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13. Temporal Processing and RNNs
• Sequence problems


• Temporal convnets


• Recurrent Neural Networks (RNNs)


• LSTMs


• Attention


• Example problems:


• Image captioning


• Sound prediction
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Credit: Dhruv Batra, Andrej Karpathyhttp://karpathy.github.io/2015/05/21/rnn-effectiveness/

How do we model sequences?

http://karpathy.github.io/2015/05/21/rnn-effectiveness/








filter



w
<latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit>

Convolutions in time

time





It bothered him that the dog at three fourteen (seen from the side) should have the 
same name as the dog at three fifteen (seen from the front).
— “Funes the Memorius”, Borges 1962

“The Persistence of Memory”, 
Dali 1931
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Recurrent Neural Networks (RNNs)
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ŷ
<latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

ht = f(ht�1,xt)
<latexit sha1_base64="HaHYEkblOR2Y6QTwB+Mi9uiWBeA="></latexit><latexit sha1_base64="HaHYEkblOR2Y6QTwB+Mi9uiWBeA="></latexit><latexit sha1_base64="HaHYEkblOR2Y6QTwB+Mi9uiWBeA="></latexit><latexit sha1_base64="HaHYEkblOR2Y6QTwB+Mi9uiWBeA="></latexit>

yt = g(ht)
<latexit sha1_base64="n+XF8xEqFeyxaR36xmeT1yfVKiQ="></latexit><latexit sha1_base64="n+XF8xEqFeyxaR36xmeT1yfVKiQ="></latexit><latexit sha1_base64="n+XF8xEqFeyxaR36xmeT1yfVKiQ="></latexit><latexit sha1_base64="n+XF8xEqFeyxaR36xmeT1yfVKiQ="></latexit>
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ht = f(ht�1,xt)
<latexit sha1_base64="HaHYEkblOR2Y6QTwB+Mi9uiWBeA="></latexit><latexit sha1_base64="HaHYEkblOR2Y6QTwB+Mi9uiWBeA="></latexit><latexit sha1_base64="HaHYEkblOR2Y6QTwB+Mi9uiWBeA="></latexit><latexit sha1_base64="HaHYEkblOR2Y6QTwB+Mi9uiWBeA="></latexit>

yt = g(ht)
<latexit sha1_base64="n+XF8xEqFeyxaR36xmeT1yfVKiQ="></latexit><latexit sha1_base64="n+XF8xEqFeyxaR36xmeT1yfVKiQ="></latexit><latexit sha1_base64="n+XF8xEqFeyxaR36xmeT1yfVKiQ="></latexit><latexit sha1_base64="n+XF8xEqFeyxaR36xmeT1yfVKiQ="></latexit>
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W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

U
<latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit>

V
<latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit>

h
<latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit><latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit><latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit><latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit>

ŷ
<latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

at = Wht�1 +Uxt + b
<latexit sha1_base64="74O9vZ1355vl9xcJ/2b1+ZWKFWs="></latexit><latexit sha1_base64="74O9vZ1355vl9xcJ/2b1+ZWKFWs="></latexit><latexit sha1_base64="74O9vZ1355vl9xcJ/2b1+ZWKFWs="></latexit><latexit sha1_base64="74O9vZ1355vl9xcJ/2b1+ZWKFWs="></latexit>

ht = tanh(at)
<latexit sha1_base64="YvyGdoHi6TFHQ0v6OSOTPhaFRwg="></latexit><latexit sha1_base64="YvyGdoHi6TFHQ0v6OSOTPhaFRwg="></latexit><latexit sha1_base64="YvyGdoHi6TFHQ0v6OSOTPhaFRwg="></latexit><latexit sha1_base64="YvyGdoHi6TFHQ0v6OSOTPhaFRwg="></latexit>

ŷt = softmax(ot)
<latexit sha1_base64="jUrzVKzFWStHKA+CUIsdgJG6DgE="></latexit><latexit sha1_base64="jUrzVKzFWStHKA+CUIsdgJG6DgE="></latexit><latexit sha1_base64="jUrzVKzFWStHKA+CUIsdgJG6DgE="></latexit><latexit sha1_base64="jUrzVKzFWStHKA+CUIsdgJG6DgE="></latexit>

ot = Vht + c
<latexit sha1_base64="ejBc0FB8wZjZppfYCD1KHxPFjvA="></latexit><latexit sha1_base64="ejBc0FB8wZjZppfYCD1KHxPFjvA="></latexit><latexit sha1_base64="ejBc0FB8wZjZppfYCD1KHxPFjvA="></latexit><latexit sha1_base64="ejBc0FB8wZjZppfYCD1KHxPFjvA="></latexit>
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V
<latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit>

ŷ
<latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

W1
<latexit sha1_base64="ULVvVePFmvgO9Tgbb0e+uacsitA=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CEMplO2qGTSZi5EUrob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEqRQGXffbWVvf2NzaruxUd/f2Dw5rR8cdk2Sa8TZLZKJ7ITVcCsXbKFDyXqo5jUPJu+HkrvC7T1wbkahHnKY8iOlIiUgwilby/ZjiOIzy7mzgDWp1t+HOQVaJV5I6lGgNal/+MGFZzBUySY3pe26KQU41Cib5rOpnhqeUTeiI9y1VNOYmyOeZZ+TcKkMSJdo+hWSu/t7IaWzMNA7tZJHRLHuF+J/XzzC6CXKh0gy5YotDUSYJJqQogAyF5gzl1BLKtLBZCRtTTRnamqq2BG/5y6ukc9nw3Ib3cFVv3pZ1VOAUzuACPLiGJtxDC9rAIIVneIU3J3NenHfnYzG65pQ7J/AHzucP9+qRnw==</latexit><latexit sha1_base64="ULVvVePFmvgO9Tgbb0e+uacsitA=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CEMplO2qGTSZi5EUrob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEqRQGXffbWVvf2NzaruxUd/f2Dw5rR8cdk2Sa8TZLZKJ7ITVcCsXbKFDyXqo5jUPJu+HkrvC7T1wbkahHnKY8iOlIiUgwilby/ZjiOIzy7mzgDWp1t+HOQVaJV5I6lGgNal/+MGFZzBUySY3pe26KQU41Cib5rOpnhqeUTeiI9y1VNOYmyOeZZ+TcKkMSJdo+hWSu/t7IaWzMNA7tZJHRLHuF+J/XzzC6CXKh0gy5YotDUSYJJqQogAyF5gzl1BLKtLBZCRtTTRnamqq2BG/5y6ukc9nw3Ib3cFVv3pZ1VOAUzuACPLiGJtxDC9rAIIVneIU3J3NenHfnYzG65pQ7J/AHzucP9+qRnw==</latexit><latexit sha1_base64="ULVvVePFmvgO9Tgbb0e+uacsitA=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CEMplO2qGTSZi5EUrob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEqRQGXffbWVvf2NzaruxUd/f2Dw5rR8cdk2Sa8TZLZKJ7ITVcCsXbKFDyXqo5jUPJu+HkrvC7T1wbkahHnKY8iOlIiUgwilby/ZjiOIzy7mzgDWp1t+HOQVaJV5I6lGgNal/+MGFZzBUySY3pe26KQU41Cib5rOpnhqeUTeiI9y1VNOYmyOeZZ+TcKkMSJdo+hWSu/t7IaWzMNA7tZJHRLHuF+J/XzzC6CXKh0gy5YotDUSYJJqQogAyF5gzl1BLKtLBZCRtTTRnamqq2BG/5y6ukc9nw3Ib3cFVv3pZ1VOAUzuACPLiGJtxDC9rAIIVneIU3J3NenHfnYzG65pQ7J/AHzucP9+qRnw==</latexit><latexit sha1_base64="ULVvVePFmvgO9Tgbb0e+uacsitA=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CEMplO2qGTSZi5EUrob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEqRQGXffbWVvf2NzaruxUd/f2Dw5rR8cdk2Sa8TZLZKJ7ITVcCsXbKFDyXqo5jUPJu+HkrvC7T1wbkahHnKY8iOlIiUgwilby/ZjiOIzy7mzgDWp1t+HOQVaJV5I6lGgNal/+MGFZzBUySY3pe26KQU41Cib5rOpnhqeUTeiI9y1VNOYmyOeZZ+TcKkMSJdo+hWSu/t7IaWzMNA7tZJHRLHuF+J/XzzC6CXKh0gy5YotDUSYJJqQogAyF5gzl1BLKtLBZCRtTTRnamqq2BG/5y6ukc9nw3Ib3cFVv3pZ1VOAUzuACPLiGJtxDC9rAIIVneIU3J3NenHfnYzG65pQ7J/AHzucP9+qRnw==</latexit>

