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Video Codecs & Motivation

I Traditional Codecs: H.264/H265; VP9.

I Pipelines
1. Motion vt from xt and x̂t−1
2. Predict x̄t and residual rt = xt − x̄t
3. Transform and quantize rt to ŷt

4. Inverse ŷt to residual r̂t
5. Entropy coding vt and ŷt
6. Reconstruct x̂t = x̄t + r̂t

I Limitations:
1. Simple motion estimation; simple transform
2. Blocky artifacts in low-bit rate regime

Codecs Comparison

H.265 (0.86 bpp)

t=1 t=6

VP9 (0.57 bpp)

t=1 t=6

Ours (0.06 bpp)

t=1 t=6

bpp: bit per pixel; original: 8× 3 = 24 bits per pixel.

I Ours: much lower bit rate; no blocky artifact.

Deep Image Compression (Balle, ICLR 2017)
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Figure: z̃ : adding noise (training) or rounding (after training). Prior pθ(z̃): parametric form to fit
data distribution for entropy coding.

I Inference model: z̃ ∼ qφ(z | x) = U
(
ẑ − 1

2, ẑ + 1
2

)
, encoder ẑ = µφ(x).

I Loss: L(φ;θ) = Ez̃∼q[log pθ(x |z̃)]︸ ︷︷ ︸
distortion

− β ( 0− Ez̃∼q[log pθ(z̃)])︸ ︷︷ ︸
cross entropy: bit rate

,

where β adjusts rate-distortion ratio.

I Outperforms best traditional image codec.

Proposed Baseline Model
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<latexit sha1_base64="X4Q1aFm5XrHWDo+IKYEVuO42eN8=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EieCqJCHosevFYwbZCE8Jms2mXbjZhdyKWEC/+FS8eFPHqv/Dmv3HT5qCtD5Z9vDfDzLwg5UyBbX8btaXlldW1+npjY3Nre8fc3eupJJOEdknCE3kXYEU5E7QLDDi9SyXFccBpPxhflX7/nkrFEnELk5R6MR4KFjGCQUu+eeAC4yHN3SDhoZrE+ssfisIH32zaLXsKa5E4FWmiCh3f/HLDhGQxFUA4Vmrg2Cl4OZbACKdFw80UTTEZ4yEdaCpwTJWXTy8orGOthFaUSP0EWFP1d0eOY1VupytjDCM175Xif94gg+jCy5lIM6CCzAZFGbcgsco4rJBJSoBPNMFEMr2rRUZYYgI6tIYOwZk/eZH0TluO3XJuzprtyyqOOjpER+gEOegctdE16qAuIugRPaNX9GY8GS/Gu/ExK60ZVc8++gPj8wfylpfX</latexit><latexit sha1_base64="X4Q1aFm5XrHWDo+IKYEVuO42eN8=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EieCqJCHosevFYwbZCE8Jms2mXbjZhdyKWEC/+FS8eFPHqv/Dmv3HT5qCtD5Z9vDfDzLwg5UyBbX8btaXlldW1+npjY3Nre8fc3eupJJOEdknCE3kXYEU5E7QLDDi9SyXFccBpPxhflX7/nkrFEnELk5R6MR4KFjGCQUu+eeAC4yHN3SDhoZrE+ssfisIH32zaLXsKa5E4FWmiCh3f/HLDhGQxFUA4Vmrg2Cl4OZbACKdFw80UTTEZ4yEdaCpwTJWXTy8orGOthFaUSP0EWFP1d0eOY1VupytjDCM175Xif94gg+jCy5lIM6CCzAZFGbcgsco4rJBJSoBPNMFEMr2rRUZYYgI6tIYOwZk/eZH0TluO3XJuzprtyyqOOjpER+gEOegctdE16qAuIugRPaNX9GY8GS/Gu/ExK60ZVc8++gPj8wfylpfX</latexit><latexit sha1_base64="X4Q1aFm5XrHWDo+IKYEVuO42eN8=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EieCqJCHosevFYwbZCE8Jms2mXbjZhdyKWEC/+FS8eFPHqv/Dmv3HT5qCtD5Z9vDfDzLwg5UyBbX8btaXlldW1+npjY3Nre8fc3eupJJOEdknCE3kXYEU5E7QLDDi9SyXFccBpPxhflX7/nkrFEnELk5R6MR4KFjGCQUu+eeAC4yHN3SDhoZrE+ssfisIH32zaLXsKa5E4FWmiCh3f/HLDhGQxFUA4Vmrg2Cl4OZbACKdFw80UTTEZ4yEdaCpwTJWXTy8orGOthFaUSP0EWFP1d0eOY1VupytjDCM175Xif94gg+jCy5lIM6CCzAZFGbcgsco4rJBJSoBPNMFEMr2rRUZYYgI6tIYOwZk/eZH0TluO3XJuzprtyyqOOjpER+gEOegctdE16qAuIugRPaNX9GY8GS/Gu/ExK60ZVc8++gPj8wfylpfX</latexit><latexit sha1_base64="X4Q1aFm5XrHWDo+IKYEVuO42eN8=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EieCqJCHosevFYwbZCE8Jms2mXbjZhdyKWEC/+FS8eFPHqv/Dmv3HT5qCtD5Z9vDfDzLwg5UyBbX8btaXlldW1+npjY3Nre8fc3eupJJOEdknCE3kXYEU5E7QLDDi9SyXFccBpPxhflX7/nkrFEnELk5R6MR4KFjGCQUu+eeAC4yHN3SDhoZrE+ssfisIH32zaLXsKa5E4FWmiCh3f/HLDhGQxFUA4Vmrg2Cl4OZbACKdFw80UTTEZ4yEdaCpwTJWXTy8orGOthFaUSP0EWFP1d0eOY1VupytjDCM175Xif94gg+jCy5lIM6CCzAZFGbcgsco4rJBJSoBPNMFEMr2rRUZYYgI6tIYOwZk/eZH0TluO3XJuzprtyyqOOjpER+gEOegctdE16qAuIugRPaNX9GY8GS/Gu/ExK60ZVc8++gPj8wfylpfX</latexit>

Noise
Round

Training

After training

p✓(z̃t | z̃<t)
<latexit sha1_base64="LbQgD7kqKzy9eS/a3cS6ePEaYZw=">AAACPHicdVA9SwNBEN3z2/gVtbRZDEJswp0IWliINpYRTSLkjmNvb2IW9z7YnRPicT/Mxh9hZ2VjoYittXtJCjX6YNnHezPMzAtSKTTa9pM1NT0zOze/sFhZWl5ZXauub7R1kikOLZ7IRF0FTIMUMbRQoISrVAGLAgmd4Oa09Du3oLRI4kscpOBF7DoWPcEZGsmvXqR+7gaJDPUgMl/uYh+QFQWtuyhkCD/Mu6LwkbqRCOk/bn6Exa5frdkNewg6SZwxqZExmn710Q0TnkUQI5dM665jp+jlTKHgEoqKm2lIGb9h19A1NGYRaC8fHl/QHaOEtJco82KkQ/V7R84iXW5oKiOGff3bK8W/vG6GvUMvF3GaIcR8NKiXSYoJLZOkoVDAUQ4MYVwJsyvlfaYYR5N3xYTg/D55krT3Go7dcM73a8cn4zgWyBbZJnXikANyTM5Ik7QIJ/fkmbySN+vBerHerY9R6ZQ17tkkP2B9fgEoTbGk</latexit><latexit sha1_base64="LbQgD7kqKzy9eS/a3cS6ePEaYZw=">AAACPHicdVA9SwNBEN3z2/gVtbRZDEJswp0IWliINpYRTSLkjmNvb2IW9z7YnRPicT/Mxh9hZ2VjoYittXtJCjX6YNnHezPMzAtSKTTa9pM1NT0zOze/sFhZWl5ZXauub7R1kikOLZ7IRF0FTIMUMbRQoISrVAGLAgmd4Oa09Du3oLRI4kscpOBF7DoWPcEZGsmvXqR+7gaJDPUgMl/uYh+QFQWtuyhkCD/Mu6LwkbqRCOk/bn6Exa5frdkNewg6SZwxqZExmn710Q0TnkUQI5dM665jp+jlTKHgEoqKm2lIGb9h19A1NGYRaC8fHl/QHaOEtJco82KkQ/V7R84iXW5oKiOGff3bK8W/vG6GvUMvF3GaIcR8NKiXSYoJLZOkoVDAUQ4MYVwJsyvlfaYYR5N3xYTg/D55krT3Go7dcM73a8cn4zgWyBbZJnXikANyTM5Ik7QIJ/fkmbySN+vBerHerY9R6ZQ17tkkP2B9fgEoTbGk</latexit><latexit sha1_base64="LbQgD7kqKzy9eS/a3cS6ePEaYZw=">AAACPHicdVA9SwNBEN3z2/gVtbRZDEJswp0IWliINpYRTSLkjmNvb2IW9z7YnRPicT/Mxh9hZ2VjoYittXtJCjX6YNnHezPMzAtSKTTa9pM1NT0zOze/sFhZWl5ZXauub7R1kikOLZ7IRF0FTIMUMbRQoISrVAGLAgmd4Oa09Du3oLRI4kscpOBF7DoWPcEZGsmvXqR+7gaJDPUgMl/uYh+QFQWtuyhkCD/Mu6LwkbqRCOk/bn6Exa5frdkNewg6SZwxqZExmn710Q0TnkUQI5dM665jp+jlTKHgEoqKm2lIGb9h19A1NGYRaC8fHl/QHaOEtJco82KkQ/V7R84iXW5oKiOGff3bK8W/vG6GvUMvF3GaIcR8NKiXSYoJLZOkoVDAUQ4MYVwJsyvlfaYYR5N3xYTg/D55krT3Go7dcM73a8cn4zgWyBbZJnXikANyTM5Ik7QIJ/fkmbySN+vBerHerY9R6ZQ17tkkP2B9fgEoTbGk</latexit><latexit sha1_base64="LbQgD7kqKzy9eS/a3cS6ePEaYZw=">AAACPHicdVA9SwNBEN3z2/gVtbRZDEJswp0IWliINpYRTSLkjmNvb2IW9z7YnRPicT/Mxh9hZ2VjoYittXtJCjX6YNnHezPMzAtSKTTa9pM1NT0zOze/sFhZWl5ZXauub7R1kikOLZ7IRF0FTIMUMbRQoISrVAGLAgmd4Oa09Du3oLRI4kscpOBF7DoWPcEZGsmvXqR+7gaJDPUgMl/uYh+QFQWtuyhkCD/Mu6LwkbqRCOk/bn6Exa5frdkNewg6SZwxqZExmn710Q0TnkUQI5dM665jp+jlTKHgEoqKm2lIGb9h19A1NGYRaC8fHl/QHaOEtJco82KkQ/V7R84iXW5oKiOGff3bK8W/vG6GvUMvF3GaIcR8NKiXSYoJLZOkoVDAUQ4MYVwJsyvlfaYYR5N3xYTg/D55krT3Go7dcM73a8cn4zgWyBbZJnXikANyTM5Ik7QIJ/fkmbySN+vBerHerY9R6ZQ17tkkP2B9fgEoTbGk</latexit>

