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Abstract A clique-transversal of a graph G is a subset of vertices intersecting all the cliques
of G. It is NP-hard to determine the minimum cardinality τc of a clique-transversal of G.
In this work, first we propose an algorithm for determining this parameter for a general
graph, which runs in polynomial time, for fixed τc. This algorithm is employed for finding
the minimum cardinality clique-transversal of 3K2-free circular-arc graphs in O(n4) time.
Further we describe an algorithm for determining τc of a Helly circular-arc graph in O(n)

time. This represents an improvement over an existing algorithm by Guruswami and Pandu
Rangan which requires O(n2) time. Finally, the last proposed algorithm is modified, so as
to solve the weighted version of the corresponding problem, in O(n2) time.
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The aim of this work is to describe algorithms for finding the clique-transversal number
for general graphs and for subclasses of circular-arc graphs: Helly circular-arc graphs and
3K2-free circular-arc graphs.

Clique transversals have been studied since the paper by Tuza (1990). See also the early
paper by Payan (1979). The first NP-hardness result for clique-transversals is by Erdös et al.
(1992). The following are some classes of graphs admitting polynomial time algorithms for
the problem of determining a minimum clique-transversal: strongly chordal graphs (Chang
et al., 1993, 1996; Guruswami and Pandu Rangan 2000); chordal graphs with bounded clique
size (Guruswami and Pandu Rangan 2000); k-trees with bounded k (Chang et al. 1996);
dually chordal graphs (Brandstädt et al. 1997); comparability graphs (Balachandran et al.
1996); balanced graphs (Bonomo et al. 2006; Dahlhaus et al. 1998); distance hereditary
graphs (Lee et al. 2002); short-chorded graphs with no 3-fans nor 4-wheels (Durán et al.
2002); Helly circular-arc graphs (Guruswami and Pandu Rangan 2000).

Let G be an undirected connected graph, V (G) and E(G) its vertex and edge sets, re-
spectively, |V (G)| = n and |E(G)| = m. For v ∈ V (G), denote by N(v) the set of neighbors
of v, and N [v] = N(v) ∪ {v}. Write N(v) = V (G) \ N [v]. Say that v is universal when
N [v] = V (G). A complete set of G is a set of pairwise adjacent vertices. A clique is a max-
imal complete set. A dominating set of G is a set W ⊆ V (G) such that every vertex outside
W is adjacent to some vertex of W . Let V a family of subsets of V (G), and W ⊆ V (G).
Say that W is a transversal of V when W intersects each set of V . A transversal of the set of
cliques of G is called a clique-transversal of G.

We employ the following notation.

• τc(G), minimum cardinality of a clique-transversal of G

clique-transversal number
• τ̃c(G), minimum weight of a clique-transversal of G

• γ (G), minimum cardinality of a dominating set of G

domination number
• γ̃ (G), minimum weight of a dominating set of G

A circular-arc (CA) model for G is a pair (C,A), where C is a circle and A is a collection
of arcs of C, such that each arc Ai ∈ A corresponds to a vertex vi ∈ V (G), and Ai,Aj inter-
sect precisely when vi, vj are adjacent, i �= j . A circular-arc (CA) graph is one admitting a
CA model. When traversing the circle C, we will always choose the clockwise direction. If
s, t are points of C, write (s, t) to mean the arc of C defined by traversing the circle from s

to t . Call s, t the extremes of (s, t), while s is the start and t the end of the arc. For Ai ∈ A,
write Ai = (si, ti). Without loss of generality, all arcs of C are considered as open arcs, no
two extremes of distinct arcs of A coincide and no single arc entirely covers C.

