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Resumo

A caracterização de matróides através de sua circunferência iniciou-se com a publicação dos
artigosMatroids Having Small Circumference, Combinatorics, Probability and Compumting
(2001) 10, 349-360e Connected matroids with a small circumference, Discrete Mathematics
259 (2002) 147-161de Braulio Maia Junior e Manoel Lemos, onde eles construíramtodas as
matróides com circunferência menor ou igual a 5. Recentemente, emThe 3-connected binary
matroids with circumference 6 or 7, European Jounal of Combinatorics ( a ser publicado), Raul
Cordovil, Maia Junior e Lemos construíram todas as matróides binárias 3-conexas de circunfe-
rência 6 e 7, contudo eles trabalharam apenas com matróides de posto pelo menos 8. Nesta
tese construímos todas as matróides binárias de circunferência 6 e posto pequeno, isto é, as
matróides de posto 5, 6 e 7.

Com base no resultado de Bixby(1972), Cunningham(1973) e Seymour(1980), que diz:
Uma matróide 2-conexa M não é 3-conexa se e somente se M= M1⊕2 M2, onde M1 e M2 são
matróides conexas, cada uma isomorfa a um menor próprio de M,concluímos que para estudar
as matróides de posto pequeno é suficiente conhecer as matróides binárias come-circunferência
3, 4 e 5. Como Maia Junior já havia construído as matróides 3-conexas come-circunferência
3 e 4, bastava-nos construir as matróides binárias come-circunferência 4 e 5. Iniciamos des-
crevendo todas as matróides 3-conexas binárias de circunferência 6 e posto 7 e posteriormente
descrevemos todas as matróides binárias 3-conexas com circunferência 6 e posto 6. Assim foi
possível conhecer todas as matróides 3-conexas come-circunferência 5.

Conseguimos também construir as matróides binárias não 3-conexas come-circunferência
4 e 5. Estes resultados nos fornecem uma completa descrição de todas as matróides binárias
não 3-conexas de circunferência 6 e posto pequeno.

Palavras-chave: Matróide, binária, circuito, circunferência, e-circunferência, posto, conexa,
3-conexa, isomorfa.
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Abstract

The characterization of matroids through its circumference began with the publication of the
articlesMatroids Having Small circumference, Combinatorics, Probability and Compumting
(2001) 10, 349-360andConnected matroids with a small circumference, Discrete Mathema-
tics 259 (2002) 147-161of Braulio Maia Junior and Manoel Lemos, where they construct
all matroid with circumference at most five. Recently, inThe 3-connected binary matroids
with circumference 6 or 7, European Jounal of Combinatorics(to appear), Raul Cordovil,
Maia Junior and Lemos construct all 3-connected binary matroids with circumference 6 and 7,
however they worked only with matroid having rank at least eight. In this thesis we construct
all binary matroids with circumference 6 having small rank,namely the matroid having rank 5,
6 and 7.

Based on the results of Bixby (1972), Cunningham (1973) and Seymour (1980), which say
that: A 2-connected matroid M is not 3-connected if and only if M= M1⊕2 M2, where M1 and
M2 are connected matroids, each of which is isomorphic to a proper minor of M,to study the
small rank matroids it is sufficient to know the binary matroids withe-circumference 3, 4 and 5.
Since Maia Junior has constructed the 3-connected matroidswith e-circumference 3 and 4, it is
sufficient to construct the binary matroids withe-circumference 4 and 5. We began describing
all the binary 3-connected matroids with circumference 6 and rank 7 and then we describe all
binary 3-connected matroids with circumference and rank 6.Thus it was possible to know all
the 3-connected matroids withe-circumference 5.

We also construct the binary matroids not 3-connected withe-circumference 4 and 5. This
result allows a complete description of all binary not 3-connected matroids with circumference
6 having small rank.

Keywords: Matroid, binary, circuit, circumference, e-circumference, rank, connected, 3-
connected, isomorphic.
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CAPÍTULO 1

Introdução

A teoria de matróides foi introduzida em 1935 por Whitney [19] na tentativa de analisar a
essência abstrata da teoria de dependência. Quando da definição de matróides Whitney tentou
capturar as propriedades fundamentais que são comuns em grafos e matrizes, essa definição
acabou por abraçar uma diversidade maior de estruturas combinatórias. Desde então, tem sido
reconhecido que matróides aparecem naturalmente em otimização combinatória e pode ser
usada como estrutrura para abordar diversas variedades de problemas combinatoriais.

Buscamos resultados que limitem o tamanho dessas estruturas satisfazendo determinadas
condições em termos de seus invariantes. Circunferência foi escolhida devido ao fato de que
recentemente, ela tem aparecido em alguns limites, como porexemplo, no limite superior para
o tamanho de uma matróide minimalmenten-conexa e no limite inferior para o tamanho de uma
matróiden-conexa, paran∈{2,3}, contendo um circuito cuja deleção é tambémn-conexa (veja
[9, 10, 11]). Usando esses limites e resultados sobre matróides de circunferência pequena, é
possível melhorar alguns limites encontrados na literatura. Maia Jr. [6] construiu todas as
matróides com circunferência no máximo 5. Com o conhecimento de todas as matróides com
circunferênciac, por exemplo, podemos calcular todos os números de Ramseyn(c+1,y) para
matróides, para todo valory (para uma definição den(x,y) veja Reid[14]). Esses números foram
completamente determinados por Lemos e Oxley [12] usando o melhor limite para o número de
elementos de uma matróide conexa como uma função de sua circunferência e cocircunferência.

Quem primeiro caracterizou matróides através de sua circunferência foi Bráulio M. Junior
em sua tese de doutorado na Universidade Federal de Pernambuco sob a orientação do professor
Manoel Lemos. Neste trabalho Maia Jr. caracterizou todas asmatróides com circunferência
no máximo 5. Este trabalho lhe rendeu dois artigos (veja [6, 7]), um deles em parceria com
Lemos. Recentemente, Raul Cordovil, Bráulio M. Junior e Manoel Lemos [2] caracterizaram
todas as matróides binárias 3-conexas com circunferência 6e 7 e posto grande, pelo menos 8.
Também para posto maior ou igual 8, Lemos e Cordovil [3], generalizam o resultado anterior
para matróides 3-conexas com circunferência 6.

Os resultados de Cordovil, Lemos e Maia Jr. não contemplam matróides com circunferência
6 e posto pequeno, isto é, posto 6 e 7. Nesta tese construímos todas as matróides binárias
com circunferência 6 e posto pequeno. Começamos construindo todas as matróides binárias
3-conexas com circunferência 6. Dividimos esta tarefa em dois capítulos: no terceiro capítulo
descrevemos todas as matróides binárias 3-conexas com circunferência 6 e posto 7 e no quarto
capítulo as matróides binárias 3-conexas com circunferência e posto iguais a 6. No capítulo
5 caracterizamos todas as matróides binárias come-circunferência 4 e 5. De posse desses
resultados e dos resultados dos capítulos 3 e 4 e, usando o resultado devido a Seymour [15],
construímos, também no capítulo 5, todas as matróides binárias com circunferência 6 e posto

1



CAPÍTULO 1 INTRODUÇÃO 2

pequeno. As matróides construídas nesta tese não aparecem na literatura, portanto são inéditos.
No capítulo 2, damos algumas definições e conceitos necessários ao entendimento dos capítulos
subsequentes e enunciamos alguns resultados obtidos anteriormente de modo a nos localizar
dentro do problema.



CAPÍTULO 2

Preliminares

Este capítulo tem por finalidade munir o leitor do conhecimento necessário para compreensão
dos principais resultados encontrados nesta tese. Nele definiremos e exemplificaremos o que
é uma matróide e as consequências desta definição que serão usadas em toda tese. Também
mostraremos alguns resultados obtidos anteriormente na caracterização de matróides através de
sua circunferência. Definições e resultados locais serão enunciados nos respectivos capítulos
em que serão abordados.

Assumiremos que o leitor esteja familiarizado com os conceitos básicos de álgebra linear e
teoria dos grafos. Algum conhecimento de matróide será útilmas não essencial, visto que os
conceitos necessários serão revisados quando eles forem introduzidos. Em geral, usaremos a
mesma notação e terminologia encontradas no livro do Oxley [13].

2.1 Definições e Exemplos

Podemos definir matróides de muitas maneiras diferentes, porém todas equivalentes. Aqui
daremos a definição usada por Whitney:

Uma matróide Mé um par ordenado(E,I ) consistindo de um conjunto finitoE e uma
coleçãoI de subconjuntos deE satisfazendo as seguintes três condições:

(I1) /0∈ I .

(I2) SeI ∈ I e I ′ ⊆ I , entãoI ′ ∈ I .

(I3) SeI1 e I2 estão emI e |I1|< |I2|, então existe um elementoe∈ I2− I1 tal queI1∪e∈I .

SeM é uma matróide(E,I ), entãoM é chamada uma matróide emE(M), ondeE(M)
denota o conjunto dos elementos deM. Os membros deI são chamados deconjuntos in-
dependentes. Um membro deI de cardinalidade máxima é chamado umabasede M. Um
subconjunto deE(M) que não está emI (M) é umconjunto dependente. Um conjunto depen-
dente minimal deM será chamado umcircuito deM e denotaremos o conjunto dos circuitos de
M porC (M). Definimos acircunferênciade uma matróideM por

circ(M) = max{|C| : C∈ C (M)}.

e parae∈ E(M), definimos ae-circunferênciadeM por

circe(M) = max{|C| : e∈C∈ C (M)}.

3



2.1 DEFINIÇÕES E EXEMPLOS 4

Nós chamaremos um elementoe de laço deM se{e} é um circuito deM. Mais ainda, se
e e f são elementos deM tal que{e, f} é um circuito, entãoe e f são ditos estar emparalelo
emM. Umaclasse em paralelodeM é um subconjunto maximalX deE(M) tal que quaisquer
dois membros distintos deX estão em paralelo e nenhum membro deX é um laço. Uma classe
em paralelo étrivial se ela contém somente um elemento. SeM não tem laços e nem classes
em paralelo não triviais, entãoM é chamada de umamatróide simples. Nesta tese, a menos que
se diga o contrário, toda matróide é simples.

Exemplo 1. Considere o grafo completoK4.

e4 e6

e5

e1

e3e2

Figura 2.1 GrafoK4

SejaE = {e1,e2,e3,e4,e5,e6} o conjunto das arestas do grafoK4 eI uma coleção de subcon-
juntos deE que não são ciclos emK4. O par(E,I ) é uma matróide.

A matróide do Exemplo 1 não é um caso especial, em geral, dado um grafoG qualquer,
sempre podemos definir uma matróide sobre as arestas deG. Uma matróide que é assim obitda
é chamada dematróide dos ciclosdeG e é denotada porM(G). Mais especificamente,

Lema 2.1. SejaE o conjunto das arestas de um grafoG e I a coleção dos subconjuntos das
arestas dos subgrafos deG que são florestas. EntãoM = (E,I ) é uma matróide.

O nome matróide sugere uma estrutura relacionada a matrizese, realmente, matróides
foram introduzidas por Whitney para fornecer um tratamentoabstrato uniforme de dependên-
cia em álgebra linear e teoria dos grafos. Uma classe importante de matróides nasce desta
estrutura.

Teorema 2.1.SejaA uma matriz sobre um corpoF. SejaE o conjunto dos rótulos das colunas
deA, eI coleção de subconjuntosI deE para o qual o conjunto das colunas rotuladas porI é
linearmente independente sobreF. Então(E,I ) é uma matróide.

A matróide obtida da matrizA como no Teorema 2.1 será denotada porM[A]. Esta matróide
é chamada dematróide vetorialdeA. O próximo exemplo ilustra este resultado.

Exemplo 2. Considere a matriz

A =





1 2 3 4 5 6 7

1 0 0 1 1 0 1
0 1 0 1 0 1 1
0 0 1 0 1 1 1



.



2.1 DEFINIÇÕES E EXEMPLOS 5

SejaE o conjunto{1,2,3,4,5,6,7} dos rótulos das colunas deA e I a coleção de todos
os subconjuntosI de E para o qual o conjunto das colunas rotuladas pelos elementosde I é
linearmente independente sobre o corpoZ2. EntãoI consiste de todos os subconjuntos deE
com no máximo três elementos exceto pelos conjuntos{1,2,4}, {1,3,5}, {1,6,7}, {2,3,6},
{2,5,7}, {3,4,7} e{4,5,6}. O par(E,I ) é a matróideM[A].

SejaM = (E,I ) uma matróide eX ⊆ E(M). Note que(X,I |X) é uma matróide, onde
I |X = {I ⊆ X : I ∈I }. Chamaremos esta matróide derestrição deM aX e denotaremos por
M|X. Definimos opostodeX ⊆ E(M) emM como sendo a cardinalidade de uma base deM|X.
Denotaremos o posto deX emM por rM(X).

Exemplo 3. Sejamm e n inteiros não negativos tal quem≤ n. SejaE um conjunto comn
elementos eB uma coleção de subconjuntos deE contendom elementos. É fácil verificar que
B é o conjunto de bases de uma matróide emE. Nós denotamos esta matróide porUm,n e
chamamos dematróide uniformede postom em um conjunto den elementos.

SeM é uma matróide com função postor, definimos a funçãofecho, cl : 2E → 2E definida
para todoX ⊆ E(M), por

cl(X) = {x∈ E : r(X∪x) = r(X)}.

Um conceito muito importante que será frequentemente usadoneste trabalho é o de iso-
morfismo entre matróides. Dizemos que duas matróidesM1 e M2 sãoisomorfas, denotamos
por M1

∼= M2, se existe uma bijeçãoϕ de E(M1) paraE(M2) tal que para todoX ⊆ E(M1),
ϕ(X) é independente emM2 se e somente seX é independente emM1.

Uma matróideM que é isomorfa a uma matróide dos ciclosM[G] para algum grafoG é
dita matróidegráfica . Similarmente, uma matróideM que é isomorfa a uma matróide vetorial
M[A] para alguma matrizA sobre um corpoF é dita F-representável, e A é chamada uma
F-representaçãoparaM. Uma matróide que éZ2-representável é chamada simplesmente de
matróidebinária. As matróides descritas nos exemplos 1 e 2 são, respectivamente, gráfica e
binária. A matróide bináriaM[A] do exemplo 2 é conhecida comoMatróide Fanoe é denotada
porF7. Ambas são muito importantes e aparecerão muitas vezes até ofinal da tese.

As matróides binárias possuem características bem interessantes. Uma das que faremos uso
constante nesta tese é dada pelo seguinte Teorema:

Teorema 2.2.As seguintes afirmações são equivalentes para uma matróideM:

(i) M é binária.

(ii) SeC1 eC2 são circuitos distintos, entãoC1△C2 contém um circuito.

(iii) Se C1 eC2 são circuitos distintos, entãoC1△C2 é uma união disjunta de circuitos.

(iv) A diferença simétrica de qualquer conjunto de circuitos é vazia ou contém um circuito.

(v) A diferença simétrica de qualquer conjunto de circuitosé a união disjunta de circuitos.



2.1 DEFINIÇÕES E EXEMPLOS 6

Um atrativo muito interessante das matróides gráficas é que podemos determinar muitas de
suas propriedades apenas analisando os desenhos dos grafos. Matróides de posto pequeno tam-
bém possui uma representação geométrica igualmente útil. Em geral, tais representações são
governadas pelas seguintes regras: Todos os laços são marcados por um único ponto isolado.
Elementos em paralelo são representados por pontos coladosou simplesmente por um único
ponto rotulado por todos os elementos da classe em paralelo.Correspondentemente para cada
elemento que não é laço ou não está em paralelo, existe um ponto distinto no diagrama o qual
não toca nenhum outro ponto. Se três elementos formam um circuito, os pontos correspon-
dentes são colineares. Da mesma forma, se quatro elementos formam um circuito, os pontos
correspondentes são coplanares. Em tais diagramas, as retas podem ser curvas e os planos re-
torcidos. A figura 2.2 (a) abaixo é a representação geométrica da matróideM(K4) e a figura 2.2
(b) da matróideF7.

e1 e2 e3

e6

e5e4

(a) M(K4)

e1 e2 e3

e5

e7

e6e4

(b) F7

Figura 2.2 Representações geométricas dos exemplos 1 e 2, respectivamente.

Se as entradas de uma matrizA são tomadas de um corpoF. Então a matróide vetorialM[A]
permanece inalterada se as seguintes operações são realizadas emA.

1. Permutação de duas linhas.

2. Multiplicação de uma linha por um membro não nulo deF.

3. Troca de uma linha pela soma daquela linha e uma outra.

4. Deleção de uma linha nula (a menos que esta seja a única linha).

5. Permutação de duas colunas (movendo os rótulos com as colunas).

6. Multiplicação de uma coluna por um membro não nulo deF.

7. Troca de cada entrada da matriz por sua imagem através de umautomorfismo deF.

As operações 1− 7 são chamadas deoperações elementares. É fácil ver que por uma
seqüência de operações elementares dos tipos 1−5, podemos reduzir a matrizA à forma[Ir |D],
ondeIr é a matrizr × r identidade eD é alguma matrizr × (n− r) sobreF. A matriz [Ir |D] é
chamada umamatriz representante padrãoparaM.

Dada uma matróideM = (E,I ), seB é a coleção de suas bases, pode-se mostrar que
B∗ = {E(M)−B : B∈ B} é a coleção de bases de uma matróide tendoE como seu conjunto
de elementos. Esta matróide é chamada de matróidedual de M e é denotada porM∗. Oxley
[13] mostrou o seguinte resultado:
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Teorema 2.3.Se M é uma matróide vetorial de[Ir |D], entãoM∗ é a matróide vetorial de
[In−r |DT ].

e como conseqüência,

Corolário 2.1. SeM é representável sobre um corpoF, entãoM∗ também é representável sobre
o corpoF.

Um cocircuitoem uma matróideM é um circuito na matróide dualM∗ e similarmente, uma
classe em sériena matróideM é uma classe em paralelo na sua dualM∗.

SejaM uma matróide e{X,Y} uma partição deE(M). Sejak um inteiro positivo. Dizemos
que(X,Y) é umak-separaçãoparaM se

min{|X|, |Y|} ≥ k

e
r(X)+ r(Y)− r(M)+1≤ k.

Uma matróideM é dita sern-conexase e somenteM não possui umak-separação para todo
inteiro positivok < n.

SejaM uma matróide(E,I ) e e um elemento deE. SejaI ′ = {I ⊆ E−{e} : I ∈ I }.
Pode-se mostrar que(E−{e},I ′) é uma matróide. Nós denotamos esta matróide porM\e e
chamamos dedeleçãodee deM. See é um laço deM, então nós definimosM\e= M/e. Se
e não é um laço, entãoM/e é definido da seguinte forma:M/e= (M∗\e)∗. A matróideM/e é
chamada decontraçãodeedeM. Um menordeM é qualquer matróide que pode ser obtida de
M por uma seqüência de deleções ou contrações, isto é, qualquer matróide da formaM\X/Y
ou, de forma equivalente,M/Y\X, ondeX eY são subconjuntos disjuntos deE. SeX∪Y 6= /0,
entãoM/Y\X é um menor próprio deM.

SeM1 e M2 são matróides nos conjuntosSe S∪e ondee 6∈ S, entãoM2 é umaextensãode
M1 seM2\e= M1. Nós chamaremosM2 umaextensão não trivialdeM1 see não for um laço
ou um colaço (cocircuito de tamanho um) deM2 e e não está em um circuito ou cocircuito de
comprimento 2 deM2. Também denotamos a matróideM2 porM1∪e.

Os próximos dois Lemas embora não sejam citados nos próximoscapítulos, estão implícitos
em toda teoria construída.

Lema 2.2. SejaN uma matróide 3-conexa contendo no mínimo três elementos eM uma exten-
são deN. EntãoM é 3-conexa se e somente se,M é uma extensão não trivial deN.

Lema 2.3. Toda matróide binária 3-conexa contendo no mínimo quatro elementos possui um
menor isomorfo aoM(K4).

Chamamos desimplificaçãode uma matróideM à matróide obtida deM deletando-se todos
os laços e todos os elementos de cada classe em paraleloX, a menos de um elemento repre-
sentante deX. Analogamente, chamamos decosimplificaçãode uma matróideM à matróide
obtida deM contraindo-se todos os colaços e todos os elementos de cada classe em sérieY a
menos de um elemento distinguido deY.
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2.2 Resultados Anteriores

Alguns resultados já foram obtidos na caracterização de matróides através de sua circunferên-
cia, esses resultados nos permitem conhecer a fronteira de conhecimento do tema.

DefinimosJ10 como a matróide cuja representação sobreZ2 é dada pela seguinte matriz:













b1 b2 b3 b4 b5 b6 b7 b8 b9 b10

1 0 0 0 0 0 1 1 1 1
0 1 0 0 0 1 0 1 1 1
0 0 1 0 0 1 1 0 1 1
0 0 0 1 0 1 1 1 0 1
0 0 0 0 1 1 1 1 1 0













J9 a matróide obtida deJ10 deletando-se a colunab5 eAG(3,2) a matróide cuja representação
binaria é dada por[I4|J4− I4], ondeJ4 é a matriz de ordem 4 com todos os elemento iguais a um.
Agora suponha quel , m e n são inteiros tais que 0≤ l ≤ 3≤ n e 0≤ m≤ n. Seja{U,V} uma
partição dos vértices do grafo bipartido completoK3,n tal queU e V são conjuntos estáveis,

|U | = 3 e |V| = n, digamosV = {v1,v2, . . . ,vn}. SejaK(l)
3,n o grafo simples obtido deK3,n

pela adição del arestas unindo dois vértices deU . DefinimosMn,m,l como a matróide binária

obtida deM(K(l)
3,n) completando-se os cocircuitos de comprimento 3st(v1),st(v2), . . . ,st(vm)

para circuito-cocircuitos com 4 elementos.
Assuma queM é uma matróide binária 3-conexa com circunferência 6. Ser(M) ≤ 5, então

Maia Junior e Lemos [7] mostraram que:

Teorema 2.4(Maia Junior e Lemos, [7]). SeM é uma matróide 3-conexa tal quer(M) ≤ 5,
entãocirc(M) = r(M)+1 exceto quandoM for isomorfa aU1,1, F∗

7 , AG(3,2), J9 ou J10.

Como conseqüência deste resultado temos que:

Corolário 2.2. SejaM uma matróide 3-conexa. Ser(M) ≤ 5, então as seguintes afirmações
são equivalentes:

(i) circ(M) = 6;

(ii) r(M) = 5 eM não é isomorfa aJ9 ouJ10.

Portanto, necessitamos caracterizar apenas as matróides 3-conexas possuindo circunferên-
cia 6 com posto pelo menos 6. Mas Cordovil, Maia Junior e Lemosem [2] construíram todas
as matróides binárias 3-conexas com circunferência 6 e posto pelo menos 8, a saber:

Teorema 2.5(Cordovil, Maia Junior, Lemos, [2]). SejaM uma matróide 3-conexa binária tal
quer(M) ≥ 8. Então,circ(M) = 6 se e somente seM é isomorfa aMn,m,l , para alguns inteiros
l ,men tal que0≤ l ≤ 3, 6≤ m≤ n.
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Recentemente Cordovil e Lemos generalizaram este resultado. Antes precisamos da seguinte
definição:
Diremos queM1,M2, . . . ,Mn, comn≥ 2, é umlivro tendoe comodorsoquando:

(i) para todoi ∈ {1,2, . . . ,n}, Mi é uma matróide tal quee∈ E(Mi) e rMI ({e}) = 1; e

(ii) E(M1)−e,E(M2)−e, . . . ,E(Mn)−esão dois a dois disjuntos.

Teorema 2.6(Cordovil, Lemos, [3]). SejaM uma matróide 3-conexa tal quer(M) ≥ 8, então
as seguintes afirmações são equivalentes:

(i) circ(M) = 6.

(ii) Existe um livroC∗
1, . . . ,C

∗
n deM tendo dorsoL tal que{C∗

1, . . . ,C
∗
n,L} é uma partição de

E(M).

Estes resultados deixam apenas uma lacuna na construção dasmatróides binárias 3-conexas
com circunferência 6: aquelas com posto 6 ou 7. Portanto devemos construir as matróides
binárias 3-conexas, com circunferência 6 e posto 6 ou 7. Nos próximos dois capítulos descre-
veremos as matróides com posto 7 e 6, respectivamente.



CAPÍTULO 3

Matróides binárias 3-conexas de circunferência 6 e
posto 7

Neste capítulo descreveremos todas as matróides binárias 3-conexas com circunferência 6 e
posto 7.

Para todo o capítulo, sejaM uma matróide binária 3-conexa de posto 7 e circunferência 6
e C um circuito deM tendo circunferência máxima. Construiremos estas matróides em duas
seções. Na primeira seção nós descreveremos as matróidesM tal que a matróideM/C possua
circunferência 3. Diremos que estas matróides são do primeiro tipo. Na seção subseqüente
descreveremos todas as matróides binárias 3-conexas com posto 7 cuja circunferência deM/C
é no máximo 2 e chamaremos de matróides do segundo tipo.

3.1 Matróides do primeiro tipo

Considere o grafoF abaixo:

e1

e2

e3

e4

e5

e8

e6

e7

e9

Figura 3.1 GrafoF

10
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Uma representação paraM(F) é dada por:





















e1 e2 e3 e4 e5 e6 e7 e8 e9

1 0 0 0 0 0 0 1 1
0 1 0 0 0 0 0 1 1
0 0 1 0 0 0 0 1 1
0 0 0 1 0 0 0 1 0
0 0 0 0 1 0 0 1 0
0 0 0 0 0 1 0 0 1
0 0 0 0 0 0 1 0 1





















SejaZ13 a extensão binária deM(F) obtida adicionando-se mais 4 elementos,e10, e11, e12

ee13 tais que{e1,e4,e6,e10}, {e2,e4,e6,e11}, {e3,e8,e7,e12} e{e3,e8,e9,e13} são circuitos de
Z13. A representação binária deZ13 é dada por:





















e1 e2 e3 e4 e5 e6 e7 e8 e9 e10 e11 e12 e13

1 1 1 0 1 0
1 1 0 1 1 0
1 1 0 0 0 1

I7 1 0 1 1 1 1
1 0 0 0 1 1
0 1 1 1 0 1
0 1 0 0 1 1





















A matróideZ13 é 3-conexa, tem posto 7 e circunferência 6. É fácil ver que as matróides,
Z13\e10, Z13\e11, Z13\e12 e Z13\ {e10,e13}; Z13\ {e10,e12} e Z13\ {e11,e12} são isomorfas
às matróidesZ12 := Z13\e13 eZ11 := Z13\{e11,e13}, respectivamente. As quais são 3-conexas
necessariamente com circunferência 6 e posto 7. As figuras (a), (b) e (c) abaixo, ilustram
como as matróidesZ13, Z12 e Z11, respectivamente, são construídas a partir deF . Cada linha
pontilhada no grafo representa um elemento que juntamente com as arestas que ela cruza é um
circuito na matróide.

e1

e2

e3

e4

e5

e8

e6

e7

e9

e10

e11

e12

e13

(a)

e1

e2

e3

e4

e5

e8

e6

e7

e9

e10

e11

e12

(b)

e1

e2

e3

e4

e5

e8

e6

e7

e9

e10

e12

(c)

Figura 3.2 Construção deZ13, Z12 eZ11 a partir do grafoF .

Outra matróide que citaremos neste trabalho é a matróideY12, uma extensão da matróide
M(F), obtida adicionando-se mais três elementose, f e g tais que{e1,e4,e6,e}, {e2,e5,e7, f}
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e {e3,e8,e9,g} são circuitos deY12, conforme ilustra a figura 3.3 abaixo. De forma análoga,
as linhas pontilhadas no grafo representam elementos que juntamente com as arestas que elas
cruzam são circuitos na matróide.

e1

e2

e3

e4

e5

e8

e6

e7

e9

e

g

f

Figura 3.3 Construção da matróideY12 a partir do grafoF.

A representação binária deY12 é dada pela matriz





















e1 e2 e3 e4 e5 e6 e7 e8 e9 e f g

1 1 1 0 0
1 1 0 1 0
1 1 0 0 1

I7 1 0 1 0 1
1 0 0 1 1
0 1 1 0 1
0 1 0 1 1





















Note queY12 é uma matróide 3-conexa de posto 7 e circunferência 6. Mais ainda,Y12\e,
Y12\ f eY12\g são isomorfas aZ11.

SejaM é uma matróide eZ ⊆ E(M). Um Z-arcoé definido como um subconjunto minimal
não-vazioA⊆ E(M)−Z tal que existe um circuitoCA deM comCA−Z = A eCA∩Z 6= /0. Um
Z-fundamentalparaA é um circuitoCA tal queCA−Z = A, ondeA é umZ-arco. Para facilitar
a notação, escrevemosCe no lugar deC{e}, quandoA = {e}. SejaA um Z-arco eP⊆ Z. Então
A → P se existe umZ-fundamental paraA contido emA∪P. AssimA 6→ P denota que não
existe talZ-fundamental.

Observe que todos osZ-arcos são não vazios e independentes emM e que nenhumZ-arco
é um subconjunto próprio de outro. Seymour [15] mostrou que:

Teorema 3.1(Seymour, [15]). SejaM uma matróide, sejaZ ⊆ E(M), e seja(P1,P2) uma par-
tição deZ. Então existe umZ-arcoA tal queA 6→ P1, A 6→ P2, ou existe uma partição(X1,X2)
deE tal queXi ∩Z = Pi, parai ∈ {1,2} e

r(X1)+ r(X2)− r(E) = r(P1)+ r(P2)− r(Z).
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Quando provaram o Teorema 2.5, Cordovil, Junior e Lemos [2],também mostraram que:

Lema 3.1(Cordovil, Maia Junior, Lemos, [2]). SejaM uma matróide conexa. SeF ⊆ E(M) é
não vazio,M|F é conexa ecirc(M/F) ≥ 3, então existe um circuitoC deM/F tal queC é um
F-arco e|C| ≥ 3.

QuandoL ⊆ E(M) é a união de circuitos deM e r∗(M|L) = 2, dizemos queL é umalinha
M. Note que toda linha tem uma partição{L1,L2, . . . ,Lk}, a qual é chamada decanônica, tal
queC é um circuito deM contido emL se e somente seC = L−Li para algumi ∈ {1,2, . . . ,k}.
A linha L é ditalinha conexaquandoM|L é conexa. Quando uma linhaL é conexa, sua partição
canônica tem no mínimo 3 conjuntos.

Lema 3.2. SejaL uma linha conexa de uma matróide bináriaM possuindo partição canônica
{L1,L2,L3}. SeD é um circuito deM tal queA′ = D−L é umL-arco, entãoD△(L1∪L2) não
é circuito deM se e somente se,

(i) L3 ⊆ D eD∩Li = /0 para algumi ∈ {1,2}; ou

(ii) D∩ (L1∪L2) = /0.

Demonstração:SejaD′ = D△(L1∪L2). Suponha queD′ não é circuito deM. Desde que
M é uma matróide binária, existem circuitosD1,D2, . . . ,Dk deM dois a dois disjuntos tais que
D′ = D1∪D2∪ · · · ∪Dk. ComoA′ é uma classe em série deM|(L∪A′), temosA′ ⊆ Di para
algumi, digamosA′ ⊆ D1. Por hipótese,k > 1. LogoD2 = Li ∪L j para algum 2-subconjunto
{i, j} de {1,2,3}. Se 3∈ {i, j} entãoL3 ⊆ D e L1 ou L2 não interceptaD. Temos(i). Se
3 6∈ {i, j}, entãoD∩ (L1∪L2) = /0 e(ii) segue.

Reciprocamente, seD∩(L1∪L2) = /0, entãoD′ é a união dos circuitosD eL1∪L2. Portanto
D′ não é circuito. SeL3 ⊆ D e parai ∈ {1,2} Li ∩D = /0, entãoD′ = A′∪(L3−i −D)∪(Li ∪L3).
MasLi ∪L3 é circuito deM. Logo, por(C2), D△(L1∪L2) não é circuito deM.

Lema 3.3. SejaM uma matróide. Secirc(M) ≤ 2, então o posto de qualquer componente
conexa deM é igual a0 ou1.

Demonstração:SejaH uma componente conexa deM. Logo circ(H) ≤ 2 ouH ∼= U1,1. No
último caso,r(H) = 1 e o resultado segue. Quandocirc(H)≤ 2, temos que|C|= 1 ou|C|= 2,
para todo circuitoC de circunferência máxima deH. Se|C| = 1, entãoH ∼= U0,1. Se|C| = 2,
então quaisquer dois elementos deH estão em paralelo, neste casoH ∼= U1,|E(H)|. Portanto,
r(H) ≤ 1.

O próximo resultado nos fornece uma primeira caracterização para as matróides binárias
3-conexas possuindo circunferência 6.
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Proposição 3.1.Suponha queM é uma matróide binária 3-conexa tal quecirc(M) = 6. Então:

(i) M é isomorfa àZ11, Y12, Z12 ou Z13; ou

(ii) Toda componente conexa deM/C possui posto0 ou 1, para todo circuito máximoC de
M.

Para efeito de comparação, enunciamos um resultado similarobtido por Cordovil, Junior e
Lemos [2].

Proposição 3.2(Cordovil, Maia Junior, Lemos, [2]). Suponha queM é uma matróide binária
3-conexa tal quecirc(M) ∈ {6,7} e r(M) ≥ circ(M)+2. SeC é um circuito de comprimento
máximo deM, então o posto de toda componente conexa deM/C é no máximo um.

Demonstração da Proposição 3.1: Pela Proposição 3.2, (ii) segue quandor(M) ≥ 8. Podemos
supor quer(M) ≤ 7. Assuma quecirc(M/C)≥ 3, para algum circuito máximoC, do contrário
(ii) segue, pelo Lema 3.3. Pelo Lema 3.1, existe um circuitoC′ deM/C tal que|C′| ≥ 3 eC′

é umC-arco. PortantoL = C∪C′ é uma linha conexa deM. Suponha que a partição canônica
de L é igual a{L1,L2,L3}. EntãoC′ = Li , para algumi ∈ {1,2,3}, digamos paraC′ = L1.
ComoC = L−C′ é um circuito deM de tamanho máximo, segue que 3≤ |C′| ≤ |Li |, para todo
i ∈ {2,3}, poisL−Li é circuito deM. Assim|C′| = |L2| = |L3| = 3, pois

6 = |C| = |L−C′| = |L2|+ |L3| ≥ 2|C′| ≥ 6.

SejaA o conjunto dosL-arcos. Vamos mostrar que

{e} ∈ A , para todoe∈ E(M)−L. (3.1)

See∈ E(M)−L, entãor(L∪e) = r(L), poisr(L) = r(M), portantoe∈ cl(L), e por definição,
existe um circuitoCe deM tal quee∈Ce⊆ L∪e. Então{e} é umL-arco. Em particular,

|A| = 1, quandoA∈ A .

Parak ∈ {1,2,3}, definimosAk = {A′ ∈ A : A′ → Lk} e A ′ = A − (A1∪A2∪A3). Di-
vidiremos a demonstração em Sublemas.

Sublema 1A ′ 6= /0.

Demonstração:Suponha queA ′ = /0. Observe que{L1,L2∪L3} é uma 2-separação deM|L
tal queA→ L1, quandoA∈ A1 e A→ L2∪L3 quandoA∈ A −A1 = A2∪A3. Portanto pelo
Teorema 3.1, existe uma 2-separação{X1,X2} deE(M) tal queL1 ⊆ X1 e (L2∪L3) ⊆ X2; uma
contradição. PortantoA ′ 6= /0.

Sublema 2Se{e}∈A ′, então existeei ∈Li , para cadai ∈{1,2,3}, tal queCe= {e,e1,e2,e3}
é um circuito deM. Mais ainda,Ce é o único circuito contendoeemM|(L∪e) com no máximo
5 elementos.
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Demonstração:SejaD um circuito deM tal que{e} = D−L. EscolhaD de forma que|D|
seja mínimo. Para cadai ∈ {1,2,3}, existeXi ⊆ Li tal queD = {e}∪X1∪X2∪X3. Desde que
|Li | = 3 para todoi ∈ {1,2,3}, podemos reordenarL1,L2 e L3 de forma que

|X1| ≤ |X2| ≤ |X3|. (3.2)

Note que, como{e} 6∈ A3,
|X2| ≥ 1. (3.3)

Observe também que
|X2| ≤ 2, (3.4)

do contrário, por (3.2),|X2| = |X3| = 3 eD % L2∪L3 = C. Mais ainda,

|X1| ≤ 1, (3.5)

pois, caso contrário, 2≤ |X1| ≤ |X2| ≤ |X3| e |D| > 6 = circ(M).
Mostraremos que

|X1| = 1. (3.6)

Se |X1| = 0, então por (3.3), (3.4) e o Lema 3.2,D′ = D△(L1∪ L2) é um circuito deM ou
L3 ⊆ D. No último caso, pelo Lema 3.2, temos queD′′ = D△(L2∪L3) é circuito deM tal que
D′′ ⊆ {e}∪L2. Conseqüentemente{e}→ L2 emM; uma contradição. LogoD′ é circuito deM.
Mais ainda, se|X2| = 1, então|L2−X2| = 2 e, por (3.2),|X3| ≥ 1. Analogamente, se|X2| = 2,
então|L2−X2| = 1 e|X3| ≥ 2. Em ambos os casos temos

|L2−X2|+ |X3| ≥ 3.

Portanto

|D△(L1∪L2)| = |({e}∪X2∪X3)△(L1∪L2)|

= |{e}∪L1∪ (L2−X2)∪X3|

= |{e}|+ |L1|+ |L2−X2|+ |X3|

= 4+ |L2−X2|+ |X3|

≥ 7,

uma contradição. Daí|X1| 6= 0 e, por (3.5),|X1| = 1. Portanto (3.6) segue.
Agora, mostraremos que

|X2| = 1. (3.7)

Se|X2| 6= 1, então, por (3.4),|X2| = 2 e daí|X3| = 2, do contrário, por (3.6),

|D| = |{e}|+ |X1|+ |X2|+ |X3| = 4+ |X3| = 7.
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Segue pelo Lema 3.2 queD△(L2∪L3) é um circuito deM que contraria a minimalidade deD,
pois

|D△(L2∪L3)| = |{e}∪X1∪ (L2−X2)∪ (L3−X3)|

= |{e}|+ |X1|+ |L2−X2|+ |L3−X3|

= 4.

Portanto|X2| = 1 e (3.7) segue.
Finalmente mostraremos que

|X3| = 1. (3.8)

Suponha que|X3| ≥ 2, então por (3.6), (3.7) e pelo Lema 3.2,

D△(L1∪L2) = {e}∪ (L1−X1)∪ (L2−X2)∪X3

é circuito deM tal que|D△(L1∪L2)| ≥ 7. Uma contradição. Logo|X3| = 1. Portanto, por
(3.6), (3.7) e (3.8),

D = {e}∪{e1}∪{e2}∪{e3},

ondeei ∈ Li parai = 1,2,3.
SeD′ é outro circuito mínimo contendoe, entãoD′ = {e, f1, f2, f3}, ondefi ∈ Li , para cada

i ∈ {1,2,3}. Logo ei 6= fi , para algumi ∈ {1,2,3}. PortantoD△D′ é um circuito deM|L
que não contémLi , para todoi ∈ {1,2,3}. Mas, os circuito deM|L são: L1∪L2, L1∪ L3 e
L2∪L3. Temos uma contradição. PortantoD é o único circuito mínimo emM|(L∪e) contendo
e. DenotamosD porCe. Como o espaço dos ciclos deM|(L∪e) é gerado porL1∪L2, L1∪L2
eCe e todos estes circuitos tem um número par de elementos, entãotodo circuito deM|(L∪e)
tem cardinalidade par. LogoCe é o único circuito de cardinalidade menor que 6 contendoe.

Suponha queA ∈ Ak, para algumk ∈ {1,2,3}, digamosA = { f} já que |A| = 1. Por
definiçãoA→ Lk e daí existe circuitoCf deM tal que f ∈Cf ⊆ Lk∪{ f}.

Sublema 3 Se{e} ∈ A ′ e{ f} ∈ Ak, para algumk∈ {1,2,3}, entãoCe∩Cf = /0.

Demonstração:Suponha queCe interceptaCf . Sem perda de generalidade podemos tomar
k = 1. Pelo Sublema 2,Ce∩Cf = e1, ondee1 ∈ L1. SejaX1 = Cf ∩L1 e

D = (Cf△Ce)△(L2∪L3)

= {e, f}∪ (L2−e2)∪ (L3−e3)∪ (X1−e1).

SeD for circuito deM temos uma contradição, pois

8≥ |D| = |{e, f}|+ |L2−e2|+ |L3−e3|+ |X1−e1| = 6+ |X1−e1| ≥ 7,

pois X1 6= {e1}, do contráriof e e1 estão em paralelo emM. Logo D não é circuito deM.
Como|D| ≤ 8, D = C1∪C2, uma união disjunta dos circuitosC1 eC2 deM. Desde queD não
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contém circuitos deM|L, ambose e f não podem estar num mesmo circuito, assime∈ C1 e
f ∈C2. Pelo Sublema 2,C1 tem 4 elementos e portantoC2 tem 3 ou 4 elementos. Mais ainda,
C1 = Ce. Logo Ce△C2 = (Cf△Ce)△(L2∪L3) e daíC2 = Cf△(L2∪ L3); um absurdo pois
Cf ∩ (L2∪L3) = /0.

Sublema 4 Ak = /0, para todok∈ {1,2,3}.

Demonstração:Suponha queAk 6= /0, para algumk ∈ {1,2,3}, digamos parak = 1. Seja
{ f} ∈ A1. Pelo Sublema 1, existee∈ E(M)−L tal que{e} ∈ A ′. ComoCe∩ Cf = /0, pelo
Sublema 3, e|Ce∩ L1| = 1, pelo Sublema 2, temos queCf = (L1−Ce)∪ f , para todof tal
que { f} ∈ A1. Pelos Sublemas 2 e 3,Ce∩ L1 = Ce′ ∩ L1 para todoe′ tal que{e′} ∈ A ′.
Logo {e′} → L2 ∪ L3 ∪ g, ondeg ∈ Ce∩ L1, para todo{e′} ∈ A ′ e { f ′} → (L1 − g), para
todo{ f ′} ∈ A1. Portanto pelo Teorema 3.1, existe uma 2-separação{X1,X2} deE(M) tal que
(L1−g) ⊆ X1 e (L2∪L3∪g) ⊆ X2; uma contradição. PortantoA1 = /0 e o resultado segue.

Sublema 5 Se{e},{ f} ∈ A ′, então|Ce∩Cf | = 0 ou |Ce∩Cf | = 2.

Demonstração:Suponha que{e} e { f} pertencem aA ′ para um 2-subconjunto{e, f} de
E(M). Se |Ce∩Cf | = 1, entãoD = Ce△Cf é circuito deM tal queD∩Li = /0, para algum
i ∈ {1,2,3}, digamosi = 3. ComoD′ = D△(L1∪ L3) tem 8 elementos,D′ não é circuito
de M. EntãoD′ é a união de circuitos dois a dois disjuntos deM. Mas comoM é 3-conexa,
D′ =C1∪C2 e |C1|= |C2|= 4, pois o espaço dos ciclos deM|(L∪{e, f}) é gerado por circuitos
pares, a saber:L1∪L2, L1∪L3, Ce eCf . Como(|D′∩L1|, |D′∩L2|, |D′∩L3|) = (1,2,3), temos
queD′ não contémL1∪L2 ou L1∪L3 ou L2∪L3. Portanto,|Ci ∩{e, f}| = 1 parai ∈ {1,2},
digamose∈ C1 e f ∈ C2. Logo C1 = Ce e C2 = Cf , uma contradição. Temos portanto que
|Ce∩Cf | 6= 1. Se|Ce∩Cf | = 3, entãof e e estão em paralelo, absurdo, já queM é 3-conexa.
Conseqüentemente|Ce∩Cf | ∈ {0,2} e o Sublema 5 segue.

Sublema 6 |A ′| ≥ 2. Mais ainda, se|A ′| = 2, entãoM ∼= Z11.

Demonstração:Se para algumi ∈ {1,2,3}, X é um 2-subconjunto deE(M) contido emLi

que não intercepta nenhum dos circuitosCe, com{e} ∈A ′, então o conjunto{X,E(M)−X} é
uma 2-separação paraM, pelo Sublema 4. Segue-se então, pelos Sublemas 2 e 4, que|A ′| ≥ 2.
Agora suponha queA ′ = {{e},{ f}}. É suficiente mostrar queCe∩Cf = /0. Suponha que
não. Então|Ce∩Cf | = 2, pelo Sublema 5 e para algumk ∈ {1,2,3}, |Lk − (Ce∪Cf )| = 2.
Portanto, por (3.1) e pelos Sublemas 1 e 3,E(M) = L ∪ {e, f}. Logo o par{X,Y}, onde
X = Lk− (Ce∪Cf ) e Y = E(M)−X é uma 2-separação paraM, o que é um absurdo. Segue
queCe∩Cf = /0 eM ∼= Z11.

Sublema 7 Se A é um subconjunto deE(M)− L contendo 3 elementos, então existem
e, f ∈ A tais queCe∩ Cf = /0.

Demonstração:SejaA = {e, f ,g} e suponha que para todo 2-subconjunto{i, j} de{e, f ,g},
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Ci ∩Cj 6= /0. Vamos mostrar que neste casoE(M) = L∪{e, f ,g}. Pelo Sublema 5, temos que
|Ce∩Cf | = |Ce∩Cg| = |Cg∩Cf | = 2 e portantoCe∩Cf = Ce∩Cg = Cg∩Cf . Pelo Sublema
2, Lk ⊆Ce∪Cf ∪Cg, para algumk∈ {1,2,3}, digamosk = 1. Portanto, seh um elemento de
E(M)− (L∪{e, f ,g}), entãoCh, é tal que|Ch∩Ci | = 1, para algumi ∈ {e, f ,g}, o que é um
absurdo pelo Sublema 5. PortantoE(M) = L∪{e, f ,g}. Agora sejaX = L2− (Ce∪Cf ∪Cg) e
Y = E(M)−X, então o par{X,Y} é uma 2-separação paraM, o que é um absurdo. Portanto,
existeme, f ∈ A tais queCe∩Cf = /0.

Pelos Sublemas 2, 5 e 7, se{{e},{ f},{g}} é um 3-subconjunto deA ′, podemos renomear
os elementose, f e g de forma que uma das seguintes possibilidades ocorre:

(i) |Ce∩Cf | = |Ce∩Cg| = |Cg∩Cf | = 0; ou

(ii) |Ce∩Cf | = 2 eCg∩ (Cf ∪Ce) = /0.

Note que quando (i) ocorre, temos queE(M) = L∪{e, f ,g} e neste caso,|A ′| = 3 e M
é isomorfa aY12, (veja figura 3.3). Caso contrário, se existeh ∈ E(M)−L∪{e, f ,g} tal que
{h} ∈A ′−{{e},{ f},{g}}, então pelo Sublema 2,|Ch∩Ci |= 1, para algumi ∈ {e, f ,g}, o que
é um absurdo, pelo Sublema 5. Quando (i) não ocorre, caso não existah∈E(M)−L∪{e, f ,g},
entãoM ∼= Z12 (veja figura 3.2 (b)). Suponha que talh exista. Pelo Sublema 7,

(iii) |Ce∩Cf | = 2, |Cg∩Ch| = 2 e(Ce∪Cf )∩ (Cg∪Ch) = /0.

Isto é, existem duas possibilidades para inserir circuitoCh, conforme ilustra a figura 3.4. Ob-
serve que (iii) garante queh é único. Neste casoM ∼= Z13.

Corolário 3.1. SejaM é uma matróide binária 3-conexa comcirc(M) = 6. Se para algum
circuitoC de comprimento máximo deM, existe alguma componente conexa deM/C de posto
maior que um, entãoM não possuie-circunferência 5.

Demonstração:De fato, pela Proposição 3.1,M é isomorfo às matróidesZ11, Y12, Z12 e Z13,
as quais não possuem circuito de comprimento ímpar, pois todas as colunas de suas matrizes
de representação possuem número ímpar de entradas.

3.2 Matróides do segundo tipo

Nesta seção descreveremos todas as matróides binárias, 3-conexas de circunferência 6 e posto
7 tal que a matróideM/C possua circunferência no máximo 2. Observe que isso equivale dizer
que toda componente conexa deM/C tem posto no máximo um.

Um 3-subconjuntoZ deE(M) é dito ser umaestrelacom respeito aC desde queZ esteja
contido numa componente conexa deM/C. Sejaπ(C,Z) as classes em série deM|(C∪ Z)
contidas emC. Note queπ(C,Z) é uma partição deC. Uma estrelaZ′ com respeito aC é
dita serfortemente disjuntade Z desde que(M/C)|(Z∪Z′) = [(M/C)|(Z)]⊕ [(M/C)|(Z′)].
Cordovil, Maia Junior e Lemos [2] mostraram que
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Figura 3.4 Opções de inserção do circuitoCh.

Lema 3.4 (Cordovil, Maia Junior, Lemos, [2]). SejaC um circuito de uma matróide binária
e 3-conexaM tal que |C| = circ(M) = 6. SeZ é uma estrela com respeito aC, entãoZ é
independente e:

(i) A simplificação deM|(C∪Z) é isomorfa aM(K4). Neste caso, temos que|S| = 2, para
todoS∈ π(C,Z). Ou

(ii) A simplificação deM|(C∪Z) é isomorfa aF∗
7 .

Usando a mesma notação usada em [2], diremos queZ é uma estrelasimplescom respeito
aC quando (i) ocorre e queZ é não simplesquando (ii) ocorre.

Ainda neste artigo eles também mostraram que:

Lema 3.5(Cordovil, Maia Junior, Lemos, [2]). SejaC um circuito de uma matróide binária e
3-conexaM tal que|C|= circ(M) = 6. SeZ eZ′ são estrelas fortemente disjuntas com respeito
aC, então:

(i) Z eZ′ são ambas simples eπ(C,Z) = π(C,Z′); ou

(ii) Z e Z′ são ambas não simples e existeS∈ π(C,Z) eS′ ∈ π(C,Z′) tal que|S| = |S′| = 3 e
C = S∪S′.

Proposição 3.3.Seja M uma matróide binária 3-conexa tal quecirc(M) = 6 e r(M) = 7.
Suponha queM não é isomorfa às matróidesZ13, Z12,Y12 ouZ11. SejaC um circuito de tamanho
máximo deM. Então existem duas componentes conexasK1 e K2 deM/C de posto não nulo
tal que para cadai ∈ {1,2}, |E(Ki)| ≥ 3 e r(Ki) = 1. Mais ainda, seZi é um 3-subconjunto de
E(Ki), parai ∈ {1,2}, então:

(i) Existe uma partiçãoT1, T2, T3 deC tais que|T1| = |T2| = |T3| = 2 eT1, T2, T3 são classes
em série deM|(C∪Z1∪Z2).

(ii) A cosimplificação deM|(C∪Z1∪Z2) é isomorfo aM(K(3)
3,2) (eZ1 eZ2 são as estrelas dos

vértices deM(K(3)
3,2) tendo grau 3)
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(iii) Parai ∈ {1,2}, E(Ki) é um 3-cocircuito ou um 4-circuito-cocircuito.

(iv) A cosimplificação deM \ [clM(C)−C] é isomorfo aM2,l ,3, ondel = |{i ∈ {1,2} : E(Ki)
é 4-circuito-cocircuito de M}|.

Demonstração:SejamK1,K2, . . . ,Kn componentes conexas deM/C com posto pelo menos 1.
Pela Proposição 3.1 cada componente conexa deM/C tem posto no máximo 1. Portanto,

n =
n

∑
i=1

r(Ki) = r(M/C) = r(M)− [|C|−1].

Como por hipótese|C| = 6 e r(M) = 7, temos quen = 2. Agora observe que parai ∈ {1,2},
E(M/C)−E(Ki) é um hiperplano deM/C. LogoE(Ki) é um cocircuito deM e desde queM
é 3-conexa temos que|E(Ki)| ≥ 3. Note também que parai ∈ {1,2}, qualquer 3-subconjunto
Zi deE(Ki) é uma estrela com respeito a C. Portanto, para cadai ∈ {1,2}, podemos escolher
estrelasZi e Z′

i com respeito aC tal queZi ∪Z′
i ⊆ E(Ki). Pelo Lema 3.5,Zi é simples se e

somente seZ′
i é simples. Vamos mostrar que

Z1 eZ2 são simples. (3.9)

Suponha que (3.9) não é válido. Pelo Lema 3.5(ii) existeS1 ∈ π(C,Z1) e S2 ∈ π(C,Z2) tal
que |S1| = |S2| = 3 eC = S1∪S2. ComoZi é não simples, temos que a cosimplificação de
H = [M|(C∪Zi)] é isomorfo àF∗

7 e, como existeSi ∈ π(C,Zi) tal que |Si | = 3, temos que
H∗ possui quatro classes em paralelo que não interceptamZi : uma classeSi contendo três
elementos e outras três classes triviais. As representações da matróideH∗ paraZ1 = {a,b,c} e
Z2 = {e, f ,g} são dadas pela figura 3.5. Mais ainda, emH∗ todo hiperplano tem tamanho 3 ou
5, portanto seD é circuito deM|(C∪Zi), então|D| ∈ {4,6}.

a b c

S1

e f g

S2

Figura 3.5 Representações geométricas da matróideH = [M|(C∪Zi)]
∗.

Afirmamos que
π(C,Z1)∩π(C,Z2) 6= /0. (3.10)

Suponha queπ(C,Z1) ∩ π(C,Z2) = /0. Então, sem perda de generalidade, podemos supor que
C = {x1,x2,x3,x4,x5,x6} e queS1 = {x1,x2,x3} e S2 = {x4,x5,x6}. SejaA um C-arco deM.
Vamos mostrar que

A → S1 ouA → S2, (3.11)
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para todoC-arcoA deM. Note que todo 2-subconjunto deZi é umC-arco deM. Logo, quando
A é um 2-subconjunto deZi , para algumi ∈ {1,2}, entãoA → S1 ouA → S2, poisSi é uma
classe em série deM|(C∪Zi) e {S1,S2} particionamC. SeA não é um 2-subconjunto deZi ,
então

A ⊆ E(M)− (C∪K1∪K2). (3.12)

Mais ainda,
|A | = 1. (3.13)

De fato, pela definição deC-arco,A 6⊆ Zi para todoi ∈ {1,2} e comoA ∩(E(K1)∩E(K2)) = /0,
temos queA ∩ [E(K1)∪E(K2)] = /0. Logo (3.12) segue. Agora suponha que|A | > 1 e seja
α ∈ A . Por (3.12),α não pertence a circuito nenhum deM|(C∪K1∪K2∪α), logo

rM(C∪K1∪K2∪α) = rM(C∪K1∪K2)+1.

Um absurdo, poisr(M) = rM(C∪K1∪K2). Temos (3.13).
SeA não é um 2-subconjunto deZi , então, por (3.13),A = {α}. Suponha queα 6→ Si para

todo i ∈ {1,2}, então o circuitoC-fundamentalCα paraα interceptaS1 e S2. Temos portanto
dois casos a verificar (pode ser necessário substituirCα porCα△C).

Caso 1:Quando|Cα ∩S1| = |Cα ∩S2| = 2.

Sem perda de generalidade podemos supor o circuitoCα como {α,x2,x3,x5,x6}. Para
i ∈ {1,2}, digamosi = 1, existe um 2-subconjuntoA deZ1 tal que seu circuitoC-fundamental
CA contém 4 elementos e interceptaCα em apenas um elemento. DaíD = Cα△CA contém 7
elementos. ComoD não é circuito deM, existe circuitoD′ deM tal queD′ ⊆ D e D′−C = A.
Comoπ(C,Z1)∩π(C,Z2) = /0, o único circuito diferente deCA que contémA possui 6 elemen-
tos. Logo|D′| = 6; um absurdo, poisD−D′ é um circuito deM com 1 elemento.

Caso 2:Quando|Cα ∩S1| = 2 e|Cα ∩S2| = 1.

Novamente, sem prejuízos para demonstração, podemos suporqueCα = {α,x1,x2,x4}.
Observe que os circuitos de tamanho 6 deC (M|(C∪Zi))−{C} são da formaCA = A∪Si ∪x,
ondeA é um 2-subconjunto deZi e x ∈ C−Si , e os circuitos de tamanho 4, são da forma
CB = B∪{y,z}, ondeB é um 2-subconjunto deZi e{y,z}⊆C−Si . Podemos escolher parai = 1
e A = {a,b}, o circuitoCA = {a,b,x1,x2,x3,x}, ondex ∈ {x5,x6} e parai = 2 e B = { f ,g},
o circuitoCB = { f ,g,x2,x3}. Desde queM|(C∪Z1∪Z2) não possui circuito de tamanho 3,
D = CA△CB = {a,b, f ,g,x1,x} é um circuito contendo 6 elementos. Teremos verificado que o
Caso 2 não vale, se mostrarmos que

D′ = D△Cα = {a,b, f ,g,α,x2,x4,x} é circuito deM, (3.14)

visto queD′ contém 8 elementos. Suponha por contradição queD′ = D′
1 ∪ . . .∪ D′

n, onde
D′

1, . . . ,D
′
n são circuitos disjuntos. Como todo circuito deM|(C∪Z1∪Z2∪α) tem tamanho

par eM é 3-conexa, temos quen = 2 eD′
1 e D′

2 são circuitos de tamanho 4. Primeiro vamos
mostrar que

{a,b, f ,g} não é circuito deM|(C∪Z1∪Z2∪α). (3.15)
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Se{a,b, f ,g} é um circuito, então(D′−{a,b, f ,g})△Cα = {α,x2,x4,x}△Cα = {x1,x} é um
circuito de tamanho 2. Absurdo, poisM é 3-conexa. Portanto 3.15 segue.

SejaD um circuito deM|(C∪Z1∪Z2∪α). Observe que|D∩Zi | ∈ {0,2}. Logo, por (3.15),
podemos supor sem perda de generalidade que{a,b} ⊆ D′

1 e que{ f ,g} ⊆ D′
2. Suponha que

α ∈ D′
1. Se|D′

1∩Cα |= 2, entãoD′
1△Cα é um circuito de tamanho 4 contendo{a,b}∪{x1,x2}

ou {a,b}∪{x1,x4}, o que é um absurdo em ambos os casos. Se|D′
1∩Cα | = |{α}| = 1, então

D′
1△Cα é um circuito de tamanho 6 contendo{a,b,x1,x2,x4,x}, cuja diferença simétrica com

CA gera um circuito de tamanho 2, o que é um absurdo. Obtemos resultado análogo quando
α ∈ D′

2. PortantoD′ é um circuito deM e (3.14) segue.
Como os Casos 1 e 2 não se verificam, então (3.11) segue. Portanto pelo Teorema 3.1, existe

uma 2-separação(X,Y) tal queS1 ⊆ X e S2 ⊆ Y. Uma contradição desde queM é 3-conexa.
Logo (3.10) segue.

SejamS1,S2,S3 e S4, as classes em série da restriçãoM|(C∪Z1) e S′1,S
′
2,S

′
3 e S′4 as classes

de M|(C∪Z2). Suponha que|S1| = |S′1| = 3 e |Si | = |S′i | = 1, parai ∈ {2,3,4}. Por (3.10),
S1∩S′1 6= /0. SeS1 = S′1, logo existei ∈ {2,3,4} tal queSi = S′i , digamosi = 2. Como os circuitos
de tamanho 4 deM|(C∪Zi) são formados por um 2-subconjuntoJi deZi e duas classes em séries
triviais, podemos escolher dois circuitosD1 eD2 deM|(C∪Z1) eM|(C∪Z2), respectivamente,
ambos de tamanho 4 de maneira que|D1∩D2|= |S2|= 1. Sem perda de generalidade podemos
escreverD1 = J1∪S2∪Sl e D2 = J2∪S2∪S′m, ondel ,m∈ {3,4}. Teremos nosso resultado se
mostrarmos queD′ = D1△(D2△C) é um circuito deM, visto que

D′ = D1△(D2△C)

= (J1∪S2∪Sl )△[(J2∪S′2∪S′m)△(S′1∪S′2∪S′3∪S′4)]

= (J1∪S2∪Sl )△(J2∪S′1∪S′k), ondek∈ {3,4}\m

= J1∪J2∪S2∪S′1, seSl = S′k ouJ1∪J2∪S2∪ (S′1−Sl )∪S′k, seSl ⊆ S′1.

Pois em ambos os casos,

|D′| = |J1∪J2∪S2∪S′1| ou |J1∪J2∪S2∪ (S′1−Sl )∪S′k|

= |J1|+ |J2|+ |S2|+ |S′1| ou |J1|+ |J2|+ |S2|+ |S′1−Sl |+ |S′k|

= 2+2+1+3 = 8 = 2+2+1+2+1.

Suponha queD′ = D′
1∪D′

2, ondeD′
1 e D′

2 são circuitos disjuntos. Desde que os circuito de
M|(C∪Z1∪Z2) tem tamanho par eM é 3-conexa, temos queD′

1 eD′
2 são circuitos de tamanho

4. ComoD′\{J1,J2} não é circuito, temos que{J1,J2} também não o é. Como o único circuito
de tamanho 4 emM|(C∪Z1∪Z2) que contémJ1 é D′

1, temos uma contradição, poisSl 6∈ D′.
PortantoD′ é um circuito e (3.9) segue.

A partir deste ponto a demonstração segue análogo à demonstração da Proposição 4.1 de
[2]. Agora mostraremos que

r(E(Ki)) = 3 (3.16)

Suponha que (3.16) não é verdade para algumi ∈ {1,2}. SejaB um conjunto independente
maximal deM tal queZi ⊆ B ⊆ E(Ki). Assim |B| ≥ 4. Escolha um subconjuntoZ′

i de B
contendo 3 elementos tal que|Zi ∪Z′

i | = 4. Pelo Lema 3.5,Zi e Z′
i são simples. Por (3.9) e
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pelo Lema 3.5(i),π(C,Zi) = π(C,Z′
i ) é o conjunto das classes em séries de ambosM|(C∪Zi)

e M|(C∪Z′
i ) contidas emC. Assimπ(C,Zi) = π(C,Z′

i) é o conjunto das classes em séries de
M|(C∪Zi ∪Z′

i ) contidas emC. SeN é a cosimplificação deM|(C∪Zi ∪Z′
i ), entãoC∩E(N) é

um circuito-hiperplano deN contendo três elementos. Entãor(N) = 3. Mas cada elemento de
Zi ∪Z′

i está contido numa classe em série trivial deM|(C∪Zi ∪Z′
i ). Portanto

rN(Zi ∪Z′
i ) = r(Zi ∪Z′

i ) = |Zi ∪Z′
i | = 4;

uma contradição. Assim (3.16) segue.
Mostraremos também que

E(Ki) é um triângulo ou um 4-circuito-cocircuito deM (3.17)

SeE(Ki) = Zi , (3.17) segue. Suponha queE(Ki) 6= Zi . Por (3.16), para cadae∈ E(Ki)−Zi ,
existe um circuitoDe deM tal quee∈ De ⊆ Zi ∪e. ComoE(Ki) é um co-circuito deM, segue
por ortogonalidade que|De| é um número par. Portanto|De| = 4, poisM é 3-conexa. Em
particular,De = Zi ∪e. ComoM é simples, temos quee é único. PortantoE(Ki) = Zi ∪e e
(3.17) segue. Pelo Lema 3.5(i),π(C,Z1) = π(C,Z2). Portanto existe uma partição{T1,T2,T3}
deC tal que|T1| = |T2| = |T3| = 2 e para todoi ∈ {1,2}, π(C,Zi) = {T1,T2,T3}. Nós podemos
rotular os elementos deZi porai ,bi,ci tal queCi = {ai ,bi}∪T1 eDi = {ai,ci}∪T2 são circuitos
de M. Note queB = {C,C1,C2,D1,D2} gera o espaço dos ciclos deM|(C∪Z1 ∪ Z2) pois
(C−c)∪{a1,a2} geraC∪Z1∪Z2, ondec∈C. Em particular,T1, T2 eT3 são classes em séries
de M|(C∪Z1 ∪ Z2), pois todo circuito emB contémTi ou evitaTi , para todoi ∈ {1,2,3}.
Portanto (i) segue.

Parai ∈ 1,2,3, escolhati ∈ Ti . Por (i), a cosimplificação deM|(C∪Z1∪Z2) é igual a

H = [M|(C∪Z1∪Z2)]/(C−{t1, t2, t3}).

Note queB′ = {C′,C′
1,C

′
2,D

′
1,D

′
2} gera o espaço ciclo deH, ondeC′ = {t1, t2, t3} e, para

i ∈ {1,2}, C′
i = {ai,bi , t1} e D′ = {ai ,ci, t2}. PortantoH = M(G), ondeG é um grafo simples

tendo{v1,v2,w1,w2,w3} como conjunto de vértices e cujas arestas são:t1 ligandow1 a w2; t2
ligandow3 a w2; t3 ligandow1 a w3; e, para todoi ∈ {1,2}, ai liga vi a w2; bi liga vi a w1; e ci

liga vi aw3. MasG∼= K(3)
3,2. Temos (ii). Note que (iv) é consequência de (ii) e (iii).

u1

u2 u3

v1

v2

v3

v4 v5 ou

v1

v2

v3

v4

v5

u1

u2

u3

Figura 3.6 Esboço da matróideM5,m,l
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Teorema 3.2.SejaM uma matróide binária 3-conexa de posto 7. Suponha queM não é iso-
morfa às matróidesZ11,Y12,Z12 ou Z13. Entãocirc(M) = 6 se e somente seM é isomorfo à
matróideM5,m,l , com0≤ l ≤ 3 e0≤ m≤ 5.

Demonstração:Segue análogo à demonstração do Teorema 2.5 de [2], de Cordovil, Maia Jr.
e Lemos e pode ser encontrada nas páginas 14 e 15 do referido artigo.



CAPÍTULO 4

Matróides binárias 3-conexas de circunferência 6 e
posto 6

Neste capítulo construiremos todas as matróides 3-conexas, binárias que possuem circunferên-
cia e posto 6.

Aqui damos início a parte computacional de nossa tese. Devido ao número grande de
exemplos de matróides satisfazendo as condições de posto e circunferência, desenvolvemos
dois programas escritos em linguagem de programação C capazes de gerar e classificar por
isomorfismo estas matróides. Antes definiremos algumas matróides que nos serão úteis ao
longo do capítulo.

SejamL1 = M[A1] e L2 = M[A2] as matróides representadas pelas matrizes bináriasA1 e
A2, respectivamente, cuja cosimplificação é isomorfa aF7. As matrizesA1 e A2 e as represen-
tações geométricas para as matróides(M[A1])

∗ e(M[A2])
∗, são mostradas nas figuras 4.1 e 4.2,

respectivamente.

















e1 e2 e3 e4 e5 e6 e7 e8 e9

1 0 0 0 0 0 1 1 1
0 1 0 0 0 0 1 1 0
0 0 1 0 0 0 1 0 1
0 0 0 1 0 0 1 0 0
0 0 0 0 1 0 1 0 0
0 0 0 0 0 1 0 1 1

















e6 e8 e9

e2

e4,e5,e7

e3e1

Figura 4.1 A matriz A1 e uma representação geométrica para(L1)
∗.

















e1 e2 e3 e4 e5 e6 e7 e8 e9

1 0 0 0 0 0 1 1 1
0 1 0 0 0 0 1 1 0
0 0 1 0 0 0 1 0 0
0 0 0 1 0 0 1 0 1
0 0 0 0 1 0 1 0 1
0 0 0 0 0 1 0 1 1

















e6 e9 e8

e2

e1

e4,e5e3,e7

Figura 4.2 A matriz A2 e uma representação geométrica para(L2)
∗.

Observe queL1 e L2 não são isomorfas, poisL1 possui 1 classe em série contendo 3 ele-
mentos e 6 classes em série triviais eL2 possui 2 classes em série contendo 2 elementos e 5

25
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classes em série triviais. SejaL3 = M[A3] a matróide representada pela matriz bináriaA3, cuja
cosimplificação é isomorfo aM(K4). A figura 4.3 mostra a matrizA3 e uma representação
geométrica para a matróide(L3)

∗.

















e1 e2 e3 e4 e5 e6 e7 e8 e9

1 0 0 0 0 0 1 1 0
0 1 0 0 0 0 1 1 0
0 0 1 0 0 0 1 0 1
0 0 0 1 0 0 1 0 1
0 0 0 0 1 0 1 0 0
0 0 0 0 0 1 0 1 1

















e6 e8 e9

e3,e4

e5,e7e1,e2

Figura 4.3 A matriz A3 e uma representação geométrica para(L3)
∗.

SejamM uma matróide 3-conexa binária de posto e circunferência 6 eC um circuito de
comprimento máximo deM. SejaH uma componente conexa deM/C de posto não nulo. Pela
Proposição 3.1,rM/C(E(H)) = r(M/C) = 1 e H é única com essa característica. O próximo
Lema mostra que o posto deH emM é pelo menos 3.

Lema 4.1. SejaM uma matróide 3-conexa de posto e circunferência 6 eC é um circuito de
comprimento máximo deM. SeH é uma componente conexa deM/C de posto não nulo, então
rM(E(H)) ≥ 3.

Demonstração:Pela Proposição 3.1, o posto deE(H) emM/C é um, portantoE(H) emM/C
é uma classe em paralelo. AssimH é um cocircuito deM e portantoE(M)−E(H) é um
hiperplano deM. Desde queM é 3-conexa

r(E(M)−E(H))+ r(E(H))− r(M)+1≥ 3.

Como E(M)−E(H) é um hiperplano, temos quer(E(M)−E(H)) = r(M)− 1. Portanto,
cocluímos que

(r(M)−1)+ r(E(H))− r(M)+1≥ 3,

e daí
rM(E(H)) ≥ 3.

Para facilitar nossa caracterização iremos classificar as matróides binárias 3-conexas de
posto e circunferência 6 quanto ao número de elementos independentes deH em M, isto é
rM(E(H)). Lembre-se que 3≤ rM(E(H)) ≤ 6.

Existe um número muito grande de exemplos de matróides binárias 3-conexasM com
rM(E(H)) = n, paran = 3,4,5,6, satisfazendo as condições de posto e circunferência iguais a
6. Assim, desenvolvemos dois programas escritos em linguagem de programação C capazes de
gerar e classificar por isomorfismo estas matróides. O primeiro programa, que por simplicidade
chamaremos de Programa 1, gera a partir de uma matróideM[A], representada no programa por
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sua matriz padrão bináriaA, uma extensão bináriaM[A′] de M[A], acrescentando-se nova(as)
coluna(as) a matrizA, coluna(as) esta(as) gerada(as) pelos elementos da base deM[A]. A partir
daí, o algoritmo verifica se a extensão bináriaM[A′] possui circunferência e posto iguais a 6,
rM(E(H)) = n e não possui laços ou elementos em paralelos.

