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People also 
love to share 
their videos!

300 hours of new YouTube
video every minute.



Temporal Shift Module (TSM)

Song HanChuang GanJi Lin

TSM: Temporal Shift Module for Efficient Video Understanding. ICCV 2019.



• TSM shifts part of the channels along the temporal dimension to facilitate 
information exchange

• Support online/offline setting
• It can enable temporal modeling at the cost of zero FLOPs and zero parameters

Temporal Shift Module (TSM)



Latency Comparison
TSM is 9x faster than 3D CNN
Measured on NVIDIA Tesla P100. Batch size=1

I3D:
Latency: 164.3 ms/video         Acc.: 41.6%

TSM:
Latency: 17.4 ms/video         Acc.: 43.4%

TSM: Accurate and Efficient



Have machines achieved the human-level
intelligences on video understanding?



What can humans reason about this video?

• Temporal reasoning
“What shape is the second object that collides with the 
cyan cylinder?”

• Causal reasoning
“What objects are responsible for the second collision?”
“What will happen next?”
“What would happen without the gray object?”

Can machines understand beyond visual context and reason about causality?



CLEVRER: CoLlision Events for 
Video REpresentation and Reasoning
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ICLR 2020



CLEVRER Dataset
• 20,000 Synthetic videos and 

300,000+ questions

• Controlled biases

• Diagnostic annotations

• Causal reasoning
• Descriptive
• Explanatory
• Predictive
• Counterfactual



Descriptive Reasoning

Q: What is the material of the 
last object to collide with the 
cyan cylinder?



Descriptive Reasoning

Q: What is the material of the 
last object to collide with the 
cyan cylinder?

A: Metal



Explanatory Reasoning

Q: What is responsible for the 
collision between the rubber 
and metal cylinder?

A. The presence of the yellow 
sphere
B. The collision between the rubber 
cylinder and the red rubber sphere



Predictive Reasoning

Q: What will happen next?

A. The metal sphere and the gray 
cylinder collide
B. The red rubber sphere collides 
with the metal sphere



Counterfactual Reasoning

Q: What will happen without 
the cyan cylinder?

A. The red rubber sphere and the 
metal sphere collide
B. The red rubber sphere and the 
gray object collide
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Causal reasoning requires the dynamics of the video’s internal state 



Neuro-Symbolic Dynamics Reasoning (NS-DR)

What shape is the 
second object to collide 
with the gray object?

Video

LSTM
Encoder

LSTM

LSTM

LSTM

Objects

Filter_color
(gray)
...

Query_shape
..
.
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hÔt+1, R̂t+1i
<latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit>

hÔt+1, R̂t+1i
<latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit>
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<latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit>

Mask
R-CNN

hOt�2...t, Rt�2...ti
<latexit sha1_base64="9RhpuQU18Y7yXVTfNFvv13Qe5z8=">AAACF3icbVC7TsMwFHV4lvIKMLJYVEgMUCUVEowVLGwURB9SU1WO67RWHSeyb5CqqH/Bwq+wMIAQK2z8DW6agbYcydLxOfde+x4/FlyD4/xYS8srq2vrhY3i5tb2zq69t9/QUaIoq9NIRKrlE80El6wOHARrxYqR0Bes6Q+vJ37zkSnNI/kAo5h1QtKXPOCUgJG6dtkTRPYFw7fdFM4qXi8CjWF8iu9n7thTWVnXLjllJwNeJG5OSihHrWt/mxE0CZkEKojWbdeJoZMSBZwKNi56iWYxoUPSZ21DJQmZ7qTZXmN8bJQeDiJljgScqX87UhJqPQp9UxkSGOh5byL+57UTCC47KZdxAkzS6UNBIjBEeBIS7nHFKIiRIYQqbv6K6YAoQsFEWTQhuPMrL5JGpewafndeql7lcRTQITpCJ8hFF6iKblAN1RFFT+gFvaF369l6tT6sz2npkpX3HKAZWF+/mMie8A==</latexit><latexit sha1_base64="9RhpuQU18Y7yXVTfNFvv13Qe5z8=">AAACF3icbVC7TsMwFHV4lvIKMLJYVEgMUCUVEowVLGwURB9SU1WO67RWHSeyb5CqqH/Bwq+wMIAQK2z8DW6agbYcydLxOfde+x4/FlyD4/xYS8srq2vrhY3i5tb2zq69t9/QUaIoq9NIRKrlE80El6wOHARrxYqR0Bes6Q+vJ37zkSnNI/kAo5h1QtKXPOCUgJG6dtkTRPYFw7fdFM4qXi8CjWF8iu9n7thTWVnXLjllJwNeJG5OSihHrWt/mxE0CZkEKojWbdeJoZMSBZwKNi56iWYxoUPSZ21DJQmZ7qTZXmN8bJQeDiJljgScqX87UhJqPQp9UxkSGOh5byL+57UTCC47KZdxAkzS6UNBIjBEeBIS7nHFKIiRIYQqbv6K6YAoQsFEWTQhuPMrL5JGpewafndeql7lcRTQITpCJ8hFF6iKblAN1RFFT+gFvaF369l6tT6sz2npkpX3HKAZWF+/mMie8A==</latexit><latexit sha1_base64="9RhpuQU18Y7yXVTfNFvv13Qe5z8=">AAACF3icbVC7TsMwFHV4lvIKMLJYVEgMUCUVEowVLGwURB9SU1WO67RWHSeyb5CqqH/Bwq+wMIAQK2z8DW6agbYcydLxOfde+x4/FlyD4/xYS8srq2vrhY3i5tb2zq69t9/QUaIoq9NIRKrlE80El6wOHARrxYqR0Bes6Q+vJ37zkSnNI/kAo5h1QtKXPOCUgJG6dtkTRPYFw7fdFM4qXi8CjWF8iu9n7thTWVnXLjllJwNeJG5OSihHrWt/mxE0CZkEKojWbdeJoZMSBZwKNi56iWYxoUPSZ21DJQmZ7qTZXmN8bJQeDiJljgScqX87UhJqPQp9UxkSGOh5byL+57UTCC47KZdxAkzS6UNBIjBEeBIS7nHFKIiRIYQqbv6K6YAoQsFEWTQhuPMrL5JGpewafndeql7lcRTQITpCJ8hFF6iKblAN1RFFT+gFvaF369l6tT6sz2npkpX3HKAZWF+/mMie8A==</latexit><latexit sha1_base64="9RhpuQU18Y7yXVTfNFvv13Qe5z8=">AAACF3icbVC7TsMwFHV4lvIKMLJYVEgMUCUVEowVLGwURB9SU1WO67RWHSeyb5CqqH/Bwq+wMIAQK2z8DW6agbYcydLxOfde+x4/FlyD4/xYS8srq2vrhY3i5tb2zq69t9/QUaIoq9NIRKrlE80El6wOHARrxYqR0Bes6Q+vJ37zkSnNI/kAo5h1QtKXPOCUgJG6dtkTRPYFw7fdFM4qXi8CjWF8iu9n7thTWVnXLjllJwNeJG5OSihHrWt/mxE0CZkEKojWbdeJoZMSBZwKNi56iWYxoUPSZ21DJQmZ7qTZXmN8bJQeDiJljgScqX87UhJqPQp9UxkSGOh5byL+57UTCC47KZdxAkzS6UNBIjBEeBIS7nHFKIiRIYQqbv6K6YAoQsFEWTQhuPMrL5JGpewafndeql7lcRTQITpCJ8hFF6iKblAN1RFFT+gFvaF369l6tT6sz2npkpX3HKAZWF+/mMie8A==</latexit>

hÔt+1, R̂t+1i
<latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit>

Patches Masks Positions Prediction
(xt�2, yt�2)