A Helly circular-arc (HCA) graph G is a CA graph admitting a CA model whose arcs sat-
isfy the Helly property. That is, every pairwise intersecting subfamily of arcs of A contains
a common point. Such a model is called a Helly circular-arc (HCA) model for G. Gavril
(1974) has characterized HCA graphs as exactly those admitting a clique matrix having the
circular 1’s property for columns. This characterization leads to an algorithm for recogniz-
ing HCA graphs, which builds an HCA model in O(n3) time if that model exists. Recently,
other characterizations of HCA graphs have been formulated, by Joeris et al. (2006) and
by Lin and Szwarcfiter (2006). Linear time algorithms for recognizing HCA graphs and
constructing HCA models can be obtained using these characterizations.
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Fig. 1 Graph 3K2

A 3K2-free circular-arc graph is a circular-arc graph which does not contain the graph of
Fig. 1 as an induced subgraph.

Helly circular-arc graphs form an important class of circular-arc graphs. Some properties
of interval graphs are captured more closely by Helly circular-arc graphs than by other
classes of circular-arc graphs. On the other hand, 3K2-free circular-arc graphs contain Helly
circular-arc graphs and their cliques preserve some of the properties of the latter class.

In this work, we propose an algorithm for determining the minimum cardinality clique-
transversal of a general graph, which runs in polynomial time, whenever the clique-
transversal number is fixed. We also describe efficient algorithms for finding clique-
transversals in certain subclasses of circular-arc graphs. The considered classes are Helly
circular-arc graphs and 3K2-free circular-arc graphs. For Helly circular-arc graphs, we pro-
pose algorithms for the cardinality and weighted version of this problem. For 3K2-free
circular-arc graphs, we describe an algorithm for minimum cardinality clique-transversal.
The complexity of the proposed algorithm for the cardinality problem in HCA graphs is
O(n). This represents an improvement over the existing algorithm by Guruswami and Pandu
Rangan (2000), whose complexity is O(n2). As usual for many algorithms on circular-arc
graphs, we assume that the graph is given by its circular-arc model, with the extremes of the
arcs circularly sorted. If they are not sorted we would need to add an extra O(n logn) time
for the sorting. All the mentioned algorithms for HCA graphs suppose that an HCA model
is given.

1 Clique-transversals in general graphs

In the sequel, we consider the question of finding the clique-transversal number for an arbi-
trary graph.

The theorem below describes conditions for an arbitrary graph G to have clique-
transversal number at most k.

Theorem 1 Let G be a graph and k ≥ 1. Then τc(G) ≤ k if and only if G has k vertices
v1, . . . , vk , such that the family of subsets N(v1), . . . ,N(vk),⊆ V (G) admits no transversal
formed by a complete set of V (G).

Proof Assume τc(G) ≤ k and let {v1, . . . , vk} be a clique-transversal of G. By contrary,
suppose that N(v1), . . . ,N(vk) has a transversal W , which is a complete set of G. Because
W is a complete set, W is contained in some clique M of G. Since W is a transversal of
N(v1), . . . ,N(vk), at least one vertex of M is not adjacent to vi , 1 ≤ i ≤ k. Consequently,
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M ∩ {v1, . . . , vk} = ∅. The latter contradicts {v1, . . . , vk} to be a clique-transversal of G.
Consequently, N(v1), . . . ,N(vk) has no transversal formed by a complete set of G.

Conversely, by hypothesis τc(G) > k. By contradiction, assume that G has k vertices
{v1, . . . , vk} such that N(v1), . . . ,N(vk) has no transversal formed by a complete set of G.
Because τc(G) > k, there exists some clique M such that M ∩ {v1, . . . , vk} = ∅. Then M

contains a vertex w ∈ N(vi), for each i. The collection of such vertices w form a complete
set W with cardinality at most k, and which is a transversal of N(v1), . . . ,N(vk), contrary
to the assumption. Consequently, no such vertices v1, . . . , vk may exist. �

The above theorem conducts to the following algorithm for determining whether the
clique-transversal number of an arbitrary graph G is at most k, for a given k.

