
Prêmio de Mérito Cient́ıfico SBC 2026

Celina Miraglia Herrera de Figueiredo



A primeira participação no CSBC – 1996

Anais do XXIII Seminário Integrado de
Software e Hardware, SEMISH 1996,
Recife, p. 415–420.
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On the edge-colouring of split graphs

Celina M. H. de Figueiredo∗ João Meidanis†

Célia Picinin de Mello†

Abstract. We consider the following question: can split graphs with odd
maximum degree be edge-coloured with maximum degree colours? We show
that any odd maximum degree split graph can be transformed into a special
kind of split graph. For these special split graphs, we were able to solve the
question provided that the graph has a quasi-universal vertex.

Sumário. Consideramos o seguinte problema: grafos split com grau máximo
ı́mpar admitem uma coloração de arestas com grau máximo cores? Mostramos
que qualquer grafo split com grau máximo ı́mpar pode ser transformado em
um tipo especial de grafo split. Para estes grafos split especiais, resolvemos o
problema proposto no caso do grafo admitir um vértice quase-universal.

1 Introduction

An edge-colouring of a graph is an assignment of colours to its edges such that
no adjacent edges have the same colour. The chromatic index of a graph is the
minimum number of colours required to produce an edge-colouring for that graph.

An easy lower bound for the chromatic index is the maximum vertex degree ∆.
A celebrated theorem by Vizing states that these two quantities differ by at most
one [1]. Graphs whose chromatic index equals the maximum degree are said to be
Class 1; graphs whose chromatic index exceeds the maximum degree by one are said
to be Class 2.

Very little is known about the complexity of computing the chromatic index in
general. Complete graphs and chordless cycles are Class 1 if and only if the number
of vertices is even. Bipartite graphs are all Class 1. Planthold [2, 3] proved that
graphs with a universal vertex or with a quasi-universal vertex can be classified
in polynomial time. Hoffman and Rodger [4] derived a similar result for complete
multipartite graphs. The four-colour problem is equivalent with the problem of edge-
colouring every planar 3-connected 3-regular graph with three colours. In previous
papers, we settled the question for doubly chordal graphs with odd maximum degree
[5] and for indifference graphs with at most three maximal cliques [6]. Doubly
chordal graphs include interval graphs and strongly chordal graphs. These results
summarize all that is known about edge-colouring specific classes of graphs.
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Coloração de Arestas – Grafo do primeiro turno da Copa

Exemplo: planejamento de torneios

Dada uma federação de times, fazer uma tabela que especifique quem
joga com quem em cada rodada

Objetivo: minimizar o número de rodadas

Esquema para grafos completos: fazer a primeira rodada (um emparelha-
mento máximo qualquer) e depois permutar ciclicamente todos os times,
menos o primeiro

Coloração das arestas
deste grafo dará um
torneio
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Nesta aplicação, cores representam rodadas
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Resumo

Esta monografia considera o problema de emparelhamento em
grafos. Encontrar um emparelhamento máximo em um grafo é um
problema clássico no estudo de algoritmos, com muitas aplicações:
designação de tarefas, determinação de rotas de véıculos, pro-
blema do carteiro chinês, determinação de percursos mı́nimos, e
muitos outros. O artigo histórico de Edmonds que descreveu um
algoritmo O(n4) para o problema geral de emparelhamento, na
verdade, introduziu a noção de algoritmo de tempo polinomial.
Implementações mais eficientes do algoritmo de Edmonds foram
apresentadas por vários pesquisadores como Lawler (algoritmo
O(n3)), Hopcroft e Karp (algoritmo O(m

√
n) para o caso bipar-

tido), Micali e Vazirani (algoritmo O(m
√

n) para o caso geral,
o mais eficiente até o momento). Este texto apresenta uma in-
trodução ao problema de emparelhamento em grafos, e um estudo
de seus algoritmos e complexidade. Apresentamos algoritmos efi-
cientes para os quatro problemas relacionados com encontrar um
emparelhamento de cardinalidade máxima ou de peso máximo,
em grafos bipartidos ou em grafos quaisquer. Estes quatro proble-
mas são todos casos particulares do problema de emparelhamento
de peso máximo em grafos quaisquer, mas é interessante consi-
derá-los em ordem crescente de dificuldade por razões de ordem
didática.

1



Jornada de Atualização em Informática – JAI 99
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On (In)Tractability Of Connection And Cut Problems – 2022
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Abstract

A sandwich problem for property Π asks whether there
exists a sandwich graph of a given pair of graphs which
has the desired property Π. Graph sandwich problems
were first defined in the context of Computational Biol-
ogy as natural generalizations of recognition problems.
We contribute to the study of the complexity of graph
sandwich problems by considering the Helly property and
complementary graph classes. We obtain a graph class
defined by a finite family of minimal forbidden subgraphs
for which the sandwich problem is NP -complete. A
graph is clique-Helly when its family of cliques satisfies
the Helly property. A graph is hereditary clique-Helly
when all of its induced subgraphs are clique-Helly. The
clique graph of a graph is the intersection graph of the
family of its cliques. The recognition problem for the class
of clique graphs was a long-standing open problem that
was recently solved. We show that the sandwich prob-
lems for the graph classes: clique, clique-Helly, heredi-
tary clique-Helly, and clique-Helly nonhereditary are all
NP -complete. We propose the study of the complexity of
sandwich problems for complementary graph classes as
a mean to further understand the sandwich problem as a
generalization of the recognition problem.

Keywords: Helly property, Clique graphs, Sandwich
problems, Computational difficulty of problems.

∗An extended abstract was presented at 7th International Colloquium on
Graph Theory, Electron. Notes Discrete Math. 22 (2005) 497–500.

