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Neural networks fail to generalize
Impression:
Mild left costophrenic blunting, 
basilar pleural effusion, 
increased left suprahilar opacity, 
differential diagnosis includes 
increased volume loss and 
apical pleural fluid. Right 
costophrenic, right lung free of 
focal consolidation.

MTI Tags: Degenerative 
changes

Mri manufacturer shift and adaptation: increasing the generalizability of deep learning segmentation for mr images acquired with different scanners. 
Yan, W. et al. 2020. Radiology: Artificial Intelligence
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Finetuning can solve the problem

<latexit sha1_base64="lrAFVGHKr0HhHW1SCs46olBwlKo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6Dx91r1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbqhJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTsiF4iy8vk+ZZ1buont+dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AFVtY3Y</latexit>

fs

MIMIC-CXR

Pneumothorax

Stanford-CXR

Pneumothorax<latexit sha1_base64="haCB9UJ4mQhUj5h0WSnjHQNBeo8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTSffiIvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPIzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBXOY3Z</latexit>

f t

Finetune

Transfer learning

Best practices for fine-tuning visual classifiers to new domains. In: Computer Vision. Chu et al. 2016. ECCV-W
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How deeply to fine-tune a convolutional neural network: a case study using a histopathology dataset. Kandel et al. 2020. Applied Sciences
Growing a brain: Fine-tuning by increasing model capacity. Wang et al. 2017 CVPR
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Data and Computationally inefficient

The clinical rules are “invariant”

Data-efficient fine-tuning



So, we start with a Blackbox and carve out
interpretable models from the Blackbox

to extract 
domain invariant rules.
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Assumptions
<latexit sha1_base64="V+9inWQJvU/YtrljgX2LTu+B2Dk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6Dx/dXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPwGo2V</latexit>

f0

<latexit sha1_base64="5woa2AhwFXqrkL5bju3TM2iWDCI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NGxHbFStuXV3AbROvILUoEB7VP0ajmOSCioN4Vjrgecmxs+wMoxwOq8MU00TTKZ4QgeWSiyo9rPFrXN0YZUxCmNlSxq0UH9PZFhoPROB7RTYRHrVy8X/vEFqwhs/YzJJDZVkuShMOTIxyh9HY6YoMXxmCSaK2VsRibDCxNh4KjYEb/XlddK9qnvNeuOhUWvdFnGU4QzO4RI8uIYW3EMbOkAggmd4hTdHOC/Ou/OxbC05xcwp/IHz+QPlp44o</latexit>

�
<latexit sha1_base64="6PHaGaAPwAf7fwbhf6hhPQxg/7c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/fDR7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+ien53Xqld53EU4QiO4RQ8uIQa3EIdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wfzJo2X</latexit>

h0
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Report: 
Right upper lobe consolidation with adjacent.
While this may be infectious in nature, a CT 
scan is recommended for further clarification.

Assumptions
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right upper lobe
left lower lobe

heart size
….

<latexit sha1_base64="7Vbz19Kh4IqTKHMu2iETdQnceX4=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GWxG5cV7AOmQ8mkmTY0kwzJHaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmAhuwHW/ndLG5tb2Tnm3srd/cHhUPT7pGpVqyjpUCaX7ITFMcMk6wEGwfqIZiUPBeuG0lfu9J6YNV/IRZgkLYjKWPOKUgJX8QUxgQonIWvNhtebW3QXwOvEKUkMF2sPq12CkaBozCVQQY3zPTSDIiAZOBZtXBqlhCaFTMma+pZLEzATZIvIcX1hlhCOl7ZOAF+rvjYzExszi0E7mEc2ql4v/eX4K0W2QcZmkwCRdfhSlAoPC+f14xDWjIGaWEKq5zYrphGhCwbZUsSV4qyevk+5V3buuNx4ateZdUUcZnaFzdIk8dIOa6B61UQdRpNAzekVvDjgvzrvzsRwtOcXOKfoD5/MHdkaRYg==</latexit>

C

Report: 
Right upper lobe consolidation with adjacent.
While this may be infectious in nature, a CT 
scan is recommended for further clarification.

Assumptions

parse the reports to get the concepts
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right upper lobe
left lower lobe

heart size
….

