
 

Faith-Shap: the Faithful Shapley Interaction Index
Che-Ping Tsai, Chih-Kuan Yeh, Pradeep Ravikumar

Machine Learning Department, Carnegie Mellon University

TL;DR
We propose the faithful Shapley interaction index which 
is the unique interaction index satisfying the original 
Shapley axioms while being faithful polynomial 
approximation to the model. 

Preliminary: Shapley axioms
 

Introduction
•Quantifying feature interaction is useful in some tasks.

• Question-context interaction in question 
answering.

• Medicine-medicine interaction in healthcare.

•Existing works extend the Shapley values to the 
interaction context by introducing less suitable axioms 
to XAI to ensure uniqueness.

• The recursive axiom in Shapley interaction indices 
has almost no physical meaning.

• The interaction distribution axiom in 
Shapley-Taylor interaction indices causes 
impoverished lower-order interaction attribution.

•We extend the “faithful linear approximation” property 
of the singleton Shapley value to “faithful polynomial 
approximation” for interaction indices.

• Faithfulness is an important concept in XAI. 

• Together with original Shapley axioms, we prove 
Faith-Shap is the unique interaction index 
satisfying all these axiomatic properties.

• Similar theoretical results also apply to the Banzhaf 
index.

Main Theoretical Results

(Faithfulness property) The singleton Shpley values are the minimizer of the following weighted linear 
approximation: 
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• (Example 1) While individual words “Never” and ”forgot” are 
negative, their joint effect is positive.

• (Example 2,3,4) non-complementary interaction effect.

• (Example 5) Complementarity effects: words in a phrase are only 
meaningful when all words are present.