Observe que o número de possibilidades para cada conjunto denovas colunas é extrema-
mente grande, o que nos leva ao mesmo número de novas matróides. Frente a este fato, desen-
volvemos um outro programa, chamado Programa 2, também escrito em linguagem C, capaz de
classificar por isomorfismo essas matróides, separando cadamatróide em sua respectiva classe.

De posse desses algoritmos conseguimos construir e classificar todas as matróides binárias
3-conexas de posto e circunferência 6. Uma propriedade importante dos programas é que eles
nos exibem explicitamente as matróides, nos permitindo nomeá-las.

A partir de agora e durante todo o capítulo nos referimos aC como um circuito de compri-
mento máximo deM, H uma componente conexa de posto não nulo deM/C e I um subconjunto
independente maximal deH. Note que todo 3-subconjuntoZ ⊆ E(H) é uma estrela com res-
peito aC. Pelo Lema 3.4, a simplificação deM|(C∪Z) é isomorfa aM(K4) ou F7∗ , ou seja,
M|(C∪Z) é isomorfa à uma das matróides:L1, L2 ou L3.

Proposição 4.1.SejaM uma matróide 3-conexa binária de posto e circunferência 6. SeZ é um
3-subconjunto deI , entãoM|(C∪Z), é isomorfo aL1, L2 ouL3.

Demonstração:Segue diretamente do Lema 3.4.

Lema 4.2. SeM é uma matróide binária 3-conexa de posto e circunferência 6,então:

(i) Todo elementoe∈ E(M)− (C∪ I) é umC-arco ou umI -arco.

(ii) Se f é umI -arco deM, então|Cf ∩ I | ∈ {3,5}, ondeCf é um circuitoI -fundamental para
f .

Demonstração:Sejae∈ E(M)− (C∪ I). Comor((C∪ I)∪e) = r(C∪ I) = r(M), temos que
e∈ cl(C∪ I). See∈ cl(C∪ I)−(cl(C)∪cl(I)), entãoI ∪eé uma classe em paralelo da matróide
M|(C∪ I ∪e)/C. Mais ainda,I ∪e é independente emM; um absurdo.

Agora sejaf ∈ clM(I)−clM(C). Note que cada 2-subconjunto deI é umC-arco deM. Por
outro lado, 3≤ |I | ≤ 6, pelo Lema (4.1). Portanto,|Cf ∩ I | = 3 ou 5, visto que, quando|Cf ∩ I |
é par, f é umC-arco deM.

Pelo Lema 4.2(i), todo elementoe∈ clM(C)−C é também umC-arco deM e analoga-
mente todo elementof ∈ clM(I)− I é um I -arco. Sejae um C-arco deM e Ce seu circuito
C-fundamental. Como|C| = circ(M) = 6, temos que|Ce∩C| ∈ {2,3}. ChamaremosCe de
circuitocurto, quando|Ce∩C| = 2 e longoquando|Ce∩C| = 3.

Lema 4.3. SejaM uma matróide binária 3-conexa de posto e circunferência 6. Se M|(C∪ J)
não é isomorfa aL2 para todo 3-subconjunto independenteJ⊆E(H) e existeJ tal queM|(C∪J)
é isomorfaL1, entãoM não possui circuitos curtos. Mais ainda,|D| ∈ {4,6} para todo circuito
D deM.
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Demonstração:SejaJ um 3-subconjunto independente deH tal queM|(C∪J) é isomorfa aL1.
Observe queM|(C∪J) possui quatro classes em série contidas emC: uma classe contendo três
elementos, digamosS1 e outras três classes triviais, digamosS2,S3 e S4. Sejae∈ clM(C)−C.
Pelo Lema 4.2 (i),e é umC-arco deM. SejaCe um circuito fundamental parae. Definimos
S = {e∈ clM(C)−C : Ce é curto}. Primeiro mostraremos que

|Ce∩S1| = 2, para todoe∈ S . (4.1)

Suponha que (4.1) não é verdade. Neste caso|Ce∩ S1| = 0 ou 1. Se|Ce∩ S1| = 0, então
Ce = Sj ∪ Sl ∪ e, onde{ j, l} é um 2-subconjunto de{2,3,4}. SejaD 6= C um circuito de
comprimento 6 deM|(C∪J) tal queS1∪Sk ⊆ D, ondek ∈ { j, l}. Como|Ce∩D| = 1, temos
queCe△D é um circuito deM contendo 7 elementos, o que é um absurdo. Se|Ce∩S1| = 1,
então|Ce∩Si| = 1 para algumi ∈ {2,3,4}. Podemos então escolherD de tal maneira que
S1∪Sk ⊆ D com k ∈ {2,3,4}− {i}. Novamente|Ce∩D| = 1 e Ce△D é um circuito deM
contendo 7 elementos. Uma contradição. Logo (4.1) segue.

Agora vamos mostrar que
S = /0. (4.2)

Argumentaremos por contradição. Por (4.1) temos que|S | ≤ 2. SeS = {e,e′}, então o
conjunto{S1∪e∪e′,S2∪S3∪S4∪ J} é uma 2-separação paraM|(C∪ J∪e∪e′). ComoM é
3-conexa, existe umC-arco f ∈ E(M) tal queCf ∩S1 6= /0 eCf ∩ (C−S1) 6= /0. Por (4.1),Cf é
longo. SejamS1 = {a,b,c} e J = { j1, j2, j3}. Sem perda de generalidade podemos supor que
Ce△C = {e,a,S2,S3,S4}, Cf = { f ,a,b,S3} e desde que quaisquer 2-subconjuntoL ⊆ J é um
C-arco deM, sejaCL = { j1, j2,S2,S3} um circuito fundamental paraL. Agora considereD tal
que

D = (Cf△Cl)△(Ce△C)

= ({ f ,a,b,S3}△{ j1, j2,S2,S3})△{e,a,S2,S3,S4}

= { f ,a,b, j1, j2,S2}△{e,a,S2,S3,S4}

= { f ,b, j1, j2,e,S3,S4}.

DesdeM|(C∪ J) ∼= L1 não possui circuito ímpar eCf é longo, temos que todo circuito de
M|(C∪J∪e∪e′∪ f ) de comprimento 3 contéme ou e′ e dois elementos deS1. LogoD é um
circuito deM e como|D| = 7, temos uma contradição. Portanto podemos supor queS = {e}.
SeX =Ce∩S1 é uma classe em série deM para todo 3-subconjuntoJ⊆ I , então(X,E(M)−X)
é uma 2-separação paraM, pois|X| = 2 por (4.1). SeCe∩S1 não é uma classe em série deM,
então para algum 3-subconjuntoJ ⊆ I , M|(C∪J) possui um circuitoD 6= C de comprimento 6
que interceptaCe em apenas um elemento. Neste caso,D△Ce é um circuito de comprimento
7. Em ambos os casos, temos uma contradição. Portanto, (4.2)segue.

Concluiremos a demonstração mostrando que|D| ∈ {4,6} para todo circuitoD deM. Seja
e∈ E(M)− (C∪ I), Pelo Lema 4.2(i),e é umC-arco ou umI -arco. SejaCe um circuito funda-
mental parae. Por (4.2),|Ce| = 4, quandoeéC-arco e pelo Lema 4.2(ii),|Ce| ∈ {4,6}, quando
e é I -arco. Desde que os circuitos deL1 e L3 possuem comprimentos 4 e 6, temos queM não
possui circuitos ímpares. SendoM 3-conexa, o resultado segue.
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Lema 4.4. SejaM uma matróide binária 3-conexa de posto e circunferência 6. Se para algum
3-subconjuntoJ ⊆ I , M|(C∪ J) é isomorfaL2, entãoM não possui circuitosC-fundamentais
longos.

Demonstração:Sejae∈ clM(C)−C e Ce seu circuito fundamental. Suponha por absurdo
queCe é um circuito longo. ComoM|(C∪ J) é isomorfo aL2, M|(C∪ J) possui duas classes
em série de tamanho 2,S1 e S2 e outras duas classes triviais,S3 e S4, contidas emC. Como
|Ce∩C|= 3, temos que|Ce∩Si | 6= 0 para algumi ∈ {1,2}. SejaD um circuito de comprimento
5 de M|(C∪ J). Note queD é da formaSi ∪Sl ∪X, ondei ∈ {1,2}, l ∈ {3,4} e X é um
2-subconjunto deI . Assim podemos escolherD de maneira que|Ce∩D| = 1. Dessa forma

|Ce△D| = 7.

SeCe△D é um circuito, temos uma contradição. Assuma queCe△D = D1∪D2 é uma união
disjunta de circuitos. Sem perda de generalidade podemos supor que|D1|=3 e|D2| = 4. Desde
que M|(C∪ I) não possui triângulo, temos quee∈ D1. Portanto, pelo Lema 4.2,D1 é um
circuito curto parae; um absurdo.

Lema 4.5. SejaM uma matróide binária 3-conexa de posto e circunferência 6. Suponha que
rM(E(H)) ≥ 4. Se para cada 3-subconjuntoJ ⊆ I existe um 3-subconjuntoJ′ ⊆ I tal que
|J∩J′| = 2 eM|(C∪J′) é isomorfa aL2, entãoM não possuiI -arcos.

Demonstração:Argumentaremos por contradição. Sejag ∈ clM(I)− I um I -arco eCg um
circuito fundamental parag. Pelo Lema 4.2 (ii),|Cg ∩ I | = 3 ou 5. Primeiro suponha que
|Cg∩ I | = 3. SejaJ um 3-subconjunto deI tal que|Cg∩ J| = 2 e M|(C∪ J) ∼= L2. Note que
os circuitos deM|(C∪J) diferentes deC interceptamJ em exatamente dois elementos. Assim,
podemos escolher um circuitoD deM|(C∪J) de comprimento 5 tal que|Cg∩D| = 1. Desde
que|Cg| = 4, temos que|Cg△D| = 7. Obteremos uma contradição mostrando que

X = Cg△D é um circuito deM.

Suponha que não. Desde queM é 3-conexa,X = D1∪D2, ondeD1 eD2 são circuitos disjuntos
deM. Sem perda de generalidade podemos supor que|D1|= 3 e|D2|= 4. ComoM|(C∪ I) não
possui triângulos,g∈ D1. Observe que os circuitos de comprimento 4 deLi , parai ∈ {1,2,3},
interceptamI e C em exatamente 2 elementos. Portanto,D2− I = D∩C e daíD1− g ⊆ I ,
absurdo. LogoX é circuito deM. Para|Cg ∩ I | = 5, usamos o mesmo argumento acima,
tomando o circuitoD de comprimento 5 tal que|Cg∩D| = 2.

4.1 Matróides em queH tem posto 3.

Começaremos caracterizando as matróides comr(E(H)) = 3, conforme o Lema 4.1. Nesta
seção descreveremos as matróide 3-conexas binárias cuja restrição aC∪ I é isomorfa à ma-
tróide L1, L2 ou L3. Começamos mostrando que pararM(E(H)) = 3, H é um cocircuito de
comprimento 3 ou um circuito-cocircuito de comprimento 4 deM.
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Lema 4.6. SejaM uma matróide binária 3-conexa de posto e circunferência 6. Se M|(C∪ I) é
isomorfo aLi , parai ∈ {1,2,3}, entãoE(H) é um cocircuito de comprimento 3 ou um circuito-
cocircuito de comprimento 4 deM.

Demonstração:Pelo Lema 4.1,H é um cocircuito deM de comprimentol = |E(H)| ≥ 3. Se
E(H) = I , entãol = 3 e o resultado segue. Suponha queE(H) 6= I . See∈ E(H)− I , então
pelo Lema 4.2,e é umI -arco eCe = I ∪e. Assim|Ce| = 4. ComoM é 3-conexoe é único. De
fato, see 6= e′ está emE(H)− I , entãoCe′ = I ∪e′ e daíCe△Ce′ = {e,e′} é circuito deM; um
absurdo. PortantoE(H) = I ∪ee o resultado segue.

4.1.1 Matróides tendo menor isomorfo aL1

Nesta seção construímos as extensões binárias deL1 com circunferência, posto erM(E(H))
iguais aos deL1. Para isso executamos o Programa 1 para a matróideL1 = M[A1] representada
pela matriz padrãoA1 e em seguida executamos o Programa 2 para as matróides obtidas do
Programa 1. A matróideA20 descrita abaixo é um representante máximo, no sentido de tera
maior cardinalidade, entre as extensões deL1. Não é difícil verificar que todas as extensões de
L1 satisfazendo as condições desejadas são menores deA20.

SejaA20 uma extensão binária obtida da matróideL1 acrescentando-se os elementos,e10,
e11, e12, e13, e14, e15, e16, e17, e18, e19 ee20 tais que{e1,e2,e3,e10}, {e1,e2,e4,e11}, {e1,e2,e5,e12},
{e1,e3,e4,e13}, {e1,e3,e5,e14}, {e1,e4,e5,e15}, {e2,e3,e4,e16}, {e2,e3,e5,e17}, {e2,e4, e5,
e18}, {e3,e4,e5,e19} e {e6,e8,e9,e20} são circuitos deA20. Uma representação binária para
A20 é dada pela matriz

















e1 ··· e9 e10 e11 e12 e13 e14 e15 e16 e17 e18 e19 e20

1 1 1 1 1 1 0 0 0 0 0
1 1 1 0 0 0 1 1 1 0 1

A1 1 0 0 1 1 0 1 1 0 1 1
0 1 0 1 0 1 1 0 1 1 0
0 0 1 0 1 1 0 1 1 1 0
0 0 0 0 0 0 0 0 0 0 1

















SejaX um subconjunto não vazio deCA = {e10,e11,e12,e13,e14,e15,e16,e17,e18,e19,e20}.
Podemos agrupar as matróides 3-conexas da formaA20\X, para|X| = k para cada inteirok
entre 1 e 9, em classes de isomorfismo. No Apêndice B encontram-se as tabelas que ilustram
as classes de isomorfismo das matróides da formaA20\X para cada valor de|X|.

Quando|X| = 9, existem 55 matróides paraA20\X, as quais agrupamos em 6 classes de
isomorfismo. Destas 6 classes, são 3-conexas as duas classesrepresentadas pelas seguintes
matróides:

A11,1 = A20\{e10,e13,e14,e15,e16,e17,e18,e19,e20} = L1∪{e11,e12}

e
A11,2 = A20\{e10,e12,e13,e15,e16,e17,e18,e19,e20} = L1∪{e11,e14}.
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Quando|X| = 8, existem 165 matróides paraA20\X agrupadas em 9 classes de isomorfismo.
Destas, as classes representadas pelas matróides

A12,1 = A20\{e13,e14,e15,e16,e17,e18,e19,e20} = L1∪{e10,e11,e12},

A12,2 = A20\{e12,e13,e15,e16,e17,e18,e19,e20} = L1∪{e10,e11,e14},

A12,3 = A20\{e10,e14,e15,e16,e17,e18,e19,e20} = L1∪{e11,e12,e13},

A12,4 = A20\{e10,e13,e14,e16,e17,e18,e19,e20} = L1∪{e11,e12,e15},

A12,5 = A20\{e10,e13,e14,e15,e16,e17,e18,e20} = L1∪{e11,e12,e19}

e
A12,6 = A20\{e10,e12,e13,e16,e17,e18,e19,e20} = L1∪{e11,e14,e15}

são classes de matróides 3-conexas. Se|X|= 7, temos 330 matróides paraA20\X agrupadas em
14 classes de isomorfismo das quais são classes de matróides 3-conexas as classes representadas
pelas 12 matróides abaixo,

A13,1 = A20\{e14,e15,e16,e17,e18,e19,e20} = L1∪{e10,e11,e12,e13}

A13,2 = A20\{e13,e14,e16,e17,e18,e19,e20} = L1∪{e10,e11,e12,e15},

A13,3 = A20\{e13,e14,e15,e16,e17,e18,e20} = L1∪{e10,e11,e12,e19},

A13,4 = A20\{e12,e13,e16,e17,e18,e19,e20} = L1∪{e10,e11,e14,e15},

A13,5 = A20\{e12,e13,e15,e16,e17,e18,e19} = L1∪{e10,e11,e14,e20},

A13,6 = A20\{e10,e15,e16,e17,e18,e19,e20} = L1∪{e11,e12,e13,e14},

A13,7 = A20\{e10,e14,e16,e17,e18,e19,e20} = L1∪{e11,e12,e13,e15},

A13,8 = A20\{e10,e14,e15,e16,e18,e19,e20} = L1∪{e11,e12,e13,e17},

A13,9 = A20\{e10,e14,e15,e16,e17,e18,e20} = L1∪{e11,e12,e13,e19},

A13,10 = A20\{e10,e13,e14,e16,e17,e18,e19} = L1∪{e11,e12,e15,e20},

A13,11 = A20\{e10,e13,e14,e15,e16,e17,e18} = L1∪{e11,e12,e19,e20}

e
A13,12 = A20\{e10,e12,e13,e16,e17,e18,e19} = L1∪{e11,e14,e15,e20}.

Para|X| = 6, existem 462 matróides agrupadas em 14 classes de isomorfismo as quais são
representadas pelas seguintes matróides 3-conexas:

A14,1 = A20\{e15,e16,e17,e18,e19,e20} = L1∪{e10,e11,e12,e13,e14},

A14,2 = A20\{e14,e16,e17,e18,e19,e20} = L1∪{e10,e11,e12,e13,e15},

A14,3 = A20\{e14,e15,e17,e18,e19,e20} = L1∪{e10,e11,e12,e13,e16},

A14,4 = A20\{e14,e15,e16,e17,e18,e20} = L1∪{e10,e11,e12,e13,e19},
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A14,5 = A20\{e13,e14,e16,e17,e18,e19} = L1∪{e10,e11,e12,e15,e20},

A14,6 = A20\{e13,e14,e15,e16,e17,e18} = L1∪{e10,e11,e12,e19,e20},

A14,7 = A20\{e12,e14,e15,e17,e18,e19} = L1∪{e10,e11,e13,e16,e20},

A14,8 = A20\{e12,e13,e16,e17,e18,e19} = L1∪{e10,e11,e14,e15,e20},

A14,9 = A20\{e10,e16,e17,e18,e19,e20} = L1∪{e11,e12,e13,e14,e15},

A14,10 = A20\{e10,e15,e16,e17,e18,e19} = L1∪{e11,e12,e13,e14,e20},

A14,11 = A20\{e10,e14,e16,e18,e19,e20} = L1∪{e11,e12,e13,e15,e17},

A14,12 = A20\{e10,e14,e16,e17,e18,e19} = L1∪{e11,e12,e13,e15,e20},

A14,13 = A20\{e10,e14,e15,e16,e18,e19} = L1∪{e11,e12,e13,e17,e20}

e
A14,14 = A20\{e10,e14,e15,e16,e17,e18} = L1∪{e11,e12,e13,e19,e20}.

Quando|X| = 5, existem matróides 462 divididas em 11 classes de isomorfismo represen-
tadas pelas matróides 3-conexas a abaixo

A15,1 = A20\{e16,e17,e18,e19,e20} = L1∪{e10,e11,e12,e13,e14,e15},

A15,2 = A20\{e15,e17,e18,e19,e20} = L1∪{e10,e11,e12,e13,e14,e16},

A15,3 = A20\{e15,e16,e17,e18,e19} = L1∪{e10,e11,e12,e13,e14,e20},

A15,4 = A20\{e14,e16,e17,e18,e20} = L1∪{e10,e11,e12,e13,e15,e16},

A15,5 = A20\{e14,e16,e17,e18,e19} = L1∪{e10,e11,e12,e13,e15,e20},

A15,6 = A20\{e14,e15,e17,e18,e20} = L1∪{e10,e11,e12,e13,e16,e19},

A15,7 = A20\{e14,e15,e16,e17,e18} = L1∪{e10,e11,e12,e13,e19,e20},

A15,8 = A20\{e10,e16,e17,e19,e20} = L1∪{e11,e12,e13,e14,e15,e18},

A15,9 = A20\{e10,e16,e17,e18,e19} = L1∪{e11,e12,e13,e14,e15,e20},

A15,10 = A20\{e10,e14,e16,e19,e20} = L1∪{e11,e12,e13,e15,e17,e18}

e
A15,11 = A20\{e10,e14,e16,e18,e19} = L1∪{e11,e12,e13,e15,e17,e20}.

Quando|X| = 4, existem 330 matróides agrupadas em 9 classes de isomorfismo represen-
tadas pelas seguintes matróides 3-conexas

A16,1 = A20\{e17,e18,e19,e20} = L1∪{e10,e11,e12,e13,e14,e15,e16},

A16,2 = A20\{e16,e17,e19,e20} = L1∪{e10,e11,e12,e13,e14,e15,e18},

A16,3 = A20\{e16,e17,e18,e19} = L1∪{e10,e11,e12,e13,e14,e15,e20},

A16,4 = A20\{e15,e18,e19,e20} = L1∪{e10,e11,e12,e13,e14,e16,e17},
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A16,5 = A20\{e15,e17,e18,e19} = L1∪{e10,e11,e12,e13,e14,e16,e20},

A16,6 = A20\{e14,e17,e18,e19} = L1∪{e10,e11,e12,e13,e15,e16,e20},

A16,7 = A20\{e14,e15,e17,e18} = L1∪{e10,e11,e12,e13,e16,e19,e20},

A16,8 = A20\{e10,e16,e17,e19} = L1∪{e11,e12,e13,e14,e15,e18,e20}

e
A16,9 = A20\{e10,e14,e16,e19} = L1∪{e11,e12,e13,e15,e17,e18,e20},

Para|X| = 3, existem 165 matróides divididas em 5 classes de isomorfismo representadas
pelas matróides 3-conexas

A17,1 = A20\{e18,e19,e20} = L1∪{e10,e11,e12,e13,e14,e15,e16,e17},

A17,2 = A20\{e17,e19,e20} = L1∪{e10,e11,e12,e13,e14,e15,e16,e18},

A17,3 = A20\{e17,e18,e19} = L1∪{e10,e11,e12,e13,e14,e15,e16,e20},

A17,4 = A20\{e16,e17,e19} = L1∪{e10,e11,e12,e13,e14,e15,e18,e20}

e
A17,5 = A20\{e15,e18,e19} = L1∪{e10,e11,e12,e13,e14,e16,e17,e20},

Quando|X|= 2, temos 55 matróides 3-conexas divididas em 3 classes de isomorfismo que
podem ser representadas pelas matróides

A18,1 = A20\{e19,e20} = L1∪{e10,e11,e12,e13,e14,e15,e16,e17,e18},

A18,2 = A20\{e18,e19} = L1∪{e10,e11,e12,e13,e14,e15,e16,e17,e20}

e
A18,3 = A20\{e17,e19} = L1∪{e10,e11,e12,e13,e14,e15,e16,e18,e20}.

Finalmente, quando|X|= 1, existem 11 matróides 3-conexas divididas em 2 classes de isomor-
fismo representadas pelas matróides

A19,1 = A20\{e20} = L1∪{e10,e11,e12,e13,e14,e15,e16,e17,e18,e19}

e
A19,2 = A20\{e19} = L1∪{e10,e11,e12,e13,e14,e15,e16,e17,e18,e19}.

Teorema 4.1.Seja M uma matróide binária 3-conexa de posto e circunferência 6. Então
rM(E(H)) = 3 e M|(C∪ I) é isomorfaL1, se e somente seM é isomorfa à matróideAn,q, onde
n e q são inteiros positivos tais que0 ≤ q ≤ k e (n,k) ∈ {(11,2), (12,6), (13,12), (14,14),
(15,11), (16,9), (17,5), (18,3), (19,2), (20,0)}.
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Demonstração:Começaremos mostrando que 2≤ |clM(C)−C| ≤ 10. Antes, lembre-se de que
M|(C∪ I) possui quatro classes em série contidas emC: S1 contendo três elementos e outras
três classes triviais,S2,S3 eS4.

SejaB = {e∈ clM(C)−C : Ce é longo e|Ce∩S1| = 2}. Primeiro vamos mostrar que

B 6= /0. (4.3)

Sejae∈ clM(C)−C eCe seu circuito fundamental. Pelo Lema 4.3,Ce é longo. SeB = /0, então
|Ce∩S1| = 3. Neste caso,(clM(C)−C) ⊆ clM(S1). SejaX = clM(S1). Pelo Lema 4.2(i) e (ii),
r(E(M)−X)≤ 4. Daí,

ξM(X,E(M)−X) = rM(X)+ rM(E(M)−X)− r(M)+1

≤ 3+4−6+1

= 2.

Portanto(X,E(M)−X) é uma 2-separação paraM, o qual é 3-conexa, contradição. Logo
B 6= /0 e (4.3) segue. Agora mostraremos que

|B| ≥ 2. (4.4)

Suponha que (4.4) não vale. Por (4.3),|B| = 1. Sejae ∈ clM(C)−C. Se e∈ B, então
|Ce∩S1| = 2 e portantoCe∩S1 é um cocircuito deM de comprimento 2; see 6∈ B, então
|Ce∩S1| = 3, neste caso(clM(S1),E(M)−clM(S1)) é uma 2-separação paraM. Em ambos os
casosM não é 3-conexa. Uma contradição. ComoB ⊆ clM(C)−C, o resultado segue. Em
particular,

|clM(C)−C| ≤
1
2

(

|C|
3

)

= 10.

Afirmamos que existem elementose, f ∈ B tal que

Ce∩S1 6= Cf ∩S1. (4.5)

Se (4.5) não é verdade. EntãoCe∩S1 = Cf ∩S1 = D para todoe, f ∈ B. Note ainda que
|[clM(C)−C]−B|= |{g}| ≤ 1. Seg∈ [clM(C)−C]−B, o circuitoCg tal queg∈Cg ⊆C∪g
satisfazCg∩S1 = S1. Logo, temos queD é um cocircuito deM de comprimento 2. O conjunto
D também é um cocircuito deM de comprimento 2 quando[clM(C)−C]−B = /0; absurdo em
ambos os casos visto queM é 3-conexa. Logo (4.5) segue.

Pelo Lema 4.2(i), todo elementoe∈ E(M)− (C∪ I) é umC-arco ou umI -arco deM. Pelo
Lema 4.6,Ce é um circuito de comprimento par, quandoe é um I -arco. See é umC-arco,
pelo Lema 4.3,Ce é longo e vale (4.5). Portanto,M é isomorfo à matróideAn,q, onden e q
são inteiros positivos tais que 1≤ q≤ k e (n,k) ∈ {(11,2), (12,6), (13,12), (14,14), (15,11),
(16,9), (17,5), (18,3), (19,2), (20,0)}. A recíproca é evidentemente verdadeira.
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4.1.2 Matróides tendo menor isomorfo aL2

SejaL12 uma matróide obtida a partir da matróideL2 acrescentando-se os elementose, f e u
tais que{e3,e4,e}, {e3,e5, f} e {e6,e8,e9,u} são circuitos deL12. Uma representação binária
para a matróideL12 é dada pela matriz:

















e1 ··· e9 e f u

0 0 0
0 0 1

A2 1 1 0
1 0 1
0 1 1
0 0 1

















A matróideL12 é 3-conexa com posto e circunferência iguais a 6. Observe queas ma-
tróidesL11 = L12\u, L10 = L12\{ f ,u} e N11 = L12\ f são menores deL12, 3-conexas de posto
e circunferência 6.

Teorema 4.2.Seja M uma matróide binária 3-conexa de posto e circunferência 6. Então
rM(E(H)) = 3 e M|(C∪ I) é isomorfaL2, se e somente seM é isomorfa às matróidesL12,
L11, N11 ouL10.

Demonstração:Por hipótese,M\[clM(C)−C] possui quatro classes em série contidas emC:
duas contendo dois elementos, digamosS1 = {a,a′} e S2 = {b,b′} e outras duas triviais, diga-
mosS3 = {c} eS4 = {d}. Primeiro mostraremos que

|clM(C)−C| ≥ 1. (4.6)

Assuma que (4.6) não é verdade. Se|clM(C)−C| = 0, entãoM é isomorfo a restrição deM,
M|(C∪H) = M|(C∪ I)∪(H− I). Pelo Lema 4.6,M é isomorfoL2 ou à sua extensão bináriaM′

obtida deL2 acrescentando um elementoe tal queI∪eé um circuito-cocircuito de comprimento
4. Portanto,M possui classes em série não triviais; uma contradição desdequeM é 3-conexa.
Assim (4.6) segue.

Sejae∈ clM(C)−C. Pelo Lema 4.2(i),e é umC-arco deM. Pelo Lema 4.4, o circuito
fundamentalCe paraeé curto. Afirmamos que

|Ce∩Si | = 1 para todoi ∈ {1,2}. (4.7)

Suponha que 4.7 não vale. Se|Ce∩Si |= 0 ou 2, entãoSi é um cocircuito deM de comprimento
2 a qual é 3-conexa. Uma contradição. Se|Ce∩Si | = 1 e |Ce∩Sj | = 0, para{i, j} = {1,2},
entãoX = Ce△D é um circuito deM contendo 7 elementos, ondeD é um circuito deM|(C∪ I)
tal queS1∪S2 ⊆ D e |D−clM(C)|= 2. De fato,M|(C∪ I) não possui circuitos de comprimento
3 e seu único circuito de comprimento 4 evitaS1 e S2. Agora suponha que existeme e e′ em
cl(C)−C tais que|Ce∩Si | = 2 e |Ce′ ∩Si| = 1, parai ∈ {1,2}. Sem perda de generalidade
podemos supor quei = 1, Ce = {e,a,a′} e Ce′ = {e′,a,x} ondex ∈ Sk com k ∈ {2,3,4}. Se
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x ∈ S2, então comoM|(C∪ J) ∼= L2, existe circuitoCj = S2∪Sk ∪ j1∪ j2, com k ∈ {3,4} e
{ j1, j2} ⊆ J, tal que

D = (Ce△Ce′)△CJ

= ({e,a,a′}△{e′,a,x})△(S2∪Sk∪ j1∪ j2)

= {e,a′,e′,x}△(S2∪Sk∪ j1∪ j2)

= {e,a′,e′, j1, j2}∪ (S2−x)∪Sk

é um circuito deM de contendo 7 elementos, visto que os único circuitos deM|(C∪J∪e∪e′)
contendo 3 elementos sãoCe e C′

e. Sex ∈ Sl com l ∈ {3,4}, então pelo argumento anterior,
existe circuitoCj = S2∪Sl ∪ j1∪ j2 com{ j1, j2} ⊆ J, tal que

D = (Ce△Ce′)△CJ

= ({e,a,a′}△{e′,a,x})△(S2∪Sl ∪ j1∪ j2)

= {e,a′,e′,x}△(S2∪Sl ∪ j1∪ j2)

= {e,a′,e′, j1, j2}∪S2

é também um circuito de comprimento 7; o que um absurdo. Portanto (4.7) segue.
Agora mostraremos que

|Ce∩Cf | 6= 0, (4.8)

ondeCe e Cf são circuitos fundamentais parae, f ∈ clM(C)−C. Suponha que (4.8) não é
verdade para osC-arcosg e h em clM(C)−C. Por (4.7), podemos tomarCg = {a,b,g} e
Ch = {a′,b′,h}. SejaD = S2∪S3∪J, ondeJ é um subconjunto deI contendo 2 elementos, um
circuito deM|(C∪ I). Observe queD△Cg é um circuito deM de comprimento 6 que intercepta
Ch somente emS2−b = b′. Chegaremos a uma contradição mostrando que

X = (D△Cg)△Ch

= [(S2∪S3∪J)△(a∪b∪g)]△(a′∪b′∪h)

= (a∪b′∪S3∪J∪g)△(a′∪b′∪h)

= S1∪S3∪J∪{g,h}

é um circuito deM, pois |X| = 7. Assuma queX não é circuito deM. ComoM é 3-conexa,
X = D1∪D2, ondeD1 eD2 são circuitos disjuntos deM. Sem perda de generalidade podemos
supor que|D1|= 3 e|D2|= 4. Pelo Lema 4.2(i),g eh não pertencem ao mesmo circuito. Logo,
D1 é um circuitoI -fundamental ou(C∪ I)-fundamental ouC-fundamental diferente deCg eCh,
o que é um absurdo. Portanto (4.8) vale.

Pelas afirmações (4.6), (4.7) e (4.8), temos que|clM(C)−C| ∈ {1,2}. Além disso, para
cada elementoe∈ clM(C)−C, o circuito fundamentalCe pertence a

D = {{a,b,e},{a,b′,e},{a′,b,e},{a′,b′,e}}.
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Observe que seM e M′ são extensões binárias deM|(C∪ I) acrescidas de um subconjunto
A⊆ clM(C)−C tal que os circuitos fundamentais para os elementos deA são distintos paraM
eM′, entãoM eM′ são isomorfos. Portanto,M é isomorfo à matróideL12, L11, N11 ou L10.

Reciprocamente, as matróidesL12, L11, N11 e L10 são claramente é 3-conexa de posto e
circunferência 6 tal queL|(C∪ I) ∼= L2 e r(E(H)) = 3.

4.1.3 Matróides tendo menor isomorfo aL3

A simplificação da matróideL3 é isomorfa àM(K4). PortantoL3 = M(Q), ondeQ é um grafo
simples apresentado na figura (4.4) abaixo.
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e3e4
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e8
e7

e6e9

w
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e8

e9

e6
e4

e5

e8

e5

e3

e1 w

a

b

c

M(K(3)
3,1) ∼= M(Q)/{e2,e4,e7}

Figura 4.4 GrafoQ e a simplificação deM(Q)

Lema 4.7. SejaM uma matróide binária 3-conexa de posto e circunferência 6. Se M|(C∪ I) é
isomorfo aL3, então:

(i) Existe uma partiçãoT1, T2, T3 deC tais que|T1| = |T2| = |T3| = 2 eT1, T2, T3 são classes
em série deM|(C∪ I).

(ii) A simplificação deM|(C∪ I) é isomorfo aM(K(3)
3,1) (e I é uma estrela do vértice de

M(K(3)
3,1) tendo grau 3)

(iii) A simplificação deM\[clM(C)−C] é isomorfo aM1,m,3, ondem= 1 seE(H) é circuito-
cocircuito deM de comprimento 4 em= 0, caso contrário.

Demonstração:ComoM|(C∪ I) ∼= M(Q), (i) e (ii) seguem de observação direta do grafoQ
(veja figura (4.4)). A afirmação (iii) é consequência de (ii) edo Lema 4.6.

SejaM uma matróide binária 3-conexa de posto e circunferência 6 tal que M|(C∪ I) é
isomorfo aL3. Pelo Lema 4.7(i),M|(C∪ I) possui 3 classes em sérieT1, T2 eT3 contidas emC
tais que|T1|= |T2|= |T3|= 2. Pelo Lema 4.2(i), todo elementoe∈ E(M)−(C∪ I) é umC-arco
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ou I -arco deM com respeito aC. Portanto, para cadae∈ E(M)− (C∪ I) existe um circuitoCe

tal quee∈Ce ⊆C∪e ou e∈Ce ⊆ I ∪e. SejaF o conjunto dos elementose∈ clM(C)−C tal
que o circuito fundamentalCe parae satisfaz|Ce∩Ti| = 1 para todoi ∈ {1,2,3}. ComoCe e
Ce△C são circuitos fundamentais parae, a menos de simetria, temos que|F | ≤ 4.

Lema 4.8. SejaM uma matróide binária 3-conexa de posto e circunferência 6 tal queM|(C∪ I)
é isomorfa aL3. Sejae∈ clM(C)−C. SeCe é um circuito curto parae, entãoCe∩C = Ti para
algumi ∈ {1,2,3}.

Demonstração:Suponha que não. Então,Ti 6⊆Ce para todoi ∈ {1,2,3}. LogoCe intercepta
Ti em no máximo um elemento. ComoCe é curto, ele intercepta duas classes em série, digamos
T1 e T2, em um elemento e não interceptaT3. Neste caso,Ce△D é um circuito contendo 7
elementos, ondeD é um circuito deM tal queT2∪T3 ⊆ D e |D−clM(C)| = 2; um absurdo.

Lema 4.9. SejaM uma matróide binária 3-conexa de posto e circunferência 6 tal queM|(C∪ I)
é isomorfa aL3. SeF 6= /0, entãoM não possui circuitos curtos.

Demonstração:Demonstraremos por contradição. Pelo Lema 4.7(i),M|(C∪ I) possui três
classes em sérieS1,S2,S3 contidas emC. Mais ainda,|S1| = |S2| = |S3| = 2. Sem perda de
generalidade podemos fazerS1 = {a,a′}, S2 = {b,b′} e S3 = {c,c′}. SejaCe um circuito curto
parae∈ (cl(C)−C)−F . Pelo Lema 4.8,Ce = Si ∪e para algumi ∈ {1,2,3}, digamosi = 1.
SejaCf um circuitoC-fundamental paraf ∈ F . Observe que

Ce△Cf = (S1∪e)△ [(S1−a)∪ (S2−b)∪ (S3−c)∪ f ]

= (S1−a′)∪ (S2−b)∪ (S3−c)∪{e, f}

é um circuito deM contendo 5 elementos. SejaD um circuito deM tal queS2∪S3 ⊆ D e
|D−clM(C)| = 2. Como|D| = 6 e |D∩ (Ce△Cf )| = 2 temos queD′ = (Ce△Cf )△D contém
7 elementos. Note queSi 6⊆ D′, portantoD′ não contém circuito de comprimento 3. Desde que
M é 3-conexa,D′ é circuito deM; uma contradição.

DefinimosN4,m,q, 1≤ q≤ |F |, quandoF 6= /0, como a matróide binária obtida deM4,m,0

acrescentando-se elementos deF . Observe queN4,m,q e Mn,m,l não são isomorfas, poisN4,m,q

possui circuito interceptando todas a classes em série contidas emC deN4,m,q|(C∪ I) e Mn,m,l

não.

Teorema 4.3.SejaM uma matróide binária 3-conexa de posto 6 e circunferência 6.Então
M|(C∪ I) é isomorfa aL3 comrM(E(H)) = 3, se e somente seM é isomorfa aM4,m,l ouN4,m,q,
ondem, l eq são inteiros tais que0≤ m≤ 4, 0≤ l ≤ 3 e1≤ q≤ 4.

Demonstração:Não é difícil ver queM4,m,l e N4,m,q são matróides 3-conexas de posto e cir-
cunferência 6 comM|(C∪ I) isomorfa aL3 com rM(E(H)) = 3 . Agora suponha queM é
uma matróide binária 3-conexa de posto e circunferência 6 tal queM|(C∪ I) é isomorfa aL3 e
rM(E(H)) = 3. Pelo Lema 4.7(i),M\[clM(C)−C] possui três classes em sérieS1,S2 eS3, cada
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uma contendo dois elementos deC. Temos dois casos para verificar:

Caso 1.F = /0.

M é isomorfo aM4,m,l . A prova segue análoga à prova do Teorema 2.5 de [2], de Cordovil,
Junior e Lemos e pode ser encontrada nas páginas 14 e 15 do referido artigo.

Caso 2.F 6= /0.

Observe queM\F é isomorfo aM4,m,0, pelo Caso 1 e Lema 4.9. (É fácil ver queMn,m,l não
possui circuitos de comprimento 3 se e somente sel = 0.) SejaM′ a extensão binária obtida de
M4,m,0 acrescentando-se os elementose∈ F . PortantoM′ é isomorfa aN4,m,q por definição.

4.2 Matróides em queH tem posto 4.

Nesta seção caracterizaremos todas as matróides binárias 3-conexas de posto e circunferência
6 que possuemr(E(H)) = 4. As restrições dessas matróides aC∪ I são necessariamente ex-
tensões binárias das matróidesL1, L2 ou L3 obtidas acrescentando-se um novo elementoe a
E(M|(C∪ I)) de modo que|I ∪e| = 4.

Para isso executamos o Programa 1 para cada matróideLi = M[Ai ], i = 1,2,3, representada
pela matriz padrãoAi e filtramos o resultado escolhendo as matróides que possuem posto e
circunferência 6 er(E(H)) = 4, em seguida executamos o Programa 2 para cada saída do
Programa 1.

Assim, a construção de cada extensãoM|(C∪ I) deLi , i ∈ {1,2,3}, é obtida acrescentando
um novo elementoe10 de maneira quer(I∪e10) = 4. Para simplificar e reduzir o número de cál-
culos,e10 foi gerado de modo a não pertencer ao fecho deC. As possíveis extensões binárias de
L1, L2 e L3 paraM|(C∪ I) estão dispostas nas Tabelas A.1, A.2 e A.3, respectivamente, que se
encontram no Apêndice A. Denotamos as extensões binárias decadaLi obtidas acrescentando-
se o elementoe10, porLi,X, ondei ∈ {1,2,3} e X representa a seqüência dos rótulos na matriz
Ai dos elementos da base que gerarame10. Na Tabela A.1 mostramos que as possíveis exten-
sões binárias deL1 paraM|(C∪ I), a menos de isomorfismo, sãoL1,146, L1,246 e L1,1456; Na
Tabela A.2 mostramos que existem, a menos de isomorfismo, 2 extensões binárias deL2 para
M|(C∪ I), a saber:L2,136 e L2,1346 e semelhantemente na Tabela A.3 mostramos que a menos
de isomorfismo, existe somente uma extensão binária da matróideL3 paraM|(C∪ I), a matróide
denotada porL3,136.

Como saída do Programa 2, nós obtemos que a matróideL1,246 é isomorfa à matróideL3,136
com ϕ(12345678910) =(1 3 2 4 5 6 7 10 8 9) e a matróideL1,1456 é isomorfa à matróide
L2,136 com ϕ(12345678910) =(1 2 3 4 5 6 7 8 10 9). Logo, temos que a menos de isomor-
fismo, existem apenas 4 matróides binárias paraM|(C∪ I) de posto e circunferência 6 tal que
rM(E(H)) = 4, as matróides:L1,146, L1,246, L1,1456 e L2,1346.

Novamente executamos o Programa 1 e 2 para as matróidesL1,146 e L1,246, agora acres-
centando apenas os elementos de seu fecho. Percebemos que estas extensões são menores da
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matróideAZ24 descrita abaixo.
SejaAZ24 a extensão binária da matróideL1,146 obtida acrescentando-se mais 14 elemen-

tos e11, e12, e13, e14, e15, e16, e17, e18, e19, e20, e21, e22, e23 e e24 tais que{e2,e4,e6,e11},
{e1,e2,e3,e12}, {e1,e2,e4,e13}, {e1,e2,e5,e14}, {e1,e3,e4,e15}, {e1,e3,e5,e16}, {e1,e4, e5,
e17}, {e2,e3,e4,e18}, {e2,e3, e5, e19}, {e2,e4,e5,e20}, {e3,e4,e5,e21}, {e2,e3,e6,e22}, {e3,e4,
e6, e23} e {e1,e2,e3,e4,e6,e24} são circuitos deAZ24. Uma representação binária paraAZ24 é
dada pela matriz

















e1 ··· e9 e10 e11 e12 e13 e14 e15 e16 e17 e18 e19 e20 e21 e22 e23 e24

1 0 1 1 1 1 1 1 0 0 0 0 0 0 1
0 1 1 1 1 0 0 0 1 1 1 0 1 0 1

A1 0 0 1 0 0 1 1 0 1 1 0 1 1 1 1
1 1 0 1 0 1 0 1 1 0 1 1 0 1 1
0 0 0 0 1 0 1 1 0 1 1 1 0 0 0
1 1 0 0 0 0 0 0 0 0 0 0 1 1 1

















Teorema 4.4.SejaM uma matróide binária 3-conexa de posto e circunferência 6. SeM|(C∪ I)
é isomorfa à matróideL1,146 ou aL1,246, entãoM é isomorfa a qualquer restrição da matróide
AZ24, que tenha uma das matróidesL1,146,125, L1,246,125 ou L1,246,135 como menor.
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Figura 4.5 Representações geométricas da matróide[(L1,146|(C∪J)]∗.

e6 e8 e9

e2

e4‖e5‖e7

e3e1

e6 e8 e10

e1

e3‖e5‖e7

e4e2

e6 e9 e10

e2‖e4

e7‖e5e3‖e1

e8 e9 e10

e1‖e4

e7‖e5e2‖e3

Figura 4.6 Representações geométricas da matróide[(L1,246|(C∪J)]∗.

Demonstração:SejaJ um 3-subconjunto deI . As representações geométricas para matróide
dual[M|(C∪J)]∗ são mostradas na figura 4.5 quandoM|(C∪ I)∼= L1,146 e na figura 4.6 quando
M|(C∪ I)∼= L1,246. Note queM|(C∪ I) não é isomorfa aL2, qualquer que sejaJ⊆ I . Por outro
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lado, existeJ tal queM|(C∪J) é isomorfa aL1. Portanto, pelo Lema 4.3, todo circuito deM
tem comprimento 4 ou 6. Em particular, pelo Lema 4.2(i) e (ii),

|Ce| = 4, para todoe∈ E(M)− (C∪ I),

ondeCe é um circuito fundamental parae.
Olhando as figuras 4.5 e 4.6, vemos que o conjunto{e5,e7} é uma classe em série de

M|(C∪ I). Logo existe umC-arcoe∈ E(M)− (C∪ I) tal que|Ce∩{e5,e7}| = 1. Assim,M
é isomorfa a qualquer extensão binária das matróidesL1,146 acrescentando o elementoe14 tal
que {e14,e1,e2,e5} é um circuito deM, L1,246 acrecentando-se o elementoe14 ou a L1,246
acrescentado-se o elementoe16 tal que{e16,e1,e3,e5} é circuito deM

Quando executamos o Programa 1 e 2 para a matróideL1,1456, acrescentando apenas os
elementos de seu fecho, notamos que as extensões encontradas são menores da matróideH12

abaixo.
SejaH12 a extensão binária obtida a partir da matróideL1,1456 acrescentando-se os elemen-

tos e e f de maneira que{e4,e7,e} e {e5,e7, f} são circuitos deH12. É fácil ver queH12 é
uma matróide 3-conexa de posto e circunferência iguais a 6. Arepresentação binária para a
matróideH12 é dada por:

















e1 ··· e9 e10 e f

1 1 1
0 1 1

A1 0 1 1
1 0 1
1 1 0
1 0 0

















Note que as matróidesH11 = H12\e e H12\ f são isomorfas. Portanto, apenas a matróide
H11 é um menor deH12 3-conexo com posto e circunferência 6.

Teorema 4.5.SejaM uma matróide binária 3-conexa de posto e circunferência 6. SeM|(C∪ I)
é isomorfa à matróideL1,1456, entãoM é isomorfa aH12 ou H11.

Demonstração:Observe que para cada 3-subconjuntoJ ⊆ I , a matróideL1,1456|(C∪J) é iso-
morfa àL1 ou L2. Portanto, pelo Lema 4.4,M não possui circuitos longos. A representação
geométrica de cada matróide[L1,1456|(C∪J)]∗ é mostrada na figura 4.7, onde os elementos da
base de cada triângulo compõem o conjuntoJ.

Uma rápida observação na figura 4.7 nos mostra queM não possuiI -arcos, pelo Lema 4.5.
Logo todoe∈ E(M)− (C∪ I) é umC-arco comCe, seu circuitoC-fundamental, curto. SejaX
um 3-subconjunto deI tal queM|(C∪X) ∼= L2. Nós mostraremos que

|Ce∩Si | = 1, para todoi ∈ {1,2}, (4.9)

ondeS1 e S2 são classes em séries não triviais deM|(C∪X). ( Lembre-se queL2 possui duas
classes em séries de tamanho 2 e duas classes em séries triviais contidas emC. )
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Figura 4.7 Representações geométricas da matróide[L1,1456|(C∪J)]∗.

Argumentaremos por contradição. Primeiro, observe quee4 e e5 são elementos em série
de L1,1456. Portanto,|Ce∩{e4,e5}| = 1, pois caso contrário,{e4,e5} é um cocircuito deM
de comprimento 2, a qual é 3-conexa. Se (4.9) não vale, entãoCe intercepta uma classe em
série trivialS. Neste caso, existe um circuitoD 6= C de comprimento 6 contendoS1∪S2 tal
queCe∩D = Ce∩{e4,e5}. Como todo circuito deL1,1456 contém ou evita{e4,e5}, temos que
Ce△D é um circuito de comprimento 7. Uma contradição, temos (4.9).

Observe também que o elementoe7 está presente em alguma classe em série não trivial de
M|(C∪ J), para todoJ ⊆ I . Logo, por (4.9) é fácil ver que as possibilidades paraCe são os
circuitos{e4,e7,e} e {e5,e7, f}, ondee e f ∈ clM(C)−C. ComoL1,1456 não é 3-conexa, pois
possui{e4,e5} como cocircuito de comprimento 2, a matróideM é isomorfa à matróideH11 ou
aH12.

Considere as matróidesDB11 e DV11 obtidas a partir da matróideL2,1346 acrescentando-
se os elementosf e g respectivamente, de forma que{e3,e5, f} é um circuito deDB11 e
{e1,e2,e3,e5,g} é circuito deDV11. Observe que as matróidesDB11, DB10 = B11\ f e DV11

são 3-conexas de posto e circunferência iguais a 6. As representações binárias para as ma-
tróidesDB11 eDV11 são dadas respectivamente por:

















e1 ··· e9 e10 f

1 0
0 0

A2 1 1
1 0
0 1
1 0

















e

















e1 ··· e9 e10 g

1 1
0 1

A2 1 1
1 0
0 1
1 0

















Teorema 4.6.SejaM uma matróide binária 3-conexa de posto e circunferência 6. SeM|(C∪ I)
é isomorfa à matróideL2,1346, entãoM é isomorfa àDB11, DB10 ou DV11.

Demonstração:Primeiro mostraremos que

|E(M)− (C∪H)| ≤ 1. (4.10)

Antes, observe queM|(C∪J) é isomorfa àL2 para todo 3-subconjuntoJ ⊆ I . As represen-
tações geométricas de cada matróide[M|(C∪ J)]∗, para cadaJ ⊆ I , estão ilustradas na figura



4.3 MATRÓIDES EM QUEH TEM POSTO 5. 43

4.8. Em cada matróide representada,C = {e1,e2,e3,e4,e5,e7} eJ é composto pelos elementos
da base de cada triângulo.
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Figura 4.8 Representações geométricas da matróide[L2,1346|(C∪J)]∗.

SejaCe um circuito fundamental parae∈ E(M)− (C∪ I), Lema 4.2(i). Pelos Lemas 4.4 e
4.5,e é umC-arco curto. Para cada 3-subconjuntoJ ⊆ I , M|(C∪J) contém 2 classes em série
de tamanho 2,S1 e S2, e duas classes em séries triviais,S3 e S4 contidas emC. Nós afirmamos
que

|Ce∩Si| = 0 ou 1, para todoi ∈ {1,2}. (4.11)

Argumentaremos por contradição. Se para algum 3-subconjunto J⊆ I , |Ce∩Si |= 2 para algum
i ∈ {1,2}, então existem dois circuitos diferentes,D1 e D2 em M|(C∪ J), ambos de com-
primento 5 e contendoSi tal que(Ce△D1)△D2 é um circuito contendo 7 elementos, pois
|(D1∩D2)−Si| = 1. Uma contradição. Se|Ce∩Si | = 0 e|Ce∩Sj | = 1 parai, j ∈ {1,2}, então
Ce△D é um circuito de comprimento 7, ondeD é um circuito de comprimento 6 que intercepta
Ce apenas emSj . Novamente uma contradição, logo (4.11) segue.

Por (4.11), a menos de simetria, os únicos candidatos aCe são os circuitos{e1,e2,e},
{e3,e5, f} ou {e4,e7,g}, ondee, f e g ∈ clM(C)−C.(observe a figura 4.8.) Como a extensão
binária deL2,1346 obtida acrescentando-se o elementoeé isomorfa à extensão binária obtida de
L2,1346 acrescentando-se o elementof com isomorfismoϕ(1234567891011) = (3 5 1 4 2 10 7 9 8
6 11), temos que a menos de isomorfismoclM(C)−C = { f ,g}, portanto (4.10) segue.

Por (4.10),M é isomorfa àDB11, quandoM é a extensão binária da matróideL2,1346 obtida
acrescentando-se o elementof tal que{e3,e5, f} é um circuito deM, aDV11 quandoM é a ex-
tensão binária da matróideL2,1346obtida acrescentando-se o elementog tal que{e1,e2,e3,e5,g}
é um circuito deM e aDB10 quandoM ∼= L2,1346, poisL2,1346é 3-conexa e tem posto e circunfe-
rência iguais a 6.

4.3 Matróides em queH tem posto 5.

Nesta seção caracterizaremos as matróides binárias 3-conexas de posto e circunferência 6 com
r(E(H)) = 5. De forma análoga a construção das matróides comr(E(H)) = 4, executamos
o Programa 1: construímos as matróidesM|(C∪ I) com rM(E(H)) = 5, acrescentando um
novo elementoe11 às matróidesL1,146, L1,246, L1,1456 e L2,1346 de forma que o elementoe11
seja linearmente independente com os elementos deI . Semelhantemente, denotamos cada
matróide assim construída porLi,X,Y, ondei ∈ {1,2}, X ∈ {146,246,1456,1346}eY representa
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a seqüência dos rótulos dos elementos da base que gerarame11. No Apêndice A encontramos
como saída da execução do Programa 2, as Tabela A.4, A.5, A.6 eA.7 que mostram que
a menos de isomorfismo, as matróides de posto e circunferência 6 comr(E(H)) = 5 para
M|(C∪ I) são:L1,146,156, L1,146,256, L1,146,2346, L1,246,356 eL1,1456,2346.

Executando-se novamente o Programa 2, temos que a matróideL1,146,256 é isomorfa à ma-
tróide L1,246,156 com ϕ(1234567891011) =(1 2 3 5 4 6 7 8 9 11 10), a matróideL1,146,2346
é isomorfa à matróideL1,1456,23456 com ϕ(1234567891011) = (1 2 3 7 4 6 5 8 9 11 10) e a
matróideL1,1456,2346 é isomorfa àL2,1346,246 comϕ(1234567891011) =(1 2 4 3 7 8 5 6 11 9
10). Conforme mostraremos no próximo resultado, a matróideL1,146,2346 não possui extensão
binária 3-conexa. Como, pelo Lema 4.2, procuramos por extensões dessas matróides, obtidas
acrescentando-se os fechos deC e deI , que sejam 3-conexas, temos que a menos de isomor-
fismo existem 4 matróides paraM|(C∪ I) cuja extensão é 3-conexa, a saber: as matróides
L1,146,156, L1,146,256, L1,246,356, L1,1456,2346 e suas extensões.
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Figura 4.9 Representações geométricas da matróide[L1,146,2346|(C∪J)]∗.

Teorema 4.7.SeM é uma extensão binária da matróideL1,146,2346 de posto e circunferência 6,
entãoM não é 3-conexa.

Demonstração:Observe a figura 4.9. Ela mostra as representações geométricas da matróide
[L1,146,2346|(C∪ J)]∗, para cada 3-subconjuntoJ ⊆ I . É fácil ver que o conjunto{e5,e7} é
uma classe em série da matróideL1,146,2346. PortantoL1,146,2346 não é 3-conexa. Agora va-
mos mostrar que não existe circuito emM que intercepte{e5,e7} em apenas um elemento e
com isso mostrar queM não é 3-conexa. Suponha que exista um circuitoD ∈ C (M) tal que
|D∩{e5,e7}| = 1. Pelos Lemas 4.4 e 4.5,M não possui circuitos longos ouI -fundamentais.
Logo D é um circuito curto da formaD = {e, f ,g}, ondee 6∈ E(L1,146,2346), f ∈ {e5,e7} e
g∈ C−{e5,e7}. Note que para cadag∈ C−{e5,e7}, existe um circuitoD′ de comprimento
6 emL1,146,2346 que interceptaD em f . (Veja a figura 4.9.) Assim,D△D′ é um circuito de
comprimento 7. Chegamos um absurdo e ao nosso resultado.
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Considere a matróideAT32 cuja representação binária é dada pela matrizA abaixo,

















e1 ··· e9 e10 e11 e12 e13 e14 e15 e16 e17 e18 e19 e20 e21 e22 e23 ··· e32

1 1 0 0 0 0 0 0 0 1 1 1 1
0 0 1 1 1 0 0 0 1 0 1 1 1

A1 0 0 1 0 0 1 1 0 1 1 0 1 1 C10

1 0 0 1 0 1 0 1 1 1 1 0 1
0 1 0 0 1 0 1 1 1 1 1 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1

















ondeC10 é a matriz

















e23 e24 e25 e26 e27 e28 e29 e30 e31 e32

1 1 1 1 1 1 0 0 0 0
1 1 1 0 0 0 1 1 1 0
1 0 0 1 1 0 1 1 0 1
0 1 0 1 0 1 1 0 1 1
0 0 1 0 1 1 0 1 1 1
0 0 0 0 0 0 0 0 0 0

















Observe queAT32 é uma extensão binária da matróideL1 e tem como menores as matróides
3-conexasL1,146,156, L1,146,256 e L1,246,356. Mais explicitamente,AT32|{e1, · · · ,e9,e10,e11} =
L1,146,156, AT32|{e1, · · · ,e9,e10,e14} = L1,146,256 e AT32|{e1, · · · ,e9,e13,e16} = L1,246,356. Ob-
serve também que todas as entradas da matrizA possui um números ímpar de 1, logo a matróide
AT32 e seus menores não possuem circuitos de comprimento ímpar.

Teorema 4.8.SejaM uma matróide binária 3-conexa de posto e circunferência 6. SeM|(C∪ I)
é isomorfa à uma das matróidesL1,146,156, L1,146,256 ou L1,246,356, entãoM é isomorfa a todo
menor deAT32 que contenha uma das matróidesL1,146,156, L1,146,256 ou L1,246,356 como menor.

Demonstração:Note que as matróidesL1,146,156, L1,146,256 e L1,246,356 não possuem circuito
de comprimento ímpar. Portanto|D| ∈ {4,6}, para todo circuitoD ∈ C (M), tendo em vista
que M é 3-conexa e possuicirc(M) = 6. Mais ainda,M não é isomorfa aL2. Logo, pe-
los Lemas 4.2 e 4.3, temos queM admite todos osC-arcos cujos circuitos fundamentais são
longos com|clM(C)−C| ≤ 10 e admite todos osI -arcos com|clM(I)− I | ≤ 11. Desde que
L1,146,156, L1,146,256 eL1,246,356 são 3-conexas, o resultado segue.

SejaDN12 a extensão binária da matróideL1,1456,2346 obtida acrescentando-se o elemento
e12 tal que{e4,e7,e12} é um circuito deDN12. A representação binária paraDN12 é dada pela
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matriz abaixo.

















e1 ··· e9 e10 e11 e12

1 0 1
0 1 1

A1 0 1 1
1 1 0
1 0 1
1 1 0

















A matróideDN12 e sua menorDN11 = DN12\e12 são 3-conexas de posto e circunferência 6.
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Figura 4.10 Representações geométricas da matróide[L1,1456,2346|(C∪J)]∗.

Teorema 4.9.SejaM uma matróide binária 3-conexa de posto e circunferência 6. SeM|(C∪ I)
é isomorfa àL1,1456,2346, entãoM é isomorfa àDN12 ouDN11.

Demonstração:ComoM é a extensão binária deL1,1456,2346 obtida acrescentando-se apenas
um elemento eL1,1456,2346|(C∪ J) é isomorfa aL2 para todo 3-subconjuntoJ 6= {e6,e8,e9}
contido emI = {e6,e8,e9,e10,e11}, (veja figura 4.10) temos que pelos Lemas 4.4 e 4.5,M não
possui circuitos longos ouI -arcos. Sejae∈ clM(C)−C e Ce um circuito fundamental curto
parae. Nós afirmamos que para cada 3-subconjuntoJ 6= {e6,e8,e9},

|Ce∩Si| = 0 ou 1, para todoi ∈ {1,2}, (4.12)

ondeS1 e S2 são as classes em série de tamanho 2 deM|(C∪ J). Suponha que (4.12) não
é verdade. Então, para algumJ ⊆ I , |Ce∩S1| = 0 e |Ce∩S2| = 1. SejaD um circuito de
comprimento 6 deL1,1456,2346 contendo as classesS1 e S2. Note que|Ce∩D| = 1, logoCe△D
contem 7 elementos. Como os circuitos de comprimento 4 deL1,1456,2346não contém elementos
das classes não triviais,Ce△D é um circuito deM. Um absurdo, logo 4.12 segue. Observando
a figura 4.10, notamos que o único par de elementos candidatosa pertencerem aCe é o par
{e4,e7}. Assim,M é isomorfa aDN12 ou aDN11 = L1,1456,2346.
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4.4 Matróides em queH tem posto 6.

Acrescentando a cada matróideM = L1,146,156, L1,146,256, L1,146,2346, L1,246,356 ou L1,1456,2346
um novo elementoe12, executando-se do Programa 1, de forma que a extensão binária M′

assim obtida tenharM′(E(H)) = 6, posto e circunferência iguais a 6, encontramos a matróide
3-conexaL1,1456,2346,2356, extensão binária da matróideL1,1456,2346 obtida acrescentando-se o
elementoe12 gerado pelos elementose2,e3,e5 ee6. ( Veja Tabela A.8 do Apêndice A.)

DenotaremosL1,1456,2346,2356 por JL. Uma representação binária para matróideJL é dada
pela matriz abaixo,

















e1 ··· e9 e10 e11 e12

1 0 0
0 1 1

A1 0 1 1
1 1 0
1 0 1
1 1 1

















Teorema 4.10.SejaM uma matróide binária 3-conexa de posto e circunferência 6. Se para
alguma componente conexaH deM/C, rM(E(H)) = 6, ondeC é um circuito de comprimento
máximo, entãoM é isomorfa àJL.

Demonstração:Pelo Lema 4.2,M é uma extensão binária de alguma matróideM′ tal que
rM′(E(H)) = 5, obtida acrescentando-se um novo elementof 6∈ E(M′) que aumente o posto de
H e pelos elementos dos fechos deC e I . A Tabela A.8 do Apêndice A, nos mostra queM′ é
uma matróide isomorfa aL1,1456,2346. Assim, olhando para a figura 4.10, é fácil ver queM não
possui circuitos longos ouI -arcos, Lemas 4.4 e 4.5. Agora mostraremos que

M também não possui circuitos curtos.

Pelo Teorema 4.9, é suficiente mostrar que{e4,e7,e}, e∈ clM′(C), não é circuito deM. Suponha
por absurdo queCe = {e4,e7,e} é um circuito deM. Sem perda de generalidade podemos as-
sumir queM′ = L1,1456,2346 e que f é gerado pelos elementose2,e3,e5 e e6. (Veja Tabela
A.8.) Então,D f△C, ondeD f = { f ,e5,e7,e10}, é um circuito de comprimento 6 deM. Assim,
D f△C intercepta o circuitoCe em apenas um elemento, daí(D f△C)△Ce é um circuito de
comprimento 7. Portanto M não possui circuitos curtos, e comisso é isomorfa aJL.

Lema 4.10. A matróideMn,m,l , com l ≥ 1, possuie-circunferência 5 para alguns de seus ele-
mentos.

Demonstração:SejaM isomorfo àMn,m,l , n ≥ 4. Sem= 0 entãoM é isomorfo à matróide

M(K(l)
3,n). Seja{U,V} uma partição do grafoK(l)

3,n tal queU = {u1,u2,u3} eV = {v1, . . . ,vn}.
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Como os ciclos do grafoK(l)
3,n correspondem aos circuitos da matróideM, é suficiente mostrar-

mos que dado qualquer elementoe∈ E(K(l)
3,n), existe um ciclo de comprimento 5 emK(l)

3,n con-
tendoe. Mais ainda, este comprimento é máximo. Note quel ≥ 1, pois do contrário, todo ele-
mento deK3,n está num ciclo de tamanho 6. Sejae um aresta unindo dois vértices deU . Note

que todo elementof ∈ M(K(l)
3,n) é uma aresta deK(l)

3,n unindo os vértices deU ou os vértices de

U aos vértices deV, logo está num ciclo deK(l)
3,n de comprimento 5 contendoe, ou seja, para

{i, j, l}= {1,2,3}, {r,s} um 2-subconjunto de{1, . . . ,n} ee= uiu j , o maior ciclo contendof é
formado pelas arestasuivr ,vrul ,ulvs,vsu j eu jui que possui comprimento 5. Logocirce(M) = 5.
Param 6= 0, sejaf um elemento da matróide tal quef ∪st(v) é um 4-circuito-cocircuito deM.
SendoM a matróide obtida deM(K l

3,n) completando os 3-co-circuitosst(v1), . . . ,st(vn) para
4-circuito-co-circuito é suficiente mostrar quef está num circuito de tamanho 5. Considere
o circuitoC = uivr ,vrul ,ul vs,vsu j ,uiu j então( f ∪st(vr))△C é um circuito de tamanho 5 pois
|( f ∪st(vr))∩C| = 2.

Neste capítulo classificamos as matróides 3-conexas de posto e circunferência 6. Observe
que destas matróides, as únicas que possueme-circunferência 5, são aquelas isomorfas àMm,n,l ,
com l ≥ 1, conforme Lema 4.10 acima. De fato, seM uma matróide 3-conexa de posto e
circunferência 6, pela Proposição 4.1,M é uma extensão binária da matróideLi , para algum
i ∈ {1,2,3}. Logo, pelo Lema 4.3,M é isomorfo a algum menor deL12, H12, DB11, DV11, AT32,
DN12 ouJL12. Dessas matróides, note que todas as colunas da matriz de representação deAT32

possui número ímpar de entrada, portantoAT32 não possui circuitos de comprimento ímpar; o
restante possui número pequeno de elementos, no máximo 12, eé facilmente verificável que
possueme-circunferência 6 para todos os seus elementos. Portanto podemos enunciar:

Proposição 4.2.SejaM uma matróide 3-conexa de posto e circunferência 6. Se para algum
elementoe∈ E(M), circe(M) = 5, entãoM ∼= Mn,m,l , comn≥ 4 e l ≥ 1.



CAPÍTULO 5

Matróides binárias com circunferência 6

Neste capítulo descreveremos as matróides binárias com circunferência 6 que não são 3-conexa.
Combinando os resultados do Teorema 5.3 de Seymour [15] e do Lema 5.2 de Maia Junior [6],
podemos decompor cada uma das matróides com circunferência6 como a 2-soma de matróides
menores possuindoe-circunferência 3, 4 ou 5. Maia Junior [6] descreveu as matróides conexas
com e-circunferência 3 e as 3-conexas come-circunferência 4. Neste capítulo nós também
construiremos as matróides conexas come-circunferência 4 e 5, completando assim a lista.

Começaremos construindo as matróides 3-conexas come-circunferência 5.

5.1 Matróides binárias 3-conexas tendoe-circunferência 5

DefinimosAL17 como matróide binária cuja representação sobreZ2 é dada pela matriz:













e1 ··· e5 e6 e7 e8 e9 e10 e11 e12 e13 e14 e15 e16 e17

1 0 1 1 1 0 1 1 0 1 0 0
1 1 1 1 1 0 0 0 1 0 1 1

I5 1 1 1 0 0 1 1 1 0 0 1 1
1 1 0 1 0 1 1 0 1 1 0 1
1 1 0 0 1 1 0 1 1 1 1 0













Note que a matróideAL17 é 3-conexa de posto 5 e circunferência 6. Também são 3-conexas
de posto 5 e circunferência 6 as restriçõesAL9 = AL17\{e10,e11,e12,e13,e14,e15,e16,e17} e
AL10 = AL17\{e9,e10,e12,e13,e14,e15,e17}.

Proposição 5.1.SejaM uma matróide binária 3-conexa de posto 5 e circunferência 6.Se existe
e∈ E(M) tal quecirce(M) = 5, entãoM é isomorfa àM3,m,l com l ≥ 1 ou a qualquer restrição
deAL17 que tenha uma restrição isomorfa aAL9 ouAL10.

Um lista detalhada de todas as restrições deAL17 que são 3-conexas, de posto 5 ee-
circunferência 5 e suas respectivas classes de equivalência está descrita no Apêndice C.

Demonstração:Suponha que existee∈ E(M) tal quecirce(M) = 5. SejaC um circuito de
comprimento máximo deM. Para cadaC-arcoe∈ cl(C)−C, sejaCe seu circuito fundamen-
tal, S = {e∈ cl(C)−C : Ce écurto} e L = {e∈ cl(C)−C : Ce é longo}. É fácil ver que
cl(C)−C= S ∪L e que see∈S , entãocirce(M)≥ 5. A partir de agora dividiremos a prova

49
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em alguns passos:

Passo 1Se parae, f ∈ S , |Ce∩Cf | = 1, entãocirce(M) = circ f (M) = 6.

De fato, sejamC = {c1, . . . ,c6}, Ce = {e,c1,c2} eCf = { f ,c1,c3}. Note que

Ce△(Cf△C) = {e,c1,c2}△({ f ,c1,c3}△C)

= {e,c1,c2}△{ f ,c2,c4,c5,c6}

= {e, f ,c1,c4,c5,c6},

é circuito de comprimento 6, visto queM é 3-conexa e os triângulos que contéme e f são
únicos.

Passo 2Para todoe, f ∈ L come 6= f , circe(M) = circ f (M) = 6.

É suficiente mostrar que existe um circuito de comprimento 6 contendoe e f . Observe que
para cadag ∈ L , Cg eC′

g = Cg△C interceptamC em três elementos. Mais ainda, seh 6= g é
umC-arco emL , então{|Cg∩Ch|, |C′

g∩Ch|} = {1,2}. Assim, podemos escolherCe eCf tal
que|Ce∩Cf | = 1. Dessa forma,Ce△Cf é um circuito de comprimento 6 contendoe e f .

Passo 3L 6= /0.

Suponha queL = /0. ComoS ∪L = cl(C)−C, temos queS = cl(C)−C. See∈ S

e circe(M) = 5, pelo Passo 1,{Ce∩C,E(M)− (Ce∩C)} é uma 2-separação paraM, pois
|Ce∩Cf | 6= 1 para todof ∈ S − e e daíCe∩Cf = /0. SeS = /0, entãoM = C e qualquer
2-subconjunto deE(M) é uma 2-separação paraM. Em ambos os caso,M não é 3-conexa.
Absurdo, logo|L | ≥ 1.

Passo 4Sejame, f ∈ S tais queCe∩Cf = /0 e g ∈ L . Se|Cg∩Ce| = |Cg∩Cf | = 1, então
circe(M) = circ f (M) = circg(M) = 6.

Podemos supor sem perda de generalidade queC= {c1, . . . ,c6},Ce= {e,c1,c2},Cf = { f ,c3,c4}
eCg = {g,c1,c3,ci} com i ∈ {5,6}. Note que

D = Ce△(Cg△Cf )

= {e,c1,c2}△({g,c1,c3,ci}△{ f ,c3,c4})

= {e,c1,c2}△{g, f ,c1,c4,ci}

= {e,g, f ,c2,c4,ci},

é um circuito deM de comprimento 6 contendo os elementoe, f eg.

ClaramenteS 6= /0, portanto podemos definir o conjunto:E = {e∈ S : circe(M) = 5}.
Logo,
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Passo 51≤ |E | ≤ 3.

