
Practical Algorithm for Cluster Deletion on Cographs

Let G be a cograph with discriminating cotree (T, t). That is, G = G[ρ] is
recursively determined as [1]

G[u] =



⋃
·

v∈child(u)

G[v] if t(u) = 0

O
v∈child(u)

G[v] if t(u) = 1

{x} if x is a leaf

(1)

Here ∪· and O denote the disjoint union and the join of graphs, respectively.
As an immediate consequence, the size κ(G) of a maximal clique of G can

also be computed recursively [1]

κ(G[u]) =


max

v∈child(u)
κ(G[v]) if t(u) = 0∑

v∈child(u)

κ(G[v]) if t(u) = 1

1 if x is a leaf

(2)

The Cluster Deletion problem ask for a partition of V (G) such that
each class Vi = V (Gi) is clique, i.e., a complete subgraph Gi of G, such that
the total number of edge,

∑
|E(Gi)| is maximal [3]. For cographs, Cluster

Deletion has a very simple solution: As shown in [2], every optimal solution
is obtained by iteratively finding a maximal clique G1 in G and then deleting
G1 from G. As a consequence, a simple modification of eq.(2) also pertains to
Cluster Deletion.

Denote by P(u) the optimal clique partition of the cograph implies by the
subtree T (u) of the discriminating cotree (T, t). We think of P(u) := [Q1(u), Q2(u), . . . ]
as an ordered list, such that |Qi(u)| ≥ |Qj(u)| if i < j. It will be convenient as-
sume that the list contains an arbitary number of empty sets. The P(u) satisfy
the following recursion:

P(u) =



⋃
v∈child(u)

P(v) if t(u) = 0 ⋃
v∈child(u)

Qi(v) | i = 1, 2, . . .

 if t(u) = 1

[{x}, ∅, . . . ] if x is a leaf

(3)

To see that this is correct it suffices to observe: (i) the largest clique in a disjoint
union of graphs is the largest clique in any of its components. The optimal clique
partition of a disjoint union of graphs thus is the union of the optimal clique
partitions of the constitutent connected components. (ii) For a join of two or
more graphs Gi, each maximum size clique Q is the join of a maximum size
clique of each constituent. The next largest clique disjoint from Q = OiQi

1



thus is the join of a largest cliques disjoint from Qi in each constituent graph
Gi. Thus a greedy clique partition of G is obtained by size ordering the clique
partitions of Gi and joining the the k-largest cliques from each. If the list of
cliques in a Gi is exhausted, it simply does not contribute anymore, which can
be represented as join with an empty clique Qi = ∅. (iii) Trivally, the optimal
clique partition of a single vertex graph consists only of that vertex.

The dynamic programming recursion (3) operates directly on the discrimi-
nating cotree (T, t) of the cograph G. For each node u, the effort is proportional
to |L(T (u))| log(deg(u)) for the deg(u)-wise merge sort step if t(u) = 0 propor-
tional to |L(T (u))| for the merging of the k-th largest clusters for t(u) = 1.
Using

∑
u deg(u)|L(T (u))| ≤ |L(T )|

∑
u deg(u) ≤ 2|E(T )||L(T )|2 ≤ 2|L(T )|2.

Since |V (T )| ≤ 2|L(T )|−1 we obtain a quadratic upper bound on running time.
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