx3K0ZBU7J/AH1ucP9PmUYg==</latexit><latexit sha1_base64="tGtealvxSNwo4ymJdULrgIQ7HSs=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBZBEEoiguKq4KbLCvYBbSiT6aQdOpmEmYm0hPyKGxeKuPVH3Pk3TtostPXAwOGce7lnjh9zprTjfFuljc2t7Z3ybmVv/+DwyD6udlSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT+9zv/tEpWKReNTzmHohHgsWMIK1kYZ2dRBiPfGDdJYNU3bHLt1saNecurMAWiduQWpQoDW0vwajiCQhFZpwrFTfdWLtpVhqRjjNKoNE0RiTKR7TvqECh1R56SJ7hs6NMkJBJM0TGi3U3xspDpWah76ZzJOqVS8X//P6iQ5uvZSJONFUkOWhIOFIRygvAo2YpETzuSGYSGayIjLBEhNt6qqYEtzVL6+TzlXdderuw3Wt0SzqKMMpnMEFuHADDWhCC9pAYAbP8ApvVma9WO/Wx3K0ZBU7J/AH1ucP9PmUYg==</latexit><latexit sha1_base64="tGtealvxSNwo4ymJdULrgIQ7HSs=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBZBEEoiguKq4KbLCvYBbSiT6aQdOpmEmYm0hPyKGxeKuPVH3Pk3TtostPXAwOGce7lnjh9zprTjfFuljc2t7Z3ybmVv/+DwyD6udlSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT+9zv/tEpWKReNTzmHohHgsWMIK1kYZ2dRBiPfGDdJYNU3bHLt1saNecurMAWiduQWpQoDW0vwajiCQhFZpwrFTfdWLtpVhqRjjNKoNE0RiTKR7TvqECh1R56SJ7hs6NMkJBJM0TGi3U3xspDpWah76ZzJOqVS8X//P6iQ5uvZSJONFUkOWhIOFIRygvAo2YpETzuSGYSGayIjLBEhNt6qqYEtzVL6+TzlXdderuw3Wt0SzqKMMpnMEFuHADDWhCC9pAYAbP8ApvVma9WO/Wx3K0ZBU7J/AH1ucP9PmUYg==</latexit>

wj
<latexit sha1_base64="s6yAE/d+KtYBqpN670dzeULsQRA=">AAAB9XicbVDLSgMxFL3xWeur6tJNsAiuyowIuiy46bKCfUA7lkyaaWMzmSHJWMow/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7snxY8G1cZxvtLa+sbm1Xdop7+7tHxxWjo7bOkoUZS0aiUh1faKZ4JK1DDeCdWPFSOgL1vEnt7nfeWJK80jem1nMvJCMJA84JcZKD/2QmLEfpNNskD5mg0rVqTlz4FXiFqQKBZqDyld/GNEkZNJQQbTuuU5svJQow6lgWbmfaBYTOiEj1rNUkpBpL52nzvC5VYY4iJR90uC5+nsjJaHWs9C3k3lKvezl4n9eLzHBjZdyGSeGSbo4FCQCmwjnFeAhV4waMbOEUMVtVkzHRBFqbFFlW4K7/OVV0r6suU7Nvbuq1htFHSU4hTO4ABeuoQ4NaEILKCh4hld4Q1P0gt7Rx2J0DRU7J/AH6PMHTZeTCg==</latexit><latexit sha1_base64="s6yAE/d+KtYBqpN670dzeULsQRA=">AAAB9XicbVDLSgMxFL3xWeur6tJNsAiuyowIuiy46bKCfUA7lkyaaWMzmSHJWMow/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7snxY8G1cZxvtLa+sbm1Xdop7+7tHxxWjo7bOkoUZS0aiUh1faKZ4JK1DDeCdWPFSOgL1vEnt7nfeWJK80jem1nMvJCMJA84JcZKD/2QmLEfpNNskD5mg0rVqTlz4FXiFqQKBZqDyld/GNEkZNJQQbTuuU5svJQow6lgWbmfaBYTOiEj1rNUkpBpL52nzvC5VYY4iJR90uC5+nsjJaHWs9C3k3lKvezl4n9eLzHBjZdyGSeGSbo4FCQCmwjnFeAhV4waMbOEUMVtVkzHRBFqbFFlW4K7/OVV0r6suU7Nvbuq1htFHSU4hTO4ABeuoQ4NaEILKCh4hld4Q1P0gt7Rx2J0DRU7J/AH6PMHTZeTCg==</latexit><latexit sha1_base64="s6yAE/d+KtYBqpN670dzeULsQRA=">AAAB9XicbVDLSgMxFL3xWeur6tJNsAiuyowIuiy46bKCfUA7lkyaaWMzmSHJWMow/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7snxY8G1cZxvtLa+sbm1Xdop7+7tHxxWjo7bOkoUZS0aiUh1faKZ4JK1DDeCdWPFSOgL1vEnt7nfeWJK80jem1nMvJCMJA84JcZKD/2QmLEfpNNskD5mg0rVqTlz4FXiFqQKBZqDyld/GNEkZNJQQbTuuU5svJQow6lgWbmfaBYTOiEj1rNUkpBpL52nzvC5VYY4iJR90uC5+nsjJaHWs9C3k3lKvezl4n9eLzHBjZdyGSeGSbo4FCQCmwjnFeAhV4waMbOEUMVtVkzHRBFqbFFlW4K7/OVV0r6suU7Nvbuq1htFHSU4hTO4ABeuoQ4NaEILKCh4hld4Q1P0gt7Rx2J0DRU7J/AH6PMHTZeTCg==</latexit><latexit sha1_base64="s6yAE/d+KtYBqpN670dzeULsQRA=">AAAB9XicbVDLSgMxFL3xWeur6tJNsAiuyowIuiy46bKCfUA7lkyaaWMzmSHJWMow/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7snxY8G1cZxvtLa+sbm1Xdop7+7tHxxWjo7bOkoUZS0aiUh1faKZ4JK1DDeCdWPFSOgL1vEnt7nfeWJK80jem1nMvJCMJA84JcZKD/2QmLEfpNNskD5mg0rVqTlz4FXiFqQKBZqDyld/GNEkZNJQQbTuuU5svJQow6lgWbmfaBYTOiEj1rNUkpBpL52nzvC5VYY4iJR90uC5+nsjJaHWs9C3k3lKvezl4n9eLzHBjZdyGSeGSbo4FCQCmwjnFeAhV4waMbOEUMVtVkzHRBFqbFFlW4K7/OVV0r6suU7Nvbuq1htFHSU4hTO4ABeuoQ4NaEILKCh4hld4Q1P0gt7Rx2J0DRU7J/AH6PMHTZeTCg==</latexit>

ci,j = f(wjxi:i+1 + bj)
<latexit sha1_base64="WzLQmjNuQ8hg4e8VCGSANrcmdCQ=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0WoVEqigiIIBTddVrAPaEOYTCfttJMHMxO1hHyIG3/FjQtF3LgQ/BsnbQRtPTBw7jn3MvceJ2RUSMP40nILi0vLK/nVwtr6xuaWvr3TFEHEMWnggAW87SBBGPVJQ1LJSDvkBHkOIy1ndJX6rVvCBQ38GzkOieWhvk9dipFUkq2fYDumR8MEXkK31PWQHDhufJfY8TD5qe5VRS9o2UxgGTr28NDWi0bFmADOEzMjRZChbusf3V6AI4/4EjMkRMc0QmnFiEuKGUkK3UiQEOER6pOOoj7yiLDiyXEJPFBKD7oBV8+XcKL+noiRJ8TYc1RnurCY9VLxP68TSffciqkfRpL4ePqRGzEoA5gmBXuUEyzZWBGEOVW7QjxAHGGp8iyoEMzZk+dJ87hiGhXz+rRYrWVx5MEe2AclYIIzUAU1UAcNgMEDeAIv4FV71J61N+192prTspld8Afa5zfO96Et</latexit><latexit sha1_base64="WzLQmjNuQ8hg4e8VCGSANrcmdCQ=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0WoVEqigiIIBTddVrAPaEOYTCfttJMHMxO1hHyIG3/FjQtF3LgQ/BsnbQRtPTBw7jn3MvceJ2RUSMP40nILi0vLK/nVwtr6xuaWvr3TFEHEMWnggAW87SBBGPVJQ1LJSDvkBHkOIy1ndJX6rVvCBQ38GzkOieWhvk9dipFUkq2fYDumR8MEXkK31PWQHDhufJfY8TD5qe5VRS9o2UxgGTr28NDWi0bFmADOEzMjRZChbusf3V6AI4/4EjMkRMc0QmnFiEuKGUkK3UiQEOER6pOOoj7yiLDiyXEJPFBKD7oBV8+XcKL+noiRJ8TYc1RnurCY9VLxP68TSffciqkfRpL4ePqRGzEoA5gmBXuUEyzZWBGEOVW7QjxAHGGp8iyoEMzZk+dJ87hiGhXz+rRYrWVx5MEe2AclYIIzUAU1UAcNgMEDeAIv4FV71J61N+192prTspld8Afa5zfO96Et</latexit><latexit sha1_base64="WzLQmjNuQ8hg4e8VCGSANrcmdCQ=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0WoVEqigiIIBTddVrAPaEOYTCfttJMHMxO1hHyIG3/FjQtF3LgQ/BsnbQRtPTBw7jn3MvceJ2RUSMP40nILi0vLK/nVwtr6xuaWvr3TFEHEMWnggAW87SBBGPVJQ1LJSDvkBHkOIy1ndJX6rVvCBQ38GzkOieWhvk9dipFUkq2fYDumR8MEXkK31PWQHDhufJfY8TD5qe5VRS9o2UxgGTr28NDWi0bFmADOEzMjRZChbusf3V6AI4/4EjMkRMc0QmnFiEuKGUkK3UiQEOER6pOOoj7yiLDiyXEJPFBKD7oBV8+XcKL+noiRJ8TYc1RnurCY9VLxP68TSffciqkfRpL4ePqRGzEoA5gmBXuUEyzZWBGEOVW7QjxAHGGp8iyoEMzZk+dJ87hiGhXz+rRYrWVx5MEe2AclYIIzUAU1UAcNgMEDeAIv4FV71J61N+192prTspld8Afa5zfO96Et</latexit><latexit sha1_base64="WzLQmjNuQ8hg4e8VCGSANrcmdCQ=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0WoVEqigiIIBTddVrAPaEOYTCfttJMHMxO1hHyIG3/FjQtF3LgQ/BsnbQRtPTBw7jn3MvceJ2RUSMP40nILi0vLK/nVwtr6xuaWvr3TFEHEMWnggAW87SBBGPVJQ1LJSDvkBHkOIy1ndJX6rVvCBQ38GzkOieWhvk9dipFUkq2fYDumR8MEXkK31PWQHDhufJfY8TD5qe5VRS9o2UxgGTr28NDWi0bFmADOEzMjRZChbusf3V6AI4/4EjMkRMc0QmnFiEuKGUkK3UiQEOER6pOOoj7yiLDiyXEJPFBKD7oBV8+XcKL+noiRJ8TYc1RnurCY9VLxP68TSffciqkfRpL4ePqRGzEoA5gmBXuUEyzZWBGEOVW7QjxAHGGp8iyoEMzZk+dJ87hiGhXz+rRYrWVx5MEe2AclYIIzUAU1UAcNgMEDeAIv4FV71J61N+192prTspld8Afa5zfO96Et</latexit>

