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Explaining AI Outputs
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Shapley Values
“Because of 𝑥!, the model output 𝑓(𝒙) increased by 𝜙!.”
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Computing Shapley Values
“Because of 𝑥!, the model output 𝑓(𝒙) increased by 𝜙!.”

Challenge: Exponentially many terms for each Shapley value!

Today: Regression-based estimators
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Regression Formulation
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Using the Regression Formulation

Goal: Sample only a few points and (approximately) recover the line
      

Kernel SHAP: samples each 𝑆 w.p. "
%
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Beyond Kernel SHAP

Question: How should we sample points?

Ideally, we want:

 Good performance

 Theoretical guarantees



Leverage Scores

Challenge of Sampling: Which points preserve the line?



Leverage Scores

Challenge of Sampling: Which points preserve the line?

+ Without the high-leverage point, we find a very different line



Leverage Scores

Challenge of Sampling: Which points preserve the line?

+ With the high-leverage point, we find a close line



Leverage Scores

=
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How useful 
is row 𝑆?

Row 𝑆 has “leverage”:
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If there is an 𝑨𝜷 like this, 
then row 𝑆 is “by itself”.



Leverage Scores
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Leverage SHAP vs Kernel SHAP Sampling



Leverage SHAP vs Kernel SHAP Qualitatively
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Leverage SHAP Guarantee
Lemma: Let 𝛾 = ||𝑨	𝝓+𝒃||""

||𝑨	𝝓||""
	 and 𝜖 > 0. With 𝑂 𝑛 log𝑛 + -

.  samples and with probability 
99/100, the Leverage SHAP solution ?𝝓 satisfies

||)𝝓 − 𝝓||)) ≤ 𝜖	𝛾||𝝓||))



Leverage SHAP Performance
ℓ3-error: ||𝝓 − :𝝓||33/||𝝓||33



In the paper…

• Performance by sample size
• Performance by noise
• Exploration of 𝛾 in theoretical guarantee
• Ablation experiments
• More J
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