xt
<latexit sha1_base64="GjNWDXVZ+XhHzG1cnk8MHnN/JK8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4B2GDKZtA3NJEOSKZahf+LGhSJu/RN3/o2ZdhbaeiDkcM695OREKWfaeN63s7a+sbm1Xdmp7u7tHxy6R8dtLTNFaItILlU3wppyJmjLMMNpN1UUJxGnnWh8V/idCVWaSfFopikNEjwUbMAINlYKXbcfSR7raWKv/GkWmtCteXVvDrRK/JLUoEQzdL/6sSRZQoUhHGvd873UBDlWhhFOZ9V+pmmKyRgPac9SgROqg3yefIbOrRKjgVT2CIPm6u+NHCe6CGcnE2xGetkrxP+8XmYGN0HORJoZKsjioUHGkZGoqAHFTFFi+NQSTBSzWREZYYWJsWVVbQn+8pdXSfuy7nt1/+Gq1rgt66jAKZzBBfhwDQ24hya0gMAEnuEV3pzceXHenY/F6JpT7pzAHzifP2FtlCE=</latexit><latexit sha1_base64="GjNWDXVZ+XhHzG1cnk8MHnN/JK8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4B2GDKZtA3NJEOSKZahf+LGhSJu/RN3/o2ZdhbaeiDkcM695OREKWfaeN63s7a+sbm1Xdmp7u7tHxy6R8dtLTNFaItILlU3wppyJmjLMMNpN1UUJxGnnWh8V/idCVWaSfFopikNEjwUbMAINlYKXbcfSR7raWKv/GkWmtCteXVvDrRK/JLUoEQzdL/6sSRZQoUhHGvd873UBDlWhhFOZ9V+pmmKyRgPac9SgROqg3yefIbOrRKjgVT2CIPm6u+NHCe6CGcnE2xGetkrxP+8XmYGN0HORJoZKsjioUHGkZGoqAHFTFFi+NQSTBSzWREZYYWJsWVVbQn+8pdXSfuy7nt1/+Gq1rgt66jAKZzBBfhwDQ24hya0gMAEnuEV3pzceXHenY/F6JpT7pzAHzifP2FtlCE=</latexit><latexit sha1_base64="GjNWDXVZ+XhHzG1cnk8MHnN/JK8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4B2GDKZtA3NJEOSKZahf+LGhSJu/RN3/o2ZdhbaeiDkcM695OREKWfaeN63s7a+sbm1Xdmp7u7tHxy6R8dtLTNFaItILlU3wppyJmjLMMNpN1UUJxGnnWh8V/idCVWaSfFopikNEjwUbMAINlYKXbcfSR7raWKv/GkWmtCteXVvDrRK/JLUoEQzdL/6sSRZQoUhHGvd873UBDlWhhFOZ9V+pmmKyRgPac9SgROqg3yefIbOrRKjgVT2CIPm6u+NHCe6CGcnE2xGetkrxP+8XmYGN0HORJoZKsjioUHGkZGoqAHFTFFi+NQSTBSzWREZYYWJsWVVbQn+8pdXSfuy7nt1/+Gq1rgt66jAKZzBBfhwDQ24hya0gMAEnuEV3pzceXHenY/F6JpT7pzAHzifP2FtlCE=</latexit><latexit sha1_base64="GjNWDXVZ+XhHzG1cnk8MHnN/JK8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4B2GDKZtA3NJEOSKZahf+LGhSJu/RN3/o2ZdhbaeiDkcM695OREKWfaeN63s7a+sbm1Xdmp7u7tHxy6R8dtLTNFaItILlU3wppyJmjLMMNpN1UUJxGnnWh8V/idCVWaSfFopikNEjwUbMAINlYKXbcfSR7raWKv/GkWmtCteXVvDrRK/JLUoEQzdL/6sSRZQoUhHGvd873UBDlWhhFOZ9V+pmmKyRgPac9SgROqg3yefIbOrRKjgVT2CIPm6u+NHCe6CGcnE2xGetkrxP+8XmYGN0HORJoZKsjioUHGkZGoqAHFTFFi+NQSTBSzWREZYYWJsWVVbQn+8pdXSfuy7nt1/+Gq1rgt66jAKZzBBfhwDQ24hya0gMAEnuEV3pzceXHenY/F6JpT7pzAHzifP2FtlCE=</latexit>

Input 
Video

Reconstructed 
Video

µ✓(ezt)
<latexit sha1_base64="ovLLOo7qbxZJB25bQk76zn1xpwc="></latexit><latexit sha1_base64="ovLLOo7qbxZJB25bQk76zn1xpwc="></latexit><latexit sha1_base64="ovLLOo7qbxZJB25bQk76zn1xpwc="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="gCaWtcKmStfNzdASBHUtlbYkjRc="></latexit><latexit sha1_base64="gCaWtcKmStfNzdASBHUtlbYkjRc="></latexit><latexit sha1_base64="b7p/Nv50M4YPeK3je1RXJtAWjNA="></latexit><latexit sha1_base64="ovLLOo7qbxZJB25bQk76zn1xpwc="></latexit><latexit sha1_base64="ovLLOo7qbxZJB25bQk76zn1xpwc="></latexit><latexit sha1_base64="ovLLOo7qbxZJB25bQk76zn1xpwc="></latexit><latexit sha1_base64="ovLLOo7qbxZJB25bQk76zn1xpwc="></latexit><latexit sha1_base64="ovLLOo7qbxZJB25bQk76zn1xpwc="></latexit><latexit sha1_base64="ovLLOo7qbxZJB25bQk76zn1xpwc="></latexit>

Figure: Two choices of predictive models for entropy coding: pθ(z̃ t | z̃ t−1)
Kalman Filter; pθ(z̃ t | z̃<t) LSTM.

I Generative model: p(x1:T , z1:T ) =
∏T

t=1 pθ(z t|z<t)pθ(x t|z t).