=

‣ Limit	high-order	filters

‣ composi'onality

‣ long-term	deps.

‣ Filters	are	independent
‣ duplica'on



Local	label	consistency	ra'o

�4

Ra'o	of	m-grams	that	share	the	same	labels	as	the	original	sentences.

Socher	et	al.	(2013)
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xi:i+6
<latexit sha1_base64="Y1lQSZOX9nQgmw4kCfIXKFfhog8=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSIIQklEVFwV3HRZwT6gDWUynbRDJ5MwM5GWkF9x40IRt/6IO//GSZuFth4YOJxzL/fM8WPOlHacb2ttfWNza7u0U97d2z84tI8qbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k/vc7zxRqVgkHvUspl6IR4IFjGBtpIFd6YdYj/0gnWaDlN2xi+tsYFedmjMHWiVuQapQoDmwv/rDiCQhFZpwrFTPdWLtpVhqRjjNyv1E0RiTCR7RnqECh1R56Tx7hs6MMkRBJM0TGs3V3xspDpWahb6ZzJOqZS8X//N6iQ5uvZSJONFUkMWhIOFIRygvAg2ZpETzmSGYSGayIjLGEhNt6iqbEtzlL6+S9mXNNfzhqlpvFHWU4ARO4RxcuIE6NKAJLSAwhWd4hTcrs16sd+tjMbpmFTvH8AfW5w/8lJRn</latexit><latexit sha1_base64="Y1lQSZOX9nQgmw4kCfIXKFfhog8=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSIIQklEVFwV3HRZwT6gDWUynbRDJ5MwM5GWkF9x40IRt/6IO//GSZuFth4YOJxzL/fM8WPOlHacb2ttfWNza7u0U97d2z84tI8qbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k/vc7zxRqVgkHvUspl6IR4IFjGBtpIFd6YdYj/0gnWaDlN2xi+tsYFedmjMHWiVuQapQoDmwv/rDiCQhFZpwrFTPdWLtpVhqRjjNyv1E0RiTCR7RnqECh1R56Tx7hs6MMkRBJM0TGs3V3xspDpWahb6ZzJOqZS8X//N6iQ5uvZSJONFUkMWhIOFIRygvAg2ZpETzmSGYSGayIjLGEhNt6iqbEtzlL6+S9mXNNfzhqlpvFHWU4ARO4RxcuIE6NKAJLSAwhWd4hTcrs16sd+tjMbpmFTvH8AfW5w/8lJRn</latexit><latexit sha1_base64="Y1lQSZOX9nQgmw4kCfIXKFfhog8=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSIIQklEVFwV3HRZwT6gDWUynbRDJ5MwM5GWkF9x40IRt/6IO//GSZuFth4YOJxzL/fM8WPOlHacb2ttfWNza7u0U97d2z84tI8qbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k/vc7zxRqVgkHvUspl6IR4IFjGBtpIFd6YdYj/0gnWaDlN2xi+tsYFedmjMHWiVuQapQoDmwv/rDiCQhFZpwrFTPdWLtpVhqRjjNyv1E0RiTCR7RnqECh1R56Tx7hs6MMkRBJM0TGs3V3xspDpWahb6ZzJOqZS8X//N6iQ5uvZSJONFUkMWhIOFIRygvAg2ZpETzmSGYSGayIjLGEhNt6iqbEtzlL6+S9mXNNfzhqlpvFHWU4ARO4RxcuIE6NKAJLSAwhWd4hTcrs16sd+tjMbpmFTvH8AfW5w/8lJRn</latexit><latexit sha1_base64="Y1lQSZOX9nQgmw4kCfIXKFfhog8=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSIIQklEVFwV3HRZwT6gDWUynbRDJ5MwM5GWkF9x40IRt/6IO//GSZuFth4YOJxzL/fM8WPOlHacb2ttfWNza7u0U97d2z84tI8qbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k/vc7zxRqVgkHvUspl6IR4IFjGBtpIFd6YdYj/0gnWaDlN2xi+tsYFedmjMHWiVuQapQoDmwv/rDiCQhFZpwrFTPdWLtpVhqRjjNyv1E0RiTCR7RnqECh1R56Tx7hs6MMkRBJM0TGs3V3xspDpWahb6ZzJOqZS8X//N6iQ5uvZSJONFUkMWhIOFIRygvAg2ZpETzmSGYSGayIjLGEhNt6iqbEtzlL6+S9mXNNfzhqlpvFHWU4ARO4RxcuIE6NKAJLSAwhWd4hTcrs16sd+tjMbpmFTvH8AfW5w/8lJRn</latexit>
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xi:i+6
<latexit sha1_base64="Y1lQSZOX9nQgmw4kCfIXKFfhog8=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSIIQklEVFwV3HRZwT6gDWUynbRDJ5MwM5GWkF9x40IRt/6IO//GSZuFth4YOJxzL/fM8WPOlHacb2ttfWNza7u0U97d2z84tI8qbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k/vc7zxRqVgkHvUspl6IR4IFjGBtpIFd6YdYj/0gnWaDlN2xi+tsYFedmjMHWiVuQapQoDmwv/rDiCQhFZpwrFTPdWLtpVhqRjjNyv1E0RiTCR7RnqECh1R56Tx7hs6MMkRBJM0TGs3V3xspDpWahb6ZzJOqZS8X//N6iQ5uvZSJONFUkMWhIOFIRygvAg2ZpETzmSGYSGayIjLGEhNt6iqbEtzlL6+S9mXNNfzhqlpvFHWU4ARO4RxcuIE6NKAJLSAwhWd4hTcrs16sd+tjMbpmFTvH8AfW5w/8lJRn</latexit><latexit sha1_base64="Y1lQSZOX9nQgmw4kCfIXKFfhog8=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSIIQklEVFwV3HRZwT6gDWUynbRDJ5MwM5GWkF9x40IRt/6IO//GSZuFth4YOJxzL/fM8WPOlHacb2ttfWNza7u0U97d2z84tI8qbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k/vc7zxRqVgkHvUspl6IR4IFjGBtpIFd6YdYj/0gnWaDlN2xi+tsYFedmjMHWiVuQapQoDmwv/rDiCQhFZpwrFTPdWLtpVhqRjjNyv1E0RiTCR7RnqECh1R56Tx7hs6MMkRBJM0TGs3V3xspDpWahb6ZzJOqZS8X//N6iQ5uvZSJONFUkMWhIOFIRygvAg2ZpETzmSGYSGayIjLGEhNt6iqbEtzlL6+S9mXNNfzhqlpvFHWU4ARO4RxcuIE6NKAJLSAwhWd4hTcrs16sd+tjMbpmFTvH8AfW5w/8lJRn</latexit><latexit sha1_base64="Y1lQSZOX9nQgmw4kCfIXKFfhog8=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSIIQklEVFwV3HRZwT6gDWUynbRDJ5MwM5GWkF9x40IRt/6IO//GSZuFth4YOJxzL/fM8WPOlHacb2ttfWNza7u0U97d2z84tI8qbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k/vc7zxRqVgkHvUspl6IR4IFjGBtpIFd6YdYj/0gnWaDlN2xi+tsYFedmjMHWiVuQapQoDmwv/rDiCQhFZpwrFTPdWLtpVhqRjjNyv1E0RiTCR7RnqECh1R56Tx7hs6MMkRBJM0TGs3V3xspDpWahb6ZzJOqZS8X//N6iQ5uvZSJONFUkMWhIOFIRygvAg2ZpETzmSGYSGayIjLGEhNt6iqbEtzlL6+S9mXNNfzhqlpvFHWU4ARO4RxcuIE6NKAJLSAwhWd4hTcrs16sd+tjMbpmFTvH8AfW5w/8lJRn</latexit><latexit sha1_base64="Y1lQSZOX9nQgmw4kCfIXKFfhog8=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSIIQklEVFwV3HRZwT6gDWUynbRDJ5MwM5GWkF9x40IRt/6IO//GSZuFth4YOJxzL/fM8WPOlHacb2ttfWNza7u0U97d2z84tI8qbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k/vc7zxRqVgkHvUspl6IR4IFjGBtpIFd6YdYj/0gnWaDlN2xi+tsYFedmjMHWiVuQapQoDmwv/rDiCQhFZpwrFTPdWLtpVhqRjjNyv1E0RiTCR7RnqECh1R56Tx7hs6MMkRBJM0TGs3V3xspDpWahb6ZzJOqZS8X//N6iQ5uvZSJONFUkMWhIOFIRygvAg2ZpETzmSGYSGayIjLGEhNt6iqbEtzlL6+S9mXNNfzhqlpvFHWU4ARO4RxcuIE6NKAJLSAwhWd4hTcrs16sd+tjMbpmFTvH8AfW5w/8lJRn</latexit>

