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Concept Bottle Models
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Koh, Pang Wei, et al. "Concept bottleneck models." International conference on machine learning. PMLR, 2020.



Concept Bottle Models
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Koh, Pang Wei, et al. "Concept bottleneck models." International conference on machine learning. PMLR, 2020.
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Concept Embedding Models

CBMsHRIFRIAIRFIENE, (BT —LiRBIRM,
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Espinosa Zarlenga, Mateo, et al. "Concept embedding models: Beyond the accuracy-explainability trade-off." Advances in Neural
Information Processing Systems 35 (2022): 21400-21413.
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Label-free CBM

Challenge: iJll#&CBMiEBIFEZE conceptiFiE,

1. FAGPT 3§ XdE&Rabel Ba4E R —LEconcept,
2. AT Za9CLIPAREY 9B IKE H iRt conceptimiE.

Step 2: Compute embedding f(x) &  Step 3: Compute CBL coefficient I/, Step 4: Train a sparse FC
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Oikarinen, Tuomas, et al. "Label-free Concept Bottleneck Models." International Conference on Learning Representations. 2023.

ImageNet CBM
Orange vs Lemon

Concept

- a bright orange breast
= a carrot

t bright orange color

- layers of fruit
= a checkout counter
= a hoop

B apeel

= a piece of fruit

citrus fruit

B a citrus juicer

I alime

l lime juice
yellow color

a yellow center
a white or yellow background
= a mandolin

Prediction

orange |

lemon
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Language in a Bottle

IRENS RERIconceptiriEEME.
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Yang, Yue,

et al. "Language in a bottle:
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prompt: describe what the axolotl looks like:

LLM: The axolotl's limbs are delicate, and the tail is long and thin.
Extract concept using LM and delete class names:

Candidate concepts: limbs are delicate; tail is long and thin

?

class 1-axolotl

S1 F

LLM — candidates optimization

class 2-red panda

S2 F

— 1 — e
LLM candidates i n

Sv F
submodular # concepts

LLM —» candidates e

N classes

Generate concepts: Sec 3.4 Select concepts: Sec 3.2

o t
submodular & concepts

submodular # concepts
R

Concept Space E, € RNcxd

T

text encoder

@ t >N
€11 limbs are delicate

tail is long and thin

Cl,

N

crk  gills are bright pink
c21 thick, soft fur
¢22  reddish brown fur
Cok ears are also red

CN1 toes are long

CN;2 green body

cnk - smooth bumpy skin
N

Bottleneck-C (Nc concepts)

Language model guided concept bottlenecks for interpretable image
classification." Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition. 2023.
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concept scores: g(x,C) = x- Ec' € RVe
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Class-Concept
softmax

Weight Matrix

dot product

BN N

9 = argmax(g(x,C) - a(W)T)

Predict the label with concepts: Sec 3.3
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ConcepPath
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Zhao, Weiqin, et al. "Aligning Knowledge Concepts to Whole Slide Images for Precise Histopathology Image Analysis." arXiv
preprint arXiv:2411.18101 (2024).
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What can we do ?

1. Language in a Bottle}5 i A{Z{EAYA)HE
1. B conceptGHZE, REAElabel Z[EIHEBHIconcept,
2. ConceptfTAIMEEMAE R FHLE, BILIZRERARUCOOPHNIINEHRNELE, MikinzindY
BETFHEA TR ESRIL.
2. ERPEXEEENTIERERE
1. ffi{¥Test-time InterventiontIFE, FABRDHITIIEREBRARVERZIET, (FAmMANZEEE.
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