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Incremental Binarization on Recurrent Neural Networks For Single-Channel Source Separation

We propose a Bitwise Gated Recurrent Unit (BGRU) network for the

single-channel source separation task that mitigates the computation

required by Recurrent Neural Networks. By re-defining the originally real-

valued inputs and outputs, pretrained weights, and operations in a

bitwise fashion, we reduce the computational and spatial complexity of

the GRU network. To address the heavy quantization loss from the

transformation, we take an incremental approach to binarization.
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QUANTIZATION

o Input STFT magnitude bins are quantized into 4 binary bits using

Quantization-and-Dispersion

o Pretrained weights are transformed and scaled with a relaxed

quantization on a boundary determined by a specified sparsity level

o Binary versions of the logistic and hyperbolic tangent activations

PROPOSED MODEL

o Feedforward: real-valued weights are incrementally binarized by

scaled sparsity and Bernoulli masks.

o Example of candidate state:

o Backpropagation: Derivatives of non-differentiable activation functions

are overwritten with that of relaxed counterparts

o Example of candidate state:

EXPERIMENTAL RESULTS
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o BGRU Cell
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CONCLUSION

o Training is done in two rounds, first in a weight compressed network

then in an incrementally bitwise version with the same topology

o Due to the sensitivity in training the BGRU network, the bitwise

feedforward pass is performed gently using two types of masks that

determine the level of sparsity and rate of binarization.
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+
<latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit>

+
<latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit>

1�
<latexit sha1_base64="orgW0qQC1Ay02Rv9XJ7cnq8lUk4=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF8GJJpKDHohePVewHtKFstpt26WYTdidCCf0HXjwo4tV/5M1/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6d1dtPXBsRq0ecJNyP6FCJUDCK1nrwLvrlilt15yKr4OVQgVyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLsWFY248bP5plNyZp0BCWNtn0Iyd39PZDQyZhIFtjOiODLLtZn5X62bYnjtZ0IlKXLFFh+FqSQYk9nZZCA0ZygnFijTwu5K2IhqytCGU7IheMsnr0LrsupZvq9V6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8kfP5A+PojOw=</latexit><latexit sha1_base64="orgW0qQC1Ay02Rv9XJ7cnq8lUk4=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF8GJJpKDHohePVewHtKFstpt26WYTdidCCf0HXjwo4tV/5M1/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6d1dtPXBsRq0ecJNyP6FCJUDCK1nrwLvrlilt15yKr4OVQgVyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLsWFY248bP5plNyZp0BCWNtn0Iyd39PZDQyZhIFtjOiODLLtZn5X62bYnjtZ0IlKXLFFh+FqSQYk9nZZCA0ZygnFijTwu5K2IhqytCGU7IheMsnr0LrsupZvq9V6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8kfP5A+PojOw=</latexit><latexit sha1_base64="orgW0qQC1Ay02Rv9XJ7cnq8lUk4=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF8GJJpKDHohePVewHtKFstpt26WYTdidCCf0HXjwo4tV/5M1/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6d1dtPXBsRq0ecJNyP6FCJUDCK1nrwLvrlilt15yKr4OVQgVyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLsWFY248bP5plNyZp0BCWNtn0Iyd39PZDQyZhIFtjOiODLLtZn5X62bYnjtZ0IlKXLFFh+FqSQYk9nZZCA0ZygnFijTwu5K2IhqytCGU7IheMsnr0LrsupZvq9V6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8kfP5A+PojOw=</latexit><latexit sha1_base64="orgW0qQC1Ay02Rv9XJ7cnq8lUk4=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF8GJJpKDHohePVewHtKFstpt26WYTdidCCf0HXjwo4tV/5M1/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6d1dtPXBsRq0ecJNyP6FCJUDCK1nrwLvrlilt15yKr4OVQgVyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLsWFY248bP5plNyZp0BCWNtn0Iyd39PZDQyZhIFtjOiODLLtZn5X62bYnjtZ0IlKXLFFh+FqSQYk9nZZCA0ZygnFijTwu5K2IhqytCGU7IheMsnr0LrsupZvq9V6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8kfP5A+PojOw=</latexit>�

<latexit sha1_base64="/+kMrQkGTB66pD2XR/mp3loOeoA=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYwdRCG8pms2mXbnbD7kQoob/BiwdFvPqDvPlv3LY5aOsLCw/vzLAzb5QJbtDzvp3K2vrG5lZ1u7azu7d/UD886hiVa8oCqoTS3YgYJrhkAXIUrJtpRtJIsMdofDurPz4xbbiSDzjJWJiSoeQJpwStFfRVrHBQb3hNby53FfwSGlCqPah/9WNF85RJpIIY0/O9DMOCaORUsGmtnxuWETomQ9azKEnKTFjMl526Z9aJ3URp+yS6c/f3REFSYyZpZDtTgiOzXJuZ/9V6OSbXYcFlliOTdPFRkgsXlTu73I25ZhTFxAKhmttdXToimlC0+dRsCP7yyavQuWj6lu8vG62bMo4qnMApnIMPV9CCO2hDABQ4PMMrvDnSeXHenY9Fa8UpZ47hj5zPH+tgjr4=</latexit><latexit sha1_base64="/+kMrQkGTB66pD2XR/mp3loOeoA=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYwdRCG8pms2mXbnbD7kQoob/BiwdFvPqDvPlv3LY5aOsLCw/vzLAzb5QJbtDzvp3K2vrG5lZ1u7azu7d/UD886hiVa8oCqoTS3YgYJrhkAXIUrJtpRtJIsMdofDurPz4xbbiSDzjJWJiSoeQJpwStFfRVrHBQb3hNby53FfwSGlCqPah/9WNF85RJpIIY0/O9DMOCaORUsGmtnxuWETomQ9azKEnKTFjMl526Z9aJ3URp+yS6c/f3REFSYyZpZDtTgiOzXJuZ/9V6OSbXYcFlliOTdPFRkgsXlTu73I25ZhTFxAKhmttdXToimlC0+dRsCP7yyavQuWj6lu8vG62bMo4qnMApnIMPV9CCO2hDABQ4PMMrvDnSeXHenY9Fa8UpZ47hj5zPH+tgjr4=</latexit><latexit sha1_base64="/+kMrQkGTB66pD2XR/mp3loOeoA=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYwdRCG8pms2mXbnbD7kQoob/BiwdFvPqDvPlv3LY5aOsLCw/vzLAzb5QJbtDzvp3K2vrG5lZ1u7azu7d/UD886hiVa8oCqoTS3YgYJrhkAXIUrJtpRtJIsMdofDurPz4xbbiSDzjJWJiSoeQJpwStFfRVrHBQb3hNby53FfwSGlCqPah/9WNF85RJpIIY0/O9DMOCaORUsGmtnxuWETomQ9azKEnKTFjMl526Z9aJ3URp+yS6c/f3REFSYyZpZDtTgiOzXJuZ/9V6OSbXYcFlliOTdPFRkgsXlTu73I25ZhTFxAKhmttdXToimlC0+dRsCP7yyavQuWj6lu8vG62bMo4qnMApnIMPV9CCO2hDABQ4PMMrvDnSeXHenY9Fa8UpZ47hj5zPH+tgjr4=</latexit><latexit sha1_base64="/+kMrQkGTB66pD2XR/mp3loOeoA=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYwdRCG8pms2mXbnbD7kQoob/BiwdFvPqDvPlv3LY5aOsLCw/vzLAzb5QJbtDzvp3K2vrG5lZ1u7azu7d/UD886hiVa8oCqoTS3YgYJrhkAXIUrJtpRtJIsMdofDurPz4xbbiSDzjJWJiSoeQJpwStFfRVrHBQb3hNby53FfwSGlCqPah/9WNF85RJpIIY0/O9DMOCaORUsGmtnxuWETomQ9azKEnKTFjMl526Z9aJ3URp+yS6c/f3REFSYyZpZDtTgiOzXJuZ/9V6OSbXYcFlliOTdPFRkgsXlTu73I25ZhTFxAKhmttdXToimlC0+dRsCP7yyavQuWj6lu8vG62bMo4qnMApnIMPV9CCO2hDABQ4PMMrvDnSeXHenY9Fa8UpZ47hj5zPH+tgjr4=</latexit>