See∈ L , então|Ce| = 4 e daícirce(M) ∈ {4,6}. Portanto, seE = /0, circe(M) ∈ {4,6} para
todoe∈ E(M), contrariando as hipóteses. LogoE possui pelo menos um elemento. Por outro
lado, desde queM é 3-conexa, pelo Passo 1,Ce∩Cf = /0 para quaisquer dois elementose, f ∈ E .
Como|C| = 6, temos que|E | ≤ 3.

Passo 6Se|E | ≥ 1 e|S | ≥ 2, entãoM é isomorfa àM3,m,|E |.

Sejame∈ E e f ∈ S −e. Pelo Passo 1,Ce∩Cf = /0, portantoP = (Ce∩C,Cf ∩C,X), onde
X = C− [(Ce∩C)∪ (Cf ∩C)], é uma partição de C. Observe que se existeg ∈ S −{e, f},
entãoX = (Cg ∩C). Para cada elementoP ∈ P, existeh ∈ L tal queCh interceptaP em
apenas um elemento, caso contrário,P é uma classe em série paraM e conseqüentemente uma
2-separação, Teorema 3.1. Agora vamos mostrar que

Ch corta apenas um elemento deP. (5.1)

Suponha por absurdo queCh corta mais de um elemento deP. EntãoCh corta todos os ele-
mentos deP. Em particular,Ch interceptaCe eCf em apenas um elemento. Assim, pelo Passo
4, circe(M) = 6, o que é um absurdo. Portanto, (5.1) segue.

Por (5.1), podemos afirmar que
3≤ |L | ≤ 6,

e que paraC = {c1, . . . ,c6}, Ce = {c1,c2,e}, Cf = {c3,c4, f} eCg = {c5,c6,g} caso exista, a
menos de simetria, temos que(Ch∩C)∈ L = {{c1,c2,c3}, {c1,c2,c4}, {c1,c2,c5}, {c1,c2,c6},
{c1,c3,c4}, {c1,c5,c6}}.

Sejami, j e l elementos distintos deL tal queCi , Cj eCl cortam diferentes elementos de
P. Nós afirmamos que

M|(C∪E ∪{i, j, l}) é isomorfa àM3,0,|E |. (5.2)

De fato, uma possibilidade paraCi, Cj eCl , a menos de simetria, é{c1,c2,c3, i}, {c1,c2,c6, j}
e {c1,c5,c6, l}. É fácil ver que qualquer outra possibilidade paraCi ,Cj eCl é isomorfa a esta.

Portanto,M|(C∪E ∪{i, j, l}) é isomorfa àM(K(|E |)
3,3 ), conforme ilustra a figura 5.1(a) abaixo.

Logo a afirmação (5.2) segue.
Agora observe que paraCi , Cj eCl fixados, os elementos deL\{Ci ∩C,Cj ∩C,Cl ∩C} cor-

respondem às estrelas dos vérticesv2,v3 e v6 do grafoK(|E |)
3,3 , mostrado na figura 5.1(a). Logo,

completando as tríadesst(v2), st(v3) e st(v6) para circuitos-cocircuito com 4 elementos (veja
figura 5.1(b)), obtemos o resultado desejado.

Passo 7Se|S |= |E |= 1, entãoM é isomorfa a alguma restrição deAL17 que possua restrição
isomorfa àAL9 ouAL10

Sejae∈ E . ComoM é 3-conexa, existe um elementoh ∈ L tal que|Ch∩ (Ce∩C)| = 1, do
contrário,Ce∩C é uma 2-separação paraM. Note também que{Ch−Ce,C− (Ce∪Ch)} é uma
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v1 v2

v3

v5

v4

v6

(a) K(|E |)
3,3

c6
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c3

v1
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v6

(b) M3,m,|E |

Figura 5.1

partição paraC−Ce. ComoM é 3-conexa, para cadaPi ∈ P com i ∈ {1,2}, existe umj ∈ L

tal queCj interceptaPi em apenas um elemento e neste casoM é isomorfa àAL9 ou existem
l e q ∈ L tal que|Cl ∩P1| = 1 e |Cq∩P2| = 1 e neste casoM é isomorfa aAL10. Desde que
S = {e}, temos quecl(C)−C = L ∪e, logo qualquer extensão binária deAL9 ouAL10 obtida
acrescentando-se os elementos decl(C)−C satisfaz as hipóteses.

Teorema 5.1(Wu 2001, [20]). SejaM uma matróide conexa eC um circuito de comprimento
máximo com no mínimo quatro elementos. Parak ∈ {2,3}, seM é k-conexa, então todo ele-

mento deM está contido em um circuito de comprimento no mínimo
⌈

|C|
2

⌉

+k−1.

Teorema 5.2.SejaM uma matróide binária 3-conexa. Entãocirce(M) = 5 se e somente se

(i) M tem posto 4 eM 6∼= AG(3,2) eM 6∼= F∗
7 ; ou

(ii) M tem posto 5 eM é isomorfa aJ9, J10, M3,m,l com l ≥ 1 ou a qualquer menor deAL17 que
possua menor isomorfo àAL9 ouAL10; ou

(iii) M é isomorfa aMn,m,l , coml ≥ 1 en≥ 4, quandor(M) ≥ 6.

Demonstração:Pelo Teorema 5.1 de Wu,
⌈

|C|
2

⌉

+2≤ circe(M) ≤ |C|, (5.3)

ondeC é uma circuito de cardinalidade máxima deM. Portanto,

5≤ circ(M) ≤ 6.

Primeiro, suponha quecirc(M) = 5, então, por (5.3),circe(M) = 5. Assim, pelo Teorema 2.4,
temos (i) quandor(M) = 4. Quandor(M) = 5, M é isomorfa à matróideJ9 ou J10, Proposição
3.13 de [3]. Agora sejacirc(M) = 6. Ser(M) = 5, então pela Proposição 5.1,M é isomorfo a
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M3,m,l ou a qualquer menor deAL17 que seja extensão binária deAL9 ou AL10. Temos (ii). Se
r(M) ≥ 6, pelo Corolário 3.1 e Proposição 4.2, temos que

M ∼= Mn,m,l comn≥ 4,0≤ m≤ n e l ≥ 1. (5.4)

Reciprocamente, é uma rotina, verificar que as matróides descritas nos ítens (i) e (ii) pos-
sueme-circunferência 5. O ítem (iii) segue do Lema 4.10.

5.2 Matróides binárias com circunferência 6

Nesta seção descreveremos todas as matróides binárias conexas come-circunferência 4 e 5 e
as matróides com circunferência 6 que não são 3-conexas. Antes serão necessárias algumas
definições.

SejamM1,M2, . . . ,Mn, comn≥ 2, matróides tais que:

(i) e∈ E(Mi) e rMi(e) = 1 para todoi ∈ {1,2, . . . ,n}; e

(ii) E(M1)−e,E(M2)−e, . . .E(Mn)−esão dois a dois disjuntos

e considere o conjuntoC = C (M1)∪C (M2)∪· · ·∪C (Mn)∪C
′
onde

C
′
= {Ci△Cj : i 6= j ee∈Ck ∈ C (Mk), parak∈ {i, j}}.

A matróide sobreE = E(M1)∪E(M2)∪ · · · ∪E(Mn) tendoC como conjunto de circuitos é
chamada aconexão em paralelodeM1,M2, . . . ,Mn e é denotada porP(M1,M2, . . . ,Mn). O dual
dessa operação é chamada deconexão em sériee é denotada porS(M1,M2, . . . ,Mn). SeM1

e M2 são matróides com pelo menos três elementos ee∈ E(M1)∩E(M2) não é um laço ou
colaço deM1 ouM2, então definimos a2-somadeM1 comM2 como

P(M1,M2)\e= S(M1,M2)/e

e denotamos o seu resultado porM1⊕2 M2.
Note que, seM = M1⊕2 M2, então{E(M1)−e,E(M2)−e} é uma 2-separação exata deM.

Mais precisamente,

Lema 5.1. SejamM1 e M2 matróides come ∈ E(M1) ∩ E(M2). Se e não é um colaço e
min{|E(M1)|, |E(M2)|}≥ 3, então o conjunto{E(M1)−e,E(M2)−e} é uma 2-separação exata
deM1⊕2 M2.

A recíproca deste resultado foi provado independentementepor Bixby [1] no ano de 1972
e por Cunningham [4] um ano depois, em 1973. A prova mais recente foi dada por Seymour
[15] em 1980.

Teorema 5.3. (Seymour 1980, [15]) Uma matróide conexaM não é 3-conexa se e somente se
M = M1⊕2 M2, ondeM1 e M2 são matróides conexas, cada uma isomorfa a um menor próprio
deM.
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Agora enunciaremos alguns resultados que nos auxiliarão nacaracterização dessas ma-
tróides. Muitos desses resultados são devidos a Bráulio Maia Junior, Manoel Lemos e Raul
Cordovil.

Teorema 5.4(Maia Junior 2002, [6]). SejaM uma matróide simples e conexa tendo um um
elementoe tal queM/e não é conexa. Então existem matróides simplesM1,M2, . . . ,Ml , com
e∈ E(Mi), para todoi ∈ {1, . . . , l}, tal que:

(i) M = P(M1, . . . ,Ml), coml ≥ 2.

(ii) Mi/e, é conexa para todoi ∈ {1,2, . . . , l}.

(iii) max{circe(Mi) : 1≤ i ≤ l} = circe(M).

(iv) min{circe(Mi) : 1≤ i ≤ l} ≥ 3.

O próximo Teorema é devido a Lemos e tem papel importante na demonstração do principal
resultado deste capítulo.

Teorema 5.5(Lemos 2008, [8]). SejaM uma matróide conexa tal quer(M) ≥ 3. Para um
elementoedeM, as seguintes afirmações são equivalentes.

(i) circe(M) =
⌈

circ(M)
2

⌉

+1.

(ii) Existem matróides conexasM1,M2, . . . ,Mn, para algumn≥ 2, tais que

(a) E(Mi)∩E(M j) = {e}, para todo 2-subconjunto{i, j} de{1,2, . . . ,n}.

(b) Mi/eé conexa, para todoi ∈ {1,2, . . . ,n}.

(c) M = P(M1, . . . ,Mn).

(d) circ(Mi) < circ(M), para todoi ∈ {1,2, . . . ,n}.

(e) circe(M1) = circe(M).

(f) circe(M2) =
⌊

circ(M)
2

⌋

+1≥ circe(Mi), para todoi ≥ 3.

Como consequência destes resultados, temos:

Corolário 5.1. Sejae um elemento de uma matróide conexaM tal quer(M) ≥ 3. SeM/e é
conexa, então

circe(M) ≥

⌈

circ(M)

2

⌉

+2.

Teorema 5.6. (Maia Junior 2002, [6]) SejaM uma matróide simples e conexa comr(M) ≥ 2.
See∈ E(M), então as seguintes afirmações são equivalentes:

(i) M/eé conexa ecirce(M) = 3;

(ii) circ(M) = 3;



5.2 MATRÓIDES BINÁRIAS COM CIRCUNFERÊNCIA 6 55

(iii) r(M) = 2;

(iv) M ∼= U2,|E(M)|.

Teorema 5.7. (Maia Junior 2002, [6]) SejaM uma matróide 3-conexa comr(M) = 3. Então,
para todo elementoe∈ E(M), circ(M) = circe(M) = 4.

Como as únicas matróides binárias 3-conexas de posto 3 sãoM(K4) e F7, temos que
circ(F7) = circ(M(K4)) = 4 ecirce(F7) = circe(M(K4)) = 4, para todo elementoe. Note tam-
bém que seM é 3-conexa comcirce(M) = 4, então, pelo Corolário 5.1,circ(M) ≤ 4. Em
particular, 3-conexa,circe(M) = 4 implica circ(M) = 4 se e somente ser(M) = 3 ou F∗

7 ou
AG(3,2).

Teorema 5.8. (Maia Junior 2002, [6]) SejaM uma matróide 3-conexa tal quer(M) ≥ 4 e
circ(M) ≤ 5. Se existe um elementoe∈ E(M) tal quecirce(M) = 4, entãoM é isomorfa aF∗

7
ou aAG(3,2).

Corolário 5.2. (Maia Junior 2002, [6]) SejaM uma matróide 3-conexa tal queM 6∼= AG(3,2) e
M 6∼= F∗

7 . Ser(M) = 4, entãocirc(M) = 5.

Teorema 5.9. (Maia Junior e Lemos 2001, [7]) Suponha queM é uma matróide 3-conexa. Se
r(M) = circ(M) = 5, entãoM é isomorfo aJ9 ouJ10.

O próximo Teorema classifica todas as matróides simples e conexas comcirc(M) = 4 e que
não são 3-conexas. É fácil ver que para todo elementof 6= e, ondeeé o ponto base da conexão
em paralelo,circ f (M) = 4 e quecirce(M) = 3.

Teorema 5.10.(Maia Junior 2002, [6]) SejaM uma matróide simples e conexa. Secirc(M) = 4
eM não é 3-conexa, então existem matróides conexasH1,H2, . . . ,Hl , coml ≥ 2 tal que

M = P(H1,H2, . . . ,Hl)\X, ondeX = /0 ou X = {e}

come∈ E(Hi) eHi
∼= U2,|E(Hi)|, para todoi ∈ {1,2, . . . , l}.

Teorema 5.11.(Maia Junior 2002, [6]) SejaM uma matróides simples e conexa. SeM possui
circunferência 5 e não é 3-conexa, então:

(i) Existem matróidesM1,H1,H2, . . . ,Hl tal queM = P(M1,H1,H2, . . . ,Hl)\X, paral ≥ 1 e
X ⊆ {e}, ondeeé o ponto base da conexão em paralelo,circe(M1) = 4 e Hi

∼= U2,|E(Hi)|,
para todoi ∈ {1,2, . . . , l}; e

(ii) SeM1 não é 3-conexa, então existem matróides conexasK1,K2, . . . ,Kt , parat ≥ 2, tal que
M1 = P(K1,K2, . . . , Kt)\Y, onde f 6= e é o ponto base da conexão em paralelo,Y ⊆ { f}
eK j

∼= U2,|E(K j)|, para todoj ∈ {1,2, . . . , t}.

O próximo Lema traz um resultado que é devido a Junior [6], contudo Junior não fez a
demonstração no referido artigo, o que faremos agora.
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e

Figura 5.2 Matróide com circunferência 4

e

f

(a)

e
M1

(b) M1 é 3-conexa comcirce(M1) = 4

Figura 5.3 Matróides com circunferência 5

Lema 5.2. SejaM uma matróide simples e conexa. SeM = M1⊕2M2 come∈E(M1)∩E(M2),
então

circe(M1)+circe(M2) ≤ circ(M)+2 ecirce(Mi) ≥ 3, para todoi ∈ {1,2}.

Demonstração:SejaDi um circuito deMi tal quee∈ Di e |Di | = circe(Mi). Por definição
(D1∪D2)\{e} é um circuito deM, logo

|D1\{e}|+ |D2\{e}| ≤ circ(M).

Daí,
circe(M1)+circe(M2) ≤ circ(M)+2.

Secirce(Mi) = 2, então é fácil ver queMi
∼= U1,|E(Mi)|. Um absurdo, pois como|E(M)| ≥ 3, M

não é simples. Logo,circe(Mi) ≥ 3 e chegamos ao nosso resultado.

Proposição 5.2.SejaM uma matróide simples e conexa. Suponha queM não é 3-conexa e que
existe um elementoe∈ E(M) tal quecirce(M) = 4. Então,

(i) Se circ(M) = 4, entãoM = P(M1,M2, . . . ,Ml)\X com X ⊆ { f}, onde f 6= e é o ponto
base da conexão em paralelo,Mi

∼= U2,3 para todoi ∈ {1,2, . . . , l} e l ≥ 2.

(ii) Se circ(M) ∈ {5,6}, entãoM = P(M1,M2, . . . ,Mn), ondee∈ E(Mi) é o ponto base da
conexão em paralelo eMi/eé conexo para todoi ∈ {1,2, . . . ,n}. Além disso, temos que
circe(M1) = circ(M1) = 4 e, quandocirc(M) = 5, circe(M2) = 3, quandocirc(M) = 6,
circe(M2) = circ(M2) = 4 e para todoi ≥ 3, 3≤ circe(Mi) ≤ circe(M2).
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Demonstração:Pelo Teorema 5.1 de Wu,

4≤ circ(M) ≤ 6.

(i) Secirc(M) = 4, então pelo Teorema 5.10,

M = P(H1,H2, . . . ,Hl)\X, comX ⊆ { f},

ondee 6= f e para todoi ∈ {1,2, . . . , l}, f ∈ Hi e Hi
∼= U2,3, poisM é binária.

(ii) Agora suponha quecirc(M) ∈ {5,6}. Pelo Teorema 5.5, ítens (a), (b) e (c),

M = P(M1,M2, . . . ,Mn) comn≥ 2,

ondee é o ponto base da conexão em paralelo eMi/e é conexo para todoi ∈ {1,2, . . . ,n}.
Pelo ítem (e),circe(M1) = 4; pelo ítem (d) e o Corolário 5.1,circ(M1) = 4; pelo ítem (f),
circe(M2) = 4 quandocirc(M) = 6, e neste caso, pelo Corolário 5.1,circ(M2) = 4; quando
circ(M) = 5, circe(M2) = 3. Finalmente, ainda pelo ítem (f) e o fato deM ser simples, temos
que 3≤ circe(Mi) ≤ circe(M2) para todoi ≥ 3.

Corolário 5.3. SejaM uma matróide simples e conexa. Suponha queM não é 3-conexa e
sejamee f elementos deE(M) tal quecirce(M)≤ 4 ecirce, f (M) = 3. SeM/eé conexa, então
M = P(H1,H2, . . . ,Hl), ondeh 6= eé o ponto base da conexão em paralelo eHi

∼= U2,|E(M)| para
todo i ∈ {1,2, . . . , l}, e seM/eeM/ f são conexas, entãoM ∼= U2,|E(M)|.

Demonstração:Segue diretamente da Proposição 5.2, quandocirce(M) = 4 e do Teorema 5.6,
quandocirce(M) = 3.

Até agora já conhecemos todas as matróides come-circunferência 5 que são 3-conexas com
circunferência no máximo 6 ou não 3-conexa com circunferência 5. A próxima Proposição
completa essa lista caracterizando as matróides não 3-conexas de circunferência 6.

Lema 5.3. SejaM uma matróide simples e conexa comcirc(M) = 6. SeM não é 3-conexa e
existe um elementoe∈ E(M) tal quecirce(M) = 5, então existem matróides conexasM1 e M2

tal queM = M1⊕2 M2 com f 6= eponto base da 2-soma, onde

(i) e∈ E(M1), circ f (M1) ≤ 4 ecirc f (M2) ≤ 4, e r(M1) ≤ 3 quandoM1 é 3-conexa. Ou

(ii) circe, f (M1) = 4, circ f (M1) ≤ 5 e circ f (M2) ≤ 3.

Em ambos os casosM2\X, ondeX ⊆ { f} é simples.

Demonstração:ComoM não é 3-conexa, pelo Teorema 5.3, existem matróides conexasM1

e M2 tais queM = M1⊕2 M2 com f ∈ E(M1)∩E(M2). Sem perda de generalidade, podemos
supor quee∈ E(M1) e queM1 é simples. Vamos mostrar que

circe, f (M1) = 3,circ f (M1) ≤ 4 ecirc f (M2) ≤ 4; (5.5)
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ou
circe, f (M1) = 4,circ f (M1) ≤ 5 ecirc f (M2) ≤ 3. (5.6)

Para cadai ∈ {1,2}, sejaCi um circuito deMi tal que|Ci| = circ f (Mi). Pelo Lema 5.2,

|C1|+ |C2| ≤ 8, |C1| ≥ 3 e|C2| ≥ 3. (5.7)

Note que comoM1 é conexa, existe um circuitoCe, f deM1 contendo{e, f} tal queCe, f△C2 é
um circuito deM contendoe. Mais ainda,

|Ce, f△C2| = |Ce, f \{ f}|+ |C2\{ f}| ≤ circe(M) = 5. (5.8)

Se|C2\{ f}| ≥ 4, então|Ce, f \{ f}| ≤ 1, o que é um absurdo, pois comoM1 é simples temos que
|Ce, f | ≥3. Logo,|C2\{ f}|≤ 3 e por (5.8) e (5.7), temos (5.5) ou (5.6). Agora suponha queM1 é
3-conexa. Secirc f (M1) = 4 er(M1)≥ 4, então, pelo Teorema 5.8,M1

∼= F∗
7 ouM1

∼= AG(3,2),
os quais não possuem circuitos de comprimento 3. Portanto, neste casor(M1) ≤ 3. SeM2

não é simples, então comoM é simples, existe um elementoh∈ E(M) paralelo af emM2, de
maneira queM2\X, comX ⊆ { f} é simples.

Lema 5.4. SejaM uma matróide simples e conexa comcirc(M)≤ 6. Sejame, f eg elementos
deE(M). Se para{x,y,z}= {e, f ,g}, circx(M)= 5ey 6∈Cx, ondeCx um circuito deM contendo
x tal que|Cx| = circx(M), entãoM é 3-conexa.

Demonstração:Suponha que não e escolhaM tal que|E(M)| seja mínimo. Pelo Teorema
5.3, existem matróides conexasN1 eN2 tais queM6 = N1⊕2 N2 comh∈ E(N1)∩E(N2) ponto
base da 2-soma. Sem perda de generalidade, podemos supor queN1 é simples. Para o con-
junto{x,y,z} = {e, f ,g}, temos duas opções a verificar: (i){x,y} ⊆ E(N1) e z∈ E(N2) ou (ii)
{x,y,z} ⊆ E(Ni), digamosi = 1.

(i) SejamCx,h um circuito deN1 contendo{x,h} eCz,h um circuito deN2 contendo{z,h}.
Observe que(Cx,h∪Cz,h)−{h} é um circuito deM6 contendox ez. Por hipótese,

|(Cx,h∪Cz,h)−{h}| = |Cx,h\{h}|+ |Cz,h\{h}| ≤ 4.

Portanto,|Cx,h| ≤ 3 e |Cz,h| ≤ 3. Desde queN1 é simples, temos que|Cx,h| = 3. SejaCh um
circuito deN2 contendoh tendo cardinalidade máxima. Note que(Cx,h∪Ch)−{h} é um circuito
deM contendox e por hipótese

|(Cx,h∪Ch)−{h}| = |Cx,h|+ |Ch|−2≤ 5.

Logo,|Ch| ≤ 4. SeN2 é simples, entãoN2/zeN2/h são conexas e pelo Corolário 5.3,N1
∼=U2,3.

Dessa forma todo circuito emM6 contendox também contémy. Um absurdo. SeN2 não é
simples, entãoN2

∼= U1,|E(N2)|, o que é um absurdo, visto queM é simples.
(ii) Sem perda de generalidade podemos supor que|E(N1)| é mínimo sujeito a condição

de {e, f ,g} ⊆ E(N1). Logo, por (i) N1 é 3-conexa e pela minimalidade de|E(M)|, temos
quecircx(N1) ≤ 4 para algumx ∈ {e, f ,g}. Pelo Teorema 5.10,N1

∼= F∗
7 ou N1

∼= AG(3,2)
quandocircx(N1) = 4 e pelo Teorema 5.6,N1

∼= U2,3 quandocircx(N1) = 3. Em qualquer caso,
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{x,y} ⊆ Cx para todo subconjunto{x,y} ⊆ {e, f ,g}, ondeCx é um circuito deN1 contendox.
Portanto, emM, y está contido num circuito de comprimento máximo que contenha x, o que é
um absurdo por hipótese.

Proposição 5.3.SejaM uma matróide simples binária e conexa. Suponha quecirc(M) = 6 e
M não é 3-conexa. Se existe um elementoe∈ E(M) tal quecirce(M) = 5, então:

(i) Existem matróides conexasM1, . . . ,Ml tais queM = P(M1, . . . ,Ml), ondeeé o ponto base
da conexão em paralelo,circe(M1) = 5 ecirce(Mi) = 3 para todoi ∈ {2, . . . , l}; e

(ii) Se M1 não é 3-conexa ecirc(M1) = 6, então existem matróides conexaN1 e N2 tais que
M1 = N1⊕2 N2 com f 6= eponto base da 2-soma,circ f (N1) ≤ 4, circ f (N2)≤ 4 e quando
N1 é 3-conexar(N1) ≤ 3, ou circ f (N1) ≤ 5 e circ f (N2) ≤ 3. Em qualquer casoN2\X,
ondeX ⊆ { f} é simples; e

(iii) Se N1 não é 3-conexa,circe(N1) = circ f (N1) = 5 e circ(N1) = 6, entãoN1 = N3⊕2 N4

comg 6∈ {e, f} ponto base da 2-soma,circ f (N3) ≤ 4, circ f (N4) ≤ 4 e r(N3) ≤ 3 quando
N3 é 3-conexa, ou ainda,circ f (N3) ≤ 5 e circ f (N4) ≤ 3. Também, em ambos casos,
N4\Y, ondeY ⊆ {g} é simples. Além disso,

(iv) Se N3 satisfazcircx(N3) = 5 para todox ∈ {e, f ,g}, entãoN3
∼= Mn,m,3, paran ≥ 3 e

m≤ n.

Demonstração:Suponha queM/e não é conexa, então pelo Teorema 5.4 existem matróides
conexasM1, . . . ,Ml tal queM = P(M1, . . . ,Ml) comMi/eé conexa. Sem perda de generalidade
podemos assumir quee∈ E(M1) e quecirc f (M1)≥ . . .≥ circ f (Ml), ondef 6= eé o ponto base
da conexão em paralelo. Pelo ítem (iii) do mesmo Teorema,circe(M1) = 5. Logo,circ f (Mi) = 3
para todoi ≥ 2, visto quecirc(M) = 6. SeM1 não é 3-conexa,circ(M1) = 6 ecirce(M1) = 5,
então, pelo Lema 5.3, existem matróides conexasN1 eN2 tais queM1 = N1⊕2 N2 onde f 6= eé
o ponto base da 2-soma tais que

circ f (N1) ≤ 4, circ f (N2) ≤ 4 e quandoN1 é 3-conexar(N1) ≤ 3,

ou
circe, f (M1) = 4, circ f (N1) ≤ 5 ecirc f (N2) ≤ 3,

onde, paraX ⊆ { f}, N2\X é simples em ambos os casos. SeN1 não é 3-conexa,circx(N1) = 5
para todox∈ {e, f} e circ(N1) = 6, então aplicando novamente o Lema 5.3 parae e f , temos
queN1 = N3⊕2 N4, ondeN3 eN4 são matróides conexas tais que

circg(N3) ≤ 4, circg(N4) ≤ 4 e quandoN3 é 3-conexa, r(N3) ≤ 3;

ou
para{x,y} ⊆ {e, f ,g},circx,y(M3) = 4, circg(N3) ≤ 5 ecircg(N4) ≤ 3,

comN4\Y simples em ambos os casos, paraY ⊆ { f}.
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Agora vamos mostrar que secircx(N3) = 5 para todox∈ {e, f ,g}, então

M3
∼= Mn,m,3 comn≥ 3.

SejaDx um circuito de comprimento máximo deN3 contendox. Vamos mostrar que

y 6∈ Dx, para todoy∈ {e, f ,g}−{x}. (5.9)

Suponha que (5.9) não é verdade. Então, para algumi ∈ {2,4}, existe um circuitoCy ∈ C (Ni)
de comprimento 3 e contendoy tal que(Dx∪Cy)−{y} é um circuito deN3 de comprimento 6
contendox. Absurdo por hipótese, logo (5.9) segue. Pelo Lema 5.4, temos queN3 é 3-conexa.
Daí, segue do Teorema 5.2 e de (5.9) queM3

∼= Mn,m,3 comn≥ 3 em≤ n. SeM/e é conexa,
entãol = 1 e o resultado segue.

Teorema 5.12.SejaM uma matróide binária simples e conexa. Secirc(M) = 6 e M não é
3-conexa, então:

(i) Existem matróides simples e conexasM1,M2, . . . ,Ml tais queM = P(M1,M2, . . . ,Ml),
come∈ E(Mi) para todoi ∈ {1,2, . . . , l}, ondecirce(M1) = circe(M2) = 4 e para todo
i ≥ 3, 3 ≤ circe(Mi) ≤ 4 , ou circe(M1) = 5, circe(M2) = 3 e circe(Mi) = 3 para todo
i ≥ 3. Ou

(ii) Existem matróides conexasM1 e M2 tais queM = M1⊕2 M2 com f ∈ E(M1)∩E(M2),
circe(M1) ≤ 4, circe(M2) ≤ 4 ou circe(M1) ≤ 5, circe(M2) = 3 e M1\X é simples, onde
X ⊆ {e}.

Demonstração:Primeiro vamos supor que existe um elementoe∈ E(M) tal queM/e não é
conexa. Pelo Teorema 5.4, existem matróides conexasM1,M2, . . . ,Ml coml ≥ 2 ee∈Mi tal que
M = P(M1,M2, . . . ,Ml) eMi/eé conexa para todoi ∈ {1,2, . . . , l}. Sem perda de generalidade,
podemos supor quecirce(M1) ≥ circe(M2) ≥ . . . ≥ circe(Ml). Vamos mostrar que

circe(M1)+circe(M2) = 8. (5.10)

SejaC um circuito de comprimento máximo deM. Como

C (M) = C (M1)∪C (M2)∪ . . .∪C (Ml)∪C
′(M),

ondeC ′(M) = {Ci△Cj : i 6= j ee∈Ck ∈ C (Mk), parak∈ {i, j}} eC não contéme, temos que

circe(M1)+circe(M2) ≤ |C|+2 = 8.

Secirce(M1)+circe(M2) < 8, então pelo Corolário 5.1 e Teorema 5.6, temos quecirc(Mi)≤ 4
para todoi ∈ {1,2, . . . , l}. Neste caso,circ(M) < 6, o que é um absurdo. Logo (5.10) é verdade.
Por (5.10) temos:

circe(M1) = circe(M2) = 4 ecirce(Mi) ≤ 4 para todoi ≥ 3;
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ou
circe(M1) = 5,circe(M2) = 3 ecirce(Mi) = 3 para todoi ≥ 3.

Agora, suponha queM/e é conexa para todoe∈ E(M). ComoM não é 3-conexa, pelo
Teorema 5.3, existem matróides conexasM1 e M2 tal queM = M1⊕2 M2 com f ∈ E(M1)∩
E(M2). Pelo Lema 5.2, temos:

circe(Mi) ≤ 4 para todoi ∈ {1,2};

ou
circe(M1) ≤ 5 ecirce(M2) = 3.

SeMi não é simples para algumi ∈ {1,2}, digamosi = 1, então comoM é simples, existe um
elementoh∈ E(M) paralelo aeemM1. Neste caso,M1\eé simples.



CAPÍTULO 6

Conclusões

Nesta tese conseguimos construir todas as matróides binárias 3-conexas com circunferência 6
e posto pequeno. Com estas matróides completamos o estudo das matróides binária 3-conexas
com circunferência 6 iniciado por Cordovil, Maia Junior e Lemos em [2]. O conhecimento
dessas matróides nos permite construir as matróides binárias com circunferência 6 que não são
3-conexas.

Abaixo segue um resumo de todas as matróides binárias 3-conexas com circunferência 6
construídas nesta tese.

Posto Matróides Resultado

r(M) = 7 Z11, Y12, Z12 eZ13 Proposição 3.1.

M5,m,l com 0≤ l ≤ 3 e 0≤ m≤ 5. Teorema 3.2.

r(M) = 6 An,q onde n e q são inteiros positivos tais
que 0≤ q ≤ k e (n,k) ∈ {(11,2), (12,6),
(13,12), (14,14), (15,11), (16,9), (17,5),
(18,3), (19,2), (20,0)}.

Teorema 4.1.

L12, L11, N11 eL10 Teorema 4.2.

M4,m,l e N4,m,q Teorema 4.3.

menores da matróideAZ24 que tenham umas das
matróidesL1,146,125, L1,246,125 ouL1,246,135 como
menor

Teorema 4.4.

H11 eH12 Teorema 4.5.

DB11, DB10 eDV11 Teorema 4.6.

menores da matróideAT32 que contenha uma das
matróidesL1,146,156, L1,146,256 ouL1,246,356 como
menor.

Teorema 4.8.
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DN12 eDN11 Teorema 4.9.

JL Teorema 4.10.

Também nesta tese conseguimos descrever matróides binárias come-circunferência 4 e 5.
Descrevemos:

i) as matróides come-circunferência 4 que não são 3-conexas, Proposição 5.2,

ii) as matróides 3-conexas come-circunferência 5, Proposição 5.1 e Teorema 5.2 e

iii) as matróides binárias come-circunferência 5 que não são 3-conexas, Proposição 5.3.

Estas matróides não eram conhecidas na literatura, Maia Junior [6][7], em seus dois artigos que
tratam do assunto apenas descreveu as matróides 3-conexas come-circunferência 3 e 4.

Conhecendo todas as matróides binárias 3-conexas com circunferência 6 e todas as ma-
tróides binárias come-circunferência 3,4 e 5, descrevemos as matróides bináriascom circun-
ferência 6, Teorema 5.12. Nosso próximo objetivo é o de descrever as matróides binárias com
circunferência 7 e então generalizar o resultado para matróides que não são 3-conexas.



APÊNDICE A

Extensões binárias deLi com r(E(H)) ∈ {4,5,6}

A.1 Extensões binárias deLi, com r(E(H)) = 4

Tabela A.1: Extensões Binárias da MatróideL1

e10 L1∪e10

< e1,e6 > possui circuito{e1,e2,e4,e5,e7,e9,e10} de tamanho 7.
< e2,e6 > possui circuito{e1,e3,e4,e5,e6,e7,e10} de tamanho 7.
< e3,e6 > possui circuito{e1,e2,e4,e5,e6,e7,e10} de tamanho 7.
< e4,e6 > possui circuito{e1,e2,e3,e5,e6,e7,e10} de tamanho 7.
< e5,e6 > possui circuito{e1,e2,e3,e4,e6,e7,e10} de tamanho 7.

< e1,e2,e6 > possui circuito{e8,e10} de tamanho 2.
< e1,e3,e6 > possui circuito{e9,e10} de tamanho 2.
< e1,e4,e6 > L1,146
< e1,e5,e6 > ∼= L1,146 comϕ(12345678910) =(1 2 3 5 4 6 7 8 9 10)
< e2,e3,e6 > rM(I ∪e10) = rM({e6,e8,e9,e10}) = 3
< e2,e4,e6 > L1,246
< e2,e5,e6 > ∼= L1,246 comϕ(12345678910) =(1 2 3 5 4 6 7 8 9 10)
< e3,e4,e6 > ∼= L1,246 comϕ(12345678910) =(1 3 2 4 5 6 7 9 8 10)
< e3,e5,e6 > ∼= L1,246 comϕ(12345678910) =(1 3 2 5 4 6 7 9 8 10)
< e4,e5,e6 > ∼= L1,246 comϕ(12345678910) =(2 3 1 7 4 8 5 9 6 10)

< e1,e2,e3,e6 > possui circuito{e1,e2,e4,e5,e7,e8,e10} de tamanho 7.
< e1,e2,e4,e6 > possui circuito{e1,e2,e3,e5,e7,e8,e10} de tamanho 7.
< e1,e2,e5,e6 > possui circuito{e1,e2,e3,e4,e7,e8,e10} de tamanho 7.
< e1,e3,e4,e6 > possui circuito{e1,e2,e3,e5,e7,e9,e10} de tamanho 7.
< e1,e3,e5,e6 > possui circuito{e1,e2,e3,e4,e7,e9,e10} de tamanho 7.
< e1,e4,e5,e6 > L1,1456
< e2,e3,e4,e6 > ∼= L1,1456 comϕ(12345678910) =(1 2 3 5 7 6 4 8 9 10)
< e2,e3,e5,e6 > ∼= L1,1456 comϕ(12345678910) =(1 2 3 4 7 6 5 8 9 10)
< e2,e4,e5,e6 > possui circuito{e1,e2,e3,e4,e5,e9,e10} de tamanho 7.
< e3,e4,e5,e6 > possui circuito{e1,e2,e3,e4,e5,e8,e10} de tamanho 7.

< e1,e2,e3,e4,e6 > ∼= L1,246 comϕ(12345678910) =(2 3 1 4 5 8 7 9 6 10)
Continua na próxima página . . .
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< e1,e2,e3,e5,e6 > ∼= L1,246 comϕ(12345678910) =(2 3 1 5 4 8 7 9 6 10)
< e1,e2,e4,e5,e6 > ∼= L1,246 comϕ(12345678910) =(1 3 2 7 4 6 5 9 8 10)
< e1,e3,e4,e5,e6 > ∼= L1,246 comϕ(12345678910) =(1 2 3 7 4 6 5 8 9 10)
< e2,e3,e4,e5,e6 > ∼= L1,146 comϕ(12345678910) =(1 2 3 7 4 6 5 8 9 10)

< e1,e2,e3,e4,e5,e6 > possui circuito{e1,e2,e3,e4,e5,e6,e10} de tamanho 7.

Tabela A.2: Extensões Binárias da MatróideL2

e10 L2∪e10

< e1,e6 > possui circuito{e1,e2,e4,e5,e7,e8,e10} de tamanho 7.
< e2,e6 > possui circuito{e1,e3,e4,e5,e6,e7,e10} de tamanho 7.
< e3,e6 > possui circuito{e1,e2,e4,e5,e6,e7,e10} de tamanho 7.
< e4,e6 > possui circuito{e1,e2,e3,e5,e6,e7,e10} de tamanho 7.
< e5,e6 > possui circuito{e1,e2,e3,e4,e6,e7,e10} de tamanho 7.

< e1,e2,e6 > possui circuito{e8,e10} de tamanho 2.
< e1,e3,e6 > L2,136
< e1,e4,e6 > possui circuito{e1,e2,e3,e4,e7,e9,e10} de tamanho 7.
< e1,e5,e6 > possui circuito{e1,e2,e3,e5,e7,e9,e10} de tamanho 7.
< e2,e3,e6 > possui circuito{e1,e2,e3,e4,e5,e9,e10} de tamanho 7.
< e2,e4,e6 > ∼= L2,136 comϕ(12345678910) =(1 2 4 3 7 8 5 6 9 10)
< e2,e5,e6 > ∼= L2,136 comϕ(12345678910) =(1 2 5 3 7 8 4 6 9 10)
< e3,e4,e6 > possui circuito{e1,e4,e6,e7,e8,e9,e10} de tamanho 7.
< e3,e5,e6 > possui circuito{e1,e5,e6,e7,e8,e9,e10} de tamanho 7.
< e4,e5,e6 > possui circuito{e2,e3,e4,e5,e5,e9,e10} de tamanho 7.

< e1,e2,e3,e6 > possui circuito{e1,e2,e4,e5,e7,e8,e10} de tamanho 7.
< e1,e2,e4,e6 > possui circuito{e1,e2,e3,e5,e7,e8,e10} de tamanho 7.
< e1,e2,e5,e6 > possui circuito{e1,e2,e3,e4,e7,e8,e10} de tamanho 7.
< e1,e3,e4,e6 > L2,1346
< e1,e3,e5,e6 > ∼= L2,1346 comϕ(12345678910) =(1 2 3 5 4 6 7 8 9 10)
< e1,e4,e5,e6 > possui circuito{e9,e10} de tamanho 2.
< e2,e3,e4,e6 > ∼= L2,1346 comϕ(12345678910) =(1 2 4 3 7 8 5 6 9 10)
< e2,e3,e5,e6 > ∼= L2,1346 comϕ(12345678910) =(1 2 5 3 7 8 4 6 9 10)
< e2,e4,e5,e6 > rM(I ∪e10) = rM({e6,e8,e9,e10}) = 3
< e3,e4,e5,e6 > possui circuito{e1,e2,e3,e4,e5,e8,e10} de tamanho 7.

< e1,e2,e3,e4,e6 > possui circuito{e1,e3,e5,e6,e8,e9,e10} de tamanho 7.
< e1,e2,e3,e5,e6 > possui circuito{e1,e3,e4,e6,e8,e9,e10} de tamanho 7.
< e1,e2,e4,e5,e6 > possui circuito{e1,e3,e4,e5,e7,e9,e10} de tamanho 7.
< e1,e3,e4,e5,e6 > possui circuito{e1,e2,e4,e5,e7,e9,e10} de tamanho 7.

Continua na próxima página . . .
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< e2,e3,e4,e5,e6 > ∼= L2,136 comϕ(12345678910) =(1 2 7 4 5 6 3 8 9 10)
< e1,e2,e3,e4,e5,e6 > possui circuito{e1,e2,e3,e4,e5,e6,e10} de tamanho 7.

Tabela A.3: Extensões Binárias da MatróideL3

e10 L3∪e10

< e1,e6 > possui circuito{e1,e3,e4,e5,e7,e8,e10} de tamanho 7.
< e2,e6 > possui circuito{e1,e3,e4,e5,e6,e7,e10} de tamanho 7.
< e3,e6 > possui circuito{e1,e2,e3,e5,e7,e9,e10} de tamanho 7.
< e4,e6 > possui circuito{e1,e2,e3,e5,e6,e7,e10} de tamanho 7.
< e5,e6 > possui circuito{e1,e2,e3,e4,e6,e7,e10} de tamanho 7.

< e1,e2,e6 > possui circuito{e8,e10} de tamanho 2.
< e1,e3,e6 > L3,136
< e1,e4,e6 > ∼= L3,136 comϕ(12345678910) =(1 2 4 3 5 6 7 8 9 10)
< e1,e5,e6 > ∼= L3,136 comϕ(12345678910) =(2 1 5 7 3 8 4 6 9 10)
< e2,e3,e6 > ∼= L3,136 comϕ(12345678910) =(2 1 3 4 5 6 7 8 9 10)
< e2,e4,e6 > ∼= L3,136 comϕ(12345678910) =(2 1 4 3 5 6 7 8 9 10)
< e2,e5,e6 > ∼= L3,136 comϕ(12345678910) =(1 2 5 7 3 8 4 6 9 10)
< e3,e4,e6 > possui circuito{e9,e10} de tamanho 2.
< e3,e5,e6 > ∼= L3,136 comϕ(12345678910) =(4 3 5 7 1 9 2 6 8 10)
< e4,e5,e6 > ∼= L3,136 comϕ(12345678910) =(3 4 5 7 1 9 2 6 8 10)

< e1,e2,e3,e6 > possui circuito{e1,e2,e4,e5,e7,e8,e10} de tamanho 7.
< e1,e2,e4,e6 > possui circuito{e1,e2,e3,e5,e7,e8,e10} de tamanho 7.
< e1,e2,e5,e6 > possui circuito{e1,e2,e3,e4,e5,e9,e10} de tamanho 7.
< e1,e3,e4,e6 > possui circuito{e2,e3,e4,e5,e7,e9,e10} de tamanho 7.
< e1,e3,e5,e6 > possui circuito{e1,e3,e6,e7,e8,e9,e10} de tamanho 7.
< e1,e4,e5,e6 > possui circuito{e1,e4,e6,e7,e8,e9,e10} de tamanho 7.
< e2,e3,e4,e6 > possui circuito{e1,e3,e4,e5,e7,e9,e10} de tamanho 7.
< e2,e3,e5,e6 > possui circuito{e1,e4,e5,e6,e8,e9,e10} de tamanho 7.
< e2,e4,e5,e6 > possui circuito{e1,e3,e5,e6,e8,e9,e10} de tamanho 7.
< e3,e4,e5,e6 > possui circuito{e1,e2,e3,e4,e5,e8,e10} de tamanho 7.

< e1,e2,e3,e4,e6 > rM(I ∪e10) = rM({e6,e8,e9,e10}) = 3
< e1,e2,e3,e5,e6 > ∼= L3,136 comϕ(12345678910) =(3 4 7 5 1 9 2 6 8 10)
< e1,e2,e4,e5,e6 > ∼= L3,136 comϕ(12345678910) =(4 3 7 5 1 9 2 6 8 10)
< e1,e3,e4,e5,e6 > ∼= L3,136 comϕ(12345678910) =(1 2 7 5 3 8 4 6 9 10)
< e2,e3,e4,e5,e6 > ∼= L3,136 comϕ(12345678910) =(2 1 7 5 3 8 4 6 9 10)

< e1,e2,e3,e4,e5,e6 > possui circuito{e1,e2,e3,e4,e5,e6,e10} de tamanho 7.
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A.2 Extensões binárias deLi, com r(E(H)) = 5

Tabela A.4: Extensões Binárias da MatróideL2,1346

e11 L2,1346∪e11

< e1,e3,e6 > {e1,e2,e3,e5,e7,e10,e11} é circuito.
< e2,e4,e6 > L2,1346,246
< e2,e5,e6 > {e1,e2,e3,e4,e5,e10,e11} é circuito.

< e1,e3,e4,e6 > {e10,e11} é circuito.
< e1,e3,e5,e6 > ∼= L2,1346,246 comϕ1234567891011= (3415211798610)
< e2,e3,e4,e6 > {e6,e8,e9,e10,e11} é LD
< e2,e3,e5,e6 > ∼= L2,1346,246 comϕ1234567891011= (3517294106811)
< e2,e4,e5,e6 > o conjunto{e6,e8,e9,e10,e11} é LD

< e2,e3,e4,e5,e6 > ∼= L2,1346,246 comϕ1234567891011= (123758,4610911)

Tabela A.5: Extensões Binárias da MatróideL1,146

e11 L1,146∪e11

< e1,e4,e6 > {e10,e11} é circuito deL1,146∪e11.
< e1,e5,e6 > L1,146,156
< e2,e4,e6 > {e6,e8,e9,e10,e11} é LD
< e2,e5,e6 > L1,146,256
< e3,e4,e6 > {e6,e8,e9,e10,e11} é LD
< e3,e5,e6 > ∼= L1,146,256 comϕ1234567891011= (1324567981011)
< e4,e5,e6 > ∼= L1,146,256 comϕ1234567891011= (1423567108911)

< e1,e4,e5,e6 > {e1,e2,e3,e4,e7,e10,e11} é circuito deL1,146∪e11.
< e2,e3,e4,e6 > L1,146,2346
< e2,e3,e5,e6 > {e1,e2,e3,e4,e5,e10,e11} é circuito deL1,146∪e11.

< e1,e2,e3,e4,e6 > {e6,e8,e9,e10,e11} é LD
< e1,e2,e3,e5,e6 > ∼= L1,146,256 comϕ1234567891011= (1423765108911)
< e1,e2,e4,e5,e6 > ∼= L1,146,256 comϕ1234567891011= (1324765981011)
Continua na próxima página . . .
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< e1,e3,e4,e5,e6 > ∼= L1,146,256 comϕ1234567891011= (1234765891011)
< e2,e3,e4,e5,e6 > ∼= L1,146,156 comϕ1234567891011= (1234765891011)

Tabela A.6: Extensões Binárias da MatróideL1,246

e11 L1,246∪e11

< e1,e4,e6 > {e6,e8,e9,e10,e11} é LD
< e1,e5,e6 > L1,246,156
< e2,e4,e6 > {e10,e11} é circuito.
< e2,e5,e6 > ∼= L1,246,156 comϕ1234567891011= (1243587610911)
< e3,e4,e6 > {e6,e8,e9,e10,e11} é LD
< e3,e5,e6 > L1,246,356
< e4,e5,e6 > ∼= L1,246,356 comϕ1234567891011= (2134785691011)

< e1,e4,e5,e6 > {e1,e3,e5,e8,e9,e10,e11} é circuito
< e2,e3,e4,e6 > {e1,e2,e4,e5,e7,e10,e11} é circuito
< e2,e3,e5,e6 > {e1,e3,e7,e8,e9,e10,e11} é circuito

< e1,e2,e3,e4,e6 > {e6,e8,e9,e10,e11} é LD
< e1,e2,e3,e5,e6 > ∼= L1,246,356 comϕ1234567891011= (2134587691011)
< e1,e2,e4,e5,e6 > ∼= L1,246,356 comϕ1234567891011= (1234765891011)
< e1,e3,e4,e5,e6 > ∼= L1,246,156 comϕ1234567891011= (1243785610911)
< e2,e3,e4,e5,e6 > ∼= L1,246,156 comϕ1234567891011= (1234765891011)

Tabela A.7: Extensões Binárias da MatróideL1,1456

e11 L1,1456∪e11

< e1,e4,e6 > {e1,e2,e3,e4,e7,e10,e11} é circuito.
< e1,e5,e6 > {e1,e2,e3,e5,e7,e10,e11} é circuito.
< e2,e4,e6 > {e1,e3,e5,e8,e9,e10,e11} é circuito.
< e2,e5,e6 > {e1,e3,e4,e8,e9,e10,e11} é circuito.
< e3,e4,e6 > {e1,e2,e5,e8,e9,e10,e11} é circuito.
< e3,e5,e6 > {e1,e2,e4,e8,e9,e10,e11} é circuito.
< e4,e5,e6 > {e2,e3,e4,e5,e7,e10,e11} é circuito.

Continua na próxima página . . .
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< e1,e4,e5,e6 > {e10,e11} é circuito.
< e2,e3,e4,e6 > L1,1456,2346
< e2,e3,e5,e6 > ∼= L1,1456,2346 comϕ1234567891011(1235467891011)

< e1,e2,e3,e4,e6 > {e1,e2,e5,e6,e9,e10,e11} é circuito.
< e1,e2,e3,e5,e6 > {e1,e2,e4,e6,e9,e10,e11} é circuito.
< e1,e2,e4,e5,e6 > {e1,e3,e4,e5,e7,e10,e11} é circuito.
< e1,e3,e4,e5,e6 > {e1,e2,e4,e5,e7,e10,e11} é circuito.
< e2,e3,e4,e5,e6 > L1,1456,23456

A.3 Extensões binárias deLi, com r(E(H)) = 6

Tabela A.8: Extensões Binárias das Matróides com o posto
deH igual a 6.

L e12 L∪e12

< e1,e5,e6 > {e11,e12} é circuito.
< e2,e5,e6 > {e6,e8,e9,e10,e11,e12} é LD.
< e3,e5,e6 > {e6,e8,e9,e10,e11,e12} é LD.
< e4,e5,e6 > {e6,e8,e9,e10,e11,e12} é LD.

L1,146,156 < e2,e3,e4,e6 > {e1,e2,e3,e4,e5,e11,e12} é circuito.
< e1,e2,e3,e5,e6 > {e6,e8,e9,e10,e11,e12} é LD.
< e1,e2,e4,e5,e6 > {e6,e8,e9,e10,e11,e12} é LD.
< e1,e3,e4,e5,e6 > {e6,e8,e9,e10,e11,e12} é LD.
< e2,e3,e4,e5,e6 > {e6,e8,e9,e10,e11,e12} é LD.

< e1,e5,e6 > {e6,e8,e9,e10,e11,e12} é LD.
< e2,e5,e6 > {e11,e12} é circuito.
< e3,e5,e6 > {e6,e8,e9,e10,e11,e12} é LD.
< e4,e5,e6 > {e6,e8,e9,e10,e11,e12} é LD.

L1,146,256 < e2,e3,e4,e6 > {e1,e2,e3,e7,e9,e11,e12} é circuito.
< e1,e2,e3,e5,e6 > {e6,e8,e9,e10,e11,e12} é LD.
< e1,e2,e4,e5,e6 > {e6,e8,e9,e10,e11,e12} é LD.
< e1,e3,e4,e5,e6 > {e6,e8,e9,e10,e11,e12} é LD.
< e2,e3,e4,e5,e6 > {e6,e8,e9,e10,e11,e12} é LD.

< e1,e5,e6 > {e1,e2,e3,e4,e5,e11,e12} é circuito
< e2,e5,e6 > {e1,e3,e5,e6,e10,e11,e12} é circuito
< e3,e5,e6 > {e1,e2,e5,e6,e10,e11,e12} é circuito
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< e4,e5,e6 > {e1,e2,e5,e6,e9,e11,e12} é circuito
L1,146,2346 < e2,e3,e4,e6 > {e11,e12} é circuito.

< e1,e2,e3,e5,e6 > {e1,e2,e5,e8,e10,e11,e12} é circuito
< e1,e2,e4,e5,e6 > {e1,e2,e5,e8,e9,e11,e12} é circuito
< e1,e3,e4,e5,e6 > {e1,e3,e5,e8,e9,e11,e12} é circuito
< e2,e3,e4,e5,e6 > {e1,e2,e3,e4,e7,e11,e12} é circuito

< e1,e5,e6 > {e6,e8,e9,e10,e11,e12} é LD.
< e2,e5,e6 > {e6,e8,e9,e10,e11,e12} é LD.
< e3,e5,e6 > {e6,e8,e9,e10,e11,e12} é LD.

L1,246,356 < e4,e5,e6 > {e6,e8,e9,e10,e11,e12} é LD.
< e1,e2,e3,e5,e6 > {e6,e8,e9,e10,e11,e12} é LD.
< e1,e2,e4,e5,e6 > {e6,e8,e9,e10,e11,e12} é LD.
< e1,e3,e4,e5,e6 > {e6,e8,e9,e10,e11,e12} é LD.
< e2,e3,e4,e5,e6 > {e6,e8,e9,e10,e11,e12} é LD.
< e2,e3,e4,e6 > {e11,e12} é circuito.

L1,1456,2346 < e2,e3,e5,e6 > L1,1456,2346,2356
< e2,e3,e4,e5,e6 > {e1,e2,e3,e4,e7,e11,e12} é circuito.



APÊNDICE B

Extensões Binárias 3-conexas de posto e
circunferência 6 da matróideL1

Tabela B.1: Extensões Binárias da MatróideM(L1) obtida
acrescentando-se 2 elementos deCA.

X X′ ϕ(1 2 3 4 5 6 7 8 9 10 11)

{e10,e11} {e10,e12} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 11)
{e10,e13} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 10, 11)
{e10,e14} ( 1, 3, 2, 5, 4, 6, 7, 9, 8, 10, 11)
{e10,e15} ( 2, 3, 1, 7, 4, 8, 5, 9, 6, 10, 11)
{e10,e16} ( 2, 3, 1, 4, 5, 8, 7, 9, 6, 10, 11)
{e10,e17} ( 2, 3, 1, 5, 4, 8, 7, 9, 6, 10, 11)
{e10,e18} ( 1, 3, 2, 7, 4, 6, 5, 9, 8, 10, 11)
{e10,e19} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 10, 11)

{e10,e20}
{e11,e12} {e11,e19} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11)

{e12,e19} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11)
{e13,e14} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 10, 11)
{e13,e18} ( 1, 3, 2, 4, 7, 6, 5, 9, 8, 10, 11)
{e14,e18} ( 1, 3, 2, 5, 7, 6, 4, 9, 8, 10, 11)
{e15,e16} ( 2, 3, 1, 4, 7, 8, 5, 9, 6, 11, 10)
{e15,e17} ( 2, 3, 1, 5, 7, 8, 4, 9, 6, 11, 10)
{e16,e17} ( 2, 3, 1, 4, 5, 8, 7, 9, 6, 10, 11)

{e11,e13} {e11,e16} ( 2, 1, 3, 4, 5, 8, 7, 6, 9, 10, 11)
{e12,e14} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 11)
{e12,e17} ( 2, 1, 3, 5, 4, 8, 7, 6, 9, 10, 11)
{e13,e16} ( 3, 1, 2, 4, 5, 9, 7, 6, 8, 10, 11)
{e14,e17} ( 3, 1, 2, 5, 4, 9, 7, 6, 8, 10, 11)
{e15,e18} ( 3, 1, 2, 7, 4, 9, 5, 6, 8, 11, 10)
{e15,e19} ( 2, 1, 3, 7, 4, 8, 5, 6, 9, 11, 10)
{e18,e19} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 11, 10)

{e11,e14} {e11,e15} ( 2, 1, 3, 4, 7, 8, 5, 6, 9, 10, 11)
Continua na próxima página . . .
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{e11,e17} ( 2, 1, 3, 4, 5, 8, 7, 6, 9, 10, 11)
{e11,e18} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11)
{e12,e13} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 11)
{e12,e15} ( 2, 1, 3, 5, 7, 8, 4, 6, 9, 10, 11)
{e12,e16} ( 2, 1, 3, 5, 4, 8, 7, 6, 9, 10, 11)
{e12,e18} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11)
{e13,e15} ( 3, 1, 2, 4, 7, 9, 5, 6, 8, 10, 11)
{e13,e17} ( 3, 1, 2, 4, 5, 9, 7, 6, 8, 10, 11)
{e13,e19} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 11, 10)
{e14,e15} ( 3, 1, 2, 5, 7, 9, 4, 6, 8, 10, 11)
{e14,e16} ( 3, 1, 2, 5, 4, 9, 7, 6, 8, 10, 11)
{e14,e19} ( 1, 2, 3, 7, 5, 6, 4, 8, 9, 11, 10)
{e16,e18} ( 3, 1, 2, 7, 4, 9, 5, 6, 8, 11, 10)
{e16,e19} ( 2, 1, 3, 7, 4, 8, 5, 6, 9, 11, 10)
{e17,e18} ( 3, 1, 2, 7, 5, 9, 4, 6, 8, 11, 10)
{e17,e19} ( 2, 1, 3, 7, 5, 8, 4, 6, 9, 11, 10)

{e11,e20} {e12,e20} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 11)
{e13,e20} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 10, 11)
{e14,e20} ( 1, 3, 2, 5, 4, 6, 7, 9, 8, 10, 11)
{e15,e20} ( 2, 3, 1, 7, 4, 6, 5, 11, 8, 10, 9)
{e16,e20} ( 2, 3, 1, 4, 5, 6, 7, 11, 8, 10, 9)
{e17,e20} ( 2, 3, 1, 5, 4, 6, 7, 11, 8, 10, 9)
{e18,e20} ( 1, 3, 2, 7, 4, 6, 5, 9, 8, 10, 11)
{e19,e20} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 10, 11)

Tabela B.2: Extensões Binárias da MatróideM(L1) obtida
acrescentando-se 3 elementos deCA.

X X′ ϕ(1 2 3 4 5 6 7 8 9 10 11 12)

{e10,e11,e12} {e10,e11,e19} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11, 12)
{e10,e12,e19} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11, 12)
{e10,e13,e14} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 10, 11, 12)
{e10,e13,e18} ( 1, 3, 2, 4, 7, 6, 5, 9, 8, 10, 11, 12)
{e10,e14,e18} ( 1, 3, 2, 5, 7, 6, 4, 9, 8, 10, 11, 12)
{e10,e15,e16} ( 2, 3, 1, 4, 7, 8, 5, 9, 6, 10, 12, 11)
{e10,e15,e17} ( 2, 3, 1, 5, 7, 8, 4, 9, 6, 10, 12, 11)
{e10,e16,e17} ( 2, 3, 1, 4, 5, 8, 7, 9, 6, 10, 11, 12)
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{e10,e11,e13} {e10,e11,e16} ( 2, 1, 3, 4, 5, 8, 7, 6, 9, 10, 11, 12)
{e10,e12,e14} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 11, 12)
{e10,e12,e17} ( 2, 1, 3, 5, 4, 8, 7, 6, 9, 10, 11, 12)
{e10,e13,e16} ( 3, 1, 2, 4, 5, 9, 7, 6, 8, 10, 11, 12)
{e10,e14,e17} ( 3, 1, 2, 5, 4, 9, 7, 6, 8, 10, 11, 12)
{e10,e15,e18} ( 3, 1, 2, 7, 4, 9, 5, 6, 8, 10, 12, 11)
{e10,e15,e19} ( 2, 1, 3, 7, 4, 8, 5, 6, 9, 10, 12, 11)
{e10,e18,e19} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 10, 12, 11)
{e11,e13,e16} ( 4, 10, 11, 1, 5, 6, 7, 8, 9, 12, 2, 3)
{e12,e14,e17} ( 5, 10, 11, 1, 4, 6, 7, 8, 9, 12, 2, 3)
{e15,e18,e19} ( 7, 10, 11, 3, 4, 9, 5, 8, 6, 12, 2, 1)

{e10,e11,e14} {e10,e11,e15} ( 1, 2, 10, 11, 7, 8, 5, 6, 9, 3, 4, 12)
{e10,e11,e17} ( 1, 2, 10, 11, 5, 8, 7, 6, 9, 3, 4, 12)
{e10,e11,e18} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11, 12)
{e10,e12,e13} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 11, 12)
{e10,e12,e15} ( 1, 2, 10, 11, 7, 8, 4, 6, 9, 3, 5, 12)
{e10,e12,e16} ( 1, 2, 10, 11, 4, 8, 7, 6, 9, 3, 5, 12)
{e10,e12,e18} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11, 12)
{e10,e13,e15} ( 1, 3, 10, 11, 7, 9, 5, 6, 8, 2, 4, 12)
{e10,e13,e17} ( 1, 3, 10, 11, 5, 9, 7, 6, 8, 2, 4, 12)
{e10,e13,e19} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 10, 12, 11)
{e10,e14,e15} ( 1, 3, 10, 11, 7, 9, 4, 6, 8, 2, 5, 12)
{e10,e14,e16} ( 1, 3, 10, 11, 4, 9, 7, 6, 8, 2, 5, 12)
{e10,e14,e19} ( 1, 2, 3, 7, 5, 6, 4, 8, 9, 10, 12, 11)
{e10,e16,e18} ( 1, 3, 10, 12, 4, 9, 5, 6, 8, 2, 7, 11)
{e10,e16,e19} ( 1, 2, 10, 12, 4, 8, 5, 6, 9, 3, 7, 11)
{e10,e17,e18} ( 1, 3, 10, 12, 5, 9, 4, 6, 8, 2, 7, 11)
{e10,e17,e19} ( 1, 2, 10, 12, 5, 8, 4, 6, 9, 3, 7, 11)
{e11,e13,e15} ( 2, 3, 10, 9, 4, 12, 6, 7, 5, 11, 8, 1)
{e11,e13,e17} ( 2, 3, 10, 9, 4, 12, 6, 5, 7, 11, 8, 1)
{e11,e14,e16} ( 1, 3, 10, 9, 4, 11, 8, 5, 7, 12, 6, 2)
{e11,e14,e17} ( 1, 2, 11, 8, 5, 10, 9, 4, 7, 12, 6, 3)
{e11,e15,e18} ( 1, 2, 12, 8, 7, 10, 9, 4, 5, 11, 6, 3)
{e11,e16,e18} ( 1, 3, 10, 9, 4, 12, 8, 7, 5, 11, 6, 2)
{e12,e13,e16} ( 1, 2, 11, 8, 4, 10, 9, 5, 7, 12, 6, 3)
{e12,e13,e17} ( 1, 3, 10, 9, 5, 11, 8, 4, 7, 12, 6, 2)
{e12,e14,e15} ( 2, 3, 10, 9, 5, 12, 6, 7, 4, 11, 8, 1)
{e12,e14,e16} ( 2, 3, 10, 9, 5, 12, 6, 4, 7, 11, 8, 1)
{e12,e15,e18} ( 1, 2, 12, 8, 7, 10, 9, 5, 4, 11, 6, 3)
{e12,e17,e18} ( 1, 3, 10, 9, 5, 12, 8, 7, 4, 11, 6, 2)
{e13,e15,e19} ( 1, 3, 12, 9, 7, 10, 8, 4, 5, 11, 6, 2)
{e13,e16,e19} ( 1, 2, 10, 8, 4, 12, 9, 7, 5, 11, 6, 3)
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{e14,e15,e19} ( 1, 3, 12, 9, 7, 10, 8, 5, 4, 11, 6, 2)
{e14,e17,e19} ( 1, 2, 10, 8, 5, 12, 9, 7, 4, 11, 6, 3)
{e16,e18,e19} ( 2, 3, 12, 9, 7, 10, 6, 4, 5, 11, 8, 1)
{e17,e18,e19} ( 2, 3, 12, 9, 7, 10, 6, 5, 4, 11, 8, 1)

{e10,e11,e20} {e10,e12,e20} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 11, 12)
{e10,e13,e20} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 10, 11, 12)
{e10,e14,e20} ( 1, 3, 2, 5, 4, 6, 7, 9, 8, 10, 11, 12)
{e10,e15,e20} ( 2, 3, 1, 7, 4, 6, 5, 12, 8, 10, 11, 9)
{e10,e16,e20} ( 2, 3, 1, 4, 5, 6, 7, 12, 8, 10, 11, 9)
{e10,e17,e20} ( 2, 3, 1, 5, 4, 6, 7, 12, 8, 10, 11, 9)
{e10,e18,e20} ( 1, 3, 2, 7, 4, 6, 5, 9, 8, 10, 11, 12)
{e10,e19,e20} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 10, 11, 12)

{e11,e12,e13} {e11,e12,e14} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 11, 10, 12)
{e11,e12,e16} ( 1, 2, 3, 10, 11, 6, 7, 8, 9, 4, 5, 12)
{e11,e12,e17} ( 1, 2, 3, 11, 10, 6, 7, 8, 9, 5, 4, 12)
{e11,e13,e14} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 11, 12, 10)
{e11,e13,e18} ( 1, 3, 2, 4, 7, 6, 5, 9, 8, 11, 12, 10)
{e11,e13,e19} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 12, 11)
{e11,e15,e16} ( 2, 3, 1, 4, 7, 8, 5, 9, 6, 12, 11, 10)
{e11,e15,e19} ( 1, 2, 3, 12, 10, 6, 5, 8, 9, 7, 4, 11)
{e11,e16,e17} ( 2, 3, 1, 4, 5, 8, 7, 9, 6, 11, 12, 10)
{e11,e16,e19} ( 1, 2, 3, 10, 12, 6, 5, 8, 9, 4, 7, 11)
{e11,e18,e19} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 12, 10, 11)
{e12,e13,e14} ( 1, 3, 2, 5, 4, 6, 7, 9, 8, 12, 11, 10)
{e12,e14,e18} ( 1, 3, 2, 5, 7, 6, 4, 9, 8, 11, 12, 10)
{e12,e14,e19} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 12, 11)
{e12,e15,e17} ( 2, 3, 1, 5, 7, 8, 4, 9, 6, 12, 11, 10)
{e12,e15,e19} ( 1, 2, 3, 12, 10, 6, 4, 8, 9, 7, 5, 11)
{e12,e16,e17} ( 2, 3, 1, 5, 4, 8, 7, 9, 6, 12, 11, 10)
{e12,e17,e19} ( 1, 2, 3, 10, 12, 6, 4, 8, 9, 5, 7, 11)
{e12,e18,e19} ( 1, 2, 3, 7, 5, 6, 4, 8, 9, 12, 10, 11)
{e13,e14,e16} ( 1, 3, 2, 10, 11, 6, 7, 9, 8, 4, 5, 12)
{e13,e14,e17} ( 1, 3, 2, 11, 10, 6, 7, 9, 8, 5, 4, 12)
{e13,e15,e16} ( 2, 3, 1, 12, 11, 8, 5, 9, 6, 4, 7, 10)
{e13,e15,e18} ( 1, 3, 2, 12, 10, 6, 5, 9, 8, 7, 4, 11)
{e13,e16,e17} ( 2, 3, 1, 11, 12, 8, 7, 9, 6, 4, 5, 10)
{e13,e16,e18} ( 1, 3, 2, 10, 12, 6, 5, 9, 8, 4, 7, 11)
{e13,e18,e19} ( 1, 3, 2, 7, 4, 6, 5, 9, 8, 11, 10, 12)
{e14,e15,e17} ( 2, 3, 1, 12, 11, 8, 4, 9, 6, 5, 7, 10)
{e14,e15,e18} ( 1, 3, 2, 12, 10, 6, 4, 9, 8, 7, 5, 11)
{e14,e16,e17} ( 2, 3, 1, 12, 11, 8, 7, 9, 6, 5, 4, 10)
{e14,e17,e18} ( 1, 3, 2, 10, 12, 6, 4, 9, 8, 5, 7, 11)
{e14,e18,e19} ( 1, 3, 2, 7, 5, 6, 4, 9, 8, 11, 10, 12)
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{e15,e16,e18} ( 2, 3, 1, 10, 11, 8, 5, 9, 6, 7, 4, 12)
{e15,e16,e19} ( 2, 3, 1, 7, 4, 8, 5, 9, 6, 10, 11, 12)
{e15,e17,e18} ( 2, 3, 1, 10, 11, 8, 4, 9, 6, 7, 5, 12)
{e15,e17,e19} ( 2, 3, 1, 7, 5, 8, 4, 9, 6, 10, 11, 12)

{e11,e12,e15} {e11,e12,e18} ( 2, 1, 3, 4, 5, 8, 7, 6, 9, 10, 11, 12)
{e11,e14,e18} ( 3, 1, 2, 5, 7, 9, 4, 6, 8, 11, 12, 10)
{e11,e14,e19} ( 2, 1, 3, 4, 7, 8, 5, 6, 9, 10, 12, 11)
{e11,e14,e20} ( 2, 1, 11, 6, 12, 4, 5, 10, 7, 8, 9, 3)
{e11,e15,e17} ( 3, 2, 1, 5, 7, 9, 4, 8, 6, 12, 11, 10)
{e11,e15,e20} ( 1, 2, 11, 6, 9, 4, 7, 10, 5, 8, 12, 3)
{e11,e17,e19} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 12, 11)
{e11,e17,e20} ( 1, 2, 11, 6, 9, 4, 5, 10, 7, 8, 12, 3)
{e11,e18,e20} ( 2, 1, 11, 6, 12, 4, 7, 10, 5, 8, 9, 3)
{e12,e13,e18} ( 3, 1, 2, 4, 7, 9, 5, 6, 8, 11, 12, 10)
{e12,e13,e19} ( 2, 1, 3, 5, 7, 8, 4, 6, 9, 10, 12, 11)
{e12,e13,e20} ( 2, 1, 11, 6, 12, 5, 4, 10, 7, 8, 9, 3)
{e12,e15,e16} ( 3, 2, 1, 4, 7, 9, 5, 8, 6, 12, 11, 10)
{e12,e15,e20} ( 1, 2, 11, 6, 9, 5, 7, 10, 4, 8, 12, 3)
{e12,e16,e19} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 12, 11)
{e12,e16,e20} ( 1, 2, 11, 6, 9, 5, 4, 10, 7, 8, 12, 3)
{e12,e18,e20} ( 2, 1, 11, 6, 12, 5, 7, 10, 4, 8, 9, 3)
{e13,e14,e15} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 10, 11, 12)
{e13,e14,e19} ( 3, 1, 2, 4, 5, 9, 7, 6, 8, 10, 11, 12)
{e13,e15,e17} ( 2, 3, 1, 5, 7, 8, 4, 9, 6, 12, 11, 10)
{e13,e15,e20} ( 1, 3, 11, 6, 8, 4, 7, 10, 5, 9, 12, 2)
{e13,e17,e18} ( 1, 3, 2, 4, 7, 6, 5, 9, 8, 10, 12, 11)
{e13,e17,e20} ( 1, 3, 11, 6, 8, 4, 5, 10, 7, 9, 12, 2)
{e13,e19,e20} ( 2, 1, 10, 6, 12, 7, 4, 11, 5, 8, 9, 3)
{e14,e15,e16} ( 2, 3, 1, 4, 7, 8, 5, 9, 6, 12, 11, 10)
{e14,e15,e20} ( 1, 3, 11, 6, 8, 5, 7, 10, 4, 9, 12, 2)
{e14,e16,e18} ( 1, 3, 2, 5, 7, 6, 4, 9, 8, 10, 12, 11)
{e14,e16,e20} ( 1, 3, 11, 6, 8, 5, 4, 10, 7, 9, 12, 2)
{e14,e19,e20} ( 2, 1, 10, 6, 12, 7, 5, 11, 4, 8, 9, 3)
{e16,e17,e18} ( 2, 3, 1, 4, 5, 8, 7, 9, 6, 10, 11, 12)
{e16,e17,e19} ( 3, 2, 1, 4, 5, 9, 7, 8, 6, 10, 11, 12)
{e16,e18,e20} ( 1, 3, 10, 6, 8, 7, 4, 11, 5, 9, 12, 2)
{e16,e19,e20} ( 1, 2, 10, 6, 9, 7, 4, 11, 5, 8, 12, 3)
{e17,e18,e20} ( 1, 3, 10, 6, 8, 7, 5, 11, 4, 9, 12, 2)
{e17,e19,e20} ( 1, 2, 10, 6, 9, 7, 5, 11, 4, 8, 12, 3)

{e11,e12,e19} {e11,e12,e20} ( 4, 10, 3, 1, 6, 11, 12, 5, 7, 2, 8, 9)
{e11,e19,e20} ( 4, 10, 3, 1, 6, 11, 12, 7, 5, 2, 8, 9)
{e12,e19,e20} ( 5, 10, 3, 1, 6, 11, 12, 7, 4, 2, 8, 9)
{e13,e14,e18} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 10, 11, 12)
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{e13,e14,e20} ( 4, 10, 2, 1, 6, 11, 12, 5, 7, 3, 9, 8)
{e13,e18,e20} ( 4, 10, 2, 1, 6, 11, 12, 7, 5, 3, 9, 8)
{e14,e18,e20} ( 5, 10, 2, 1, 6, 11, 12, 7, 4, 3, 9, 8)
{e15,e16,e17} ( 2, 3, 1, 4, 5, 8, 7, 9, 6, 11, 12, 10)
{e15,e16,e20} ( 4, 11, 1, 2, 6, 10, 9, 7, 5, 3, 12, 8)
{e15,e17,e20} ( 5, 11, 1, 2, 6, 10, 9, 7, 4, 3, 12, 8)
{e16,e17,e20} ( 4, 10, 1, 2, 6, 11, 9, 5, 7, 3, 12, 8)

{e11,e13,e20} {e11,e16,e20} ( 2, 1, 3, 4, 5, 6, 7, 8, 12, 10, 11, 9)
{e12,e14,e20} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 11, 12)
{e12,e17,e20} ( 2, 1, 3, 5, 4, 6, 7, 8, 12, 10, 11, 9)
{e13,e16,e20} ( 3, 1, 2, 4, 5, 6, 7, 9, 12, 10, 11, 8)
{e14,e17,e20} ( 3, 1, 2, 5, 4, 6, 7, 9, 12, 10, 11, 8)
{e15,e18,e20} ( 3, 1, 2, 7, 4, 6, 5, 9, 12, 11, 10, 8)
{e15,e19,e20} ( 2, 1, 3, 7, 4, 6, 5, 8, 12, 11, 10, 9)
{e18,e19,e20} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 11, 10, 12)

{e11,e14,e15} {e11,e17,e18} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 12, 11)
{e12,e13,e15} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 11, 12)
{e12,e16,e18} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 12, 11)
{e13,e17,e19} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 12, 10, 11)
{e14,e16,e19} ( 1, 2, 3, 7, 5, 6, 4, 8, 9, 12, 10, 11)

Tabela B.3: Extensões Binárias da MatróideM(L1) obtida
acrescentando-se 4 elementos deCA.