1. INTRODUCTION

We consider simple, finite, undirected graphs. Given
a graph G = (V,E), a complete set of G is a subset of
V inducing a complete subgraph. A clique is a max-
imal complete set. Let F be a family of subsets of a
set S. We say that F satisfies the Helly property when
every subfamily consisting of pairwise intersecting sub-
sets has a non-empty intersection. The Helly property has
an important role in Combinatorics and its computational
aspects [5]. A graph is clique-Helly when its family of
cliques satisfies the Helly property. A graph is heredi-
tary clique-Helly when all of its induced subgraphs are
clique-Helly. This graph class admits a finite family of
minimal forbidden subgraphs. A clique-Helly graph that
is not hereditary clique-Helly is called clique-Helly non-
hereditary. The clique graph of a graph is the intersection
graph of the family of its cliques. G is a clique graph if
there exists a graph H such that G is the clique graph of
H . The recognition problems for the classes of clique-
Helly graphs and of hereditary clique-Helly graphs are
known to be polynomial. The recognition problem for
the class of clique graphs was a long-standing open prob-
lem [3, 14, 16, 18] that was recently solved [1]. Clique
graphs have been much studied as intersection graphs,
and in the context of graph operators, and are included
in several books [3, 12, 15].

We consider the following generalization of recogni-
tion problems. We say that a graph G1 = (V, E1) is a
spanning subgraph of G2 = (V,E2) if E1 ⊆ E2; and that
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Figure 5. Example of constructed instance of (V, E1, E2) corresponding to clauses {x1, x2, x4}, {x1, x2, x3}, {x2, x3, x4}

spect to the Hajós graph Hj by a dotted line joining ! to
the square.

4. CONCLUDING REMARKS
We have presented four NP -completeness proofs, es-

tablishing that CLIQUE-HELLY SANDWICH PROBLEM,
HEREDITARY CLIQUE-HELLY SANDWICH PROBLEM,
CLIQUE-HELLY NONHEREDITARY SANDWICH PROB-
LEM, and CLIQUE GRAPH SANDWICH PROBLEM are
NP -complete. We emphasize that the NP -completeness
of clique graph recognition is a recently solved problem
and directly implies the NP -completeness of CLIQUE
GRAPH SANDWICH PROBLEM. The present paper pro-
posed a simple NP -completeness proof for the sandwich
version of the problem.

One interesting line of research is to investigate other
complementary graph classes with respect to the com-
plexity of the corresponding sandwich problems. It is
well-known that one can decide in polynomial time if a
graph is chordal and if it is interval. Therefore one can
also decide in polynomial time if such a graph is chordal
but not interval. The complexity of the corresponding
sandwich problems: GRAPH SANDWICH PROBLEM FOR
CHORDAL GRAPHS and GRAPH SANDWICH PROBLEM
FOR INTERVAL GRAPHS was considered in [8], where
both sandwich problems are proved to be NP -complete.
In this case we can conclude that the GRAPH SAND-
WICH PROBLEM FOR CHORDAL NONINTERVAL GRAPHS
is also NP -complete. More generally, consider three

graph classes, say C1, C2, C3, such that C2 ⊂ C1 and
C3 = C1\C2. If both C1 and C2 are hereditary with respect
to induced subgraphs and if C1 corresponds to an NP -
complete sandwich problem, then C3 also corresponds to
an NP -complete sandwich problem. Indeed, we can con-
struct a polynomial-time reduction from GRAPH SAND-
WICH PROBLEM FOR C1 GRAPHS to GRAPH SANDWICH
PROBLEM FOR C3 GRAPHS by using a graph of class C1

that is a forbidden subgraph for class C2. We emphasize
that the present paper investigates the case where C1 is
not hereditary with respect to induced subgraphs. Indeed,
again consider three graph classes, say C1, C2, C3, such
that C2 ⊂ C1 and C3 = C1 \ C2. If both C1 and C2 corre-
spond to polynomial recognition problems, then C3 does
correspond to a polynomial recognition problem as well.
For the corresponding sandwich problems, we propose
the study of how the complexity of the sandwich problems
for C1 and C2 may determine the complexity of the sand-
wich problem for C3, even if both C1 and C2 correspond
to polynomial sandwich problems: given an instance of
the sandwich problem for C1, it may admit a sandwich
graph that belongs to C2 and another sandwich graph that
belongs to C3.
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Complexity separating classes for edge-colouring
and total-colouring
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Abstract The class of unichord-free graphs was recently
investigated in a series of papers (Machado et al. in
Theor. Comput. Sci. 411:1221–1234, 2010; Machado, de
Figueiredo in Discrete Appl. Math. 159:1851–1864, 2011;
Trotignon, Vušković in J. Graph Theory 63:31–67, 2010)
and proved to be useful with respect to the study of the com-
plexity of colouring problems. In particular, several surpris-
ing complexity dichotomies could be found in subclasses of
unichord-free graphs. We discuss such results based on the
concept of “separating class” and we describe the class of bi-
partite unichord-free as a final missing separating class with
respect to edge-colouring and total-colouring problems, by
proving that total-colouring bipartite unichord-free graphs
is NP-complete.

Keywords Theoretical computer science · Computational
complexity · Colouring of graphs · Total chromatic
number · Bipartite unichord-free

1 Complexity dichotomies and separating classes

Given a class G of graphs and a graph (decision) problem ϕ

belonging to NP, we say that a full complexity dichotomy
of G was obtained if one describes a partition of G into
G1,G2, . . . such that ϕ is classified as polynomial or NP-
complete when restricted to each Gi . The concept of full
complexity dichotomy is particularly interesting for the in-
vestigation of NP-complete problems: as we partition a class

R. Machado (!) · C. de Figueiredo
Instituto Nacional de Metrologia, Qualidade e Tecnologia
(Inmetro), COPPE—Universidade Federal do Rio de Janeiro,
Rio de Janeiro, Brazil
e-mail: raphael@cos.ufrj.br

G into NP-complete subclasses and polynomial subclasses,
it becomes clearer why the problem is NP-complete in G.
Clearly, if a problem ϕ is polynomial in G, any partition of
G will determine polynomial subclasses; and if a problem
is NP-complete in G, any finite partition G1,G2, . . . ,Gn of
G will determine at least one subclass Gi such that ϕ re-
stricted to Gi is NP-complete or the recognition of Gi is
NP-complete.