Algorithm 1 (Deciding if the clique-transversal number of a general graph is at most k)
For each k-subset V ′ = {v1, . . . , vk} ⊆ V (G), consider all subsets W ⊆ V (G) \ V ′, with
|W | ≤ k. For each pair V ′,W , verify (i) if W is a transversal of N(v1), . . . ,N(vk) and (ii) if
W is a complete set of G. If, for some V ′, (i) or (ii) fails for all subsets W ⊆ V (G) \ V ′,
then V ′ is a clique-transversal of G, τc(G) ≤ k and stop. Otherwise, τc(G) > k.

The complexity of the above algorithm can be determined as follows. There are at most
(nk )nk pairs of subsets V ′,W to be considered. For each V ′, we can restrict to consider
only those subsets W which are already a transversal of N(v1), . . . ,N(vk), that is, which
satisfy (i). To verify (ii), we make k(k−1)

2 comparisons. Consequently, the overall time com-

plexity is O( n2k

(k−2)! ), with O(m + nk) space.
By applying τc(G) times the above algorithm, we can compute the value of τc(G) in

O(n2τc(G)) time. The complexity is therefore a polynomial in n, for fixed τc(G).

2 Intersection segments

Let G be a graph admitting a CA model (C,A). For A ∈ A, denote by V (A) the vertex of
G corresponding to A. Similarly, for A′ ⊆ A, V (A′) = ∪A∈A′V (A). If V (A) is a universal
vertex then A is a universal arc. If an arc A ∈ A contains some point p ∈ C then say that
A is an arc of p. Denote by A(p) the collection of arcs of p. Clearly, V (A(p)) is complete
set of G. For p,p′ ∈ C say that p (properly) dominates p′ when A(p) (properly) contains
A(p′). When A(p) = A(p′) then p,p′ are equivalent. Say that p ∈ C is complete point
when no point of C properly dominates p. In addition when V (A(p)) is a clique of G then
p is a clique point of C. Such a clique is called a Helly clique. Clearly, G might contain
cliques that are no Helly. However, if (C,A) is a Helly model then all its cliques are Helly.
In this case, there is a one-to-one correspondence between cliques of G and non equivalent
clique points of C. On the other hand, any non Helly clique contains at least three vertices.
Furthermore, among the arcs of A corresponding to the vertices of a non Helly clique there
exist always three of them which together cover the entire circle.

We describe a method for finding sets of complete points of a CA graph. These sets will
be employed in the algorithms proposed in the later sections. The following concepts are
central for our methods.

Denote A = {A1, . . . ,An} and Ai = (si, ti), 1 ≤ i ≤ n. A segment is an arc of C formed
by two consecutive extremes of the arcs of A, when traversing C. Clearly, there are 2n

segments, which exactly cover C, except for their extreme points. Also, each arc of A cor-
responds to a sequence of consecutive segments. All points belonging to a same segment
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are equivalent. An intersection segment is a segment of the type (si, tj ), that is, its start
point is the start point of some arc Ai ∈ A, while its end point is the end point of an arc
Aj ∈ A. Write Ii = (si, tj ). A point pi ∈ Ii is called an intersection point. There are at most
n intersection segments.

In order to relate intersection points to complete points, we employ the following ad-
ditional notation. An intersection segment Ii = (si, tj ) is simple when Ai ∪ Aj �= C, and
universal otherwise. That is, Ii is universal when Ai and Aj cover the entire circle. A point
belonging to a simple segment is a simple point, whereas one inside a universal segment is
a universal point.

Next, we consider some special subsets of points of C which are of interest. Define
the following four subsets. A complete (simple) (universal) (clique) point representation of
C is a maximal set of complete (simple) (universal) (clique) non equivalent points of C.
Represent these sets by P,S,U,Q, respectively. We describe how to construct them.

Let P ′,P ′′ ⊆ C be two subsets of points of C. Then P ′,P ′′ are isomorphic when there
exists a bijection f between these sets such that p′ and f (p′) are equivalent, for all p′ ∈ P ′.
Clearly, any two complete (intersection) (simple) (universal) (clique) point representations
are isomorphic. That is, P,S,U,Q are all unique, up to isomorphism. Consequently, we
can write P = S ∪ U ′, where U ′ ⊆ U . Also, Q ⊆ P , with Q = P precisely when (C,A)

is a Helly model. Clearly, Q corresponds to the set of Helly cliques of G. Moreover, the
Helly cliques can be further bipartitioned, as follows. Let Mi be a Helly clique of G and pi

the clique point of Q corresponding to Mi . Then Mi is a simple clique or universal clique,
according whether pi is a simple or universal point, respectively.