X X′ ϕ(1 2 3 4 5 6 7 8 9 10 11 12 13)

{e10,e11,e12,e13} {e10,e11,e12,e14} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 12, 11, 13)
{e10,e11,e12,e16} ( 1, 2, 3, 11, 12, 6, 7, 8, 9, 10, 4, 5, 13)
{e10,e11,e12,e17} ( 1, 2, 3, 12, 11, 6, 7, 8, 9, 10, 5, 4, 13)
{e10,e11,e13,e14} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 10, 12, 13, 11)
{e10,e11,e13,e15} ( 1, 10, 2, 11, 7, 8, 5, 9, 6, 3, 12, 13, 4)
{e10,e11,e13,e17} ( 1, 10, 2, 11, 5, 8, 7, 9, 6, 3, 12, 13, 4)
{e10,e11,e13,e18} ( 1, 3, 2, 4, 7, 6, 5, 9, 8, 10, 12, 13, 11)
{e10,e11,e13,e19} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11, 13, 12)
{e10,e11,e14,e16} ( 2, 10, 1, 11, 5, 6, 7, 9, 8, 3, 13, 12, 4)
{e10,e11,e14,e17} ( 3, 10, 1, 12, 4, 6, 7, 8, 9, 2, 13, 11, 5)
{e10,e11,e15,e16} ( 2, 3, 1, 4, 7, 8, 5, 9, 6, 10, 13, 12, 11)
{e10,e11,e15,e18} ( 3, 10, 1, 13, 4, 6, 5, 8, 9, 2, 12, 11, 7)
{e10,e11,e15,e19} ( 1, 2, 3, 13, 11, 6, 5, 8, 9, 10, 7, 4, 12)
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{e10,e11,e16,e17} ( 2, 3, 1, 4, 5, 8, 7, 9, 6, 10, 12, 13, 11)
{e10,e11,e16,e18} ( 2, 10, 1, 11, 7, 6, 5, 9, 8, 3, 12, 13, 4)
{e10,e11,e16,e19} ( 1, 2, 3, 11, 13, 6, 5, 8, 9, 10, 4, 7, 12)
{e10,e11,e18,e19} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 10, 13, 11, 12)
{e10,e12,e13,e14} ( 1, 3, 2, 5, 4, 6, 7, 9, 8, 10, 13, 12, 11)
{e10,e12,e13,e16} ( 3, 10, 1, 12, 5, 6, 7, 8, 9, 2, 13, 11, 4)
{e10,e12,e13,e17} ( 2, 10, 1, 11, 4, 6, 7, 9, 8, 3, 13, 12, 5)
{e10,e12,e14,e15} ( 1, 10, 2, 11, 7, 8, 4, 9, 6, 3, 12, 13, 5)
{e10,e12,e14,e16} ( 1, 10, 2, 11, 4, 8, 7, 9, 6, 3, 12, 13, 5)
{e10,e12,e14,e18} ( 1, 3, 2, 5, 7, 6, 4, 9, 8, 10, 12, 13, 11)
{e10,e12,e14,e19} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11, 13, 12)
{e10,e12,e15,e17} ( 2, 3, 1, 5, 7, 8, 4, 9, 6, 10, 13, 12, 11)
{e10,e12,e15,e18} ( 3, 10, 1, 13, 5, 6, 4, 8, 9, 2, 12, 11, 7)
{e10,e12,e15,e19} ( 1, 2, 3, 13, 11, 6, 4, 8, 9, 10, 7, 5, 12)
{e10,e12,e16,e17} ( 2, 3, 1, 5, 4, 8, 7, 9, 6, 10, 13, 12, 11)
{e10,e12,e17,e18} ( 2, 10, 1, 11, 7, 6, 4, 9, 8, 3, 12, 13, 5)
{e10,e12,e17,e19} ( 1, 2, 3, 11, 13, 6, 4, 8, 9, 10, 5, 7, 12)
{e10,e12,e18,e19} ( 1, 2, 3, 7, 5, 6, 4, 8, 9, 10, 13, 11, 12)
{e10,e13,e14,e16} ( 1, 3, 2, 11, 12, 6, 7, 9, 8, 10, 4, 5, 13)
{e10,e13,e14,e17} ( 1, 3, 2, 12, 11, 6, 7, 9, 8, 10, 5, 4, 13)
{e10,e13,e15,e16} ( 2, 3, 1, 13, 12, 8, 5, 9, 6, 10, 4, 7, 11)
{e10,e13,e15,e18} ( 1, 3, 2, 13, 11, 6, 5, 9, 8, 10, 7, 4, 12)
{e10,e13,e15,e19} ( 2, 10, 1, 13, 4, 6, 5, 9, 8, 3, 12, 11, 7)
{e10,e13,e16,e17} ( 2, 3, 1, 12, 13, 8, 7, 9, 6, 10, 4, 5, 11)
{e10,e13,e16,e18} ( 1, 3, 2, 11, 13, 6, 5, 9, 8, 10, 4, 7, 12)
{e10,e13,e16,e19} ( 3, 10, 1, 11, 7, 6, 5, 8, 9, 2, 12, 13, 4)
{e10,e13,e18,e19} ( 1, 3, 2, 7, 4, 6, 5, 9, 8, 10, 12, 11, 13)
{e10,e14,e15,e17} ( 2, 3, 1, 13, 12, 8, 4, 9, 6, 10, 5, 7, 11)
{e10,e14,e15,e18} ( 1, 3, 2, 13, 11, 6, 4, 9, 8, 10, 7, 5, 12)
{e10,e14,e15,e19} ( 2, 10, 1, 13, 5, 6, 4, 9, 8, 3, 12, 11, 7)
{e10,e14,e16,e17} ( 2, 3, 1, 13, 12, 8, 7, 9, 6, 10, 5, 4, 11)
{e10,e14,e17,e18} ( 1, 3, 2, 11, 13, 6, 4, 9, 8, 10, 5, 7, 12)
{e10,e14,e17,e19} ( 3, 10, 1, 11, 7, 6, 4, 8, 9, 2, 12, 13, 5)
{e10,e14,e18,e19} ( 1, 3, 2, 7, 5, 6, 4, 9, 8, 10, 12, 11, 13)
{e10,e15,e16,e18} ( 2, 3, 1, 11, 12, 8, 5, 9, 6, 10, 7, 4, 13)
{e10,e15,e16,e19} ( 2, 3, 1, 7, 4, 8, 5, 9, 6, 10, 11, 12, 13)
{e10,e15,e17,e18} ( 2, 3, 1, 11, 12, 8, 4, 9, 6, 10, 7, 5, 13)
{e10,e15,e17,e19} ( 2, 3, 1, 7, 5, 8, 4, 9, 6, 10, 11, 12, 13)
{e10,e16,e18,e19} ( 1, 10, 2, 13, 4, 8, 5, 9, 6, 3, 12, 11, 7)
{e10,e17,e18,e19} ( 1, 10, 2, 13, 5, 8, 4, 9, 6, 3, 12, 11, 7)
{e11,e12,e13,e16} ( 1, 2, 12, 4, 8, 11, 9, 5, 7, 13, 10, 6, 3)
{e11,e12,e14,e17} ( 1, 2, 12, 5, 8, 10, 9, 4, 7, 13, 11, 6, 3)
{e11,e13,e14,e16} ( 1, 3, 10, 4, 9, 12, 8, 5, 7, 13, 11, 6, 2)
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{e11,e13,e15,e16} ( 2, 3, 10, 4, 9, 12, 6, 7, 5, 11, 13, 8, 1)
{e11,e13,e16,e17} ( 2, 3, 10, 4, 9, 13, 6, 5, 7, 11, 12, 8, 1)
{e11,e13,e16,e18} ( 1, 3, 10, 4, 9, 13, 8, 7, 5, 12, 11, 6, 2)
{e11,e13,e16,e19} ( 1, 2, 11, 4, 8, 13, 9, 7, 5, 12, 10, 6, 3)
{e11,e15,e18,e19} ( 1, 2, 11, 13, 8, 4, 9, 10, 5, 12, 7, 6, 3)
{e12,e13,e14,e17} ( 1, 3, 10, 5, 9, 11, 8, 4, 7, 13, 12, 6, 2)
{e12,e14,e15,e17} ( 2, 3, 10, 5, 9, 12, 6, 7, 4, 11, 13, 8, 1)
{e12,e14,e16,e17} ( 2, 3, 10, 5, 9, 12, 6, 4, 7, 11, 13, 8, 1)
{e12,e14,e17,e18} ( 1, 3, 10, 5, 9, 13, 8, 7, 4, 12, 11, 6, 2)
{e12,e14,e17,e19} ( 1, 2, 11, 5, 8, 13, 9, 7, 4, 12, 10, 6, 3)
{e12,e15,e18,e19} ( 1, 2, 11, 13, 8, 5, 9, 10, 4, 12, 7, 6, 3)
{e13,e15,e18,e19} ( 1, 3, 11, 12, 9, 4, 8, 10, 5, 13, 7, 6, 2)
{e14,e15,e18,e19} ( 1, 3, 11, 12, 9, 5, 8, 10, 4, 13, 7, 6, 2)
{e15,e16,e18,e19} ( 2, 3, 12, 10, 9, 4, 6, 11, 5, 13, 7, 8, 1)
{e15,e17,e18,e19} ( 2, 3, 12, 10, 9, 5, 6, 11, 4, 13, 7, 8, 1)

{e10,e11,e12,e15} {e10,e11,e12,e18} ( 1, 2, 10, 4, 12, 8, 7, 6, 9, 3, 11, 5, 13)
{e10,e11,e14,e18} ( 1, 3, 10, 5, 13, 9, 4, 6, 8, 2, 12, 7, 11)
{e10,e11,e14,e19} ( 1, 2, 10, 4, 13, 8, 5, 6, 9, 3, 11, 7, 12)
{e10,e11,e15,e17} ( 1, 10, 3, 5, 12, 9, 11, 8, 6, 2, 13, 7, 4)
{e10,e11,e17,e19} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11, 13, 12)
{e10,e12,e13,e18} ( 1, 3, 10, 4, 13, 9, 5, 6, 8, 2, 12, 7, 11)
{e10,e12,e13,e19} ( 1, 2, 10, 5, 13, 8, 4, 6, 9, 3, 11, 7, 12)
{e10,e12,e15,e16} ( 1, 10, 3, 4, 12, 9, 11, 8, 6, 2, 13, 7, 5)
{e10,e12,e16,e19} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11, 13, 12)
{e10,e13,e14,e15} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 10, 11, 12, 13)
{e10,e13,e14,e19} ( 1, 3, 10, 4, 12, 9, 7, 6, 8, 2, 11, 5, 13)
{e10,e13,e15,e17} ( 1, 10, 2, 5, 12, 8, 11, 9, 6, 3, 13, 7, 4)
{e10,e13,e17,e18} ( 1, 3, 2, 4, 7, 6, 5, 9, 8, 10, 11, 13, 12)
{e10,e14,e15,e16} ( 1, 10, 2, 4, 12, 8, 11, 9, 6, 3, 13, 7, 5)
{e10,e14,e16,e18} ( 1, 3, 2, 5, 7, 6, 4, 9, 8, 10, 11, 13, 12)
{e10,e16,e17,e18} ( 1, 10, 2, 4, 12, 8, 13, 9, 6, 3, 11, 5, 7)
{e10,e16,e17,e19} ( 1, 10, 3, 4, 12, 9, 13, 8, 6, 2, 11, 5, 7)
{e11,e13,e15,e20} ( 2, 3, 11, 6, 8, 7, 4, 12, 5, 10, 13, 9, 1)
{e11,e13,e17,e20} ( 2, 3, 11, 6, 8, 5, 4, 12, 7, 10, 13, 9, 1)
{e11,e14,e16,e20} ( 1, 3, 12, 6, 8, 5, 4, 11, 7, 10, 9, 13, 2)
{e11,e14,e17,e20} ( 1, 2, 12, 6, 9, 4, 5, 10, 7, 11, 8, 13, 3)
{e11,e15,e18,e20} ( 1, 2, 11, 6, 9, 4, 7, 10, 5, 12, 8, 13, 3)
{e11,e16,e18,e20} ( 1, 3, 11, 6, 8, 7, 4, 12, 5, 10, 9, 13, 2)
{e12,e13,e16,e20} ( 1, 2, 12, 6, 9, 5, 4, 10, 7, 11, 8, 13, 3)
{e12,e13,e17,e20} ( 1, 3, 12, 6, 8, 4, 5, 11, 7, 10, 9, 13, 2)
{e12,e14,e15,e20} ( 2, 3, 11, 6, 8, 7, 5, 12, 4, 10, 13, 9, 1)
{e12,e14,e16,e20} ( 2, 3, 11, 6, 8, 4, 5, 12, 7, 10, 13, 9, 1)
{e12,e15,e18,e20} ( 1, 2, 11, 6, 9, 5, 7, 10, 4, 12, 8, 13, 3)
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{e12,e17,e18,e20} ( 1, 3, 11, 6, 8, 7, 5, 12, 4, 10, 9, 13, 2)
{e13,e15,e19,e20} ( 1, 3, 11, 6, 8, 4, 7, 10, 5, 12, 9, 13, 2)
{e13,e16,e19,e20} ( 1, 2, 11, 6, 9, 7, 4, 12, 5, 10, 8, 13, 3)
{e14,e15,e19,e20} ( 1, 3, 11, 6, 8, 5, 7, 10, 4, 12, 9, 13, 2)
{e14,e17,e19,e20} ( 1, 2, 11, 6, 9, 7, 5, 12, 4, 10, 8, 13, 3)
{e16,e18,e19,e20} ( 2, 3, 11, 6, 8, 4, 7, 10, 5, 12, 13, 9, 1)
{e17,e18,e19,e20} ( 2, 3, 11, 6, 8, 5, 7, 10, 4, 12, 13, 9, 1)

{e10,e11,e12,e19} {e10,e11,e12,e20} ( 4, 11, 3, 1, 6, 12, 13, 5, 7, 10, 2, 8, 9)
{e10,e11,e19,e20} ( 4, 11, 3, 1, 6, 12, 13, 7, 5, 10, 2, 8, 9)
{e10,e12,e19,e20} ( 5, 11, 3, 1, 6, 12, 13, 7, 4, 10, 2, 8, 9)
{e10,e13,e14,e18} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 10, 11, 12, 13)
{e10,e13,e14,e20} ( 4, 11, 2, 1, 6, 12, 13, 5, 7, 10, 3, 9, 8)
{e10,e13,e18,e20} ( 4, 11, 2, 1, 6, 12, 13, 7, 5, 10, 3, 9, 8)
{e10,e14,e18,e20} ( 5, 11, 2, 1, 6, 12, 13, 7, 4, 10, 3, 9, 8)
{e10,e15,e16,e17} ( 2, 3, 1, 4, 5, 8, 7, 9, 6, 10, 12, 13, 11)
{e10,e15,e16,e20} ( 4, 12, 1, 2, 6, 11, 9, 7, 5, 10, 3, 13, 8)
{e10,e15,e17,e20} ( 5, 12, 1, 2, 6, 11, 9, 7, 4, 10, 3, 13, 8)
{e10,e16,e17,e20} ( 4, 11, 1, 2, 6, 12, 9, 5, 7, 10, 3, 13, 8)

{e10,e11,e13,e16} {e10,e12,e14,e17} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 11, 12, 13)
{e10,e15,e18,e19} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 10, 13, 12, 11)

{e10,e11,e13,e20} {e10,e11,e16,e20} ( 2, 1, 3, 4, 5, 6, 7, 8, 13, 10, 11, 12, 9)
{e10,e12,e14,e20} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 11, 12, 13)
{e10,e12,e17,e20} ( 2, 1, 3, 5, 4, 6, 7, 8, 13, 10, 11, 12, 9)
{e10,e13,e16,e20} ( 3, 1, 2, 4, 5, 6, 7, 9, 13, 10, 11, 12, 8)
{e10,e14,e17,e20} ( 3, 1, 2, 5, 4, 6, 7, 9, 13, 10, 11, 12, 8)
{e10,e15,e18,e20} ( 3, 1, 2, 7, 4, 6, 5, 9, 13, 10, 12, 11, 8)
{e10,e15,e19,e20} ( 2, 1, 3, 7, 4, 6, 5, 8, 13, 10, 12, 11, 9)
{e10,e18,e19,e20} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 10, 12, 11, 13)
{e11,e13,e16,e20} ( 4, 10, 11, 1, 5, 6, 7, 8, 9, 12, 2, 3, 13)
{e12,e14,e17,e20} ( 5, 10, 11, 1, 4, 6, 7, 8, 9, 12, 2, 3, 13)
{e15,e18,e19,e20} ( 7, 10, 11, 3, 4, 6, 5, 13, 9, 12, 2, 1, 8)

{e10,e11,e14,e15} {e10,e11,e17,e18} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11, 13, 12)
{e10,e12,e13,e15} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 11, 12, 13)
{e10,e12,e16,e18} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11, 13, 12)
{e10,e13,e17,e19} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 10, 13, 11, 12)
{e10,e14,e16,e19} ( 1, 2, 3, 7, 5, 6, 4, 8, 9, 10, 13, 11, 12)

{e10,e11,e14,e20} {e10,e11,e15,e20} ( 1, 2, 10, 11, 7, 6, 5, 8, 13, 3, 4, 12, 9)
{e10,e11,e17,e20} ( 1, 2, 10, 11, 5, 6, 7, 8, 13, 3, 4, 12, 9)
{e10,e11,e18,e20} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11, 12, 13)
{e10,e12,e13,e20} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 11, 12, 13)
{e10,e12,e15,e20} ( 1, 2, 10, 11, 7, 6, 4, 8, 13, 3, 5, 12, 9)
{e10,e12,e16,e20} ( 1, 2, 10, 11, 4, 6, 7, 8, 13, 3, 5, 12, 9)
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{e10,e12,e18,e20} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11, 12, 13)
{e10,e13,e15,e20} ( 1, 3, 10, 11, 7, 6, 5, 9, 13, 2, 4, 12, 8)
{e10,e13,e17,e20} ( 1, 3, 10, 11, 5, 6, 7, 9, 13, 2, 4, 12, 8)
{e10,e13,e19,e20} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 10, 12, 11, 13)
{e10,e14,e15,e20} ( 1, 3, 10, 11, 7, 6, 4, 9, 13, 2, 5, 12, 8)
{e10,e14,e16,e20} ( 1, 3, 10, 11, 4, 6, 7, 9, 13, 2, 5, 12, 8)
{e10,e14,e19,e20} ( 1, 2, 3, 7, 5, 6, 4, 8, 9, 10, 12, 11, 13)
{e10,e16,e18,e20} ( 1, 3, 10, 12, 4, 6, 5, 9, 13, 2, 7, 11, 8)
{e10,e16,e19,e20} ( 1, 2, 10, 12, 4, 6, 5, 8, 13, 3, 7, 11, 9)
{e10,e17,e18,e20} ( 1, 3, 10, 12, 5, 6, 4, 9, 13, 2, 7, 11, 8)
{e10,e17,e19,e20} ( 1, 2, 10, 12, 5, 6, 4, 8, 13, 3, 7, 11, 9)
{e11,e12,e15,e18} ( 1, 2, 13, 8, 7, 4, 9, 10, 11, 12, 6, 3, 5)
{e11,e13,e15,e17} ( 2, 3, 10, 9, 4, 5, 6, 13, 12, 11, 8, 1, 7)
{e11,e14,e16,e18} ( 1, 3, 10, 9, 4, 5, 8, 11, 13, 12, 6, 2, 7)
{e11,e14,e17,e19} ( 1, 2, 11, 8, 5, 4, 9, 10, 13, 12, 6, 3, 7)
{e12,e13,e16,e19} ( 1, 2, 11, 8, 4, 5, 9, 10, 13, 12, 6, 3, 7)
{e12,e13,e17,e18} ( 1, 3, 10, 9, 5, 4, 8, 11, 13, 12, 6, 2, 7)
{e12,e14,e15,e16} ( 2, 3, 10, 9, 5, 4, 6, 13, 12, 11, 8, 1, 7)
{e13,e14,e15,e19} ( 1, 3, 13, 9, 7, 4, 8, 10, 11, 12, 6, 2, 5)
{e16,e17,e18,e19} ( 2, 3, 13, 9, 7, 4, 6, 10, 11, 12, 8, 1, 5)

{e11,e12,e13,e14} {e11,e12,e16,e17} ( 1, 2, 3, 10, 11, 6, 7, 8, 9, 4, 5, 12, 13)
{e11,e13,e18,e19} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 13, 11, 12)
{e11,e15,e16,e19} ( 1, 2, 3, 10, 13, 6, 5, 8, 9, 4, 7, 12, 11)
{e12,e14,e18,e19} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 13, 11, 12)
{e12,e15,e17,e19} ( 1, 2, 3, 10, 13, 6, 4, 8, 9, 5, 7, 12, 11)
{e13,e14,e16,e17} ( 1, 2, 3, 10, 11, 6, 7, 8, 9, 12, 13, 4, 5)
{e13,e15,e16,e18} ( 1, 2, 3, 10, 13, 6, 5, 8, 9, 12, 11, 4, 7)
{e14,e15,e17,e18} ( 1, 2, 3, 10, 13, 6, 4, 8, 9, 12, 11, 5, 7)

{e11,e12,e13,e15} {e11,e12,e13,e18} ( 2, 1, 3, 10, 11, 8, 7, 6, 9, 4, 5, 12, 13)
{e11,e12,e14,e15} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 11, 10, 12, 13)
{e11,e12,e14,e18} ( 2, 1, 3, 11, 10, 8, 7, 6, 9, 5, 4, 12, 13)
{e11,e12,e15,e16} ( 1, 2, 3, 10, 11, 6, 7, 8, 9, 4, 5, 13, 12)
{e11,e12,e15,e17} ( 1, 2, 3, 11, 10, 6, 7, 8, 9, 5, 4, 13, 12)
{e11,e12,e16,e18} ( 2, 1, 3, 4, 5, 8, 7, 6, 9, 10, 11, 12, 13)
{e11,e12,e17,e18} ( 2, 1, 3, 5, 4, 8, 7, 6, 9, 11, 10, 12, 13)
{e11,e13,e14,e15} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 11, 12, 10, 13)
{e11,e13,e14,e19} ( 2, 1, 3, 10, 13, 8, 5, 6, 9, 4, 7, 11, 12)
{e11,e13,e17,e18} ( 1, 3, 2, 4, 7, 6, 5, 9, 8, 11, 13, 10, 12)
{e11,e13,e17,e19} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 13, 11, 12)
{e11,e14,e15,e16} ( 1, 3, 2, 10, 11, 6, 12, 9, 8, 13, 5, 4, 7)
{e11,e14,e15,e17} ( 1, 2, 3, 11, 10, 6, 12, 8, 9, 13, 4, 5, 7)
{e11,e14,e15,e18} ( 2, 1, 3, 12, 10, 8, 11, 6, 9, 13, 4, 7, 5)
{e11,e14,e15,e19} ( 2, 1, 3, 7, 4, 8, 5, 6, 9, 13, 10, 12, 11)
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{e11,e14,e16,e19} ( 2, 1, 3, 4, 7, 8, 5, 6, 9, 10, 13, 12, 11)
{e11,e14,e17,e18} ( 2, 1, 3, 12, 10, 8, 13, 6, 9, 11, 4, 5, 7)
{e11,e14,e18,e19} ( 2, 1, 3, 13, 10, 8, 5, 6, 9, 7, 4, 12, 11)
{e11,e15,e17,e18} ( 1, 2, 3, 13, 10, 6, 12, 8, 9, 11, 4, 7, 5)
{e11,e15,e17,e19} ( 1, 2, 3, 13, 10, 6, 5, 8, 9, 7, 4, 11, 12)
{e11,e16,e17,e18} ( 1, 3, 2, 10, 13, 6, 12, 9, 8, 11, 7, 4, 5)
{e11,e16,e17,e19} ( 1, 2, 3, 10, 13, 6, 5, 8, 9, 4, 7, 11, 12)
{e11,e17,e18,e19} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 13, 10, 12, 11)
{e12,e13,e14,e15} ( 1, 3, 2, 5, 4, 6, 7, 9, 8, 12, 11, 10, 13)
{e12,e13,e14,e19} ( 2, 1, 3, 10, 13, 8, 4, 6, 9, 5, 7, 12, 11)
{e12,e13,e15,e16} ( 1, 2, 3, 11, 10, 6, 12, 8, 9, 13, 5, 4, 7)
{e12,e13,e15,e17} ( 1, 3, 2, 10, 11, 6, 12, 9, 8, 13, 4, 5, 7)
{e12,e13,e15,e18} ( 2, 1, 3, 12, 10, 8, 11, 6, 9, 13, 5, 7, 4)
{e12,e13,e15,e19} ( 2, 1, 3, 7, 5, 8, 4, 6, 9, 13, 10, 12, 11)
{e12,e13,e16,e18} ( 2, 1, 3, 12, 10, 8, 13, 6, 9, 11, 5, 4, 7)
{e12,e13,e17,e19} ( 2, 1, 3, 5, 7, 8, 4, 6, 9, 10, 13, 12, 11)
{e12,e13,e18,e19} ( 2, 1, 3, 13, 10, 8, 4, 6, 9, 7, 5, 12, 11)
{e12,e14,e16,e18} ( 1, 3, 2, 5, 7, 6, 4, 9, 8, 11, 13, 10, 12)
{e12,e14,e16,e19} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 13, 11, 12)
{e12,e15,e16,e18} ( 1, 2, 3, 13, 10, 6, 12, 8, 9, 11, 5, 7, 4)
{e12,e15,e16,e19} ( 1, 2, 3, 13, 10, 6, 4, 8, 9, 7, 5, 11, 12)
{e12,e16,e17,e18} ( 1, 3, 2, 10, 13, 6, 11, 9, 8, 12, 7, 5, 4)
{e12,e16,e17,e19} ( 1, 2, 3, 10, 13, 6, 4, 8, 9, 5, 7, 12, 11)
{e12,e16,e18,e19} ( 1, 2, 3, 7, 5, 6, 4, 8, 9, 13, 10, 12, 11)
{e13,e14,e15,e16} ( 1, 3, 2, 10, 11, 6, 7, 9, 8, 4, 5, 13, 12)
{e13,e14,e15,e17} ( 1, 3, 2, 11, 10, 6, 7, 9, 8, 5, 4, 13, 12)
{e13,e14,e16,e19} ( 2, 1, 3, 12, 13, 8, 11, 6, 9, 10, 7, 4, 5)
{e13,e14,e17,e19} ( 2, 1, 3, 12, 13, 8, 10, 6, 9, 11, 7, 5, 4)
{e13,e15,e17,e18} ( 1, 3, 2, 13, 10, 6, 5, 9, 8, 7, 4, 11, 12)
{e13,e15,e17,e19} ( 1, 3, 2, 13, 10, 6, 12, 9, 8, 11, 4, 7, 5)
{e13,e16,e17,e18} ( 1, 3, 2, 10, 13, 6, 5, 9, 8, 4, 7, 11, 12)
{e13,e16,e17,e19} ( 1, 2, 3, 10, 13, 6, 12, 8, 9, 11, 7, 4, 5)
{e13,e17,e18,e19} ( 1, 3, 2, 7, 4, 6, 5, 9, 8, 12, 10, 13, 11)
{e14,e15,e16,e18} ( 1, 3, 2, 13, 10, 6, 4, 9, 8, 7, 5, 11, 12)
{e14,e15,e16,e19} ( 1, 3, 2, 13, 10, 6, 12, 9, 8, 11, 5, 7, 4)
{e14,e16,e17,e18} ( 1, 3, 2, 10, 13, 6, 4, 9, 8, 5, 7, 12, 11)
{e14,e16,e17,e19} ( 1, 2, 3, 10, 13, 6, 11, 8, 9, 12, 7, 5, 4)
{e14,e16,e18,e19} ( 1, 3, 2, 7, 5, 6, 4, 9, 8, 12, 10, 13, 11)

{e11,e12,e13,e17} {e11,e12,e14,e16} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 11, 10, 12, 13)
{e11,e13,e14,e17} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 11, 12, 10, 13)
{e11,e13,e15,e18} ( 1, 3, 2, 4, 7, 6, 5, 9, 8, 11, 13, 10, 12)
{e11,e13,e15,e19} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 13, 11, 12)
{e11,e14,e16,e17} ( 2, 3, 1, 4, 5, 8, 7, 9, 6, 12, 13, 10, 11)
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{e11,e15,e16,e18} ( 2, 3, 1, 4, 7, 8, 5, 9, 6, 12, 11, 10, 13)
{e11,e16,e18,e19} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 13, 10, 12, 11)
{e12,e13,e14,e16} ( 1, 3, 2, 5, 4, 6, 7, 9, 8, 12, 11, 10, 13)
{e12,e13,e16,e17} ( 2, 3, 1, 5, 4, 8, 7, 9, 6, 13, 12, 10, 11)
{e12,e14,e15,e18} ( 1, 3, 2, 5, 7, 6, 4, 9, 8, 11, 13, 10, 12)
{e12,e14,e15,e19} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 13, 11, 12)
{e12,e15,e17,e18} ( 2, 3, 1, 5, 7, 8, 4, 9, 6, 12, 11, 10, 13)
{e12,e17,e18,e19} ( 1, 2, 3, 7, 5, 6, 4, 8, 9, 13, 10, 12, 11)
{e13,e15,e16,e19} ( 2, 3, 1, 7, 4, 8, 5, 9, 6, 11, 12, 13, 10)
{e13,e16,e18,e19} ( 1, 3, 2, 7, 4, 6, 5, 9, 8, 12, 10, 13, 11)
{e14,e15,e17,e19} ( 2, 3, 1, 7, 5, 8, 4, 9, 6, 11, 12, 13, 10)
{e14,e17,e18,e19} ( 1, 3, 2, 7, 5, 6, 4, 9, 8, 12, 10, 13, 11)

{e11,e12,e13,e19} {e11,e12,e13,e20} ( 1, 2, 12, 4, 6, 11, 13, 5, 7, 10, 8, 3, 9)
{e11,e12,e14,e19} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 11, 10, 12, 13)
{e11,e12,e14,e20} ( 1, 2, 12, 5, 6, 10, 13, 4, 7, 11, 8, 3, 9)
{e11,e12,e15,e19} ( 1, 2, 3, 13, 4, 6, 11, 8, 9, 7, 10, 12, 5)
{e11,e12,e16,e19} ( 1, 2, 3, 10, 5, 6, 13, 8, 9, 4, 11, 12, 7)
{e11,e12,e16,e20} ( 1, 2, 12, 10, 6, 5, 13, 11, 7, 4, 8, 3, 9)
{e11,e12,e17,e19} ( 1, 2, 3, 11, 4, 6, 13, 8, 9, 5, 10, 12, 7)
{e11,e12,e17,e20} ( 1, 2, 12, 11, 6, 4, 13, 10, 7, 5, 8, 3, 9)
{e11,e12,e18,e19} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 13, 10, 12, 11)
{e11,e13,e14,e18} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 11, 12, 10, 13)
{e11,e13,e14,e20} ( 1, 3, 10, 4, 6, 12, 13, 5, 7, 11, 9, 2, 8)
{e11,e13,e18,e20} ( 1, 3, 10, 4, 6, 12, 13, 7, 5, 11, 9, 2, 8)
{e11,e13,e19,e20} ( 1, 2, 11, 4, 6, 12, 13, 7, 5, 10, 8, 3, 9)
{e11,e15,e16,e17} ( 2, 3, 1, 4, 5, 8, 7, 9, 6, 12, 13, 10, 11)
{e11,e15,e16,e20} ( 2, 3, 10, 4, 6, 11, 9, 7, 5, 12, 13, 1, 8)
{e11,e15,e19,e20} ( 1, 2, 11, 12, 6, 4, 13, 10, 5, 7, 8, 3, 9)
{e11,e16,e17,e20} ( 2, 3, 10, 4, 6, 12, 9, 5, 7, 11, 13, 1, 8)
{e11,e16,e19,e20} ( 1, 2, 11, 10, 6, 7, 13, 12, 5, 4, 8, 3, 9)
{e11,e18,e19,e20} ( 1, 2, 11, 7, 6, 10, 13, 4, 5, 12, 8, 3, 9)
{e12,e13,e14,e18} ( 1, 3, 2, 5, 4, 6, 7, 9, 8, 12, 11, 10, 13)
{e12,e13,e14,e20} ( 1, 3, 10, 5, 6, 11, 13, 4, 7, 12, 9, 2, 8)
{e12,e14,e18,e20} ( 1, 3, 10, 5, 6, 12, 13, 7, 4, 11, 9, 2, 8)
{e12,e14,e19,e20} ( 1, 2, 11, 5, 6, 12, 13, 7, 4, 10, 8, 3, 9)
{e12,e15,e16,e17} ( 2, 3, 1, 5, 4, 8, 7, 9, 6, 13, 12, 10, 11)
{e12,e15,e17,e20} ( 2, 3, 10, 5, 6, 11, 9, 7, 4, 12, 13, 1, 8)
{e12,e15,e19,e20} ( 1, 2, 11, 12, 6, 5, 13, 10, 4, 7, 8, 3, 9)
{e12,e16,e17,e20} ( 2, 3, 10, 5, 6, 11, 9, 4, 7, 12, 13, 1, 8)
{e12,e17,e19,e20} ( 1, 2, 11, 10, 6, 7, 13, 12, 4, 5, 8, 3, 9)
{e12,e18,e19,e20} ( 1, 2, 11, 7, 6, 10, 13, 5, 4, 12, 8, 3, 9)
{e13,e14,e15,e18} ( 1, 3, 2, 13, 4, 6, 11, 9, 8, 7, 10, 12, 5)
{e13,e14,e16,e18} ( 1, 3, 2, 10, 5, 6, 13, 9, 8, 4, 11, 12, 7)
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{e13,e14,e16,e20} ( 1, 3, 12, 10, 6, 5, 13, 11, 7, 4, 9, 2, 8)
{e13,e14,e17,e18} ( 1, 3, 2, 11, 4, 6, 13, 9, 8, 5, 10, 12, 7)
{e13,e14,e17,e20} ( 1, 3, 12, 11, 6, 4, 13, 10, 7, 5, 9, 2, 8)
{e13,e14,e18,e19} ( 1, 3, 2, 7, 4, 6, 5, 9, 8, 12, 10, 13, 11)
{e13,e15,e16,e17} ( 2, 3, 1, 12, 5, 8, 11, 9, 6, 4, 13, 10, 7)
{e13,e15,e16,e20} ( 2, 3, 10, 12, 6, 7, 9, 11, 5, 4, 13, 1, 8)
{e13,e15,e18,e20} ( 1, 3, 11, 12, 6, 4, 13, 10, 5, 7, 9, 2, 8)
{e13,e16,e17,e20} ( 2, 3, 10, 11, 6, 5, 9, 12, 7, 4, 13, 1, 8)
{e13,e16,e18,e20} ( 1, 3, 11, 10, 6, 7, 13, 12, 5, 4, 9, 2, 8)
{e13,e18,e19,e20} ( 1, 3, 12, 7, 6, 10, 13, 4, 5, 11, 9, 2, 8)
{e14,e15,e16,e17} ( 2, 3, 1, 13, 4, 8, 11, 9, 6, 5, 12, 10, 7)
{e14,e15,e17,e20} ( 2, 3, 10, 12, 6, 7, 9, 11, 4, 5, 13, 1, 8)
{e14,e15,e18,e20} ( 1, 3, 11, 12, 6, 5, 13, 10, 4, 7, 9, 2, 8)
{e14,e16,e17,e20} ( 2, 3, 10, 12, 6, 4, 9, 11, 7, 5, 13, 1, 8)
{e14,e17,e18,e20} ( 1, 3, 11, 10, 6, 7, 13, 12, 4, 5, 9, 2, 8)
{e14,e18,e19,e20} ( 1, 3, 12, 7, 6, 10, 13, 5, 4, 11, 9, 2, 8)
{e15,e16,e17,e18} ( 2, 3, 1, 10, 4, 8, 12, 9, 6, 7, 11, 13, 5)
{e15,e16,e17,e19} ( 2, 3, 1, 7, 4, 8, 5, 9, 6, 10, 11, 13, 12)
{e15,e16,e18,e20} ( 2, 3, 12, 10, 6, 4, 9, 11, 5, 7, 13, 1, 8)
{e15,e16,e19,e20} ( 2, 3, 12, 7, 6, 11, 9, 4, 5, 10, 13, 1, 8)
{e15,e17,e18,e20} ( 2, 3, 12, 10, 6, 5, 9, 11, 4, 7, 13, 1, 8)
{e15,e17,e19,e20} ( 2, 3, 12, 7, 6, 11, 9, 5, 4, 10, 13, 1, 8)

{e11,e12,e15,e20} {e11,e12,e18,e20} ( 2, 1, 3, 4, 5, 6, 7, 8, 13, 10, 11, 12, 9)
{e11,e14,e18,e20} ( 3, 1, 2, 5, 7, 6, 4, 9, 13, 11, 12, 10, 8)
{e11,e14,e19,e20} ( 2, 1, 3, 4, 7, 6, 5, 8, 13, 10, 12, 11, 9)
{e11,e15,e17,e20} ( 3, 2, 1, 5, 7, 6, 4, 13, 9, 12, 11, 10, 8)
{e11,e17,e19,e20} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 12, 11, 13)
{e12,e13,e18,e20} ( 3, 1, 2, 4, 7, 6, 5, 9, 13, 11, 12, 10, 8)
{e12,e13,e19,e20} ( 2, 1, 3, 5, 7, 6, 4, 8, 13, 10, 12, 11, 9)
{e12,e15,e16,e20} ( 3, 2, 1, 4, 7, 6, 5, 13, 9, 12, 11, 10, 8)
{e12,e16,e19,e20} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 12, 11, 13)
{e13,e14,e15,e20} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 10, 11, 12, 13)
{e13,e14,e19,e20} ( 3, 1, 2, 4, 5, 6, 7, 9, 13, 10, 11, 12, 8)
{e13,e15,e17,e20} ( 2, 3, 1, 5, 7, 6, 4, 13, 8, 12, 11, 10, 9)
{e13,e17,e18,e20} ( 1, 3, 2, 4, 7, 6, 5, 9, 8, 10, 12, 11, 13)
{e14,e15,e16,e20} ( 2, 3, 1, 4, 7, 6, 5, 13, 8, 12, 11, 10, 9)
{e14,e16,e18,e20} ( 1, 3, 2, 5, 7, 6, 4, 9, 8, 10, 12, 11, 13)
{e16,e17,e18,e20} ( 2, 3, 1, 4, 5, 6, 7, 13, 8, 10, 11, 12, 9)
{e16,e17,e19,e20} ( 3, 2, 1, 4, 5, 6, 7, 13, 9, 10, 11, 12, 8)

{e11,e12,e19,e20} {e13,e14,e18,e20} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 10, 11, 12, 13)
{e15,e16,e17,e20} ( 2, 3, 1, 4, 5, 6, 7, 13, 8, 11, 12, 10, 9)

{e11,e14,e15,e20} {e11,e17,e18,e20} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 12, 11, 13)
{e12,e13,e15,e20} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 11, 12, 13)
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{e12,e16,e18,e20} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 12, 11, 13)
{e13,e17,e19,e20} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 12, 10, 11, 13)
{e14,e16,e19,e20} ( 1, 2, 3, 7, 5, 6, 4, 8, 9, 12, 10, 11, 13)

Tabela B.4: Extensões Binárias da MatróideM(L1) obtida
acrescentando-se 5 elementos deCA.

X X′ ϕ(1 2 3 4 5 6 7 8 9 10 11 12 13 14)

{e10,e11,e12,e13,e14} {e10,e11,e12,e13,e17} ( 1, 2, 10, 5, 11, 8, 7, 6, 9, 3, 12, 4, 14, 13)
{e10,e11,e12,e14,e16} ( 1, 2, 10, 4, 12, 8, 7, 6, 9, 3, 11, 5, 14, 13)
{e10,e11,e12,e16,e17} ( 1, 2, 3, 11, 12, 6, 7, 8, 9, 10, 4, 5, 13, 14)
{e10,e11,e13,e14,e17} ( 1, 3, 10, 5, 12, 9, 7, 6, 8, 2, 13, 4, 14, 11)
{e10,e11,e13,e15,e18} ( 1, 3, 10, 7, 12, 9, 5, 6, 8, 2, 14, 4, 13, 11)
{e10,e11,e13,e15,e19} ( 1, 2, 10, 7, 11, 8, 5, 6, 9, 3, 14, 4, 13, 12)
{e10,e11,e13,e18,e19} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11, 14, 12, 13)
{e10,e11,e14,e16,e17} ( 2, 3, 10, 5, 13, 9, 7, 8, 6, 1, 14, 4, 12, 11)
{e10,e11,e15,e16,e18} ( 2, 3, 10, 7, 13, 9, 5, 8, 6, 1, 12, 4, 14, 11)
{e10,e11,e15,e16,e19} ( 1, 2, 3, 11, 14, 6, 5, 8, 9, 10, 4, 7, 13, 12)
{e10,e11,e16,e18,e19} ( 1, 2, 10, 4, 14, 8, 5, 6, 9, 3, 11, 7, 12, 13)
{e10,e12,e13,e14,e16} ( 1, 3, 10, 4, 13, 9, 7, 6, 8, 2, 12, 5, 14, 11)
{e10,e12,e13,e16,e17} ( 2, 3, 10, 4, 14, 9, 7, 8, 6, 1, 13, 5, 12, 11)
{e10,e12,e14,e15,e18} ( 1, 3, 10, 7, 12, 9, 4, 6, 8, 2, 14, 5, 13, 11)
{e10,e12,e14,e15,e19} ( 1, 2, 10, 7, 11, 8, 4, 6, 9, 3, 14, 5, 13, 12)
{e10,e12,e14,e18,e19} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11, 14, 12, 13)
{e10,e12,e15,e17,e18} ( 2, 3, 10, 7, 13, 9, 4, 8, 6, 1, 12, 5, 14, 11)
{e10,e12,e15,e17,e19} ( 1, 2, 3, 11, 14, 6, 4, 8, 9, 10, 5, 7, 13, 12)
{e10,e12,e17,e18,e19} ( 1, 2, 10, 5, 14, 8, 4, 6, 9, 3, 11, 7, 12, 13)
{e10,e13,e14,e16,e17} ( 1, 2, 3, 11, 12, 6, 7, 8, 9, 10, 13, 14, 4, 5)
{e10,e13,e15,e16,e18} ( 1, 2, 3, 11, 14, 6, 5, 8, 9, 10, 13, 12, 4, 7)
{e10,e13,e15,e16,e19} ( 2, 3, 10, 4, 12, 9, 5, 8, 6, 1, 13, 7, 11, 14)
{e10,e13,e16,e18,e19} ( 1, 3, 10, 4, 13, 9, 5, 6, 8, 2, 11, 7, 12, 14)
{e10,e14,e15,e17,e18} ( 1, 2, 3, 11, 14, 6, 4, 8, 9, 10, 13, 12, 5, 7)
{e10,e14,e15,e17,e19} ( 2, 3, 10, 5, 12, 9, 4, 8, 6, 1, 13, 7, 11, 14)
{e10,e14,e17,e18,e19} ( 1, 3, 10, 5, 13, 9, 4, 6, 8, 2, 11, 7, 12, 14)
{e11,e12,e13,e14,e16} ( 4, 10, 12, 1, 5, 6, 7, 8, 9, 14, 2, 11, 3, 13)
{e11,e12,e13,e14,e17} ( 5, 11, 13, 1, 4, 6, 7, 8, 9, 14, 2, 10, 3, 12)
{e11,e12,e13,e16,e17} ( 4, 10, 13, 2, 5, 8, 7, 6, 9, 12, 1, 11, 3, 14)
{e11,e12,e14,e16,e17} ( 5, 11, 14, 2, 4, 8, 7, 6, 9, 12, 1, 10, 3, 13)
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{e11,e13,e14,e16,e17} ( 4, 11, 13, 3, 5, 9, 7, 6, 8, 10, 1, 12, 2, 14)
{e11,e13,e15,e16,e18} ( 4, 11, 13, 3, 7, 9, 5, 6, 8, 10, 1, 14, 2, 12)
{e11,e13,e15,e16,e19} ( 4, 10, 13, 2, 7, 8, 5, 6, 9, 11, 1, 14, 3, 12)
{e11,e13,e15,e18,e19} ( 7, 13, 14, 1, 4, 6, 5, 9, 8, 12, 3, 11, 2, 10)
{e11,e13,e16,e18,e19} ( 4, 10, 11, 1, 7, 6, 5, 8, 9, 12, 2, 14, 3, 13)
{e11,e15,e16,e18,e19} ( 7, 11, 14, 2, 4, 8, 5, 9, 6, 13, 3, 12, 1, 10)
{e12,e13,e14,e16,e17} ( 5, 12, 14, 3, 4, 9, 7, 6, 8, 10, 1, 11, 2, 13)
{e12,e14,e15,e17,e18} ( 5, 11, 13, 3, 7, 9, 4, 6, 8, 10, 1, 14, 2, 12)
{e12,e14,e15,e17,e19} ( 5, 10, 13, 2, 7, 8, 4, 6, 9, 11, 1, 14, 3, 12)
{e12,e14,e15,e18,e19} ( 7, 13, 14, 1, 5, 6, 4, 9, 8, 12, 3, 11, 2, 10)
{e12,e14,e17,e18,e19} ( 5, 10, 11, 1, 7, 6, 4, 8, 9, 12, 2, 14, 3, 13)
{e12,e15,e17,e18,e19} ( 7, 11, 14, 2, 5, 8, 4, 9, 6, 13, 3, 12, 1, 10)
{e13,e15,e16,e18,e19} ( 7, 11, 13, 3, 4, 9, 5, 8, 6, 14, 2, 12, 1, 10)
{e14,e15,e17,e18,e19} ( 7, 11, 13, 3, 5, 9, 4, 8, 6, 14, 2, 12, 1, 10)

{e10,e11,e12,e13,e15} {e10,e11,e12,e13,e18} ( 1, 2, 10, 11, 5, 8, 7, 6, 9, 3, 4, 12, 13, 14)
{e10,e11,e12,e14,e15} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 12, 11, 13, 14)
{e10,e11,e12,e14,e18} ( 1, 2, 10, 12, 4, 8, 7, 6, 9, 3, 5, 11, 13, 14)
{e10,e11,e12,e15,e16} ( 1, 2, 3, 11, 12, 6, 7, 8, 9, 10, 4, 5, 14, 13)
{e10,e11,e12,e15,e17} ( 1, 2, 3, 12, 11, 6, 7, 8, 9, 10, 5, 4, 14, 13)
{e10,e11,e12,e16,e18} ( 1, 2, 10, 4, 12, 8, 7, 6, 9, 3, 11, 5, 13, 14)
{e10,e11,e12,e17,e18} ( 1, 2, 10, 5, 11, 8, 7, 6, 9, 3, 12, 4, 13, 14)
{e10,e11,e13,e14,e15} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 10, 12, 13, 11, 14)
{e10,e11,e13,e14,e19} ( 1, 2, 10, 11, 7, 8, 5, 6, 9, 3, 4, 14, 12, 13)
{e10,e11,e13,e17,e18} ( 1, 3, 2, 4, 7, 6, 5, 9, 8, 10, 12, 14, 11, 13)
{e10,e11,e13,e17,e19} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11, 14, 12, 13)
{e10,e11,e14,e15,e16} ( 1, 3, 2, 11, 12, 6, 13, 9, 8, 10, 14, 5, 4, 7)
{e10,e11,e14,e15,e17} ( 1, 2, 3, 12, 11, 6, 13, 8, 9, 10, 14, 4, 5, 7)
{e10,e11,e14,e15,e18} ( 1, 2, 10, 13, 4, 8, 12, 6, 9, 3, 14, 11, 7, 5)
{e10,e11,e14,e15,e19} ( 1, 2, 10, 7, 11, 8, 5, 6, 9, 3, 14, 4, 13, 12)
{e10,e11,e14,e16,e19} ( 1, 2, 10, 4, 14, 8, 5, 6, 9, 3, 11, 7, 13, 12)
{e10,e11,e14,e17,e18} ( 1, 2, 10, 13, 4, 8, 14, 6, 9, 3, 12, 11, 5, 7)
{e10,e11,e14,e18,e19} ( 1, 2, 10, 14, 4, 8, 5, 6, 9, 3, 7, 11, 13, 12)
{e10,e11,e15,e17,e18} ( 1, 2, 3, 14, 11, 6, 13, 8, 9, 10, 12, 4, 7, 5)
{e10,e11,e15,e17,e19} ( 1, 2, 3, 14, 11, 6, 5, 8, 9, 10, 7, 4, 12, 13)
{e10,e11,e16,e17,e18} ( 1, 3, 2, 11, 14, 6, 13, 9, 8, 10, 12, 7, 4, 5)
{e10,e11,e16,e17,e19} ( 1, 2, 3, 11, 14, 6, 5, 8, 9, 10, 4, 7, 12, 13)
{e10,e11,e17,e18,e19} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 10, 14, 11, 13, 12)
{e10,e12,e13,e14,e15} ( 1, 3, 2, 5, 4, 6, 7, 9, 8, 10, 13, 12, 11, 14)
{e10,e12,e13,e14,e19} ( 1, 2, 10, 11, 7, 8, 4, 6, 9, 3, 5, 14, 13, 12)
{e10,e12,e13,e15,e16} ( 1, 2, 3, 12, 11, 6, 13, 8, 9, 10, 14, 5, 4, 7)
{e10,e12,e13,e15,e17} ( 1, 3, 2, 11, 12, 6, 13, 9, 8, 10, 14, 4, 5, 7)
{e10,e12,e13,e15,e18} ( 1, 2, 10, 13, 5, 8, 12, 6, 9, 3, 14, 11, 7, 4)
{e10,e12,e13,e15,e19} ( 1, 2, 10, 7, 11, 8, 4, 6, 9, 3, 14, 5, 13, 12)
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{e10,e12,e13,e16,e18} ( 1, 2, 10, 13, 5, 8, 14, 6, 9, 3, 12, 11, 4, 7)
{e10,e12,e13,e17,e19} ( 1, 2, 10, 5, 14, 8, 4, 6, 9, 3, 11, 7, 13, 12)
{e10,e12,e13,e18,e19} ( 1, 2, 10, 14, 5, 8, 4, 6, 9, 3, 7, 11, 13, 12)
{e10,e12,e14,e16,e18} ( 1, 3, 2, 5, 7, 6, 4, 9, 8, 10, 12, 14, 11, 13)
{e10,e12,e14,e16,e19} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11, 14, 12, 13)
{e10,e12,e15,e16,e18} ( 1, 2, 3, 14, 11, 6, 13, 8, 9, 10, 12, 5, 7, 4)
{e10,e12,e15,e16,e19} ( 1, 2, 3, 14, 11, 6, 4, 8, 9, 10, 7, 5, 12, 13)
{e10,e12,e16,e17,e18} ( 1, 3, 2, 11, 14, 6, 12, 9, 8, 10, 13, 7, 5, 4)
{e10,e12,e16,e17,e19} ( 1, 2, 3, 11, 14, 6, 4, 8, 9, 10, 5, 7, 13, 12)
{e10,e12,e16,e18,e19} ( 1, 2, 3, 7, 5, 6, 4, 8, 9, 10, 14, 11, 13, 12)
{e10,e13,e14,e15,e16} ( 1, 3, 2, 11, 12, 6, 7, 9, 8, 10, 4, 5, 14, 13)
{e10,e13,e14,e15,e17} ( 1, 3, 2, 12, 11, 6, 7, 9, 8, 10, 5, 4, 14, 13)
{e10,e13,e14,e16,e19} ( 1, 2, 10, 13, 7, 8, 12, 6, 9, 3, 11, 14, 4, 5)
{e10,e13,e14,e17,e19} ( 1, 2, 10, 13, 7, 8, 11, 6, 9, 3, 12, 14, 5, 4)
{e10,e13,e15,e17,e18} ( 1, 3, 2, 14, 11, 6, 5, 9, 8, 10, 7, 4, 12, 13)
{e10,e13,e15,e17,e19} ( 1, 3, 2, 14, 11, 6, 13, 9, 8, 10, 12, 4, 7, 5)
{e10,e13,e16,e17,e18} ( 1, 3, 2, 11, 14, 6, 5, 9, 8, 10, 4, 7, 12, 13)
{e10,e13,e16,e17,e19} ( 1, 2, 3, 11, 14, 6, 13, 8, 9, 10, 12, 7, 4, 5)
{e10,e13,e17,e18,e19} ( 1, 3, 2, 7, 4, 6, 5, 9, 8, 10, 13, 11, 14, 12)
{e10,e14,e15,e16,e18} ( 1, 3, 2, 14, 11, 6, 4, 9, 8, 10, 7, 5, 12, 13)
{e10,e14,e15,e16,e19} ( 1, 3, 2, 14, 11, 6, 13, 9, 8, 10, 12, 5, 7, 4)
{e10,e14,e16,e17,e18} ( 1, 3, 2, 11, 14, 6, 4, 9, 8, 10, 5, 7, 13, 12)
{e10,e14,e16,e17,e19} ( 1, 2, 3, 11, 14, 6, 12, 8, 9, 10, 13, 7, 5, 4)
{e10,e14,e16,e18,e19} ( 1, 3, 2, 7, 5, 6, 4, 9, 8, 10, 13, 11, 14, 12)
{e11,e12,e13,e15,e16} ( 4, 10, 12, 1, 5, 6, 7, 8, 9, 14, 2, 11, 3, 13)
{e11,e12,e13,e16,e18} ( 4, 10, 13, 2, 5, 8, 7, 6, 9, 12, 1, 11, 3, 14)
{e11,e12,e14,e15,e17} ( 5, 11, 12, 1, 4, 6, 7, 8, 9, 14, 2, 10, 3, 13)
{e11,e12,e14,e17,e18} ( 5, 11, 13, 2, 4, 8, 7, 6, 9, 12, 1, 10, 3, 14)
{e11,e13,e14,e15,e16} ( 4, 11, 10, 1, 5, 6, 7, 9, 8, 14, 3, 12, 2, 13)
{e11,e13,e14,e16,e19} ( 4, 10, 13, 2, 7, 8, 5, 6, 9, 11, 1, 14, 3, 12)
{e11,e13,e16,e17,e18} ( 4, 11, 10, 1, 7, 6, 5, 9, 8, 12, 3, 14, 2, 13)
{e11,e13,e16,e17,e19} ( 4, 10, 11, 1, 7, 6, 5, 8, 9, 12, 2, 14, 3, 13)
{e11,e14,e15,e18,e19} ( 7, 13, 12, 3, 5, 9, 4, 6, 8, 14, 1, 11, 2, 10)
{e11,e15,e17,e18,e19} ( 7, 11, 13, 3, 5, 9, 4, 8, 6, 14, 2, 12, 1, 10)
{e12,e13,e14,e15,e17} ( 5, 12, 10, 1, 4, 6, 7, 9, 8, 14, 3, 11, 2, 13)
{e12,e13,e14,e17,e19} ( 5, 10, 13, 2, 7, 8, 4, 6, 9, 12, 1, 14, 3, 11)
{e12,e13,e15,e18,e19} ( 7, 13, 12, 3, 4, 9, 5, 6, 8, 14, 1, 11, 2, 10)
{e12,e14,e16,e17,e18} ( 5, 11, 10, 1, 7, 6, 4, 9, 8, 13, 3, 14, 2, 12)
{e12,e14,e16,e17,e19} ( 5, 10, 11, 1, 7, 6, 4, 8, 9, 13, 2, 14, 3, 12)
{e12,e15,e16,e18,e19} ( 7, 11, 13, 3, 4, 9, 5, 8, 6, 14, 2, 12, 1, 10)
{e13,e15,e17,e18,e19} ( 7, 11, 14, 2, 5, 8, 4, 9, 6, 13, 3, 12, 1, 10)
{e14,e15,e16,e18,e19} ( 7, 11, 14, 2, 4, 8, 5, 9, 6, 13, 3, 12, 1, 10)

{e10,e11,e12,e13,e16} {e10,e11,e12,e14,e17} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 12, 11, 13, 14)
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{e10,e11,e13,e14,e16} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 10, 12, 13, 11, 14)
{e10,e11,e13,e15,e16} ( 1, 10, 2, 11, 7, 8, 5, 9, 6, 3, 12, 13, 4, 14)
{e10,e11,e13,e16,e17} ( 1, 10, 2, 11, 5, 8, 7, 9, 6, 3, 12, 14, 4, 13)
{e10,e11,e13,e16,e18} ( 1, 3, 2, 4, 7, 6, 5, 9, 8, 10, 12, 14, 11, 13)
{e10,e11,e13,e16,e19} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11, 14, 12, 13)
{e10,e11,e15,e18,e19} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 10, 14, 11, 13, 12)
{e10,e12,e13,e14,e17} ( 1, 3, 2, 5, 4, 6, 7, 9, 8, 10, 13, 12, 11, 14)
{e10,e12,e14,e15,e17} ( 1, 10, 2, 11, 7, 8, 4, 9, 6, 3, 12, 13, 5, 14)
{e10,e12,e14,e16,e17} ( 1, 10, 2, 11, 4, 8, 7, 9, 6, 3, 12, 13, 5, 14)
{e10,e12,e14,e17,e18} ( 1, 3, 2, 5, 7, 6, 4, 9, 8, 10, 12, 14, 11, 13)
{e10,e12,e14,e17,e19} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11, 14, 12, 13)
{e10,e12,e15,e18,e19} ( 1, 2, 3, 7, 5, 6, 4, 8, 9, 10, 14, 11, 13, 12)
{e10,e13,e15,e18,e19} ( 1, 3, 2, 7, 4, 6, 5, 9, 8, 10, 13, 11, 14, 12)
{e10,e14,e15,e18,e19} ( 1, 3, 2, 7, 5, 6, 4, 9, 8, 10, 13, 11, 14, 12)
{e10,e15,e16,e18,e19} ( 1, 10, 2, 13, 12, 8, 5, 9, 6, 3, 14, 4, 11, 7)
{e10,e15,e17,e18,e19} ( 1, 10, 2, 13, 12, 8, 4, 9, 6, 3, 14, 5, 11, 7)

{e10,e11,e12,e13,e19} {e10,e11,e12,e13,e20} ( 4, 11, 3, 1, 6, 12, 14, 5, 7, 10, 2, 8, 13, 9)
{e10,e11,e12,e14,e19} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 12, 11, 13, 14)
{e10,e11,e12,e14,e20} ( 5, 12, 3, 1, 6, 11, 14, 4, 7, 10, 2, 8, 13, 9)
{e10,e11,e12,e15,e18} ( 3, 10, 1, 14, 4, 6, 5, 8, 9, 2, 13, 11, 7, 12)
{e10,e11,e12,e15,e19} ( 1, 2, 3, 14, 4, 6, 12, 8, 9, 10, 7, 11, 13, 5)
{e10,e11,e12,e16,e19} ( 1, 2, 3, 11, 5, 6, 14, 8, 9, 10, 4, 12, 13, 7)
{e10,e11,e12,e16,e20} ( 4, 11, 3, 2, 6, 12, 9, 5, 7, 10, 1, 8, 13, 14)
{e10,e11,e12,e17,e19} ( 1, 2, 3, 12, 4, 6, 14, 8, 9, 10, 5, 11, 13, 7)
{e10,e11,e12,e17,e20} ( 5, 12, 3, 2, 6, 11, 9, 4, 7, 10, 1, 8, 13, 14)
{e10,e11,e12,e18,e19} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 10, 14, 11, 13, 12)
{e10,e11,e13,e14,e18} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 10, 12, 13, 11, 14)
{e10,e11,e13,e14,e20} ( 4, 12, 2, 1, 6, 13, 14, 5, 7, 10, 3, 9, 11, 8)
{e10,e11,e13,e15,e17} ( 1, 10, 2, 11, 5, 8, 7, 9, 6, 3, 12, 14, 4, 13)
{e10,e11,e13,e15,e20} ( 11, 12, 2, 1, 6, 13, 9, 7, 5, 3, 10, 14, 4, 8)
{e10,e11,e13,e17,e20} ( 11, 12, 2, 1, 6, 13, 9, 5, 7, 3, 10, 14, 4, 8)
{e10,e11,e13,e18,e20} ( 4, 12, 2, 1, 6, 13, 14, 7, 5, 10, 3, 9, 11, 8)
{e10,e11,e13,e19,e20} ( 4, 11, 3, 1, 6, 13, 14, 7, 5, 10, 2, 8, 12, 9)
{e10,e11,e14,e16,e18} ( 2, 10, 1, 11, 5, 6, 7, 9, 8, 3, 13, 12, 4, 14)
{e10,e11,e14,e16,e20} ( 11, 13, 1, 2, 6, 12, 14, 5, 7, 3, 10, 9, 4, 8)
{e10,e11,e14,e17,e19} ( 3, 10, 1, 12, 4, 6, 7, 8, 9, 2, 13, 11, 5, 14)
{e10,e11,e14,e17,e20} ( 12, 13, 1, 3, 6, 11, 14, 4, 7, 2, 10, 8, 5, 9)
{e10,e11,e15,e16,e17} ( 2, 3, 1, 4, 5, 8, 7, 9, 6, 10, 13, 14, 11, 12)
{e10,e11,e15,e16,e20} ( 4, 13, 1, 2, 6, 12, 9, 7, 5, 10, 3, 14, 11, 8)
{e10,e11,e15,e18,e20} ( 12, 13, 1, 10, 6, 4, 9, 11, 5, 2, 3, 8, 7, 14)
{e10,e11,e15,e19,e20} ( 7, 13, 3, 2, 6, 11, 9, 4, 5, 10, 1, 8, 12, 14)
{e10,e11,e16,e17,e20} ( 4, 12, 1, 2, 6, 13, 9, 5, 7, 10, 3, 14, 11, 8)
{e10,e11,e16,e18,e20} ( 11, 12, 1, 2, 6, 13, 14, 7, 5, 3, 10, 9, 4, 8)
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{e10,e11,e16,e19,e20} ( 4, 11, 3, 2, 6, 13, 9, 7, 5, 10, 1, 8, 12, 14)
{e10,e11,e18,e19,e20} ( 7, 13, 3, 1, 6, 11, 14, 4, 5, 10, 2, 8, 12, 9)
{e10,e12,e13,e14,e18} ( 1, 3, 2, 5, 4, 6, 7, 9, 8, 10, 13, 12, 11, 14)
{e10,e12,e13,e14,e20} ( 5, 13, 2, 1, 6, 12, 14, 4, 7, 10, 3, 9, 11, 8)
{e10,e12,e13,e16,e19} ( 3, 10, 1, 12, 5, 6, 7, 8, 9, 2, 13, 11, 4, 14)
{e10,e12,e13,e16,e20} ( 12, 13, 1, 3, 6, 11, 14, 5, 7, 2, 10, 8, 4, 9)
{e10,e12,e13,e17,e18} ( 2, 10, 1, 11, 4, 6, 7, 9, 8, 3, 13, 12, 5, 14)
{e10,e12,e13,e17,e20} ( 11, 13, 1, 2, 6, 12, 14, 4, 7, 3, 10, 9, 5, 8)
{e10,e12,e14,e15,e16} ( 1, 10, 2, 11, 4, 8, 7, 9, 6, 3, 12, 14, 5, 13)
{e10,e12,e14,e15,e20} ( 11, 12, 2, 1, 6, 13, 9, 7, 4, 3, 10, 14, 5, 8)
{e10,e12,e14,e16,e20} ( 11, 12, 2, 1, 6, 13, 9, 4, 7, 3, 10, 14, 5, 8)
{e10,e12,e14,e18,e20} ( 5, 12, 2, 1, 6, 13, 14, 7, 4, 10, 3, 9, 11, 8)
{e10,e12,e14,e19,e20} ( 5, 11, 3, 1, 6, 13, 14, 7, 4, 10, 2, 8, 12, 9)
{e10,e12,e15,e16,e17} ( 2, 3, 1, 5, 4, 8, 7, 9, 6, 10, 14, 13, 11, 12)
{e10,e12,e15,e17,e20} ( 5, 13, 1, 2, 6, 12, 9, 7, 4, 10, 3, 14, 11, 8)
{e10,e12,e15,e18,e20} ( 12, 13, 1, 10, 6, 5, 9, 11, 4, 2, 3, 8, 7, 14)
{e10,e12,e15,e19,e20} ( 7, 13, 3, 2, 6, 11, 9, 5, 4, 10, 1, 8, 12, 14)
{e10,e12,e16,e17,e20} ( 5, 13, 1, 2, 6, 12, 9, 4, 7, 10, 3, 14, 11, 8)
{e10,e12,e17,e18,e20} ( 11, 12, 1, 2, 6, 13, 14, 7, 4, 3, 10, 9, 5, 8)
{e10,e12,e17,e19,e20} ( 5, 11, 3, 2, 6, 13, 9, 7, 4, 10, 1, 8, 12, 14)
{e10,e12,e18,e19,e20} ( 7, 13, 3, 1, 6, 11, 14, 5, 4, 10, 2, 8, 12, 9)
{e10,e13,e14,e15,e18} ( 1, 3, 2, 14, 4, 6, 12, 9, 8, 10, 7, 11, 13, 5)
{e10,e13,e14,e15,e19} ( 2, 10, 1, 14, 4, 6, 5, 9, 8, 3, 13, 11, 7, 12)
{e10,e13,e14,e16,e18} ( 1, 3, 2, 11, 5, 6, 14, 9, 8, 10, 4, 12, 13, 7)
{e10,e13,e14,e16,e20} ( 4, 11, 2, 3, 6, 12, 8, 5, 7, 10, 1, 9, 13, 14)
{e10,e13,e14,e17,e18} ( 1, 3, 2, 12, 4, 6, 14, 9, 8, 10, 5, 11, 13, 7)
{e10,e13,e14,e17,e20} ( 5, 12, 2, 3, 6, 11, 8, 4, 7, 10, 1, 9, 13, 14)
{e10,e13,e14,e18,e19} ( 1, 3, 2, 7, 4, 6, 5, 9, 8, 10, 13, 11, 14, 12)
{e10,e13,e15,e16,e17} ( 2, 3, 1, 13, 5, 8, 12, 9, 6, 10, 4, 14, 11, 7)
{e10,e13,e15,e16,e20} ( 4, 13, 1, 3, 6, 12, 8, 7, 5, 10, 2, 14, 11, 9)
{e10,e13,e15,e18,e20} ( 7, 13, 2, 3, 6, 11, 8, 4, 5, 10, 1, 9, 12, 14)
{e10,e13,e15,e19,e20} ( 12, 13, 1, 10, 6, 4, 8, 11, 5, 3, 2, 9, 7, 14)
{e10,e13,e16,e17,e20} ( 4, 12, 1, 3, 6, 13, 8, 5, 7, 10, 2, 14, 11, 9)
{e10,e13,e16,e18,e20} ( 4, 11, 2, 3, 6, 13, 8, 7, 5, 10, 1, 9, 12, 14)
{e10,e13,e16,e19,e20} ( 11, 12, 1, 3, 6, 13, 14, 7, 5, 2, 10, 8, 4, 9)
{e10,e13,e18,e19,e20} ( 7, 12, 2, 1, 6, 11, 14, 4, 5, 10, 3, 9, 13, 8)
{e10,e14,e15,e16,e17} ( 2, 3, 1, 14, 4, 8, 12, 9, 6, 10, 5, 13, 11, 7)
{e10,e14,e15,e17,e20} ( 5, 13, 1, 3, 6, 12, 8, 7, 4, 10, 2, 14, 11, 9)
{e10,e14,e15,e18,e20} ( 7, 13, 2, 3, 6, 11, 8, 5, 4, 10, 1, 9, 12, 14)
{e10,e14,e15,e19,e20} ( 12, 13, 1, 10, 6, 5, 8, 11, 4, 3, 2, 9, 7, 14)
{e10,e14,e16,e17,e20} ( 5, 13, 1, 3, 6, 12, 8, 4, 7, 10, 2, 14, 11, 9)
{e10,e14,e17,e18,e20} ( 5, 11, 2, 3, 6, 13, 8, 7, 4, 10, 1, 9, 12, 14)
{e10,e14,e17,e19,e20} ( 11, 12, 1, 3, 6, 13, 14, 7, 4, 2, 10, 8, 5, 9)
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{e10,e14,e18,e19,e20} ( 7, 12, 2, 1, 6, 11, 14, 5, 4, 10, 3, 9, 13, 8)
{e10,e15,e16,e17,e18} ( 2, 3, 1, 11, 4, 8, 13, 9, 6, 10, 7, 12, 14, 5)
{e10,e15,e16,e17,e19} ( 2, 3, 1, 7, 4, 8, 5, 9, 6, 10, 11, 12, 14, 13)
{e10,e15,e16,e18,e20} ( 7, 11, 1, 3, 6, 12, 8, 4, 5, 10, 2, 14, 13, 9)
{e10,e15,e16,e19,e20} ( 7, 11, 1, 2, 6, 12, 9, 4, 5, 10, 3, 14, 13, 8)
{e10,e15,e17,e18,e20} ( 7, 11, 1, 3, 6, 12, 8, 5, 4, 10, 2, 14, 13, 9)
{e10,e15,e17,e19,e20} ( 7, 11, 1, 2, 6, 12, 9, 5, 4, 10, 3, 14, 13, 8)
{e10,e16,e17,e18,e19} ( 1, 10, 2, 14, 4, 8, 5, 9, 6, 3, 13, 11, 7, 12)
{e10,e16,e18,e19,e20} ( 12, 13, 2, 10, 6, 4, 8, 11, 5, 3, 1, 14, 7, 9)
{e10,e17,e18,e19,e20} ( 12, 13, 2, 10, 6, 5, 8, 11, 4, 3, 1, 14, 7, 9)
{e11,e12,e13,e16,e19} ( 4, 10, 12, 1, 5, 6, 7, 8, 9, 13, 2, 11, 3, 14)
{e11,e12,e13,e16,e20} ( 1, 2, 12, 4, 6, 11, 14, 5, 7, 13, 10, 8, 3, 9)
{e11,e12,e14,e17,e19} ( 5, 11, 12, 1, 4, 6, 7, 8, 9, 13, 2, 10, 3, 14)
{e11,e12,e14,e17,e20} ( 1, 2, 12, 5, 6, 10, 14, 4, 7, 13, 11, 8, 3, 9)
{e11,e12,e15,e18,e19} ( 7, 14, 12, 2, 4, 8, 5, 6, 9, 13, 1, 10, 3, 11)
{e11,e13,e14,e16,e18} ( 4, 11, 10, 1, 5, 6, 7, 9, 8, 13, 3, 12, 2, 14)
{e11,e13,e14,e16,e20} ( 1, 3, 10, 4, 6, 12, 14, 5, 7, 13, 11, 9, 2, 8)
{e11,e13,e15,e16,e17} ( 4, 13, 10, 2, 5, 8, 7, 9, 6, 11, 3, 14, 1, 12)
{e11,e13,e15,e16,e20} ( 2, 3, 10, 4, 6, 12, 9, 7, 5, 11, 13, 14, 1, 8)
{e11,e13,e16,e17,e20} ( 2, 3, 10, 4, 6, 13, 9, 5, 7, 11, 12, 14, 1, 8)
{e11,e13,e16,e18,e20} ( 1, 3, 10, 4, 6, 13, 14, 7, 5, 12, 11, 9, 2, 8)
{e11,e13,e16,e19,e20} ( 1, 2, 11, 4, 6, 13, 14, 7, 5, 12, 10, 8, 3, 9)
{e11,e15,e18,e19,e20} ( 1, 2, 11, 13, 6, 4, 14, 10, 5, 12, 7, 8, 3, 9)
{e12,e13,e14,e17,e18} ( 5, 12, 10, 1, 4, 6, 7, 9, 8, 13, 3, 11, 2, 14)
{e12,e13,e14,e17,e20} ( 1, 3, 10, 5, 6, 11, 14, 4, 7, 13, 12, 9, 2, 8)
{e12,e14,e15,e16,e17} ( 5, 14, 10, 2, 4, 8, 7, 9, 6, 11, 3, 13, 1, 12)
{e12,e14,e15,e17,e20} ( 2, 3, 10, 5, 6, 12, 9, 7, 4, 11, 13, 14, 1, 8)
{e12,e14,e16,e17,e20} ( 2, 3, 10, 5, 6, 12, 9, 4, 7, 11, 13, 14, 1, 8)
{e12,e14,e17,e18,e20} ( 1, 3, 10, 5, 6, 13, 14, 7, 4, 12, 11, 9, 2, 8)
{e12,e14,e17,e19,e20} ( 1, 2, 11, 5, 6, 13, 14, 7, 4, 12, 10, 8, 3, 9)
{e12,e15,e18,e19,e20} ( 1, 2, 11, 13, 6, 5, 14, 10, 4, 12, 7, 8, 3, 9)
{e13,e14,e15,e18,e19} ( 7, 13, 12, 3, 4, 9, 5, 6, 8, 14, 1, 10, 2, 11)
{e13,e15,e18,e19,e20} ( 1, 3, 11, 12, 6, 4, 14, 10, 5, 13, 7, 9, 2, 8)
{e14,e15,e18,e19,e20} ( 1, 3, 11, 12, 6, 5, 14, 10, 4, 13, 7, 9, 2, 8)
{e15,e16,e17,e18,e19} ( 7, 10, 13, 3, 4, 9, 5, 8, 6, 14, 2, 11, 1, 12)
{e15,e16,e18,e19,e20} ( 2, 3, 12, 10, 6, 4, 9, 11, 5, 13, 7, 14, 1, 8)
{e15,e17,e18,e19,e20} ( 2, 3, 12, 10, 6, 5, 9, 11, 4, 13, 7, 14, 1, 8)