Another interesting tool for the analysis of problems is
the idea of separating class. A classG of graphs is a separat-
ing class for problems ϕ1 and ϕ2 if ϕ1 is NP-complete when
restricted to G and ϕ2 is polynomial when restricted to G—
or vice versa. The nice idea about a separating class is that
it shows how the same structure may define a polynomial
problem and an NP-complete problem. We recall that the
“dual” idea of separating problem—a problem that has dis-
tinct complexities when restricted to distinct classes—was
already investigated in [3]. For instance, vertex-colouring is
a separating problem for planar graphs (NP-complete) and
its subclass of series-parallel graphs (polynomial) [3]. It is
surprising that for most classes proposed in [3] the complex-
ity of edge-colouring remains challenging open.

Recall that an edge-colouring is an association of colours
to the edges of a graph in such a way that adjacent edges
receive different colours, and a total-colouring is an associ-
ation of colours to the vertices and edges of a graph in such
a way that adjacent or incident elements receive different
colours. A graphG is said to be Class 1 if it admits an edge-
colouring using a number of colours equal to its maximum
degree∆(G); graphG is said to be Type 1 if it admits a total-
colouring using ∆(G) + 1 colours. The study of the com-
plexity of edge-colouring and total-colouring is challenging
in the sense that both problems are NP-complete, the restric-
tions to very few classes are known to be polynomial, and



Journal of the Brazilian Computer Society – 2011

Edge and total coloring complexity-separating classes

When restricted to {square,unichord}-free graphs,
edge coloring is NP-complete whereas total coloring is polynomial
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O Problema do Milênio sobre Intratabilidade Computacional

P versus NP – a gift to Mathematics from Computer Science

The question is whether or not, for all
problems for which an algorithm can verify
a given solution quickly (in polynomial
time), an algorithm can also find that
solution quickly

Avi Wigderson expects P not equal NP

Donald Knuth expects P equal NP

Timothy Gowers, The Importance of Mathematics, 2000

watch Donald Knuth: P=NP
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Grafos Perfeitos encontram 3 áreas

Origem e desenvolvimento da área de pesquisa

escalonamento
de tripulações

caminho
mı́nimo

grafos
perfeitos

programação
linear

isomorfismo
de grafos

coloração de
grafos planares

hierarquia
das classes de
complexidade

Teoria dos Grafos

Otimização Combinatória

Complexidade Computacional



Algoritmo Não determińıstico de tempo Polinomial

Complexidade computacional

A maioria dos problemas computacionais pertence à classe NP,
admitem um certificado polinomial

Em várias e diferentes áreas, procuramos objetos matemáticos:
percurso de um caixeiro viajante, atribuição de verdade,
emparelhamento máximo, coloração mı́nima de um grafo

O objeto matemático procurado é o certificado,
a prova de que o problema está em NP

O estudo da complexidade computacional de problemas considera
principalmente problemas em NP e tenta distinguir os solúveis em tempo
polinomial dos não através da classe dos problemas NP-completos

C. Papadimitriou – Computational Complexity 1994



Dicotomia Polinomial ou NP-completo

Minha contribuição

Que caracterı́stica de um determinado problema o classifica como
polinomial ou NP-completo?

Classificação em P ou NP-completo de dois problemas históricos
em teoria dos grafos

Problema cuja complexidade separa classes de grafos
Classe de grafos que separa a complexidade de problemas

Três dicotomias cheias:
todo problema é classificado em P ou NP-completo

“The P vs. NP-complete dichotomy of some challenging problems in graph theory”

Discrete Appl. Math. 2011

(plenária no Latin-American Algorithms, Graphs and Optimization Symposium 2009)



Todo Grafo é Dif́ıcil ou Fácil

Dicotomias cheias

Classificar todo membro de uma famı́lia de problemas como
Polinomial (fácil) ou NP-completo (difı́cil)

Quais grafos tornam o problema fácil ou difı́cil?

Teoremas de dicotomia fornecem bons projetos de pesquisa:
simples de formular, mas trabalhoso para concluir

Requerem domı́nio de técnicas para desenvolvimento de algoritmos e
para provas de dificuldade computacional



Revising Johnson’s table for the 21st century

The updated NP-Completeness Column: An Ongoing Guide table 35 years later

GRAPH CLASS MEMBER INDSET CLIQUE CLIPAR CHRNUM CHRIND HAMCIR DOMSET MAXCUT STTREE GRAPHISO

TREES/FORESTS P [T] P [GJ] P [T] P [GJ] P [T] P [GJ] P [T] P [GJ] P [GJ] P [T] P [GJ]
ALMOST TREES (k) P [OG] P [OG] P [T] P [105] P [5] P [17] P [5] P [5] P [20] P [76] P [17]
PARTIAL k-TREES P [OG] P [5] P [T] P [105] P [5] P [17] P [5] P [5] P [20] P [76] P [17]
BANDWIDTH-k P [OG] P [OG] P [T] P [105] P [5] P [17] P [5] P [5] P [OG] P [76] P [OG]
DEGREE-k P [T] N [GJ] P [T] N [29] N [GJ] N [OG] N [GJ] N [GJ] N [GJ] N [GJ] P [OG]