(xt�1, yt�1)

(xt, yt)

Learned
Dynamics

I. Video Frame Parser

III. Question Parser

IV. Program Executor

II. Dynamics Predictor

Cube

Question

(xt�1, yt�1)p̂t+1
<latexit sha1_base64="+JuuEx55AQzIjMhNR1FBaIDL2nY=">AAAB9HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFsttt26WYTdyeFEvI7vHhQxKs/xpv/xm2bg7a+sPDwzgwz+waxFAZd99sprK1vbG4Vt0s7u3v7B+XDo6aJEs14g0Uy0u2AGi6F4g0UKHk71pyGgeStYHw3q7cmXBsRqUecxtwP6VCJgWAUreV3RxTTOOuleOFlvXLFrbpzkVXwcqhArnqv/NXtRywJuUImqTEdz43RT6lGwSTPSt3E8JiyMR3yjkVFQ278dH50Rs6s0yeDSNunkMzd3xMpDY2ZhoHtDCmOzHJtZv5X6yQ4uPFToeIEuWKLRYNEEozILAHSF5ozlFMLlGlhbyVsRDVlaHMq2RC85S+vQvOy6ll+uKrUbvM4inACp3AOHlxDDe6hDg1g8ATP8ApvzsR5cd6dj0VrwclnjuGPnM8f3NySJA==</latexit><latexit sha1_base64="+JuuEx55AQzIjMhNR1FBaIDL2nY=">AAAB9HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFsttt26WYTdyeFEvI7vHhQxKs/xpv/xm2bg7a+sPDwzgwz+waxFAZd99sprK1vbG4Vt0s7u3v7B+XDo6aJEs14g0Uy0u2AGi6F4g0UKHk71pyGgeStYHw3q7cmXBsRqUecxtwP6VCJgWAUreV3RxTTOOuleOFlvXLFrbpzkVXwcqhArnqv/NXtRywJuUImqTEdz43RT6lGwSTPSt3E8JiyMR3yjkVFQ278dH50Rs6s0yeDSNunkMzd3xMpDY2ZhoHtDCmOzHJtZv5X6yQ4uPFToeIEuWKLRYNEEozILAHSF5ozlFMLlGlhbyVsRDVlaHMq2RC85S+vQvOy6ll+uKrUbvM4inACp3AOHlxDDe6hDg1g8ATP8ApvzsR5cd6dj0VrwclnjuGPnM8f3NySJA==</latexit><latexit sha1_base64="+JuuEx55AQzIjMhNR1FBaIDL2nY=">AAAB9HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFsttt26WYTdyeFEvI7vHhQxKs/xpv/xm2bg7a+sPDwzgwz+waxFAZd99sprK1vbG4Vt0s7u3v7B+XDo6aJEs14g0Uy0u2AGi6F4g0UKHk71pyGgeStYHw3q7cmXBsRqUecxtwP6VCJgWAUreV3RxTTOOuleOFlvXLFrbpzkVXwcqhArnqv/NXtRywJuUImqTEdz43RT6lGwSTPSt3E8JiyMR3yjkVFQ278dH50Rs6s0yeDSNunkMzd3xMpDY2ZhoHtDCmOzHJtZv5X6yQ4uPFToeIEuWKLRYNEEozILAHSF5ozlFMLlGlhbyVsRDVlaHMq2RC85S+vQvOy6ll+uKrUbvM4inACp3AOHlxDDe6hDg1g8ATP8ApvzsR5cd6dj0VrwclnjuGPnM8f3NySJA==</latexit><latexit sha1_base64="+JuuEx55AQzIjMhNR1FBaIDL2nY=">AAAB9HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFsttt26WYTdyeFEvI7vHhQxKs/xpv/xm2bg7a+sPDwzgwz+waxFAZd99sprK1vbG4Vt0s7u3v7B+XDo6aJEs14g0Uy0u2AGi6F4g0UKHk71pyGgeStYHw3q7cmXBsRqUecxtwP6VCJgWAUreV3RxTTOOuleOFlvXLFrbpzkVXwcqhArnqv/NXtRywJuUImqTEdz43RT6lGwSTPSt3E8JiyMR3yjkVFQ278dH50Rs6s0yeDSNunkMzd3xMpDY2ZhoHtDCmOzHJtZv5X6yQ4uPFToeIEuWKLRYNEEozILAHSF5ozlFMLlGlhbyVsRDVlaHMq2RC85S+vQvOy6ll+uKrUbvM4inACp3AOHlxDDe6hDg1g8ATP8ApvzsR5cd6dj0VrwclnjuGPnM8f3NySJA==</latexit>