I Encode/decode frame x t using image encoder/decoder

I Leverage predictive models to capture temporal redundancy

Improved Video Compression Model

x1:T
<latexit sha1_base64="YqQCXMo5A7SqXDzJKmdtZ2M1Ar8=">AAAB/XicbVDNS8MwHE39nPOrfty8BIfgabQiKJ6GXjxO2BdspaRpuoWlSUlScZbiv+LFgyJe/T+8+d+Ybj3o5oOQx3u/H3l5QcKo0o7zbS0tr6yurVc2qptb2zu79t5+R4lUYtLGggnZC5AijHLS1lQz0kskQXHASDcY3xR+955IRQVv6UlCvBgNOY0oRtpIvn04CAQL1SQ2V/aQ+5l71cp9u+bUnSngInFLUgMlmr79NQgFTmPCNWZIqb7rJNrLkNQUM5JXB6kiCcJjNCR9QzmKifKyafocnhglhJGQ5nANp+rvjQzFqghoJmOkR2reK8T/vH6qo0svozxJNeF49lCUMqgFLKqAIZUEazYxBGFJTVaIR0girE1hVVOCO//lRdI5q7tO3b07rzWuyzoq4Agcg1PgggvQALegCdoAg0fwDF7Bm/VkvVjv1sdsdMkqdw7AH1ifP/x2lYw=</latexit><latexit sha1_base64="YqQCXMo5A7SqXDzJKmdtZ2M1Ar8=">AAAB/XicbVDNS8MwHE39nPOrfty8BIfgabQiKJ6GXjxO2BdspaRpuoWlSUlScZbiv+LFgyJe/T+8+d+Ybj3o5oOQx3u/H3l5QcKo0o7zbS0tr6yurVc2qptb2zu79t5+R4lUYtLGggnZC5AijHLS1lQz0kskQXHASDcY3xR+955IRQVv6UlCvBgNOY0oRtpIvn04CAQL1SQ2V/aQ+5l71cp9u+bUnSngInFLUgMlmr79NQgFTmPCNWZIqb7rJNrLkNQUM5JXB6kiCcJjNCR9QzmKifKyafocnhglhJGQ5nANp+rvjQzFqghoJmOkR2reK8T/vH6qo0svozxJNeF49lCUMqgFLKqAIZUEazYxBGFJTVaIR0girE1hVVOCO//lRdI5q7tO3b07rzWuyzoq4Agcg1PgggvQALegCdoAg0fwDF7Bm/VkvVjv1sdsdMkqdw7AH1ifP/x2lYw=</latexit><latexit sha1_base64="YqQCXMo5A7SqXDzJKmdtZ2M1Ar8=">AAAB/XicbVDNS8MwHE39nPOrfty8BIfgabQiKJ6GXjxO2BdspaRpuoWlSUlScZbiv+LFgyJe/T+8+d+Ybj3o5oOQx3u/H3l5QcKo0o7zbS0tr6yurVc2qptb2zu79t5+R4lUYtLGggnZC5AijHLS1lQz0kskQXHASDcY3xR+955IRQVv6UlCvBgNOY0oRtpIvn04CAQL1SQ2V/aQ+5l71cp9u+bUnSngInFLUgMlmr79NQgFTmPCNWZIqb7rJNrLkNQUM5JXB6kiCcJjNCR9QzmKifKyafocnhglhJGQ5nANp+rvjQzFqghoJmOkR2reK8T/vH6qo0svozxJNeF49lCUMqgFLKqAIZUEazYxBGFJTVaIR0girE1hVVOCO//lRdI5q7tO3b07rzWuyzoq4Agcg1PgggvQALegCdoAg0fwDF7Bm/VkvVjv1sdsdMkqdw7AH1ifP/x2lYw=</latexit><latexit sha1_base64="YqQCXMo5A7SqXDzJKmdtZ2M1Ar8=">AAAB/XicbVDNS8MwHE39nPOrfty8BIfgabQiKJ6GXjxO2BdspaRpuoWlSUlScZbiv+LFgyJe/T+8+d+Ybj3o5oOQx3u/H3l5QcKo0o7zbS0tr6yurVc2qptb2zu79t5+R4lUYtLGggnZC5AijHLS1lQz0kskQXHASDcY3xR+955IRQVv6UlCvBgNOY0oRtpIvn04CAQL1SQ2V/aQ+5l71cp9u+bUnSngInFLUgMlmr79NQgFTmPCNWZIqb7rJNrLkNQUM5JXB6kiCcJjNCR9QzmKifKyafocnhglhJGQ5nANp+rvjQzFqghoJmOkR2reK8T/vH6qo0svozxJNeF49lCUMqgFLKqAIZUEazYxBGFJTVaIR0girE1hVVOCO//lRdI5q7tO3b07rzWuyzoq4Agcg1PgggvQALegCdoAg0fwDF7Bm/VkvVjv1sdsdMkqdw7AH1ifP/x2lYw=</latexit>

xt
<latexit sha1_base64="GjNWDXVZ+XhHzG1cnk8MHnN/JK8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4B2GDKZtA3NJEOSKZahf+LGhSJu/RN3/o2ZdhbaeiDkcM695OREKWfaeN63s7a+sbm1Xdmp7u7tHxy6R8dtLTNFaItILlU3wppyJmjLMMNpN1UUJxGnnWh8V/idCVWaSfFopikNEjwUbMAINlYKXbcfSR7raWKv/GkWmtCteXVvDrRK/JLUoEQzdL/6sSRZQoUhHGvd873UBDlWhhFOZ9V+pmmKyRgPac9SgROqg3yefIbOrRKjgVT2CIPm6u+NHCe6CGcnE2xGetkrxP+8XmYGN0HORJoZKsjioUHGkZGoqAHFTFFi+NQSTBSzWREZYYWJsWVVbQn+8pdXSfuy7nt1/+Gq1rgt66jAKZzBBfhwDQ24hya0gMAEnuEV3pzceXHenY/F6JpT7pzAHzifP2FtlCE=</latexit><latexit sha1_base64="GjNWDXVZ+XhHzG1cnk8MHnN/JK8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4B2GDKZtA3NJEOSKZahf+LGhSJu/RN3/o2ZdhbaeiDkcM695OREKWfaeN63s7a+sbm1Xdmp7u7tHxy6R8dtLTNFaItILlU3wppyJmjLMMNpN1UUJxGnnWh8V/idCVWaSfFopikNEjwUbMAINlYKXbcfSR7raWKv/GkWmtCteXVvDrRK/JLUoEQzdL/6sSRZQoUhHGvd873UBDlWhhFOZ9V+pmmKyRgPac9SgROqg3yefIbOrRKjgVT2CIPm6u+NHCe6CGcnE2xGetkrxP+8XmYGN0HORJoZKsjioUHGkZGoqAHFTFFi+NQSTBSzWREZYYWJsWVVbQn+8pdXSfuy7nt1/+Gq1rgt66jAKZzBBfhwDQ24hya0gMAEnuEV3pzceXHenY/F6JpT7pzAHzifP2FtlCE=</latexit><latexit sha1_base64="GjNWDXVZ+XhHzG1cnk8MHnN/JK8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4B2GDKZtA3NJEOSKZahf+LGhSJu/RN3/o2ZdhbaeiDkcM695OREKWfaeN63s7a+sbm1Xdmp7u7tHxy6R8dtLTNFaItILlU3wppyJmjLMMNpN1UUJxGnnWh8V/idCVWaSfFopikNEjwUbMAINlYKXbcfSR7raWKv/GkWmtCteXVvDrRK/JLUoEQzdL/6sSRZQoUhHGvd873UBDlWhhFOZ9V+pmmKyRgPac9SgROqg3yefIbOrRKjgVT2CIPm6u+NHCe6CGcnE2xGetkrxP+8XmYGN0HORJoZKsjioUHGkZGoqAHFTFFi+NQSTBSzWREZYYWJsWVVbQn+8pdXSfuy7nt1/+Gq1rgt66jAKZzBBfhwDQ24hya0gMAEnuEV3pzceXHenY/F6JpT7pzAHzifP2FtlCE=</latexit><latexit sha1_base64="GjNWDXVZ+XhHzG1cnk8MHnN/JK8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4B2GDKZtA3NJEOSKZahf+LGhSJu/RN3/o2ZdhbaeiDkcM695OREKWfaeN63s7a+sbm1Xdmp7u7tHxy6R8dtLTNFaItILlU3wppyJmjLMMNpN1UUJxGnnWh8V/idCVWaSfFopikNEjwUbMAINlYKXbcfSR7raWKv/GkWmtCteXVvDrRK/JLUoEQzdL/6sSRZQoUhHGvd873UBDlWhhFOZ9V+pmmKyRgPac9SgROqg3yefIbOrRKjgVT2CIPm6u+NHCe6CGcnE2xGetkrxP+8XmYGN0HORJoZKsjioUHGkZGoqAHFTFFi+NQSTBSzWREZYYWJsWVVbQn+8pdXSfuy7nt1/+Gq1rgt66jAKZzBBfhwDQ24hya0gMAEnuEV3pzceXHenY/F6JpT7pzAHzifP2FtlCE=</latexit>