PLANAR P [GJ] N [GJ] P [T] N [78] N [GJ] O N [GJ] N [GJ] P [GJ] N [OG] P [GJ]
SERIES PARALLEL P [OG] P [OG] P [T] P [105] P [5] P [17] P [5] P [OG] P [GJ] P [OG] P [GJ]
OUTERPLANAR P [OG] P [OG] P [T] P [OG] P [OG] P [OG] P [T] P [OG] P [GJ] P [OG] P [GJ]
HALIN P [OG] P [OG] P [T] P [OG] P [5] P [17] P [T] P [OG] P [GJ] P [118] P [GJ]
k-OUTERPLANAR P [OG] P [OG] P [T] P [OG] P [5] P [17] P [OG] P [OG] P [GJ] P [76] P [GJ]
GRID P [OG] P [GJ] P [T] P [GJ] P [T] P [GJ] N [OG] N [32] P [T] N [OG] P [GJ]
K 3,3-FREE* P [OG] N [GJ] P [T] N [78] N [GJ] O? N [GJ] N [GJ] P [OG] N [GJ] P [40]
THICKNESS-k N [OG] N [GJ] P [T] N [78] N [GJ] N [OG] N [GJ] N [GJ] N [119] N [GJ] I [RJ]
GENUS-k P [OG] N [GJ] P [T] N [78] N [GJ] O? N [GJ] N [GJ] O? N [GJ] P [OG]

PERFECT P [34] P [OG] P [OG] P [OG] P [OG] N [28] N [OG] N [OG] N [20] N [GJ] I [84]
CHORDAL P [OG] P [OG] P [OG] P [OG] P [OG] O? N [93] N [OG] N [20] N [OG] I [84]
SPLIT P [OG] P [OG] P [OG] P [OG] P [OG] O? N [93] N [OG] N [20] N [OG] I [108]
STRONGLY CHORDAL P [OG] P [OG] P [OG] P [OG] P [OG] O? N [93] P [OG] N [109] P [OG] I [111]
COMPARABILITY P [OG] P [OG] P [OG] P [OG] P [OG] N [28] N [OG] N [94] N [102] N [GJ] I [22]
BIPARTITE P [T] P [GJ] P [T] P [GJ] P [T] P [GJ] N [OG] N [94] P [T] N [GJ] I [22]
PERMUTATION P [OG] P [OG] P [OG] P [OG] P [OG] O? P [44] P [OG] N [120] P [OG] P [OG]
COGRAPHS P [T] P [OG] P [OG] P [OG] P [OG] O? P [OG] P [OG] P [20] P [OG] P [OG]

UNDIRECTED Path P [OG] P [OG] P [OG] P [OG] P [OG] O? N [13] N [OG] N [20] N [RJ] I [22]
DIRECTED PATH P [OG] P [OG] P [OG] P [OG] P [OG] O? N [99] P [OG] N [1] P [OG] P [7]
INTERVAL P [OG] P [OG] P [OG] P [OG] P [OG] O? P [OG] P [OG] N [1] P [OG] P [OG]
CIRCULAR ARC P [OG] P [OG] P [OG] P [OG] N [OG] O? P [106] P [OG] N [1] P [11] P [80]
CIRCLE P [OG] P [GJ] P [OG] N [73] N [OG] O? N [39] N [71] N [26] P [OG] P [68]
PROPER CIRC. ARC P [OG] P [OG] P [OG] P [OG] P [OG] O? P [OG] P [OG] O? P [11] P [82]
EDGE (OR LINE) P [OG] P [GJ] P [T] N [95] N [OG] N [28] N [OG] N [GJ] P [59] N [19] I [OG]
CLAW-FREE P [T] P [OG] N [103] N [85] N [OG] N [28] N [OG] N [GJ] N [20] N [19] I [OG]

www.cos.ufrj.br/~celina/ftp/j/RJ-current.pdf



5 estrelas: Finding Skew Partitions Efficiently

Partição assimétrica

SKEW PARTITION

Entrada: Grafo G = (V, E)

Pergunta: V admite uma partição em 4 partes não vazias A, B, C, D tal
que cada vértice de A é adjacente a cada vértice de B e cada vértice de C

não é adjacente a cada vértice de D ?

A

B C

D A ∪ B é corte assimétrico

SKEW PARTITION generaliza
STAR CUTSET

CLIQUE CUTSET

HOMOGENEOUS SET

V. Chvátal – J. Combin. Theory Ser. B 1985
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A skew partition as defined by Chvátal is a partition of the vertex set of a graph
into four nonempty parts AdBdCdD such that there are all possible edges between
A and B and no edges between C and D. We present a polynomial-time algorithm
for testing whether a graph admits a skew partition. Our algorithm solves the more
general list skew partition problem, where the input contains, for each vertex, a
list containing some of the labels AdBdCdD of the four parts. Our polynomial-
time algorithm settles the complexity of the original partition problem proposed by
Chvátal in 1985 and answers a recent question of Feder, Hell, Klein, and Motwani.
© 2000 Academic Press

1Research partially supported by CNPq, MCT/FINEP PRONEX Project 107/97,
CAPES(Brazil)/COFECUB(France) Project 213/97, FAPERJ, and FAPESP Proc. 96/04505-2.
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OPTIMIZING BULL-FREE PERFECT GRAPHS∗

CELINA M. H. DE FIGUEIREDO† AND FRÉDÉRIC MAFFRAY‡

SIAM J. DISCRETE MATH. c© 2004 Society for Industrial and Applied Mathematics
Vol. 18, No. 2, pp. 226–240

Abstract. A bull is a graph with five vertices a, b, c, d, e and five edges ab, ac, bc, da, eb. Here
we present polynomial-time combinatorial algorithms for the optimal weighted coloring and weighted
clique problems in bull-free perfect graphs. The algorithms are based on a structural analysis and
decomposition of bull-free perfect graphs.

