
Dividing & Conquering a BlackBox to a Mixture of 
Interpretable Models: 

Route, Interpret, Repeat

Shantanu Ghosh1,   Ke Yu2,  Forough Arabshahi3,  Kayhan Batmanghelich1

1BU ECE, 2Pitt ISP, 3Meta 

1
Project

Poster session Exhibit Hall 1 #729
Thu 27 Jul 10:30 a.m. HST — noon HST



2

Post-hoc Explanations 
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<latexit sha1_base64="7xkO0/psmQ87vIaj06VHNQspakY="></latexit>

f

Post-hoc Explanations 

Dog
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<latexit sha1_base64="7xkO0/psmQ87vIaj06VHNQspakY="></latexit>

f

Post-hoc Explanations 

Dog

GRAD-CAM. Selvaraju et al. ICCV 2017.
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Post-hoc Explanations Interpretable by design
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Post-hoc Explanations Interpretable by design

thin ears
shortened muzzle

round feet
….

Concept Bottleneck Model. Koh et al. ICML 2020 
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Post-hoc Explanations Interpretable by design

{thin ears, shortened muzzle, round feet….}

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

�

Concept Bottleneck Model. Koh et al. ICML 2020 
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Post-hoc Explanations Interpretable by design

{thin ears, shortened muzzle, round feet….}

Dog

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

�

Concept Bottleneck Model. Koh et al. ICML 2020 
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Post-hoc explanations
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Pros:
• Does not alter the Black box

Post-hoc explanations
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Pros:
• Does not alter the Black box

Cons:
• Inconsistent explanations
• No recourse

Post-hoc explanations
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Pros:
• Support concept intervention

Post-hoc explanations Interpretable by design
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Pros:
• Support concept intervention

Cons:
• Harder to train
• Sub par performance

CBM(Sequential)

Effusion

0.78
0.92

AU
RO

C

Black box

0.75

0.91

Pneumothorax

0.84

0.72

Cardiomegaly

Post-hoc explanations Interpretable by design
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Post-hoc explanations Interpretable by design

Can we blur the line b/w
post-hoc explanations 

or 
interpretable by design
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1. Does not compromise 
the performance

Desirable properties
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1. Does not compromise 
the performance

Desirable properties Design choices

1. Iteratively carve out the 
interpretable models 
from Black box
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2. Can be intervened to 
fix misclassification 

Desirable properties Design choices
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2. Can be intervened to 
fix misclassification

Desirable properties Design choices

2. Concept based, not 
pixel based

3. First order logic (FOL) 
for concept interaction



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



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

thin ears
shortened muzzle

round feet
….

Dog

<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
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𝑟!

Iteratively carve out interpretable models
<latexit sha1_base64="uI0/yu1IvpnHNL9Dr0w90Q0g0m8="></latexit>

(x, y) Circle / rectangle
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𝑟"

Iteratively carve out interpretable models

𝑔"

<latexit sha1_base64="uI0/yu1IvpnHNL9Dr0w90Q0g0m8="></latexit>

(x, y) Circle / rectangle
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𝑟#

Iteratively carve out interpretable models
<latexit sha1_base64="uI0/yu1IvpnHNL9Dr0w90Q0g0m8="></latexit>

(x, y)

𝑔"

𝑔#

Circle / rectangle



Residual (𝑟!)

Blackbox Model
Interpretable Model
Selector

24

Iteratively carve out interpretable models

Each g to produce sample specific FOLs (Barberio et al. AAAI 2022) .



Residual (𝑟!)

Blackbox Model
Interpretable Model
Selector

25

Iteratively carve out interpretable models

Each g to produce sample specific FOLs (Barberio et al. AAAI 2022) .



Residual (𝑟!) Residual (𝑟")

Blackbox Model
Interpretable Model
Selector

26

Iteratively carve out interpretable models

Each g to produce sample specific FOLs (Barberio et al. AAAI 2022) .



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

Blackbox Model
Interpretable Model
Selector
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Iteratively carve out interpretable models

Each g to produce sample specific FOLs (Barberio et al. AAAI 2022) .



Residual (𝑟!) 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

Blackbox Model
Interpretable Model
Selector
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Iteratively carve out interpretable models

Each g to produce sample specific FOLs (Barberio et al. AAAI 2022) .



