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Background



• The architecture of linearly-assembled pixel-adaptive regression network (LAPAR)
with four basic stages, i.e., stage 1: up-sampling; stage 2: LaparNet; stage 3: dictionary
assembling; stage 4: filtering.
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LFBM
<latexit sha1_base64="oowtRPJCZBlBZxVtI8NhqU9mpLM=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMcQQTwoRDAPSNYwO5lNhsw+mOlVwpL/8OJBEa/+izf/xtlkDxotGCiquuma8mIpNNr2l1VYWl5ZXSuulzY2t7Z3yrt7LR0livEmi2SkOh7VXIqQN1Gg5J1YcRp4kre98UXmtx+40iIK73ASczegw1D4glE00n0voDgSmF5f1qf9m365YlftGchf4uSkAjka/fJnbxCxJOAhMkm17jp2jG5KFQom+bTUSzSPKRvTIe8aGtKAazedpZ6SI6MMiB8p80IkM/XnRkoDrSeBZyazlHrRy8T/vG6C/rmbijBOkIdsfshPJMGIZBWQgVCcoZwYQpkSJithI6ooQ1NUyZTgLH75L2mdVB276tyeVmr1vI4iHMAhHIMDZ1CDK2hAExgoeIIXeLUerWfrzXqfjxasfGcffsH6+AZTN5Jh</latexit><latexit sha1_base64="oowtRPJCZBlBZxVtI8NhqU9mpLM=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMcQQTwoRDAPSNYwO5lNhsw+mOlVwpL/8OJBEa/+izf/xtlkDxotGCiquuma8mIpNNr2l1VYWl5ZXSuulzY2t7Z3yrt7LR0livEmi2SkOh7VXIqQN1Gg5J1YcRp4kre98UXmtx+40iIK73ASczegw1D4glE00n0voDgSmF5f1qf9m365YlftGchf4uSkAjka/fJnbxCxJOAhMkm17jp2jG5KFQom+bTUSzSPKRvTIe8aGtKAazedpZ6SI6MMiB8p80IkM/XnRkoDrSeBZyazlHrRy8T/vG6C/rmbijBOkIdsfshPJMGIZBWQgVCcoZwYQpkSJithI6ooQ1NUyZTgLH75L2mdVB276tyeVmr1vI4iHMAhHIMDZ1CDK2hAExgoeIIXeLUerWfrzXqfjxasfGcffsH6+AZTN5Jh</latexit><latexit sha1_base64="oowtRPJCZBlBZxVtI8NhqU9mpLM=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMcQQTwoRDAPSNYwO5lNhsw+mOlVwpL/8OJBEa/+izf/xtlkDxotGCiquuma8mIpNNr2l1VYWl5ZXSuulzY2t7Z3yrt7LR0livEmi2SkOh7VXIqQN1Gg5J1YcRp4kre98UXmtx+40iIK73ASczegw1D4glE00n0voDgSmF5f1qf9m365YlftGchf4uSkAjka/fJnbxCxJOAhMkm17jp2jG5KFQom+bTUSzSPKRvTIe8aGtKAazedpZ6SI6MMiB8p80IkM/XnRkoDrSeBZyazlHrRy8T/vG6C/rmbijBOkIdsfshPJMGIZBWQgVCcoZwYQpkSJithI6ooQ1NUyZTgLH75L2mdVB276tyeVmr1vI4iHMAhHIMDZ1CDK2hAExgoeIIXeLUerWfrzXqfjxasfGcffsH6+AZTN5Jh</latexit><latexit sha1_base64="oowtRPJCZBlBZxVtI8NhqU9mpLM=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMcQQTwoRDAPSNYwO5lNhsw+mOlVwpL/8OJBEa/+izf/xtlkDxotGCiquuma8mIpNNr2l1VYWl5ZXSuulzY2t7Z3yrt7LR0livEmi2SkOh7VXIqQN1Gg5J1YcRp4kre98UXmtx+40iIK73ASczegw1D4glE00n0voDgSmF5f1qf9m365YlftGchf4uSkAjka/fJnbxCxJOAhMkm17jp2jG5KFQom+bTUSzSPKRvTIe8aGtKAazedpZ6SI6MMiB8p80IkM/XnRkoDrSeBZyazlHrRy8T/vG6C/rmbijBOkIdsfshPJMGIZBWQgVCcoZwYQpkSJithI6ooQ1NUyZTgLH75L2mdVB276tyeVmr1vI4iHMAhHIMDZ1CDK2hAExgoeIIXeLUerWfrzXqfjxasfGcffsH6+AZTN5Jh</latexit>

�<latexit sha1_base64="UCqTCNN4aY7A9FBgoXfn3UfiULs=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMplO2qGTSZy5KZTQ73DjQhG3fow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo5bJk41400Wy1h3Amq4FIo3UaDknURzGgWSt4PxXe63J1wbEatHnCbcj+hQiVAwilbyexHFURBmvcZIzPqVqltz5yCrxCtIFQo0+pWv3iBmacQVMkmN6Xpugn5GNQom+azcSw1PKBvTIe9aqmjEjZ/NQ8/IuVUGJIy1fQrJXP29kdHImGkU2Mk8pFn2cvE/r5tieONnQiUpcsUWh8JUEoxJ3gAZCM0ZyqkllGlhsxI2opoytD2VbQne8pdXSeuy5rk17+GqWr8t6ijBKZzBBXhwDXW4hwY0gcETPMMrvDkT58V5dz4Wo2tOsXMCf+B8/gAE3pI/</latexit><latexit sha1_base64="UCqTCNN4aY7A9FBgoXfn3UfiULs=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMplO2qGTSZy5KZTQ73DjQhG3fow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo5bJk41400Wy1h3Amq4FIo3UaDknURzGgWSt4PxXe63J1wbEatHnCbcj+hQiVAwilbyexHFURBmvcZIzPqVqltz5yCrxCtIFQo0+pWv3iBmacQVMkmN6Xpugn5GNQom+azcSw1PKBvTIe9aqmjEjZ/NQ8/IuVUGJIy1fQrJXP29kdHImGkU2Mk8pFn2cvE/r5tieONnQiUpcsUWh8JUEoxJ3gAZCM0ZyqkllGlhsxI2opoytD2VbQne8pdXSeuy5rk17+GqWr8t6ijBKZzBBXhwDXW4hwY0gcETPMMrvDkT58V5dz4Wo2tOsXMCf+B8/gAE3pI/</latexit><latexit sha1_base64="UCqTCNN4aY7A9FBgoXfn3UfiULs=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMplO2qGTSZy5KZTQ73DjQhG3fow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo5bJk41400Wy1h3Amq4FIo3UaDknURzGgWSt4PxXe63J1wbEatHnCbcj+hQiVAwilbyexHFURBmvcZIzPqVqltz5yCrxCtIFQo0+pWv3iBmacQVMkmN6Xpugn5GNQom+azcSw1PKBvTIe9aqmjEjZ/NQ8/IuVUGJIy1fQrJXP29kdHImGkU2Mk8pFn2cvE/r5tieONnQiUpcsUWh8JUEoxJ3gAZCM0ZyqkllGlhsxI2opoytD2VbQne8pdXSeuy5rk17+GqWr8t6ijBKZzBBXhwDXW4hwY0gcETPMMrvDkT58V5dz4Wo2tOsXMCf+B8/gAE3pI/</latexit><latexit sha1_base64="UCqTCNN4aY7A9FBgoXfn3UfiULs=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMplO2qGTSZy5KZTQ73DjQhG3fow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo5bJk41400Wy1h3Amq4FIo3UaDknURzGgWSt4PxXe63J1wbEatHnCbcj+hQiVAwilbyexHFURBmvcZIzPqVqltz5yCrxCtIFQo0+pWv3iBmacQVMkmN6Xpugn5GNQom+azcSw1PKBvTIe9aqmjEjZ/NQ8/IuVUGJIy1fQrJXP29kdHImGkU2Mk8pFn2cvE/r5tieONnQiUpcsUWh8JUEoxJ3gAZCM0ZyqkllGlhsxI2opoytD2VbQne8pdXSeuy5rk17+GqWr8t6ijBKZzBBXhwDXW4hwY0gcETPMMrvDkT58V5dz4Wo2tOsXMCf+B8/gAE3pI/</latexit>

F<latexit sha1_base64="mWl4I9IyYDBVEQx+i95tO5m/lLs=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiIB4r2FpsQ9lsX9qlm03Y3Qgl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkAiujet+O6WV1bX1jfJmZWt7Z3evun/Q1nGqGLZYLGLVCahGwSW2DDcCO4lCGgUCH4Lxde4/PKHSPJb3ZpKgH9Gh5CFn1FjpsRdRMwrC7Gbar9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/myWekhOrDEgYK/ukITP190ZGI60nUWAn84R60cvF/7xuasJLP+MySQ1KNv8oTAUxMcnPJwOukBkxsYQyxW1WwkZUUWZsSRVbgrd48jJpn9U9t+7dndcaV0UdZTiCYzgFDy6gAbfQhBYwkPAMr/DmaOfFeXc+5qMlp9g5hD9wPn8AsT+Q6g==</latexit><latexit sha1_base64="mWl4I9IyYDBVEQx+i95tO5m/lLs=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiIB4r2FpsQ9lsX9qlm03Y3Qgl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkAiujet+O6WV1bX1jfJmZWt7Z3evun/Q1nGqGLZYLGLVCahGwSW2DDcCO4lCGgUCH4Lxde4/PKHSPJb3ZpKgH9Gh5CFn1FjpsRdRMwrC7Gbar9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/myWekhOrDEgYK/ukITP190ZGI60nUWAn84R60cvF/7xuasJLP+MySQ1KNv8oTAUxMcnPJwOukBkxsYQyxW1WwkZUUWZsSRVbgrd48jJpn9U9t+7dndcaV0UdZTiCYzgFDy6gAbfQhBYwkPAMr/DmaOfFeXc+5qMlp9g5hD9wPn8AsT+Q6g==</latexit><latexit sha1_base64="mWl4I9IyYDBVEQx+i95tO5m/lLs=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiIB4r2FpsQ9lsX9qlm03Y3Qgl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkAiujet+O6WV1bX1jfJmZWt7Z3evun/Q1nGqGLZYLGLVCahGwSW2DDcCO4lCGgUCH4Lxde4/PKHSPJb3ZpKgH9Gh5CFn1FjpsRdRMwrC7Gbar9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/myWekhOrDEgYK/ukITP190ZGI60nUWAn84R60cvF/7xuasJLP+MySQ1KNv8oTAUxMcnPJwOukBkxsYQyxW1WwkZUUWZsSRVbgrd48jJpn9U9t+7dndcaV0UdZTiCYzgFDy6gAbfQhBYwkPAMr/DmaOfFeXc+5qMlp9g5hD9wPn8AsT+Q6g==</latexit><latexit sha1_base64="mWl4I9IyYDBVEQx+i95tO5m/lLs=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiIB4r2FpsQ9lsX9qlm03Y3Qgl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkAiujet+O6WV1bX1jfJmZWt7Z3evun/Q1nGqGLZYLGLVCahGwSW2DDcCO4lCGgUCH4Lxde4/PKHSPJb3ZpKgH9Gh5CFn1FjpsRdRMwrC7Gbar9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/myWekhOrDEgYK/ukITP190ZGI60nUWAn84R60cvF/7xuasJLP+MySQ1KNv8oTAUxMcnPJwOukBkxsYQyxW1WwkZUUWZsSRVbgrd48jJpn9U9t+7dndcaV0UdZTiCYzgFDy6gAbfQhBYwkPAMr/DmaOfFeXc+5qMlp9g5hD9wPn8AsT+Q6g==</latexit>