Key words. graph algorithms, perfect graphs, analysis of algorithms and problem complexity,
combinatorial optimization

AMS subject classifications. 05C85, 05C60, 68Q25, 90C27

DOI. 10.1137/S0895480198339237

1. Introduction. A graph G is called perfect if the vertices of every induced
subgraph G′ of G can be colored with ω(G′) colors, where ω(G′) is the maximum
clique size in H. Berge [1] introduced perfect graphs and conjectured the following
characterization: A graph is perfect if and only if it contains no odd hole and no odd
antihole as an induced subgraph, where a hole is a chordless cycle with at least five
vertices, and an antihole is the complement of a hole. Graphs with no odd hole and
no odd antihole have become known as Berge graphs. This conjecture, known as the
strong perfect graph conjecture, was proved recently by Chudnovsky et al. [5]; thus
every Berge graph is perfect. One problem that is not yet solved in this context is
the existence of a combinatorial algorithm to compute the chromatic number of a
perfect graph. Here we will give such an algorithm for bull-free Berge graphs, i.e.,
graphs with no induced subgraph isomorphic to a bull, where a bull is a graph with
five vertices a, b, c, d, e and five edges ab, bc, cd, be, ce (see Figure 1). Our algorithm
is based on specific properties of these graphs. Let us recall that Chvátal and Sbihi
[3] proved the validity of the strong perfect graph conjecture for bull-free graphs, and
subsequently Reed and Sbihi [18] gave a polynomial algorithm for recognizing bull-free
Berge graphs.

!! !! !
❅

❅
"

"

Fig. 1. The bull.

In this paper, we present polynomial-time algorithms for solving the following op-
timization problems for bull-free perfect graphs: find a largest clique, a largest stable

∗Received by the editors May 27, 1998; accepted for publication (in revised form) February 8,
2004; published electronically October 1, 2004. This research was partially supported by CNPq and
CAPES/COFECUB.

http://www.siam.org/journals/sidma/18-2/33923.html
†Instituto de Matemática, Universidade Federal do Rio de Janeiro, Caixa Postal 68530, 21945-970

Rio de Janeiro, RJ, Brazil (celina@cos.ufrj.br).
‡Laboratoire Leibniz-IMAG, CNRS, 46 avenue Félix Viallet, 38031 Grenoble Cedex, France

(frederic.maffray@imag.fr).
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Clique graph gadget: uma passarela para a variavel ui
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(b)

(a)

Famı́lia-RS de GI precisa conter ou (a) triângulos falsos ou
(b) triângulos verdadeiros. Triângulos em negrito são obrigatórios.

“The complexity of clique graph recognition”
Theoret. Comput. Sci. 2009 (com Liliana Alcon, Luerbio Faria, Marisa Gutierrez)
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Contents lists available at ScienceDirect

Theoretical Computer Science

journal homepage: www.elsevier.com/locate/tcs

The complexity of clique graph recognitionI

Liliana Alcóna, Luerbio Faria c, Celina M.H. de Figueiredod,⇤, Marisa Gutierrez b

a Departamento de Matemática, UNLP, Argentina
b CONICET, Departamento de Matemática, UNLP, Argentina
c Departamento de Matemática, FFP, UERJ, Brazil
d Programa de Engenharia de Sistemas e Computação, COPPE, UFRJ, Brazil

a r t i c l e i n f o

Article history:
Received 19 March 2007
Received in revised form 9 December 2008
Accepted 17 January 2009
Communicated by O. Watanabe

Keywords:
Clique graphs
NP-complete problems
Helly property
Intersection graphs

a b s t r a c t

A complete set of a graph G is a subset of vertices inducing a complete subgraph. A clique
is a maximal complete set. Denote by C(G) the clique family of G. The clique graph of G,
denoted by K(G), is the intersection graph of C(G). Say that G is a clique graph if there
exists a graph H such that G = K(H). The clique graph recognition problem asks whether
a given graph is a clique graph. A sufficient condition was given by Hamelink in 1968,
and a characterization was proposed by Roberts and Spencer in 1971. However, the time
complexity of the problem of recognizing clique graphs is a long-standing open question.
We prove that the clique graph recognition problem is NP-complete.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Consider finite, simple and undirected graphs. V and E denote the vertex set and the edge set of the graph G, respectively.
A complete set of G is a subset of V inducing a complete subgraph. A clique is a maximal complete set. The clique family of G
is denoted by C(G). The clique graph of G is the intersection graph of C(G).

The clique operator, K , assigns to each graph G its clique graph which is denoted by K(G). On the other hand, say that G is
a clique graph if G belongs to the image of the clique operator, i.e. if there exists a graph H such that G = K(H).

Clique operator and its image were widely studied. First articles focused on recognizing clique graphs [20,36]. In [4,13],
graphs for which the clique graph changes whenever a vertex is removed are considered. Graphs fixed under the operator
K or fixed under the iterated clique operator, Kn, for some positive integer n; and the behavior under these operators of
parameters such as the number of vertices or diameter were studied in [5,8,9,12,26,30] and more recently in [7,14,21–23,
29]. For several classes of graphs, the image of the class under the clique operator was characterized [10,18,19,24,34,37];
and, in some cases, also the inverse image of the class [16,28,35]. Results of the previous bibliography can be found in the
survey [39]. Clique graphs have been much studied as intersection graphs and are included in several books [11,25,33].

In this paper we are concerned with the time complexity of the problem of recognizing clique graphs, this is the time
complexity of the following decision problem.

I An extended abstract published in: Proceedings of Graph-theoretic concepts in computer science, WG 2006, Lecture Notes in Comput. Sci., vol. 4271,
Springer, 2006, pp. 269–277. This research was partially supported by FAPERJ–Cientistas do Nosso Estado project, by PROCIÊNCIA project, and by CNPq
Project PROSUL–Proc. no. 490333/04-4.⇤ Corresponding author.

E-mail addresses: liliana@mate.unlp.edu.ar (L. Alcón), luerbio@cos.ufrj.br (L. Faria), celina@cos.ufrj.br (C.M.H. de Figueiredo), marisa@mate.unlp.edu.ar
(M. Gutierrez).