�
<latexit sha1_base64="/+kMrQkGTB66pD2XR/mp3loOeoA=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYwdRCG8pms2mXbnbD7kQoob/BiwdFvPqDvPlv3LY5aOsLCw/vzLAzb5QJbtDzvp3K2vrG5lZ1u7azu7d/UD886hiVa8oCqoTS3YgYJrhkAXIUrJtpRtJIsMdofDurPz4xbbiSDzjJWJiSoeQJpwStFfRVrHBQb3hNby53FfwSGlCqPah/9WNF85RJpIIY0/O9DMOCaORUsGmtnxuWETomQ9azKEnKTFjMl526Z9aJ3URp+yS6c/f3REFSYyZpZDtTgiOzXJuZ/9V6OSbXYcFlliOTdPFRkgsXlTu73I25ZhTFxAKhmttdXToimlC0+dRsCP7yyavQuWj6lu8vG62bMo4qnMApnIMPV9CCO2hDABQ4PMMrvDnSeXHenY9Fa8UpZ47hj5zPH+tgjr4=</latexit><latexit sha1_base64="/+kMrQkGTB66pD2XR/mp3loOeoA=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYwdRCG8pms2mXbnbD7kQoob/BiwdFvPqDvPlv3LY5aOsLCw/vzLAzb5QJbtDzvp3K2vrG5lZ1u7azu7d/UD886hiVa8oCqoTS3YgYJrhkAXIUrJtpRtJIsMdofDurPz4xbbiSDzjJWJiSoeQJpwStFfRVrHBQb3hNby53FfwSGlCqPah/9WNF85RJpIIY0/O9DMOCaORUsGmtnxuWETomQ9azKEnKTFjMl526Z9aJ3URp+yS6c/f3REFSYyZpZDtTgiOzXJuZ/9V6OSbXYcFlliOTdPFRkgsXlTu73I25ZhTFxAKhmttdXToimlC0+dRsCP7yyavQuWj6lu8vG62bMo4qnMApnIMPV9CCO2hDABQ4PMMrvDnSeXHenY9Fa8UpZ47hj5zPH+tgjr4=</latexit><latexit sha1_base64="/+kMrQkGTB66pD2XR/mp3loOeoA=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYwdRCG8pms2mXbnbD7kQoob/BiwdFvPqDvPlv3LY5aOsLCw/vzLAzb5QJbtDzvp3K2vrG5lZ1u7azu7d/UD886hiVa8oCqoTS3YgYJrhkAXIUrJtpRtJIsMdofDurPz4xbbiSDzjJWJiSoeQJpwStFfRVrHBQb3hNby53FfwSGlCqPah/9WNF85RJpIIY0/O9DMOCaORUsGmtnxuWETomQ9azKEnKTFjMl526Z9aJ3URp+yS6c/f3REFSYyZpZDtTgiOzXJuZ/9V6OSbXYcFlliOTdPFRkgsXlTu73I25ZhTFxAKhmttdXToimlC0+dRsCP7yyavQuWj6lu8vG62bMo4qnMApnIMPV9CCO2hDABQ4PMMrvDnSeXHenY9Fa8UpZ47hj5zPH+tgjr4=</latexit><latexit sha1_base64="/+kMrQkGTB66pD2XR/mp3loOeoA=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYwdRCG8pms2mXbnbD7kQoob/BiwdFvPqDvPlv3LY5aOsLCw/vzLAzb5QJbtDzvp3K2vrG5lZ1u7azu7d/UD886hiVa8oCqoTS3YgYJrhkAXIUrJtpRtJIsMdofDurPz4xbbiSDzjJWJiSoeQJpwStFfRVrHBQb3hNby53FfwSGlCqPah/9WNF85RJpIIY0/O9DMOCaORUsGmtnxuWETomQ9azKEnKTFjMl526Z9aJ3URp+yS6c/f3REFSYyZpZDtTgiOzXJuZ/9V6OSbXYcFlliOTdPFRkgsXlTu73I25ZhTFxAKhmttdXToimlC0+dRsCP7yyavQuWj6lu8vG62bMo4qnMApnIMPV9CCO2hDABQ4PMMrvDnSeXHenY9Fa8UpZ47hj5zPH+tgjr4=</latexit>

�
<latexit sha1_base64="/+kMrQkGTB66pD2XR/mp3loOeoA=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYwdRCG8pms2mXbnbD7kQoob/BiwdFvPqDvPlv3LY5aOsLCw/vzLAzb5QJbtDzvp3K2vrG5lZ1u7azu7d/UD886hiVa8oCqoTS3YgYJrhkAXIUrJtpRtJIsMdofDurPz4xbbiSDzjJWJiSoeQJpwStFfRVrHBQb3hNby53FfwSGlCqPah/9WNF85RJpIIY0/O9DMOCaORUsGmtnxuWETomQ9azKEnKTFjMl526Z9aJ3URp+yS6c/f3REFSYyZpZDtTgiOzXJuZ/9V6OSbXYcFlliOTdPFRkgsXlTu73I25ZhTFxAKhmttdXToimlC0+dRsCP7yyavQuWj6lu8vG62bMo4qnMApnIMPV9CCO2hDABQ4PMMrvDnSeXHenY9Fa8UpZ47hj5zPH+tgjr4=</latexit><latexit sha1_base64="/+kMrQkGTB66pD2XR/mp3loOeoA=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYwdRCG8pms2mXbnbD7kQoob/BiwdFvPqDvPlv3LY5aOsLCw/vzLAzb5QJbtDzvp3K2vrG5lZ1u7azu7d/UD886hiVa8oCqoTS3YgYJrhkAXIUrJtpRtJIsMdofDurPz4xbbiSDzjJWJiSoeQJpwStFfRVrHBQb3hNby53FfwSGlCqPah/9WNF85RJpIIY0/O9DMOCaORUsGmtnxuWETomQ9azKEnKTFjMl526Z9aJ3URp+yS6c/f3REFSYyZpZDtTgiOzXJuZ/9V6OSbXYcFlliOTdPFRkgsXlTu73I25ZhTFxAKhmttdXToimlC0+dRsCP7yyavQuWj6lu8vG62bMo4qnMApnIMPV9CCO2hDABQ4PMMrvDnSeXHenY9Fa8UpZ47hj5zPH+tgjr4=</latexit><latexit sha1_base64="/+kMrQkGTB66pD2XR/mp3loOeoA=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYwdRCG8pms2mXbnbD7kQoob/BiwdFvPqDvPlv3LY5aOsLCw/vzLAzb5QJbtDzvp3K2vrG5lZ1u7azu7d/UD886hiVa8oCqoTS3YgYJrhkAXIUrJtpRtJIsMdofDurPz4xbbiSDzjJWJiSoeQJpwStFfRVrHBQb3hNby53FfwSGlCqPah/9WNF85RJpIIY0/O9DMOCaORUsGmtnxuWETomQ9azKEnKTFjMl526Z9aJ3URp+yS6c/f3REFSYyZpZDtTgiOzXJuZ/9V6OSbXYcFlliOTdPFRkgsXlTu73I25ZhTFxAKhmttdXToimlC0+dRsCP7yyavQuWj6lu8vG62bMo4qnMApnIMPV9CCO2hDABQ4PMMrvDnSeXHenY9Fa8UpZ47hj5zPH+tgjr4=</latexit><latexit sha1_base64="/+kMrQkGTB66pD2XR/mp3loOeoA=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYwdRCG8pms2mXbnbD7kQoob/BiwdFvPqDvPlv3LY5aOsLCw/vzLAzb5QJbtDzvp3K2vrG5lZ1u7azu7d/UD886hiVa8oCqoTS3YgYJrhkAXIUrJtpRtJIsMdofDurPz4xbbiSDzjJWJiSoeQJpwStFfRVrHBQb3hNby53FfwSGlCqPah/9WNF85RJpIIY0/O9DMOCaORUsGmtnxuWETomQ9azKEnKTFjMl526Z9aJ3URp+yS6c/f3REFSYyZpZDtTgiOzXJuZ/9V6OSbXYcFlliOTdPFRkgsXlTu73I25ZhTFxAKhmttdXToimlC0+dRsCP7yyavQuWj6lu8vG62bMo4qnMApnIMPV9CCO2hDABQ4PMMrvDnSeXHenY9Fa8UpZ47hj5zPH+tgjr4=</latexit>

b̃h
(l)

(t)
<latexit sha1_base64="n885g0SXjE1OBDm+RFyWAUONzqo=">AAACDnicbZC7SgNBFIZnvcZ4i1raLIZA0oRdEbQM2lhGMBfIxjA7ezYZMnth5qwSln0CG1/FxkIRW2s738ZJsoUm/jDw8Z9zmHN+NxZcoWV9Gyura+sbm4Wt4vbO7t5+6eCwraJEMmixSESy61IFgofQQo4CurEEGrgCOu74alrv3INUPApvcRJDP6DDkPucUdTWoFRxHrgHI4qpg1x4kDoBxZHrp6Msy+7SqqhlVawNSmWrbs1kLoOdQ5nkag5KX44XsSSAEJmgSvVsK8Z+SiVyJiArOomCmLIxHUJPY0gDUP10dk5mVrTjmX4k9QvRnLm/J1IaKDUJXN05XVYt1qbmf7Vegv5FP+VhnCCEbP6RnwgTI3OajelxCQzFRANlkutdTTaikjLUCRZ1CPbiycvQPq3bmm/Oyo3LPI4COSYnpEpsck4a5Jo0SYsw8kieySt5M56MF+Pd+Ji3rhj5zBH5I+PzByd0nMM=</latexit><latexit sha1_base64="n885g0SXjE1OBDm+RFyWAUONzqo=">AAACDnicbZC7SgNBFIZnvcZ4i1raLIZA0oRdEbQM2lhGMBfIxjA7ezYZMnth5qwSln0CG1/FxkIRW2s738ZJsoUm/jDw8Z9zmHN+NxZcoWV9Gyura+sbm4Wt4vbO7t5+6eCwraJEMmixSESy61IFgofQQo4CurEEGrgCOu74alrv3INUPApvcRJDP6DDkPucUdTWoFRxHrgHI4qpg1x4kDoBxZHrp6Msy+7SqqhlVawNSmWrbs1kLoOdQ5nkag5KX44XsSSAEJmgSvVsK8Z+SiVyJiArOomCmLIxHUJPY0gDUP10dk5mVrTjmX4k9QvRnLm/J1IaKDUJXN05XVYt1qbmf7Vegv5FP+VhnCCEbP6RnwgTI3OajelxCQzFRANlkutdTTaikjLUCRZ1CPbiycvQPq3bmm/Oyo3LPI4COSYnpEpsck4a5Jo0SYsw8kieySt5M56MF+Pd+Ji3rhj5zBH5I+PzByd0nMM=</latexit><latexit sha1_base64="n885g0SXjE1OBDm+RFyWAUONzqo=">AAACDnicbZC7SgNBFIZnvcZ4i1raLIZA0oRdEbQM2lhGMBfIxjA7ezYZMnth5qwSln0CG1/FxkIRW2s738ZJsoUm/jDw8Z9zmHN+NxZcoWV9Gyura+sbm4Wt4vbO7t5+6eCwraJEMmixSESy61IFgofQQo4CurEEGrgCOu74alrv3INUPApvcRJDP6DDkPucUdTWoFRxHrgHI4qpg1x4kDoBxZHrp6Msy+7SqqhlVawNSmWrbs1kLoOdQ5nkag5KX44XsSSAEJmgSvVsK8Z+SiVyJiArOomCmLIxHUJPY0gDUP10dk5mVrTjmX4k9QvRnLm/J1IaKDUJXN05XVYt1qbmf7Vegv5FP+VhnCCEbP6RnwgTI3OajelxCQzFRANlkutdTTaikjLUCRZ1CPbiycvQPq3bmm/Oyo3LPI4COSYnpEpsck4a5Jo0SYsw8kieySt5M56MF+Pd+Ji3rhj5zBH5I+PzByd0nMM=</latexit><latexit sha1_base64="n885g0SXjE1OBDm+RFyWAUONzqo=">AAACDnicbZC7SgNBFIZnvcZ4i1raLIZA0oRdEbQM2lhGMBfIxjA7ezYZMnth5qwSln0CG1/FxkIRW2s738ZJsoUm/jDw8Z9zmHN+NxZcoWV9Gyura+sbm4Wt4vbO7t5+6eCwraJEMmixSESy61IFgofQQo4CurEEGrgCOu74alrv3INUPApvcRJDP6DDkPucUdTWoFRxHrgHI4qpg1x4kDoBxZHrp6Msy+7SqqhlVawNSmWrbs1kLoOdQ5nkag5KX44XsSSAEJmgSvVsK8Z+SiVyJiArOomCmLIxHUJPY0gDUP10dk5mVrTjmX4k9QvRnLm/J1IaKDUJXN05XVYt1qbmf7Vegv5FP+VhnCCEbP6RnwgTI3OajelxCQzFRANlkutdTTaikjLUCRZ1CPbiycvQPq3bmm/Oyo3LPI4COSYnpEpsck4a5Jo0SYsw8kieySt5M56MF+Pd+Ji3rhj5zBH5I+PzByd0nMM=</latexit>

