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VERIFICATION OF THE NORMAL GRAPH
CONJECTURE ON PARTICULAR CLASSES OF

GRAPHS

MIHAI TALMACIU

Abstract. A graph is normal if there exists a cross-intersecting
pair of set families one of which consists of cliques while the other
one consists of stable sets, and furthermore every vertex is obtained
as one of these intersections. It is known that perfect graphs are
normal. Korner and de Simone observed that C5, C7 and C7 are
minimal not normal and conjectured, as generalization of the Strong
Perfect Graph Theorem, that every (C5, C7, C7)-free graph is normal
(Normal Graph Conjecture). In this paper we prove this conjecture
for the class of minimal Asteroidal Triple (AT) graphs.

1. Introduction

Throughout this paper, G = (V,E) is a connected, finite and undi-
rected graph ([1]), without loops and multiple edges, having V = V (G)
as the vertex set and E = E(G) as the set of edges. G is the comple-
ment of G.

A graph is called triangulated if it does not contain chordless cycles
having the length greater or equal four.

A circulant Ck
n is a graph with nodes 1, . . . , n where ij is an edge

if i and j differ by at most k(mod n) and i 6= j.
————————————–
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When searching for recognition algorithms, frequently appears a
type of partition for the set of vertices in three classes A,B,C, which
we call a weakly decomposition, such that: A induces a connected
subgraph, C is totally adjacent to B, while C and A are totally non-
adjacent.

The structure of the paper is the following. In Section 2 we give an
algorithm to find one. In Section 3 we present a new characterization
of the AT graphs. In Section 4 we prove that the Normal Graph
Conjecture is true for the minimal AT graphs.

2. Preliminary results

In [6], the authors study the linearity property of the Asteroidal
Triple-free (AT-free) graphs, property that is also satisfied by the fol-
lowing classes: interval graphs, permutation graphs, and comparable
graphs. AT-free graphs generalize the interval graphs and permuta-
tion graphs, which are comparable with respect to linearity. Interval
graphs (extensively presented in [11]) appear in models related to real
life situations that imply time dependencies or other linear restrictions.
Such graphs arise in archeology, molecular biology, genetics, sociology.
In [3], some mathematical models of population biology use interval
graphs. Recent applications have been found in protein sequencing
[13], DNA mapping [20], and macro substitution [9]. Other applica-
tions, on various complex optimization problems, are presented in ([3],
[12], [17]). While Dirac [8] gives a theoretical characterization of tri-
angulated graphs, Fulker-son and Gross [10] give a characterization
with algorithms of triangulated graphs. For the recognition of weakly
triangulated graphs, Berry, Bordat and Heggernes [2] ex-tended the
characterization presented in [16] by Lekkerkerker and Boland.

We recall the notion of weakly component decomposition.
Definition 1. ([18], [19]) A set A ⊂ V (G) is called a weakly set of

the graph G if NG(A) 6= V (G)−A and G(A) is connected. If A is a
weakly set, maximal with respect to set inclusion, then G(A) is called
a weakly component. For simplicity, the weakly component G(A) will
be denoted with A.

Definition 2. ([18], [19]) Let G = (V,E) be a connected and non-
complete graph. If A is a weakly set, then the partition {A,N(A), V −
A ∪N(A)} is called a weakly decomposition of G with respect to A.

Below we remind a characterization of the weakly decomposition of
a graph and give a new characterization for the unbreakable graphs.
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In order to make the paper as clear as possible, we also present proofs
of Theorems 1 and 2.

The name of ”weakly component” is justified by the following result.
Theorem 1. ([18], [19]) Every connected and non-complete graph

G = (V,E) admits a weakly component A such that G(V − A) =
G(N(A)) +G(N(A)).

Theorem 2. ([18], [19]) Let G = (V,E) be a connected and non-
complete graph and A ⊂ V . Then A is a weakly component of G if
and only if G(A) is connected and N(A) ∼ N(A).

The next result, that follows from Theorem 1, ensures the existence
of a weakly decomposition in a connected and non-complete graph.

Corollary 1. If G = (V,E) is a connected and non-complete graph,
then V admits a weakly decomposition (A,B,C), such that G(A) is a
weakly component and G(V − A) = G(B) +G(C).

Theorem 2 provides an O(n + m) algorithm for building a weakly
decomposition for a non-complete and connected graph.

3. Characterization of AT graphs using neighborhoods

Definition 3. ([18]) A graph G=(V,E) with at least three vertices is
called confidentially connected if ∀ (a, b, c) ∈ V 3 three distinct vertices,
there exists P an a, b-path in G such that N [c] ∩ V (P ) ⊆ {a, b}.

Definition 4. A graph , where every induced subgraph of does not
have the confidential connectivity property is called CC-free.

Definition 5. ([6]) Three vertices in a graph determine an aster-
oidal triple if every two of them are joined through a path, avoiding
the neighborhood of the third.

Definition 6. ([6]) A graph is called AT if any three vertices de-
termine an asteroidal triple.

Remark 1. In an asteroidal triple, every two vertices are joined
by a path whose intersection with the neighborhood of any other third
vertex is empty, that is ∀(a, b, c) ∈ V 3 : N [c] ∩ V (Pab) = ∅ .