U1
<latexit sha1_base64="CX8Lu590a9KifHfpoN/RraOmFYc=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTC00pWy2L+3SzSbsboQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6CRTDH2WiER1Q6pRcIm+4UZgN1VI41DgYzi5LfzHJ1SaJ/LBTFPsx3QkecQZNVYKgpiacRjl/mzgDeoNt+nOQVaJV5IGlGgP6l/BMGFZjNIwQbXueW5q+jlVhjOBs1qQaUwpm9AR9iyVNEbdz+eZZ+TMKkMSJco+achc/b2R01jraRzaySKjXvYK8T+vl5noup9zmWYGJVscijJBTEKKAsiQK2RGTC2hTHGblbAxVZQZW1PNluAtf3mVdC6antv07i8brZuyjiqcwCmcgwdX0II7aIMPDFJ4hld4czLnxXl3PhajFafcOYY/cD5/APTckZ0=</latexit><latexit sha1_base64="CX8Lu590a9KifHfpoN/RraOmFYc=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTC00pWy2L+3SzSbsboQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6CRTDH2WiER1Q6pRcIm+4UZgN1VI41DgYzi5LfzHJ1SaJ/LBTFPsx3QkecQZNVYKgpiacRjl/mzgDeoNt+nOQVaJV5IGlGgP6l/BMGFZjNIwQbXueW5q+jlVhjOBs1qQaUwpm9AR9iyVNEbdz+eZZ+TMKkMSJco+achc/b2R01jraRzaySKjXvYK8T+vl5noup9zmWYGJVscijJBTEKKAsiQK2RGTC2hTHGblbAxVZQZW1PNluAtf3mVdC6antv07i8brZuyjiqcwCmcgwdX0II7aIMPDFJ4hld4czLnxXl3PhajFafcOYY/cD5/APTckZ0=</latexit><latexit sha1_base64="CX8Lu590a9KifHfpoN/RraOmFYc=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTC00pWy2L+3SzSbsboQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6CRTDH2WiER1Q6pRcIm+4UZgN1VI41DgYzi5LfzHJ1SaJ/LBTFPsx3QkecQZNVYKgpiacRjl/mzgDeoNt+nOQVaJV5IGlGgP6l/BMGFZjNIwQbXueW5q+jlVhjOBs1qQaUwpm9AR9iyVNEbdz+eZZ+TMKkMSJco+achc/b2R01jraRzaySKjXvYK8T+vl5noup9zmWYGJVscijJBTEKKAsiQK2RGTC2hTHGblbAxVZQZW1PNluAtf3mVdC6antv07i8brZuyjiqcwCmcgwdX0II7aIMPDFJ4hld4czLnxXl3PhajFafcOYY/cD5/APTckZ0=</latexit><latexit sha1_base64="CX8Lu590a9KifHfpoN/RraOmFYc=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTC00pWy2L+3SzSbsboQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6CRTDH2WiER1Q6pRcIm+4UZgN1VI41DgYzi5LfzHJ1SaJ/LBTFPsx3QkecQZNVYKgpiacRjl/mzgDeoNt+nOQVaJV5IGlGgP6l/BMGFZjNIwQbXueW5q+jlVhjOBs1qQaUwpm9AR9iyVNEbdz+eZZ+TMKkMSJco+achc/b2R01jraRzaySKjXvYK8T+vl5noup9zmWYGJVscijJBTEKKAsiQK2RGTC2hTHGblbAxVZQZW1PNluAtf3mVdC6antv07i8brZuyjiqcwCmcgwdX0II7aIMPDFJ4hld4czLnxXl3PhajFafcOYY/cD5/APTckZ0=</latexit>

UL
<latexit sha1_base64="YbbLv8NJOir00zt41cqhzEszHwM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCqYtNKFMppN26GQS5iGU0N9w40IRt/6MO//GSZuFth4YOJxzL/fMiTLOlHbdb6eytr6xuVXdru3s7u0f1A+POio1klCfpDyVvQgrypmgvmaa014mKU4iTrvR5Lbwu09UKpaKRz3NaJjgkWAxI1hbKQgSrMdRnPuzwf2g3nCb7hxolXglaUCJ9qD+FQxTYhIqNOFYqb7nZjrMsdSMcDqrBUbRDJMJHtG+pQInVIX5PPMMnVlliOJU2ic0mqu/N3KcKDVNIjtZZFTLXiH+5/WNjq/DnInMaCrI4lBsONIpKgpAQyYp0XxqCSaS2ayIjLHERNuaarYEb/nLq6Rz0fTcpvdw2WjdlHVU4QRO4Rw8uIIW3EEbfCCQwTO8wptjnBfn3flYjFaccucY/sD5/AEd15G4</latexit><latexit sha1_base64="YbbLv8NJOir00zt41cqhzEszHwM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCqYtNKFMppN26GQS5iGU0N9w40IRt/6MO//GSZuFth4YOJxzL/fMiTLOlHbdb6eytr6xuVXdru3s7u0f1A+POio1klCfpDyVvQgrypmgvmaa014mKU4iTrvR5Lbwu09UKpaKRz3NaJjgkWAxI1hbKQgSrMdRnPuzwf2g3nCb7hxolXglaUCJ9qD+FQxTYhIqNOFYqb7nZjrMsdSMcDqrBUbRDJMJHtG+pQInVIX5PPMMnVlliOJU2ic0mqu/N3KcKDVNIjtZZFTLXiH+5/WNjq/DnInMaCrI4lBsONIpKgpAQyYp0XxqCSaS2ayIjLHERNuaarYEb/nLq6Rz0fTcpvdw2WjdlHVU4QRO4Rw8uIIW3EEbfCCQwTO8wptjnBfn3flYjFaccucY/sD5/AEd15G4</latexit><latexit sha1_base64="YbbLv8NJOir00zt41cqhzEszHwM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCqYtNKFMppN26GQS5iGU0N9w40IRt/6MO//GSZuFth4YOJxzL/fMiTLOlHbdb6eytr6xuVXdru3s7u0f1A+POio1klCfpDyVvQgrypmgvmaa014mKU4iTrvR5Lbwu09UKpaKRz3NaJjgkWAxI1hbKQgSrMdRnPuzwf2g3nCb7hxolXglaUCJ9qD+FQxTYhIqNOFYqb7nZjrMsdSMcDqrBUbRDJMJHtG+pQInVIX5PPMMnVlliOJU2ic0mqu/N3KcKDVNIjtZZFTLXiH+5/WNjq/DnInMaCrI4lBsONIpKgpAQyYp0XxqCSaS2ayIjLHERNuaarYEb/nLq6Rz0fTcpvdw2WjdlHVU4QRO4Rw8uIIW3EEbfCCQwTO8wptjnBfn3flYjFaccucY/sD5/AEd15G4</latexit><latexit sha1_base64="YbbLv8NJOir00zt41cqhzEszHwM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCqYtNKFMppN26GQS5iGU0N9w40IRt/6MO//GSZuFth4YOJxzL/fMiTLOlHbdb6eytr6xuVXdru3s7u0f1A+POio1klCfpDyVvQgrypmgvmaa014mKU4iTrvR5Lbwu09UKpaKRz3NaJjgkWAxI1hbKQgSrMdRnPuzwf2g3nCb7hxolXglaUCJ9qD+FQxTYhIqNOFYqb7nZjrMsdSMcDqrBUbRDJMJHtG+pQInVIX5PPMMnVlliOJU2ic0mqu/N3KcKDVNIjtZZFTLXiH+5/WNjq/DnInMaCrI4lBsONIpKgpAQyYp0XxqCSaS2ayIjLHERNuaarYEb/nLq6Rz0fTcpvdw2WjdlHVU4QRO4Rw8uIIW3EEbfCCQwTO8wptjnBfn3flYjFaccucY/sD5/AEd15G4</latexit>