i
<latexit sha1_base64="9jtkmSnVkzQh6f031uh1XGFh3yI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/PfYzt</latexit><latexit sha1_base64="9jtkmSnVkzQh6f031uh1XGFh3yI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/PfYzt</latexit><latexit sha1_base64="9jtkmSnVkzQh6f031uh1XGFh3yI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/PfYzt</latexit><latexit sha1_base64="9jtkmSnVkzQh6f031uh1XGFh3yI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/PfYzt</latexit>

j
<latexit sha1_base64="ocTLVc574NOAe/DoMycp9A9e/3g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPJ/dxvP6HSPJaPZpqgH9Gh5CFn1FipMe6XK27VXYCsEy8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxCh9i1VNIItZ8tDp2RC6sMSBgrW9KQhfp7IqOR1tMosJ0RNSO96s3F/7xuasJbP+MySQ1KtlwUpoKYmMy/JgOukBkxtYQyxe2thI2ooszYbEo2BG/15XXSuqp6btVrXFdqd3kcRTiDc7gED26gBg9QhyYwQHiGV3hzxs6L8+58LFsLTj5zCn/gfP4A0QGM7g==</latexit><latexit sha1_base64="ocTLVc574NOAe/DoMycp9A9e/3g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPJ/dxvP6HSPJaPZpqgH9Gh5CFn1FipMe6XK27VXYCsEy8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxCh9i1VNIItZ8tDp2RC6sMSBgrW9KQhfp7IqOR1tMosJ0RNSO96s3F/7xuasJbP+MySQ1KtlwUpoKYmMy/JgOukBkxtYQyxe2thI2ooszYbEo2BG/15XXSuqp6btVrXFdqd3kcRTiDc7gED26gBg9QhyYwQHiGV3hzxs6L8+58LFsLTj5zCn/gfP4A0QGM7g==</latexit><latexit sha1_base64="ocTLVc574NOAe/DoMycp9A9e/3g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPJ/dxvP6HSPJaPZpqgH9Gh5CFn1FipMe6XK27VXYCsEy8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxCh9i1VNIItZ8tDp2RC6sMSBgrW9KQhfp7IqOR1tMosJ0RNSO96s3F/7xuasJbP+MySQ1KtlwUpoKYmMy/JgOukBkxtYQyxe2thI2ooszYbEo2BG/15XXSuqp6btVrXFdqd3kcRTiDc7gED26gBg9QhyYwQHiGV3hzxs6L8+58LFsLTj5zCn/gfP4A0QGM7g==</latexit><latexit sha1_base64="ocTLVc574NOAe/DoMycp9A9e/3g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPJ/dxvP6HSPJaPZpqgH9Gh5CFn1FipMe6XK27VXYCsEy8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxCh9i1VNIItZ8tDp2RC6sMSBgrW9KQhfp7IqOR1tMosJ0RNSO96s3F/7xuasJbP+MySQ1KtlwUpoKYmMy/JgOukBkxtYQyxe2thI2ooszYbEo2BG/15XXSuqp6btVrXFdqd3kcRTiDc7gED26gBg9QhyYwQHiGV3hzxs6L8+58LFsLTj5zCn/gfP4A0QGM7g==</latexit>

Fi
<latexit sha1_base64="zdrhgxAK6FJJUm0+BlDRskUG4I4=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LIoiMsK9gFNKJPppB06mYSZG6GE/oYbF4q49Wfc+TdO2yy09cDA4Zx7uWdOmEph0HW/ndLa+sbmVnm7srO7t39QPTxqmyTTjLdYIhPdDanhUijeQoGSd1PNaRxK3gnHtzO/88S1EYl6xEnKg5gOlYgEo2gl348pjsIov5v2Rb9ac+vuHGSVeAWpQYFmv/rlDxKWxVwhk9SYnuemGORUo2CSTyt+ZnhK2ZgOec9SRWNugnyeeUrOrDIgUaLtU0jm6u+NnMbGTOLQTs4ymmVvJv7n9TKMroNcqDRDrtjiUJRJggmZFUAGQnOGcmIJZVrYrISNqKYMbU0VW4K3/OVV0r6oe27de7isNW6KOspwAqdwDh5cQQPuoQktYJDCM7zCm5M5L86787EYLTnFzjH8gfP5AzLikcY=</latexit><latexit sha1_base64="zdrhgxAK6FJJUm0+BlDRskUG4I4=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LIoiMsK9gFNKJPppB06mYSZG6GE/oYbF4q49Wfc+TdO2yy09cDA4Zx7uWdOmEph0HW/ndLa+sbmVnm7srO7t39QPTxqmyTTjLdYIhPdDanhUijeQoGSd1PNaRxK3gnHtzO/88S1EYl6xEnKg5gOlYgEo2gl348pjsIov5v2Rb9ac+vuHGSVeAWpQYFmv/rlDxKWxVwhk9SYnuemGORUo2CSTyt+ZnhK2ZgOec9SRWNugnyeeUrOrDIgUaLtU0jm6u+NnMbGTOLQTs4ymmVvJv7n9TKMroNcqDRDrtjiUJRJggmZFUAGQnOGcmIJZVrYrISNqKYMbU0VW4K3/OVV0r6oe27de7isNW6KOspwAqdwDh5cQQPuoQktYJDCM7zCm5M5L86787EYLTnFzjH8gfP5AzLikcY=</latexit><latexit sha1_base64="zdrhgxAK6FJJUm0+BlDRskUG4I4=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LIoiMsK9gFNKJPppB06mYSZG6GE/oYbF4q49Wfc+TdO2yy09cDA4Zx7uWdOmEph0HW/ndLa+sbmVnm7srO7t39QPTxqmyTTjLdYIhPdDanhUijeQoGSd1PNaRxK3gnHtzO/88S1EYl6xEnKg5gOlYgEo2gl348pjsIov5v2Rb9ac+vuHGSVeAWpQYFmv/rlDxKWxVwhk9SYnuemGORUo2CSTyt+ZnhK2ZgOec9SRWNugnyeeUrOrDIgUaLtU0jm6u+NnMbGTOLQTs4ymmVvJv7n9TKMroNcqDRDrtjiUJRJggmZFUAGQnOGcmIJZVrYrISNqKYMbU0VW4K3/OVV0r6oe27de7isNW6KOspwAqdwDh5cQQPuoQktYJDCM7zCm5M5L86787EYLTnFzjH8gfP5AzLikcY=</latexit><latexit sha1_base64="zdrhgxAK6FJJUm0+BlDRskUG4I4=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LIoiMsK9gFNKJPppB06mYSZG6GE/oYbF4q49Wfc+TdO2yy09cDA4Zx7uWdOmEph0HW/ndLa+sbmVnm7srO7t39QPTxqmyTTjLdYIhPdDanhUijeQoGSd1PNaRxK3gnHtzO/88S1EYl6xEnKg5gOlYgEo2gl348pjsIov5v2Rb9ac+vuHGSVeAWpQYFmv/rlDxKWxVwhk9SYnuemGORUo2CSTyt+ZnhK2ZgOec9SRWNugnyeeUrOrDIgUaLtU0jm6u+NnMbGTOLQTs4ymmVvJv7n9TKMroNcqDRDrtjiUJRJggmZFUAGQnOGcmIJZVrYrISNqKYMbU0VW4K3/OVV0r6oe27de7isNW6KOspwAqdwDh5cQQPuoQktYJDCM7zCm5M5L86787EYLTnFzjH8gfP5AzLikcY=</latexit>