Residual (𝑟!) 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
<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="+D9JjFZwzq5YXcI7pUsbDRznWIg=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktRT0WvXisaD+gXUs2zW5Ds8mSZIWy9Cd48aCIV3+RN/+NabsHbX0w8Hhvhpl5QcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbCmnAnaMsxw2k0UxXHAaScY38z8zhNVmknxYCYJ9WMcCRYygo2V7qPH2qBccavuHGiVeDmpQI7moPzVH0qSxlQYwrHWPc9NjJ9hZRjhdFrqp5ommIxxRHuWChxT7WfzU6fozCpDFEplSxg0V39PZDjWehIHtjPGZqSXvZn4n9dLTXjlZ0wkqaGCLBaFKUdGotnfaMgUJYZPLMFEMXsrIiOsMDE2nZINwVt+eZW0a1Xvolq/q1ca13kcRTiBUzgHDy6hAbfQhBYQiOAZXuHN4c6L8+58LFoLTj5zDH/gfP4A9KiNmA==</latexit>

g2

Blackbox Model
Interpretable Model
Selector

29

Iteratively carve out interpretable models

Each g to produce sample specific FOLs (Barberio et al. AAAI 2022) .



Residual (𝑟!) Residual (𝑟#) 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
<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="+D9JjFZwzq5YXcI7pUsbDRznWIg=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktRT0WvXisaD+gXUs2zW5Ds8mSZIWy9Cd48aCIV3+RN/+NabsHbX0w8Hhvhpl5QcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbCmnAnaMsxw2k0UxXHAaScY38z8zhNVmknxYCYJ9WMcCRYygo2V7qPH2qBccavuHGiVeDmpQI7moPzVH0qSxlQYwrHWPc9NjJ9hZRjhdFrqp5ommIxxRHuWChxT7WfzU6fozCpDFEplSxg0V39PZDjWehIHtjPGZqSXvZn4n9dLTXjlZ0wkqaGCLBaFKUdGotnfaMgUJYZPLMFEMXsrIiOsMDE2nZINwVt+eZW0a1Xvolq/q1ca13kcRTiBUzgHDy6hAbfQhBYQiOAZXuHN4c6L8+58LFoLTj5zDH/gfP4A9KiNmA==</latexit>

g2

Blackbox Model
Interpretable Model
Selector
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Iteratively carve out interpretable models

Each g to produce sample specific FOLs (Barberio et al. AAAI 2022) .



Residual (𝑟!) Residual (𝑟#) 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
<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="+D9JjFZwzq5YXcI7pUsbDRznWIg=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktRT0WvXisaD+gXUs2zW5Ds8mSZIWy9Cd48aCIV3+RN/+NabsHbX0w8Hhvhpl5QcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbCmnAnaMsxw2k0UxXHAaScY38z8zhNVmknxYCYJ9WMcCRYygo2V7qPH2qBccavuHGiVeDmpQI7moPzVH0qSxlQYwrHWPc9NjJ9hZRjhdFrqp5ommIxxRHuWChxT7WfzU6fozCpDFEplSxg0V39PZDjWehIHtjPGZqSXvZn4n9dLTXjlZ0wkqaGCLBaFKUdGotnfaMgUJYZPLMFEMXsrIiOsMDE2nZINwVt+eZW0a1Xvolq/q1ca13kcRTiBUzgHDy6hAbfQhBYQiOAZXuHN4c6L8+58LFoLTj5zDH/gfP4A9KiNmA==</latexit>

g2

Blackbox Model
Interpretable Model
Selector
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Iteratively carve out interpretable models

Each g to produce sample specific FOLs (Barberio et al. AAAI 2022) .

<latexit sha1_base64="JG0dN2DhkEvOZm41sJhL9Fa/3DU=">AAACDXicbZDJSgNBEIZ74hbjFvXopTEKHiTMSFCPQUE8RjALZIbQ06kkTXoWumskYcgLePFVvHhQxKt3b76NneWgiT80/HxVRXX9fiyFRtv+tjJLyyura9n13Mbm1vZOfnevpqNEcajySEaq4TMNUoRQRYESGrECFvgS6n7/elyvP4DSIgrvcRiDF7BuKDqCMzSolT/KuQgDTG/EgI6oW+kJOgWnNInbDMHQXitfsIv2RHTRODNTIDNVWvkvtx3xJIAQuWRaNx07Ri9lCgWXMMq5iYaY8T7rQtPYkAWgvXRyzYgeG9KmnUiZFyKd0N8TKQu0Hga+6QwY9vR8bQz/qzUT7Fx6qQjjBCHk00WdRFKM6Dga2hYKOMqhMYwrYf5KeY8pxtEEmDMhOPMnL5raWdE5L5buSoXy1SyOLDkgh+SEOOSClMktqZAq4eSRPJNX8mY9WS/Wu/Uxbc1Ys5l98kfW5w/jP5rT</latexit>

