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[source: Key Papers in the Development of Information Theory]

[We only consider ideal feedback in this talk]



Mechanisms

5



Mechanisms

5

‣ How can one use feedback to improve block coding 
performance in point-to-point channels?



Mechanisms

5

‣ How can one use feedback to improve block coding 
performance in point-to-point channels?

‣ If the channel has memory, we can predict the future noise 
realization.



Mechanisms

5

‣ How can one use feedback to improve block coding 
performance in point-to-point channels?

‣ If the channel has memory, we can predict the future noise 
realization.

‣ If the channel is unknown, we can learn its law.



Mechanisms

5

‣ How can one use feedback to improve block coding 
performance in point-to-point channels?

‣ If the channel has memory, we can predict the future noise 
realization.

‣ If the channel is unknown, we can learn its law.

‣ If the decoding time is not fixed, we can decode early or 
late opportunistically.



Mechanisms

5

‣ How can one use feedback to improve block coding 
performance in point-to-point channels?

‣ If the channel has memory, we can predict the future noise 
realization.

‣ If the channel is unknown, we can learn its law.

‣ If the decoding time is not fixed, we can decode early or 
late opportunistically.

‣ If there is an average cost (e.g., power) constraint, we can 
use resources opportunistically. 



Mechanisms

5

‣ How can one use feedback to improve block coding 
performance in point-to-point channels?

‣ If the channel has memory, we can predict the future noise 
realization.

‣ If the channel is unknown, we can learn its law.

‣ If the decoding time is not fixed, we can decode early or 
late opportunistically.

‣ If there is an average cost (e.g., power) constraint, we can 
use resources opportunistically. 

‣ If the rate is low, we can increase the effective minimum 
distance of the code.



Mechanisms

5

‣ How can one use feedback to improve block coding 
performance in point-to-point channels?

‣ If the channel has memory, we can predict the future noise 
realization.

‣ If the channel is unknown, we can learn its law.

‣ If the decoding time is not fixed, we can decode early or 
late opportunistically.

‣ If there is an average cost (e.g., power) constraint, we can 
use resources opportunistically. 

‣ If the rate is low, we can increase the effective minimum 
distance of the code.

‣ [Other contexts: networks, control over noisy channels, 
streaming codes, complexity-constrained coding….]



Mechanisms

5

‣ How can one use feedback to improve block coding 
performance in point-to-point channels?

‣ If the channel has memory, we can predict the future noise 
realization.

‣ If the channel is unknown, we can learn its law.

‣ If the decoding time is not fixed, we can decode early or 
late opportunistically.

‣ If there is an average cost (e.g., power) constraint, we can 
use resources opportunistically. 

‣ If the rate is low, we can increase the effective minimum 
distance of the code.

‣ [Other contexts: networks, control over noisy channels, 
streaming codes, complexity-constrained coding….]



Discrete Memoryless Channels without Feedback

6

X
<latexit sha1_base64="ImlAX7A4uSiiqRYOXGY/xKoNpUo=">AAACFnicdVDLSsNAFJ3UV62vqks3g0VwFZIq6EoKblxWsA9IQ5lMb9qhk0mYmRRKyGcIrvRP3Ilbt/6IaydtBevjwjCHc+7lnnuChDOlHefdKq2srq1vlDcrW9s7u3vV/YO2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCcbXhd6ZgFQsFnd6moAfkaFgIaNEG8rrRUSPKOFZN+9Xa45dd4rCv4Frz36nhhbV7Fc/eoOYphEITTlRynOdRPsZkZpRDnmllypICB2TIXgGChKB8rOZ5RyfGGaAw1iaJzSesd8nMhIpNY0C01lYVD+1gvxL81IdXvoZE0mqQdD5ojDlWMe4uB8PmASq+dQAQiUzXjEdEUmoNiktb5EwWboiM0HRvGKC+koD/w/adds9s+u357XG1SKyMjpCx+gUuegCNdANaqIWoihG9+gRPVkP1rP1Yr3OW0vWYuYQLZX19gnzXaB7</latexit>

Y
<latexit sha1_base64="z8sEwn4iQ1disy1iT5GvCbMTeVk=">AAACFnicdVDLSsNAFJ34rPVVdelmsAiuQlIFXUnBjcsK9iFpKJPpTTt0Mgkzk0IJ+QzBlf6JO3Hr1h9x7aStYH1cGOZwzr3cc0+QcKa047xbS8srq2vrpY3y5tb2zm5lb7+l4lRSaNKYx7ITEAWcCWhqpjl0EgkkCji0g9FVobfHIBWLxa2eJOBHZCBYyCjRhvK6EdFDSnh2l/cqVceuOUXh38C1p79TRfNq9Cof3X5M0wiEppwo5blOov2MSM0oh7zcTRUkhI7IADwDBYlA+dnUco6PDdPHYSzNExpP2e8TGYmUmkSB6Swsqp9aQf6leakOL/yMiSTVIOhsUZhyrGNc3I/7TALVfGIAoZIZr5gOiSRUm5QWt0gYL1yRmaBoXjZBfaWB/wetmu2e2rWbs2r9ch5ZCR2iI3SCXHSO6ugaNVATURSje/SInqwH69l6sV5nrUvWfOYALZT19gn1BqB8</latexit>

W(y|�)
<latexit sha1_base64="wdPz1b3LHNTJke2AysxBg6o3V1I=">AAACEXicdVDLSgMxFL3js9ZX1aWbYBHqZpipgq6k4MZlBfuAdiiZNNPGZjJDkimWsf8guNI/cSdu/QJ/xLWZtoL1cSDkcM693HuPH3OmtOO8WwuLS8srq7m1/PrG5tZ2YWe3rqJEElojEY9k08eKciZoTTPNaTOWFIc+pw1/cJH5jSGVikXiWo9i6oW4J1jACNZGqjdKo7vbo06h6NhlJwP6TVx78jtFmKHaKXy0uxFJQio04VipluvE2kux1IxwOs63E0VjTAa4R1uGChxS5aWTbcfo0ChdFETSPKHRRP3ekeJQqVHom8oQ67766WXiX14r0cGZlzIRJ5oKMh0UJBzpCGWnoy6TlGg+MgQTycyuiPSxxESbgOanSDqcuyIlmJNx3gT1lQb6n9TLtntsl69OipXzWWQ52IcDKIELp1CBS6hCDQjcwD08wpP1YD1bL9brtHTBmvXswRyst08do53Y</latexit>

‣ Given:  

- input alphabet:       (finite) 

- output alphabet:      (finite) 

- channel matrix:              (indep. over time)
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Decoder

Encoder

W(·|·)
<latexit sha1_base64="IPQBAEX+/GL6k/imlMv2PyY+SBQ=">AAACB3icdVDLSgMxFM3UV62vqks3wSLUzTBTBV1JwY3LCvYB7VgymUwbmkmGJFMoYz/AP3CrP+BO3PoZ7v0QM9MK1seBJIdz7uXeHD9mVGnHebcKS8srq2vF9dLG5tb2Tnl3r6VEIjFpYsGE7PhIEUY5aWqqGenEkqDIZ6Ttjy4zvz0mUlHBb/QkJl6EBpyGFCNtpNt2tYcDoe/y+7hfrjh2zckAfxPXzl+nAuZo9MsfvUDgJCJcY4aU6rpOrL0USU0xI9NSL1EkRniEBqRrKEcRUV6abz2FR0YJYCikOVzDXP3ekaJIqUnkm8oI6aH66WXiX1430eG5l1IeJ5pwPBsUJgxqAbMIYEAlwZpNDEFYUrMrxEMkEdYmqMUpkoynJRPL19/h/6RVs90Tu3Z9WqlfzAMqggNwCKrABWegDq5AAzQBBhI8gEfwZN1bz9aL9TorLVjznn2wAOvtExTNmc0=</latexit>

‣ Given:  

- input alphabet:       (finite) 
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- channel matrix:              (indep. over time)
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U1, . . . , Uk
<latexit sha1_base64="WA3kx81DdJKFY+fkvHNghH+lyak=">AAACGXicdVDLSgMxFM34rPVVdekmWAQXZZipgq6k4MZlBacttOOQyWTa0EwyJJlCGfofgiv9E3fi1pU/4tpMW8H6OBByOOde7r0nTBlV2nHeraXlldW19dJGeXNre2e3srffUiKTmHhYMCE7IVKEUU48TTUjnVQSlISMtMPhVeG3R0QqKvitHqfET1Cf05hipI105wVurccioVXNC4ZBperYdacA/E1ce/o7VTBHM6h89CKBs4RwjRlSqus6qfZzJDXFjEzKvUyRFOEh6pOuoRwlRPn5dOsJPDZKBGMhzeMaTtXvHTlKlBonoalMkB6on14h/uV1Mx1f+DnlaaYJx7NBccagFrCIAEZUEqzZ2BCEJTW7QjxAEmFtglqcIslo4YocI4YnZRPUVxrwf9Kq2+6pXb85qzYu55GVwCE4AifABeegAa5BE3gAAwnuwSN4sh6sZ+vFep2VLlnzngOwAOvtE/yXoPE=</latexit>

(U� 2 {0,1})
<latexit sha1_base64="h5zolfHNLRbO4BBGwwthkwahjPo=">AAACHnicdVDLSsNAFJ34rPWV6tLNYBEqSEiqYJcFNy4rmLbQhDCZTtqhk0mYmVRK6KcIrvRP3Ilb/RHXTtoK1seBYQ7n3Mu994Qpo1LZ9ruxsrq2vrFZ2ipv7+zu7ZuVg7ZMMoGJixOWiG6IJGGUE1dRxUg3FQTFISOdcHRV+J0xEZIm/FZNUuLHaMBpRDFSWgrMSs0NKPQoh15unzne9DQwq7ZVtwvA38SxZr9dBQu0AvPD6yc4iwlXmCEpe46dKj9HQlHMyLTsZZKkCI/QgPQ05Sgm0s9nq0/hiVb6MEqEflzBmfq9I0exlJM41JUxUkP50yvEv7xepqKGn1OeZopwPB8UZQyqBBY5wD4VBCs20QRhQfWuEA+RQFjptJanCDJeuiLHiOFpWQf1lQb8n7TrlnNu1W8uqs3GIrISOALHoAYccAma4Bq0gAswuAP34BE8GQ/Gs/FivM5LV4xFzyFYgvH2CVu3oXo=</latexit>

Decoder

Encoder

W(·|·)
<latexit sha1_base64="IPQBAEX+/GL6k/imlMv2PyY+SBQ=">AAACB3icdVDLSgMxFM3UV62vqks3wSLUzTBTBV1JwY3LCvYB7VgymUwbmkmGJFMoYz/AP3CrP+BO3PoZ7v0QM9MK1seBJIdz7uXeHD9mVGnHebcKS8srq2vF9dLG5tb2Tnl3r6VEIjFpYsGE7PhIEUY5aWqqGenEkqDIZ6Ttjy4zvz0mUlHBb/QkJl6EBpyGFCNtpNt2tYcDoe/y+7hfrjh2zckAfxPXzl+nAuZo9MsfvUDgJCJcY4aU6rpOrL0USU0xI9NSL1EkRniEBqRrKEcRUV6abz2FR0YJYCikOVzDXP3ekaJIqUnkm8oI6aH66WXiX1430eG5l1IeJ5pwPBsUJgxqAbMIYEAlwZpNDEFYUrMrxEMkEdYmqMUpkoynJRPL19/h/6RVs90Tu3Z9WqlfzAMqggNwCKrABWegDq5AAzQBBhI8gEfwZN1bz9aL9TorLVjznn2wAOvtExTNmc0=</latexit>
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X1, . . . , Xn
<latexit sha1_base64="y0a7I116JC4u1EloByLOHV6r4Zk=">AAACGXicdVDLSgMxFM34rPVVdekmWAQXZZipgq6k4MZlBdsOtOOQyWTa0EwyJJlCGfofgiv9E3fi1pU/4tpMW8H6OBByOOde7r0nTBlV2nHeraXlldW19dJGeXNre2e3srffViKTmLSwYEJ6IVKEUU5ammpGvFQSlISMdMLhVeF3RkQqKvitHqfET1Cf05hipI105wVurccioVXNC3hQqTp23SkAfxPXnv5OFczRDCofvUjgLCFcY4aU6rpOqv0cSU0xI5NyL1MkRXiI+qRrKEcJUX4+3XoCj40SwVhI87iGU/V7R44SpcZJaCoTpAfqp1eIf3ndTMcXfk55mmnC8WxQnDGoBSwigBGVBGs2NgRhSc2uEA+QRFiboBanSDJauCLHiOFJ2QT1lQb8n7Trtntq12/Oqo3LeWQlcAiOwAlwwTlogGvQBC2AgQT34BE8WQ/Ws/Vivc5Kl6x5zwFYgPX2CQu7oPo=</latexit>

(X� 2 X )
<latexit sha1_base64="jrsay43UeuVN+YhAgx/1BgU8k9g=">AAACInicdVDLSsNAFJ34rPUVFVduBotQNyGpgl0W3LisYNtAE8JkOmmHTiZhZlIoIR8juNI/cSeuBL/DtZO2gvVxYZjDOfdyzz1hyqhUtv1mrKyurW9sVraq2zu7e/vmwWFXJpnApIMTlgg3RJIwyklHUcWImwqC4pCRXji+LvXehAhJE36npinxYzTkNKIYKU0F5nHdDSj0KIdejNQII5a7xXlg1myrYZcFfwPHmv12DSyqHZgf3iDBWUy4wgxJ2XfsVPk5EopiRoqql0mSIjxGQ9LXkKOYSD+f2S/gmWYGMEqEflzBGft9IkexlNM41J2lR/lTK8m/tH6moqafU55minA8XxRlDKoEllnAARUEKzbVAGFBtVeIR0ggrHRiy1sEmSxdkeukcFHVQX2lAf8H3YblXFiN28taq7mIrAJOwCmoAwdcgRa4AW3QARjk4B48gifjwXg2XozXeeuKsZg5AktlvH8C2+Kj7g==</latexit>

Decoder

Encoder

W(·|·)
<latexit sha1_base64="IPQBAEX+/GL6k/imlMv2PyY+SBQ=">AAACB3icdVDLSgMxFM3UV62vqks3wSLUzTBTBV1JwY3LCvYB7VgymUwbmkmGJFMoYz/AP3CrP+BO3PoZ7v0QM9MK1seBJIdz7uXeHD9mVGnHebcKS8srq2vF9dLG5tb2Tnl3r6VEIjFpYsGE7PhIEUY5aWqqGenEkqDIZ6Ttjy4zvz0mUlHBb/QkJl6EBpyGFCNtpNt2tYcDoe/y+7hfrjh2zckAfxPXzl+nAuZo9MsfvUDgJCJcY4aU6rpOrL0USU0xI9NSL1EkRniEBqRrKEcRUV6abz2FR0YJYCikOVzDXP3ekaJIqUnkm8oI6aH66WXiX1430eG5l1IeJ5pwPBsUJgxqAbMIYEAlwZpNDEFYUrMrxEMkEdYmqMUpkoynJRPL19/h/6RVs90Tu3Z9WqlfzAMqggNwCKrABWegDq5AAzQBBhI8gEfwZN1bz9aL9TorLVjznn2wAOvtExTNmc0=</latexit>

‣ Given:  

- input alphabet:       (finite) 

- output alphabet:      (finite) 

- channel matrix:              (indep. over time)
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X
<latexit sha1_base64="ImlAX7A4uSiiqRYOXGY/xKoNpUo=">AAACFnicdVDLSsNAFJ3UV62vqks3g0VwFZIq6EoKblxWsA9IQ5lMb9qhk0mYmRRKyGcIrvRP3Ilbt/6IaydtBevjwjCHc+7lnnuChDOlHefdKq2srq1vlDcrW9s7u3vV/YO2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCcbXhd6ZgFQsFnd6moAfkaFgIaNEG8rrRUSPKOFZN+9Xa45dd4rCv4Frz36nhhbV7Fc/eoOYphEITTlRynOdRPsZkZpRDnmllypICB2TIXgGChKB8rOZ5RyfGGaAw1iaJzSesd8nMhIpNY0C01lYVD+1gvxL81IdXvoZE0mqQdD5ojDlWMe4uB8PmASq+dQAQiUzXjEdEUmoNiktb5EwWboiM0HRvGKC+koD/w/adds9s+u357XG1SKyMjpCx+gUuegCNdANaqIWoihG9+gRPVkP1rP1Yr3OW0vWYuYQLZX19gnzXaB7</latexit>

Y
<latexit sha1_base64="z8sEwn4iQ1disy1iT5GvCbMTeVk=">AAACFnicdVDLSsNAFJ34rPVVdelmsAiuQlIFXUnBjcsK9iFpKJPpTTt0Mgkzk0IJ+QzBlf6JO3Hr1h9x7aStYH1cGOZwzr3cc0+QcKa047xbS8srq2vrpY3y5tb2zm5lb7+l4lRSaNKYx7ITEAWcCWhqpjl0EgkkCji0g9FVobfHIBWLxa2eJOBHZCBYyCjRhvK6EdFDSnh2l/cqVceuOUXh38C1p79TRfNq9Cof3X5M0wiEppwo5blOov2MSM0oh7zcTRUkhI7IADwDBYlA+dnUco6PDdPHYSzNExpP2e8TGYmUmkSB6Swsqp9aQf6leakOL/yMiSTVIOhsUZhyrGNc3I/7TALVfGIAoZIZr5gOiSRUm5QWt0gYL1yRmaBoXjZBfaWB/wetmu2e2rWbs2r9ch5ZCR2iI3SCXHSO6ugaNVATURSje/SInqwH69l6sV5nrUvWfOYALZT19gn1BqB8</latexit>

W(y|�)
<latexit sha1_base64="wdPz1b3LHNTJke2AysxBg6o3V1I=">AAACEXicdVDLSgMxFL3js9ZX1aWbYBHqZpipgq6k4MZlBfuAdiiZNNPGZjJDkimWsf8guNI/cSdu/QJ/xLWZtoL1cSDkcM693HuPH3OmtOO8WwuLS8srq7m1/PrG5tZ2YWe3rqJEElojEY9k08eKciZoTTPNaTOWFIc+pw1/cJH5jSGVikXiWo9i6oW4J1jACNZGqjdKo7vbo06h6NhlJwP6TVx78jtFmKHaKXy0uxFJQio04VipluvE2kux1IxwOs63E0VjTAa4R1uGChxS5aWTbcfo0ChdFETSPKHRRP3ekeJQqVHom8oQ67766WXiX14r0cGZlzIRJ5oKMh0UJBzpCGWnoy6TlGg+MgQTycyuiPSxxESbgOanSDqcuyIlmJNx3gT1lQb6n9TLtntsl69OipXzWWQ52IcDKIELp1CBS6hCDQjcwD08wpP1YD1bL9brtHTBmvXswRyst08do53Y</latexit>

U1, . . . , Uk
<latexit sha1_base64="WA3kx81DdJKFY+fkvHNghH+lyak=">AAACGXicdVDLSgMxFM34rPVVdekmWAQXZZipgq6k4MZlBacttOOQyWTa0EwyJJlCGfofgiv9E3fi1pU/4tpMW8H6OBByOOde7r0nTBlV2nHeraXlldW19dJGeXNre2e3srffUiKTmHhYMCE7IVKEUU48TTUjnVQSlISMtMPhVeG3R0QqKvitHqfET1Cf05hipI105wVurccioVXNC4ZBperYdacA/E1ce/o7VTBHM6h89CKBs4RwjRlSqus6qfZzJDXFjEzKvUyRFOEh6pOuoRwlRPn5dOsJPDZKBGMhzeMaTtXvHTlKlBonoalMkB6on14h/uV1Mx1f+DnlaaYJx7NBccagFrCIAEZUEqzZ2BCEJTW7QjxAEmFtglqcIslo4YocI4YnZRPUVxrwf9Kq2+6pXb85qzYu55GVwCE4AifABeegAa5BE3gAAwnuwSN4sh6sZ+vFep2VLlnzngOwAOvtE/yXoPE=</latexit>

(U� 2 {0,1})
<latexit sha1_base64="h5zolfHNLRbO4BBGwwthkwahjPo=">AAACHnicdVDLSsNAFJ34rPWV6tLNYBEqSEiqYJcFNy4rmLbQhDCZTtqhk0mYmVRK6KcIrvRP3Ilb/RHXTtoK1seBYQ7n3Mu994Qpo1LZ9ruxsrq2vrFZ2ipv7+zu7ZuVg7ZMMoGJixOWiG6IJGGUE1dRxUg3FQTFISOdcHRV+J0xEZIm/FZNUuLHaMBpRDFSWgrMSs0NKPQoh15unzne9DQwq7ZVtwvA38SxZr9dBQu0AvPD6yc4iwlXmCEpe46dKj9HQlHMyLTsZZKkCI/QgPQ05Sgm0s9nq0/hiVb6MEqEflzBmfq9I0exlJM41JUxUkP50yvEv7xepqKGn1OeZopwPB8UZQyqBBY5wD4VBCs20QRhQfWuEA+RQFjptJanCDJeuiLHiOFpWQf1lQb8n7TrlnNu1W8uqs3GIrISOALHoAYccAma4Bq0gAswuAP34BE8GQ/Gs/FivM5LV4xFzyFYgvH2CVu3oXo=</latexit>

X1, . . . , Xn
<latexit sha1_base64="y0a7I116JC4u1EloByLOHV6r4Zk=">AAACGXicdVDLSgMxFM34rPVVdekmWAQXZZipgq6k4MZlBdsOtOOQyWTa0EwyJJlCGfofgiv9E3fi1pU/4tpMW8H6OBByOOde7r0nTBlV2nHeraXlldW19dJGeXNre2e3srffViKTmLSwYEJ6IVKEUU5ammpGvFQSlISMdMLhVeF3RkQqKvitHqfET1Cf05hipI105wVurccioVXNC3hQqTp23SkAfxPXnv5OFczRDCofvUjgLCFcY4aU6rpOqv0cSU0xI5NyL1MkRXiI+qRrKEcJUX4+3XoCj40SwVhI87iGU/V7R44SpcZJaCoTpAfqp1eIf3ndTMcXfk55mmnC8WxQnDGoBSwigBGVBGs2NgRhSc2uEA+QRFiboBanSDJauCLHiOFJ2QT1lQb8n7Trtntq12/Oqo3LeWQlcAiOwAlwwTlogGvQBC2AgQT34BE8WQ/Ws/Vivc5Kl6x5zwFYgPX2CQu7oPo=</latexit>

(X� 2 X )
<latexit sha1_base64="jrsay43UeuVN+YhAgx/1BgU8k9g=">AAACInicdVDLSsNAFJ34rPUVFVduBotQNyGpgl0W3LisYNtAE8JkOmmHTiZhZlIoIR8juNI/cSeuBL/DtZO2gvVxYZjDOfdyzz1hyqhUtv1mrKyurW9sVraq2zu7e/vmwWFXJpnApIMTlgg3RJIwyklHUcWImwqC4pCRXji+LvXehAhJE36npinxYzTkNKIYKU0F5nHdDSj0KIdejNQII5a7xXlg1myrYZcFfwPHmv12DSyqHZgf3iDBWUy4wgxJ2XfsVPk5EopiRoqql0mSIjxGQ9LXkKOYSD+f2S/gmWYGMEqEflzBGft9IkexlNM41J2lR/lTK8m/tH6moqafU55minA8XxRlDKoEllnAARUEKzbVAGFBtVeIR0ggrHRiy1sEmSxdkeukcFHVQX2lAf8H3YblXFiN28taq7mIrAJOwCmoAwdcgRa4AW3QARjk4B48gifjwXg2XozXeeuKsZg5AktlvH8C2+Kj7g==</latexit>

Y1, . . . , Yn
<latexit sha1_base64="c8vqUGan7oRdv60gSLlxnCK9pfw=">AAACGXicdVDLSgMxFM3UV62vqks3wSK4KMNMFXQlBTcuK9jW0o5DJpNpQzPJkGQKZeh/CK70T9yJW1f+iGszbQXr40DI4Zx7ufeeIGFUacd5twpLyyura8X10sbm1vZOeXevpUQqMWliwYS8DZAijHLS1FQzcptIguKAkXYwvMz99ohIRQW/0eOEeDHqcxpRjLSR7jq+W+2xUGhV7fjcL1ccu+bkgL+Ja09/pwLmaPjlj14ocBoTrjFDSnVdJ9FehqSmmJFJqZcqkiA8RH3SNZSjmCgvm249gUdGCWEkpHlcw6n6vSNDsVLjODCVMdID9dPLxb+8bqqjcy+jPEk14Xg2KEoZ1ALmEcCQSoI1GxuCsKRmV4gHSCKsTVCLUyQZLVyRYcTwpGSC+koD/k9aNds9sWvXp5X6xTyyIjgAh+AYuOAM1MEVaIAmwECCe/AInqwH69l6sV5npQVr3rMPFmC9fQIPGqD8</latexit>

(Y� 2 Y)
<latexit sha1_base64="PYtttyodfLHJpF4IkxIHRzUx7MI=">AAACInicdVDLSsNAFJ34rPUVFVduBotQNyGpgl0W3LisYF80IUymk3boZBJmJoUS8jGCK/0Td+JK8DtcO2krWB8Xhjmccy/33BMkjEpl22/Gyura+sZmaau8vbO7t28eHLZlnApMWjhmsegGSBJGOWkpqhjpJoKgKGCkE4yvC70zIULSmN+paUK8CA05DSlGSlO+eVzt+RS6lEM3QmqEEct6+blvVmyrZhcFfwPHmv12BSyq6Zsf7iDGaUS4wgxJ2XfsRHkZEopiRvKym0qSIDxGQ9LXkKOISC+b2c/hmWYGMIyFflzBGft9IkORlNMo0J2FR/lTK8i/tH6qwrqXUZ6kinA8XxSmDKoYFlnAARUEKzbVAGFBtVeIR0ggrHRiy1sEmSxdkemkcF7WQX2lAf8H7ZrlXFi128tKo76IrAROwCmoAgdcgQa4AU3QAhhk4B48gifjwXg2XozXeeuKsZg5AktlvH8C30ej8A==</latexit>

Decoder

Encoder

W(·|·)
<latexit sha1_base64="IPQBAEX+/GL6k/imlMv2PyY+SBQ=">AAACB3icdVDLSgMxFM3UV62vqks3wSLUzTBTBV1JwY3LCvYB7VgymUwbmkmGJFMoYz/AP3CrP+BO3PoZ7v0QM9MK1seBJIdz7uXeHD9mVGnHebcKS8srq2vF9dLG5tb2Tnl3r6VEIjFpYsGE7PhIEUY5aWqqGenEkqDIZ6Ttjy4zvz0mUlHBb/QkJl6EBpyGFCNtpNt2tYcDoe/y+7hfrjh2zckAfxPXzl+nAuZo9MsfvUDgJCJcY4aU6rpOrL0USU0xI9NSL1EkRniEBqRrKEcRUV6abz2FR0YJYCikOVzDXP3ekaJIqUnkm8oI6aH66WXiX1430eG5l1IeJ5pwPBsUJgxqAbMIYEAlwZpNDEFYUrMrxEMkEdYmqMUpkoynJRPL19/h/6RVs90Tu3Z9WqlfzAMqggNwCKrABWegDq5AAzQBBhI8gEfwZN1bz9aL9TorLVjznn2wAOvtExTNmc0=</latexit>

‣ Given:  

- input alphabet:       (finite) 

- output alphabet:      (finite) 

- channel matrix:              (indep. over time)
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X
<latexit sha1_base64="ImlAX7A4uSiiqRYOXGY/xKoNpUo=">AAACFnicdVDLSsNAFJ3UV62vqks3g0VwFZIq6EoKblxWsA9IQ5lMb9qhk0mYmRRKyGcIrvRP3Ilbt/6IaydtBevjwjCHc+7lnnuChDOlHefdKq2srq1vlDcrW9s7u3vV/YO2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCcbXhd6ZgFQsFnd6moAfkaFgIaNEG8rrRUSPKOFZN+9Xa45dd4rCv4Frz36nhhbV7Fc/eoOYphEITTlRynOdRPsZkZpRDnmllypICB2TIXgGChKB8rOZ5RyfGGaAw1iaJzSesd8nMhIpNY0C01lYVD+1gvxL81IdXvoZE0mqQdD5ojDlWMe4uB8PmASq+dQAQiUzXjEdEUmoNiktb5EwWboiM0HRvGKC+koD/w/adds9s+u357XG1SKyMjpCx+gUuegCNdANaqIWoihG9+gRPVkP1rP1Yr3OW0vWYuYQLZX19gnzXaB7</latexit>

Y
<latexit sha1_base64="z8sEwn4iQ1disy1iT5GvCbMTeVk=">AAACFnicdVDLSsNAFJ34rPVVdelmsAiuQlIFXUnBjcsK9iFpKJPpTTt0Mgkzk0IJ+QzBlf6JO3Hr1h9x7aStYH1cGOZwzr3cc0+QcKa047xbS8srq2vrpY3y5tb2zm5lb7+l4lRSaNKYx7ITEAWcCWhqpjl0EgkkCji0g9FVobfHIBWLxa2eJOBHZCBYyCjRhvK6EdFDSnh2l/cqVceuOUXh38C1p79TRfNq9Cof3X5M0wiEppwo5blOov2MSM0oh7zcTRUkhI7IADwDBYlA+dnUco6PDdPHYSzNExpP2e8TGYmUmkSB6Swsqp9aQf6leakOL/yMiSTVIOhsUZhyrGNc3I/7TALVfGIAoZIZr5gOiSRUm5QWt0gYL1yRmaBoXjZBfaWB/wetmu2e2rWbs2r9ch5ZCR2iI3SCXHSO6ugaNVATURSje/SInqwH69l6sV5nrUvWfOYALZT19gn1BqB8</latexit>

W(y|�)
<latexit sha1_base64="wdPz1b3LHNTJke2AysxBg6o3V1I=">AAACEXicdVDLSgMxFL3js9ZX1aWbYBHqZpipgq6k4MZlBfuAdiiZNNPGZjJDkimWsf8guNI/cSdu/QJ/xLWZtoL1cSDkcM693HuPH3OmtOO8WwuLS8srq7m1/PrG5tZ2YWe3rqJEElojEY9k08eKciZoTTPNaTOWFIc+pw1/cJH5jSGVikXiWo9i6oW4J1jACNZGqjdKo7vbo06h6NhlJwP6TVx78jtFmKHaKXy0uxFJQio04VipluvE2kux1IxwOs63E0VjTAa4R1uGChxS5aWTbcfo0ChdFETSPKHRRP3ekeJQqVHom8oQ67766WXiX14r0cGZlzIRJ5oKMh0UJBzpCGWnoy6TlGg+MgQTycyuiPSxxESbgOanSDqcuyIlmJNx3gT1lQb6n9TLtntsl69OipXzWWQ52IcDKIELp1CBS6hCDQjcwD08wpP1YD1bL9brtHTBmvXswRyst08do53Y</latexit>

Û1, . . . , Ûk
<latexit sha1_base64="r+CMZemwgTy5GwadRm56ZaviFAA=">AAACJ3icdVDLSsNAFJ34rPUVdaebwSK4KCWpgq6k4MZlBdMW2lAm00k7dPJg5qZQQsCvEVzpn7gTXfoTrp30AdbHgWEO59zLvfd4seAKLOvdWFpeWV1bL2wUN7e2d3bNvf2GihJJmUMjEcmWRxQTPGQOcBCsFUtGAk+wpje8zv3miEnFo/AOxjFzA9IPuc8pAS11zcPOgEDqZF273BG9CFR5Lgy7ZsmqVK0c+DexK5PfKqEZ6l3zs9OLaBKwEKggSrVtKwY3JRI4FSwrdhLFYkKHpM/amoYkYMpNJzdk+EQrPexHUr8Q8ET93pGSQKlx4OnKgMBA/fRy8S+vnYB/6aY8jBNgIZ0O8hOBIcJ5ILjHJaMgxpoQKrneFdMBkYSCjm1ximSjhStSSgTNijqoeRr4f9KoVuyzSvX2vFS7mkVWQEfoGJ0iG12gGrpBdeQgiu7RA3pCz8aj8WK8Gm/T0iVj1nOAFmB8fAEWMqa8</latexit>

(Û� 2 {0,1})
<latexit sha1_base64="e1MmHov3djgz+4gYFVrGlbgMjh8=">AAACJHicdVDLSsNAFJ3UV62vqAsXbgaLUEFKUgW7LLhxWcG0hSaEyXTSDp1MwsykUEK+RnClf+JOXLjxM1w7aStYHweGOZxzL/feEySMSmVZb0ZpZXVtfaO8Wdna3tndM/cPOjJOBSYOjlksegGShFFOHEUVI71EEBQFjHSD8XXhdydESBrzOzVNiBehIachxUhpyTePau4IqczJfQpdyqGbWee2m5/5ZtWqN6wC8Dex67PfqoIF2r754Q5inEaEK8yQlH3bSpSXIaEoZiSvuKkkCcJjNCR9TTmKiPSy2QE5PNXKAIax0I8rOFO/d2QoknIaBboyQmokf3qF+JfXT1XY9DLKk1QRjueDwpRBFcMiDTiggmDFppogLKjeFeIREggrndnyFEEmS1dkGDGcV3RQX2nA/0mnUbcv6o3by2qruYisDI7BCagBG1yBFrgBbeAADHJwDx7Bk/FgPBsvxuu8tGQseg7BEoz3T6u8pEc=</latexit>

U1, . . . , Uk
<latexit sha1_base64="WA3kx81DdJKFY+fkvHNghH+lyak=">AAACGXicdVDLSgMxFM34rPVVdekmWAQXZZipgq6k4MZlBacttOOQyWTa0EwyJJlCGfofgiv9E3fi1pU/4tpMW8H6OBByOOde7r0nTBlV2nHeraXlldW19dJGeXNre2e3srffUiKTmHhYMCE7IVKEUU48TTUjnVQSlISMtMPhVeG3R0QqKvitHqfET1Cf05hipI105wVurccioVXNC4ZBperYdacA/E1ce/o7VTBHM6h89CKBs4RwjRlSqus6qfZzJDXFjEzKvUyRFOEh6pOuoRwlRPn5dOsJPDZKBGMhzeMaTtXvHTlKlBonoalMkB6on14h/uV1Mx1f+DnlaaYJx7NBccagFrCIAEZUEqzZ2BCEJTW7QjxAEmFtglqcIslo4YocI4YnZRPUVxrwf9Kq2+6pXb85qzYu55GVwCE4AifABeegAa5BE3gAAwnuwSN4sh6sZ+vFep2VLlnzngOwAOvtE/yXoPE=</latexit>

(U� 2 {0,1})
<latexit sha1_base64="h5zolfHNLRbO4BBGwwthkwahjPo=">AAACHnicdVDLSsNAFJ34rPWV6tLNYBEqSEiqYJcFNy4rmLbQhDCZTtqhk0mYmVRK6KcIrvRP3Ilb/RHXTtoK1seBYQ7n3Mu994Qpo1LZ9ruxsrq2vrFZ2ipv7+zu7ZuVg7ZMMoGJixOWiG6IJGGUE1dRxUg3FQTFISOdcHRV+J0xEZIm/FZNUuLHaMBpRDFSWgrMSs0NKPQoh15unzne9DQwq7ZVtwvA38SxZr9dBQu0AvPD6yc4iwlXmCEpe46dKj9HQlHMyLTsZZKkCI/QgPQ05Sgm0s9nq0/hiVb6MEqEflzBmfq9I0exlJM41JUxUkP50yvEv7xepqKGn1OeZopwPB8UZQyqBBY5wD4VBCs20QRhQfWuEA+RQFjptJanCDJeuiLHiOFpWQf1lQb8n7TrlnNu1W8uqs3GIrISOALHoAYccAma4Bq0gAswuAP34BE8GQ/Gs/FivM5LV4xFzyFYgvH2CVu3oXo=</latexit>

X1, . . . , Xn
<latexit sha1_base64="y0a7I116JC4u1EloByLOHV6r4Zk=">AAACGXicdVDLSgMxFM34rPVVdekmWAQXZZipgq6k4MZlBdsOtOOQyWTa0EwyJJlCGfofgiv9E3fi1pU/4tpMW8H6OBByOOde7r0nTBlV2nHeraXlldW19dJGeXNre2e3srffViKTmLSwYEJ6IVKEUU5ammpGvFQSlISMdMLhVeF3RkQqKvitHqfET1Cf05hipI105wVurccioVXNC3hQqTp23SkAfxPXnv5OFczRDCofvUjgLCFcY4aU6rpOqv0cSU0xI5NyL1MkRXiI+qRrKEcJUX4+3XoCj40SwVhI87iGU/V7R44SpcZJaCoTpAfqp1eIf3ndTMcXfk55mmnC8WxQnDGoBSwigBGVBGs2NgRhSc2uEA+QRFiboBanSDJauCLHiOFJ2QT1lQb8n7Trtntq12/Oqo3LeWQlcAiOwAlwwTlogGvQBC2AgQT34BE8WQ/Ws/Vivc5Kl6x5zwFYgPX2CQu7oPo=</latexit>

(X� 2 X )
<latexit sha1_base64="jrsay43UeuVN+YhAgx/1BgU8k9g=">AAACInicdVDLSsNAFJ34rPUVFVduBotQNyGpgl0W3LisYNtAE8JkOmmHTiZhZlIoIR8juNI/cSeuBL/DtZO2gvVxYZjDOfdyzz1hyqhUtv1mrKyurW9sVraq2zu7e/vmwWFXJpnApIMTlgg3RJIwyklHUcWImwqC4pCRXji+LvXehAhJE36npinxYzTkNKIYKU0F5nHdDSj0KIdejNQII5a7xXlg1myrYZcFfwPHmv12DSyqHZgf3iDBWUy4wgxJ2XfsVPk5EopiRoqql0mSIjxGQ9LXkKOYSD+f2S/gmWYGMEqEflzBGft9IkexlNM41J2lR/lTK8m/tH6moqafU55minA8XxRlDKoEllnAARUEKzbVAGFBtVeIR0ggrHRiy1sEmSxdkeukcFHVQX2lAf8H3YblXFiN28taq7mIrAJOwCmoAwdcgRa4AW3QARjk4B48gifjwXg2XozXeeuKsZg5AktlvH8C2+Kj7g==</latexit>