Consolidation

<latexit sha1_base64="bZF8XeiscPPBMS+7oUBFjwGHS2Y=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUF+4A2lMl00g6dTMLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqp148ojhmVWXc2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bB55Rs6sMiRhrO1TSObq742MRsZMo8BO5hHNspeL/3m9FMMbPxMqSZErtvgoTCXBmOT3k6HQnKGcWkKZFjYrYWOqKUPbUsWW4C2fvEraF3Xvqn75cFlr3BZ1lOEETuEcPLiGBtxDE1rAIIZneIU3B50X5935WIyWnGLnGP7A+fwBli+Rdw==</latexit>X <latexit sha1_base64="7Vbz19Kh4IqTKHMu2iETdQnceX4=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GWxG5cV7AOmQ8mkmTY0kwzJHaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmAhuwHW/ndLG5tb2Tnm3srd/cHhUPT7pGpVqyjpUCaX7ITFMcMk6wEGwfqIZiUPBeuG0lfu9J6YNV/IRZgkLYjKWPOKUgJX8QUxgQonIWvNhtebW3QXwOvEKUkMF2sPq12CkaBozCVQQY3zPTSDIiAZOBZtXBqlhCaFTMma+pZLEzATZIvIcX1hlhCOl7ZOAF+rvjYzExszi0E7mEc2ql4v/eX4K0W2QcZmkwCRdfhSlAoPC+f14xDWjIGaWEKq5zYrphGhCwbZUsSV4qyevk+5V3buuNx4ateZdUUcZnaFzdIk8dIOa6B61UQdRpNAzekVvDjgvzrvzsRwtOcXOKfoD5/MHdkaRYg==</latexit>

C
<latexit sha1_base64="G3qKBu8ZRyYgFykSmsWH/y0gXNA=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GXRjcsK9iHToWTSTBuaSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTAQ34LrfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt4CBYL9GMxKFg3XBym/vdJ6YNV/IBpgkLYjKSPOKUgJX8fkxgTInIHmeDas2tu3PgVeIVpIYKtAbVr/5Q0TRmEqggxviem0CQEQ2cCjar9FPDEkInZMR8SyWJmQmyeeQZPrPKEEdK2ycBz9XfGxmJjZnGoZ3MI5plLxf/8/wUousg4zJJgUm6+ChKBQaF8/vxkGtGQUwtIVRzmxXTMdGEgm2pYkvwlk9eJZ2LundZb9w3as2boo4yOkGn6Bx56Ao10R1qoTaiSKFn9IreHHBenHfnYzFacoqdY/QHzucPl7SReA==</latexit>Y

Report: 
Right upper lobe consolidation with adjacent.
While this may be infectious in nature, a CT 
scan is recommended for further clarification.

Assumptions

parse the reports to get the concepts
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Discovering the hidden concepts

10

<latexit sha1_base64="5woa2AhwFXqrkL5bju3TM2iWDCI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NGxHbFStuXV3AbROvILUoEB7VP0ajmOSCioN4Vjrgecmxs+wMoxwOq8MU00TTKZ4QgeWSiyo9rPFrXN0YZUxCmNlSxq0UH9PZFhoPROB7RTYRHrVy8X/vEFqwhs/YzJJDZVkuShMOTIxyh9HY6YoMXxmCSaK2VsRibDCxNh4KjYEb/XlddK9qnvNeuOhUWvdFnGU4QzO4RI8uIYW3EMbOkAggmd4hTdHOC/Ou/OxbC05xcwp/IHz+QPlp44o</latexit>

�
<latexit sha1_base64="6PHaGaAPwAf7fwbhf6hhPQxg/7c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/fDR7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+ien53Xqld53EU4QiO4RQ8uIQa3EIdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wfzJo2X</latexit>

h0

<latexit sha1_base64="G3qKBu8ZRyYgFykSmsWH/y0gXNA=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GXRjcsK9iHToWTSTBuaSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTAQ34LrfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt4CBYL9GMxKFg3XBym/vdJ6YNV/IBpgkLYjKSPOKUgJX8fkxgTInIHmeDas2tu3PgVeIVpIYKtAbVr/5Q0TRmEqggxviem0CQEQ2cCjar9FPDEkInZMR8SyWJmQmyeeQZPrPKEEdK2ycBz9XfGxmJjZnGoZ3MI5plLxf/8/wUousg4zJJgUm6+ChKBQaF8/vxkGtGQUwtIVRzmxXTMdGEgm2pYkvwlk9eJZ2LundZb9w3as2boo4yOkGn6Bx56Ao10R1qoTaiSKFn9IreHHBenHfnYzFacoqdY/QHzucPl7SReA==</latexit>Y
Consolidation