p̂t+1
<latexit sha1_base64="+JuuEx55AQzIjMhNR1FBaIDL2nY=">AAAB9HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFsttt26WYTdyeFEvI7vHhQxKs/xpv/xm2bg7a+sPDwzgwz+waxFAZd99sprK1vbG4Vt0s7u3v7B+XDo6aJEs14g0Uy0u2AGi6F4g0UKHk71pyGgeStYHw3q7cmXBsRqUecxtwP6VCJgWAUreV3RxTTOOuleOFlvXLFrbpzkVXwcqhArnqv/NXtRywJuUImqTEdz43RT6lGwSTPSt3E8JiyMR3yjkVFQ278dH50Rs6s0yeDSNunkMzd3xMpDY2ZhoHtDCmOzHJtZv5X6yQ4uPFToeIEuWKLRYNEEozILAHSF5ozlFMLlGlhbyVsRDVlaHMq2RC85S+vQvOy6ll+uKrUbvM4inACp3AOHlxDDe6hDg1g8ATP8ApvzsR5cd6dj0VrwclnjuGPnM8f3NySJA==</latexit><latexit sha1_base64="+JuuEx55AQzIjMhNR1FBaIDL2nY=">AAAB9HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFsttt26WYTdyeFEvI7vHhQxKs/xpv/xm2bg7a+sPDwzgwz+waxFAZd99sprK1vbG4Vt0s7u3v7B+XDo6aJEs14g0Uy0u2AGi6F4g0UKHk71pyGgeStYHw3q7cmXBsRqUecxtwP6VCJgWAUreV3RxTTOOuleOFlvXLFrbpzkVXwcqhArnqv/NXtRywJuUImqTEdz43RT6lGwSTPSt3E8JiyMR3yjkVFQ278dH50Rs6s0yeDSNunkMzd3xMpDY2ZhoHtDCmOzHJtZv5X6yQ4uPFToeIEuWKLRYNEEozILAHSF5ozlFMLlGlhbyVsRDVlaHMq2RC85S+vQvOy6ll+uKrUbvM4inACp3AOHlxDDe6hDg1g8ATP8ApvzsR5cd6dj0VrwclnjuGPnM8f3NySJA==</latexit><latexit sha1_base64="+JuuEx55AQzIjMhNR1FBaIDL2nY=">AAAB9HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFsttt26WYTdyeFEvI7vHhQxKs/xpv/xm2bg7a+sPDwzgwz+waxFAZd99sprK1vbG4Vt0s7u3v7B+XDo6aJEs14g0Uy0u2AGi6F4g0UKHk71pyGgeStYHw3q7cmXBsRqUecxtwP6VCJgWAUreV3RxTTOOuleOFlvXLFrbpzkVXwcqhArnqv/NXtRywJuUImqTEdz43RT6lGwSTPSt3E8JiyMR3yjkVFQ278dH50Rs6s0yeDSNunkMzd3xMpDY2ZhoHtDCmOzHJtZv5X6yQ4uPFToeIEuWKLRYNEEozILAHSF5ozlFMLlGlhbyVsRDVlaHMq2RC85S+vQvOy6ll+uKrUbvM4inACp3AOHlxDDe6hDg1g8ATP8ApvzsR5cd6dj0VrwclnjuGPnM8f3NySJA==</latexit><latexit sha1_base64="+JuuEx55AQzIjMhNR1FBaIDL2nY=">AAAB9HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFsttt26WYTdyeFEvI7vHhQxKs/xpv/xm2bg7a+sPDwzgwz+waxFAZd99sprK1vbG4Vt0s7u3v7B+XDo6aJEs14g0Uy0u2AGi6F4g0UKHk71pyGgeStYHw3q7cmXBsRqUecxtwP6VCJgWAUreV3RxTTOOuleOFlvXLFrbpzkVXwcqhArnqv/NXtRywJuUImqTEdz43RT6lGwSTPSt3E8JiyMR3yjkVFQ278dH50Rs6s0yeDSNunkMzd3xMpDY2ZhoHtDCmOzHJtZv5X6yQ4uPFToeIEuWKLRYNEEozILAHSF5ozlFMLlGlhbyVsRDVlaHMq2RC85S+vQvOy6ll+uKrUbvM4inACp3AOHlxDDe6hDg1g8ATP8ApvzsR5cd6dj0VrwclnjuGPnM8f3NySJA==</latexit>

hÔt+1, R̂t+1i
<latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit>

hÔt+1, R̂t+1i
<latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit>

Answer



Neuro-Symbolic Dynamics Reasoning (NS-DR)

What shape is the 
second object to collide 
with the gray object?
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<latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit>

Mask
R-CNN

hOt�2...t, Rt�2...ti
<latexit sha1_base64="9RhpuQU18Y7yXVTfNFvv13Qe5z8=">AAACF3icbVC7TsMwFHV4lvIKMLJYVEgMUCUVEowVLGwURB9SU1WO67RWHSeyb5CqqH/Bwq+wMIAQK2z8DW6agbYcydLxOfde+x4/FlyD4/xYS8srq2vrhY3i5tb2zq69t9/QUaIoq9NIRKrlE80El6wOHARrxYqR0Bes6Q+vJ37zkSnNI/kAo5h1QtKXPOCUgJG6dtkTRPYFw7fdFM4qXi8CjWF8iu9n7thTWVnXLjllJwNeJG5OSihHrWt/mxE0CZkEKojWbdeJoZMSBZwKNi56iWYxoUPSZ21DJQmZ7qTZXmN8bJQeDiJljgScqX87UhJqPQp9UxkSGOh5byL+57UTCC47KZdxAkzS6UNBIjBEeBIS7nHFKIiRIYQqbv6K6YAoQsFEWTQhuPMrL5JGpewafndeql7lcRTQITpCJ8hFF6iKblAN1RFFT+gFvaF369l6tT6sz2npkpX3HKAZWF+/mMie8A==</latexit><latexit sha1_base64="9RhpuQU18Y7yXVTfNFvv13Qe5z8=">AAACF3icbVC7TsMwFHV4lvIKMLJYVEgMUCUVEowVLGwURB9SU1WO67RWHSeyb5CqqH/Bwq+wMIAQK2z8DW6agbYcydLxOfde+x4/FlyD4/xYS8srq2vrhY3i5tb2zq69t9/QUaIoq9NIRKrlE80El6wOHARrxYqR0Bes6Q+vJ37zkSnNI/kAo5h1QtKXPOCUgJG6dtkTRPYFw7fdFM4qXi8CjWF8iu9n7thTWVnXLjllJwNeJG5OSihHrWt/mxE0CZkEKojWbdeJoZMSBZwKNi56iWYxoUPSZ21DJQmZ7qTZXmN8bJQeDiJljgScqX87UhJqPQp9UxkSGOh5byL+57UTCC47KZdxAkzS6UNBIjBEeBIS7nHFKIiRIYQqbv6K6YAoQsFEWTQhuPMrL5JGpewafndeql7lcRTQITpCJ8hFF6iKblAN1RFFT+gFvaF369l6tT6sz2npkpX3HKAZWF+/mMie8A==</latexit><latexit sha1_base64="9RhpuQU18Y7yXVTfNFvv13Qe5z8=">AAACF3icbVC7TsMwFHV4lvIKMLJYVEgMUCUVEowVLGwURB9SU1WO67RWHSeyb5CqqH/Bwq+wMIAQK2z8DW6agbYcydLxOfde+x4/FlyD4/xYS8srq2vrhY3i5tb2zq69t9/QUaIoq9NIRKrlE80El6wOHARrxYqR0Bes6Q+vJ37zkSnNI/kAo5h1QtKXPOCUgJG6dtkTRPYFw7fdFM4qXi8CjWF8iu9n7thTWVnXLjllJwNeJG5OSihHrWt/mxE0CZkEKojWbdeJoZMSBZwKNi56iWYxoUPSZ21DJQmZ7qTZXmN8bJQeDiJljgScqX87UhJqPQp9UxkSGOh5byL+57UTCC47KZdxAkzS6UNBIjBEeBIS7nHFKIiRIYQqbv6K6YAoQsFEWTQhuPMrL5JGpewafndeql7lcRTQITpCJ8hFF6iKblAN1RFFT+gFvaF369l6tT6sz2npkpX3HKAZWF+/mMie8A==</latexit><latexit sha1_base64="9RhpuQU18Y7yXVTfNFvv13Qe5z8=">AAACF3icbVC7TsMwFHV4lvIKMLJYVEgMUCUVEowVLGwURB9SU1WO67RWHSeyb5CqqH/Bwq+wMIAQK2z8DW6agbYcydLxOfde+x4/FlyD4/xYS8srq2vrhY3i5tb2zq69t9/QUaIoq9NIRKrlE80El6wOHARrxYqR0Bes6Q+vJ37zkSnNI/kAo5h1QtKXPOCUgJG6dtkTRPYFw7fdFM4qXi8CjWF8iu9n7thTWVnXLjllJwNeJG5OSihHrWt/mxE0CZkEKojWbdeJoZMSBZwKNi56iWYxoUPSZ21DJQmZ7qTZXmN8bJQeDiJljgScqX87UhJqPQp9UxkSGOh5byL+57UTCC47KZdxAkzS6UNBIjBEeBIS7nHFKIiRIYQqbv6K6YAoQsFEWTQhuPMrL5JGpewafndeql7lcRTQITpCJ8hFF6iKblAN1RFFT+gFvaF369l6tT6sz2npkpX3HKAZWF+/mMie8A==</latexit>