The following algorithm proposed in (Durán et al. 2006) constructs a complete point
representation P of C, given a CA model (C,A) for a graph G. In fact, the algorithm
constructs explicitly the simple point representation S and then finds U ′ ⊆ U , such that
P = S ∪ U ′. The algorithm is divided into two steps. Step 1 constructs S and a set U ′′ ⊇ U ,
which contains U and possibly some additional equivalent points. Step 2 determines U ′
by including in it one universal point (the one with lowest index), for each collection of
equivalent complete points. The algorithm employs a list L to contain this collection.

Algorithm 2 (Constructing a complete point representation of a CA graph)

STEP 1: Identify the segments of C. Define S = U ′′ = ∅. For each segment (x, y) of C, if
x is the start of some arc Ai ∈ A and y the end of Aj ∈ A then let pi be a point of
(x, y) and perform the following additional test: if Ai ∪ Aj �= C, include pi in S,
otherwise include pi in U ′′.

STEP 2: Define U ′ = ∅. For each universal point pi ∈ U ′′, let Ii = (si, tj ) be its correspond-
ing universal segment. For each pi ∈ U ′′, apply the following procedure. Com-
pute A(pi). Define L = {i}. Traverse the arc (sj , ti) ⊆ C, segment by segment,
in the order as they appear. In case of an intersection segment (sk, tl) ⊆ (sj , ti ),
choose a point pk ∈ (sk, tl), compute A(pk), and if A(pi) = A(pk) then include
k in L. After all segments contained in (sj , ti) have been traversed then include
pr in U ′ precisely in the case where pi is not properly dominated by any pk , and
r = min{k ∈ L}. At the end, P = S ∪ U ′.

Algorithm 2 constructs S and U ′′ in O(n) time and U ′ ⊆ U ′′ in O(n2) time. Conse-
quently, we require O(n2) time for constructing P . For determining U , possibly we need
to eliminate equivalent points from the subset U ′ constructed in Step 1. It can be easily
performed in overall O(n2) time.
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Finally, consider the determination of the clique point representation Q of C. To obtain
Q ⊆ P , we need to remove from P those points p ∈ P , such that V (A(p)) is not a clique.
With this purpose, apply the following algorithm, proposed in (Durán et al. 2006). Given P

the algorithm constructs Q in O(m) time.

Algorithm 3 (Constructing a clique point representation of a CA graph) Define Q := P . For
each complete point p ∈ P , perform the following operations. Denote by (si, tj ) the inter-
section segment corresponding to p. Define so := sj . Traverse the arc (tj , ti), identifying the
extreme points q of the arcs Ak ∈ A, such that q is the first extreme of Ak , in the traversal.
For each such extreme q , do the following: if q = sk and tk ∈ (s0, si) then Q := Q \ {p} and
terminate the iteration corresponding to p (p is not a clique point); if q = tk and sk ∈ (s0, si)

then assign s0 := sk . At the end, Q is the required clique point representation.

3 Clique-transversals in HCA graphs

In this section, we describe a method for finding a minimum clique transversal of an HCA,
for the weighted and cardinality versions of the problem.

Let G be an HCA graph and (C,A) an HCA model for it. Let Mi be a clique of G and
pi the clique point of C corresponding to it. Denote by G′ the graph obtained from G, by
adding a new vertex wi , for each clique Mi of G, making wi adjacent exactly to the vertices
of Mi . Clearly, G′ is also an HCA graph, as an HCA model for it can be obtained from
(C,A), by including in A a new arc A′

i for each clique Mi of G. Each A′
i includes pi and

is contained in the intersection of the arcs of pi , but containing none of the extremes of
this intersection. Note that each A′

i creates a new intersection segment in G′. Call G′ the
simplicial augmentation of G.