{e10,e11,e12,e15,e20} {e10,e11,e12,e18,e20} ( 1, 2, 10, 4, 12, 6, 7, 8, 14, 3, 11, 5, 13, 9)
{e10,e11,e14,e18,e20} ( 1, 3, 10, 5, 13, 6, 4, 9, 14, 2, 12, 7, 11, 8)
{e10,e11,e14,e19,e20} ( 1, 2, 10, 4, 13, 6, 5, 8, 14, 3, 11, 7, 12, 9)
{e10,e11,e15,e17,e20} ( 1, 10, 3, 5, 12, 6, 11, 14, 9, 2, 13, 7, 4, 8)
{e10,e11,e17,e19,e20} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11, 13, 12, 14)
{e10,e12,e13,e18,e20} ( 1, 3, 10, 4, 13, 6, 5, 9, 14, 2, 12, 7, 11, 8)
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{e10,e12,e13,e19,e20} ( 1, 2, 10, 5, 13, 6, 4, 8, 14, 3, 11, 7, 12, 9)
{e10,e12,e15,e16,e20} ( 1, 10, 3, 4, 12, 6, 11, 14, 9, 2, 13, 7, 5, 8)
{e10,e12,e16,e19,e20} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11, 13, 12, 14)
{e10,e13,e14,e15,e20} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 10, 11, 12, 13, 14)
{e10,e13,e14,e19,e20} ( 1, 3, 10, 4, 12, 6, 7, 9, 14, 2, 11, 5, 13, 8)
{e10,e13,e15,e17,e20} ( 1, 10, 2, 5, 12, 6, 11, 14, 8, 3, 13, 7, 4, 9)
{e10,e13,e17,e18,e20} ( 1, 3, 2, 4, 7, 6, 5, 9, 8, 10, 11, 13, 12, 14)
{e10,e14,e15,e16,e20} ( 1, 10, 2, 4, 12, 6, 11, 14, 8, 3, 13, 7, 5, 9)
{e10,e14,e16,e18,e20} ( 1, 3, 2, 5, 7, 6, 4, 9, 8, 10, 11, 13, 12, 14)
{e10,e16,e17,e18,e20} ( 1, 10, 2, 4, 12, 6, 13, 14, 8, 3, 11, 5, 7, 9)
{e10,e16,e17,e19,e20} ( 1, 10, 3, 4, 12, 6, 13, 14, 9, 2, 11, 5, 7, 8)
{e11,e12,e15,e18,e20} ( 1, 2, 12, 6, 9, 4, 7, 10, 5, 13, 8, 14, 3, 11)
{e11,e13,e15,e17,e20} ( 2, 3, 11, 6, 8, 5, 4, 13, 7, 10, 14, 9, 1, 12)
{e11,e14,e16,e18,e20} ( 1, 3, 12, 6, 8, 5, 4, 11, 7, 10, 9, 14, 2, 13)
{e11,e14,e17,e19,e20} ( 1, 2, 12, 6, 9, 4, 5, 10, 7, 11, 8, 14, 3, 13)
{e12,e13,e16,e19,e20} ( 1, 2, 12, 6, 9, 5, 4, 10, 7, 11, 8, 14, 3, 13)
{e12,e13,e17,e18,e20} ( 1, 3, 12, 6, 8, 4, 5, 11, 7, 10, 9, 14, 2, 13)
{e12,e14,e15,e16,e20} ( 2, 3, 11, 6, 8, 4, 5, 13, 7, 10, 14, 9, 1, 12)
{e13,e14,e15,e19,e20} ( 1, 3, 12, 6, 8, 4, 7, 10, 5, 13, 9, 14, 2, 11)
{e16,e17,e18,e19,e20} ( 2, 3, 12, 6, 8, 4, 7, 10, 5, 13, 14, 9, 1, 11)

{e10,e11,e12,e19,e20} {e10,e13,e14,e18,e20} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 10, 11, 12, 13, 14)
{e10,e15,e16,e17,e20} ( 2, 3, 1, 4, 5, 6, 7, 14, 8, 10, 12, 13, 11, 9)

{e10,e11,e13,e16,e20} {e10,e12,e14,e17,e20} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 11, 12, 13, 14)
{e10,e15,e18,e19,e20} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 10, 13, 12, 11, 14)

{e10,e11,e14,e15,e20} {e10,e11,e17,e18,e20} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11, 13, 12, 14)
{e10,e12,e13,e15,e20} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 11, 12, 13, 14)
{e10,e12,e16,e18,e20} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11, 13, 12, 14)
{e10,e13,e17,e19,e20} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 10, 13, 11, 12, 14)
{e10,e14,e16,e19,e20} ( 1, 2, 3, 7, 5, 6, 4, 8, 9, 10, 13, 11, 12, 14)

{e11,e12,e13,e14,e15} {e11,e12,e13,e14,e18} ( 2, 1, 3, 10, 11, 8, 7, 6, 9, 4, 5, 12, 13, 14)
{e11,e12,e13,e14,e19} ( 3, 1, 2, 12, 13, 9, 7, 6, 8, 4, 5, 10, 11, 14)
{e11,e12,e13,e15,e19} ( 3, 1, 2, 12, 13, 9, 11, 6, 8, 4, 14, 10, 7, 5)
{e11,e12,e13,e17,e19} ( 3, 1, 2, 12, 13, 9, 14, 6, 8, 4, 11, 10, 5, 7)
{e11,e12,e13,e18,e19} ( 3, 1, 2, 12, 13, 9, 5, 6, 8, 4, 7, 10, 14, 11)
{e11,e12,e14,e15,e19} ( 3, 1, 2, 12, 13, 9, 10, 6, 8, 5, 14, 11, 7, 4)
{e11,e12,e14,e16,e19} ( 3, 1, 2, 12, 13, 9, 14, 6, 8, 5, 10, 11, 4, 7)
{e11,e12,e14,e18,e19} ( 3, 1, 2, 12, 13, 9, 4, 6, 8, 5, 7, 11, 14, 10)
{e11,e12,e15,e16,e17} ( 1, 2, 3, 10, 11, 6, 7, 8, 9, 4, 5, 13, 14, 12)
{e11,e12,e15,e16,e19} ( 3, 1, 2, 12, 13, 9, 5, 6, 8, 14, 10, 7, 4, 11)
{e11,e12,e15,e17,e19} ( 3, 1, 2, 12, 13, 9, 4, 6, 8, 14, 11, 7, 5, 10)
{e11,e12,e16,e17,e18} ( 2, 1, 3, 4, 5, 8, 7, 6, 9, 10, 11, 12, 13, 14)
{e11,e12,e16,e17,e19} ( 3, 1, 2, 12, 13, 9, 7, 6, 8, 10, 11, 4, 5, 14)
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{e11,e12,e16,e18,e19} ( 3, 1, 2, 12, 13, 9, 11, 6, 8, 10, 7, 4, 14, 5)
{e11,e12,e17,e18,e19} ( 3, 1, 2, 12, 13, 9, 10, 6, 8, 11, 7, 5, 14, 4)
{e11,e13,e14,e15,e18} ( 2, 1, 3, 10, 13, 8, 12, 6, 9, 4, 14, 11, 7, 5)
{e11,e13,e14,e17,e18} ( 2, 1, 3, 10, 13, 8, 14, 6, 9, 4, 12, 11, 5, 7)
{e11,e13,e14,e18,e19} ( 2, 1, 3, 10, 14, 8, 5, 6, 9, 4, 7, 11, 13, 12)
{e11,e13,e17,e18,e19} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 14, 11, 13, 12)
{e11,e14,e15,e16,e17} ( 1, 2, 3, 10, 11, 6, 12, 8, 9, 4, 14, 13, 5, 7)
{e11,e14,e15,e16,e19} ( 2, 1, 3, 4, 7, 8, 5, 6, 9, 10, 14, 13, 12, 11)
{e11,e14,e15,e17,e18} ( 3, 1, 2, 5, 7, 9, 4, 6, 8, 11, 14, 13, 12, 10)
{e11,e15,e16,e17,e18} ( 1, 2, 3, 10, 14, 6, 13, 8, 9, 4, 11, 12, 7, 5)
{e11,e15,e16,e17,e19} ( 1, 2, 3, 10, 14, 6, 5, 8, 9, 4, 7, 12, 11, 13)
{e12,e13,e14,e15,e18} ( 2, 1, 3, 10, 13, 8, 11, 6, 9, 5, 14, 12, 7, 4)
{e12,e13,e14,e16,e18} ( 2, 1, 3, 10, 13, 8, 14, 6, 9, 5, 11, 12, 4, 7)
{e12,e13,e14,e18,e19} ( 2, 1, 3, 10, 14, 8, 4, 6, 9, 5, 7, 12, 13, 11)
{e12,e13,e15,e16,e17} ( 1, 2, 3, 10, 11, 6, 12, 8, 9, 5, 13, 14, 4, 7)
{e12,e13,e15,e16,e18} ( 3, 1, 2, 4, 7, 9, 5, 6, 8, 11, 14, 13, 12, 10)
{e12,e13,e15,e17,e19} ( 2, 1, 3, 5, 7, 8, 4, 6, 9, 10, 14, 13, 12, 11)
{e12,e14,e16,e18,e19} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 14, 11, 13, 12)
{e12,e15,e16,e17,e18} ( 1, 2, 3, 10, 14, 6, 12, 8, 9, 5, 11, 13, 7, 4)
{e12,e15,e16,e17,e19} ( 1, 2, 3, 10, 14, 6, 4, 8, 9, 5, 7, 13, 11, 12)
{e13,e14,e15,e16,e17} ( 1, 2, 3, 10, 11, 6, 7, 8, 9, 13, 14, 4, 5, 12)
{e13,e14,e15,e16,e18} ( 2, 1, 3, 12, 13, 8, 5, 6, 9, 14, 10, 7, 4, 11)
{e13,e14,e15,e17,e18} ( 2, 1, 3, 12, 13, 8, 4, 6, 9, 14, 11, 7, 5, 10)
{e13,e14,e16,e17,e18} ( 2, 1, 3, 12, 13, 8, 7, 6, 9, 10, 11, 4, 5, 14)
{e13,e14,e16,e17,e19} ( 3, 1, 2, 4, 5, 9, 7, 6, 8, 10, 11, 12, 13, 14)
{e13,e14,e16,e18,e19} ( 2, 1, 3, 12, 14, 8, 11, 6, 9, 10, 7, 4, 13, 5)
{e13,e14,e17,e18,e19} ( 2, 1, 3, 12, 14, 8, 10, 6, 9, 11, 7, 5, 13, 4)
{e13,e15,e16,e17,e18} ( 1, 2, 3, 10, 14, 6, 5, 8, 9, 12, 11, 4, 7, 13)
{e13,e15,e16,e17,e19} ( 1, 2, 3, 10, 14, 6, 13, 8, 9, 12, 7, 4, 11, 5)
{e14,e15,e16,e17,e18} ( 1, 2, 3, 10, 14, 6, 4, 8, 9, 13, 11, 5, 7, 12)
{e14,e15,e16,e17,e19} ( 1, 2, 3, 10, 14, 6, 12, 8, 9, 13, 7, 5, 11, 4)

{e11,e12,e13,e14,e20} {e11,e12,e16,e17,e20} ( 1, 2, 3, 10, 11, 6, 7, 8, 9, 4, 5, 12, 13, 14)
{e11,e13,e18,e19,e20} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 13, 11, 12, 14)
{e11,e15,e16,e19,e20} ( 1, 2, 3, 10, 13, 6, 5, 8, 9, 4, 7, 12, 11, 14)
{e12,e14,e18,e19,e20} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 13, 11, 12, 14)
{e12,e15,e17,e19,e20} ( 1, 2, 3, 10, 13, 6, 4, 8, 9, 5, 7, 12, 11, 14)
{e13,e14,e16,e17,e20} ( 1, 2, 3, 10, 11, 6, 7, 8, 9, 12, 13, 4, 5, 14)
{e13,e15,e16,e18,e20} ( 1, 2, 3, 10, 13, 6, 5, 8, 9, 12, 11, 4, 7, 14)
{e14,e15,e17,e18,e20} ( 1, 2, 3, 10, 13, 6, 4, 8, 9, 12, 11, 5, 7, 14)

{e11,e12,e13,e15,e17} {e11,e12,e13,e15,e18} ( 3, 1, 2, 7, 4, 9, 5, 6, 8, 14, 12, 13, 11, 10)
{e11,e12,e13,e17,e18} ( 2, 1, 3, 5, 4, 8, 7, 6, 9, 11, 10, 13, 14, 12)
{e11,e12,e14,e15,e16} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 11, 10, 12, 13, 14)
{e11,e12,e14,e15,e18} ( 3, 1, 2, 7, 5, 9, 4, 6, 8, 14, 12, 13, 10, 11)

Continua na próxima página . . .



APÊNDICE B MENORES DA MATRÓIDEA20 92

{e11,e12,e14,e16,e18} ( 2, 1, 3, 4, 5, 8, 7, 6, 9, 10, 11, 13, 14, 12)
{e11,e12,e15,e16,e18} ( 3, 1, 2, 7, 10, 9, 11, 6, 8, 14, 13, 12, 5, 4)
{e11,e12,e15,e17,e18} ( 3, 1, 2, 7, 11, 9, 10, 6, 8, 14, 13, 12, 4, 5)
{e11,e13,e14,e15,e17} ( 1, 2, 3, 4, 14, 6, 13, 8, 9, 10, 12, 11, 7, 5)
{e11,e13,e14,e15,e19} ( 2, 1, 3, 7, 4, 8, 5, 6, 9, 14, 10, 13, 12, 11)
{e11,e13,e14,e17,e19} ( 3, 1, 2, 5, 4, 9, 7, 6, 8, 12, 11, 13, 14, 10)
{e11,e13,e15,e17,e18} ( 1, 2, 3, 4, 12, 6, 13, 8, 9, 10, 14, 11, 5, 7)
{e11,e13,e15,e17,e19} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 14, 11, 13, 12)
{e11,e14,e15,e16,e18} ( 2, 1, 3, 4, 14, 8, 11, 6, 9, 10, 12, 13, 5, 7)
{e11,e14,e15,e17,e19} ( 3, 1, 2, 5, 14, 9, 10, 6, 8, 11, 12, 13, 4, 7)
{e11,e14,e16,e17,e18} ( 2, 1, 3, 4, 11, 8, 14, 6, 9, 10, 13, 12, 7, 5)
{e11,e14,e16,e17,e19} ( 3, 1, 2, 5, 10, 9, 14, 6, 8, 11, 12, 13, 7, 4)
{e11,e14,e16,e18,e19} ( 2, 1, 3, 4, 7, 8, 5, 6, 9, 10, 14, 12, 11, 13)
{e11,e14,e17,e18,e19} ( 3, 1, 2, 5, 7, 9, 4, 6, 8, 11, 13, 12, 10, 14)
{e11,e16,e17,e18,e19} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 14, 10, 13, 12, 11)
{e12,e13,e14,e15,e16} ( 1, 2, 3, 5, 14, 6, 13, 8, 9, 10, 11, 12, 7, 4)
{e12,e13,e14,e15,e19} ( 2, 1, 3, 7, 5, 8, 4, 6, 9, 14, 10, 13, 11, 12)
{e12,e13,e14,e16,e19} ( 3, 1, 2, 4, 5, 9, 7, 6, 8, 11, 12, 13, 14, 10)
{e12,e13,e15,e16,e19} ( 3, 1, 2, 4, 14, 9, 10, 6, 8, 11, 12, 13, 5, 7)
{e12,e13,e15,e17,e18} ( 2, 1, 3, 5, 14, 8, 11, 6, 9, 10, 12, 13, 4, 7)
{e12,e13,e16,e17,e18} ( 2, 1, 3, 5, 11, 8, 14, 6, 9, 10, 12, 13, 7, 4)
{e12,e13,e16,e17,e19} ( 3, 1, 2, 4, 10, 9, 14, 6, 8, 11, 13, 12, 7, 5)
{e12,e13,e16,e18,e19} ( 3, 1, 2, 4, 7, 9, 5, 6, 8, 11, 13, 12, 10, 14)
{e12,e13,e17,e18,e19} ( 2, 1, 3, 5, 7, 8, 4, 6, 9, 10, 14, 12, 11, 13)
{e12,e14,e15,e16,e18} ( 1, 2, 3, 5, 12, 6, 13, 8, 9, 10, 14, 11, 4, 7)
{e12,e14,e15,e16,e19} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 14, 11, 13, 12)
{e12,e16,e17,e18,e19} ( 1, 2, 3, 7, 5, 6, 4, 8, 9, 14, 10, 13, 11, 12)
{e13,e14,e15,e16,e19} ( 2, 1, 3, 7, 10, 8, 11, 6, 9, 14, 13, 12, 5, 4)
{e13,e14,e15,e17,e19} ( 2, 1, 3, 7, 11, 8, 10, 6, 9, 14, 13, 12, 4, 5)
{e13,e16,e17,e18,e19} ( 1, 2, 3, 7, 11, 6, 12, 8, 9, 14, 10, 13, 5, 4)
{e14,e16,e17,e18,e19} ( 1, 2, 3, 7, 12, 6, 11, 8, 9, 14, 10, 13, 4, 5)

{e11,e12,e13,e15,e20} {e11,e12,e13,e18,e20} ( 2, 1, 3, 10, 11, 6, 7, 8, 14, 4, 5, 12, 13, 9)
{e11,e12,e14,e15,e20} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 11, 10, 12, 13, 14)
{e11,e12,e14,e18,e20} ( 2, 1, 3, 11, 10, 6, 7, 8, 14, 5, 4, 12, 13, 9)
{e11,e12,e15,e16,e20} ( 1, 2, 3, 10, 11, 6, 7, 8, 9, 4, 5, 13, 12, 14)
{e11,e12,e15,e17,e20} ( 1, 2, 3, 11, 10, 6, 7, 8, 9, 5, 4, 13, 12, 14)
{e11,e12,e16,e18,e20} ( 2, 1, 3, 4, 5, 6, 7, 8, 14, 10, 11, 12, 13, 9)
{e11,e12,e17,e18,e20} ( 2, 1, 3, 5, 4, 6, 7, 8, 14, 11, 10, 12, 13, 9)
{e11,e13,e14,e15,e20} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 11, 12, 10, 13, 14)
{e11,e13,e14,e19,e20} ( 2, 1, 3, 10, 13, 6, 5, 8, 14, 4, 7, 11, 12, 9)
{e11,e13,e17,e18,e20} ( 1, 3, 2, 4, 7, 6, 5, 9, 8, 11, 13, 10, 12, 14)
{e11,e13,e17,e19,e20} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 13, 11, 12, 14)
{e11,e14,e15,e16,e20} ( 1, 3, 2, 10, 11, 6, 12, 9, 8, 13, 5, 4, 7, 14)
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{e11,e14,e15,e17,e20} ( 1, 2, 3, 11, 10, 6, 12, 8, 9, 13, 4, 5, 7, 14)
{e11,e14,e15,e18,e20} ( 2, 1, 3, 12, 10, 6, 11, 8, 14, 13, 4, 7, 5, 9)
{e11,e14,e15,e19,e20} ( 2, 1, 3, 7, 4, 6, 5, 8, 14, 13, 10, 12, 11, 9)
{e11,e14,e16,e19,e20} ( 2, 1, 3, 4, 7, 6, 5, 8, 14, 10, 13, 12, 11, 9)
{e11,e14,e17,e18,e20} ( 2, 1, 3, 12, 10, 6, 13, 8, 14, 11, 4, 5, 7, 9)
{e11,e14,e18,e19,e20} ( 2, 1, 3, 13, 10, 6, 5, 8, 14, 7, 4, 12, 11, 9)
{e11,e15,e17,e18,e20} ( 1, 2, 3, 13, 10, 6, 12, 8, 9, 11, 4, 7, 5, 14)
{e11,e15,e17,e19,e20} ( 1, 2, 3, 13, 10, 6, 5, 8, 9, 7, 4, 11, 12, 14)
{e11,e16,e17,e18,e20} ( 1, 3, 2, 10, 13, 6, 12, 9, 8, 11, 7, 4, 5, 14)
{e11,e16,e17,e19,e20} ( 1, 2, 3, 10, 13, 6, 5, 8, 9, 4, 7, 11, 12, 14)
{e11,e17,e18,e19,e20} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 13, 10, 12, 11, 14)
{e12,e13,e14,e15,e20} ( 1, 3, 2, 5, 4, 6, 7, 9, 8, 12, 11, 10, 13, 14)
{e12,e13,e14,e19,e20} ( 2, 1, 3, 10, 13, 6, 4, 8, 14, 5, 7, 12, 11, 9)
{e12,e13,e15,e16,e20} ( 1, 2, 3, 11, 10, 6, 12, 8, 9, 13, 5, 4, 7, 14)
{e12,e13,e15,e17,e20} ( 1, 3, 2, 10, 11, 6, 12, 9, 8, 13, 4, 5, 7, 14)
{e12,e13,e15,e18,e20} ( 2, 1, 3, 12, 10, 6, 11, 8, 14, 13, 5, 7, 4, 9)
{e12,e13,e15,e19,e20} ( 2, 1, 3, 7, 5, 6, 4, 8, 14, 13, 10, 12, 11, 9)
{e12,e13,e16,e18,e20} ( 2, 1, 3, 12, 10, 6, 13, 8, 14, 11, 5, 4, 7, 9)
{e12,e13,e17,e19,e20} ( 2, 1, 3, 5, 7, 6, 4, 8, 14, 10, 13, 12, 11, 9)
{e12,e13,e18,e19,e20} ( 2, 1, 3, 13, 10, 6, 4, 8, 14, 7, 5, 12, 11, 9)
{e12,e14,e16,e18,e20} ( 1, 3, 2, 5, 7, 6, 4, 9, 8, 11, 13, 10, 12, 14)
{e12,e14,e16,e19,e20} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 13, 11, 12, 14)
{e12,e15,e16,e18,e20} ( 1, 2, 3, 13, 10, 6, 12, 8, 9, 11, 5, 7, 4, 14)
{e12,e15,e16,e19,e20} ( 1, 2, 3, 13, 10, 6, 4, 8, 9, 7, 5, 11, 12, 14)
{e12,e16,e17,e18,e20} ( 1, 3, 2, 10, 13, 6, 11, 9, 8, 12, 7, 5, 4, 14)
{e12,e16,e17,e19,e20} ( 1, 2, 3, 10, 13, 6, 4, 8, 9, 5, 7, 12, 11, 14)
{e12,e16,e18,e19,e20} ( 1, 2, 3, 7, 5, 6, 4, 8, 9, 13, 10, 12, 11, 14)
{e13,e14,e15,e16,e20} ( 1, 3, 2, 10, 11, 6, 7, 9, 8, 4, 5, 13, 12, 14)
{e13,e14,e15,e17,e20} ( 1, 3, 2, 11, 10, 6, 7, 9, 8, 5, 4, 13, 12, 14)
{e13,e14,e16,e19,e20} ( 2, 1, 3, 12, 13, 6, 11, 8, 14, 10, 7, 4, 5, 9)
{e13,e14,e17,e19,e20} ( 2, 1, 3, 12, 13, 6, 10, 8, 14, 11, 7, 5, 4, 9)
{e13,e15,e17,e18,e20} ( 1, 3, 2, 13, 10, 6, 5, 9, 8, 7, 4, 11, 12, 14)
{e13,e15,e17,e19,e20} ( 1, 3, 2, 13, 10, 6, 12, 9, 8, 11, 4, 7, 5, 14)
{e13,e16,e17,e18,e20} ( 1, 3, 2, 10, 13, 6, 5, 9, 8, 4, 7, 11, 12, 14)
{e13,e16,e17,e19,e20} ( 1, 2, 3, 10, 13, 6, 12, 8, 9, 11, 7, 4, 5, 14)
{e13,e17,e18,e19,e20} ( 1, 3, 2, 7, 4, 6, 5, 9, 8, 12, 10, 13, 11, 14)
{e14,e15,e16,e18,e20} ( 1, 3, 2, 13, 10, 6, 4, 9, 8, 7, 5, 11, 12, 14)
{e14,e15,e16,e19,e20} ( 1, 3, 2, 13, 10, 6, 12, 9, 8, 11, 5, 7, 4, 14)
{e14,e16,e17,e18,e20} ( 1, 3, 2, 10, 13, 6, 4, 9, 8, 5, 7, 12, 11, 14)
{e14,e16,e17,e19,e20} ( 1, 2, 3, 10, 13, 6, 11, 8, 9, 12, 7, 5, 4, 14)
{e14,e16,e18,e19,e20} ( 1, 3, 2, 7, 5, 6, 4, 9, 8, 12, 10, 13, 11, 14)

{e11,e12,e13,e17,e20} {e11,e12,e14,e16,e20} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 11, 10, 12, 13, 14)
{e11,e13,e14,e17,e20} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 11, 12, 10, 13, 14)
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{e11,e13,e15,e18,e20} ( 1, 3, 2, 4, 7, 6, 5, 9, 8, 11, 13, 10, 12, 14)
{e11,e13,e15,e19,e20} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 13, 11, 12, 14)
{e11,e14,e16,e17,e20} ( 2, 3, 1, 4, 5, 6, 7, 14, 8, 12, 13, 10, 11, 9)
{e11,e15,e16,e18,e20} ( 2, 3, 1, 4, 7, 6, 5, 14, 8, 12, 11, 10, 13, 9)
{e11,e16,e18,e19,e20} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 13, 10, 12, 11, 14)
{e12,e13,e14,e16,e20} ( 1, 3, 2, 5, 4, 6, 7, 9, 8, 12, 11, 10, 13, 14)
{e12,e13,e16,e17,e20} ( 2, 3, 1, 5, 4, 6, 7, 14, 8, 13, 12, 10, 11, 9)
{e12,e14,e15,e18,e20} ( 1, 3, 2, 5, 7, 6, 4, 9, 8, 11, 13, 10, 12, 14)
{e12,e14,e15,e19,e20} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 13, 11, 12, 14)
{e12,e15,e17,e18,e20} ( 2, 3, 1, 5, 7, 6, 4, 14, 8, 12, 11, 10, 13, 9)
{e12,e17,e18,e19,e20} ( 1, 2, 3, 7, 5, 6, 4, 8, 9, 13, 10, 12, 11, 14)
{e13,e15,e16,e19,e20} ( 2, 3, 1, 7, 4, 6, 5, 14, 8, 11, 12, 13, 10, 9)
{e13,e16,e18,e19,e20} ( 1, 3, 2, 7, 4, 6, 5, 9, 8, 12, 10, 13, 11, 14)
{e14,e15,e17,e19,e20} ( 2, 3, 1, 7, 5, 6, 4, 14, 8, 11, 12, 13, 10, 9)
{e14,e17,e18,e19,e20} ( 1, 3, 2, 7, 5, 6, 4, 9, 8, 12, 10, 13, 11, 14)

{e11,e12,e13,e19,e20} {e11,e12,e14,e19,e20} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 11, 10, 12, 13, 14)
{e11,e12,e15,e19,e20} ( 1, 2, 3, 13, 4, 6, 11, 8, 9, 7, 10, 12, 5, 14)
{e11,e12,e16,e19,e20} ( 1, 2, 3, 10, 5, 6, 13, 8, 9, 4, 11, 12, 7, 14)
{e11,e12,e17,e19,e20} ( 1, 2, 3, 11, 4, 6, 13, 8, 9, 5, 10, 12, 7, 14)
{e11,e12,e18,e19,e20} ( 1, 2, 3, 7, 4, 5, 6, 14, 9, 13, 10, 12, 11, 8)
{e11,e13,e14,e18,e20} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 11, 12, 10, 13, 14)
{e11,e15,e16,e17,e20} ( 2, 3, 1, 4, 5, 6, 7, 14, 8, 12, 13, 10, 11, 9)
{e12,e13,e14,e18,e20} ( 1, 3, 2, 5, 4, 6, 7, 9, 8, 12, 11, 10, 13, 14)
{e12,e15,e16,e17,e20} ( 2, 3, 1, 5, 4, 6, 7, 14, 8, 13, 12, 10, 11, 9)
{e13,e14,e15,e18,e20} ( 1, 3, 2, 13, 4, 6, 11, 9, 8, 7, 10, 12, 5, 14)
{e13,e14,e16,e18,e20} ( 1, 3, 2, 10, 5, 6, 13, 9, 8, 4, 11, 12, 7, 14)
{e13,e14,e17,e18,e20} ( 1, 3, 2, 11, 4, 6, 13, 9, 8, 5, 10, 12, 7, 14)
{e13,e14,e18,e19,e20} ( 1, 3, 2, 7, 4, 5, 6, 14, 8, 12, 10, 13, 11, 9)
{e13,e15,e16,e17,e20} ( 2, 3, 1, 12, 5, 6, 11, 14, 8, 4, 13, 10, 7, 9)
{e14,e15,e16,e17,e20} ( 2, 3, 1, 13, 4, 6, 11, 14, 8, 5, 12, 10, 7, 9)
{e15,e16,e17,e18,e20} ( 2, 3, 1, 10, 4, 6, 12, 14, 8, 7, 11, 13, 5, 9)
{e15,e16,e17,e19,e20} ( 2, 3, 1, 7, 4, 5, 6, 9, 8, 10, 11, 13, 12, 14)
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Tabela B.5: Extensões Binárias da MatróideM(L1) obtida
acrescentando-se 6 elementos deCA.

X X′ ϕ(1 2 3 4 5 6 7 8 9 10 11 12 13 14 15)

{e10,e11,e12,e13,e14,e15} {e10,e11,e12,e13,e14,e18} ( 2, 1, 3, 11, 12, 8, 7, 6, 9, 10, 4, 5, 13, 14, 15)
{e10,e11,e12,e13,e14,e19} ( 3, 1, 2, 13, 14, 9, 7, 6, 8, 10, 4, 5, 11, 12, 15)
{e10,e11,e12,e13,e15,e17} ( 2, 1, 10, 4, 12, 6, 7, 8, 9, 3, 11, 5, 13, 15, 14)
{e10,e11,e12,e13,e15,e18} ( 1, 3, 10, 7, 13, 9, 5, 6, 8, 2, 15, 4, 14, 11, 12)
{e10,e11,e12,e13,e15,e19} ( 3, 1, 2, 13, 14, 9, 12, 6, 8, 10, 4, 15, 11, 7, 5)
{e10,e11,e12,e13,e17,e18} ( 1, 2, 10, 5, 11, 8, 7, 6, 9, 3, 12, 4, 14, 13, 15)
{e10,e11,e12,e13,e17,e19} ( 3, 1, 2, 13, 14, 9, 15, 6, 8, 10, 4, 12, 11, 5, 7)
{e10,e11,e12,e13,e18,e19} ( 3, 1, 2, 13, 14, 9, 5, 6, 8, 10, 4, 7, 11, 15, 12)
{e10,e11,e12,e14,e15,e16} ( 2, 1, 10, 5, 11, 6, 7, 8, 9, 3, 12, 4, 13, 15, 14)
{e10,e11,e12,e14,e15,e18} ( 1, 3, 10, 7, 13, 9, 4, 6, 8, 2, 15, 5, 14, 12, 11)
{e10,e11,e12,e14,e15,e19} ( 3, 1, 2, 13, 14, 9, 11, 6, 8, 10, 5, 15, 12, 7, 4)
{e10,e11,e12,e14,e16,e18} ( 1, 2, 10, 4, 12, 8, 7, 6, 9, 3, 11, 5, 14, 13, 15)
{e10,e11,e12,e14,e16,e19} ( 3, 1, 2, 13, 14, 9, 15, 6, 8, 10, 5, 11, 12, 4, 7)
{e10,e11,e12,e14,e18,e19} ( 3, 1, 2, 13, 14, 9, 4, 6, 8, 10, 5, 7, 12, 15, 11)
{e10,e11,e12,e15,e16,e17} ( 1, 2, 3, 11, 12, 6, 7, 8, 9, 10, 4, 5, 14, 15, 13)
{e10,e11,e12,e15,e16,e18} ( 1, 3, 10, 7, 14, 9, 12, 6, 8, 2, 15, 11, 13, 4, 5)
{e10,e11,e12,e15,e16,e19} ( 3, 1, 2, 13, 14, 9, 5, 6, 8, 10, 15, 11, 7, 4, 12)
{e10,e11,e12,e15,e17,e18} ( 1, 3, 10, 7, 14, 9, 11, 6, 8, 2, 15, 12, 13, 5, 4)
{e10,e11,e12,e15,e17,e19} ( 3, 1, 2, 13, 14, 9, 4, 6, 8, 10, 15, 12, 7, 5, 11)
{e10,e11,e12,e16,e17,e18} ( 2, 1, 3, 4, 5, 8, 7, 6, 9, 10, 11, 12, 13, 14, 15)
{e10,e11,e12,e16,e17,e19} ( 3, 1, 2, 13, 14, 9, 7, 6, 8, 10, 11, 12, 4, 5, 15)
{e10,e11,e12,e16,e18,e19} ( 3, 1, 2, 13, 14, 9, 12, 6, 8, 10, 11, 7, 4, 15, 5)
{e10,e11,e12,e17,e18,e19} ( 3, 1, 2, 13, 14, 9, 11, 6, 8, 10, 12, 7, 5, 15, 4)
{e10,e11,e13,e14,e15,e17} ( 2, 1, 10, 4, 13, 6, 14, 8, 9, 3, 11, 15, 12, 5, 7)
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{e10,e11,e13,e14,e15,e18} ( 2, 1, 3, 11, 14, 8, 13, 6, 9, 10, 4, 15, 12, 7, 5)
{e10,e11,e13,e14,e15,e19} ( 1, 2, 10, 7, 11, 8, 5, 6, 9, 3, 15, 4, 14, 12, 13)
{e10,e11,e13,e14,e17,e18} ( 2, 1, 3, 11, 14, 8, 15, 6, 9, 10, 4, 13, 12, 5, 7)
{e10,e11,e13,e14,e17,e19} ( 1, 3, 10, 5, 12, 9, 7, 6, 8, 2, 13, 4, 14, 11, 15)
{e10,e11,e13,e14,e18,e19} ( 2, 1, 3, 11, 15, 8, 5, 6, 9, 10, 4, 7, 12, 14, 13)
{e10,e11,e13,e15,e17,e18} ( 2, 1, 10, 4, 15, 6, 14, 8, 9, 3, 11, 13, 12, 7, 5)
{e10,e11,e13,e15,e17,e19} ( 2, 1, 10, 4, 15, 6, 5, 8, 9, 3, 11, 7, 12, 13, 14)
{e10,e11,e13,e17,e18,e19} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11, 15, 12, 14, 13)
{e10,e11,e14,e15,e16,e17} ( 1, 2, 3, 11, 12, 6, 13, 8, 9, 10, 4, 15, 14, 5, 7)
{e10,e11,e14,e15,e16,e18} ( 1, 2, 10, 4, 13, 8, 12, 6, 9, 3, 11, 15, 14, 7, 5)
{e10,e11,e14,e15,e16,e19} ( 2, 1, 3, 4, 7, 8, 5, 6, 9, 10, 11, 15, 14, 13, 12)
{e10,e11,e14,e15,e17,e18} ( 3, 1, 2, 5, 7, 9, 4, 6, 8, 10, 12, 15, 14, 13, 11)
{e10,e11,e14,e15,e17,e19} ( 1, 3, 10, 5, 13, 9, 11, 6, 8, 2, 12, 15, 14, 7, 4)
{e10,e11,e14,e16,e17,e18} ( 1, 2, 10, 4, 14, 8, 15, 6, 9, 3, 11, 12, 13, 5, 7)
{e10,e11,e14,e16,e17,e19} ( 1, 3, 10, 5, 13, 9, 15, 6, 8, 2, 12, 11, 14, 4, 7)
{e10,e11,e14,e16,e18,e19} ( 1, 2, 10, 4, 15, 8, 5, 6, 9, 3, 11, 7, 13, 14, 12)
{e10,e11,e14,e17,e18,e19} ( 1, 3, 10, 5, 14, 9, 4, 6, 8, 2, 12, 7, 13, 15, 11)
{e10,e11,e15,e16,e17,e18} ( 1, 2, 3, 11, 15, 6, 14, 8, 9, 10, 4, 12, 13, 7, 5)
{e10,e11,e15,e16,e17,e19} ( 1, 2, 3, 11, 15, 6, 5, 8, 9, 10, 4, 7, 13, 12, 14)
{e10,e11,e16,e17,e18,e19} ( 2, 1, 10, 7, 11, 6, 5, 8, 9, 3, 15, 4, 14, 12, 13)
{e10,e12,e13,e14,e15,e16} ( 2, 1, 10, 5, 12, 6, 14, 8, 9, 3, 11, 15, 13, 4, 7)
{e10,e12,e13,e14,e15,e18} ( 2, 1, 3, 11, 14, 8, 12, 6, 9, 10, 5, 15, 13, 7, 4)
{e10,e12,e13,e14,e15,e19} ( 1, 2, 10, 7, 11, 8, 4, 6, 9, 3, 15, 5, 14, 13, 12)
{e10,e12,e13,e14,e16,e18} ( 2, 1, 3, 11, 14, 8, 15, 6, 9, 10, 5, 12, 13, 4, 7)
{e10,e12,e13,e14,e16,e19} ( 1, 3, 10, 4, 13, 9, 7, 6, 8, 2, 12, 5, 14, 11, 15)
{e10,e12,e13,e14,e18,e19} ( 2, 1, 3, 11, 15, 8, 4, 6, 9, 10, 5, 7, 13, 14, 12)
{e10,e12,e13,e15,e16,e17} ( 1, 2, 3, 11, 12, 6, 13, 8, 9, 10, 5, 14, 15, 4, 7)
{e10,e12,e13,e15,e16,e18} ( 3, 1, 2, 4, 7, 9, 5, 6, 8, 10, 12, 15, 14, 13, 11)
{e10,e12,e13,e15,e16,e19} ( 1, 3, 10, 4, 13, 9, 11, 6, 8, 2, 12, 15, 14, 7, 5)
{e10,e12,e13,e15,e17,e18} ( 1, 2, 10, 5, 13, 8, 12, 6, 9, 3, 11, 15, 14, 7, 4)
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{e10,e12,e13,e15,e17,e19} ( 2, 1, 3, 5, 7, 8, 4, 6, 9, 10, 11, 15, 14, 13, 12)
{e10,e12,e13,e16,e17,e18} ( 1, 2, 10, 5, 13, 8, 15, 6, 9, 3, 11, 12, 14, 4, 7)
{e10,e12,e13,e16,e17,e19} ( 1, 3, 10, 4, 14, 9, 15, 6, 8, 2, 12, 11, 13, 5, 7)
{e10,e12,e13,e16,e18,e19} ( 1, 3, 10, 4, 14, 9, 5, 6, 8, 2, 12, 7, 13, 15, 11)
{e10,e12,e13,e17,e18,e19} ( 1, 2, 10, 5, 15, 8, 4, 6, 9, 3, 11, 7, 13, 14, 12)
{e10,e12,e14,e15,e16,e18} ( 2, 1, 10, 5, 15, 6, 14, 8, 9, 3, 11, 13, 12, 7, 4)
{e10,e12,e14,e15,e16,e19} ( 2, 1, 10, 5, 15, 6, 4, 8, 9, 3, 11, 7, 12, 13, 14)
{e10,e12,e14,e16,e18,e19} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11, 15, 12, 14, 13)
{e10,e12,e15,e16,e17,e18} ( 1, 2, 3, 11, 15, 6, 13, 8, 9, 10, 5, 12, 14, 7, 4)
{e10,e12,e15,e16,e17,e19} ( 1, 2, 3, 11, 15, 6, 4, 8, 9, 10, 5, 7, 14, 12, 13)
{e10,e12,e16,e17,e18,e19} ( 2, 1, 10, 7, 11, 6, 4, 8, 9, 3, 15, 5, 14, 13, 12)
{e10,e13,e14,e15,e16,e17} ( 1, 2, 3, 11, 12, 6, 7, 8, 9, 10, 14, 15, 4, 5, 13)
{e10,e13,e14,e15,e16,e18} ( 2, 1, 3, 13, 14, 8, 5, 6, 9, 10, 15, 11, 7, 4, 12)
{e10,e13,e14,e15,e16,e19} ( 1, 2, 10, 7, 14, 8, 12, 6, 9, 3, 15, 11, 13, 4, 5)
{e10,e13,e14,e15,e17,e18} ( 2, 1, 3, 13, 14, 8, 4, 6, 9, 10, 15, 12, 7, 5, 11)
{e10,e13,e14,e15,e17,e19} ( 1, 2, 10, 7, 14, 8, 11, 6, 9, 3, 15, 12, 13, 5, 4)
{e10,e13,e14,e16,e17,e18} ( 2, 1, 3, 13, 14, 8, 7, 6, 9, 10, 11, 12, 4, 5, 15)
{e10,e13,e14,e16,e17,e19} ( 3, 1, 2, 4, 5, 9, 7, 6, 8, 10, 11, 12, 13, 14, 15)
{e10,e13,e14,e16,e18,e19} ( 2, 1, 3, 13, 15, 8, 12, 6, 9, 10, 11, 7, 4, 14, 5)
{e10,e13,e14,e17,e18,e19} ( 2, 1, 3, 13, 15, 8, 11, 6, 9, 10, 12, 7, 5, 14, 4)
{e10,e13,e15,e16,e17,e18} ( 1, 2, 3, 11, 15, 6, 5, 8, 9, 10, 13, 12, 4, 7, 14)
{e10,e13,e15,e16,e17,e19} ( 1, 2, 3, 11, 15, 6, 14, 8, 9, 10, 13, 7, 4, 12, 5)
{e10,e13,e16,e17,e18,e19} ( 2, 1, 10, 7, 11, 6, 13, 8, 9, 3, 15, 12, 14, 4, 5)
{e10,e14,e15,e16,e17,e18} ( 1, 2, 3, 11, 15, 6, 4, 8, 9, 10, 14, 12, 5, 7, 13)
{e10,e14,e15,e16,e17,e19} ( 1, 2, 3, 11, 15, 6, 13, 8, 9, 10, 14, 7, 5, 12, 4)
{e10,e14,e16,e17,e18,e19} ( 2, 1, 10, 7, 11, 6, 12, 8, 9, 3, 15, 13, 14, 5, 4)
{e11,e12,e13,e14,e15,e16} ( 4, 10, 12, 1, 5, 6, 7, 8, 9, 15, 2, 11, 3, 13, 14)
{e11,e12,e13,e14,e15,e17} ( 5, 11, 13, 1, 4, 6, 7, 8, 9, 15, 2, 10, 3, 12, 14)
{e11,e12,e13,e14,e16,e18} ( 10, 4, 12, 2, 11, 8, 7, 6, 9, 14, 1, 5, 3, 13, 15)
{e11,e12,e13,e14,e16,e19} ( 12, 4, 10, 3, 13, 9, 7, 6, 8, 14, 1, 5, 2, 11, 15)
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{e11,e12,e13,e14,e17,e18} ( 11, 5, 13, 2, 10, 8, 7, 6, 9, 14, 1, 4, 3, 12, 15)
{e11,e12,e13,e14,e17,e19} ( 13, 5, 11, 3, 12, 9, 7, 6, 8, 14, 1, 4, 2, 10, 15)
{e11,e12,e13,e15,e16,e17} ( 10, 4, 14, 1, 11, 6, 7, 8, 9, 12, 2, 5, 3, 15, 13)
{e11,e12,e13,e15,e16,e18} ( 4, 12, 14, 3, 7, 9, 5, 6, 8, 10, 1, 15, 2, 13, 11)
{e11,e12,e13,e15,e16,e19} ( 12, 4, 10, 3, 13, 9, 11, 6, 8, 14, 1, 15, 2, 7, 5)
{e11,e12,e13,e15,e18,e19} ( 13, 7, 15, 3, 12, 9, 11, 8, 6, 14, 2, 10, 1, 4, 5)
{e11,e12,e13,e16,e17,e18} ( 4, 10, 13, 2, 5, 8, 7, 6, 9, 12, 1, 11, 3, 14, 15)
{e11,e12,e13,e16,e17,e19} ( 12, 4, 10, 3, 14, 9, 15, 6, 8, 13, 1, 11, 2, 5, 7)
{e11,e12,e13,e16,e18,e19} ( 12, 4, 10, 3, 14, 9, 5, 6, 8, 13, 1, 7, 2, 15, 11)
{e11,e12,e14,e15,e16,e17} ( 11, 5, 15, 1, 10, 6, 7, 8, 9, 12, 2, 4, 3, 14, 13)
{e11,e12,e14,e15,e17,e18} ( 5, 12, 14, 3, 7, 9, 4, 6, 8, 11, 1, 15, 2, 13, 10)
{e11,e12,e14,e15,e17,e19} ( 12, 5, 11, 3, 13, 9, 10, 6, 8, 14, 1, 15, 2, 7, 4)
{e11,e12,e14,e15,e18,e19} ( 13, 7, 15, 3, 12, 9, 10, 8, 6, 14, 2, 11, 1, 5, 4)
{e11,e12,e14,e16,e17,e18} ( 5, 11, 14, 2, 4, 8, 7, 6, 9, 12, 1, 10, 3, 13, 15)
{e11,e12,e14,e16,e17,e19} ( 12, 5, 11, 3, 13, 9, 15, 6, 8, 14, 1, 10, 2, 4, 7)
{e11,e12,e14,e17,e18,e19} ( 12, 5, 11, 3, 14, 9, 4, 6, 8, 13, 1, 7, 2, 15, 10)
{e11,e12,e15,e16,e18,e19} ( 12, 7, 15, 3, 13, 9, 5, 8, 6, 14, 2, 4, 1, 10, 11)
{e11,e12,e15,e17,e18,e19} ( 12, 7, 15, 3, 13, 9, 4, 8, 6, 14, 2, 5, 1, 11, 10)
{e11,e13,e14,e15,e16,e17} ( 10, 4, 14, 1, 12, 6, 13, 8, 9, 11, 2, 15, 3, 5, 7)
{e11,e13,e14,e15,e16,e18} ( 10, 4, 11, 2, 13, 8, 12, 6, 9, 14, 1, 15, 3, 7, 5)
{e11,e13,e14,e15,e16,e19} ( 4, 10, 14, 2, 7, 8, 5, 6, 9, 11, 1, 15, 3, 13, 12)
{e11,e13,e14,e15,e18,e19} ( 13, 7, 14, 2, 10, 8, 12, 9, 6, 15, 3, 11, 1, 4, 5)
{e11,e13,e14,e16,e17,e18} ( 10, 4, 11, 2, 14, 8, 15, 6, 9, 13, 1, 12, 3, 5, 7)
{e11,e13,e14,e16,e17,e19} ( 4, 11, 13, 3, 5, 9, 7, 6, 8, 10, 1, 12, 2, 14, 15)
{e11,e13,e14,e16,e18,e19} ( 10, 4, 11, 2, 15, 8, 5, 6, 9, 13, 1, 7, 3, 14, 12)
{e11,e13,e15,e16,e17,e18} ( 10, 4, 13, 1, 15, 6, 14, 8, 9, 11, 2, 12, 3, 7, 5)
{e11,e13,e15,e16,e17,e19} ( 10, 4, 13, 1, 15, 6, 5, 8, 9, 11, 2, 7, 3, 12, 14)
{e11,e13,e15,e17,e18,e19} ( 7, 14, 15, 1, 4, 6, 5, 9, 8, 12, 3, 11, 2, 10, 13)
{e11,e13,e16,e17,e18,e19} ( 4, 10, 11, 1, 7, 6, 5, 8, 9, 12, 2, 15, 3, 14, 13)
{e11,e14,e15,e16,e18,e19} ( 7, 12, 15, 2, 4, 8, 5, 9, 6, 14, 3, 13, 1, 10, 11)
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{e11,e14,e15,e17,e18,e19} ( 7, 12, 14, 3, 5, 9, 4, 8, 6, 15, 2, 13, 1, 11, 10)
{e11,e15,e16,e17,e18,e19} ( 14, 7, 11, 1, 10, 6, 13, 9, 8, 15, 3, 12, 2, 4, 5)
{e12,e13,e14,e15,e16,e17} ( 10, 5, 15, 1, 11, 6, 13, 8, 9, 12, 2, 14, 3, 4, 7)
{e12,e13,e14,e15,e17,e18} ( 10, 5, 12, 2, 13, 8, 11, 6, 9, 14, 1, 15, 3, 7, 4)
{e12,e13,e14,e15,e17,e19} ( 5, 10, 14, 2, 7, 8, 4, 6, 9, 12, 1, 15, 3, 13, 11)
{e12,e13,e14,e15,e18,e19} ( 13, 7, 14, 2, 10, 8, 11, 9, 6, 15, 3, 12, 1, 5, 4)
{e12,e13,e14,e16,e17,e18} ( 10, 5, 12, 2, 13, 8, 15, 6, 9, 14, 1, 11, 3, 4, 7)
{e12,e13,e14,e16,e17,e19} ( 5, 12, 14, 3, 4, 9, 7, 6, 8, 10, 1, 11, 2, 13, 15)
{e12,e13,e14,e17,e18,e19} ( 10, 5, 12, 2, 15, 8, 4, 6, 9, 13, 1, 7, 3, 14, 11)
{e12,e13,e15,e16,e18,e19} ( 7, 12, 14, 3, 4, 9, 5, 8, 6, 15, 2, 13, 1, 11, 10)
{e12,e13,e15,e17,e18,e19} ( 7, 12, 15, 2, 5, 8, 4, 9, 6, 14, 3, 13, 1, 10, 11)
{e12,e14,e15,e16,e17,e18} ( 10, 5, 14, 1, 15, 6, 13, 8, 9, 11, 2, 12, 3, 7, 4)
{e12,e14,e15,e16,e17,e19} ( 10, 5, 14, 1, 15, 6, 4, 8, 9, 11, 2, 7, 3, 12, 13)
{e12,e14,e15,e16,e18,e19} ( 7, 14, 15, 1, 5, 6, 4, 9, 8, 12, 3, 11, 2, 10, 13)
{e12,e14,e16,e17,e18,e19} ( 5, 10, 11, 1, 7, 6, 4, 8, 9, 13, 2, 15, 3, 14, 12)
{e12,e15,e16,e17,e18,e19} ( 14, 7, 11, 1, 10, 6, 12, 9, 8, 15, 3, 13, 2, 5, 4)
{e13,e14,e15,e16,e18,e19} ( 12, 7, 14, 2, 13, 8, 5, 9, 6, 15, 3, 4, 1, 10, 11)
{e13,e14,e15,e17,e18,e19} ( 12, 7, 14, 2, 13, 8, 4, 9, 6, 15, 3, 5, 1, 11, 10)
{e13,e15,e16,e17,e18,e19} ( 14, 7, 11, 1, 10, 6, 5, 9, 8, 15, 3, 4, 2, 12, 13)
{e14,e15,e16,e17,e18,e19} ( 14, 7, 11, 1, 10, 6, 4, 9, 8, 15, 3, 5, 2, 13, 12)

{e10,e11,e12,e13,e14,e16} {e10,e11,e12,e13,e14,e17} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 12, 11, 14, 13, 15)
{e10,e11,e12,e13,e16,e17} ( 1, 2, 3, 11, 12, 6, 7, 8, 9, 10, 4, 5, 14, 15, 13)
{e10,e11,e12,e14,e16,e17} ( 1, 2, 3, 12, 11, 6, 7, 8, 9, 10, 5, 4, 15, 14, 13)
{e10,e11,e13,e14,e16,e17} ( 1, 2, 3, 12, 13, 6, 7, 8, 9, 10, 14, 15, 4, 5, 11)
{e10,e11,e13,e15,e16,e18} ( 1, 2, 3, 12, 15, 6, 5, 8, 9, 10, 14, 13, 4, 7, 11)
{e10,e11,e13,e15,e16,e19} ( 1, 2, 3, 11, 15, 6, 5, 8, 9, 10, 4, 7, 14, 13, 12)
{e10,e11,e13,e15,e18,e19} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 10, 15, 11, 14, 12, 13)
{e10,e11,e13,e16,e18,e19} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11, 15, 12, 14, 13)
{e10,e11,e15,e16,e18,e19} ( 1, 2, 3, 15, 11, 6, 5, 8, 9, 10, 7, 4, 12, 13, 14)
{e10,e12,e13,e14,e16,e17} ( 1, 2, 3, 13, 12, 6, 7, 8, 9, 10, 15, 14, 5, 4, 11)
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{e10,e12,e14,e15,e17,e18} ( 1, 2, 3, 12, 15, 6, 4, 8, 9, 10, 14, 13, 5, 7, 11)
{e10,e12,e14,e15,e17,e19} ( 1, 2, 3, 11, 15, 6, 4, 8, 9, 10, 5, 7, 14, 13, 12)
{e10,e12,e14,e15,e18,e19} ( 1, 2, 3, 7, 5, 6, 4, 8, 9, 10, 15, 11, 14, 12, 13)
{e10,e12,e14,e17,e18,e19} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11, 15, 12, 14, 13)
{e10,e12,e15,e17,e18,e19} ( 1, 2, 3, 15, 11, 6, 4, 8, 9, 10, 7, 5, 12, 13, 14)
{e10,e13,e15,e16,e18,e19} ( 1, 2, 3, 14, 11, 6, 5, 8, 9, 10, 12, 13, 7, 4, 15)
{e10,e14,e15,e17,e18,e19} ( 1, 2, 3, 14, 11, 6, 4, 8, 9, 10, 12, 13, 7, 5, 15)
{e11,e12,e13,e14,e16,e17} ( 4, 10, 12, 5, 1, 6, 7, 8, 9, 14, 11, 2, 13, 3, 15)
{e11,e13,e15,e16,e18,e19} ( 4, 10, 11, 7, 1, 6, 5, 8, 9, 13, 15, 2, 14, 3, 12)
{e12,e14,e15,e17,e18,e19} ( 5, 10, 11, 7, 1, 6, 4, 8, 9, 13, 15, 2, 14, 3, 12)

{e10,e11,e12,e13,e14,e20} {e10,e11,e12,e13,e17,e20} ( 1, 2, 10, 5, 11, 6, 7, 8, 15, 3, 12, 4, 14, 13, 9)
{e10,e11,e12,e14,e16,e20} ( 1, 2, 10, 4, 12, 6, 7, 8, 15, 3, 11, 5, 14, 13, 9)
{e10,e11,e12,e16,e17,e20} ( 1, 2, 3, 11, 12, 6, 7, 8, 9, 10, 4, 5, 13, 14, 15)
{e10,e11,e13,e14,e17,e20} ( 1, 3, 10, 5, 12, 6, 7, 9, 15, 2, 13, 4, 14, 11, 8)
{e10,e11,e13,e15,e18,e20} ( 1, 3, 10, 7, 12, 6, 5, 9, 15, 2, 14, 4, 13, 11, 8)
{e10,e11,e13,e15,e19,e20} ( 1, 2, 10, 7, 11, 6, 5, 8, 15, 3, 14, 4, 13, 12, 9)
{e10,e11,e13,e18,e19,e20} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11, 14, 12, 13, 15)
{e10,e11,e14,e16,e17,e20} ( 2, 3, 10, 5, 13, 6, 7, 15, 9, 1, 14, 4, 12, 11, 8)
{e10,e11,e15,e16,e18,e20} ( 2, 3, 10, 7, 13, 6, 5, 15, 9, 1, 12, 4, 14, 11, 8)
{e10,e11,e15,e16,e19,e20} ( 1, 2, 3, 11, 14, 6, 5, 8, 9, 10, 4, 7, 13, 12, 15)
{e10,e11,e16,e18,e19,e20} ( 1, 2, 10, 4, 14, 6, 5, 8, 15, 3, 11, 7, 12, 13, 9)
{e10,e12,e13,e14,e16,e20} ( 1, 3, 10, 4, 13, 6, 7, 9, 15, 2, 12, 5, 14, 11, 8)
{e10,e12,e13,e16,e17,e20} ( 2, 3, 10, 4, 14, 6, 7, 15, 9, 1, 13, 5, 12, 11, 8)
{e10,e12,e14,e15,e18,e20} ( 1, 3, 10, 7, 12, 6, 4, 9, 15, 2, 14, 5, 13, 11, 8)
{e10,e12,e14,e15,e19,e20} ( 1, 2, 10, 7, 11, 6, 4, 8, 15, 3, 14, 5, 13, 12, 9)
{e10,e12,e14,e18,e19,e20} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11, 14, 12, 13, 15)
{e10,e12,e15,e17,e18,e20} ( 2, 3, 10, 7, 13, 6, 4, 15, 9, 1, 12, 5, 14, 11, 8)
{e10,e12,e15,e17,e19,e20} ( 1, 2, 3, 11, 14, 6, 4, 8, 9, 10, 5, 7, 13, 12, 15)
{e10,e12,e17,e18,e19,e20} ( 1, 2, 10, 5, 14, 6, 4, 8, 15, 3, 11, 7, 12, 13, 9)
{e10,e13,e14,e16,e17,e20} ( 1, 2, 3, 11, 12, 6, 7, 8, 9, 10, 13, 14, 4, 5, 15)
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{e10,e13,e15,e16,e18,e20} ( 1, 2, 3, 11, 14, 6, 5, 8, 9, 10, 13, 12, 4, 7, 15)
{e10,e13,e15,e16,e19,e20} ( 2, 3, 10, 4, 12, 6, 5, 15, 9, 1, 13, 7, 11, 14, 8)
{e10,e13,e16,e18,e19,e20} ( 1, 3, 10, 4, 13, 6, 5, 9, 15, 2, 11, 7, 12, 14, 8)
{e10,e14,e15,e17,e18,e20} ( 1, 2, 3, 11, 14, 6, 4, 8, 9, 10, 13, 12, 5, 7, 15)
{e10,e14,e15,e17,e19,e20} ( 2, 3, 10, 5, 12, 6, 4, 15, 9, 1, 13, 7, 11, 14, 8)
{e10,e14,e17,e18,e19,e20} ( 1, 3, 10, 5, 13, 6, 4, 9, 15, 2, 11, 7, 12, 14, 8)
{e11,e12,e13,e14,e16,e20} ( 4, 10, 12, 1, 5, 6, 7, 8, 9, 14, 2, 11, 3, 13, 15)
{e11,e12,e13,e14,e17,e20} ( 5, 11, 13, 1, 4, 6, 7, 8, 9, 14, 2, 10, 3, 12, 15)
{e11,e12,e13,e16,e17,e20} ( 4, 10, 13, 2, 5, 6, 7, 8, 15, 12, 1, 11, 3, 14, 9)
{e11,e12,e14,e16,e17,e20} ( 5, 11, 14, 2, 4, 6, 7, 8, 15, 12, 1, 10, 3, 13, 9)
{e11,e13,e14,e16,e17,e20} ( 4, 11, 13, 3, 5, 6, 7, 9, 15, 10, 1, 12, 2, 14, 8)
{e11,e13,e15,e16,e18,e20} ( 4, 11, 13, 3, 7, 6, 5, 9, 15, 10, 1, 14, 2, 12, 8)
{e11,e13,e15,e16,e19,e20} ( 4, 10, 13, 2, 7, 6, 5, 8, 15, 11, 1, 14, 3, 12, 9)
{e11,e13,e15,e18,e19,e20} ( 7, 13, 14, 1, 4, 6, 5, 9, 8, 12, 3, 11, 2, 10, 15)
{e11,e13,e16,e18,e19,e20} ( 4, 10, 11, 1, 7, 6, 5, 8, 9, 12, 2, 14, 3, 13, 15)
{e11,e15,e16,e18,e19,e20} ( 7, 11, 14, 2, 4, 6, 5, 15, 8, 13, 3, 12, 1, 10, 9)
{e12,e13,e14,e16,e17,e20} ( 5, 12, 14, 3, 4, 6, 7, 9, 15, 10, 1, 11, 2, 13, 8)
{e12,e14,e15,e17,e18,e20} ( 5, 11, 13, 3, 7, 6, 4, 9, 15, 10, 1, 14, 2, 12, 8)
{e12,e14,e15,e17,e19,e20} ( 5, 10, 13, 2, 7, 6, 4, 8, 15, 11, 1, 14, 3, 12, 9)
{e12,e14,e15,e18,e19,e20} ( 7, 13, 14, 1, 5, 6, 4, 9, 8, 12, 3, 11, 2, 10, 15)
{e12,e14,e17,e18,e19,e20} ( 5, 10, 11, 1, 7, 6, 4, 8, 9, 12, 2, 14, 3, 13, 15)
{e12,e15,e17,e18,e19,e20} ( 7, 11, 14, 2, 5, 6, 4, 15, 8, 13, 3, 12, 1, 10, 9)
{e13,e15,e16,e18,e19,e20} ( 7, 11, 13, 3, 4, 6, 5, 15, 9, 14, 2, 12, 1, 10, 8)
{e14,e15,e17,e18,e19,e20} ( 7, 11, 13, 3, 5, 6, 4, 15, 9, 14, 2, 12, 1, 10, 8)

{e10,e11,e12,e13,e15,e16} {e10,e11,e12,e13,e16,e18} ( 1, 2, 10, 4, 12, 8, 7, 6, 9, 3, 11, 5, 14, 15, 13)
{e10,e11,e12,e14,e15,e17} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 12, 11, 13, 14, 15)
{e10,e11,e12,e14,e17,e18} ( 1, 2, 10, 5, 11, 8, 7, 6, 9, 3, 12, 4, 14, 15, 13)
{e10,e11,e13,e14,e15,e16} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 10, 12, 13, 11, 14, 15)
{e10,e11,e13,e14,e16,e19} ( 1, 2, 10, 4, 15, 8, 5, 6, 9, 3, 11, 7, 14, 13, 12)
{e10,e11,e13,e16,e17,e18} ( 1, 3, 2, 4, 7, 6, 5, 9, 8, 10, 12, 15, 11, 14, 13)
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{e10,e11,e13,e16,e17,e19} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11, 15, 12, 14, 13)
{e10,e11,e14,e15,e18,e19} ( 1, 2, 10, 7, 11, 8, 5, 6, 9, 3, 15, 4, 13, 12, 14)
{e10,e11,e15,e17,e18,e19} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 10, 15, 11, 14, 13, 12)
{e10,e12,e13,e14,e15,e17} ( 1, 3, 2, 5, 4, 6, 7, 9, 8, 10, 13, 12, 11, 14, 15)
{e10,e12,e13,e14,e17,e19} ( 1, 2, 10, 5, 15, 8, 4, 6, 9, 3, 11, 7, 14, 12, 13)
{e10,e12,e13,e15,e18,e19} ( 1, 2, 10, 7, 11, 8, 4, 6, 9, 3, 15, 5, 13, 12, 14)
{e10,e12,e14,e16,e17,e18} ( 1, 3, 2, 5, 7, 6, 4, 9, 8, 10, 12, 15, 11, 13, 14)
{e10,e12,e14,e16,e17,e19} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11, 15, 12, 13, 14)
{e10,e12,e15,e16,e18,e19} ( 1, 2, 3, 7, 5, 6, 4, 8, 9, 10, 15, 11, 14, 13, 12)
{e10,e13,e15,e17,e18,e19} ( 1, 3, 2, 7, 4, 6, 5, 9, 8, 10, 14, 11, 15, 13, 12)
{e10,e14,e15,e16,e18,e19} ( 1, 3, 2, 7, 5, 6, 4, 9, 8, 10, 14, 11, 15, 13, 12)

