Open Problems
Problem 1. In the Shortest Superstring Problem (SSP), we are given a
set S = {s1 , . . . , sn } of string over a finite alphabet Σ and we have to find
a shortest string s that contains all the si as substrings. This problem is
NP-hard, so assuming P 6= N P , the best one can hope for, in terms of
polynomial algorithms, is approximation. A natural greedy procedure is the
following: Pick two strings si , sj with largest overlap from S (breaking ties
arbitrarily) and replace them with their merge. The algorithm stops when
there is only one string left and, obviously, this string is a superstring of all
the si .
Considering the set of {abk , bk c, bk+1 }, we can see that the Greedy Algorithm cannot have an approximation factor better than 2. However, resolving the following conjecture due to Blum et al. [2] is a long standing and
very important open problem.
Conjecture 1. The Greedy Algorithm has approximation factor 2.
For more information and some other problems related to it see for example [10, 5].
Problem 2. Given any two rooted binary X-trees T1 and T2 , we consider
the root of both T1 , T2 as a vertex ρ at the end of a pedant edge incident to
the original root. Furthermore, ρ is also considered as part of the label set
of T1 , T2 . We give now the definition of an agreement forest as reported in
[4]:
Definition 1. An agreement forest F of two rooted binary phylogenetic
X-trees T, T 0 is a collection of trees {Tρ , T1 , . . . , Tk } such that for all i ∈
{ρ, 1, . . . , k} Ti is a rooted subtree with vertex set Li such that:
• The label sets Lρ , L1 , . . . , Lk partition X + ρ and in particular ρ ∈ Lρ
• For all i ∈ {ρ, 1, . . . , k}, Ti = T |Li = T 0 |Li
• The trees in {T (Li ) : i ∈ {ρ, 1, . . . , k}} and {T (Li ) : i ∈ {ρ, 1, . . . , k}}
are vertex disjoint subtrees of T and T 0 , respectively.
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The maximum agreement forest of two phylogenetic trees T, T 0 , is an
agreement forest having the minimum number of components. Finding
the maximum agreement forest for two trees is NP-hard [4] and various 3approximation algorithms have been proposed (see for example [11, 3, 13]).
Very recently in [12] the authors proposed a 2-approximation algorithm for
the MAF problem.
Is it possible to find a simpler 2-approximation algorithm or even better
to improve the factor 2?
Problem 3. In the problem of reconciling phylogenetic trees of hosts and
their symbionts we are given a host tree H, a symbiont tree P , a mapping of
the leaves of P to the leaves of H (that reflects current knowledge on which
existing symbiont inhabit which hosts) and a cost vector c =< cc , cd , cs , cl >
defining the cost of each of the four types of events that we can recover (i.e.
cospeciation, duplication, host-switch and loss). We can then obtain a parsimonious solution by minimising the total cost of the mapping. Additionally,
if timing information is not available or may be insufficiently reliable to be
used with enough confidence, the reconciliation problem is NP-hard (see for
example [8, 6, 14]).
In [7] it is defined the k-bounded-reconciliaiton problem: Given H, P, φ, c
find the reconciliation of minimum cost for which all host-switches are at a
distance at most k (note that k is not part of the input). Recall that for a
reconciliation γ, the distance of a host-switch is defined as follows: For an
edge (p, p0 ) in the symbiont tree P , for which p is associated to a host-switch,
let h = γ(p) and h = γ(p0 ). The distance of this host-switch is given as the
distance in number of edges of the unique path between h and h0 . If k is not
part of the input the question remains whether the problem can be solved
in polyonmial time.
The problem can be solved trivially in polynomial time for k = 2 and
remains open for any ≥ 3.
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