hÔt+1, R̂t+1i
<latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit>

Patches Masks Positions Prediction
(xt�2, yt�2)

(xt�1, yt�1)

(xt, yt)

Learned
Dynamics

I. Video Frame Parser

III. Question Parser

IV. Program Executor

II. Dynamics Predictor

Cube

Question

(xt�1, yt�1)p̂t+1
<latexit sha1_base64="+JuuEx55AQzIjMhNR1FBaIDL2nY=">AAAB9HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFsttt26WYTdyeFEvI7vHhQxKs/xpv/xm2bg7a+sPDwzgwz+waxFAZd99sprK1vbG4Vt0s7u3v7B+XDo6aJEs14g0Uy0u2AGi6F4g0UKHk71pyGgeStYHw3q7cmXBsRqUecxtwP6VCJgWAUreV3RxTTOOuleOFlvXLFrbpzkVXwcqhArnqv/NXtRywJuUImqTEdz43RT6lGwSTPSt3E8JiyMR3yjkVFQ278dH50Rs6s0yeDSNunkMzd3xMpDY2ZhoHtDCmOzHJtZv5X6yQ4uPFToeIEuWKLRYNEEozILAHSF5ozlFMLlGlhbyVsRDVlaHMq2RC85S+vQvOy6ll+uKrUbvM4inACp3AOHlxDDe6hDg1g8ATP8ApvzsR5cd6dj0VrwclnjuGPnM8f3NySJA==</latexit><latexit sha1_base64="+JuuEx55AQzIjMhNR1FBaIDL2nY=">AAAB9HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFsttt26WYTdyeFEvI7vHhQxKs/xpv/xm2bg7a+sPDwzgwz+waxFAZd99sprK1vbG4Vt0s7u3v7B+XDo6aJEs14g0Uy0u2AGi6F4g0UKHk71pyGgeStYHw3q7cmXBsRqUecxtwP6VCJgWAUreV3RxTTOOuleOFlvXLFrbpzkVXwcqhArnqv/NXtRywJuUImqTEdz43RT6lGwSTPSt3E8JiyMR3yjkVFQ278dH50Rs6s0yeDSNunkMzd3xMpDY2ZhoHtDCmOzHJtZv5X6yQ4uPFToeIEuWKLRYNEEozILAHSF5ozlFMLlGlhbyVsRDVlaHMq2RC85S+vQvOy6ll+uKrUbvM4inACp3AOHlxDDe6hDg1g8ATP8ApvzsR5cd6dj0VrwclnjuGPnM8f3NySJA==</latexit><latexit sha1_base64="+JuuEx55AQzIjMhNR1FBaIDL2nY=">AAAB9HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFsttt26WYTdyeFEvI7vHhQxKs/xpv/xm2bg7a+sPDwzgwz+waxFAZd99sprK1vbG4Vt0s7u3v7B+XDo6aJEs14g0Uy0u2AGi6F4g0UKHk71pyGgeStYHw3q7cmXBsRqUecxtwP6VCJgWAUreV3RxTTOOuleOFlvXLFrbpzkVXwcqhArnqv/NXtRywJuUImqTEdz43RT6lGwSTPSt3E8JiyMR3yjkVFQ278dH50Rs6s0yeDSNunkMzd3xMpDY2ZhoHtDCmOzHJtZv5X6yQ4uPFToeIEuWKLRYNEEozILAHSF5ozlFMLlGlhbyVsRDVlaHMq2RC85S+vQvOy6ll+uKrUbvM4inACp3AOHlxDDe6hDg1g8ATP8ApvzsR5cd6dj0VrwclnjuGPnM8f3NySJA==</latexit><latexit sha1_base64="+JuuEx55AQzIjMhNR1FBaIDL2nY=">AAAB9HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFsttt26WYTdyeFEvI7vHhQxKs/xpv/xm2bg7a+sPDwzgwz+waxFAZd99sprK1vbG4Vt0s7u3v7B+XDo6aJEs14g0Uy0u2AGi6F4g0UKHk71pyGgeStYHw3q7cmXBsRqUecxtwP6VCJgWAUreV3RxTTOOuleOFlvXLFrbpzkVXwcqhArnqv/NXtRywJuUImqTEdz43RT6lGwSTPSt3E8JiyMR3yjkVFQ278dH50Rs6s0yeDSNunkMzd3xMpDY2ZhoHtDCmOzHJtZv5X6yQ4uPFToeIEuWKLRYNEEozILAHSF5ozlFMLlGlhbyVsRDVlaHMq2RC85S+vQvOy6ll+uKrUbvM4inACp3AOHlxDDe6hDg1g8ATP8ApvzsR5cd6dj0VrwclnjuGPnM8f3NySJA==</latexit>

