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Abstract

Edge modification problems in graphs have a lot of applications in different areas.
Polynomial time algorithms and NP-completeness results appear in several works
in the literature. In this paper, we prove new complexity results of these problems
in some graph classes, such as, interval, circular-arc, permutation, circle, bridge and
weakly chordal graphs.
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1 Introduction

Edge modification problems include completion, deletion and editing prob-
lems. Let G = (V, E) be a graph, a graph property = (for example if the graph
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belongs to a certain class) and an integer number k . In the m-editing decision
problem we need to know if there exists a set F C V x V with |F| < k, such
that the graph G' = (V, £ A F)) satisfies 7 (E A F denotes the symmetric
difference between E and F'). The w-deletion decision problem only allows

edge deletions (F' C F) and the w-completion decision problem only permits
to add edges (FNE =0).

Edge modification problems have applications in several areas, such as, molec-
ular biology and numerical algebra (see, for example, [1,11,13,19]).

Physical Mapping is a central problem in molecular biology and the human
genome project. The problem is to reconstruct the relative position of frag-
ments of DNA along the genome from information on their pairwise overlaps.
A simplified model of the problem which consider false negative and posi-
tive errors in the experimental data, leads to edge-modification problems in
interval or unit interval graphs [11].

The bacterial DNA and cytoplasmic DNA in animals exist in a closed circular
form. Furthermore, giant DNA molecules in higher organisms form loop struc-
tures held together by protein fasteners in which each loop is largely analogous
to closed circular DNA. In this case, similar models lead to edge-modification
problems in circular-arc graphs.

Computational complexity of editing, deletion and completion problems in
graph classes has been widely studied in the literature [6,9,11,14,16,18,20,24,25].

In this work, we prove new complexity results of these problems in some classes
of graphs, such as, interval, circular-arc, permutation, circle, bridge and weakly
chordal graphs.

Table 1 summarizes known results about edge modification problems, includ-
ing those obtained in this work (boldfaced). Open problems are indicated by
“?77 .

Graph classes and graph theory properties not defined here can be found in
3], [8] or [12].

2 Main results

First three theorems show polynomial reductions from hamiltonian path re-
stricted to cubic planar graphs which is NP-complete [10], to interval contain-
ment deletion, interval containment editing and interval editing, respectively.

Given a cubic graph G (all its vertices with degree 3), we define the triangle



Graph Classes Completion | Deletion | Editing
Perfect NPC [18] NPC [18] | NPC [18]
Chordal NPC [24] | NPC [20] | NPC [20]
Interval NPC [8,24] | NPC [11] NPC
Unit Interval NPC [24] NPC [11] NPC
Circular-Arc NPC [20] | NPC [20] | NPC
Unit Circular-Arc NPC [20] NPC [20] NPC
Proper Circular-Arc NPC [20] NPC [20] NPC
Chain NPC [24] | NPC [20] ?
Comparability NPC [14] NPC [25] | NPC [18]
Cograph NPC [6] NPC [6] ?
AT-Free ? NPC [20] ?
Threshold NPC [16] NPC [16] ?
Bipartite irrelevant NPC [9] | NPC [9]
Split NPC [18] | NPC [18] | P [15]
Cluster P [20] NPC [6] | NPC [20]
Trivially Perfect NPC [24] | NPC [20] ?
Permutation NPC NPC NPC
Circle NPC NPC NPC
Weakly Chordal NPC NPC ?
Bridge ? NPC ?
Table 1

Summary of complexity results

graph G as a new cubic graph obtained from G replacing each vertex by a
triangle and using the edges (v;,v;) of G to join a representant of v; with a
representant of v; in G. It is easy to see that if G is a planar graph, so it is G.

Theorem 1 Let G be a cubic planar graph, G has a hamiltonian path if and
only if its triangle graph G has an interval containment subgraph with at least
4dn — 1 edges.

Theorem 2 Let G = (V,E) be a cubic planar graph and G = (V,E) its
triangle graph, G has a hamiltonian path iof and only if there is an edge set F'
such that G = (V ENA F) is an interval containment graph and |F| < 5 +1.



Theorem 3 Let G = (V,E) be a cubic planar graph and G = (V,E) its
triangle graph, G has a hamiltonian path if and only if there is an edge set F
such that G = (V,E A F') is an interval graph and |F| < § + 1.

Using the equivalence between permutation graphs and interval containment
graphs [5], and the existence of polynomial time recognition algorithms for
permutation graphs [17] and interval graphs [2], we have the following corol-
lary.

Corollary 4 Permutation deletion, permutation editing and interval editing
are NP-complete problems.

As a collateral result of the proof of theorem 3, this corollary can be proved.
Corollary 5 Unit interval editing is NP-complete.

Next theorem can be proved using the NP-completeness of chain deletion [18],
and the existence of polynomial time recognition algorithms for bridge graphs
[7] and weakly chordal graphs [22].

Theorem 6 Bridge deletion and weakly chordal deletion are NP-complete
problems.

Since permutation graphs and weakly chordal graphs are closed under com-
plement [3], we have the following corollary.

Corollary 7 Permutation completion and weakly chordal completion are NP-
complete.

This proposition is showed in [18].

Proposition 8 If © and ©' are graph properties such that for every graph
G and a stable set S, G satisfies m if and only if G U S (the disjoint union
between graphs G and S) satisfies 7', then w-deletion is polynomially reducible
to m'-deletion. If in addition 7 is hereditary, then m-completion (m-editing) is
polynomially reducible to ©'-completion (7'-editing).

A graph G is a (unit)interval graph if and only if GU S is a (unit)circular-arc
graph, for any stable set S. Additionally, (unit)interval is a hereditary class
of graphs. So, by Proposition 8, (unit)interval edge modification problems are
polynomially reducible to the corresponding (unit)circular-arc edge modifica-
tion problems. Since (unit)circular-arc graphs can be recognized polynomially
[4], we have the following result.

Corollary 9 Circular-arc and unit circular-arc editing are NP-complete.

Since proper interval graphs are equivalent to unit interval graphs [3] and



proper circular-arc graphs have polynomial time recognition [23], using propo-
sition 8, we have the following result.

Corollary 10 Proper circular-arc editing is NP-complete.

A trivial corollary of Proposition 8 can be proved applying that result to the
complement of the graph.

Proposition 11 If © and 7' are graph properties such that for every graph
G and a complete K, G satisfies w if and only if G + K (the union between
graphs G and K, joining every vertex of G with every vertex of K ) satisfies
7', then mw-deletion is polynomially reducible to ©'-deletion. If in addition 7
is hereditary, then mw-completion (m-editing) is polynomially reducible to w'-
completion (1'-editing).

A graph G is a permutation graph if and only if G + K is a circle graph,
for any complete K [12]. Additionally, permutation graphs are a hereditary
class of graphs. So, permutation edge modification problems are polynomially
reducible to the corresponding circle edge modification problems. Since circle
graphs can be recognized polynomially [21], we have the following result as a
consequence of Proposition 11.

Corollary 12 Circle completion, deletion and editing are NP-complete prob-
lems.

Note 1 Reductions involved in the proofs of theorems 1, 2 and 3 imply that
the NP-completeness results obtained in this work hold even when the input
graphs are restricted to be cubic planar graphs.
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