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A primeira participacdo no CSBC — 1996

Anais do XXIIl Seminario Integrado de
Software e Hardware, SEMISH 1996,
Recife, p. 415-420.

Inicio da colaboracao UFRJ-Unicamp
que tem dado muitos frutos, até hoje!

On the edge-colouring of split graphs

Celina M. H. de Figueiredo* Jodo Meidanis'
Célia Picinin de Mellof

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.

Sumario. Consideramos o seguinte problema: grafos split com grau maximo
fmpar admitem uma coloracao de arestas com grau maximo cores? Mostramos
que qualquer grafo split com grau méximo fmpar 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.
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Colaboracdo com Célia Picinin de Mello e
Jo3o Meidanis me trouxe temas além da
minha tese de doutorado

Inicio de uma série de parcerias fora da
UFRJ, buscando independéncia do meu
orientador Jayme Szwarcfiter

Coloracao em Grafos

Celina M. Herrera de Figueiredof
Jodo Meidanis!
Célia Picinin de Mellof

fInstituto de Matemadtica Hnstituto de Computacao

UFRJ UNICAMP

Caixa Postal 68530 Caixa Postal 6176

21945-970 Rio de Janeiro, RJ 13083-970 Campinas, SP

celina@cos.ufrj.br meidanis,celia@dcc.unicamp.br
Resumo

Este texto é uma introducio A coloracio em grafos. Consideramos dois
tipos de problemas de colora¢ao em grafos: coloragao de vértices e coloracao de
arestas. Aplicamos a estes problemas técnicas cldssicas de coloracio tais como:
algoritmos gulosos, decomposicao e alteracao estrutural. Consideramos classes
de grafos para as quais tais técnicas resolvem estes problemas de coloracao
cficientemente.



Coloracdo de Arestas — Grafo do primeiro turno da Copa

Exemplo: planejamento de torneios

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

Objetivo: minimizar o nimero de rodadas
Esquema para grafos completos: fazer a primeira rodada (um emparelha-

mento maximo qualquer) e depois permutar ciclicamente todos os times,
menos o primeiro

1
Coloragao das arestas ~ Vertices = Times A B Times=A,B,C,D
deste grafo dara um ‘C\‘es“"s ;]‘;‘5‘: Rodadas 1 2 3
i or  =Rodada 2 2 AB AC AD
torneio oD B he
C D
1

Nesta aplicagao, cores representam rodadas
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Jayme Szwarcfiter me transmitiu o
interesse em material didatico

“Na Universidade se ensina porque se
pesquisa.” — Carlos Chagas Filho

Texto contribuiu para o livro “Teoria
Computacional de Grafos: Os Algoritmos”,
de Jayme Szwarcfiter, publicado em 2018

Emparelhamento em Grafos
Algoritmos e Complexidade

Celina M. Herrera de Figueiredo
Instituto de Matematica e COPPE/UFRJ
celina@cos.ufrj.br

Jayme L. Szwarcfiter
Instituto de Matematica,
Ntcleo de Computagio Eletronica e COPPE/UFRJ

jayme@nce.ufrj.br

Resumo

Esta monografia considera o problema de emparelhamento em
grafos. Encontrar um emparelhamento maximo em um grafo é um
problema classico no estudo de algoritmos, com muitas aplicagoes:
designagao de tarefas, determinagao de rotas de veiculos, pro-
blema do carteiro chinés, determinagao de percursos minimos, e
muitos outros. O artigo histérico de Edmonds que descreveu um
algoritmo O(n*) para o problema geral de emparelhamento, na
verdade, introduziu a noc¢ao de algoritmo de tempo polinomial.
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On (In)Tractability Of Connection And Cut Problems — 2022
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On (In)Tractability Of Connection And Cut Problems — 2022
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Abstract

A sandwich problem for property L asks whether there
exists a sandwich graph of a given pair of graphs which
has the desired property L. Graph sandwich problems
were first defined in the context of Computational Biol-
ogy as natural generalizations of recognition problems
We contribute 1o the study of the complexity of graph

d

eiro, RJ, Brasil
ina ) @cos.ufij.br

cepted 12 May 2008

1. INTRODUCTION

We comider simple, finit, undirccted graphs. G
agraph G = (V, E), a complete set of G is a subset of
v 1nAlx|ng a complete subgraph. A clique is a max-
imal complete set. Let F be a family of subsets of a
e the Helly propery hen