h̄(l)(t� 1)
<latexit sha1_base64="o8BeIXULQ2cPBnXdg/j6Z+R6R4w=">AAACBHicbZDLSsNAFIZPvNZ6i7rsZrAI7cKSiKDLohuXFewFmlgm00k7dHJhZiKUkIUbX8WNC0Xc+hDufBsnbRba+sPAx3/OYc75vZgzqSzr21hZXVvf2Cxtlbd3dvf2zYPDjowSQWibRDwSPQ9LyllI24opTnuxoDjwOO16k+u83n2gQrIovFPTmLoBHoXMZwQrbQ3MiuNhkToBVmPPT8dZdp/WeD2rqVO7PjCrVsOaCS2DXUAVCrUG5pczjEgS0FARjqXs21as3BQLxQinWdlJJI0xmeAR7WsMcUClm86OyNCJdobIj4R+oUIz9/dEigMpp4GnO/Nt5WItN/+r9RPlX7opC+NE0ZDMP/ITjlSE8kTQkAlKFJ9qwEQwvSsiYywwUTq3sg7BXjx5GTpnDVvz7Xm1eVXEUYIKHEMNbLiAJtxAC9pA4BGe4RXejCfjxXg3PuatK0YxcwR/ZHz+AAQzl6Y=</latexit><latexit sha1_base64="o8BeIXULQ2cPBnXdg/j6Z+R6R4w=">AAACBHicbZDLSsNAFIZPvNZ6i7rsZrAI7cKSiKDLohuXFewFmlgm00k7dHJhZiKUkIUbX8WNC0Xc+hDufBsnbRba+sPAx3/OYc75vZgzqSzr21hZXVvf2Cxtlbd3dvf2zYPDjowSQWibRDwSPQ9LyllI24opTnuxoDjwOO16k+u83n2gQrIovFPTmLoBHoXMZwQrbQ3MiuNhkToBVmPPT8dZdp/WeD2rqVO7PjCrVsOaCS2DXUAVCrUG5pczjEgS0FARjqXs21as3BQLxQinWdlJJI0xmeAR7WsMcUClm86OyNCJdobIj4R+oUIz9/dEigMpp4GnO/Nt5WItN/+r9RPlX7opC+NE0ZDMP/ITjlSE8kTQkAlKFJ9qwEQwvSsiYywwUTq3sg7BXjx5GTpnDVvz7Xm1eVXEUYIKHEMNbLiAJtxAC9pA4BGe4RXejCfjxXg3PuatK0YxcwR/ZHz+AAQzl6Y=</latexit><latexit sha1_base64="o8BeIXULQ2cPBnXdg/j6Z+R6R4w=">AAACBHicbZDLSsNAFIZPvNZ6i7rsZrAI7cKSiKDLohuXFewFmlgm00k7dHJhZiKUkIUbX8WNC0Xc+hDufBsnbRba+sPAx3/OYc75vZgzqSzr21hZXVvf2Cxtlbd3dvf2zYPDjowSQWibRDwSPQ9LyllI24opTnuxoDjwOO16k+u83n2gQrIovFPTmLoBHoXMZwQrbQ3MiuNhkToBVmPPT8dZdp/WeD2rqVO7PjCrVsOaCS2DXUAVCrUG5pczjEgS0FARjqXs21as3BQLxQinWdlJJI0xmeAR7WsMcUClm86OyNCJdobIj4R+oUIz9/dEigMpp4GnO/Nt5WItN/+r9RPlX7opC+NE0ZDMP/ITjlSE8kTQkAlKFJ9qwEQwvSsiYywwUTq3sg7BXjx5GTpnDVvz7Xm1eVXEUYIKHEMNbLiAJtxAC9pA4BGe4RXejCfjxXg3PuatK0YxcwR/ZHz+AAQzl6Y=</latexit><latexit sha1_base64="o8BeIXULQ2cPBnXdg/j6Z+R6R4w=">AAACBHicbZDLSsNAFIZPvNZ6i7rsZrAI7cKSiKDLohuXFewFmlgm00k7dHJhZiKUkIUbX8WNC0Xc+hDufBsnbRba+sPAx3/OYc75vZgzqSzr21hZXVvf2Cxtlbd3dvf2zYPDjowSQWibRDwSPQ9LyllI24opTnuxoDjwOO16k+u83n2gQrIovFPTmLoBHoXMZwQrbQ3MiuNhkToBVmPPT8dZdp/WeD2rqVO7PjCrVsOaCS2DXUAVCrUG5pczjEgS0FARjqXs21as3BQLxQinWdlJJI0xmeAR7WsMcUClm86OyNCJdobIj4R+oUIz9/dEigMpp4GnO/Nt5WItN/+r9RPlX7opC+NE0ZDMP/ITjlSE8kTQkAlKFJ9qwEQwvSsiYywwUTq3sg7BXjx5GTpnDVvz7Xm1eVXEUYIKHEMNbLiAJtxAC9pA4BGe4RXejCfjxXg3PuatK0YxcwR/ZHz+AAQzl6Y=</latexit>

h̄(l)(t)
<latexit sha1_base64="YkzX9mOX5Uf3BRuylPjaUyjZemQ=">AAACAnicbZDLSsNAFIYn9VbrLepK3ASL0G5KIoIui25cVrAXaGKZTCft0MkkzJwIJQQ3voobF4q49Snc+TZO2iy09YeBj/+cw5zz+zFnCmz72yitrK6tb5Q3K1vbO7t75v5BR0WJJLRNIh7Jno8V5UzQNjDgtBdLikOf064/uc7r3QcqFYvEHUxj6oV4JFjACAZtDcwj18cydUMMYz9Ix1l2n9Z4PatBfWBW7YY9k7UMTgFVVKg1ML/cYUSSkAogHCvVd+wYvBRLYITTrOImisaYTPCI9jUKHFLlpbMTMutUO0MriKR+AqyZ+3sixaFS09DXnfmuarGWm//V+gkEl17KRJwAFWT+UZBwCyIrz8MaMkkJ8KkGTCTTu1pkjCUmoFOr6BCcxZOXoXPWcDTfnlebV0UcZXSMTlANOegCNdENaqE2IugRPaNX9GY8GS/Gu/Exby0Zxcwh+iPj8wcX7Zc0</latexit><latexit sha1_base64="YkzX9mOX5Uf3BRuylPjaUyjZemQ=">AAACAnicbZDLSsNAFIYn9VbrLepK3ASL0G5KIoIui25cVrAXaGKZTCft0MkkzJwIJQQ3voobF4q49Snc+TZO2iy09YeBj/+cw5zz+zFnCmz72yitrK6tb5Q3K1vbO7t75v5BR0WJJLRNIh7Jno8V5UzQNjDgtBdLikOf064/uc7r3QcqFYvEHUxj6oV4JFjACAZtDcwj18cydUMMYz9Ix1l2n9Z4PatBfWBW7YY9k7UMTgFVVKg1ML/cYUSSkAogHCvVd+wYvBRLYITTrOImisaYTPCI9jUKHFLlpbMTMutUO0MriKR+AqyZ+3sixaFS09DXnfmuarGWm//V+gkEl17KRJwAFWT+UZBwCyIrz8MaMkkJ8KkGTCTTu1pkjCUmoFOr6BCcxZOXoXPWcDTfnlebV0UcZXSMTlANOegCNdENaqE2IugRPaNX9GY8GS/Gu/Exby0Zxcwh+iPj8wcX7Zc0</latexit><latexit sha1_base64="YkzX9mOX5Uf3BRuylPjaUyjZemQ=">AAACAnicbZDLSsNAFIYn9VbrLepK3ASL0G5KIoIui25cVrAXaGKZTCft0MkkzJwIJQQ3voobF4q49Snc+TZO2iy09YeBj/+cw5zz+zFnCmz72yitrK6tb5Q3K1vbO7t75v5BR0WJJLRNIh7Jno8V5UzQNjDgtBdLikOf064/uc7r3QcqFYvEHUxj6oV4JFjACAZtDcwj18cydUMMYz9Ix1l2n9Z4PatBfWBW7YY9k7UMTgFVVKg1ML/cYUSSkAogHCvVd+wYvBRLYITTrOImisaYTPCI9jUKHFLlpbMTMutUO0MriKR+AqyZ+3sixaFS09DXnfmuarGWm//V+gkEl17KRJwAFWT+UZBwCyIrz8MaMkkJ8KkGTCTTu1pkjCUmoFOr6BCcxZOXoXPWcDTfnlebV0UcZXSMTlANOegCNdENaqE2IugRPaNX9GY8GS/Gu/Exby0Zxcwh+iPj8wcX7Zc0</latexit><latexit sha1_base64="YkzX9mOX5Uf3BRuylPjaUyjZemQ=">AAACAnicbZDLSsNAFIYn9VbrLepK3ASL0G5KIoIui25cVrAXaGKZTCft0MkkzJwIJQQ3voobF4q49Snc+TZO2iy09YeBj/+cw5zz+zFnCmz72yitrK6tb5Q3K1vbO7t75v5BR0WJJLRNIh7Jno8V5UzQNjDgtBdLikOf064/uc7r3QcqFYvEHUxj6oV4JFjACAZtDcwj18cydUMMYz9Ix1l2n9Z4PatBfWBW7YY9k7UMTgFVVKg1ML/cYUSSkAogHCvVd+wYvBRLYITTrOImisaYTPCI9jUKHFLlpbMTMutUO0MriKR+AqyZ+3sixaFS09DXnfmuarGWm//V+gkEl17KRJwAFWT+UZBwCyIrz8MaMkkJ8KkGTCTTu1pkjCUmoFOr6BCcxZOXoXPWcDTfnlebV0UcZXSMTlANOegCNdENaqE2IugRPaNX9GY8GS/Gu/Exby0Zxcwh+iPj8wcX7Zc0</latexit>