{e10,e11,e12,e13,e15,e20} {e10,e11,e12,e13,e18,e20} ( 1, 2, 10, 11, 5, 6, 7, 8, 15, 3, 4, 12, 13, 14, 9)
{e10,e11,e12,e14,e15,e20} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 12, 11, 13, 14, 15)
{e10,e11,e12,e14,e18,e20} ( 1, 2, 10, 12, 4, 6, 7, 8, 15, 3, 5, 11, 13, 14, 9)
{e10,e11,e12,e15,e16,e20} ( 1, 2, 3, 11, 12, 6, 7, 8, 9, 10, 4, 5, 14, 13, 15)
{e10,e11,e12,e15,e17,e20} ( 1, 2, 3, 12, 11, 6, 7, 8, 9, 10, 5, 4, 14, 13, 15)
{e10,e11,e12,e16,e18,e20} ( 1, 2, 10, 4, 12, 6, 7, 8, 15, 3, 11, 5, 13, 14, 9)
{e10,e11,e12,e17,e18,e20} ( 1, 2, 10, 5, 11, 6, 7, 8, 15, 3, 12, 4, 13, 14, 9)
{e10,e11,e13,e14,e15,e20} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 10, 12, 13, 11, 14, 15)
{e10,e11,e13,e14,e19,e20} ( 1, 2, 10, 11, 7, 6, 5, 8, 15, 3, 4, 14, 12, 13, 9)
{e10,e11,e13,e17,e18,e20} ( 1, 3, 2, 4, 7, 6, 5, 9, 8, 10, 12, 14, 11, 13, 15)
{e10,e11,e13,e17,e19,e20} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11, 14, 12, 13, 15)
{e10,e11,e14,e15,e16,e20} ( 1, 3, 2, 11, 12, 6, 13, 9, 8, 10, 14, 5, 4, 7, 15)
{e10,e11,e14,e15,e17,e20} ( 1, 2, 3, 12, 11, 6, 13, 8, 9, 10, 14, 4, 5, 7, 15)
{e10,e11,e14,e15,e18,e20} ( 1, 2, 10, 13, 4, 6, 12, 8, 15, 3, 14, 11, 7, 5, 9)
{e10,e11,e14,e15,e19,e20} ( 1, 2, 10, 7, 11, 6, 5, 8, 15, 3, 14, 4, 13, 12, 9)
{e10,e11,e14,e16,e19,e20} ( 1, 2, 10, 4, 14, 6, 5, 8, 15, 3, 11, 7, 13, 12, 9)
{e10,e11,e14,e17,e18,e20} ( 1, 2, 10, 13, 4, 6, 14, 8, 15, 3, 12, 11, 5, 7, 9)
{e10,e11,e14,e18,e19,e20} ( 1, 2, 10, 14, 4, 6, 5, 8, 15, 3, 7, 11, 13, 12, 9)
{e10,e11,e15,e17,e18,e20} ( 1, 2, 3, 14, 11, 6, 13, 8, 9, 10, 12, 4, 7, 5, 15)
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{e10,e11,e15,e17,e19,e20} ( 1, 2, 3, 14, 11, 6, 5, 8, 9, 10, 7, 4, 12, 13, 15)
{e10,e11,e16,e17,e18,e20} ( 1, 3, 2, 11, 14, 6, 13, 9, 8, 10, 12, 7, 4, 5, 15)
{e10,e11,e16,e17,e19,e20} ( 1, 2, 3, 11, 14, 6, 5, 8, 9, 10, 4, 7, 12, 13, 15)
{e10,e11,e17,e18,e19,e20} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 10, 14, 11, 13, 12, 15)
{e10,e12,e13,e14,e15,e20} ( 1, 3, 2, 5, 4, 6, 7, 9, 8, 10, 13, 12, 11, 14, 15)
{e10,e12,e13,e14,e19,e20} ( 1, 2, 10, 11, 7, 6, 4, 8, 15, 3, 5, 14, 13, 12, 9)
{e10,e12,e13,e15,e16,e20} ( 1, 2, 3, 12, 11, 6, 13, 8, 9, 10, 14, 5, 4, 7, 15)
{e10,e12,e13,e15,e17,e20} ( 1, 3, 2, 11, 12, 6, 13, 9, 8, 10, 14, 4, 5, 7, 15)
{e10,e12,e13,e15,e18,e20} ( 1, 2, 10, 13, 5, 6, 12, 8, 15, 3, 14, 11, 7, 4, 9)
{e10,e12,e13,e15,e19,e20} ( 1, 2, 10, 7, 11, 6, 4, 8, 15, 3, 14, 5, 13, 12, 9)
{e10,e12,e13,e16,e18,e20} ( 1, 2, 10, 13, 5, 6, 14, 8, 15, 3, 12, 11, 4, 7, 9)
{e10,e12,e13,e17,e19,e20} ( 1, 2, 10, 5, 14, 6, 4, 8, 15, 3, 11, 7, 13, 12, 9)
{e10,e12,e13,e18,e19,e20} ( 1, 2, 10, 14, 5, 6, 4, 8, 15, 3, 7, 11, 13, 12, 9)
{e10,e12,e14,e16,e18,e20} ( 1, 3, 2, 5, 7, 6, 4, 9, 8, 10, 12, 14, 11, 13, 15)
{e10,e12,e14,e16,e19,e20} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11, 14, 12, 13, 15)
{e10,e12,e15,e16,e18,e20} ( 1, 2, 3, 14, 11, 6, 13, 8, 9, 10, 12, 5, 7, 4, 15)
{e10,e12,e15,e16,e19,e20} ( 1, 2, 3, 14, 11, 6, 4, 8, 9, 10, 7, 5, 12, 13, 15)
{e10,e12,e16,e17,e18,e20} ( 1, 3, 2, 11, 14, 6, 12, 9, 8, 10, 13, 7, 5, 4, 15)
{e10,e12,e16,e17,e19,e20} ( 1, 2, 3, 11, 14, 6, 4, 8, 9, 10, 5, 7, 13, 12, 15)
{e10,e12,e16,e18,e19,e20} ( 1, 2, 3, 7, 5, 6, 4, 8, 9, 10, 14, 11, 13, 12, 15)
{e10,e13,e14,e15,e16,e20} ( 1, 3, 2, 11, 12, 6, 7, 9, 8, 10, 4, 5, 14, 13, 15)
{e10,e13,e14,e15,e17,e20} ( 1, 3, 2, 12, 11, 6, 7, 9, 8, 10, 5, 4, 14, 13, 15)
{e10,e13,e14,e16,e19,e20} ( 1, 2, 10, 13, 7, 6, 12, 8, 15, 3, 11, 14, 4, 5, 9)
{e10,e13,e14,e17,e19,e20} ( 1, 2, 10, 13, 7, 6, 11, 8, 15, 3, 12, 14, 5, 4, 9)
{e10,e13,e15,e17,e18,e20} ( 1, 3, 2, 14, 11, 6, 5, 9, 8, 10, 7, 4, 12, 13, 15)
{e10,e13,e15,e17,e19,e20} ( 1, 3, 2, 14, 11, 6, 13, 9, 8, 10, 12, 4, 7, 5, 15)
{e10,e13,e16,e17,e18,e20} ( 1, 3, 2, 11, 14, 6, 5, 9, 8, 10, 4, 7, 12, 13, 15)
{e10,e13,e16,e17,e19,e20} ( 1, 2, 3, 11, 14, 6, 13, 8, 9, 10, 12, 7, 4, 5, 15)
{e10,e13,e17,e18,e19,e20} ( 1, 3, 2, 7, 4, 6, 5, 9, 8, 10, 13, 11, 14, 12, 15)
{e10,e14,e15,e16,e18,e20} ( 1, 3, 2, 14, 11, 6, 4, 9, 8, 10, 7, 5, 12, 13, 15)
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{e10,e14,e15,e16,e19,e20} ( 1, 3, 2, 14, 11, 6, 13, 9, 8, 10, 12, 5, 7, 4, 15)
{e10,e14,e16,e17,e18,e20} ( 1, 3, 2, 11, 14, 6, 4, 9, 8, 10, 5, 7, 13, 12, 15)
{e10,e14,e16,e17,e19,e20} ( 1, 2, 3, 11, 14, 6, 12, 8, 9, 10, 13, 7, 5, 4, 15)
{e10,e14,e16,e18,e19,e20} ( 1, 3, 2, 7, 5, 6, 4, 9, 8, 10, 13, 11, 14, 12, 15)
{e11,e12,e13,e15,e16,e20} ( 4, 10, 12, 1, 5, 6, 7, 8, 9, 14, 2, 11, 3, 13, 15)
{e11,e12,e13,e16,e18,e20} ( 4, 10, 13, 2, 5, 6, 7, 8, 15, 12, 1, 11, 3, 14, 9)
{e11,e12,e14,e15,e17,e20} ( 5, 11, 12, 1, 4, 6, 7, 8, 9, 14, 2, 10, 3, 13, 15)
{e11,e12,e14,e17,e18,e20} ( 5, 11, 13, 2, 4, 6, 7, 8, 15, 12, 1, 10, 3, 14, 9)
{e11,e13,e14,e15,e16,e20} ( 4, 11, 10, 1, 5, 6, 7, 9, 8, 14, 3, 12, 2, 13, 15)
{e11,e13,e14,e16,e19,e20} ( 4, 10, 13, 2, 7, 6, 5, 8, 15, 11, 1, 14, 3, 12, 9)
{e11,e13,e16,e17,e18,e20} ( 4, 11, 10, 1, 7, 6, 5, 9, 8, 12, 3, 14, 2, 13, 15)
{e11,e13,e16,e17,e19,e20} ( 4, 10, 11, 1, 7, 6, 5, 8, 9, 12, 2, 14, 3, 13, 15)
{e11,e14,e15,e18,e19,e20} ( 7, 13, 12, 3, 5, 6, 4, 9, 15, 14, 1, 11, 2, 10, 8)
{e11,e15,e17,e18,e19,e20} ( 7, 11, 13, 3, 5, 6, 4, 15, 9, 14, 2, 12, 1, 10, 8)
{e12,e13,e14,e15,e17,e20} ( 5, 12, 10, 1, 4, 6, 7, 9, 8, 14, 3, 11, 2, 13, 15)
{e12,e13,e14,e17,e19,e20} ( 5, 10, 13, 2, 7, 6, 4, 8, 15, 12, 1, 14, 3, 11, 9)
{e12,e13,e15,e18,e19,e20} ( 7, 13, 12, 3, 4, 6, 5, 9, 15, 14, 1, 11, 2, 10, 8)
{e12,e14,e16,e17,e18,e20} ( 5, 11, 10, 1, 7, 6, 4, 9, 8, 13, 3, 14, 2, 12, 15)
{e12,e14,e16,e17,e19,e20} ( 5, 10, 11, 1, 7, 6, 4, 8, 9, 13, 2, 14, 3, 12, 15)
{e12,e15,e16,e18,e19,e20} ( 7, 11, 13, 3, 4, 6, 5, 15, 9, 14, 2, 12, 1, 10, 8)
{e13,e15,e17,e18,e19,e20} ( 7, 11, 14, 2, 5, 6, 4, 15, 8, 13, 3, 12, 1, 10, 9)
{e14,e15,e16,e18,e19,e20} ( 7, 11, 14, 2, 4, 6, 5, 15, 8, 13, 3, 12, 1, 10, 9)

{e10,e11,e12,e13,e16,e19} {e10,e11,e12,e13,e16,e20} ( 1, 2, 13, 4, 6, 12, 15, 5, 7, 14, 11, 8, 3, 10, 9)
{e10,e11,e12,e14,e17,e19} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 12, 11, 13, 14, 15)
{e10,e11,e12,e14,e17,e20} ( 1, 2, 13, 5, 6, 11, 15, 4, 7, 14, 12, 8, 3, 10, 9)
{e10,e11,e12,e15,e18,e19} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 10, 15, 11, 14, 13, 12)
{e10,e11,e13,e14,e16,e18} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 10, 12, 13, 11, 14, 15)
{e10,e11,e13,e14,e16,e20} ( 1, 3, 11, 4, 6, 13, 15, 5, 7, 14, 12, 9, 2, 10, 8)
{e10,e11,e13,e15,e16,e17} ( 1, 10, 2, 11, 5, 8, 7, 9, 6, 3, 12, 15, 4, 14, 13)
{e10,e11,e13,e15,e16,e20} ( 1, 10, 4, 11, 6, 13, 9, 7, 5, 14, 12, 15, 2, 3, 8)
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{e10,e11,e13,e16,e17,e20} ( 1, 10, 4, 11, 6, 14, 9, 5, 7, 13, 12, 15, 2, 3, 8)
{e10,e11,e13,e16,e18,e20} ( 1, 3, 11, 4, 6, 14, 15, 7, 5, 13, 12, 9, 2, 10, 8)
{e10,e11,e13,e16,e19,e20} ( 1, 2, 12, 4, 6, 14, 15, 7, 5, 13, 11, 8, 3, 10, 9)
{e10,e11,e15,e18,e19,e20} ( 1, 2, 12, 7, 6, 4, 9, 11, 5, 13, 14, 8, 10, 3, 15)
{e10,e12,e13,e14,e17,e18} ( 1, 3, 2, 5, 4, 6, 7, 9, 8, 10, 13, 12, 11, 14, 15)
{e10,e12,e13,e14,e17,e20} ( 1, 3, 11, 5, 6, 12, 15, 4, 7, 14, 13, 9, 2, 10, 8)
{e10,e12,e14,e15,e16,e17} ( 1, 10, 2, 11, 4, 8, 7, 9, 6, 3, 12, 14, 5, 15, 13)
{e10,e12,e14,e15,e17,e20} ( 1, 10, 5, 11, 6, 13, 9, 7, 4, 14, 12, 15, 2, 3, 8)
{e10,e12,e14,e16,e17,e20} ( 1, 10, 5, 11, 6, 13, 9, 4, 7, 14, 12, 15, 2, 3, 8)
{e10,e12,e14,e17,e18,e20} ( 1, 3, 11, 5, 6, 14, 15, 7, 4, 13, 12, 9, 2, 10, 8)
{e10,e12,e14,e17,e19,e20} ( 1, 2, 12, 5, 6, 14, 15, 7, 4, 13, 11, 8, 3, 10, 9)
{e10,e12,e15,e18,e19,e20} ( 1, 2, 12, 7, 6, 5, 9, 11, 4, 13, 14, 8, 10, 3, 15)
{e10,e13,e14,e15,e18,e19} ( 1, 3, 2, 7, 4, 6, 5, 9, 8, 10, 14, 11, 15, 13, 12)
{e10,e13,e15,e18,e19,e20} ( 1, 3, 12, 7, 6, 4, 8, 11, 5, 14, 13, 9, 10, 2, 15)
{e10,e14,e15,e18,e19,e20} ( 1, 3, 12, 7, 6, 5, 8, 11, 4, 14, 13, 9, 10, 2, 15)
{e10,e15,e16,e17,e18,e19} ( 1, 10, 2, 14, 4, 8, 13, 9, 6, 3, 15, 12, 11, 7, 5)
{e10,e15,e16,e18,e19,e20} ( 1, 10, 7, 13, 6, 12, 8, 4, 5, 11, 14, 15, 3, 2, 9)
{e10,e15,e17,e18,e19,e20} ( 1, 10, 7, 13, 6, 12, 8, 5, 4, 11, 14, 15, 3, 2, 9)

{e10,e11,e12,e13,e19,e20} {e10,e11,e12,e14,e19,e20} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 12, 11, 13, 14, 15)
{e10,e11,e12,e15,e18,e20} ( 3, 10, 1, 14, 4, 5, 6, 15, 9, 2, 13, 11, 7, 12, 8)
{e10,e11,e12,e15,e19,e20} ( 1, 2, 3, 14, 4, 6, 12, 8, 9, 10, 7, 11, 13, 5, 15)
{e10,e11,e12,e16,e19,e20} ( 1, 2, 3, 11, 5, 6, 14, 8, 9, 10, 4, 12, 13, 7, 15)
{e10,e11,e12,e17,e19,e20} ( 1, 2, 3, 12, 4, 6, 14, 8, 9, 10, 5, 11, 13, 7, 15)
{e10,e11,e12,e18,e19,e20} ( 1, 2, 3, 7, 4, 5, 6, 15, 9, 10, 14, 11, 13, 12, 8)
{e10,e11,e13,e14,e18,e20} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 10, 12, 13, 11, 14, 15)
{e10,e11,e13,e15,e17,e20} ( 1, 10, 2, 11, 5, 6, 7, 15, 8, 3, 12, 14, 4, 13, 9)
{e10,e11,e14,e16,e18,e20} ( 2, 10, 1, 11, 5, 6, 7, 9, 8, 3, 13, 12, 4, 14, 15)
{e10,e11,e14,e17,e19,e20} ( 3, 10, 1, 12, 4, 6, 7, 8, 9, 2, 13, 11, 5, 14, 15)
{e10,e11,e15,e16,e17,e20} ( 2, 3, 1, 4, 5, 6, 7, 15, 8, 10, 13, 14, 11, 12, 9)
{e10,e12,e13,e14,e18,e20} ( 1, 3, 2, 5, 4, 6, 7, 9, 8, 10, 13, 12, 11, 14, 15)
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{e10,e12,e13,e16,e19,e20} ( 3, 10, 1, 12, 5, 6, 7, 8, 9, 2, 13, 11, 4, 14, 15)
{e10,e12,e13,e17,e18,e20} ( 2, 10, 1, 11, 4, 6, 7, 9, 8, 3, 13, 12, 5, 14, 15)
{e10,e12,e14,e15,e16,e20} ( 1, 10, 2, 11, 4, 6, 7, 15, 8, 3, 12, 14, 5, 13, 9)
{e10,e12,e15,e16,e17,e20} ( 2, 3, 1, 5, 4, 6, 7, 15, 8, 10, 14, 13, 11, 12, 9)
{e10,e13,e14,e15,e18,e20} ( 1, 3, 2, 14, 4, 6, 12, 9, 8, 10, 7, 11, 13, 5, 15)
{e10,e13,e14,e15,e19,e20} ( 2, 10, 1, 14, 4, 5, 6, 15, 8, 3, 13, 11, 7, 12, 9)
{e10,e13,e14,e16,e18,e20} ( 1, 3, 2, 11, 5, 6, 14, 9, 8, 10, 4, 12, 13, 7, 15)
{e10,e13,e14,e17,e18,e20} ( 1, 3, 2, 12, 4, 6, 14, 9, 8, 10, 5, 11, 13, 7, 15)
{e10,e13,e14,e18,e19,e20} ( 1, 3, 2, 7, 4, 5, 6, 15, 8, 10, 13, 11, 14, 12, 9)
{e10,e13,e15,e16,e17,e20} ( 2, 3, 1, 13, 5, 6, 12, 15, 8, 10, 4, 14, 11, 7, 9)
{e10,e14,e15,e16,e17,e20} ( 2, 3, 1, 14, 4, 6, 12, 15, 8, 10, 5, 13, 11, 7, 9)
{e10,e15,e16,e17,e18,e20} ( 2, 3, 1, 11, 4, 6, 13, 15, 8, 10, 7, 12, 14, 5, 9)
{e10,e15,e16,e17,e19,e20} ( 2, 3, 1, 7, 4, 5, 6, 9, 8, 10, 11, 12, 14, 13, 15)
{e10,e16,e17,e18,e19,e20} ( 1, 10, 2, 14, 4, 5, 6, 9, 8, 3, 13, 11, 7, 12, 15)
{e11,e12,e13,e16,e19,e20} ( 1, 2, 12, 4, 6, 5, 15, 11, 14, 13, 10, 8, 3, 9, 7)
{e11,e12,e14,e17,e19,e20} ( 1, 2, 12, 5, 6, 4, 15, 10, 14, 13, 11, 8, 3, 9, 7)
{e11,e12,e15,e18,e19,e20} ( 1, 2, 12, 14, 6, 4, 15, 10, 5, 13, 7, 8, 3, 9, 11)
{e11,e13,e14,e16,e18,e20} ( 1, 3, 10, 4, 6, 5, 15, 12, 14, 13, 11, 9, 2, 8, 7)
{e11,e13,e15,e16,e17,e20} ( 2, 3, 10, 4, 6, 5, 9, 14, 12, 11, 13, 15, 1, 8, 7)
{e12,e13,e14,e17,e18,e20} ( 1, 3, 10, 5, 6, 4, 15, 11, 14, 13, 12, 9, 2, 8, 7)
{e12,e14,e15,e16,e17,e20} ( 2, 3, 10, 5, 6, 4, 9, 13, 12, 11, 14, 15, 1, 8, 7)
{e13,e14,e15,e18,e19,e20} ( 1, 3, 12, 13, 6, 4, 15, 10, 5, 14, 7, 9, 2, 8, 11)
{e15,e16,e17,e18,e19,e20} ( 2, 3, 13, 10, 6, 4, 9, 11, 5, 14, 7, 15, 1, 8, 12)

{e11,e12,e13,e14,e15,e18} {e11,e12,e13,e14,e15,e19} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 12, 13, 10, 11, 14, 15)
{e11,e12,e13,e14,e18,e19} ( 2, 3, 1, 10, 11, 8, 7, 9, 6, 12, 13, 4, 5, 14, 15)
{e11,e12,e13,e15,e17,e19} ( 2, 3, 1, 5, 7, 8, 4, 9, 6, 14, 13, 11, 15, 12, 10)
{e11,e12,e13,e17,e18,e19} ( 1, 3, 2, 4, 7, 6, 5, 9, 8, 12, 14, 10, 15, 13, 11)
{e11,e12,e14,e15,e16,e19} ( 2, 3, 1, 4, 7, 8, 5, 9, 6, 14, 13, 10, 15, 12, 11)
{e11,e12,e14,e16,e18,e19} ( 1, 3, 2, 5, 7, 6, 4, 9, 8, 12, 14, 11, 15, 13, 10)
{e11,e12,e15,e16,e17,e18} ( 1, 2, 3, 10, 11, 6, 7, 8, 9, 4, 5, 13, 14, 12, 15)
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{e11,e12,e15,e16,e17,e19} ( 1, 3, 2, 10, 11, 6, 7, 9, 8, 13, 14, 4, 5, 12, 15)
{e11,e12,e16,e17,e18,e19} ( 2, 3, 1, 4, 5, 8, 7, 9, 6, 12, 13, 10, 11, 14, 15)
{e11,e13,e14,e15,e17,e18} ( 2, 3, 1, 10, 13, 8, 12, 9, 6, 11, 7, 4, 15, 5, 14)
{e11,e13,e14,e17,e18,e19} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 15, 11, 14, 13, 12)
{e11,e14,e15,e16,e17,e18} ( 1, 3, 2, 10, 11, 6, 12, 9, 8, 13, 5, 4, 14, 7, 15)
{e11,e14,e15,e16,e17,e19} ( 1, 2, 3, 10, 11, 6, 12, 8, 9, 4, 14, 13, 5, 7, 15)
{e12,e13,e14,e15,e16,e18} ( 2, 3, 1, 10, 13, 8, 11, 9, 6, 12, 7, 5, 15, 4, 14)
{e12,e13,e14,e16,e18,e19} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 15, 12, 14, 13, 11)
{e12,e13,e15,e16,e17,e18} ( 1, 3, 2, 10, 11, 6, 12, 9, 8, 14, 4, 5, 13, 7, 15)
{e12,e13,e15,e16,e17,e19} ( 1, 2, 3, 10, 11, 6, 12, 8, 9, 5, 13, 14, 4, 7, 15)
{e13,e14,e15,e16,e17,e18} ( 1, 2, 3, 10, 11, 6, 7, 8, 9, 13, 14, 4, 5, 12, 15)
{e13,e14,e15,e16,e17,e19} ( 1, 3, 2, 10, 11, 6, 7, 9, 8, 4, 5, 13, 14, 12, 15)
{e13,e14,e16,e17,e18,e19} ( 2, 3, 1, 12, 13, 8, 7, 9, 6, 4, 5, 10, 11, 14, 15)

{e11,e12,e13,e14,e15,e20} {e11,e12,e13,e14,e18,e20} ( 2, 1, 3, 10, 11, 6, 7, 8, 15, 4, 5, 12, 13, 14, 9)
{e11,e12,e13,e14,e19,e20} ( 3, 1, 2, 12, 13, 6, 7, 9, 15, 4, 5, 10, 11, 14, 8)
{e11,e12,e13,e15,e19,e20} ( 3, 1, 2, 12, 13, 6, 11, 9, 15, 4, 14, 10, 7, 5, 8)
{e11,e12,e13,e17,e19,e20} ( 3, 1, 2, 12, 13, 6, 14, 9, 15, 4, 11, 10, 5, 7, 8)
{e11,e12,e13,e18,e19,e20} ( 3, 1, 2, 12, 13, 6, 5, 9, 15, 4, 7, 10, 14, 11, 8)
{e11,e12,e14,e15,e19,e20} ( 3, 1, 2, 12, 13, 6, 10, 9, 15, 5, 14, 11, 7, 4, 8)
{e11,e12,e14,e16,e19,e20} ( 3, 1, 2, 12, 13, 6, 14, 9, 15, 5, 10, 11, 4, 7, 8)
{e11,e12,e14,e18,e19,e20} ( 3, 1, 2, 12, 13, 6, 4, 9, 15, 5, 7, 11, 14, 10, 8)
{e11,e12,e15,e16,e17,e20} ( 1, 2, 3, 10, 11, 6, 7, 8, 9, 4, 5, 13, 14, 12, 15)
{e11,e12,e15,e16,e19,e20} ( 3, 1, 2, 12, 13, 6, 5, 9, 15, 14, 10, 7, 4, 11, 8)
{e11,e12,e15,e17,e19,e20} ( 3, 1, 2, 12, 13, 6, 4, 9, 15, 14, 11, 7, 5, 10, 8)
{e11,e12,e16,e17,e18,e20} ( 2, 1, 3, 4, 5, 6, 7, 8, 15, 10, 11, 12, 13, 14, 9)
{e11,e12,e16,e17,e19,e20} ( 3, 1, 2, 12, 13, 6, 7, 9, 15, 10, 11, 4, 5, 14, 8)
{e11,e12,e16,e18,e19,e20} ( 3, 1, 2, 12, 13, 6, 11, 9, 15, 10, 7, 4, 14, 5, 8)
{e11,e12,e17,e18,e19,e20} ( 3, 1, 2, 12, 13, 6, 10, 9, 15, 11, 7, 5, 14, 4, 8)
{e11,e13,e14,e15,e18,e20} ( 2, 1, 3, 10, 13, 6, 12, 8, 15, 4, 14, 11, 7, 5, 9)
{e11,e13,e14,e17,e18,e20} ( 2, 1, 3, 10, 13, 6, 14, 8, 15, 4, 12, 11, 5, 7, 9)
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{e11,e13,e14,e18,e19,e20} ( 2, 1, 3, 10, 14, 6, 5, 8, 15, 4, 7, 11, 13, 12, 9)
{e11,e13,e17,e18,e19,e20} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 14, 11, 13, 12, 15)
{e11,e14,e15,e16,e17,e20} ( 1, 2, 3, 10, 11, 6, 12, 8, 9, 4, 14, 13, 5, 7, 15)
{e11,e14,e15,e16,e19,e20} ( 2, 1, 3, 4, 7, 6, 5, 8, 15, 10, 14, 13, 12, 11, 9)
{e11,e14,e15,e17,e18,e20} ( 3, 1, 2, 5, 7, 6, 4, 9, 15, 11, 14, 13, 12, 10, 8)
{e11,e15,e16,e17,e18,e20} ( 1, 2, 3, 10, 14, 6, 13, 8, 9, 4, 11, 12, 7, 5, 15)
{e11,e15,e16,e17,e19,e20} ( 1, 2, 3, 10, 14, 6, 5, 8, 9, 4, 7, 12, 11, 13, 15)
{e12,e13,e14,e15,e18,e20} ( 2, 1, 3, 10, 13, 6, 11, 8, 15, 5, 14, 12, 7, 4, 9)
{e12,e13,e14,e16,e18,e20} ( 2, 1, 3, 10, 13, 6, 14, 8, 15, 5, 11, 12, 4, 7, 9)
{e12,e13,e14,e18,e19,e20} ( 2, 1, 3, 10, 14, 6, 4, 8, 15, 5, 7, 12, 13, 11, 9)
{e12,e13,e15,e16,e17,e20} ( 1, 2, 3, 10, 11, 6, 12, 8, 9, 5, 13, 14, 4, 7, 15)
{e12,e13,e15,e16,e18,e20} ( 3, 1, 2, 4, 7, 6, 5, 9, 15, 11, 14, 13, 12, 10, 8)
{e12,e13,e15,e17,e19,e20} ( 2, 1, 3, 5, 7, 6, 4, 8, 15, 10, 14, 13, 12, 11, 9)
{e12,e14,e16,e18,e19,e20} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 14, 11, 13, 12, 15)
{e12,e15,e16,e17,e18,e20} ( 1, 2, 3, 10, 14, 6, 12, 8, 9, 5, 11, 13, 7, 4, 15)
{e12,e15,e16,e17,e19,e20} ( 1, 2, 3, 10, 14, 6, 4, 8, 9, 5, 7, 13, 11, 12, 15)
{e13,e14,e15,e16,e17,e20} ( 1, 2, 3, 10, 11, 6, 7, 8, 9, 13, 14, 4, 5, 12, 15)
{e13,e14,e15,e16,e18,e20} ( 2, 1, 3, 12, 13, 6, 5, 8, 15, 14, 10, 7, 4, 11, 9)
{e13,e14,e15,e17,e18,e20} ( 2, 1, 3, 12, 13, 6, 4, 8, 15, 14, 11, 7, 5, 10, 9)
{e13,e14,e16,e17,e18,e20} ( 2, 1, 3, 12, 13, 6, 7, 8, 15, 10, 11, 4, 5, 14, 9)
{e13,e14,e16,e17,e19,e20} ( 3, 1, 2, 4, 5, 6, 7, 9, 15, 10, 11, 12, 13, 14, 8)
{e13,e14,e16,e18,e19,e20} ( 2, 1, 3, 12, 14, 6, 11, 8, 15, 10, 7, 4, 13, 5, 9)
{e13,e14,e17,e18,e19,e20} ( 2, 1, 3, 12, 14, 6, 10, 8, 15, 11, 7, 5, 13, 4, 9)
{e13,e15,e16,e17,e18,e20} ( 1, 2, 3, 10, 14, 6, 5, 8, 9, 12, 11, 4, 7, 13, 15)
{e13,e15,e16,e17,e19,e20} ( 1, 2, 3, 10, 14, 6, 13, 8, 9, 12, 7, 4, 11, 5, 15)
{e14,e15,e16,e17,e18,e20} ( 1, 2, 3, 10, 14, 6, 4, 8, 9, 13, 11, 5, 7, 12, 15)
{e14,e15,e16,e17,e19,e20} ( 1, 2, 3, 10, 14, 6, 12, 8, 9, 13, 7, 5, 11, 4, 15)

{e11,e12,e13,e15,e17,e18} {e11,e12,e14,e15,e16,e18} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 11, 10, 12, 13, 14, 15)
{e11,e13,e14,e15,e17,e19} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 15, 11, 14, 13, 12)
{e11,e14,e16,e17,e18,e19} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 15, 10, 14, 13, 12, 11)
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{e12,e13,e14,e15,e16,e19} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 15, 12, 14, 13, 11)
{e12,e13,e16,e17,e18,e19} ( 1, 2, 3, 7, 5, 6, 4, 8, 9, 15, 10, 14, 12, 13, 11)

{e11,e12,e13,e15,e17,e20} {e11,e12,e13,e15,e18,e20} ( 3, 1, 2, 7, 4, 6, 5, 9, 15, 14, 12, 13, 11, 10, 8)
{e11,e12,e13,e17,e18,e20} ( 2, 1, 3, 5, 4, 6, 7, 8, 15, 11, 10, 13, 14, 12, 9)
{e11,e12,e14,e15,e16,e20} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 11, 10, 12, 13, 14, 15)
{e11,e12,e14,e15,e18,e20} ( 3, 1, 2, 7, 5, 6, 4, 9, 15, 14, 12, 13, 10, 11, 8)
{e11,e12,e14,e16,e18,e20} ( 2, 1, 3, 4, 5, 6, 7, 8, 15, 10, 11, 13, 14, 12, 9)
{e11,e12,e15,e16,e18,e20} ( 3, 1, 2, 7, 10, 6, 11, 9, 15, 14, 13, 12, 5, 4, 8)
{e11,e12,e15,e17,e18,e20} ( 3, 1, 2, 7, 11, 6, 10, 9, 15, 14, 13, 12, 4, 5, 8)
{e11,e13,e14,e15,e17,e20} ( 1, 2, 3, 4, 14, 6, 13, 8, 9, 10, 12, 11, 7, 5, 15)
{e11,e13,e14,e15,e19,e20} ( 2, 1, 3, 7, 4, 6, 5, 8, 15, 14, 10, 13, 12, 11, 9)
{e11,e13,e14,e17,e19,e20} ( 3, 1, 2, 5, 4, 6, 7, 9, 15, 12, 11, 13, 14, 10, 8)
{e11,e13,e15,e17,e18,e20} ( 1, 2, 3, 4, 12, 6, 13, 8, 9, 10, 14, 11, 5, 7, 15)
{e11,e13,e15,e17,e19,e20} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 14, 11, 13, 12, 15)
{e11,e14,e15,e16,e18,e20} ( 2, 1, 3, 4, 14, 6, 11, 8, 15, 10, 12, 13, 5, 7, 9)
{e11,e14,e15,e17,e19,e20} ( 3, 1, 2, 5, 14, 6, 10, 9, 15, 11, 12, 13, 4, 7, 8)
{e11,e14,e16,e17,e18,e20} ( 2, 1, 3, 4, 11, 6, 14, 8, 15, 10, 13, 12, 7, 5, 9)
{e11,e14,e16,e17,e19,e20} ( 3, 1, 2, 5, 10, 6, 14, 9, 15, 11, 12, 13, 7, 4, 8)
{e11,e14,e16,e18,e19,e20} ( 2, 1, 3, 4, 7, 6, 5, 8, 15, 10, 14, 12, 11, 13, 9)
{e11,e14,e17,e18,e19,e20} ( 3, 1, 2, 5, 7, 6, 4, 9, 15, 11, 13, 12, 10, 14, 8)
{e11,e16,e17,e18,e19,e20} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 14, 10, 13, 12, 11, 15)
{e12,e13,e14,e15,e16,e20} ( 1, 2, 3, 5, 14, 6, 13, 8, 9, 10, 11, 12, 7, 4, 15)
{e12,e13,e14,e15,e19,e20} ( 2, 1, 3, 7, 5, 6, 4, 8, 15, 14, 10, 13, 11, 12, 9)
{e12,e13,e14,e16,e19,e20} ( 3, 1, 2, 4, 5, 6, 7, 9, 15, 11, 12, 13, 14, 10, 8)
{e12,e13,e15,e16,e19,e20} ( 3, 1, 2, 4, 14, 6, 10, 9, 15, 11, 12, 13, 5, 7, 8)
{e12,e13,e15,e17,e18,e20} ( 2, 1, 3, 5, 14, 6, 11, 8, 15, 10, 12, 13, 4, 7, 9)
{e12,e13,e16,e17,e18,e20} ( 2, 1, 3, 5, 11, 6, 14, 8, 15, 10, 12, 13, 7, 4, 9)
{e12,e13,e16,e17,e19,e20} ( 3, 1, 2, 4, 10, 6, 14, 9, 15, 11, 13, 12, 7, 5, 8)
{e12,e13,e16,e18,e19,e20} ( 3, 1, 2, 4, 7, 6, 5, 9, 15, 11, 13, 12, 10, 14, 8)
{e12,e13,e17,e18,e19,e20} ( 2, 1, 3, 5, 7, 6, 4, 8, 15, 10, 14, 12, 11, 13, 9)
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{e12,e14,e15,e16,e18,e20} ( 1, 2, 3, 5, 12, 6, 13, 8, 9, 10, 14, 11, 4, 7, 15)
{e12,e14,e15,e16,e19,e20} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 14, 11, 13, 12, 15)
{e12,e16,e17,e18,e19,e20} ( 1, 2, 3, 7, 5, 6, 4, 8, 9, 14, 10, 13, 11, 12, 15)
{e13,e14,e15,e16,e19,e20} ( 2, 1, 3, 7, 10, 6, 11, 8, 15, 14, 13, 12, 5, 4, 9)
{e13,e14,e15,e17,e19,e20} ( 2, 1, 3, 7, 11, 6, 10, 8, 15, 14, 13, 12, 4, 5, 9)
{e13,e16,e17,e18,e19,e20} ( 1, 2, 3, 7, 11, 6, 12, 8, 9, 14, 10, 13, 5, 4, 15)
{e14,e16,e17,e18,e19,e20} ( 1, 2, 3, 7, 12, 6, 11, 8, 9, 14, 10, 13, 4, 5, 15)
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Tabela B.6: Extensões Binárias da MatróideM(L1) obtida
acrescentando-se 7 elementos deCA.

X X′ ϕ(1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16)

{e10,e11,e12,e13,e14,e15,e16} {e10,e11,e12,e13,e14,e15,e17} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 12, 11, 14, 13, 15, 16)
{e10,e11,e12,e13,e14,e16,e18} ( 1, 2, 10, 4, 12, 8, 7, 6, 9, 3, 11, 5, 15, 14, 16, 13)
{e10,e11,e12,e13,e14,e16,e19} ( 1, 3, 10, 4, 14, 9, 7, 6, 8, 2, 13, 5, 15, 12, 16, 11)
{e10,e11,e12,e13,e14,e17,e18} ( 1, 2, 10, 5, 11, 8, 7, 6, 9, 3, 12, 4, 15, 13, 16, 14)
{e10,e11,e12,e13,e14,e17,e19} ( 1, 3, 10, 5, 13, 9, 7, 6, 8, 2, 14, 4, 15, 11, 16, 12)
{e10,e11,e12,e13,e15,e16,e17} ( 1, 2, 3, 11, 12, 6, 7, 8, 9, 10, 4, 5, 15, 16, 14, 13)
{e10,e11,e12,e13,e15,e16,e18} ( 1, 3, 10, 13, 7, 9, 5, 6, 8, 2, 4, 16, 11, 14, 12, 15)
{e10,e11,e12,e13,e15,e16,e19} ( 1, 3, 10, 4, 14, 9, 12, 6, 8, 2, 13, 16, 15, 7, 5, 11)
{e10,e11,e12,e13,e15,e18,e19} ( 1, 3, 10, 7, 13, 9, 5, 6, 8, 2, 15, 4, 14, 11, 12, 16)
{e10,e11,e12,e13,e16,e17,e18} ( 1, 2, 10, 11, 5, 8, 7, 6, 9, 3, 4, 12, 13, 15, 16, 14)
{e10,e11,e12,e13,e16,e17,e19} ( 1, 3, 10, 4, 15, 9, 16, 6, 8, 2, 13, 12, 14, 5, 7, 11)
{e10,e11,e12,e13,e16,e18,e19} ( 1, 3, 10, 4, 15, 9, 5, 6, 8, 2, 13, 7, 14, 16, 12, 11)
{e10,e11,e12,e14,e15,e16,e17} ( 1, 2, 3, 12, 11, 6, 7, 8, 9, 10, 5, 4, 16, 15, 14, 13)
{e10,e11,e12,e14,e15,e17,e18} ( 1, 3, 10, 13, 7, 9, 4, 6, 8, 2, 5, 16, 12, 14, 11, 15)
{e10,e11,e12,e14,e15,e17,e19} ( 1, 3, 10, 5, 14, 9, 11, 6, 8, 2, 13, 16, 15, 7, 4, 12)
{e10,e11,e12,e14,e15,e18,e19} ( 1, 3, 10, 7, 13, 9, 4, 6, 8, 2, 15, 5, 14, 12, 11, 16)
{e10,e11,e12,e14,e16,e17,e18} ( 1, 2, 10, 12, 4, 8, 7, 6, 9, 3, 5, 11, 13, 14, 16, 15)
{e10,e11,e12,e14,e16,e17,e19} ( 1, 3, 10, 5, 14, 9, 16, 6, 8, 2, 13, 11, 15, 4, 7, 12)
{e10,e11,e12,e14,e17,e18,e19} ( 1, 3, 10, 5, 15, 9, 4, 6, 8, 2, 13, 7, 14, 16, 11, 12)
{e10,e11,e12,e15,e16,e18,e19} ( 1, 3, 10, 7, 14, 9, 12, 6, 8, 2, 15, 11, 13, 4, 5, 16)
{e10,e11,e12,e15,e17,e18,e19} ( 1, 3, 10, 7, 14, 9, 11, 6, 8, 2, 15, 12, 13, 5, 4, 16)
{e10,e11,e13,e14,e15,e16,e17} ( 1, 2, 3, 11, 13, 6, 14, 8, 9, 10, 4, 16, 15, 5, 7, 12)
{e10,e11,e13,e14,e15,e16,e18} ( 1, 2, 10, 4, 14, 8, 13, 6, 9, 3, 11, 16, 15, 7, 5, 12)
{e10,e11,e13,e14,e15,e16,e19} ( 1, 2, 10, 11, 7, 8, 5, 6, 9, 3, 4, 16, 12, 14, 13, 15)
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{e10,e11,e13,e14,e15,e18,e19} ( 1, 2, 10, 7, 11, 8, 5, 6, 9, 3, 16, 4, 14, 12, 13, 15)
{e10,e11,e13,e14,e16,e17,e18} ( 1, 2, 10, 4, 15, 8, 16, 6, 9, 3, 11, 13, 14, 5, 7, 12)
{e10,e11,e13,e14,e16,e17,e19} ( 1, 3, 10, 12, 5, 9, 7, 6, 8, 2, 4, 13, 11, 15, 16, 14)
{e10,e11,e13,e14,e16,e18,e19} ( 1, 2, 10, 4, 16, 8, 5, 6, 9, 3, 11, 7, 14, 15, 13, 12)
{e10,e11,e13,e15,e16,e17,e18} ( 1, 2, 3, 11, 16, 6, 15, 8, 9, 10, 4, 13, 14, 7, 5, 12)
{e10,e11,e13,e15,e16,e17,e19} ( 1, 2, 3, 11, 16, 6, 5, 8, 9, 10, 4, 7, 14, 13, 15, 12)
{e10,e11,e13,e15,e17,e18,e19} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 10, 16, 11, 15, 12, 14, 13)
{e10,e11,e13,e16,e17,e18,e19} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11, 16, 12, 15, 14, 13)
{e10,e11,e14,e15,e16,e18,e19} ( 1, 2, 10, 13, 4, 8, 12, 6, 9, 3, 15, 11, 7, 14, 5, 16)
{e10,e11,e14,e15,e17,e18,e19} ( 1, 3, 10, 13, 5, 9, 11, 6, 8, 2, 16, 12, 7, 14, 4, 15)
{e10,e11,e15,e16,e17,e18,e19} ( 1, 2, 3, 15, 11, 6, 14, 8, 9, 10, 12, 4, 7, 13, 5, 16)
{e10,e12,e13,e14,e15,e16,e17} ( 1, 2, 3, 11, 12, 6, 14, 8, 9, 10, 5, 15, 16, 4, 7, 13)
{e10,e12,e13,e14,e15,e17,e18} ( 1, 2, 10, 5, 14, 8, 12, 6, 9, 3, 11, 16, 15, 7, 4, 13)
{e10,e12,e13,e14,e15,e17,e19} ( 1, 2, 10, 11, 7, 8, 4, 6, 9, 3, 5, 16, 13, 14, 12, 15)
{e10,e12,e13,e14,e15,e18,e19} ( 1, 2, 10, 7, 11, 8, 4, 6, 9, 3, 16, 5, 14, 13, 12, 15)
{e10,e12,e13,e14,e16,e17,e18} ( 1, 2, 10, 5, 14, 8, 16, 6, 9, 3, 11, 12, 15, 4, 7, 13)
{e10,e12,e13,e14,e16,e17,e19} ( 1, 3, 10, 13, 4, 9, 7, 6, 8, 2, 5, 12, 11, 14, 16, 15)
{e10,e12,e13,e14,e17,e18,e19} ( 1, 2, 10, 5, 16, 8, 4, 6, 9, 3, 11, 7, 14, 15, 12, 13)
{e10,e12,e13,e15,e16,e18,e19} ( 1, 3, 10, 13, 4, 9, 11, 6, 8, 2, 16, 12, 7, 14, 5, 15)
{e10,e12,e13,e15,e17,e18,e19} ( 1, 2, 10, 13, 5, 8, 12, 6, 9, 3, 15, 11, 7, 14, 4, 16)
{e10,e12,e14,e15,e16,e17,e18} ( 1, 2, 3, 11, 16, 6, 14, 8, 9, 10, 5, 13, 15, 7, 4, 12)
{e10,e12,e14,e15,e16,e17,e19} ( 1, 2, 3, 11, 16, 6, 4, 8, 9, 10, 5, 7, 15, 13, 14, 12)
{e10,e12,e14,e15,e16,e18,e19} ( 1, 2, 3, 7, 5, 6, 4, 8, 9, 10, 16, 11, 15, 12, 14, 13)
{e10,e12,e14,e16,e17,e18,e19} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11, 16, 12, 15, 13, 14)
{e10,e12,e15,e16,e17,e18,e19} ( 1, 2, 3, 15, 11, 6, 13, 8, 9, 10, 12, 5, 7, 14, 4, 16)
{e10,e13,e14,e15,e16,e18,e19} ( 1, 2, 10, 7, 14, 8, 12, 6, 9, 3, 16, 11, 13, 4, 5, 15)
{e10,e13,e14,e15,e17,e18,e19} ( 1, 2, 10, 7, 14, 8, 11, 6, 9, 3, 16, 12, 13, 5, 4, 15)
{e10,e13,e15,e16,e17,e18,e19} ( 1, 2, 3, 15, 11, 6, 5, 8, 9, 10, 12, 13, 7, 4, 14, 16)
{e10,e14,e15,e16,e17,e18,e19} ( 1, 2, 3, 15, 11, 6, 4, 8, 9, 10, 12, 14, 7, 5, 13, 16)
{e11,e12,e13,e14,e15,e16,e17} ( 4, 10, 12, 5, 1, 6, 7, 8, 9, 15, 11, 2, 13, 3, 14, 16)

Continua na próxima página . . .



A
P

Ê
N

D
IC

E
B

M
E

N
O

R
E

S
D

A
M

A
T

R
Ó

ID
EA

2
0

1
1

3

{e11,e12,e13,e14,e16,e17,e18} ( 4, 10, 14, 5, 2, 8, 7, 6, 9, 12, 11, 1, 15, 3, 16, 13)
{e11,e12,e13,e14,e16,e17,e19} ( 4, 12, 14, 5, 3, 9, 7, 6, 8, 10, 13, 1, 15, 2, 16, 11)
{e11,e12,e13,e15,e16,e18,e19} ( 4, 12, 14, 7, 3, 9, 5, 6, 8, 10, 15, 1, 13, 2, 11, 16)
{e11,e12,e14,e15,e17,e18,e19} ( 5, 12, 14, 7, 3, 9, 4, 6, 8, 11, 15, 1, 13, 2, 10, 16)
{e11,e13,e14,e15,e16,e18,e19} ( 4, 10, 14, 7, 2, 8, 5, 6, 9, 11, 16, 1, 13, 3, 12, 15)
{e11,e13,e15,e16,e17,e18,e19} ( 4, 10, 11, 7, 1, 6, 5, 8, 9, 13, 16, 2, 15, 3, 14, 12)
{e12,e13,e14,e15,e17,e18,e19} ( 5, 10, 14, 7, 2, 8, 4, 6, 9, 12, 16, 1, 13, 3, 11, 15)
{e12,e14,e15,e16,e17,e18,e19} ( 5, 10, 11, 7, 1, 6, 4, 8, 9, 14, 16, 2, 15, 3, 13, 12)

{e10,e11,e12,e13,e14,e15,e18} {e10,e11,e12,e13,e14,e15,e19} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 10, 13, 14, 11, 12, 15, 16)
{e10,e11,e12,e13,e14,e18,e19} ( 2, 3, 1, 11, 12, 8, 7, 9, 6, 10, 13, 14, 4, 5, 15, 16)
{e10,e11,e12,e13,e15,e17,e18} ( 1, 2, 10, 5, 11, 8, 7, 6, 9, 3, 12, 4, 15, 13, 16, 14)
{e10,e11,e12,e13,e15,e17,e19} ( 2, 3, 1, 5, 7, 8, 4, 9, 6, 10, 15, 14, 12, 16, 13, 11)
{e10,e11,e12,e13,e17,e18,e19} ( 1, 3, 2, 4, 7, 6, 5, 9, 8, 10, 13, 15, 11, 16, 14, 12)
{e10,e11,e12,e14,e15,e16,e18} ( 1, 2, 10, 4, 12, 8, 7, 6, 9, 3, 11, 5, 15, 13, 16, 14)
{e10,e11,e12,e14,e15,e16,e19} ( 2, 3, 1, 4, 7, 8, 5, 9, 6, 10, 15, 14, 11, 16, 13, 12)
{e10,e11,e12,e14,e16,e18,e19} ( 1, 3, 2, 5, 7, 6, 4, 9, 8, 10, 13, 15, 12, 16, 14, 11)
{e10,e11,e12,e15,e16,e17,e18} ( 1, 2, 3, 11, 12, 6, 7, 8, 9, 10, 4, 5, 14, 15, 13, 16)
{e10,e11,e12,e15,e16,e17,e19} ( 1, 3, 2, 11, 12, 6, 7, 9, 8, 10, 14, 15, 4, 5, 13, 16)
{e10,e11,e12,e16,e17,e18,e19} ( 2, 3, 1, 4, 5, 8, 7, 9, 6, 10, 13, 14, 11, 12, 15, 16)
{e10,e11,e13,e14,e15,e17,e18} ( 2, 3, 1, 11, 14, 8, 13, 9, 6, 10, 12, 7, 4, 16, 5, 15)
{e10,e11,e13,e14,e15,e17,e19} ( 1, 2, 10, 7, 11, 8, 5, 6, 9, 3, 16, 4, 14, 12, 13, 15)
{e10,e11,e13,e14,e17,e18,e19} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11, 16, 12, 15, 14, 13)
{e10,e11,e14,e15,e16,e17,e18} ( 1, 3, 2, 11, 12, 6, 13, 9, 8, 10, 14, 5, 4, 15, 7, 16)
{e10,e11,e14,e15,e16,e17,e19} ( 1, 2, 3, 11, 12, 6, 13, 8, 9, 10, 4, 15, 14, 5, 7, 16)
{e10,e11,e14,e16,e17,e18,e19} ( 1, 2, 10, 4, 14, 8, 15, 6, 9, 3, 11, 12, 13, 5, 7, 16)
{e10,e12,e13,e14,e15,e16,e18} ( 2, 3, 1, 11, 14, 8, 12, 9, 6, 10, 13, 7, 5, 16, 4, 15)
{e10,e12,e13,e14,e15,e16,e19} ( 1, 2, 10, 7, 11, 8, 4, 6, 9, 3, 16, 5, 14, 13, 12, 15)
{e10,e12,e13,e14,e16,e18,e19} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11, 16, 13, 15, 14, 12)
{e10,e12,e13,e15,e16,e17,e18} ( 1, 3, 2, 11, 12, 6, 13, 9, 8, 10, 15, 4, 5, 14, 7, 16)
{e10,e12,e13,e15,e16,e17,e19} ( 1, 2, 3, 11, 12, 6, 13, 8, 9, 10, 5, 14, 15, 4, 7, 16)
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{e10,e12,e13,e16,e17,e18,e19} ( 1, 2, 10, 5, 13, 8, 15, 6, 9, 3, 11, 12, 14, 4, 7, 16)
{e10,e13,e14,e15,e16,e17,e18} ( 1, 2, 3, 11, 12, 6, 7, 8, 9, 10, 14, 15, 4, 5, 13, 16)
{e10,e13,e14,e15,e16,e17,e19} ( 1, 3, 2, 11, 12, 6, 7, 9, 8, 10, 4, 5, 14, 15, 13, 16)
{e10,e13,e14,e16,e17,e18,e19} ( 2, 3, 1, 13, 14, 8, 7, 9, 6, 10, 4, 5, 11, 12, 15, 16)
{e11,e12,e13,e14,e15,e16,e18} ( 4, 10, 12, 1, 5, 6, 7, 8, 9, 15, 2, 11, 3, 13, 14, 16)
{e11,e12,e13,e14,e15,e16,e19} ( 4, 12, 10, 1, 5, 6, 7, 9, 8, 15, 3, 13, 2, 11, 14, 16)
{e11,e12,e13,e14,e15,e17,e18} ( 5, 11, 13, 1, 4, 6, 7, 8, 9, 15, 2, 10, 3, 12, 14, 16)
{e11,e12,e13,e14,e15,e17,e19} ( 5, 13, 11, 1, 4, 6, 7, 9, 8, 15, 3, 12, 2, 10, 14, 16)
{e11,e12,e13,e14,e15,e18,e19} ( 14, 15, 7, 2, 10, 8, 13, 6, 9, 16, 1, 4, 3, 12, 5, 11)
{e11,e12,e13,e14,e16,e18,e19} ( 10, 12, 4, 2, 11, 8, 7, 9, 6, 14, 3, 13, 1, 5, 15, 16)
{e11,e12,e13,e14,e17,e18,e19} ( 11, 13, 5, 2, 10, 8, 7, 9, 6, 14, 3, 12, 1, 4, 15, 16)
{e11,e12,e13,e15,e16,e17,e18} ( 4, 10, 14, 2, 5, 8, 7, 6, 9, 12, 1, 11, 3, 15, 16, 13)
{e11,e12,e13,e15,e16,e17,e19} ( 10, 12, 4, 2, 5, 8, 16, 9, 6, 14, 3, 15, 1, 11, 13, 7)
{e11,e12,e13,e15,e17,e18,e19} ( 7, 13, 16, 2, 5, 8, 4, 9, 6, 15, 3, 14, 1, 11, 12, 10)
{e11,e12,e13,e16,e17,e18,e19} ( 4, 12, 10, 1, 7, 6, 5, 9, 8, 13, 3, 15, 2, 16, 14, 11)
{e11,e12,e14,e15,e16,e17,e18} ( 5, 11, 15, 2, 4, 8, 7, 6, 9, 12, 1, 10, 3, 14, 16, 13)
{e11,e12,e14,e15,e16,e17,e19} ( 11, 12, 5, 2, 4, 8, 16, 9, 6, 15, 3, 14, 1, 10, 13, 7)
{e11,e12,e14,e15,e16,e18,e19} ( 7, 13, 16, 2, 4, 8, 5, 9, 6, 15, 3, 14, 1, 10, 12, 11)
{e11,e12,e14,e16,e17,e18,e19} ( 5, 12, 11, 1, 7, 6, 4, 9, 8, 14, 3, 15, 2, 16, 13, 10)
{e11,e12,e15,e16,e17,e18,e19} ( 12, 15, 7, 2, 4, 8, 14, 6, 9, 16, 1, 10, 3, 13, 11, 5)
{e11,e13,e14,e15,e16,e17,e18} ( 10, 11, 4, 2, 13, 8, 12, 9, 6, 14, 3, 7, 1, 16, 5, 15)
{e11,e13,e14,e15,e16,e17,e19} ( 4, 10, 14, 2, 7, 8, 5, 6, 9, 11, 1, 16, 3, 13, 12, 15)
{e11,e13,e14,e15,e17,e18,e19} ( 7, 13, 15, 3, 5, 9, 4, 8, 6, 16, 2, 14, 1, 12, 10, 11)
{e11,e13,e14,e16,e17,e18,e19} ( 4, 10, 11, 1, 7, 6, 5, 8, 9, 13, 2, 16, 3, 15, 14, 12)
{e11,e14,e15,e16,e17,e18,e19} ( 7, 15, 12, 3, 5, 9, 4, 6, 8, 16, 1, 11, 2, 14, 10, 13)
{e12,e13,e14,e15,e16,e17,e18} ( 10, 12, 5, 2, 13, 8, 11, 9, 6, 15, 3, 7, 1, 16, 4, 14)
{e12,e13,e14,e15,e16,e17,e19} ( 5, 10, 15, 2, 7, 8, 4, 6, 9, 12, 1, 16, 3, 13, 11, 14)
{e12,e13,e14,e15,e16,e18,e19} ( 7, 13, 15, 3, 4, 9, 5, 8, 6, 16, 2, 14, 1, 11, 10, 12)
{e12,e13,e14,e16,e17,e18,e19} ( 5, 10, 12, 1, 7, 6, 4, 8, 9, 14, 2, 16, 3, 15, 13, 11)
{e12,e13,e15,e16,e17,e18,e19} ( 7, 15, 12, 3, 4, 9, 5, 6, 8, 16, 1, 11, 2, 13, 10, 14)
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{e13,e14,e15,e16,e17,e18,e19} ( 12, 15, 7, 2, 13, 8, 5, 6, 9, 16, 1, 10, 3, 4, 11, 14)
{e10,e11,e12,e13,e14,e15,e20} {e10,e11,e12,e13,e14,e18,e20} ( 2, 1, 3, 11, 12, 6, 7, 8, 16, 10, 4, 5, 13, 14, 15, 9)

{e10,e11,e12,e13,e14,e19,e20} ( 3, 1, 2, 13, 14, 6, 7, 9, 16, 10, 4, 5, 11, 12, 15, 8)
{e10,e11,e12,e13,e15,e17,e20} ( 2, 1, 10, 4, 12, 6, 7, 8, 9, 3, 11, 5, 13, 15, 14, 16)
{e10,e11,e12,e13,e15,e18,e20} ( 1, 3, 10, 7, 13, 6, 5, 9, 16, 2, 15, 4, 14, 11, 12, 8)
{e10,e11,e12,e13,e15,e19,e20} ( 3, 1, 2, 13, 14, 6, 12, 9, 16, 10, 4, 15, 11, 7, 5, 8)
{e10,e11,e12,e13,e17,e18,e20} ( 1, 2, 10, 5, 11, 6, 7, 8, 16, 3, 12, 4, 14, 13, 15, 9)
{e10,e11,e12,e13,e17,e19,e20} ( 3, 1, 2, 13, 14, 6, 15, 9, 16, 10, 4, 12, 11, 5, 7, 8)
{e10,e11,e12,e13,e18,e19,e20} ( 3, 1, 2, 13, 14, 6, 5, 9, 16, 10, 4, 7, 11, 15, 12, 8)
{e10,e11,e12,e14,e15,e16,e20} ( 2, 1, 10, 5, 11, 6, 7, 8, 9, 3, 12, 4, 13, 15, 14, 16)
{e10,e11,e12,e14,e15,e18,e20} ( 1, 3, 10, 7, 13, 6, 4, 9, 16, 2, 15, 5, 14, 12, 11, 8)
{e10,e11,e12,e14,e15,e19,e20} ( 3, 1, 2, 13, 14, 6, 11, 9, 16, 10, 5, 15, 12, 7, 4, 8)
{e10,e11,e12,e14,e16,e18,e20} ( 1, 2, 10, 4, 12, 6, 7, 8, 16, 3, 11, 5, 14, 13, 15, 9)
{e10,e11,e12,e14,e16,e19,e20} ( 3, 1, 2, 13, 14, 6, 15, 9, 16, 10, 5, 11, 12, 4, 7, 8)
{e10,e11,e12,e14,e18,e19,e20} ( 3, 1, 2, 13, 14, 6, 4, 9, 16, 10, 5, 7, 12, 15, 11, 8)
{e10,e11,e12,e15,e16,e17,e20} ( 1, 2, 3, 11, 12, 6, 7, 8, 9, 10, 4, 5, 14, 15, 13, 16)
{e10,e11,e12,e15,e16,e18,e20} ( 1, 3, 10, 7, 14, 6, 12, 9, 16, 2, 15, 11, 13, 4, 5, 8)
{e10,e11,e12,e15,e16,e19,e20} ( 3, 1, 2, 13, 14, 6, 5, 9, 16, 10, 15, 11, 7, 4, 12, 8)
{e10,e11,e12,e15,e17,e18,e20} ( 1, 3, 10, 7, 14, 6, 11, 9, 16, 2, 15, 12, 13, 5, 4, 8)
{e10,e11,e12,e15,e17,e19,e20} ( 3, 1, 2, 13, 14, 6, 4, 9, 16, 10, 15, 12, 7, 5, 11, 8)
{e10,e11,e12,e16,e17,e18,e20} ( 2, 1, 3, 4, 5, 6, 7, 8, 16, 10, 11, 12, 13, 14, 15, 9)
{e10,e11,e12,e16,e17,e19,e20} ( 3, 1, 2, 13, 14, 6, 7, 9, 16, 10, 11, 12, 4, 5, 15, 8)
{e10,e11,e12,e16,e18,e19,e20} ( 3, 1, 2, 13, 14, 6, 12, 9, 16, 10, 11, 7, 4, 15, 5, 8)
{e10,e11,e12,e17,e18,e19,e20} ( 3, 1, 2, 13, 14, 6, 11, 9, 16, 10, 12, 7, 5, 15, 4, 8)
{e10,e11,e13,e14,e15,e17,e20} ( 2, 1, 10, 4, 13, 6, 14, 8, 9, 3, 11, 15, 12, 5, 7, 16)
{e10,e11,e13,e14,e15,e18,e20} ( 2, 1, 3, 11, 14, 6, 13, 8, 16, 10, 4, 15, 12, 7, 5, 9)
{e10,e11,e13,e14,e15,e19,e20} ( 1, 2, 10, 7, 11, 6, 5, 8, 16, 3, 15, 4, 14, 12, 13, 9)
{e10,e11,e13,e14,e17,e18,e20} ( 2, 1, 3, 11, 14, 6, 15, 8, 16, 10, 4, 13, 12, 5, 7, 9)
{e10,e11,e13,e14,e17,e19,e20} ( 1, 3, 10, 5, 12, 6, 7, 9, 16, 2, 13, 4, 14, 11, 15, 8)
{e10,e11,e13,e14,e18,e19,e20} ( 2, 1, 3, 11, 15, 6, 5, 8, 16, 10, 4, 7, 12, 14, 13, 9)
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{e10,e11,e13,e15,e17,e18,e20} ( 2, 1, 10, 4, 15, 6, 14, 8, 9, 3, 11, 13, 12, 7, 5, 16)
{e10,e11,e13,e15,e17,e19,e20} ( 2, 1, 10, 4, 15, 6, 5, 8, 9, 3, 11, 7, 12, 13, 14, 16)
{e10,e11,e13,e17,e18,e19,e20} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11, 15, 12, 14, 13, 16)
{e10,e11,e14,e15,e16,e17,e20} ( 1, 2, 3, 11, 12, 6, 13, 8, 9, 10, 4, 15, 14, 5, 7, 16)
{e10,e11,e14,e15,e16,e18,e20} ( 1, 2, 10, 4, 13, 6, 12, 8, 16, 3, 11, 15, 14, 7, 5, 9)
{e10,e11,e14,e15,e16,e19,e20} ( 2, 1, 3, 4, 7, 6, 5, 8, 16, 10, 11, 15, 14, 13, 12, 9)
{e10,e11,e14,e15,e17,e18,e20} ( 3, 1, 2, 5, 7, 6, 4, 9, 16, 10, 12, 15, 14, 13, 11, 8)
{e10,e11,e14,e15,e17,e19,e20} ( 1, 3, 10, 5, 13, 6, 11, 9, 16, 2, 12, 15, 14, 7, 4, 8)
{e10,e11,e14,e16,e17,e18,e20} ( 1, 2, 10, 4, 14, 6, 15, 8, 16, 3, 11, 12, 13, 5, 7, 9)
{e10,e11,e14,e16,e17,e19,e20} ( 1, 3, 10, 5, 13, 6, 15, 9, 16, 2, 12, 11, 14, 4, 7, 8)
{e10,e11,e14,e16,e18,e19,e20} ( 1, 2, 10, 4, 15, 6, 5, 8, 16, 3, 11, 7, 13, 14, 12, 9)
{e10,e11,e14,e17,e18,e19,e20} ( 1, 3, 10, 5, 14, 6, 4, 9, 16, 2, 12, 7, 13, 15, 11, 8)
{e10,e11,e15,e16,e17,e18,e20} ( 1, 2, 3, 11, 15, 6, 14, 8, 9, 10, 4, 12, 13, 7, 5, 16)
{e10,e11,e15,e16,e17,e19,e20} ( 1, 2, 3, 11, 15, 6, 5, 8, 9, 10, 4, 7, 13, 12, 14, 16)
{e10,e11,e16,e17,e18,e19,e20} ( 2, 1, 10, 7, 11, 6, 5, 8, 9, 3, 15, 4, 14, 12, 13, 16)
{e10,e12,e13,e14,e15,e16,e20} ( 2, 1, 10, 5, 12, 6, 14, 8, 9, 3, 11, 15, 13, 4, 7, 16)
{e10,e12,e13,e14,e15,e18,e20} ( 2, 1, 3, 11, 14, 6, 12, 8, 16, 10, 5, 15, 13, 7, 4, 9)
{e10,e12,e13,e14,e15,e19,e20} ( 1, 2, 10, 7, 11, 6, 4, 8, 16, 3, 15, 5, 14, 13, 12, 9)
{e10,e12,e13,e14,e16,e18,e20} ( 2, 1, 3, 11, 14, 6, 15, 8, 16, 10, 5, 12, 13, 4, 7, 9)
{e10,e12,e13,e14,e16,e19,e20} ( 1, 3, 10, 4, 13, 6, 7, 9, 16, 2, 12, 5, 14, 11, 15, 8)
{e10,e12,e13,e14,e18,e19,e20} ( 2, 1, 3, 11, 15, 6, 4, 8, 16, 10, 5, 7, 13, 14, 12, 9)
{e10,e12,e13,e15,e16,e17,e20} ( 1, 2, 3, 11, 12, 6, 13, 8, 9, 10, 5, 14, 15, 4, 7, 16)
{e10,e12,e13,e15,e16,e18,e20} ( 3, 1, 2, 4, 7, 6, 5, 9, 16, 10, 12, 15, 14, 13, 11, 8)
{e10,e12,e13,e15,e16,e19,e20} ( 1, 3, 10, 4, 13, 6, 11, 9, 16, 2, 12, 15, 14, 7, 5, 8)
{e10,e12,e13,e15,e17,e18,e20} ( 1, 2, 10, 5, 13, 6, 12, 8, 16, 3, 11, 15, 14, 7, 4, 9)
{e10,e12,e13,e15,e17,e19,e20} ( 2, 1, 3, 5, 7, 6, 4, 8, 16, 10, 11, 15, 14, 13, 12, 9)
{e10,e12,e13,e16,e17,e18,e20} ( 1, 2, 10, 5, 13, 6, 15, 8, 16, 3, 11, 12, 14, 4, 7, 9)
{e10,e12,e13,e16,e17,e19,e20} ( 1, 3, 10, 4, 14, 6, 15, 9, 16, 2, 12, 11, 13, 5, 7, 8)
{e10,e12,e13,e16,e18,e19,e20} ( 1, 3, 10, 4, 14, 6, 5, 9, 16, 2, 12, 7, 13, 15, 11, 8)
{e10,e12,e13,e17,e18,e19,e20} ( 1, 2, 10, 5, 15, 6, 4, 8, 16, 3, 11, 7, 13, 14, 12, 9)
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{e10,e12,e14,e15,e16,e18,e20} ( 2, 1, 10, 5, 15, 6, 14, 8, 9, 3, 11, 13, 12, 7, 4, 16)
{e10,e12,e14,e15,e16,e19,e20} ( 2, 1, 10, 5, 15, 6, 4, 8, 9, 3, 11, 7, 12, 13, 14, 16)
{e10,e12,e14,e16,e18,e19,e20} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11, 15, 12, 14, 13, 16)
{e10,e12,e15,e16,e17,e18,e20} ( 1, 2, 3, 11, 15, 6, 13, 8, 9, 10, 5, 12, 14, 7, 4, 16)
{e10,e12,e15,e16,e17,e19,e20} ( 1, 2, 3, 11, 15, 6, 4, 8, 9, 10, 5, 7, 14, 12, 13, 16)
{e10,e12,e16,e17,e18,e19,e20} ( 2, 1, 10, 7, 11, 6, 4, 8, 9, 3, 15, 5, 14, 13, 12, 16)
{e10,e13,e14,e15,e16,e17,e20} ( 1, 2, 3, 11, 12, 6, 7, 8, 9, 10, 14, 15, 4, 5, 13, 16)
{e10,e13,e14,e15,e16,e18,e20} ( 2, 1, 3, 13, 14, 6, 5, 8, 16, 10, 15, 11, 7, 4, 12, 9)
{e10,e13,e14,e15,e16,e19,e20} ( 1, 2, 10, 7, 14, 6, 12, 8, 16, 3, 15, 11, 13, 4, 5, 9)
{e10,e13,e14,e15,e17,e18,e20} ( 2, 1, 3, 13, 14, 6, 4, 8, 16, 10, 15, 12, 7, 5, 11, 9)
{e10,e13,e14,e15,e17,e19,e20} ( 1, 2, 10, 7, 14, 6, 11, 8, 16, 3, 15, 12, 13, 5, 4, 9)
{e10,e13,e14,e16,e17,e18,e20} ( 2, 1, 3, 13, 14, 6, 7, 8, 16, 10, 11, 12, 4, 5, 15, 9)
{e10,e13,e14,e16,e17,e19,e20} ( 3, 1, 2, 4, 5, 6, 7, 9, 16, 10, 11, 12, 13, 14, 15, 8)
{e10,e13,e14,e16,e18,e19,e20} ( 2, 1, 3, 13, 15, 6, 12, 8, 16, 10, 11, 7, 4, 14, 5, 9)
{e10,e13,e14,e17,e18,e19,e20} ( 2, 1, 3, 13, 15, 6, 11, 8, 16, 10, 12, 7, 5, 14, 4, 9)
{e10,e13,e15,e16,e17,e18,e20} ( 1, 2, 3, 11, 15, 6, 5, 8, 9, 10, 13, 12, 4, 7, 14, 16)
{e10,e13,e15,e16,e17,e19,e20} ( 1, 2, 3, 11, 15, 6, 14, 8, 9, 10, 13, 7, 4, 12, 5, 16)
{e10,e13,e16,e17,e18,e19,e20} ( 2, 1, 10, 7, 11, 6, 13, 8, 9, 3, 15, 12, 14, 4, 5, 16)
{e10,e14,e15,e16,e17,e18,e20} ( 1, 2, 3, 11, 15, 6, 4, 8, 9, 10, 14, 12, 5, 7, 13, 16)
{e10,e14,e15,e16,e17,e19,e20} ( 1, 2, 3, 11, 15, 6, 13, 8, 9, 10, 14, 7, 5, 12, 4, 16)
{e10,e14,e16,e17,e18,e19,e20} ( 2, 1, 10, 7, 11, 6, 12, 8, 9, 3, 15, 13, 14, 5, 4, 16)
{e11,e12,e13,e14,e15,e16,e20} ( 4, 10, 12, 1, 5, 6, 7, 8, 9, 15, 2, 11, 3, 13, 14, 16)
{e11,e12,e13,e14,e15,e17,e20} ( 5, 11, 13, 1, 4, 6, 7, 8, 9, 15, 2, 10, 3, 12, 14, 16)
{e11,e12,e13,e14,e16,e18,e20} ( 10, 4, 12, 2, 11, 6, 7, 8, 16, 14, 1, 5, 3, 13, 15, 9)
{e11,e12,e13,e14,e16,e19,e20} ( 12, 4, 10, 3, 13, 6, 7, 9, 16, 14, 1, 5, 2, 11, 15, 8)
{e11,e12,e13,e14,e17,e18,e20} ( 11, 5, 13, 2, 10, 6, 7, 8, 16, 14, 1, 4, 3, 12, 15, 9)
{e11,e12,e13,e14,e17,e19,e20} ( 13, 5, 11, 3, 12, 6, 7, 9, 16, 14, 1, 4, 2, 10, 15, 8)
{e11,e12,e13,e15,e16,e17,e20} ( 10, 4, 14, 1, 11, 6, 7, 8, 9, 12, 2, 5, 3, 15, 13, 16)
{e11,e12,e13,e15,e16,e18,e20} ( 4, 12, 14, 3, 7, 6, 5, 9, 16, 10, 1, 15, 2, 13, 11, 8)
{e11,e12,e13,e15,e16,e19,e20} ( 12, 4, 10, 3, 13, 6, 11, 9, 16, 14, 1, 15, 2, 7, 5, 8)
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{e11,e12,e13,e15,e18,e19,e20} ( 13, 7, 15, 3, 12, 6, 11, 16, 9, 14, 2, 10, 1, 4, 5, 8)
{e11,e12,e13,e16,e17,e18,e20} ( 4, 10, 13, 2, 5, 6, 7, 8, 16, 12, 1, 11, 3, 14, 15, 9)
{e11,e12,e13,e16,e17,e19,e20} ( 12, 4, 10, 3, 14, 6, 15, 9, 16, 13, 1, 11, 2, 5, 7, 8)
{e11,e12,e13,e16,e18,e19,e20} ( 12, 4, 10, 3, 14, 6, 5, 9, 16, 13, 1, 7, 2, 15, 11, 8)
{e11,e12,e14,e15,e16,e17,e20} ( 11, 5, 15, 1, 10, 6, 7, 8, 9, 12, 2, 4, 3, 14, 13, 16)
{e11,e12,e14,e15,e17,e18,e20} ( 5, 12, 14, 3, 7, 6, 4, 9, 16, 11, 1, 15, 2, 13, 10, 8)
{e11,e12,e14,e15,e17,e19,e20} ( 12, 5, 11, 3, 13, 6, 10, 9, 16, 14, 1, 15, 2, 7, 4, 8)
{e11,e12,e14,e15,e18,e19,e20} ( 13, 7, 15, 3, 12, 6, 10, 16, 9, 14, 2, 11, 1, 5, 4, 8)
{e11,e12,e14,e16,e17,e18,e20} ( 5, 11, 14, 2, 4, 6, 7, 8, 16, 12, 1, 10, 3, 13, 15, 9)
{e11,e12,e14,e16,e17,e19,e20} ( 12, 5, 11, 3, 13, 6, 15, 9, 16, 14, 1, 10, 2, 4, 7, 8)
{e11,e12,e14,e17,e18,e19,e20} ( 12, 5, 11, 3, 14, 6, 4, 9, 16, 13, 1, 7, 2, 15, 10, 8)
{e11,e12,e15,e16,e18,e19,e20} ( 12, 7, 15, 3, 13, 6, 5, 16, 9, 14, 2, 4, 1, 10, 11, 8)
{e11,e12,e15,e17,e18,e19,e20} ( 12, 7, 15, 3, 13, 6, 4, 16, 9, 14, 2, 5, 1, 11, 10, 8)
{e11,e13,e14,e15,e16,e17,e20} ( 10, 4, 14, 1, 12, 6, 13, 8, 9, 11, 2, 15, 3, 5, 7, 16)
{e11,e13,e14,e15,e16,e18,e20} ( 10, 4, 11, 2, 13, 6, 12, 8, 16, 14, 1, 15, 3, 7, 5, 9)
{e11,e13,e14,e15,e16,e19,e20} ( 4, 10, 14, 2, 7, 6, 5, 8, 16, 11, 1, 15, 3, 13, 12, 9)
{e11,e13,e14,e15,e18,e19,e20} ( 13, 7, 14, 2, 10, 6, 12, 16, 8, 15, 3, 11, 1, 4, 5, 9)
{e11,e13,e14,e16,e17,e18,e20} ( 10, 4, 11, 2, 14, 6, 15, 8, 16, 13, 1, 12, 3, 5, 7, 9)
{e11,e13,e14,e16,e17,e19,e20} ( 4, 11, 13, 3, 5, 6, 7, 9, 16, 10, 1, 12, 2, 14, 15, 8)
{e11,e13,e14,e16,e18,e19,e20} ( 10, 4, 11, 2, 15, 6, 5, 8, 16, 13, 1, 7, 3, 14, 12, 9)
{e11,e13,e15,e16,e17,e18,e20} ( 10, 4, 13, 1, 15, 6, 14, 8, 9, 11, 2, 12, 3, 7, 5, 16)
{e11,e13,e15,e16,e17,e19,e20} ( 10, 4, 13, 1, 15, 6, 5, 8, 9, 11, 2, 7, 3, 12, 14, 16)
{e11,e13,e15,e17,e18,e19,e20} ( 7, 14, 15, 1, 4, 6, 5, 9, 8, 12, 3, 11, 2, 10, 13, 16)
{e11,e13,e16,e17,e18,e19,e20} ( 4, 10, 11, 1, 7, 6, 5, 8, 9, 12, 2, 15, 3, 14, 13, 16)
{e11,e14,e15,e16,e18,e19,e20} ( 7, 12, 15, 2, 4, 6, 5, 16, 8, 14, 3, 13, 1, 10, 11, 9)
{e11,e14,e15,e17,e18,e19,e20} ( 7, 12, 14, 3, 5, 6, 4, 16, 9, 15, 2, 13, 1, 11, 10, 8)
{e11,e15,e16,e17,e18,e19,e20} ( 14, 7, 11, 1, 10, 6, 13, 9, 8, 15, 3, 12, 2, 4, 5, 16)
{e12,e13,e14,e15,e16,e17,e20} ( 10, 5, 15, 1, 11, 6, 13, 8, 9, 12, 2, 14, 3, 4, 7, 16)
{e12,e13,e14,e15,e17,e18,e20} ( 10, 5, 12, 2, 13, 6, 11, 8, 16, 14, 1, 15, 3, 7, 4, 9)
{e12,e13,e14,e15,e17,e19,e20} ( 5, 10, 14, 2, 7, 6, 4, 8, 16, 12, 1, 15, 3, 13, 11, 9)
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{e12,e13,e14,e15,e18,e19,e20} ( 13, 7, 14, 2, 10, 6, 11, 16, 8, 15, 3, 12, 1, 5, 4, 9)
{e12,e13,e14,e16,e17,e18,e20} ( 10, 5, 12, 2, 13, 6, 15, 8, 16, 14, 1, 11, 3, 4, 7, 9)
{e12,e13,e14,e16,e17,e19,e20} ( 5, 12, 14, 3, 4, 6, 7, 9, 16, 10, 1, 11, 2, 13, 15, 8)
{e12,e13,e14,e17,e18,e19,e20} ( 10, 5, 12, 2, 15, 6, 4, 8, 16, 13, 1, 7, 3, 14, 11, 9)
{e12,e13,e15,e16,e18,e19,e20} ( 7, 12, 14, 3, 4, 6, 5, 16, 9, 15, 2, 13, 1, 11, 10, 8)
{e12,e13,e15,e17,e18,e19,e20} ( 7, 12, 15, 2, 5, 6, 4, 16, 8, 14, 3, 13, 1, 10, 11, 9)
{e12,e14,e15,e16,e17,e18,e20} ( 10, 5, 14, 1, 15, 6, 13, 8, 9, 11, 2, 12, 3, 7, 4, 16)
{e12,e14,e15,e16,e17,e19,e20} ( 10, 5, 14, 1, 15, 6, 4, 8, 9, 11, 2, 7, 3, 12, 13, 16)
{e12,e14,e15,e16,e18,e19,e20} ( 7, 14, 15, 1, 5, 6, 4, 9, 8, 12, 3, 11, 2, 10, 13, 16)
{e12,e14,e16,e17,e18,e19,e20} ( 5, 10, 11, 1, 7, 6, 4, 8, 9, 13, 2, 15, 3, 14, 12, 16)
{e12,e15,e16,e17,e18,e19,e20} ( 14, 7, 11, 1, 10, 6, 12, 9, 8, 15, 3, 13, 2, 5, 4, 16)
{e13,e14,e15,e16,e18,e19,e20} ( 12, 7, 14, 2, 13, 6, 5, 16, 8, 15, 3, 4, 1, 10, 11, 9)
{e13,e14,e15,e17,e18,e19,e20} ( 12, 7, 14, 2, 13, 6, 4, 16, 8, 15, 3, 5, 1, 11, 10, 9)
{e13,e15,e16,e17,e18,e19,e20} ( 14, 7, 11, 1, 10, 6, 5, 9, 8, 15, 3, 4, 2, 12, 13, 16)
{e14,e15,e16,e17,e18,e19,e20} ( 14, 7, 11, 1, 10, 6, 4, 9, 8, 15, 3, 5, 2, 13, 12, 16)