Fj
<latexit sha1_base64="CbmaNOc9VHtD/aMg7ulB7Cb8Pio=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRYFcVnBPqApZTKdtGMnkzBzI5TQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7K6tr6xWdoqb+/s7u1XDg5bJk41400Wy1h3Amq4FIo3UaDknURzGgWSt4PxTe63n7g2IlYPOEl4L6JDJULBKFrJ9yOKoyDMbqf9x36l6tbcGcgy8QpShQKNfuXLH8QsjbhCJqkxXc9NsJdRjYJJPi37qeEJZWM65F1LFY246WWzzFNyapUBCWNtn0IyU39vZDQyZhIFdjLPaBa9XPzP66YYXvUyoZIUuWLzQ2EqCcYkL4AMhOYM5cQSyrSwWQkbUU0Z2prKtgRv8cvLpHVe89yad39RrV8XdZTgGE7gDDy4hDrcQQOawCCBZ3iFNyd1Xpx352M+uuIUO0fwB87nDzRmkcc=</latexit><latexit sha1_base64="CbmaNOc9VHtD/aMg7ulB7Cb8Pio=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRYFcVnBPqApZTKdtGMnkzBzI5TQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7K6tr6xWdoqb+/s7u1XDg5bJk41400Wy1h3Amq4FIo3UaDknURzGgWSt4PxTe63n7g2IlYPOEl4L6JDJULBKFrJ9yOKoyDMbqf9x36l6tbcGcgy8QpShQKNfuXLH8QsjbhCJqkxXc9NsJdRjYJJPi37qeEJZWM65F1LFY246WWzzFNyapUBCWNtn0IyU39vZDQyZhIFdjLPaBa9XPzP66YYXvUyoZIUuWLzQ2EqCcYkL4AMhOYM5cQSyrSwWQkbUU0Z2prKtgRv8cvLpHVe89yad39RrV8XdZTgGE7gDDy4hDrcQQOawCCBZ3iFNyd1Xpx352M+uuIUO0fwB87nDzRmkcc=</latexit><latexit sha1_base64="CbmaNOc9VHtD/aMg7ulB7Cb8Pio=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRYFcVnBPqApZTKdtGMnkzBzI5TQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7K6tr6xWdoqb+/s7u1XDg5bJk41400Wy1h3Amq4FIo3UaDknURzGgWSt4PxTe63n7g2IlYPOEl4L6JDJULBKFrJ9yOKoyDMbqf9x36l6tbcGcgy8QpShQKNfuXLH8QsjbhCJqkxXc9NsJdRjYJJPi37qeEJZWM65F1LFY246WWzzFNyapUBCWNtn0IyU39vZDQyZhIFdjLPaBa9XPzP66YYXvUyoZIUuWLzQ2EqCcYkL4AMhOYM5cQSyrSwWQkbUU0Z2prKtgRv8cvLpHVe89yad39RrV8XdZTgGE7gDDy4hDrcQQOawCCBZ3iFNyd1Xpx352M+uuIUO0fwB87nDzRmkcc=</latexit><latexit sha1_base64="CbmaNOc9VHtD/aMg7ulB7Cb8Pio=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRYFcVnBPqApZTKdtGMnkzBzI5TQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7K6tr6xWdoqb+/s7u1XDg5bJk41400Wy1h3Amq4FIo3UaDknURzGgWSt4PxTe63n7g2IlYPOEl4L6JDJULBKFrJ9yOKoyDMbqf9x36l6tbcGcgy8QpShQKNfuXLH8QsjbhCJqkxXc9NsJdRjYJJPi37qeEJZWM65F1LFY246WWzzFNyapUBCWNtn0IyU39vZDQyZhIFdjLPaBa9XPzP66YYXvUyoZIUuWLzQ2EqCcYkL4AMhOYM5cQSyrSwWQkbUU0Z2prKtgRv8cvLpHVe89yad39RrV8XdZTgGE7gDDy4hDrcQQOawCCBZ3iFNyd1Xpx352M+uuIUO0fwB87nDzRmkcc=</latexit>

k
<latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit>

k
<latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit>

B<latexit sha1_base64="GroVjq0+HwQnWUpFM/xl0w8CTVg=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUQEXZa6cVnBPrANZTK9aYdOJmFmIpTQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OEyrNY/lgpgn6ER1JHnJGjZUe+xE14yDMGrNBperW3DnIKvEKUoUCzUHlqz+MWRqhNExQrXuemxg/o8pwJnBW7qcaE8omdIQ9SyWNUPvZPPGMnFtlSMJY2ScNmau/NzIaaT2NAjuZJ9TLXi7+5/VSE974GZdJalCyxUdhKoiJSX4+GXKFzIipJZQpbrMSNqaKMmNLKtsSvOWTV0n7sua5Ne/+qlpvFHWU4BTO4AI8uIY63EETWsBAwjO8wpujnRfn3flYjK45xc4J/IHz+QOrK5Dm</latexit><latexit sha1_base64="GroVjq0+HwQnWUpFM/xl0w8CTVg=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUQEXZa6cVnBPrANZTK9aYdOJmFmIpTQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OEyrNY/lgpgn6ER1JHnJGjZUe+xE14yDMGrNBperW3DnIKvEKUoUCzUHlqz+MWRqhNExQrXuemxg/o8pwJnBW7qcaE8omdIQ9SyWNUPvZPPGMnFtlSMJY2ScNmau/NzIaaT2NAjuZJ9TLXi7+5/VSE974GZdJalCyxUdhKoiJSX4+GXKFzIipJZQpbrMSNqaKMmNLKtsSvOWTV0n7sua5Ne/+qlpvFHWU4BTO4AI8uIY63EETWsBAwjO8wpujnRfn3flYjK45xc4J/IHz+QOrK5Dm</latexit><latexit sha1_base64="GroVjq0+HwQnWUpFM/xl0w8CTVg=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUQEXZa6cVnBPrANZTK9aYdOJmFmIpTQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OEyrNY/lgpgn6ER1JHnJGjZUe+xE14yDMGrNBperW3DnIKvEKUoUCzUHlqz+MWRqhNExQrXuemxg/o8pwJnBW7qcaE8omdIQ9SyWNUPvZPPGMnFtlSMJY2ScNmau/NzIaaT2NAjuZJ9TLXi7+5/VSE974GZdJalCyxUdhKoiJSX4+GXKFzIipJZQpbrMSNqaKMmNLKtsSvOWTV0n7sua5Ne/+qlpvFHWU4BTO4AI8uIY63EETWsBAwjO8wpujnRfn3flYjK45xc4J/IHz+QOrK5Dm</latexit><latexit sha1_base64="GroVjq0+HwQnWUpFM/xl0w8CTVg=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUQEXZa6cVnBPrANZTK9aYdOJmFmIpTQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OEyrNY/lgpgn6ER1JHnJGjZUe+xE14yDMGrNBperW3DnIKvEKUoUCzUHlqz+MWRqhNExQrXuemxg/o8pwJnBW7qcaE8omdIQ9SyWNUPvZPPGMnFtlSMJY2ScNmau/NzIaaT2NAjuZJ9TLXi7+5/VSE974GZdJalCyxUdhKoiJSX4+GXKFzIipJZQpbrMSNqaKMmNLKtsSvOWTV0n7sua5Ne/+qlpvFHWU4BTO4AI8uIY63EETWsBAwjO8wpujnRfn3flYjK45xc4J/IHz+QOrK5Dm</latexit> HR � y
<latexit sha1_base64="PzQPMVnn5U3q8Fcy5gsqBy6bmAc=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm2AR3FgSEXRZdNNlFfuANpTJdNIOnUzCzEQIMQt/xY0LRdz6G+78GydtBG09MHA4517umeNFjEpl219GaWl5ZXWtvF7Z2Nza3jF399oyjAUmLRyyUHQ9JAmjnLQUVYx0I0FQ4DHS8SbXud+5J0LSkN+pJCJugEac+hQjpaWBedAPkBp7ftq4zU5/eJINzKpds6ewFolTkCoUaA7Mz/4wxHFAuMIMSdlz7Ei5KRKKYkaySj+WJEJ4gkakpylHAZFuOs2fWcdaGVp+KPTjypqqvzdSFEiZBJ6ezBPKeS8X//N6sfIv3ZTyKFaE49khP2aWCq28DGtIBcGKJZogLKjOauExEggrXVlFl+DMf3mRtM9qjl1zbs6r9auijjIcwhGcgAMXUIcGNKEFGB7gCV7g1Xg0no034302WjKKnX34A+PjG2FqllM=</latexit><latexit sha1_base64="PzQPMVnn5U3q8Fcy5gsqBy6bmAc=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm2AR3FgSEXRZdNNlFfuANpTJdNIOnUzCzEQIMQt/xY0LRdz6G+78GydtBG09MHA4517umeNFjEpl219GaWl5ZXWtvF7Z2Nza3jF399oyjAUmLRyyUHQ9JAmjnLQUVYx0I0FQ4DHS8SbXud+5J0LSkN+pJCJugEac+hQjpaWBedAPkBp7ftq4zU5/eJINzKpds6ewFolTkCoUaA7Mz/4wxHFAuMIMSdlz7Ei5KRKKYkaySj+WJEJ4gkakpylHAZFuOs2fWcdaGVp+KPTjypqqvzdSFEiZBJ6ezBPKeS8X//N6sfIv3ZTyKFaE49khP2aWCq28DGtIBcGKJZogLKjOauExEggrXVlFl+DMf3mRtM9qjl1zbs6r9auijjIcwhGcgAMXUIcGNKEFGB7gCV7g1Xg0no034302WjKKnX34A+PjG2FqllM=</latexit><latexit sha1_base64="PzQPMVnn5U3q8Fcy5gsqBy6bmAc=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm2AR3FgSEXRZdNNlFfuANpTJdNIOnUzCzEQIMQt/xY0LRdz6G+78GydtBG09MHA4517umeNFjEpl219GaWl5ZXWtvF7Z2Nza3jF399oyjAUmLRyyUHQ9JAmjnLQUVYx0I0FQ4DHS8SbXud+5J0LSkN+pJCJugEac+hQjpaWBedAPkBp7ftq4zU5/eJINzKpds6ewFolTkCoUaA7Mz/4wxHFAuMIMSdlz7Ei5KRKKYkaySj+WJEJ4gkakpylHAZFuOs2fWcdaGVp+KPTjypqqvzdSFEiZBJ6ezBPKeS8X//N6sfIv3ZTyKFaE49khP2aWCq28DGtIBcGKJZogLKjOauExEggrXVlFl+DMf3mRtM9qjl1zbs6r9auijjIcwhGcgAMXUIcGNKEFGB7gCV7g1Xg0no034302WjKKnX34A+PjG2FqllM=</latexit><latexit sha1_base64="PzQPMVnn5U3q8Fcy5gsqBy6bmAc=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm2AR3FgSEXRZdNNlFfuANpTJdNIOnUzCzEQIMQt/xY0LRdz6G+78GydtBG09MHA4517umeNFjEpl219GaWl5ZXWtvF7Z2Nza3jF399oyjAUmLRyyUHQ9JAmjnLQUVYx0I0FQ4DHS8SbXud+5J0LSkN+pJCJugEac+hQjpaWBedAPkBp7ftq4zU5/eJINzKpds6ewFolTkCoUaA7Mz/4wxHFAuMIMSdlz7Ei5KRKKYkaySj+WJEJ4gkakpylHAZFuOs2fWcdaGVp+KPTjypqqvzdSFEiZBJ6ezBPKeS8X//N6sfIv3ZTyKFaE49khP2aWCq28DGtIBcGKJZogLKjOauExEggrXVlFl+DMf3mRtM9qjl1zbs6r9auijjIcwhGcgAMXUIcGNKEFGB7gCV7g1Xg0no034302WjKKnX34A+PjG2FqllM=</latexit>

Deep Learning SR Model Architecture
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• Stage 1: bilinear up-sampling to upscale input image x

• Stage 2: LaparNet extract features as coefficient matrix Φ from original input x

• Stage 3: dictionary assembling, in which the transformation matrix F is computed
according to ˘ and the pre-defined dictionary D

• Stage 4: filtering, in which the output HR image y is obtained by applying F to B, i.e.,
y = FBT

Deep Learning SR Model Architecture
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• GPU memory hierarchy and communication mode

DRAM

L2 Cache

Control
L1 Cache

Core

GPU Structure

Host

Kernel

Device

ŏ
�

Grid

 Block 0  Block 1

 Block 2  Block 3

ŏ�

Block

ThreadThread Thread

ThreadThread Thread

ThreadThreadThread

Programming Arch.