r̄(l)(t)
<latexit sha1_base64="ShyTjbUthF8l9qq61/qXJt20wFI=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWod2URARdFt24rGAv0MQymU7aoZMLMydCCcGNr+LGhSJufQp3vo2TNgtt/WHg4z/nMOf8Xiy4Asv6Nkorq2vrG+XNytb2zu6euX/QUVEiKWvTSESy5xHFBA9ZGzgI1oslI4EnWNebXOf17gOTikfhHUxj5gZkFHKfUwLaGphHjkdk6gQExp6fyiy7T2uintWgPjCrVsOaCS+DXUAVFWoNzC9nGNEkYCFQQZTq21YMbkokcCpYVnESxWJCJ2TE+hpDEjDlprMTMnyqnSH2I6lfCHjm/p5ISaDUNPB0Z76rWqzl5n+1fgL+pZvyME6AhXT+kZ8IDBHO88BDLhkFMdVAqOR6V0zHRBIKOrWKDsFePHkZOmcNW/PtebV5VcRRRsfoBNWQjS5QE92gFmojih7RM3pFb8aT8WK8Gx/z1pJRzByiPzI+fwAng5c+</latexit><latexit sha1_base64="ShyTjbUthF8l9qq61/qXJt20wFI=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWod2URARdFt24rGAv0MQymU7aoZMLMydCCcGNr+LGhSJufQp3vo2TNgtt/WHg4z/nMOf8Xiy4Asv6Nkorq2vrG+XNytb2zu6euX/QUVEiKWvTSESy5xHFBA9ZGzgI1oslI4EnWNebXOf17gOTikfhHUxj5gZkFHKfUwLaGphHjkdk6gQExp6fyiy7T2uintWgPjCrVsOaCS+DXUAVFWoNzC9nGNEkYCFQQZTq21YMbkokcCpYVnESxWJCJ2TE+hpDEjDlprMTMnyqnSH2I6lfCHjm/p5ISaDUNPB0Z76rWqzl5n+1fgL+pZvyME6AhXT+kZ8IDBHO88BDLhkFMdVAqOR6V0zHRBIKOrWKDsFePHkZOmcNW/PtebV5VcRRRsfoBNWQjS5QE92gFmojih7RM3pFb8aT8WK8Gx/z1pJRzByiPzI+fwAng5c+</latexit><latexit sha1_base64="ShyTjbUthF8l9qq61/qXJt20wFI=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWod2URARdFt24rGAv0MQymU7aoZMLMydCCcGNr+LGhSJufQp3vo2TNgtt/WHg4z/nMOf8Xiy4Asv6Nkorq2vrG+XNytb2zu6euX/QUVEiKWvTSESy5xHFBA9ZGzgI1oslI4EnWNebXOf17gOTikfhHUxj5gZkFHKfUwLaGphHjkdk6gQExp6fyiy7T2uintWgPjCrVsOaCS+DXUAVFWoNzC9nGNEkYCFQQZTq21YMbkokcCpYVnESxWJCJ2TE+hpDEjDlprMTMnyqnSH2I6lfCHjm/p5ISaDUNPB0Z76rWqzl5n+1fgL+pZvyME6AhXT+kZ8IDBHO88BDLhkFMdVAqOR6V0zHRBIKOrWKDsFePHkZOmcNW/PtebV5VcRRRsfoBNWQjS5QE92gFmojih7RM3pFb8aT8WK8Gx/z1pJRzByiPzI+fwAng5c+</latexit><latexit sha1_base64="ShyTjbUthF8l9qq61/qXJt20wFI=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWod2URARdFt24rGAv0MQymU7aoZMLMydCCcGNr+LGhSJufQp3vo2TNgtt/WHg4z/nMOf8Xiy4Asv6Nkorq2vrG+XNytb2zu6euX/QUVEiKWvTSESy5xHFBA9ZGzgI1oslI4EnWNebXOf17gOTikfhHUxj5gZkFHKfUwLaGphHjkdk6gQExp6fyiy7T2uintWgPjCrVsOaCS+DXUAVFWoNzC9nGNEkYCFQQZTq21YMbkokcCpYVnESxWJCJ2TE+hpDEjDlprMTMnyqnSH2I6lfCHjm/p5ISaDUNPB0Z76rWqzl5n+1fgL+pZvyME6AhXT+kZ8IDBHO88BDLhkFMdVAqOR6V0zHRBIKOrWKDsFePHkZOmcNW/PtebV5VcRRRsfoBNWQjS5QE92gFmojih7RM3pFb8aT8WK8Gx/z1pJRzByiPzI+fwAng5c+</latexit>

z̄(l)(t)
<latexit sha1_base64="X+1EYGt7uatxB7WvMcmsmdt/lqA=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm2AR2k1JRNBl0Y3LCvYCTSyT6aQdOpmEmROhhuDGV3HjQhG3PoU738ZJm4W2/jDw8Z9zmHN+P+ZMgW1/G0vLK6tr66WN8ubW9s6uubffVlEiCW2RiEey62NFORO0BQw47caS4tDntOOPr/J6555KxSJxC5OYeiEeChYwgkFbffPQ9bFM3RDDyA/Shyy7S6u8llWh1jcrdt2eyloEp4AKKtTsm1/uICJJSAUQjpXqOXYMXoolMMJpVnYTRWNMxnhIexoFDqny0ukJmXWinYEVRFI/AdbU/T2R4lCpSejrznxXNV/Lzf9qvQSCCy9lIk6ACjL7KEi4BZGV52ENmKQE+EQDJpLpXS0ywhIT0KmVdQjO/MmL0D6tO5pvziqNyyKOEjpCx6iKHHSOGugaNVELEfSIntErejOejBfj3fiYtS4ZxcwB+iPj8wcz+5dG</latexit><latexit sha1_base64="X+1EYGt7uatxB7WvMcmsmdt/lqA=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm2AR2k1JRNBl0Y3LCvYCTSyT6aQdOpmEmROhhuDGV3HjQhG3PoU738ZJm4W2/jDw8Z9zmHN+P+ZMgW1/G0vLK6tr66WN8ubW9s6uubffVlEiCW2RiEey62NFORO0BQw47caS4tDntOOPr/J6555KxSJxC5OYeiEeChYwgkFbffPQ9bFM3RDDyA/Shyy7S6u8llWh1jcrdt2eyloEp4AKKtTsm1/uICJJSAUQjpXqOXYMXoolMMJpVnYTRWNMxnhIexoFDqny0ukJmXWinYEVRFI/AdbU/T2R4lCpSejrznxXNV/Lzf9qvQSCCy9lIk6ACjL7KEi4BZGV52ENmKQE+EQDJpLpXS0ywhIT0KmVdQjO/MmL0D6tO5pvziqNyyKOEjpCx6iKHHSOGugaNVELEfSIntErejOejBfj3fiYtS4ZxcwB+iPj8wcz+5dG</latexit><latexit sha1_base64="X+1EYGt7uatxB7WvMcmsmdt/lqA=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm2AR2k1JRNBl0Y3LCvYCTSyT6aQdOpmEmROhhuDGV3HjQhG3PoU738ZJm4W2/jDw8Z9zmHN+P+ZMgW1/G0vLK6tr66WN8ubW9s6uubffVlEiCW2RiEey62NFORO0BQw47caS4tDntOOPr/J6555KxSJxC5OYeiEeChYwgkFbffPQ9bFM3RDDyA/Shyy7S6u8llWh1jcrdt2eyloEp4AKKtTsm1/uICJJSAUQjpXqOXYMXoolMMJpVnYTRWNMxnhIexoFDqny0ukJmXWinYEVRFI/AdbU/T2R4lCpSejrznxXNV/Lzf9qvQSCCy9lIk6ACjL7KEi4BZGV52ENmKQE+EQDJpLpXS0ywhIT0KmVdQjO/MmL0D6tO5pvziqNyyKOEjpCx6iKHHSOGugaNVELEfSIntErejOejBfj3fiYtS4ZxcwB+iPj8wcz+5dG</latexit><latexit sha1_base64="X+1EYGt7uatxB7WvMcmsmdt/lqA=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm2AR2k1JRNBl0Y3LCvYCTSyT6aQdOpmEmROhhuDGV3HjQhG3PoU738ZJm4W2/jDw8Z9zmHN+P+ZMgW1/G0vLK6tr66WN8ubW9s6uubffVlEiCW2RiEey62NFORO0BQw47caS4tDntOOPr/J6555KxSJxC5OYeiEeChYwgkFbffPQ9bFM3RDDyA/Shyy7S6u8llWh1jcrdt2eyloEp4AKKtTsm1/uICJJSAUQjpXqOXYMXoolMMJpVnYTRWNMxnhIexoFDqny0ukJmXWinYEVRFI/AdbU/T2R4lCpSejrznxXNV/Lzf9qvQSCCy9lIk6ACjL7KEi4BZGV52ENmKQE+EQDJpLpXS0ywhIT0KmVdQjO/MmL0D6tO5pvziqNyyKOEjpCx6iKHHSOGugaNVELEfSIntErejOejBfj3fiYtS4ZxcwB+iPj8wcz+5dG</latexit>