hi:i+6
<latexit sha1_base64="qe/XYI7NqMrP6dzkIHg34jZuBcg=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBZBEEoiouKq4KbLCvYBbQiT6aQdOpmEmYlYQn7FjQtF3Poj7vwbJ20W2npg4HDOvdwzx485U9q2v63S2vrG5lZ5u7Kzu7d/UD2sdVWUSEI7JOKR7PtYUc4E7WimOe3HkuLQ57TnT+9yv/dIpWKReNCzmLohHgsWMIK1kbxqbRhiPfGDdJJ5Kbtl51eZV63bDXsOtEqcgtShQNurfg1HEUlCKjThWKmBY8faTbHUjHCaVYaJojEmUzymA0MFDqly03n2DJ0aZYSCSJonNJqrvzdSHCo1C30zmSdVy14u/ucNEh3cuCkTcaKpIItDQcKRjlBeBBoxSYnmM0MwkcxkRWSCJSba1FUxJTjLX14l3YuGY/j9Zb3ZKuoowzGcwBk4cA1NaEEbOkDgCZ7hFd6szHqx3q2PxWjJKnaO4A+szx/jxJRX</latexit><latexit sha1_base64="qe/XYI7NqMrP6dzkIHg34jZuBcg=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBZBEEoiouKq4KbLCvYBbQiT6aQdOpmEmYlYQn7FjQtF3Poj7vwbJ20W2npg4HDOvdwzx485U9q2v63S2vrG5lZ5u7Kzu7d/UD2sdVWUSEI7JOKR7PtYUc4E7WimOe3HkuLQ57TnT+9yv/dIpWKReNCzmLohHgsWMIK1kbxqbRhiPfGDdJJ5Kbtl51eZV63bDXsOtEqcgtShQNurfg1HEUlCKjThWKmBY8faTbHUjHCaVYaJojEmUzymA0MFDqly03n2DJ0aZYSCSJonNJqrvzdSHCo1C30zmSdVy14u/ucNEh3cuCkTcaKpIItDQcKRjlBeBBoxSYnmM0MwkcxkRWSCJSba1FUxJTjLX14l3YuGY/j9Zb3ZKuoowzGcwBk4cA1NaEEbOkDgCZ7hFd6szHqx3q2PxWjJKnaO4A+szx/jxJRX</latexit><latexit sha1_base64="qe/XYI7NqMrP6dzkIHg34jZuBcg=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBZBEEoiouKq4KbLCvYBbQiT6aQdOpmEmYlYQn7FjQtF3Poj7vwbJ20W2npg4HDOvdwzx485U9q2v63S2vrG5lZ5u7Kzu7d/UD2sdVWUSEI7JOKR7PtYUc4E7WimOe3HkuLQ57TnT+9yv/dIpWKReNCzmLohHgsWMIK1kbxqbRhiPfGDdJJ5Kbtl51eZV63bDXsOtEqcgtShQNurfg1HEUlCKjThWKmBY8faTbHUjHCaVYaJojEmUzymA0MFDqly03n2DJ0aZYSCSJonNJqrvzdSHCo1C30zmSdVy14u/ucNEh3cuCkTcaKpIItDQcKRjlBeBBoxSYnmM0MwkcxkRWSCJSba1FUxJTjLX14l3YuGY/j9Zb3ZKuoowzGcwBk4cA1NaEEbOkDgCZ7hFd6szHqx3q2PxWjJKnaO4A+szx/jxJRX</latexit><latexit sha1_base64="qe/XYI7NqMrP6dzkIHg34jZuBcg=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBZBEEoiouKq4KbLCvYBbQiT6aQdOpmEmYlYQn7FjQtF3Poj7vwbJ20W2npg4HDOvdwzx485U9q2v63S2vrG5lZ5u7Kzu7d/UD2sdVWUSEI7JOKR7PtYUc4E7WimOe3HkuLQ57TnT+9yv/dIpWKReNCzmLohHgsWMIK1kbxqbRhiPfGDdJJ5Kbtl51eZV63bDXsOtEqcgtShQNurfg1HEUlCKjThWKmBY8faTbHUjHCaVYaJojEmUzymA0MFDqly03n2DJ0aZYSCSJonNJqrvzdSHCo1C30zmSdVy14u/ucNEh3cuCkTcaKpIItDQcKRjlBeBBoxSYnmM0MwkcxkRWSCJSba1FUxJTjLX14l3YuGY/j9Zb3ZKuoowzGcwBk4cA1NaEEbOkDgCZ7hFd6szHqx3q2PxWjJKnaO4A+szx/jxJRX</latexit>

ht = RNN(ht�1,xt)
<latexit sha1_base64="J5yS7K4Ws0P9KdlCimvEjCsZzUE=">AAACMHicbVBNS8NAFNz4WetX1aOXxSJUUElE0ItQ8GBPomJtoQlls920SzfZsPsilpCf5MWfohcFRbz6K9zUCrY6sDDMzGPfGz8WXINtv1hT0zOzc/OFheLi0vLKamlt/UbLRFFWp1JI1fSJZoJHrA4cBGvGipHQF6zh909zv3HLlOYyuoZBzLyQdCMecErASO3SmRsS6PlB2svaKWT4BLsyZoqAVBEJWXp1fp7hylhoz8l28Y9yNxzbKbZLZXvfHgL/Jc6IlNEIF+3So9uRNAlZBFQQrVuOHYOXEgWcCpYV3USzmNA+6bKWofky2kuHB2d42ygdHEhlXgR4qP6eSEmo9SD0TTLfU096ufif10ogOPZSHsUJsIh+fxQkAoPEeXu4wxWjIAaGEKq42RXTHlGEguk4L8GZPPkvuTnYdwy/PCxXa6M6CmgTbaEKctARqqIaukB1RNE9ekKv6M16sJ6td+vjOzpljWY20Biszy9pUapj</latexit><latexit sha1_base64="J5yS7K4Ws0P9KdlCimvEjCsZzUE=">AAACMHicbVBNS8NAFNz4WetX1aOXxSJUUElE0ItQ8GBPomJtoQlls920SzfZsPsilpCf5MWfohcFRbz6K9zUCrY6sDDMzGPfGz8WXINtv1hT0zOzc/OFheLi0vLKamlt/UbLRFFWp1JI1fSJZoJHrA4cBGvGipHQF6zh909zv3HLlOYyuoZBzLyQdCMecErASO3SmRsS6PlB2svaKWT4BLsyZoqAVBEJWXp1fp7hylhoz8l28Y9yNxzbKbZLZXvfHgL/Jc6IlNEIF+3So9uRNAlZBFQQrVuOHYOXEgWcCpYV3USzmNA+6bKWofky2kuHB2d42ygdHEhlXgR4qP6eSEmo9SD0TTLfU096ufif10ogOPZSHsUJsIh+fxQkAoPEeXu4wxWjIAaGEKq42RXTHlGEguk4L8GZPPkvuTnYdwy/PCxXa6M6CmgTbaEKctARqqIaukB1RNE9ekKv6M16sJ6td+vjOzpljWY20Biszy9pUapj</latexit><latexit sha1_base64="J5yS7K4Ws0P9KdlCimvEjCsZzUE=">AAACMHicbVBNS8NAFNz4WetX1aOXxSJUUElE0ItQ8GBPomJtoQlls920SzfZsPsilpCf5MWfohcFRbz6K9zUCrY6sDDMzGPfGz8WXINtv1hT0zOzc/OFheLi0vLKamlt/UbLRFFWp1JI1fSJZoJHrA4cBGvGipHQF6zh909zv3HLlOYyuoZBzLyQdCMecErASO3SmRsS6PlB2svaKWT4BLsyZoqAVBEJWXp1fp7hylhoz8l28Y9yNxzbKbZLZXvfHgL/Jc6IlNEIF+3So9uRNAlZBFQQrVuOHYOXEgWcCpYV3USzmNA+6bKWofky2kuHB2d42ygdHEhlXgR4qP6eSEmo9SD0TTLfU096ufif10ogOPZSHsUJsIh+fxQkAoPEeXu4wxWjIAaGEKq42RXTHlGEguk4L8GZPPkvuTnYdwy/PCxXa6M6CmgTbaEKctARqqIaukB1RNE9ekKv6M16sJ6td+vjOzpljWY20Biszy9pUapj</latexit><latexit sha1_base64="J5yS7K4Ws0P9KdlCimvEjCsZzUE=">AAACMHicbVBNS8NAFNz4WetX1aOXxSJUUElE0ItQ8GBPomJtoQlls920SzfZsPsilpCf5MWfohcFRbz6K9zUCrY6sDDMzGPfGz8WXINtv1hT0zOzc/OFheLi0vLKamlt/UbLRFFWp1JI1fSJZoJHrA4cBGvGipHQF6zh909zv3HLlOYyuoZBzLyQdCMecErASO3SmRsS6PlB2svaKWT4BLsyZoqAVBEJWXp1fp7hylhoz8l28Y9yNxzbKbZLZXvfHgL/Jc6IlNEIF+3So9uRNAlZBFQQrVuOHYOXEgWcCpYV3USzmNA+6bKWofky2kuHB2d42ygdHEhlXgR4qP6eSEmo9SD0TTLfU096ufif10ogOPZSHsUJsIh+fxQkAoPEeXu4wxWjIAaGEKq42RXTHlGEguk4L8GZPPkvuTnYdwy/PCxXa6M6CmgTbaEKctARqqIaukB1RNE9ekKv6M16sJ6td+vjOzpljWY20Biszy9pUapj</latexit>