”
complementary graph classes. We oblain a graph class
defined by a finite family of minimal forbidden subgraphs
Jor which the sandwich problem is N P-complete. A
graph is clique-Helly when its [arml\ o xlu/um saies
the Helly property. A graph el
when all of is induced subgray ,»ln e clique el
clique graph "/ a gm/:h i the ntersection $raph o / he

an important role in Combinson
aspects [S]. 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.

and 1 computaional

ofclgue graphs was a long-standing open problem that
was recently solved. We show that the sandwich prob-
lems for the graph class
tary clique-Helly, and
N P-complete. We propose the study of the complexity ,.[
sandwich problems for urmplm:mmr\ graph class
amean 1o further understand the ich problem as a
Seneralction ofhe recogniion problem.

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

oo
Graph Theory. Elctron. Notes Discrce Math. 22 (2005) 497-500,

graph of the family of its cliques. G is a clie oraph if
there exists a graph H such that G i 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-
fem (3. 14, 16, 18] that was recently solved (1], Clique
graphs have been much studied n 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. W )isa
spanning subgraph of G 25; and that

(V.E2)if By €
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Mitre C. Dourado, Priscila Petito, Rafael B. Helly Property, Clique Graphs, Complementary
Teixeira and Celina M. H. de Figueiredo Graph Classes, and Sandwich Problems

Figure 5. Example of constructed instance of (V, E1, E2) corresponding to clauses {@1,z2, 24}, {Z1, 2, 23}, {T2, T3, Ta}
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Abstract The class of unichord-free graphs was recently
e pers (Machado et al.
Sci. 411:1221-1234, 2010; Machado, de
Figuciredo in Discrete Appl. Math. 159:1851-1864, 2011;
Trotignon, Vuskovic in J. Graph Theory 63:31-67, 2010)
and proved to be useful with respect o the study of the com-
plexity of colouring problems. In particular, several surpis
ing compleity (Ildmmmm could be found in subelasses of
. W discuss such esults based on the

conceptof

classes for edge

prmbee 2011/ Published olie: 27 Sepimbr 2011

G into NP-complete subclasss and polynomial subclasses.
it becomes clearer wh the probiem is NP-complte in G.
Clealy, if a problem g is polynomial in . any partition of
G wil detenmine polynomial subclases; and if  problem
is NP-completc in G, any fnte partiton G1. Ga..... Gy of
G will determine ar feast one subelass G such that  te-
striced © G is NP-complete or the recognition of G is
NP-complete.

ool crcsing ol o s s of pis i

o

final

respect 10 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

i o mm.r o

resriced 10 G nd ¢ is polynontial when resticted 10 G—
o vice versa. The nice idea about a separating class s that
it shows how the same structure may define  polynomial
iblem. We recall that the
v of separating prolem— probles tht ha i
complexities when restricted to distinct classes—was
ety investigated i [3]. For instance, vertex-colouring is
& i proble ol g, (NF-complt) i
parallel graphs (polynomial) [3]. It is
wrpn\mg thatfor most classes proposed in (3] the complex-
ity of edg

 of graphs and
belonging to NP, we say that a full complexity dichoromy
of G was obtained if one describes a partiion of G into
Gy, G such that ¢ is classfied as polynomial or NP-
complete when restricted 1o each G. The concept of full
complexity dichotomy s partcularly intresting for the in-

Recall that an edge-colouring is an association of colours
1o the edges of a graph in such a way that adjacent ed
receive different colours, and a total-colouring is an associ
ation of colours to the vertices and edges of a graph in such
way that adjacent or incident elements receive different

col iph G s said 10 be Class |

colouring using 4 number of colourseqal 1 s maximum
des

Mo ) C e Fpeied
fato Nacional e Metrologia, Qualdade ¢ Tec

e COME e e do Riode e,

Rio e Jncio. b

i nphac@conat e

colouring using A(G) + 1 colours. The study of the com-
plexity of edge-colouring and total-colouring is challenging
i the sense that both problems are NP-complete, the restric-
tions to very few classes are known to be polynomial, and