cW(l)
r

<latexit sha1_base64="g1T+66i6B3FtbMOuJw2PlIywtpA=">AAACBXicbZC7TsMwFIadcivlFmCEwaJCKkuVICQYK1gYi0QvUhMix3Faq44T2Q6oirKw8CosDCDEyjuw8TY4bQZo+SVLn/5zjnzO7yeMSmVZ30ZlaXllda26XtvY3NreMXf3ujJOBSYdHLNY9H0kCaOcdBRVjPQTQVDkM9Lzx1dFvXdPhKQxv1WThLgRGnIaUoyUtjzz0HmgARkhlTkRUiM/zHp5fpc12EnuCc+sW01rKrgIdgl1UKrtmV9OEOM0IlxhhqQc2Fai3AwJRTEjec1JJUkQHqMhGWjkKCLSzaZX5PBYOwEMY6EfV3Dq/p7IUCTlJPJ1Z7GqnK8V5n+1QarCCzejPEkV4Xj2UZgyqGJYRAIDKghWbKIBYUH1rhCPkEBY6eBqOgR7/uRF6J42bc03Z/XWZRlHFRyAI9AANjgHLXAN2qADMHgEz+AVvBlPxovxbnzMWitGObMP/sj4/AExdpj+</latexit><latexit sha1_base64="g1T+66i6B3FtbMOuJw2PlIywtpA=">AAACBXicbZC7TsMwFIadcivlFmCEwaJCKkuVICQYK1gYi0QvUhMix3Faq44T2Q6oirKw8CosDCDEyjuw8TY4bQZo+SVLn/5zjnzO7yeMSmVZ30ZlaXllda26XtvY3NreMXf3ujJOBSYdHLNY9H0kCaOcdBRVjPQTQVDkM9Lzx1dFvXdPhKQxv1WThLgRGnIaUoyUtjzz0HmgARkhlTkRUiM/zHp5fpc12EnuCc+sW01rKrgIdgl1UKrtmV9OEOM0IlxhhqQc2Fai3AwJRTEjec1JJUkQHqMhGWjkKCLSzaZX5PBYOwEMY6EfV3Dq/p7IUCTlJPJ1Z7GqnK8V5n+1QarCCzejPEkV4Xj2UZgyqGJYRAIDKghWbKIBYUH1rhCPkEBY6eBqOgR7/uRF6J42bc03Z/XWZRlHFRyAI9AANjgHLXAN2qADMHgEz+AVvBlPxovxbnzMWitGObMP/sj4/AExdpj+</latexit><latexit sha1_base64="g1T+66i6B3FtbMOuJw2PlIywtpA=">AAACBXicbZC7TsMwFIadcivlFmCEwaJCKkuVICQYK1gYi0QvUhMix3Faq44T2Q6oirKw8CosDCDEyjuw8TY4bQZo+SVLn/5zjnzO7yeMSmVZ30ZlaXllda26XtvY3NreMXf3ujJOBSYdHLNY9H0kCaOcdBRVjPQTQVDkM9Lzx1dFvXdPhKQxv1WThLgRGnIaUoyUtjzz0HmgARkhlTkRUiM/zHp5fpc12EnuCc+sW01rKrgIdgl1UKrtmV9OEOM0IlxhhqQc2Fai3AwJRTEjec1JJUkQHqMhGWjkKCLSzaZX5PBYOwEMY6EfV3Dq/p7IUCTlJPJ1Z7GqnK8V5n+1QarCCzejPEkV4Xj2UZgyqGJYRAIDKghWbKIBYUH1rhCPkEBY6eBqOgR7/uRF6J42bc03Z/XWZRlHFRyAI9AANjgHLXAN2qADMHgEz+AVvBlPxovxbnzMWitGObMP/sj4/AExdpj+</latexit><latexit sha1_base64="g1T+66i6B3FtbMOuJw2PlIywtpA=">AAACBXicbZC7TsMwFIadcivlFmCEwaJCKkuVICQYK1gYi0QvUhMix3Faq44T2Q6oirKw8CosDCDEyjuw8TY4bQZo+SVLn/5zjnzO7yeMSmVZ30ZlaXllda26XtvY3NreMXf3ujJOBSYdHLNY9H0kCaOcdBRVjPQTQVDkM9Lzx1dFvXdPhKQxv1WThLgRGnIaUoyUtjzz0HmgARkhlTkRUiM/zHp5fpc12EnuCc+sW01rKrgIdgl1UKrtmV9OEOM0IlxhhqQc2Fai3AwJRTEjec1JJUkQHqMhGWjkKCLSzaZX5PBYOwEMY6EfV3Dq/p7IUCTlJPJ1Z7GqnK8V5n+1QarCCzejPEkV4Xj2UZgyqGJYRAIDKghWbKIBYUH1rhCPkEBY6eBqOgR7/uRF6J42bc03Z/XWZRlHFRyAI9AANjgHLXAN2qADMHgEz+AVvBlPxovxbnzMWitGObMP/sj4/AExdpj+</latexit>

cW(l)
h

<latexit sha1_base64="Ix2GDw6OepBnVpTijGxDJusBmco=">AAACBXicbZC7TsMwFIadcivlFmCEwaJCKkuVICQYK1gYi0QvUhMix3Faq44T2Q6oirKw8CosDCDEyjuw8TY4bQZo+SVLn/5zjnzO7yeMSmVZ30ZlaXllda26XtvY3NreMXf3ujJOBSYdHLNY9H0kCaOcdBRVjPQTQVDkM9Lzx1dFvXdPhKQxv1WThLgRGnIaUoyUtjzz0HmgARkhlTkRUiM/zHp5fpc12EnujTyzbjWtqeAi2CXUQam2Z345QYzTiHCFGZJyYFuJcjMkFMWM5DUnlSRBeIyGZKCRo4hIN5tekcNj7QQwjIV+XMGp+3siQ5GUk8jXncWqcr5WmP/VBqkKL9yM8iRVhOPZR2HKoIphEQkMqCBYsYkGhAXVu0I8QgJhpYOr6RDs+ZMXoXvatDXfnNVbl2UcVXAAjkAD2OActMA1aIMOwOARPINX8GY8GS/Gu/Exa60Y5cw++CPj8wciTpj0</latexit><latexit sha1_base64="Ix2GDw6OepBnVpTijGxDJusBmco=">AAACBXicbZC7TsMwFIadcivlFmCEwaJCKkuVICQYK1gYi0QvUhMix3Faq44T2Q6oirKw8CosDCDEyjuw8TY4bQZo+SVLn/5zjnzO7yeMSmVZ30ZlaXllda26XtvY3NreMXf3ujJOBSYdHLNY9H0kCaOcdBRVjPQTQVDkM9Lzx1dFvXdPhKQxv1WThLgRGnIaUoyUtjzz0HmgARkhlTkRUiM/zHp5fpc12EnujTyzbjWtqeAi2CXUQam2Z345QYzTiHCFGZJyYFuJcjMkFMWM5DUnlSRBeIyGZKCRo4hIN5tekcNj7QQwjIV+XMGp+3siQ5GUk8jXncWqcr5WmP/VBqkKL9yM8iRVhOPZR2HKoIphEQkMqCBYsYkGhAXVu0I8QgJhpYOr6RDs+ZMXoXvatDXfnNVbl2UcVXAAjkAD2OActMA1aIMOwOARPINX8GY8GS/Gu/Exa60Y5cw++CPj8wciTpj0</latexit><latexit sha1_base64="Ix2GDw6OepBnVpTijGxDJusBmco=">AAACBXicbZC7TsMwFIadcivlFmCEwaJCKkuVICQYK1gYi0QvUhMix3Faq44T2Q6oirKw8CosDCDEyjuw8TY4bQZo+SVLn/5zjnzO7yeMSmVZ30ZlaXllda26XtvY3NreMXf3ujJOBSYdHLNY9H0kCaOcdBRVjPQTQVDkM9Lzx1dFvXdPhKQxv1WThLgRGnIaUoyUtjzz0HmgARkhlTkRUiM/zHp5fpc12EnujTyzbjWtqeAi2CXUQam2Z345QYzTiHCFGZJyYFuJcjMkFMWM5DUnlSRBeIyGZKCRo4hIN5tekcNj7QQwjIV+XMGp+3siQ5GUk8jXncWqcr5WmP/VBqkKL9yM8iRVhOPZR2HKoIphEQkMqCBYsYkGhAXVu0I8QgJhpYOr6RDs+ZMXoXvatDXfnNVbl2UcVXAAjkAD2OActMA1aIMOwOARPINX8GY8GS/Gu/Exa60Y5cw++CPj8wciTpj0</latexit><latexit sha1_base64="Ix2GDw6OepBnVpTijGxDJusBmco=">AAACBXicbZC7TsMwFIadcivlFmCEwaJCKkuVICQYK1gYi0QvUhMix3Faq44T2Q6oirKw8CosDCDEyjuw8TY4bQZo+SVLn/5zjnzO7yeMSmVZ30ZlaXllda26XtvY3NreMXf3ujJOBSYdHLNY9H0kCaOcdBRVjPQTQVDkM9Lzx1dFvXdPhKQxv1WThLgRGnIaUoyUtjzz0HmgARkhlTkRUiM/zHp5fpc12EnujTyzbjWtqeAi2CXUQam2Z345QYzTiHCFGZJyYFuJcjMkFMWM5DUnlSRBeIyGZKCRo4hIN5tekcNj7QQwjIV+XMGp+3siQ5GUk8jXncWqcr5WmP/VBqkKL9yM8iRVhOPZR2HKoIphEQkMqCBYsYkGhAXVu0I8QgJhpYOr6RDs+ZMXoXvatDXfnNVbl2UcVXAAjkAD2OActMA1aIMOwOARPINX8GY8GS/Gu/Exa60Y5cw++CPj8wciTpj0</latexit>