WL
<latexit sha1_base64="MD71ZVPNSWBYxXq78sTL75IYAKA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBTSiT6U07dDIJMxOhhP6GGxeKuPVn3Pk3TtsstPXAwOGce7lnTpgKro3rfjultfWNza3ydmVnd2//oHp41NZJphi2WCIS1Q2pRsEltgw3ArupQhqHAjvh+Hbmd55QaZ7IRzNJMYjpUPKIM2qs5PsxNaMwyjvT/n2/WnPr7hxklXgFqUGBZr/65Q8SlsUoDRNU657npibIqTKcCZxW/ExjStmYDrFnqaQx6iCfZ56SM6sMSJQo+6Qhc/X3Rk5jrSdxaCdnGfWyNxP/83qZia6DnMs0MyjZ4lCUCWISMiuADLhCZsTEEsoUt1kJG1FFmbE1VWwJ3vKXV0n7ou65de/hsta4Keoowwmcwjl4cAUNuIMmtIBBCs/wCm9O5rw4787HYrTkFDvH8AfO5w8g5ZG6</latexit><latexit sha1_base64="MD71ZVPNSWBYxXq78sTL75IYAKA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBTSiT6U07dDIJMxOhhP6GGxeKuPVn3Pk3TtsstPXAwOGce7lnTpgKro3rfjultfWNza3ydmVnd2//oHp41NZJphi2WCIS1Q2pRsEltgw3ArupQhqHAjvh+Hbmd55QaZ7IRzNJMYjpUPKIM2qs5PsxNaMwyjvT/n2/WnPr7hxklXgFqUGBZr/65Q8SlsUoDRNU657npibIqTKcCZxW/ExjStmYDrFnqaQx6iCfZ56SM6sMSJQo+6Qhc/X3Rk5jrSdxaCdnGfWyNxP/83qZia6DnMs0MyjZ4lCUCWISMiuADLhCZsTEEsoUt1kJG1FFmbE1VWwJ3vKXV0n7ou65de/hsta4Keoowwmcwjl4cAUNuIMmtIBBCs/wCm9O5rw4787HYrTkFDvH8AfO5w8g5ZG6</latexit><latexit sha1_base64="MD71ZVPNSWBYxXq78sTL75IYAKA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBTSiT6U07dDIJMxOhhP6GGxeKuPVn3Pk3TtsstPXAwOGce7lnTpgKro3rfjultfWNza3ydmVnd2//oHp41NZJphi2WCIS1Q2pRsEltgw3ArupQhqHAjvh+Hbmd55QaZ7IRzNJMYjpUPKIM2qs5PsxNaMwyjvT/n2/WnPr7hxklXgFqUGBZr/65Q8SlsUoDRNU657npibIqTKcCZxW/ExjStmYDrFnqaQx6iCfZ56SM6sMSJQo+6Qhc/X3Rk5jrSdxaCdnGfWyNxP/83qZia6DnMs0MyjZ4lCUCWISMiuADLhCZsTEEsoUt1kJG1FFmbE1VWwJ3vKXV0n7ou65de/hsta4Keoowwmcwjl4cAUNuIMmtIBBCs/wCm9O5rw4787HYrTkFDvH8AfO5w8g5ZG6</latexit><latexit sha1_base64="MD71ZVPNSWBYxXq78sTL75IYAKA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBTSiT6U07dDIJMxOhhP6GGxeKuPVn3Pk3TtsstPXAwOGce7lnTpgKro3rfjultfWNza3ydmVnd2//oHp41NZJphi2WCIS1Q2pRsEltgw3ArupQhqHAjvh+Hbmd55QaZ7IRzNJMYjpUPKIM2qs5PsxNaMwyjvT/n2/WnPr7hxklXgFqUGBZr/65Q8SlsUoDRNU657npibIqTKcCZxW/ExjStmYDrFnqaQx6iCfZ56SM6sMSJQo+6Qhc/X3Rk5jrSdxaCdnGfWyNxP/83qZia6DnMs0MyjZ4lCUCWISMiuADLhCZsTEEsoUt1kJG1FFmbE1VWwJ3vKXV0n7ou65de/hsta4Keoowwmcwjl4cAUNuIMmtIBBCs/wCm9O5rw4787HYrTkFDvH8AfO5w8g5ZG6</latexit>hL

<latexit sha1_base64="/xXu4tekDFB/8pYEafJ6Pq69Qjk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBTSiT6aQdOpmEmRuhhP6GGxeKuPVn3Pk3TtsstPXAwOGce7lnTphKYdB1v53S2vrG5lZ5u7Kzu7d/UD08apsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4Jx7czv/PEtRGJesRJyoOYDpWIBKNoJd+PKY7CKB9N+/f9as2tu3OQVeIVpAYFmv3qlz9IWBZzhUxSY3qem2KQU42CST6t+JnhKWVjOuQ9SxWNuQnyeeYpObPKgESJtk8hmau/N3IaGzOJQzs5y2iWvZn4n9fLMLoOcqHSDLlii0NRJgkmZFYAGQjNGcqJJZRpYbMSNqKaMrQ1VWwJ3vKXV0n7ou65de/hsta4Keoowwmcwjl4cAUNuIMmtIBBCs/wCm9O5rw4787HYrTkFDvH8AfO5w863JHL</latexit><latexit sha1_base64="/xXu4tekDFB/8pYEafJ6Pq69Qjk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBTSiT6aQdOpmEmRuhhP6GGxeKuPVn3Pk3TtsstPXAwOGce7lnTphKYdB1v53S2vrG5lZ5u7Kzu7d/UD08apsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4Jx7czv/PEtRGJesRJyoOYDpWIBKNoJd+PKY7CKB9N+/f9as2tu3OQVeIVpAYFmv3qlz9IWBZzhUxSY3qem2KQU42CST6t+JnhKWVjOuQ9SxWNuQnyeeYpObPKgESJtk8hmau/N3IaGzOJQzs5y2iWvZn4n9fLMLoOcqHSDLlii0NRJgkmZFYAGQjNGcqJJZRpYbMSNqKaMrQ1VWwJ3vKXV0n7ou65de/hsta4Keoowwmcwjl4cAUNuIMmtIBBCs/wCm9O5rw4787HYrTkFDvH8AfO5w863JHL</latexit><latexit sha1_base64="/xXu4tekDFB/8pYEafJ6Pq69Qjk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBTSiT6aQdOpmEmRuhhP6GGxeKuPVn3Pk3TtsstPXAwOGce7lnTphKYdB1v53S2vrG5lZ5u7Kzu7d/UD08apsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4Jx7czv/PEtRGJesRJyoOYDpWIBKNoJd+PKY7CKB9N+/f9as2tu3OQVeIVpAYFmv3qlz9IWBZzhUxSY3qem2KQU42CST6t+JnhKWVjOuQ9SxWNuQnyeeYpObPKgESJtk8hmau/N3IaGzOJQzs5y2iWvZn4n9fLMLoOcqHSDLlii0NRJgkmZFYAGQjNGcqJJZRpYbMSNqKaMrQ1VWwJ3vKXV0n7ou65de/hsta4Keoowwmcwjl4cAUNuIMmtIBBCs/wCm9O5rw4787HYrTkFDvH8AfO5w863JHL</latexit><latexit sha1_base64="/xXu4tekDFB/8pYEafJ6Pq69Qjk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBTSiT6aQdOpmEmRuhhP6GGxeKuPVn3Pk3TtsstPXAwOGce7lnTphKYdB1v53S2vrG5lZ5u7Kzu7d/UD08apsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4Jx7czv/PEtRGJesRJyoOYDpWIBKNoJd+PKY7CKB9N+/f9as2tu3OQVeIVpAYFmv3qlz9IWBZzhUxSY3qem2KQU42CST6t+JnhKWVjOuQ9SxWNuQnyeeYpObPKgESJtk8hmau/N3IaGzOJQzs5y2iWvZn4n9fLMLoOcqHSDLlii0NRJgkmZFYAGQjNGcqJJZRpYbMSNqKaMrQ1VWwJ3vKXV0n7ou65de/hsta4Keoowwmcwjl4cAUNuIMmtIBBCs/wCm9O5rw4787HYrTkFDvH8AfO5w863JHL</latexit>