µ�(x1:T )
<latexit sha1_base64="VrvtK3D1qymnqaWGdn2ZxrYwYfI=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoOim6MZlhb6gCWEymbZDJ5MwMxFLyMe48VfcuPCBCzd+i5M2C9t6YZjDOedy7z1+zKhUlvVtlFZW19Y3ypuVre2d3T1z/6Ajo0Rg0sYRi0TPR5IwyklbUcVILxYEhT4jXX98m+vdByIkjXhLTWLihmjI6YBipDTlmdeOH7FATkL9pU6YZF46x8QjmmWw9pd71B77qpWdembVqlvTgsvALkAVFNX0zA8niHASEq4wQ1L2bStWboqEopiRrOIkksQIj9GQ9DXkKCTSTadHZvBEMwEcREI/ruCU/duRolDmG2pniNRILmo5+Z/WT9Tg0k0pjxNFOJ4NGiQMqgjmicGACoIVm2iAsKB6V4hHSCCsdK4VHYK9ePIy6JzVbatu359XGzdFHGVwBI5BDdjgAjTAHWiCNsDgCbyAN/BuPBuvxqfxNbOWjKLnEMyV8fML98Gmyw==</latexit><latexit sha1_base64="VrvtK3D1qymnqaWGdn2ZxrYwYfI=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoOim6MZlhb6gCWEymbZDJ5MwMxFLyMe48VfcuPCBCzd+i5M2C9t6YZjDOedy7z1+zKhUlvVtlFZW19Y3ypuVre2d3T1z/6Ajo0Rg0sYRi0TPR5IwyklbUcVILxYEhT4jXX98m+vdByIkjXhLTWLihmjI6YBipDTlmdeOH7FATkL9pU6YZF46x8QjmmWw9pd71B77qpWdembVqlvTgsvALkAVFNX0zA8niHASEq4wQ1L2bStWboqEopiRrOIkksQIj9GQ9DXkKCTSTadHZvBEMwEcREI/ruCU/duRolDmG2pniNRILmo5+Z/WT9Tg0k0pjxNFOJ4NGiQMqgjmicGACoIVm2iAsKB6V4hHSCCsdK4VHYK9ePIy6JzVbatu359XGzdFHGVwBI5BDdjgAjTAHWiCNsDgCbyAN/BuPBuvxqfxNbOWjKLnEMyV8fML98Gmyw==</latexit><latexit sha1_base64="VrvtK3D1qymnqaWGdn2ZxrYwYfI=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoOim6MZlhb6gCWEymbZDJ5MwMxFLyMe48VfcuPCBCzd+i5M2C9t6YZjDOedy7z1+zKhUlvVtlFZW19Y3ypuVre2d3T1z/6Ajo0Rg0sYRi0TPR5IwyklbUcVILxYEhT4jXX98m+vdByIkjXhLTWLihmjI6YBipDTlmdeOH7FATkL9pU6YZF46x8QjmmWw9pd71B77qpWdembVqlvTgsvALkAVFNX0zA8niHASEq4wQ1L2bStWboqEopiRrOIkksQIj9GQ9DXkKCTSTadHZvBEMwEcREI/ruCU/duRolDmG2pniNRILmo5+Z/WT9Tg0k0pjxNFOJ4NGiQMqgjmicGACoIVm2iAsKB6V4hHSCCsdK4VHYK9ePIy6JzVbatu359XGzdFHGVwBI5BDdjgAjTAHWiCNsDgCbyAN/BuPBuvxqfxNbOWjKLnEMyV8fML98Gmyw==</latexit><latexit sha1_base64="VrvtK3D1qymnqaWGdn2ZxrYwYfI=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoOim6MZlhb6gCWEymbZDJ5MwMxFLyMe48VfcuPCBCzd+i5M2C9t6YZjDOedy7z1+zKhUlvVtlFZW19Y3ypuVre2d3T1z/6Ajo0Rg0sYRi0TPR5IwyklbUcVILxYEhT4jXX98m+vdByIkjXhLTWLihmjI6YBipDTlmdeOH7FATkL9pU6YZF46x8QjmmWw9pd71B77qpWdembVqlvTgsvALkAVFNX0zA8niHASEq4wQ1L2bStWboqEopiRrOIkksQIj9GQ9DXkKCTSTadHZvBEMwEcREI/ruCU/duRolDmG2pniNRILmo5+Z/WT9Tg0k0pjxNFOJ4NGiQMqgjmicGACoIVm2iAsKB6V4hHSCCsdK4VHYK9ePIy6JzVbatu359XGzdFHGVwBI5BDdjgAjTAHWiCNsDgCbyAN/BuPBuvxqfxNbOWjKLnEMyV8fML98Gmyw==</latexit>

µ�(xt)
<latexit sha1_base64="c/cNSDYktElGk5W1YWlZe5sy2FM=">AAACIHicbVDLSsNAFJ34rPUVdelmsAh1UxIR6rLoxmUF+4AmhMlk0g6dTMLMRCwhn+LGX3HjQhHd6dc4abPowwPDHM65l3vv8RNGpbKsH2NtfWNza7uyU93d2z84NI+OuzJOBSYdHLNY9H0kCaOcdBRVjPQTQVDkM9Lzx7eF33skQtKYP6hJQtwIDTkNKUZKS57ZdPyYBXIS6S9zojT3sgUlGdE8h/V57Sn31IVn1qyGNQVcJXZJaqBE2zO/nSDGaUS4wgxJObCtRLkZEopiRvKqk0qSIDxGQzLQlKOISDebHpjDc60EMIyFflzBqTrfkaFIFtvpygipkVz2CvE/b5Cq8NrNKE9SRTieDQpTBlUMi7RgQAXBik00QVhQvSvEIyQQVjrTqg7BXj55lXQvG7bVsO+vaq2bMo4KOAVnoA5s0AQtcAfaoAMweAav4B18GC/Gm/FpfM1K14yy5wQswPj9Axv9pWA=</latexit><latexit sha1_base64="c/cNSDYktElGk5W1YWlZe5sy2FM=">AAACIHicbVDLSsNAFJ34rPUVdelmsAh1UxIR6rLoxmUF+4AmhMlk0g6dTMLMRCwhn+LGX3HjQhHd6dc4abPowwPDHM65l3vv8RNGpbKsH2NtfWNza7uyU93d2z84NI+OuzJOBSYdHLNY9H0kCaOcdBRVjPQTQVDkM9Lzx7eF33skQtKYP6hJQtwIDTkNKUZKS57ZdPyYBXIS6S9zojT3sgUlGdE8h/V57Sn31IVn1qyGNQVcJXZJaqBE2zO/nSDGaUS4wgxJObCtRLkZEopiRvKqk0qSIDxGQzLQlKOISDebHpjDc60EMIyFflzBqTrfkaFIFtvpygipkVz2CvE/b5Cq8NrNKE9SRTieDQpTBlUMi7RgQAXBik00QVhQvSvEIyQQVjrTqg7BXj55lXQvG7bVsO+vaq2bMo4KOAVnoA5s0AQtcAfaoAMweAav4B18GC/Gm/FpfM1K14yy5wQswPj9Axv9pWA=</latexit><latexit sha1_base64="c/cNSDYktElGk5W1YWlZe5sy2FM=">AAACIHicbVDLSsNAFJ34rPUVdelmsAh1UxIR6rLoxmUF+4AmhMlk0g6dTMLMRCwhn+LGX3HjQhHd6dc4abPowwPDHM65l3vv8RNGpbKsH2NtfWNza7uyU93d2z84NI+OuzJOBSYdHLNY9H0kCaOcdBRVjPQTQVDkM9Lzx7eF33skQtKYP6hJQtwIDTkNKUZKS57ZdPyYBXIS6S9zojT3sgUlGdE8h/V57Sn31IVn1qyGNQVcJXZJaqBE2zO/nSDGaUS4wgxJObCtRLkZEopiRvKqk0qSIDxGQzLQlKOISDebHpjDc60EMIyFflzBqTrfkaFIFtvpygipkVz2CvE/b5Cq8NrNKE9SRTieDQpTBlUMi7RgQAXBik00QVhQvSvEIyQQVjrTqg7BXj55lXQvG7bVsO+vaq2bMo4KOAVnoA5s0AQtcAfaoAMweAav4B18GC/Gm/FpfM1K14yy5wQswPj9Axv9pWA=</latexit><latexit sha1_base64="c/cNSDYktElGk5W1YWlZe5sy2FM=">AAACIHicbVDLSsNAFJ34rPUVdelmsAh1UxIR6rLoxmUF+4AmhMlk0g6dTMLMRCwhn+LGX3HjQhHd6dc4abPowwPDHM65l3vv8RNGpbKsH2NtfWNza7uyU93d2z84NI+OuzJOBSYdHLNY9H0kCaOcdBRVjPQTQVDkM9Lzx7eF33skQtKYP6hJQtwIDTkNKUZKS57ZdPyYBXIS6S9zojT3sgUlGdE8h/V57Sn31IVn1qyGNQVcJXZJaqBE2zO/nSDGaUS4wgxJObCtRLkZEopiRvKqk0qSIDxGQzLQlKOISDebHpjDc60EMIyFflzBqTrfkaFIFtvpygipkVz2CvE/b5Cq8NrNKE9SRTieDQpTBlUMi7RgQAXBik00QVhQvSvEIyQQVjrTqg7BXj55lXQvG7bVsO+vaq2bMo4KOAVnoA5s0AQtcAfaoAMweAav4B18GC/Gm/FpfM1K14yy5wQswPj9Axv9pWA=</latexit>

