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Motivation

» Existing CNN visual explanations often overlook the causal perspective
that answers the core “why” question.

» Counterfactual thinking intrinsic to human cognition can better support
model interpretation.

» Necessity (N) and Sufficiency (S) are two complementary sides of a
desirable explanation.

= N:changing the hypothetical causes and measuring the outcome
differences. E.g., RISE, CexCNN.

= S: keeping the causes unchanged and investigating the outcome
stability. E.g., ScoreCAM, Group-CAM.

» We aim at rationalizing explanations toward better human understanding:

= Consider input features as hypothetical causes and outputs as
outcomes.

=  Quantify the causal N and S of input features to construct
bi-directional visual explanations of CNNs.

= (Create saliency maps with two-dimensional information.

Contribution

» N-S Shapley values, for a bi-directional importance quantification for
CNNs from Necessity and Sufficiency perspectives.

» Avisual explanation framework, SUNY, which can provide CNN
Interpretation better aligning with human cognition.

» 2D saliency maps for a more informative visual explanation.
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Please check out our full paper for more details!
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Quantitative Evaluation
“* Deletion & Insertion Evaluation
Dataset Methods VGG 16 Inception-v3 ResNet50
Deletion | InsertionT  Overall T | Deletion ] Insertion?  OverallT | Deletion] Insertion]  Overall 1
Grad-CAM|[20] 0.1098 0.6112 0.5015 0.1276 0.6567 0.5291 0.1796 0.6889 0.5093
Grad-CAM++(3] 0.1155 0.6033 0.4878 0.1309 0.6476 0.5167 0.1847 0.6799 0.4952
SmoothGrad [22] 0.1136 0.6023 0.4887 0.1317 0.6465 0.5148 0.1849 0.6800 0.4951
RISE [16] 0.1185 0.6188 0.5003 0.1404 0.6444 0.5040 0.1303 0.6932 0.5629
ILSVRC Score-CAM [26] 0.1070 0.6382 0.5312 0.1309 0.6528 0.5219 0.2319 0.6218 0.3898
CexCNN [5] 0.1161 0.6025 0.4864 0.1355 0.6543 0.5188 0.1886 0.6443 0.4557
Group-CAM [35] 0.1138 0.6218 0.5080 0.1292 0.6545 0.5253 0.1794 0.6904 0.5110
SUNY 0.1005 0.6468 0.5462 0.1215 0.6603 0.5388 0.1323 0.6988 0.5665
Grad-CAM[20] 0.0558 0.7617 0.7059 0.0963 0.7323 0.6360 0.0930 0.6452 0.5522
Grad-CAM++(3] 0.0589 0.7541 0.6951 0.0950 0.7281 0.6331 0.0972 0.6407 0.5434
SmoothGrad [22] 0.0594 0.7489 0.6895 0.0977 0.7244 0.6266 0.0974 0.6405 0.5431
RISE [16] 0.0560 0.7583 0.7023 0.0855 0.7168 0.6314 0.0570 0.6567 0.5996
CUB Score-CAM|[26] 0.0542 0.7575 0.7033 0.0901 0.7326 0.6424 0.0995 0.6351 0.5355
CexCNN [5] 0.0630 0.7389 0.6760 0.1017 0.7283 0.6267 0.1014 0.6173 0.5159
Group-CAM [35] 0.0606 0.7521 0.6915 0.0971 0.7290 0.6318 0.0926 0.6458 0.5532
SUNY 0.0518 0.7591 0.7073 0.0842 0.7361 0.6519 0.0562 0.6645 0.6083
** Localization Evaluation *»» Saliency Attack
. ] Saliency Attackgeore
Dataset Methods Proportl(-)n (%) 1 Dataset Methods VGG16 InZeptlon v; );esNetSO
VGG16  Inception-v3  ResNet50 Grad-CAM[20] 0.9615 1.0435 0.7674
Grad-CAM[20] 57.68 66.35 59.84 Grad-CAM++[3] |  0.9991 0.9821 0.8751
Grad-CAM++(3] 61.31 65.93 61.74 SmoothGrad[22] 1.0449 0.9675 0.8776
SmoothGrad[22] 62.18 65.78 61.75 RISE[16] 0.9928 0.7353 1.0259
RISE[16] 58.93 59.26 59.48 Score-CAM[26] 0.5326 0.9673 0.3378
ILSVRC| ¢ ore-CAM[26] 64.25 65.94 66.72 ILSVRE ™ cexenns) 1.6341 1.0653 06393
CexCNN[5] 65.24 66.33 5739 Group-CAM[35] 1.1556 1.0200 0.8020
Group-CAM[35] 62.70 66.17 60.68 S Sl il il
SUNY 65.61 66.71 68.02
Grad-CAM[20] 43.06 40.05 39.02 GradCam[20] 0.5969 0.5985 0.4694
Grad-CAM++(3] 45.45 40.45 41.25 GradCam++[3] 0.6670 0.5950 0.5257
SmoothGrad[22] 47.12 40.34 41.28 SmoothGrad[22] 0.7783 0.5929 0.5260
CUB RISE[16] 37.28 34.74 36.32 RISE [16] 0.5063 0.3860 1.1286
Score-CAM[26] 49 68 40.67 4742 cug | Score-CAM[26] 1.2215 0.5989 0.8027
CexCNN[5] 37.13 41.38 41.22 CexCNNJ[5] 1.2673 0.5898 04171
Group-CAM[35] |  43.53 41.08 40.36 Croup LAMISST | D.om2 P g
SUNY 49.97 41.96 43.21 ‘ ' ‘

Qualitative Evaluation
** Visual Comparison

Original Grad-CAM Grad-CAM++ SmoothGrad RISE
colormap Score-CAM CexCNN Group-CAM SUNY
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X Explanations for Failure Cases

Species: Belted Kingfisher.
Necessity region: reads, belted bellies.

Species/Label: Belted Kingfisher. Prediction: Ringed Kingfisher.
Sufficiency region: head and neck. Necessity region: red belly.

*»* Sanity Check

Species: Ringed Kingfisher.
Necessity region: red bellies.

Cascading randomization from top to bottom layers
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