Y1, . . . , Yn
<latexit sha1_base64="c8vqUGan7oRdv60gSLlxnCK9pfw=">AAACGXicdVDLSgMxFM3UV62vqks3wSK4KMNMFXQlBTcuK9jW0o5DJpNpQzPJkGQKZeh/CK70T9yJW1f+iGszbQXr40DI4Zx7ufeeIGFUacd5twpLyyura8X10sbm1vZOeXevpUQqMWliwYS8DZAijHLS1FQzcptIguKAkXYwvMz99ohIRQW/0eOEeDHqcxpRjLSR7jq+W+2xUGhV7fjcL1ccu+bkgL+Ja09/pwLmaPjlj14ocBoTrjFDSnVdJ9FehqSmmJFJqZcqkiA8RH3SNZSjmCgvm249gUdGCWEkpHlcw6n6vSNDsVLjODCVMdID9dPLxb+8bqqjcy+jPEk14Xg2KEoZ1ALmEcCQSoI1GxuCsKRmV4gHSCKsTVCLUyQZLVyRYcTwpGSC+koD/k9aNds9sWvXp5X6xTyyIjgAh+AYuOAM1MEVaIAmwECCe/AInqwH69l6sV5npQVr3rMPFmC9fQIPGqD8</latexit>

(Y� 2 Y)
<latexit sha1_base64="PYtttyodfLHJpF4IkxIHRzUx7MI=">AAACInicdVDLSsNAFJ34rPUVFVduBotQNyGpgl0W3LisYF80IUymk3boZBJmJoUS8jGCK/0Td+JK8DtcO2krWB8Xhjmccy/33BMkjEpl22/Gyura+sZmaau8vbO7t28eHLZlnApMWjhmsegGSBJGOWkpqhjpJoKgKGCkE4yvC70zIULSmN+paUK8CA05DSlGSlO+eVzt+RS6lEM3QmqEEct6+blvVmyrZhcFfwPHmv12BSyq6Zsf7iDGaUS4wgxJ2XfsRHkZEopiRvKym0qSIDxGQ9LXkKOISC+b2c/hmWYGMIyFflzBGft9IkORlNMo0J2FR/lTK8i/tH6qwrqXUZ6kinA8XxSmDKoYFlnAARUEKzbVAGFBtVeIR0ggrHRiy1sEmSxdkemkcF7WQX2lAf8H7ZrlXFi128tKo76IrAROwCmoAgdcgQa4AU3QAhhk4B48gifjwXg2XozXeeuKsZg5AktlvH8C30ej8A==</latexit>

Decoder

Encoder

W(·|·)
<latexit sha1_base64="IPQBAEX+/GL6k/imlMv2PyY+SBQ=">AAACB3icdVDLSgMxFM3UV62vqks3wSLUzTBTBV1JwY3LCvYB7VgymUwbmkmGJFMoYz/AP3CrP+BO3PoZ7v0QM9MK1seBJIdz7uXeHD9mVGnHebcKS8srq2vF9dLG5tb2Tnl3r6VEIjFpYsGE7PhIEUY5aWqqGenEkqDIZ6Ttjy4zvz0mUlHBb/QkJl6EBpyGFCNtpNt2tYcDoe/y+7hfrjh2zckAfxPXzl+nAuZo9MsfvUDgJCJcY4aU6rpOrL0USU0xI9NSL1EkRniEBqRrKEcRUV6abz2FR0YJYCikOVzDXP3ekaJIqUnkm8oI6aH66WXiX1430eG5l1IeJ5pwPBsUJgxqAbMIYEAlwZpNDEFYUrMrxEMkEdYmqMUpkoynJRPL19/h/6RVs90Tu3Z9WqlfzAMqggNwCKrABWegDq5AAzQBBhI8gEfwZN1bz9aL9TorLVjznn2wAOvtExTNmc0=</latexit>

‣ Given:  

- input alphabet:       (finite) 

- output alphabet:      (finite) 

- channel matrix:              (indep. over time)
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‣ Given:  

- input alphabet:       (finite) 

- output alphabet:      (finite) 

- channel matrix:              (indep. over time)

X
<latexit sha1_base64="ImlAX7A4uSiiqRYOXGY/xKoNpUo=">AAACFnicdVDLSsNAFJ3UV62vqks3g0VwFZIq6EoKblxWsA9IQ5lMb9qhk0mYmRRKyGcIrvRP3Ilbt/6IaydtBevjwjCHc+7lnnuChDOlHefdKq2srq1vlDcrW9s7u3vV/YO2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCcbXhd6ZgFQsFnd6moAfkaFgIaNEG8rrRUSPKOFZN+9Xa45dd4rCv4Frz36nhhbV7Fc/eoOYphEITTlRynOdRPsZkZpRDnmllypICB2TIXgGChKB8rOZ5RyfGGaAw1iaJzSesd8nMhIpNY0C01lYVD+1gvxL81IdXvoZE0mqQdD5ojDlWMe4uB8PmASq+dQAQiUzXjEdEUmoNiktb5EwWboiM0HRvGKC+koD/w/adds9s+u357XG1SKyMjpCx+gUuegCNdANaqIWoihG9+gRPVkP1rP1Yr3OW0vWYuYQLZX19gnzXaB7</latexit>

Y
<latexit sha1_base64="z8sEwn4iQ1disy1iT5GvCbMTeVk=">AAACFnicdVDLSsNAFJ34rPVVdelmsAiuQlIFXUnBjcsK9iFpKJPpTTt0Mgkzk0IJ+QzBlf6JO3Hr1h9x7aStYH1cGOZwzr3cc0+QcKa047xbS8srq2vrpY3y5tb2zm5lb7+l4lRSaNKYx7ITEAWcCWhqpjl0EgkkCji0g9FVobfHIBWLxa2eJOBHZCBYyCjRhvK6EdFDSnh2l/cqVceuOUXh38C1p79TRfNq9Cof3X5M0wiEppwo5blOov2MSM0oh7zcTRUkhI7IADwDBYlA+dnUco6PDdPHYSzNExpP2e8TGYmUmkSB6Swsqp9aQf6leakOL/yMiSTVIOhsUZhyrGNc3I/7TALVfGIAoZIZr5gOiSRUm5QWt0gYL1yRmaBoXjZBfaWB/wetmu2e2rWbs2r9ch5ZCR2iI3SCXHSO6ugaNVATURSje/SInqwH69l6sV5nrUvWfOYALZT19gn1BqB8</latexit>

W(y|�)
<latexit sha1_base64="wdPz1b3LHNTJke2AysxBg6o3V1I=">AAACEXicdVDLSgMxFL3js9ZX1aWbYBHqZpipgq6k4MZlBfuAdiiZNNPGZjJDkimWsf8guNI/cSdu/QJ/xLWZtoL1cSDkcM693HuPH3OmtOO8WwuLS8srq7m1/PrG5tZ2YWe3rqJEElojEY9k08eKciZoTTPNaTOWFIc+pw1/cJH5jSGVikXiWo9i6oW4J1jACNZGqjdKo7vbo06h6NhlJwP6TVx78jtFmKHaKXy0uxFJQio04VipluvE2kux1IxwOs63E0VjTAa4R1uGChxS5aWTbcfo0ChdFETSPKHRRP3ekeJQqVHom8oQ67766WXiX14r0cGZlzIRJ5oKMh0UJBzpCGWnoy6TlGg+MgQTycyuiPSxxESbgOanSDqcuyIlmJNx3gT1lQb6n9TLtntsl69OipXzWWQ52IcDKIELp1CBS6hCDQjcwD08wpP1YD1bL9brtHTBmvXswRyst08do53Y</latexit>

W(·|·)
<latexit sha1_base64="IPQBAEX+/GL6k/imlMv2PyY+SBQ=">AAACB3icdVDLSgMxFM3UV62vqks3wSLUzTBTBV1JwY3LCvYB7VgymUwbmkmGJFMoYz/AP3CrP+BO3PoZ7v0QM9MK1seBJIdz7uXeHD9mVGnHebcKS8srq2vF9dLG5tb2Tnl3r6VEIjFpYsGE7PhIEUY5aWqqGenEkqDIZ6Ttjy4zvz0mUlHBb/QkJl6EBpyGFCNtpNt2tYcDoe/y+7hfrjh2zckAfxPXzl+nAuZo9MsfvUDgJCJcY4aU6rpOrL0USU0xI9NSL1EkRniEBqRrKEcRUV6abz2FR0YJYCikOVzDXP3ekaJIqUnkm8oI6aH66WXiX1430eG5l1IeJ5pwPBsUJgxqAbMIYEAlwZpNDEFYUrMrxEMkEdYmqMUpkoynJRPL19/h/6RVs90Tu3Z9WqlfzAMqggNwCKrABWegDq5AAzQBBhI8gEfwZN1bz9aL9TorLVjznn2wAOvtExTNmc0=</latexit>
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‣ Given:  

- input alphabet:       (finite) 

- output alphabet:      (finite) 

- channel matrix:              (indep. over time)

U1, . . . , Uk
<latexit sha1_base64="WA3kx81DdJKFY+fkvHNghH+lyak=">AAACGXicdVDLSgMxFM34rPVVdekmWAQXZZipgq6k4MZlBacttOOQyWTa0EwyJJlCGfofgiv9E3fi1pU/4tpMW8H6OBByOOde7r0nTBlV2nHeraXlldW19dJGeXNre2e3srffUiKTmHhYMCE7IVKEUU48TTUjnVQSlISMtMPhVeG3R0QqKvitHqfET1Cf05hipI105wVurccioVXNC4ZBperYdacA/E1ce/o7VTBHM6h89CKBs4RwjRlSqus6qfZzJDXFjEzKvUyRFOEh6pOuoRwlRPn5dOsJPDZKBGMhzeMaTtXvHTlKlBonoalMkB6on14h/uV1Mx1f+DnlaaYJx7NBccagFrCIAEZUEqzZ2BCEJTW7QjxAEmFtglqcIslo4YocI4YnZRPUVxrwf9Kq2+6pXb85qzYu55GVwCE4AifABeegAa5BE3gAAwnuwSN4sh6sZ+vFep2VLlnzngOwAOvtE/yXoPE=</latexit>

X
<latexit sha1_base64="ImlAX7A4uSiiqRYOXGY/xKoNpUo=">AAACFnicdVDLSsNAFJ3UV62vqks3g0VwFZIq6EoKblxWsA9IQ5lMb9qhk0mYmRRKyGcIrvRP3Ilbt/6IaydtBevjwjCHc+7lnnuChDOlHefdKq2srq1vlDcrW9s7u3vV/YO2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCcbXhd6ZgFQsFnd6moAfkaFgIaNEG8rrRUSPKOFZN+9Xa45dd4rCv4Frz36nhhbV7Fc/eoOYphEITTlRynOdRPsZkZpRDnmllypICB2TIXgGChKB8rOZ5RyfGGaAw1iaJzSesd8nMhIpNY0C01lYVD+1gvxL81IdXvoZE0mqQdD5ojDlWMe4uB8PmASq+dQAQiUzXjEdEUmoNiktb5EwWboiM0HRvGKC+koD/w/adds9s+u357XG1SKyMjpCx+gUuegCNdANaqIWoihG9+gRPVkP1rP1Yr3OW0vWYuYQLZX19gnzXaB7</latexit>

Y
<latexit sha1_base64="z8sEwn4iQ1disy1iT5GvCbMTeVk=">AAACFnicdVDLSsNAFJ34rPVVdelmsAiuQlIFXUnBjcsK9iFpKJPpTTt0Mgkzk0IJ+QzBlf6JO3Hr1h9x7aStYH1cGOZwzr3cc0+QcKa047xbS8srq2vrpY3y5tb2zm5lb7+l4lRSaNKYx7ITEAWcCWhqpjl0EgkkCji0g9FVobfHIBWLxa2eJOBHZCBYyCjRhvK6EdFDSnh2l/cqVceuOUXh38C1p79TRfNq9Cof3X5M0wiEppwo5blOov2MSM0oh7zcTRUkhI7IADwDBYlA+dnUco6PDdPHYSzNExpP2e8TGYmUmkSB6Swsqp9aQf6leakOL/yMiSTVIOhsUZhyrGNc3I/7TALVfGIAoZIZr5gOiSRUm5QWt0gYL1yRmaBoXjZBfaWB/wetmu2e2rWbs2r9ch5ZCR2iI3SCXHSO6ugaNVATURSje/SInqwH69l6sV5nrUvWfOYALZT19gn1BqB8</latexit>

W(y|�)
<latexit sha1_base64="wdPz1b3LHNTJke2AysxBg6o3V1I=">AAACEXicdVDLSgMxFL3js9ZX1aWbYBHqZpipgq6k4MZlBfuAdiiZNNPGZjJDkimWsf8guNI/cSdu/QJ/xLWZtoL1cSDkcM693HuPH3OmtOO8WwuLS8srq7m1/PrG5tZ2YWe3rqJEElojEY9k08eKciZoTTPNaTOWFIc+pw1/cJH5jSGVikXiWo9i6oW4J1jACNZGqjdKo7vbo06h6NhlJwP6TVx78jtFmKHaKXy0uxFJQio04VipluvE2kux1IxwOs63E0VjTAa4R1uGChxS5aWTbcfo0ChdFETSPKHRRP3ekeJQqVHom8oQ67766WXiX14r0cGZlzIRJ5oKMh0UJBzpCGWnoy6TlGg+MgQTycyuiPSxxESbgOanSDqcuyIlmJNx3gT1lQb6n9TLtntsl69OipXzWWQ52IcDKIELp1CBS6hCDQjcwD08wpP1YD1bL9brtHTBmvXswRyst08do53Y</latexit>

W(·|·)
<latexit sha1_base64="IPQBAEX+/GL6k/imlMv2PyY+SBQ=">AAACB3icdVDLSgMxFM3UV62vqks3wSLUzTBTBV1JwY3LCvYB7VgymUwbmkmGJFMoYz/AP3CrP+BO3PoZ7v0QM9MK1seBJIdz7uXeHD9mVGnHebcKS8srq2vF9dLG5tb2Tnl3r6VEIjFpYsGE7PhIEUY5aWqqGenEkqDIZ6Ttjy4zvz0mUlHBb/QkJl6EBpyGFCNtpNt2tYcDoe/y+7hfrjh2zckAfxPXzl+nAuZo9MsfvUDgJCJcY4aU6rpOrL0USU0xI9NSL1EkRniEBqRrKEcRUV6abz2FR0YJYCikOVzDXP3ekaJIqUnkm8oI6aH66WXiX1430eG5l1IeJ5pwPBsUJgxqAbMIYEAlwZpNDEFYUrMrxEMkEdYmqMUpkoynJRPL19/h/6RVs90Tu3Z9WqlfzAMqggNwCKrABWegDq5AAzQBBhI8gEfwZN1bz9aL9TorLVjznn2wAOvtExTNmc0=</latexit>
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‣ Given:  

- input alphabet:       (finite) 

- output alphabet:      (finite) 

- channel matrix:              (indep. over time)

U1, . . . , Uk
<latexit sha1_base64="WA3kx81DdJKFY+fkvHNghH+lyak=">AAACGXicdVDLSgMxFM34rPVVdekmWAQXZZipgq6k4MZlBacttOOQyWTa0EwyJJlCGfofgiv9E3fi1pU/4tpMW8H6OBByOOde7r0nTBlV2nHeraXlldW19dJGeXNre2e3srffUiKTmHhYMCE7IVKEUU48TTUjnVQSlISMtMPhVeG3R0QqKvitHqfET1Cf05hipI105wVurccioVXNC4ZBperYdacA/E1ce/o7VTBHM6h89CKBs4RwjRlSqus6qfZzJDXFjEzKvUyRFOEh6pOuoRwlRPn5dOsJPDZKBGMhzeMaTtXvHTlKlBonoalMkB6on14h/uV1Mx1f+DnlaaYJx7NBccagFrCIAEZUEqzZ2BCEJTW7QjxAEmFtglqcIslo4YocI4YnZRPUVxrwf9Kq2+6pXb85qzYu55GVwCE4AifABeegAa5BE3gAAwnuwSN4sh6sZ+vFep2VLlnzngOwAOvtE/yXoPE=</latexit>

X
<latexit sha1_base64="ImlAX7A4uSiiqRYOXGY/xKoNpUo=">AAACFnicdVDLSsNAFJ3UV62vqks3g0VwFZIq6EoKblxWsA9IQ5lMb9qhk0mYmRRKyGcIrvRP3Ilbt/6IaydtBevjwjCHc+7lnnuChDOlHefdKq2srq1vlDcrW9s7u3vV/YO2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCcbXhd6ZgFQsFnd6moAfkaFgIaNEG8rrRUSPKOFZN+9Xa45dd4rCv4Frz36nhhbV7Fc/eoOYphEITTlRynOdRPsZkZpRDnmllypICB2TIXgGChKB8rOZ5RyfGGaAw1iaJzSesd8nMhIpNY0C01lYVD+1gvxL81IdXvoZE0mqQdD5ojDlWMe4uB8PmASq+dQAQiUzXjEdEUmoNiktb5EwWboiM0HRvGKC+koD/w/adds9s+u357XG1SKyMjpCx+gUuegCNdANaqIWoihG9+gRPVkP1rP1Yr3OW0vWYuYQLZX19gnzXaB7</latexit>

Y
<latexit sha1_base64="z8sEwn4iQ1disy1iT5GvCbMTeVk=">AAACFnicdVDLSsNAFJ34rPVVdelmsAiuQlIFXUnBjcsK9iFpKJPpTTt0Mgkzk0IJ+QzBlf6JO3Hr1h9x7aStYH1cGOZwzr3cc0+QcKa047xbS8srq2vrpY3y5tb2zm5lb7+l4lRSaNKYx7ITEAWcCWhqpjl0EgkkCji0g9FVobfHIBWLxa2eJOBHZCBYyCjRhvK6EdFDSnh2l/cqVceuOUXh38C1p79TRfNq9Cof3X5M0wiEppwo5blOov2MSM0oh7zcTRUkhI7IADwDBYlA+dnUco6PDdPHYSzNExpP2e8TGYmUmkSB6Swsqp9aQf6leakOL/yMiSTVIOhsUZhyrGNc3I/7TALVfGIAoZIZr5gOiSRUm5QWt0gYL1yRmaBoXjZBfaWB/wetmu2e2rWbs2r9ch5ZCR2iI3SCXHSO6ugaNVATURSje/SInqwH69l6sV5nrUvWfOYALZT19gn1BqB8</latexit>

W(y|�)
<latexit sha1_base64="wdPz1b3LHNTJke2AysxBg6o3V1I=">AAACEXicdVDLSgMxFL3js9ZX1aWbYBHqZpipgq6k4MZlBfuAdiiZNNPGZjJDkimWsf8guNI/cSdu/QJ/xLWZtoL1cSDkcM693HuPH3OmtOO8WwuLS8srq7m1/PrG5tZ2YWe3rqJEElojEY9k08eKciZoTTPNaTOWFIc+pw1/cJH5jSGVikXiWo9i6oW4J1jACNZGqjdKo7vbo06h6NhlJwP6TVx78jtFmKHaKXy0uxFJQio04VipluvE2kux1IxwOs63E0VjTAa4R1uGChxS5aWTbcfo0ChdFETSPKHRRP3ekeJQqVHom8oQ67766WXiX14r0cGZlzIRJ5oKMh0UJBzpCGWnoy6TlGg+MgQTycyuiPSxxESbgOanSDqcuyIlmJNx3gT1lQb6n9TLtntsl69OipXzWWQ52IcDKIELp1CBS6hCDQjcwD08wpP1YD1bL9brtHTBmvXswRyst08do53Y</latexit>

X1
<latexit sha1_base64="jMFzER4IU0iSdtyMJCQBl/fnnt4=">AAACDnicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4jmgWSIfR0apImPQvdPYEw5BMET/on3sSrv+CPeLYniWBcHjT9eK+Kqnp+IrjSjvNuLS2vrK6tFzaKm1vbO7ulvf2GilPJsM5iEcuWTxUKHmFdcy2wlUikoS+w6Q+vcr85Qql4HN3pcYJeSPsRDzij2ki3ra7bLZUdu+LkIL+Ja09/pwxz1Lqlj04vZmmIkWaCKtV2nUR7GZWaM4GTYidVmFA2pH1sGxrREJWXTVedkGOj9EgQS/MiTabq946MhkqNQ99UhlQP1E8vF//y2qkOLryMR0mqMWKzQUEqiI5JfjfpcYlMi7EhlEludiVsQCVl2qSzOEXiaOGKjFHBJkUT1Fca5H/SqNjuqV25OStXL+eRFeAQjuAEXDiHKlxDDerAoA/38AhP1oP1bL1Yr7PSJWvecwALsN4+AbelnI0=</latexit>

W(·|·)
<latexit sha1_base64="IPQBAEX+/GL6k/imlMv2PyY+SBQ=">AAACB3icdVDLSgMxFM3UV62vqks3wSLUzTBTBV1JwY3LCvYB7VgymUwbmkmGJFMoYz/AP3CrP+BO3PoZ7v0QM9MK1seBJIdz7uXeHD9mVGnHebcKS8srq2vF9dLG5tb2Tnl3r6VEIjFpYsGE7PhIEUY5aWqqGenEkqDIZ6Ttjy4zvz0mUlHBb/QkJl6EBpyGFCNtpNt2tYcDoe/y+7hfrjh2zckAfxPXzl+nAuZo9MsfvUDgJCJcY4aU6rpOrL0USU0xI9NSL1EkRniEBqRrKEcRUV6abz2FR0YJYCikOVzDXP3ekaJIqUnkm8oI6aH66WXiX1430eG5l1IeJ5pwPBsUJgxqAbMIYEAlwZpNDEFYUrMrxEMkEdYmqMUpkoynJRPL19/h/6RVs90Tu3Z9WqlfzAMqggNwCKrABWegDq5AAzQBBhI8gEfwZN1bz9aL9TorLVjznn2wAOvtExTNmc0=</latexit>
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<latexit sha1_base64="WA3kx81DdJKFY+fkvHNghH+lyak=">AAACGXicdVDLSgMxFM34rPVVdekmWAQXZZipgq6k4MZlBacttOOQyWTa0EwyJJlCGfofgiv9E3fi1pU/4tpMW8H6OBByOOde7r0nTBlV2nHeraXlldW19dJGeXNre2e3srffUiKTmHhYMCE7IVKEUU48TTUjnVQSlISMtMPhVeG3R0QqKvitHqfET1Cf05hipI105wVurccioVXNC4ZBperYdacA/E1ce/o7VTBHM6h89CKBs4RwjRlSqus6qfZzJDXFjEzKvUyRFOEh6pOuoRwlRPn5dOsJPDZKBGMhzeMaTtXvHTlKlBonoalMkB6on14h/uV1Mx1f+DnlaaYJx7NBccagFrCIAEZUEqzZ2BCEJTW7QjxAEmFtglqcIslo4YocI4YnZRPUVxrwf9Kq2+6pXb85qzYu55GVwCE4AifABeegAa5BE3gAAwnuwSN4sh6sZ+vFep2VLlnzngOwAOvtE/yXoPE=</latexit>

X
<latexit sha1_base64="ImlAX7A4uSiiqRYOXGY/xKoNpUo=">AAACFnicdVDLSsNAFJ3UV62vqks3g0VwFZIq6EoKblxWsA9IQ5lMb9qhk0mYmRRKyGcIrvRP3Ilbt/6IaydtBevjwjCHc+7lnnuChDOlHefdKq2srq1vlDcrW9s7u3vV/YO2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCcbXhd6ZgFQsFnd6moAfkaFgIaNEG8rrRUSPKOFZN+9Xa45dd4rCv4Frz36nhhbV7Fc/eoOYphEITTlRynOdRPsZkZpRDnmllypICB2TIXgGChKB8rOZ5RyfGGaAw1iaJzSesd8nMhIpNY0C01lYVD+1gvxL81IdXvoZE0mqQdD5ojDlWMe4uB8PmASq+dQAQiUzXjEdEUmoNiktb5EwWboiM0HRvGKC+koD/w/adds9s+u357XG1SKyMjpCx+gUuegCNdANaqIWoihG9+gRPVkP1rP1Yr3OW0vWYuYQLZX19gnzXaB7</latexit>

Y
<latexit sha1_base64="z8sEwn4iQ1disy1iT5GvCbMTeVk=">AAACFnicdVDLSsNAFJ34rPVVdelmsAiuQlIFXUnBjcsK9iFpKJPpTTt0Mgkzk0IJ+QzBlf6JO3Hr1h9x7aStYH1cGOZwzr3cc0+QcKa047xbS8srq2vrpY3y5tb2zm5lb7+l4lRSaNKYx7ITEAWcCWhqpjl0EgkkCji0g9FVobfHIBWLxa2eJOBHZCBYyCjRhvK6EdFDSnh2l/cqVceuOUXh38C1p79TRfNq9Cof3X5M0wiEppwo5blOov2MSM0oh7zcTRUkhI7IADwDBYlA+dnUco6PDdPHYSzNExpP2e8TGYmUmkSB6Swsqp9aQf6leakOL/yMiSTVIOhsUZhyrGNc3I/7TALVfGIAoZIZr5gOiSRUm5QWt0gYL1yRmaBoXjZBfaWB/wetmu2e2rWbs2r9ch5ZCR2iI3SCXHSO6ugaNVATURSje/SInqwH69l6sV5nrUvWfOYALZT19gn1BqB8</latexit>

W(y|�)
<latexit sha1_base64="wdPz1b3LHNTJke2AysxBg6o3V1I=">AAACEXicdVDLSgMxFL3js9ZX1aWbYBHqZpipgq6k4MZlBfuAdiiZNNPGZjJDkimWsf8guNI/cSdu/QJ/xLWZtoL1cSDkcM693HuPH3OmtOO8WwuLS8srq7m1/PrG5tZ2YWe3rqJEElojEY9k08eKciZoTTPNaTOWFIc+pw1/cJH5jSGVikXiWo9i6oW4J1jACNZGqjdKo7vbo06h6NhlJwP6TVx78jtFmKHaKXy0uxFJQio04VipluvE2kux1IxwOs63E0VjTAa4R1uGChxS5aWTbcfo0ChdFETSPKHRRP3ekeJQqVHom8oQ67766WXiX14r0cGZlzIRJ5oKMh0UJBzpCGWnoy6TlGg+MgQTycyuiPSxxESbgOanSDqcuyIlmJNx3gT1lQb6n9TLtntsl69OipXzWWQ52IcDKIELp1CBS6hCDQjcwD08wpP1YD1bL9brtHTBmvXswRyst08do53Y</latexit>

X1
<latexit sha1_base64="jMFzER4IU0iSdtyMJCQBl/fnnt4=">AAACDnicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4jmgWSIfR0apImPQvdPYEw5BMET/on3sSrv+CPeLYniWBcHjT9eK+Kqnp+IrjSjvNuLS2vrK6tFzaKm1vbO7ulvf2GilPJsM5iEcuWTxUKHmFdcy2wlUikoS+w6Q+vcr85Qql4HN3pcYJeSPsRDzij2ki3ra7bLZUdu+LkIL+Ja09/pwxz1Lqlj04vZmmIkWaCKtV2nUR7GZWaM4GTYidVmFA2pH1sGxrREJWXTVedkGOj9EgQS/MiTabq946MhkqNQ99UhlQP1E8vF//y2qkOLryMR0mqMWKzQUEqiI5JfjfpcYlMi7EhlEludiVsQCVl2qSzOEXiaOGKjFHBJkUT1Fca5H/SqNjuqV25OStXL+eRFeAQjuAEXDiHKlxDDerAoA/38AhP1oP1bL1Yr7PSJWvecwALsN4+AbelnI0=</latexit>

Y1
<latexit sha1_base64="SYrrH+8sMnweCNJgFPmfL9TIivY=">AAACDnicdVDJSgNBEK2JW4xb1KOXxiB4GmaioCcJePEY0SySDKGnU0ma9Cx09wTCkE8QPOmfeBOv/oI/4tmeJIJxedD0470qqur5seBKO867lVtaXlldy68XNja3tneKu3t1FSWSYY1FIpJNnyoUPMSa5lpgM5ZIA19gwx9eZn5jhFLxKLzV4xi9gPZD3uOMaiPd3HXcTrHk2GUnA/lNXHv6OyWYo9opfrS7EUsCDDUTVKmW68TaS6nUnAmcFNqJwpiyIe1jy9CQBqi8dLrqhBwZpUt6kTQv1GSqfu9IaaDUOPBNZUD1QP30MvEvr5Xo3rmX8jBONIZsNqiXCKIjkt1Nulwi02JsCGWSm10JG1BJmTbpLE6ROFq4ImVUsEnBBPWVBvmf1Mu2e2KXr09LlYt5ZHk4gEM4BhfOoAJXUIUaMOjDPTzCk/VgPVsv1uusNGfNe/ZhAdbbJ7lPnI4=</latexit>

W(·|·)
<latexit sha1_base64="IPQBAEX+/GL6k/imlMv2PyY+SBQ=">AAACB3icdVDLSgMxFM3UV62vqks3wSLUzTBTBV1JwY3LCvYB7VgymUwbmkmGJFMoYz/AP3CrP+BO3PoZ7v0QM9MK1seBJIdz7uXeHD9mVGnHebcKS8srq2vF9dLG5tb2Tnl3r6VEIjFpYsGE7PhIEUY5aWqqGenEkqDIZ6Ttjy4zvz0mUlHBb/QkJl6EBpyGFCNtpNt2tYcDoe/y+7hfrjh2zckAfxPXzl+nAuZo9MsfvUDgJCJcY4aU6rpOrL0USU0xI9NSL1EkRniEBqRrKEcRUV6abz2FR0YJYCikOVzDXP3ekaJIqUnkm8oI6aH66WXiX1430eG5l1IeJ5pwPBsUJgxqAbMIYEAlwZpNDEFYUrMrxEMkEdYmqMUpkoynJRPL19/h/6RVs90Tu3Z9WqlfzAMqggNwCKrABWegDq5AAzQBBhI8gEfwZN1bz9aL9TorLVjznn2wAOvtExTNmc0=</latexit>
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W(y|�)
<latexit sha1_base64="wdPz1b3LHNTJke2AysxBg6o3V1I=">AAACEXicdVDLSgMxFL3js9ZX1aWbYBHqZpipgq6k4MZlBfuAdiiZNNPGZjJDkimWsf8guNI/cSdu/QJ/xLWZtoL1cSDkcM693HuPH3OmtOO8WwuLS8srq7m1/PrG5tZ2YWe3rqJEElojEY9k08eKciZoTTPNaTOWFIc+pw1/cJH5jSGVikXiWo9i6oW4J1jACNZGqjdKo7vbo06h6NhlJwP6TVx78jtFmKHaKXy0uxFJQio04VipluvE2kux1IxwOs63E0VjTAa4R1uGChxS5aWTbcfo0ChdFETSPKHRRP3ekeJQqVHom8oQ67766WXiX14r0cGZlzIRJ5oKMh0UJBzpCGWnoy6TlGg+MgQTycyuiPSxxESbgOanSDqcuyIlmJNx3gT1lQb6n9TLtntsl69OipXzWWQ52IcDKIELp1CBS6hCDQjcwD08wpP1YD1bL9brtHTBmvXswRyst08do53Y</latexit>

X1
<latexit sha1_base64="jMFzER4IU0iSdtyMJCQBl/fnnt4=">AAACDnicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4jmgWSIfR0apImPQvdPYEw5BMET/on3sSrv+CPeLYniWBcHjT9eK+Kqnp+IrjSjvNuLS2vrK6tFzaKm1vbO7ulvf2GilPJsM5iEcuWTxUKHmFdcy2wlUikoS+w6Q+vcr85Qql4HN3pcYJeSPsRDzij2ki3ra7bLZUdu+LkIL+Ja09/pwxz1Lqlj04vZmmIkWaCKtV2nUR7GZWaM4GTYidVmFA2pH1sGxrREJWXTVedkGOj9EgQS/MiTabq946MhkqNQ99UhlQP1E8vF//y2qkOLryMR0mqMWKzQUEqiI5JfjfpcYlMi7EhlEludiVsQCVl2qSzOEXiaOGKjFHBJkUT1Fca5H/SqNjuqV25OStXL+eRFeAQjuAEXDiHKlxDDerAoA/38AhP1oP1bL1Yr7PSJWvecwALsN4+AbelnI0=</latexit>

, X2
<latexit sha1_base64="ajbyPO/h/Lwxt2F0z86yDGsvMMU=">AAACEHicdVDLSsNAFJ34rPVVdelmsAguJCRR0JUU3LisYNpCG8pketMOnUzCzKRQQr9BcKV/4k7c+gf+iGsnbQXr48Awh3Pu5d57wpQzpR3n3VpaXlldWy9tlDe3tnd2K3v7DZVkkoJPE57IVkgUcCbA10xzaKUSSBxyaIbD68JvjkAqlog7PU4hiElfsIhRoo3kn+JW1+tWqo7tOQXwb+La09+pojnq3cpHp5fQLAahKSdKtV0n1UFOpGaUw6TcyRSkhA5JH9qGChKDCvLpshN8bJQejhJpntB4qn7vyEms1DgOTWVM9ED99ArxL6+d6egyyJlIMw2CzgZFGcc6wcXluMckUM3HhhAqmdkV0wGRhGqTz+IUCaOFK3JKOJ2UTVBfaeD/ScOz3TPbuz2v1q7mkZXQITpCJ8hFF6iGblAd+Ygihu7RI3qyHqxn68V6nZUuWfOeA7QA6+0Tgmac7g==</latexit>

Y1
<latexit sha1_base64="SYrrH+8sMnweCNJgFPmfL9TIivY=">AAACDnicdVDJSgNBEK2JW4xb1KOXxiB4GmaioCcJePEY0SySDKGnU0ma9Cx09wTCkE8QPOmfeBOv/oI/4tmeJIJxedD0470qqur5seBKO867lVtaXlldy68XNja3tneKu3t1FSWSYY1FIpJNnyoUPMSa5lpgM5ZIA19gwx9eZn5jhFLxKLzV4xi9gPZD3uOMaiPd3HXcTrHk2GUnA/lNXHv6OyWYo9opfrS7EUsCDDUTVKmW68TaS6nUnAmcFNqJwpiyIe1jy9CQBqi8dLrqhBwZpUt6kTQv1GSqfu9IaaDUOPBNZUD1QP30MvEvr5Xo3rmX8jBONIZsNqiXCKIjkt1Nulwi02JsCGWSm10JG1BJmTbpLE6ROFq4ImVUsEnBBPWVBvmf1Mu2e2KXr09LlYt5ZHk4gEM4BhfOoAJXUIUaMOjDPTzCk/VgPVsv1uusNGfNe/ZhAdbbJ7lPnI4=</latexit>

W(·|·)
<latexit sha1_base64="IPQBAEX+/GL6k/imlMv2PyY+SBQ=">AAACB3icdVDLSgMxFM3UV62vqks3wSLUzTBTBV1JwY3LCvYB7VgymUwbmkmGJFMoYz/AP3CrP+BO3PoZ7v0QM9MK1seBJIdz7uXeHD9mVGnHebcKS8srq2vF9dLG5tb2Tnl3r6VEIjFpYsGE7PhIEUY5aWqqGenEkqDIZ6Ttjy4zvz0mUlHBb/QkJl6EBpyGFCNtpNt2tYcDoe/y+7hfrjh2zckAfxPXzl+nAuZo9MsfvUDgJCJcY4aU6rpOrL0USU0xI9NSL1EkRniEBqRrKEcRUV6abz2FR0YJYCikOVzDXP3ekaJIqUnkm8oI6aH66WXiX1430eG5l1IeJ5pwPBsUJgxqAbMIYEAlwZpNDEFYUrMrxEMkEdYmqMUpkoynJRPL19/h/6RVs90Tu3Z9WqlfzAMqggNwCKrABWegDq5AAzQBBhI8gEfwZN1bz9aL9TorLVjznn2wAOvtExTNmc0=</latexit>
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<latexit sha1_base64="jMFzER4IU0iSdtyMJCQBl/fnnt4=">AAACDnicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4jmgWSIfR0apImPQvdPYEw5BMET/on3sSrv+CPeLYniWBcHjT9eK+Kqnp+IrjSjvNuLS2vrK6tFzaKm1vbO7ulvf2GilPJsM5iEcuWTxUKHmFdcy2wlUikoS+w6Q+vcr85Qql4HN3pcYJeSPsRDzij2ki3ra7bLZUdu+LkIL+Ja09/pwxz1Lqlj04vZmmIkWaCKtV2nUR7GZWaM4GTYidVmFA2pH1sGxrREJWXTVedkGOj9EgQS/MiTabq946MhkqNQ99UhlQP1E8vF//y2qkOLryMR0mqMWKzQUEqiI5JfjfpcYlMi7EhlEludiVsQCVl2qSzOEXiaOGKjFHBJkUT1Fca5H/SqNjuqV25OStXL+eRFeAQjuAEXDiHKlxDDerAoA/38AhP1oP1bL1Yr7PSJWvecwALsN4+AbelnI0=</latexit>