p̂t+1
<latexit sha1_base64="+JuuEx55AQzIjMhNR1FBaIDL2nY=">AAAB9HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFsttt26WYTdyeFEvI7vHhQxKs/xpv/xm2bg7a+sPDwzgwz+waxFAZd99sprK1vbG4Vt0s7u3v7B+XDo6aJEs14g0Uy0u2AGi6F4g0UKHk71pyGgeStYHw3q7cmXBsRqUecxtwP6VCJgWAUreV3RxTTOOuleOFlvXLFrbpzkVXwcqhArnqv/NXtRywJuUImqTEdz43RT6lGwSTPSt3E8JiyMR3yjkVFQ278dH50Rs6s0yeDSNunkMzd3xMpDY2ZhoHtDCmOzHJtZv5X6yQ4uPFToeIEuWKLRYNEEozILAHSF5ozlFMLlGlhbyVsRDVlaHMq2RC85S+vQvOy6ll+uKrUbvM4inACp3AOHlxDDe6hDg1g8ATP8ApvzsR5cd6dj0VrwclnjuGPnM8f3NySJA==</latexit><latexit sha1_base64="+JuuEx55AQzIjMhNR1FBaIDL2nY=">AAAB9HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFsttt26WYTdyeFEvI7vHhQxKs/xpv/xm2bg7a+sPDwzgwz+waxFAZd99sprK1vbG4Vt0s7u3v7B+XDo6aJEs14g0Uy0u2AGi6F4g0UKHk71pyGgeStYHw3q7cmXBsRqUecxtwP6VCJgWAUreV3RxTTOOuleOFlvXLFrbpzkVXwcqhArnqv/NXtRywJuUImqTEdz43RT6lGwSTPSt3E8JiyMR3yjkVFQ278dH50Rs6s0yeDSNunkMzd3xMpDY2ZhoHtDCmOzHJtZv5X6yQ4uPFToeIEuWKLRYNEEozILAHSF5ozlFMLlGlhbyVsRDVlaHMq2RC85S+vQvOy6ll+uKrUbvM4inACp3AOHlxDDe6hDg1g8ATP8ApvzsR5cd6dj0VrwclnjuGPnM8f3NySJA==</latexit><latexit sha1_base64="+JuuEx55AQzIjMhNR1FBaIDL2nY=">AAAB9HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFsttt26WYTdyeFEvI7vHhQxKs/xpv/xm2bg7a+sPDwzgwz+waxFAZd99sprK1vbG4Vt0s7u3v7B+XDo6aJEs14g0Uy0u2AGi6F4g0UKHk71pyGgeStYHw3q7cmXBsRqUecxtwP6VCJgWAUreV3RxTTOOuleOFlvXLFrbpzkVXwcqhArnqv/NXtRywJuUImqTEdz43RT6lGwSTPSt3E8JiyMR3yjkVFQ278dH50Rs6s0yeDSNunkMzd3xMpDY2ZhoHtDCmOzHJtZv5X6yQ4uPFToeIEuWKLRYNEEozILAHSF5ozlFMLlGlhbyVsRDVlaHMq2RC85S+vQvOy6ll+uKrUbvM4inACp3AOHlxDDe6hDg1g8ATP8ApvzsR5cd6dj0VrwclnjuGPnM8f3NySJA==</latexit><latexit sha1_base64="+JuuEx55AQzIjMhNR1FBaIDL2nY=">AAAB9HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFsttt26WYTdyeFEvI7vHhQxKs/xpv/xm2bg7a+sPDwzgwz+waxFAZd99sprK1vbG4Vt0s7u3v7B+XDo6aJEs14g0Uy0u2AGi6F4g0UKHk71pyGgeStYHw3q7cmXBsRqUecxtwP6VCJgWAUreV3RxTTOOuleOFlvXLFrbpzkVXwcqhArnqv/NXtRywJuUImqTEdz43RT6lGwSTPSt3E8JiyMR3yjkVFQ278dH50Rs6s0yeDSNunkMzd3xMpDY2ZhoHtDCmOzHJtZv5X6yQ4uPFToeIEuWKLRYNEEozILAHSF5ozlFMLlGlhbyVsRDVlaHMq2RC85S+vQvOy6ll+uKrUbvM4inACp3AOHlxDDe6hDg1g8ATP8ApvzsR5cd6dj0VrwclnjuGPnM8f3NySJA==</latexit>

hÔt+1, R̂t+1i
<latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit>

hÔt+1, R̂t+1i
<latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit>

Answer



Neuro-Symbolic Dynamics Reasoning (NS-DR)

What shape is the 
second object to collide 
with the gray object?

Video

LSTM
Encoder

LSTM

LSTM

LSTM

Objects

Filter_color
(gray)
...

Query_shape
..
.

<latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit>

Mask
R-CNN

hOt�2...t, Rt�2...ti
<latexit sha1_base64="9RhpuQU18Y7yXVTfNFvv13Qe5z8=">AAACF3icbVC7TsMwFHV4lvIKMLJYVEgMUCUVEowVLGwURB9SU1WO67RWHSeyb5CqqH/Bwq+wMIAQK2z8DW6agbYcydLxOfde+x4/FlyD4/xYS8srq2vrhY3i5tb2zq69t9/QUaIoq9NIRKrlE80El6wOHARrxYqR0Bes6Q+vJ37zkSnNI/kAo5h1QtKXPOCUgJG6dtkTRPYFw7fdFM4qXi8CjWF8iu9n7thTWVnXLjllJwNeJG5OSihHrWt/mxE0CZkEKojWbdeJoZMSBZwKNi56iWYxoUPSZ21DJQmZ7qTZXmN8bJQeDiJljgScqX87UhJqPQp9UxkSGOh5byL+57UTCC47KZdxAkzS6UNBIjBEeBIS7nHFKIiRIYQqbv6K6YAoQsFEWTQhuPMrL5JGpewafndeql7lcRTQITpCJ8hFF6iKblAN1RFFT+gFvaF369l6tT6sz2npkpX3HKAZWF+/mMie8A==</latexit><latexit sha1_base64="9RhpuQU18Y7yXVTfNFvv13Qe5z8=">AAACF3icbVC7TsMwFHV4lvIKMLJYVEgMUCUVEowVLGwURB9SU1WO67RWHSeyb5CqqH/Bwq+wMIAQK2z8DW6agbYcydLxOfde+x4/FlyD4/xYS8srq2vrhY3i5tb2zq69t9/QUaIoq9NIRKrlE80El6wOHARrxYqR0Bes6Q+vJ37zkSnNI/kAo5h1QtKXPOCUgJG6dtkTRPYFw7fdFM4qXi8CjWF8iu9n7thTWVnXLjllJwNeJG5OSihHrWt/mxE0CZkEKojWbdeJoZMSBZwKNi56iWYxoUPSZ21DJQmZ7qTZXmN8bJQeDiJljgScqX87UhJqPQp9UxkSGOh5byL+57UTCC47KZdxAkzS6UNBIjBEeBIS7nHFKIiRIYQqbv6K6YAoQsFEWTQhuPMrL5JGpewafndeql7lcRTQITpCJ8hFF6iKblAN1RFFT+gFvaF369l6tT6sz2npkpX3HKAZWF+/mMie8A==</latexit><latexit sha1_base64="9RhpuQU18Y7yXVTfNFvv13Qe5z8=">AAACF3icbVC7TsMwFHV4lvIKMLJYVEgMUCUVEowVLGwURB9SU1WO67RWHSeyb5CqqH/Bwq+wMIAQK2z8DW6agbYcydLxOfde+x4/FlyD4/xYS8srq2vrhY3i5tb2zq69t9/QUaIoq9NIRKrlE80El6wOHARrxYqR0Bes6Q+vJ37zkSnNI/kAo5h1QtKXPOCUgJG6dtkTRPYFw7fdFM4qXi8CjWF8iu9n7thTWVnXLjllJwNeJG5OSihHrWt/mxE0CZkEKojWbdeJoZMSBZwKNi56iWYxoUPSZ21DJQmZ7qTZXmN8bJQeDiJljgScqX87UhJqPQp9UxkSGOh5byL+57UTCC47KZdxAkzS6UNBIjBEeBIS7nHFKIiRIYQqbv6K6YAoQsFEWTQhuPMrL5JGpewafndeql7lcRTQITpCJ8hFF6iKblAN1RFFT+gFvaF369l6tT6sz2npkpX3HKAZWF+/mMie8A==</latexit><latexit sha1_base64="9RhpuQU18Y7yXVTfNFvv13Qe5z8=">AAACF3icbVC7TsMwFHV4lvIKMLJYVEgMUCUVEowVLGwURB9SU1WO67RWHSeyb5CqqH/Bwq+wMIAQK2z8DW6agbYcydLxOfde+x4/FlyD4/xYS8srq2vrhY3i5tb2zq69t9/QUaIoq9NIRKrlE80El6wOHARrxYqR0Bes6Q+vJ37zkSnNI/kAo5h1QtKXPOCUgJG6dtkTRPYFw7fdFM4qXi8CjWF8iu9n7thTWVnXLjllJwNeJG5OSihHrWt/mxE0CZkEKojWbdeJoZMSBZwKNi56iWYxoUPSZ21DJQmZ7qTZXmN8bJQeDiJljgScqX87UhJqPQp9UxkSGOh5byL+57UTCC47KZdxAkzS6UNBIjBEeBIS7nHFKIiRIYQqbv6K6YAoQsFEWTQhuPMrL5JGpewafndeql7lcRTQITpCJ8hFF6iKblAN1RFFT+gFvaF369l6tT6sz2npkpX3HKAZWF+/mMie8A==</latexit>