<latexit sha1_base64="7Vbz19Kh4IqTKHMu2iETdQnceX4=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GWxG5cV7AOmQ8mkmTY0kwzJHaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmAhuwHW/ndLG5tb2Tnm3srd/cHhUPT7pGpVqyjpUCaX7ITFMcMk6wEGwfqIZiUPBeuG0lfu9J6YNV/IRZgkLYjKWPOKUgJX8QUxgQonIWvNhtebW3QXwOvEKUkMF2sPq12CkaBozCVQQY3zPTSDIiAZOBZtXBqlhCaFTMma+pZLEzATZIvIcX1hlhCOl7ZOAF+rvjYzExszi0E7mEc2ql4v/eX4K0W2QcZmkwCRdfhSlAoPC+f14xDWjIGaWEKq5zYrphGhCwbZUsSV4qyevk+5V3buuNx4ateZdUUcZnaFzdIk8dIOa6B61UQdRpNAzekVvDjgvzrvzsRwtOcXOKfoD5/MHdkaRYg==</latexit>
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Residual (𝑟!)

<latexit sha1_base64="pidFsupusMxA4JxVX2PPdyekI80=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0sWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28HoZua3n1BpnsgHM07Rj2kkecgZNVa6jx69frniVt05yCrxclKBHI1++as3SFgWozRMUK27npsaf0KV4UzgtNTLNKaUjWiEXUsljVH7k/mpU3JmlQEJE2VLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ8NqfcJlmBiVbLAozQUxCZn+TAVfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmldVL3Lau2uVqnX8jiKcAKncA4eXEEdbqEBTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHu7o2J</latexit>

g1

Blackbox Model
Interpretable Model
Selector

11

Carving out interpretable models



Residual (𝑟!)

<latexit sha1_base64="pidFsupusMxA4JxVX2PPdyekI80=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0sWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28HoZua3n1BpnsgHM07Rj2kkecgZNVa6jx69frniVt05yCrxclKBHI1++as3SFgWozRMUK27npsaf0KV4UzgtNTLNKaUjWiEXUsljVH7k/mpU3JmlQEJE2VLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ8NqfcJlmBiVbLAozQUxCZn+TAVfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmldVL3Lau2uVqnX8jiKcAKncA4eXEEdbqEBTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHu7o2J</latexit>

g1

Blackbox Model
Interpretable Model
Selector

<latexit sha1_base64="pidFsupusMxA4JxVX2PPdyekI80=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0sWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28HoZua3n1BpnsgHM07Rj2kkecgZNVa6jx69frniVt05yCrxclKBHI1++as3SFgWozRMUK27npsaf0KV4UzgtNTLNKaUjWiEXUsljVH7k/mpU3JmlQEJE2VLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ8NqfcJlmBiVbLAozQUxCZn+TAVfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmldVL3Lau2uVqnX8jiKcAKncA4eXEEdbqEBTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHu7o2J</latexit>

g1
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Carving out interpretable models



<latexit sha1_base64="pidFsupusMxA4JxVX2PPdyekI80=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0sWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28HoZua3n1BpnsgHM07Rj2kkecgZNVa6jx69frniVt05yCrxclKBHI1++as3SFgWozRMUK27npsaf0KV4UzgtNTLNKaUjWiEXUsljVH7k/mpU3JmlQEJE2VLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ8NqfcJlmBiVbLAozQUxCZn+TAVfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmldVL3Lau2uVqnX8jiKcAKncA4eXEEdbqEBTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHu7o2J</latexit>

g1

Blackbox Model
Interpretable Model
Selector

Residual (𝑟!) Residual (𝑟")

13

Carving out interpretable models



<latexit sha1_base64="pidFsupusMxA4JxVX2PPdyekI80=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0sWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28HoZua3n1BpnsgHM07Rj2kkecgZNVa6jx69frniVt05yCrxclKBHI1++as3SFgWozRMUK27npsaf0KV4UzgtNTLNKaUjWiEXUsljVH7k/mpU3JmlQEJE2VLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ8NqfcJlmBiVbLAozQUxCZn+TAVfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmldVL3Lau2uVqnX8jiKcAKncA4eXEEdbqEBTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHu7o2J</latexit>

g1

Blackbox Model
Interpretable Model
Selector

Residual (𝑟!) Residual (𝑟")