, X2
<latexit sha1_base64="ajbyPO/h/Lwxt2F0z86yDGsvMMU=">AAACEHicdVDLSsNAFJ34rPVVdelmsAguJCRR0JUU3LisYNpCG8pketMOnUzCzKRQQr9BcKV/4k7c+gf+iGsnbQXr48Awh3Pu5d57wpQzpR3n3VpaXlldWy9tlDe3tnd2K3v7DZVkkoJPE57IVkgUcCbA10xzaKUSSBxyaIbD68JvjkAqlog7PU4hiElfsIhRoo3kn+JW1+tWqo7tOQXwb+La09+pojnq3cpHp5fQLAahKSdKtV0n1UFOpGaUw6TcyRSkhA5JH9qGChKDCvLpshN8bJQejhJpntB4qn7vyEms1DgOTWVM9ED99ArxL6+d6egyyJlIMw2CzgZFGcc6wcXluMckUM3HhhAqmdkV0wGRhGqTz+IUCaOFK3JKOJ2UTVBfaeD/ScOz3TPbuz2v1q7mkZXQITpCJ8hFF6iGblAd+Ygihu7RI3qyHqxn68V6nZUuWfOeA7QA6+0Tgmac7g==</latexit>

Y1
<latexit sha1_base64="SYrrH+8sMnweCNJgFPmfL9TIivY=">AAACDnicdVDJSgNBEK2JW4xb1KOXxiB4GmaioCcJePEY0SySDKGnU0ma9Cx09wTCkE8QPOmfeBOv/oI/4tmeJIJxedD0470qqur5seBKO867lVtaXlldy68XNja3tneKu3t1FSWSYY1FIpJNnyoUPMSa5lpgM5ZIA19gwx9eZn5jhFLxKLzV4xi9gPZD3uOMaiPd3HXcTrHk2GUnA/lNXHv6OyWYo9opfrS7EUsCDDUTVKmW68TaS6nUnAmcFNqJwpiyIe1jy9CQBqi8dLrqhBwZpUt6kTQv1GSqfu9IaaDUOPBNZUD1QP30MvEvr5Xo3rmX8jBONIZsNqiXCKIjkt1Nulwi02JsCGWSm10JG1BJmTbpLE6ROFq4ImVUsEnBBPWVBvmf1Mu2e2KXr09LlYt5ZHk4gEM4BhfOoAJXUIUaMOjDPTzCk/VgPVsv1uusNGfNe/ZhAdbbJ7lPnI4=</latexit>

, Y2
<latexit sha1_base64="Am36WDftIDC988mR3NGxbJGYsR4=">AAACD3icdVDLSsNAFL2pr1pfVZduBovgQkISBV1JwY3LCvYhbSiT6aQdOpmEmUmhhP6C4Er/xJ249RP8EddO2grWx4FhDufcy733BAlnSjvOu1VYWl5ZXSuulzY2t7Z3yrt7DRWnktA6iXksWwFWlDNB65ppTluJpDgKOG0Gw6vcb46oVCwWt3qcUD/CfcFCRrDOpZO7rtctVxzbc3Kg38S1p79TgTlq3fJHpxeTNKJCE46VartOov0MS80Ip5NSJ1U0wWSI+7RtqMARVX423XWCjozSQ2EszRMaTdXvHRmOlBpHgamMsB6on14u/uW1Ux1e+BkTSaqpILNBYcqRjlF+OOoxSYnmY0MwkczsisgAS0y0iWdxiqSjhSsygjmZlExQX2mg/0nDs91T27s5q1Qv55EV4QAO4RhcOIcqXEMN6kBgAPfwCE/Wg/VsvVivs9KCNe/ZhwVYb58pdpzF</latexit>

W(·|·)
<latexit sha1_base64="IPQBAEX+/GL6k/imlMv2PyY+SBQ=">AAACB3icdVDLSgMxFM3UV62vqks3wSLUzTBTBV1JwY3LCvYB7VgymUwbmkmGJFMoYz/AP3CrP+BO3PoZ7v0QM9MK1seBJIdz7uXeHD9mVGnHebcKS8srq2vF9dLG5tb2Tnl3r6VEIjFpYsGE7PhIEUY5aWqqGenEkqDIZ6Ttjy4zvz0mUlHBb/QkJl6EBpyGFCNtpNt2tYcDoe/y+7hfrjh2zckAfxPXzl+nAuZo9MsfvUDgJCJcY4aU6rpOrL0USU0xI9NSL1EkRniEBqRrKEcRUV6abz2FR0YJYCikOVzDXP3ekaJIqUnkm8oI6aH66WXiX1430eG5l1IeJ5pwPBsUJgxqAbMIYEAlwZpNDEFYUrMrxEMkEdYmqMUpkoynJRPL19/h/6RVs90Tu3Z9WqlfzAMqggNwCKrABWegDq5AAzQBBhI8gEfwZN1bz9aL9TorLVjznn2wAOvtExTNmc0=</latexit>
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‣ Given:  

- input alphabet:       (finite) 

- output alphabet:      (finite) 

- channel matrix:              (indep. over time)

U1, . . . , Uk
<latexit sha1_base64="WA3kx81DdJKFY+fkvHNghH+lyak=">AAACGXicdVDLSgMxFM34rPVVdekmWAQXZZipgq6k4MZlBacttOOQyWTa0EwyJJlCGfofgiv9E3fi1pU/4tpMW8H6OBByOOde7r0nTBlV2nHeraXlldW19dJGeXNre2e3srffUiKTmHhYMCE7IVKEUU48TTUjnVQSlISMtMPhVeG3R0QqKvitHqfET1Cf05hipI105wVurccioVXNC4ZBperYdacA/E1ce/o7VTBHM6h89CKBs4RwjRlSqus6qfZzJDXFjEzKvUyRFOEh6pOuoRwlRPn5dOsJPDZKBGMhzeMaTtXvHTlKlBonoalMkB6on14h/uV1Mx1f+DnlaaYJx7NBccagFrCIAEZUEqzZ2BCEJTW7QjxAEmFtglqcIslo4YocI4YnZRPUVxrwf9Kq2+6pXb85qzYu55GVwCE4AifABeegAa5BE3gAAwnuwSN4sh6sZ+vFep2VLlnzngOwAOvtE/yXoPE=</latexit>

X
<latexit sha1_base64="ImlAX7A4uSiiqRYOXGY/xKoNpUo=">AAACFnicdVDLSsNAFJ3UV62vqks3g0VwFZIq6EoKblxWsA9IQ5lMb9qhk0mYmRRKyGcIrvRP3Ilbt/6IaydtBevjwjCHc+7lnnuChDOlHefdKq2srq1vlDcrW9s7u3vV/YO2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCcbXhd6ZgFQsFnd6moAfkaFgIaNEG8rrRUSPKOFZN+9Xa45dd4rCv4Frz36nhhbV7Fc/eoOYphEITTlRynOdRPsZkZpRDnmllypICB2TIXgGChKB8rOZ5RyfGGaAw1iaJzSesd8nMhIpNY0C01lYVD+1gvxL81IdXvoZE0mqQdD5ojDlWMe4uB8PmASq+dQAQiUzXjEdEUmoNiktb5EwWboiM0HRvGKC+koD/w/adds9s+u357XG1SKyMjpCx+gUuegCNdANaqIWoihG9+gRPVkP1rP1Yr3OW0vWYuYQLZX19gnzXaB7</latexit>

Y
<latexit sha1_base64="z8sEwn4iQ1disy1iT5GvCbMTeVk=">AAACFnicdVDLSsNAFJ34rPVVdelmsAiuQlIFXUnBjcsK9iFpKJPpTTt0Mgkzk0IJ+QzBlf6JO3Hr1h9x7aStYH1cGOZwzr3cc0+QcKa047xbS8srq2vrpY3y5tb2zm5lb7+l4lRSaNKYx7ITEAWcCWhqpjl0EgkkCji0g9FVobfHIBWLxa2eJOBHZCBYyCjRhvK6EdFDSnh2l/cqVceuOUXh38C1p79TRfNq9Cof3X5M0wiEppwo5blOov2MSM0oh7zcTRUkhI7IADwDBYlA+dnUco6PDdPHYSzNExpP2e8TGYmUmkSB6Swsqp9aQf6leakOL/yMiSTVIOhsUZhyrGNc3I/7TALVfGIAoZIZr5gOiSRUm5QWt0gYL1yRmaBoXjZBfaWB/wetmu2e2rWbs2r9ch5ZCR2iI3SCXHSO6ugaNVATURSje/SInqwH69l6sV5nrUvWfOYALZT19gn1BqB8</latexit>

W(y|�)
<latexit sha1_base64="wdPz1b3LHNTJke2AysxBg6o3V1I=">AAACEXicdVDLSgMxFL3js9ZX1aWbYBHqZpipgq6k4MZlBfuAdiiZNNPGZjJDkimWsf8guNI/cSdu/QJ/xLWZtoL1cSDkcM693HuPH3OmtOO8WwuLS8srq7m1/PrG5tZ2YWe3rqJEElojEY9k08eKciZoTTPNaTOWFIc+pw1/cJH5jSGVikXiWo9i6oW4J1jACNZGqjdKo7vbo06h6NhlJwP6TVx78jtFmKHaKXy0uxFJQio04VipluvE2kux1IxwOs63E0VjTAa4R1uGChxS5aWTbcfo0ChdFETSPKHRRP3ekeJQqVHom8oQ67766WXiX14r0cGZlzIRJ5oKMh0UJBzpCGWnoy6TlGg+MgQTycyuiPSxxESbgOanSDqcuyIlmJNx3gT1lQb6n9TLtntsl69OipXzWWQ52IcDKIELp1CBS6hCDQjcwD08wpP1YD1bL9brtHTBmvXswRyst08do53Y</latexit>

X1
<latexit sha1_base64="jMFzER4IU0iSdtyMJCQBl/fnnt4=">AAACDnicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4jmgWSIfR0apImPQvdPYEw5BMET/on3sSrv+CPeLYniWBcHjT9eK+Kqnp+IrjSjvNuLS2vrK6tFzaKm1vbO7ulvf2GilPJsM5iEcuWTxUKHmFdcy2wlUikoS+w6Q+vcr85Qql4HN3pcYJeSPsRDzij2ki3ra7bLZUdu+LkIL+Ja09/pwxz1Lqlj04vZmmIkWaCKtV2nUR7GZWaM4GTYidVmFA2pH1sGxrREJWXTVedkGOj9EgQS/MiTabq946MhkqNQ99UhlQP1E8vF//y2qkOLryMR0mqMWKzQUEqiI5JfjfpcYlMi7EhlEludiVsQCVl2qSzOEXiaOGKjFHBJkUT1Fca5H/SqNjuqV25OStXL+eRFeAQjuAEXDiHKlxDDerAoA/38AhP1oP1bL1Yr7PSJWvecwALsN4+AbelnI0=</latexit>

, X2
<latexit sha1_base64="ajbyPO/h/Lwxt2F0z86yDGsvMMU=">AAACEHicdVDLSsNAFJ34rPVVdelmsAguJCRR0JUU3LisYNpCG8pketMOnUzCzKRQQr9BcKV/4k7c+gf+iGsnbQXr48Awh3Pu5d57wpQzpR3n3VpaXlldWy9tlDe3tnd2K3v7DZVkkoJPE57IVkgUcCbA10xzaKUSSBxyaIbD68JvjkAqlog7PU4hiElfsIhRoo3kn+JW1+tWqo7tOQXwb+La09+pojnq3cpHp5fQLAahKSdKtV0n1UFOpGaUw6TcyRSkhA5JH9qGChKDCvLpshN8bJQejhJpntB4qn7vyEms1DgOTWVM9ED99ArxL6+d6egyyJlIMw2CzgZFGcc6wcXluMckUM3HhhAqmdkV0wGRhGqTz+IUCaOFK3JKOJ2UTVBfaeD/ScOz3TPbuz2v1q7mkZXQITpCJ8hFF6iGblAd+Ygihu7RI3qyHqxn68V6nZUuWfOeA7QA6+0Tgmac7g==</latexit>

, . . . , Xn
<latexit sha1_base64="8qCNVC7ZgSCpWqx+GnCp3huQKgs=">AAACGHicdVDLSsNAFJ34rPVVdelmsAguSkiqoCspuHFZwT6gDWUyuWmHTiZxZlIood8huNI/cSdu3fkjrp20FayPA8MczrmXe+/xE86Udpx3a2l5ZXVtvbBR3Nza3tkt7e03VZxKCg0a81i2faKAMwENzTSHdiKBRD6Hlj+8yv3WCKRisbjV4wS8iPQFCxkl2kheBXd5EGtVwe2e6JXKjl11cuDfxLWnv1NGc9R7pY9uENM0AqEpJ0p1XCfRXkakZpTDpNhNFSSEDkkfOoYKEoHysunSE3xslACHsTRPaDxVv3dkJFJqHPmmMiJ6oH56ufiX10l1eOFlTCSpBkFng8KUYx3jPAEcMAlU87EhhEpmdsV0QCSh2uS0OEXCaOGKjBJOJ0UT1Fca+H/SrNruqV29OSvXLueRFdAhOkInyEXnqIauUR01EEV36B49oifrwXq2XqzXWemSNe85QAuw3j4ByfygSA==</latexit>

Y1
<latexit sha1_base64="SYrrH+8sMnweCNJgFPmfL9TIivY=">AAACDnicdVDJSgNBEK2JW4xb1KOXxiB4GmaioCcJePEY0SySDKGnU0ma9Cx09wTCkE8QPOmfeBOv/oI/4tmeJIJxedD0470qqur5seBKO867lVtaXlldy68XNja3tneKu3t1FSWSYY1FIpJNnyoUPMSa5lpgM5ZIA19gwx9eZn5jhFLxKLzV4xi9gPZD3uOMaiPd3HXcTrHk2GUnA/lNXHv6OyWYo9opfrS7EUsCDDUTVKmW68TaS6nUnAmcFNqJwpiyIe1jy9CQBqi8dLrqhBwZpUt6kTQv1GSqfu9IaaDUOPBNZUD1QP30MvEvr5Xo3rmX8jBONIZsNqiXCKIjkt1Nulwi02JsCGWSm10JG1BJmTbpLE6ROFq4ImVUsEnBBPWVBvmf1Mu2e2KXr09LlYt5ZHk4gEM4BhfOoAJXUIUaMOjDPTzCk/VgPVsv1uusNGfNe/ZhAdbbJ7lPnI4=</latexit>

, Y2
<latexit sha1_base64="Am36WDftIDC988mR3NGxbJGYsR4=">AAACD3icdVDLSsNAFL2pr1pfVZduBovgQkISBV1JwY3LCvYhbSiT6aQdOpmEmUmhhP6C4Er/xJ249RP8EddO2grWx4FhDufcy733BAlnSjvOu1VYWl5ZXSuulzY2t7Z3yrt7DRWnktA6iXksWwFWlDNB65ppTluJpDgKOG0Gw6vcb46oVCwWt3qcUD/CfcFCRrDOpZO7rtctVxzbc3Kg38S1p79TgTlq3fJHpxeTNKJCE46VartOov0MS80Ip5NSJ1U0wWSI+7RtqMARVX423XWCjozSQ2EszRMaTdXvHRmOlBpHgamMsB6on14u/uW1Ux1e+BkTSaqpILNBYcqRjlF+OOoxSYnmY0MwkczsisgAS0y0iWdxiqSjhSsygjmZlExQX2mg/0nDs91T27s5q1Qv55EV4QAO4RhcOIcqXEMN6kBgAPfwCE/Wg/VsvVivs9KCNe/ZhwVYb58pdpzF</latexit>

W(·|·)
<latexit sha1_base64="IPQBAEX+/GL6k/imlMv2PyY+SBQ=">AAACB3icdVDLSgMxFM3UV62vqks3wSLUzTBTBV1JwY3LCvYB7VgymUwbmkmGJFMoYz/AP3CrP+BO3PoZ7v0QM9MK1seBJIdz7uXeHD9mVGnHebcKS8srq2vF9dLG5tb2Tnl3r6VEIjFpYsGE7PhIEUY5aWqqGenEkqDIZ6Ttjy4zvz0mUlHBb/QkJl6EBpyGFCNtpNt2tYcDoe/y+7hfrjh2zckAfxPXzl+nAuZo9MsfvUDgJCJcY4aU6rpOrL0USU0xI9NSL1EkRniEBqRrKEcRUV6abz2FR0YJYCikOVzDXP3ekaJIqUnkm8oI6aH66WXiX1430eG5l1IeJ5pwPBsUJgxqAbMIYEAlwZpNDEFYUrMrxEMkEdYmqMUpkoynJRPL19/h/6RVs90Tu3Z9WqlfzAMqggNwCKrABWegDq5AAzQBBhI8gEfwZN1bz9aL9TorLVjznn2wAOvtExTNmc0=</latexit>
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‣ Given:  

- input alphabet:       (finite) 

- output alphabet:      (finite) 

- channel matrix:              (indep. over time)

U1, . . . , Uk
<latexit sha1_base64="WA3kx81DdJKFY+fkvHNghH+lyak=">AAACGXicdVDLSgMxFM34rPVVdekmWAQXZZipgq6k4MZlBacttOOQyWTa0EwyJJlCGfofgiv9E3fi1pU/4tpMW8H6OBByOOde7r0nTBlV2nHeraXlldW19dJGeXNre2e3srffUiKTmHhYMCE7IVKEUU48TTUjnVQSlISMtMPhVeG3R0QqKvitHqfET1Cf05hipI105wVurccioVXNC4ZBperYdacA/E1ce/o7VTBHM6h89CKBs4RwjRlSqus6qfZzJDXFjEzKvUyRFOEh6pOuoRwlRPn5dOsJPDZKBGMhzeMaTtXvHTlKlBonoalMkB6on14h/uV1Mx1f+DnlaaYJx7NBccagFrCIAEZUEqzZ2BCEJTW7QjxAEmFtglqcIslo4YocI4YnZRPUVxrwf9Kq2+6pXb85qzYu55GVwCE4AifABeegAa5BE3gAAwnuwSN4sh6sZ+vFep2VLlnzngOwAOvtE/yXoPE=</latexit>

X
<latexit sha1_base64="ImlAX7A4uSiiqRYOXGY/xKoNpUo=">AAACFnicdVDLSsNAFJ3UV62vqks3g0VwFZIq6EoKblxWsA9IQ5lMb9qhk0mYmRRKyGcIrvRP3Ilbt/6IaydtBevjwjCHc+7lnnuChDOlHefdKq2srq1vlDcrW9s7u3vV/YO2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCcbXhd6ZgFQsFnd6moAfkaFgIaNEG8rrRUSPKOFZN+9Xa45dd4rCv4Frz36nhhbV7Fc/eoOYphEITTlRynOdRPsZkZpRDnmllypICB2TIXgGChKB8rOZ5RyfGGaAw1iaJzSesd8nMhIpNY0C01lYVD+1gvxL81IdXvoZE0mqQdD5ojDlWMe4uB8PmASq+dQAQiUzXjEdEUmoNiktb5EwWboiM0HRvGKC+koD/w/adds9s+u357XG1SKyMjpCx+gUuegCNdANaqIWoihG9+gRPVkP1rP1Yr3OW0vWYuYQLZX19gnzXaB7</latexit>

Y
<latexit sha1_base64="z8sEwn4iQ1disy1iT5GvCbMTeVk=">AAACFnicdVDLSsNAFJ34rPVVdelmsAiuQlIFXUnBjcsK9iFpKJPpTTt0Mgkzk0IJ+QzBlf6JO3Hr1h9x7aStYH1cGOZwzr3cc0+QcKa047xbS8srq2vrpY3y5tb2zm5lb7+l4lRSaNKYx7ITEAWcCWhqpjl0EgkkCji0g9FVobfHIBWLxa2eJOBHZCBYyCjRhvK6EdFDSnh2l/cqVceuOUXh38C1p79TRfNq9Cof3X5M0wiEppwo5blOov2MSM0oh7zcTRUkhI7IADwDBYlA+dnUco6PDdPHYSzNExpP2e8TGYmUmkSB6Swsqp9aQf6leakOL/yMiSTVIOhsUZhyrGNc3I/7TALVfGIAoZIZr5gOiSRUm5QWt0gYL1yRmaBoXjZBfaWB/wetmu2e2rWbs2r9ch5ZCR2iI3SCXHSO6ugaNVATURSje/SInqwH69l6sV5nrUvWfOYALZT19gn1BqB8</latexit>

W(y|�)
<latexit sha1_base64="wdPz1b3LHNTJke2AysxBg6o3V1I=">AAACEXicdVDLSgMxFL3js9ZX1aWbYBHqZpipgq6k4MZlBfuAdiiZNNPGZjJDkimWsf8guNI/cSdu/QJ/xLWZtoL1cSDkcM693HuPH3OmtOO8WwuLS8srq7m1/PrG5tZ2YWe3rqJEElojEY9k08eKciZoTTPNaTOWFIc+pw1/cJH5jSGVikXiWo9i6oW4J1jACNZGqjdKo7vbo06h6NhlJwP6TVx78jtFmKHaKXy0uxFJQio04VipluvE2kux1IxwOs63E0VjTAa4R1uGChxS5aWTbcfo0ChdFETSPKHRRP3ekeJQqVHom8oQ67766WXiX14r0cGZlzIRJ5oKMh0UJBzpCGWnoy6TlGg+MgQTycyuiPSxxESbgOanSDqcuyIlmJNx3gT1lQb6n9TLtntsl69OipXzWWQ52IcDKIELp1CBS6hCDQjcwD08wpP1YD1bL9brtHTBmvXswRyst08do53Y</latexit>

X1
<latexit sha1_base64="jMFzER4IU0iSdtyMJCQBl/fnnt4=">AAACDnicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4jmgWSIfR0apImPQvdPYEw5BMET/on3sSrv+CPeLYniWBcHjT9eK+Kqnp+IrjSjvNuLS2vrK6tFzaKm1vbO7ulvf2GilPJsM5iEcuWTxUKHmFdcy2wlUikoS+w6Q+vcr85Qql4HN3pcYJeSPsRDzij2ki3ra7bLZUdu+LkIL+Ja09/pwxz1Lqlj04vZmmIkWaCKtV2nUR7GZWaM4GTYidVmFA2pH1sGxrREJWXTVedkGOj9EgQS/MiTabq946MhkqNQ99UhlQP1E8vF//y2qkOLryMR0mqMWKzQUEqiI5JfjfpcYlMi7EhlEludiVsQCVl2qSzOEXiaOGKjFHBJkUT1Fca5H/SqNjuqV25OStXL+eRFeAQjuAEXDiHKlxDDerAoA/38AhP1oP1bL1Yr7PSJWvecwALsN4+AbelnI0=</latexit>

, X2
<latexit sha1_base64="ajbyPO/h/Lwxt2F0z86yDGsvMMU=">AAACEHicdVDLSsNAFJ34rPVVdelmsAguJCRR0JUU3LisYNpCG8pketMOnUzCzKRQQr9BcKV/4k7c+gf+iGsnbQXr48Awh3Pu5d57wpQzpR3n3VpaXlldWy9tlDe3tnd2K3v7DZVkkoJPE57IVkgUcCbA10xzaKUSSBxyaIbD68JvjkAqlog7PU4hiElfsIhRoo3kn+JW1+tWqo7tOQXwb+La09+pojnq3cpHp5fQLAahKSdKtV0n1UFOpGaUw6TcyRSkhA5JH9qGChKDCvLpshN8bJQejhJpntB4qn7vyEms1DgOTWVM9ED99ArxL6+d6egyyJlIMw2CzgZFGcc6wcXluMckUM3HhhAqmdkV0wGRhGqTz+IUCaOFK3JKOJ2UTVBfaeD/ScOz3TPbuz2v1q7mkZXQITpCJ8hFF6iGblAd+Ygihu7RI3qyHqxn68V6nZUuWfOeA7QA6+0Tgmac7g==</latexit>

, . . . , Xn
<latexit sha1_base64="8qCNVC7ZgSCpWqx+GnCp3huQKgs=">AAACGHicdVDLSsNAFJ34rPVVdelmsAguSkiqoCspuHFZwT6gDWUyuWmHTiZxZlIood8huNI/cSdu3fkjrp20FayPA8MczrmXe+/xE86Udpx3a2l5ZXVtvbBR3Nza3tkt7e03VZxKCg0a81i2faKAMwENzTSHdiKBRD6Hlj+8yv3WCKRisbjV4wS8iPQFCxkl2kheBXd5EGtVwe2e6JXKjl11cuDfxLWnv1NGc9R7pY9uENM0AqEpJ0p1XCfRXkakZpTDpNhNFSSEDkkfOoYKEoHysunSE3xslACHsTRPaDxVv3dkJFJqHPmmMiJ6oH56ufiX10l1eOFlTCSpBkFng8KUYx3jPAEcMAlU87EhhEpmdsV0QCSh2uS0OEXCaOGKjBJOJ0UT1Fca+H/SrNruqV29OSvXLueRFdAhOkInyEXnqIauUR01EEV36B49oifrwXq2XqzXWemSNe85QAuw3j4ByfygSA==</latexit>

Y1
<latexit sha1_base64="SYrrH+8sMnweCNJgFPmfL9TIivY=">AAACDnicdVDJSgNBEK2JW4xb1KOXxiB4GmaioCcJePEY0SySDKGnU0ma9Cx09wTCkE8QPOmfeBOv/oI/4tmeJIJxedD0470qqur5seBKO867lVtaXlldy68XNja3tneKu3t1FSWSYY1FIpJNnyoUPMSa5lpgM5ZIA19gwx9eZn5jhFLxKLzV4xi9gPZD3uOMaiPd3HXcTrHk2GUnA/lNXHv6OyWYo9opfrS7EUsCDDUTVKmW68TaS6nUnAmcFNqJwpiyIe1jy9CQBqi8dLrqhBwZpUt6kTQv1GSqfu9IaaDUOPBNZUD1QP30MvEvr5Xo3rmX8jBONIZsNqiXCKIjkt1Nulwi02JsCGWSm10JG1BJmTbpLE6ROFq4ImVUsEnBBPWVBvmf1Mu2e2KXr09LlYt5ZHk4gEM4BhfOoAJXUIUaMOjDPTzCk/VgPVsv1uusNGfNe/ZhAdbbJ7lPnI4=</latexit>

, . . . , Yn
<latexit sha1_base64="JYYerIMfXxxcSzexDY+MOZXYUe0=">AAACFnicdVDLSgMxFM34rPVVdekmWAQXZZhWQVdScOOygn3ItJRM5k4bmkmGJFMoQz9DcKV/4k7cuvVHXJs+BOvjQMjhnHu5954g4Uwbz3t3lpZXVtfWcxv5za3tnd3C3n5Dy1RRqFPJpWoFRANnAuqGGQ6tRAGJAw7NYHA18ZtDUJpJcWtGCXRi0hMsYpQYK/mlNg+l0aW7rugWip5b8SbAv0nZnf5eEc1R6xY+2qGkaQzCUE609steYjoZUYZRDuN8O9WQEDogPfAtFSQG3cmmK4/xsVVCHEllnzB4qn7vyEis9SgObGVMTF//9CbiX56fmuiikzGRpAYEnQ2KUo6NxJP7ccgUUMNHlhCqmN0V0z5RhBqb0uIUBcOFKzJKOB3nbVBfaeD/SaPilk/dys1ZsXo5jyyHDtEROkFldI6q6BrVUB1RJNE9ekRPzoPz7Lw4r7PSJWfec4AW4Lx9AhKmn/U=</latexit>

, Y2
<latexit sha1_base64="Am36WDftIDC988mR3NGxbJGYsR4=">AAACD3icdVDLSsNAFL2pr1pfVZduBovgQkISBV1JwY3LCvYhbSiT6aQdOpmEmUmhhP6C4Er/xJ249RP8EddO2grWx4FhDufcy733BAlnSjvOu1VYWl5ZXSuulzY2t7Z3yrt7DRWnktA6iXksWwFWlDNB65ppTluJpDgKOG0Gw6vcb46oVCwWt3qcUD/CfcFCRrDOpZO7rtctVxzbc3Kg38S1p79TgTlq3fJHpxeTNKJCE46VartOov0MS80Ip5NSJ1U0wWSI+7RtqMARVX423XWCjozSQ2EszRMaTdXvHRmOlBpHgamMsB6on14u/uW1Ux1e+BkTSaqpILNBYcqRjlF+OOoxSYnmY0MwkczsisgAS0y0iWdxiqSjhSsygjmZlExQX2mg/0nDs91T27s5q1Qv55EV4QAO4RhcOIcqXEMN6kBgAPfwCE/Wg/VsvVivs9KCNe/ZhwVYb58pdpzF</latexit>

W(·|·)
<latexit sha1_base64="IPQBAEX+/GL6k/imlMv2PyY+SBQ=">AAACB3icdVDLSgMxFM3UV62vqks3wSLUzTBTBV1JwY3LCvYB7VgymUwbmkmGJFMoYz/AP3CrP+BO3PoZ7v0QM9MK1seBJIdz7uXeHD9mVGnHebcKS8srq2vF9dLG5tb2Tnl3r6VEIjFpYsGE7PhIEUY5aWqqGenEkqDIZ6Ttjy4zvz0mUlHBb/QkJl6EBpyGFCNtpNt2tYcDoe/y+7hfrjh2zckAfxPXzl+nAuZo9MsfvUDgJCJcY4aU6rpOrL0USU0xI9NSL1EkRniEBqRrKEcRUV6abz2FR0YJYCikOVzDXP3ekaJIqUnkm8oI6aH66WXiX1430eG5l1IeJ5pwPBsUJgxqAbMIYEAlwZpNDEFYUrMrxEMkEdYmqMUpkoynJRPL19/h/6RVs90Tu3Z9WqlfzAMqggNwCKrABWegDq5AAzQBBhI8gEfwZN1bz9aL9TorLVjznn2wAOvtExTNmc0=</latexit>
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‣ Given:  

- input alphabet:       (finite) 

- output alphabet:      (finite) 

- channel matrix:              (indep. over time)

U1, . . . , Uk
<latexit sha1_base64="WA3kx81DdJKFY+fkvHNghH+lyak=">AAACGXicdVDLSgMxFM34rPVVdekmWAQXZZipgq6k4MZlBacttOOQyWTa0EwyJJlCGfofgiv9E3fi1pU/4tpMW8H6OBByOOde7r0nTBlV2nHeraXlldW19dJGeXNre2e3srffUiKTmHhYMCE7IVKEUU48TTUjnVQSlISMtMPhVeG3R0QqKvitHqfET1Cf05hipI105wVurccioVXNC4ZBperYdacA/E1ce/o7VTBHM6h89CKBs4RwjRlSqus6qfZzJDXFjEzKvUyRFOEh6pOuoRwlRPn5dOsJPDZKBGMhzeMaTtXvHTlKlBonoalMkB6on14h/uV1Mx1f+DnlaaYJx7NBccagFrCIAEZUEqzZ2BCEJTW7QjxAEmFtglqcIslo4YocI4YnZRPUVxrwf9Kq2+6pXb85qzYu55GVwCE4AifABeegAa5BE3gAAwnuwSN4sh6sZ+vFep2VLlnzngOwAOvtE/yXoPE=</latexit>

Û1, . . . , Ûk
<latexit sha1_base64="r+CMZemwgTy5GwadRm56ZaviFAA=">AAACJ3icdVDLSsNAFJ34rPUVdaebwSK4KCWpgq6k4MZlBdMW2lAm00k7dPJg5qZQQsCvEVzpn7gTXfoTrp30AdbHgWEO59zLvfd4seAKLOvdWFpeWV1bL2wUN7e2d3bNvf2GihJJmUMjEcmWRxQTPGQOcBCsFUtGAk+wpje8zv3miEnFo/AOxjFzA9IPuc8pAS11zcPOgEDqZF273BG9CFR5Lgy7ZsmqVK0c+DexK5PfKqEZ6l3zs9OLaBKwEKggSrVtKwY3JRI4FSwrdhLFYkKHpM/amoYkYMpNJzdk+EQrPexHUr8Q8ET93pGSQKlx4OnKgMBA/fRy8S+vnYB/6aY8jBNgIZ0O8hOBIcJ5ILjHJaMgxpoQKrneFdMBkYSCjm1ximSjhStSSgTNijqoeRr4f9KoVuyzSvX2vFS7mkVWQEfoGJ0iG12gGrpBdeQgiu7RA3pCz8aj8WK8Gm/T0iVj1nOAFmB8fAEWMqa8</latexit>

X
<latexit sha1_base64="ImlAX7A4uSiiqRYOXGY/xKoNpUo=">AAACFnicdVDLSsNAFJ3UV62vqks3g0VwFZIq6EoKblxWsA9IQ5lMb9qhk0mYmRRKyGcIrvRP3Ilbt/6IaydtBevjwjCHc+7lnnuChDOlHefdKq2srq1vlDcrW9s7u3vV/YO2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCcbXhd6ZgFQsFnd6moAfkaFgIaNEG8rrRUSPKOFZN+9Xa45dd4rCv4Frz36nhhbV7Fc/eoOYphEITTlRynOdRPsZkZpRDnmllypICB2TIXgGChKB8rOZ5RyfGGaAw1iaJzSesd8nMhIpNY0C01lYVD+1gvxL81IdXvoZE0mqQdD5ojDlWMe4uB8PmASq+dQAQiUzXjEdEUmoNiktb5EwWboiM0HRvGKC+koD/w/adds9s+u357XG1SKyMjpCx+gUuegCNdANaqIWoihG9+gRPVkP1rP1Yr3OW0vWYuYQLZX19gnzXaB7</latexit>

Y
<latexit sha1_base64="z8sEwn4iQ1disy1iT5GvCbMTeVk=">AAACFnicdVDLSsNAFJ34rPVVdelmsAiuQlIFXUnBjcsK9iFpKJPpTTt0Mgkzk0IJ+QzBlf6JO3Hr1h9x7aStYH1cGOZwzr3cc0+QcKa047xbS8srq2vrpY3y5tb2zm5lb7+l4lRSaNKYx7ITEAWcCWhqpjl0EgkkCji0g9FVobfHIBWLxa2eJOBHZCBYyCjRhvK6EdFDSnh2l/cqVceuOUXh38C1p79TRfNq9Cof3X5M0wiEppwo5blOov2MSM0oh7zcTRUkhI7IADwDBYlA+dnUco6PDdPHYSzNExpP2e8TGYmUmkSB6Swsqp9aQf6leakOL/yMiSTVIOhsUZhyrGNc3I/7TALVfGIAoZIZr5gOiSRUm5QWt0gYL1yRmaBoXjZBfaWB/wetmu2e2rWbs2r9ch5ZCR2iI3SCXHSO6ugaNVATURSje/SInqwH69l6sV5nrUvWfOYALZT19gn1BqB8</latexit>

W(y|�)
<latexit sha1_base64="wdPz1b3LHNTJke2AysxBg6o3V1I=">AAACEXicdVDLSgMxFL3js9ZX1aWbYBHqZpipgq6k4MZlBfuAdiiZNNPGZjJDkimWsf8guNI/cSdu/QJ/xLWZtoL1cSDkcM693HuPH3OmtOO8WwuLS8srq7m1/PrG5tZ2YWe3rqJEElojEY9k08eKciZoTTPNaTOWFIc+pw1/cJH5jSGVikXiWo9i6oW4J1jACNZGqjdKo7vbo06h6NhlJwP6TVx78jtFmKHaKXy0uxFJQio04VipluvE2kux1IxwOs63E0VjTAa4R1uGChxS5aWTbcfo0ChdFETSPKHRRP3ekeJQqVHom8oQ67766WXiX14r0cGZlzIRJ5oKMh0UJBzpCGWnoy6TlGg+MgQTycyuiPSxxESbgOanSDqcuyIlmJNx3gT1lQb6n9TLtntsl69OipXzWWQ52IcDKIELp1CBS6hCDQjcwD08wpP1YD1bL9brtHTBmvXswRyst08do53Y</latexit>

X1
<latexit sha1_base64="jMFzER4IU0iSdtyMJCQBl/fnnt4=">AAACDnicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4jmgWSIfR0apImPQvdPYEw5BMET/on3sSrv+CPeLYniWBcHjT9eK+Kqnp+IrjSjvNuLS2vrK6tFzaKm1vbO7ulvf2GilPJsM5iEcuWTxUKHmFdcy2wlUikoS+w6Q+vcr85Qql4HN3pcYJeSPsRDzij2ki3ra7bLZUdu+LkIL+Ja09/pwxz1Lqlj04vZmmIkWaCKtV2nUR7GZWaM4GTYidVmFA2pH1sGxrREJWXTVedkGOj9EgQS/MiTabq946MhkqNQ99UhlQP1E8vF//y2qkOLryMR0mqMWKzQUEqiI5JfjfpcYlMi7EhlEludiVsQCVl2qSzOEXiaOGKjFHBJkUT1Fca5H/SqNjuqV25OStXL+eRFeAQjuAEXDiHKlxDDerAoA/38AhP1oP1bL1Yr7PSJWvecwALsN4+AbelnI0=</latexit>

, X2
<latexit sha1_base64="ajbyPO/h/Lwxt2F0z86yDGsvMMU=">AAACEHicdVDLSsNAFJ34rPVVdelmsAguJCRR0JUU3LisYNpCG8pketMOnUzCzKRQQr9BcKV/4k7c+gf+iGsnbQXr48Awh3Pu5d57wpQzpR3n3VpaXlldWy9tlDe3tnd2K3v7DZVkkoJPE57IVkgUcCbA10xzaKUSSBxyaIbD68JvjkAqlog7PU4hiElfsIhRoo3kn+JW1+tWqo7tOQXwb+La09+pojnq3cpHp5fQLAahKSdKtV0n1UFOpGaUw6TcyRSkhA5JH9qGChKDCvLpshN8bJQejhJpntB4qn7vyEms1DgOTWVM9ED99ArxL6+d6egyyJlIMw2CzgZFGcc6wcXluMckUM3HhhAqmdkV0wGRhGqTz+IUCaOFK3JKOJ2UTVBfaeD/ScOz3TPbuz2v1q7mkZXQITpCJ8hFF6iGblAd+Ygihu7RI3qyHqxn68V6nZUuWfOeA7QA6+0Tgmac7g==</latexit>

