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Typical approach: Select concepts names, learn mapping
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'Examples: Label-Free CBM [Oikarinen et al., 2023], LaBo [Yang et al., 2023], CDM [Panousis et al., 2023], DCLIP [Menon et al., 2023]
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Ours: Discover concepts, then assign
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Overview

Typical approach: Select concepts names, learn mapping

Fixed classification r@ Concept Name Selection R [Generate task-specific h
task What concept embeddings
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Ours: Discover concepts, then assign names
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Automated Concept Discovery and Naming
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Concept Discovery

Sparse Autoencoder (SAE) Disentanglea Concepts

Features (X) Reconstruction (X)

W,
Linear Encoder ¢%

W,
Linear Decoder ¢

¢ = RelU (W (X bd) + b Clwdl —+ C2Wd2 + C3Wd3+ - + bd

A A

recon sparse

Ix — |15 el

Sparse Autoencoder: Bricken et al. Towards Monosemanticity: Decomposing Language Models With Dictionary Learning. Transformer Circuits Thread, 2023.
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Automated Concept Discovery and Naming
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Concept Naming

X = Clwdl + C2Wd2 + C3Wd3+ ERRE & bd
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Concept Bottleneck Layer
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Consistent and Interpretable Concepts
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Consistent and Interpretable Concepts: User Study

Semantic Consistency of Concepts Consistency vs. Accuracy

Bl Ours [ CLIP Features Py ° o O ‘ 0
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® Better semantic consistency than CLIP features

® High name accuracy for semantically consistent concepts
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Granularity Controllable by Vocabulary

tree — christmas tree tree — tree in field
Index 7446 Index 8167
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Concept Bottleneck Models: DN-CBM
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DN-CBM: Results

Classification Performance

CLIP ResNet-50 CLIP ViT-B/16
Model
Places365 | ImageNet | CIFAR10 | CIFAR100 | Places365 | ImageNet | CIFAR10 | CIFAR100

Linear Probe 53.4 /3.3 38.7 70.3 55.1 80.2 96.2 33.1
"""""""" ZeroShot | 387 | 596 | 756 | 416 | 412 | 686 | 916 | 687

LF-CBM 49.0 67.5 86.4 65.1 50.6 /5.4 94.6 77.4
"""""""""""" laBo | - | 689 | 879 | 691 | - | 789 | 957 | 812
"""""""""""" cbM | 527 | 722 | 85 | 676 | 526 | 793 | 953 | 805
""""""""""" pcp | 379 | 596 | - | - | 43 | 60 | - | -

DN-CBM (Ours) 53.5 72.9 87.6 67.5 55.1 79.5 96.0 82.1

CLIP [Radford et al., 2021], LF-CBM [Oikarinen et al., 2023], LaBo [Yang et al., 2023], CDM [Panousis et al., 2023], DCLIP [Menon et al., 2023].
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DN-CBM: Results

Classification Performance
® Explanations for Decisions
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DN-CBM: Results
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DN-CBM: Results

Classitfication Performance
Explanations for Decisions
Class-level Explanations
Effective Interventions

Landbird
on Land

Training P ‘
Groups ME' ,ﬂ
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Waterbird
on Water

Landbird  Waterbird
T on Water on Land
est-only _, B
(Worst)
Groups

Bird concepts |Non-bird concepts
Landbird sparrow, parrot, forest, clic
Crow
Waterbird gull, ducks anding, beach,
canoeing
Worst Groups
Model Overall Landbird on Waterbird on
Water Land
Before Intervention 82.8 71.3 57.5
| 894 | 86.6 | 713
Only Bird C t
__________________________ TRl wes | @153 | (+138)
60.8 28.5 28.8
Only Non-bird C t
"y Non-bird Loncepts (-22.0) (-42.8) (-28.7)
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Summary
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Thank you!

® Poster Session: /

® Date and Time: October 4, 2024, 10:30 AM - 12:30 PM

Paper Code

https://arxiv.org/abs/2407.14499 https://github.com/neuroexplicit-saar/Discover-then-Name
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