Recurrent	neural	filters

�5

don’t    give      up      until     it’s      too      late

xi:i+6
<latexit sha1_base64="Y1lQSZOX9nQgmw4kCfIXKFfhog8=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSIIQklEVFwV3HRZwT6gDWUynbRDJ5MwM5GWkF9x40IRt/6IO//GSZuFth4YOJxzL/fM8WPOlHacb2ttfWNza7u0U97d2z84tI8qbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k/vc7zxRqVgkHvUspl6IR4IFjGBtpIFd6YdYj/0gnWaDlN2xi+tsYFedmjMHWiVuQapQoDmwv/rDiCQhFZpwrFTPdWLtpVhqRjjNyv1E0RiTCR7RnqECh1R56Tx7hs6MMkRBJM0TGs3V3xspDpWahb6ZzJOqZS8X//N6iQ5uvZSJONFUkMWhIOFIRygvAg2ZpETzmSGYSGayIjLGEhNt6iqbEtzlL6+S9mXNNfzhqlpvFHWU4ARO4RxcuIE6NKAJLSAwhWd4hTcrs16sd+tjMbpmFTvH8AfW5w/8lJRn</latexit><latexit sha1_base64="Y1lQSZOX9nQgmw4kCfIXKFfhog8=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSIIQklEVFwV3HRZwT6gDWUynbRDJ5MwM5GWkF9x40IRt/6IO//GSZuFth4YOJxzL/fM8WPOlHacb2ttfWNza7u0U97d2z84tI8qbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k/vc7zxRqVgkHvUspl6IR4IFjGBtpIFd6YdYj/0gnWaDlN2xi+tsYFedmjMHWiVuQapQoDmwv/rDiCQhFZpwrFTPdWLtpVhqRjjNyv1E0RiTCR7RnqECh1R56Tx7hs6MMkRBJM0TGs3V3xspDpWahb6ZzJOqZS8X//N6iQ5uvZSJONFUkMWhIOFIRygvAg2ZpETzmSGYSGayIjLGEhNt6iqbEtzlL6+S9mXNNfzhqlpvFHWU4ARO4RxcuIE6NKAJLSAwhWd4hTcrs16sd+tjMbpmFTvH8AfW5w/8lJRn</latexit><latexit sha1_base64="Y1lQSZOX9nQgmw4kCfIXKFfhog8=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSIIQklEVFwV3HRZwT6gDWUynbRDJ5MwM5GWkF9x40IRt/6IO//GSZuFth4YOJxzL/fM8WPOlHacb2ttfWNza7u0U97d2z84tI8qbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k/vc7zxRqVgkHvUspl6IR4IFjGBtpIFd6YdYj/0gnWaDlN2xi+tsYFedmjMHWiVuQapQoDmwv/rDiCQhFZpwrFTPdWLtpVhqRjjNyv1E0RiTCR7RnqECh1R56Tx7hs6MMkRBJM0TGs3V3xspDpWahb6ZzJOqZS8X//N6iQ5uvZSJONFUkMWhIOFIRygvAg2ZpETzmSGYSGayIjLGEhNt6iqbEtzlL6+S9mXNNfzhqlpvFHWU4ARO4RxcuIE6NKAJLSAwhWd4hTcrs16sd+tjMbpmFTvH8AfW5w/8lJRn</latexit><latexit sha1_base64="Y1lQSZOX9nQgmw4kCfIXKFfhog8=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSIIQklEVFwV3HRZwT6gDWUynbRDJ5MwM5GWkF9x40IRt/6IO//GSZuFth4YOJxzL/fM8WPOlHacb2ttfWNza7u0U97d2z84tI8qbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k/vc7zxRqVgkHvUspl6IR4IFjGBtpIFd6YdYj/0gnWaDlN2xi+tsYFedmjMHWiVuQapQoDmwv/rDiCQhFZpwrFTPdWLtpVhqRjjNyv1E0RiTCR7RnqECh1R56Tx7hs6MMkRBJM0TGs3V3xspDpWahb6ZzJOqZS8X//N6iQ5uvZSJONFUkMWhIOFIRygvAg2ZpETzmSGYSGayIjLGEhNt6iqbEtzlL6+S9mXNNfzhqlpvFHWU4ARO4RxcuIE6NKAJLSAwhWd4hTcrs16sd+tjMbpmFTvH8AfW5w/8lJRn</latexit>

hi:i+6
<latexit sha1_base64="qe/XYI7NqMrP6dzkIHg34jZuBcg=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBZBEEoiouKq4KbLCvYBbQiT6aQdOpmEmYlYQn7FjQtF3Poj7vwbJ20W2npg4HDOvdwzx485U9q2v63S2vrG5lZ5u7Kzu7d/UD2sdVWUSEI7JOKR7PtYUc4E7WimOe3HkuLQ57TnT+9yv/dIpWKReNCzmLohHgsWMIK1kbxqbRhiPfGDdJJ5Kbtl51eZV63bDXsOtEqcgtShQNurfg1HEUlCKjThWKmBY8faTbHUjHCaVYaJojEmUzymA0MFDqly03n2DJ0aZYSCSJonNJqrvzdSHCo1C30zmSdVy14u/ucNEh3cuCkTcaKpIItDQcKRjlBeBBoxSYnmM0MwkcxkRWSCJSba1FUxJTjLX14l3YuGY/j9Zb3ZKuoowzGcwBk4cA1NaEEbOkDgCZ7hFd6szHqx3q2PxWjJKnaO4A+szx/jxJRX</latexit><latexit sha1_base64="qe/XYI7NqMrP6dzkIHg34jZuBcg=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBZBEEoiouKq4KbLCvYBbQiT6aQdOpmEmYlYQn7FjQtF3Poj7vwbJ20W2npg4HDOvdwzx485U9q2v63S2vrG5lZ5u7Kzu7d/UD2sdVWUSEI7JOKR7PtYUc4E7WimOe3HkuLQ57TnT+9yv/dIpWKReNCzmLohHgsWMIK1kbxqbRhiPfGDdJJ5Kbtl51eZV63bDXsOtEqcgtShQNurfg1HEUlCKjThWKmBY8faTbHUjHCaVYaJojEmUzymA0MFDqly03n2DJ0aZYSCSJonNJqrvzdSHCo1C30zmSdVy14u/ucNEh3cuCkTcaKpIItDQcKRjlBeBBoxSYnmM0MwkcxkRWSCJSba1FUxJTjLX14l3YuGY/j9Zb3ZKuoowzGcwBk4cA1NaEEbOkDgCZ7hFd6szHqx3q2PxWjJKnaO4A+szx/jxJRX</latexit><latexit sha1_base64="qe/XYI7NqMrP6dzkIHg34jZuBcg=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBZBEEoiouKq4KbLCvYBbQiT6aQdOpmEmYlYQn7FjQtF3Poj7vwbJ20W2npg4HDOvdwzx485U9q2v63S2vrG5lZ5u7Kzu7d/UD2sdVWUSEI7JOKR7PtYUc4E7WimOe3HkuLQ57TnT+9yv/dIpWKReNCzmLohHgsWMIK1kbxqbRhiPfGDdJJ5Kbtl51eZV63bDXsOtEqcgtShQNurfg1HEUlCKjThWKmBY8faTbHUjHCaVYaJojEmUzymA0MFDqly03n2DJ0aZYSCSJonNJqrvzdSHCo1C30zmSdVy14u/ucNEh3cuCkTcaKpIItDQcKRjlBeBBoxSYnmM0MwkcxkRWSCJSba1FUxJTjLX14l3YuGY/j9Zb3ZKuoowzGcwBk4cA1NaEEbOkDgCZ7hFd6szHqx3q2PxWjJKnaO4A+szx/jxJRX</latexit><latexit sha1_base64="qe/XYI7NqMrP6dzkIHg34jZuBcg=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBZBEEoiouKq4KbLCvYBbQiT6aQdOpmEmYlYQn7FjQtF3Poj7vwbJ20W2npg4HDOvdwzx485U9q2v63S2vrG5lZ5u7Kzu7d/UD2sdVWUSEI7JOKR7PtYUc4E7WimOe3HkuLQ57TnT+9yv/dIpWKReNCzmLohHgsWMIK1kbxqbRhiPfGDdJJ5Kbtl51eZV63bDXsOtEqcgtShQNurfg1HEUlCKjThWKmBY8faTbHUjHCaVYaJojEmUzymA0MFDqly03n2DJ0aZYSCSJonNJqrvzdSHCo1C30zmSdVy14u/ucNEh3cuCkTcaKpIItDQcKRjlBeBBoxSYnmM0MwkcxkRWSCJSba1FUxJTjLX14l3YuGY/j9Zb3ZKuoowzGcwBk4cA1NaEEbOkDgCZ7hFd6szHqx3q2PxWjJKnaO4A+szx/jxJRX</latexit>