, . . . , Xn
<latexit sha1_base64="8qCNVC7ZgSCpWqx+GnCp3huQKgs=">AAACGHicdVDLSsNAFJ34rPVVdelmsAguSkiqoCspuHFZwT6gDWUyuWmHTiZxZlIood8huNI/cSdu3fkjrp20FayPA8MczrmXe+/xE86Udpx3a2l5ZXVtvbBR3Nza3tkt7e03VZxKCg0a81i2faKAMwENzTSHdiKBRD6Hlj+8yv3WCKRisbjV4wS8iPQFCxkl2kheBXd5EGtVwe2e6JXKjl11cuDfxLWnv1NGc9R7pY9uENM0AqEpJ0p1XCfRXkakZpTDpNhNFSSEDkkfOoYKEoHysunSE3xslACHsTRPaDxVv3dkJFJqHPmmMiJ6oH56ufiX10l1eOFlTCSpBkFng8KUYx3jPAEcMAlU87EhhEpmdsV0QCSh2uS0OEXCaOGKjBJOJ0UT1Fca+H/SrNruqV29OSvXLueRFdAhOkInyEXnqIauUR01EEV36B49oifrwXq2XqzXWemSNe85QAuw3j4ByfygSA==</latexit>

Y1
<latexit sha1_base64="SYrrH+8sMnweCNJgFPmfL9TIivY=">AAACDnicdVDJSgNBEK2JW4xb1KOXxiB4GmaioCcJePEY0SySDKGnU0ma9Cx09wTCkE8QPOmfeBOv/oI/4tmeJIJxedD0470qqur5seBKO867lVtaXlldy68XNja3tneKu3t1FSWSYY1FIpJNnyoUPMSa5lpgM5ZIA19gwx9eZn5jhFLxKLzV4xi9gPZD3uOMaiPd3HXcTrHk2GUnA/lNXHv6OyWYo9opfrS7EUsCDDUTVKmW68TaS6nUnAmcFNqJwpiyIe1jy9CQBqi8dLrqhBwZpUt6kTQv1GSqfu9IaaDUOPBNZUD1QP30MvEvr5Xo3rmX8jBONIZsNqiXCKIjkt1Nulwi02JsCGWSm10JG1BJmTbpLE6ROFq4ImVUsEnBBPWVBvmf1Mu2e2KXr09LlYt5ZHk4gEM4BhfOoAJXUIUaMOjDPTzCk/VgPVsv1uusNGfNe/ZhAdbbJ7lPnI4=</latexit>

, . . . , Yn
<latexit sha1_base64="JYYerIMfXxxcSzexDY+MOZXYUe0=">AAACFnicdVDLSgMxFM34rPVVdekmWAQXZZhWQVdScOOygn3ItJRM5k4bmkmGJFMoQz9DcKV/4k7cuvVHXJs+BOvjQMjhnHu5954g4Uwbz3t3lpZXVtfWcxv5za3tnd3C3n5Dy1RRqFPJpWoFRANnAuqGGQ6tRAGJAw7NYHA18ZtDUJpJcWtGCXRi0hMsYpQYK/mlNg+l0aW7rugWip5b8SbAv0nZnf5eEc1R6xY+2qGkaQzCUE609steYjoZUYZRDuN8O9WQEDogPfAtFSQG3cmmK4/xsVVCHEllnzB4qn7vyEis9SgObGVMTF//9CbiX56fmuiikzGRpAYEnQ2KUo6NxJP7ccgUUMNHlhCqmN0V0z5RhBqb0uIUBcOFKzJKOB3nbVBfaeD/SaPilk/dys1ZsXo5jyyHDtEROkFldI6q6BrVUB1RJNE9ekRPzoPz7Lw4r7PSJWfec4AW4Lx9AhKmn/U=</latexit>

, Y2
<latexit sha1_base64="Am36WDftIDC988mR3NGxbJGYsR4=">AAACD3icdVDLSsNAFL2pr1pfVZduBovgQkISBV1JwY3LCvYhbSiT6aQdOpmEmUmhhP6C4Er/xJ249RP8EddO2grWx4FhDufcy733BAlnSjvOu1VYWl5ZXSuulzY2t7Z3yrt7DRWnktA6iXksWwFWlDNB65ppTluJpDgKOG0Gw6vcb46oVCwWt3qcUD/CfcFCRrDOpZO7rtctVxzbc3Kg38S1p79TgTlq3fJHpxeTNKJCE46VartOov0MS80Ip5NSJ1U0wWSI+7RtqMARVX423XWCjozSQ2EszRMaTdXvHRmOlBpHgamMsB6on14u/uW1Ux1e+BkTSaqpILNBYcqRjlF+OOoxSYnmY0MwkczsisgAS0y0iWdxiqSjhSsygjmZlExQX2mg/0nDs91T27s5q1Qv55EV4QAO4RhcOIcqXEMN6kBgAPfwCE/Wg/VsvVivs9KCNe/ZhwVYb58pdpzF</latexit>

W(·|·)
<latexit sha1_base64="IPQBAEX+/GL6k/imlMv2PyY+SBQ=">AAACB3icdVDLSgMxFM3UV62vqks3wSLUzTBTBV1JwY3LCvYB7VgymUwbmkmGJFMoYz/AP3CrP+BO3PoZ7v0QM9MK1seBJIdz7uXeHD9mVGnHebcKS8srq2vF9dLG5tb2Tnl3r6VEIjFpYsGE7PhIEUY5aWqqGenEkqDIZ6Ttjy4zvz0mUlHBb/QkJl6EBpyGFCNtpNt2tYcDoe/y+7hfrjh2zckAfxPXzl+nAuZo9MsfvUDgJCJcY4aU6rpOrL0USU0xI9NSL1EkRniEBqRrKEcRUV6abz2FR0YJYCikOVzDXP3ekaJIqUnkm8oI6aH66WXiX1430eG5l1IeJ5pwPBsUJgxqAbMIYEAlwZpNDEFYUrMrxEMkEdYmqMUpkoynJRPL19/h/6RVs90Tu3Z9WqlfzAMqggNwCKrABWegDq5AAzQBBhI8gEfwZN1bz9aL9TorLVjznn2wAOvtExTNmc0=</latexit>
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X1, . . . , Xn

<latexit sha1_base64="y0a7I116JC4u1EloByLOHV6r4Zk=">AAACGXicdVDLSgMxFM34rPVVdekmWAQXZZipgq6k4MZlBdsOtOOQyWTa0EwyJJlCGfofgiv9E3fi1pU/4tpMW8H6OBByOOde7r0nTBlV2nHeraXlldW19dJGeXNre2e3srffViKTmLSwYEJ6IVKEUU5ammpGvFQSlISMdMLhVeF3RkQqKvitHqfET1Cf05hipI105wVurccioVXNC3hQqTp23SkAfxPXnv5OFczRDCofvUjgLCFcY4aU6rpOqv0cSU0xI5NyL1MkRXiI+qRrKEcJUX4+3XoCj40SwVhI87iGU/V7R44SpcZJaCoTpAfqp1eIf3ndTMcXfk55mmnC8WxQnDGoBSwigBGVBGs2NgRhSc2uEA+QRFiboBanSDJauCLHiOFJ2QT1lQb8n7Trtntq12/Oqo3LeWQlcAiOwAlwwTlogGvQBC2AgQT34BE8WQ/Ws/Vivc5Kl6x5zwFYgPX2CQu7oPo=</latexit>

U1, . . . , Uk
<latexit sha1_base64="WA3kx81DdJKFY+fkvHNghH+lyak=">AAACGXicdVDLSgMxFM34rPVVdekmWAQXZZipgq6k4MZlBacttOOQyWTa0EwyJJlCGfofgiv9E3fi1pU/4tpMW8H6OBByOOde7r0nTBlV2nHeraXlldW19dJGeXNre2e3srffUiKTmHhYMCE7IVKEUU48TTUjnVQSlISMtMPhVeG3R0QqKvitHqfET1Cf05hipI105wVurccioVXNC4ZBperYdacA/E1ce/o7VTBHM6h89CKBs4RwjRlSqus6qfZzJDXFjEzKvUyRFOEh6pOuoRwlRPn5dOsJPDZKBGMhzeMaTtXvHTlKlBonoalMkB6on14h/uV1Mx1f+DnlaaYJx7NBccagFrCIAEZUEqzZ2BCEJTW7QjxAEmFtglqcIslo4YocI4YnZRPUVxrwf9Kq2+6pXb85qzYu55GVwCE4AifABeegAa5BE3gAAwnuwSN4sh6sZ+vFep2VLlnzngOwAOvtE/yXoPE=</latexit>

Y1, . . . , Yn
<latexit sha1_base64="c8vqUGan7oRdv60gSLlxnCK9pfw=">AAACGXicdVDLSgMxFM3UV62vqks3wSK4KMNMFXQlBTcuK9jW0o5DJpNpQzPJkGQKZeh/CK70T9yJW1f+iGszbQXr40DI4Zx7ufeeIGFUacd5twpLyyura8X10sbm1vZOeXevpUQqMWliwYS8DZAijHLS1FQzcptIguKAkXYwvMz99ohIRQW/0eOEeDHqcxpRjLSR7jq+W+2xUGhV7fjcL1ccu+bkgL+Ja09/pwLmaPjlj14ocBoTrjFDSnVdJ9FehqSmmJFJqZcqkiA8RH3SNZSjmCgvm249gUdGCWEkpHlcw6n6vSNDsVLjODCVMdID9dPLxb+8bqqjcy+jPEk14Xg2KEoZ1ALmEcCQSoI1GxuCsKRmV4gHSCKsTVCLUyQZLVyRYcTwpGSC+koD/k9aNds9sWvXp5X6xTyyIjgAh+AYuOAM1MEVaIAmwECCe/AInqwH69l6sV5npQVr3rMPFmC9fQIPGqD8</latexit>
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<latexit sha1_base64="r+CMZemwgTy5GwadRm56ZaviFAA=">AAACJ3icdVDLSsNAFJ34rPUVdaebwSK4KCWpgq6k4MZlBdMW2lAm00k7dPJg5qZQQsCvEVzpn7gTXfoTrp30AdbHgWEO59zLvfd4seAKLOvdWFpeWV1bL2wUN7e2d3bNvf2GihJJmUMjEcmWRxQTPGQOcBCsFUtGAk+wpje8zv3miEnFo/AOxjFzA9IPuc8pAS11zcPOgEDqZF273BG9CFR5Lgy7ZsmqVK0c+DexK5PfKqEZ6l3zs9OLaBKwEKggSrVtKwY3JRI4FSwrdhLFYkKHpM/amoYkYMpNJzdk+EQrPexHUr8Q8ET93pGSQKlx4OnKgMBA/fRy8S+vnYB/6aY8jBNgIZ0O8hOBIcJ5ILjHJaMgxpoQKrneFdMBkYSCjm1ximSjhStSSgTNijqoeRr4f9KoVuyzSvX2vFS7mkVWQEfoGJ0iG12gGrpBdeQgiu7RA3pCz8aj8WK8Gm/T0iVj1nOAFmB8fAEWMqa8</latexit>

W(·|·)
<latexit sha1_base64="IPQBAEX+/GL6k/imlMv2PyY+SBQ=">AAACB3icdVDLSgMxFM3UV62vqks3wSLUzTBTBV1JwY3LCvYB7VgymUwbmkmGJFMoYz/AP3CrP+BO3PoZ7v0QM9MK1seBJIdz7uXeHD9mVGnHebcKS8srq2vF9dLG5tb2Tnl3r6VEIjFpYsGE7PhIEUY5aWqqGenEkqDIZ6Ttjy4zvz0mUlHBb/QkJl6EBpyGFCNtpNt2tYcDoe/y+7hfrjh2zckAfxPXzl+nAuZo9MsfvUDgJCJcY4aU6rpOrL0USU0xI9NSL1EkRniEBqRrKEcRUV6abz2FR0YJYCikOVzDXP3ekaJIqUnkm8oI6aH66WXiX1430eG5l1IeJ5pwPBsUJgxqAbMIYEAlwZpNDEFYUrMrxEMkEdYmqMUpkoynJRPL19/h/6RVs90Tu3Z9WqlfzAMqggNwCKrABWegDq5AAzQBBhI8gEfwZN1bz9aL9TorLVjznn2wAOvtExTNmc0=</latexit>



Figures of Merit

‣ Number of bits sent: k

8

Decoder

Encoder
X1, . . . , Xn

<latexit sha1_base64="y0a7I116JC4u1EloByLOHV6r4Zk=">AAACGXicdVDLSgMxFM34rPVVdekmWAQXZZipgq6k4MZlBdsOtOOQyWTa0EwyJJlCGfofgiv9E3fi1pU/4tpMW8H6OBByOOde7r0nTBlV2nHeraXlldW19dJGeXNre2e3srffViKTmLSwYEJ6IVKEUU5ammpGvFQSlISMdMLhVeF3RkQqKvitHqfET1Cf05hipI105wVurccioVXNC3hQqTp23SkAfxPXnv5OFczRDCofvUjgLCFcY4aU6rpOqv0cSU0xI5NyL1MkRXiI+qRrKEcJUX4+3XoCj40SwVhI87iGU/V7R44SpcZJaCoTpAfqp1eIf3ndTMcXfk55mmnC8WxQnDGoBSwigBGVBGs2NgRhSc2uEA+QRFiboBanSDJauCLHiOFJ2QT1lQb8n7Trtntq12/Oqo3LeWQlcAiOwAlwwTlogGvQBC2AgQT34BE8WQ/Ws/Vivc5Kl6x5zwFYgPX2CQu7oPo=</latexit>

U1, . . . , Uk
<latexit sha1_base64="WA3kx81DdJKFY+fkvHNghH+lyak=">AAACGXicdVDLSgMxFM34rPVVdekmWAQXZZipgq6k4MZlBacttOOQyWTa0EwyJJlCGfofgiv9E3fi1pU/4tpMW8H6OBByOOde7r0nTBlV2nHeraXlldW19dJGeXNre2e3srffUiKTmHhYMCE7IVKEUU48TTUjnVQSlISMtMPhVeG3R0QqKvitHqfET1Cf05hipI105wVurccioVXNC4ZBperYdacA/E1ce/o7VTBHM6h89CKBs4RwjRlSqus6qfZzJDXFjEzKvUyRFOEh6pOuoRwlRPn5dOsJPDZKBGMhzeMaTtXvHTlKlBonoalMkB6on14h/uV1Mx1f+DnlaaYJx7NBccagFrCIAEZUEqzZ2BCEJTW7QjxAEmFtglqcIslo4YocI4YnZRPUVxrwf9Kq2+6pXb85qzYu55GVwCE4AifABeegAa5BE3gAAwnuwSN4sh6sZ+vFep2VLlnzngOwAOvtE/yXoPE=</latexit>

Y1, . . . , Yn
<latexit sha1_base64="c8vqUGan7oRdv60gSLlxnCK9pfw=">AAACGXicdVDLSgMxFM3UV62vqks3wSK4KMNMFXQlBTcuK9jW0o5DJpNpQzPJkGQKZeh/CK70T9yJW1f+iGszbQXr40DI4Zx7ufeeIGFUacd5twpLyyura8X10sbm1vZOeXevpUQqMWliwYS8DZAijHLS1FQzcptIguKAkXYwvMz99ohIRQW/0eOEeDHqcxpRjLSR7jq+W+2xUGhV7fjcL1ccu+bkgL+Ja09/pwLmaPjlj14ocBoTrjFDSnVdJ9FehqSmmJFJqZcqkiA8RH3SNZSjmCgvm249gUdGCWEkpHlcw6n6vSNDsVLjODCVMdID9dPLxb+8bqqjcy+jPEk14Xg2KEoZ1ALmEcCQSoI1GxuCsKRmV4gHSCKsTVCLUyQZLVyRYcTwpGSC+koD/k9aNds9sWvXp5X6xTyyIjgAh+AYuOAM1MEVaIAmwECCe/AInqwH69l6sV5npQVr3rMPFmC9fQIPGqD8</latexit>
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Û1, . . . , Ûk
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‣ Central Limit Theorem (CLT):
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‣ Moderate deviations*: if β is in (1/2, 1):
<latexit sha1_base64="OBxpwIZjRO5OgUizYuG2tZu7tlA="></latexit>
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n!��

1

n2��1
logPr

 
nX

�=1
X� > �n�

!
= ��N (�) � > 0
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length n, and error prob.
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Connection to Channel Coding
‣ Lemma (Shannon ’57);: For a DMC without feedback, for any input 

dist. P and any θ > 0, there exists a code with rate R, block 
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Error Exponents
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Pe(n,R) =min{Pe : � an (n, k, Pe) code with k/n � R}
‣ Def: 
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‣ Def: 

- Characterized w/o feedback for a range of rates close to 
capacity and at very low rates [Shannon, Gallager, Berlekamp (’67)].



Second-Order Coding Rate
‣ Def:

14

R(n,�) =m�x
⇢k
n
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�
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- Characterized w/o feedback by Strassen (’62).



‣ Theorem (Altuğ-Wagner ’14):
Consider a DMC without feedback. Let Rn = C − εn be s.t.

15
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depending on the 
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Error exponents

Normal approximation1
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Moderate Deviations
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2�nE(R) RC

Moderate deviations
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0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

e
<latexit sha1_base64="sgWHKfpuG3oi+vyGpmrIhiyNZes=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqpjr1R27IqTg/wmrj37nTIsUOuVPrr9mKUhRpoJqlTHdRLtZVRqzgROi91UYULZiA6wY2hEQ1ReNlt0Sk6N0idBLM2LNJmp3zsyGio1CX1TGVI9VD+9XPzL66Q6uPIyHiWpxojNBwWpIDom+dWkzyUyLSaGUCa52ZWwIZWUaZPN8hSJ42nRxPJ1O/mfNCu2e25X6hfl6vUioAIcwwmcgQuXUIVbqEEDGCA8wCM8WffWs/Vivc5LV6xFzxEswXr7BHgolIA=</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

Encoder

Uk 2 {0,1}k
<latexit sha1_base64="BGkAg1fNbGTAsUP4CHRXJvJMLIA=">AAACDHicdVDLSsNAFJ34rPWV6tLNYBFcSEiqYJcFNy4rmLbQtGUynbRDJpMwM6mUkF/wD9zqD7gTt/6Dez/ESVvB+jgwzOGce7n3Hj9hVCrbfjdWVtfWNzZLW+Xtnd29fbNy0JJxKjBxccxi0fGRJIxy4iqqGOkkgqDIZ6Tth1eF354QIWnMb9U0Ib0IjTgNKEZKSwOz4vZD6FEOvcw+c7y8Hw7Mqm3V7ALwN3Gs2W9XwQLNgfnhDWOcRoQrzJCUXcdOVC9DQlHMSF72UkkShEM0Il1NOYqI7GWz1XN4opUhDGKhH1dwpn7vyFAk5TTydWWE1Fj+9ArxL6+bqqDeyyhPUkU4ng8KUgZVDIsc4JAKghWbaoKwoHpXiMdIIKx0WstTBJnkZR3L1+3wf9KqWc65Vbu5qDbqi4BK4Agcg1PggEvQANegCVyAwR14AI/gybg3no0X43VeumIseg7BEoy3T6qwmn0=</latexit>

Xn 2 {0,1}n
<latexit sha1_base64="xJ2i09XPHvUQ/f8vsOIdzfzpWZs=">AAACDHicdVDLSgMxFM34rPXV6tJNsAguZJipgl0W3LisYB/QTksmvdOGZjJDkqmUYX7BP3CrP+BO3PoP7v0Q04dgfRy45HDOvdyb48ecKe0479bK6tr6xmZuK7+9s7u3XygeNFSUSAp1GvFItnyigDMBdc00h1YsgYQ+h6Y/upr6zTFIxSJxqycxeCEZCBYwSrSReoViqytwh5lKnTO3k3WNVnLssjMF/k1ce/Y6JbRArVf46PQjmoQgNOVEqbbrxNpLidSMcsjynURBTOiIDKBtqCAhKC+dnZ7hE6P0cRBJU0Ljmfp9IiWhUpPQN50h0UP105uKf3ntRAcVL2UiTjQIOl8UJBzrCE9zwH0mgWo+MYRQycytmA6JJFSbtJa3SBhneRPL19/x/6RRtt1zu3xzUapWFgHl0BE6RqfIRZeoiq5RDdURRXfoAT2iJ+veerZerNd564q1mDlES7DePgG5UJqG</latexit>

Decoder

Ûn 2 {0,1}k
<latexit sha1_base64="+MASymfQrfN1exdlgKZ+gKSdfeg=">AAACEnicdVDLSsNAFJ3UV62vqAsXbgaL4EJCUgW7LLhxWcG0hSYtk+mkHTqZhJlJoYT8hX/gVn/Anbj1B9z7IU7aCtbHgcsczrmXO/cECaNS2fa7UVpZXVvfKG9WtrZ3dvfM/YOWjFOBiYtjFotOgCRhlBNXUcVIJxEERQEj7WB8XfjtCRGSxvxOTRPiR2jIaUgxUlrqm0feCKnMzXscelRXZp87Xt4b982qbdXsAvA3cazZa1fBAs2++eENYpxGhCvMkJRdx06UnyGhKGYkr3ipJAnCYzQkXU05ioj0s9kBOTzVygCGsdDFFZyp3ycyFEk5jQLdGSE1kj+9QvzL66YqrPsZ5UmqCMfzRWHKoIphkQYcUEGwYlNNEBZU/xXiERIIK53Z8hZBJnlFx/J1O/yftGqWc2HVbi+rjfoioDI4BifgDDjgCjTADWgCF2CQgwfwCJ6Me+PZeDFe560lYzFzCJZgvH0C0qSdTQ==</latexit>

yn 2 {0,1, e}n
<latexit sha1_base64="dqycFSNU9HxKzedn+db0KfJA+TY=">AAACDnicdVDLSgMxFM34rPVV7dJNsAguyjBTBbssuHFZwT6g05ZMeqcNzWSGJFMYhv6Df+BWf8CduPUX3Pshpg/B+jhwyeGce7k3x485U9px3q219Y3Nre3cTn53b//gsHB03FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr++HrmtyYgFYvEnU5j6IZkKFjAKNFG6heKaU9gj5nKnLJbBm/aM2rJsSvODPg3ce3565TQEvV+4cMbRDQJQWjKiVId14l1NyNSM8phmvcSBTGhYzKEjqGChKC62fz4KT4zygAHkTQlNJ6r3ycyEiqVhr7pDIkeqZ/eTPzL6yQ6qHYzJuJEg6CLRUHCsY7wLAk8YBKo5qkhhEpmbsV0RCSh2uS1ukXCZJo3sXz9Hf9PmhXbvbArt5elWnUZUA6doFN0jlx0hWroBtVRA1GUogf0iJ6se+vZerFeF61r1nKmiFZgvX0CKt6bTA==</latexit>



A Non-Example

18

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

e
<latexit sha1_base64="sgWHKfpuG3oi+vyGpmrIhiyNZes=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqpjr1R27IqTg/wmrj37nTIsUOuVPrr9mKUhRpoJqlTHdRLtZVRqzgROi91UYULZiA6wY2hEQ1ReNlt0Sk6N0idBLM2LNJmp3zsyGio1CX1TGVI9VD+9XPzL66Q6uPIyHiWpxojNBwWpIDom+dWkzyUyLSaGUCa52ZWwIZWUaZPN8hSJ42nRxPJ1O/mfNCu2e25X6hfl6vUioAIcwwmcgQuXUIVbqEEDGCA8wCM8WffWs/Vivc5LV6xFzxEswXr7BHgolIA=</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

Encoder

Uk 2 {0,1}k
<latexit sha1_base64="BGkAg1fNbGTAsUP4CHRXJvJMLIA=">AAACDHicdVDLSsNAFJ34rPWV6tLNYBFcSEiqYJcFNy4rmLbQtGUynbRDJpMwM6mUkF/wD9zqD7gTt/6Dez/ESVvB+jgwzOGce7n3Hj9hVCrbfjdWVtfWNzZLW+Xtnd29fbNy0JJxKjBxccxi0fGRJIxy4iqqGOkkgqDIZ6Tth1eF354QIWnMb9U0Ib0IjTgNKEZKSwOz4vZD6FEOvcw+c7y8Hw7Mqm3V7ALwN3Gs2W9XwQLNgfnhDWOcRoQrzJCUXcdOVC9DQlHMSF72UkkShEM0Il1NOYqI7GWz1XN4opUhDGKhH1dwpn7vyFAk5TTydWWE1Fj+9ArxL6+bqqDeyyhPUkU4ng8KUgZVDIsc4JAKghWbaoKwoHpXiMdIIKx0WstTBJnkZR3L1+3wf9KqWc65Vbu5qDbqi4BK4Agcg1PggEvQANegCVyAwR14AI/gybg3no0X43VeumIseg7BEoy3T6qwmn0=</latexit>

Xn 2 {0,1}n
<latexit sha1_base64="xJ2i09XPHvUQ/f8vsOIdzfzpWZs=">AAACDHicdVDLSgMxFM34rPXV6tJNsAguZJipgl0W3LisYB/QTksmvdOGZjJDkqmUYX7BP3CrP+BO3PoP7v0Q04dgfRy45HDOvdyb48ecKe0479bK6tr6xmZuK7+9s7u3XygeNFSUSAp1GvFItnyigDMBdc00h1YsgYQ+h6Y/upr6zTFIxSJxqycxeCEZCBYwSrSReoViqytwh5lKnTO3k3WNVnLssjMF/k1ce/Y6JbRArVf46PQjmoQgNOVEqbbrxNpLidSMcsjynURBTOiIDKBtqCAhKC+dnZ7hE6P0cRBJU0Ljmfp9IiWhUpPQN50h0UP105uKf3ntRAcVL2UiTjQIOl8UJBzrCE9zwH0mgWo+MYRQycytmA6JJFSbtJa3SBhneRPL19/x/6RRtt1zu3xzUapWFgHl0BE6RqfIRZeoiq5RDdURRXfoAT2iJ+veerZerNd564q1mDlES7DePgG5UJqG</latexit>

Decoder

Ûn 2 {0,1}k
<latexit sha1_base64="+MASymfQrfN1exdlgKZ+gKSdfeg=">AAACEnicdVDLSsNAFJ3UV62vqAsXbgaL4EJCUgW7LLhxWcG0hSYtk+mkHTqZhJlJoYT8hX/gVn/Anbj1B9z7IU7aCtbHgcsczrmXO/cECaNS2fa7UVpZXVvfKG9WtrZ3dvfM/YOWjFOBiYtjFotOgCRhlBNXUcVIJxEERQEj7WB8XfjtCRGSxvxOTRPiR2jIaUgxUlrqm0feCKnMzXscelRXZp87Xt4b982qbdXsAvA3cazZa1fBAs2++eENYpxGhCvMkJRdx06UnyGhKGYkr3ipJAnCYzQkXU05ioj0s9kBOTzVygCGsdDFFZyp3ycyFEk5jQLdGSE1kj+9QvzL66YqrPsZ5UmqCMfzRWHKoIphkQYcUEGwYlNNEBZU/xXiERIIK53Z8hZBJnlFx/J1O/yftGqWc2HVbi+rjfoioDI4BifgDDjgCjTADWgCF2CQgwfwCJ6Me+PZeDFe560lYzFzCJZgvH0C0qSdTQ==</latexit>

yn 2 {0,1, e}n
<latexit sha1_base64="dqycFSNU9HxKzedn+db0KfJA+TY=">AAACDnicdVDLSgMxFM34rPVV7dJNsAguyjBTBbssuHFZwT6g05ZMeqcNzWSGJFMYhv6Df+BWf8CduPUX3Pshpg/B+jhwyeGce7k3x485U9px3q219Y3Nre3cTn53b//gsHB03FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr++HrmtyYgFYvEnU5j6IZkKFjAKNFG6heKaU9gj5nKnLJbBm/aM2rJsSvODPg3ce3565TQEvV+4cMbRDQJQWjKiVId14l1NyNSM8phmvcSBTGhYzKEjqGChKC62fz4KT4zygAHkTQlNJ6r3ycyEiqVhr7pDIkeqZ/eTPzL6yQ6qHYzJuJEg6CLRUHCsY7wLAk8YBKo5qkhhEpmbsV0RCSh2uS1ukXCZJo3sXz9Hf9PmhXbvbArt5elWnUZUA6doFN0jlx0hWroBtVRA1GUogf0iJ6se+vZerFeF61r1nKmiFZgvX0CKt6bTA==</latexit>
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0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

e
<latexit sha1_base64="sgWHKfpuG3oi+vyGpmrIhiyNZes=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqpjr1R27IqTg/wmrj37nTIsUOuVPrr9mKUhRpoJqlTHdRLtZVRqzgROi91UYULZiA6wY2hEQ1ReNlt0Sk6N0idBLM2LNJmp3zsyGio1CX1TGVI9VD+9XPzL66Q6uPIyHiWpxojNBwWpIDom+dWkzyUyLSaGUCa52ZWwIZWUaZPN8hSJ42nRxPJ1O/mfNCu2e25X6hfl6vUioAIcwwmcgQuXUIVbqEEDGCA8wCM8WffWs/Vivc5LV6xFzxEswXr7BHgolIA=</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

Encoder

Uk 2 {0,1}k
<latexit sha1_base64="BGkAg1fNbGTAsUP4CHRXJvJMLIA=">AAACDHicdVDLSsNAFJ34rPWV6tLNYBFcSEiqYJcFNy4rmLbQtGUynbRDJpMwM6mUkF/wD9zqD7gTt/6Dez/ESVvB+jgwzOGce7n3Hj9hVCrbfjdWVtfWNzZLW+Xtnd29fbNy0JJxKjBxccxi0fGRJIxy4iqqGOkkgqDIZ6Tth1eF354QIWnMb9U0Ib0IjTgNKEZKSwOz4vZD6FEOvcw+c7y8Hw7Mqm3V7ALwN3Gs2W9XwQLNgfnhDWOcRoQrzJCUXcdOVC9DQlHMSF72UkkShEM0Il1NOYqI7GWz1XN4opUhDGKhH1dwpn7vyFAk5TTydWWE1Fj+9ArxL6+bqqDeyyhPUkU4ng8KUgZVDIsc4JAKghWbaoKwoHpXiMdIIKx0WstTBJnkZR3L1+3wf9KqWc65Vbu5qDbqi4BK4Agcg1PggEvQANegCVyAwR14AI/gybg3no0X43VeumIseg7BEoy3T6qwmn0=</latexit>

Xn 2 {0,1}n
<latexit sha1_base64="xJ2i09XPHvUQ/f8vsOIdzfzpWZs=">AAACDHicdVDLSgMxFM34rPXV6tJNsAguZJipgl0W3LisYB/QTksmvdOGZjJDkqmUYX7BP3CrP+BO3PoP7v0Q04dgfRy45HDOvdyb48ecKe0479bK6tr6xmZuK7+9s7u3XygeNFSUSAp1GvFItnyigDMBdc00h1YsgYQ+h6Y/upr6zTFIxSJxqycxeCEZCBYwSrSReoViqytwh5lKnTO3k3WNVnLssjMF/k1ce/Y6JbRArVf46PQjmoQgNOVEqbbrxNpLidSMcsjynURBTOiIDKBtqCAhKC+dnZ7hE6P0cRBJU0Ljmfp9IiWhUpPQN50h0UP105uKf3ntRAcVL2UiTjQIOl8UJBzrCE9zwH0mgWo+MYRQycytmA6JJFSbtJa3SBhneRPL19/x/6RRtt1zu3xzUapWFgHl0BE6RqfIRZeoiq5RDdURRXfoAT2iJ+veerZerNd564q1mDlES7DePgG5UJqG</latexit>

Decoder

Ûn 2 {0,1}k
<latexit sha1_base64="+MASymfQrfN1exdlgKZ+gKSdfeg=">AAACEnicdVDLSsNAFJ3UV62vqAsXbgaL4EJCUgW7LLhxWcG0hSYtk+mkHTqZhJlJoYT8hX/gVn/Anbj1B9z7IU7aCtbHgcsczrmXO/cECaNS2fa7UVpZXVvfKG9WtrZ3dvfM/YOWjFOBiYtjFotOgCRhlBNXUcVIJxEERQEj7WB8XfjtCRGSxvxOTRPiR2jIaUgxUlrqm0feCKnMzXscelRXZp87Xt4b982qbdXsAvA3cazZa1fBAs2++eENYpxGhCvMkJRdx06UnyGhKGYkr3ipJAnCYzQkXU05ioj0s9kBOTzVygCGsdDFFZyp3ycyFEk5jQLdGSE1kj+9QvzL66YqrPsZ5UmqCMfzRWHKoIphkQYcUEGwYlNNEBZU/xXiERIIK53Z8hZBJnlFx/J1O/yftGqWc2HVbi+rjfoioDI4BifgDDjgCjTADWgCF2CQgwfwCJ6Me+PZeDFe560lYzFzCJZgvH0C0qSdTQ==</latexit>

yn 2 {0,1, e}n
<latexit sha1_base64="dqycFSNU9HxKzedn+db0KfJA+TY=">AAACDnicdVDLSgMxFM34rPVV7dJNsAguyjBTBbssuHFZwT6g05ZMeqcNzWSGJFMYhv6Df+BWf8CduPUX3Pshpg/B+jhwyeGce7k3x485U9px3q219Y3Nre3cTn53b//gsHB03FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr++HrmtyYgFYvEnU5j6IZkKFjAKNFG6heKaU9gj5nKnLJbBm/aM2rJsSvODPg3ce3565TQEvV+4cMbRDQJQWjKiVId14l1NyNSM8phmvcSBTGhYzKEjqGChKC62fz4KT4zygAHkTQlNJ6r3ycyEiqVhr7pDIkeqZ/eTPzL6yQ6qHYzJuJEg6CLRUHCsY7wLAk8YBKo5qkhhEpmbsV0RCSh2uS1ukXCZJo3sXz9Hf9PmhXbvbArt5elWnUZUA6doFN0jlx0hWroBtVRA1GUogf0iJ6se+vZerFeF61r1nKmiFZgvX0CKt6bTA==</latexit>
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<latexit sha1_base64="5aV3pgmyYT/np6XViNAk0++UgAc="></latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

e
<latexit sha1_base64="sgWHKfpuG3oi+vyGpmrIhiyNZes=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqpjr1R27IqTg/wmrj37nTIsUOuVPrr9mKUhRpoJqlTHdRLtZVRqzgROi91UYULZiA6wY2hEQ1ReNlt0Sk6N0idBLM2LNJmp3zsyGio1CX1TGVI9VD+9XPzL66Q6uPIyHiWpxojNBwWpIDom+dWkzyUyLSaGUCa52ZWwIZWUaZPN8hSJ42nRxPJ1O/mfNCu2e25X6hfl6vUioAIcwwmcgQuXUIVbqEEDGCA8wCM8WffWs/Vivc5LV6xFzxEswXr7BHgolIA=</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

Encoder

Uk 2 {0,1}k
<latexit sha1_base64="BGkAg1fNbGTAsUP4CHRXJvJMLIA=">AAACDHicdVDLSsNAFJ34rPWV6tLNYBFcSEiqYJcFNy4rmLbQtGUynbRDJpMwM6mUkF/wD9zqD7gTt/6Dez/ESVvB+jgwzOGce7n3Hj9hVCrbfjdWVtfWNzZLW+Xtnd29fbNy0JJxKjBxccxi0fGRJIxy4iqqGOkkgqDIZ6Tth1eF354QIWnMb9U0Ib0IjTgNKEZKSwOz4vZD6FEOvcw+c7y8Hw7Mqm3V7ALwN3Gs2W9XwQLNgfnhDWOcRoQrzJCUXcdOVC9DQlHMSF72UkkShEM0Il1NOYqI7GWz1XN4opUhDGKhH1dwpn7vyFAk5TTydWWE1Fj+9ArxL6+bqqDeyyhPUkU4ng8KUgZVDIsc4JAKghWbaoKwoHpXiMdIIKx0WstTBJnkZR3L1+3wf9KqWc65Vbu5qDbqi4BK4Agcg1PggEvQANegCVyAwR14AI/gybg3no0X43VeumIseg7BEoy3T6qwmn0=</latexit>

Xn 2 {0,1}n
<latexit sha1_base64="xJ2i09XPHvUQ/f8vsOIdzfzpWZs=">AAACDHicdVDLSgMxFM34rPXV6tJNsAguZJipgl0W3LisYB/QTksmvdOGZjJDkqmUYX7BP3CrP+BO3PoP7v0Q04dgfRy45HDOvdyb48ecKe0479bK6tr6xmZuK7+9s7u3XygeNFSUSAp1GvFItnyigDMBdc00h1YsgYQ+h6Y/upr6zTFIxSJxqycxeCEZCBYwSrSReoViqytwh5lKnTO3k3WNVnLssjMF/k1ce/Y6JbRArVf46PQjmoQgNOVEqbbrxNpLidSMcsjynURBTOiIDKBtqCAhKC+dnZ7hE6P0cRBJU0Ljmfp9IiWhUpPQN50h0UP105uKf3ntRAcVL2UiTjQIOl8UJBzrCE9zwH0mgWo+MYRQycytmA6JJFSbtJa3SBhneRPL19/x/6RRtt1zu3xzUapWFgHl0BE6RqfIRZeoiq5RDdURRXfoAT2iJ+veerZerNd564q1mDlES7DePgG5UJqG</latexit>