f
<latexit sha1_base64="KT3gym11XAjKBtmQlxpgoE5y3+0=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy4r2Ae0Y8lkMm1oJhmSjFKG/ocbF4q49V/c+Tdm2llo64GQwzn3kpMTJJxp47rfTmltfWNzq7xd2dnd2z+oHh51tEwVoW0iuVS9AGvKmaBtwwynvURRHAecdoPJTe53H6nSTIp7M02oH+ORYBEj2FjpYRBIHuppbK8smg2rNbfuzoFWiVeQGhRoDatfg1CSNKbCEI617ntuYvwMK8MIp7PKINU0wWSCR7RvqcAx1X42Tz1DZ1YJUSSVPcKgufp7I8OxzqPZyRibsV72cvE/r5+a6MrPmEhSQwVZPBSlHBmJ8gpQyBQlhk8twUQxmxWRMVaYGFtUxZbgLX95lXQu6p5b9+4ua83roo4ynMApnIMHDWjCLbSgDQQUPMMrvDlPzovz7nwsRktOsXMMf+B8/gA38pL3</latexit><latexit sha1_base64="KT3gym11XAjKBtmQlxpgoE5y3+0=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy4r2Ae0Y8lkMm1oJhmSjFKG/ocbF4q49V/c+Tdm2llo64GQwzn3kpMTJJxp47rfTmltfWNzq7xd2dnd2z+oHh51tEwVoW0iuVS9AGvKmaBtwwynvURRHAecdoPJTe53H6nSTIp7M02oH+ORYBEj2FjpYRBIHuppbK8smg2rNbfuzoFWiVeQGhRoDatfg1CSNKbCEI617ntuYvwMK8MIp7PKINU0wWSCR7RvqcAx1X42Tz1DZ1YJUSSVPcKgufp7I8OxzqPZyRibsV72cvE/r5+a6MrPmEhSQwVZPBSlHBmJ8gpQyBQlhk8twUQxmxWRMVaYGFtUxZbgLX95lXQu6p5b9+4ua83roo4ynMApnIMHDWjCLbSgDQQUPMMrvDlPzovz7nwsRktOsXMMf+B8/gA38pL3</latexit><latexit sha1_base64="KT3gym11XAjKBtmQlxpgoE5y3+0=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy4r2Ae0Y8lkMm1oJhmSjFKG/ocbF4q49V/c+Tdm2llo64GQwzn3kpMTJJxp47rfTmltfWNzq7xd2dnd2z+oHh51tEwVoW0iuVS9AGvKmaBtwwynvURRHAecdoPJTe53H6nSTIp7M02oH+ORYBEj2FjpYRBIHuppbK8smg2rNbfuzoFWiVeQGhRoDatfg1CSNKbCEI617ntuYvwMK8MIp7PKINU0wWSCR7RvqcAx1X42Tz1DZ1YJUSSVPcKgufp7I8OxzqPZyRibsV72cvE/r5+a6MrPmEhSQwVZPBSlHBmJ8gpQyBQlhk8twUQxmxWRMVaYGFtUxZbgLX95lXQu6p5b9+4ua83roo4ynMApnIMHDWjCLbSgDQQUPMMrvDlPzovz7nwsRktOsXMMf+B8/gA38pL3</latexit><latexit sha1_base64="KT3gym11XAjKBtmQlxpgoE5y3+0=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy4r2Ae0Y8lkMm1oJhmSjFKG/ocbF4q49V/c+Tdm2llo64GQwzn3kpMTJJxp47rfTmltfWNzq7xd2dnd2z+oHh51tEwVoW0iuVS9AGvKmaBtwwynvURRHAecdoPJTe53H6nSTIp7M02oH+ORYBEj2FjpYRBIHuppbK8smg2rNbfuzoFWiVeQGhRoDatfg1CSNKbCEI617ntuYvwMK8MIp7PKINU0wWSCR7RvqcAx1X42Tz1DZ1YJUSSVPcKgufp7I8OxzqPZyRibsV72cvE/r5+a6MrPmEhSQwVZPBSlHBmJ8gpQyBQlhk8twUQxmxWRMVaYGFtUxZbgLX95lXQu6p5b9+4ua83roo4ynMApnIMHDWjCLbSgDQQUPMMrvDlPzovz7nwsRktOsXMMf+B8/gA38pL3</latexit>

zt
<latexit sha1_base64="2+byp70tWvsxbofl6uQHE4ovRBw=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4B2GDKZtA3NJEOSKdShf+LGhSJu/RN3/o2ZdhbaeiDkcM695OREKWfaeN63s7a+sbm1Xdmp7u7tHxy6R8dtLTNFaItILlU3wppyJmjLMMNpN1UUJxGnnWh8V/idCVWaSfFopikNEjwUbMAINlYKXbcfSR7raWKv/GkWmtCteXVvDrRK/JLUoEQzdL/6sSRZQoUhHGvd873UBDlWhhFOZ9V+pmmKyRgPac9SgROqg3yefIbOrRKjgVT2CIPm6u+NHCe6CGcnE2xGetkrxP+8XmYGN0HORJoZKsjioUHGkZGoqAHFTFFi+NQSTBSzWREZYYWJsWVVbQn+8pdXSfuy7nt1/+Gq1rgt66jAKZzBBfhwDQ24hya0gMAEnuEV3pzceXHenY/F6JpT7pzAHzifP2R7lCM=</latexit><latexit sha1_base64="2+byp70tWvsxbofl6uQHE4ovRBw=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4B2GDKZtA3NJEOSKdShf+LGhSJu/RN3/o2ZdhbaeiDkcM695OREKWfaeN63s7a+sbm1Xdmp7u7tHxy6R8dtLTNFaItILlU3wppyJmjLMMNpN1UUJxGnnWh8V/idCVWaSfFopikNEjwUbMAINlYKXbcfSR7raWKv/GkWmtCteXVvDrRK/JLUoEQzdL/6sSRZQoUhHGvd873UBDlWhhFOZ9V+pmmKyRgPac9SgROqg3yefIbOrRKjgVT2CIPm6u+NHCe6CGcnE2xGetkrxP+8XmYGN0HORJoZKsjioUHGkZGoqAHFTFFi+NQSTBSzWREZYYWJsWVVbQn+8pdXSfuy7nt1/+Gq1rgt66jAKZzBBfhwDQ24hya0gMAEnuEV3pzceXHenY/F6JpT7pzAHzifP2R7lCM=</latexit><latexit sha1_base64="2+byp70tWvsxbofl6uQHE4ovRBw=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4B2GDKZtA3NJEOSKdShf+LGhSJu/RN3/o2ZdhbaeiDkcM695OREKWfaeN63s7a+sbm1Xdmp7u7tHxy6R8dtLTNFaItILlU3wppyJmjLMMNpN1UUJxGnnWh8V/idCVWaSfFopikNEjwUbMAINlYKXbcfSR7raWKv/GkWmtCteXVvDrRK/JLUoEQzdL/6sSRZQoUhHGvd873UBDlWhhFOZ9V+pmmKyRgPac9SgROqg3yefIbOrRKjgVT2CIPm6u+NHCe6CGcnE2xGetkrxP+8XmYGN0HORJoZKsjioUHGkZGoqAHFTFFi+NQSTBSzWREZYYWJsWVVbQn+8pdXSfuy7nt1/+Gq1rgt66jAKZzBBfhwDQ24hya0gMAEnuEV3pzceXHenY/F6JpT7pzAHzifP2R7lCM=</latexit><latexit sha1_base64="2+byp70tWvsxbofl6uQHE4ovRBw=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4B2GDKZtA3NJEOSKdShf+LGhSJu/RN3/o2ZdhbaeiDkcM695OREKWfaeN63s7a+sbm1Xdmp7u7tHxy6R8dtLTNFaItILlU3wppyJmjLMMNpN1UUJxGnnWh8V/idCVWaSfFopikNEjwUbMAINlYKXbcfSR7raWKv/GkWmtCteXVvDrRK/JLUoEQzdL/6sSRZQoUhHGvd873UBDlWhhFOZ9V+pmmKyRgPac9SgROqg3yefIbOrRKjgVT2CIPm6u+NHCe6CGcnE2xGetkrxP+8XmYGN0HORJoZKsjioUHGkZGoqAHFTFFi+NQSTBSzWREZYYWJsWVVbQn+8pdXSfuy7nt1/+Gq1rgt66jAKZzBBfhwDQ24hya0gMAEnuEV3pzceXHenY/F6JpT7pzAHzifP2R7lCM=</latexit>

Quantization

z̃t
<latexit sha1_base64="Yt2K9k0MRgUKaCEUNNmLvHQQcUM=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EieCqJCHosevFYwbZCE8Jms2mXbjZhdyLUEC/+FS8eFPHqv/Dmv3HT5qCtD5Z9vDfDzLwg5UyBbX8btaXlldW1+npjY3Nre8fc3eupJJOEdknCE3kXYEU5E7QLDDi9SyXFccBpPxhflX7/nkrFEnELk5R6MR4KFjGCQUu+eeAC4yHN3SDhoZrE+ssfisIH32zaLXsKa5E4FWmiCh3f/HLDhGQxFUA4Vmrg2Cl4OZbACKdFw80UTTEZ4yEdaCpwTJWXTy8orGOthFaUSP0EWFP1d0eOY1VupytjDCM175Xif94gg+jCy5lIM6CCzAZFGbcgsco4rJBJSoBPNMFEMr2rRUZYYgI6tIYOwZk/eZH0TluO3XJuzprtyyqOOjpER+gEOegctdE16qAuIugRPaNX9GY8GS/Gu/ExK60ZVc8++gPj8wf1ppfZ</latexit><latexit sha1_base64="Yt2K9k0MRgUKaCEUNNmLvHQQcUM=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EieCqJCHosevFYwbZCE8Jms2mXbjZhdyLUEC/+FS8eFPHqv/Dmv3HT5qCtD5Z9vDfDzLwg5UyBbX8btaXlldW1+npjY3Nre8fc3eupJJOEdknCE3kXYEU5E7QLDDi9SyXFccBpPxhflX7/nkrFEnELk5R6MR4KFjGCQUu+eeAC4yHN3SDhoZrE+ssfisIH32zaLXsKa5E4FWmiCh3f/HLDhGQxFUA4Vmrg2Cl4OZbACKdFw80UTTEZ4yEdaCpwTJWXTy8orGOthFaUSP0EWFP1d0eOY1VupytjDCM175Xif94gg+jCy5lIM6CCzAZFGbcgsco4rJBJSoBPNMFEMr2rRUZYYgI6tIYOwZk/eZH0TluO3XJuzprtyyqOOjpER+gEOegctdE16qAuIugRPaNX9GY8GS/Gu/ExK60ZVc8++gPj8wf1ppfZ</latexit><latexit sha1_base64="Yt2K9k0MRgUKaCEUNNmLvHQQcUM=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EieCqJCHosevFYwbZCE8Jms2mXbjZhdyLUEC/+FS8eFPHqv/Dmv3HT5qCtD5Z9vDfDzLwg5UyBbX8btaXlldW1+npjY3Nre8fc3eupJJOEdknCE3kXYEU5E7QLDDi9SyXFccBpPxhflX7/nkrFEnELk5R6MR4KFjGCQUu+eeAC4yHN3SDhoZrE+ssfisIH32zaLXsKa5E4FWmiCh3f/HLDhGQxFUA4Vmrg2Cl4OZbACKdFw80UTTEZ4yEdaCpwTJWXTy8orGOthFaUSP0EWFP1d0eOY1VupytjDCM175Xif94gg+jCy5lIM6CCzAZFGbcgsco4rJBJSoBPNMFEMr2rRUZYYgI6tIYOwZk/eZH0TluO3XJuzprtyyqOOjpER+gEOegctdE16qAuIugRPaNX9GY8GS/Gu/ExK60ZVc8++gPj8wf1ppfZ</latexit><latexit sha1_base64="Yt2K9k0MRgUKaCEUNNmLvHQQcUM=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EieCqJCHosevFYwbZCE8Jms2mXbjZhdyLUEC/+FS8eFPHqv/Dmv3HT5qCtD5Z9vDfDzLwg5UyBbX8btaXlldW1+npjY3Nre8fc3eupJJOEdknCE3kXYEU5E7QLDDi9SyXFccBpPxhflX7/nkrFEnELk5R6MR4KFjGCQUu+eeAC4yHN3SDhoZrE+ssfisIH32zaLXsKa5E4FWmiCh3f/HLDhGQxFUA4Vmrg2Cl4OZbACKdFw80UTTEZ4yEdaCpwTJWXTy8orGOthFaUSP0EWFP1d0eOY1VupytjDCM175Xif94gg+jCy5lIM6CCzAZFGbcgsco4rJBJSoBPNMFEMr2rRUZYYgI6tIYOwZk/eZH0TluO3XJuzprtyyqOOjpER+gEOegctdE16qAuIugRPaNX9GY8GS/Gu/ExK60ZVc8++gPj8wf1ppfZ</latexit>