hÔt+1, R̂t+1i
<latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit>

Patches Masks Positions Prediction
(xt�2, yt�2)

(xt�1, yt�1)

(xt, yt)

Learned
Dynamics

I. Video Frame Parser

III. Question Parser

IV. Program Executor

II. Dynamics Predictor

Cube

Question

(xt�1, yt�1)p̂t+1
<latexit sha1_base64="+JuuEx55AQzIjMhNR1FBaIDL2nY=">AAAB9HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFsttt26WYTdyeFEvI7vHhQxKs/xpv/xm2bg7a+sPDwzgwz+waxFAZd99sprK1vbG4Vt0s7u3v7B+XDo6aJEs14g0Uy0u2AGi6F4g0UKHk71pyGgeStYHw3q7cmXBsRqUecxtwP6VCJgWAUreV3RxTTOOuleOFlvXLFrbpzkVXwcqhArnqv/NXtRywJuUImqTEdz43RT6lGwSTPSt3E8JiyMR3yjkVFQ278dH50Rs6s0yeDSNunkMzd3xMpDY2ZhoHtDCmOzHJtZv5X6yQ4uPFToeIEuWKLRYNEEozILAHSF5ozlFMLlGlhbyVsRDVlaHMq2RC85S+vQvOy6ll+uKrUbvM4inACp3AOHlxDDe6hDg1g8ATP8ApvzsR5cd6dj0VrwclnjuGPnM8f3NySJA==</latexit><latexit sha1_base64="+JuuEx55AQzIjMhNR1FBaIDL2nY=">AAAB9HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFsttt26WYTdyeFEvI7vHhQxKs/xpv/xm2bg7a+sPDwzgwz+waxFAZd99sprK1vbG4Vt0s7u3v7B+XDo6aJEs14g0Uy0u2AGi6F4g0UKHk71pyGgeStYHw3q7cmXBsRqUecxtwP6VCJgWAUreV3RxTTOOuleOFlvXLFrbpzkVXwcqhArnqv/NXtRywJuUImqTEdz43RT6lGwSTPSt3E8JiyMR3yjkVFQ278dH50Rs6s0yeDSNunkMzd3xMpDY2ZhoHtDCmOzHJtZv5X6yQ4uPFToeIEuWKLRYNEEozILAHSF5ozlFMLlGlhbyVsRDVlaHMq2RC85S+vQvOy6ll+uKrUbvM4inACp3AOHlxDDe6hDg1g8ATP8ApvzsR5cd6dj0VrwclnjuGPnM8f3NySJA==</latexit><latexit sha1_base64="+JuuEx55AQzIjMhNR1FBaIDL2nY=">AAAB9HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFsttt26WYTdyeFEvI7vHhQxKs/xpv/xm2bg7a+sPDwzgwz+waxFAZd99sprK1vbG4Vt0s7u3v7B+XDo6aJEs14g0Uy0u2AGi6F4g0UKHk71pyGgeStYHw3q7cmXBsRqUecxtwP6VCJgWAUreV3RxTTOOuleOFlvXLFrbpzkVXwcqhArnqv/NXtRywJuUImqTEdz43RT6lGwSTPSt3E8JiyMR3yjkVFQ278dH50Rs6s0yeDSNunkMzd3xMpDY2ZhoHtDCmOzHJtZv5X6yQ4uPFToeIEuWKLRYNEEozILAHSF5ozlFMLlGlhbyVsRDVlaHMq2RC85S+vQvOy6ll+uKrUbvM4inACp3AOHlxDDe6hDg1g8ATP8ApvzsR5cd6dj0VrwclnjuGPnM8f3NySJA==</latexit><latexit sha1_base64="+JuuEx55AQzIjMhNR1FBaIDL2nY=">AAAB9HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFsttt26WYTdyeFEvI7vHhQxKs/xpv/xm2bg7a+sPDwzgwz+waxFAZd99sprK1vbG4Vt0s7u3v7B+XDo6aJEs14g0Uy0u2AGi6F4g0UKHk71pyGgeStYHw3q7cmXBsRqUecxtwP6VCJgWAUreV3RxTTOOuleOFlvXLFrbpzkVXwcqhArnqv/NXtRywJuUImqTEdz43RT6lGwSTPSt3E8JiyMR3yjkVFQ278dH50Rs6s0yeDSNunkMzd3xMpDY2ZhoHtDCmOzHJtZv5X6yQ4uPFToeIEuWKLRYNEEozILAHSF5ozlFMLlGlhbyVsRDVlaHMq2RC85S+vQvOy6ll+uKrUbvM4inACp3AOHlxDDe6hDg1g8ATP8ApvzsR5cd6dj0VrwclnjuGPnM8f3NySJA==</latexit>

