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Abstract—This document presents additional material supporting the paper “Edit Distance between Merge Trees”. We provide
examples to illustrate different properties of edit distance mappings, describe the algorithm for computing tree edit distance for
constrained labeled unordered trees, and provide further details of the case study on periodicity in the 2D Bénard von Karman vortex

street dataset to show the utility of the distance measure.

(a) one-one mapping (b) violates one-one mapping

Fig. 1. Unconstrained tree edit distance mappings satisfying the one-to-
one mapping property. (a) A mapping that satisfies the property. (b) A
mapping that violates the property.

1 TREE EDIT DISTANCE MAPPINGS AND ILLUSTRA-
TIONS

We restate the properties of tree edit distance mappings, uncon-
strained and constrained, and provide examples to understand their
properties. For simplicity, we consider trees with equal number of
nodes and that are similar to each other. Further to avoid clutter,
we highlight only those mappings between the pairs of nodes that
are required for the illustration of the particular property.

1.1 Unconstrained tree edit distance mappings

From Section 3.1, we know that unconstrained edit distance
mappings satisfy the following properties. A triple (M,,Ti,T3)
defines the edit distance mapping from T; to T,, where each pair
(i1,/1), (i2, j2) € M, satisfies the following properties:

1) iy =i if and only if j; = j» (one-to-one)
2) t[i1] is an ancestor of #[ip] if and only if #[j;] is an
ancestor of [ j»] (ancestor ordering).

Figure 1 and 2 illustrate these properties using a small exam-
ple. The mapping in Figure 2(b) is one-to-one but does not satisfy
the ancestor preservation property, i; is ancestor of i but j; is
child of j,.

1.2 Constrained tree edit distance mappings

From Section 3.2 we know that constrained edit distance mappings
satisfy the following properties. A triple (M., Ti,T») is called a
constrained edit distance mapping if,

1) (M., T,T») is an edit distance mapping, and
2)  Given three pairs (i1, 1), (i2, j2), (i3, j3) € M., the least
common ancestor lca(t1[i1],11]iz]) is a proper ancestor of

(a) ancestor preserving mapping (b) ancestor order not preserved

Fig. 2. Unconstrained tree edit distance mappings satisfying the ances-
tor preservation property. (a) A mapping that satisfies the property. (b) A
mapping that violates the property.

(a) disjoint subtrees map to disjoint
subtrees

(b) disjoint subtrees do not map to
disjoint subtrees

Fig. 3. Constrained tree edit distance mappings satisfying the disjoint
subtree mapping property. (a) A mapping that satisfies the property.
(b) A mapping that violates the property.

t1[i3] if and only if lca(t2[j1],72[j2]) is a proper ancestor
of 1 []3]

Figure 3 illustrates an important property required for a
mapping to be constrained, namely disjoint subtrees map to
disjoint subtrees. Figure 3(b) illustrates a mapping that satisfies the
properties of unconstrained tree edit distance mapping but is not a
constrained tree edit distance mapping. The node i3 is a descendant
(immediate descendant in this case) of the lca(iy,ip) = I but js is
not a descendant of the Ica(jy,j2) =J.

2 TREE EDIT DISTANCE ALGORITHM FOR CON-
STRAINED LABELED UNORDERED TREES

We describe the algorithm by Zhang [1] here for the sake of
completeness. Algorithm 1 computes the tree edit distance. It
is a dynamic programming based algorithm that follows from the
properties discussed in Section 3 of the paper. Line 2 initializes the
distance between two empty trees to 0. The loops spanning lines
3 —6and 7— 10 fill the table entries corresponding to the distances
between the empty tree and all trees and forests. The nested loops
spanning lines 11 — 16 fill the entries that correspond to distances
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between non-empty forests and trees. The entry D(T[m],T3[n]) in
the table with m = |T}| and n = |T»| corresponds to the final result.
The algorithm computes the distance in

O(|Th| x |Ta| x (deg(Th) + deg(T2)) x loga(deg(T1) + deg(T2)))

time in the worst case. The analysis is as described by Zhang [1].
This algorithm has a better running time than the one proposed by
Xu [2].

Algorithm 1: TreeEditDistance [1]
Data: Merge trees T, 75.
Result: D(T1[i], T2[/]), where 1 <i<|Ti|, 1 < j<|D|
1 begin
2 D(6,0)=0
3 for i=1to |T1| do

’ D(Ri,0) = élD(Tl i), 6)

5 D(Ti[i],0) = D(F1[i], 8) +y(n1[i] — A)
6 end

7 forj:1t0|T2|d0.

s | | po.RlD)= L D0.5K)

9 D(60,T1(j]) = D(6, Ta[j]) +Y(A — n2J])
10 end

1 for i =1 to |T1| do

12 for j =1 to |T3| do

13 D(F[i}, i2[j]) =

D(6,RL])+,min (DR, ELid) - D, ELi]),
min { D(F[.0)+ min {D(F[i. ALj) - D(Fi].0)).
sin Y(MM(P, ).
D(Ti[i], T2j]) =
D(6,T2j)) + min (DT[] T15]) (6, BLi)},
min § D(7ii].0) + min {D(Ti[i]. T2j]) ~ DT[], )}
DE AL + v l] — nli).

14 end
15 end
16 end

3 PERIODICITY IN TIME-VARYING DATA

Figure 4 shows few time steps of the 2D Bénard-von Karméan vor-
tex street dataset [3] used in the periodicity case study described
in Section 5.3. Figure 5 shows the full distance matrix for the case
study to show that the periodic behavior is consistent across all
the time steps.
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Fig. 4. Time step 0 (top), 37 (middle) and 74 (bottom) of the flow around
a cylinder simulation. The split tree and the critical points are overlaid.

Fig. 5. The full 1000 x 1000 distance matrix shows a half-period of 37 in
addition to the periodicity of 74-75.
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