The confidential connectivity property can be translated as follows:
every two vertices are joined by a path whose intersection with the
neighborhood of any other third vertex is either empty or an extremity
or both extremities of the path, that is ∀(a, b, c) ∈ V 3 : N [c]∩V (Pab) ⊆
{a, b}.

Remark 2. Every graph with the property that any three of its
vertices form an asteroidal triple is confidentially connected.

Remark 3. A confidentially connected graph with the property that
the extremities of every path do not intersect the neighborhood of any
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other third vertex, called in what follows is a graph where every three
vertices form an asteroidal triple.

Definition 7. A graph is called if its vertices can by put in a one-
to-one correspondence with a set of intervals on the real line such that
two vertices are adjacent if and only if they correspond to non-disjoint
intervals.

Definition 8. A graph is chordal if each of its cycles of four or
more nodes has a chord, which is an edge joining two nodes that are
not adjacent in the cycle.

Theorem 3. A graph is an interval graph if and only if it is chordal
and strongly CC-free.

Proof. In [15] Lekkerkerker and Boland demonstrated that a graph
is an interval graph if and only if it is chordal and asteroidal triple-free.
The conclusion of theorem 1 follows considering remarks 2 and 3. The
following result is true for AT graphs. Some similar results are stated
in [18], but for confidentially connected graphs.

Theorem 4. Let be a connected and non-complete graph, with at
least three vertices. Then is AT if and only if
(i) ∀v ∈ V [N(v)]G is connected
(ii) ∀v ∈ V N(N(v)) = N(v).
Proof. Let be AT. Then G is CC, that is (i) and (ii) holds. Converse,
Suppose that (i) and (ii) holds and G is not AT. Then ∃a, b, c ∈ V (G)
such that N [c] ∩ V (Pab) 6= ∅, that is a, b ∈ N(c) . Then G(N(c)) is
non-connected, we obtain again a contradiction to (i) for v=c.

4. The Normal Graph Conjecture for minimal AT graphs

In this section we give a new characterization of the AT graphs and
show that the Normal Graph Conjecture is true for the minimal AT
graphs.

As Theorem 2 provides an O(n+m) algorithm for building a weakly
decomposition for a non-complete and connected graph, it follows that
step 1 of the algorithm above is O(n · (n + m)). Because steps 2
and 3 perform in smaller time, it follows that the complexity of the
recognition algorithm for unbreakable graphs is O(n · (n+m)).

Definition 9. A graph G is called normal if G admits a clique
cover C and a stable set cover S such that every clique in C intersects
every stable set in S.

Normal graphs form an superclass of perfect graphs and can be seen
as closure of perfect graphs by means of co-normal products ([14]) and
graph entropy ([7]). Perfect graphs have been characterized as those
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graphs without odd holes and odd antiholes (Strong Perfect Graph
Theory ([4])). By analogy, Korner and de Simone stated that the
non-existence of the three smallest odd holes and odd antiholes implies
normality ([15]) and formulated the following conjecture.

Normal Graph Conjecture. Graphs without any C5, C7 or C7

as induced subgraphs are normal.
Proving or disproving the Normal Graph Conjecture is subject of

investigations.
Wagler proved that Normal Graph Conjecture is true for the circu-

lant graphs ([21]).
In this paper we show that Normal Graph Conjecture is true for the

minimal AT graphs.
We denote:

P (G, v) :

{
i)G(NG(v)) andG(NG(v)) are connected graphs , ∀v ∈ V (G)
ii)NG(NG(v)) = NG(v) siNG(NG(v)) = NG(v),∀v ∈ V (G).

Corollary 2. A graph G is unbreakable if and only if P (G, v) holds
for every v ∈ V (G).

Definition 10. A graph G is called minimal AT if G is AT and
none of its proper induced subgraphs is AT.

Theorem 5. If G is a minimal AT graph with at least eight vertices
then G is a normal graph.
Proof. Let G be a minimal AT graph. We show that G is Ck or Ck

for some k ≥ 5. Let v ∈ V (G) and H = {H|H is a subgraph induced
of G, containing v such that P (H, v) holds }. Then H 6= ∅, because
G ∈ H, from the hypothesis and from Theorem 4. Let H be a minimal
member of H.

Let A = {a|a ∈ NH(v), H(NH(v))− a is connected }.
Similarly, let B = {b|b ∈ NH(v), H(NH(v))− b is connected }.
Then, |A| = |B| = 2, which means that H(NH(v)) and H(N(H(v))

are isomorphic to Pk and Pl respectively, with k, l ≥ 2. Let Pk =
[a1, . . . , ak], Pl = [b1, . . . , bl], such that a1 is adjacent only to b1, ak
is adjacent only to bl. If k ≥ 3 and l ≥ 3 simultaneously, then C =
[b1, a1, . . . , ak, bl] is a cycle induced in G, with at least five vertices,
which means it is unbreakable and because v 6∈ C we have that G is
not minimal unbreakable. We conclude that either l = 2 or k = 2.
For l = 2 it follows that G = Ck+3 = [v, b1, a1, . . . , ak, bl]. For k = 2 it
follows that G = Cl+3.