p̂t+1
<latexit sha1_base64="+JuuEx55AQzIjMhNR1FBaIDL2nY=">AAAB9HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFsttt26WYTdyeFEvI7vHhQxKs/xpv/xm2bg7a+sPDwzgwz+waxFAZd99sprK1vbG4Vt0s7u3v7B+XDo6aJEs14g0Uy0u2AGi6F4g0UKHk71pyGgeStYHw3q7cmXBsRqUecxtwP6VCJgWAUreV3RxTTOOuleOFlvXLFrbpzkVXwcqhArnqv/NXtRywJuUImqTEdz43RT6lGwSTPSt3E8JiyMR3yjkVFQ278dH50Rs6s0yeDSNunkMzd3xMpDY2ZhoHtDCmOzHJtZv5X6yQ4uPFToeIEuWKLRYNEEozILAHSF5ozlFMLlGlhbyVsRDVlaHMq2RC85S+vQvOy6ll+uKrUbvM4inACp3AOHlxDDe6hDg1g8ATP8ApvzsR5cd6dj0VrwclnjuGPnM8f3NySJA==</latexit><latexit sha1_base64="+JuuEx55AQzIjMhNR1FBaIDL2nY=">AAAB9HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFsttt26WYTdyeFEvI7vHhQxKs/xpv/xm2bg7a+sPDwzgwz+waxFAZd99sprK1vbG4Vt0s7u3v7B+XDo6aJEs14g0Uy0u2AGi6F4g0UKHk71pyGgeStYHw3q7cmXBsRqUecxtwP6VCJgWAUreV3RxTTOOuleOFlvXLFrbpzkVXwcqhArnqv/NXtRywJuUImqTEdz43RT6lGwSTPSt3E8JiyMR3yjkVFQ278dH50Rs6s0yeDSNunkMzd3xMpDY2ZhoHtDCmOzHJtZv5X6yQ4uPFToeIEuWKLRYNEEozILAHSF5ozlFMLlGlhbyVsRDVlaHMq2RC85S+vQvOy6ll+uKrUbvM4inACp3AOHlxDDe6hDg1g8ATP8ApvzsR5cd6dj0VrwclnjuGPnM8f3NySJA==</latexit><latexit sha1_base64="+JuuEx55AQzIjMhNR1FBaIDL2nY=">AAAB9HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFsttt26WYTdyeFEvI7vHhQxKs/xpv/xm2bg7a+sPDwzgwz+waxFAZd99sprK1vbG4Vt0s7u3v7B+XDo6aJEs14g0Uy0u2AGi6F4g0UKHk71pyGgeStYHw3q7cmXBsRqUecxtwP6VCJgWAUreV3RxTTOOuleOFlvXLFrbpzkVXwcqhArnqv/NXtRywJuUImqTEdz43RT6lGwSTPSt3E8JiyMR3yjkVFQ278dH50Rs6s0yeDSNunkMzd3xMpDY2ZhoHtDCmOzHJtZv5X6yQ4uPFToeIEuWKLRYNEEozILAHSF5ozlFMLlGlhbyVsRDVlaHMq2RC85S+vQvOy6ll+uKrUbvM4inACp3AOHlxDDe6hDg1g8ATP8ApvzsR5cd6dj0VrwclnjuGPnM8f3NySJA==</latexit><latexit sha1_base64="+JuuEx55AQzIjMhNR1FBaIDL2nY=">AAAB9HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFsttt26WYTdyeFEvI7vHhQxKs/xpv/xm2bg7a+sPDwzgwz+waxFAZd99sprK1vbG4Vt0s7u3v7B+XDo6aJEs14g0Uy0u2AGi6F4g0UKHk71pyGgeStYHw3q7cmXBsRqUecxtwP6VCJgWAUreV3RxTTOOuleOFlvXLFrbpzkVXwcqhArnqv/NXtRywJuUImqTEdz43RT6lGwSTPSt3E8JiyMR3yjkVFQ278dH50Rs6s0yeDSNunkMzd3xMpDY2ZhoHtDCmOzHJtZv5X6yQ4uPFToeIEuWKLRYNEEozILAHSF5ozlFMLlGlhbyVsRDVlaHMq2RC85S+vQvOy6ll+uKrUbvM4inACp3AOHlxDDe6hDg1g8ATP8ApvzsR5cd6dj0VrwclnjuGPnM8f3NySJA==</latexit>

hÔt+1, R̂t+1i
<latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit>

hÔt+1, R̂t+1i
<latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit><latexit sha1_base64="f2fqXaUz0A3xaiJy7q2K5ILvWN0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQLCURQZdFN+6sYh/QhDCZTtuhk0mYuRFK6E+48VfcuFDEreDOv3HaZqGtBwbOPede7twTJoJrcJxvq7C0vLK6VlwvbWxube/Yu3tNHaeKsgaNRazaIdFMcMkawEGwdqIYiULBWuHwauK3HpjSPJb3MEqYH5G+5D1OCRgpsCueILIvGPYGBLKbcZDBiTuuzMq7vMSemjYFdtmpOlPgReLmpIxy1AP7y+vGNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOoZJETPvZ9KoxPjJKF/diZZ4EPFV/T2Qk0noUhaYzIjDQ895E/M/rpNC78DMukxSYpLNFvVRgiPEkItzlilEQI0MIVdz8FdMBUYSCCbJkQnDnT14kzdOqa/jtWbl2mcdRRAfoEB0jF52jGrpGddRAFD2iZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gDoPp6k</latexit>
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<latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit>