ŏ�

• The hardware structure contains a groups of computation cores (streaming
processors), multi-level caches, control units and global memory units

• CUDA programming architecture is designed as a wrapper of the hardware
• Each kernel controls a computation grid which can be further divided into multiple

blocks.
• Each block is partitioned into a group of threads that can run the same code on

different data, synchronously

GPU Programming Architecture
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Overview of our framework



β,W = arg minβ,W
1
N

∥∥Hgt − FW,βB>∥∥2
2 ,

s.t. FW,β =
∑L

i=0 βiΦD,
Φ = LaparNet(X,W),
‖β‖0 ≤ αL.

(1)

where N is the size of input batch of images, Φ is the coefficient vector extracted
from LaparNet with parameters W and Hgt is the ground truth high-resolution
image. β is the selecting vector on filters of D where βi = 0 means the i-th item in
the dictionary will be ignored during the compression process.

Dictionary Compression: Channel Pruning
Methodology
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• With two objectives W and β, to solve this optimization problem efficiently, an
alternating method including two steps is adopted.

• Step 1: search the suitable selecting vector β corresponding to the required αt.

• Step 2: tune the parameters W corresponding to the reserved dictionary items with
the minimization objective.

Dictionary Compression: Channel Pruning
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• Step 1 is actually an NP-hard problem. relax the problem to `1 regulation. solved by
utilizing the LASSO regression.

β = arg minβ
1
N

∥∥Hgt − FW,βB>∥∥2
2 + λ‖β‖1,

s.t.‖β‖0 ≤ αL.
(2)

• Step 2 is to update the parameters

W = arg min
W

1
N

∥∥∥Hgt − FW,D′B>
∥∥∥

2

2
. (3)

Dictionary Compression: Channel Pruning
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�i = 0

<latexit sha1_base64="SshS2fSGNKbPkTkfceWsrTx40IU=">AAAB/3icbVBPS8MwHE39O+e/quBFkeAQPI1WFL0IQy8eN3B/YC0lTdMtLE1Lkgqj7uDBL+LFgyIe59fw5mfwS5huO+jmg5DHe78feXl+wqhUlvVlzM0vLC4tF1aKq2vrG5vm1nZDxqnApI5jFouWjyRhlJO6ooqRViIIinxGmn7vOvebd0RIGvNb1U+IG6EOpyHFSGnJM3cdP2aB7Ef6yhyfKOTRS2vgmSWrbI0AZ4k9IaXK/rD2/XgwrHrmpxPEOI0IV5ghKdu2lSg3Q0JRzMig6KSSJAj3UIe0NeUoItLNRvkH8EgrAQxjoQ9XcKT+3shQJPOIejJCqiunvVz8z2unKrxwM8qTVBGOxw+FKYMqhnkZMKCCYMX6miAsqM4KcRcJhJWurKhLsKe/PEsaJ2X7tHxW021cgTEKYA8cgmNgg3NQATegCuoAg3vwBF7Aq/FgPBtvxvt4dM6Y7OyAPzA+fgA3TJnu</latexit>

Compression

FW,D

<latexit sha1_base64="TrSkwpg43DZ56hDWIqWq55hTw40=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4ELKjFR0WVTEZQX7gHYYMpm0Dc0kQ5IRyjAbf8WNC0Xc+hnu/Bsz7Sy09UDI4Zx7ufeeIGZUacf5tkpLyyura+X1ysbm1vaOvbvXViKRmLSwYEJ2A6QIo5y0NNWMdGNJUBQw0gnG17nfeSRSUcEf9CQmXoSGnA4oRtpIvn3QDwQL1SQyX5reZn7aOYU3WebbVafmTAEXiVuQKijQ9O2vfihwEhGuMUNK9Vwn1l6KpKaYkazSTxSJER6jIekZylFElJdOD8jgsVFCOBDSPK7hVP3dkaJI5TuaygjpkZr3cvE/r5fowaWXUh4nmnA8GzRIGNQC5mnAkEqCNZsYgrCkZleIR0girE1mFROCO3/yImmf1dx67fy+Xm1cFXGUwSE4AifABRegAe5AE7QABhl4Bq/gzXqyXqx362NWWrKKnn3wB9bnD++mlqA=</latexit>

FW,D0

<latexit sha1_base64="FKFXTVscMz1BpSkr+47DeLnHC6A=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRS0WVREZcV7AOaGCaTSTt08mBmIpQhWzf+ihsXirj1D9z5N07aLLT1wDCHc+7l3nv8lFEhLevbWFhcWl5ZraxV1zc2t7bNnd2OSDKOSRsnLOE9HwnCaEzakkpGeiknKPIZ6fqjy8LvPhAuaBLfyXFK3AgNYhpSjKSWPBM6fsICMY70p9R17qnuMby6V07KaUTyPPfMmlW3JoDzxC5JDZRoeeaXEyQ4i0gsMUNC9G0rla5CXFLMSF51MkFShEdoQPqaxigiwlWTS3J4qJUAhgnXL5Zwov7uUCgSxbK6MkJyKGa9QvzP62cyPHcVjdNMkhhPB4UZgzKBRSwwoJxgycaaIMyp3hXiIeIISx1eVYdgz548TzondbtRP71t1JoXZRwVsA8OwBGwwRloghvQAm2AwSN4Bq/gzXgyXox342NaumCUPXvgD4zPH2PDmsk=</latexit>

D

<latexit sha1_base64="mK67cxBdpD3eTBPcjd8kxubrcxk=">AAAB9XicbVDLSgMxFL3js46vqks3wSK4KjOi6EZa0IXLCvYB7VgymbQNzWSGJKOUof/hxoUP3PoR/oGb4t+YabvQ1gMhh3PuJSfHjzlT2nG+rYXFpeWV1dyavb6xubWd39mtqSiRhFZJxCPZ8LGinAla1Uxz2oglxaHPad3vX2Z+/Z5KxSJxqwcx9ULcFazDCNZGumv5EQ/UIDRXejVs5wtO0RkDzRN3Sgqlz5F9Eb+OKu38VyuISBJSoQnHSjVdJ9ZeiqVmhNOh3UoUjTHp4y5tGipwSJWXjlMP0aFRAtSJpDlCo7H6eyPFocqimckQ656a9TLxP6+Z6M65lzIRJ5oKMnmok3CkI5RVgAImKdF8YAgmkpmsiPSwxESbomxTgjv75XlSOy66J8XTG6dQLsEEOdiHAzgCF86gDNdQgSoQkPAIz/BiPVhP1pv1PhldsKY7e/AH1scPczaW4A==</latexit>

�<latexit sha1_base64="sryPxU9hDl0wmeA2oEi0WWpDdFI=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7AM6Q8mkmTY0yUyTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OmHCmjet+O6WNza3tnfJuZW//4PCoenzS1nGqCG2RmMeqG2JNOZO0ZZjhtJsoikXIaScc3+d+Z0qVZrF8MrOEBgIPJYsYwcZKgS+wGSmR+c0Rm/erNbfuLoDWiVeQGhRo9qtf/iAmqaDSEI617nluYoIMK8MIp/OKn2qaYDLGQ9qzVGJBdZAtQs/RhVUGKIqVfdKghfp7I8NC65kI7WQeUq96ufif10tNdBtkTCapoZIsD0UpRyZGeQNowBQlhs8swUQxmxWREVaYGNtTxZbgrX55nbSv6p5b9x6va427oo4ynME5XIIHN9CAB2hCCwhM4Ble4c2ZOi/Ou/OxHC05xc4p/IHz+QMoVJJW</latexit><latexit sha1_base64="sryPxU9hDl0wmeA2oEi0WWpDdFI=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7AM6Q8mkmTY0yUyTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OmHCmjet+O6WNza3tnfJuZW//4PCoenzS1nGqCG2RmMeqG2JNOZO0ZZjhtJsoikXIaScc3+d+Z0qVZrF8MrOEBgIPJYsYwcZKgS+wGSmR+c0Rm/erNbfuLoDWiVeQGhRo9qtf/iAmqaDSEI617nluYoIMK8MIp/OKn2qaYDLGQ9qzVGJBdZAtQs/RhVUGKIqVfdKghfp7I8NC65kI7WQeUq96ufif10tNdBtkTCapoZIsD0UpRyZGeQNowBQlhs8swUQxmxWREVaYGNtTxZbgrX55nbSv6p5b9x6va427oo4ynME5XIIHN9CAB2hCCwhM4Ble4c2ZOi/Ou/OxHC05xc4p/IHz+QMoVJJW</latexit><latexit sha1_base64="sryPxU9hDl0wmeA2oEi0WWpDdFI=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7AM6Q8mkmTY0yUyTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OmHCmjet+O6WNza3tnfJuZW//4PCoenzS1nGqCG2RmMeqG2JNOZO0ZZjhtJsoikXIaScc3+d+Z0qVZrF8MrOEBgIPJYsYwcZKgS+wGSmR+c0Rm/erNbfuLoDWiVeQGhRo9qtf/iAmqaDSEI617nluYoIMK8MIp/OKn2qaYDLGQ9qzVGJBdZAtQs/RhVUGKIqVfdKghfp7I8NC65kI7WQeUq96ufif10tNdBtkTCapoZIsD0UpRyZGeQNowBQlhs8swUQxmxWREVaYGNtTxZbgrX55nbSv6p5b9x6va427oo4ynME5XIIHN9CAB2hCCwhM4Ble4c2ZOi/Ou/OxHC05xc4p/IHz+QMoVJJW</latexit><latexit sha1_base64="sryPxU9hDl0wmeA2oEi0WWpDdFI=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7AM6Q8mkmTY0yUyTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OmHCmjet+O6WNza3tnfJuZW//4PCoenzS1nGqCG2RmMeqG2JNOZO0ZZjhtJsoikXIaScc3+d+Z0qVZrF8MrOEBgIPJYsYwcZKgS+wGSmR+c0Rm/erNbfuLoDWiVeQGhRo9qtf/iAmqaDSEI617nluYoIMK8MIp/OKn2qaYDLGQ9qzVGJBdZAtQs/RhVUGKIqVfdKghfp7I8NC65kI7WQeUq96ufif10tNdBtkTCapoZIsD0UpRyZGeQNowBQlhs8swUQxmxWREVaYGNtTxZbgrX55nbSv6p5b9x6va427oo4ynME5XIIHN9CAB2hCCwhM4Ble4c2ZOi/Ou/OxHC05xc4p/IHz+QMoVJJW</latexit>