cW(l)
z

<latexit sha1_base64="DipmpXJdhTQZmwg5JvCrI0Ge9q0=">AAACBXicbZC7TsMwFIYdrqXcAowwWFRIZakShARjBQtjkehFakLkOE5r1XEi2wGVKAsLr8LCAEKsvAMbb4PTZoCWX7L06T/nyOf8fsKoVJb1bSwsLi2vrFbWqusbm1vb5s5uR8apwKSNYxaLno8kYZSTtqKKkV4iCIp8Rrr+6LKod++IkDTmN2qcEDdCA05DipHSlmceOPc0IEOkMidCauiHWTfPb7M6O869B8+sWQ1rIjgPdgk1UKrlmV9OEOM0IlxhhqTs21ai3AwJRTEjedVJJUkQHqEB6WvkKCLSzSZX5PBIOwEMY6EfV3Di/p7IUCTlOPJ1Z7GqnK0V5n+1fqrCczejPEkV4Xj6UZgyqGJYRAIDKghWbKwBYUH1rhAPkUBY6eCqOgR79uR56Jw0bM3Xp7XmRRlHBeyDQ1AHNjgDTXAFWqANMHgEz+AVvBlPxovxbnxMWxeMcmYP/JHx+QM9lpkG</latexit><latexit sha1_base64="DipmpXJdhTQZmwg5JvCrI0Ge9q0=">AAACBXicbZC7TsMwFIYdrqXcAowwWFRIZakShARjBQtjkehFakLkOE5r1XEi2wGVKAsLr8LCAEKsvAMbb4PTZoCWX7L06T/nyOf8fsKoVJb1bSwsLi2vrFbWqusbm1vb5s5uR8apwKSNYxaLno8kYZSTtqKKkV4iCIp8Rrr+6LKod++IkDTmN2qcEDdCA05DipHSlmceOPc0IEOkMidCauiHWTfPb7M6O869B8+sWQ1rIjgPdgk1UKrlmV9OEOM0IlxhhqTs21ai3AwJRTEjedVJJUkQHqEB6WvkKCLSzSZX5PBIOwEMY6EfV3Di/p7IUCTlOPJ1Z7GqnK0V5n+1fqrCczejPEkV4Xj6UZgyqGJYRAIDKghWbKwBYUH1rhAPkUBY6eCqOgR79uR56Jw0bM3Xp7XmRRlHBeyDQ1AHNjgDTXAFWqANMHgEz+AVvBlPxovxbnxMWxeMcmYP/JHx+QM9lpkG</latexit><latexit sha1_base64="DipmpXJdhTQZmwg5JvCrI0Ge9q0=">AAACBXicbZC7TsMwFIYdrqXcAowwWFRIZakShARjBQtjkehFakLkOE5r1XEi2wGVKAsLr8LCAEKsvAMbb4PTZoCWX7L06T/nyOf8fsKoVJb1bSwsLi2vrFbWqusbm1vb5s5uR8apwKSNYxaLno8kYZSTtqKKkV4iCIp8Rrr+6LKod++IkDTmN2qcEDdCA05DipHSlmceOPc0IEOkMidCauiHWTfPb7M6O869B8+sWQ1rIjgPdgk1UKrlmV9OEOM0IlxhhqTs21ai3AwJRTEjedVJJUkQHqEB6WvkKCLSzSZX5PBIOwEMY6EfV3Di/p7IUCTlOPJ1Z7GqnK0V5n+1fqrCczejPEkV4Xj6UZgyqGJYRAIDKghWbKwBYUH1rhAPkUBY6eCqOgR79uR56Jw0bM3Xp7XmRRlHBeyDQ1AHNjgDTXAFWqANMHgEz+AVvBlPxovxbnxMWxeMcmYP/JHx+QM9lpkG</latexit><latexit sha1_base64="DipmpXJdhTQZmwg5JvCrI0Ge9q0=">AAACBXicbZC7TsMwFIYdrqXcAowwWFRIZakShARjBQtjkehFakLkOE5r1XEi2wGVKAsLr8LCAEKsvAMbb4PTZoCWX7L06T/nyOf8fsKoVJb1bSwsLi2vrFbWqusbm1vb5s5uR8apwKSNYxaLno8kYZSTtqKKkV4iCIp8Rrr+6LKod++IkDTmN2qcEDdCA05DipHSlmceOPc0IEOkMidCauiHWTfPb7M6O869B8+sWQ1rIjgPdgk1UKrlmV9OEOM0IlxhhqTs21ai3AwJRTEjedVJJUkQHqEB6WvkKCLSzSZX5PBIOwEMY6EfV3Di/p7IUCTlOPJ1Z7GqnK0V5n+1fqrCczejPEkV4Xj6UZgyqGJYRAIDKghWbKwBYUH1rhAPkUBY6eCqOgR79uR56Jw0bM3Xp7XmRRlHBeyDQ1AHNjgDTXAFWqANMHgEz+AVvBlPxovxbnxMWxeMcmYP/JHx+QM9lpkG</latexit>

bU(l)
r

<latexit sha1_base64="/sGfhS3c4nH2cTDek0N5l0bJs40=">AAACBXicbZC9TsMwFIWd8lfKX4ARBosKqSxVgpBgrGBhLBJpK7Uhchynteo4ke2AqigLC6/CwgBCrLwDG2+D02aAliNZ+nTuvfK9x08Ylcqyvo3K0vLK6lp1vbaxubW9Y+7udWScCkwcHLNY9HwkCaOcOIoqRnqJICjyGen646ui3r0nQtKY36pJQtwIDTkNKUZKW555OHigARkhlQ0ipEZ+mDl5fpc12EnuCc+sW01rKrgIdgl1UKrtmV+DIMZpRLjCDEnZt61EuRkSimJG8toglSRBeIyGpK+Ro4hIN5tekcNj7QQwjIV+XMGp+3siQ5GUk8jXncWqcr5WmP/V+qkKL9yM8iRVhOPZR2HKoIphEQkMqCBYsYkGhAXVu0I8QgJhpYOr6RDs+ZMXoXPatDXfnNVbl2UcVXAAjkAD2OActMA1aAMHYPAInsEreDOejBfj3fiYtVaMcmYf/JHx+QMuWpj8</latexit><latexit sha1_base64="/sGfhS3c4nH2cTDek0N5l0bJs40=">AAACBXicbZC9TsMwFIWd8lfKX4ARBosKqSxVgpBgrGBhLBJpK7Uhchynteo4ke2AqigLC6/CwgBCrLwDG2+D02aAliNZ+nTuvfK9x08Ylcqyvo3K0vLK6lp1vbaxubW9Y+7udWScCkwcHLNY9HwkCaOcOIoqRnqJICjyGen646ui3r0nQtKY36pJQtwIDTkNKUZKW555OHigARkhlQ0ipEZ+mDl5fpc12EnuCc+sW01rKrgIdgl1UKrtmV+DIMZpRLjCDEnZt61EuRkSimJG8toglSRBeIyGpK+Ro4hIN5tekcNj7QQwjIV+XMGp+3siQ5GUk8jXncWqcr5WmP/V+qkKL9yM8iRVhOPZR2HKoIphEQkMqCBYsYkGhAXVu0I8QgJhpYOr6RDs+ZMXoXPatDXfnNVbl2UcVXAAjkAD2OActMA1aAMHYPAInsEreDOejBfj3fiYtVaMcmYf/JHx+QMuWpj8</latexit><latexit sha1_base64="/sGfhS3c4nH2cTDek0N5l0bJs40=">AAACBXicbZC9TsMwFIWd8lfKX4ARBosKqSxVgpBgrGBhLBJpK7Uhchynteo4ke2AqigLC6/CwgBCrLwDG2+D02aAliNZ+nTuvfK9x08Ylcqyvo3K0vLK6lp1vbaxubW9Y+7udWScCkwcHLNY9HwkCaOcOIoqRnqJICjyGen646ui3r0nQtKY36pJQtwIDTkNKUZKW555OHigARkhlQ0ipEZ+mDl5fpc12EnuCc+sW01rKrgIdgl1UKrtmV+DIMZpRLjCDEnZt61EuRkSimJG8toglSRBeIyGpK+Ro4hIN5tekcNj7QQwjIV+XMGp+3siQ5GUk8jXncWqcr5WmP/V+qkKL9yM8iRVhOPZR2HKoIphEQkMqCBYsYkGhAXVu0I8QgJhpYOr6RDs+ZMXoXPatDXfnNVbl2UcVXAAjkAD2OActMA1aAMHYPAInsEreDOejBfj3fiYtVaMcmYf/JHx+QMuWpj8</latexit><latexit sha1_base64="/sGfhS3c4nH2cTDek0N5l0bJs40=">AAACBXicbZC9TsMwFIWd8lfKX4ARBosKqSxVgpBgrGBhLBJpK7Uhchynteo4ke2AqigLC6/CwgBCrLwDG2+D02aAliNZ+nTuvfK9x08Ylcqyvo3K0vLK6lp1vbaxubW9Y+7udWScCkwcHLNY9HwkCaOcOIoqRnqJICjyGen646ui3r0nQtKY36pJQtwIDTkNKUZKW555OHigARkhlQ0ipEZ+mDl5fpc12EnuCc+sW01rKrgIdgl1UKrtmV+DIMZpRLjCDEnZt61EuRkSimJG8toglSRBeIyGpK+Ro4hIN5tekcNj7QQwjIV+XMGp+3siQ5GUk8jXncWqcr5WmP/V+qkKL9yM8iRVhOPZR2HKoIphEQkMqCBYsYkGhAXVu0I8QgJhpYOr6RDs+ZMXoXPatDXfnNVbl2UcVXAAjkAD2OActMA1aAMHYPAInsEreDOejBfj3fiYtVaMcmYf/JHx+QMuWpj8</latexit>