<latexit sha1_base64="AzNuc90EeRk747R0X2aoeYE0G+E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbSbp0swm7G6GU/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6iRTDBssEYlqB1Sj4BIbhhuB7VQhjQOBrWB4M/VbT6g0T+SDGaXoxzSSPOSMGivdR49er1xxq+4MZJl4OalAjnqv/NXtJyyLURomqNYdz02NP6bKcCZwUupmGlPKhjTCjqWSxqj98ezUCTmxSp+EibIlDZmpvyfGNNZ6FAe2M6ZmoBe9qfif18lMeOWPuUwzg5LNF4WZICYh079JnytkRowsoUxxeythA6ooMzadkg3BW3x5mTTPqt5F9fzuvFK7zuMowhEcwyl4cAk1uIU6NIBBBM/wCm+OcF6cd+dj3lpw8plD+APn8wfzJI2X</latexit>

g1
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<latexit sha1_base64="pidFsupusMxA4JxVX2PPdyekI80=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0sWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28HoZua3n1BpnsgHM07Rj2kkecgZNVa6jx69frniVt05yCrxclKBHI1++as3SFgWozRMUK27npsaf0KV4UzgtNTLNKaUjWiEXUsljVH7k/mpU3JmlQEJE2VLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ8NqfcJlmBiVbLAozQUxCZn+TAVfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmldVL3Lau2uVqnX8jiKcAKncA4eXEEdbqEBTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHu7o2J</latexit>

g1

Blackbox Model
Interpretable Model
Selector

Residual (𝑟!) Residual (𝑟")

<latexit sha1_base64="AzNuc90EeRk747R0X2aoeYE0G+E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbSbp0swm7G6GU/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6iRTDBssEYlqB1Sj4BIbhhuB7VQhjQOBrWB4M/VbT6g0T+SDGaXoxzSSPOSMGivdR49er1xxq+4MZJl4OalAjnqv/NXtJyyLURomqNYdz02NP6bKcCZwUupmGlPKhjTCjqWSxqj98ezUCTmxSp+EibIlDZmpvyfGNNZ6FAe2M6ZmoBe9qfif18lMeOWPuUwzg5LNF4WZICYh079JnytkRowsoUxxeythA6ooMzadkg3BW3x5mTTPqt5F9fzuvFK7zuMowhEcwyl4cAk1uIU6NIBBBM/wCm+OcF6cd+dj3lpw8plD+APn8wfzJI2X</latexit>

g1

Residual (𝑟#)

<latexit sha1_base64="1Rr+54WFQ6ml5hJI42+9kZxZD8E=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6rHgxWNF+wFtLJvtJF262YTdjVBKf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXpIJr47rfztr6xubWdmGnuLu3f3BYOjpu6SRTDJssEYnqBFSj4BKbhhuBnVQhjQOB7WB0M/PbT6g0T+SDGafoxzSSPOSMGivdR4/VfqnsVtw5yCrxclKGHI1+6as3SFgWozRMUK27npsaf0KV4UzgtNjLNKaUjWiEXUsljVH7k/mpU3JulQEJE2VLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ8NqfcJlmBiVbLAozQUxCZn+TAVfIjBhbQpni9lbChlRRZmw6RRuCt/zyKmlVK95lpXZXK9dreRwFOIUzuAAPrqAOt9CAJjCI4Ble4c0Rzovz7nwsWtecfOYE/sD5/AHwco2K</latexit>

g2
<latexit sha1_base64="AzNuc90EeRk747R0X2aoeYE0G+E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbSbp0swm7G6GU/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6iRTDBssEYlqB1Sj4BIbhhuB7VQhjQOBrWB4M/VbT6g0T+SDGaXoxzSSPOSMGivdR49er1xxq+4MZJl4OalAjnqv/NXtJyyLURomqNYdz02NP6bKcCZwUupmGlPKhjTCjqWSxqj98ezUCTmxSp+EibIlDZmpvyfGNNZ6FAe2M6ZmoBe9qfif18lMeOWPuUwzg5LNF4WZICYh079JnytkRowsoUxxeythA6ooMzadkg3BW3x5mTTPqt5F9fzuvFK7zuMowhEcwyl4cAk1uIU6NIBBBM/wCm+OcF6cd+dj3lpw8plD+APn8wfzJI2X</latexit>

g1
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Carving out interpretable models

Each g is Entropy based logical neural networks (Barberio et al. AAAI 2022).



