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Abstract

In this paper we describe an approach to solve the element dupli-
cation centre problem. Our approach is based on constructing logical
models for considered problem.
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Note that not only are some measures of genomic distance computationally
complex [1, 2], but more important, the extension of any of them, even the
reversals-distance for signed genomes [3], or the breakpoint distance [4], to
three or more genomes — multiple genome rearrangement — is NP-hard [5,
6]. In papers [7, 8] he authors have shown that in general case (strings over
finite alphabets) determining reversal, transposition or signed reversal distance
between two species is NP-hard. The swap centre permutation problem and
the element duplication centre problem are NP-hard [9]. In this paper we
consider an approach to solve the element duplication centre problem. Our
approach is based on constructing logical models for the problem.

An element duplication operation copies an element to a new location. Let
Σ = {a1, a2, . . . , ap}. The element duplication D⟨i, j⟩, where 1 ≤ i ≤ n, 1 ≤
j ≤ n, is the operationD⟨i, j⟩(ak1ak2 . . . akn) = ak1ak2 . . . akjakiakj+1

akj+2
. . . akn .

LetD⟨i, 0⟩(ak1ak2 . . . akn) = akiak1ak2 . . . akn . The minimum number of element
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duplications needed to transform a string w2 into a string w1 is called the el-
ement duplication distance between w1 and w2, here denoted by dd(w1, w2).
For all finite X ⊆ Σ+, we denote:

Cd(X) ⇀↽ inf
u∈Σ+

(sup
v∈X

dd(u, v)).

An element duplication centre of X is a string u such that

sup
v∈X

dd(u, v) = Cd(X).

The element duplication centre problem is the decision problem: given a non
empty X ⊂ Σ+ and a natural number r, is Cd(X) ≤ r.

Now we consider a logical model for the element duplication centre problem.
Let wi = wi[1] . . . wi[|wi|]. We can assume that u = u[1] . . . u[L] where L =
min |wi|+ r. Let

φ1 = ∧|X|
i=1 ∧

|wi|
j=1 ∧1≤l[1]<l[2]≤L(¬x[i, j, l[1]] ∨ ¬x[i, j, l[2]]),

φ2 = ∧|X|
i=1 ∧

|wi|
j=1 ∧1≤l≤Lx[i, j, l],

φ3 = ∧L
l=1 ∧1≤i[1]≤|X|,1≤j[1]≤|wi|,

1≤i[2]≤|X|,1≤j[2]≤|wi|,

wi[1][j[1]] ̸=wi[2][j[2]]

(¬x[i[1], j[1], l] ∨ ¬x[i[2], j[2], l]),

φ4 = ∧|X|
i=1 ∧L

l=1 ∧1≤j[1]<j[2]≤|wi|(¬x[i, j[1], l] ∨ ¬x[i, j[2], l]),

φ5 = ∧|X|
i=1 ∧1≤j[1]<j[2]≤|wi| ∧1≤l[2]<l[1]≤L(¬x[i, j[1], l[1]] ∨ ¬x[i, j[2], l[2]]),

φ = ∧5
s=1φs.

It is easy to check that u is an element duplication centre of X if and only if
φ is satisfiable.

For computational experiments we use not only genomic data, but also
we consider the problem of railroad tracks recognition. Note that recognizing
an isolated object in an image is a demanding computational task (see e.g.
[10]). The difficulty is greatly compounded when the image contains some
multiple objects because image features are not grouped according to which
object they belong. Without the capability to form proper groupings, it would
be necessary to undergo a massive search through all subsets of image features.
Most machine vision recognition systems include a component that performs
feature grouping. A segmentation of video sequence of images of railroad
tracks gives us only partial information about railroad tracks (see e.g. figure
1). We can consider a sequence of white fragments that is obtained after a
segmentation as a word. So, we can use the element duplication centre problem
to compensate the information.



Element duplication centre problem 383

Figure 1: An image of some railroad track (left) and two images of railroad
tracks after a segmentation.

In papers [11, 12, 13, 14, 15, 16, 17] the authors considered some algorithms
to solve logical models. Our computational experiments with genomic data and
railroad tracks data have shown that these algorithms can be used to solve the
logical model for the element duplication centre problem.
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