bU(l)
h

<latexit sha1_base64="pkuyU6eRLL7ufcNUsIyrFQpzfxs=">AAACBXicbZDNSsNAFIUn9a/Wv6hLXQSLUDclEUGXRTcuK5i20MQwmUyaoZNJmJkoJWTjxldx40IRt76DO9/GSZuFth4Y+Dj3Xube46eUCGma31ptaXllda2+3tjY3Nre0Xf3eiLJOMI2SmjCBz4UmBKGbUkkxYOUYxj7FPf98VVZ799jLkjCbuUkxW4MR4yEBEGpLE8/dB5IgCMocyeGMvLD3C6Ku7xFTwov8vSm2TanMhbBqqAJKnU9/csJEpTFmElEoRBDy0ylm0MuCaK4aDiZwClEYzjCQ4UMxli4+fSKwjhWTmCECVePSWPq/p7IYSzEJPZVZ7mqmK+V5n+1YSbDCzcnLM0kZmj2UZhRQyZGGYkREI6RpBMFEHGidjVQBDlEUgXXUCFY8ycvQu+0bSm+OWt2Lqs46uAAHIEWsMA56IBr0AU2QOARPINX8KY9aS/au/Yxa61p1cw++CPt8wcfMpjy</latexit><latexit sha1_base64="pkuyU6eRLL7ufcNUsIyrFQpzfxs=">AAACBXicbZDNSsNAFIUn9a/Wv6hLXQSLUDclEUGXRTcuK5i20MQwmUyaoZNJmJkoJWTjxldx40IRt76DO9/GSZuFth4Y+Dj3Xube46eUCGma31ptaXllda2+3tjY3Nre0Xf3eiLJOMI2SmjCBz4UmBKGbUkkxYOUYxj7FPf98VVZ799jLkjCbuUkxW4MR4yEBEGpLE8/dB5IgCMocyeGMvLD3C6Ku7xFTwov8vSm2TanMhbBqqAJKnU9/csJEpTFmElEoRBDy0ylm0MuCaK4aDiZwClEYzjCQ4UMxli4+fSKwjhWTmCECVePSWPq/p7IYSzEJPZVZ7mqmK+V5n+1YSbDCzcnLM0kZmj2UZhRQyZGGYkREI6RpBMFEHGidjVQBDlEUgXXUCFY8ycvQu+0bSm+OWt2Lqs46uAAHIEWsMA56IBr0AU2QOARPINX8KY9aS/au/Yxa61p1cw++CPt8wcfMpjy</latexit><latexit sha1_base64="pkuyU6eRLL7ufcNUsIyrFQpzfxs=">AAACBXicbZDNSsNAFIUn9a/Wv6hLXQSLUDclEUGXRTcuK5i20MQwmUyaoZNJmJkoJWTjxldx40IRt76DO9/GSZuFth4Y+Dj3Xube46eUCGma31ptaXllda2+3tjY3Nre0Xf3eiLJOMI2SmjCBz4UmBKGbUkkxYOUYxj7FPf98VVZ799jLkjCbuUkxW4MR4yEBEGpLE8/dB5IgCMocyeGMvLD3C6Ku7xFTwov8vSm2TanMhbBqqAJKnU9/csJEpTFmElEoRBDy0ylm0MuCaK4aDiZwClEYzjCQ4UMxli4+fSKwjhWTmCECVePSWPq/p7IYSzEJPZVZ7mqmK+V5n+1YSbDCzcnLM0kZmj2UZhRQyZGGYkREI6RpBMFEHGidjVQBDlEUgXXUCFY8ycvQu+0bSm+OWt2Lqs46uAAHIEWsMA56IBr0AU2QOARPINX8KY9aS/au/Yxa61p1cw++CPt8wcfMpjy</latexit><latexit sha1_base64="pkuyU6eRLL7ufcNUsIyrFQpzfxs=">AAACBXicbZDNSsNAFIUn9a/Wv6hLXQSLUDclEUGXRTcuK5i20MQwmUyaoZNJmJkoJWTjxldx40IRt76DO9/GSZuFth4Y+Dj3Xube46eUCGma31ptaXllda2+3tjY3Nre0Xf3eiLJOMI2SmjCBz4UmBKGbUkkxYOUYxj7FPf98VVZ799jLkjCbuUkxW4MR4yEBEGpLE8/dB5IgCMocyeGMvLD3C6Ku7xFTwov8vSm2TanMhbBqqAJKnU9/csJEpTFmElEoRBDy0ylm0MuCaK4aDiZwClEYzjCQ4UMxli4+fSKwjhWTmCECVePSWPq/p7IYSzEJPZVZ7mqmK+V5n+1YSbDCzcnLM0kZmj2UZhRQyZGGYkREI6RpBMFEHGidjVQBDlEUgXXUCFY8ycvQu+0bSm+OWt2Lqs46uAAHIEWsMA56IBr0AU2QOARPINX8KY9aS/au/Yxa61p1cw++CPt8wcfMpjy</latexit>

bU(l)
z

<latexit sha1_base64="hFKRDTQ5Xz9c44HbIl5sCRkgn/Y=">AAACBXicbZC9TsMwFIUdfkv5CzDCYFEhlaVKEBKMFSyMRSJtpaZEjuO0Vh0nsh1QibKw8CosDCDEyjuw8TY4bQZoOZKlT+feK997/IRRqSzr21hYXFpeWa2sVdc3Nre2zZ3dtoxTgYmDYxaLro8kYZQTR1HFSDcRBEU+Ix1/dFnUO3dESBrzGzVOSD9CA05DipHSlmceuPc0IEOkMjdCauiHmZPnt1mdHefeg2fWrIY1EZwHu4QaKNXyzC83iHEaEa4wQ1L2bCtR/QwJRTEjedVNJUkQHqEB6WnkKCKyn02uyOGRdgIYxkI/ruDE/T2RoUjKceTrzmJVOVsrzP9qvVSF5/2M8iRVhOPpR2HKoIphEQkMqCBYsbEGhAXVu0I8RAJhpYOr6hDs2ZPnoX3SsDVfn9aaF2UcFbAPDkEd2OAMNMEVaAEHYPAInsEreDOejBfj3fiYti4Y5cwe+CPj8wc6epkE</latexit><latexit sha1_base64="hFKRDTQ5Xz9c44HbIl5sCRkgn/Y=">AAACBXicbZC9TsMwFIUdfkv5CzDCYFEhlaVKEBKMFSyMRSJtpaZEjuO0Vh0nsh1QibKw8CosDCDEyjuw8TY4bQZoOZKlT+feK997/IRRqSzr21hYXFpeWa2sVdc3Nre2zZ3dtoxTgYmDYxaLro8kYZQTR1HFSDcRBEU+Ix1/dFnUO3dESBrzGzVOSD9CA05DipHSlmceuPc0IEOkMjdCauiHmZPnt1mdHefeg2fWrIY1EZwHu4QaKNXyzC83iHEaEa4wQ1L2bCtR/QwJRTEjedVNJUkQHqEB6WnkKCKyn02uyOGRdgIYxkI/ruDE/T2RoUjKceTrzmJVOVsrzP9qvVSF5/2M8iRVhOPpR2HKoIphEQkMqCBYsbEGhAXVu0I8RAJhpYOr6hDs2ZPnoX3SsDVfn9aaF2UcFbAPDkEd2OAMNMEVaAEHYPAInsEreDOejBfj3fiYti4Y5cwe+CPj8wc6epkE</latexit><latexit sha1_base64="hFKRDTQ5Xz9c44HbIl5sCRkgn/Y=">AAACBXicbZC9TsMwFIUdfkv5CzDCYFEhlaVKEBKMFSyMRSJtpaZEjuO0Vh0nsh1QibKw8CosDCDEyjuw8TY4bQZoOZKlT+feK997/IRRqSzr21hYXFpeWa2sVdc3Nre2zZ3dtoxTgYmDYxaLro8kYZQTR1HFSDcRBEU+Ix1/dFnUO3dESBrzGzVOSD9CA05DipHSlmceuPc0IEOkMjdCauiHmZPnt1mdHefeg2fWrIY1EZwHu4QaKNXyzC83iHEaEa4wQ1L2bCtR/QwJRTEjedVNJUkQHqEB6WnkKCKyn02uyOGRdgIYxkI/ruDE/T2RoUjKceTrzmJVOVsrzP9qvVSF5/2M8iRVhOPpR2HKoIphEQkMqCBYsbEGhAXVu0I8RAJhpYOr6hDs2ZPnoX3SsDVfn9aaF2UcFbAPDkEd2OAMNMEVaAEHYPAInsEreDOejBfj3fiYti4Y5cwe+CPj8wc6epkE</latexit><latexit sha1_base64="hFKRDTQ5Xz9c44HbIl5sCRkgn/Y=">AAACBXicbZC9TsMwFIUdfkv5CzDCYFEhlaVKEBKMFSyMRSJtpaZEjuO0Vh0nsh1QibKw8CosDCDEyjuw8TY4bQZoOZKlT+feK997/IRRqSzr21hYXFpeWa2sVdc3Nre2zZ3dtoxTgYmDYxaLro8kYZQTR1HFSDcRBEU+Ix1/dFnUO3dESBrzGzVOSD9CA05DipHSlmceuPc0IEOkMjdCauiHmZPnt1mdHefeg2fWrIY1EZwHu4QaKNXyzC83iHEaEa4wQ1L2bCtR/QwJRTEjedVNJUkQHqEB6WnkKCKyn02uyOGRdgIYxkI/ruDE/T2RoUjKceTrzmJVOVsrzP9qvVSF5/2M8iRVhOPpR2HKoIphEQkMqCBYsbEGhAXVu0I8RAJhpYOr6hDs2ZPnoX3SsDVfn9aaF2UcFbAPDkEd2OAMNMEVaAEHYPAInsEreDOejBfj3fiYti4Y5cwe+CPj8wc6epkE</latexit>