Encoders

AE

AE

Binary

AD

AD

z̃t
<latexit sha1_base64="Yt2K9k0MRgUKaCEUNNmLvHQQcUM=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EieCqJCHosevFYwbZCE8Jms2mXbjZhdyLUEC/+FS8eFPHqv/Dmv3HT5qCtD5Z9vDfDzLwg5UyBbX8btaXlldW1+npjY3Nre8fc3eupJJOEdknCE3kXYEU5E7QLDDi9SyXFccBpPxhflX7/nkrFEnELk5R6MR4KFjGCQUu+eeAC4yHN3SDhoZrE+ssfisIH32zaLXsKa5E4FWmiCh3f/HLDhGQxFUA4Vmrg2Cl4OZbACKdFw80UTTEZ4yEdaCpwTJWXTy8orGOthFaUSP0EWFP1d0eOY1VupytjDCM175Xif94gg+jCy5lIM6CCzAZFGbcgsco4rJBJSoBPNMFEMr2rRUZYYgI6tIYOwZk/eZH0TluO3XJuzprtyyqOOjpER+gEOegctdE16qAuIugRPaNX9GY8GS/Gu/ExK60ZVc8++gPj8wf1ppfZ</latexit><latexit sha1_base64="Yt2K9k0MRgUKaCEUNNmLvHQQcUM=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EieCqJCHosevFYwbZCE8Jms2mXbjZhdyLUEC/+FS8eFPHqv/Dmv3HT5qCtD5Z9vDfDzLwg5UyBbX8btaXlldW1+npjY3Nre8fc3eupJJOEdknCE3kXYEU5E7QLDDi9SyXFccBpPxhflX7/nkrFEnELk5R6MR4KFjGCQUu+eeAC4yHN3SDhoZrE+ssfisIH32zaLXsKa5E4FWmiCh3f/HLDhGQxFUA4Vmrg2Cl4OZbACKdFw80UTTEZ4yEdaCpwTJWXTy8orGOthFaUSP0EWFP1d0eOY1VupytjDCM175Xif94gg+jCy5lIM6CCzAZFGbcgsco4rJBJSoBPNMFEMr2rRUZYYgI6tIYOwZk/eZH0TluO3XJuzprtyyqOOjpER+gEOegctdE16qAuIugRPaNX9GY8GS/Gu/ExK60ZVc8++gPj8wf1ppfZ</latexit><latexit sha1_base64="Yt2K9k0MRgUKaCEUNNmLvHQQcUM=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EieCqJCHosevFYwbZCE8Jms2mXbjZhdyLUEC/+FS8eFPHqv/Dmv3HT5qCtD5Z9vDfDzLwg5UyBbX8btaXlldW1+npjY3Nre8fc3eupJJOEdknCE3kXYEU5E7QLDDi9SyXFccBpPxhflX7/nkrFEnELk5R6MR4KFjGCQUu+eeAC4yHN3SDhoZrE+ssfisIH32zaLXsKa5E4FWmiCh3f/HLDhGQxFUA4Vmrg2Cl4OZbACKdFw80UTTEZ4yEdaCpwTJWXTy8orGOthFaUSP0EWFP1d0eOY1VupytjDCM175Xif94gg+jCy5lIM6CCzAZFGbcgsco4rJBJSoBPNMFEMr2rRUZYYgI6tIYOwZk/eZH0TluO3XJuzprtyyqOOjpER+gEOegctdE16qAuIugRPaNX9GY8GS/Gu/ExK60ZVc8++gPj8wf1ppfZ</latexit><latexit sha1_base64="Yt2K9k0MRgUKaCEUNNmLvHQQcUM=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EieCqJCHosevFYwbZCE8Jms2mXbjZhdyLUEC/+FS8eFPHqv/Dmv3HT5qCtD5Z9vDfDzLwg5UyBbX8btaXlldW1+npjY3Nre8fc3eupJJOEdknCE3kXYEU5E7QLDDi9SyXFccBpPxhflX7/nkrFEnELk5R6MR4KFjGCQUu+eeAC4yHN3SDhoZrE+ssfisIH32zaLXsKa5E4FWmiCh3f/HLDhGQxFUA4Vmrg2Cl4OZbACKdFw80UTTEZ4yEdaCpwTJWXTy8orGOthFaUSP0EWFP1d0eOY1VupytjDCM175Xif94gg+jCy5lIM6CCzAZFGbcgsco4rJBJSoBPNMFEMr2rRUZYYgI6tIYOwZk/eZH0TluO3XJuzprtyyqOOjpER+gEOegctdE16qAuIugRPaNX9GY8GS/Gu/ExK60ZVc8++gPj8wf1ppfZ</latexit>

Decoder

x̃t
<latexit sha1_base64="X4Q1aFm5XrHWDo+IKYEVuO42eN8=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EieCqJCHosevFYwbZCE8Jms2mXbjZhdyKWEC/+FS8eFPHqv/Dmv3HT5qCtD5Z9vDfDzLwg5UyBbX8btaXlldW1+npjY3Nre8fc3eupJJOEdknCE3kXYEU5E7QLDDi9SyXFccBpPxhflX7/nkrFEnELk5R6MR4KFjGCQUu+eeAC4yHN3SDhoZrE+ssfisIH32zaLXsKa5E4FWmiCh3f/HLDhGQxFUA4Vmrg2Cl4OZbACKdFw80UTTEZ4yEdaCpwTJWXTy8orGOthFaUSP0EWFP1d0eOY1VupytjDCM175Xif94gg+jCy5lIM6CCzAZFGbcgsco4rJBJSoBPNMFEMr2rRUZYYgI6tIYOwZk/eZH0TluO3XJuzprtyyqOOjpER+gEOegctdE16qAuIugRPaNX9GY8GS/Gu/ExK60ZVc8++gPj8wfylpfX</latexit><latexit sha1_base64="X4Q1aFm5XrHWDo+IKYEVuO42eN8=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EieCqJCHosevFYwbZCE8Jms2mXbjZhdyKWEC/+FS8eFPHqv/Dmv3HT5qCtD5Z9vDfDzLwg5UyBbX8btaXlldW1+npjY3Nre8fc3eupJJOEdknCE3kXYEU5E7QLDDi9SyXFccBpPxhflX7/nkrFEnELk5R6MR4KFjGCQUu+eeAC4yHN3SDhoZrE+ssfisIH32zaLXsKa5E4FWmiCh3f/HLDhGQxFUA4Vmrg2Cl4OZbACKdFw80UTTEZ4yEdaCpwTJWXTy8orGOthFaUSP0EWFP1d0eOY1VupytjDCM175Xif94gg+jCy5lIM6CCzAZFGbcgsco4rJBJSoBPNMFEMr2rRUZYYgI6tIYOwZk/eZH0TluO3XJuzprtyyqOOjpER+gEOegctdE16qAuIugRPaNX9GY8GS/Gu/ExK60ZVc8++gPj8wfylpfX</latexit><latexit sha1_base64="X4Q1aFm5XrHWDo+IKYEVuO42eN8=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EieCqJCHosevFYwbZCE8Jms2mXbjZhdyKWEC/+FS8eFPHqv/Dmv3HT5qCtD5Z9vDfDzLwg5UyBbX8btaXlldW1+npjY3Nre8fc3eupJJOEdknCE3kXYEU5E7QLDDi9SyXFccBpPxhflX7/nkrFEnELk5R6MR4KFjGCQUu+eeAC4yHN3SDhoZrE+ssfisIH32zaLXsKa5E4FWmiCh3f/HLDhGQxFUA4Vmrg2Cl4OZbACKdFw80UTTEZ4yEdaCpwTJWXTy8orGOthFaUSP0EWFP1d0eOY1VupytjDCM175Xif94gg+jCy5lIM6CCzAZFGbcgsco4rJBJSoBPNMFEMr2rRUZYYgI6tIYOwZk/eZH0TluO3XJuzprtyyqOOjpER+gEOegctdE16qAuIugRPaNX9GY8GS/Gu/ExK60ZVc8++gPj8wfylpfX</latexit><latexit sha1_base64="X4Q1aFm5XrHWDo+IKYEVuO42eN8=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EieCqJCHosevFYwbZCE8Jms2mXbjZhdyKWEC/+FS8eFPHqv/Dmv3HT5qCtD5Z9vDfDzLwg5UyBbX8btaXlldW1+npjY3Nre8fc3eupJJOEdknCE3kXYEU5E7QLDDi9SyXFccBpPxhflX7/nkrFEnELk5R6MR4KFjGCQUu+eeAC4yHN3SDhoZrE+ssfisIH32zaLXsKa5E4FWmiCh3f/HLDhGQxFUA4Vmrg2Cl4OZbACKdFw80UTTEZ4yEdaCpwTJWXTy8orGOthFaUSP0EWFP1d0eOY1VupytjDCM175Xif94gg+jCy5lIM6CCzAZFGbcgsco4rJBJSoBPNMFEMr2rRUZYYgI6tIYOwZk/eZH0TluO3XJuzprtyyqOOjpER+gEOegctdE16qAuIugRPaNX9GY8GS/Gu/ExK60ZVc8++gPj8wfylpfX</latexit>