Decoder

Ûn 2 {0,1}k
<latexit sha1_base64="+MASymfQrfN1exdlgKZ+gKSdfeg=">AAACEnicdVDLSsNAFJ3UV62vqAsXbgaL4EJCUgW7LLhxWcG0hSYtk+mkHTqZhJlJoYT8hX/gVn/Anbj1B9z7IU7aCtbHgcsczrmXO/cECaNS2fa7UVpZXVvfKG9WtrZ3dvfM/YOWjFOBiYtjFotOgCRhlBNXUcVIJxEERQEj7WB8XfjtCRGSxvxOTRPiR2jIaUgxUlrqm0feCKnMzXscelRXZp87Xt4b982qbdXsAvA3cazZa1fBAs2++eENYpxGhCvMkJRdx06UnyGhKGYkr3ipJAnCYzQkXU05ioj0s9kBOTzVygCGsdDFFZyp3ycyFEk5jQLdGSE1kj+9QvzL66YqrPsZ5UmqCMfzRWHKoIphkQYcUEGwYlNNEBZU/xXiERIIK53Z8hZBJnlFx/J1O/yftGqWc2HVbi+rjfoioDI4BifgDDjgCjTADWgCF2CQgwfwCJ6Me+PZeDFe560lYzFzCJZgvH0C0qSdTQ==</latexit>

yn 2 {0,1, e}n
<latexit sha1_base64="dqycFSNU9HxKzedn+db0KfJA+TY=">AAACDnicdVDLSgMxFM34rPVV7dJNsAguyjBTBbssuHFZwT6g05ZMeqcNzWSGJFMYhv6Df+BWf8CduPUX3Pshpg/B+jhwyeGce7k3x485U9px3q219Y3Nre3cTn53b//gsHB03FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr++HrmtyYgFYvEnU5j6IZkKFjAKNFG6heKaU9gj5nKnLJbBm/aM2rJsSvODPg3ce3565TQEvV+4cMbRDQJQWjKiVId14l1NyNSM8phmvcSBTGhYzKEjqGChKC62fz4KT4zygAHkTQlNJ6r3ycyEiqVhr7pDIkeqZ/eTPzL6yQ6qHYzJuJEg6CLRUHCsY7wLAk8YBKo5qkhhEpmbsV0RCSh2uS1ukXCZJo3sXz9Hf9PmhXbvbArt5elWnUZUA6doFN0jlx0hWroBtVRA1GUogf0iJ6se+vZerFeF61r1nKmiFZgvX0CKt6bTA==</latexit>



A Non-Example

‣ Scheme: repeatedly transmit each bit until it gets through
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<latexit sha1_base64="5aV3pgmyYT/np6XViNAk0++UgAc="></latexit>

[i.i.d. Bernoulli(1 � p)]
<latexit sha1_base64="huGocwSpMBFk1jS5ChH/VgJsNr0=">AAACFXicdVDLSgMxFM3UV62vqjvdBFuhLhxm6sIui25cVrAPmA4lk7ltg5nMkGQKpRT8C//Arf6AO3Hr2r0fYvoQrI8DIYdz7uXee4KEM6Ud593KLC2vrK5l13Mbm1vbO/ndvYaKU0mhTmMey1ZAFHAmoK6Z5tBKJJAo4NAMbi8nfnMAUrFY3OhhAn5EeoJ1GSXaSJ38gcdsZod2G1+AFHHKOSsV3dOkeOJ38gXHLjsT4N/Etae/U0Bz1Dr5j3YY0zQCoSknSnmuk2h/RKRmlMM4104VJITekh54hgoSgfJH0xvG+NgoIe7G0jyh8VT93jEikVLDKDCVEdF99dObiH95Xqq7FX/ERJJqEHQ2qJtyrGM8CQSHTALVfGgIoZKZXTHtE0moNrEtTpEwGOdMLF+34/9Jo2y7Z3b5ulyoVuYBZdEhOkIl5KJzVEVXqIbqiKI79IAe0ZN1bz1bL9brrDRjzXv20QKst08TdJ1F</latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

e
<latexit sha1_base64="sgWHKfpuG3oi+vyGpmrIhiyNZes=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqpjr1R27IqTg/wmrj37nTIsUOuVPrr9mKUhRpoJqlTHdRLtZVRqzgROi91UYULZiA6wY2hEQ1ReNlt0Sk6N0idBLM2LNJmp3zsyGio1CX1TGVI9VD+9XPzL66Q6uPIyHiWpxojNBwWpIDom+dWkzyUyLSaGUCa52ZWwIZWUaZPN8hSJ42nRxPJ1O/mfNCu2e25X6hfl6vUioAIcwwmcgQuXUIVbqEEDGCA8wCM8WffWs/Vivc5LV6xFzxEswXr7BHgolIA=</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

Encoder

Uk 2 {0,1}k
<latexit sha1_base64="BGkAg1fNbGTAsUP4CHRXJvJMLIA=">AAACDHicdVDLSsNAFJ34rPWV6tLNYBFcSEiqYJcFNy4rmLbQtGUynbRDJpMwM6mUkF/wD9zqD7gTt/6Dez/ESVvB+jgwzOGce7n3Hj9hVCrbfjdWVtfWNzZLW+Xtnd29fbNy0JJxKjBxccxi0fGRJIxy4iqqGOkkgqDIZ6Tth1eF354QIWnMb9U0Ib0IjTgNKEZKSwOz4vZD6FEOvcw+c7y8Hw7Mqm3V7ALwN3Gs2W9XwQLNgfnhDWOcRoQrzJCUXcdOVC9DQlHMSF72UkkShEM0Il1NOYqI7GWz1XN4opUhDGKhH1dwpn7vyFAk5TTydWWE1Fj+9ArxL6+bqqDeyyhPUkU4ng8KUgZVDIsc4JAKghWbaoKwoHpXiMdIIKx0WstTBJnkZR3L1+3wf9KqWc65Vbu5qDbqi4BK4Agcg1PggEvQANegCVyAwR14AI/gybg3no0X43VeumIseg7BEoy3T6qwmn0=</latexit>

Xn 2 {0,1}n
<latexit sha1_base64="xJ2i09XPHvUQ/f8vsOIdzfzpWZs=">AAACDHicdVDLSgMxFM34rPXV6tJNsAguZJipgl0W3LisYB/QTksmvdOGZjJDkqmUYX7BP3CrP+BO3PoP7v0Q04dgfRy45HDOvdyb48ecKe0479bK6tr6xmZuK7+9s7u3XygeNFSUSAp1GvFItnyigDMBdc00h1YsgYQ+h6Y/upr6zTFIxSJxqycxeCEZCBYwSrSReoViqytwh5lKnTO3k3WNVnLssjMF/k1ce/Y6JbRArVf46PQjmoQgNOVEqbbrxNpLidSMcsjynURBTOiIDKBtqCAhKC+dnZ7hE6P0cRBJU0Ljmfp9IiWhUpPQN50h0UP105uKf3ntRAcVL2UiTjQIOl8UJBzrCE9zwH0mgWo+MYRQycytmA6JJFSbtJa3SBhneRPL19/x/6RRtt1zu3xzUapWFgHl0BE6RqfIRZeoiq5RDdURRXfoAT2iJ+veerZerNd564q1mDlES7DePgG5UJqG</latexit>

Decoder

Ûn 2 {0,1}k
<latexit sha1_base64="+MASymfQrfN1exdlgKZ+gKSdfeg=">AAACEnicdVDLSsNAFJ3UV62vqAsXbgaL4EJCUgW7LLhxWcG0hSYtk+mkHTqZhJlJoYT8hX/gVn/Anbj1B9z7IU7aCtbHgcsczrmXO/cECaNS2fa7UVpZXVvfKG9WtrZ3dvfM/YOWjFOBiYtjFotOgCRhlBNXUcVIJxEERQEj7WB8XfjtCRGSxvxOTRPiR2jIaUgxUlrqm0feCKnMzXscelRXZp87Xt4b982qbdXsAvA3cazZa1fBAs2++eENYpxGhCvMkJRdx06UnyGhKGYkr3ipJAnCYzQkXU05ioj0s9kBOTzVygCGsdDFFZyp3ycyFEk5jQLdGSE1kj+9QvzL66YqrPsZ5UmqCMfzRWHKoIphkQYcUEGwYlNNEBZU/xXiERIIK53Z8hZBJnlFx/J1O/yftGqWc2HVbi+rjfoioDI4BifgDDjgCjTADWgCF2CQgwfwCJ6Me+PZeDFe560lYzFzCJZgvH0C0qSdTQ==</latexit>

yn 2 {0,1, e}n
<latexit sha1_base64="dqycFSNU9HxKzedn+db0KfJA+TY=">AAACDnicdVDLSgMxFM34rPVV7dJNsAguyjBTBbssuHFZwT6g05ZMeqcNzWSGJFMYhv6Df+BWf8CduPUX3Pshpg/B+jhwyeGce7k3x485U9px3q219Y3Nre3cTn53b//gsHB03FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr++HrmtyYgFYvEnU5j6IZkKFjAKNFG6heKaU9gj5nKnLJbBm/aM2rJsSvODPg3ce3565TQEvV+4cMbRDQJQWjKiVId14l1NyNSM8phmvcSBTGhYzKEjqGChKC62fz4KT4zygAHkTQlNJ6r3ycyEiqVhr7pDIkeqZ/eTPzL6yQ6qHYzJuJEg6CLRUHCsY7wLAk8YBKo5qkhhEpmbsV0RCSh2uS1ukXCZJo3sXz9Hf9PmhXbvbArt5elWnUZUA6doFN0jlx0hWroBtVRA1GUogf0iJ6se+vZerFeF61r1nKmiFZgvX0CKt6bTA==</latexit>
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<latexit sha1_base64="5aV3pgmyYT/np6XViNAk0++UgAc="></latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

e
<latexit sha1_base64="sgWHKfpuG3oi+vyGpmrIhiyNZes=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqpjr1R27IqTg/wmrj37nTIsUOuVPrr9mKUhRpoJqlTHdRLtZVRqzgROi91UYULZiA6wY2hEQ1ReNlt0Sk6N0idBLM2LNJmp3zsyGio1CX1TGVI9VD+9XPzL66Q6uPIyHiWpxojNBwWpIDom+dWkzyUyLSaGUCa52ZWwIZWUaZPN8hSJ42nRxPJ1O/mfNCu2e25X6hfl6vUioAIcwwmcgQuXUIVbqEEDGCA8wCM8WffWs/Vivc5LV6xFzxEswXr7BHgolIA=</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

Encoder

Uk 2 {0,1}k
<latexit sha1_base64="BGkAg1fNbGTAsUP4CHRXJvJMLIA=">AAACDHicdVDLSsNAFJ34rPWV6tLNYBFcSEiqYJcFNy4rmLbQtGUynbRDJpMwM6mUkF/wD9zqD7gTt/6Dez/ESVvB+jgwzOGce7n3Hj9hVCrbfjdWVtfWNzZLW+Xtnd29fbNy0JJxKjBxccxi0fGRJIxy4iqqGOkkgqDIZ6Tth1eF354QIWnMb9U0Ib0IjTgNKEZKSwOz4vZD6FEOvcw+c7y8Hw7Mqm3V7ALwN3Gs2W9XwQLNgfnhDWOcRoQrzJCUXcdOVC9DQlHMSF72UkkShEM0Il1NOYqI7GWz1XN4opUhDGKhH1dwpn7vyFAk5TTydWWE1Fj+9ArxL6+bqqDeyyhPUkU4ng8KUgZVDIsc4JAKghWbaoKwoHpXiMdIIKx0WstTBJnkZR3L1+3wf9KqWc65Vbu5qDbqi4BK4Agcg1PggEvQANegCVyAwR14AI/gybg3no0X43VeumIseg7BEoy3T6qwmn0=</latexit>

Xn 2 {0,1}n
<latexit sha1_base64="xJ2i09XPHvUQ/f8vsOIdzfzpWZs=">AAACDHicdVDLSgMxFM34rPXV6tJNsAguZJipgl0W3LisYB/QTksmvdOGZjJDkqmUYX7BP3CrP+BO3PoP7v0Q04dgfRy45HDOvdyb48ecKe0479bK6tr6xmZuK7+9s7u3XygeNFSUSAp1GvFItnyigDMBdc00h1YsgYQ+h6Y/upr6zTFIxSJxqycxeCEZCBYwSrSReoViqytwh5lKnTO3k3WNVnLssjMF/k1ce/Y6JbRArVf46PQjmoQgNOVEqbbrxNpLidSMcsjynURBTOiIDKBtqCAhKC+dnZ7hE6P0cRBJU0Ljmfp9IiWhUpPQN50h0UP105uKf3ntRAcVL2UiTjQIOl8UJBzrCE9zwH0mgWo+MYRQycytmA6JJFSbtJa3SBhneRPL19/x/6RRtt1zu3xzUapWFgHl0BE6RqfIRZeoiq5RDdURRXfoAT2iJ+veerZerNd564q1mDlES7DePgG5UJqG</latexit>

Decoder

Ûn 2 {0,1}k
<latexit sha1_base64="+MASymfQrfN1exdlgKZ+gKSdfeg=">AAACEnicdVDLSsNAFJ3UV62vqAsXbgaL4EJCUgW7LLhxWcG0hSYtk+mkHTqZhJlJoYT8hX/gVn/Anbj1B9z7IU7aCtbHgcsczrmXO/cECaNS2fa7UVpZXVvfKG9WtrZ3dvfM/YOWjFOBiYtjFotOgCRhlBNXUcVIJxEERQEj7WB8XfjtCRGSxvxOTRPiR2jIaUgxUlrqm0feCKnMzXscelRXZp87Xt4b982qbdXsAvA3cazZa1fBAs2++eENYpxGhCvMkJRdx06UnyGhKGYkr3ipJAnCYzQkXU05ioj0s9kBOTzVygCGsdDFFZyp3ycyFEk5jQLdGSE1kj+9QvzL66YqrPsZ5UmqCMfzRWHKoIphkQYcUEGwYlNNEBZU/xXiERIIK53Z8hZBJnlFx/J1O/yftGqWc2HVbi+rjfoioDI4BifgDDjgCjTADWgCF2CQgwfwCJ6Me+PZeDFe560lYzFzCJZgvH0C0qSdTQ==</latexit>

yn 2 {0,1, e}n
<latexit sha1_base64="dqycFSNU9HxKzedn+db0KfJA+TY=">AAACDnicdVDLSgMxFM34rPVV7dJNsAguyjBTBbssuHFZwT6g05ZMeqcNzWSGJFMYhv6Df+BWf8CduPUX3Pshpg/B+jhwyeGce7k3x485U9px3q219Y3Nre3cTn53b//gsHB03FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr++HrmtyYgFYvEnU5j6IZkKFjAKNFG6heKaU9gj5nKnLJbBm/aM2rJsSvODPg3ce3565TQEvV+4cMbRDQJQWjKiVId14l1NyNSM8phmvcSBTGhYzKEjqGChKC62fz4KT4zygAHkTQlNJ6r3ycyEiqVhr7pDIkeqZ/eTPzL6yQ6qHYzJuJEg6CLRUHCsY7wLAk8YBKo5qkhhEpmbsV0RCSh2uS1ukXCZJo3sXz9Hf9PmhXbvbArt5elWnUZUA6doFN0jlx0hWroBtVRA1GUogf0iJ6se+vZerFeF61r1nKmiFZgvX0CKt6bTA==</latexit>
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<latexit sha1_base64="5aV3pgmyYT/np6XViNAk0++UgAc="></latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

e
<latexit sha1_base64="sgWHKfpuG3oi+vyGpmrIhiyNZes=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqpjr1R27IqTg/wmrj37nTIsUOuVPrr9mKUhRpoJqlTHdRLtZVRqzgROi91UYULZiA6wY2hEQ1ReNlt0Sk6N0idBLM2LNJmp3zsyGio1CX1TGVI9VD+9XPzL66Q6uPIyHiWpxojNBwWpIDom+dWkzyUyLSaGUCa52ZWwIZWUaZPN8hSJ42nRxPJ1O/mfNCu2e25X6hfl6vUioAIcwwmcgQuXUIVbqEEDGCA8wCM8WffWs/Vivc5LV6xFzxEswXr7BHgolIA=</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

Encoder

Uk 2 {0,1}k
<latexit sha1_base64="BGkAg1fNbGTAsUP4CHRXJvJMLIA=">AAACDHicdVDLSsNAFJ34rPWV6tLNYBFcSEiqYJcFNy4rmLbQtGUynbRDJpMwM6mUkF/wD9zqD7gTt/6Dez/ESVvB+jgwzOGce7n3Hj9hVCrbfjdWVtfWNzZLW+Xtnd29fbNy0JJxKjBxccxi0fGRJIxy4iqqGOkkgqDIZ6Tth1eF354QIWnMb9U0Ib0IjTgNKEZKSwOz4vZD6FEOvcw+c7y8Hw7Mqm3V7ALwN3Gs2W9XwQLNgfnhDWOcRoQrzJCUXcdOVC9DQlHMSF72UkkShEM0Il1NOYqI7GWz1XN4opUhDGKhH1dwpn7vyFAk5TTydWWE1Fj+9ArxL6+bqqDeyyhPUkU4ng8KUgZVDIsc4JAKghWbaoKwoHpXiMdIIKx0WstTBJnkZR3L1+3wf9KqWc65Vbu5qDbqi4BK4Agcg1PggEvQANegCVyAwR14AI/gybg3no0X43VeumIseg7BEoy3T6qwmn0=</latexit>

Xn 2 {0,1}n
<latexit sha1_base64="xJ2i09XPHvUQ/f8vsOIdzfzpWZs=">AAACDHicdVDLSgMxFM34rPXV6tJNsAguZJipgl0W3LisYB/QTksmvdOGZjJDkqmUYX7BP3CrP+BO3PoP7v0Q04dgfRy45HDOvdyb48ecKe0479bK6tr6xmZuK7+9s7u3XygeNFSUSAp1GvFItnyigDMBdc00h1YsgYQ+h6Y/upr6zTFIxSJxqycxeCEZCBYwSrSReoViqytwh5lKnTO3k3WNVnLssjMF/k1ce/Y6JbRArVf46PQjmoQgNOVEqbbrxNpLidSMcsjynURBTOiIDKBtqCAhKC+dnZ7hE6P0cRBJU0Ljmfp9IiWhUpPQN50h0UP105uKf3ntRAcVL2UiTjQIOl8UJBzrCE9zwH0mgWo+MYRQycytmA6JJFSbtJa3SBhneRPL19/x/6RRtt1zu3xzUapWFgHl0BE6RqfIRZeoiq5RDdURRXfoAT2iJ+veerZerNd564q1mDlES7DePgG5UJqG</latexit>

Decoder

Ûn 2 {0,1}k
<latexit sha1_base64="+MASymfQrfN1exdlgKZ+gKSdfeg=">AAACEnicdVDLSsNAFJ3UV62vqAsXbgaL4EJCUgW7LLhxWcG0hSYtk+mkHTqZhJlJoYT8hX/gVn/Anbj1B9z7IU7aCtbHgcsczrmXO/cECaNS2fa7UVpZXVvfKG9WtrZ3dvfM/YOWjFOBiYtjFotOgCRhlBNXUcVIJxEERQEj7WB8XfjtCRGSxvxOTRPiR2jIaUgxUlrqm0feCKnMzXscelRXZp87Xt4b982qbdXsAvA3cazZa1fBAs2++eENYpxGhCvMkJRdx06UnyGhKGYkr3ipJAnCYzQkXU05ioj0s9kBOTzVygCGsdDFFZyp3ycyFEk5jQLdGSE1kj+9QvzL66YqrPsZ5UmqCMfzRWHKoIphkQYcUEGwYlNNEBZU/xXiERIIK53Z8hZBJnlFx/J1O/yftGqWc2HVbi+rjfoioDI4BifgDDjgCjTADWgCF2CQgwfwCJ6Me+PZeDFe560lYzFzCJZgvH0C0qSdTQ==</latexit>

yn 2 {0,1, e}n
<latexit sha1_base64="dqycFSNU9HxKzedn+db0KfJA+TY=">AAACDnicdVDLSgMxFM34rPVV7dJNsAguyjBTBbssuHFZwT6g05ZMeqcNzWSGJFMYhv6Df+BWf8CduPUX3Pshpg/B+jhwyeGce7k3x485U9px3q219Y3Nre3cTn53b//gsHB03FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr++HrmtyYgFYvEnU5j6IZkKFjAKNFG6heKaU9gj5nKnLJbBm/aM2rJsSvODPg3ce3565TQEvV+4cMbRDQJQWjKiVId14l1NyNSM8phmvcSBTGhYzKEjqGChKC62fz4KT4zygAHkTQlNJ6r3ycyEiqVhr7pDIkeqZ/eTPzL6yQ6qHYzJuJEg6CLRUHCsY7wLAk8YBKo5qkhhEpmbsV0RCSh2uS1ukXCZJo3sXz9Hf9PmhXbvbArt5elWnUZUA6doFN0jlx0hWroBtVRA1GUogf0iJ6se+vZerFeF61r1nKmiFZgvX0CKt6bTA==</latexit>

if n, k!� as k = nR with R < 1� p
<latexit sha1_base64="8eaGRjUFokn/8CCBgr6B9DX9INk="></latexit>
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0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

e
<latexit sha1_base64="sgWHKfpuG3oi+vyGpmrIhiyNZes=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqpjr1R27IqTg/wmrj37nTIsUOuVPrr9mKUhRpoJqlTHdRLtZVRqzgROi91UYULZiA6wY2hEQ1ReNlt0Sk6N0idBLM2LNJmp3zsyGio1CX1TGVI9VD+9XPzL66Q6uPIyHiWpxojNBwWpIDom+dWkzyUyLSaGUCa52ZWwIZWUaZPN8hSJ42nRxPJ1O/mfNCu2e25X6hfl6vUioAIcwwmcgQuXUIVbqEEDGCA8wCM8WffWs/Vivc5LV6xFzxEswXr7BHgolIA=</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

Encoder

Uk 2 {0,1}k
<latexit sha1_base64="BGkAg1fNbGTAsUP4CHRXJvJMLIA=">AAACDHicdVDLSsNAFJ34rPWV6tLNYBFcSEiqYJcFNy4rmLbQtGUynbRDJpMwM6mUkF/wD9zqD7gTt/6Dez/ESVvB+jgwzOGce7n3Hj9hVCrbfjdWVtfWNzZLW+Xtnd29fbNy0JJxKjBxccxi0fGRJIxy4iqqGOkkgqDIZ6Tth1eF354QIWnMb9U0Ib0IjTgNKEZKSwOz4vZD6FEOvcw+c7y8Hw7Mqm3V7ALwN3Gs2W9XwQLNgfnhDWOcRoQrzJCUXcdOVC9DQlHMSF72UkkShEM0Il1NOYqI7GWz1XN4opUhDGKhH1dwpn7vyFAk5TTydWWE1Fj+9ArxL6+bqqDeyyhPUkU4ng8KUgZVDIsc4JAKghWbaoKwoHpXiMdIIKx0WstTBJnkZR3L1+3wf9KqWc65Vbu5qDbqi4BK4Agcg1PggEvQANegCVyAwR14AI/gybg3no0X43VeumIseg7BEoy3T6qwmn0=</latexit>

Xn 2 {0,1}n
<latexit sha1_base64="xJ2i09XPHvUQ/f8vsOIdzfzpWZs=">AAACDHicdVDLSgMxFM34rPXV6tJNsAguZJipgl0W3LisYB/QTksmvdOGZjJDkqmUYX7BP3CrP+BO3PoP7v0Q04dgfRy45HDOvdyb48ecKe0479bK6tr6xmZuK7+9s7u3XygeNFSUSAp1GvFItnyigDMBdc00h1YsgYQ+h6Y/upr6zTFIxSJxqycxeCEZCBYwSrSReoViqytwh5lKnTO3k3WNVnLssjMF/k1ce/Y6JbRArVf46PQjmoQgNOVEqbbrxNpLidSMcsjynURBTOiIDKBtqCAhKC+dnZ7hE6P0cRBJU0Ljmfp9IiWhUpPQN50h0UP105uKf3ntRAcVL2UiTjQIOl8UJBzrCE9zwH0mgWo+MYRQycytmA6JJFSbtJa3SBhneRPL19/x/6RRtt1zu3xzUapWFgHl0BE6RqfIRZeoiq5RDdURRXfoAT2iJ+veerZerNd564q1mDlES7DePgG5UJqG</latexit>

Decoder

Ûn 2 {0,1}k
<latexit sha1_base64="+MASymfQrfN1exdlgKZ+gKSdfeg=">AAACEnicdVDLSsNAFJ3UV62vqAsXbgaL4EJCUgW7LLhxWcG0hSYtk+mkHTqZhJlJoYT8hX/gVn/Anbj1B9z7IU7aCtbHgcsczrmXO/cECaNS2fa7UVpZXVvfKG9WtrZ3dvfM/YOWjFOBiYtjFotOgCRhlBNXUcVIJxEERQEj7WB8XfjtCRGSxvxOTRPiR2jIaUgxUlrqm0feCKnMzXscelRXZp87Xt4b982qbdXsAvA3cazZa1fBAs2++eENYpxGhCvMkJRdx06UnyGhKGYkr3ipJAnCYzQkXU05ioj0s9kBOTzVygCGsdDFFZyp3ycyFEk5jQLdGSE1kj+9QvzL66YqrPsZ5UmqCMfzRWHKoIphkQYcUEGwYlNNEBZU/xXiERIIK53Z8hZBJnlFx/J1O/yftGqWc2HVbi+rjfoioDI4BifgDDjgCjTADWgCF2CQgwfwCJ6Me+PZeDFe560lYzFzCJZgvH0C0qSdTQ==</latexit>

yn 2 {0,1, e}n
<latexit sha1_base64="dqycFSNU9HxKzedn+db0KfJA+TY=">AAACDnicdVDLSgMxFM34rPVV7dJNsAguyjBTBbssuHFZwT6g05ZMeqcNzWSGJFMYhv6Df+BWf8CduPUX3Pshpg/B+jhwyeGce7k3x485U9px3q219Y3Nre3cTn53b//gsHB03FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr++HrmtyYgFYvEnU5j6IZkKFjAKNFG6heKaU9gj5nKnLJbBm/aM2rJsSvODPg3ce3565TQEvV+4cMbRDQJQWjKiVId14l1NyNSM8phmvcSBTGhYzKEjqGChKC62fz4KT4zygAHkTQlNJ6r3ycyEiqVhr7pDIkeqZ/eTPzL6yQ6qHYzJuJEg6CLRUHCsY7wLAk8YBKo5qkhhEpmbsV0RCSh2uS1ukXCZJo3sXz9Hf9PmhXbvbArt5elWnUZUA6doFN0jlx0hWroBtVRA1GUogf0iJ6se+vZerFeF61r1nKmiFZgvX0CKt6bTA==</latexit>
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<latexit sha1_base64="J19JSdEJfJWkEzJvOksh7UNa5aQ="></latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

e
<latexit sha1_base64="sgWHKfpuG3oi+vyGpmrIhiyNZes=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqpjr1R27IqTg/wmrj37nTIsUOuVPrr9mKUhRpoJqlTHdRLtZVRqzgROi91UYULZiA6wY2hEQ1ReNlt0Sk6N0idBLM2LNJmp3zsyGio1CX1TGVI9VD+9XPzL66Q6uPIyHiWpxojNBwWpIDom+dWkzyUyLSaGUCa52ZWwIZWUaZPN8hSJ42nRxPJ1O/mfNCu2e25X6hfl6vUioAIcwwmcgQuXUIVbqEEDGCA8wCM8WffWs/Vivc5LV6xFzxEswXr7BHgolIA=</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

Encoder

Uk 2 {0,1}k
<latexit sha1_base64="BGkAg1fNbGTAsUP4CHRXJvJMLIA=">AAACDHicdVDLSsNAFJ34rPWV6tLNYBFcSEiqYJcFNy4rmLbQtGUynbRDJpMwM6mUkF/wD9zqD7gTt/6Dez/ESVvB+jgwzOGce7n3Hj9hVCrbfjdWVtfWNzZLW+Xtnd29fbNy0JJxKjBxccxi0fGRJIxy4iqqGOkkgqDIZ6Tth1eF354QIWnMb9U0Ib0IjTgNKEZKSwOz4vZD6FEOvcw+c7y8Hw7Mqm3V7ALwN3Gs2W9XwQLNgfnhDWOcRoQrzJCUXcdOVC9DQlHMSF72UkkShEM0Il1NOYqI7GWz1XN4opUhDGKhH1dwpn7vyFAk5TTydWWE1Fj+9ArxL6+bqqDeyyhPUkU4ng8KUgZVDIsc4JAKghWbaoKwoHpXiMdIIKx0WstTBJnkZR3L1+3wf9KqWc65Vbu5qDbqi4BK4Agcg1PggEvQANegCVyAwR14AI/gybg3no0X43VeumIseg7BEoy3T6qwmn0=</latexit>

Xn 2 {0,1}n
<latexit sha1_base64="xJ2i09XPHvUQ/f8vsOIdzfzpWZs=">AAACDHicdVDLSgMxFM34rPXV6tJNsAguZJipgl0W3LisYB/QTksmvdOGZjJDkqmUYX7BP3CrP+BO3PoP7v0Q04dgfRy45HDOvdyb48ecKe0479bK6tr6xmZuK7+9s7u3XygeNFSUSAp1GvFItnyigDMBdc00h1YsgYQ+h6Y/upr6zTFIxSJxqycxeCEZCBYwSrSReoViqytwh5lKnTO3k3WNVnLssjMF/k1ce/Y6JbRArVf46PQjmoQgNOVEqbbrxNpLidSMcsjynURBTOiIDKBtqCAhKC+dnZ7hE6P0cRBJU0Ljmfp9IiWhUpPQN50h0UP105uKf3ntRAcVL2UiTjQIOl8UJBzrCE9zwH0mgWo+MYRQycytmA6JJFSbtJa3SBhneRPL19/x/6RRtt1zu3xzUapWFgHl0BE6RqfIRZeoiq5RDdURRXfoAT2iJ+veerZerNd564q1mDlES7DePgG5UJqG</latexit>

Decoder

Ûn 2 {0,1}k
<latexit sha1_base64="+MASymfQrfN1exdlgKZ+gKSdfeg=">AAACEnicdVDLSsNAFJ3UV62vqAsXbgaL4EJCUgW7LLhxWcG0hSYtk+mkHTqZhJlJoYT8hX/gVn/Anbj1B9z7IU7aCtbHgcsczrmXO/cECaNS2fa7UVpZXVvfKG9WtrZ3dvfM/YOWjFOBiYtjFotOgCRhlBNXUcVIJxEERQEj7WB8XfjtCRGSxvxOTRPiR2jIaUgxUlrqm0feCKnMzXscelRXZp87Xt4b982qbdXsAvA3cazZa1fBAs2++eENYpxGhCvMkJRdx06UnyGhKGYkr3ipJAnCYzQkXU05ioj0s9kBOTzVygCGsdDFFZyp3ycyFEk5jQLdGSE1kj+9QvzL66YqrPsZ5UmqCMfzRWHKoIphkQYcUEGwYlNNEBZU/xXiERIIK53Z8hZBJnlFx/J1O/yftGqWc2HVbi+rjfoioDI4BifgDDjgCjTADWgCF2CQgwfwCJ6Me+PZeDFe560lYzFzCJZgvH0C0qSdTQ==</latexit>

yn 2 {0,1, e}n
<latexit sha1_base64="dqycFSNU9HxKzedn+db0KfJA+TY=">AAACDnicdVDLSgMxFM34rPVV7dJNsAguyjBTBbssuHFZwT6g05ZMeqcNzWSGJFMYhv6Df+BWf8CduPUX3Pshpg/B+jhwyeGce7k3x485U9px3q219Y3Nre3cTn53b//gsHB03FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr++HrmtyYgFYvEnU5j6IZkKFjAKNFG6heKaU9gj5nKnLJbBm/aM2rJsSvODPg3ce3565TQEvV+4cMbRDQJQWjKiVId14l1NyNSM8phmvcSBTGhYzKEjqGChKC62fz4KT4zygAHkTQlNJ6r3ycyEiqVhr7pDIkeqZ/eTPzL6yQ6qHYzJuJEg6CLRUHCsY7wLAk8YBKo5qkhhEpmbsV0RCSh2uS1ukXCZJo3sXz9Hf9PmhXbvbArt5elWnUZUA6doFN0jlx0hWroBtVRA1GUogf0iJ6se+vZerFeF61r1nKmiFZgvX0CKt6bTA==</latexit>
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<latexit sha1_base64="J19JSdEJfJWkEzJvOksh7UNa5aQ="></latexit>

G 2 {0,1}n⇥k
<latexit sha1_base64="JoTgxjpqKTI0f8byC8P+Y4xdM0U=">AAACIXicdVDLSgMxFM34rPU16tJNsCgupMxUQVdScKHLCvYBnVoy6W0bmskMSaZQhvkD/8I/cKs/4E7ciVs/xExbwfq4EHI49x7OvcePOFPacd6sufmFxaXl3Ep+dW19Y9Pe2q6pMJYUqjTkoWz4RAFnAqqaaQ6NSAIJfA51f3CR9etDkIqF4kaPImgFpCdYl1GiDdW2D7xYdEBm8uQyxR4T2EucI9dLbxMDNQtA4UHatgtOseRkhX8Dtzj+nQKaVqVtf3idkMYBCE05UarpOpFuJURqRjmkeS9WEBE6ID1oGiiI8Wkl43tSvG+YDu6G0jyh8Zj9rkhIoNQo8M1kQHRf/exl5F+9Zqy7Z62EiSjWIOjEqBtzrEOchYM7TALVfGQAoZKZXTHtE0moNhHOukgYpnkTy9ft+H9QKxXd42Lp+qRQPp8GlEO7aA8dIhedojK6QhVURRTdoQf0iJ6se+vZerFeJ6Nz1lSzg2bKev8E61GjvA==</latexit>

[uniform]

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

e
<latexit sha1_base64="sgWHKfpuG3oi+vyGpmrIhiyNZes=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqpjr1R27IqTg/wmrj37nTIsUOuVPrr9mKUhRpoJqlTHdRLtZVRqzgROi91UYULZiA6wY2hEQ1ReNlt0Sk6N0idBLM2LNJmp3zsyGio1CX1TGVI9VD+9XPzL66Q6uPIyHiWpxojNBwWpIDom+dWkzyUyLSaGUCa52ZWwIZWUaZPN8hSJ42nRxPJ1O/mfNCu2e25X6hfl6vUioAIcwwmcgQuXUIVbqEEDGCA8wCM8WffWs/Vivc5LV6xFzxEswXr7BHgolIA=</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

Encoder

Uk 2 {0,1}k
<latexit sha1_base64="BGkAg1fNbGTAsUP4CHRXJvJMLIA=">AAACDHicdVDLSsNAFJ34rPWV6tLNYBFcSEiqYJcFNy4rmLbQtGUynbRDJpMwM6mUkF/wD9zqD7gTt/6Dez/ESVvB+jgwzOGce7n3Hj9hVCrbfjdWVtfWNzZLW+Xtnd29fbNy0JJxKjBxccxi0fGRJIxy4iqqGOkkgqDIZ6Tth1eF354QIWnMb9U0Ib0IjTgNKEZKSwOz4vZD6FEOvcw+c7y8Hw7Mqm3V7ALwN3Gs2W9XwQLNgfnhDWOcRoQrzJCUXcdOVC9DQlHMSF72UkkShEM0Il1NOYqI7GWz1XN4opUhDGKhH1dwpn7vyFAk5TTydWWE1Fj+9ArxL6+bqqDeyyhPUkU4ng8KUgZVDIsc4JAKghWbaoKwoHpXiMdIIKx0WstTBJnkZR3L1+3wf9KqWc65Vbu5qDbqi4BK4Agcg1PggEvQANegCVyAwR14AI/gybg3no0X43VeumIseg7BEoy3T6qwmn0=</latexit>

Xn 2 {0,1}n
<latexit sha1_base64="xJ2i09XPHvUQ/f8vsOIdzfzpWZs=">AAACDHicdVDLSgMxFM34rPXV6tJNsAguZJipgl0W3LisYB/QTksmvdOGZjJDkqmUYX7BP3CrP+BO3PoP7v0Q04dgfRy45HDOvdyb48ecKe0479bK6tr6xmZuK7+9s7u3XygeNFSUSAp1GvFItnyigDMBdc00h1YsgYQ+h6Y/upr6zTFIxSJxqycxeCEZCBYwSrSReoViqytwh5lKnTO3k3WNVnLssjMF/k1ce/Y6JbRArVf46PQjmoQgNOVEqbbrxNpLidSMcsjynURBTOiIDKBtqCAhKC+dnZ7hE6P0cRBJU0Ljmfp9IiWhUpPQN50h0UP105uKf3ntRAcVL2UiTjQIOl8UJBzrCE9zwH0mgWo+MYRQycytmA6JJFSbtJa3SBhneRPL19/x/6RRtt1zu3xzUapWFgHl0BE6RqfIRZeoiq5RDdURRXfoAT2iJ+veerZerNd564q1mDlES7DePgG5UJqG</latexit>