h1
<latexit sha1_base64="rLixNotv064fe1LGhZRhn5aEBBI=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpZhN2X4QS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwnt4X/+MS1EYl6wGnKg5iOlIgEo2gl348pjsMoH88G3qDecJvuHGSVeCVpQIn2oP7lDxOWxVwhk9SYvuemGORUo2CSz2p+ZnhK2YSOeN9SRWNugnyeeUbOrDIkUaLtU0jm6u+NnMbGTOPQThYZzbJXiP95/Qyj6yAXKs2QK7Y4FGWSYEKKAshQaM5QTi2hTAublbAx1ZShralmS/CWv7xKuhdNz21695eN1k1ZRxVO4BTOwYMraMEdtKEDDFJ4hld4czLnxXl3PhajFafcOYY/cD5/ABHwkbA=</latexit><latexit sha1_base64="rLixNotv064fe1LGhZRhn5aEBBI=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpZhN2X4QS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwnt4X/+MS1EYl6wGnKg5iOlIgEo2gl348pjsMoH88G3qDecJvuHGSVeCVpQIn2oP7lDxOWxVwhk9SYvuemGORUo2CSz2p+ZnhK2YSOeN9SRWNugnyeeUbOrDIkUaLtU0jm6u+NnMbGTOPQThYZzbJXiP95/Qyj6yAXKs2QK7Y4FGWSYEKKAshQaM5QTi2hTAublbAx1ZShralmS/CWv7xKuhdNz21695eN1k1ZRxVO4BTOwYMraMEdtKEDDFJ4hld4czLnxXl3PhajFafcOYY/cD5/ABHwkbA=</latexit><latexit sha1_base64="rLixNotv064fe1LGhZRhn5aEBBI=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpZhN2X4QS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwnt4X/+MS1EYl6wGnKg5iOlIgEo2gl348pjsMoH88G3qDecJvuHGSVeCVpQIn2oP7lDxOWxVwhk9SYvuemGORUo2CSz2p+ZnhK2YSOeN9SRWNugnyeeUbOrDIkUaLtU0jm6u+NnMbGTOPQThYZzbJXiP95/Qyj6yAXKs2QK7Y4FGWSYEKKAshQaM5QTi2hTAublbAx1ZShralmS/CWv7xKuhdNz21695eN1k1ZRxVO4BTOwYMraMEdtKEDDFJ4hld4czLnxXl3PhajFafcOYY/cD5/ABHwkbA=</latexit><latexit sha1_base64="rLixNotv064fe1LGhZRhn5aEBBI=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpZhN2X4QS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwnt4X/+MS1EYl6wGnKg5iOlIgEo2gl348pjsMoH88G3qDecJvuHGSVeCVpQIn2oP7lDxOWxVwhk9SYvuemGORUo2CSz2p+ZnhK2YSOeN9SRWNugnyeeUbOrDIkUaLtU0jm6u+NnMbGTOPQThYZzbJXiP95/Qyj6yAXKs2QK7Y4FGWSYEKKAshQaM5QTi2hTAublbAx1ZShralmS/CWv7xKuhdNz21695eN1k1ZRxVO4BTOwYMraMEdtKEDDFJ4hld4czLnxXl3PhajFafcOYY/cD5/ABHwkbA=</latexit>

U2
<latexit sha1_base64="dmUSzsBPfweiLcJNpgS1eN3eHuw=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsKpi00oUymk3boZBLmIZTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98yJMs6Udt1vp7KxubW9U92t7e0fHB7Vj0+6KjWSUJ+kPJX9CCvKmaC+ZprTfiYpTiJOe9H0rvB7T1QqlopHPctomOCxYDEjWFspCBKsJ1Gc+/Nha1hvuE13AbROvJI0oERnWP8KRikxCRWacKzUwHMzHeZYakY4ndcCo2iGyRSP6cBSgROqwnyReY4urDJCcSrtExot1N8bOU6UmiWRnSwyqlWvEP/zBkbHN2HORGY0FWR5KDYc6RQVBaARk5RoPrMEE8lsVkQmWGKibU01W4K3+uV10m01PbfpPVw12rdlHVU4g3O4BA+uoQ330AEfCGTwDK/w5hjnxXl3PpajFafcOYU/cD5/APZgkZ4=</latexit><latexit sha1_base64="dmUSzsBPfweiLcJNpgS1eN3eHuw=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsKpi00oUymk3boZBLmIZTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98yJMs6Udt1vp7KxubW9U92t7e0fHB7Vj0+6KjWSUJ+kPJX9CCvKmaC+ZprTfiYpTiJOe9H0rvB7T1QqlopHPctomOCxYDEjWFspCBKsJ1Gc+/Nha1hvuE13AbROvJI0oERnWP8KRikxCRWacKzUwHMzHeZYakY4ndcCo2iGyRSP6cBSgROqwnyReY4urDJCcSrtExot1N8bOU6UmiWRnSwyqlWvEP/zBkbHN2HORGY0FWR5KDYc6RQVBaARk5RoPrMEE8lsVkQmWGKibU01W4K3+uV10m01PbfpPVw12rdlHVU4g3O4BA+uoQ330AEfCGTwDK/w5hjnxXl3PpajFafcOYU/cD5/APZgkZ4=</latexit><latexit sha1_base64="dmUSzsBPfweiLcJNpgS1eN3eHuw=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsKpi00oUymk3boZBLmIZTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98yJMs6Udt1vp7KxubW9U92t7e0fHB7Vj0+6KjWSUJ+kPJX9CCvKmaC+ZprTfiYpTiJOe9H0rvB7T1QqlopHPctomOCxYDEjWFspCBKsJ1Gc+/Nha1hvuE13AbROvJI0oERnWP8KRikxCRWacKzUwHMzHeZYakY4ndcCo2iGyRSP6cBSgROqwnyReY4urDJCcSrtExot1N8bOU6UmiWRnSwyqlWvEP/zBkbHN2HORGY0FWR5KDYc6RQVBaARk5RoPrMEE8lsVkQmWGKibU01W4K3+uV10m01PbfpPVw12rdlHVU4g3O4BA+uoQ330AEfCGTwDK/w5hjnxXl3PpajFafcOYU/cD5/APZgkZ4=</latexit><latexit sha1_base64="dmUSzsBPfweiLcJNpgS1eN3eHuw=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsKpi00oUymk3boZBLmIZTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98yJMs6Udt1vp7KxubW9U92t7e0fHB7Vj0+6KjWSUJ+kPJX9CCvKmaC+ZprTfiYpTiJOe9H0rvB7T1QqlopHPctomOCxYDEjWFspCBKsJ1Gc+/Nha1hvuE13AbROvJI0oERnWP8KRikxCRWacKzUwHMzHeZYakY4ndcCo2iGyRSP6cBSgROqwnyReY4urDJCcSrtExot1N8bOU6UmiWRnSwyqlWvEP/zBkbHN2HORGY0FWR5KDYc6RQVBaARk5RoPrMEE8lsVkQmWGKibU01W4K3+uV10m01PbfpPVw12rdlHVU4g3O4BA+uoQ330AEfCGTwDK/w5hjnxXl3PpajFafcOYU/cD5/APZgkZ4=</latexit>