If G = C2p then, taking S = {{1, 3, . . . , 2p − 1}, {2, 4, . . . , 2p}}, a
covering with stable sets and C = {{1, 2}, {3, 4}, . . . , {2p − 1, 2p}}, a
clique covering, we conclude that C2p is a normal graph.
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It is well known that G = C2p+1 is a normal graph for p ≥ 4 ([17]).
It follows that Cs (s ≥ 8) is a normal graph. As Cs (s ≥ 8) is a normal
graph, it follows that G is a normal graph.

5. Conclusions and future work

In this paper we proved that Normal Graph Conjecture is true for
minimal Asteroidal Triple graphs. Our future work concerns the veri-
fication of Normal Graph Conjecture for other classes of graphs, which
are particular classes of (α, ω)-partitionable graphs.

Acknowledgments. This research was supported by the project
entitled Classes of graphs, complexity of problems and algorithms,
”AR-FRBCF”, 2012-2013, a Bilateral Cooperation Research Project,
involving Romanian Academy (”Vasile Alecsandri” University of Ba-
cau is partner), National Academy of Sciences of Belarus, Belarusian
Republican Foundation for Fundamental Research.

References

[1] C. Berge, Graphs, Nort-Holland, Amsterdam, 1985.
[2] A. Berry, J. - P. Bordat, P. Heggernes, Recognizing weakly triangu-

lated graphs by edge separability, Res. Rep. LIRMM, submittted to
SWAT’2000.

[3] M. C. Carlisle, E. L. Loyd, On the k-coloring of intervals, LNCS 497
(1991), ICCI’91, 90-101.

[4] M. Chudnovsky, N. Robertson, P.D. Seymour and R. Thomas, The strong
perfect graph theorem, Annals of Mathematics 164 (2006), 51-229.

[5] J. E. Cohen, Food webs and niche space. Monographs in population
biology, 11, Princeton, NJ: Princeton University Press. pp. xv+1 190. ISBN
978-0-691-08202-8 (1978).

[6] D. G. Corneil, S. Olariu, L. Stewart, Asteroidal triple-free graphs, SIAM
J. Discrete Math. 10, 3 (1997), 399-430.

[7] I. Cziszar, J. Korner, L. Lovasz, K. Marton and G. Simonyi, Entropy split-
ting for antiblocking corners and perfect graphs, Combinatorica 10
(1990), 27-40.

[8] G. A. Dirac, On rigid circuit graphs, Abhandlungen aus dem Mathe-
matischen Se-minar der Universität Hamburg 25, 1-2 (1961), 71-76, DOI:
10.1007/BF02992776 (1961).

[9] J. Fabri, Automatic storage optimization, UMI Press Ann Arbor, MI,
1982.

[10] D. R. Fulkerson, O. A. Gross, Incidence matrices and interval graphs,
Pacific J. Math. 15, 3 (1965), 835-855.

[11] M. C. Golumbic, Algorithmic graph theory and perfect graphs, Aca-
demic Press, New York (1980).



VERIFICATION OF THE NORMAL GRAPH CONJECTURE 193

[12] A. Hashimoto, J. Stevens, Wire routing by optimizing channel as-
signment within large apertures, Proc. 8th IEEE Design automation
workshop, 155-169 (1971).

[13] J. R. Jungck, O. Dick, A. G. Dick, Computer assisted sequencing, In-
terval graphs and molecular evolution, Biosystem 15 (1982), 259-273.

[14] J. Korner, An Extension of the Class of Perfect Graphs, Studia Math.
Hung. 8 (1973), 405-409.

[15] J. Korner and C. de Simone, On the Odd Cycles of Normal Graphs,
Discrete Appl. Math. 94 (1999), 161-169.

[16] C. G. Lekkerkerker, J. Ch. Boland, Representation of a finite graph by
a set of intervals on the real line, Fund.Math. 51 (1962), 45-64.

[17] T. Ohtsuki, H. Mori, E. S. Khu, T. Kashiwabara, T. Fujisawa, One dimen-
sional logic gate assignment and interval graph, IEEE Trans. Circuits
and Systems 26 (1979), 675-684.

[18] M. Talmaciu, Decomposition Problems in the Graph Theory with Ap-
plications in Combinatorial Optimization - Ph. D. Thesis, University
”Al. I. Cuza” Iasi, Romania, 2002.

[19] M. Talmaciu, E. Nechita, Recognition Algorithm for diamond-free
graphs, INFORMATICA, 18, 3 (2007), 457-462.

[20] P. Zhang, E. A. Schon, S. G. Fischer, E. Cayanis, J. Weiss, S. Kistler, P.
E. Bourne, An algorithm based on graph theory for the assembly
of contigs in physical mapping of DNA, Bioinformatics 10 (3)(1994),
309-317, doi:10.1093/bioin-formatics/10.3.309.

[21] A. K. Wagler, The Normal Graph Conjecture is true for Circulant
Graphs, Tehnical Raport ZR04-06, ZIB, 2004.

“Vasile Alecsandri” University of Bacău
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