{e10,e11,e12,e13,e14,e16,e17} {e10,e11,e13,e15,e16,e18,e19} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11, 16, 12, 15, 14, 13)
{e10,e12,e14,e15,e17,e18,e19} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11, 16, 12, 15, 14, 13)

{e10,e11,e12,e13,e14,e16,e20} {e10,e11,e12,e13,e14,e17,e20} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 12, 11, 14, 13, 15, 16)
{e10,e11,e12,e13,e16,e17,e20} ( 1, 2, 3, 11, 12, 6, 7, 8, 9, 10, 4, 5, 14, 15, 13, 16)
{e10,e11,e12,e14,e16,e17,e20} ( 1, 2, 3, 12, 11, 6, 7, 8, 9, 10, 5, 4, 15, 14, 13, 16)
{e10,e11,e13,e14,e16,e17,e20} ( 1, 2, 3, 12, 13, 6, 7, 8, 9, 10, 14, 15, 4, 5, 11, 16)
{e10,e11,e13,e15,e16,e18,e20} ( 1, 2, 3, 12, 15, 6, 5, 8, 9, 10, 14, 13, 4, 7, 11, 16)
{e10,e11,e13,e15,e16,e19,e20} ( 1, 2, 3, 11, 15, 6, 5, 8, 9, 10, 4, 7, 14, 13, 12, 16)
{e10,e11,e13,e15,e18,e19,e20} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 10, 15, 11, 14, 12, 13, 16)
{e10,e11,e13,e16,e18,e19,e20} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11, 15, 12, 14, 13, 16)
{e10,e11,e15,e16,e18,e19,e20} ( 1, 2, 3, 15, 11, 6, 5, 8, 9, 10, 7, 4, 12, 13, 14, 16)
{e10,e12,e13,e14,e16,e17,e20} ( 1, 2, 3, 13, 12, 6, 7, 8, 9, 10, 15, 14, 5, 4, 11, 16)
{e10,e12,e14,e15,e17,e18,e20} ( 1, 2, 3, 12, 15, 6, 4, 8, 9, 10, 14, 13, 5, 7, 11, 16)
{e10,e12,e14,e15,e17,e19,e20} ( 1, 2, 3, 11, 15, 6, 4, 8, 9, 10, 5, 7, 14, 13, 12, 16)
{e10,e12,e14,e15,e18,e19,e20} ( 1, 2, 3, 7, 5, 6, 4, 8, 9, 10, 15, 11, 14, 12, 13, 16)
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{e10,e12,e14,e17,e18,e19,e20} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11, 15, 12, 14, 13, 16)
{e10,e12,e15,e17,e18,e19,e20} ( 1, 2, 3, 15, 11, 6, 4, 8, 9, 10, 7, 5, 12, 13, 14, 16)
{e10,e13,e15,e16,e18,e19,e20} ( 1, 2, 3, 14, 11, 6, 5, 8, 9, 10, 12, 13, 7, 4, 15, 16)
{e10,e14,e15,e17,e18,e19,e20} ( 1, 2, 3, 14, 11, 6, 4, 8, 9, 10, 12, 13, 7, 5, 15, 16)
{e11,e12,e13,e14,e16,e17,e20} ( 4, 10, 12, 5, 1, 6, 7, 8, 9, 14, 11, 2, 13, 3, 15, 16)
{e11,e13,e15,e16,e18,e19,e20} ( 4, 10, 11, 7, 1, 6, 5, 8, 9, 13, 15, 2, 14, 3, 12, 16)
{e12,e14,e15,e17,e18,e19,e20} ( 5, 10, 11, 7, 1, 6, 4, 8, 9, 13, 15, 2, 14, 3, 12, 16)

{e10,e11,e12,e13,e15,e16,e20} {e10,e11,e12,e13,e16,e18,e20} ( 1, 2, 10, 4, 12, 6, 7, 8, 16, 3, 11, 5, 14, 15, 13, 9)
{e10,e11,e12,e14,e15,e17,e20} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 12, 11, 13, 14, 15, 16)
{e10,e11,e12,e14,e17,e18,e20} ( 1, 2, 10, 5, 11, 6, 7, 8, 16, 3, 12, 4, 14, 15, 13, 9)
{e10,e11,e13,e14,e15,e16,e20} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 10, 12, 13, 11, 14, 15, 16)
{e10,e11,e13,e14,e16,e19,e20} ( 1, 2, 10, 4, 15, 6, 5, 8, 16, 3, 11, 7, 14, 13, 12, 9)
{e10,e11,e13,e16,e17,e18,e20} ( 1, 3, 2, 4, 7, 6, 5, 9, 8, 10, 12, 15, 11, 14, 13, 16)
{e10,e11,e13,e16,e17,e19,e20} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11, 15, 12, 14, 13, 16)
{e10,e11,e14,e15,e18,e19,e20} ( 1, 2, 10, 7, 11, 6, 5, 8, 16, 3, 15, 4, 13, 12, 14, 9)
{e10,e11,e15,e17,e18,e19,e20} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 10, 15, 11, 14, 13, 12, 16)
{e10,e12,e13,e14,e15,e17,e20} ( 1, 3, 2, 5, 4, 6, 7, 9, 8, 10, 13, 12, 11, 14, 15, 16)
{e10,e12,e13,e14,e17,e19,e20} ( 1, 2, 10, 5, 15, 6, 4, 8, 16, 3, 11, 7, 14, 12, 13, 9)
{e10,e12,e13,e15,e18,e19,e20} ( 1, 2, 10, 7, 11, 6, 4, 8, 16, 3, 15, 5, 13, 12, 14, 9)
{e10,e12,e14,e16,e17,e18,e20} ( 1, 3, 2, 5, 7, 6, 4, 9, 8, 10, 12, 15, 11, 13, 14, 16)
{e10,e12,e14,e16,e17,e19,e20} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11, 15, 12, 13, 14, 16)
{e10,e12,e15,e16,e18,e19,e20} ( 1, 2, 3, 7, 5, 6, 4, 8, 9, 10, 15, 11, 14, 13, 12, 16)
{e10,e13,e15,e17,e18,e19,e20} ( 1, 3, 2, 7, 4, 6, 5, 9, 8, 10, 14, 11, 15, 13, 12, 16)
{e10,e14,e15,e16,e18,e19,e20} ( 1, 3, 2, 7, 5, 6, 4, 9, 8, 10, 14, 11, 15, 13, 12, 16)

{e10,e11,e12,e13,e16,e19,e20} {e10,e11,e12,e14,e17,e19,e20} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 12, 11, 13, 14, 15, 16)
{e10,e11,e12,e15,e18,e19,e20} ( 1, 2, 3, 7, 4, 5, 6, 16, 9, 10, 15, 11, 14, 13, 12, 8)
{e10,e11,e13,e14,e16,e18,e20} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 10, 12, 13, 11, 14, 15, 16)
{e10,e11,e13,e15,e16,e17,e20} ( 1, 10, 2, 11, 5, 6, 7, 16, 8, 3, 12, 15, 4, 14, 13, 9)
{e10,e12,e13,e14,e17,e18,e20} ( 1, 3, 2, 5, 4, 6, 7, 9, 8, 10, 13, 12, 11, 14, 15, 16)
{e10,e12,e14,e15,e16,e17,e20} ( 1, 10, 2, 11, 4, 6, 7, 16, 8, 3, 12, 14, 5, 15, 13, 9)
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{e10,e13,e14,e15,e18,e19,e20} ( 1, 3, 2, 7, 4, 5, 6, 16, 8, 10, 14, 11, 15, 13, 12, 9)
{e10,e15,e16,e17,e18,e19,e20} ( 1, 10, 2, 14, 4, 6, 13, 16, 8, 3, 15, 12, 11, 7, 5, 9)

{e11,e12,e13,e14,e15,e18,e20} {e11,e12,e13,e14,e15,e19,e20} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 12, 13, 10, 11, 14, 15, 16)
{e11,e12,e13,e14,e18,e19,e20} ( 2, 3, 1, 10, 11, 6, 7, 16, 8, 12, 13, 4, 5, 14, 15, 9)
{e11,e12,e13,e15,e17,e19,e20} ( 2, 3, 1, 5, 7, 6, 4, 16, 8, 14, 13, 11, 15, 12, 10, 9)
{e11,e12,e13,e17,e18,e19,e20} ( 1, 3, 2, 4, 7, 6, 5, 9, 8, 12, 14, 10, 15, 13, 11, 16)
{e11,e12,e14,e15,e16,e19,e20} ( 2, 3, 1, 4, 7, 6, 5, 16, 8, 14, 13, 10, 15, 12, 11, 9)
{e11,e12,e14,e16,e18,e19,e20} ( 1, 3, 2, 5, 7, 6, 4, 9, 8, 12, 14, 11, 15, 13, 10, 16)
{e11,e12,e15,e16,e17,e18,e20} ( 1, 2, 3, 10, 11, 6, 7, 8, 9, 4, 5, 13, 14, 12, 15, 16)
{e11,e12,e15,e16,e17,e19,e20} ( 1, 3, 2, 10, 11, 6, 7, 9, 8, 13, 14, 4, 5, 12, 15, 16)
{e11,e12,e16,e17,e18,e19,e20} ( 2, 3, 1, 4, 5, 6, 7, 16, 8, 12, 13, 10, 11, 14, 15, 9)
{e11,e13,e14,e15,e17,e18,e20} ( 2, 3, 1, 10, 13, 6, 12, 16, 8, 11, 7, 4, 15, 5, 14, 9)
{e11,e13,e14,e17,e18,e19,e20} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 15, 11, 14, 13, 12, 16)
{e11,e14,e15,e16,e17,e18,e20} ( 1, 3, 2, 10, 11, 6, 12, 9, 8, 13, 5, 4, 14, 7, 15, 16)
{e11,e14,e15,e16,e17,e19,e20} ( 1, 2, 3, 10, 11, 6, 12, 8, 9, 4, 14, 13, 5, 7, 15, 16)
{e12,e13,e14,e15,e16,e18,e20} ( 2, 3, 1, 10, 13, 6, 11, 16, 8, 12, 7, 5, 15, 4, 14, 9)
{e12,e13,e14,e16,e18,e19,e20} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 15, 12, 14, 13, 11, 16)
{e12,e13,e15,e16,e17,e18,e20} ( 1, 3, 2, 10, 11, 6, 12, 9, 8, 14, 4, 5, 13, 7, 15, 16)
{e12,e13,e15,e16,e17,e19,e20} ( 1, 2, 3, 10, 11, 6, 12, 8, 9, 5, 13, 14, 4, 7, 15, 16)
{e13,e14,e15,e16,e17,e18,e20} ( 1, 2, 3, 10, 11, 6, 7, 8, 9, 13, 14, 4, 5, 12, 15, 16)
{e13,e14,e15,e16,e17,e19,e20} ( 1, 3, 2, 10, 11, 6, 7, 9, 8, 4, 5, 13, 14, 12, 15, 16)
{e13,e14,e16,e17,e18,e19,e20} ( 2, 3, 1, 12, 13, 6, 7, 16, 8, 4, 5, 10, 11, 14, 15, 9)

{e11,e12,e13,e15,e17,e18,e20} {e11,e12,e14,e15,e16,e18,e20} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 11, 10, 12, 13, 14, 15, 16)
{e11,e13,e14,e15,e17,e19,e20} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 15, 11, 14, 13, 12, 16)
{e11,e14,e16,e17,e18,e19,e20} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 15, 10, 14, 13, 12, 11, 16)
{e12,e13,e14,e15,e16,e19,e20} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 15, 12, 14, 13, 11, 16)
{e12,e13,e16,e17,e18,e19,e20} ( 1, 2, 3, 7, 5, 6, 4, 8, 9, 15, 10, 14, 12, 13, 11, 16)
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Tabela B.7: Extensões Binárias da MatróideM(L1) obtida
acrescentando-se 8 elementos deCA.

X X′ ϕ(1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17)

{e10,e11,e12,e13,e14,e15,e16,e17} {e10,e11,e12,e13,e14,e16,e17,e18} ( 1, 2, 10, 4, 12, 8, 7, 6, 9, 3, 11, 5, 15, 14, 17, 13, 16)
{e10,e11,e12,e13,e14,e16,e17,e19} ( 1, 3, 10, 4, 14, 9, 7, 6, 8, 2, 13, 5, 15, 12, 17, 11, 16)
{e10,e11,e12,e13,e15,e16,e18,e19} ( 1, 3, 10, 4, 14, 9, 12, 6, 8, 2, 13, 17, 15, 7, 5, 11, 16)
{e10,e11,e12,e14,e15,e17,e18,e19} ( 1, 3, 10, 5, 14, 9, 11, 6, 8, 2, 13, 17, 15, 7, 4, 12, 16)
{e10,e11,e13,e14,e15,e16,e18,e19} ( 1, 2, 10, 4, 14, 8, 13, 6, 9, 3, 11, 16, 15, 7, 5, 12, 17)
{e10,e11,e13,e15,e16,e17,e18,e19} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11, 17, 12, 16, 15, 14, 13)
{e10,e12,e13,e14,e15,e17,e18,e19} ( 1, 2, 10, 5, 14, 8, 12, 6, 9, 3, 11, 16, 15, 7, 4, 13, 17)
{e10,e12,e14,e15,e16,e17,e18,e19} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11, 17, 12, 16, 14, 15, 13)

{e10,e11,e12,e13,e14,e15,e16,e18} {e10,e11,e12,e13,e14,e15,e16,e19} ( 1, 2, 3, 16, 5, 6, 15, 8, 9, 10, 13, 12, 11, 14, 7, 4, 17)
{e10,e11,e12,e13,e14,e15,e17,e18} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 12, 11, 14, 13, 15, 16, 17)
{e10,e11,e12,e13,e14,e15,e17,e19} ( 1, 2, 3, 16, 4, 6, 15, 8, 9, 10, 14, 11, 12, 13, 7, 5, 17)
{e10,e11,e12,e13,e14,e15,e18,e19} ( 1, 2, 3, 16, 4, 6, 14, 8, 9, 10, 15, 11, 7, 13, 12, 17, 5)
{e10,e11,e12,e13,e14,e16,e18,e19} ( 1, 2, 3, 13, 5, 6, 16, 8, 9, 10, 15, 12, 4, 14, 17, 11, 7)
{e10,e11,e12,e13,e14,e17,e18,e19} ( 1, 2, 3, 14, 4, 6, 16, 8, 9, 10, 15, 11, 5, 13, 17, 12, 7)
{e10,e11,e12,e13,e15,e16,e17,e18} ( 1, 2, 3, 11, 12, 6, 7, 8, 9, 10, 4, 5, 15, 16, 14, 13, 17)
{e10,e11,e12,e13,e15,e16,e17,e19} ( 1, 2, 3, 13, 12, 6, 14, 8, 9, 10, 15, 5, 4, 16, 7, 11, 17)
{e10,e11,e12,e13,e15,e17,e18,e19} ( 1, 2, 3, 14, 4, 6, 15, 8, 9, 10, 16, 11, 17, 13, 5, 7, 12)
{e10,e11,e12,e13,e16,e17,e18,e19} ( 1, 2, 3, 14, 7, 6, 15, 8, 9, 10, 13, 17, 11, 16, 5, 4, 12)
{e10,e11,e12,e14,e15,e16,e17,e18} ( 1, 2, 3, 12, 11, 6, 7, 8, 9, 10, 5, 4, 16, 15, 14, 13, 17)
{e10,e11,e12,e14,e15,e16,e17,e19} ( 1, 2, 3, 13, 11, 6, 14, 8, 9, 10, 16, 4, 5, 15, 7, 12, 17)
{e10,e11,e12,e14,e15,e16,e18,e19} ( 1, 2, 3, 14, 5, 6, 15, 8, 9, 10, 16, 12, 17, 13, 4, 7, 11)
{e10,e11,e12,e14,e16,e17,e18,e19} ( 1, 2, 3, 15, 7, 6, 14, 8, 9, 10, 13, 17, 12, 16, 4, 5, 11)
{e10,e11,e12,e15,e16,e17,e18,e19} ( 1, 2, 3, 16, 11, 6, 15, 8, 9, 10, 13, 4, 7, 14, 5, 17, 12)
{e10,e11,e13,e14,e15,e16,e17,e18} ( 1, 2, 3, 12, 13, 6, 7, 8, 9, 10, 15, 16, 4, 5, 14, 11, 17)
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{e10,e11,e13,e14,e15,e16,e17,e19} ( 1, 2, 3, 11, 13, 6, 14, 8, 9, 10, 4, 16, 15, 5, 7, 12, 17)
{e10,e11,e13,e14,e15,e17,e18,e19} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 10, 17, 11, 16, 12, 15, 14, 13)
{e10,e11,e13,e14,e16,e17,e18,e19} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11, 17, 12, 16, 15, 14, 13)
{e10,e11,e14,e15,e16,e17,e18,e19} ( 1, 2, 3, 17, 11, 6, 5, 8, 9, 10, 7, 4, 13, 14, 15, 16, 12)
{e10,e12,e13,e14,e15,e16,e17,e18} ( 1, 2, 3, 13, 12, 6, 7, 8, 9, 10, 16, 15, 5, 4, 14, 11, 17)
{e10,e12,e13,e14,e15,e16,e17,e19} ( 1, 2, 3, 11, 12, 6, 14, 8, 9, 10, 5, 15, 16, 4, 7, 13, 17)
{e10,e12,e13,e14,e15,e16,e18,e19} ( 1, 2, 3, 7, 5, 6, 4, 8, 9, 10, 17, 11, 16, 13, 15, 14, 12)
{e10,e12,e13,e14,e16,e17,e18,e19} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11, 17, 13, 16, 14, 15, 12)
{e10,e12,e13,e15,e16,e17,e18,e19} ( 1, 2, 3, 17, 11, 6, 4, 8, 9, 10, 7, 5, 13, 15, 14, 16, 12)
{e10,e13,e14,e15,e16,e17,e18,e19} ( 1, 2, 3, 16, 11, 6, 5, 8, 9, 10, 13, 14, 7, 4, 15, 17, 12)
{e11,e12,e13,e14,e15,e16,e17,e18} ( 4, 10, 12, 5, 1, 6, 7, 8, 9, 15, 11, 2, 13, 3, 14, 16, 17)
{e11,e12,e13,e14,e15,e16,e17,e19} ( 4, 10, 12, 16, 1, 6, 14, 8, 9, 15, 13, 2, 11, 3, 7, 5, 17)
{e11,e12,e13,e14,e15,e16,e18,e19} ( 4, 10, 12, 16, 1, 6, 13, 8, 9, 15, 14, 2, 7, 3, 11, 17, 5)
{e11,e12,e13,e14,e15,e17,e18,e19} ( 5, 11, 13, 16, 1, 6, 12, 8, 9, 15, 14, 2, 7, 3, 10, 17, 4)
{e11,e12,e13,e14,e16,e17,e18,e19} ( 4, 10, 12, 13, 1, 6, 16, 8, 9, 14, 15, 2, 5, 3, 17, 11, 7)
{e11,e12,e13,e15,e16,e17,e18,e19} ( 4, 10, 12, 13, 1, 6, 15, 8, 9, 14, 16, 2, 17, 3, 5, 7, 11)
{e11,e12,e14,e15,e16,e17,e18,e19} ( 5, 11, 12, 13, 1, 6, 14, 8, 9, 15, 16, 2, 17, 3, 4, 7, 10)
{e11,e13,e14,e15,e16,e17,e18,e19} ( 4, 10, 11, 7, 1, 6, 5, 8, 9, 14, 17, 2, 16, 3, 15, 13, 12)
{e12,e13,e14,e15,e16,e17,e18,e19} ( 5, 10, 12, 7, 1, 6, 4, 8, 9, 15, 17, 2, 16, 3, 14, 13, 11)

{e10,e11,e12,e13,e14,e15,e16,e20} {e10,e11,e12,e13,e14,e15,e17,e20} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 12, 11, 14, 13, 15, 16, 17)
{e10,e11,e12,e13,e14,e16,e18,e20} ( 1, 2, 10, 4, 12, 6, 7, 8, 17, 3, 11, 5, 15, 14, 16, 13, 9)
{e10,e11,e12,e13,e14,e16,e19,e20} ( 1, 3, 10, 4, 14, 6, 7, 9, 17, 2, 13, 5, 15, 12, 16, 11, 8)
{e10,e11,e12,e13,e14,e17,e18,e20} ( 1, 2, 10, 5, 11, 6, 7, 8, 17, 3, 12, 4, 15, 13, 16, 14, 9)
{e10,e11,e12,e13,e14,e17,e19,e20} ( 1, 3, 10, 5, 13, 6, 7, 9, 17, 2, 14, 4, 15, 11, 16, 12, 8)
{e10,e11,e12,e13,e15,e16,e17,e20} ( 1, 2, 3, 11, 12, 6, 7, 8, 9, 10, 4, 5, 15, 16, 14, 13, 17)
{e10,e11,e12,e13,e15,e16,e18,e20} ( 1, 3, 10, 13, 7, 6, 5, 9, 17, 2, 4, 16, 11, 14, 12, 15, 8)
{e10,e11,e12,e13,e15,e16,e19,e20} ( 1, 3, 10, 4, 14, 6, 12, 9, 17, 2, 13, 16, 15, 7, 5, 11, 8)
{e10,e11,e12,e13,e15,e18,e19,e20} ( 1, 3, 10, 7, 13, 6, 5, 9, 17, 2, 15, 4, 14, 11, 12, 16, 8)
{e10,e11,e12,e13,e16,e17,e18,e20} ( 1, 2, 10, 11, 5, 6, 7, 8, 17, 3, 4, 12, 13, 15, 16, 14, 9)
{e10,e11,e12,e13,e16,e17,e19,e20} ( 1, 3, 10, 4, 15, 6, 16, 9, 17, 2, 13, 12, 14, 5, 7, 11, 8)
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{e10,e11,e12,e13,e16,e18,e19,e20} ( 1, 3, 10, 4, 15, 6, 5, 9, 17, 2, 13, 7, 14, 16, 12, 11, 8)
{e10,e11,e12,e14,e15,e16,e17,e20} ( 1, 2, 3, 12, 11, 6, 7, 8, 9, 10, 5, 4, 16, 15, 14, 13, 17)
{e10,e11,e12,e14,e15,e17,e18,e20} ( 1, 3, 10, 13, 7, 6, 4, 9, 17, 2, 5, 16, 12, 14, 11, 15, 8)
{e10,e11,e12,e14,e15,e17,e19,e20} ( 1, 3, 10, 5, 14, 6, 11, 9, 17, 2, 13, 16, 15, 7, 4, 12, 8)
{e10,e11,e12,e14,e15,e18,e19,e20} ( 1, 3, 10, 7, 13, 6, 4, 9, 17, 2, 15, 5, 14, 12, 11, 16, 8)
{e10,e11,e12,e14,e16,e17,e18,e20} ( 1, 2, 10, 12, 4, 6, 7, 8, 17, 3, 5, 11, 13, 14, 16, 15, 9)
{e10,e11,e12,e14,e16,e17,e19,e20} ( 1, 3, 10, 5, 14, 6, 16, 9, 17, 2, 13, 11, 15, 4, 7, 12, 8)
{e10,e11,e12,e14,e17,e18,e19,e20} ( 1, 3, 10, 5, 15, 6, 4, 9, 17, 2, 13, 7, 14, 16, 11, 12, 8)
{e10,e11,e12,e15,e16,e18,e19,e20} ( 1, 3, 10, 7, 14, 6, 12, 9, 17, 2, 15, 11, 13, 4, 5, 16, 8)
{e10,e11,e12,e15,e17,e18,e19,e20} ( 1, 3, 10, 7, 14, 6, 11, 9, 17, 2, 15, 12, 13, 5, 4, 16, 8)
{e10,e11,e13,e14,e15,e16,e17,e20} ( 1, 2, 3, 11, 13, 6, 14, 8, 9, 10, 4, 16, 15, 5, 7, 12, 17)
{e10,e11,e13,e14,e15,e16,e18,e20} ( 1, 2, 10, 4, 14, 6, 13, 8, 17, 3, 11, 16, 15, 7, 5, 12, 9)
{e10,e11,e13,e14,e15,e16,e19,e20} ( 1, 2, 10, 11, 7, 6, 5, 8, 17, 3, 4, 16, 12, 14, 13, 15, 9)
{e10,e11,e13,e14,e15,e18,e19,e20} ( 1, 2, 10, 7, 11, 6, 5, 8, 17, 3, 16, 4, 14, 12, 13, 15, 9)
{e10,e11,e13,e14,e16,e17,e18,e20} ( 1, 2, 10, 4, 15, 6, 16, 8, 17, 3, 11, 13, 14, 5, 7, 12, 9)
{e10,e11,e13,e14,e16,e17,e19,e20} ( 1, 3, 10, 12, 5, 6, 7, 9, 17, 2, 4, 13, 11, 15, 16, 14, 8)
{e10,e11,e13,e14,e16,e18,e19,e20} ( 1, 2, 10, 4, 16, 6, 5, 8, 17, 3, 11, 7, 14, 15, 13, 12, 9)
{e10,e11,e13,e15,e16,e17,e18,e20} ( 1, 2, 3, 11, 16, 6, 15, 8, 9, 10, 4, 13, 14, 7, 5, 12, 17)
{e10,e11,e13,e15,e16,e17,e19,e20} ( 1, 2, 3, 11, 16, 6, 5, 8, 9, 10, 4, 7, 14, 13, 15, 12, 17)
{e10,e11,e13,e15,e17,e18,e19,e20} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 10, 16, 11, 15, 12, 14, 13, 17)
{e10,e11,e13,e16,e17,e18,e19,e20} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11, 16, 12, 15, 14, 13, 17)
{e10,e11,e14,e15,e16,e18,e19,e20} ( 1, 2, 10, 13, 4, 6, 12, 8, 17, 3, 15, 11, 7, 14, 5, 16, 9)
{e10,e11,e14,e15,e17,e18,e19,e20} ( 1, 3, 10, 13, 5, 6, 11, 9, 17, 2, 16, 12, 7, 14, 4, 15, 8)
{e10,e11,e15,e16,e17,e18,e19,e20} ( 1, 2, 3, 15, 11, 6, 14, 8, 9, 10, 12, 4, 7, 13, 5, 16, 17)
{e10,e12,e13,e14,e15,e16,e17,e20} ( 1, 2, 3, 11, 12, 6, 14, 8, 9, 10, 5, 15, 16, 4, 7, 13, 17)
{e10,e12,e13,e14,e15,e17,e18,e20} ( 1, 2, 10, 5, 14, 6, 12, 8, 17, 3, 11, 16, 15, 7, 4, 13, 9)
{e10,e12,e13,e14,e15,e17,e19,e20} ( 1, 2, 10, 11, 7, 6, 4, 8, 17, 3, 5, 16, 13, 14, 12, 15, 9)
{e10,e12,e13,e14,e15,e18,e19,e20} ( 1, 2, 10, 7, 11, 6, 4, 8, 17, 3, 16, 5, 14, 13, 12, 15, 9)
{e10,e12,e13,e14,e16,e17,e18,e20} ( 1, 2, 10, 5, 14, 6, 16, 8, 17, 3, 11, 12, 15, 4, 7, 13, 9)
{e10,e12,e13,e14,e16,e17,e19,e20} ( 1, 3, 10, 13, 4, 6, 7, 9, 17, 2, 5, 12, 11, 14, 16, 15, 8)
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{e10,e12,e13,e14,e17,e18,e19,e20} ( 1, 2, 10, 5, 16, 6, 4, 8, 17, 3, 11, 7, 14, 15, 12, 13, 9)
{e10,e12,e13,e15,e16,e18,e19,e20} ( 1, 3, 10, 13, 4, 6, 11, 9, 17, 2, 16, 12, 7, 14, 5, 15, 8)
{e10,e12,e13,e15,e17,e18,e19,e20} ( 1, 2, 10, 13, 5, 6, 12, 8, 17, 3, 15, 11, 7, 14, 4, 16, 9)
{e10,e12,e14,e15,e16,e17,e18,e20} ( 1, 2, 3, 11, 16, 6, 14, 8, 9, 10, 5, 13, 15, 7, 4, 12, 17)
{e10,e12,e14,e15,e16,e17,e19,e20} ( 1, 2, 3, 11, 16, 6, 4, 8, 9, 10, 5, 7, 15, 13, 14, 12, 17)
{e10,e12,e14,e15,e16,e18,e19,e20} ( 1, 2, 3, 7, 5, 6, 4, 8, 9, 10, 16, 11, 15, 12, 14, 13, 17)
{e10,e12,e14,e16,e17,e18,e19,e20} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11, 16, 12, 15, 13, 14, 17)
{e10,e12,e15,e16,e17,e18,e19,e20} ( 1, 2, 3, 15, 11, 6, 13, 8, 9, 10, 12, 5, 7, 14, 4, 16, 17)
{e10,e13,e14,e15,e16,e18,e19,e20} ( 1, 2, 10, 7, 14, 6, 12, 8, 17, 3, 16, 11, 13, 4, 5, 15, 9)
{e10,e13,e14,e15,e17,e18,e19,e20} ( 1, 2, 10, 7, 14, 6, 11, 8, 17, 3, 16, 12, 13, 5, 4, 15, 9)
{e10,e13,e15,e16,e17,e18,e19,e20} ( 1, 2, 3, 15, 11, 6, 5, 8, 9, 10, 12, 13, 7, 4, 14, 16, 17)
{e10,e14,e15,e16,e17,e18,e19,e20} ( 1, 2, 3, 15, 11, 6, 4, 8, 9, 10, 12, 14, 7, 5, 13, 16, 17)
{e11,e12,e13,e14,e15,e16,e17,e20} ( 4, 10, 12, 5, 1, 6, 7, 8, 9, 15, 11, 2, 13, 3, 14, 16, 17)
{e11,e12,e13,e14,e16,e17,e18,e20} ( 4, 10, 14, 5, 2, 6, 7, 8, 17, 12, 11, 1, 15, 3, 16, 13, 9)
{e11,e12,e13,e14,e16,e17,e19,e20} ( 4, 12, 14, 5, 3, 6, 7, 9, 17, 10, 13, 1, 15, 2, 16, 11, 8)
{e11,e12,e13,e15,e16,e18,e19,e20} ( 4, 12, 14, 7, 3, 6, 5, 9, 17, 10, 15, 1, 13, 2, 11, 16, 8)
{e11,e12,e14,e15,e17,e18,e19,e20} ( 5, 12, 14, 7, 3, 6, 4, 9, 17, 11, 15, 1, 13, 2, 10, 16, 8)
{e11,e13,e14,e15,e16,e18,e19,e20} ( 4, 10, 14, 7, 2, 6, 5, 8, 17, 11, 16, 1, 13, 3, 12, 15, 9)
{e11,e13,e15,e16,e17,e18,e19,e20} ( 4, 10, 11, 7, 1, 6, 5, 8, 9, 13, 16, 2, 15, 3, 14, 12, 17)
{e12,e13,e14,e15,e17,e18,e19,e20} ( 5, 10, 14, 7, 2, 6, 4, 8, 17, 12, 16, 1, 13, 3, 11, 15, 9)
{e12,e14,e15,e16,e17,e18,e19,e20} ( 5, 10, 11, 7, 1, 6, 4, 8, 9, 14, 16, 2, 15, 3, 13, 12, 17)

{e10,e11,e12,e13,e14,e15,e18,e20} {e10,e11,e12,e13,e14,e15,e19,e20} ( 1, 3, 2, 4, 5, 6, 7, 9, 8, 10, 13, 14, 11, 12, 15, 16, 17)
{e10,e11,e12,e13,e14,e18,e19,e20} ( 2, 3, 1, 11, 12, 6, 7, 17, 8, 10, 13, 14, 4, 5, 15, 16, 9)
{e10,e11,e12,e13,e15,e17,e18,e20} ( 1, 2, 10, 5, 11, 6, 7, 8, 17, 3, 12, 4, 15, 13, 16, 14, 9)
{e10,e11,e12,e13,e15,e17,e19,e20} ( 2, 3, 1, 5, 7, 6, 4, 17, 8, 10, 15, 14, 12, 16, 13, 11, 9)
{e10,e11,e12,e13,e17,e18,e19,e20} ( 1, 3, 2, 4, 7, 6, 5, 9, 8, 10, 13, 15, 11, 16, 14, 12, 17)
{e10,e11,e12,e14,e15,e16,e18,e20} ( 1, 2, 10, 4, 12, 6, 7, 8, 17, 3, 11, 5, 15, 13, 16, 14, 9)
{e10,e11,e12,e14,e15,e16,e19,e20} ( 2, 3, 1, 4, 7, 6, 5, 17, 8, 10, 15, 14, 11, 16, 13, 12, 9)
{e10,e11,e12,e14,e16,e18,e19,e20} ( 1, 3, 2, 5, 7, 6, 4, 9, 8, 10, 13, 15, 12, 16, 14, 11, 17)
{e10,e11,e12,e15,e16,e17,e18,e20} ( 1, 2, 3, 11, 12, 6, 7, 8, 9, 10, 4, 5, 14, 15, 13, 16, 17)
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{e10,e11,e12,e15,e16,e17,e19,e20} ( 1, 3, 2, 11, 12, 6, 7, 9, 8, 10, 14, 15, 4, 5, 13, 16, 17)
{e10,e11,e12,e16,e17,e18,e19,e20} ( 2, 3, 1, 4, 5, 6, 7, 17, 8, 10, 13, 14, 11, 12, 15, 16, 9)
{e10,e11,e13,e14,e15,e17,e18,e20} ( 2, 3, 1, 11, 14, 6, 13, 17, 8, 10, 12, 7, 4, 16, 5, 15, 9)
{e10,e11,e13,e14,e15,e17,e19,e20} ( 1, 2, 10, 7, 11, 6, 5, 8, 17, 3, 16, 4, 14, 12, 13, 15, 9)
{e10,e11,e13,e14,e17,e18,e19,e20} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11, 16, 12, 15, 14, 13, 17)
{e10,e11,e14,e15,e16,e17,e18,e20} ( 1, 3, 2, 11, 12, 6, 13, 9, 8, 10, 14, 5, 4, 15, 7, 16, 17)
{e10,e11,e14,e15,e16,e17,e19,e20} ( 1, 2, 3, 11, 12, 6, 13, 8, 9, 10, 4, 15, 14, 5, 7, 16, 17)
{e10,e11,e14,e16,e17,e18,e19,e20} ( 1, 2, 10, 4, 14, 6, 15, 8, 17, 3, 11, 12, 13, 5, 7, 16, 9)
{e10,e12,e13,e14,e15,e16,e18,e20} ( 2, 3, 1, 11, 14, 6, 12, 17, 8, 10, 13, 7, 5, 16, 4, 15, 9)
{e10,e12,e13,e14,e15,e16,e19,e20} ( 1, 2, 10, 7, 11, 6, 4, 8, 17, 3, 16, 5, 14, 13, 12, 15, 9)
{e10,e12,e13,e14,e16,e18,e19,e20} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11, 16, 13, 15, 14, 12, 17)
{e10,e12,e13,e15,e16,e17,e18,e20} ( 1, 3, 2, 11, 12, 6, 13, 9, 8, 10, 15, 4, 5, 14, 7, 16, 17)
{e10,e12,e13,e15,e16,e17,e19,e20} ( 1, 2, 3, 11, 12, 6, 13, 8, 9, 10, 5, 14, 15, 4, 7, 16, 17)
{e10,e12,e13,e16,e17,e18,e19,e20} ( 1, 2, 10, 5, 13, 6, 15, 8, 17, 3, 11, 12, 14, 4, 7, 16, 9)
{e10,e13,e14,e15,e16,e17,e18,e20} ( 1, 2, 3, 11, 12, 6, 7, 8, 9, 10, 14, 15, 4, 5, 13, 16, 17)
{e10,e13,e14,e15,e16,e17,e19,e20} ( 1, 3, 2, 11, 12, 6, 7, 9, 8, 10, 4, 5, 14, 15, 13, 16, 17)
{e10,e13,e14,e16,e17,e18,e19,e20} ( 2, 3, 1, 13, 14, 6, 7, 17, 8, 10, 4, 5, 11, 12, 15, 16, 9)
{e11,e12,e13,e14,e15,e16,e18,e20} ( 4, 10, 12, 1, 5, 6, 7, 8, 9, 15, 2, 11, 3, 13, 14, 16, 17)
{e11,e12,e13,e14,e15,e16,e19,e20} ( 4, 12, 10, 1, 5, 6, 7, 9, 8, 15, 3, 13, 2, 11, 14, 16, 17)
{e11,e12,e13,e14,e15,e17,e18,e20} ( 5, 11, 13, 1, 4, 6, 7, 8, 9, 15, 2, 10, 3, 12, 14, 16, 17)
{e11,e12,e13,e14,e15,e17,e19,e20} ( 5, 13, 11, 1, 4, 6, 7, 9, 8, 15, 3, 12, 2, 10, 14, 16, 17)
{e11,e12,e13,e14,e15,e18,e19,e20} ( 14, 15, 7, 2, 10, 6, 13, 8, 17, 16, 1, 4, 3, 12, 5, 11, 9)
{e11,e12,e13,e14,e16,e18,e19,e20} ( 10, 12, 4, 2, 11, 6, 7, 17, 8, 14, 3, 13, 1, 5, 15, 16, 9)
{e11,e12,e13,e14,e17,e18,e19,e20} ( 11, 13, 5, 2, 10, 6, 7, 17, 8, 14, 3, 12, 1, 4, 15, 16, 9)
{e11,e12,e13,e15,e16,e17,e18,e20} ( 4, 10, 14, 2, 5, 6, 7, 8, 17, 12, 1, 11, 3, 15, 16, 13, 9)
{e11,e12,e13,e15,e16,e17,e19,e20} ( 10, 12, 4, 2, 5, 6, 16, 17, 8, 14, 3, 15, 1, 11, 13, 7, 9)
{e11,e12,e13,e15,e17,e18,e19,e20} ( 7, 13, 16, 2, 5, 6, 4, 17, 8, 15, 3, 14, 1, 11, 12, 10, 9)
{e11,e12,e13,e16,e17,e18,e19,e20} ( 4, 12, 10, 1, 7, 6, 5, 9, 8, 13, 3, 15, 2, 16, 14, 11, 17)
{e11,e12,e14,e15,e16,e17,e18,e20} ( 5, 11, 15, 2, 4, 6, 7, 8, 17, 12, 1, 10, 3, 14, 16, 13, 9)
{e11,e12,e14,e15,e16,e17,e19,e20} ( 11, 12, 5, 2, 4, 6, 16, 17, 8, 15, 3, 14, 1, 10, 13, 7, 9)
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{e11,e12,e14,e15,e16,e18,e19,e20} ( 7, 13, 16, 2, 4, 6, 5, 17, 8, 15, 3, 14, 1, 10, 12, 11, 9)
{e11,e12,e14,e16,e17,e18,e19,e20} ( 5, 12, 11, 1, 7, 6, 4, 9, 8, 14, 3, 15, 2, 16, 13, 10, 17)
{e11,e12,e15,e16,e17,e18,e19,e20} ( 12, 15, 7, 2, 4, 6, 14, 8, 17, 16, 1, 10, 3, 13, 11, 5, 9)
{e11,e13,e14,e15,e16,e17,e18,e20} ( 10, 11, 4, 2, 13, 6, 12, 17, 8, 14, 3, 7, 1, 16, 5, 15, 9)
{e11,e13,e14,e15,e16,e17,e19,e20} ( 4, 10, 14, 2, 7, 6, 5, 8, 17, 11, 1, 16, 3, 13, 12, 15, 9)
{e11,e13,e14,e15,e17,e18,e19,e20} ( 7, 13, 15, 3, 5, 6, 4, 17, 9, 16, 2, 14, 1, 12, 10, 11, 8)
{e11,e13,e14,e16,e17,e18,e19,e20} ( 4, 10, 11, 1, 7, 6, 5, 8, 9, 13, 2, 16, 3, 15, 14, 12, 17)
{e11,e14,e15,e16,e17,e18,e19,e20} ( 7, 15, 12, 3, 5, 6, 4, 9, 17, 16, 1, 11, 2, 14, 10, 13, 8)
{e12,e13,e14,e15,e16,e17,e18,e20} ( 10, 12, 5, 2, 13, 6, 11, 17, 8, 15, 3, 7, 1, 16, 4, 14, 9)
{e12,e13,e14,e15,e16,e17,e19,e20} ( 5, 10, 15, 2, 7, 6, 4, 8, 17, 12, 1, 16, 3, 13, 11, 14, 9)
{e12,e13,e14,e15,e16,e18,e19,e20} ( 7, 13, 15, 3, 4, 6, 5, 17, 9, 16, 2, 14, 1, 11, 10, 12, 8)
{e12,e13,e14,e16,e17,e18,e19,e20} ( 5, 10, 12, 1, 7, 6, 4, 8, 9, 14, 2, 16, 3, 15, 13, 11, 17)
{e12,e13,e15,e16,e17,e18,e19,e20} ( 7, 15, 12, 3, 4, 6, 5, 9, 17, 16, 1, 11, 2, 13, 10, 14, 8)
{e13,e14,e15,e16,e17,e18,e19,e20} ( 12, 15, 7, 2, 13, 6, 5, 8, 17, 16, 1, 10, 3, 4, 11, 14, 9)

{e10,e11,e12,e13,e14,e16,e17,e20} {e10,e11,e13,e15,e16,e18,e19,e20} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11, 16, 12, 15, 14, 13, 17)
{e10,e12,e14,e15,e17,e18,e19,e20} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11, 16, 12, 15, 14, 13, 17)
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Tabela B.8: Extensões Binárias da MatróideM(L1) obtida
acrescentando-se 9 elementos deCA.

X X′ ϕ(1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18)

{e10,e11,e12,e13,e14,e15,e16,e17,e18} {e10,e11,e12,e13,e14,e15,e16,e17,e19} ( 1, 2, 3, 4, 17, 6, 15, 8, 9, 10, 11, 14, 13, 12, 7, 16, 5, 18)
{e10,e11,e12,e13,e14,e15,e16,e18,e19} ( 1, 2, 3, 4, 17, 6, 14, 8, 9, 10, 11, 15, 13, 7, 12, 16, 18, 5)
{e10,e11,e12,e13,e14,e15,e17,e18,e19} ( 1, 2, 3, 5, 17, 6, 13, 8, 9, 10, 12, 15, 14, 7, 11, 16, 18, 4)
{e10,e11,e12,e13,e14,e16,e17,e18,e19} ( 1, 2, 3, 4, 14, 6, 17, 8, 9, 10, 11, 16, 13, 5, 18, 15, 12, 7)
{e10,e11,e12,e13,e15,e16,e17,e18,e19} ( 1, 2, 3, 4, 14, 6, 16, 8, 9, 10, 11, 17, 13, 18, 5, 15, 7, 12)
{e10,e11,e12,e14,e15,e16,e17,e18,e19} ( 1, 2, 3, 5, 14, 6, 15, 8, 9, 10, 12, 17, 13, 18, 4, 16, 7, 11)
{e10,e11,e13,e14,e15,e16,e17,e18,e19} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11, 18, 12, 17, 16, 15, 14, 13)
{e10,e12,e13,e14,e15,e16,e17,e18,e19} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11, 18, 13, 17, 15, 16, 14, 12)
{e11,e12,e13,e14,e15,e16,e17,e18,e19} ( 4, 10, 12, 5, 17, 6, 3, 8, 9, 15, 11, 14, 13, 7, 2, 16, 18, 1)

{e10,e11,e12,e13,e14,e15,e16,e17,e20} {e10,e11,e12,e13,e14,e16,e17,e18,e20} ( 1, 2, 10, 4, 12, 6, 7, 8, 18, 3, 11, 5, 15, 14, 17, 13, 16, 9)
{e10,e11,e12,e13,e14,e16,e17,e19,e20} ( 1, 3, 10, 4, 14, 6, 7, 9, 18, 2, 13, 5, 15, 12, 17, 11, 16, 8)
{e10,e11,e12,e13,e15,e16,e18,e19,e20} ( 1, 3, 10, 4, 14, 6, 12, 9, 18, 2, 13, 17, 15, 7, 5, 11, 16, 8)
{e10,e11,e12,e14,e15,e17,e18,e19,e20} ( 1, 3, 10, 5, 14, 6, 11, 9, 18, 2, 13, 17, 15, 7, 4, 12, 16, 8)
{e10,e11,e13,e14,e15,e16,e18,e19,e20} ( 1, 2, 10, 4, 14, 6, 13, 8, 18, 3, 11, 16, 15, 7, 5, 12, 17, 9)
{e10,e11,e13,e15,e16,e17,e18,e19,e20} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11, 17, 12, 16, 15, 14, 13, 18)
{e10,e12,e13,e14,e15,e17,e18,e19,e20} ( 1, 2, 10, 5, 14, 6, 12, 8, 18, 3, 11, 16, 15, 7, 4, 13, 17, 9)
{e10,e12,e14,e15,e16,e17,e18,e19,e20} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11, 17, 12, 16, 14, 15, 13, 18)

{e10,e11,e12,e13,e14,e15,e16,e18,e20} {e10,e11,e12,e13,e14,e15,e16,e19,e20} ( 1, 2, 3, 16, 5, 6, 15, 8, 9, 10, 13, 12, 11, 14, 7, 4, 17, 18)
{e10,e11,e12,e13,e14,e15,e17,e18,e20} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 12, 11, 14, 13, 15, 16, 17, 18)
{e10,e11,e12,e13,e14,e15,e17,e19,e20} ( 1, 2, 3, 16, 4, 6, 15, 8, 9, 10, 14, 11, 12, 13, 7, 5, 17, 18)
{e10,e11,e12,e13,e14,e15,e18,e19,e20} ( 1, 2, 3, 16, 4, 6, 14, 8, 9, 10, 15, 11, 7, 13, 12, 17, 5, 18)
{e10,e11,e12,e13,e14,e16,e18,e19,e20} ( 1, 2, 3, 13, 5, 6, 16, 8, 9, 10, 15, 12, 4, 14, 17, 11, 7, 18)
{e10,e11,e12,e13,e14,e17,e18,e19,e20} ( 1, 2, 3, 14, 4, 6, 16, 8, 9, 10, 15, 11, 5, 13, 17, 12, 7, 18)
{e10,e11,e12,e13,e15,e16,e17,e18,e20} ( 1, 2, 3, 11, 12, 6, 7, 8, 9, 10, 4, 5, 15, 16, 14, 13, 17, 18)
{e10,e11,e12,e13,e15,e16,e17,e19,e20} ( 1, 2, 3, 13, 12, 6, 14, 8, 9, 10, 15, 5, 4, 16, 7, 11, 17, 18)
{e10,e11,e12,e13,e15,e17,e18,e19,e20} ( 1, 2, 3, 14, 4, 6, 15, 8, 9, 10, 16, 11, 17, 13, 5, 7, 12, 18)
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{e10,e11,e12,e13,e16,e17,e18,e19,e20} ( 1, 2, 3, 14, 7, 6, 15, 8, 9, 10, 13, 17, 11, 16, 5, 4, 12, 18)
{e10,e11,e12,e14,e15,e16,e17,e18,e20} ( 1, 2, 3, 12, 11, 6, 7, 8, 9, 10, 5, 4, 16, 15, 14, 13, 17, 18)
{e10,e11,e12,e14,e15,e16,e17,e19,e20} ( 1, 2, 3, 13, 11, 6, 14, 8, 9, 10, 16, 4, 5, 15, 7, 12, 17, 18)
{e10,e11,e12,e14,e15,e16,e18,e19,e20} ( 1, 2, 3, 14, 5, 6, 15, 8, 9, 10, 16, 12, 17, 13, 4, 7, 11, 18)
{e10,e11,e12,e14,e16,e17,e18,e19,e20} ( 1, 2, 3, 15, 7, 6, 14, 8, 9, 10, 13, 17, 12, 16, 4, 5, 11, 18)
{e10,e11,e12,e15,e16,e17,e18,e19,e20} ( 1, 2, 3, 16, 11, 6, 15, 8, 9, 10, 13, 4, 7, 14, 5, 17, 12, 18)
{e10,e11,e13,e14,e15,e16,e17,e18,e20} ( 1, 2, 3, 12, 13, 6, 7, 8, 9, 10, 15, 16, 4, 5, 14, 11, 17, 18)
{e10,e11,e13,e14,e15,e16,e17,e19,e20} ( 1, 2, 3, 11, 13, 6, 14, 8, 9, 10, 4, 16, 15, 5, 7, 12, 17, 18)
{e10,e11,e13,e14,e15,e17,e18,e19,e20} ( 1, 2, 3, 7, 4, 6, 5, 8, 9, 10, 17, 11, 16, 12, 15, 14, 13, 18)
{e10,e11,e13,e14,e16,e17,e18,e19,e20} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11, 17, 12, 16, 15, 14, 13, 18)
{e10,e11,e14,e15,e16,e17,e18,e19,e20} ( 1, 2, 3, 17, 11, 6, 5, 8, 9, 10, 7, 4, 13, 14, 15, 16, 12, 18)
{e10,e12,e13,e14,e15,e16,e17,e18,e20} ( 1, 2, 3, 13, 12, 6, 7, 8, 9, 10, 16, 15, 5, 4, 14, 11, 17, 18)
{e10,e12,e13,e14,e15,e16,e17,e19,e20} ( 1, 2, 3, 11, 12, 6, 14, 8, 9, 10, 5, 15, 16, 4, 7, 13, 17, 18)
{e10,e12,e13,e14,e15,e16,e18,e19,e20} ( 1, 2, 3, 7, 5, 6, 4, 8, 9, 10, 17, 11, 16, 13, 15, 14, 12, 18)
{e10,e12,e13,e14,e16,e17,e18,e19,e20} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11, 17, 13, 16, 14, 15, 12, 18)
{e10,e12,e13,e15,e16,e17,e18,e19,e20} ( 1, 2, 3, 17, 11, 6, 4, 8, 9, 10, 7, 5, 13, 15, 14, 16, 12, 18)
{e10,e13,e14,e15,e16,e17,e18,e19,e20} ( 1, 2, 3, 16, 11, 6, 5, 8, 9, 10, 13, 14, 7, 4, 15, 17, 12, 18)
{e11,e12,e13,e14,e15,e16,e17,e18,e20} ( 4, 10, 12, 5, 1, 6, 7, 8, 9, 15, 11, 2, 13, 3, 14, 16, 17, 18)
{e11,e12,e13,e14,e15,e16,e17,e19,e20} ( 4, 10, 12, 16, 1, 6, 14, 8, 9, 15, 13, 2, 11, 3, 7, 5, 17, 18)
{e11,e12,e13,e14,e15,e16,e18,e19,e20} ( 4, 10, 12, 16, 1, 6, 13, 8, 9, 15, 14, 2, 7, 3, 11, 17, 5, 18)
{e11,e12,e13,e14,e15,e17,e18,e19,e20} ( 5, 11, 13, 16, 1, 6, 12, 8, 9, 15, 14, 2, 7, 3, 10, 17, 4, 18)
{e11,e12,e13,e14,e16,e17,e18,e19,e20} ( 4, 10, 12, 13, 1, 6, 16, 8, 9, 14, 15, 2, 5, 3, 17, 11, 7, 18)
{e11,e12,e13,e15,e16,e17,e18,e19,e20} ( 4, 10, 12, 13, 1, 6, 15, 8, 9, 14, 16, 2, 17, 3, 5, 7, 11, 18)
{e11,e12,e14,e15,e16,e17,e18,e19,e20} ( 5, 11, 12, 13, 1, 6, 14, 8, 9, 15, 16, 2, 17, 3, 4, 7, 10, 18)
{e11,e13,e14,e15,e16,e17,e18,e19,e20} ( 4, 10, 11, 7, 1, 6, 5, 8, 9, 14, 17, 2, 16, 3, 15, 13, 12, 18)
{e12,e13,e14,e15,e16,e17,e18,e19,e20} ( 5, 10, 12, 7, 1, 6, 4, 8, 9, 15, 17, 2, 16, 3, 14, 13, 11, 18)
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Tabela B.9: Extensões Binárias da MatróideM(L1) obtida
acrescentando-se 10 elementos deCA.

X X′ ϕ(1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20)

{e10,e11,e12,e13,e14,e15,e16,e17,e18,e19}
{e10,e11,e12,e13,e14,e15,e16,e17,e18,e20} {e10,e11,e12,e13,e14,e15,e16,e17,e19,e20} ( 1, 2, 3, 4, 17, 6, 15, 8, 9, 10, 11, 14, 13, 12, 7, 16, 5, 18, 19)

{e10,e11,e12,e13,e14,e15,e16,e18,e19,e20} ( 1, 2, 3, 4, 17, 6, 14, 8, 9, 10, 11, 15, 13, 7, 12, 16, 18, 5, 19)
{e10,e11,e12,e13,e14,e15,e17,e18,e19,e20} ( 1, 2, 3, 5, 17, 6, 13, 8, 9, 10, 12, 15, 14, 7, 11, 16, 18, 4, 19)
{e10,e11,e12,e13,e14,e16,e17,e18,e19,e20} ( 1, 2, 3, 4, 14, 6, 17, 8, 9, 10, 11, 16, 13, 5, 18, 15, 12, 7, 19)
{e10,e11,e12,e13,e15,e16,e17,e18,e19,e20} ( 1, 2, 3, 4, 14, 6, 16, 8, 9, 10, 11, 17, 13, 18, 5, 15, 7, 12, 19)
{e10,e11,e12,e14,e15,e16,e17,e18,e19,e20} ( 1, 2, 3, 5, 14, 6, 15, 8, 9, 10, 12, 17, 13, 18, 4, 16, 7, 11, 19)
{e10,e11,e13,e14,e15,e16,e17,e18,e19,e20} ( 1, 2, 3, 4, 7, 6, 5, 8, 9, 10, 11, 18, 12, 17, 16, 15, 14, 13, 19)
{e10,e12,e13,e14,e15,e16,e17,e18,e19,e20} ( 1, 2, 3, 5, 7, 6, 4, 8, 9, 10, 11, 18, 13, 17, 15, 16, 14, 12, 19)
{e11,e12,e13,e14,e15,e16,e17,e18,e19,e20} ( 4, 10, 12, 5, 17, 6, 3, 8, 9, 15, 11, 14, 13, 7, 2, 16, 18, 1, 19)



APÊNDICE C

Menores deAL17 3-conexos com posto 5 e
e-circunferência 5

Considere o grafoB abaixo:

e6

e5

e4

e1

e2

e3

e7

Figura C.1 GrafoB

Uma representação paraM(B) é dada pela matriz bináriaMB abaixo,













e1 ··· e5 e6 e7

1 0
1 1

MB = I5 1 1
1 1
1 1













Note queM(B) = AL17\{e8,e9,e10,e11,e12,e13,e14,e15,e16,e17}. Denotaremos porM(B)∪X, a extensão
binária obtida deM(B) acrescentando os elementos de um subconjuntoX ⊆L = {e8,e9,e10,e11,e12,e13,e14,e15,e16,e17}.
Observe queM(B)∪X = AL17\(L −X). Logo, podemos exibir todos os menores deAL17 3-conexos come-
circunferência 5 como extensões binárias da matróideM(B). Para cadaX ⊆ L , representamosM(B)∪X acres-
centando à matrizMB as colunas que representam os elementos deX, rotulando cada nova coluna a partir do
número 8 até o número 7+ |X|.

SejamX 6= X′ subconjuntos deL tal que|X| = |X′|. Para cada valor de|X|, construímos uma tabela de
extensões binárias deM(B), onde na primeira coluna,X representa a classe de equivalência paraM(B)∪X, na
segunda coluna,X′ representa os elementosM(B)∪X′ dessa classe e na terceira coluna temos o isomorfismo entre
M(B)∪X e M(B)∪X′, para cadaX′.

Observe que as extensões bináriasM(B)∪{e8,e11}, M(B)∪{e8,e15}, M(B)∪{e11,e14}, M(B)∪{e8,e11,e14},
M(B)∪{e11,e14,e16}, M(B)∪{e8,e11,e14,e15} eM(B)∪{e11,e14,e16, e17} não são 3-conexas. Observe também
queM(B)∪{e8,e9} ouM(B)∪{e8,e11, e16} são menores de todos os menores 3-conexos come-circunferência 5
deAL17.
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Tabela C.1: Extensões Binárias da MatróideM(B) obtida acrescentando-
se 2 elementos deL .

X X′ ϕ(1 2 3 4 5 6 7 8 9)

{e8,e9} {e8,e10} ( 1, 2, 3, 5, 4, 6, 7, 8, 9)
{e8,e12} ( 1, 3, 2, 4, 5, 6, 7, 8, 9)
{e8,e13} ( 1, 3, 2, 5, 4, 6, 7, 8, 9)
{e9,e10} ( 1, 2, 4, 5, 3, 6, 7, 8, 9)
{e9,e12} ( 1, 4, 2, 3, 5, 6, 7, 8, 9)
{e9,e15} ( 1, 4, 2, 5, 3, 6, 7, 8, 9)
{e10,e13} ( 1, 5, 2, 3, 4, 6, 7, 8, 9)
{e10,e15} ( 1, 5, 2, 4, 3, 6, 7, 8, 9)
{e12,e13} ( 1, 3, 4, 5, 2, 6, 7, 8, 9)
{e12,e15} ( 1, 4, 3, 5, 2, 6, 7, 8, 9)
{e13,e15} ( 1, 5, 3, 4, 2, 6, 7, 8, 9)

{e8,e11} {e8,e14} ( 1, 3, 2, 4, 5, 6, 7, 8, 9)
{e8,e16} ( 4, 6, 8, 2, 3, 9, 7, 5, 1)
{e8,e17} ( 5, 6, 8, 2, 3, 9, 7, 4, 1)
{e9,e11} ( 1, 2, 4, 3, 5, 6, 7, 8, 9)
{e9,e14} ( 3, 6, 8, 2, 4, 9, 7, 5, 1)
{e9,e16} ( 1, 4, 2, 3, 5, 6, 7, 8, 9)
{e9,e17} ( 5, 6, 8, 2, 4, 9, 7, 3, 1)
{e10,e11} ( 1, 2, 5, 3, 4, 6, 7, 8, 9)
{e10,e14} ( 3, 6, 8, 2, 5, 9, 7, 4, 1)
{e10,e16} ( 4, 6, 8, 2, 5, 9, 7, 3, 1)
{e10,e17} ( 1, 5, 2, 3, 4, 6, 7, 8, 9)
{e11,e12} ( 2, 6, 9, 3, 4, 8, 7, 5, 1)
{e11,e13} ( 2, 6, 9, 3, 5, 8, 7, 4, 1)
{e11,e15} ( 2, 6, 9, 4, 5, 8, 7, 3, 1)
{e12,e14} ( 1, 3, 4, 2, 5, 6, 7, 8, 9)
{e12,e16} ( 1, 4, 3, 2, 5, 6, 7, 8, 9)
{e12,e17} ( 5, 6, 8, 3, 4, 9, 7, 2, 1)
{e13,e14} ( 1, 3, 5, 2, 4, 6, 7, 8, 9)
{e13,e16} ( 4, 6, 8, 3, 5, 9, 7, 2, 1)
{e13,e17} ( 1, 5, 3, 2, 4, 6, 7, 8, 9)
{e14,e15} ( 3, 6, 9, 4, 5, 8, 7, 2, 1)
{e15,e16} ( 1, 4, 5, 2, 3, 6, 7, 8, 9)
{e15,e17} ( 1, 5, 4, 2, 3, 6, 7, 8, 9)

{e8,e15} {e9,e13} ( 1, 2, 4, 3, 5, 6, 7, 8, 9)
{e10,e12} ( 1, 2, 5, 3, 4, 6, 7, 8, 9)

{e11,e14} {e11,e16} ( 1, 2, 4, 3, 5, 6, 7, 8, 9)
{e11,e17} ( 1, 2, 5, 3, 4, 6, 7, 8, 9)
{e14,e16} ( 1, 3, 4, 2, 5, 6, 7, 8, 9)
{e14,e17} ( 1, 3, 5, 2, 4, 6, 7, 8, 9)
{e16,e17} ( 1, 4, 5, 2, 3, 6, 7, 8, 9)
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Tabela C.2: Extensões Binárias da MatróideM(B) obtida acrescentando-
se 3 elementos deL .

