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CHAPTER 1

XAl in Computer Vision

| Feature Attribution vs Concept-based XAl
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CHAPTER 1

| Landscape of Concept-based XAl model in Computer vision

Base Model

XAl in Computer Vision

Structure

Additional

Concept

Concept
Form

Backbone

Network Dissection

training

Supervision

Concept
Granularity

Model
Agnostic

(2017) Post-hoc No Weakly-supervised Neuron Explicit No CNN
. : GAN-Dissect _ : o GAN
Dissection (2019) Post-hoc No Unsupervised Neuron Explicit No (gemeraton)
CLIE;_O[%E)SeCt Post-hoc No Weakly-supervised Neuron Explicit No CLIP
TCAV _ _ - . -
CAV 2o18) Post-hoc Yes Fully-supervised Image Semi-Explicit Yes CNN
ACE Post-h Y U ised | Implicit N CNN
(2019) ost-hoc es nsupervise mage mplici o)
ACE
C(EOA;)T Post-hoc Yes Unsupervised Image Implicit Yes CNN
CBM Pre-hoc Fully-supervised Image Explicit No CNN
Post—ho(czggg\/l + CAV Post-hoc Yes Fully-supervised Image Explicit Yes CNN
CBM
pOSt_hO%gEzl;/l +CLIP Post-hoc No Weakly-supervised Image Explicit No CLIP
Lobel(—zFOrZe3e) CBM Pre-hoc Weakly-supervised Image Explicit Yes CNN
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CHAPTER 2

Label-Free CBM

| CBM vs Label-Free CBM
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CHAPTER 2

Label-Free CBM

| CBM vs Label-Free CBM
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CHAPTER 2

Label-Free CBM

| Architecture

Step 2: Compute embedding f(x) &
concept matrix P

Step 3: Compute CBL coefficient W/,
by max similarity between f_and P

Step 4: Train a sparse FC
layer Wi on f(x)

Input imgs x4, -+, x, Embeddings Concept bottleneck layer (CBL) Predicted class ¥
iFExa—: concept 1 y = argmax;e1,2,..d,} Zi
La bel-free . .." _‘ml *U — — Concept 2 — Bridge, Cal"} srey C|0ud
i Backbone transform : FClayer 9, 9, Iy
CBM f(x) fe(x) = Wf(x) conceptM z = Wefe(x)
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a cashier fo(x) €RM
[
l GPT 3 — a seat e ETex; E/(xy) - Eqlty) Ei(xn) - Erltw) z € Rz
Filtering b:tter nctr p W, € R4=xM
irt
markings

Figure 2: Overview of our pipeline for creating label-free CBM.
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CHAPTER 2

Label-Free CBM

° . Sparsity
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Figure 2: Overview of our pipeline for creating label-free CBM.
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Appendix

Experimental setup

CBM
Post-hoc CBM (P-CBM)
Post-hoc CBM (w/ Concept Net)
Sparse Linear Model
IBD
Label-Free CBM

OXX0OO0O0

Baseline

Fully-supervised Pre-hoc
Fully-supervised Post-hoc
Weakly-supervised  Post-hoc
- Post-hoc

- Post-hoc

Weakly-supervised Pre-hoc

Datasets

« CIFAR-10
« CIFAR-100
« CUB-200
» Places365
« ImageNet

| = _
( Evaluation

(1)
(2)
(3)
(4)

Accuracy

Global Explainability
Instance-level Explainability
Manual Editing of Final Layer




Appendix

Result
| (I) Flexibility (IT) Interpretability (I1T) Performance
Method: Without labeled  Any network Sparse All features | Preserves Extends to
ethod: concept data architecture | final layer interpretable | accuracy ImageNet scale
CBM No Yes No Yes No No
IBD No Yes No No Yes No
P-CBM No Yes Yes Yes No No
P-CBM (CLIP) Yes No Yes Yes No Maybe
P-CBM-h No Yes Yes No Yes No
P-CBM-h (CLIP) Yes No Yes No Yes Maybe
%ﬁlt:ies]-gte)skﬁBM Yes Yes Yes Yes Yes Yes
Dataset
Model Sparse final layer CIFAR10 CIFARI00 CUB200 Places365 ImageNet
Standard No 88.809%* 70.10%* 76.70% 48.56%  T76.13%
Standard (sparse) Yes 82.96% 58.34% 75,96 % 38.46% T74.35%
P-CBM Yes 70.50%* 43.20%*  59.60%* N/A N/A
P-CBM (CLIP) Yes 84.509%* 56.00%* N/A N/A N/A
Label-free CBM Yes 86.40% 65.13% 74.31% 43.68 % 71.95%
(Ours) L + 0.06% +0.12% £0.29% £0.10% + 0.05%
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Result

ImageNet CBM
Orange vs Lemon

Concept Prediction

= a bright orange breast
= a carrot

bright orange color

= layers of fruit
= a checkout counter

- ahow
B apeel
= a piece of fruit

J lime juice

yellow color
a yellow center
a white or yellow background

= a mandolin

Places365 CBM
Mountain vs Mountain Showy

Concept Prediction

= arid climate
=rockyanddry .
= a large, sheer rockface
B a crater
- has a crater at the top
= lava

[ 2 deep, narrow valley

B a gorge
B a hiking boot

a high elevation

l show-covered slopes

mountain snowy
« alarge, flat expanse of snow . —

= alarge, flat piece of ice g

w a ski patrol )

wice 7 g - - ——
© may have snow or ice on top -
B a summit e

= minarets
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Result

Pred:Red headed Woodpecker - Conf: 0.706 - Logit:7.80 - Bias:-0.12

a red head +1.69
a purple-red head and breast _ +1.2
a red cap on the head _ +1.16
a red crest on the head +0.96
CcuB long tail with white stripes +0.57
NOT yellowish-brown wings | 05
NOT a rosy breast _ +0.3
Sum of 201 other features _ +1.49
0.00 025 050 0.75 100 125 150 1.75
Concept contributions
Pred:junkyard - Conf: 0.417 - Logit:10.09 - Bias:-0.30
junk +2.56
old cars
debris
car parts
Places a excavator
365

a windshield
filled with trash or debris

Sum of 2200 other features +2.56

0.0 0.5 1.0 15 2.0 2’5
Concept contributions
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