A Algorithm Proof

In this section, we present the detailed proofs for the formula in Algorithm 1. Note that the symbols
follow the definition in the main paper.

Proof 1 Given one vertex as i, the Eq. 8 proves the backward process of “52° aloss in Algorithm 1.
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Proof 2 Given one edge with a pair of connected vertices i and j, the Eq. 9-11 proves the backward

process o 8(19055 in Algorithm 1, where §; indicates the set of children of vertex i in the tree whose

root is j and (); indicates the set of children of vertex j in the tree whose root is i.
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The computational complexity of the component «y; can be reduce to linear by the dynamic program-
ming procedure below.
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The same procedure can be easily adapted to obtain the component 7.

Oloss Ym 0zm

Vi =
meQ

= Uiz + 12 — 25(E; 5)0% (11)