…



@ŷt

@x0
<latexit sha1_base64="i9uiRDmsL2j1TjuEagXZhQAsitk="></latexit><latexit sha1_base64="i9uiRDmsL2j1TjuEagXZhQAsitk="></latexit><latexit sha1_base64="i9uiRDmsL2j1TjuEagXZhQAsitk="></latexit><latexit sha1_base64="i9uiRDmsL2j1TjuEagXZhQAsitk="></latexit>

Backprop through time

time

Hidden

Outputs

Inputs

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

U
<latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit>

V
<latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>
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<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

U
<latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit>

U
<latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit>
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<latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit>
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<latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit>
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<latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit><latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit><latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit><latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit>
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<latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit>
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<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

=
@ŷt

@ht

@ht

@ht�1
· · · @h1

@h0

@h0

@x0
<latexit sha1_base64="ZB5rmFxsuY+Dnm35Kc2GV03aD2Y="></latexit><latexit sha1_base64="ZB5rmFxsuY+Dnm35Kc2GV03aD2Y="></latexit><latexit sha1_base64="ZB5rmFxsuY+Dnm35Kc2GV03aD2Y="></latexit><latexit sha1_base64="ZB5rmFxsuY+Dnm35Kc2GV03aD2Y="></latexit>

ŷt
<latexit sha1_base64="vZs/hV27CUe6tWQlZmHdgEHc2Zk="></latexit><latexit sha1_base64="vZs/hV27CUe6tWQlZmHdgEHc2Zk="></latexit><latexit sha1_base64="vZs/hV27CUe6tWQlZmHdgEHc2Zk="></latexit><latexit sha1_base64="vZs/hV27CUe6tWQlZmHdgEHc2Zk="></latexit>

x0
<latexit sha1_base64="i8RyUEbLG6/GLbN2oKZUlZEMDPA="></latexit><latexit sha1_base64="i8RyUEbLG6/GLbN2oKZUlZEMDPA="></latexit><latexit sha1_base64="i8RyUEbLG6/GLbN2oKZUlZEMDPA="></latexit><latexit sha1_base64="i8RyUEbLG6/GLbN2oKZUlZEMDPA="></latexit>



time

Hidden

Outputs

Inputs

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

U
<latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit>

V
<latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

V
<latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit>

V
<latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit>V

<latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit>
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U
<latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit>

U
<latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit>

h
<latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit><latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit><latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit><latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit>

ŷ
<latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

⌃
<latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit>

J
<latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit> @J

@W
=

TX

t=0

@L(ŷt,yt)

@W
<latexit sha1_base64="MakGWvrzAC8GSmISs3CJ3cW9yOA="></latexit><latexit sha1_base64="MakGWvrzAC8GSmISs3CJ3cW9yOA="></latexit><latexit sha1_base64="MakGWvrzAC8GSmISs3CJ3cW9yOA="></latexit><latexit sha1_base64="MakGWvrzAC8GSmISs3CJ3cW9yOA="></latexit>



Recurrent linear layer

@L
@W

=
@L

@ht�1

@ht�1

@W
<latexit sha1_base64="oiypt+hyV2YxKgpc4WSarkWrmlw="></latexit><latexit sha1_base64="oiypt+hyV2YxKgpc4WSarkWrmlw="></latexit><latexit sha1_base64="oiypt+hyV2YxKgpc4WSarkWrmlw="></latexit><latexit sha1_base64="oiypt+hyV2YxKgpc4WSarkWrmlw="></latexit>

ht�1
<latexit sha1_base64="1cF6i4dr1uUAMCommCN1LMMLcZU="></latexit><latexit sha1_base64="1cF6i4dr1uUAMCommCN1LMMLcZU="></latexit><latexit sha1_base64="1cF6i4dr1uUAMCommCN1LMMLcZU="></latexit><latexit sha1_base64="1cF6i4dr1uUAMCommCN1LMMLcZU="></latexit>

xt
<latexit sha1_base64="//0QqwhNEcSZi3eZllqDhQpE36o="></latexit><latexit sha1_base64="//0QqwhNEcSZi3eZllqDhQpE36o="></latexit><latexit sha1_base64="//0QqwhNEcSZi3eZllqDhQpE36o="></latexit><latexit sha1_base64="//0QqwhNEcSZi3eZllqDhQpE36o="></latexit>

at
<latexit sha1_base64="oko6c4lpKnWsfQ/fFQ6zn8v5bl8="></latexit><latexit sha1_base64="oko6c4lpKnWsfQ/fFQ6zn8v5bl8="></latexit><latexit sha1_base64="oko6c4lpKnWsfQ/fFQ6zn8v5bl8="></latexit><latexit sha1_base64="oko6c4lpKnWsfQ/fFQ6zn8v5bl8="></latexit>

@L
@at

<latexit sha1_base64="BUJVqYZhXO22+6SOS0uUfciOIIg="></latexit><latexit sha1_base64="BUJVqYZhXO22+6SOS0uUfciOIIg="></latexit><latexit sha1_base64="BUJVqYZhXO22+6SOS0uUfciOIIg="></latexit><latexit sha1_base64="BUJVqYZhXO22+6SOS0uUfciOIIg="></latexit>

@L
@ht�1

<latexit sha1_base64="SJ977w96/fOS0Rkl73Cn0VfugHo="></latexit><latexit sha1_base64="SJ977w96/fOS0Rkl73Cn0VfugHo="></latexit><latexit sha1_base64="SJ977w96/fOS0Rkl73Cn0VfugHo="></latexit><latexit sha1_base64="SJ977w96/fOS0Rkl73Cn0VfugHo="></latexit>

@L
@xt

<latexit sha1_base64="xobEKafPrdmnfvfVKFrQCgM6kiA="></latexit><latexit sha1_base64="xobEKafPrdmnfvfVKFrQCgM6kiA="></latexit><latexit sha1_base64="xobEKafPrdmnfvfVKFrQCgM6kiA="></latexit><latexit sha1_base64="xobEKafPrdmnfvfVKFrQCgM6kiA="></latexit>