ci = hi+6
<latexit sha1_base64="Cyl4FIOtsYz/7fC71LmaHePIIrk=">AAACBnicbVDLSsNAFL2pr1pfUZciDBZBEEoiom6EgpsuK9gHtCFMppN26OTBzEQoISs3/oobF4q49Rvc+TdO2gjaemDgzDn3cu89XsyZVJb1ZZSWlldW18rrlY3Nre0dc3evLaNEENoiEY9E18OSchbSlmKK024sKA48Tjve+Cb3O/dUSBaFd2oSUyfAw5D5jGClJdc87AdYjTw/JZnLrn8+o8xN2elF5ppVq2ZNgRaJXZAqFGi65md/EJEkoKEiHEvZs61YOSkWihFOs0o/kTTGZIyHtKdpiAMqnXR6RoaOtTJAfiT0CxWaqr87UhxIOQk8XZnvKee9XPzP6yXKv3JSFsaJoiGZDfITjlSE8kzQgAlKFJ9ogolgeldERlhgonRyFR2CPX/yImmf1WzNb8+r9UYRRxkO4AhOwIZLqEMDmtACAg/wBC/wajwaz8ab8T4rLRlFzz78gfHxDcWXmVA=</latexit><latexit sha1_base64="Cyl4FIOtsYz/7fC71LmaHePIIrk=">AAACBnicbVDLSsNAFL2pr1pfUZciDBZBEEoiom6EgpsuK9gHtCFMppN26OTBzEQoISs3/oobF4q49Rvc+TdO2gjaemDgzDn3cu89XsyZVJb1ZZSWlldW18rrlY3Nre0dc3evLaNEENoiEY9E18OSchbSlmKK024sKA48Tjve+Cb3O/dUSBaFd2oSUyfAw5D5jGClJdc87AdYjTw/JZnLrn8+o8xN2elF5ppVq2ZNgRaJXZAqFGi65md/EJEkoKEiHEvZs61YOSkWihFOs0o/kTTGZIyHtKdpiAMqnXR6RoaOtTJAfiT0CxWaqr87UhxIOQk8XZnvKee9XPzP6yXKv3JSFsaJoiGZDfITjlSE8kzQgAlKFJ9ogolgeldERlhgonRyFR2CPX/yImmf1WzNb8+r9UYRRxkO4AhOwIZLqEMDmtACAg/wBC/wajwaz8ab8T4rLRlFzz78gfHxDcWXmVA=</latexit><latexit sha1_base64="Cyl4FIOtsYz/7fC71LmaHePIIrk=">AAACBnicbVDLSsNAFL2pr1pfUZciDBZBEEoiom6EgpsuK9gHtCFMppN26OTBzEQoISs3/oobF4q49Rvc+TdO2gjaemDgzDn3cu89XsyZVJb1ZZSWlldW18rrlY3Nre0dc3evLaNEENoiEY9E18OSchbSlmKK024sKA48Tjve+Cb3O/dUSBaFd2oSUyfAw5D5jGClJdc87AdYjTw/JZnLrn8+o8xN2elF5ppVq2ZNgRaJXZAqFGi65md/EJEkoKEiHEvZs61YOSkWihFOs0o/kTTGZIyHtKdpiAMqnXR6RoaOtTJAfiT0CxWaqr87UhxIOQk8XZnvKee9XPzP6yXKv3JSFsaJoiGZDfITjlSE8kzQgAlKFJ9ogolgeldERlhgonRyFR2CPX/yImmf1WzNb8+r9UYRRxkO4AhOwIZLqEMDmtACAg/wBC/wajwaz8ab8T4rLRlFzz78gfHxDcWXmVA=</latexit><latexit sha1_base64="Cyl4FIOtsYz/7fC71LmaHePIIrk=">AAACBnicbVDLSsNAFL2pr1pfUZciDBZBEEoiom6EgpsuK9gHtCFMppN26OTBzEQoISs3/oobF4q49Rvc+TdO2gjaemDgzDn3cu89XsyZVJb1ZZSWlldW18rrlY3Nre0dc3evLaNEENoiEY9E18OSchbSlmKK024sKA48Tjve+Cb3O/dUSBaFd2oSUyfAw5D5jGClJdc87AdYjTw/JZnLrn8+o8xN2elF5ppVq2ZNgRaJXZAqFGi65md/EJEkoKEiHEvZs61YOSkWihFOs0o/kTTGZIyHtKdpiAMqnXR6RoaOtTJAfiT0CxWaqr87UhxIOQk8XZnvKee9XPzP6yXKv3JSFsaJoiGZDfITjlSE8kzQgAlKFJ9ogolgeldERlhgonRyFR2CPX/yImmf1WzNb8+r9UYRRxkO4AhOwIZLqEMDmtACAg/wBC/wajwaz8ab8T4rLRlFzz78gfHxDcWXmVA=</latexit>

