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1. Score Re-weighting
For the model condition on player height, we observe
that the scales of S(X ∗ (a), a) in Eq. 5 of the main paper
are not comparable for different states of the global variable (i.e., short or tall person). This is because the examples in the training data are not evenly distributed in four
different height bins (0.14 : 0.47 : 1 : 0.17). We propose to learn a weight w(a) for each height bin a so that
w(a) · S(X ∗ (a), a) among different as become comparable. Assuming the ground truth global states of all examples {an } are given, we learn the weights w following the
max-margin formulation below,
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w(an ) · S(X ∗ (an ), an ) − w(a) · S(X ∗ (a), a)
≥ 1 − ξn ; ∀a 6= an , ∀n .

(1)

where the constraints encourage the re-weighted score
w(an ) · S(X ∗ (an ), an ) of the ground truth state an is bigger than the re-weighted scores of other states. After the
weights are learned, we linearly scale the learned weights
so that w(3) (i.e., the weight corresponding to the bin with
the largest number of examples) is one. In our experiment,
we used 1.5433; 1.0230; 1; 2.8497 which follow the trend
of the inversion of the training proportion (0.14 : 0.47 : 1 :
0.17) in different bins.

2. Votes Re-scaling
According to Eq. 8 in the main paper, we enable votes
from other states of the global variable to contribute to the
scoring function. However, we notice that the voting direction of a short player p(x|cl , a = 1) is quite different from
the voting direction of a tall player p(x|cl , a = 4). We mitigate this problem by defining the re-scale factor r(a) for
each state, where r(3) of the states corresponding to the bin
with the largest number of examples is set to one, and r(a)
is set to be the median height of bin 3 divided by the median
height of bin a. Hence, Eq. 7 in the main paper is modified
as below,
X
p(x̂|cl , a) =
p(x̂|cl , b)p(b|a) .
(2)
b

where x̂ = x · r(b)/r(a).
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