@L
@xt

=
@L
@at

U
<latexit sha1_base64="TFSPwuUxwloz/YbAeNy0ncDL+m0="></latexit><latexit sha1_base64="TFSPwuUxwloz/YbAeNy0ncDL+m0="></latexit><latexit sha1_base64="TFSPwuUxwloz/YbAeNy0ncDL+m0="></latexit><latexit sha1_base64="TFSPwuUxwloz/YbAeNy0ncDL+m0="></latexit>

@J

@W
=

TX

t=0

@L(ŷt,yt)

@W
<latexit sha1_base64="MakGWvrzAC8GSmISs3CJ3cW9yOA="></latexit><latexit sha1_base64="MakGWvrzAC8GSmISs3CJ3cW9yOA="></latexit><latexit sha1_base64="MakGWvrzAC8GSmISs3CJ3cW9yOA="></latexit><latexit sha1_base64="MakGWvrzAC8GSmISs3CJ3cW9yOA="></latexit>

at = Wht�1 +Uxt + b
<latexit sha1_base64="74O9vZ1355vl9xcJ/2b1+ZWKFWs="></latexit><latexit sha1_base64="74O9vZ1355vl9xcJ/2b1+ZWKFWs="></latexit><latexit sha1_base64="74O9vZ1355vl9xcJ/2b1+ZWKFWs="></latexit><latexit sha1_base64="74O9vZ1355vl9xcJ/2b1+ZWKFWs="></latexit>

@L
@ht�1

=
@L
@at

W
<latexit sha1_base64="IAKM1pZkvhrS/AamekErqs/0t2M="></latexit><latexit sha1_base64="IAKM1pZkvhrS/AamekErqs/0t2M="></latexit><latexit sha1_base64="IAKM1pZkvhrS/AamekErqs/0t2M="></latexit><latexit sha1_base64="IAKM1pZkvhrS/AamekErqs/0t2M="></latexit>



The problem of long-range dependences
Why not remember everything?

• Memory size grows with t 

• This kind of memory is nonparametric: there is no finite set of 
parameters we can use to model it 

• RNNs make a Markov assumption — the future hidden state only 
depends on the immediately preceding hidden state 

• By putting the right info in to the hidden state, RNNs can model 
depedences that are arbitrarily far apart



The problem of long-range dependences

•  Capturing long-range dependences requires propagating information 
through a long chain of dependences. 

•  Old observations are forgotten 
•  Stochastic gradients become high variance (noisy), and gradients may 

vanish or explode

@ŷt

@x0
<latexit sha1_base64="i9uiRDmsL2j1TjuEagXZhQAsitk="></latexit><latexit sha1_base64="i9uiRDmsL2j1TjuEagXZhQAsitk="></latexit><latexit sha1_base64="i9uiRDmsL2j1TjuEagXZhQAsitk="></latexit><latexit sha1_base64="i9uiRDmsL2j1TjuEagXZhQAsitk="></latexit>

time

Hidden

Outputs

Inputs

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

U
<latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit>

V
<latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

U
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ŷ
<latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

=
@ŷt

@ht

@ht

@ht�1
· · · @h1

@h0

@h0

@x0
<latexit sha1_base64="ZB5rmFxsuY+Dnm35Kc2GV03aD2Y="></latexit><latexit sha1_base64="ZB5rmFxsuY+Dnm35Kc2GV03aD2Y="></latexit><latexit sha1_base64="ZB5rmFxsuY+Dnm35Kc2GV03aD2Y="></latexit><latexit sha1_base64="ZB5rmFxsuY+Dnm35Kc2GV03aD2Y="></latexit>

ŷt
<latexit sha1_base64="vZs/hV27CUe6tWQlZmHdgEHc2Zk="></latexit><latexit sha1_base64="vZs/hV27CUe6tWQlZmHdgEHc2Zk="></latexit><latexit sha1_base64="vZs/hV27CUe6tWQlZmHdgEHc2Zk="></latexit><latexit sha1_base64="vZs/hV27CUe6tWQlZmHdgEHc2Zk="></latexit>

x0
<latexit sha1_base64="i8RyUEbLG6/GLbN2oKZUlZEMDPA="></latexit><latexit sha1_base64="i8RyUEbLG6/GLbN2oKZUlZEMDPA="></latexit><latexit sha1_base64="i8RyUEbLG6/GLbN2oKZUlZEMDPA="></latexit><latexit sha1_base64="i8RyUEbLG6/GLbN2oKZUlZEMDPA="></latexit>



LSTMs 
Long Short Term Memory

A special kind of RNN designed to avoid forgetting.

This way the default behavior is not to forget an old state. Instead of forgetting 
by default, the network has to learn to forget.

[Hochreiter & Schmidhuber, 1997]



[Slide derived from Chris Olah: http://colah.github.io/posts/2015-08-Understanding-LSTMs/]

http://colah.github.io/posts/2015-08-Understanding-LSTMs/


[Slide derived from Chris Olah: http://colah.github.io/posts/2015-08-Understanding-LSTMs/]

http://colah.github.io/posts/2015-08-Understanding-LSTMs/


Ct = Cell state

[Slide derived from Chris Olah: http://colah.github.io/posts/2015-08-Understanding-LSTMs/]

http://colah.github.io/posts/2015-08-Understanding-LSTMs/


Decide what information to throw away from the cell state.  

Each element of cell state is multiplied by ~1 (remember) or ~0 (forget).

�(x)
<latexit sha1_base64="bgjK4L/ypkIbk3dpFx43QToSONU=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzEOSJcxOZpMh81hmZsWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtR6oNU/LejhMaCjyQLGYEWyc9dA0bCFx5OuuVyn7VnwEtkyAnZchR75W+un1FUkGlJRwb0wn8xIYZ1pYRTifFbmpogskID2jHUYkFNWE2O3iCTp3SR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPvUZ9pSiwfO4KJZu5WRIZYY2JdRkUXQrD48jJpnlcDvxrcXZRr13kcBTiGE6hAAJdQg1uoQwMICHiGV3jztPfivXsf89YVL585gj/wPn8ARACQCg==</latexit><latexit sha1_base64="bgjK4L/ypkIbk3dpFx43QToSONU=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzEOSJcxOZpMh81hmZsWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtR6oNU/LejhMaCjyQLGYEWyc9dA0bCFx5OuuVyn7VnwEtkyAnZchR75W+un1FUkGlJRwb0wn8xIYZ1pYRTifFbmpogskID2jHUYkFNWE2O3iCTp3SR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPvUZ9pSiwfO4KJZu5WRIZYY2JdRkUXQrD48jJpnlcDvxrcXZRr13kcBTiGE6hAAJdQg1uoQwMICHiGV3jztPfivXsf89YVL585gj/wPn8ARACQCg==</latexit><latexit sha1_base64="bgjK4L/ypkIbk3dpFx43QToSONU=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzEOSJcxOZpMh81hmZsWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtR6oNU/LejhMaCjyQLGYEWyc9dA0bCFx5OuuVyn7VnwEtkyAnZchR75W+un1FUkGlJRwb0wn8xIYZ1pYRTifFbmpogskID2jHUYkFNWE2O3iCTp3SR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPvUZ9pSiwfO4KJZu5WRIZYY2JdRkUXQrD48jJpnlcDvxrcXZRr13kcBTiGE6hAAJdQg1uoQwMICHiGV3jztPfivXsf89YVL585gj/wPn8ARACQCg==</latexit><latexit sha1_base64="bgjK4L/ypkIbk3dpFx43QToSONU=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzEOSJcxOZpMh81hmZsWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtR6oNU/LejhMaCjyQLGYEWyc9dA0bCFx5OuuVyn7VnwEtkyAnZchR75W+un1FUkGlJRwb0wn8xIYZ1pYRTifFbmpogskID2jHUYkFNWE2O3iCTp3SR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPvUZ9pSiwfO4KJZu5WRIZYY2JdRkUXQrD48jJpnlcDvxrcXZRr13kcBTiGE6hAAJdQg1uoQwMICHiGV3jztPfivXsf89YVL585gj/wPn8ARACQCg==</latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>

[Slide derived from Chris Olah: http://colah.github.io/posts/2015-08-Understanding-LSTMs/]

http://colah.github.io/posts/2015-08-Understanding-LSTMs/


Decide what new information to add to the cell state.

which indices to write to

what to write to those indices

[Slide derived from Chris Olah: http://colah.github.io/posts/2015-08-Understanding-LSTMs/]

http://colah.github.io/posts/2015-08-Understanding-LSTMs/


Forget selected old information, write selected new information. 