ht = RNN(ht�1,xt)
<latexit sha1_base64="J5yS7K4Ws0P9KdlCimvEjCsZzUE=">AAACMHicbVBNS8NAFNz4WetX1aOXxSJUUElE0ItQ8GBPomJtoQlls920SzfZsPsilpCf5MWfohcFRbz6K9zUCrY6sDDMzGPfGz8WXINtv1hT0zOzc/OFheLi0vLKamlt/UbLRFFWp1JI1fSJZoJHrA4cBGvGipHQF6zh909zv3HLlOYyuoZBzLyQdCMecErASO3SmRsS6PlB2svaKWT4BLsyZoqAVBEJWXp1fp7hylhoz8l28Y9yNxzbKbZLZXvfHgL/Jc6IlNEIF+3So9uRNAlZBFQQrVuOHYOXEgWcCpYV3USzmNA+6bKWofky2kuHB2d42ygdHEhlXgR4qP6eSEmo9SD0TTLfU096ufif10ogOPZSHsUJsIh+fxQkAoPEeXu4wxWjIAaGEKq42RXTHlGEguk4L8GZPPkvuTnYdwy/PCxXa6M6CmgTbaEKctARqqIaukB1RNE9ekKv6M16sJ6td+vjOzpljWY20Biszy9pUapj</latexit><latexit sha1_base64="J5yS7K4Ws0P9KdlCimvEjCsZzUE=">AAACMHicbVBNS8NAFNz4WetX1aOXxSJUUElE0ItQ8GBPomJtoQlls920SzfZsPsilpCf5MWfohcFRbz6K9zUCrY6sDDMzGPfGz8WXINtv1hT0zOzc/OFheLi0vLKamlt/UbLRFFWp1JI1fSJZoJHrA4cBGvGipHQF6zh909zv3HLlOYyuoZBzLyQdCMecErASO3SmRsS6PlB2svaKWT4BLsyZoqAVBEJWXp1fp7hylhoz8l28Y9yNxzbKbZLZXvfHgL/Jc6IlNEIF+3So9uRNAlZBFQQrVuOHYOXEgWcCpYV3USzmNA+6bKWofky2kuHB2d42ygdHEhlXgR4qP6eSEmo9SD0TTLfU096ufif10ogOPZSHsUJsIh+fxQkAoPEeXu4wxWjIAaGEKq42RXTHlGEguk4L8GZPPkvuTnYdwy/PCxXa6M6CmgTbaEKctARqqIaukB1RNE9ekKv6M16sJ6td+vjOzpljWY20Biszy9pUapj</latexit><latexit sha1_base64="J5yS7K4Ws0P9KdlCimvEjCsZzUE=">AAACMHicbVBNS8NAFNz4WetX1aOXxSJUUElE0ItQ8GBPomJtoQlls920SzfZsPsilpCf5MWfohcFRbz6K9zUCrY6sDDMzGPfGz8WXINtv1hT0zOzc/OFheLi0vLKamlt/UbLRFFWp1JI1fSJZoJHrA4cBGvGipHQF6zh909zv3HLlOYyuoZBzLyQdCMecErASO3SmRsS6PlB2svaKWT4BLsyZoqAVBEJWXp1fp7hylhoz8l28Y9yNxzbKbZLZXvfHgL/Jc6IlNEIF+3So9uRNAlZBFQQrVuOHYOXEgWcCpYV3USzmNA+6bKWofky2kuHB2d42ygdHEhlXgR4qP6eSEmo9SD0TTLfU096ufif10ogOPZSHsUJsIh+fxQkAoPEeXu4wxWjIAaGEKq42RXTHlGEguk4L8GZPPkvuTnYdwy/PCxXa6M6CmgTbaEKctARqqIaukB1RNE9ekKv6M16sJ6td+vjOzpljWY20Biszy9pUapj</latexit><latexit sha1_base64="J5yS7K4Ws0P9KdlCimvEjCsZzUE=">AAACMHicbVBNS8NAFNz4WetX1aOXxSJUUElE0ItQ8GBPomJtoQlls920SzfZsPsilpCf5MWfohcFRbz6K9zUCrY6sDDMzGPfGz8WXINtv1hT0zOzc/OFheLi0vLKamlt/UbLRFFWp1JI1fSJZoJHrA4cBGvGipHQF6zh909zv3HLlOYyuoZBzLyQdCMecErASO3SmRsS6PlB2svaKWT4BLsyZoqAVBEJWXp1fp7hylhoz8l28Y9yNxzbKbZLZXvfHgL/Jc6IlNEIF+3So9uRNAlZBFQQrVuOHYOXEgWcCpYV3USzmNA+6bKWofky2kuHB2d42ygdHEhlXgR4qP6eSEmo9SD0TTLfU096ufif10ogOPZSHsUJsIh+fxQkAoPEeXu4wxWjIAaGEKq42RXTHlGEguk4L8GZPPkvuTnYdwy/PCxXa6M6CmgTbaEKctARqqIaukB1RNE9ekKv6M16sJ6td+vjOzpljWY20Biszy9pUapj</latexit>



Recurrent	neural	filters

�5

don’t    give      up      until     it’s      too      late

xi:i+6
<latexit sha1_base64="Y1lQSZOX9nQgmw4kCfIXKFfhog8=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSIIQklEVFwV3HRZwT6gDWUynbRDJ5MwM5GWkF9x40IRt/6IO//GSZuFth4YOJxzL/fM8WPOlHacb2ttfWNza7u0U97d2z84tI8qbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k/vc7zxRqVgkHvUspl6IR4IFjGBtpIFd6YdYj/0gnWaDlN2xi+tsYFedmjMHWiVuQapQoDmwv/rDiCQhFZpwrFTPdWLtpVhqRjjNyv1E0RiTCR7RnqECh1R56Tx7hs6MMkRBJM0TGs3V3xspDpWahb6ZzJOqZS8X//N6iQ5uvZSJONFUkMWhIOFIRygvAg2ZpETzmSGYSGayIjLGEhNt6iqbEtzlL6+S9mXNNfzhqlpvFHWU4ARO4RxcuIE6NKAJLSAwhWd4hTcrs16sd+tjMbpmFTvH8AfW5w/8lJRn</latexit><latexit sha1_base64="Y1lQSZOX9nQgmw4kCfIXKFfhog8=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSIIQklEVFwV3HRZwT6gDWUynbRDJ5MwM5GWkF9x40IRt/6IO//GSZuFth4YOJxzL/fM8WPOlHacb2ttfWNza7u0U97d2z84tI8qbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k/vc7zxRqVgkHvUspl6IR4IFjGBtpIFd6YdYj/0gnWaDlN2xi+tsYFedmjMHWiVuQapQoDmwv/rDiCQhFZpwrFTPdWLtpVhqRjjNyv1E0RiTCR7RnqECh1R56Tx7hs6MMkRBJM0TGs3V3xspDpWahb6ZzJOqZS8X//N6iQ5uvZSJONFUkMWhIOFIRygvAg2ZpETzmSGYSGayIjLGEhNt6iqbEtzlL6+S9mXNNfzhqlpvFHWU4ARO4RxcuIE6NKAJLSAwhWd4hTcrs16sd+tjMbpmFTvH8AfW5w/8lJRn</latexit><latexit sha1_base64="Y1lQSZOX9nQgmw4kCfIXKFfhog8=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSIIQklEVFwV3HRZwT6gDWUynbRDJ5MwM5GWkF9x40IRt/6IO//GSZuFth4YOJxzL/fM8WPOlHacb2ttfWNza7u0U97d2z84tI8qbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k/vc7zxRqVgkHvUspl6IR4IFjGBtpIFd6YdYj/0gnWaDlN2xi+tsYFedmjMHWiVuQapQoDmwv/rDiCQhFZpwrFTPdWLtpVhqRjjNyv1E0RiTCR7RnqECh1R56Tx7hs6MMkRBJM0TGs3V3xspDpWahb6ZzJOqZS8X//N6iQ5uvZSJONFUkMWhIOFIRygvAg2ZpETzmSGYSGayIjLGEhNt6iqbEtzlL6+S9mXNNfzhqlpvFHWU4ARO4RxcuIE6NKAJLSAwhWd4hTcrs16sd+tjMbpmFTvH8AfW5w/8lJRn</latexit><latexit sha1_base64="Y1lQSZOX9nQgmw4kCfIXKFfhog8=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSIIQklEVFwV3HRZwT6gDWUynbRDJ5MwM5GWkF9x40IRt/6IO//GSZuFth4YOJxzL/fM8WPOlHacb2ttfWNza7u0U97d2z84tI8qbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k/vc7zxRqVgkHvUspl6IR4IFjGBtpIFd6YdYj/0gnWaDlN2xi+tsYFedmjMHWiVuQapQoDmwv/rDiCQhFZpwrFTPdWLtpVhqRjjNyv1E0RiTCR7RnqECh1R56Tx7hs6MMkRBJM0TGs3V3xspDpWahb6ZzJOqZS8X//N6iQ5uvZSJONFUkMWhIOFIRygvAg2ZpETzmSGYSGayIjLGEhNt6iqbEtzlL6+S9mXNNfzhqlpvFHWU4ARO4RxcuIE6NKAJLSAwhWd4hTcrs16sd+tjMbpmFTvH8AfW5w/8lJRn</latexit>

hi:i+6
<latexit sha1_base64="qe/XYI7NqMrP6dzkIHg34jZuBcg=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBZBEEoiouKq4KbLCvYBbQiT6aQdOpmEmYlYQn7FjQtF3Poj7vwbJ20W2npg4HDOvdwzx485U9q2v63S2vrG5lZ5u7Kzu7d/UD2sdVWUSEI7JOKR7PtYUc4E7WimOe3HkuLQ57TnT+9yv/dIpWKReNCzmLohHgsWMIK1kbxqbRhiPfGDdJJ5Kbtl51eZV63bDXsOtEqcgtShQNurfg1HEUlCKjThWKmBY8faTbHUjHCaVYaJojEmUzymA0MFDqly03n2DJ0aZYSCSJonNJqrvzdSHCo1C30zmSdVy14u/ucNEh3cuCkTcaKpIItDQcKRjlBeBBoxSYnmM0MwkcxkRWSCJSba1FUxJTjLX14l3YuGY/j9Zb3ZKuoowzGcwBk4cA1NaEEbOkDgCZ7hFd6szHqx3q2PxWjJKnaO4A+szx/jxJRX</latexit><latexit sha1_base64="qe/XYI7NqMrP6dzkIHg34jZuBcg=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBZBEEoiouKq4KbLCvYBbQiT6aQdOpmEmYlYQn7FjQtF3Poj7vwbJ20W2npg4HDOvdwzx485U9q2v63S2vrG5lZ5u7Kzu7d/UD2sdVWUSEI7JOKR7PtYUc4E7WimOe3HkuLQ57TnT+9yv/dIpWKReNCzmLohHgsWMIK1kbxqbRhiPfGDdJJ5Kbtl51eZV63bDXsOtEqcgtShQNurfg1HEUlCKjThWKmBY8faTbHUjHCaVYaJojEmUzymA0MFDqly03n2DJ0aZYSCSJonNJqrvzdSHCo1C30zmSdVy14u/ucNEh3cuCkTcaKpIItDQcKRjlBeBBoxSYnmM0MwkcxkRWSCJSba1FUxJTjLX14l3YuGY/j9Zb3ZKuoowzGcwBk4cA1NaEEbOkDgCZ7hFd6szHqx3q2PxWjJKnaO4A+szx/jxJRX</latexit><latexit sha1_base64="qe/XYI7NqMrP6dzkIHg34jZuBcg=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBZBEEoiouKq4KbLCvYBbQiT6aQdOpmEmYlYQn7FjQtF3Poj7vwbJ20W2npg4HDOvdwzx485U9q2v63S2vrG5lZ5u7Kzu7d/UD2sdVWUSEI7JOKR7PtYUc4E7WimOe3HkuLQ57TnT+9yv/dIpWKReNCzmLohHgsWMIK1kbxqbRhiPfGDdJJ5Kbtl51eZV63bDXsOtEqcgtShQNurfg1HEUlCKjThWKmBY8faTbHUjHCaVYaJojEmUzymA0MFDqly03n2DJ0aZYSCSJonNJqrvzdSHCo1C30zmSdVy14u/ucNEh3cuCkTcaKpIItDQcKRjlBeBBoxSYnmM0MwkcxkRWSCJSba1FUxJTjLX14l3YuGY/j9Zb3ZKuoowzGcwBk4cA1NaEEbOkDgCZ7hFd6szHqx3q2PxWjJKnaO4A+szx/jxJRX</latexit><latexit sha1_base64="qe/XYI7NqMrP6dzkIHg34jZuBcg=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBZBEEoiouKq4KbLCvYBbQiT6aQdOpmEmYlYQn7FjQtF3Poj7vwbJ20W2npg4HDOvdwzx485U9q2v63S2vrG5lZ5u7Kzu7d/UD2sdVWUSEI7JOKR7PtYUc4E7WimOe3HkuLQ57TnT+9yv/dIpWKReNCzmLohHgsWMIK1kbxqbRhiPfGDdJJ5Kbtl51eZV63bDXsOtEqcgtShQNurfg1HEUlCKjThWKmBY8faTbHUjHCaVYaJojEmUzymA0MFDqly03n2DJ0aZYSCSJonNJqrvzdSHCo1C30zmSdVy14u/ucNEh3cuCkTcaKpIItDQcKRjlBeBBoxSYnmM0MwkcxkRWSCJSba1FUxJTjLX14l3YuGY/j9Zb3ZKuoowzGcwBk4cA1NaEEbOkDgCZ7hFd6szHqx3q2PxWjJKnaO4A+szx/jxJRX</latexit>