EFFUSION

Does not compromise performance 

16



EFFUSION PNEUMOTHORAX

Does not compromise performance 

17



18Pleural_unspec is “unspecified pleural effusion” referred to as “hydrothorax”.
Hydrothorax is a noninflammatory collection of serous fluid within the pleural cavities

1 2

3 4

Diversity in local explanations

https://en.wikipedia.org/wiki/Pleural_effusion


19Pleural_unspec is “unspecified pleural effusion” referred to as “hydrothorax”.
Hydrothorax is a noninflammatory collection of serous fluid within the pleural cavities

Expert 1
<latexit sha1_base64="R+NTpxZ5ni2ljYPujWfqtl/SFw8="></latexit>

E↵usion $
left pleural

^ right pleural

^ pleural unspec

1 2

3 4

2

Diversity in local explanations

https://en.wikipedia.org/wiki/Pleural_effusion


20Pleural_unspec is “unspecified pleural effusion” referred to as “hydrothorax”.
Hydrothorax is a noninflammatory collection of serous fluid within the pleural cavities

Expert 1
<latexit sha1_base64="R+NTpxZ5ni2ljYPujWfqtl/SFw8="></latexit>

E↵usion $
left pleural

^ right pleural

^ pleural unspec

Expert 2
<latexit sha1_base64="FO9Azu4lfzZEx1WAaIRP14VCNlA="></latexit>

E↵usion $
right pleural

^ pleural unspec

1 2

3 4

1

2

Diversity in local explanations

https://en.wikipedia.org/wiki/Pleural_effusion


21Pleural_unspec is “unspecified pleural effusion” referred to as “hydrothorax”.
Hydrothorax is a noninflammatory collection of serous fluid within the pleural cavities

Expert 1
<latexit sha1_base64="R+NTpxZ5ni2ljYPujWfqtl/SFw8="></latexit>

E↵usion $
left pleural

^ right pleural

^ pleural unspec

Expert 2
<latexit sha1_base64="FO9Azu4lfzZEx1WAaIRP14VCNlA="></latexit>

E↵usion $
right pleural

^ pleural unspec Expert 3
<latexit sha1_base64="HJww7wqqhlBbUi6SsF+cfIcvBRo="></latexit>

E↵usion $
left pleural

^ pleural unspec

1 2

3 4

1

2

3

Diversity in local explanations

https://en.wikipedia.org/wiki/Pleural_effusion
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Expert 1
<latexit sha1_base64="R+NTpxZ5ni2ljYPujWfqtl/SFw8="></latexit>

E↵usion $
left pleural

^ right pleural

^ pleural unspec

Expert 2
<latexit sha1_base64="FO9Azu4lfzZEx1WAaIRP14VCNlA="></latexit>

E↵usion $
right pleural

^ pleural unspec Expert 3
<latexit sha1_base64="HJww7wqqhlBbUi6SsF+cfIcvBRo="></latexit>

E↵usion $
left pleural

^ pleural unspec
Expert 4

<latexit sha1_base64="V+pq7SiJKRvIXux0aa54qhsQlIs="></latexit>

E↵usion $
pleural unspec

1 2

3 4

1

2

3

4

Diversity in local explanations



Apply source model
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Fine-tune to a New Domain



<latexit sha1_base64="7Vbz19Kh4IqTKHMu2iETdQnceX4=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GWxG5cV7AOmQ8mkmTY0kwzJHaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmAhuwHW/ndLG5tb2Tnm3srd/cHhUPT7pGpVqyjpUCaX7ITFMcMk6wEGwfqIZiUPBeuG0lfu9J6YNV/IRZgkLYjKWPOKUgJX8QUxgQonIWvNhtebW3QXwOvEKUkMF2sPq12CkaBozCVQQY3zPTSDIiAZOBZtXBqlhCaFTMma+pZLEzATZIvIcX1hlhCOl7ZOAF+rvjYzExszi0E7mEc2ql4v/eX4K0W2QcZmkwCRdfhSlAoPC+f14xDWjIGaWEKq5zYrphGhCwbZUsSV4qyevk+5V3buuNx4ateZdUUcZnaFzdIk8dIOa6B61UQdRpNAzekVvDjgvzrvzsRwtOcXOKfoD5/MHdkaRYg==</latexit>

C

Apply source model

Use concepts from 
matching patients

? ? ? ?