� · �
<latexit sha1_base64="qrGgI/7fIbyXTcjf2ZqdGphsFME=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFNy4r2Ac0oUwmk3boPMLMRCihuPFX3LhQxK1f4c6/cdJmoa0HLhzOuZd774lSRrXxvG+nsrK6tr5R3axtbe/s7rn7Bx0tM4VJG0smVS9CmjAqSNtQw0gvVQTxiJFuNL4p/O4DUZpKcW8mKQk5GgqaUIyMlQbuUcCRGSmeB60RnQY4lgYGQ8Q5Grh1r+HNAJeJX5I6KNEauF9BLHHGiTCYIa37vpeaMEfKUMzItBZkmqQIj9GQ9C0ViBMd5rMXpvDUKjFMpLIlDJypvydyxLWe8Mh2FgfrRa8Q//P6mUmuwpyKNDNE4PmiJGPQSFjkAWOqCDZsYgnCitpbIR4hhbCxqdVsCP7iy8ukc97wvYZ/d1FvXpdxVMExOAFnwAeXoAluQQu0AQaP4Bm8gjfnyXlx3p2PeWvFKWcOwR84nz+QcpeE</latexit><latexit sha1_base64="qrGgI/7fIbyXTcjf2ZqdGphsFME=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFNy4r2Ac0oUwmk3boPMLMRCihuPFX3LhQxK1f4c6/cdJmoa0HLhzOuZd774lSRrXxvG+nsrK6tr5R3axtbe/s7rn7Bx0tM4VJG0smVS9CmjAqSNtQw0gvVQTxiJFuNL4p/O4DUZpKcW8mKQk5GgqaUIyMlQbuUcCRGSmeB60RnQY4lgYGQ8Q5Grh1r+HNAJeJX5I6KNEauF9BLHHGiTCYIa37vpeaMEfKUMzItBZkmqQIj9GQ9C0ViBMd5rMXpvDUKjFMpLIlDJypvydyxLWe8Mh2FgfrRa8Q//P6mUmuwpyKNDNE4PmiJGPQSFjkAWOqCDZsYgnCitpbIR4hhbCxqdVsCP7iy8ukc97wvYZ/d1FvXpdxVMExOAFnwAeXoAluQQu0AQaP4Bm8gjfnyXlx3p2PeWvFKWcOwR84nz+QcpeE</latexit><latexit sha1_base64="qrGgI/7fIbyXTcjf2ZqdGphsFME=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFNy4r2Ac0oUwmk3boPMLMRCihuPFX3LhQxK1f4c6/cdJmoa0HLhzOuZd774lSRrXxvG+nsrK6tr5R3axtbe/s7rn7Bx0tM4VJG0smVS9CmjAqSNtQw0gvVQTxiJFuNL4p/O4DUZpKcW8mKQk5GgqaUIyMlQbuUcCRGSmeB60RnQY4lgYGQ8Q5Grh1r+HNAJeJX5I6KNEauF9BLHHGiTCYIa37vpeaMEfKUMzItBZkmqQIj9GQ9C0ViBMd5rMXpvDUKjFMpLIlDJypvydyxLWe8Mh2FgfrRa8Q//P6mUmuwpyKNDNE4PmiJGPQSFjkAWOqCDZsYgnCitpbIR4hhbCxqdVsCP7iy8ukc97wvYZ/d1FvXpdxVMExOAFnwAeXoAluQQu0AQaP4Bm8gjfnyXlx3p2PeWvFKWcOwR84nz+QcpeE</latexit><latexit sha1_base64="qrGgI/7fIbyXTcjf2ZqdGphsFME=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFNy4r2Ac0oUwmk3boPMLMRCihuPFX3LhQxK1f4c6/cdJmoa0HLhzOuZd774lSRrXxvG+nsrK6tr5R3axtbe/s7rn7Bx0tM4VJG0smVS9CmjAqSNtQw0gvVQTxiJFuNL4p/O4DUZpKcW8mKQk5GgqaUIyMlQbuUcCRGSmeB60RnQY4lgYGQ8Q5Grh1r+HNAJeJX5I6KNEauF9BLHHGiTCYIa37vpeaMEfKUMzItBZkmqQIj9GQ9C0ViBMd5rMXpvDUKjFMpLIlDJypvydyxLWe8Mh2FgfrRa8Q//P6mUmuwpyKNDNE4PmiJGPQSFjkAWOqCDZsYgnCitpbIR4hhbCxqdVsCP7iy8ukc97wvYZ/d1FvXpdxVMExOAFnwAeXoAluQQu0AQaP4Bm8gjfnyXlx3p2PeWvFKWcOwR84nz+QcpeE</latexit>

�0
<latexit sha1_base64="5AJ+Q6qw2mOz7V9LNK6Zm61LJL0=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvoqsyIoMuiG5cV7AM6Y8mkmTY0yQxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JMTJpxp47rfTmlldW19o7xZ2dre2d2r7h+0dZwqQlsk5rHqhlhTziRtGWY47SaKYhFy2gnHN7nfeaRKs1jem0lCA4GHkkWMYGOlB19gM1Ii85sjNj3tV2tu3Z0BLROvIDUo0OxXv/xBTFJBpSEca93z3MQEGVaGEU6nFT/VNMFkjIe0Z6nEguogm6WeohOrDFAUK/ukQTP190aGhdYTEdrJPKVe9HLxP6+XmugqyJhMUkMlmR+KUo5MjPIK0IApSgyfWIKJYjYrIiOsMDG2qIotwVv88jJpn9c9t+7dXdQa10UdZTiCYzgDDy6hAbfQhBYQUPAMr/DmPDkvzrvzMR8tOcXOIfyB8/kDjcaShw==</latexit><latexit sha1_base64="5AJ+Q6qw2mOz7V9LNK6Zm61LJL0=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvoqsyIoMuiG5cV7AM6Y8mkmTY0yQxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JMTJpxp47rfTmlldW19o7xZ2dre2d2r7h+0dZwqQlsk5rHqhlhTziRtGWY47SaKYhFy2gnHN7nfeaRKs1jem0lCA4GHkkWMYGOlB19gM1Ii85sjNj3tV2tu3Z0BLROvIDUo0OxXv/xBTFJBpSEca93z3MQEGVaGEU6nFT/VNMFkjIe0Z6nEguogm6WeohOrDFAUK/ukQTP190aGhdYTEdrJPKVe9HLxP6+XmugqyJhMUkMlmR+KUo5MjPIK0IApSgyfWIKJYjYrIiOsMDG2qIotwVv88jJpn9c9t+7dXdQa10UdZTiCYzgDDy6hAbfQhBYQUPAMr/DmPDkvzrvzMR8tOcXOIfyB8/kDjcaShw==</latexit><latexit sha1_base64="5AJ+Q6qw2mOz7V9LNK6Zm61LJL0=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvoqsyIoMuiG5cV7AM6Y8mkmTY0yQxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JMTJpxp47rfTmlldW19o7xZ2dre2d2r7h+0dZwqQlsk5rHqhlhTziRtGWY47SaKYhFy2gnHN7nfeaRKs1jem0lCA4GHkkWMYGOlB19gM1Ii85sjNj3tV2tu3Z0BLROvIDUo0OxXv/xBTFJBpSEca93z3MQEGVaGEU6nFT/VNMFkjIe0Z6nEguogm6WeohOrDFAUK/ukQTP190aGhdYTEdrJPKVe9HLxP6+XmugqyJhMUkMlmR+KUo5MjPIK0IApSgyfWIKJYjYrIiOsMDG2qIotwVv88jJpn9c9t+7dXdQa10UdZTiCYzgDDy6hAbfQhBYQUPAMr/DmPDkvzrvzMR8tOcXOIfyB8/kDjcaShw==</latexit><latexit sha1_base64="5AJ+Q6qw2mOz7V9LNK6Zm61LJL0=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvoqsyIoMuiG5cV7AM6Y8mkmTY0yQxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JMTJpxp47rfTmlldW19o7xZ2dre2d2r7h+0dZwqQlsk5rHqhlhTziRtGWY47SaKYhFy2gnHN7nfeaRKs1jem0lCA4GHkkWMYGOlB19gM1Ii85sjNj3tV2tu3Z0BLROvIDUo0OxXv/xBTFJBpSEca93z3MQEGVaGEU6nFT/VNMFkjIe0Z6nEguogm6WeohOrDFAUK/ukQTP190aGhdYTEdrJPKVe9HLxP6+XmugqyJhMUkMlmR+KUo5MjPIK0IApSgyfWIKJYjYrIiOsMDG2qIotwVv88jJpn9c9t+7dXdQa10UdZTiCYzgDDy6hAbfQhBYQUPAMr/DmPDkvzrvzMR8tOcXOIfyB8/kDjcaShw==</latexit>