ci = hi+6
<latexit sha1_base64="Cyl4FIOtsYz/7fC71LmaHePIIrk=">AAACBnicbVDLSsNAFL2pr1pfUZciDBZBEEoiom6EgpsuK9gHtCFMppN26OTBzEQoISs3/oobF4q49Rvc+TdO2gjaemDgzDn3cu89XsyZVJb1ZZSWlldW18rrlY3Nre0dc3evLaNEENoiEY9E18OSchbSlmKK024sKA48Tjve+Cb3O/dUSBaFd2oSUyfAw5D5jGClJdc87AdYjTw/JZnLrn8+o8xN2elF5ppVq2ZNgRaJXZAqFGi65md/EJEkoKEiHEvZs61YOSkWihFOs0o/kTTGZIyHtKdpiAMqnXR6RoaOtTJAfiT0CxWaqr87UhxIOQk8XZnvKee9XPzP6yXKv3JSFsaJoiGZDfITjlSE8kzQgAlKFJ9ogolgeldERlhgonRyFR2CPX/yImmf1WzNb8+r9UYRRxkO4AhOwIZLqEMDmtACAg/wBC/wajwaz8ab8T4rLRlFzz78gfHxDcWXmVA=</latexit><latexit sha1_base64="Cyl4FIOtsYz/7fC71LmaHePIIrk=">AAACBnicbVDLSsNAFL2pr1pfUZciDBZBEEoiom6EgpsuK9gHtCFMppN26OTBzEQoISs3/oobF4q49Rvc+TdO2gjaemDgzDn3cu89XsyZVJb1ZZSWlldW18rrlY3Nre0dc3evLaNEENoiEY9E18OSchbSlmKK024sKA48Tjve+Cb3O/dUSBaFd2oSUyfAw5D5jGClJdc87AdYjTw/JZnLrn8+o8xN2elF5ppVq2ZNgRaJXZAqFGi65md/EJEkoKEiHEvZs61YOSkWihFOs0o/kTTGZIyHtKdpiAMqnXR6RoaOtTJAfiT0CxWaqr87UhxIOQk8XZnvKee9XPzP6yXKv3JSFsaJoiGZDfITjlSE8kzQgAlKFJ9ogolgeldERlhgonRyFR2CPX/yImmf1WzNb8+r9UYRRxkO4AhOwIZLqEMDmtACAg/wBC/wajwaz8ab8T4rLRlFzz78gfHxDcWXmVA=</latexit><latexit sha1_base64="Cyl4FIOtsYz/7fC71LmaHePIIrk=">AAACBnicbVDLSsNAFL2pr1pfUZciDBZBEEoiom6EgpsuK9gHtCFMppN26OTBzEQoISs3/oobF4q49Rvc+TdO2gjaemDgzDn3cu89XsyZVJb1ZZSWlldW18rrlY3Nre0dc3evLaNEENoiEY9E18OSchbSlmKK024sKA48Tjve+Cb3O/dUSBaFd2oSUyfAw5D5jGClJdc87AdYjTw/JZnLrn8+o8xN2elF5ppVq2ZNgRaJXZAqFGi65md/EJEkoKEiHEvZs61YOSkWihFOs0o/kTTGZIyHtKdpiAMqnXR6RoaOtTJAfiT0CxWaqr87UhxIOQk8XZnvKee9XPzP6yXKv3JSFsaJoiGZDfITjlSE8kzQgAlKFJ9ogolgeldERlhgonRyFR2CPX/yImmf1WzNb8+r9UYRRxkO4AhOwIZLqEMDmtACAg/wBC/wajwaz8ab8T4rLRlFzz78gfHxDcWXmVA=</latexit><latexit sha1_base64="Cyl4FIOtsYz/7fC71LmaHePIIrk=">AAACBnicbVDLSsNAFL2pr1pfUZciDBZBEEoiom6EgpsuK9gHtCFMppN26OTBzEQoISs3/oobF4q49Rvc+TdO2gjaemDgzDn3cu89XsyZVJb1ZZSWlldW18rrlY3Nre0dc3evLaNEENoiEY9E18OSchbSlmKK024sKA48Tjve+Cb3O/dUSBaFd2oSUyfAw5D5jGClJdc87AdYjTw/JZnLrn8+o8xN2elF5ppVq2ZNgRaJXZAqFGi65md/EJEkoKEiHEvZs61YOSkWihFOs0o/kTTGZIyHtKdpiAMqnXR6RoaOtTJAfiT0CxWaqr87UhxIOQk8XZnvKee9XPzP6yXKv3JSFsaJoiGZDfITjlSE8kzQgAlKFJ9ogolgeldERlhgonRyFR2CPX/yImmf1WzNb8+r9UYRRxkO4AhOwIZLqEMDmtACAg/wBC/wajwaz8ab8T4rLRlFzz78gfHxDcWXmVA=</latexit>