24

Fine-tune to a New Domain



<latexit sha1_base64="7Vbz19Kh4IqTKHMu2iETdQnceX4=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GWxG5cV7AOmQ8mkmTY0kwzJHaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmAhuwHW/ndLG5tb2Tnm3srd/cHhUPT7pGpVqyjpUCaX7ITFMcMk6wEGwfqIZiUPBeuG0lfu9J6YNV/IRZgkLYjKWPOKUgJX8QUxgQonIWvNhtebW3QXwOvEKUkMF2sPq12CkaBozCVQQY3zPTSDIiAZOBZtXBqlhCaFTMma+pZLEzATZIvIcX1hlhCOl7ZOAF+rvjYzExszi0E7mEc2ql4v/eX4K0W2QcZmkwCRdfhSlAoPC+f14xDWjIGaWEKq5zYrphGhCwbZUsSV4qyevk+5V3buuNx4ateZdUUcZnaFzdIk8dIOa6B61UQdRpNAzekVvDjgvzrvzsRwtOcXOKfoD5/MHdkaRYg==</latexit>

C

Apply source model

Use concepts from 
matching patients

? ? ? ?

Propagate the concepts and update the concept extractor 

25

Fine-tune to a New Domain
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<latexit sha1_base64="pidFsupusMxA4JxVX2PPdyekI80=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0sWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28HoZua3n1BpnsgHM07Rj2kkecgZNVa6jx69frniVt05yCrxclKBHI1++as3SFgWozRMUK27npsaf0KV4UzgtNTLNKaUjWiEXUsljVH7k/mpU3JmlQEJE2VLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ8NqfcJlmBiVbLAozQUxCZn+TAVfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmldVL3Lau2uVqnX8jiKcAKncA4eXEEdbqEBTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHu7o2J</latexit>

g1

Blackbox Model
Interpretable Model
Selector

Residual (𝑟!) Residual (𝑟")

<latexit sha1_base64="1Rr+54WFQ6ml5hJI42+9kZxZD8E=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6rHgxWNF+wFtLJvtJF262YTdjVBKf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXpIJr47rfztr6xubWdmGnuLu3f3BYOjpu6SRTDJssEYnqBFSj4BKbhhuBnVQhjQOB7WB0M/PbT6g0T+SDGafoxzSSPOSMGivdR4/VfqnsVtw5yCrxclKGHI1+6as3SFgWozRMUK27npsaf0KV4UzgtNjLNKaUjWiEXUsljVH7k/mpU3JulQEJE2VLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ8NqfcJlmBiVbLAozQUxCZn+TAVfIjBhbQpni9lbChlRRZmw6RRuCt/zyKmlVK95lpXZXK9dreRwFOIUzuAAPrqAOt9CAJjCI4Ble4c0Rzovz7nwsWtecfOYE/sD5/AHwco2K</latexit>

g2
<latexit sha1_base64="AzNuc90EeRk747R0X2aoeYE0G+E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbSbp0swm7G6GU/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6iRTDBssEYlqB1Sj4BIbhhuB7VQhjQOBrWB4M/VbT6g0T+SDGaXoxzSSPOSMGivdR49er1xxq+4MZJl4OalAjnqv/NXtJyyLURomqNYdz02NP6bKcCZwUupmGlPKhjTCjqWSxqj98ezUCTmxSp+EibIlDZmpvyfGNNZ6FAe2M6ZmoBe9qfif18lMeOWPuUwzg5LNF4WZICYh079JnytkRowsoUxxeythA6ooMzadkg3BW3x5mTTPqt5F9fzuvFK7zuMowhEcwyl4cAk1uIU6NIBBBM/wCm+OcF6cd+dj3lpw8plD+APn8wfzJI2X</latexit>

g1

Residual (𝑟#)