The following theorem relates clique-transversals of G and dominating sets of G′.

Theorem 2 Let G be an HCA graph, G′ its simplicial augmentation and W ⊆ V (G). Then
W is a clique-transversal of G if and only if W is a dominating set of G′.

Proof Let (C,A) be an HCA model for G. Denote by Q the clique point representation of
C. Let AQ be a family of |Q| arcs of C, each one containing exactly one clique point of
Q and no extremes of arcs of A. It follows that (C,A ∪ AQ) is an HCA model for G′. Let
AW ⊆ A be the set of arcs of A corresponding to the vertices of W .

Assume that W is a clique-transversal of G. Then the vertices of W meet each clique Mi

of G. That is, each clique point pi ∈ Q is covered by some arc of AW . On the other hand,
each arc of A∪AQ contains some clique point pi ∈ Q. Hence, the collection AW intersects
all arcs of A∪AQ, meaning that W is a dominating set of G′.

Conversely, suppose that W ⊆ V (G) is a dominating set of G′. Then each arc of A∪AQ

intersects some arc of AW . In particular, for any clique point pi ∈ Q, the arc A′
i ∈ AQ which

contains pi ∈ Q intersects some arc Aw ∈ AW . We know that any arc of A ∪ AQ which
intersects A′

i must contain A′
i . Consequently, Aw contains pi , meaning that W is indeed a

clique-transversal of G. �

We handle separately CA graphs having two arcs covering the entire circle.

Theorem 3 Let (C,A) be a CA model of a graph G. If there are two arcs A1,A2 ∈ A which
entirely cover C then τc(G) ≤ 2.
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Proof Let M be any clique of G and A(M) = {Ai ∈ A/V (Ai) ∈ M}. If A1 or A2 contains
some arc Ai ∈ A(M) different from A1 and A2, then V (A1) or V (A2) belongs to M . If
A1 and A2 do not contain any arc of A(M) different from A1 and A2, then ∀Ai ∈ A(M),
Ai ∩ A1 �= ∅ and Ai ∩ A2 �= ∅, because A1 and A2 entirely cover C. In this case, V (A1) and
V (A2) are vertices of M . Consequently, V (A1)and V (A2) form a clique transversal of G. �

In the sequel, we apply Theorems 2 and 3 for finding the clique-transversal number of an
HCA graph G, given by its HCA model (C,A). The following algorithm computes τc(G).

Algorithm 4 (Clique-transversal number of an HCA graph) Start by verifying if A contains
a universal arc. If affirmative, τc(G) = 1. Otherwise, construct the simple and universal point
representations S and U of G, respectively. If U �= ∅ then τc(G) = 2. Otherwise, find the
collection of arcs AS and the HCA model (C,A∪AS) of the simplicial augmentation G′ of
G. Then τc(G) = γ (G′).

Clearly, τc(G) = 1 precisely when G has a universal arc. Otherwise and when U �= ∅
there are two arcs which cover C, meaning that τc(G) = 2. Otherwise, U = ∅ implies that
the clique point representation Q equals S. This means that Q = P = S. Consequently, the
construction of Q reduces to that of S, which can be done in O(n) time, running Step 1 of
Algorithm 2. The construction of AS and of the HCA model of G′ can also be done in linear
time. In order to compute γ (G′), apply the algorithm by Hsu and Tsai (1991), which runs
in O(n) time. Consequently, the overall complexity is O(n).

The above algorithm can be modified for the weighted problem. Let G be a graph given
by its HCA model (C,A), and where there is a non negative weight assigned to each of its
vertices.

Algorithm 5 (Minimum weight of a clique-transversal of an HCA graph) Construct the
clique point representation Q of C, and the family of arcs AQ. Find the HCA model
(C,A ∪ AQ) of the simplicial augmentation G′ of G. Define the weights of the vertices
of G′, as follows. For v ∈ V (G), the weight of v in G′ is the same as its weight in G, while
the weight of a vertex v ∈ V (G′) \ V (G) is infinite. Then τ̃c(G) = γ̃ (G′).