�̄
<latexit sha1_base64="8YhTwsxQFPCCA1TvZs7Act+qAA4=">AAAB83icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYWukuZTdM2NMkuSVYoS/+GFw+KePXPePPfmLZ70NYXAg/vzDCTN04FN9b3v73S2vrG5lZ5u7Kzu7d/UD08apsk05S1aCIS3YnRMMEVa1luBeukmqGMBXuMx7ez+uMT04Yn6sFOUhZJHCo+4BSts8IwRp2Hhg8lTnvVml/35yKrEBRQg0LNXvUr7Cc0k0xZKtCYbuCnNspRW04Fm1bCzLAU6RiHrOtQoWQmyuc3T8mZc/pkkGj3lCVz9/dEjtKYiYxdp0Q7Msu1mflfrZvZwXWUc5Vmlim6WDTIBLEJmQVA+lwzasXEAVLN3a2EjlAjtS6migshWP7yKrQv6oHj+8ta46aIowwncArnEMAVNOAOmtACCik8wyu8eZn34r17H4vWklfMHMMfeZ8/Zo2R6A==</latexit><latexit sha1_base64="8YhTwsxQFPCCA1TvZs7Act+qAA4=">AAAB83icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYWukuZTdM2NMkuSVYoS/+GFw+KePXPePPfmLZ70NYXAg/vzDCTN04FN9b3v73S2vrG5lZ5u7Kzu7d/UD08apsk05S1aCIS3YnRMMEVa1luBeukmqGMBXuMx7ez+uMT04Yn6sFOUhZJHCo+4BSts8IwRp2Hhg8lTnvVml/35yKrEBRQg0LNXvUr7Cc0k0xZKtCYbuCnNspRW04Fm1bCzLAU6RiHrOtQoWQmyuc3T8mZc/pkkGj3lCVz9/dEjtKYiYxdp0Q7Msu1mflfrZvZwXWUc5Vmlim6WDTIBLEJmQVA+lwzasXEAVLN3a2EjlAjtS6migshWP7yKrQv6oHj+8ta46aIowwncArnEMAVNOAOmtACCik8wyu8eZn34r17H4vWklfMHMMfeZ8/Zo2R6A==</latexit><latexit sha1_base64="8YhTwsxQFPCCA1TvZs7Act+qAA4=">AAAB83icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYWukuZTdM2NMkuSVYoS/+GFw+KePXPePPfmLZ70NYXAg/vzDCTN04FN9b3v73S2vrG5lZ5u7Kzu7d/UD08apsk05S1aCIS3YnRMMEVa1luBeukmqGMBXuMx7ez+uMT04Yn6sFOUhZJHCo+4BSts8IwRp2Hhg8lTnvVml/35yKrEBRQg0LNXvUr7Cc0k0xZKtCYbuCnNspRW04Fm1bCzLAU6RiHrOtQoWQmyuc3T8mZc/pkkGj3lCVz9/dEjtKYiYxdp0Q7Msu1mflfrZvZwXWUc5Vmlim6WDTIBLEJmQVA+lwzasXEAVLN3a2EjlAjtS6migshWP7yKrQv6oHj+8ta46aIowwncArnEMAVNOAOmtACCik8wyu8eZn34r17H4vWklfMHMMfeZ8/Zo2R6A==</latexit><latexit sha1_base64="8YhTwsxQFPCCA1TvZs7Act+qAA4=">AAAB83icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYWukuZTdM2NMkuSVYoS/+GFw+KePXPePPfmLZ70NYXAg/vzDCTN04FN9b3v73S2vrG5lZ5u7Kzu7d/UD08apsk05S1aCIS3YnRMMEVa1luBeukmqGMBXuMx7ez+uMT04Yn6sFOUhZJHCo+4BSts8IwRp2Hhg8lTnvVml/35yKrEBRQg0LNXvUr7Cc0k0xZKtCYbuCnNspRW04Fm1bCzLAU6RiHrOtQoWQmyuc3T8mZc/pkkGj3lCVz9/dEjtKYiYxdp0Q7Msu1mflfrZvZwXWUc5Vmlim6WDTIBLEJmQVA+lwzasXEAVLN3a2EjlAjtS6migshWP7yKrQv6oHj+8ta46aIowwncArnEMAVNOAOmtACCik8wyu8eZn34r17H4vWklfMHMMfeZ8/Zo2R6A==</latexit>

+
<latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit>

Systems Topology SDR STOI

FCN with original input
1024⇥2 10.17 0.7880

2048⇥2 10.57 0.8060

FCN with binary input
1024⇥2 9.80 0.7790

2048⇥2 10.11 0.7946

BNN
1024⇥2 9.35 0.7819

2048⇥2 9.82 0.7861

GRU with binary input 1024⇥1 16.12 0.9459

BGRU

⇡=0.1

1024⇥1

15.50 0.9393

⇡=0.2 15.17 0.9361

⇡=0.3 14.90 0.9324

⇡=0.4 14.58 0.9292

⇡=0.5 14.32 0.9252

⇡=0.6 14.02 0.9217

⇡=0.7 13.66 0.9174

⇡=0.8 13.30 0.9104

⇡=0.9 12.70 0.9019

⇡=1.0 11.76 0.8740

cW(l)
h = (�̄(W(l)

h )�B)�C+ �(W(l)
h )� (1�C)

<latexit sha1_base64="BiiKrFEsyNZqIzHV557JwOilfPI="></latexit><latexit sha1_base64="BiiKrFEsyNZqIzHV557JwOilfPI="></latexit><latexit sha1_base64="BiiKrFEsyNZqIzHV557JwOilfPI="></latexit><latexit sha1_base64="BiiKrFEsyNZqIzHV557JwOilfPI="></latexit>

bU(l)
h = (�̄(U(l)

h )�B)�C+ �(U(l)
h )� (1�C)

<latexit sha1_base64="wUa+og4rxAfp3f9h2y+uJia6TwM="></latexit><latexit sha1_base64="wUa+og4rxAfp3f9h2y+uJia6TwM="></latexit><latexit sha1_base64="wUa+og4rxAfp3f9h2y+uJia6TwM="></latexit><latexit sha1_base64="wUa+og4rxAfp3f9h2y+uJia6TwM="></latexit>

V = cW(l)
h x(l�1)(t) + bU(l)

h

�
r̄(l)(t)� h̄(l)(t� 1)

�
<latexit sha1_base64="e/CXrlFCGCZsHzUcf08HQfd9LWg="></latexit><latexit sha1_base64="e/CXrlFCGCZsHzUcf08HQfd9LWg="></latexit><latexit sha1_base64="e/CXrlFCGCZsHzUcf08HQfd9LWg="></latexit><latexit sha1_base64="e/CXrlFCGCZsHzUcf08HQfd9LWg="></latexit>

b̃h
(l)

(t) = �̄(V)�C+ �(V)� (1�C)
<latexit sha1_base64="q6M3vapULp5545BSLpSS8XyyuRU="></latexit><latexit sha1_base64="q6M3vapULp5545BSLpSS8XyyuRU="></latexit><latexit sha1_base64="q6M3vapULp5545BSLpSS8XyyuRU="></latexit><latexit sha1_base64="q6M3vapULp5545BSLpSS8XyyuRU="></latexit>

rW(l)
h = rW(l)

h � (B�C+ (1�C))
<latexit sha1_base64="WKSZccBr0EQ82RxElaQkx9lA+x0="></latexit><latexit sha1_base64="WKSZccBr0EQ82RxElaQkx9lA+x0="></latexit><latexit sha1_base64="WKSZccBr0EQ82RxElaQkx9lA+x0="></latexit><latexit sha1_base64="WKSZccBr0EQ82RxElaQkx9lA+x0="></latexit>

rU(l)
h = rU(l)

h � (B�C+ (1�C))
<latexit sha1_base64="gmsFOWnU7/cSU8EeU65X6d0G1JY="></latexit><latexit sha1_base64="gmsFOWnU7/cSU8EeU65X6d0G1JY="></latexit><latexit sha1_base64="gmsFOWnU7/cSU8EeU65X6d0G1JY="></latexit><latexit sha1_base64="gmsFOWnU7/cSU8EeU65X6d0G1JY="></latexit>