<latexit sha1_base64="1Rr+54WFQ6ml5hJI42+9kZxZD8E=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6rHgxWNF+wFtLJvtJF262YTdjVBKf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXpIJr47rfztr6xubWdmGnuLu3f3BYOjpu6SRTDJssEYnqBFSj4BKbhhuBnVQhjQOB7WB0M/PbT6g0T+SDGafoxzSSPOSMGivdR4/VfqnsVtw5yCrxclKGHI1+6as3SFgWozRMUK27npsaf0KV4UzgtNjLNKaUjWiEXUsljVH7k/mpU3JulQEJE2VLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ8NqfcJlmBiVbLAozQUxCZn+TAVfIjBhbQpni9lbChlRRZmw6RRuCt/zyKmlVK95lpXZXK9dreRwFOIUzuAAPrqAOt9CAJjCI4Ble4c0Rzovz7nwsWtecfOYE/sD5/AHwco2K</latexit>

g2
<latexit sha1_base64="AzNuc90EeRk747R0X2aoeYE0G+E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbSbp0swm7G6GU/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6iRTDBssEYlqB1Sj4BIbhhuB7VQhjQOBrWB4M/VbT6g0T+SDGaXoxzSSPOSMGivdR49er1xxq+4MZJl4OalAjnqv/NXtJyyLURomqNYdz02NP6bKcCZwUupmGlPKhjTCjqWSxqj98ezUCTmxSp+EibIlDZmpvyfGNNZ6FAe2M6ZmoBe9qfif18lMeOWPuUwzg5LNF4WZICYh079JnytkRowsoUxxeythA6ooMzadkg3BW3x5mTTPqt5F9fzuvFK7zuMowhEcwyl4cAk1uIU6NIBBBM/wCm+OcF6cd+dj3lpw8plD+APn8wfzJI2X</latexit>

g1
<latexit sha1_base64="H6qV8ABAxalHOtmhRlVKQtH87A8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokW9Vjw4rGi/YA2ls12ky7dbMLuRCilP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJsk04w2WyES3A2q4FIo3UKDk7VRzGgeSt4LhzdRvPXFtRKIecJRyP6aREqFgFK10Hz1e9Eplt+LOQJaJl5My5Kj3Sl/dfsKymCtkkhrT8dwU/THVKJjkk2I3MzylbEgj3rFU0Zgbfzw7dUJOrdInYaJtKSQz9ffEmMbGjOLAdsYUB2bRm4r/eZ0Mw2t/LFSaIVdsvijMJMGETP8mfaE5QzmyhDIt7K2EDaimDG06RRuCt/jyMmmeV7zLSvWuWq5V8zgKcAwncAYeXEENbqEODWAQwTO8wpsjnRfn3fmYt644+cwR/IHz+QPx9o2L</latexit>

g3

Update the selectors and experts for only a few epochs 

Fine-tune to a New Domain



27

Transferring to Stanford-CXR

MoIE-CXR (No finetuned): only selectors are fine-tuned.
MoIE-CXR (Finetuned): selectors and experts are fine-tuned.
MoIE and MoIE-CXR + R consists of mixture of experts excluding and including the final residual
respectively.
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Transferring to Stanford-CXR

MoIE-CXR (No finetuned): only selectors are fine-tuned.
MoIE-CXR (Finetuned): selectors and experts are fine-tuned.
MoIE and MoIE-CXR + R consists of mixture of experts excluding and including the final residual
respectively.
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Transferring to Stanford-CXR

MoIE-CXR (No finetuned): only selectors are fine-tuned.
MoIE-CXR (Finetuned): selectors and experts are fine-tuned.
MoIE and MoIE-CXR + R consists of mixture of experts excluding and including the final residual
respectively.
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Transferring to Stanford-CXR

MoIE-CXR (No finetuned): only selectors are fine-tuned.
MoIE-CXR (Finetuned): selectors and experts are fine-tuned.
MoIE and MoIE-CXR + R consists of mixture of experts excluding and including the final residual
respectively.
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Transferring to Stanford-CXR

MoIE-CXR (No finetuned): only selectors are fine-tuned.
MoIE-CXR (Finetuned): selectors and experts are fine-tuned.
MoIE and MoIE-CXR + R consists of mixture of experts excluding and including the final residual
respectively.
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Transferring to Stanford-CXR

MoIE-CXR (No finetuned): only selectors are fine-tuned.
MoIE-CXR (Finetuned): selectors and experts are fine-tuned.
MoIE and MoIE-CXR + R consists of mixture of experts excluding and including the final residual
respectively.
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Project website
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