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Methods
Shapley et al. (1953): Shapley value

bi(f) = “31“ S [fpl U ) — e

el

o EFFICIENCY. 3", ¢i(f) = fIN).

References

o SYMMETRY. If features / and j are symmetric with respect

to model f, then ¢;(f) = ¢;(f).

e DUMMY. If j is a dummy feature, ASU ) — S) =0,

VS C P, then ¢;(f) = 0.

o ADDITIVITY. ¢(f+ g) = ¢(f) + #(g), where the model f +

g is defined by (f+ g)(5) = f(S) + &(5) V5.
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Methods

For example:
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- lllustration of the computation of Shapley values
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Methods

Issues with Shapley values:

o Computational cost O(2F)
@ ODD samples

The culprit: The SYMMETRY axiom.

References



Introduction Model Computation Demonstrations Conclusion References
0000 000800 (e} 0000 [e]

Methods

Winter (1989): Winter value

6i(B. ) = m11| S U i) — Ap)] )

melly

Example level structure P = [[1, 2], [[3], [4], [5, 6]]], [7, 8]]

For a given level structure B = (B, By, ..., Bm), define
MNm={meM;foreach ,j€Se By and ie N, n(l) < w(i) < m())
implies i € S}, and

M, = {m € Ny4q; foreach ,j€ S € B, and

i€ N,m(l) <m(i) < n(j) implies i € S}.
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Methods

e Computational cost O(P?) for balanced clustering trees

o Related features masked together
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Computation

Lundberg and Lee (2017): SHapley Additive exPlanations (SHAP):
The PartitionExplainer

The main idea is to use the hierarchical correlation of features to
calculate Shapley values through the hierarchy. This essentially
implements the calculation of Winter values specifically for binary
trees from scipy.

@ No non-binary partitions
@ No way to include domain knowledge
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Computation

Linear approach

@ Define a class to encode an n-ary tree structure
@ Assign every node all possible permutations of sibling nodes.

@ Depth first traversal of the tree collecting all permutations on
path and creating all possible combinations of permutations

@ Create a boolean mask for every node that encodes all leafs
below a node, the features that fall into the given partition

@ Combine the masks according to the combinations of
permutations. This will be the operations to calculate the
Winter values.

o Call the model on the unique mask combinations and
calculate the average marginals as usual.
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Slack et al. (2020): Fooling SHAP

Racist model without scaffolding using KernelExplainer

unrelated_column
sex_Male
sex_Female
c_charge_degree_M
¢_charge_degree_F
length_of stay
priors_count
two_year_recid

age

00 01 02 03 04 05 0
mean(|SHAP value|) (average impact on model output magnitude)

race
unrelated_column
sex_Male
sex_Female
¢_charge_degree M
c_charge_degree F
length_of_stay
priors_count
two_year_recid

age

Racist model without scaffolding using PartitionExplainer

0o 01 o2 03 0
mean(|SHAP value|) (average impact on model output magnitude)

Adversarial model with scaffolding using KemelExplainer

unrelated_column
priors_count [
length_of stay

race

sex_Male
sex_Female
two_year_recid

age
¢_charge_degree_M

c_charge_degree_F

References

00 o1 o2 03 o4
mean(|SHAP value]) (average impact on model output magnit

Adversarial model with scaffolding using PartitionExplainer

s
itude)

c_charge_degree_M | IEEEEN
priors_count [l
age [l
length_of stay [l
two_year_recid
sex_Female |
c_charge_degree F |

sex_Male |

0.00 0.05 010 0.25
mean(|SHAP value|) (average impact on model output magnitude)
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Scipy clustering vs. Custom Hierarchy

PartitionExplainer with clustering hierarchy . PartitionExplainer with a custom hierarchy gh
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Low Low

15 -1o
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SHAP value (impact on model output) SHAP value (impact on model output)

According to Winter (2002), "how far can we depart from the
Shapley value? 'Not much’, according to Young (1985)" (p. 2033).
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Kernel Explainer vs. Partition Explainer

ka—nw

: Differences between Kernel
Explainer results (top) and Winter
values with custom hierarchy
(bottom)

References



Introduction Model Computation Demonstrations Conclusion References
0000 000000 (e} 0000 L]

Conclusion

Current results

@ We extended the PartitionExplainer to compute the Winter
values for any partitions

@ We formalised the interpretation of the clustering based
Winter values

Future directions

@ Adopt an iterative computation method for the Winter values

@ Create methods for including custom hierarchies on image,
graph, and text data

@ Test the robustness of the Winter method to adversarial
attacks
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