The infinite weights assure that the minimum dominating set of G′ is formed solely by
vertices of G. By Theorem 2, the algorithm is correct.

The construction of Q requires O(n2) time, by Algorithms 2 and 3. The determination
of γ̃ (G′) can be done in O(n + m) time, applying the algorithm by Chang (1998). The
remaining operations can de implemented in O(n) time. Therefore the algorithm terminates
within O(n2) time.

4 Clique-transversals in 3K2-free CA graphs

Finally, we consider the problem of finding τc(G) for a 3K2-free CA graph G.

Theorem 4 Let G be a graph which is not HCA, and contains no 3K2 as induced subgraph.
Then τc(G) ≤ 3.

Proof Let (C,A) be a CA model for G. As G is not an HCA graph, there are three arcs
A1,A2,A3 ∈ A, which entirely cover C. If two of these arcs cover C then it holds that
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τc(G) ≤ 3 by Theorem 3. So, we can assume that A1,A2,A3 do not have a common point.
Suppose there is some clique M which is not covered by the subset of vertices V (A1), V (A2)

and V (A3). That is, there exists an arc A′
1, corresponding to some vertex of M , such that

A′
1 ∩ A1 = ∅, but A′

1 ∩ A2, A′
1 ∩ A3 �= ∅. The latter can be justified as follows: A′

1 ∩ A1 = ∅,
otherwise V (A1) ∈ M , while A′

1 ∩ A2, A′
1 ∩ A3 �= ∅, because A1,A2,A3 cover the entire

circle and A′
1 can not be strictly contained in A2 nor A3. Similarly, there exist arcs A′

2 and
A′

3 also corresponding to vertices of M , satisfying A′
2 ∩ A2 = A′

3 ∩ A3 = ∅, but A′
2 ∩ A1,

A′
2 ∩ A3, A′

3 ∩ A1, A′
3 ∩ A2 �= ∅. In this situation, the subset of vertices corresponding to

the arcs {A1,A2,A3,A
′
1,A

′
2,A

′
3} induces a 3K2 in G, which contradicts the hypothesis.

Consequently, M is covered by V (A1), V (A2) and V (A3). Therefore V (A1), V (A2) and
V (A3) form a clique transversal of G. �

The above proof also implies that if G is a 3K2-free CA graph and τc(G) > 3 then every
CA model for G is in fact an HCA model.

Theorem 4 leads to the following algorithm for determining the clique-transversal num-
ber of a 3K2-free CA graph G, with a given CA model (C,A).

Algorithm 6 (Clique-transversal number of a 3K2-free CA graph) Start by verifying if G

contains a universal vertex. If affirmative then τc(G) = 1. Otherwise, apply Algorithm 1
with k = 2, to verify if τc(G) ≤ 2. If affirmative, τc(G) = 2. Otherwise, check if there are
three arcs A1,A2,A3 ∈ A which cover C. If negative, then (C,A) is an HCA model and
determine τc(G) by applying Algorithm 4. When A1,A2,A3 cover C, verify if there are
other three arcs A4,A5,A6 ∈ A covering C (in this case, A1, . . . ,A6 form a 3K2 in G). In
the affirmative case, the algorithm exhibits such a subgraph. Otherwise, τc(G) = 3.

This algorithm is robust, in the sense that either it determines the clique transversal num-
ber of the graph, or it exhibits a forbidden 3K2 induced subgraph.

As for the complexity, the dominating step is that of applying Algorithm 1 with k = 2.
Consequently, the algorithm terminates in O(n4) time.

5 Conclusions

Table 1 summarizes the problems that have been considered in this paper, together with the
complexities of the corresponding proposed algorithms.

In all cases, the algorithms determine the cardinality or the weight of the corresponding
minimum clique-transversal set. There is no difficulty to modify them so as to compute the
actual minimum or maximum sets.