[Slide derived from Chris Olah: http://colah.github.io/posts/2015-08-Understanding-LSTMs/]

http://colah.github.io/posts/2015-08-Understanding-LSTMs/


After having updated the cell state’s information, decide what to output.

[Slide derived from Chris Olah: http://colah.github.io/posts/2015-08-Understanding-LSTMs/]

http://colah.github.io/posts/2015-08-Understanding-LSTMs/


Image Captioning

[Example above from: Vinyals, Toshev, Bengio, Erhan, CVPR 2015, https://arxiv.org/abs/1411.4555]



Recipe for deep learning in a new domain

1. Transform your data into numbers (e.g., a vector) 

2. Transform your goal into a numerical measure (objective function) 

3. #1 and #2 specify the “learning problem” 

4. Use a generic optimizer (SGD) and an appropriate architecture (e.g., CNN or 
RNN) to solve the learning problem



Training data

n o
,

n o
,

n o
,

…

x

“Fish”

“Grizzly”

“Chameleon”

y
<latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit><latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit><latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit><latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit>

Training data

n o
,

n o
,

n o
,

…

x

1

2

3

y
<latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit><latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit><latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit><latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit>

One-hot vector

Training data

n o
,

n o
,

n o
,

…
x y

[0,0,1]

[0,1,0]

[1,0,0]

How to represent words as numbers?



How to represent words as numbers?
Prediction

dolphin

cat

grizzly bear

angel fish

chameleon

iguana

elephant

clown fish

ŷ
<latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit>

0 1

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit>

…

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

f✓ : X ! RK
<latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit>



How to represent words as numbers?
Prediction

a

aardvark

absolve

accurate

adapt

after

aghast

aether

ŷ
<latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit>

0 1

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit>

…

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

f✓ : X ! RK
<latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit>

Rather than having just a handful of 
possible object classes, we can 
represent all words in a large 
vocabulary using a very large K  
(e.g., K=100,000).



How to represent words as numbers?
Prediction

a

b

c

d

e

g

h

f

ŷ
<latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit>

0 1

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit>

…

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

f✓ : X ! RK
<latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit>

Or, represent each character as a 
class (e.g., K=26 for English letters), 

and represent words as a sequence of 
characters.
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Outputs

Inputs

“A” “cl
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en

”

“se
as”

This problem is called image captioning
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LSTM LSTM
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Training
<latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit>

“A” “cl
ow

n”

“fis
h”

“sw
imming

”

“in
”

“op
en

”

“se
as” END

Targets y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

Max-likelihood objective: maximize probability the 
model assigns to each target word: argmax

✓
log p✓(y)

<latexit sha1_base64="Ex7dvB0sjFimyRC5rkSKYPAxn+I="></latexit><latexit sha1_base64="Ex7dvB0sjFimyRC5rkSKYPAxn+I="></latexit><latexit sha1_base64="Ex7dvB0sjFimyRC5rkSKYPAxn+I="></latexit><latexit sha1_base64="Ex7dvB0sjFimyRC5rkSKYPAxn+I="></latexit>

p✓(·)
<latexit sha1_base64="zWH0+c3HsBAPc0PVCTPppFO2hic="></latexit><latexit sha1_base64="zWH0+c3HsBAPc0PVCTPppFO2hic="></latexit><latexit sha1_base64="zWH0+c3HsBAPc0PVCTPppFO2hic="></latexit><latexit sha1_base64="zWH0+c3HsBAPc0PVCTPppFO2hic="></latexit>
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Training
<latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit>

Targets

Max-likelihood objective: 
minimize cross-entropy between 
model outputs and one-hot 
encoded targets.

f
⇤ = argmin

f2F

NX

i=1

H(yi, ŷi)
<latexit sha1_base64="zmY0lU275JrVgPJcXk46md54SF4="></latexit><latexit sha1_base64="zmY0lU275JrVgPJcXk46md54SF4="></latexit><latexit sha1_base64="zmY0lU275JrVgPJcXk46md54SF4="></latexit><latexit sha1_base64="zmY0lU275JrVgPJcXk46md54SF4="></latexit>

y
<latexit sha1_base64="8R5C0oP4J3IcOOjk4/FDPtcwxXM="></latexit><latexit sha1_base64="8R5C0oP4J3IcOOjk4/FDPtcwxXM="></latexit><latexit sha1_base64="8R5C0oP4J3IcOOjk4/FDPtcwxXM="></latexit><latexit sha1_base64="8R5C0oP4J3IcOOjk4/FDPtcwxXM="></latexit>

ŷ
<latexit sha1_base64="1Cy10lk9f2aGyezCZBAenEq5zkc="></latexit><latexit sha1_base64="1Cy10lk9f2aGyezCZBAenEq5zkc="></latexit><latexit sha1_base64="1Cy10lk9f2aGyezCZBAenEq5zkc="></latexit><latexit sha1_base64="1Cy10lk9f2aGyezCZBAenEq5zkc="></latexit>