0304-3975/$ – see front matter© 2009 Elsevier B.V. All rights reserved.
doi:10.1016/j.tcs.2009.01.018
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Dois problemas históricos em teoria dos grafos

Grafos perfeitos: SKEW PARTITION é polinomial

Grafos de interseção: CLIQUE GRAPH é NP-completo

Quando a classificação em P ou NP-completo foi proposta,
ambos problemas foram provados em NP

V. Chvátal – J. Combin. Theory Ser. B 1985

F. Roberts, J. Spencer – J. Combin. Theory Ser. B 1971
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The P versus NP–complete dichotomy of some challenging problems in
graph theory✁
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a b s t r a c t

The Clay Mathematics Institute has selected seven Millennium Problems to motivate
research on important classic questions that have resisted solution over the years. Among
them is the central problem in theoretical computer science: the P versus NP problem,
which aims to classify the possible existence of efficient solutions to combinatorial and
optimization problems. The main goal is to determine whether there are questions whose
answer can be quickly checked, but which require an impossibly long time to solve by any
direct procedure. In this context, it is important to determine precisely what facet of a
problemmakes it NP-complete. We shall discuss classes of problems for which dichotomy
results do exist: every problem in the class is classified into polynomial or NP-complete.We
shall discuss our contribution through the classification of some long-standing problems
in important areas of graph theory: perfect graphs, intersection graphs, and structural
characterization of graph classes. More precisely, we have shown that Chvátal’s skew
partition is polynomial and that Roberts–Spencer’s clique graph is NP-complete.We have
also solved the dichotomy for Golumbic–Kaplan–Shamir’s sandwich problem. We shall
describe two examples where we can determine the full dichotomy: the edge-colouring
problem for graphs with no cycle with a unique chord and the three nonempty part
sandwich problem. Some open problems are discussed: the stubborn problem for list
partition, the chromatic index of chordal graphs, and the recognition of split clique graphs.

© 2010 Elsevier B.V. All rights reserved.

1. Overview

One of the seven Millennium Problems1 selected by the Clay Mathematics Institute is the P versus NP problem, a central
problem in theoretical computer science [29]:

Are there questions whose answer can be quickly checked, but which require an impossibly long time to solve by any direct
procedure?

My personal approach to the P versus NP problem is to classify challenging combinatorial problems into P or NP-complete.
This paper presents our contribution to graph theory: the classification of two long-standing problems, one into P, and
the other into NP-complete; the definition of two full dichotomies, of two classes of problems for which every problem is
classified into P or NP-complete.

✁ This paper is based on an invited talk given at LAGOS 2009, the Latin-American Algorithms, Graphs and Optimization Symposium. The work is partially
supported by Brazilian agencies CNPq and FAPERJ.→ Fax: +55 21 25628676.

E-mail addresses: celina@cos.ufrj.br, cmhfig@gmail.com.
1 It is remarkable that the first Clay Mathematics Institute Millennium prize has just been announced on 18 March 2010, awarded to Grigory Perelman

for resolution of the Poincaré conjecture; see http://www.claymath.org/ for details.

0166-218X/$ – see front matter© 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.dam.2010.12.014
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Coloração: vértices, arestas, total

Classe C = Grafos sem ciclo com corda única

VERTEXCOL EDGECOL TOTALCOL

grafos de C P N N
grafos de C sem 4-buraco, ¢ ≥ 4 P P P
grafos de C sem 4-buraco, ¢ = 3 P N P

Dicotomia cheia surpreendente para EDGECOL:
¢ ≥ 4 é polinomial e ¢ = 3 é NP-completo

Classe de grafos separadora surpreendente:
EDGECOL é NP-completo e TOTALCOL é polinomial

“Total chromatic number of {square,unichord}-free graphs”

ISCO 2010, Discrete Appl. Math. 2011 (com Raphael Machado, Nicolas Trotignon)
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Algorithmica
DOI 10.1007/s00453-015-0106-7

Efficient Algorithms for Clique-Colouring and
Biclique-Colouring Unichord-Free Graphs

H. B. Macêdo Filho1 · R. C. S. Machado2 ·
C. M. H. de Figueiredo1

Received: 26 March 2014 / Accepted: 22 December 2015
© Springer Science+Business Media New York 2016

Abstract The class of unichord-free graphs was recently investigated in the context
of vertex-colouring (Trotignon and Vušković in J Graph Theory 63(1): 31–67, 2010),
edge-colouring (Machado et al. in Theor Comput Sci 411(7–9): 1221–1234, 2010) and
total-colouring (Machado and de Figueiredo in Discrete Appl Math 159(16): 1851–
1864, 2011). Unichord-free graphs proved to have a rich structure that can be used
to obtain interesting results with respect to the study of the complexity of colour-
ing problems. In particular, several surprising complexity dichotomies of colouring
problems are found in subclasses of unichord-free graphs. In the present work, we
investigate clique-colouring and biclique-colouring problems restricted to unichord-
free graphs. We show that the clique-chromatic number of a unichord-free graph is at
most 3, and that the 2-clique-colourable unichord-free graphs are precisely those that
are perfect. Moreover, we describe an O(nm)-time algorithm that returns an optimal
clique-colouring of a unichord-free graph input. We prove that the biclique-chromatic
number of a unichord-free graph is either equal to or one greater than the size of a
largest twin set. Moreover, we describe an O(n2m)-time algorithm that returns an
optimal biclique-colouring of a unichord-free graph input. The clique-chromatic and
the biclique-chromatic numbers are not monotone with respect to induced subgraphs.
The biclique-chromatic number presents an extra unexpected difficulty, as it is not

An extended abstract containing partial results of this paper has been published in Proceedings of 10th
Latin American Symposium on Theoretical Informatics (LATIN’12), Lecture Notes in Comput. Sci., vol.
7256, Springer, 2012, pp. 530–541. Research partially supported by FAPERJ–APQ1/Cientistas do Nosso
Estado, and by CNPq–Universal.