B<latexit sha1_base64="sBMa32Gy3Qy9daJDt+9rh8aEQms=">AAAB8XicbVDLSgMxFL3xWeur6tJNsAiuyowIuix147KCfWA7lEyaaUOTzJBkhDL0L9y4UMStf+POvzHTzkJbDwQO59xLzj1hIrixnveN1tY3Nre2Szvl3b39g8PK0XHbxKmmrEVjEetuSAwTXLGW5VawbqIZkaFgnXBym/udJ6YNj9WDnSYskGSkeMQpsU567Etix1pmjdmgUvVq3hx4lfgFqUKB5qDy1R/GNJVMWSqIMT3fS2yQEW05FWxW7qeGJYROyIj1HFVEMhNk88QzfO6UIY5i7Z6yeK7+3siINGYqQzeZJzTLXi7+5/VSG90EGVdJapmii4+iVGAb4/x8POSaUSumjhCqucuK6ZhoQq0rqexK8JdPXiXty5rv1fz7q2q9UdRRglM4gwvw4RrqcAdNaAEFBc/wCm/IoBf0jj4Wo2uo2DmBP0CfP85ckP0=</latexit><latexit sha1_base64="sBMa32Gy3Qy9daJDt+9rh8aEQms=">AAAB8XicbVDLSgMxFL3xWeur6tJNsAiuyowIuix147KCfWA7lEyaaUOTzJBkhDL0L9y4UMStf+POvzHTzkJbDwQO59xLzj1hIrixnveN1tY3Nre2Szvl3b39g8PK0XHbxKmmrEVjEetuSAwTXLGW5VawbqIZkaFgnXBym/udJ6YNj9WDnSYskGSkeMQpsU567Etix1pmjdmgUvVq3hx4lfgFqUKB5qDy1R/GNJVMWSqIMT3fS2yQEW05FWxW7qeGJYROyIj1HFVEMhNk88QzfO6UIY5i7Z6yeK7+3siINGYqQzeZJzTLXi7+5/VSG90EGVdJapmii4+iVGAb4/x8POSaUSumjhCqucuK6ZhoQq0rqexK8JdPXiXty5rv1fz7q2q9UdRRglM4gwvw4RrqcAdNaAEFBc/wCm/IoBf0jj4Wo2uo2DmBP0CfP85ckP0=</latexit><latexit sha1_base64="sBMa32Gy3Qy9daJDt+9rh8aEQms=">AAAB8XicbVDLSgMxFL3xWeur6tJNsAiuyowIuix147KCfWA7lEyaaUOTzJBkhDL0L9y4UMStf+POvzHTzkJbDwQO59xLzj1hIrixnveN1tY3Nre2Szvl3b39g8PK0XHbxKmmrEVjEetuSAwTXLGW5VawbqIZkaFgnXBym/udJ6YNj9WDnSYskGSkeMQpsU567Etix1pmjdmgUvVq3hx4lfgFqUKB5qDy1R/GNJVMWSqIMT3fS2yQEW05FWxW7qeGJYROyIj1HFVEMhNk88QzfO6UIY5i7Z6yeK7+3siINGYqQzeZJzTLXi7+5/VSG90EGVdJapmii4+iVGAb4/x8POSaUSumjhCqucuK6ZhoQq0rqexK8JdPXiXty5rv1fz7q2q9UdRRglM4gwvw4RrqcAdNaAEFBc/wCm/IoBf0jj4Wo2uo2DmBP0CfP85ckP0=</latexit><latexit sha1_base64="sBMa32Gy3Qy9daJDt+9rh8aEQms=">AAAB8XicbVDLSgMxFL3xWeur6tJNsAiuyowIuix147KCfWA7lEyaaUOTzJBkhDL0L9y4UMStf+POvzHTzkJbDwQO59xLzj1hIrixnveN1tY3Nre2Szvl3b39g8PK0XHbxKmmrEVjEetuSAwTXLGW5VawbqIZkaFgnXBym/udJ6YNj9WDnSYskGSkeMQpsU567Etix1pmjdmgUvVq3hx4lfgFqUKB5qDy1R/GNJVMWSqIMT3fS2yQEW05FWxW7qeGJYROyIj1HFVEMhNk88QzfO6UIY5i7Z6yeK7+3siINGYqQzeZJzTLXi7+5/VSG90EGVdJapmii4+iVGAb4/x8POSaUSumjhCqucuK6ZhoQq0rqexK8JdPXiXty5rv1fz7q2q9UdRRglM4gwvw4RrqcAdNaAEFBc/wCm/IoBf0jj4Wo2uo2DmBP0CfP85ckP0=</latexit>

D0

<latexit sha1_base64="BdXuFyDcHpit29sfXBE6OWwNKtk=">AAACAHicbVDLSsNAFJ3UV42vqAsXbgaL4KokouhGWtCFywr2AU0sk8m0HTqZhJmJUEI2/ko3LhRx69Y/cFP8GydtF9p6YJjDOfdy7z1+zKhUtv1tFJaWV1bXiuvmxubW9o61u9eQUSIwqeOIRaLlI0kY5aSuqGKkFQuCQp+Rpj+4zv3mIxGSRvxeDWPihajHaZdipLTUsQ5cP2KBHIb6S28eUjcWNCRZ1rFKdtmeAC4SZ0ZKlc+xeRWPxrWO9eUGEU5CwhVmSMq2Y8fKS5FQFDOSmW4iSYzwAPVIW1OOQiK9dHJABo+1EsBuJPTjCk7U3x0pCmW+o64MkerLeS8X//PaiepeeinlcaIIx9NB3YRBFcE8DRhQQbBiQ00QFlTvCnEfCYSVzszUITjzJy+SxmnZOSuf39mlagVMUQSH4AicAAdcgCq4BTVQBxhkYARewKvxZDwbb8b7tLRgzHr2wR8YHz9B5Zs6</latexit>

Query

�<latexit sha1_base64="sryPxU9hDl0wmeA2oEi0WWpDdFI=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7AM6Q8mkmTY0yUyTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OmHCmjet+O6WNza3tnfJuZW//4PCoenzS1nGqCG2RmMeqG2JNOZO0ZZjhtJsoikXIaScc3+d+Z0qVZrF8MrOEBgIPJYsYwcZKgS+wGSmR+c0Rm/erNbfuLoDWiVeQGhRo9qtf/iAmqaDSEI617nluYoIMK8MIp/OKn2qaYDLGQ9qzVGJBdZAtQs/RhVUGKIqVfdKghfp7I8NC65kI7WQeUq96ufif10tNdBtkTCapoZIsD0UpRyZGeQNowBQlhs8swUQxmxWREVaYGNtTxZbgrX55nbSv6p5b9x6va427oo4ynME5XIIHN9CAB2hCCwhM4Ble4c2ZOi/Ou/OxHC05xc4p/IHz+QMoVJJW</latexit><latexit sha1_base64="sryPxU9hDl0wmeA2oEi0WWpDdFI=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7AM6Q8mkmTY0yUyTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OmHCmjet+O6WNza3tnfJuZW//4PCoenzS1nGqCG2RmMeqG2JNOZO0ZZjhtJsoikXIaScc3+d+Z0qVZrF8MrOEBgIPJYsYwcZKgS+wGSmR+c0Rm/erNbfuLoDWiVeQGhRo9qtf/iAmqaDSEI617nluYoIMK8MIp/OKn2qaYDLGQ9qzVGJBdZAtQs/RhVUGKIqVfdKghfp7I8NC65kI7WQeUq96ufif10tNdBtkTCapoZIsD0UpRyZGeQNowBQlhs8swUQxmxWREVaYGNtTxZbgrX55nbSv6p5b9x6va427oo4ynME5XIIHN9CAB2hCCwhM4Ble4c2ZOi/Ou/OxHC05xc4p/IHz+QMoVJJW</latexit><latexit sha1_base64="sryPxU9hDl0wmeA2oEi0WWpDdFI=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7AM6Q8mkmTY0yUyTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OmHCmjet+O6WNza3tnfJuZW//4PCoenzS1nGqCG2RmMeqG2JNOZO0ZZjhtJsoikXIaScc3+d+Z0qVZrF8MrOEBgIPJYsYwcZKgS+wGSmR+c0Rm/erNbfuLoDWiVeQGhRo9qtf/iAmqaDSEI617nluYoIMK8MIp/OKn2qaYDLGQ9qzVGJBdZAtQs/RhVUGKIqVfdKghfp7I8NC65kI7WQeUq96ufif10tNdBtkTCapoZIsD0UpRyZGeQNowBQlhs8swUQxmxWREVaYGNtTxZbgrX55nbSv6p5b9x6va427oo4ynME5XIIHN9CAB2hCCwhM4Ble4c2ZOi/Ou/OxHC05xc4p/IHz+QMoVJJW</latexit><latexit sha1_base64="sryPxU9hDl0wmeA2oEi0WWpDdFI=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7AM6Q8mkmTY0yUyTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OmHCmjet+O6WNza3tnfJuZW//4PCoenzS1nGqCG2RmMeqG2JNOZO0ZZjhtJsoikXIaScc3+d+Z0qVZrF8MrOEBgIPJYsYwcZKgS+wGSmR+c0Rm/erNbfuLoDWiVeQGhRo9qtf/iAmqaDSEI617nluYoIMK8MIp/OKn2qaYDLGQ9qzVGJBdZAtQs/RhVUGKIqVfdKghfp7I8NC65kI7WQeUq96ufif10tNdBtkTCapoZIsD0UpRyZGeQNowBQlhs8swUQxmxWREVaYGNtTxZbgrX55nbSv6p5b9x6va427oo4ynME5XIIHN9CAB2hCCwhM4Ble4c2ZOi/Ou/OxHC05xc4p/IHz+QMoVJJW</latexit>

Query

Filtering

Filtering

Visual illustration of dictionary compression, the upper flow represents original dictionary query
and filtering, namely stage 3 + stage 4 in Fig. 2, The flow below demonstrates the compression
process of the dictionary query

• Dictionary is knowledgeable but may be redundant as well, a distilled compact
dictionary is suitable for faster query

• Structured filter pruning of model is hardware friendly, compared with fine-grained
unstructured pruning

Dictionary Compression
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Algorithm 1 Dictionary Selection Strategy

1: Input: D ∈ RL×k2
, small λ0 , target α, tolerance ε;

2: Input: pre-trained W0 , coefficient matrix Φ;
3: t← 0, α0 ← 1.0, β0 ← 1 ∈ RL , γ0 ← 1 ∈ RL,L ← reconstruction error . Equation (1);
4: repeat
5: αt+1 ← αt −∆α;

6: λt+1 ← λt ;

7: while |βt+1|0 > αt+1 · L do

8: Fix Wt , update βt+1 ← arg minβ L (Wt,βD) + λt+1 |β|; . Equation (2)

9: λt+1 ← 2 · λt+1

10: end while
11: λleft ← 0.5λt+1 , λright ← λt+1 ;

12: while
∣∣∣αt+1 · L−

∣∣βt+1
∣∣
0

∣∣∣ > ε · L do

13: λt+1 = 1/2(λleft + λright);

14: Fix Wt , update βt+1 ← arg minβ L (Wt,βD) + λt+1 |β|;
15: if

∣∣βt+1
∣∣
0 < αt+1 · L then

16: λleft ← λt+1 ;

17: else if
∣∣βt+1

∣∣
0 > αt+1 · L then

18: λright ← λt+1 ;

19: end if
20: end while
21: Fix βt+1 , update Wt+1 ← arg minW L (W, βt+1D);

22: t = t + 1;
23: until αt ≤ α

Dictionary Compression
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37

37.5

38

P
S
N
R

0.954

0.956

0.958

0.96

S
S
IM

SRCNN
FSRCNN
VDSR
LapSRN
LAPAR-A

LAPAR-A(75%)

LAPAR-A(50%)

LAPAR-A(25%)

LAPAR-A(10%)

Single image super-resolution (SISR) performance of our model with different dictionary
compression ratios, in comparison with other SR methods. LAPAR-A (Per.%) represents our model
with dictionary size shrunk to Per.%. PSNR means peak signal-to-noise ratio. SSIM means structural
similarity index measure. PSNR and SSIM are two common metrics to measure the quality of
images. The higher the better.