Mask
R-CNN

hOt�2...t, Rt�2...ti
<latexit sha1_base64="9RhpuQU18Y7yXVTfNFvv13Qe5z8=">AAACF3icbVC7TsMwFHV4lvIKMLJYVEgMUCUVEowVLGwURB9SU1WO67RWHSeyb5CqqH/Bwq+wMIAQK2z8DW6agbYcydLxOfde+x4/FlyD4/xYS8srq2vrhY3i5tb2zq69t9/QUaIoq9NIRKrlE80El6wOHARrxYqR0Bes6Q+vJ37zkSnNI/kAo5h1QtKXPOCUgJG6dtkTRPYFw7fdFM4qXi8CjWF8iu9n7thTWVnXLjllJwNeJG5OSihHrWt/mxE0CZkEKojWbdeJoZMSBZwKNi56iWYxoUPSZ21DJQmZ7qTZXmN8bJQeDiJljgScqX87UhJqPQp9UxkSGOh5byL+57UTCC47KZdxAkzS6UNBIjBEeBIS7nHFKIiRIYQqbv6K6YAoQsFEWTQhuPMrL5JGpewafndeql7lcRTQITpCJ8hFF6iKblAN1RFFT+gFvaF369l6tT6sz2npkpX3HKAZWF+/mMie8A==</latexit><latexit sha1_base64="9RhpuQU18Y7yXVTfNFvv13Qe5z8=">AAACF3icbVC7TsMwFHV4lvIKMLJYVEgMUCUVEowVLGwURB9SU1WO67RWHSeyb5CqqH/Bwq+wMIAQK2z8DW6agbYcydLxOfde+x4/FlyD4/xYS8srq2vrhY3i5tb2zq69t9/QUaIoq9NIRKrlE80El6wOHARrxYqR0Bes6Q+vJ37zkSnNI/kAo5h1QtKXPOCUgJG6dtkTRPYFw7fdFM4qXi8CjWF8iu9n7thTWVnXLjllJwNeJG5OSihHrWt/mxE0CZkEKojWbdeJoZMSBZwKNi56iWYxoUPSZ21DJQmZ7qTZXmN8bJQeDiJljgScqX87UhJqPQp9UxkSGOh5byL+57UTCC47KZdxAkzS6UNBIjBEeBIS7nHFKIiRIYQqbv6K6YAoQsFEWTQhuPMrL5JGpewafndeql7lcRTQITpCJ8hFF6iKblAN1RFFT+gFvaF369l6tT6sz2npkpX3HKAZWF+/mMie8A==</latexit><latexit sha1_base64="9RhpuQU18Y7yXVTfNFvv13Qe5z8=">AAACF3icbVC7TsMwFHV4lvIKMLJYVEgMUCUVEowVLGwURB9SU1WO67RWHSeyb5CqqH/Bwq+wMIAQK2z8DW6agbYcydLxOfde+x4/FlyD4/xYS8srq2vrhY3i5tb2zq69t9/QUaIoq9NIRKrlE80El6wOHARrxYqR0Bes6Q+vJ37zkSnNI/kAo5h1QtKXPOCUgJG6dtkTRPYFw7fdFM4qXi8CjWF8iu9n7thTWVnXLjllJwNeJG5OSihHrWt/mxE0CZkEKojWbdeJoZMSBZwKNi56iWYxoUPSZ21DJQmZ7qTZXmN8bJQeDiJljgScqX87UhJqPQp9UxkSGOh5byL+57UTCC47KZdxAkzS6UNBIjBEeBIS7nHFKIiRIYQqbv6K6YAoQsFEWTQhuPMrL5JGpewafndeql7lcRTQITpCJ8hFF6iKblAN1RFFT+gFvaF369l6tT6sz2npkpX3HKAZWF+/mMie8A==</latexit><latexit sha1_base64="9RhpuQU18Y7yXVTfNFvv13Qe5z8=">AAACF3icbVC7TsMwFHV4lvIKMLJYVEgMUCUVEowVLGwURB9SU1WO67RWHSeyb5CqqH/Bwq+wMIAQK2z8DW6agbYcydLxOfde+x4/FlyD4/xYS8srq2vrhY3i5tb2zq69t9/QUaIoq9NIRKrlE80El6wOHARrxYqR0Bes6Q+vJ37zkSnNI/kAo5h1QtKXPOCUgJG6dtkTRPYFw7fdFM4qXi8CjWF8iu9n7thTWVnXLjllJwNeJG5OSihHrWt/mxE0CZkEKojWbdeJoZMSBZwKNi56iWYxoUPSZ21DJQmZ7qTZXmN8bJQeDiJljgScqX87UhJqPQp9UxkSGOh5byL+57UTCC47KZdxAkzS6UNBIjBEeBIS7nHFKIiRIYQqbv6K6YAoQsFEWTQhuPMrL5JGpewafndeql7lcRTQITpCJ8hFF6iKblAN1RFFT+gFvaF369l6tT6sz2npkpX3HKAZWF+/mMie8A==</latexit>

hÔt+1, R̂t+1i
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(xt�2, yt�2)

(xt�1, yt�1)
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Learned
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I. Video Frame Parser

III. Question Parser

IV. Program Executor

II. Dynamics Predictor

Cube
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hÔt+1, R̂t+1i
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Example: Counterfactual Dynamics Rollout



Example: Counterfactual Dynamics Rollout

• (Remove cyan cylinder)

Dynamics predictor output



Dynamics predictor output

• (Remove cyan cylinder)

Type: Collision
Frame: 75
Objects: Red rubber sphere vs. Gray metal cylinder

Counterfactual events:

Example: Counterfactual Dynamics Rollout



Dynamics predictor output

• (Remove cyan cylinder)

Type: Collision
Frame: 75
Objects: Red rubber sphere vs. Gray metal cylinder

Counterfactual events:

Example: Counterfactual Dynamics Rollout



Choice: The red rubber sphere 
collides with the metal cylinder

Question: What will happen 
without the cyan cylinder?

Dynamics predictor output

• (Remove cyan cylinder)

Type: Collision
Frame: 75
Objects: Red rubber sphere vs. Gray metal cylinder

Counterfactual events:

Example: Counterfactual Dynamics Rollout



Question: What will happen 
without the cyan cylinder?

Answer: Yes

Dynamics predictor output

Choice: The red rubber sphere 
collides with the metal cylinder

• (Remove cyan cylinder)

Type: Collision
Frame: 75
Objects: Red rubber sphere vs. Gray metal cylinder

Counterfactual events:

Example: Counterfactual Dynamics Rollout
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[Lei et al. EMNLP 2018]
[Hudson et al. ICLR 2019]
*: Extra Supervision



Take home message 1
• CLEVRER: video dataset for diagnostic temporal and causal reasoning

• Descriptive: “How many…?”, “What color…?”, “Is there…?”
• Explanatory: “What is responsible for…?”
• Predictive: “What will happen…?”
• Counterfactual: “What if…?”

• Neuro-Symbolic Dynamics Reasoning (NS-DR)
• Dynamics modeling on video state
• Object-centric representation
• Symbolic program execution 

• Download
• http://clevrer.csail.mit.edu
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Task: visual sound separation

Mixed sound

Given a music performance video…



…we aim to separate two sounds played by different instruments.

Mixed sound

Network

Separated sound

Task: visual sound separation



Challenges

Ø Most existing methods use raw pixel or optical flow as input.

The Sound of Motions. ICCV 2019The Sound of Pixels. ECCV 2018



Challenges

Ø Most existing methods use raw pixel or optical flow as input.

Network

Ø Problem: limited to separate multiple instruments of the same types.



Challenges

Ø Most existing methods use raw pixel or optical flow as input.

Network

Ø We propose ``Music Gesture," a keypoint-based structured representation to
explicitly model the body and finger movements of musicians.

Ø Problem: limited to separate multiple instruments of the same types.



Our method

Video Frames Appearance network

We first encode video frames by using ResNet-50.



Our method

Video Frames Appearance network KeypointsGraph CNN

We also encode human keypoints by using graph CNN.



Our method

Video Analysis Network

𝑁×𝑇×𝐷!𝐷"×1

𝑁×𝑇×(𝐷! + 𝐷")

Video Frames Appearance network KeypointsGraph CNN

We combine the appearance and keypoints features as visual information.



Our method

Visual-Audio Separation Network

Mixture Spectrogram Spectrogram Mask

Mixed Waveform

Audio Output

𝐷#×𝐹×T

Audio-Visual
Fusion

We use the visual information to guide the networks to separate sounds.

𝑁×𝑇×(𝐷! + 𝐷")

Video Analysis Network

𝑁×𝑇×𝐷!𝐷"×1

𝑁×𝑇×(𝐷! + 𝐷")

Video Frames Appearance network KeypointsGraph CNN



Visual sound separation results
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Previous method
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Mixed sound

Separated
sound1

Separated
sound2

Our method



Multiple instruments



Mixed sound

Separated sound1

Separated sound2



Mixed sound

Separated sound4

Separated sound3



Mixed sound

Separated sound1

Separated sound2



Mixed sound

Separated sound3

Separated sound4



The sound of body parts



Mixed sound

Separated
sound1

Separated
sound2



Thank you for your attention!


