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Warm-up — XAl review



Explainable Al (XAl) — overview “NBIFOLD

ML model

Input sample o
Prediction

Eagle /

How does the model arrive at this decision?
What can we learn from this?
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Explainable Al (XAl) — overview

“N\BIFOLD
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Vielhaben, et al., arXiv:2203.06043 (2022).
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Lapuschkin, et al., Nature communications 10.1 (2019)
"Unmasking Clever Hans predictors and assessing what machines really learn."

Relevant input regions?

original adversarial example counterfactual

not blond blond (p =~ 0.99) blond (p = 0.99)

Dombrowski, et al., arXiv:2206.05075 (2022).
"Diffeomorphic Counterfactuals with Generative Models."

Which input changes prediction?

scover concepts

"Sparse Subspace Clustering for Concept Discovery (SSCCD)."

Investigate hidden model representations

Global

Activation maximization

.
/..f.{_.'z ,;4 ;

dumbbell cup dalmatian

bell pepper lemon husky

Simonyan, et al., arXiv:13712.6034 (2013).
"Deep inside convolutional networks: Visualising
image classification models and saliency maps."

Visualize class prototypes
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Use-case: scientific insights with XAl “N\BIFOLD
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Bllcher, et al., Physical Review D 101.9 (2020): 094507.
"Towards novel insights in lattice field theory with explainable machine learning."
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Local model-agnostic attributions

Explaining by removing

"Explaining by Removing: A Unified Framework for Model Explanation."”



N\ BIFOLD

Attribution
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perpixel-based interpretation®.
ognition (ICPR), 2018.

sing su

Rec

Pattern

‘Stefan Bliicher (TU Berlin)

Wei, Yi, et al., ,,Explain black-box image classifications u

24th International Conference on



Prediction Difference Analysis (PredDiff)

N\ BIFOLD

- Simple attribution framework

- Firmly rooted in probability theory

- Only occlude target feature Y

—> numerically cheap
—> on-manifold

Robnik-Sikonja, et al.
"Explaining classifications for individual instances."
IEEE Transactions on Knowledge and Data Engineering 20.5 (2008): 589-600.

Bllcher, et al. Artificial Intelligence 312 (2022): 103774.

"PredDiff: Explanations an d interactions from con ditional expectations."

Occluded Model
prediction

), = [de(x, Y)p(Y|x)
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Regression
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N\ BIFOLD

Shapley values — a ,,n-player game”

Marginalize spectator features

Aggregate coalitions S Normalization (| X | = n) €.9. Vi(3) = My
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Marginal contribution

Orlglnal 1S =10% |S|—25% |S|—50% 1S =75 %

Cardinality coalitions S

Lundberg, Scott M., and Su-In Lee. Adva l nformation processing systems 30 (2017).
"A unified appro httptgmdlpdt

‘Stefan Bliicher (TU Berlin) Cold Quantum Coffee, 31.01.2023 9



Shapley values — desirable axioms

N\ BIFOLD

Efficiency

Y i =v(T) - v() L= 3B

V(S U X7) — w(S)]

SCA\{ X}

Symmetry

VS C 2\{i,j} : v(SUi) =v(SU))
= ¢; = @;

Dummy player

VS CZ\i:v(SUi) =v(S)

= ¢; =0

Linearity

45 (V + OtW) = ¢ (V) + ap(w)
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Uniquely distributes
all player’s contribution
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Shapley values — marginal contributions N\ BIFOLD
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Shapley values || PredDiff b°

One remaining feature

Cardinality coalitions s = | S|
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PredDiff higher-order attributions “NBIFOLD

,No-interaction* property Interaction measure
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Bllcher, et al. Artificial Intelligence 312 (2022): 103774. Tsai, et al. arXiv:2203.00870 (2022).
"PredDiff: Explanations and interactions from conditional expectations." "Faith-Shap: The Faithful Shapley Shapley Interaction Index."

‘Stefan Bliicher (TU Berlin) Cold Quantum Coffee, 31.01.2023 12



/7
Experiments



N\ BIFOLD

Recover addltlve regressmn components

)

f(x) —x + 3xb + sm(nx ) —5 + / sgn (x )abs(xb)

Main effects Interactions |

10 R
“ce °f | . 5
T . f | l
i 0 ;
—10 F o e : i B X
. : : : ] ! 10 -* | | .
| -2.5 -2.5 0.0 2.5

10 ' " (c) sh1elded joint effect .,

$ ®
: | 2 o2l oo I,

[ma\b] ot 10 [mb\a] ot !

*v..ww""ﬂ- P /

‘Stefan Bliicher (TU Berlin) Cold Quantum Coffee, 31.01.2023



Meaningful interactions for MNIST digits

N\ BIFOLD

(a) relevance (b) joint effect ,7.”
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Similar attributions for PredDiff & Shapley =~ “NBIFOLD

PredDiff

Relevances
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"PredDiff: Explanations and interactions from conditional expectations."
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PredDiff: rapid convergence & scalabillity

N\ BIFOLD
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Bllcher, et al. Artificial Intelligence 312 (2022): 103774.
"PredDiff: Explanations and interactions from conditional expectations."
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Insight: relevant features show interactions N BIFOLD

Highest/Lowest relevance reference super pixels
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Take-home messages



N\ BIFOLD

Take-home messages
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- Conceptual simplicity

i -+ On-manifold imputations
~only target feature is occluded

! - Linear scaling

+ Provably no-interaction property
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: Shapley values
{ - Very popular in the literature
| - Axiomatic interpretation

- Many different variants proposed
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~ text classifiers
- Software package to appear
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Useful resources
{ - heatmapping.org
t - https://github.com/chr5tphr/zennit

+ https://captum.ai/ :
- https://github.com/slundberg/shap  §
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