Dictionary Compression
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Thread0 Thread1

F
<latexit sha1_base64="1GbIpR/QztQsjnDLQUIb9j+ROT8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiIC4r2Ae0Y8lkMm1oJhmSjFKG/ocbF4q49V/c+Tdm2llo64GQwzn3kpMTJJxp47rfTmlldW19o7xZ2dre2d2r7h+0tUwVoS0iuVTdAGvKmaAtwwyn3URRHAecdoLxde53HqnSTIp7M0moH+OhYBEj2FjpoR9IHupJbK/sZjqo1ty6OwNaJl5BalCgOah+9UNJ0pgKQzjWuue5ifEzrAwjnE4r/VTTBJMxHtKepQLHVPvZLPUUnVglRJFU9giDZurvjQzHOo9mJ2NsRnrRy8X/vF5qoks/YyJJDRVk/lCUcmQkyitAIVOUGD6xBBPFbFZERlhhYmxRFVuCt/jlZdI+q3tu3bs7rzWuijrKcATHcAoeXEADbqEJLSCg4Ble4c15cl6cd+djPlpyip1D+APn8wcHUpLX</latexit><latexit sha1_base64="1GbIpR/QztQsjnDLQUIb9j+ROT8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiIC4r2Ae0Y8lkMm1oJhmSjFKG/ocbF4q49V/c+Tdm2llo64GQwzn3kpMTJJxp47rfTmlldW19o7xZ2dre2d2r7h+0tUwVoS0iuVTdAGvKmaAtwwyn3URRHAecdoLxde53HqnSTIp7M0moH+OhYBEj2FjpoR9IHupJbK/sZjqo1ty6OwNaJl5BalCgOah+9UNJ0pgKQzjWuue5ifEzrAwjnE4r/VTTBJMxHtKepQLHVPvZLPUUnVglRJFU9giDZurvjQzHOo9mJ2NsRnrRy8X/vF5qoks/YyJJDRVk/lCUcmQkyitAIVOUGD6xBBPFbFZERlhhYmxRFVuCt/jlZdI+q3tu3bs7rzWuijrKcATHcAoeXEADbqEJLSCg4Ble4c15cl6cd+djPlpyip1D+APn8wcHUpLX</latexit><latexit sha1_base64="1GbIpR/QztQsjnDLQUIb9j+ROT8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiIC4r2Ae0Y8lkMm1oJhmSjFKG/ocbF4q49V/c+Tdm2llo64GQwzn3kpMTJJxp47rfTmlldW19o7xZ2dre2d2r7h+0tUwVoS0iuVTdAGvKmaAtwwyn3URRHAecdoLxde53HqnSTIp7M0moH+OhYBEj2FjpoR9IHupJbK/sZjqo1ty6OwNaJl5BalCgOah+9UNJ0pgKQzjWuue5ifEzrAwjnE4r/VTTBJMxHtKepQLHVPvZLPUUnVglRJFU9giDZurvjQzHOo9mJ2NsRnrRy8X/vF5qoks/YyJJDRVk/lCUcmQkyitAIVOUGD6xBBPFbFZERlhhYmxRFVuCt/jlZdI+q3tu3bs7rzWuijrKcATHcAoeXEADbqEJLSCg4Ble4c15cl6cd+djPlpyip1D+APn8wcHUpLX</latexit><latexit sha1_base64="1GbIpR/QztQsjnDLQUIb9j+ROT8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiIC4r2Ae0Y8lkMm1oJhmSjFKG/ocbF4q49V/c+Tdm2llo64GQwzn3kpMTJJxp47rfTmlldW19o7xZ2dre2d2r7h+0tUwVoS0iuVTdAGvKmaAtwwyn3URRHAecdoLxde53HqnSTIp7M0moH+OhYBEj2FjpoR9IHupJbK/sZjqo1ty6OwNaJl5BalCgOah+9UNJ0pgKQzjWuue5ifEzrAwjnE4r/VTTBJMxHtKepQLHVPvZLPUUnVglRJFU9giDZurvjQzHOo9mJ2NsRnrRy8X/vF5qoks/YyJJDRVk/lCUcmQkyitAIVOUGD6xBBPFbFZERlhhYmxRFVuCt/jlZdI+q3tu3bs7rzWuijrKcATHcAoeXEADbqEJLSCg4Ble4c15cl6cd+djPlpyip1D+APn8wcHUpLX</latexit>

B>
<latexit sha1_base64="lyE6mJeCj2bbghT75oyx++eZaJ8=">AAAB/HicbVDLSsNAFL3xWesr2qWbYBFclUQEXZa6cVnBPqCNZTKZtEMnM2FmIoRQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkDCqtOt+W2vrG5tb25Wd6u7e/sGhfXTcVSKVmHSwYEL2A6QIo5x0NNWM9BNJUBww0gumN4XfeyRSUcHvdZYQP0ZjTiOKkTbSyK4NA8FClcXmyluzh6EWyciuuw13DmeVeCWpQ4n2yP4ahgKnMeEaM6TUwHMT7edIaooZmVWHqSIJwlM0JgNDOYqJ8vN5+JlzZpTQiYQ0h2tnrv7eyFGsinxmMkZ6opa9QvzPG6Q6uvZzypNUE44XD0Upc7RwiiackEqCNcsMQVhSk9XBEyQR1qavqinBW/7yKuleNDy34d1d1putso4KnMApnIMHV9CEW2hDBzBk8Ayv8GY9WS/Wu/WxGF2zyp0a/IH1+QNvTZVD</latexit><latexit sha1_base64="lyE6mJeCj2bbghT75oyx++eZaJ8=">AAAB/HicbVDLSsNAFL3xWesr2qWbYBFclUQEXZa6cVnBPqCNZTKZtEMnM2FmIoRQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkDCqtOt+W2vrG5tb25Wd6u7e/sGhfXTcVSKVmHSwYEL2A6QIo5x0NNWM9BNJUBww0gumN4XfeyRSUcHvdZYQP0ZjTiOKkTbSyK4NA8FClcXmyluzh6EWyciuuw13DmeVeCWpQ4n2yP4ahgKnMeEaM6TUwHMT7edIaooZmVWHqSIJwlM0JgNDOYqJ8vN5+JlzZpTQiYQ0h2tnrv7eyFGsinxmMkZ6opa9QvzPG6Q6uvZzypNUE44XD0Upc7RwiiackEqCNcsMQVhSk9XBEyQR1qavqinBW/7yKuleNDy34d1d1putso4KnMApnIMHV9CEW2hDBzBk8Ayv8GY9WS/Wu/WxGF2zyp0a/IH1+QNvTZVD</latexit><latexit sha1_base64="lyE6mJeCj2bbghT75oyx++eZaJ8=">AAAB/HicbVDLSsNAFL3xWesr2qWbYBFclUQEXZa6cVnBPqCNZTKZtEMnM2FmIoRQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkDCqtOt+W2vrG5tb25Wd6u7e/sGhfXTcVSKVmHSwYEL2A6QIo5x0NNWM9BNJUBww0gumN4XfeyRSUcHvdZYQP0ZjTiOKkTbSyK4NA8FClcXmyluzh6EWyciuuw13DmeVeCWpQ4n2yP4ahgKnMeEaM6TUwHMT7edIaooZmVWHqSIJwlM0JgNDOYqJ8vN5+JlzZpTQiYQ0h2tnrv7eyFGsinxmMkZ6opa9QvzPG6Q6uvZzypNUE44XD0Upc7RwiiackEqCNcsMQVhSk9XBEyQR1qavqinBW/7yKuleNDy34d1d1putso4KnMApnIMHV9CEW2hDBzBk8Ayv8GY9WS/Wu/WxGF2zyp0a/IH1+QNvTZVD</latexit><latexit sha1_base64="lyE6mJeCj2bbghT75oyx++eZaJ8=">AAAB/HicbVDLSsNAFL3xWesr2qWbYBFclUQEXZa6cVnBPqCNZTKZtEMnM2FmIoRQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkDCqtOt+W2vrG5tb25Wd6u7e/sGhfXTcVSKVmHSwYEL2A6QIo5x0NNWM9BNJUBww0gumN4XfeyRSUcHvdZYQP0ZjTiOKkTbSyK4NA8FClcXmyluzh6EWyciuuw13DmeVeCWpQ4n2yP4ahgKnMeEaM6TUwHMT7edIaooZmVWHqSIJwlM0JgNDOYqJ8vN5+JlzZpTQiYQ0h2tnrv7eyFGsinxmMkZ6opa9QvzPG6Q6uvZzypNUE44XD0Upc7RwiiackEqCNcsMQVhSk9XBEyQR1qavqinBW/7yKuleNDy34d1d1putso4KnMApnIMHV9CEW2hDBzBk8Ayv8GY9WS/Wu/WxGF2zyp0a/IH1+QNvTZVD</latexit>