Decoder

Ûn 2 {0,1}k
<latexit sha1_base64="+MASymfQrfN1exdlgKZ+gKSdfeg=">AAACEnicdVDLSsNAFJ3UV62vqAsXbgaL4EJCUgW7LLhxWcG0hSYtk+mkHTqZhJlJoYT8hX/gVn/Anbj1B9z7IU7aCtbHgcsczrmXO/cECaNS2fa7UVpZXVvfKG9WtrZ3dvfM/YOWjFOBiYtjFotOgCRhlBNXUcVIJxEERQEj7WB8XfjtCRGSxvxOTRPiR2jIaUgxUlrqm0feCKnMzXscelRXZp87Xt4b982qbdXsAvA3cazZa1fBAs2++eENYpxGhCvMkJRdx06UnyGhKGYkr3ipJAnCYzQkXU05ioj0s9kBOTzVygCGsdDFFZyp3ycyFEk5jQLdGSE1kj+9QvzL66YqrPsZ5UmqCMfzRWHKoIphkQYcUEGwYlNNEBZU/xXiERIIK53Z8hZBJnlFx/J1O/yftGqWc2HVbi+rjfoioDI4BifgDDjgCjTADWgCF2CQgwfwCJ6Me+PZeDFe560lYzFzCJZgvH0C0qSdTQ==</latexit>

yn 2 {0,1, e}n
<latexit sha1_base64="dqycFSNU9HxKzedn+db0KfJA+TY=">AAACDnicdVDLSgMxFM34rPVV7dJNsAguyjBTBbssuHFZwT6g05ZMeqcNzWSGJFMYhv6Df+BWf8CduPUX3Pshpg/B+jhwyeGce7k3x485U9px3q219Y3Nre3cTn53b//gsHB03FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr++HrmtyYgFYvEnU5j6IZkKFjAKNFG6heKaU9gj5nKnLJbBm/aM2rJsSvODPg3ce3565TQEvV+4cMbRDQJQWjKiVId14l1NyNSM8phmvcSBTGhYzKEjqGChKC62fz4KT4zygAHkTQlNJ6r3ycyEiqVhr7pDIkeqZ/eTPzL6yQ6qHYzJuJEg6CLRUHCsY7wLAk8YBKo5qkhhEpmbsV0RCSh2uS1ukXCZJo3sXz9Hf9PmhXbvbArt5elWnUZUA6doFN0jlx0hWroBtVRA1GUogf0iJ6se+vZerFeF61r1nKmiFZgvX0CKt6bTA==</latexit>
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<latexit sha1_base64="J19JSdEJfJWkEzJvOksh7UNa5aQ="></latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

e
<latexit sha1_base64="sgWHKfpuG3oi+vyGpmrIhiyNZes=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqpjr1R27IqTg/wmrj37nTIsUOuVPrr9mKUhRpoJqlTHdRLtZVRqzgROi91UYULZiA6wY2hEQ1ReNlt0Sk6N0idBLM2LNJmp3zsyGio1CX1TGVI9VD+9XPzL66Q6uPIyHiWpxojNBwWpIDom+dWkzyUyLSaGUCa52ZWwIZWUaZPN8hSJ42nRxPJ1O/mfNCu2e25X6hfl6vUioAIcwwmcgQuXUIVbqEEDGCA8wCM8WffWs/Vivc5LV6xFzxEswXr7BHgolIA=</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

Encoder

Uk 2 {0,1}k
<latexit sha1_base64="BGkAg1fNbGTAsUP4CHRXJvJMLIA=">AAACDHicdVDLSsNAFJ34rPWV6tLNYBFcSEiqYJcFNy4rmLbQtGUynbRDJpMwM6mUkF/wD9zqD7gTt/6Dez/ESVvB+jgwzOGce7n3Hj9hVCrbfjdWVtfWNzZLW+Xtnd29fbNy0JJxKjBxccxi0fGRJIxy4iqqGOkkgqDIZ6Tth1eF354QIWnMb9U0Ib0IjTgNKEZKSwOz4vZD6FEOvcw+c7y8Hw7Mqm3V7ALwN3Gs2W9XwQLNgfnhDWOcRoQrzJCUXcdOVC9DQlHMSF72UkkShEM0Il1NOYqI7GWz1XN4opUhDGKhH1dwpn7vyFAk5TTydWWE1Fj+9ArxL6+bqqDeyyhPUkU4ng8KUgZVDIsc4JAKghWbaoKwoHpXiMdIIKx0WstTBJnkZR3L1+3wf9KqWc65Vbu5qDbqi4BK4Agcg1PggEvQANegCVyAwR14AI/gybg3no0X43VeumIseg7BEoy3T6qwmn0=</latexit>

Xn 2 {0,1}n
<latexit sha1_base64="xJ2i09XPHvUQ/f8vsOIdzfzpWZs=">AAACDHicdVDLSgMxFM34rPXV6tJNsAguZJipgl0W3LisYB/QTksmvdOGZjJDkqmUYX7BP3CrP+BO3PoP7v0Q04dgfRy45HDOvdyb48ecKe0479bK6tr6xmZuK7+9s7u3XygeNFSUSAp1GvFItnyigDMBdc00h1YsgYQ+h6Y/upr6zTFIxSJxqycxeCEZCBYwSrSReoViqytwh5lKnTO3k3WNVnLssjMF/k1ce/Y6JbRArVf46PQjmoQgNOVEqbbrxNpLidSMcsjynURBTOiIDKBtqCAhKC+dnZ7hE6P0cRBJU0Ljmfp9IiWhUpPQN50h0UP105uKf3ntRAcVL2UiTjQIOl8UJBzrCE9zwH0mgWo+MYRQycytmA6JJFSbtJa3SBhneRPL19/x/6RRtt1zu3xzUapWFgHl0BE6RqfIRZeoiq5RDdURRXfoAT2iJ+veerZerNd564q1mDlES7DePgG5UJqG</latexit>

Decoder

Ûn 2 {0,1}k
<latexit sha1_base64="+MASymfQrfN1exdlgKZ+gKSdfeg=">AAACEnicdVDLSsNAFJ3UV62vqAsXbgaL4EJCUgW7LLhxWcG0hSYtk+mkHTqZhJlJoYT8hX/gVn/Anbj1B9z7IU7aCtbHgcsczrmXO/cECaNS2fa7UVpZXVvfKG9WtrZ3dvfM/YOWjFOBiYtjFotOgCRhlBNXUcVIJxEERQEj7WB8XfjtCRGSxvxOTRPiR2jIaUgxUlrqm0feCKnMzXscelRXZp87Xt4b982qbdXsAvA3cazZa1fBAs2++eENYpxGhCvMkJRdx06UnyGhKGYkr3ipJAnCYzQkXU05ioj0s9kBOTzVygCGsdDFFZyp3ycyFEk5jQLdGSE1kj+9QvzL66YqrPsZ5UmqCMfzRWHKoIphkQYcUEGwYlNNEBZU/xXiERIIK53Z8hZBJnlFx/J1O/yftGqWc2HVbi+rjfoioDI4BifgDDjgCjTADWgCF2CQgwfwCJ6Me+PZeDFe560lYzFzCJZgvH0C0qSdTQ==</latexit>

yn 2 {0,1, e}n
<latexit sha1_base64="dqycFSNU9HxKzedn+db0KfJA+TY=">AAACDnicdVDLSgMxFM34rPVV7dJNsAguyjBTBbssuHFZwT6g05ZMeqcNzWSGJFMYhv6Df+BWf8CduPUX3Pshpg/B+jhwyeGce7k3x485U9px3q219Y3Nre3cTn53b//gsHB03FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr++HrmtyYgFYvEnU5j6IZkKFjAKNFG6heKaU9gj5nKnLJbBm/aM2rJsSvODPg3ce3565TQEvV+4cMbRDQJQWjKiVId14l1NyNSM8phmvcSBTGhYzKEjqGChKC62fz4KT4zygAHkTQlNJ6r3ycyEiqVhr7pDIkeqZ/eTPzL6yQ6qHYzJuJEg6CLRUHCsY7wLAk8YBKo5qkhhEpmbsV0RCSh2uS1ukXCZJo3sXz9Hf9PmhXbvbArt5elWnUZUA6doFN0jlx0hWroBtVRA1GUogf0iJ6se+vZerFeF61r1nKmiFZgvX0CKt6bTA==</latexit>
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<latexit sha1_base64="J19JSdEJfJWkEzJvOksh7UNa5aQ="></latexit>

Uk 2 {0,1}k
<latexit sha1_base64="aIj+vgwp8MdOzXPnu81YWtN9JpU=">AAACDnicdVDLSsNAFJ3UV62vaJduBovgQkpSBV1JwY3LCqYtNGmZTCft0MkkzEwKIeQf/AO3+gPuxK2/4N4PcdJWsD4ODHM4517uvcePGZXKst6N0srq2vpGebOytb2zu2fuH7RllAhMHByxSHR9JAmjnDiKKka6sSAo9Bnp+JPrwu9MiZA04ncqjYkXohGnAcVIaWlgVp3+BLqUQzezTm0372eTfGDWrHrDKgB/E7s++60aWKA1MD/cYYSTkHCFGZKyZ1ux8jIkFMWM5BU3kSRGeIJGpKcpRyGRXjZbPofHWhnCIBL6cQVn6veODIVSpqGvK0OkxvKnV4h/eb1EBZdeRnmcKMLxfFCQMKgiWCQBh1QQrFiqCcKC6l0hHiOBsNJ5LU8RZJpXdCxft8P/SbtRt8/qjdvzWvNqEVAZHIIjcAJscAGa4Aa0gAMwSMEDeARPxr3xbLwYr/PSkrHoqYIlGG+fjBGbjw==</latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

e
<latexit sha1_base64="sgWHKfpuG3oi+vyGpmrIhiyNZes=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqpjr1R27IqTg/wmrj37nTIsUOuVPrr9mKUhRpoJqlTHdRLtZVRqzgROi91UYULZiA6wY2hEQ1ReNlt0Sk6N0idBLM2LNJmp3zsyGio1CX1TGVI9VD+9XPzL66Q6uPIyHiWpxojNBwWpIDom+dWkzyUyLSaGUCa52ZWwIZWUaZPN8hSJ42nRxPJ1O/mfNCu2e25X6hfl6vUioAIcwwmcgQuXUIVbqEEDGCA8wCM8WffWs/Vivc5LV6xFzxEswXr7BHgolIA=</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

Encoder

Uk 2 {0,1}k
<latexit sha1_base64="BGkAg1fNbGTAsUP4CHRXJvJMLIA=">AAACDHicdVDLSsNAFJ34rPWV6tLNYBFcSEiqYJcFNy4rmLbQtGUynbRDJpMwM6mUkF/wD9zqD7gTt/6Dez/ESVvB+jgwzOGce7n3Hj9hVCrbfjdWVtfWNzZLW+Xtnd29fbNy0JJxKjBxccxi0fGRJIxy4iqqGOkkgqDIZ6Tth1eF354QIWnMb9U0Ib0IjTgNKEZKSwOz4vZD6FEOvcw+c7y8Hw7Mqm3V7ALwN3Gs2W9XwQLNgfnhDWOcRoQrzJCUXcdOVC9DQlHMSF72UkkShEM0Il1NOYqI7GWz1XN4opUhDGKhH1dwpn7vyFAk5TTydWWE1Fj+9ArxL6+bqqDeyyhPUkU4ng8KUgZVDIsc4JAKghWbaoKwoHpXiMdIIKx0WstTBJnkZR3L1+3wf9KqWc65Vbu5qDbqi4BK4Agcg1PggEvQANegCVyAwR14AI/gybg3no0X43VeumIseg7BEoy3T6qwmn0=</latexit>

Xn 2 {0,1}n
<latexit sha1_base64="xJ2i09XPHvUQ/f8vsOIdzfzpWZs=">AAACDHicdVDLSgMxFM34rPXV6tJNsAguZJipgl0W3LisYB/QTksmvdOGZjJDkqmUYX7BP3CrP+BO3PoP7v0Q04dgfRy45HDOvdyb48ecKe0479bK6tr6xmZuK7+9s7u3XygeNFSUSAp1GvFItnyigDMBdc00h1YsgYQ+h6Y/upr6zTFIxSJxqycxeCEZCBYwSrSReoViqytwh5lKnTO3k3WNVnLssjMF/k1ce/Y6JbRArVf46PQjmoQgNOVEqbbrxNpLidSMcsjynURBTOiIDKBtqCAhKC+dnZ7hE6P0cRBJU0Ljmfp9IiWhUpPQN50h0UP105uKf3ntRAcVL2UiTjQIOl8UJBzrCE9zwH0mgWo+MYRQycytmA6JJFSbtJa3SBhneRPL19/x/6RRtt1zu3xzUapWFgHl0BE6RqfIRZeoiq5RDdURRXfoAT2iJ+veerZerNd564q1mDlES7DePgG5UJqG</latexit>

Decoder

Ûn 2 {0,1}k
<latexit sha1_base64="+MASymfQrfN1exdlgKZ+gKSdfeg=">AAACEnicdVDLSsNAFJ3UV62vqAsXbgaL4EJCUgW7LLhxWcG0hSYtk+mkHTqZhJlJoYT8hX/gVn/Anbj1B9z7IU7aCtbHgcsczrmXO/cECaNS2fa7UVpZXVvfKG9WtrZ3dvfM/YOWjFOBiYtjFotOgCRhlBNXUcVIJxEERQEj7WB8XfjtCRGSxvxOTRPiR2jIaUgxUlrqm0feCKnMzXscelRXZp87Xt4b982qbdXsAvA3cazZa1fBAs2++eENYpxGhCvMkJRdx06UnyGhKGYkr3ipJAnCYzQkXU05ioj0s9kBOTzVygCGsdDFFZyp3ycyFEk5jQLdGSE1kj+9QvzL66YqrPsZ5UmqCMfzRWHKoIphkQYcUEGwYlNNEBZU/xXiERIIK53Z8hZBJnlFx/J1O/yftGqWc2HVbi+rjfoioDI4BifgDDjgCjTADWgCF2CQgwfwCJ6Me+PZeDFe560lYzFzCJZgvH0C0qSdTQ==</latexit>

yn 2 {0,1, e}n
<latexit sha1_base64="dqycFSNU9HxKzedn+db0KfJA+TY=">AAACDnicdVDLSgMxFM34rPVV7dJNsAguyjBTBbssuHFZwT6g05ZMeqcNzWSGJFMYhv6Df+BWf8CduPUX3Pshpg/B+jhwyeGce7k3x485U9px3q219Y3Nre3cTn53b//gsHB03FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr++HrmtyYgFYvEnU5j6IZkKFjAKNFG6heKaU9gj5nKnLJbBm/aM2rJsSvODPg3ce3565TQEvV+4cMbRDQJQWjKiVId14l1NyNSM8phmvcSBTGhYzKEjqGChKC62fz4KT4zygAHkTQlNJ6r3ycyEiqVhr7pDIkeqZ/eTPzL6yQ6qHYzJuJEg6CLRUHCsY7wLAk8YBKo5qkhhEpmbsV0RCSh2uS1ukXCZJo3sXz9Hf9PmhXbvbArt5elWnUZUA6doFN0jlx0hWroBtVRA1GUogf0iJ6se+vZerFeF61r1nKmiFZgvX0CKt6bTA==</latexit>
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<latexit sha1_base64="J19JSdEJfJWkEzJvOksh7UNa5aQ="></latexit>

Xn 2 {0,1}n
<latexit sha1_base64="Dsd9qo6Odrog9ubmSqPLLRlODvM=">AAACDHicdVDLSgMxFM34rPXV6tJNsAgupMxUQVdScOOygn1AOy2Z9E4bmskMSaZShvkF/8Ct/oA7ces/uPdDzLQVrI8DlxzOuZd7c7yIM6Vt+91aWl5ZXVvPbeQ3t7Z3dgvFvYYKY0mhTkMeypZHFHAmoK6Z5tCKJJDA49D0RleZ3xyDVCwUt3oSgRuQgWA+o0QbqVcotroCd5ipxD5xOmnXaCW7XLEz4N/EKU9fu4TmqPUKH51+SOMAhKacKNV27Ei7CZGaUQ5pvhMriAgdkQG0DRUkAOUm09NTfGSUPvZDaUpoPFW/TyQkUGoSeKYzIHqofnqZ+JfXjrV/4SZMRLEGQWeL/JhjHeIsB9xnEqjmE0MIlczciumQSEK1SWtxi4RxmjexfP0d/08albJzWq7cnJWql/OAcugAHaJj5KBzVEXXqIbqiKI79IAe0ZN1bz1bL9brrHXJms/sowVYb5+7HpqM</latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

e
<latexit sha1_base64="sgWHKfpuG3oi+vyGpmrIhiyNZes=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqpjr1R27IqTg/wmrj37nTIsUOuVPrr9mKUhRpoJqlTHdRLtZVRqzgROi91UYULZiA6wY2hEQ1ReNlt0Sk6N0idBLM2LNJmp3zsyGio1CX1TGVI9VD+9XPzL66Q6uPIyHiWpxojNBwWpIDom+dWkzyUyLSaGUCa52ZWwIZWUaZPN8hSJ42nRxPJ1O/mfNCu2e25X6hfl6vUioAIcwwmcgQuXUIVbqEEDGCA8wCM8WffWs/Vivc5LV6xFzxEswXr7BHgolIA=</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

Encoder

Uk 2 {0,1}k
<latexit sha1_base64="BGkAg1fNbGTAsUP4CHRXJvJMLIA=">AAACDHicdVDLSsNAFJ34rPWV6tLNYBFcSEiqYJcFNy4rmLbQtGUynbRDJpMwM6mUkF/wD9zqD7gTt/6Dez/ESVvB+jgwzOGce7n3Hj9hVCrbfjdWVtfWNzZLW+Xtnd29fbNy0JJxKjBxccxi0fGRJIxy4iqqGOkkgqDIZ6Tth1eF354QIWnMb9U0Ib0IjTgNKEZKSwOz4vZD6FEOvcw+c7y8Hw7Mqm3V7ALwN3Gs2W9XwQLNgfnhDWOcRoQrzJCUXcdOVC9DQlHMSF72UkkShEM0Il1NOYqI7GWz1XN4opUhDGKhH1dwpn7vyFAk5TTydWWE1Fj+9ArxL6+bqqDeyyhPUkU4ng8KUgZVDIsc4JAKghWbaoKwoHpXiMdIIKx0WstTBJnkZR3L1+3wf9KqWc65Vbu5qDbqi4BK4Agcg1PggEvQANegCVyAwR14AI/gybg3no0X43VeumIseg7BEoy3T6qwmn0=</latexit>

Xn 2 {0,1}n
<latexit sha1_base64="xJ2i09XPHvUQ/f8vsOIdzfzpWZs=">AAACDHicdVDLSgMxFM34rPXV6tJNsAguZJipgl0W3LisYB/QTksmvdOGZjJDkqmUYX7BP3CrP+BO3PoP7v0Q04dgfRy45HDOvdyb48ecKe0479bK6tr6xmZuK7+9s7u3XygeNFSUSAp1GvFItnyigDMBdc00h1YsgYQ+h6Y/upr6zTFIxSJxqycxeCEZCBYwSrSReoViqytwh5lKnTO3k3WNVnLssjMF/k1ce/Y6JbRArVf46PQjmoQgNOVEqbbrxNpLidSMcsjynURBTOiIDKBtqCAhKC+dnZ7hE6P0cRBJU0Ljmfp9IiWhUpPQN50h0UP105uKf3ntRAcVL2UiTjQIOl8UJBzrCE9zwH0mgWo+MYRQycytmA6JJFSbtJa3SBhneRPL19/x/6RRtt1zu3xzUapWFgHl0BE6RqfIRZeoiq5RDdURRXfoAT2iJ+veerZerNd564q1mDlES7DePgG5UJqG</latexit>

Decoder

Ûn 2 {0,1}k
<latexit sha1_base64="+MASymfQrfN1exdlgKZ+gKSdfeg=">AAACEnicdVDLSsNAFJ3UV62vqAsXbgaL4EJCUgW7LLhxWcG0hSYtk+mkHTqZhJlJoYT8hX/gVn/Anbj1B9z7IU7aCtbHgcsczrmXO/cECaNS2fa7UVpZXVvfKG9WtrZ3dvfM/YOWjFOBiYtjFotOgCRhlBNXUcVIJxEERQEj7WB8XfjtCRGSxvxOTRPiR2jIaUgxUlrqm0feCKnMzXscelRXZp87Xt4b982qbdXsAvA3cazZa1fBAs2++eENYpxGhCvMkJRdx06UnyGhKGYkr3ipJAnCYzQkXU05ioj0s9kBOTzVygCGsdDFFZyp3ycyFEk5jQLdGSE1kj+9QvzL66YqrPsZ5UmqCMfzRWHKoIphkQYcUEGwYlNNEBZU/xXiERIIK53Z8hZBJnlFx/J1O/yftGqWc2HVbi+rjfoioDI4BifgDDjgCjTADWgCF2CQgwfwCJ6Me+PZeDFe560lYzFzCJZgvH0C0qSdTQ==</latexit>

yn 2 {0,1, e}n
<latexit sha1_base64="dqycFSNU9HxKzedn+db0KfJA+TY=">AAACDnicdVDLSgMxFM34rPVV7dJNsAguyjBTBbssuHFZwT6g05ZMeqcNzWSGJFMYhv6Df+BWf8CduPUX3Pshpg/B+jhwyeGce7k3x485U9px3q219Y3Nre3cTn53b//gsHB03FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr++HrmtyYgFYvEnU5j6IZkKFjAKNFG6heKaU9gj5nKnLJbBm/aM2rJsSvODPg3ce3565TQEvV+4cMbRDQJQWjKiVId14l1NyNSM8phmvcSBTGhYzKEjqGChKC62fz4KT4zygAHkTQlNJ6r3ycyEiqVhr7pDIkeqZ/eTPzL6yQ6qHYzJuJEg6CLRUHCsY7wLAk8YBKo5qkhhEpmbsV0RCSh2uS1ukXCZJo3sXz9Hf9PmhXbvbArt5elWnUZUA6doFN0jlx0hWroBtVRA1GUogf0iJ6se+vZerFeF61r1nKmiFZgvX0CKt6bTA==</latexit>
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<latexit sha1_base64="J19JSdEJfJWkEzJvOksh7UNa5aQ="></latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

e
<latexit sha1_base64="sgWHKfpuG3oi+vyGpmrIhiyNZes=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqpjr1R27IqTg/wmrj37nTIsUOuVPrr9mKUhRpoJqlTHdRLtZVRqzgROi91UYULZiA6wY2hEQ1ReNlt0Sk6N0idBLM2LNJmp3zsyGio1CX1TGVI9VD+9XPzL66Q6uPIyHiWpxojNBwWpIDom+dWkzyUyLSaGUCa52ZWwIZWUaZPN8hSJ42nRxPJ1O/mfNCu2e25X6hfl6vUioAIcwwmcgQuXUIVbqEEDGCA8wCM8WffWs/Vivc5LV6xFzxEswXr7BHgolIA=</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

Encoder

Uk 2 {0,1}k
<latexit sha1_base64="BGkAg1fNbGTAsUP4CHRXJvJMLIA=">AAACDHicdVDLSsNAFJ34rPWV6tLNYBFcSEiqYJcFNy4rmLbQtGUynbRDJpMwM6mUkF/wD9zqD7gTt/6Dez/ESVvB+jgwzOGce7n3Hj9hVCrbfjdWVtfWNzZLW+Xtnd29fbNy0JJxKjBxccxi0fGRJIxy4iqqGOkkgqDIZ6Tth1eF354QIWnMb9U0Ib0IjTgNKEZKSwOz4vZD6FEOvcw+c7y8Hw7Mqm3V7ALwN3Gs2W9XwQLNgfnhDWOcRoQrzJCUXcdOVC9DQlHMSF72UkkShEM0Il1NOYqI7GWz1XN4opUhDGKhH1dwpn7vyFAk5TTydWWE1Fj+9ArxL6+bqqDeyyhPUkU4ng8KUgZVDIsc4JAKghWbaoKwoHpXiMdIIKx0WstTBJnkZR3L1+3wf9KqWc65Vbu5qDbqi4BK4Agcg1PggEvQANegCVyAwR14AI/gybg3no0X43VeumIseg7BEoy3T6qwmn0=</latexit>

Xn 2 {0,1}n
<latexit sha1_base64="xJ2i09XPHvUQ/f8vsOIdzfzpWZs=">AAACDHicdVDLSgMxFM34rPXV6tJNsAguZJipgl0W3LisYB/QTksmvdOGZjJDkqmUYX7BP3CrP+BO3PoP7v0Q04dgfRy45HDOvdyb48ecKe0479bK6tr6xmZuK7+9s7u3XygeNFSUSAp1GvFItnyigDMBdc00h1YsgYQ+h6Y/upr6zTFIxSJxqycxeCEZCBYwSrSReoViqytwh5lKnTO3k3WNVnLssjMF/k1ce/Y6JbRArVf46PQjmoQgNOVEqbbrxNpLidSMcsjynURBTOiIDKBtqCAhKC+dnZ7hE6P0cRBJU0Ljmfp9IiWhUpPQN50h0UP105uKf3ntRAcVL2UiTjQIOl8UJBzrCE9zwH0mgWo+MYRQycytmA6JJFSbtJa3SBhneRPL19/x/6RRtt1zu3xzUapWFgHl0BE6RqfIRZeoiq5RDdURRXfoAT2iJ+veerZerNd564q1mDlES7DePgG5UJqG</latexit>

Decoder

Ûn 2 {0,1}k
<latexit sha1_base64="+MASymfQrfN1exdlgKZ+gKSdfeg=">AAACEnicdVDLSsNAFJ3UV62vqAsXbgaL4EJCUgW7LLhxWcG0hSYtk+mkHTqZhJlJoYT8hX/gVn/Anbj1B9z7IU7aCtbHgcsczrmXO/cECaNS2fa7UVpZXVvfKG9WtrZ3dvfM/YOWjFOBiYtjFotOgCRhlBNXUcVIJxEERQEj7WB8XfjtCRGSxvxOTRPiR2jIaUgxUlrqm0feCKnMzXscelRXZp87Xt4b982qbdXsAvA3cazZa1fBAs2++eENYpxGhCvMkJRdx06UnyGhKGYkr3ipJAnCYzQkXU05ioj0s9kBOTzVygCGsdDFFZyp3ycyFEk5jQLdGSE1kj+9QvzL66YqrPsZ5UmqCMfzRWHKoIphkQYcUEGwYlNNEBZU/xXiERIIK53Z8hZBJnlFx/J1O/yftGqWc2HVbi+rjfoioDI4BifgDDjgCjTADWgCF2CQgwfwCJ6Me+PZeDFe560lYzFzCJZgvH0C0qSdTQ==</latexit>

yn 2 {0,1, e}n
<latexit sha1_base64="dqycFSNU9HxKzedn+db0KfJA+TY=">AAACDnicdVDLSgMxFM34rPVV7dJNsAguyjBTBbssuHFZwT6g05ZMeqcNzWSGJFMYhv6Df+BWf8CduPUX3Pshpg/B+jhwyeGce7k3x485U9px3q219Y3Nre3cTn53b//gsHB03FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr++HrmtyYgFYvEnU5j6IZkKFjAKNFG6heKaU9gj5nKnLJbBm/aM2rJsSvODPg3ce3565TQEvV+4cMbRDQJQWjKiVId14l1NyNSM8phmvcSBTGhYzKEjqGChKC62fz4KT4zygAHkTQlNJ6r3ycyEiqVhr7pDIkeqZ/eTPzL6yQ6qHYzJuJEg6CLRUHCsY7wLAk8YBKo5qkhhEpmbsV0RCSh2uS1ukXCZJo3sXz9Hf9PmhXbvbArt5elWnUZUA6doFN0jlx0hWroBtVRA1GUogf0iJ6se+vZerFeF61r1nKmiFZgvX0CKt6bTA==</latexit>
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<latexit sha1_base64="J19JSdEJfJWkEzJvOksh7UNa5aQ="></latexit>

Yn 2 {0,1, e}n
<latexit sha1_base64="4ZbGvxlCz2gPQmstN+2W4sm7tWU=">AAACD3icdVDLSgMxFM34rPVVHzs3wSK4KGWmCrqSghuXFexD2mnJpHfa0ExmSDKFOvQj/AO3+gPuxK2f4N4PMdNWsD4OXHI4517uzfEizpS27XdrYXFpeWU1s5Zd39jc2s7t7NZUGEsKVRryUDY8ooAzAVXNNIdGJIEEHoe6N7hM/foQpGKhuNGjCNyA9ATzGSXaSJ3c/m1b4BYzldgFp4ChNW4bOW8XS3YK/Js4xclr59EMlU7uo9UNaRyA0JQTpZqOHWk3IVIzymGcbcUKIkIHpAdNQwUJQLnJ5PoxPjJKF/uhNCU0nqjfJxISKDUKPNMZEN1XP71U/Mtrxto/dxMmoliDoNNFfsyxDnEaBe4yCVTzkSGESmZuxbRPJKHaBDa/RcJwnDWxfP0d/09qpaJzUixdn+bLF7OAMugAHaJj5KAzVEZXqIKqiKI79IAe0ZN1bz1bL9brtHXBms3soTlYb59UbZtc</latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

e
<latexit sha1_base64="sgWHKfpuG3oi+vyGpmrIhiyNZes=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqpjr1R27IqTg/wmrj37nTIsUOuVPrr9mKUhRpoJqlTHdRLtZVRqzgROi91UYULZiA6wY2hEQ1ReNlt0Sk6N0idBLM2LNJmp3zsyGio1CX1TGVI9VD+9XPzL66Q6uPIyHiWpxojNBwWpIDom+dWkzyUyLSaGUCa52ZWwIZWUaZPN8hSJ42nRxPJ1O/mfNCu2e25X6hfl6vUioAIcwwmcgQuXUIVbqEEDGCA8wCM8WffWs/Vivc5LV6xFzxEswXr7BHgolIA=</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

Encoder

Uk 2 {0,1}k
<latexit sha1_base64="BGkAg1fNbGTAsUP4CHRXJvJMLIA=">AAACDHicdVDLSsNAFJ34rPWV6tLNYBFcSEiqYJcFNy4rmLbQtGUynbRDJpMwM6mUkF/wD9zqD7gTt/6Dez/ESVvB+jgwzOGce7n3Hj9hVCrbfjdWVtfWNzZLW+Xtnd29fbNy0JJxKjBxccxi0fGRJIxy4iqqGOkkgqDIZ6Tth1eF354QIWnMb9U0Ib0IjTgNKEZKSwOz4vZD6FEOvcw+c7y8Hw7Mqm3V7ALwN3Gs2W9XwQLNgfnhDWOcRoQrzJCUXcdOVC9DQlHMSF72UkkShEM0Il1NOYqI7GWz1XN4opUhDGKhH1dwpn7vyFAk5TTydWWE1Fj+9ArxL6+bqqDeyyhPUkU4ng8KUgZVDIsc4JAKghWbaoKwoHpXiMdIIKx0WstTBJnkZR3L1+3wf9KqWc65Vbu5qDbqi4BK4Agcg1PggEvQANegCVyAwR14AI/gybg3no0X43VeumIseg7BEoy3T6qwmn0=</latexit>

Xn 2 {0,1}n
<latexit sha1_base64="xJ2i09XPHvUQ/f8vsOIdzfzpWZs=">AAACDHicdVDLSgMxFM34rPXV6tJNsAguZJipgl0W3LisYB/QTksmvdOGZjJDkqmUYX7BP3CrP+BO3PoP7v0Q04dgfRy45HDOvdyb48ecKe0479bK6tr6xmZuK7+9s7u3XygeNFSUSAp1GvFItnyigDMBdc00h1YsgYQ+h6Y/upr6zTFIxSJxqycxeCEZCBYwSrSReoViqytwh5lKnTO3k3WNVnLssjMF/k1ce/Y6JbRArVf46PQjmoQgNOVEqbbrxNpLidSMcsjynURBTOiIDKBtqCAhKC+dnZ7hE6P0cRBJU0Ljmfp9IiWhUpPQN50h0UP105uKf3ntRAcVL2UiTjQIOl8UJBzrCE9zwH0mgWo+MYRQycytmA6JJFSbtJa3SBhneRPL19/x/6RRtt1zu3xzUapWFgHl0BE6RqfIRZeoiq5RDdURRXfoAT2iJ+veerZerNd564q1mDlES7DePgG5UJqG</latexit>

Decoder

Ûn 2 {0,1}k
<latexit sha1_base64="+MASymfQrfN1exdlgKZ+gKSdfeg=">AAACEnicdVDLSsNAFJ3UV62vqAsXbgaL4EJCUgW7LLhxWcG0hSYtk+mkHTqZhJlJoYT8hX/gVn/Anbj1B9z7IU7aCtbHgcsczrmXO/cECaNS2fa7UVpZXVvfKG9WtrZ3dvfM/YOWjFOBiYtjFotOgCRhlBNXUcVIJxEERQEj7WB8XfjtCRGSxvxOTRPiR2jIaUgxUlrqm0feCKnMzXscelRXZp87Xt4b982qbdXsAvA3cazZa1fBAs2++eENYpxGhCvMkJRdx06UnyGhKGYkr3ipJAnCYzQkXU05ioj0s9kBOTzVygCGsdDFFZyp3ycyFEk5jQLdGSE1kj+9QvzL66YqrPsZ5UmqCMfzRWHKoIphkQYcUEGwYlNNEBZU/xXiERIIK53Z8hZBJnlFx/J1O/yftGqWc2HVbi+rjfoioDI4BifgDDjgCjTADWgCF2CQgwfwCJ6Me+PZeDFe560lYzFzCJZgvH0C0qSdTQ==</latexit>

yn 2 {0,1, e}n
<latexit sha1_base64="dqycFSNU9HxKzedn+db0KfJA+TY=">AAACDnicdVDLSgMxFM34rPVV7dJNsAguyjBTBbssuHFZwT6g05ZMeqcNzWSGJFMYhv6Df+BWf8CduPUX3Pshpg/B+jhwyeGce7k3x485U9px3q219Y3Nre3cTn53b//gsHB03FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr++HrmtyYgFYvEnU5j6IZkKFjAKNFG6heKaU9gj5nKnLJbBm/aM2rJsSvODPg3ce3565TQEvV+4cMbRDQJQWjKiVId14l1NyNSM8phmvcSBTGhYzKEjqGChKC62fz4KT4zygAHkTQlNJ6r3ycyEiqVhr7pDIkeqZ/eTPzL6yQ6qHYzJuJEg6CLRUHCsY7wLAk8YBKo5qkhhEpmbsV0RCSh2uS1ukXCZJo3sXz9Hf9PmhXbvbArt5elWnUZUA6doFN0jlx0hWroBtVRA1GUogf0iJ6se+vZerFeF61r1nKmiFZgvX0CKt6bTA==</latexit>
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<latexit sha1_base64="U6uW/7RS1jkQ7TYed430ChS3ets="></latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

e
<latexit sha1_base64="sgWHKfpuG3oi+vyGpmrIhiyNZes=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqpjr1R27IqTg/wmrj37nTIsUOuVPrr9mKUhRpoJqlTHdRLtZVRqzgROi91UYULZiA6wY2hEQ1ReNlt0Sk6N0idBLM2LNJmp3zsyGio1CX1TGVI9VD+9XPzL66Q6uPIyHiWpxojNBwWpIDom+dWkzyUyLSaGUCa52ZWwIZWUaZPN8hSJ42nRxPJ1O/mfNCu2e25X6hfl6vUioAIcwwmcgQuXUIVbqEEDGCA8wCM8WffWs/Vivc5LV6xFzxEswXr7BHgolIA=</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

Encoder

Uk 2 {0,1}k
<latexit sha1_base64="BGkAg1fNbGTAsUP4CHRXJvJMLIA=">AAACDHicdVDLSsNAFJ34rPWV6tLNYBFcSEiqYJcFNy4rmLbQtGUynbRDJpMwM6mUkF/wD9zqD7gTt/6Dez/ESVvB+jgwzOGce7n3Hj9hVCrbfjdWVtfWNzZLW+Xtnd29fbNy0JJxKjBxccxi0fGRJIxy4iqqGOkkgqDIZ6Tth1eF354QIWnMb9U0Ib0IjTgNKEZKSwOz4vZD6FEOvcw+c7y8Hw7Mqm3V7ALwN3Gs2W9XwQLNgfnhDWOcRoQrzJCUXcdOVC9DQlHMSF72UkkShEM0Il1NOYqI7GWz1XN4opUhDGKhH1dwpn7vyFAk5TTydWWE1Fj+9ArxL6+bqqDeyyhPUkU4ng8KUgZVDIsc4JAKghWbaoKwoHpXiMdIIKx0WstTBJnkZR3L1+3wf9KqWc65Vbu5qDbqi4BK4Agcg1PggEvQANegCVyAwR14AI/gybg3no0X43VeumIseg7BEoy3T6qwmn0=</latexit>

Xn 2 {0,1}n
<latexit sha1_base64="xJ2i09XPHvUQ/f8vsOIdzfzpWZs=">AAACDHicdVDLSgMxFM34rPXV6tJNsAguZJipgl0W3LisYB/QTksmvdOGZjJDkqmUYX7BP3CrP+BO3PoP7v0Q04dgfRy45HDOvdyb48ecKe0479bK6tr6xmZuK7+9s7u3XygeNFSUSAp1GvFItnyigDMBdc00h1YsgYQ+h6Y/upr6zTFIxSJxqycxeCEZCBYwSrSReoViqytwh5lKnTO3k3WNVnLssjMF/k1ce/Y6JbRArVf46PQjmoQgNOVEqbbrxNpLidSMcsjynURBTOiIDKBtqCAhKC+dnZ7hE6P0cRBJU0Ljmfp9IiWhUpPQN50h0UP105uKf3ntRAcVL2UiTjQIOl8UJBzrCE9zwH0mgWo+MYRQycytmA6JJFSbtJa3SBhneRPL19/x/6RRtt1zu3xzUapWFgHl0BE6RqfIRZeoiq5RDdURRXfoAT2iJ+veerZerNd564q1mDlES7DePgG5UJqG</latexit>