B R. C. S. Machado
machado.work@gmail.com

1 COPPE, Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil
2 Inmetro—Instituto Nacional de Metrologia, Qualidade e Tecnologia, Duque de Caxias, Brazil
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Celina Miraglia Herrera de Figueiredo, a primeira professora titular do Instituto Alberto Luiz
Coimbra de Pós-Graduação e Pesquisa de Engenharia (COPPE)

08 de março de 2012
Por: Debora Moreno
SDC/PR4
 

Há mais de 100 anos, operárias de várias partes do mundo uniram-se em protestos
lutando por condições dignas de trabalho e pelo direito do voto. Nos anos 60, o
movimento feminista reivindicou igualdade entre homens e mulheres. O Dia
Internacional da Mulher não deve ser comemorado apenas como uma data festiva,
e sim o resultado de anos de empenho que se traduzem em conquistas cada vez
mais frequentes como a de Celina Miraglia Herrera de Figueiredo, a primeira
professora titular do Instituto Alberto Luiz Coimbra de Pós-Graduação e Pesquisa de
Engenharia (COPPE).

 
A história de Celina já começa relacionada com a engenharia desde o berço. Seu pai, um dos pioneiros da pós-graduação do Brasil, fazia o mestrado em Houston,
no estado do Texas, nos Estados Unidos da América, quando ela nasceu. Os ares acadêmicos paternos influenciaram de certa forma, segundo ela, a escolha pela
área das ciências exatas cujo começo se deu no colégio Teresiano, o colégio de aplicação da Pontifícia Universidade Católica (PUC), no qual Celina cursou o
ensino técnico profissionalizante em Computação. Na dúvida entre cursar francês, uma paixão que ela mantém até hoje, ou algo relacionado à sua vocação para
os números, ela seguiu para a graduação em matemática e, em seguida, para o mestrado na mesma área, ambos pela PUC. Tendo conhecido seu marido nos
anos de faculdade, quando terminaram os estudos em terras brasileiras, os dois viajaram para a Inglaterra a fim de aprimorar o conhecimento, o que a fez voltar
com um segundo mestrado pela Universidade de Manchester.

 
Voltando ao Brasil, em 1987, sua vida deu uma guinada. Na tentativa de encontrar uma área de interesse, Celina contactou uma professora que a conhecia desde
os tempos do colégio Teresiano. Ana Regina Rocha era, na época, coordenadora do Programa de Engenharia de Sistemas e Computação da COPPE da
Universidade Federal do Rio de Janeiro (UFRJ) e a incentivou a fazer o doutorado em Engenharia da Computação, que aconteceu em 1991, sob a orientação do
professor Jayme Szwarcfiter. Ainda em 1988, obteve a aprovação no concurso para professora assistente na UFRJ. O Pós-Doutorado veio em 1996 na
Universidade de Waterloo, no Canadá.

 
Paralela à carreira de docente, temos a igualmente bem sucedida carreira de pesquisadora. A área da Teoria da Computação deu a ela os níveis de excelência da
Bolsa de Produtividade em Pesquisa do Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq), o que é algo muito difícil de ser alcançado. Além
disso, ela já ajudou a formar, por exemplo, dez doutores e tem uma extensa quantidade de trabalhos publicados tanto no Brasil quanto no exterior, o que julga
importante para a divulgação das pesquisas científicas.

 



Como buscar o protagonismo das mulheres em Ciência da Computação?

Bits, Bytes & Batom 

Volume 5 - Número 1 – Abril 2012 | SBC HORIZONTES | 10 

Participação Feminina nas Bolsas de Produtividade PQ do CNPq 
Veja o que as estatísticas do CNPq mostram sobre as mulheres na Ciência 
  
Carina Friedrich Dorneles, dorneles@inf.ufsc.br, UFSC 
Mirella M. Moro, mirella@dcc.ufmg.br, UFMG 
Agma J. M. Traina, agma@icmc.usp.br, DCC/ICMC/USP São Carlos 

No final de 2011, o número de mulheres com a tão respeitada Bolsa de Produtividade 1A 
do CNPq triplicou, passando de 1 para 3. Aproveitando essa gloriosa conquista, este 
artigo apresenta algumas estatísticas sobre a participação feminina nas bolsas de 
produtividade do CNPq. Não se pretende esgotar o assunto, mas provocar a reflexão 
sobre os números atuais do CNPq em relação à participação feminina e ao seu 
reconhecimento na comunidade de pesquisa. 

Introdução  

O CNPq instituiu, há mais de três décadas, a (então) chamada bolsa de pesquisa, que visava apoiar de 
modo desburocratizado pesquisadores de destaque da comunidade acadêmica, bem como incentivar o 
crescimento da área científica no Brasil. Atualmente, essas bolsas possuem novo nome, mas mantêm a 
essência da ideia inicial, sendo classificadas em duas grandes categorias: Produtividade em Pesquisa 
(PQ) e Produtividade em Desenvolvimento Tecnológico e Extensão Inovadora (DT). 

Como acontece com as demais modalidades de bolsas das agências de fomento, a concessão das bolsas 
PQ e DT passam por um processo competitivo que começa com a avaliação por pares (assessores ad 
hoc), que geram pareceres avaliando o desempenho acadêmico/técnico do candidato. Os pesquisadores 
brasileiros escolhem qual é sua área de atuação, em um conjunto que hoje conta com 48 áreas. A 
Ciência de Computação é uma dessas áreas. Baseado nos pareceres dos assessores ad-hoc, o Comitê de 
Área do CNPq avalia os inscritos daquele ano indicando se cada candidato atende ou não os requisitos, 
fazendo uma classificação dos aprovados. As listas de todos os comitês são então analisadas pela 
Comissão de Assessoramento Técnico-Científico (CATC), composta por cinco Diretores de vários 
setores do CNPq e três representantes da comunidade de cada grande área das Ciências Exatas, 
Humanas e Biológicas. O CATC define a distribuição dos recursos para todos os comitês. Usualmente, 
não existem recursos para todos os classificados, em geral nem para metade deles, o que torna o 
processo, além de exigente, também competitivo. 