…

y = FB>
<latexit sha1_base64="69w7JZH0qiL4ayINV4DInj3Lyv8=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6EYoFcRlBfuAdiyZTKYNzSRDkhGGYT7Ajb/ixoUibv0Ad/6NmXYWtfVAyMm555J7jxcxqrRt/1illdW19Y3yZmVre2d3r7p/0FEilpi0sWBC9jykCKOctDXVjPQiSVDoMdL1Jtd5vftIpKKC3+skIm6IRpwGFCNtpGG1NvAE81USmitNsqv5500zexhoERmXXbengMvEKUgNFGgNq98DX+A4JFxjhpTqO3ak3RRJTTEjWWUQKxIhPEEj0jeUo5AoN50uk8ETo/gwENIcruFUne9IUajyAY0zRHqsFmu5+F+tH+vg0k0pj2JNOJ59FMQMagHzZKBPJcGaJYYgLKmZFeIxkghrk1/FhOAsrrxMOmd1x647d+e1RrOIowyOwDE4BQ64AA1wC1qgDTB4Ai/gDbxbz9ar9WF9zqwlq+g5BH9gff0CV6+cag==</latexit><latexit sha1_base64="69w7JZH0qiL4ayINV4DInj3Lyv8=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6EYoFcRlBfuAdiyZTKYNzSRDkhGGYT7Ajb/ixoUibv0Ad/6NmXYWtfVAyMm555J7jxcxqrRt/1illdW19Y3yZmVre2d3r7p/0FEilpi0sWBC9jykCKOctDXVjPQiSVDoMdL1Jtd5vftIpKKC3+skIm6IRpwGFCNtpGG1NvAE81USmitNsqv5500zexhoERmXXbengMvEKUgNFGgNq98DX+A4JFxjhpTqO3ak3RRJTTEjWWUQKxIhPEEj0jeUo5AoN50uk8ETo/gwENIcruFUne9IUajyAY0zRHqsFmu5+F+tH+vg0k0pj2JNOJ59FMQMagHzZKBPJcGaJYYgLKmZFeIxkghrk1/FhOAsrrxMOmd1x647d+e1RrOIowyOwDE4BQ64AA1wC1qgDTB4Ai/gDbxbz9ar9WF9zqwlq+g5BH9gff0CV6+cag==</latexit><latexit sha1_base64="69w7JZH0qiL4ayINV4DInj3Lyv8=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6EYoFcRlBfuAdiyZTKYNzSRDkhGGYT7Ajb/ixoUibv0Ad/6NmXYWtfVAyMm555J7jxcxqrRt/1illdW19Y3yZmVre2d3r7p/0FEilpi0sWBC9jykCKOctDXVjPQiSVDoMdL1Jtd5vftIpKKC3+skIm6IRpwGFCNtpGG1NvAE81USmitNsqv5500zexhoERmXXbengMvEKUgNFGgNq98DX+A4JFxjhpTqO3ak3RRJTTEjWWUQKxIhPEEj0jeUo5AoN50uk8ETo/gwENIcruFUne9IUajyAY0zRHqsFmu5+F+tH+vg0k0pj2JNOJ59FMQMagHzZKBPJcGaJYYgLKmZFeIxkghrk1/FhOAsrrxMOmd1x647d+e1RrOIowyOwDE4BQ64AA1wC1qgDTB4Ai/gDbxbz9ar9WF9zqwlq+g5BH9gff0CV6+cag==</latexit><latexit sha1_base64="69w7JZH0qiL4ayINV4DInj3Lyv8=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6EYoFcRlBfuAdiyZTKYNzSRDkhGGYT7Ajb/ixoUibv0Ad/6NmXYWtfVAyMm555J7jxcxqrRt/1illdW19Y3yZmVre2d3r7p/0FEilpi0sWBC9jykCKOctDXVjPQiSVDoMdL1Jtd5vftIpKKC3+skIm6IRpwGFCNtpGG1NvAE81USmitNsqv5500zexhoERmXXbengMvEKUgNFGgNq98DX+A4JFxjhpTqO3ak3RRJTTEjWWUQKxIhPEEj0jeUo5AoN50uk8ETo/gwENIcruFUne9IUajyAY0zRHqsFmu5+F+tH+vg0k0pj2JNOJ59FMQMagHzZKBPJcGaJYYgLKmZFeIxkghrk1/FhOAsrrxMOmd1x647d+e1RrOIowyOwDE4BQ64AA1wC1qgDTB4Ai/gDbxbz9ar9WF9zqwlq+g5BH9gff0CV6+cag==</latexit>

Thread0 Thread1

… …

… …

… …

… …

Block0

Block1

… …

Channel
0

Channel
1

(1, 1)
(1, 2)

(1, 1)
(1, 2)

An example of the proposed computation engine for image filtering operation

• resources in GPU are limited, which concurrently restricts the computation patterns
with respect to the threads, blocks, and etc

• on-chip-memory and l1-cache is limit for each SM.
• Increase thread number will increase parallelism
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Constrains:
Tr = (H ×W × C)/(S× P× R),

T ≤ min(Tr,Tsm),

nx× ny× nz ≤WS× P× T,
(4)

Denote the number of SMs in GPU as S, the number of processing blocks in each
SM as P, the size of register file in each processing block as R, the maximum
number of threads in each warp as WS. The GPU compute capability constrains
the number of warps in each block as smaller than Tsm. Denote the three
dimensions of the thread block as (nx,ny,nz).

1 ≤ nx ≤ H,
1 ≤ ny ≤W,

1 ≤ nz ≤ C.
(5)
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Results



Table: Comparisons on multiple benchmark datasets of our model and other popular SR
networks. The dictionary in our model is compressed to 10% of original size for
evaluation. Performance metrics are PSNR/SSIM. Bold: best results

Scale Method Set5 Set14 B100 Urban100 Manga109

×2

SRCNNDong, Loy, He, et al. 2014 36.66/0.9542 32.42/0.9063 31.36/0.8879 29.50/0.8946 35.74/0.9661
FSRCNNDong, Loy, and Tang 2016 37.00/0.9558 32.63/0.9088 31.53/0.8920 29.88/0.9020 36.67/0.9694

VDSRJ. Kim, J. K. Lee, and K. M. Lee 2016 37.53/0.9587 33.03/0.9124 31.90/0.8960 30.76/0.9140 37.22/0.9729
DRRNTai, Yang, and Liu 2017 37.74/0.9591 33.23/0.9136 32.05/0.8973 31.23/0.9188 37.92/0.9760

LapSRNLai et al. 2017 37.52/0.9590 33.08/0.9130 31.80/0.8950 30.41/0.9100 37.27/0.9740
SRFBN-SLi et al. 2019 37.78/0.9597 33.35/0.9156 32.00/0.8970 31.41/0.9207 38.06/0.9757

FALSR-AChu et al. 2021 37.82/0.9595 33.55/0.9168 32.12/0.8987 31.93/0.9256 -
SRMDNFK. Zhang, Zuo, and L. Zhang 2018 37.79/0.9600 33.32/0.9150 32.05/0.8980 31.33/0.9200 -

Ours 37.98/0.9604 33.59/0.9181 32.19/0.8999 32.09/0.9281 38.60/0.9771

×3

SRCNNDong, Loy, He, et al. 2014 32.75/0.9090 29.28/0.8209 28.41/0.7863 26.24/0.7989 30.59/0.9107
FSRCNNDong, Loy, and Tang 2016 33.16/0.9140 29.43/0.8242 28.53/0.7910 26.43/0.8080 30.98/0.9212

VDSRJ. Kim, J. K. Lee, and K. M. Lee 2016 33.66/0.9213 29.77/0.8314 28.82/0.7976 27.14/0.8279 32.01/0.9310
DRRNTai, Yang, and Liu 2017 34.03/0.9244 29.96/0.8349 28.95/0.8004 27.53/0.8378 32.74/0.9390
SelNetChoi and M. Kim 2017 34.27/0.9257 30.30/0.8399 28.97/0.8025 - -

CARNAhn, Kang, and Sohn 2018 34.29/0.9255 30.29/0.8407 29.06/0.8034 28.06/0.8493 -
SRFBN-SLi et al. 2019 34.20/0.9255 30.10/0.8372 28.96/0.8010 27.66/0.8415 33.02/0.9404

Ours 34.35/0.9267 30.33/0.8420 29.11/0.8054 28.12/0.8523 33.48/0.9439

×4

SRCNNDong, Loy, He, et al. 2014 30.48/0.8628 27.49/0.7503 26.90/0.7101 24.52/0.7221 27.66/0.8505
FSRCNNDong, Loy, and Tang 2016 30.71/0.8657 27.59/0.7535 26.98/0.7150 24.62/0.7280 27.90/0.8517

VDSRJ. Kim, J. K. Lee, and K. M. Lee 2016 31.35/0.8838 28.01/0.7674 27.29/0.7251 25.18/0.7524 28.83/0.8809
DRRNTai, Yang, and Liu 2017 31.68/0.8888 28.21/0.7720 27.38/0.7284 25.44/0.7638 29.46/0.8960

LapSRNLai et al. 2017 31.54/0.8850 28.19/0.7720 27.32/0.7280 25.21/0.7560 29.09/0.8845
CARNAhn, Kang, and Sohn 2018 32.13/0.8937 28.60/0.7806 27.58/0.7349 26.07/0.7837 -

SRFBN-SLi et al. 2019 31.98/0.8923 28.45/0.7779 27.44/0.7313 25.71/0.7719 29.91/0.9008
Ours 32.15/0.8944 28.61/0.7817 27.59/0.7366 26.14/0.7873 30.39/0.9072
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Table: Inference Time (ms) and Acceleration ratios

Input size Scale
NVIDIA GeForce RTX 2080 Ti NVIDIA Jetson Xavier NX

PyTorch TensorRT Ours Acc. (PyTorch) Acc. (TensorRT) TensorRT Ours Acc. (TensorRT)

64× 64
×2 6.94 1.30 1.02 ×680.39% ×127.45% 12.37 9.04 ×136.84%
×3 8.26 1.94 1.40 ×590.00% ×138.57% 22.62 14.28 ×158.40%
×4 9.86 2.79 1.88 ×524.46% ×148.40% 35.83 20.54 ×174.44%

128× 128
×2 8.74 3.59 2.66 ×328.57% ×134.96% 52.12 37.25 ×139.92%
×3 13.04 6.19 4.16 ×313.46% ×148.80% 90.33 54.26 ×166.48%
×4 18.07 9.71 6.13 ×294.78% ×158.40% 144.34 81.29 ×177.56%

180× 320
×2 17.12 12.40 9.25 ×185.08% ×134.05% 177.57 124.12 ×143.06%
×3 30.83 21.66 14.63 ×210.73% ×148.05% 325.07 200.02 ×162.52%
×4 44.69 34.69 22.12 ×202.03% ×156.82% 534.99 318.60 ×167.92%

360× 640
×2 67.36 50.26 37.47 ×179.77% ×134.13% 748.72 530.23 ×141.21%
×3 105.32 88.45 59.20 ×177.90% ×149.41% 1466.91 973.25 ×150.72%
×4 406.93 141.08 91.09 ×540.02% ×154.88% - - -

Average - 61.43 31.17 20.91 ×352.27% ×144.49% 328.26 214.81 ×156.28%
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(a) Input Size 64×64
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(b) Input Size 128×128
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(c) Input Size 180×320
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(d) Input Size 360×640

Time consumptions of the dictionary query and filtering with different compression ratios. Different
input image sizes and scaling factors (from 2 to 4) are evaluated.
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