It remains open the complexity of determining the clique-transversal number of general
CA graphs.

Table 1 Complexities

Problem Graph Class Version Proposed alg. Previous alg.

Clique-
transversal
number

HCA Cardinality O(n) O(n2)

Weighted O(n2) –

3K2-free CA Cardinality O(n4) –

Weighted ? –

General Cardinality O(n2τc(G)) –



Ann Oper Res (2008) 157: 37–45 45

References

Balachandran, V., Nagavamsi, P., & Pandu Rangan, C. (1996). Clique transversal and clique independence on
comparability graphs. Information Processing Letters, 58, 181–184.

Bonomo, F., Durán, G., Lin, M. C., & Szwarcfiter, J. L. (2006). On balanced graphs. Mathematical Program-
ming B, 105, 233–250.

Brandstädt, A., Chepoi, V. D., & Dragan, F. F. (1997). Clique r-domination and clique r-packing problems on
dually chordal graphs. SIAM Journal on Discrete Mathematics, 10, 109–127.

Chang, G. J., Farber, M., & Tuza, Z. (1993). Algorithmic aspects of neighbourhood numbers. SIAM Journal
on Discrete Mathematics, 6, 24–29.

Chang, M. S. (1998). Efficient algorithms for the domination problems on interval and circular-arc graphs.
SIAM Journal on Computing, 27, 1671–1694.

Chang, M. S., Chen, Y. H., Chang, G. J., & Yan, J. H. (1996). Algorithmic aspects of the generalized clique-
transversal problem on chordal graphs. Discrete Applied Mathematics, 66, 189–203.

Dahlhaus, E., Manuel, P. D., & Miller, M. (1998). Maximum h-colourable subgraph problem in balanced
graphs. Information Processing Letters, 65, 301–303.

Durán, G., Lin, M. L., Mera, S., & Szwarcfiter, J. L. (2006). Algorithms for clique-independent sets on
subclasses of circular-arc graphs. Discrete Applied Mathematics, 154(13), 1783–1790.

Durán, G., Lin, M. L., & Szwarcfiter, J. L. (2002). On clique-transversals and clique-independent sets. Annals
of Operations Research, 116, 71–77.

Erdös, P., Gallai, T., & Tuza, Z. (1992). Covering the cliques of a graph with vertices. Discrete Mathematics,
108, 279–289.

Gavril, F. (1974). Algorithms on circular-arc graphs. Networks, 4, 357–369.
Guruswami, V., & Pandu Rangan, C. (2000). Algorithmic aspects of clique transversals and clique indepen-

dent sets. Discrete Applied Mathematics, 100, 183–202.
Hsu, W. L., & Tsai, K. H. (1991). Linear time algorithms on circular-arc graphs. Information Processing

Letters, 40, 123–129.
Joeris, B. C., McConnell, R. M., & Spinrad, J. P. (2006). Helly circular-arc graphs. SIAM conference on

discrete mathematics, Victoria.
Lee, C. M., Chang, M. S., & Sheu, S. C. (2002). The clique transversal and clique independence of distance

hereditary graphs. In Proceedings of the 19th workshop on combinatorial mathematics and computation
theory, pp. 64–69, Taiwan.

Lin, M., & Szwarcfiter, J. (2006). Characterizations and linear time recognition of Helly circular-arc graphs.
In Lecture notes in computer science: Vol. 4112. Proceedings of the 12th annual international confer-
ence on computing and combinatorics (COCOON’06) (pp. 73–82).

Payan, C. (1979). Remarks on cliques and dominating sets in graphs. Ars Combinatoria, 7, 181–189.
Tuza, Z. (1990). Covering all cliques of a graph. Discrete Mathematics, 86, 117–126.


	Algorithms for finding clique-transversals of graphs
	Abstract
	Clique-transversals in general graphs
	Intersection segments
	Clique-transversals in HCA graphs
	Clique-transversals in 3K2-free CA graphs
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