A bolsa PQ, como o próprio nome indica, incentiva e valoriza a produção científica de alta qualidade 
em veículos representativos e seletivos da área na qual o candidato se aplicou. A bolsa de DT é uma 
modalidade mais recente, cujo objetivo é apoiar a pesquisa inovadora aplicada e com vertentes de 
integração com a indústria. Essas bolsas são classificadas nos níveis 1 e 2, onde 2 é o nível inicial. As 
bolsas de nível 1 são categorizadas de A a D, sendo o nível 1A o mais alto (ver detalhes em 
http://www.cnpq.br/normas/rn_06_016_anexo1.htm). 

O foco deste artigo é verificar como está a participação feminina neste universo de bolsistas de 
produtividade, com ênfase na área de Computação. Há uma preocupação nacional e internacional em 
atrair e fixar mulheres nas áreas tecnológicas. Inerentemente homens e mulheres possuem visões, 
habilidades e capacidades diferenciadas, e as áreas das ciências crescem de modo mais completo com a 
integração dessas diferenças. Porém, o número de alunas nos cursos de computação, engenharias e 
afins tem diminuído ao longo dos últimos anos. Este artigo busca então verificar como está a 
distribuição das mulheres em um estágio mais estável da vida acadêmica. Para isso coletamos e 
organizamos dados estatísticos disponibilizados pelo CNPq.  

 

 
Esta é uma publicação eletrônica da Sociedade Brasileira de Computação – SBC. Qualquer opinião pessoal não pode ser atribuída como da SBC.      
A responsabilidade sobre o seu conteúdo e a sua autoria é inteiramente dos autores de cada artigo.  
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Abstract Landmarks are important and yet hard to celebrate. We have the privilege of witnessing Jayme Luiz
Szwarcfiter reach 48 supervised doctoral theses as we celebrate the 50th anniversary of his own doctoral degree. The
past five decades have witnessed the birth and growth of a vibrant research community on Graphs and Algorithms in
Brazil, covering both the diversity of themes and the diversity of regions of our continental country. Jayme has acted
as a key catalyst in articulating collaborations beyond the regions of Brazil to reach Argentina, Mexico, and Chile.
He has fostered regional and international collaboration and helped consolidate different research groups in Latin
America. On this landmark occasion, we describe some of the noteworthy achievements of our community, with
special attention to Professor Szwarcfiter’s role.

Keywords: Graph theory, graph algorithms, computational complexity of graph problems, design and analysis of
algorithms, combinatorial optimization

1 Honoring Jayme Luiz Szwarcfiter’s
landmarks

Jayme Luiz Szwarcfiter is a Brazilian pioneer in computer
science who, since his doctoral years, has been successful in
forging collaborations, producing papers that are milestones
in the history of Brazilian science, and fostering generations
of researchers throughout Latin America.

Jayme’s first journal paper [Knuth and Szwarcfiter, 1974],
written during his doctoral years in the UK, was published in
Information Processing Letters in coauthorship with Donald
Knuth, considered by many the father of the analysis of algo-
rithms. In that same year, Knuth received the ACM Turing
Award, considered the Nobel Prize of computer science. Dur-
ing his postdoctoral studies at the University of California,
Jayme collaborated with Christos Papadimitriou, a founda-
tional figure in theoretical computer science, author of the
textbook on computational complexity [Papadimitriou, 1994]
that for decades was considered the definitive graduate-level
book on the topic. Alon Itai was a visiting lecturer and the
three of them collaborated in a SIAM Journal on Computing
paper [Itai et al., 1982], obtaining one of the most important
NP-complete restricted versions of the Traveling Salesman
Problem. Jayme’s subsequent long-term research visit at
Université Paris XI sowed the seeds of the continued strong
collaboration between Brazil and France, which is the basis
of the Latin American Algorithms, Graphs, and Optimiza-
tion Symposium series: its first edition was a joint School
on Algorithms and Combinatorics sponsored by the Interna-
tional Center for Pure and Applied Mathematics (CIMPA) to
promote mathematical research in developing countries.
Jayme Luiz Szwarcfiter received in 2000 the prestigious

Admiral Álvaro Alberto Award for Science and Technology.
This award is a partnership between the Ministry of Science,
Technology, and Innovation (MCTI), the National Council

for Scientific and Technological Development (CNPq), and
the Brazilian Navy. It recognizes and encourages Brazilian
researchers who have made significant contributions to the
country’s science and technology. Since its inception in 1982,
only three researchers have received the award in the area of
computer science. Jayme exceptionally first received themain
award for Brazilian Science and Technology, even before
receiving other prestigious awards, among them the Scientific
Merit Award given by the Brazilian Computer Society and
election to the Brazilian Academy of Sciences.
In 2002, in honor of Jayme’s 60th birthday, the Jour-

nal of the Brazilian Computer Society published a special
issue [de Figueiredo and Barbosa, 2002] comprising con-
tributions from several influential members of the interna-
tional community in the areas of theoretical computer science
and discrete mathematics, including former collaborators and
students of Jayme’s. Cláudio Lucchesi gave an account of
Jayme’s contributions to Graph Theory and Computer Sci-
ence [Lucchesi, 2002].
In 2012, the Journal of the Brazilian Computer Society

published a special issue [de Oliveira, 2012] dedicated to
full papers selected from those presented at the Fourth Latin-
American Workshop on Cliques in Graphs. In the occasion,
Lucchesi’s 2002 article was reprinted, and two reasons were
mentioned by the editor-in-chief for reprinting: the original
print truncated the final two pages of the article, and in cele-
bration of Jayme’s 70th birthday as an acknowledgment of
his continuing important contributions to the field.
In 2022, in honor of his 80th birthday, a collection of 14

short papers was published in a Cadernos do IME special
issue [de Souza Oliveira and dos Santos, 2022]. Former
students and colleagues coauthored survey-like personal ac-
counts of their work with Jayme.

Since 2002, Jayme’s academic footprint has expanded dra-
matically: the 44 publications and 16 advised doctoral theses
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