ht = RNN(ht�1,xt)
<latexit sha1_base64="J5yS7K4Ws0P9KdlCimvEjCsZzUE=">AAACMHicbVBNS8NAFNz4WetX1aOXxSJUUElE0ItQ8GBPomJtoQlls920SzfZsPsilpCf5MWfohcFRbz6K9zUCrY6sDDMzGPfGz8WXINtv1hT0zOzc/OFheLi0vLKamlt/UbLRFFWp1JI1fSJZoJHrA4cBGvGipHQF6zh909zv3HLlOYyuoZBzLyQdCMecErASO3SmRsS6PlB2svaKWT4BLsyZoqAVBEJWXp1fp7hylhoz8l28Y9yNxzbKbZLZXvfHgL/Jc6IlNEIF+3So9uRNAlZBFQQrVuOHYOXEgWcCpYV3USzmNA+6bKWofky2kuHB2d42ygdHEhlXgR4qP6eSEmo9SD0TTLfU096ufif10ogOPZSHsUJsIh+fxQkAoPEeXu4wxWjIAaGEKq42RXTHlGEguk4L8GZPPkvuTnYdwy/PCxXa6M6CmgTbaEKctARqqIaukB1RNE9ekKv6M16sJ6td+vjOzpljWY20Biszy9pUapj</latexit><latexit sha1_base64="J5yS7K4Ws0P9KdlCimvEjCsZzUE=">AAACMHicbVBNS8NAFNz4WetX1aOXxSJUUElE0ItQ8GBPomJtoQlls920SzfZsPsilpCf5MWfohcFRbz6K9zUCrY6sDDMzGPfGz8WXINtv1hT0zOzc/OFheLi0vLKamlt/UbLRFFWp1JI1fSJZoJHrA4cBGvGipHQF6zh909zv3HLlOYyuoZBzLyQdCMecErASO3SmRsS6PlB2svaKWT4BLsyZoqAVBEJWXp1fp7hylhoz8l28Y9yNxzbKbZLZXvfHgL/Jc6IlNEIF+3So9uRNAlZBFQQrVuOHYOXEgWcCpYV3USzmNA+6bKWofky2kuHB2d42ygdHEhlXgR4qP6eSEmo9SD0TTLfU096ufif10ogOPZSHsUJsIh+fxQkAoPEeXu4wxWjIAaGEKq42RXTHlGEguk4L8GZPPkvuTnYdwy/PCxXa6M6CmgTbaEKctARqqIaukB1RNE9ekKv6M16sJ6td+vjOzpljWY20Biszy9pUapj</latexit><latexit sha1_base64="J5yS7K4Ws0P9KdlCimvEjCsZzUE=">AAACMHicbVBNS8NAFNz4WetX1aOXxSJUUElE0ItQ8GBPomJtoQlls920SzfZsPsilpCf5MWfohcFRbz6K9zUCrY6sDDMzGPfGz8WXINtv1hT0zOzc/OFheLi0vLKamlt/UbLRFFWp1JI1fSJZoJHrA4cBGvGipHQF6zh909zv3HLlOYyuoZBzLyQdCMecErASO3SmRsS6PlB2svaKWT4BLsyZoqAVBEJWXp1fp7hylhoz8l28Y9yNxzbKbZLZXvfHgL/Jc6IlNEIF+3So9uRNAlZBFQQrVuOHYOXEgWcCpYV3USzmNA+6bKWofky2kuHB2d42ygdHEhlXgR4qP6eSEmo9SD0TTLfU096ufif10ogOPZSHsUJsIh+fxQkAoPEeXu4wxWjIAaGEKq42RXTHlGEguk4L8GZPPkvuTnYdwy/PCxXa6M6CmgTbaEKctARqqIaukB1RNE9ekKv6M16sJ6td+vjOzpljWY20Biszy9pUapj</latexit><latexit sha1_base64="J5yS7K4Ws0P9KdlCimvEjCsZzUE=">AAACMHicbVBNS8NAFNz4WetX1aOXxSJUUElE0ItQ8GBPomJtoQlls920SzfZsPsilpCf5MWfohcFRbz6K9zUCrY6sDDMzGPfGz8WXINtv1hT0zOzc/OFheLi0vLKamlt/UbLRFFWp1JI1fSJZoJHrA4cBGvGipHQF6zh909zv3HLlOYyuoZBzLyQdCMecErASO3SmRsS6PlB2svaKWT4BLsyZoqAVBEJWXp1fp7hylhoz8l28Y9yNxzbKbZLZXvfHgL/Jc6IlNEIF+3So9uRNAlZBFQQrVuOHYOXEgWcCpYV3USzmNA+6bKWofky2kuHB2d42ygdHEhlXgR4qP6eSEmo9SD0TTLfU096ufif10ogOPZSHsUJsIh+fxQkAoPEeXu4wxWjIAaGEKq42RXTHlGEguk4L8GZPPkvuTnYdwy/PCxXa6M6CmgTbaEKctARqqIaukB1RNE9ekKv6M16sJ6td+vjOzpljWY20Biszy9pUapj</latexit>

‣ RNN	is	implemented	as

‣ gated	recurrent	unit
‣ LSTM	unit

Cho	et	al.	(2014);	Hochreiter	and	Schmidhuber	(1997)



CNN	architectures

�6 Yoon	Kim	(2014);	Yang	et	al.	(2015)

‣ 	CNN	sentence	encoder
v = max {C}, where C = [c1, c2, · · · , cn�m+1]

<latexit sha1_base64="H+hLO2jzhswHq9pxmYyWz0MS7jQ="></latexit><latexit sha1_base64="H+hLO2jzhswHq9pxmYyWz0MS7jQ="></latexit><latexit sha1_base64="H+hLO2jzhswHq9pxmYyWz0MS7jQ="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="O6LIb8CWHOZhcLbjpMWwngxUb9I="></latexit><latexit sha1_base64="O6LIb8CWHOZhcLbjpMWwngxUb9I="></latexit><latexit sha1_base64="X7JBUoqc0vzNaAXzQBPdmOu9lrQ="></latexit><latexit sha1_base64="H+hLO2jzhswHq9pxmYyWz0MS7jQ="></latexit><latexit sha1_base64="H+hLO2jzhswHq9pxmYyWz0MS7jQ="></latexit><latexit sha1_base64="H+hLO2jzhswHq9pxmYyWz0MS7jQ="></latexit><latexit sha1_base64="H+hLO2jzhswHq9pxmYyWz0MS7jQ="></latexit><latexit sha1_base64="H+hLO2jzhswHq9pxmYyWz0MS7jQ="></latexit><latexit sha1_base64="H+hLO2jzhswHq9pxmYyWz0MS7jQ="></latexit>



CNN	architectures

�6 Yoon	Kim	(2014);	Yang	et	al.	(2015)

‣ 	CNN	sentence	encoder

‣ 	Sentence	classifica'on	(e.g.,	sen'ment	classifica'on)

v = max {C}, where C = [c1, c2, · · · , cn�m+1]
<latexit sha1_base64="H+hLO2jzhswHq9pxmYyWz0MS7jQ="></latexit><latexit sha1_base64="H+hLO2jzhswHq9pxmYyWz0MS7jQ="></latexit><latexit sha1_base64="H+hLO2jzhswHq9pxmYyWz0MS7jQ="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="O6LIb8CWHOZhcLbjpMWwngxUb9I="></latexit><latexit sha1_base64="O6LIb8CWHOZhcLbjpMWwngxUb9I="></latexit><latexit sha1_base64="X7JBUoqc0vzNaAXzQBPdmOu9lrQ="></latexit><latexit sha1_base64="H+hLO2jzhswHq9pxmYyWz0MS7jQ="></latexit><latexit sha1_base64="H+hLO2jzhswHq9pxmYyWz0MS7jQ="></latexit><latexit sha1_base64="H+hLO2jzhswHq9pxmYyWz0MS7jQ="></latexit><latexit sha1_base64="H+hLO2jzhswHq9pxmYyWz0MS7jQ="></latexit><latexit sha1_base64="H+hLO2jzhswHq9pxmYyWz0MS7jQ="></latexit><latexit sha1_base64="H+hLO2jzhswHq9pxmYyWz0MS7jQ="></latexit>

p(y|v) = Softmax(Wvv)
<latexit sha1_base64="byo3uFaqr3vTg3zmctUmpNlYPxs="></latexit><latexit sha1_base64="byo3uFaqr3vTg3zmctUmpNlYPxs="></latexit><latexit sha1_base64="byo3uFaqr3vTg3zmctUmpNlYPxs="></latexit><latexit sha1_base64="byo3uFaqr3vTg3zmctUmpNlYPxs="></latexit>



CNN	architectures

�6 Yoon	Kim	(2014);	Yang	et	al.	(2015)

‣ 	CNN	sentence	encoder

‣ 	Sentence	classifica'on	(e.g.,	sen'ment	classifica'on)

‣ 	Sentence	matching	(e.g.,	answer	sentence	selec'on)

v = max {C}, where C = [c1, c2, · · · , cn�m+1]
<latexit sha1_base64="H+hLO2jzhswHq9pxmYyWz0MS7jQ="></latexit><latexit sha1_base64="H+hLO2jzhswHq9pxmYyWz0MS7jQ="></latexit><latexit sha1_base64="H+hLO2jzhswHq9pxmYyWz0MS7jQ="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="O6LIb8CWHOZhcLbjpMWwngxUb9I="></latexit><latexit sha1_base64="O6LIb8CWHOZhcLbjpMWwngxUb9I="></latexit><latexit sha1_base64="X7JBUoqc0vzNaAXzQBPdmOu9lrQ="></latexit><latexit sha1_base64="H+hLO2jzhswHq9pxmYyWz0MS7jQ="></latexit><latexit sha1_base64="H+hLO2jzhswHq9pxmYyWz0MS7jQ="></latexit><latexit sha1_base64="H+hLO2jzhswHq9pxmYyWz0MS7jQ="></latexit><latexit sha1_base64="H+hLO2jzhswHq9pxmYyWz0MS7jQ="></latexit><latexit sha1_base64="H+hLO2jzhswHq9pxmYyWz0MS7jQ="></latexit><latexit sha1_base64="H+hLO2jzhswHq9pxmYyWz0MS7jQ="></latexit>

p(y|v) = Softmax(Wvv)
<latexit sha1_base64="byo3uFaqr3vTg3zmctUmpNlYPxs="></latexit><latexit sha1_base64="byo3uFaqr3vTg3zmctUmpNlYPxs="></latexit><latexit sha1_base64="byo3uFaqr3vTg3zmctUmpNlYPxs="></latexit><latexit sha1_base64="byo3uFaqr3vTg3zmctUmpNlYPxs="></latexit>
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‣ 	Sentence	classifica'on
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Key	phrase	hit	rate
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Key	phrases:	the	phrase	label	is	the	same	as	the	sentence	label	(SST)



Conclusions

‣ 	Conven'onal	CNNs	adopt	linear	convolu'on	filters	that	fails	
to	account	for	language	composi'onality.

‣ 	Recurrent	neural	filters	(RNFs)	yield	much	beaer	results	
than	linear	filters	on	many	NLP	tasks.
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‣ 	Code:	haps://github.com/bloomberg/cnn-rnf

https://github.com/bloomberg/cnn-rnf

