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Fitch’s algorithm for a consistent most parsimo-
nious reconstruction

For each adjacency α do:

1. (Bottom-up phase) Collect putative states for an adjacency α of each
node v, stored in a candidate set B(α, v).

1a. (Leaves) For each leaf l, set

B(α, l) :=

{
{1} if α ∈ Gl

{0} otherwise.

1b. (Internal nodes) Assume an internal node u with children v and w.

B(α, u) :=

{
B(α, v) ∩B(α,w) if B(α, v) ∩B(α,w) 6= ∅,
B(α, v) ∪B(α,w) otherwise.

2. (Top-down refinement) Reconstruct most parsimonious labeling F (α, v):

2a. (Root)

F (α, root) :=

{
s if B(α, root) = {s},
0 otherwise, i.e., B(α, root) = {0, 1}.

Second case to avoid conflicts. (In the general Fitch version, any
state from B can be chosen. But we require consistency.)

2b. (Other nodes) Consider v with parent node p, and let s = F (α, p).

F (α, v) :=

{
s if s ∈ B(α, v),

1− s otherwise, i.e., set it to the other state.
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Definition (Ci1P). A matrix (or sub-matrix) has the Circular Ones Property
(Ci1P) if its columns can be ordered such that in each row, either the 1 entries
are consecutive (there is no 0 entry between two 1 entries), or the 0 entries are
consecutive (there is no 1 entry between two 0 entries); in other words the 1
entries are consecutive when the order of columns is viewed as a circle.

Definition (component-Ci1P). A matrix is component-Ci1P if its columns
can be partitioned such that a row has 1s only in one part and each part is
Ci1P.

MAX-ROW-component-Ci1P [3]. Given a matrix with weighted rows,
find a subset of rows of maximum cumulative weight such that the obtained
sub-matrix is component-Ci1P. If each row contains exactly two ones, this is
possible in polynomial time.

Note. In [3], each column is assigned a maximum cardinality m which we here
set to one and thus omit.
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