Decoder

Ûn 2 {0,1}k
<latexit sha1_base64="+MASymfQrfN1exdlgKZ+gKSdfeg=">AAACEnicdVDLSsNAFJ3UV62vqAsXbgaL4EJCUgW7LLhxWcG0hSYtk+mkHTqZhJlJoYT8hX/gVn/Anbj1B9z7IU7aCtbHgcsczrmXO/cECaNS2fa7UVpZXVvfKG9WtrZ3dvfM/YOWjFOBiYtjFotOgCRhlBNXUcVIJxEERQEj7WB8XfjtCRGSxvxOTRPiR2jIaUgxUlrqm0feCKnMzXscelRXZp87Xt4b982qbdXsAvA3cazZa1fBAs2++eENYpxGhCvMkJRdx06UnyGhKGYkr3ipJAnCYzQkXU05ioj0s9kBOTzVygCGsdDFFZyp3ycyFEk5jQLdGSE1kj+9QvzL66YqrPsZ5UmqCMfzRWHKoIphkQYcUEGwYlNNEBZU/xXiERIIK53Z8hZBJnlFx/J1O/yftGqWc2HVbi+rjfoioDI4BifgDDjgCjTADWgCF2CQgwfwCJ6Me+PZeDFe560lYzFzCJZgvH0C0qSdTQ==</latexit>

yn 2 {0,1, e}n
<latexit sha1_base64="dqycFSNU9HxKzedn+db0KfJA+TY=">AAACDnicdVDLSgMxFM34rPVV7dJNsAguyjBTBbssuHFZwT6g05ZMeqcNzWSGJFMYhv6Df+BWf8CduPUX3Pshpg/B+jhwyeGce7k3x485U9px3q219Y3Nre3cTn53b//gsHB03FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr++HrmtyYgFYvEnU5j6IZkKFjAKNFG6heKaU9gj5nKnLJbBm/aM2rJsSvODPg3ce3565TQEvV+4cMbRDQJQWjKiVId14l1NyNSM8phmvcSBTGhYzKEjqGChKC62fz4KT4zygAHkTQlNJ6r3ycyEiqVhr7pDIkeqZ/eTPzL6yQ6qHYzJuJEg6CLRUHCsY7wLAk8YBKo5qkhhEpmbsV0RCSh2uS1ukXCZJo3sXz9Hf9PmhXbvbArt5elWnUZUA6doFN0jlx0hWroBtVRA1GUogf0iJ6se+vZerFeF61r1nKmiFZgvX0CKt6bTA==</latexit>
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<latexit sha1_base64="U6uW/7RS1jkQ7TYed430ChS3ets="></latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

e
<latexit sha1_base64="sgWHKfpuG3oi+vyGpmrIhiyNZes=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqpjr1R27IqTg/wmrj37nTIsUOuVPrr9mKUhRpoJqlTHdRLtZVRqzgROi91UYULZiA6wY2hEQ1ReNlt0Sk6N0idBLM2LNJmp3zsyGio1CX1TGVI9VD+9XPzL66Q6uPIyHiWpxojNBwWpIDom+dWkzyUyLSaGUCa52ZWwIZWUaZPN8hSJ42nRxPJ1O/mfNCu2e25X6hfl6vUioAIcwwmcgQuXUIVbqEEDGCA8wCM8WffWs/Vivc5LV6xFzxEswXr7BHgolIA=</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

Encoder

Uk 2 {0,1}k
<latexit sha1_base64="BGkAg1fNbGTAsUP4CHRXJvJMLIA=">AAACDHicdVDLSsNAFJ34rPWV6tLNYBFcSEiqYJcFNy4rmLbQtGUynbRDJpMwM6mUkF/wD9zqD7gTt/6Dez/ESVvB+jgwzOGce7n3Hj9hVCrbfjdWVtfWNzZLW+Xtnd29fbNy0JJxKjBxccxi0fGRJIxy4iqqGOkkgqDIZ6Tth1eF354QIWnMb9U0Ib0IjTgNKEZKSwOz4vZD6FEOvcw+c7y8Hw7Mqm3V7ALwN3Gs2W9XwQLNgfnhDWOcRoQrzJCUXcdOVC9DQlHMSF72UkkShEM0Il1NOYqI7GWz1XN4opUhDGKhH1dwpn7vyFAk5TTydWWE1Fj+9ArxL6+bqqDeyyhPUkU4ng8KUgZVDIsc4JAKghWbaoKwoHpXiMdIIKx0WstTBJnkZR3L1+3wf9KqWc65Vbu5qDbqi4BK4Agcg1PggEvQANegCVyAwR14AI/gybg3no0X43VeumIseg7BEoy3T6qwmn0=</latexit>

Xn 2 {0,1}n
<latexit sha1_base64="xJ2i09XPHvUQ/f8vsOIdzfzpWZs=">AAACDHicdVDLSgMxFM34rPXV6tJNsAguZJipgl0W3LisYB/QTksmvdOGZjJDkqmUYX7BP3CrP+BO3PoP7v0Q04dgfRy45HDOvdyb48ecKe0479bK6tr6xmZuK7+9s7u3XygeNFSUSAp1GvFItnyigDMBdc00h1YsgYQ+h6Y/upr6zTFIxSJxqycxeCEZCBYwSrSReoViqytwh5lKnTO3k3WNVnLssjMF/k1ce/Y6JbRArVf46PQjmoQgNOVEqbbrxNpLidSMcsjynURBTOiIDKBtqCAhKC+dnZ7hE6P0cRBJU0Ljmfp9IiWhUpPQN50h0UP105uKf3ntRAcVL2UiTjQIOl8UJBzrCE9zwH0mgWo+MYRQycytmA6JJFSbtJa3SBhneRPL19/x/6RRtt1zu3xzUapWFgHl0BE6RqfIRZeoiq5RDdURRXfoAT2iJ+veerZerNd564q1mDlES7DePgG5UJqG</latexit>

Decoder

Ûn 2 {0,1}k
<latexit sha1_base64="+MASymfQrfN1exdlgKZ+gKSdfeg=">AAACEnicdVDLSsNAFJ3UV62vqAsXbgaL4EJCUgW7LLhxWcG0hSYtk+mkHTqZhJlJoYT8hX/gVn/Anbj1B9z7IU7aCtbHgcsczrmXO/cECaNS2fa7UVpZXVvfKG9WtrZ3dvfM/YOWjFOBiYtjFotOgCRhlBNXUcVIJxEERQEj7WB8XfjtCRGSxvxOTRPiR2jIaUgxUlrqm0feCKnMzXscelRXZp87Xt4b982qbdXsAvA3cazZa1fBAs2++eENYpxGhCvMkJRdx06UnyGhKGYkr3ipJAnCYzQkXU05ioj0s9kBOTzVygCGsdDFFZyp3ycyFEk5jQLdGSE1kj+9QvzL66YqrPsZ5UmqCMfzRWHKoIphkQYcUEGwYlNNEBZU/xXiERIIK53Z8hZBJnlFx/J1O/yftGqWc2HVbi+rjfoioDI4BifgDDjgCjTADWgCF2CQgwfwCJ6Me+PZeDFe560lYzFzCJZgvH0C0qSdTQ==</latexit>

yn 2 {0,1, e}n
<latexit sha1_base64="dqycFSNU9HxKzedn+db0KfJA+TY=">AAACDnicdVDLSgMxFM34rPVV7dJNsAguyjBTBbssuHFZwT6g05ZMeqcNzWSGJFMYhv6Df+BWf8CduPUX3Pshpg/B+jhwyeGce7k3x485U9px3q219Y3Nre3cTn53b//gsHB03FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr++HrmtyYgFYvEnU5j6IZkKFjAKNFG6heKaU9gj5nKnLJbBm/aM2rJsSvODPg3ce3565TQEvV+4cMbRDQJQWjKiVId14l1NyNSM8phmvcSBTGhYzKEjqGChKC62fz4KT4zygAHkTQlNJ6r3ycyEiqVhr7pDIkeqZ/eTPzL6yQ6qHYzJuJEg6CLRUHCsY7wLAk8YBKo5qkhhEpmbsV0RCSh2uS1ukXCZJo3sXz9Hf9PmhXbvbArt5elWnUZUA6doFN0jlx0hWroBtVRA1GUogf0iJ6se+vZerFeF61r1nKmiFZgvX0CKt6bTA==</latexit>
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<latexit sha1_base64="U6uW/7RS1jkQ7TYed430ChS3ets="></latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

e
<latexit sha1_base64="sgWHKfpuG3oi+vyGpmrIhiyNZes=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqpjr1R27IqTg/wmrj37nTIsUOuVPrr9mKUhRpoJqlTHdRLtZVRqzgROi91UYULZiA6wY2hEQ1ReNlt0Sk6N0idBLM2LNJmp3zsyGio1CX1TGVI9VD+9XPzL66Q6uPIyHiWpxojNBwWpIDom+dWkzyUyLSaGUCa52ZWwIZWUaZPN8hSJ42nRxPJ1O/mfNCu2e25X6hfl6vUioAIcwwmcgQuXUIVbqEEDGCA8wCM8WffWs/Vivc5LV6xFzxEswXr7BHgolIA=</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

Encoder

Uk 2 {0,1}k
<latexit sha1_base64="BGkAg1fNbGTAsUP4CHRXJvJMLIA=">AAACDHicdVDLSsNAFJ34rPWV6tLNYBFcSEiqYJcFNy4rmLbQtGUynbRDJpMwM6mUkF/wD9zqD7gTt/6Dez/ESVvB+jgwzOGce7n3Hj9hVCrbfjdWVtfWNzZLW+Xtnd29fbNy0JJxKjBxccxi0fGRJIxy4iqqGOkkgqDIZ6Tth1eF354QIWnMb9U0Ib0IjTgNKEZKSwOz4vZD6FEOvcw+c7y8Hw7Mqm3V7ALwN3Gs2W9XwQLNgfnhDWOcRoQrzJCUXcdOVC9DQlHMSF72UkkShEM0Il1NOYqI7GWz1XN4opUhDGKhH1dwpn7vyFAk5TTydWWE1Fj+9ArxL6+bqqDeyyhPUkU4ng8KUgZVDIsc4JAKghWbaoKwoHpXiMdIIKx0WstTBJnkZR3L1+3wf9KqWc65Vbu5qDbqi4BK4Agcg1PggEvQANegCVyAwR14AI/gybg3no0X43VeumIseg7BEoy3T6qwmn0=</latexit>

Xn 2 {0,1}n
<latexit sha1_base64="xJ2i09XPHvUQ/f8vsOIdzfzpWZs=">AAACDHicdVDLSgMxFM34rPXV6tJNsAguZJipgl0W3LisYB/QTksmvdOGZjJDkqmUYX7BP3CrP+BO3PoP7v0Q04dgfRy45HDOvdyb48ecKe0479bK6tr6xmZuK7+9s7u3XygeNFSUSAp1GvFItnyigDMBdc00h1YsgYQ+h6Y/upr6zTFIxSJxqycxeCEZCBYwSrSReoViqytwh5lKnTO3k3WNVnLssjMF/k1ce/Y6JbRArVf46PQjmoQgNOVEqbbrxNpLidSMcsjynURBTOiIDKBtqCAhKC+dnZ7hE6P0cRBJU0Ljmfp9IiWhUpPQN50h0UP105uKf3ntRAcVL2UiTjQIOl8UJBzrCE9zwH0mgWo+MYRQycytmA6JJFSbtJa3SBhneRPL19/x/6RRtt1zu3xzUapWFgHl0BE6RqfIRZeoiq5RDdURRXfoAT2iJ+veerZerNd564q1mDlES7DePgG5UJqG</latexit>

Decoder

Ûn 2 {0,1}k
<latexit sha1_base64="+MASymfQrfN1exdlgKZ+gKSdfeg=">AAACEnicdVDLSsNAFJ3UV62vqAsXbgaL4EJCUgW7LLhxWcG0hSYtk+mkHTqZhJlJoYT8hX/gVn/Anbj1B9z7IU7aCtbHgcsczrmXO/cECaNS2fa7UVpZXVvfKG9WtrZ3dvfM/YOWjFOBiYtjFotOgCRhlBNXUcVIJxEERQEj7WB8XfjtCRGSxvxOTRPiR2jIaUgxUlrqm0feCKnMzXscelRXZp87Xt4b982qbdXsAvA3cazZa1fBAs2++eENYpxGhCvMkJRdx06UnyGhKGYkr3ipJAnCYzQkXU05ioj0s9kBOTzVygCGsdDFFZyp3ycyFEk5jQLdGSE1kj+9QvzL66YqrPsZ5UmqCMfzRWHKoIphkQYcUEGwYlNNEBZU/xXiERIIK53Z8hZBJnlFx/J1O/yftGqWc2HVbi+rjfoioDI4BifgDDjgCjTADWgCF2CQgwfwCJ6Me+PZeDFe560lYzFzCJZgvH0C0qSdTQ==</latexit>

yn 2 {0,1, e}n
<latexit sha1_base64="dqycFSNU9HxKzedn+db0KfJA+TY=">AAACDnicdVDLSgMxFM34rPVV7dJNsAguyjBTBbssuHFZwT6g05ZMeqcNzWSGJFMYhv6Df+BWf8CduPUX3Pshpg/B+jhwyeGce7k3x485U9px3q219Y3Nre3cTn53b//gsHB03FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr++HrmtyYgFYvEnU5j6IZkKFjAKNFG6heKaU9gj5nKnLJbBm/aM2rJsSvODPg3ce3565TQEvV+4cMbRDQJQWjKiVId14l1NyNSM8phmvcSBTGhYzKEjqGChKC62fz4KT4zygAHkTQlNJ6r3ycyEiqVhr7pDIkeqZ/eTPzL6yQ6qHYzJuJEg6CLRUHCsY7wLAk8YBKo5qkhhEpmbsV0RCSh2uS1ukXCZJo3sXz9Hf9PmhXbvbArt5elWnUZUA6doFN0jlx0hWroBtVRA1GUogf0iJ6se+vZerFeF61r1nKmiFZgvX0CKt6bTA==</latexit>

if n, k!� as k = nR with R < 1� p
<latexit sha1_base64="8eaGRjUFokn/8CCBgr6B9DX9INk="></latexit>
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<latexit sha1_base64="U6uW/7RS1jkQ7TYed430ChS3ets="></latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

e
<latexit sha1_base64="sgWHKfpuG3oi+vyGpmrIhiyNZes=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqpjr1R27IqTg/wmrj37nTIsUOuVPrr9mKUhRpoJqlTHdRLtZVRqzgROi91UYULZiA6wY2hEQ1ReNlt0Sk6N0idBLM2LNJmp3zsyGio1CX1TGVI9VD+9XPzL66Q6uPIyHiWpxojNBwWpIDom+dWkzyUyLSaGUCa52ZWwIZWUaZPN8hSJ42nRxPJ1O/mfNCu2e25X6hfl6vUioAIcwwmcgQuXUIVbqEEDGCA8wCM8WffWs/Vivc5LV6xFzxEswXr7BHgolIA=</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

Encoder

Uk 2 {0,1}k
<latexit sha1_base64="BGkAg1fNbGTAsUP4CHRXJvJMLIA=">AAACDHicdVDLSsNAFJ34rPWV6tLNYBFcSEiqYJcFNy4rmLbQtGUynbRDJpMwM6mUkF/wD9zqD7gTt/6Dez/ESVvB+jgwzOGce7n3Hj9hVCrbfjdWVtfWNzZLW+Xtnd29fbNy0JJxKjBxccxi0fGRJIxy4iqqGOkkgqDIZ6Tth1eF354QIWnMb9U0Ib0IjTgNKEZKSwOz4vZD6FEOvcw+c7y8Hw7Mqm3V7ALwN3Gs2W9XwQLNgfnhDWOcRoQrzJCUXcdOVC9DQlHMSF72UkkShEM0Il1NOYqI7GWz1XN4opUhDGKhH1dwpn7vyFAk5TTydWWE1Fj+9ArxL6+bqqDeyyhPUkU4ng8KUgZVDIsc4JAKghWbaoKwoHpXiMdIIKx0WstTBJnkZR3L1+3wf9KqWc65Vbu5qDbqi4BK4Agcg1PggEvQANegCVyAwR14AI/gybg3no0X43VeumIseg7BEoy3T6qwmn0=</latexit>

Xn 2 {0,1}n
<latexit sha1_base64="xJ2i09XPHvUQ/f8vsOIdzfzpWZs=">AAACDHicdVDLSgMxFM34rPXV6tJNsAguZJipgl0W3LisYB/QTksmvdOGZjJDkqmUYX7BP3CrP+BO3PoP7v0Q04dgfRy45HDOvdyb48ecKe0479bK6tr6xmZuK7+9s7u3XygeNFSUSAp1GvFItnyigDMBdc00h1YsgYQ+h6Y/upr6zTFIxSJxqycxeCEZCBYwSrSReoViqytwh5lKnTO3k3WNVnLssjMF/k1ce/Y6JbRArVf46PQjmoQgNOVEqbbrxNpLidSMcsjynURBTOiIDKBtqCAhKC+dnZ7hE6P0cRBJU0Ljmfp9IiWhUpPQN50h0UP105uKf3ntRAcVL2UiTjQIOl8UJBzrCE9zwH0mgWo+MYRQycytmA6JJFSbtJa3SBhneRPL19/x/6RRtt1zu3xzUapWFgHl0BE6RqfIRZeoiq5RDdURRXfoAT2iJ+veerZerNd564q1mDlES7DePgG5UJqG</latexit>

Decoder

Ûn 2 {0,1}k
<latexit sha1_base64="+MASymfQrfN1exdlgKZ+gKSdfeg=">AAACEnicdVDLSsNAFJ3UV62vqAsXbgaL4EJCUgW7LLhxWcG0hSYtk+mkHTqZhJlJoYT8hX/gVn/Anbj1B9z7IU7aCtbHgcsczrmXO/cECaNS2fa7UVpZXVvfKG9WtrZ3dvfM/YOWjFOBiYtjFotOgCRhlBNXUcVIJxEERQEj7WB8XfjtCRGSxvxOTRPiR2jIaUgxUlrqm0feCKnMzXscelRXZp87Xt4b982qbdXsAvA3cazZa1fBAs2++eENYpxGhCvMkJRdx06UnyGhKGYkr3ipJAnCYzQkXU05ioj0s9kBOTzVygCGsdDFFZyp3ycyFEk5jQLdGSE1kj+9QvzL66YqrPsZ5UmqCMfzRWHKoIphkQYcUEGwYlNNEBZU/xXiERIIK53Z8hZBJnlFx/J1O/yftGqWc2HVbi+rjfoioDI4BifgDDjgCjTADWgCF2CQgwfwCJ6Me+PZeDFe560lYzFzCJZgvH0C0qSdTQ==</latexit>

yn 2 {0,1, e}n
<latexit sha1_base64="dqycFSNU9HxKzedn+db0KfJA+TY=">AAACDnicdVDLSgMxFM34rPVV7dJNsAguyjBTBbssuHFZwT6g05ZMeqcNzWSGJFMYhv6Df+BWf8CduPUX3Pshpg/B+jhwyeGce7k3x485U9px3q219Y3Nre3cTn53b//gsHB03FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr++HrmtyYgFYvEnU5j6IZkKFjAKNFG6heKaU9gj5nKnLJbBm/aM2rJsSvODPg3ce3565TQEvV+4cMbRDQJQWjKiVId14l1NyNSM8phmvcSBTGhYzKEjqGChKC62fz4KT4zygAHkTQlNJ6r3ycyEiqVhr7pDIkeqZ/eTPzL6yQ6qHYzJuJEg6CLRUHCsY7wLAk8YBKo5qkhhEpmbsV0RCSh2uS1ukXCZJo3sXz9Hf9PmhXbvbArt5elWnUZUA6doFN0jlx0hWroBtVRA1GUogf0iJ6se+vZerFeF61r1nKmiFZgvX0CKt6bTA==</latexit>

Also no improvement in (high rate) error exponents, 
SOCR, or moderate deviations.

if n, k!� as k = nR with R < 1� p
<latexit sha1_base64="8eaGRjUFokn/8CCBgr6B9DX9INk="></latexit>
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Symmetric
ï
1 � p 0 p
0 1 � p p

ò

<latexit sha1_base64="kSOf8LPWxxO08nllm2/gxbxiQxw="></latexit>
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‣ Def: A channel (stochastic matrix) W is symmetric if its 
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are the rows.
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3/4 1/4
1/3 2/3

�
Not symmetric

Symmetric
ï
1 � p 0 p
0 1 � p p

ò

<latexit sha1_base64="kSOf8LPWxxO08nllm2/gxbxiQxw="></latexit>
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More Generally…
‣ For symmetric channels, feedback does not improve:

- the error exponent (for large rates) [Haroutunian ’77; Dobrushin ’62]

- the order of the polynomial pre-factor in the error exponent 
(for large rates) [Altuğ-Wagner ’21]

- the second-order coding rate [Polyanskiy et al. ’11] 

- the third-order coding rate [Polyanskiy et al. ’11, Altuğ-Wagner ’21]

- the moderate deviations performance [Altuğ-Poor-Verdú (’15)]

‣ For asymmetric channels,

- The high-rate error exponent is not improved by feedback 
[Nakiboğlu ’19, Augustin ’78]

- The second-order coding rate can be improved by feedback 
[Part II]

- Moderate deviations?
22



Mechanisms

23

‣ How can one use feedback to improve block coding 
performance in point-to-point channels? 

‣ If the channel has memory, we can predict the future noise 
realization. 

‣ If the channel is unknown, we can learn its law. 

‣ If the decoding time is not fixed, we can decode early or 
late opportunistically. 

‣ If there is an average cost (e.g., power) constraint, we can 
use resources opportunistically.  

‣ If the rate is low, we can increase the effective minimum 
distance of the code.
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Channels with Memory
‣ First attempt at an example: consider the binary symmetric 

channel (BSC):

where {Zn} is an arbitrary stationary and ergodic process.

24

<latexit sha1_base64="DSojaSjQRDjbZX6XXFaNSDC2lDk=">AAACIXicdVDLSgMxFL3js9ZXfezcBIvgapgWRTdKwY3LCvah7bRk0kwbmskMSaZQh/6L4Er/xJ24E//DtZm2gvVxIMnhnHu5N8eLOFPacd6sufmFxaXlzEp2dW19YzO3tV1VYSwJrZCQh7LuYUU5E7Simea0HkmKA4/Tmte/SP3agErFQnGthxF1A9wVzGcEayO1c7s3LYHOUN3czTDisUK3LSPnHbvopEC/ScEev04epii3cx/NTkjigApNOFaqUXAi7SZYakY4HWWbsaIRJn3cpQ1DBQ6ocpPx9iN0YJQO8kNpjtBorH7vSHCg1DDwTGWAdU/99FLxL68Ra//UTZiIYk0FmQzyY450iNIoUIdJSjQfGoKJZGZXRHpYYqJNYLNTJB3M/CIhmJNR1gT1lQb6n1SLduHYdq6O8qXzaWQZ2IN9OIQCnEAJLqEMFSBwB/fwCE/Wg/VsvVivk9I5a9qzAzOw3j8BjOKjOw==</latexit>

Yn = Xn � Zn

<latexit sha1_base64="S6jG+2BGtx3b9YDv4ipyeGT9ujE=">AAACMHicdVDLSgMxFM34rPVVdekmWAQXMmSKohul4MZlBfuQdiiZNNOGZjJDkimUYT7ArxFc6Z/oStz6Aa7NTKtYHxdCzj33XO69x4s4UxqhZ2tufmFxabmwUlxdW9/YLG1tN1QYS0LrJOShbHlYUc4ErWumOW1FkuLA47TpDS+yenNEpWKhuNbjiLoB7gvmM4K1obqlcifAekAwT1opPINf2U2eJejQ6aRGhewKygL+Bo6d/6gMplHrlt47vZDEARWacKxU20GRdhMsNSOcpsVOrGiEyRD3adtAgQOq3CQ/JoX7hulBP5TmCQ1z9ntHggOlxoFnlNmy6mctI/+qtWPtn7oJE1GsqSCTQX7MoQ5h5gzsMUmJ5mMDMJHM7ArJAEtMtPFvdoqko5krEmMZSYvGqE834P+gUbGdYxtdHZWr51PLCmAX7IED4IATUAWXoAbqgIBbcAcewKN1bz1ZL9brRDpnTXt2wExYbx+HiKla</latexit>

X = Y = {0,1}



Channels with Memory
‣ First attempt at an example: consider the binary symmetric 

channel (BSC):

where {Zn} is an arbitrary stationary and ergodic process.

‣ Then C = 1 − H({Zn})

24

<latexit sha1_base64="DSojaSjQRDjbZX6XXFaNSDC2lDk=">AAACIXicdVDLSgMxFL3js9ZXfezcBIvgapgWRTdKwY3LCvah7bRk0kwbmskMSaZQh/6L4Er/xJ24E//DtZm2gvVxIMnhnHu5N8eLOFPacd6sufmFxaXlzEp2dW19YzO3tV1VYSwJrZCQh7LuYUU5E7Simea0HkmKA4/Tmte/SP3agErFQnGthxF1A9wVzGcEayO1c7s3LYHOUN3czTDisUK3LSPnHbvopEC/ScEev04epii3cx/NTkjigApNOFaqUXAi7SZYakY4HWWbsaIRJn3cpQ1DBQ6ocpPx9iN0YJQO8kNpjtBorH7vSHCg1DDwTGWAdU/99FLxL68Ra//UTZiIYk0FmQzyY450iNIoUIdJSjQfGoKJZGZXRHpYYqJNYLNTJB3M/CIhmJNR1gT1lQb6n1SLduHYdq6O8qXzaWQZ2IN9OIQCnEAJLqEMFSBwB/fwCE/Wg/VsvVivk9I5a9qzAzOw3j8BjOKjOw==</latexit>

Yn = Xn � Zn

<latexit sha1_base64="S6jG+2BGtx3b9YDv4ipyeGT9ujE=">AAACMHicdVDLSgMxFM34rPVVdekmWAQXMmSKohul4MZlBfuQdiiZNNOGZjJDkimUYT7ArxFc6Z/oStz6Aa7NTKtYHxdCzj33XO69x4s4UxqhZ2tufmFxabmwUlxdW9/YLG1tN1QYS0LrJOShbHlYUc4ErWumOW1FkuLA47TpDS+yenNEpWKhuNbjiLoB7gvmM4K1obqlcifAekAwT1opPINf2U2eJejQ6aRGhewKygL+Bo6d/6gMplHrlt47vZDEARWacKxU20GRdhMsNSOcpsVOrGiEyRD3adtAgQOq3CQ/JoX7hulBP5TmCQ1z9ntHggOlxoFnlNmy6mctI/+qtWPtn7oJE1GsqSCTQX7MoQ5h5gzsMUmJ5mMDMJHM7ArJAEtMtPFvdoqko5krEmMZSYvGqE834P+gUbGdYxtdHZWr51PLCmAX7IED4IATUAWXoAbqgIBbcAcewKN1bz1ZL9brRDpnTXt2wExYbx+HiKla</latexit>

X = Y = {0,1}



Channels with Memory

25

With feedback:
<latexit sha1_base64="Dr/Kzs/BgvbnetoSSSbpqB8+j8I="></latexit>

�(Uk;Yn) = H(Yn)�H(Yn|Uk)

= H(Yn)�
nX

�=1
H(Y�|Uk, Y ��1)

= H(Yn)�
nX

�=1
H(X� � Z�|Uk, Y ��1)

= H(Yn)�
nX

�=1
H(Z�|Uk, Y ��1, Z��1)

= H(Yn)�
nX

�=1
H(Z�|Z��1)

= H(Yn)�H(Zn)
 n�H(Zn)
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With feedback:

<latexit sha1_base64="4cArL7yrUxNaSfPA4Uk+ajzSlMM="></latexit>

CFB = 1�H({Zn})

Feedback does 
not increase the  

capacity of discrete  
additive-noise  

channels 
[Alajaji (’95)]
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Channels with Memory
‣ Consider a channel with ternary channel with three  “states”

‣ The channel starts in a random state and then 
deterministically cycles 1 → 2, 2 → 3, 3 → 1.
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Channels with Memory
‣ Consider a channel with ternary channel with three  “states”

‣ The channel starts in a random state and then 
deterministically cycles 1 → 2, 2 → 3, 3 → 1.

‣ Each constituent channel has C = 1 bit.
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Channels with Memory
‣ Consider a channel with ternary channel with three  “states”

‣ The channel starts in a random state and then 
deterministically cycles 1 → 2, 2 → 3, 3 → 1.

‣ Each constituent channel has C = 1 bit.

‣ With feedback, encoder can learn the phase: CFB = 1 bit
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Channels with Memory
‣ Consider a channel with ternary channel with three  “states”

‣ The channel starts in a random state and then 
deterministically cycles 1 → 2, 2 → 3, 3 → 1.

‣ Each constituent channel has C = 1 bit.

‣ With feedback, encoder can learn the phase: CFB = 1 bit

‣ Without feedback, encoder uses each input equally:
 C = H(B(1/3)) < 1 bit

26

1 2 3

1/2

1/2

1/2

1/2
1/2

1/2

1/2

1/2

1/2

1/2

1/2

1/2



Channels with Memory

27



Channels with Memory
‣ … are closely related to unknown channels.

27



Channels with Memory
‣ … are closely related to unknown channels.

‣ Why does feedback increase the capacity of Gaussian 
additive noise channels but not discrete ones?

27



Channels with Memory
‣ … are closely related to unknown channels.

‣ Why does feedback increase the capacity of Gaussian 
additive noise channels but not discrete ones?

27
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‣ … are closely related to unknown channels.

‣ Why does feedback increase the capacity of Gaussian 
additive noise channels but not discrete ones?
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Channels with Memory
‣ … are closely related to unknown channels.

‣ Why does feedback increase the capacity of Gaussian 
additive noise channels but not discrete ones?
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‣ … are closely related to unknown channels.

‣ Why does feedback increase the capacity of Gaussian 
additive noise channels but not discrete ones?
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Channels with Memory
‣ … are closely related to unknown channels.

‣ Why does feedback increase the capacity of Gaussian 
additive noise channels but not discrete ones?

‣ ARMA(k) Gaussian feedback capacity found by Kim (’10)
27
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Mechanisms

28

‣ How can one use feedback to improve block coding 
performance in point-to-point channels? 

‣ If the channel has memory, we can predict the future noise 
realization. 

‣ If the channel is unknown, we can learn its law. 

‣ If the decoding time is not fixed, we can decode early or 
late opportunistically. 

‣ If there is an average cost (e.g., power) constraint, we can 
use resources opportunistically.  

‣ If the rate is low, we can increase the effective minimum 
distance of the code.
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Opportunistic Use of the Channel
‣ Up to now, # of channel uses has been fixed.

‣ For some transmissions, we might wish we had more. For 
others, we could do with fewer.

‣ Suppose the transmission ends at a random (stopping) 
time N.

‣ Define the effective rate k/E[N] .

29
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Opportunistic Use of the Channel
‣ Consider the BEC:

30

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

e
<latexit sha1_base64="sgWHKfpuG3oi+vyGpmrIhiyNZes=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqpjr1R27IqTg/wmrj37nTIsUOuVPrr9mKUhRpoJqlTHdRLtZVRqzgROi91UYULZiA6wY2hEQ1ReNlt0Sk6N0idBLM2LNJmp3zsyGio1CX1TGVI9VD+9XPzL66Q6uPIyHiWpxojNBwWpIDom+dWkzyUyLSaGUCa52ZWwIZWUaZPN8hSJ42nRxPJ1O/mfNCu2e25X6hfl6vUioAIcwwmcgQuXUIVbqEEDGCA8wCM8WffWs/Vivc5LV6xFzxEswXr7BHgolIA=</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

Encoder

Uk 2 {0,1}k
<latexit sha1_base64="BGkAg1fNbGTAsUP4CHRXJvJMLIA=">AAACDHicdVDLSsNAFJ34rPWV6tLNYBFcSEiqYJcFNy4rmLbQtGUynbRDJpMwM6mUkF/wD9zqD7gTt/6Dez/ESVvB+jgwzOGce7n3Hj9hVCrbfjdWVtfWNzZLW+Xtnd29fbNy0JJxKjBxccxi0fGRJIxy4iqqGOkkgqDIZ6Tth1eF354QIWnMb9U0Ib0IjTgNKEZKSwOz4vZD6FEOvcw+c7y8Hw7Mqm3V7ALwN3Gs2W9XwQLNgfnhDWOcRoQrzJCUXcdOVC9DQlHMSF72UkkShEM0Il1NOYqI7GWz1XN4opUhDGKhH1dwpn7vyFAk5TTydWWE1Fj+9ArxL6+bqqDeyyhPUkU4ng8KUgZVDIsc4JAKghWbaoKwoHpXiMdIIKx0WstTBJnkZR3L1+3wf9KqWc65Vbu5qDbqi4BK4Agcg1PggEvQANegCVyAwR14AI/gybg3no0X43VeumIseg7BEoy3T6qwmn0=</latexit>

Xn 2 {0,1}n
<latexit sha1_base64="xJ2i09XPHvUQ/f8vsOIdzfzpWZs=">AAACDHicdVDLSgMxFM34rPXV6tJNsAguZJipgl0W3LisYB/QTksmvdOGZjJDkqmUYX7BP3CrP+BO3PoP7v0Q04dgfRy45HDOvdyb48ecKe0479bK6tr6xmZuK7+9s7u3XygeNFSUSAp1GvFItnyigDMBdc00h1YsgYQ+h6Y/upr6zTFIxSJxqycxeCEZCBYwSrSReoViqytwh5lKnTO3k3WNVnLssjMF/k1ce/Y6JbRArVf46PQjmoQgNOVEqbbrxNpLidSMcsjynURBTOiIDKBtqCAhKC+dnZ7hE6P0cRBJU0Ljmfp9IiWhUpPQN50h0UP105uKf3ntRAcVL2UiTjQIOl8UJBzrCE9zwH0mgWo+MYRQycytmA6JJFSbtJa3SBhneRPL19/x/6RRtt1zu3xzUapWFgHl0BE6RqfIRZeoiq5RDdURRXfoAT2iJ+veerZerNd564q1mDlES7DePgG5UJqG</latexit>

Decoder

Ûn 2 {0,1}k
<latexit sha1_base64="+MASymfQrfN1exdlgKZ+gKSdfeg=">AAACEnicdVDLSsNAFJ3UV62vqAsXbgaL4EJCUgW7LLhxWcG0hSYtk+mkHTqZhJlJoYT8hX/gVn/Anbj1B9z7IU7aCtbHgcsczrmXO/cECaNS2fa7UVpZXVvfKG9WtrZ3dvfM/YOWjFOBiYtjFotOgCRhlBNXUcVIJxEERQEj7WB8XfjtCRGSxvxOTRPiR2jIaUgxUlrqm0feCKnMzXscelRXZp87Xt4b982qbdXsAvA3cazZa1fBAs2++eENYpxGhCvMkJRdx06UnyGhKGYkr3ipJAnCYzQkXU05ioj0s9kBOTzVygCGsdDFFZyp3ycyFEk5jQLdGSE1kj+9QvzL66YqrPsZ5UmqCMfzRWHKoIphkQYcUEGwYlNNEBZU/xXiERIIK53Z8hZBJnlFx/J1O/yftGqWc2HVbi+rjfoioDI4BifgDDjgCjTADWgCF2CQgwfwCJ6Me+PZeDFe560lYzFzCJZgvH0C0qSdTQ==</latexit>

yn 2 {0,1, e}n
<latexit sha1_base64="dqycFSNU9HxKzedn+db0KfJA+TY=">AAACDnicdVDLSgMxFM34rPVV7dJNsAguyjBTBbssuHFZwT6g05ZMeqcNzWSGJFMYhv6Df+BWf8CduPUX3Pshpg/B+jhwyeGce7k3x485U9px3q219Y3Nre3cTn53b//gsHB03FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr++HrmtyYgFYvEnU5j6IZkKFjAKNFG6heKaU9gj5nKnLJbBm/aM2rJsSvODPg3ce3565TQEvV+4cMbRDQJQWjKiVId14l1NyNSM8phmvcSBTGhYzKEjqGChKC62fz4KT4zygAHkTQlNJ6r3ycyEiqVhr7pDIkeqZ/eTPzL6yQ6qHYzJuJEg6CLRUHCsY7wLAk8YBKo5qkhhEpmbsV0RCSh2uS1ukXCZJo3sXz9Hf9PmhXbvbArt5elWnUZUA6doFN0jlx0hWroBtVRA1GUogf0iJ6se+vZerFeF61r1nKmiFZgvX0CKt6bTA==</latexit>



Opportunistic Use of the Channel
‣ Consider the BEC:

‣ Suppose we transmit each bit until it passes through.