Noise
Round

Training

After training

p✓(z̃t | z̃<t)
<latexit sha1_base64="LbQgD7kqKzy9eS/a3cS6ePEaYZw=">AAACPHicdVA9SwNBEN3z2/gVtbRZDEJswp0IWliINpYRTSLkjmNvb2IW9z7YnRPicT/Mxh9hZ2VjoYittXtJCjX6YNnHezPMzAtSKTTa9pM1NT0zOze/sFhZWl5ZXauub7R1kikOLZ7IRF0FTIMUMbRQoISrVAGLAgmd4Oa09Du3oLRI4kscpOBF7DoWPcEZGsmvXqR+7gaJDPUgMl/uYh+QFQWtuyhkCD/Mu6LwkbqRCOk/bn6Exa5frdkNewg6SZwxqZExmn710Q0TnkUQI5dM665jp+jlTKHgEoqKm2lIGb9h19A1NGYRaC8fHl/QHaOEtJco82KkQ/V7R84iXW5oKiOGff3bK8W/vG6GvUMvF3GaIcR8NKiXSYoJLZOkoVDAUQ4MYVwJsyvlfaYYR5N3xYTg/D55krT3Go7dcM73a8cn4zgWyBbZJnXikANyTM5Ik7QIJ/fkmbySN+vBerHerY9R6ZQ17tkkP2B9fgEoTbGk</latexit><latexit sha1_base64="LbQgD7kqKzy9eS/a3cS6ePEaYZw=">AAACPHicdVA9SwNBEN3z2/gVtbRZDEJswp0IWliINpYRTSLkjmNvb2IW9z7YnRPicT/Mxh9hZ2VjoYittXtJCjX6YNnHezPMzAtSKTTa9pM1NT0zOze/sFhZWl5ZXauub7R1kikOLZ7IRF0FTIMUMbRQoISrVAGLAgmd4Oa09Du3oLRI4kscpOBF7DoWPcEZGsmvXqR+7gaJDPUgMl/uYh+QFQWtuyhkCD/Mu6LwkbqRCOk/bn6Exa5frdkNewg6SZwxqZExmn710Q0TnkUQI5dM665jp+jlTKHgEoqKm2lIGb9h19A1NGYRaC8fHl/QHaOEtJco82KkQ/V7R84iXW5oKiOGff3bK8W/vG6GvUMvF3GaIcR8NKiXSYoJLZOkoVDAUQ4MYVwJsyvlfaYYR5N3xYTg/D55krT3Go7dcM73a8cn4zgWyBbZJnXikANyTM5Ik7QIJ/fkmbySN+vBerHerY9R6ZQ17tkkP2B9fgEoTbGk</latexit><latexit sha1_base64="LbQgD7kqKzy9eS/a3cS6ePEaYZw=">AAACPHicdVA9SwNBEN3z2/gVtbRZDEJswp0IWliINpYRTSLkjmNvb2IW9z7YnRPicT/Mxh9hZ2VjoYittXtJCjX6YNnHezPMzAtSKTTa9pM1NT0zOze/sFhZWl5ZXauub7R1kikOLZ7IRF0FTIMUMbRQoISrVAGLAgmd4Oa09Du3oLRI4kscpOBF7DoWPcEZGsmvXqR+7gaJDPUgMl/uYh+QFQWtuyhkCD/Mu6LwkbqRCOk/bn6Exa5frdkNewg6SZwxqZExmn710Q0TnkUQI5dM665jp+jlTKHgEoqKm2lIGb9h19A1NGYRaC8fHl/QHaOEtJco82KkQ/V7R84iXW5oKiOGff3bK8W/vG6GvUMvF3GaIcR8NKiXSYoJLZOkoVDAUQ4MYVwJsyvlfaYYR5N3xYTg/D55krT3Go7dcM73a8cn4zgWyBbZJnXikANyTM5Ik7QIJ/fkmbySN+vBerHerY9R6ZQ17tkkP2B9fgEoTbGk</latexit><latexit sha1_base64="LbQgD7kqKzy9eS/a3cS6ePEaYZw=">AAACPHicdVA9SwNBEN3z2/gVtbRZDEJswp0IWliINpYRTSLkjmNvb2IW9z7YnRPicT/Mxh9hZ2VjoYittXtJCjX6YNnHezPMzAtSKTTa9pM1NT0zOze/sFhZWl5ZXauub7R1kikOLZ7IRF0FTIMUMbRQoISrVAGLAgmd4Oa09Du3oLRI4kscpOBF7DoWPcEZGsmvXqR+7gaJDPUgMl/uYh+QFQWtuyhkCD/Mu6LwkbqRCOk/bn6Exa5frdkNewg6SZwxqZExmn710Q0TnkUQI5dM665jp+jlTKHgEoqKm2lIGb9h19A1NGYRaC8fHl/QHaOEtJco82KkQ/V7R84iXW5oKiOGff3bK8W/vG6GvUMvF3GaIcR8NKiXSYoJLZOkoVDAUQ4MYVwJsyvlfaYYR5N3xYTg/D55krT3Go7dcM73a8cn4zgWyBbZJnXikANyTM5Ik7QIJ/fkmbySN+vBerHerY9R6ZQ17tkkP2B9fgEoTbGk</latexit>

f̃
<latexit sha1_base64="aobgVshmD4k+WfMer3PzPpROslE=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEBF0W3bisYB/QlDKZ3LRDJ5MwMxFKzMJfceNCEbf+hjv/xkmbhbYeGOZwzr3MmeMnnCntON9WZWV1bX2julnb2t7Z3bP3DzoqTiWFNo15LHs+UcCZgLZmmkMvkUAin0PXn9wUfvcBpGKxuNfTBAYRGQkWMkq0kYb2kacZDyDz/JgHahqZKwvzfGjXnYYzA14mbknqqERraH95QUzTCISmnCjVd51EDzIiNaMc8pqXKkgInZAR9A0VJAI1yGb5c3xqlACHsTRHaDxTf29kJFJFNjMZET1Wi14h/uf1Ux1eDTImklSDoPOHwpRjHeOiDBwwCVTzqSGESmayYjomklBtKquZEtzFLy+TznnDdRru3UW9eV3WUUXH6ASdIRddoia6RS3URhQ9omf0it6sJ+vFerc+5qMVq9w5RH9gff4AOcKW3g==</latexit><latexit sha1_base64="aobgVshmD4k+WfMer3PzPpROslE=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEBF0W3bisYB/QlDKZ3LRDJ5MwMxFKzMJfceNCEbf+hjv/xkmbhbYeGOZwzr3MmeMnnCntON9WZWV1bX2julnb2t7Z3bP3DzoqTiWFNo15LHs+UcCZgLZmmkMvkUAin0PXn9wUfvcBpGKxuNfTBAYRGQkWMkq0kYb2kacZDyDz/JgHahqZKwvzfGjXnYYzA14mbknqqERraH95QUzTCISmnCjVd51EDzIiNaMc8pqXKkgInZAR9A0VJAI1yGb5c3xqlACHsTRHaDxTf29kJFJFNjMZET1Wi14h/uf1Ux1eDTImklSDoPOHwpRjHeOiDBwwCVTzqSGESmayYjomklBtKquZEtzFLy+TznnDdRru3UW9eV3WUUXH6ASdIRddoia6RS3URhQ9omf0it6sJ+vFerc+5qMVq9w5RH9gff4AOcKW3g==</latexit><latexit sha1_base64="aobgVshmD4k+WfMer3PzPpROslE=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEBF0W3bisYB/QlDKZ3LRDJ5MwMxFKzMJfceNCEbf+hjv/xkmbhbYeGOZwzr3MmeMnnCntON9WZWV1bX2julnb2t7Z3bP3DzoqTiWFNo15LHs+UcCZgLZmmkMvkUAin0PXn9wUfvcBpGKxuNfTBAYRGQkWMkq0kYb2kacZDyDz/JgHahqZKwvzfGjXnYYzA14mbknqqERraH95QUzTCISmnCjVd51EDzIiNaMc8pqXKkgInZAR9A0VJAI1yGb5c3xqlACHsTRHaDxTf29kJFJFNjMZET1Wi14h/uf1Ux1eDTImklSDoPOHwpRjHeOiDBwwCVTzqSGESmayYjomklBtKquZEtzFLy+TznnDdRru3UW9eV3WUUXH6ASdIRddoia6RS3URhQ9omf0it6sJ+vFerc+5qMVq9w5RH9gff4AOcKW3g==</latexit><latexit sha1_base64="aobgVshmD4k+WfMer3PzPpROslE=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEBF0W3bisYB/QlDKZ3LRDJ5MwMxFKzMJfceNCEbf+hjv/xkmbhbYeGOZwzr3MmeMnnCntON9WZWV1bX2julnb2t7Z3bP3DzoqTiWFNo15LHs+UcCZgLZmmkMvkUAin0PXn9wUfvcBpGKxuNfTBAYRGQkWMkq0kYb2kacZDyDz/JgHahqZKwvzfGjXnYYzA14mbknqqERraH95QUzTCISmnCjVd51EDzIiNaMc8pqXKkgInZAR9A0VJAI1yGb5c3xqlACHsTRHaDxTf29kJFJFNjMZET1Wi14h/uf1Ux1eDTImklSDoPOHwpRjHeOiDBwwCVTzqSGESmayYjomklBtKquZEtzFLy+TznnDdRru3UW9eV3WUUXH6ASdIRddoia6RS3URhQ9omf0it6sJ+vFerc+5qMVq9w5RH9gff4AOcKW3g==</latexit>