4 Sprioger
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Edge and total coloring complexity-separating classes

When restricted to {square,unichord}-free graphs,
edge coloring is [NIPXGOMpIEIe] whereas total coloring is |polynomial
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O Problema do Milénio sobre Intratabilidade Computacional

P versus NP — a gift to Mathematics from Computer Science

The question is whether or not, for all T
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



O Problema do Milénio sobre Intratabilidade Computacional

Timothy Gowers;




Grafos Perfeitos encontram 3 areas

Origem e desenvolvimento da area de pesquisa

Teoria dos Grafos

coloragao de
grafos planares
isomorfismo
de grafos
caminho grafos
minimo perfeitos
- hierarquia
programagao | das classes de
linear complexidade
escalonamento - )
de tripulagdes Complexidade Computacional

Otimizagdo Combinatdria



Algoritmo Nao deterministico de tempo Polinomial
Complexidade computacional

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

Em vérias e diferentes areas, procuramos objetos matematicos:
percurso de um caixeiro viajante, atribuicao de verdade,
emparelhamento maximo, coloragdo minima de um grafo

O objeto matematico procurado é o certificado,
a prova de que o problema esta em NP

O estudo da complexidade computacional de problemas considera
principalmente problemas em NP e tenta distinguir os soltveis em tempo

polinomial dos nédo através da classe dos problemas NP-completos

C. Papadimitriou — Computational Complexity 1994



Dicotomia Polinomial ou NP-completo
Minha contribuicao

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

Classificagdo em P ou NP-completo de dois problemas histéricos
em teoria dos grafos

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

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



Todo Grafo é Dificil ou Facil
Dicotomias cheias

Classificar todo membro de uma familia de problemas como
Polinomial (facil) ou NP-completo (dificil)

Quais grafos tornam o problema facil ou dificil?

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

Requerem dominio 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 GraPHISO
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5 estrelas: Finding Skew Partitions Efficiently
Particao assimétrica

SKEW PARTITION
Grafo G = (V,E)
V admite uma particdo em 4 partes nao vazias A, B, C, D tal
que cada vértice de A é adjacente a cada vértice de B e cada vértice de C
nao é adjacente a cada vértice de D ?

A U B é corte assimétrico

SKEW PARTITION generaliza
STAR CUTSET
CLIQUE CUTSET
HOMOGENEOUS SET

O=0

®)
®)

V. Chvatal — J. Combin. Theory Ser. B 1985
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Journal of Algorithms 37, 505-521 (2000)
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Finding Skew Partitions Efficiently!
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5 estrelas: Optimizing Bull-Free Perfect Graphs

Centenary of Celina + Fréd

September 16-17, 2010, Grenoble, France

Celina de Figueiredo and Frédéric Maffray met in 1989 in Waterloo, during a workshop on
Perfect Graphs organized by Bruce Reed. They have been working together regularly
since then. They co-authored several articles, most of them revolving around bull-free
graphs.

We will be celebrating the 50th birthdays of Celina and Frédéric in September 16-17,
2010 in Grenoble. For this occasion, we would be happy to gather their former students,
professors, colleagues and/or friends for a 2-day meeting in Grenoble, featuring talks on
their favourite topics in Graph Theory.

The organizers (Louis Esperet, Myriam Preissmann, Andras Sebd, and Zoltan Szigeti) would like to thank Marwane Bouznif, Julien
Darlay, Olivier Durand de Gevigney, Grégory Morel, Ana Silva and Valentin Weber for their help during the meeting.

Sponsors: Programme Pluriformation (PPF) Maths-Info, Laboratoire G-SCOP
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SIAM J. DISCRETE MATH © 2004 Socicty for Industrial and Applied Mathematics
Vol 18, No. 2, pp. 226-210

OPTIMIZING BULL-FREE PERFECT GRAPHS"

CELINA M. H. DE FIGUEIREDO! AND FREDERIC MAFFRAY?