LSTM

CNN

Testing
<latexit sha1_base64="kx4zJeAndiDGWHbUkuboN03E73A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tDoNgFe7SaBm0sYyQL0iOsLeZJEv29o7dOSEc+RE2ForY+nvs/Ddukis08cHA470ZZuaFiRSGPO/bKWxt7+zuFfdLB4dHxyfl07O2iVPNscVjGetuyAxKobBFgiR2E40sCiV2wun9wu88oTYiVk2aJRhEbKzESHBGVuo00ZBQ40G54lW9JdxN4uekAjkag/JXfxjzNEJFXDJjer6XUJAxTYJLnJf6qcGE8SkbY89SxSI0QbY8d+5eWWXojmJtS5G7VH9PZCwyZhaFtjNiNDHr3kL8z+ulNLoNMqGSlFDx1aJRKl2K3cXv7lBo5CRnljCuhb3V5ROmGSebUMmG4K+/vEnatarvVf3HWqV+l8dRhAu4hGvw4Qbq8AANaAGHKTzDK7w5ifPivDsfq9aCk8+cwx84nz9uS4+c</latexit><latexit sha1_base64="kx4zJeAndiDGWHbUkuboN03E73A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tDoNgFe7SaBm0sYyQL0iOsLeZJEv29o7dOSEc+RE2ForY+nvs/Ddukis08cHA470ZZuaFiRSGPO/bKWxt7+zuFfdLB4dHxyfl07O2iVPNscVjGetuyAxKobBFgiR2E40sCiV2wun9wu88oTYiVk2aJRhEbKzESHBGVuo00ZBQ40G54lW9JdxN4uekAjkag/JXfxjzNEJFXDJjer6XUJAxTYJLnJf6qcGE8SkbY89SxSI0QbY8d+5eWWXojmJtS5G7VH9PZCwyZhaFtjNiNDHr3kL8z+ulNLoNMqGSlFDx1aJRKl2K3cXv7lBo5CRnljCuhb3V5ROmGSebUMmG4K+/vEnatarvVf3HWqV+l8dRhAu4hGvw4Qbq8AANaAGHKTzDK7w5ifPivDsfq9aCk8+cwx84nz9uS4+c</latexit><latexit sha1_base64="kx4zJeAndiDGWHbUkuboN03E73A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tDoNgFe7SaBm0sYyQL0iOsLeZJEv29o7dOSEc+RE2ForY+nvs/Ddukis08cHA470ZZuaFiRSGPO/bKWxt7+zuFfdLB4dHxyfl07O2iVPNscVjGetuyAxKobBFgiR2E40sCiV2wun9wu88oTYiVk2aJRhEbKzESHBGVuo00ZBQ40G54lW9JdxN4uekAjkag/JXfxjzNEJFXDJjer6XUJAxTYJLnJf6qcGE8SkbY89SxSI0QbY8d+5eWWXojmJtS5G7VH9PZCwyZhaFtjNiNDHr3kL8z+ulNLoNMqGSlFDx1aJRKl2K3cXv7lBo5CRnljCuhb3V5ROmGSebUMmG4K+/vEnatarvVf3HWqV+l8dRhAu4hGvw4Qbq8AANaAGHKTzDK7w5ifPivDsfq9aCk8+cwx84nz9uS4+c</latexit><latexit sha1_base64="kx4zJeAndiDGWHbUkuboN03E73A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tDoNgFe7SaBm0sYyQL0iOsLeZJEv29o7dOSEc+RE2ForY+nvs/Ddukis08cHA470ZZuaFiRSGPO/bKWxt7+zuFfdLB4dHxyfl07O2iVPNscVjGetuyAxKobBFgiR2E40sCiV2wun9wu88oTYiVk2aJRhEbKzESHBGVuo00ZBQ40G54lW9JdxN4uekAjkag/JXfxjzNEJFXDJjer6XUJAxTYJLnJf6qcGE8SkbY89SxSI0QbY8d+5eWWXojmJtS5G7VH9PZCwyZhaFtjNiNDHr3kL8z+ulNLoNMqGSlFDx1aJRKl2K3cXv7lBo5CRnljCuhb3V5ROmGSebUMmG4K+/vEnatarvVf3HWqV+l8dRhAu4hGvw4Qbq8AANaAGHKTzDK7w5ifPivDsfq9aCk8+cwx84nz9uS4+c</latexit>
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p✓(·)
<latexit sha1_base64="zWH0+c3HsBAPc0PVCTPppFO2hic="></latexit><latexit sha1_base64="zWH0+c3HsBAPc0PVCTPppFO2hic="></latexit><latexit sha1_base64="zWH0+c3HsBAPc0PVCTPppFO2hic="></latexit><latexit sha1_base64="zWH0+c3HsBAPc0PVCTPppFO2hic="></latexit>
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Sample from predicted distribution over words.

Alternatively, sample most likely word.



It was very popular a few years ago





The problem of long-range dependences
Why not remember everything?

• Memory size grows with t 

• This kind of memory is nonparametric: there is no finite set of 
parameters we can use to model it 

• RNNs make a Markov assumption — the future hidden state only 
depends on the immediately preceding hidden state 

• By putting the right info in to the hidden state, RNNs can model 
depedences that are arbitrarily far apart



w
<latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit>

w
<latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit>

time

Rufus

Memory 
unit

Rufus!



w
<latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit>

w
<latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit>

time

Memory 
units

…



The problem of long-range dependences

Other methods exist that do directly link old 
“memories” (observations or hidden states) to future predictions: 
 

• Temporal convolutions  

• Attention / Transformers (see https://arxiv.org/abs/1706.03762) 

• Memory networks (see https://arxiv.org/abs/1410.3916)

https://arxiv.org/abs/1706.03762
https://arxiv.org/abs/1410.3916
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<latexit sha1_base64="GauA5oGsRS7QbOWcmn8rizNPsOA=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPZuqfrXm1/05yCoJClKDAs1+9as3iFmquEYmqbXdwE8wzKhBwSSfVXqp5QllEzriXUc1VdyG2fzWGTlzyoAMY+NKI5mrvycyqqydqsh1Kopju+zl4n9eN8XhdZgJnaTINVssGqaSYEzyx8lAGM5QTh2hzAh3K2FjaihDF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFDMbwDK/w5invxXv3PhatJa+YOYY/8D5/ADHrjlM=</latexit><latexit sha1_base64="GauA5oGsRS7QbOWcmn8rizNPsOA=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPZuqfrXm1/05yCoJClKDAs1+9as3iFmquEYmqbXdwE8wzKhBwSSfVXqp5QllEzriXUc1VdyG2fzWGTlzyoAMY+NKI5mrvycyqqydqsh1Kopju+zl4n9eN8XhdZgJnaTINVssGqaSYEzyx8lAGM5QTh2hzAh3K2FjaihDF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFDMbwDK/w5invxXv3PhatJa+YOYY/8D5/ADHrjlM=</latexit><latexit sha1_base64="GauA5oGsRS7QbOWcmn8rizNPsOA=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPZuqfrXm1/05yCoJClKDAs1+9as3iFmquEYmqbXdwE8wzKhBwSSfVXqp5QllEzriXUc1VdyG2fzWGTlzyoAMY+NKI5mrvycyqqydqsh1Kopju+zl4n9eN8XhdZgJnaTINVssGqaSYEzyx8lAGM5QTh2hzAh3K2FjaihDF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFDMbwDK/w5invxXv3PhatJa+YOYY/8D5/ADHrjlM=</latexit><latexit sha1_base64="GauA5oGsRS7QbOWcmn8rizNPsOA=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPZuqfrXm1/05yCoJClKDAs1+9as3iFmquEYmqbXdwE8wzKhBwSSfVXqp5QllEzriXUc1VdyG2fzWGTlzyoAMY+NKI5mrvycyqqydqsh1Kopju+zl4n9eN8XhdZgJnaTINVssGqaSYEzyx8lAGM5QTh2hzAh3K2FjaihDF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFDMbwDK/w5invxXv3PhatJa+YOYY/8D5/ADHrjlM=</latexit>
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weights * value

value



[“Attention is all you need”, Vaswani et al. 2017]

key valuequery

Attention



Transformer

[“Attention is all you need”, Vaswani et al. 2017]



Modeling arbitrarily long sequences

• RNNs — recurrent weights are shared across time


• Convolution — conv weights are shared across time


• Attention — weights are dynamically determined



Anything you can do w.r.t. time, you can do w.r.t. space, 
and vice versa.

Popular right now: treat 
pixels as a sequence and 
then apply sequence 
modeling methods.





The Greatest Hits dataset



The Greatest Hits dataset

• 978 videos of people probing scenes with a drumstick

• 46,620 hits and scratches

• Material, action, and reaction labels (used for analysis)

Cardboard Cushion Glass Gravel

Concrete Dirt Grass Leaf Wood

Plastic bag

Scattering

Deformation
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Source: McDermott & Simoncelli 2011
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Predicting sound features

• Two-stream CNN: color + spacetime images
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Example-based synthesis

Generating a waveform
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Some results



Original sound sourceOur output





Original sound sourceOur output





Original sound sourceOur output
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Predicted sound



Other actions?



Other actions?





13. Temporal Processing and RNNs
• Sequence problems


• Temporal convnets


• Recurrent Neural Networks (RNNs)


• LSTMs


• Attention


• Example problems:


• Image captioning


• Sound prediction