p✓(f̃)
<latexit sha1_base64="XnrC0n+r9Qq+oX8IWEEEUcLDRzw=">AAACGXicbVDJSgNBEO2JW4xb1KOXxiDES5gRQY9BLx4jmAUyIfT01CRNeha6a4QwzG948Ve8eFDEo578GzvLwSQ+aPrxXhVV9bxECo22/WMV1tY3NreK26Wd3b39g/LhUUvHqeLQ5LGMVcdjGqSIoIkCJXQSBSz0JLS90e3Ebz+C0iKOHnCcQC9kg0gEgjM0Ur9sJ/3M9WLp63FovszFISDLc1p1UUgfFswgz8/75Ypds6egq8SZkwqZo9Evf7l+zNMQIuSSad117AR7GVMouIS85KYaEsZHbABdQyMWgu5l08tyemYUnwaxMi9COlX/dmQs1JPlTGXIcKiXvYn4n9dNMbjuZSJKUoSIzwYFqaQY00lM1BcKOMqxIYwrYXalfMgU42jCLJkQnOWTV0nroubYNef+slK/mcdRJCfklFSJQ65IndyRBmkSTp7IC3kj79az9Wp9WJ+z0oI17zkmC7C+fwHqWaIX</latexit><latexit sha1_base64="XnrC0n+r9Qq+oX8IWEEEUcLDRzw=">AAACGXicbVDJSgNBEO2JW4xb1KOXxiDES5gRQY9BLx4jmAUyIfT01CRNeha6a4QwzG948Ve8eFDEo578GzvLwSQ+aPrxXhVV9bxECo22/WMV1tY3NreK26Wd3b39g/LhUUvHqeLQ5LGMVcdjGqSIoIkCJXQSBSz0JLS90e3Ebz+C0iKOHnCcQC9kg0gEgjM0Ur9sJ/3M9WLp63FovszFISDLc1p1UUgfFswgz8/75Ypds6egq8SZkwqZo9Evf7l+zNMQIuSSad117AR7GVMouIS85KYaEsZHbABdQyMWgu5l08tyemYUnwaxMi9COlX/dmQs1JPlTGXIcKiXvYn4n9dNMbjuZSJKUoSIzwYFqaQY00lM1BcKOMqxIYwrYXalfMgU42jCLJkQnOWTV0nroubYNef+slK/mcdRJCfklFSJQ65IndyRBmkSTp7IC3kj79az9Wp9WJ+z0oI17zkmC7C+fwHqWaIX</latexit><latexit sha1_base64="XnrC0n+r9Qq+oX8IWEEEUcLDRzw=">AAACGXicbVDJSgNBEO2JW4xb1KOXxiDES5gRQY9BLx4jmAUyIfT01CRNeha6a4QwzG948Ve8eFDEo578GzvLwSQ+aPrxXhVV9bxECo22/WMV1tY3NreK26Wd3b39g/LhUUvHqeLQ5LGMVcdjGqSIoIkCJXQSBSz0JLS90e3Ebz+C0iKOHnCcQC9kg0gEgjM0Ur9sJ/3M9WLp63FovszFISDLc1p1UUgfFswgz8/75Ypds6egq8SZkwqZo9Evf7l+zNMQIuSSad117AR7GVMouIS85KYaEsZHbABdQyMWgu5l08tyemYUnwaxMi9COlX/dmQs1JPlTGXIcKiXvYn4n9dNMbjuZSJKUoSIzwYFqaQY00lM1BcKOMqxIYwrYXalfMgU42jCLJkQnOWTV0nroubYNef+slK/mcdRJCfklFSJQ65IndyRBmkSTp7IC3kj79az9Wp9WJ+z0oI17zkmC7C+fwHqWaIX</latexit><latexit sha1_base64="XnrC0n+r9Qq+oX8IWEEEUcLDRzw=">AAACGXicbVDJSgNBEO2JW4xb1KOXxiDES5gRQY9BLx4jmAUyIfT01CRNeha6a4QwzG948Ve8eFDEo578GzvLwSQ+aPrxXhVV9bxECo22/WMV1tY3NreK26Wd3b39g/LhUUvHqeLQ5LGMVcdjGqSIoIkCJXQSBSz0JLS90e3Ebz+C0iKOHnCcQC9kg0gEgjM0Ur9sJ/3M9WLp63FovszFISDLc1p1UUgfFswgz8/75Ypds6egq8SZkwqZo9Evf7l+zNMQIuSSad117AR7GVMouIS85KYaEsZHbABdQyMWgu5l08tyemYUnwaxMi9COlX/dmQs1JPlTGXIcKiXvYn4n9dNMbjuZSJKUoSIzwYFqaQY00lM1BcKOMqxIYwrYXalfMgU42jCLJkQnOWTV0nroubYNef+slK/mcdRJCfklFSJQ65IndyRBmkSTp7IC3kj79az9Wp9WJ+z0oI17zkmC7C+fwHqWaIX</latexit>

µ✓(z̃t, f̃)
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Figure: Global state f : per-segment, inferred from a segment T of video by LSTM
after encoder µφ; local state zt: per-frame, inferred from x t after encoder µφ.

I Split latent states of a video segment into global state (coding
once) and local states (predictive model for coding)

I Loss: distortion + cross-entropy

Ef̃ ,z̃1:T∼q[log pθ(x1:T |f̃ , z̃1:T )] + H [qφ(f̃ |x1:T ), pθ(f̃ )]

+ H [qφ(z̃1:T |x1:T ), pθ(z̃1:T )].

I Entropy Coding: arithmetic coding by learned prior models

Choice of Probability Models

I Generative Model:

pθ(x1:T , z1:T , f ) = pθ(f )pθ(z1:T )
T∏
t=1

pθ(x t|f , z1:T )

I Encoder Model:

qφ(z1:T , f | x1:T ) = qφ(f | x1:T )
T∏
t=1

qφ(z t | x t).

f̃ ∼ qφ(f | x1:T ) = U
(
f̂ − 1

2
, f̂ +

1

2

)
z̃ t ∼ qφ(z t | x t) = U

(
ẑ t −

1

2
, ẑ t +

1

2

)
.

where encoders f̂ = µφ(x1:T ) and ẑ t = µφ(x t).
I Prior Model:

pθ(f ) =

dim(f )∏
i

pθ(f i) ∗ U(−1

2
,

1

2
);

pθ(z1:T ) =
T∏
t

dim(z)∏
i

pθ(z it | z i
<t) ∗ U(−1

2
,

1

2
),

Gaussian convoluted with uniform; closed-form evaluation.

Verification Experiments

Datasets: Sprites; BAIR; Kinetics.

Latent Variable Distribution Visualization
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Figure: Empirical distributions of inference posteriors and learned prior model.

Latent Variable Entropy Visualization

(a) Sprites (b) BAIR (c) Kinetics
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Figure: Average bits of information stored in f and z1:T

Summary: global state stores much more information than local state;
predictive model save bits; LSTM works better than Kalman filter.

Comparison Experiments

Quantitative Comparison (Rate-distortion curves)

(a) Sprites (b) BAIR (c) Kinetics
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Qualitative Comparison

Ours (0.29 bpp, 38.1 dB) Original Ours (0.39 bpp)VP9 (0.39 bpp)

VP9 (0.44 bpp, 25.7 dB) 32.0 dB 29.3 dB
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Figure: Compressed videos by our LSTMP-LG and VP9 in low-bit rate regime.