Abstraﬂt A Imll is a graph with five vertices a,b,c,d, e and five edges ab, ac, be, da, eb. Here
we present p algorithms for the optimal weighted coloring and weighted
clique pmblem: in bull-free perfect graphs. The algorithms are based on a structural analysis and
decomposition of bull-free perfect graphs.

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

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

DOL. 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 w(G) colors, where w(G') is the maximum

clique size in H. Berge [1] introduced perfect graphs and conjectured the following
t if and only if it contains no odd hole and no odd

vertices, and an antihole is the complement of a hole. Graplh with 1o odd hole and
1n0 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
cuery Berge graphis perfect. One problem that is not yet solved in this context is

the existence of a hm to compute the ic 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 & bull, where a bull is a graph with
five vertices a,b,c,d,e and five edges ab, be, cd, be, ce (see Figure 1). Our algorithm
is based on specific properties of these graphs. Let us recall that Chvétal 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.



5 estrelas: The complexity of clique graph recognition

Clique graph gadget: uma passarela para a variavel u;

/ g, - 8 A a
( 4 v ,
¢
7 r 7 —~—q,
e w ¢ (@)
/ 2 g A a
4 d v U
e
@ Hy 7 ld
e Y e (b)

Familia-RS de G precisa conter ou (a) triangulos falsos ou
(b) triangulos verdadeiros. Triangulos em negrito sao obrigatérios.

“The complexity of clique graph recognition”
Theoret. Comput. Sci. 2009 (com Liliana Alcon, Luerbio Faria, Marisa Gutierrez)
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The complexity of clique graph recognition”
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ARTICLE INFO ABSTRACT
Am‘f!e history: A complete set of a graph G is a subset of vertices inducing a complete subgraph. A clique
Received 19 March 2007 is a maximal complete set. Denote by €(G) the clique family of G. The clique graph of G,
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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 197 1. However, the time

glei{;vxzr;:;phs complexity of the problem of recognizing clique graphs is a long-standing open question.
NP-complete problems We prove that the clique graph recognition problem is NP-complete.
Helly property © 2009 Elsevier B.V. All rights reserved.
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Artice history: The Clay Mathematics Institute has selected seven Millennium Problems to motivate
Received 9 April 2010 research on important classic questions that have resisted solution over the years. Among
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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

ﬁf\{]’é‘g‘:‘o’mgo"mms and problem direct procedure. In this context, it is important to determine precisely what facet of a
ooty problem makes it NP-complete. We shall discuss classes of problems for which dichotomy
Graph algorithims results do exist: every problem in the class is classified into polynomial or NP-complete, We
Structural characterization of types of shall discuss our contribution through the classification of some long-standing problems
graphs in important areas of graph theory: perfect graphs, intersection graphs, and structural

characterization of graph classes. More precisely, we have shown that Chvtal'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 sSANbwicH 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 BV. All rights reserved.
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Hé mais de 100 anos, operarias de varias partes do mundo uniram-se em protestos
lutando por condigées dignas de trabalho e pelo direito do voto. Nos anos 60, o
i ini ivindi entre homens e mulheres. O Dia
Internacional da Mulher ndo deve ser comemorado apenas como uma data festiva,
e simo ltado de anos de que se em conqui cada vez
mais frequentes como a de Celina Miraglia Herrera de Figueiredo, a primeira
professora titular do Instituto Alberto Luiz Coimbra de P6s-Graduagéo e Pesquisa de
Engenharia (COPPE).
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No final de 2011, o niimero de mulheres com a tdo respeitada Bolsa de Produtividade 1A
do CNPq triplicou, passando de 1 para 3. Aproveitando essa gloriosa conquista, este
artigo apresenta algumas estatisticas sobre a participagdo feminina nas bolsas de
produtividade do CNPq. Ndo se pretende esgotar o assunto, mas provocar a reflexdo
sobre os niimeros atuais do CNPq em relagdo a participagdo feminina e ao seu
reconhecimento na comunidade de pesquisa.
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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 ion and helped idate different rescarch 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 for Scientific and Technological Development (CNPq), and
the Brazilian Navy. It recognizes and encourages Brazilian
landmarks researchers who have made significant contributions to the
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