30

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

e
<latexit sha1_base64="sgWHKfpuG3oi+vyGpmrIhiyNZes=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqpjr1R27IqTg/wmrj37nTIsUOuVPrr9mKUhRpoJqlTHdRLtZVRqzgROi91UYULZiA6wY2hEQ1ReNlt0Sk6N0idBLM2LNJmp3zsyGio1CX1TGVI9VD+9XPzL66Q6uPIyHiWpxojNBwWpIDom+dWkzyUyLSaGUCa52ZWwIZWUaZPN8hSJ42nRxPJ1O/mfNCu2e25X6hfl6vUioAIcwwmcgQuXUIVbqEEDGCA8wCM8WffWs/Vivc5LV6xFzxEswXr7BHgolIA=</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

Encoder

Uk 2 {0,1}k
<latexit sha1_base64="BGkAg1fNbGTAsUP4CHRXJvJMLIA=">AAACDHicdVDLSsNAFJ34rPWV6tLNYBFcSEiqYJcFNy4rmLbQtGUynbRDJpMwM6mUkF/wD9zqD7gTt/6Dez/ESVvB+jgwzOGce7n3Hj9hVCrbfjdWVtfWNzZLW+Xtnd29fbNy0JJxKjBxccxi0fGRJIxy4iqqGOkkgqDIZ6Tth1eF354QIWnMb9U0Ib0IjTgNKEZKSwOz4vZD6FEOvcw+c7y8Hw7Mqm3V7ALwN3Gs2W9XwQLNgfnhDWOcRoQrzJCUXcdOVC9DQlHMSF72UkkShEM0Il1NOYqI7GWz1XN4opUhDGKhH1dwpn7vyFAk5TTydWWE1Fj+9ArxL6+bqqDeyyhPUkU4ng8KUgZVDIsc4JAKghWbaoKwoHpXiMdIIKx0WstTBJnkZR3L1+3wf9KqWc65Vbu5qDbqi4BK4Agcg1PggEvQANegCVyAwR14AI/gybg3no0X43VeumIseg7BEoy3T6qwmn0=</latexit>

Xn 2 {0,1}n
<latexit sha1_base64="xJ2i09XPHvUQ/f8vsOIdzfzpWZs=">AAACDHicdVDLSgMxFM34rPXV6tJNsAguZJipgl0W3LisYB/QTksmvdOGZjJDkqmUYX7BP3CrP+BO3PoP7v0Q04dgfRy45HDOvdyb48ecKe0479bK6tr6xmZuK7+9s7u3XygeNFSUSAp1GvFItnyigDMBdc00h1YsgYQ+h6Y/upr6zTFIxSJxqycxeCEZCBYwSrSReoViqytwh5lKnTO3k3WNVnLssjMF/k1ce/Y6JbRArVf46PQjmoQgNOVEqbbrxNpLidSMcsjynURBTOiIDKBtqCAhKC+dnZ7hE6P0cRBJU0Ljmfp9IiWhUpPQN50h0UP105uKf3ntRAcVL2UiTjQIOl8UJBzrCE9zwH0mgWo+MYRQycytmA6JJFSbtJa3SBhneRPL19/x/6RRtt1zu3xzUapWFgHl0BE6RqfIRZeoiq5RDdURRXfoAT2iJ+veerZerNd564q1mDlES7DePgG5UJqG</latexit>

Decoder

Ûn 2 {0,1}k
<latexit sha1_base64="+MASymfQrfN1exdlgKZ+gKSdfeg=">AAACEnicdVDLSsNAFJ3UV62vqAsXbgaL4EJCUgW7LLhxWcG0hSYtk+mkHTqZhJlJoYT8hX/gVn/Anbj1B9z7IU7aCtbHgcsczrmXO/cECaNS2fa7UVpZXVvfKG9WtrZ3dvfM/YOWjFOBiYtjFotOgCRhlBNXUcVIJxEERQEj7WB8XfjtCRGSxvxOTRPiR2jIaUgxUlrqm0feCKnMzXscelRXZp87Xt4b982qbdXsAvA3cazZa1fBAs2++eENYpxGhCvMkJRdx06UnyGhKGYkr3ipJAnCYzQkXU05ioj0s9kBOTzVygCGsdDFFZyp3ycyFEk5jQLdGSE1kj+9QvzL66YqrPsZ5UmqCMfzRWHKoIphkQYcUEGwYlNNEBZU/xXiERIIK53Z8hZBJnlFx/J1O/yftGqWc2HVbi+rjfoioDI4BifgDDjgCjTADWgCF2CQgwfwCJ6Me+PZeDFe560lYzFzCJZgvH0C0qSdTQ==</latexit>

yn 2 {0,1, e}n
<latexit sha1_base64="dqycFSNU9HxKzedn+db0KfJA+TY=">AAACDnicdVDLSgMxFM34rPVV7dJNsAguyjBTBbssuHFZwT6g05ZMeqcNzWSGJFMYhv6Df+BWf8CduPUX3Pshpg/B+jhwyeGce7k3x485U9px3q219Y3Nre3cTn53b//gsHB03FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr++HrmtyYgFYvEnU5j6IZkKFjAKNFG6heKaU9gj5nKnLJbBm/aM2rJsSvODPg3ce3565TQEvV+4cMbRDQJQWjKiVId14l1NyNSM8phmvcSBTGhYzKEjqGChKC62fz4KT4zygAHkTQlNJ6r3ycyEiqVhr7pDIkeqZ/eTPzL6yQ6qHYzJuJEg6CLRUHCsY7wLAk8YBKo5qkhhEpmbsV0RCSh2uS1ukXCZJo3sXz9Hf9PmhXbvbArt5elWnUZUA6doFN0jlx0hWroBtVRA1GUogf0iJ6se+vZerFeF61r1nKmiFZgvX0CKt6bTA==</latexit>



Opportunistic Use of the Channel
‣ Consider the BEC:

‣ Suppose we transmit each bit until it passes through.

‣ Let N be the # channel uses required for all bits to pass 
through. Then                           . So
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0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

e
<latexit sha1_base64="sgWHKfpuG3oi+vyGpmrIhiyNZes=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqpjr1R27IqTg/wmrj37nTIsUOuVPrr9mKUhRpoJqlTHdRLtZVRqzgROi91UYULZiA6wY2hEQ1ReNlt0Sk6N0idBLM2LNJmp3zsyGio1CX1TGVI9VD+9XPzL66Q6uPIyHiWpxojNBwWpIDom+dWkzyUyLSaGUCa52ZWwIZWUaZPN8hSJ42nRxPJ1O/mfNCu2e25X6hfl6vUioAIcwwmcgQuXUIVbqEEDGCA8wCM8WffWs/Vivc5LV6xFzxEswXr7BHgolIA=</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

Encoder

Uk 2 {0,1}k
<latexit sha1_base64="BGkAg1fNbGTAsUP4CHRXJvJMLIA=">AAACDHicdVDLSsNAFJ34rPWV6tLNYBFcSEiqYJcFNy4rmLbQtGUynbRDJpMwM6mUkF/wD9zqD7gTt/6Dez/ESVvB+jgwzOGce7n3Hj9hVCrbfjdWVtfWNzZLW+Xtnd29fbNy0JJxKjBxccxi0fGRJIxy4iqqGOkkgqDIZ6Tth1eF354QIWnMb9U0Ib0IjTgNKEZKSwOz4vZD6FEOvcw+c7y8Hw7Mqm3V7ALwN3Gs2W9XwQLNgfnhDWOcRoQrzJCUXcdOVC9DQlHMSF72UkkShEM0Il1NOYqI7GWz1XN4opUhDGKhH1dwpn7vyFAk5TTydWWE1Fj+9ArxL6+bqqDeyyhPUkU4ng8KUgZVDIsc4JAKghWbaoKwoHpXiMdIIKx0WstTBJnkZR3L1+3wf9KqWc65Vbu5qDbqi4BK4Agcg1PggEvQANegCVyAwR14AI/gybg3no0X43VeumIseg7BEoy3T6qwmn0=</latexit>

Xn 2 {0,1}n
<latexit sha1_base64="xJ2i09XPHvUQ/f8vsOIdzfzpWZs=">AAACDHicdVDLSgMxFM34rPXV6tJNsAguZJipgl0W3LisYB/QTksmvdOGZjJDkqmUYX7BP3CrP+BO3PoP7v0Q04dgfRy45HDOvdyb48ecKe0479bK6tr6xmZuK7+9s7u3XygeNFSUSAp1GvFItnyigDMBdc00h1YsgYQ+h6Y/upr6zTFIxSJxqycxeCEZCBYwSrSReoViqytwh5lKnTO3k3WNVnLssjMF/k1ce/Y6JbRArVf46PQjmoQgNOVEqbbrxNpLidSMcsjynURBTOiIDKBtqCAhKC+dnZ7hE6P0cRBJU0Ljmfp9IiWhUpPQN50h0UP105uKf3ntRAcVL2UiTjQIOl8UJBzrCE9zwH0mgWo+MYRQycytmA6JJFSbtJa3SBhneRPL19/x/6RRtt1zu3xzUapWFgHl0BE6RqfIRZeoiq5RDdURRXfoAT2iJ+veerZerNd564q1mDlES7DePgG5UJqG</latexit>

Decoder

Ûn 2 {0,1}k
<latexit sha1_base64="+MASymfQrfN1exdlgKZ+gKSdfeg=">AAACEnicdVDLSsNAFJ3UV62vqAsXbgaL4EJCUgW7LLhxWcG0hSYtk+mkHTqZhJlJoYT8hX/gVn/Anbj1B9z7IU7aCtbHgcsczrmXO/cECaNS2fa7UVpZXVvfKG9WtrZ3dvfM/YOWjFOBiYtjFotOgCRhlBNXUcVIJxEERQEj7WB8XfjtCRGSxvxOTRPiR2jIaUgxUlrqm0feCKnMzXscelRXZp87Xt4b982qbdXsAvA3cazZa1fBAs2++eENYpxGhCvMkJRdx06UnyGhKGYkr3ipJAnCYzQkXU05ioj0s9kBOTzVygCGsdDFFZyp3ycyFEk5jQLdGSE1kj+9QvzL66YqrPsZ5UmqCMfzRWHKoIphkQYcUEGwYlNNEBZU/xXiERIIK53Z8hZBJnlFx/J1O/yftGqWc2HVbi+rjfoioDI4BifgDDjgCjTADWgCF2CQgwfwCJ6Me+PZeDFe560lYzFzCJZgvH0C0qSdTQ==</latexit>

yn 2 {0,1, e}n
<latexit sha1_base64="dqycFSNU9HxKzedn+db0KfJA+TY=">AAACDnicdVDLSgMxFM34rPVV7dJNsAguyjBTBbssuHFZwT6g05ZMeqcNzWSGJFMYhv6Df+BWf8CduPUX3Pshpg/B+jhwyeGce7k3x485U9px3q219Y3Nre3cTn53b//gsHB03FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr++HrmtyYgFYvEnU5j6IZkKFjAKNFG6heKaU9gj5nKnLJbBm/aM2rJsSvODPg3ce3565TQEvV+4cMbRDQJQWjKiVId14l1NyNSM8phmvcSBTGhYzKEjqGChKC62fz4KT4zygAHkTQlNJ6r3ycyEiqVhr7pDIkeqZ/eTPzL6yQ6qHYzJuJEg6CLRUHCsY7wLAk8YBKo5qkhhEpmbsV0RCSh2uS1ukXCZJo3sXz9Hf9PmhXbvbArt5elWnUZUA6doFN0jlx0hWroBtVRA1GUogf0iJ6se+vZerFeF61r1nKmiFZgvX0CKt6bTA==</latexit>

<latexit sha1_base64="4mNR30w5QWl4l/OiPS7so6Fx/Jg=">AAACGXicdVDLSgMxFM3UV62vqks3wSLUheNMUXSjFERwJRXsA6ZjyaS3bWjmQZIplKH/IbjSP3Enbl35I67NtBWsjwMhh3Pu5d57vIgzqSzr3cjMzS8sLmWXcyura+sb+c2tmgxjQaFKQx6KhkckcBZAVTHFoREJIL7Hoe71L1K/PgAhWRjcqmEErk+6AeswSpSW7i6daxef4f5h0T6I9lv5gmWWrBT4N7HN8W8V0BSVVv6j2Q5p7EOgKCdSOrYVKTchQjHKYZRrxhIiQvukC46mAfFBusl46xHe00obd0KhX6DwWP3ekRBfyqHv6UqfqJ786aXiX54Tq86pm7AgihUEdDKoE3OsQpxGgNtMAFV8qAmhguldMe0RQajSQc1OETCYuSKhhNNRTgf1lQb+n9RKpn1sWjdHhfL5NLIs2kG7qIhsdILK6ApVUBVRJNA9ekRPxoPxbLwYr5PSjDHt2UYzMN4+AbRhn5Q=</latexit>

E[N] = k/(1� p)
<latexit sha1_base64="/ebwHEimISG0zSWtMhZHZe4tYIs="></latexit>

k

E[N]
= 1� p = C = CFB



Opportunistic Use of the Channel
‣ Consider the BEC:

‣ Suppose we transmit each bit until it passes through.

‣ Let N be the # channel uses required for all bits to pass 
through. Then                           . So

30

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

e
<latexit sha1_base64="sgWHKfpuG3oi+vyGpmrIhiyNZes=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqpjr1R27IqTg/wmrj37nTIsUOuVPrr9mKUhRpoJqlTHdRLtZVRqzgROi91UYULZiA6wY2hEQ1ReNlt0Sk6N0idBLM2LNJmp3zsyGio1CX1TGVI9VD+9XPzL66Q6uPIyHiWpxojNBwWpIDom+dWkzyUyLSaGUCa52ZWwIZWUaZPN8hSJ42nRxPJ1O/mfNCu2e25X6hfl6vUioAIcwwmcgQuXUIVbqEEDGCA8wCM8WffWs/Vivc5LV6xFzxEswXr7BHgolIA=</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

Encoder

Uk 2 {0,1}k
<latexit sha1_base64="BGkAg1fNbGTAsUP4CHRXJvJMLIA=">AAACDHicdVDLSsNAFJ34rPWV6tLNYBFcSEiqYJcFNy4rmLbQtGUynbRDJpMwM6mUkF/wD9zqD7gTt/6Dez/ESVvB+jgwzOGce7n3Hj9hVCrbfjdWVtfWNzZLW+Xtnd29fbNy0JJxKjBxccxi0fGRJIxy4iqqGOkkgqDIZ6Tth1eF354QIWnMb9U0Ib0IjTgNKEZKSwOz4vZD6FEOvcw+c7y8Hw7Mqm3V7ALwN3Gs2W9XwQLNgfnhDWOcRoQrzJCUXcdOVC9DQlHMSF72UkkShEM0Il1NOYqI7GWz1XN4opUhDGKhH1dwpn7vyFAk5TTydWWE1Fj+9ArxL6+bqqDeyyhPUkU4ng8KUgZVDIsc4JAKghWbaoKwoHpXiMdIIKx0WstTBJnkZR3L1+3wf9KqWc65Vbu5qDbqi4BK4Agcg1PggEvQANegCVyAwR14AI/gybg3no0X43VeumIseg7BEoy3T6qwmn0=</latexit>

Xn 2 {0,1}n
<latexit sha1_base64="xJ2i09XPHvUQ/f8vsOIdzfzpWZs=">AAACDHicdVDLSgMxFM34rPXV6tJNsAguZJipgl0W3LisYB/QTksmvdOGZjJDkqmUYX7BP3CrP+BO3PoP7v0Q04dgfRy45HDOvdyb48ecKe0479bK6tr6xmZuK7+9s7u3XygeNFSUSAp1GvFItnyigDMBdc00h1YsgYQ+h6Y/upr6zTFIxSJxqycxeCEZCBYwSrSReoViqytwh5lKnTO3k3WNVnLssjMF/k1ce/Y6JbRArVf46PQjmoQgNOVEqbbrxNpLidSMcsjynURBTOiIDKBtqCAhKC+dnZ7hE6P0cRBJU0Ljmfp9IiWhUpPQN50h0UP105uKf3ntRAcVL2UiTjQIOl8UJBzrCE9zwH0mgWo+MYRQycytmA6JJFSbtJa3SBhneRPL19/x/6RRtt1zu3xzUapWFgHl0BE6RqfIRZeoiq5RDdURRXfoAT2iJ+veerZerNd564q1mDlES7DePgG5UJqG</latexit>

Decoder

Ûn 2 {0,1}k
<latexit sha1_base64="+MASymfQrfN1exdlgKZ+gKSdfeg=">AAACEnicdVDLSsNAFJ3UV62vqAsXbgaL4EJCUgW7LLhxWcG0hSYtk+mkHTqZhJlJoYT8hX/gVn/Anbj1B9z7IU7aCtbHgcsczrmXO/cECaNS2fa7UVpZXVvfKG9WtrZ3dvfM/YOWjFOBiYtjFotOgCRhlBNXUcVIJxEERQEj7WB8XfjtCRGSxvxOTRPiR2jIaUgxUlrqm0feCKnMzXscelRXZp87Xt4b982qbdXsAvA3cazZa1fBAs2++eENYpxGhCvMkJRdx06UnyGhKGYkr3ipJAnCYzQkXU05ioj0s9kBOTzVygCGsdDFFZyp3ycyFEk5jQLdGSE1kj+9QvzL66YqrPsZ5UmqCMfzRWHKoIphkQYcUEGwYlNNEBZU/xXiERIIK53Z8hZBJnlFx/J1O/yftGqWc2HVbi+rjfoioDI4BifgDDjgCjTADWgCF2CQgwfwCJ6Me+PZeDFe560lYzFzCJZgvH0C0qSdTQ==</latexit>

yn 2 {0,1, e}n
<latexit sha1_base64="dqycFSNU9HxKzedn+db0KfJA+TY=">AAACDnicdVDLSgMxFM34rPVV7dJNsAguyjBTBbssuHFZwT6g05ZMeqcNzWSGJFMYhv6Df+BWf8CduPUX3Pshpg/B+jhwyeGce7k3x485U9px3q219Y3Nre3cTn53b//gsHB03FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr++HrmtyYgFYvEnU5j6IZkKFjAKNFG6heKaU9gj5nKnLJbBm/aM2rJsSvODPg3ce3565TQEvV+4cMbRDQJQWjKiVId14l1NyNSM8phmvcSBTGhYzKEjqGChKC62fz4KT4zygAHkTQlNJ6r3ycyEiqVhr7pDIkeqZ/eTPzL6yQ6qHYzJuJEg6CLRUHCsY7wLAk8YBKo5qkhhEpmbsV0RCSh2uS1ukXCZJo3sXz9Hf9PmhXbvbArt5elWnUZUA6doFN0jlx0hWroBtVRA1GUogf0iJ6se+vZerFeF61r1nKmiFZgvX0CKt6bTA==</latexit>

<latexit sha1_base64="xJE+mcxFUiTqoPdGEd6xZURCH7E=">AAACEnicdVDLSgMxFM34rPVVdekmWARXQ6YoulEKblxWsA9oh5JJ77ShmcyQZApl6EcIrvRP3Ilbf8AfcW2mrWB9HAg5nHMv994TJIJrQ8i7s7S8srq2Xtgobm5t7+yW9vYbOk4VgzqLRaxaAdUguIS64UZAK1FAo0BAMxhe535zBErzWN6ZcQJ+RPuSh5xRY6VmrQv4EpNuqUzcCsmBfxPPnf6kjOaodUsfnV7M0gikYYJq3fZIYvyMKsOZgEmxk2pIKBvSPrQtlTQC7WfTdSf42Co9HMbKPmnwVP3ekdFI63EU2MqImoH+6eXiX147NeGFn3GZpAYkmw0KU4FNjPPbcY8rYEaMLaFMcbsrZgOqKDM2ocUpCkYLV2SMCjYp2qC+0sD/k0bF9c5ccntarl7NIyugQ3SETpCHzlEV3aAaqiOGhugePaIn58F5dl6c11npkjPvOUALcN4+AbilnY4=</latexit>

Pe = 0

<latexit sha1_base64="4mNR30w5QWl4l/OiPS7so6Fx/Jg=">AAACGXicdVDLSgMxFM3UV62vqks3wSLUheNMUXSjFERwJRXsA6ZjyaS3bWjmQZIplKH/IbjSP3Enbl35I67NtBWsjwMhh3Pu5d57vIgzqSzr3cjMzS8sLmWXcyura+sb+c2tmgxjQaFKQx6KhkckcBZAVTHFoREJIL7Hoe71L1K/PgAhWRjcqmEErk+6AeswSpSW7i6daxef4f5h0T6I9lv5gmWWrBT4N7HN8W8V0BSVVv6j2Q5p7EOgKCdSOrYVKTchQjHKYZRrxhIiQvukC46mAfFBusl46xHe00obd0KhX6DwWP3ekRBfyqHv6UqfqJ786aXiX54Tq86pm7AgihUEdDKoE3OsQpxGgNtMAFV8qAmhguldMe0RQajSQc1OETCYuSKhhNNRTgf1lQb+n9RKpn1sWjdHhfL5NLIs2kG7qIhsdILK6ApVUBVRJNA9ekRPxoPxbLwYr5PSjDHt2UYzMN4+AbRhn5Q=</latexit>

E[N] = k/(1� p)
<latexit sha1_base64="/ebwHEimISG0zSWtMhZHZe4tYIs="></latexit>

k

E[N]
= 1� p = C = CFB



Opportunistic Use of the Channel
‣ Consider the BEC:

‣ Suppose we transmit each bit until it passes through.

‣ Let N be the # channel uses required for all bits to pass 
through. Then                           . So

‣ A little opportunism goes a long way:

30

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

0
<latexit sha1_base64="3M7DLTqNb2jOiKVRHuFK4cov/tY=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqo7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyQalEs=</latexit>

1
<latexit sha1_base64="n7m6mfRXUEN5SdsC+M6ZjJ0GZCo=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqq7vVLZsStODvKbuPbsd8qwQK1X+uj2Y5aGGGkmqFId10m0l1GpORM4LXZThQllIzrAjqERDVF52WzRKTk1Sp8EsTQv0mSmfu/IaKjUJPRNZUj1UP30cvEvr5Pq4MrLeJSkGiM2HxSkguiY5FeTPpfItJgYQpnkZlfChlRSpk02y1MkjqdFE8vX7eR/0qzY7rldqV+Uq9eLgApwDCdwBi5cQhVuoQYNYIDwAI/wZN1bz9aL9TovXbEWPUewBOvtEyWwlEw=</latexit>

e
<latexit sha1_base64="sgWHKfpuG3oi+vyGpmrIhiyNZes=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wU9CQBLx4TMAskQ+jp1CRNeha6ewJhzBd41R/wJl79Ge9+iD1JBOPyoOnHe1VU1fMTwZV2nHdrZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3ST+60xSsXj6E5PEvRCOoh4wBnVRqpjr1R27IqTg/wmrj37nTIsUOuVPrr9mKUhRpoJqlTHdRLtZVRqzgROi91UYULZiA6wY2hEQ1ReNlt0Sk6N0idBLM2LNJmp3zsyGio1CX1TGVI9VD+9XPzL66Q6uPIyHiWpxojNBwWpIDom+dWkzyUyLSaGUCa52ZWwIZWUaZPN8hSJ42nRxPJ1O/mfNCu2e25X6hfl6vUioAIcwwmcgQuXUIVbqEEDGCA8wCM8WffWs/Vivc5LV6xFzxEswXr7BHgolIA=</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

p
<latexit sha1_base64="XyAayIYwCNf8nG4Kfvz7EfzvBtQ=">AAAB+nicdVDJSgNBEK1xjXGLevTSGARPw0wUzDHgxWMCZoFkCD2dmqRJz0J3TyCM+QKv+gPexKs/490PsSeJYFweNP14r4qqen4iuNKO826trW9sbm0Xdoq7e/sHh6Wj45aKU8mwyWIRy45PFQoeYVNzLbCTSKShL7Dtj29yvz1BqXgc3elpgl5IhxEPOKPaSI2kXyo7dsXJQX4T157/ThmWqPdLH71BzNIQI80EVarrOon2Mio1ZwJnxV6qMKFsTIfYNTSiISovmy86I+dGGZAgluZFmszV7x0ZDZWahr6pDKkeqZ9eLv7ldVMdVL2MR0mqMWKLQUEqiI5JfjUZcIlMi6khlEludiVsRCVl2mSzOkXiZFY0sXzdTv4nrYrtXtqVxlW5Vl0GVIBTOIMLcOEaanALdWgCA4QHeIQn6956tl6s10XpmrXsOYEVWG+fh8yUhQ==</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

1 � p
<latexit sha1_base64="MkTgGhDEKrXW/3NAqRfafbEwtGg=">AAAB/HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJgjkGvHiMaBZIhtDTqSRNeha6ewJhiH/gVX/Am3j1X7z7IfYkEYzLg6Yf71VRVc+PBVfacd6t3Mrq2vpGfrOwtb2zu1fcP2ioKJEM6ywSkWz5VKHgIdY11wJbsUQa+AKb/ugq85tjlIpH4Z2exOgFdBDyPmdUG+nWPYu7xZJjl50M5Ddx7dnvlGCBWrf40elFLAkw1ExQpdquE2svpVJzJnBa6CQKY8pGdIBtQ0MaoPLS2apTcmKUHulH0rxQk5n6vSOlgVKTwDeVAdVD9dPLxL+8dqL7FS/lYZxoDNl8UD8RREcku5v0uESmxcQQyiQ3uxI2pJIybdJZniJxPC2YWL5uJ/+TRtl2z+3yzUWpWlkElIcjOIZTcOESqnANNagDgwE8wCM8WffWs/Vivc5Lc9ai5xCWYL19AmdslPc=</latexit>

Encoder

Uk 2 {0,1}k
<latexit sha1_base64="BGkAg1fNbGTAsUP4CHRXJvJMLIA=">AAACDHicdVDLSsNAFJ34rPWV6tLNYBFcSEiqYJcFNy4rmLbQtGUynbRDJpMwM6mUkF/wD9zqD7gTt/6Dez/ESVvB+jgwzOGce7n3Hj9hVCrbfjdWVtfWNzZLW+Xtnd29fbNy0JJxKjBxccxi0fGRJIxy4iqqGOkkgqDIZ6Tth1eF354QIWnMb9U0Ib0IjTgNKEZKSwOz4vZD6FEOvcw+c7y8Hw7Mqm3V7ALwN3Gs2W9XwQLNgfnhDWOcRoQrzJCUXcdOVC9DQlHMSF72UkkShEM0Il1NOYqI7GWz1XN4opUhDGKhH1dwpn7vyFAk5TTydWWE1Fj+9ArxL6+bqqDeyyhPUkU4ng8KUgZVDIsc4JAKghWbaoKwoHpXiMdIIKx0WstTBJnkZR3L1+3wf9KqWc65Vbu5qDbqi4BK4Agcg1PggEvQANegCVyAwR14AI/gybg3no0X43VeumIseg7BEoy3T6qwmn0=</latexit>

Xn 2 {0,1}n
<latexit sha1_base64="xJ2i09XPHvUQ/f8vsOIdzfzpWZs=">AAACDHicdVDLSgMxFM34rPXV6tJNsAguZJipgl0W3LisYB/QTksmvdOGZjJDkqmUYX7BP3CrP+BO3PoP7v0Q04dgfRy45HDOvdyb48ecKe0479bK6tr6xmZuK7+9s7u3XygeNFSUSAp1GvFItnyigDMBdc00h1YsgYQ+h6Y/upr6zTFIxSJxqycxeCEZCBYwSrSReoViqytwh5lKnTO3k3WNVnLssjMF/k1ce/Y6JbRArVf46PQjmoQgNOVEqbbrxNpLidSMcsjynURBTOiIDKBtqCAhKC+dnZ7hE6P0cRBJU0Ljmfp9IiWhUpPQN50h0UP105uKf3ntRAcVL2UiTjQIOl8UJBzrCE9zwH0mgWo+MYRQycytmA6JJFSbtJa3SBhneRPL19/x/6RRtt1zu3xzUapWFgHl0BE6RqfIRZeoiq5RDdURRXfoAT2iJ+veerZerNd564q1mDlES7DePgG5UJqG</latexit>

Decoder

Ûn 2 {0,1}k
<latexit sha1_base64="+MASymfQrfN1exdlgKZ+gKSdfeg=">AAACEnicdVDLSsNAFJ3UV62vqAsXbgaL4EJCUgW7LLhxWcG0hSYtk+mkHTqZhJlJoYT8hX/gVn/Anbj1B9z7IU7aCtbHgcsczrmXO/cECaNS2fa7UVpZXVvfKG9WtrZ3dvfM/YOWjFOBiYtjFotOgCRhlBNXUcVIJxEERQEj7WB8XfjtCRGSxvxOTRPiR2jIaUgxUlrqm0feCKnMzXscelRXZp87Xt4b982qbdXsAvA3cazZa1fBAs2++eENYpxGhCvMkJRdx06UnyGhKGYkr3ipJAnCYzQkXU05ioj0s9kBOTzVygCGsdDFFZyp3ycyFEk5jQLdGSE1kj+9QvzL66YqrPsZ5UmqCMfzRWHKoIphkQYcUEGwYlNNEBZU/xXiERIIK53Z8hZBJnlFx/J1O/yftGqWc2HVbi+rjfoioDI4BifgDDjgCjTADWgCF2CQgwfwCJ6Me+PZeDFe560lYzFzCJZgvH0C0qSdTQ==</latexit>

yn 2 {0,1, e}n
<latexit sha1_base64="dqycFSNU9HxKzedn+db0KfJA+TY=">AAACDnicdVDLSgMxFM34rPVV7dJNsAguyjBTBbssuHFZwT6g05ZMeqcNzWSGJFMYhv6Df+BWf8CduPUX3Pshpg/B+jhwyeGce7k3x485U9px3q219Y3Nre3cTn53b//gsHB03FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr++HrmtyYgFYvEnU5j6IZkKFjAKNFG6heKaU9gj5nKnLJbBm/aM2rJsSvODPg3ce3565TQEvV+4cMbRDQJQWjKiVId14l1NyNSM8phmvcSBTGhYzKEjqGChKC62fz4KT4zygAHkTQlNJ6r3ycyEiqVhr7pDIkeqZ/eTPzL6yQ6qHYzJuJEg6CLRUHCsY7wLAk8YBKo5qkhhEpmbsV0RCSh2uS1ukXCZJo3sXz9Hf9PmhXbvbArt5elWnUZUA6doFN0jlx0hWroBtVRA1GUogf0iJ6se+vZerFeF61r1nKmiFZgvX0CKt6bTA==</latexit>

<latexit sha1_base64="xJE+mcxFUiTqoPdGEd6xZURCH7E=">AAACEnicdVDLSgMxFM34rPVVdekmWARXQ6YoulEKblxWsA9oh5JJ77ShmcyQZApl6EcIrvRP3Ilbf8AfcW2mrWB9HAg5nHMv994TJIJrQ8i7s7S8srq2Xtgobm5t7+yW9vYbOk4VgzqLRaxaAdUguIS64UZAK1FAo0BAMxhe535zBErzWN6ZcQJ+RPuSh5xRY6VmrQv4EpNuqUzcCsmBfxPPnf6kjOaodUsfnV7M0gikYYJq3fZIYvyMKsOZgEmxk2pIKBvSPrQtlTQC7WfTdSf42Co9HMbKPmnwVP3ekdFI63EU2MqImoH+6eXiX147NeGFn3GZpAYkmw0KU4FNjPPbcY8rYEaMLaFMcbsrZgOqKDM2ocUpCkYLV2SMCjYp2qC+0sD/k0bF9c5ccntarl7NIyugQ3SETpCHzlEV3aAaqiOGhugePaIn58F5dl6c11npkjPvOUALcN4+AbilnY4=</latexit>

Pe = 0

<latexit sha1_base64="4OJaCLFoDl4zRC9URkqzPJRvC4s="></latexit>

lim
n!�Pr(N � (1+ �)E[N]) = 0 for any � > 0.

<latexit sha1_base64="4mNR30w5QWl4l/OiPS7so6Fx/Jg=">AAACGXicdVDLSgMxFM3UV62vqks3wSLUheNMUXSjFERwJRXsA6ZjyaS3bWjmQZIplKH/IbjSP3Enbl35I67NtBWsjwMhh3Pu5d57vIgzqSzr3cjMzS8sLmWXcyura+sb+c2tmgxjQaFKQx6KhkckcBZAVTHFoREJIL7Hoe71L1K/PgAhWRjcqmEErk+6AeswSpSW7i6daxef4f5h0T6I9lv5gmWWrBT4N7HN8W8V0BSVVv6j2Q5p7EOgKCdSOrYVKTchQjHKYZRrxhIiQvukC46mAfFBusl46xHe00obd0KhX6DwWP3ekRBfyqHv6UqfqJ786aXiX54Tq86pm7AgihUEdDKoE3OsQpxGgNtMAFV8qAmhguldMe0RQajSQc1OETCYuSKhhNNRTgf1lQb+n9RKpn1sWjdHhfL5NLIs2kG7qIhsdILK6ApVUBVRJNA9ekRPxoPxbLwYr5PSjDHt2UYzMN4+AbRhn5Q=</latexit>

E[N] = k/(1� p)
<latexit sha1_base64="/ebwHEimISG0zSWtMhZHZe4tYIs="></latexit>

k

E[N]
= 1� p = C = CFB



A General Scheme
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A General Scheme

‣ Error exponent determined by Burnashev (’76)

- Typically beats non-feedback error exponent at all rates

‣ Feedback provides an order improvement in

- the moderate deviations regime [Truong and Tan (’19)]

- the second-order coding rate regime [Polyanskiy et al. (’11)]

31

0 E[N]

Send message 
using non-feedback 

code

Send ACK/ 
NACK

Send message 
using non-feedback 

code

Send ACK/ 
NACK

Send message 
using non-feedback 

code

Send ACK/ 
NACK

‣ Following Burnashev (’76), reflecting later refinements:



Mechanisms
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‣ How can one use feedback to improve block coding 
performance in point-to-point channels? 

‣ If the channel has memory, we can predict the future noise 
realization. 

‣ If the channel is unknown, we can learn its law. 

‣ If the decoding time is not fixed, we can decode early or 
late opportunistically. 

‣ If there is an average cost (e.g., power) constraint, we can 
use resources opportunistically.  

‣ If the rate is low, we can increase the effective minimum 
distance of the code.
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Opportunistic Use of Power
‣ Consider the AWGN 

‣ Power constraint:

33

<latexit sha1_base64="M7Kt667iWpKrNLIUsSAVAhUWhzU=">AAACHHicdVDLSgMxFM34rPXRqks3wSIIwjAtim6UghuXFexD22nJpHfa0ExmSDKFMvRLBFf6J+7EreCPuDbTVrA+DiQ5nHMv9+Z4EWdKO867tbC4tLyymlnLrm9sbuXy2zs1FcaSQpWGPJQNjyjgTEBVM82hEUkggceh7g0uU78+BKlYKG70KAI3ID3BfEaJNlInn7ttC3yOG+Y+wndtoxQcu+SkwL9J0Z68TgHNUOnkP1rdkMYBCE05UapZdCLtJkRqRjmMs61YQUTogPSgaaggASg3mSw+xgdG6WI/lOYIjSfq946EBEqNAs9UBkT31U8vFf/ymrH2z9yEiSjWIOh0kB9zrEOcpoC7TALVfGQIoZKZXTHtE0moNlnNT5EwnPtFQgmn46wJ6isN/D+pleziie1cHxfKF7PIMmgP7aNDVESnqIyuUAVVEUUxukeP6Ml6sJ6tF+t1WrpgzXp20Ryst0++YaCl</latexit>
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Notes on the SK Scheme
‣ The Schalkwĳk-Kailath scheme uses (a lot) more power 

when decoding errors are imminent:
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‣ The Schalkwĳk-Kailath scheme uses (a lot) more power 

when decoding errors are imminent:

‣ Performance is much degraded if the power constraint is 
imposed a.s. [Pinkser (’68), Shepp et al. (’69), Altuğ-Poor-Verdú (’15)]
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Notes on the SK Scheme
‣ The Schalkwĳk-Kailath scheme uses (a lot) more power 

when decoding errors are imminent:

‣ Performance is much degraded if the power constraint is 
imposed a.s. [Pinkser (’68), Shepp et al. (’69), Altuğ-Poor-Verdú (’15)]

‣ Error exponent of fixed-length coding for DMCs with a 
cost constraint? 
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Mechanisms

36

‣ How can one use feedback to improve block coding 
performance in point-to-point channels? 

‣ If the channel has memory, we can predict the future noise 
realization. 

‣ If the channel is unknown, we can learn its law. 

‣ If the decoding time is not fixed, we can decode early or 
late opportunistically. 

‣ If there is an average cost (e.g., power) constraint, we can 
use resources opportunistically.  

‣ If the rate is low, we can increase the effective minimum 
distance of the code.
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Min. Distance Example
‣ Consider the binary symmetric channel, w/o feedback,

and at low rate,                      Then Pe is exp. small. 
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Min. Distance Example
‣ Consider the binary symmetric channel, w/o feedback,

and at low rate,                      Then Pe is exp. small. 

‣ Suppose the codewords are

‣ ML decoding rule
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Min. Distance Example
‣ Consider the binary symmetric channel, w/o feedback,

and at low rate,                      Then Pe is exp. small. 

‣ Suppose the codewords are

‣ ML decoding rule
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Q: How large can the minimum distance be?
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‣ How large can the minimum distance be?

- If k = 1, min. distance is n. 

- 000000000000 vs. 111111111111

-  

‣ Suppose near the end of transmission, a genie ruled out 
all but one of the incorrect codewords.

- Remaining transmission can be 0000… vs. 1111…..

- Would yield an effective min. distance increase.

- We can achieve a similar effect with feedback ….
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- At time i, compute posterior prob. of messages given Yi-1.

- Greedily partition messages into two groups to minimize 
the difference of their sum-probabilities:

- Improves low-rate error exponent over non-feedback case.
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‣ Following Zigangirov (’70),

- At time i, compute posterior prob. of messages given Yi-1.

- Greedily partition messages into two groups to minimize 
the difference of their sum-probabilities:

- Improves low-rate error exponent over non-feedback case.
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- Symmetric channel: no high-rate error exponent, moderate 
deviations, or second-order coding rate improvement.
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‣ How can one use feedback to improve block coding 
performance in point-to-point channels?

‣ If the channel has memory, we can predict the future noise 
realization.

‣ If the channel is unknown, we can learn its law.

‣ If the decoding time is not fixed, we can decode early or 
late opportunistically.

‣ If there is an average cost (e.g., power) constraint, we can 
use resources opportunistically. 

‣ If the rate is low, we can increase the effective minimum 
distance of the code.

‣ [See Part II]