Fix �, update h



32

Provide the concept-interaction 
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<latexit sha1_base64="sv0l5wHFlRih70cDqPRoRZyVwjA="></latexit>

Olive sided Flycatcher $breast color grey^
tail pattern solid

Expert 1

Provide the concept-interaction 

These experts are derived from CUB-200 dataset with ViT as Black box
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Expert 2

<latexit sha1_base64="CNxrgs0wRfX001rhuKlNmy/+sao="></latexit>

Olive sided Flycatcher $underparts color grey^
wing color grey

<latexit sha1_base64="sv0l5wHFlRih70cDqPRoRZyVwjA="></latexit>

Olive sided Flycatcher $breast color grey^
tail pattern solid

Expert 1

Provide the concept-interaction 

These experts are derived from CUB-200 dataset with ViT as Black box



Final Residual (Unexplained)
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Expert 2

<latexit sha1_base64="CNxrgs0wRfX001rhuKlNmy/+sao="></latexit>

Olive sided Flycatcher $underparts color grey^
wing color grey

<latexit sha1_base64="sv0l5wHFlRih70cDqPRoRZyVwjA="></latexit>

Olive sided Flycatcher $breast color grey^
tail pattern solid

Expert 1

Provide the concept-interaction 

These experts are derived from CUB-200 dataset with ViT as Black box



Does not compromise performance 
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Does not compromise performance 
CUB-200 with ViT
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Does not compromise performance 
CUB-200 with ViT CUB-200 with ResNet101 
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Does not compromise performance 
CUB-200 with ViT CUB-200 with ResNet101 
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Application on shortcut

40
Tackling Shortcut Learning in Deep Neural Networks. Ghosh et al. SCIS Workshop, ICML 2023.



Application on shortcut

41
Tackling Shortcut Learning in Deep Neural Networks. Ghosh et al. SCIS Workshop, ICML 2023.



Application on shortcut

Biased Blackbox
<latexit sha1_base64="zWwYjLjIrwZ7s03vXmEzdcnk+qY="></latexit>

Groundtruth: WaterBird

Prediction : LandBird

Explanation : LandBird $ WingShapeRoundedwings ^ Forest

42
Tackling Shortcut Learning in Deep Neural Networks. Ghosh et al. SCIS Workshop, ICML 2023.



Application on shortcut
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Tackling Shortcut Learning in Deep Neural Networks. Ghosh et al. SCIS Workshop, ICML 2023.



Application on shortcut
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Tackling Shortcut Learning in Deep Neural Networks. Ghosh et al. SCIS Workshop, ICML 2023.



Application on shortcut
Robust Blackbox

<latexit sha1_base64="aEMLxBRMmUrBTifVMb4eo/xAAak="></latexit>

Groundtruth: WaterBird

Prediction : WaterBird

Explanation : WaterBird $ BillLengthAboutTheSameAsHead

^ ¬BillLengthShorterThanHead ^ ¬SizeSmall5 9in

^ ¬ShapePerchingLike ^ CrownColorWhite

45
Tackling Shortcut Learning in Deep Neural Networks. Ghosh et al. SCIS Workshop, ICML 2023.



Application on shortcut
Robust Blackbox

<latexit sha1_base64="aEMLxBRMmUrBTifVMb4eo/xAAak="></latexit>

Groundtruth: WaterBird

Prediction : WaterBird

Explanation : WaterBird $ BillLengthAboutTheSameAsHead

^ ¬BillLengthShorterThanHead ^ ¬SizeSmall5 9in

^ ¬ShapePerchingLike ^ CrownColorWhite
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Biased Blackbox
<latexit sha1_base64="zWwYjLjIrwZ7s03vXmEzdcnk+qY="></latexit>

Groundtruth: WaterBird

Prediction : LandBird

Explanation : LandBird $ WingShapeRoundedwings ^ Forest

Tackling Shortcut Learning in Deep Neural Networks. Ghosh et al. SCIS Workshop, ICML 2023.



We have more results

Poster session Exhibit Hall 1 #729
Thu 27 Jul 4:30 p.m. EDT — 6 p.m. EDT

Project website
• We achieve higher completeness scores
• We performs better in test-time interventions
• We update to MoIE-CXR to perform efficient 

transfer learning for CXRs (In IMLH workshop 
at ICML 2023 and MICCAI 2023)
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Thank you

Project website
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Poster session Exhibit Hall 1 #729

Thu 27 Jul 10.30 a.m. HST — noon HST

Shantanu Ghosh,   Ke Yu,  Forough Arabshahi,  Kayhan Batmanghelich