X X′ ϕ(1 2 3 4 5 6 7 8 9 10)

{e8,e9,e10} {e8,e9,e12} ( 6, 5, 2, 3, 4, 1, 7, 10, 9, 8)
{e8,e10,e13} ( 6, 4, 2, 3, 5, 1, 7, 10, 9, 8)
{e8,e12,e13} ( 1, 3, 2, 4, 5, 6, 7, 8, 9, 10)
{e9,e10,e15} ( 6, 3, 2, 4, 5, 1, 7, 10, 9, 8)
{e9,e12,e15} ( 1, 4, 2, 3, 5, 6, 7, 8, 9, 10)
{e10,e13,e15} ( 1, 5, 2, 3, 4, 6, 7, 8, 9, 10)
{e12,e13,e15} ( 6, 2, 3, 4, 5, 1, 7, 10, 9, 8)

{e8,e9,e11} {e8,e9,e17} ( 5, 6, 3, 8, 2, 10, 7, 9, 4, 1)
{e8,e10,e11} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10)
{e8,e10,e16} ( 4, 6, 3, 8, 2, 10, 7, 9, 5, 1)
{e8,e12,e14} ( 1, 3, 2, 4, 5, 6, 7, 8, 9, 10)
{e8,e12,e17} ( 5, 6, 2, 8, 3, 10, 7, 9, 4, 1)
{e8,e13,e14} ( 1, 3, 2, 5, 4, 6, 7, 8, 9, 10)
{e8,e13,e16} ( 4, 6, 2, 8, 3, 10, 7, 9, 5, 1)
{e9,e10,e11} ( 1, 2, 4, 5, 3, 6, 7, 8, 9, 10)
{e9,e10,e14} ( 3, 6, 4, 8, 2, 10, 7, 9, 5, 1)
{e9,e12,e16} ( 1, 4, 2, 3, 5, 6, 7, 8, 9, 10)
{e9,e12,e17} ( 5, 6, 2, 8, 4, 10, 7, 9, 3, 1)
{e9,e14,e15} ( 3, 6, 2, 8, 4, 9, 7, 10, 5, 1)
{e9,e15,e16} ( 1, 4, 2, 5, 3, 6, 7, 8, 9, 10)
{e10,e13,e16} ( 4, 6, 2, 8, 5, 10, 7, 9, 3, 1)
{e10,e13,e17} ( 1, 5, 2, 3, 4, 6, 7, 8, 9, 10)
{e10,e14,e15} ( 3, 6, 2, 8, 5, 9, 7, 10, 4, 1)
{e10,e15,e17} ( 1, 5, 2, 4, 3, 6, 7, 8, 9, 10)
{e11,e12,e13} ( 2, 6, 4, 9, 3, 8, 7, 10, 5, 1)
{e11,e12,e15} ( 2, 6, 3, 9, 4, 8, 7, 10, 5, 1)
{e11,e13,e15} ( 2, 6, 3, 9, 5, 8, 7, 10, 4, 1)
{e12,e13,e14} ( 1, 3, 4, 5, 2, 6, 7, 8, 9, 10)
{e12,e15,e16} ( 1, 4, 3, 5, 2, 6, 7, 8, 9, 10)
{e13,e15,e17} ( 1, 5, 3, 4, 2, 6, 7, 8, 9, 10)

{e8,e9,e13} {e8,e9,e14} ( 1, 2, 9, 8, 5, 6, 7, 4, 3, 10)
{e8,e9,e15} ( 1, 2, 4, 3, 5, 6, 7, 9, 8, 10)
{e8,e9,e16} ( 1, 2, 8, 9, 5, 6, 7, 3, 4, 10)
{e8,e10,e12} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10)
{e8,e10,e14} ( 1, 2, 9, 8, 4, 6, 7, 5, 3, 10)
{e8,e10,e15} ( 1, 2, 5, 3, 4, 6, 7, 9, 8, 10)
{e8,e10,e17} ( 1, 2, 8, 9, 4, 6, 7, 3, 5, 10)
{e8,e11,e12} ( 1, 3, 10, 8, 5, 6, 7, 4, 2, 9)
{e8,e11,e13} ( 1, 3, 10, 8, 4, 6, 7, 5, 2, 9)
{e8,e12,e15} ( 1, 3, 4, 2, 5, 6, 7, 9, 8, 10)
{e8,e12,e16} ( 1, 3, 8, 9, 5, 6, 7, 2, 4, 10)
{e8,e13,e15} ( 1, 3, 5, 2, 4, 6, 7, 9, 8, 10)
{e8,e13,e17} ( 1, 3, 8, 9, 4, 6, 7, 2, 5, 10)
{e9,e10,e12} ( 1, 2, 4, 5, 3, 6, 7, 8, 9, 10)
{e9,e10,e13} ( 1, 2, 5, 4, 3, 6, 7, 9, 8, 10)
{e9,e10,e16} ( 1, 2, 9, 8, 3, 6, 7, 5, 4, 10)

Continua na próxima página . . .
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{e9,e10,e17} ( 1, 2, 8, 9, 3, 6, 7, 4, 5, 10)
{e9,e11,e12} ( 1, 4, 10, 8, 5, 6, 7, 3, 2, 9)
{e9,e11,e15} ( 1, 4, 10, 8, 3, 6, 7, 5, 2, 9)
{e9,e12,e13} ( 1, 3, 4, 5, 2, 6, 7, 9, 10, 8)
{e9,e12,e14} ( 1, 4, 8, 9, 5, 6, 7, 2, 3, 10)
{e9,e13,e15} ( 1, 4, 5, 2, 3, 6, 7, 10, 8, 9)
{e9,e15,e17} ( 1, 4, 8, 9, 3, 6, 7, 2, 5, 10)
{e10,e11,e13} ( 1, 5, 10, 8, 4, 6, 7, 3, 2, 9)
{e10,e11,e15} ( 1, 5, 10, 8, 3, 6, 7, 4, 2, 9)
{e10,e12,e13} ( 1, 3, 5, 4, 2, 6, 7, 10, 9, 8)
{e10,e12,e15} ( 1, 4, 5, 3, 2, 6, 7, 10, 9, 8)
{e10,e13,e14} ( 1, 5, 8, 9, 4, 6, 7, 2, 3, 10)
{e10,e15,e16} ( 1, 5, 8, 9, 3, 6, 7, 2, 4, 10)
{e12,e13,e16} ( 1, 3, 9, 8, 2, 6, 7, 5, 4, 10)
{e12,e13,e17} ( 1, 3, 8, 9, 2, 6, 7, 4, 5, 10)
{e12,e14,e15} ( 1, 4, 10, 8, 2, 6, 7, 5, 3, 9)
{e12,e15,e17} ( 1, 4, 8, 9, 2, 6, 7, 3, 5, 10)
{e13,e14,e15} ( 1, 5, 10, 8, 2, 6, 7, 4, 3, 9)
{e13,e15,e16} ( 1, 5, 8, 9, 2, 6, 7, 3, 4, 10)

{e8,e11,e14} {e8,e11,e15} ( 2, 1, 8, 4, 5, 9, 7, 3, 6, 10)
{e8,e14,e15} ( 3, 1, 8, 4, 5, 9, 7, 2, 6, 10)
{e8,e15,e16} ( 4, 1, 9, 2, 3, 10, 7, 5, 6, 8)
{e8,e15,e17} ( 5, 1, 9, 2, 3, 10, 7, 4, 6, 8)
{e8,e16,e17} ( 6, 4, 5, 2, 3, 1, 7, 8, 9, 10)
{e9,e11,e13} ( 2, 1, 8, 3, 5, 9, 7, 4, 6, 10)
{e9,e11,e16} ( 1, 2, 4, 3, 5, 6, 7, 8, 9, 10)
{e9,e13,e14} ( 3, 1, 9, 2, 4, 10, 7, 5, 6, 8)
{e9,e13,e16} ( 4, 1, 8, 3, 5, 10, 7, 2, 6, 9)
{e9,e13,e17} ( 5, 1, 9, 2, 4, 10, 7, 3, 6, 8)
{e9,e14,e17} ( 6, 3, 5, 2, 4, 1, 7, 8, 9, 10)
{e10,e11,e12} ( 2, 1, 8, 3, 4, 9, 7, 5, 6, 10)
{e10,e11,e17} ( 1, 2, 5, 3, 4, 6, 7, 8, 9, 10)
{e10,e12,e14} ( 3, 1, 9, 2, 5, 10, 7, 4, 6, 8)
{e10,e12,e16} ( 4, 1, 9, 2, 5, 10, 7, 3, 6, 8)
{e10,e12,e17} ( 5, 1, 8, 3, 4, 10, 7, 2, 6, 9)
{e10,e14,e16} ( 6, 3, 4, 2, 5, 1, 7, 8, 9, 10)
{e11,e12,e17} ( 6, 2, 5, 3, 4, 1, 7, 9, 8, 10)
{e11,e13,e16} ( 6, 2, 4, 3, 5, 1, 7, 9, 8, 10)
{e11,e14,e15} ( 6, 2, 3, 4, 5, 1, 7, 10, 8, 9)
{e12,e14,e16} ( 1, 3, 4, 2, 5, 6, 7, 8, 9, 10)
{e13,e14,e17} ( 1, 3, 5, 2, 4, 6, 7, 8, 9, 10)
{e15,e16,e17} ( 1, 4, 5, 2, 3, 6, 7, 8, 9, 10)

{e8,e11,e16} {e8,e11,e17} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10)
{e8,e14,e16} ( 1, 3, 2, 4, 5, 6, 7, 8, 9, 10)
{e8,e14,e17} ( 1, 3, 2, 5, 4, 6, 7, 8, 9, 10)
{e9,e11,e14} ( 1, 2, 4, 3, 5, 6, 7, 8, 9, 10)
{e9,e11,e17} ( 1, 2, 4, 5, 3, 6, 7, 8, 9, 10)
{e9,e14,e16} ( 1, 4, 2, 3, 5, 6, 7, 8, 10, 9)
{e9,e16,e17} ( 1, 4, 2, 5, 3, 6, 7, 8, 9, 10)
{e10,e11,e14} ( 1, 2, 5, 3, 4, 6, 7, 8, 9, 10)
{e10,e11,e16} ( 1, 2, 5, 4, 3, 6, 7, 8, 9, 10)
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{e10,e14,e17} ( 1, 5, 2, 3, 4, 6, 7, 8, 10, 9)
{e10,e16,e17} ( 1, 5, 2, 4, 3, 6, 7, 8, 10, 9)
{e11,e12,e14} ( 1, 3, 4, 2, 5, 6, 7, 9, 10, 8)
{e11,e12,e16} ( 1, 4, 3, 2, 5, 6, 7, 9, 10, 8)
{e11,e13,e14} ( 1, 3, 5, 2, 4, 6, 7, 9, 10, 8)
{e11,e13,e17} ( 1, 5, 3, 2, 4, 6, 7, 9, 10, 8)
{e11,e15,e16} ( 1, 4, 5, 2, 3, 6, 7, 9, 10, 8)
{e11,e15,e17} ( 1, 5, 4, 2, 3, 6, 7, 9, 10, 8)
{e12,e14,e17} ( 1, 3, 4, 5, 2, 6, 7, 8, 9, 10)
{e12,e16,e17} ( 1, 4, 3, 5, 2, 6, 7, 8, 9, 10)
{e13,e14,e16} ( 1, 3, 5, 4, 2, 6, 7, 8, 9, 10)
{e13,e16,e17} ( 1, 5, 3, 4, 2, 6, 7, 8, 10, 9)
{e14,e15,e16} ( 1, 4, 5, 3, 2, 6, 7, 9, 10, 8)
{e14,e15,e17} ( 1, 5, 4, 3, 2, 6, 7, 9, 10, 8)

{e11,e14,e16} {e11,e14,e17} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10)
{e11,e16,e17} ( 1, 2, 4, 5, 3, 6, 7, 8, 9, 10)
{e14,e16,e17} ( 1, 3, 4, 5, 2, 6, 7, 8, 9, 10)

Tabela C.3: Extensões Binárias da MatróideM(B) obtida acrescentando-
se 4 elementos deL .

X X′ ϕ(1 2 3 4 5 6 7 8 9 10 11)

{e8,e9,e10,e11} {e8,e9,e12,e17} ( 5, 6, 2, 3, 8, 11, 7, 10, 9, 4, 1)
{e8,e10,e13,e16} ( 4, 6, 2, 3, 8, 11, 7, 10, 9, 5, 1)
{e8,e12,e13,e14} ( 1, 3, 2, 4, 5, 6, 7, 8, 9, 10, 11)
{e9,e10,e14,e15} ( 3, 6, 2, 4, 8, 10, 7, 11, 9, 5, 1)
{e9,e12,e15,e16} ( 1, 4, 2, 3, 5, 6, 7, 8, 9, 10, 11)
{e10,e13,e15,e17} ( 1, 5, 2, 3, 4, 6, 7, 8, 9, 10, 11)
{e11,e12,e13,e15} ( 2, 6, 3, 4, 9, 8, 7, 11, 10, 5, 1)

{e8,e9,e10,e12} {e8,e9,e10,e13} ( 1, 2, 3, 5, 4, 6, 7, 8, 10, 9, 11)
{e8,e9,e10,e14} ( 1, 2, 4, 10, 8, 6, 7, 9, 5, 3, 11)
{e8,e9,e10,e15} ( 1, 2, 4, 5, 3, 6, 7, 9, 10, 8, 11)
{e8,e9,e10,e16} ( 1, 2, 3, 10, 9, 6, 7, 8, 5, 4, 11)
{e8,e9,e10,e17} ( 1, 2, 3, 9, 10, 6, 7, 8, 4, 5, 11)
{e8,e9,e11,e12} ( 1, 11, 3, 8, 5, 6, 7, 4, 9, 10, 2)
{e8,e9,e12,e13} ( 1, 3, 2, 4, 5, 6, 7, 8, 10, 11, 9)
{e8,e9,e12,e14} ( 1, 9, 2, 8, 5, 6, 7, 4, 10, 11, 3)
{e8,e9,e12,e15} ( 1, 4, 2, 3, 5, 6, 7, 9, 10, 11, 8)
{e8,e9,e12,e16} ( 1, 8, 2, 9, 5, 6, 7, 3, 10, 11, 4)
{e8,e10,e11,e13} ( 1, 11, 3, 8, 4, 6, 7, 5, 9, 10, 2)
{e8,e10,e12,e13} ( 1, 3, 2, 5, 4, 6, 7, 8, 11, 10, 9)
{e8,e10,e13,e14} ( 1, 9, 2, 8, 4, 6, 7, 5, 10, 11, 3)
{e8,e10,e13,e15} ( 1, 5, 2, 3, 4, 6, 7, 9, 10, 11, 8)
{e8,e10,e13,e17} ( 1, 8, 2, 9, 4, 6, 7, 3, 10, 11, 5)
{e8,e11,e12,e13} ( 1, 3, 4, 11, 8, 6, 7, 10, 5, 2, 9)
{e8,e12,e13,e15} ( 1, 3, 4, 5, 2, 6, 7, 9, 10, 8, 11)
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{e8,e12,e13,e16} ( 1, 3, 2, 10, 9, 6, 7, 8, 5, 4, 11)
{e8,e12,e13,e17} ( 1, 3, 2, 9, 10, 6, 7, 8, 4, 5, 11)
{e9,e10,e11,e15} ( 1, 11, 4, 8, 3, 6, 7, 5, 9, 10, 2)
{e9,e10,e12,e15} ( 1, 4, 2, 5, 3, 6, 7, 8, 11, 10, 9)
{e9,e10,e13,e15} ( 1, 5, 2, 4, 3, 6, 7, 9, 11, 10, 8)
{e9,e10,e15,e16} ( 1, 9, 2, 8, 3, 6, 7, 5, 10, 11, 4)
{e9,e10,e15,e17} ( 1, 8, 2, 9, 3, 6, 7, 4, 10, 11, 5)
{e9,e11,e12,e15} ( 1, 4, 3, 11, 8, 6, 7, 10, 5, 2, 9)
{e9,e12,e13,e15} ( 1, 4, 3, 5, 2, 6, 7, 9, 11, 8, 10)
{e9,e12,e14,e15} ( 1, 4, 2, 11, 9, 6, 7, 8, 5, 3, 10)
{e9,e12,e15,e17} ( 1, 4, 2, 9, 10, 6, 7, 8, 3, 5, 11)
{e10,e11,e13,e15} ( 1, 5, 3, 11, 8, 6, 7, 10, 4, 2, 9)
{e10,e12,e13,e15} ( 1, 5, 3, 4, 2, 6, 7, 10, 11, 8, 9)
{e10,e13,e14,e15} ( 1, 5, 2, 11, 9, 6, 7, 8, 4, 3, 10)
{e10,e13,e15,e16} ( 1, 5, 2, 9, 10, 6, 7, 8, 3, 4, 11)
{e12,e13,e14,e15} ( 1, 11, 4, 8, 2, 6, 7, 5, 9, 10, 3)
{e12,e13,e15,e16} ( 1, 9, 3, 8, 2, 6, 7, 5, 10, 11, 4)
{e12,e13,e15,e17} ( 1, 8, 3, 9, 2, 6, 7, 4, 10, 11, 5)

{e8,e9,e11,e13} {e8,e9,e11,e14} ( 1, 2, 9, 8, 5, 6, 7, 4, 3, 10, 11)
{e8,e9,e11,e15} ( 1, 2, 4, 3, 5, 6, 7, 9, 8, 10, 11)
{e8,e9,e11,e16} ( 1, 2, 8, 9, 5, 6, 7, 3, 4, 10, 11)
{e8,e9,e13,e14} ( 1, 3, 2, 5, 4, 6, 7, 8, 10, 11, 9)
{e8,e9,e13,e16} ( 4, 6, 8, 2, 3, 11, 7, 5, 10, 1, 9)
{e8,e9,e13,e17} ( 5, 6, 8, 3, 2, 11, 7, 4, 9, 1, 10)
{e8,e9,e14,e15} ( 3, 6, 9, 2, 4, 10, 7, 5, 11, 1, 8)
{e8,e9,e14,e17} ( 5, 6, 4, 9, 2, 11, 7, 8, 3, 1, 10)
{e8,e9,e15,e16} ( 1, 4, 2, 5, 3, 6, 7, 9, 10, 11, 8)
{e8,e9,e15,e17} ( 5, 6, 9, 4, 2, 11, 7, 3, 8, 1, 10)
{e8,e9,e16,e17} ( 5, 6, 3, 8, 2, 11, 7, 9, 4, 1, 10)
{e8,e10,e11,e12} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 11)
{e8,e10,e11,e14} ( 1, 2, 9, 8, 4, 6, 7, 5, 3, 10, 11)
{e8,e10,e11,e15} ( 1, 2, 5, 3, 4, 6, 7, 9, 8, 10, 11)
{e8,e10,e11,e17} ( 1, 2, 8, 9, 4, 6, 7, 3, 5, 10, 11)
{e8,e10,e12,e14} ( 1, 3, 2, 4, 5, 6, 7, 8, 10, 11, 9)
{e8,e10,e12,e16} ( 4, 6, 8, 3, 2, 11, 7, 5, 9, 1, 10)
{e8,e10,e12,e17} ( 5, 6, 8, 2, 3, 11, 7, 4, 10, 1, 9)
{e8,e10,e14,e15} ( 3, 6, 9, 2, 5, 10, 7, 4, 11, 1, 8)
{e8,e10,e14,e16} ( 4, 6, 5, 9, 2, 11, 7, 8, 3, 1, 10)
{e8,e10,e15,e16} ( 4, 6, 9, 5, 2, 11, 7, 3, 8, 1, 10)
{e8,e10,e15,e17} ( 1, 5, 2, 4, 3, 6, 7, 9, 10, 11, 8)
{e8,e10,e16,e17} ( 4, 6, 3, 8, 2, 10, 7, 9, 5, 1, 11)
{e8,e11,e12,e14} ( 1, 3, 10, 8, 5, 6, 7, 4, 2, 11, 9)
{e8,e11,e12,e15} ( 2, 6, 10, 3, 4, 9, 7, 5, 11, 1, 8)
{e8,e11,e12,e17} ( 5, 6, 4, 10, 3, 11, 7, 8, 2, 1, 9)
{e8,e11,e13,e14} ( 1, 3, 10, 8, 4, 6, 7, 5, 2, 11, 9)
{e8,e11,e13,e15} ( 2, 6, 10, 3, 5, 9, 7, 4, 11, 1, 8)
{e8,e11,e13,e16} ( 4, 6, 5, 10, 3, 11, 7, 8, 2, 1, 9)
{e8,e12,e14,e15} ( 1, 3, 4, 2, 5, 6, 7, 9, 8, 10, 11)
{e8,e12,e14,e16} ( 1, 3, 8, 9, 5, 6, 7, 2, 4, 10, 11)
{e8,e12,e15,e16} ( 1, 4, 3, 5, 2, 6, 7, 9, 10, 11, 8)
{e8,e12,e15,e17} ( 5, 6, 9, 4, 3, 11, 7, 2, 8, 1, 10)
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{e8,e12,e16,e17} ( 5, 6, 2, 8, 3, 11, 7, 9, 4, 1, 10)
{e8,e13,e14,e15} ( 1, 3, 5, 2, 4, 6, 7, 9, 8, 10, 11)
{e8,e13,e14,e17} ( 1, 3, 8, 9, 4, 6, 7, 2, 5, 10, 11)
{e8,e13,e15,e16} ( 4, 6, 9, 5, 3, 11, 7, 2, 8, 1, 10)
{e8,e13,e15,e17} ( 1, 5, 3, 4, 2, 6, 7, 9, 10, 11, 8)
{e8,e13,e16,e17} ( 4, 6, 2, 8, 3, 10, 7, 9, 5, 1, 11)
{e9,e10,e11,e12} ( 1, 2, 4, 5, 3, 6, 7, 8, 9, 10, 11)
{e9,e10,e11,e13} ( 1, 2, 5, 4, 3, 6, 7, 9, 8, 10, 11)
{e9,e10,e11,e16} ( 1, 2, 9, 8, 3, 6, 7, 5, 4, 10, 11)
{e9,e10,e11,e17} ( 1, 2, 8, 9, 3, 6, 7, 4, 5, 10, 11)
{e9,e10,e12,e14} ( 3, 6, 8, 4, 2, 11, 7, 5, 9, 1, 10)
{e9,e10,e12,e16} ( 1, 4, 2, 3, 5, 6, 7, 8, 10, 11, 9)
{e9,e10,e12,e17} ( 5, 6, 8, 2, 4, 11, 7, 3, 10, 1, 9)
{e9,e10,e13,e14} ( 3, 6, 9, 5, 2, 11, 7, 4, 8, 1, 10)
{e9,e10,e13,e16} ( 4, 6, 9, 2, 5, 11, 7, 3, 10, 1, 8)
{e9,e10,e13,e17} ( 1, 5, 2, 3, 4, 6, 7, 9, 10, 11, 8)
{e9,e10,e14,e16} ( 3, 6, 5, 9, 2, 10, 7, 8, 4, 1, 11)
{e9,e10,e14,e17} ( 3, 6, 4, 8, 2, 10, 7, 9, 5, 1, 11)
{e9,e11,e12,e13} ( 2, 6, 10, 4, 3, 9, 7, 5, 11, 1, 8)
{e9,e11,e12,e16} ( 1, 4, 10, 8, 5, 6, 7, 3, 2, 11, 9)
{e9,e11,e12,e17} ( 5, 6, 3, 10, 4, 11, 7, 8, 2, 1, 9)
{e9,e11,e13,e15} ( 2, 6, 11, 4, 5, 9, 7, 3, 10, 1, 8)
{e9,e11,e14,e15} ( 3, 6, 5, 11, 4, 10, 7, 8, 2, 1, 9)
{e9,e11,e15,e16} ( 1, 4, 10, 8, 3, 6, 7, 5, 2, 11, 9)
{e9,e12,e13,e14} ( 1, 3, 4, 5, 2, 6, 7, 9, 10, 11, 8)
{e9,e12,e13,e16} ( 1, 4, 3, 2, 5, 6, 7, 9, 8, 11, 10)
{e9,e12,e13,e17} ( 5, 6, 9, 3, 4, 11, 7, 2, 8, 1, 10)
{e9,e12,e14,e16} ( 1, 4, 8, 9, 5, 6, 7, 2, 3, 11, 10)
{e9,e12,e14,e17} ( 5, 6, 2, 8, 4, 11, 7, 9, 3, 1, 10)
{e9,e13,e14,e15} ( 3, 6, 11, 5, 4, 10, 7, 2, 8, 1, 9)
{e9,e13,e15,e16} ( 1, 4, 5, 2, 3, 6, 7, 10, 8, 11, 9)
{e9,e13,e15,e17} ( 1, 5, 4, 3, 2, 6, 7, 10, 9, 11, 8)
{e9,e14,e15,e17} ( 3, 6, 2, 8, 4, 9, 7, 10, 5, 1, 11)
{e9,e15,e16,e17} ( 1, 4, 8, 9, 3, 6, 7, 2, 5, 10, 11)
{e10,e11,e12,e13} ( 2, 6, 11, 5, 3, 9, 7, 4, 10, 1, 8)
{e10,e11,e12,e15} ( 2, 6, 11, 5, 4, 9, 7, 3, 10, 1, 8)
{e10,e11,e13,e16} ( 4, 6, 3, 10, 5, 11, 7, 8, 2, 1, 9)
{e10,e11,e13,e17} ( 1, 5, 10, 8, 4, 6, 7, 3, 2, 11, 9)
{e10,e11,e14,e15} ( 3, 6, 4, 11, 5, 10, 7, 8, 2, 1, 9)
{e10,e11,e15,e17} ( 1, 5, 10, 8, 3, 6, 7, 4, 2, 11, 9)
{e10,e12,e13,e14} ( 1, 3, 5, 4, 2, 6, 7, 10, 9, 11, 8)
{e10,e12,e13,e16} ( 4, 6, 10, 3, 5, 11, 7, 2, 8, 1, 9)
{e10,e12,e13,e17} ( 1, 5, 3, 2, 4, 6, 7, 10, 8, 11, 9)
{e10,e12,e14,e15} ( 3, 6, 11, 4, 5, 10, 7, 2, 8, 1, 9)
{e10,e12,e15,e16} ( 1, 4, 5, 3, 2, 6, 7, 10, 9, 11, 8)
{e10,e12,e15,e17} ( 1, 5, 4, 2, 3, 6, 7, 10, 8, 11, 9)
{e10,e13,e14,e16} ( 4, 6, 2, 8, 5, 11, 7, 9, 3, 1, 10)
{e10,e13,e14,e17} ( 1, 5, 8, 9, 4, 6, 7, 2, 3, 11, 10)
{e10,e14,e15,e16} ( 3, 6, 2, 8, 5, 9, 7, 10, 4, 1, 11)
{e10,e15,e16,e17} ( 1, 5, 8, 9, 3, 6, 7, 2, 4, 11, 10)
{e11,e12,e13,e16} ( 2, 6, 5, 10, 3, 8, 7, 9, 4, 1, 11)
{e11,e12,e13,e17} ( 2, 6, 4, 9, 3, 8, 7, 10, 5, 1, 11)
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{e11,e12,e14,e15} ( 2, 6, 5, 11, 4, 8, 7, 9, 3, 1, 10)
{e11,e12,e15,e17} ( 2, 6, 3, 9, 4, 8, 7, 10, 5, 1, 11)
{e11,e13,e14,e15} ( 2, 6, 4, 11, 5, 8, 7, 9, 3, 1, 10)
{e11,e13,e15,e16} ( 2, 6, 3, 9, 5, 8, 7, 10, 4, 1, 11)
{e12,e13,e14,e16} ( 1, 3, 9, 8, 2, 6, 7, 5, 4, 10, 11)
{e12,e13,e14,e17} ( 1, 3, 8, 9, 2, 6, 7, 4, 5, 10, 11)
{e12,e14,e15,e16} ( 1, 4, 10, 8, 2, 6, 7, 5, 3, 11, 9)
{e12,e15,e16,e17} ( 1, 4, 8, 9, 2, 6, 7, 3, 5, 10, 11)
{e13,e14,e15,e17} ( 1, 5, 10, 8, 2, 6, 7, 4, 3, 11, 9)
{e13,e15,e16,e17} ( 1, 5, 8, 9, 2, 6, 7, 3, 4, 11, 10)

{e8,e9,e11,e17} {e8,e10,e11,e16} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 11)
{e8,e12,e14,e17} ( 1, 3, 2, 4, 5, 6, 7, 8, 9, 10, 11)
{e8,e13,e14,e16} ( 1, 3, 2, 5, 4, 6, 7, 8, 9, 10, 11)
{e9,e10,e11,e14} ( 1, 2, 4, 5, 3, 6, 7, 8, 9, 10, 11)
{e9,e12,e16,e17} ( 1, 4, 2, 3, 5, 6, 7, 8, 9, 10, 11)
{e9,e14,e15,e16} ( 1, 4, 2, 5, 3, 6, 7, 8, 10, 11, 9)
{e10,e13,e16,e17} ( 1, 5, 2, 3, 4, 6, 7, 8, 9, 11, 10)
{e10,e14,e15,e17} ( 1, 5, 2, 4, 3, 6, 7, 8, 10, 11, 9)
{e11,e12,e13,e14} ( 1, 3, 4, 5, 2, 6, 7, 9, 10, 11, 8)
{e11,e12,e15,e16} ( 1, 4, 3, 5, 2, 6, 7, 9, 10, 11, 8)
{e11,e13,e15,e17} ( 1, 5, 3, 4, 2, 6, 7, 9, 10, 11, 8)

{e8,e9,e13,e15} {e8,e9,e14,e16} ( 1, 2, 8, 9, 5, 6, 7, 3, 4, 11, 10)
{e8,e10,e12,e15} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 11)
{e8,e10,e14,e17} ( 1, 2, 8, 9, 4, 6, 7, 3, 5, 11, 10)
{e8,e11,e12,e16} ( 1, 3, 8, 10, 5, 6, 7, 2, 4, 11, 9)
{e8,e11,e13,e17} ( 1, 3, 8, 10, 4, 6, 7, 2, 5, 11, 9)
{e9,e10,e12,e13} ( 1, 2, 4, 5, 3, 6, 7, 8, 9, 10, 11)
{e9,e10,e16,e17} ( 1, 2, 8, 9, 3, 6, 7, 4, 5, 11, 10)
{e9,e11,e12,e14} ( 1, 4, 8, 10, 5, 6, 7, 2, 3, 11, 9)
{e9,e11,e15,e17} ( 1, 3, 8, 10, 4, 6, 7, 11, 9, 2, 5)
{e10,e11,e13,e14} ( 1, 4, 8, 10, 5, 6, 7, 11, 9, 2, 3)
{e10,e11,e15,e16} ( 1, 3, 8, 10, 5, 6, 7, 11, 9, 2, 4)
{e12,e13,e16,e17} ( 1, 2, 8, 9, 3, 6, 7, 11, 10, 4, 5)
{e12,e14,e15,e17} ( 1, 2, 8, 10, 4, 6, 7, 11, 9, 3, 5)
{e13,e14,e15,e16} ( 1, 2, 8, 10, 5, 6, 7, 11, 9, 3, 4)

{e8,e11,e14,e15} {e8,e15,e16,e17} ( 1, 4, 5, 2, 3, 6, 7, 9, 10, 11, 8)
{e9,e11,e13,e16} ( 1, 2, 4, 3, 5, 6, 7, 8, 9, 11, 10)
{e9,e13,e14,e17} ( 1, 3, 5, 2, 4, 6, 7, 9, 10, 11, 8)
{e10,e11,e12,e17} ( 1, 2, 5, 3, 4, 6, 7, 8, 9, 11, 10)
{e10,e12,e14,e16} ( 1, 3, 4, 2, 5, 6, 7, 9, 10, 11, 8)

{e8,e11,e14,e16} {e8,e11,e14,e17} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 11)
{e8,e11,e15,e16} ( 2, 1, 8, 4, 5, 9, 7, 3, 6, 10, 11)
{e8,e11,e15,e17} ( 2, 1, 8, 5, 4, 9, 7, 3, 6, 10, 11)
{e8,e11,e16,e17} ( 1, 4, 11, 9, 3, 6, 7, 8, 10, 5, 2)
{e8,e14,e15,e16} ( 3, 1, 8, 4, 5, 9, 7, 2, 6, 10, 11)
{e8,e14,e15,e17} ( 3, 1, 8, 5, 4, 9, 7, 2, 6, 10, 11)
{e8,e14,e16,e17} ( 1, 4, 11, 9, 2, 6, 7, 8, 10, 5, 3)
{e9,e11,e13,e14} ( 2, 1, 8, 3, 5, 9, 7, 4, 6, 10, 11)
{e9,e11,e13,e17} ( 2, 1, 8, 5, 3, 9, 7, 4, 6, 10, 11)
{e9,e11,e14,e16} ( 1, 2, 4, 3, 5, 6, 7, 8, 9, 11, 10)
{e9,e11,e14,e17} ( 1, 3, 11, 9, 4, 6, 7, 8, 10, 5, 2)
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{e9,e11,e16,e17} ( 1, 2, 4, 5, 3, 6, 7, 8, 9, 10, 11)
{e9,e13,e14,e16} ( 3, 1, 9, 4, 2, 10, 7, 5, 6, 8, 11)
{e9,e13,e16,e17} ( 4, 1, 8, 5, 3, 10, 7, 2, 6, 9, 11)
{e9,e14,e16,e17} ( 1, 3, 11, 10, 2, 6, 7, 8, 9, 5, 4)
{e10,e11,e12,e14} ( 2, 1, 8, 3, 4, 9, 7, 5, 6, 10, 11)
{e10,e11,e12,e16} ( 2, 1, 8, 4, 3, 9, 7, 5, 6, 10, 11)
{e10,e11,e14,e16} ( 1, 3, 11, 9, 5, 6, 7, 8, 10, 4, 2)
{e10,e11,e14,e17} ( 1, 2, 5, 3, 4, 6, 7, 8, 9, 11, 10)
{e10,e11,e16,e17} ( 1, 2, 5, 4, 3, 6, 7, 8, 9, 11, 10)
{e10,e12,e14,e17} ( 3, 1, 9, 5, 2, 10, 7, 4, 6, 8, 11)
{e10,e12,e16,e17} ( 4, 1, 9, 5, 2, 10, 7, 3, 6, 8, 11)
{e10,e14,e16,e17} ( 1, 3, 10, 11, 2, 6, 7, 8, 9, 4, 5)
{e11,e12,e14,e16} ( 1, 3, 4, 2, 5, 6, 7, 9, 10, 11, 8)
{e11,e12,e14,e17} ( 1, 2, 11, 10, 4, 6, 7, 9, 8, 5, 3)
{e11,e12,e16,e17} ( 1, 2, 11, 10, 3, 6, 7, 9, 8, 5, 4)
{e11,e13,e14,e16} ( 1, 2, 11, 10, 5, 6, 7, 9, 8, 4, 3)
{e11,e13,e14,e17} ( 1, 3, 5, 2, 4, 6, 7, 9, 10, 11, 8)
{e11,e13,e16,e17} ( 1, 2, 10, 11, 3, 6, 7, 9, 8, 4, 5)
{e11,e14,e15,e16} ( 1, 2, 9, 11, 5, 6, 7, 10, 8, 3, 4)
{e11,e14,e15,e17} ( 1, 2, 9, 11, 4, 6, 7, 10, 8, 3, 5)
{e11,e15,e16,e17} ( 1, 4, 5, 2, 3, 6, 7, 9, 10, 11, 8)
{e12,e14,e16,e17} ( 1, 3, 4, 5, 2, 6, 7, 8, 9, 10, 11)
{e13,e14,e16,e17} ( 1, 3, 5, 4, 2, 6, 7, 8, 9, 11, 10)
{e14,e15,e16,e17} ( 1, 4, 5, 3, 2, 6, 7, 9, 10, 11, 8)

{e11,e14,e16,e17}

Tabela C.4: Extensões Binárias da MatróideM(B) obtida acrescentando-
se 5 elementos deL .

X X′ ϕ(1 2 3 4 5 6 7 8 9 10 11 12)

{e8,e9,e10,e11,e12} {e8,e9,e10,e11,e13} ( 1, 2, 3, 5, 4, 6, 7, 8, 10, 9, 11, 12)
{e8,e9,e10,e11,e14} ( 1, 2, 4, 10, 8, 6, 7, 9, 5, 3, 11, 12)
{e8,e9,e10,e11,e15} ( 1, 2, 4, 5, 3, 6, 7, 9, 10, 8, 11, 12)
{e8,e9,e10,e11,e16} ( 1, 2, 3, 10, 9, 6, 7, 8, 5, 4, 11, 12)
{e8,e9,e10,e11,e17} ( 1, 2, 3, 9, 10, 6, 7, 8, 4, 5, 11, 12)
{e8,e9,e10,e12,e17} ( 5, 6, 3, 8, 2, 12, 7, 9, 4, 11, 1, 10)
{e8,e9,e10,e13,e16} ( 4, 6, 3, 8, 2, 12, 7, 10, 5, 11, 1, 9)
{e8,e9,e10,e14,e15} ( 3, 6, 4, 9, 2, 11, 7, 10, 5, 12, 1, 8)
{e8,e9,e11,e12,e17} ( 5, 6, 3, 4, 11, 12, 7, 9, 8, 2, 1, 10)
{e8,e9,e12,e13,e14} ( 1, 3, 2, 4, 5, 6, 7, 8, 10, 11, 12, 9)
{e8,e9,e12,e13,e17} ( 5, 6, 2, 8, 3, 12, 7, 10, 4, 9, 1, 11)
{e8,e9,e12,e14,e17} ( 5, 6, 2, 4, 9, 12, 7, 10, 8, 3, 1, 11)
{e8,e9,e12,e15,e16} ( 1, 4, 2, 3, 5, 6, 7, 9, 10, 11, 12, 8)
{e8,e9,e12,e15,e17} ( 5, 6, 2, 9, 4, 12, 7, 10, 3, 8, 1, 11)
{e8,e9,e12,e16,e17} ( 5, 6, 2, 3, 8, 12, 7, 10, 9, 4, 1, 11)
{e8,e10,e11,e13,e16} ( 4, 6, 3, 5, 11, 12, 7, 9, 8, 2, 1, 10)
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{e8,e10,e12,e13,e14} ( 1, 3, 2, 5, 4, 6, 7, 8, 11, 10, 12, 9)
{e8,e10,e12,e13,e16} ( 4, 6, 2, 8, 3, 12, 7, 11, 5, 9, 1, 10)
{e8,e10,e13,e14,e16} ( 4, 6, 2, 5, 9, 12, 7, 10, 8, 3, 1, 11)
{e8,e10,e13,e15,e16} ( 4, 6, 2, 9, 5, 12, 7, 10, 3, 8, 1, 11)
{e8,e10,e13,e15,e17} ( 1, 5, 2, 3, 4, 6, 7, 9, 10, 11, 12, 8)
{e8,e10,e13,e16,e17} ( 4, 6, 2, 3, 8, 11, 7, 10, 9, 5, 1, 12)
{e8,e11,e12,e13,e14} ( 1, 3, 4, 11, 8, 6, 7, 10, 5, 2, 12, 9)
{e8,e11,e12,e13,e15} ( 2, 6, 4, 10, 3, 9, 7, 11, 5, 12, 1, 8)
{e8,e12,e13,e14,e15} ( 1, 3, 4, 5, 2, 6, 7, 9, 10, 8, 11, 12)
{e8,e12,e13,e14,e16} ( 1, 3, 2, 10, 9, 6, 7, 8, 5, 4, 11, 12)
{e8,e12,e13,e14,e17} ( 1, 3, 2, 9, 10, 6, 7, 8, 4, 5, 11, 12)
{e9,e10,e11,e14,e15} ( 3, 6, 4, 5, 12, 11, 7, 9, 8, 2, 1, 10)
{e9,e10,e12,e14,e15} ( 3, 6, 2, 8, 4, 11, 7, 12, 5, 9, 1, 10)
{e9,e10,e12,e15,e16} ( 1, 4, 2, 5, 3, 6, 7, 8, 11, 10, 12, 9)
{e9,e10,e13,e14,e15} ( 3, 6, 2, 9, 5, 11, 7, 12, 4, 8, 1, 10)
{e9,e10,e13,e15,e17} ( 1, 5, 2, 4, 3, 6, 7, 9, 11, 10, 12, 8)
{e9,e10,e14,e15,e16} ( 3, 6, 2, 5, 9, 10, 7, 11, 8, 4, 1, 12)
{e9,e10,e14,e15,e17} ( 3, 6, 2, 4, 8, 10, 7, 11, 9, 5, 1, 12)
{e9,e11,e12,e13,e15} ( 2, 6, 3, 10, 4, 9, 7, 12, 5, 11, 1, 8)
{e9,e11,e12,e15,e16} ( 1, 4, 3, 11, 8, 6, 7, 10, 5, 2, 12, 9)
{e9,e12,e13,e15,e16} ( 1, 4, 3, 5, 2, 6, 7, 9, 11, 8, 12, 10)
{e9,e12,e14,e15,e16} ( 1, 4, 2, 11, 9, 6, 7, 8, 5, 3, 12, 10)
{e9,e12,e15,e16,e17} ( 1, 4, 2, 9, 10, 6, 7, 8, 3, 5, 11, 12)
{e10,e11,e12,e13,e15} ( 2, 6, 3, 11, 5, 9, 7, 12, 4, 10, 1, 8)
{e10,e11,e13,e15,e17} ( 1, 5, 3, 11, 8, 6, 7, 10, 4, 2, 12, 9)
{e10,e12,e13,e15,e17} ( 1, 5, 3, 4, 2, 6, 7, 10, 11, 8, 12, 9)
{e10,e13,e14,e15,e17} ( 1, 5, 2, 11, 9, 6, 7, 8, 4, 3, 12, 10)
{e10,e13,e15,e16,e17} ( 1, 5, 2, 9, 10, 6, 7, 8, 3, 4, 12, 11)
{e11,e12,e13,e14,e15} ( 2, 6, 4, 5, 12, 8, 7, 10, 9, 3, 1, 11)
{e11,e12,e13,e15,e16} ( 2, 6, 3, 5, 10, 8, 7, 11, 9, 4, 1, 12)
{e11,e12,e13,e15,e17} ( 2, 6, 3, 4, 9, 8, 7, 11, 10, 5, 1, 12)

{e8,e9,e10,e12,e13} {e8,e9,e10,e12,e14} ( 1, 2, 9, 5, 8, 6, 7, 4, 10, 3, 12, 11)
{e8,e9,e10,e12,e15} ( 1, 2, 4, 3, 5, 6, 7, 9, 8, 10, 11, 12)
{e8,e9,e10,e12,e16} ( 1, 2, 8, 5, 9, 6, 7, 3, 10, 4, 12, 11)
{e8,e9,e10,e13,e14} ( 1, 2, 10, 4, 8, 6, 7, 5, 9, 3, 12, 11)
{e8,e9,e10,e13,e15} ( 1, 2, 5, 3, 4, 6, 7, 10, 8, 9, 11, 12)
{e8,e9,e10,e13,e17} ( 1, 2, 8, 4, 10, 6, 7, 3, 9, 5, 12, 11)
{e8,e9,e10,e14,e16} ( 1, 2, 5, 8, 9, 6, 7, 10, 3, 4, 12, 11)
{e8,e9,e10,e14,e17} ( 1, 2, 4, 8, 10, 6, 7, 9, 3, 5, 12, 11)
{e8,e9,e10,e15,e16} ( 1, 2, 10, 3, 9, 6, 7, 5, 8, 4, 12, 11)
{e8,e9,e10,e15,e17} ( 1, 2, 9, 3, 10, 6, 7, 4, 8, 5, 12, 11)
{e8,e9,e10,e16,e17} ( 1, 2, 3, 9, 10, 6, 7, 8, 4, 5, 12, 11)
{e8,e9,e11,e12,e13} ( 1, 3, 11, 5, 8, 6, 7, 4, 12, 2, 10, 9)
{e8,e9,e11,e12,e14} ( 1, 9, 11, 4, 5, 6, 7, 8, 2, 12, 3, 10)
{e8,e9,e11,e12,e15} ( 1, 4, 11, 5, 9, 6, 7, 3, 12, 2, 10, 8)
{e8,e9,e11,e12,e16} ( 1, 8, 11, 3, 5, 6, 7, 9, 2, 12, 4, 10)
{e8,e9,e12,e13,e15} ( 1, 3, 4, 2, 5, 6, 7, 10, 8, 11, 9, 12)
{e8,e9,e12,e13,e16} ( 1, 3, 8, 5, 10, 6, 7, 2, 11, 4, 12, 9)
{e8,e9,e12,e14,e15} ( 1, 4, 9, 5, 10, 6, 7, 2, 12, 3, 11, 8)
{e8,e9,e12,e14,e16} ( 1, 8, 9, 2, 5, 6, 7, 10, 3, 12, 4, 11)
{e8,e10,e11,e12,e13} ( 1, 3, 12, 4, 8, 6, 7, 5, 11, 2, 10, 9)
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{e8,e10,e11,e13,e14} ( 1, 9, 11, 4, 5, 6, 7, 8, 12, 2, 10, 3)
{e8,e10,e11,e13,e15} ( 1, 5, 11, 4, 9, 6, 7, 3, 12, 2, 10, 8)
{e8,e10,e11,e13,e17} ( 1, 8, 11, 3, 4, 6, 7, 9, 2, 12, 5, 10)
{e8,e10,e12,e13,e15} ( 1, 3, 5, 2, 4, 6, 7, 11, 8, 10, 9, 12)
{e8,e10,e12,e13,e17} ( 1, 3, 8, 4, 11, 6, 7, 2, 10, 5, 12, 9)
{e8,e10,e13,e14,e15} ( 1, 5, 9, 4, 10, 6, 7, 2, 12, 3, 11, 8)
{e8,e10,e13,e14,e17} ( 1, 8, 9, 2, 4, 6, 7, 10, 3, 12, 5, 11)
{e8,e11,e12,e13,e16} ( 1, 3, 5, 8, 10, 6, 7, 11, 2, 4, 12, 9)
{e8,e11,e12,e13,e17} ( 1, 3, 4, 8, 11, 6, 7, 10, 2, 5, 12, 9)
{e8,e12,e13,e15,e16} ( 1, 3, 10, 2, 9, 6, 7, 5, 8, 4, 12, 11)
{e8,e12,e13,e15,e17} ( 1, 3, 9, 2, 10, 6, 7, 4, 8, 5, 12, 11)
{e8,e12,e13,e16,e17} ( 1, 2, 3, 9, 10, 6, 7, 8, 12, 11, 4, 5)
{e9,e10,e11,e12,e15} ( 1, 4, 12, 3, 8, 6, 7, 5, 11, 2, 10, 9)
{e9,e10,e11,e13,e15} ( 1, 5, 12, 3, 9, 6, 7, 4, 11, 2, 10, 8)
{e9,e10,e11,e15,e16} ( 1, 9, 11, 3, 5, 6, 7, 8, 12, 2, 10, 4)
{e9,e10,e11,e15,e17} ( 1, 8, 11, 3, 4, 6, 7, 9, 12, 2, 10, 5)
{e9,e10,e12,e13,e15} ( 1, 4, 5, 2, 3, 6, 7, 12, 8, 10, 9, 11)
{e9,e10,e12,e15,e17} ( 1, 4, 8, 3, 11, 6, 7, 2, 10, 5, 12, 9)
{e9,e10,e13,e15,e16} ( 1, 5, 9, 3, 11, 6, 7, 2, 10, 4, 12, 8)
{e9,e10,e15,e16,e17} ( 1, 8, 9, 2, 3, 6, 7, 10, 4, 12, 5, 11)
{e9,e11,e12,e14,e15} ( 1, 4, 5, 8, 10, 6, 7, 12, 2, 3, 11, 9)
{e9,e11,e12,e15,e17} ( 1, 3, 4, 8, 11, 6, 7, 10, 12, 9, 2, 5)
{e9,e12,e13,e14,e15} ( 1, 4, 12, 2, 9, 6, 7, 5, 8, 3, 11, 10)
{e9,e12,e13,e15,e17} ( 1, 4, 9, 2, 11, 6, 7, 3, 8, 5, 12, 10)
{e9,e12,e14,e15,e17} ( 1, 2, 4, 9, 11, 6, 7, 8, 12, 10, 3, 5)
{e10,e11,e13,e14,e15} ( 1, 4, 5, 8, 10, 6, 7, 12, 11, 9, 2, 3)
{e10,e11,e13,e15,e16} ( 1, 3, 5, 8, 11, 6, 7, 10, 12, 9, 2, 4)
{e10,e12,e13,e14,e15} ( 1, 5, 12, 2, 10, 6, 7, 4, 8, 3, 11, 9)
{e10,e12,e13,e15,e16} ( 1, 5, 10, 2, 11, 6, 7, 3, 8, 4, 12, 9)
{e10,e13,e14,e15,e16} ( 1, 2, 5, 9, 11, 6, 7, 8, 12, 10, 3, 4)
{e12,e13,e14,e15,e16} ( 1, 9, 11, 2, 5, 6, 7, 8, 12, 3, 10, 4)
{e12,e13,e14,e15,e17} ( 1, 8, 11, 2, 4, 6, 7, 9, 12, 3, 10, 5)
{e12,e13,e15,e16,e17} ( 1, 8, 9, 2, 3, 6, 7, 10, 12, 4, 11, 5)

{e8,e9,e11,e13,e14} {e8,e9,e11,e13,e15} ( 2, 1, 8, 4, 5, 10, 7, 3, 9, 6, 11, 12)
{e8,e9,e11,e13,e17} ( 11, 1, 5, 4, 8, 9, 7, 3, 10, 6, 2, 12)
{e8,e9,e11,e14,e16} ( 2, 1, 3, 9, 5, 10, 7, 8, 4, 6, 12, 11)
{e8,e9,e11,e14,e17} ( 11, 1, 5, 8, 4, 3, 7, 9, 10, 6, 2, 12)
{e8,e9,e11,e15,e16} ( 1, 2, 4, 3, 5, 6, 7, 9, 8, 10, 11, 12)
{e8,e9,e11,e15,e17} ( 11, 1, 5, 3, 9, 8, 7, 4, 10, 6, 2, 12)
{e8,e9,e11,e16,e17} ( 11, 1, 5, 9, 3, 4, 7, 8, 10, 6, 2, 12)
{e8,e9,e13,e14,e15} ( 3, 1, 8, 5, 4, 11, 7, 2, 10, 6, 9, 12)
{e8,e9,e13,e14,e16} ( 9, 1, 4, 5, 8, 10, 7, 2, 11, 6, 3, 12)
{e8,e9,e13,e15,e16} ( 4, 1, 9, 5, 3, 12, 7, 2, 11, 6, 8, 10)
{e8,e9,e13,e15,e17} ( 5, 1, 10, 4, 2, 12, 7, 3, 11, 6, 8, 9)
{e8,e9,e13,e16,e17} ( 6, 4, 5, 2, 3, 1, 7, 8, 10, 11, 9, 12)
{e8,e9,e14,e15,e16} ( 8, 1, 3, 5, 9, 11, 7, 2, 12, 6, 4, 10)
{e8,e9,e14,e15,e17} ( 6, 3, 5, 2, 4, 1, 7, 9, 11, 10, 8, 12)
{e8,e9,e14,e16,e17} ( 5, 1, 10, 8, 2, 12, 7, 9, 11, 6, 4, 3)
{e8,e10,e11,e12,e14} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 11, 12)
{e8,e10,e11,e12,e15} ( 2, 1, 8, 5, 4, 10, 7, 3, 9, 6, 11, 12)
{e8,e10,e11,e12,e16} ( 11, 1, 4, 5, 8, 9, 7, 3, 10, 6, 2, 12)
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{e8,e10,e11,e14,e16} ( 11, 1, 4, 8, 5, 3, 7, 9, 10, 6, 2, 12)
{e8,e10,e11,e14,e17} ( 2, 1, 3, 9, 4, 10, 7, 8, 5, 6, 12, 11)
{e8,e10,e11,e15,e16} ( 11, 1, 4, 3, 9, 8, 7, 5, 10, 6, 2, 12)
{e8,e10,e11,e15,e17} ( 1, 2, 5, 3, 4, 6, 7, 9, 8, 10, 11, 12)
{e8,e10,e11,e16,e17} ( 12, 1, 4, 9, 3, 5, 7, 8, 10, 6, 2, 11)
{e8,e10,e12,e14,e15} ( 3, 1, 8, 4, 5, 11, 7, 2, 10, 6, 9, 12)
{e8,e10,e12,e14,e17} ( 9, 1, 5, 4, 8, 10, 7, 2, 11, 6, 3, 12)
{e8,e10,e12,e15,e16} ( 4, 1, 10, 5, 2, 12, 7, 3, 11, 6, 8, 9)
{e8,e10,e12,e15,e17} ( 5, 1, 9, 4, 3, 12, 7, 2, 11, 6, 8, 10)
{e8,e10,e12,e16,e17} ( 6, 4, 5, 3, 2, 1, 7, 8, 9, 11, 10, 12)
{e8,e10,e14,e15,e16} ( 6, 3, 4, 2, 5, 1, 7, 9, 11, 10, 8, 12)
{e8,e10,e14,e15,e17} ( 8, 1, 3, 4, 9, 11, 7, 2, 12, 6, 5, 10)
{e8,e10,e14,e16,e17} ( 4, 1, 10, 8, 2, 11, 7, 9, 12, 6, 5, 3)
{e8,e11,e12,e14,e16} ( 3, 1, 2, 10, 5, 11, 7, 8, 4, 6, 12, 9)
{e8,e11,e12,e14,e17} ( 9, 1, 5, 8, 4, 2, 7, 10, 11, 6, 3, 12)
{e8,e11,e12,e15,e16} ( 8, 1, 2, 5, 10, 11, 7, 3, 12, 6, 4, 9)
{e8,e11,e12,e15,e17} ( 6, 2, 5, 3, 4, 1, 7, 10, 11, 9, 8, 12)
{e8,e11,e12,e16,e17} ( 5, 1, 9, 8, 3, 12, 7, 10, 11, 6, 4, 2)
{e8,e11,e13,e14,e16} ( 9, 1, 4, 8, 5, 2, 7, 10, 11, 6, 3, 12)
{e8,e11,e13,e14,e17} ( 3, 1, 2, 10, 4, 11, 7, 8, 5, 6, 12, 9)
{e8,e11,e13,e15,e16} ( 6, 2, 4, 3, 5, 1, 7, 10, 11, 9, 8, 12)
{e8,e11,e13,e15,e17} ( 8, 1, 2, 4, 10, 11, 7, 3, 12, 6, 5, 9)
{e8,e11,e13,e16,e17} ( 4, 1, 9, 8, 3, 11, 7, 10, 12, 6, 5, 2)
{e8,e12,e14,e15,e16} ( 1, 3, 4, 2, 5, 6, 7, 9, 8, 10, 11, 12)
{e8,e12,e14,e15,e17} ( 11, 1, 5, 2, 9, 8, 7, 4, 10, 6, 3, 12)
{e8,e12,e14,e16,e17} ( 11, 1, 5, 9, 2, 4, 7, 8, 10, 6, 3, 12)
{e8,e13,e14,e15,e16} ( 11, 1, 4, 2, 9, 8, 7, 5, 10, 6, 3, 12)
{e8,e13,e14,e15,e17} ( 1, 3, 5, 2, 4, 6, 7, 9, 8, 10, 11, 12)
{e8,e13,e14,e16,e17} ( 12, 1, 4, 9, 2, 5, 7, 8, 10, 6, 3, 11)
{e9,e10,e11,e12,e13} ( 2, 1, 8, 5, 3, 10, 7, 4, 9, 6, 11, 12)
{e9,e10,e11,e12,e14} ( 11, 1, 3, 5, 8, 9, 7, 4, 10, 6, 2, 12)
{e9,e10,e11,e12,e16} ( 1, 2, 4, 5, 3, 6, 7, 8, 9, 10, 11, 12)
{e9,e10,e11,e13,e14} ( 11, 1, 3, 4, 9, 8, 7, 5, 10, 6, 2, 12)
{e9,e10,e11,e13,e17} ( 1, 2, 5, 4, 3, 6, 7, 9, 8, 10, 11, 12)
{e9,e10,e11,e14,e16} ( 12, 1, 3, 8, 5, 4, 7, 9, 10, 6, 2, 11)
{e9,e10,e11,e14,e17} ( 12, 1, 3, 9, 4, 5, 7, 8, 10, 6, 2, 11)
{e9,e10,e11,e16,e17} ( 2, 1, 4, 9, 3, 10, 7, 8, 5, 6, 12, 11)
{e9,e10,e12,e13,e14} ( 3, 1, 10, 5, 2, 12, 7, 4, 11, 6, 8, 9)
{e9,e10,e12,e13,e16} ( 4, 1, 8, 3, 5, 12, 7, 2, 10, 6, 9, 11)
{e9,e10,e12,e13,e17} ( 5, 1, 9, 3, 4, 12, 7, 2, 11, 6, 8, 10)
{e9,e10,e12,e14,e17} ( 6, 3, 5, 4, 2, 1, 7, 8, 9, 11, 10, 12)
{e9,e10,e12,e16,e17} ( 9, 1, 5, 3, 8, 10, 7, 2, 11, 6, 4, 12)
{e9,e10,e13,e14,e16} ( 6, 3, 4, 5, 2, 1, 7, 9, 8, 11, 10, 12)
{e9,e10,e13,e16,e17} ( 8, 1, 4, 3, 9, 10, 7, 2, 12, 6, 5, 11)
{e9,e10,e14,e16,e17} ( 3, 1, 11, 8, 2, 10, 7, 9, 12, 6, 5, 4)
{e9,e11,e12,e13,e14} ( 8, 1, 2, 5, 10, 11, 7, 4, 12, 6, 3, 9)
{e9,e11,e12,e13,e17} ( 6, 2, 5, 4, 3, 1, 7, 10, 11, 9, 8, 12)
{e9,e11,e12,e14,e16} ( 4, 1, 2, 10, 5, 12, 7, 8, 3, 6, 11, 9)
{e9,e11,e12,e14,e17} ( 5, 1, 9, 8, 4, 12, 7, 10, 11, 6, 3, 2)
{e9,e11,e12,e16,e17} ( 9, 1, 5, 8, 3, 2, 7, 10, 11, 6, 4, 12)
{e9,e11,e13,e14,e15} ( 6, 2, 3, 4, 5, 1, 7, 12, 10, 9, 8, 11)
{e9,e11,e13,e15,e17} ( 8, 1, 2, 3, 11, 10, 7, 4, 12, 6, 5, 9)
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{e9,e11,e14,e15,e16} ( 9, 1, 3, 8, 5, 2, 7, 11, 12, 6, 4, 10)
{e9,e11,e14,e15,e17} ( 3, 1, 9, 8, 4, 10, 7, 11, 12, 6, 5, 2)
{e9,e11,e15,e16,e17} ( 4, 1, 2, 10, 3, 11, 7, 8, 5, 6, 12, 9)
{e9,e12,e13,e14,e16} ( 1, 3, 4, 5, 2, 6, 7, 9, 10, 11, 8, 12)
{e9,e12,e13,e16,e17} ( 10, 1, 5, 2, 9, 8, 7, 3, 11, 6, 4, 12)
{e9,e12,e14,e16,e17} ( 10, 1, 5, 9, 2, 3, 7, 8, 11, 6, 4, 12)
{e9,e13,e14,e15,e16} ( 9, 1, 3, 2, 11, 8, 7, 5, 12, 6, 4, 10)
{e9,e13,e15,e16,e17} ( 1, 4, 5, 2, 3, 6, 7, 10, 8, 11, 9, 12)
{e9,e14,e15,e16,e17} ( 12, 1, 3, 10, 2, 5, 7, 8, 11, 6, 4, 9)
{e10,e11,e12,e13,e14} ( 8, 1, 2, 4, 11, 10, 7, 5, 12, 6, 3, 9)
{e10,e11,e12,e13,e16} ( 6, 2, 4, 5, 3, 1, 7, 11, 10, 9, 8, 12)
{e10,e11,e12,e14,e15} ( 6, 2, 3, 5, 4, 1, 7, 12, 10, 9, 8, 11)
{e10,e11,e12,e15,e16} ( 8, 1, 2, 3, 11, 10, 7, 5, 12, 6, 4, 9)
{e10,e11,e13,e14,e16} ( 4, 1, 9, 8, 5, 12, 7, 10, 11, 6, 3, 2)
{e10,e11,e13,e14,e17} ( 5, 1, 2, 10, 4, 12, 7, 8, 3, 6, 11, 9)
{e10,e11,e13,e16,e17} ( 9, 1, 4, 8, 3, 2, 7, 10, 12, 6, 5, 11)
{e10,e11,e14,e15,e16} ( 3, 1, 9, 8, 5, 10, 7, 11, 12, 6, 4, 2)
{e10,e11,e14,e15,e17} ( 9, 1, 3, 8, 4, 2, 7, 11, 12, 6, 5, 10)
{e10,e11,e15,e16,e17} ( 5, 1, 2, 10, 3, 12, 7, 8, 4, 6, 11, 9)
{e10,e12,e13,e14,e17} ( 1, 3, 5, 4, 2, 6, 7, 10, 9, 11, 8, 12)
{e10,e12,e13,e16,e17} ( 9, 1, 4, 2, 10, 8, 7, 3, 12, 6, 5, 11)
{e10,e12,e14,e15,e17} ( 9, 1, 3, 2, 11, 8, 7, 4, 12, 6, 5, 10)
{e10,e12,e15,e16,e17} ( 1, 4, 5, 3, 2, 6, 7, 10, 9, 11, 8, 12)
{e10,e13,e14,e16,e17} ( 10, 1, 4, 9, 2, 3, 7, 8, 12, 6, 5, 11)
{e10,e14,e15,e16,e17} ( 11, 1, 3, 10, 2, 4, 7, 8, 12, 6, 5, 9)
{e11,e12,e13,e14,e16} ( 12, 1, 2, 9, 5, 4, 7, 10, 11, 6, 3, 8)
{e11,e12,e13,e14,e17} ( 12, 1, 2, 10, 4, 5, 7, 9, 11, 6, 3, 8)
{e11,e12,e13,e16,e17} ( 2, 1, 11, 9, 3, 8, 7, 10, 12, 6, 5, 4)
{e11,e12,e14,e15,e16} ( 10, 1, 2, 9, 5, 3, 7, 11, 12, 6, 4, 8)
{e11,e12,e14,e15,e17} ( 2, 1, 10, 9, 4, 8, 7, 11, 12, 6, 5, 3)
{e11,e12,e15,e16,e17} ( 12, 1, 2, 10, 3, 5, 7, 9, 11, 6, 4, 8)
{e11,e13,e14,e15,e16} ( 2, 1, 10, 9, 5, 8, 7, 11, 12, 6, 4, 3)
{e11,e13,e14,e15,e17} ( 10, 1, 2, 9, 4, 3, 7, 11, 12, 6, 5, 8)
{e11,e13,e15,e16,e17} ( 11, 1, 2, 10, 3, 4, 7, 9, 12, 6, 5, 8)
{e12,e13,e14,e16,e17} ( 3, 1, 4, 9, 2, 10, 7, 8, 5, 6, 12, 11)
{e12,e14,e15,e16,e17} ( 4, 1, 3, 10, 2, 11, 7, 8, 5, 6, 12, 9)
{e13,e14,e15,e16,e17} ( 5, 1, 3, 10, 2, 12, 7, 8, 4, 6, 11, 9)

{e8,e9,e11,e13,e16} {e8,e9,e11,e14,e15} ( 1, 2, 4, 3, 5, 6, 7, 9, 8, 10, 12, 11)
{e8,e9,e13,e14,e17} ( 1, 3, 2, 5, 4, 6, 7, 8, 10, 11, 9, 12)
{e8,e9,e15,e16,e17} ( 1, 4, 2, 5, 3, 6, 7, 9, 10, 11, 8, 12)
{e8,e10,e11,e12,e17} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 11, 12)
{e8,e10,e11,e14,e15} ( 1, 2, 5, 3, 4, 6, 7, 9, 8, 10, 12, 11)
{e8,e10,e12,e14,e16} ( 1, 3, 2, 4, 5, 6, 7, 8, 10, 11, 9, 12)
{e8,e10,e15,e16,e17} ( 1, 5, 2, 4, 3, 6, 7, 9, 10, 12, 8, 11)
{e8,e11,e12,e14,e15} ( 1, 3, 4, 2, 5, 6, 7, 10, 8, 11, 12, 9)
{e8,e11,e13,e14,e15} ( 1, 3, 5, 2, 4, 6, 7, 10, 8, 11, 12, 9)
{e8,e12,e15,e16,e17} ( 1, 4, 3, 5, 2, 6, 7, 9, 10, 11, 8, 12)
{e8,e13,e15,e16,e17} ( 1, 5, 3, 4, 2, 6, 7, 9, 10, 12, 8, 11)
{e9,e10,e11,e12,e17} ( 1, 2, 4, 5, 3, 6, 7, 8, 9, 10, 11, 12)
{e9,e10,e11,e13,e16} ( 1, 2, 5, 4, 3, 6, 7, 9, 8, 10, 11, 12)
{e9,e10,e12,e14,e16} ( 1, 4, 2, 3, 5, 6, 7, 8, 10, 12, 9, 11)
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{e9,e10,e13,e14,e17} ( 1, 5, 2, 3, 4, 6, 7, 9, 10, 12, 8, 11)
{e9,e11,e12,e13,e16} ( 1, 4, 3, 2, 5, 6, 7, 10, 8, 12, 11, 9)
{e9,e11,e13,e15,e16} ( 1, 4, 5, 2, 3, 6, 7, 11, 8, 12, 10, 9)
{e9,e12,e13,e14,e17} ( 1, 3, 4, 5, 2, 6, 7, 9, 10, 11, 8, 12)
{e9,e13,e14,e15,e17} ( 1, 5, 4, 3, 2, 6, 7, 11, 9, 12, 8, 10)
{e10,e11,e12,e13,e17} ( 1, 5, 3, 2, 4, 6, 7, 11, 8, 12, 10, 9)
{e10,e11,e12,e15,e17} ( 1, 5, 4, 2, 3, 6, 7, 11, 8, 12, 10, 9)
{e10,e12,e13,e14,e16} ( 1, 3, 5, 4, 2, 6, 7, 10, 9, 11, 8, 12)
{e10,e12,e14,e15,e16} ( 1, 4, 5, 3, 2, 6, 7, 11, 9, 12, 8, 10)

{e8,e11,e14,e15,e16} {e8,e11,e14,e15,e17} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 11, 12)
{e8,e11,e14,e16,e17} ( 2, 4, 5, 1, 8, 9, 7, 10, 11, 12, 3, 6)
{e8,e11,e15,e16,e17} ( 1, 4, 5, 2, 3, 6, 7, 10, 11, 12, 8, 9)
{e8,e14,e15,e16,e17} ( 1, 4, 5, 3, 2, 6, 7, 10, 11, 12, 8, 9)
{e9,e11,e13,e14,e16} ( 1, 2, 4, 3, 5, 6, 7, 8, 9, 12, 10, 11)
{e9,e11,e13,e14,e17} ( 1, 3, 5, 2, 4, 6, 7, 10, 11, 12, 8, 9)
{e9,e11,e13,e16,e17} ( 1, 2, 4, 5, 3, 6, 7, 8, 9, 11, 10, 12)
{e9,e11,e14,e16,e17} ( 2, 3, 5, 1, 8, 9, 7, 11, 10, 12, 4, 6)
{e9,e13,e14,e16,e17} ( 1, 3, 5, 4, 2, 6, 7, 9, 10, 12, 8, 11)
{e10,e11,e12,e14,e16} ( 1, 3, 4, 2, 5, 6, 7, 10, 11, 12, 8, 9)
{e10,e11,e12,e14,e17} ( 1, 2, 5, 3, 4, 6, 7, 8, 9, 12, 10, 11)
{e10,e11,e12,e16,e17} ( 1, 2, 5, 4, 3, 6, 7, 8, 9, 12, 10, 11)
{e10,e11,e14,e16,e17} ( 2, 3, 4, 1, 8, 9, 7, 12, 10, 11, 5, 6)
{e10,e12,e14,e16,e17} ( 1, 3, 4, 5, 2, 6, 7, 9, 10, 11, 8, 12)
{e11,e12,e14,e16,e17} ( 2, 3, 4, 6, 9, 8, 7, 12, 10, 11, 5, 1)
{e11,e13,e14,e16,e17} ( 2, 3, 5, 6, 9, 8, 7, 11, 10, 12, 4, 1)
{e11,e14,e15,e16,e17} ( 2, 4, 5, 6, 10, 8, 7, 9, 11, 12, 3, 1)
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Tabela C.5: Extensões Binárias da MatróideM(B) obtida acrescentando-
se 6 elementos deL .

X X′ ϕ(1 2 3 4 5 6 7 8 9 10 11 12 13)

{e8,e9,e10,e11,e12,e13} {e8,e9,e10,e11,e12,e14} ( 1, 2, 9, 5, 8, 6, 7, 4, 10, 3, 11, 13, 12)
{e8,e9,e10,e11,e12,e15} ( 1, 2, 4, 3, 5, 6, 7, 9, 8, 10, 11, 12, 13)
{e8,e9,e10,e11,e12,e16} ( 1, 2, 8, 5, 9, 6, 7, 3, 10, 4, 11, 13, 12)
{e8,e9,e10,e11,e13,e14} ( 1, 2, 10, 4, 8, 6, 7, 5, 9, 3, 11, 13, 12)
{e8,e9,e10,e11,e13,e15} ( 1, 2, 5, 3, 4, 6, 7, 10, 8, 9, 11, 12, 13)
{e8,e9,e10,e11,e13,e17} ( 1, 2, 8, 4, 10, 6, 7, 3, 9, 5, 11, 13, 12)
{e8,e9,e10,e11,e14,e16} ( 1, 2, 5, 8, 9, 6, 7, 10, 3, 4, 11, 13, 12)
{e8,e9,e10,e11,e14,e17} ( 1, 2, 4, 8, 10, 6, 7, 9, 3, 5, 11, 13, 12)
{e8,e9,e10,e11,e15,e16} ( 1, 2, 10, 3, 9, 6, 7, 5, 8, 4, 11, 13, 12)
{e8,e9,e10,e11,e15,e17} ( 1, 2, 9, 3, 10, 6, 7, 4, 8, 5, 11, 13, 12)
{e8,e9,e10,e11,e16,e17} ( 1, 2, 3, 9, 10, 6, 7, 8, 4, 5, 11, 13, 12)
{e8,e9,e10,e12,e13,e14} ( 1, 3, 2, 4, 5, 6, 7, 8, 11, 12, 13, 9, 10)
{e8,e9,e10,e12,e13,e16} ( 4, 6, 8, 2, 3, 13, 7, 5, 12, 10, 1, 11, 9)
{e8,e9,e10,e12,e13,e17} ( 5, 6, 8, 2, 3, 13, 7, 4, 11, 9, 1, 12, 10)
{e8,e9,e10,e12,e14,e15} ( 3, 6, 9, 2, 4, 12, 7, 5, 13, 10, 1, 11, 8)
{e8,e9,e10,e12,e14,e17} ( 5, 6, 4, 2, 9, 13, 7, 8, 11, 3, 1, 12, 10)
{e8,e9,e10,e12,e15,e16} ( 1, 4, 2, 3, 5, 6, 7, 9, 11, 12, 13, 8, 10)
{e8,e9,e10,e12,e15,e17} ( 5, 6, 9, 2, 4, 13, 7, 3, 11, 8, 1, 12, 10)
{e8,e9,e10,e12,e16,e17} ( 5, 6, 3, 2, 8, 13, 7, 9, 11, 4, 1, 12, 10)
{e8,e9,e10,e13,e14,e15} ( 3, 6, 10, 2, 5, 12, 7, 4, 13, 9, 1, 11, 8)
{e8,e9,e10,e13,e14,e16} ( 4, 6, 5, 2, 10, 13, 7, 8, 11, 3, 1, 12, 9)
{e8,e9,e10,e13,e15,e16} ( 4, 6, 10, 2, 5, 13, 7, 3, 11, 8, 1, 12, 9)
{e8,e9,e10,e13,e15,e17} ( 1, 5, 2, 3, 4, 6, 7, 10, 11, 12, 13, 8, 9)
{e8,e9,e10,e13,e16,e17} ( 4, 6, 3, 2, 8, 12, 7, 10, 11, 5, 1, 13, 9)
{e8,e9,e10,e14,e15,e16} ( 3, 6, 5, 2, 10, 11, 7, 9, 12, 4, 1, 13, 8)
{e8,e9,e10,e14,e15,e17} ( 3, 6, 4, 2, 9, 11, 7, 10, 12, 5, 1, 13, 8)
{e8,e9,e10,e14,e16,e17} ( 1, 3, 2, 9, 10, 6, 7, 8, 13, 12, 11, 4, 5)
{e8,e9,e11,e12,e13,e14} ( 1, 3, 11, 5, 8, 6, 7, 4, 12, 2, 13, 10, 9)
{e8,e9,e11,e12,e13,e15} ( 2, 6, 11, 3, 4, 10, 7, 5, 13, 12, 1, 9, 8)
{e8,e9,e11,e12,e13,e17} ( 5, 6, 4, 3, 11, 13, 7, 8, 9, 2, 1, 10, 12)
{e8,e9,e11,e12,e14,e16} ( 2, 3, 11, 5, 8, 10, 7, 9, 13, 1, 12, 6, 4)

Continua na próxima página . . .
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{e8,e9,e11,e12,e14,e17} ( 5, 6, 8, 9, 11, 13, 7, 4, 3, 2, 1, 10, 12)
{e8,e9,e11,e12,e15,e16} ( 1, 4, 11, 5, 9, 6, 7, 3, 12, 2, 13, 10, 8)
{e8,e9,e11,e12,e15,e17} ( 5, 6, 3, 4, 11, 13, 7, 9, 8, 2, 1, 10, 12)
{e8,e9,e11,e12,e16,e17} ( 5, 6, 9, 8, 11, 13, 7, 3, 4, 2, 1, 10, 12)
{e8,e9,e12,e13,e14,e15} ( 1, 3, 4, 2, 5, 6, 7, 10, 8, 11, 12, 9, 13)
{e8,e9,e12,e13,e14,e16} ( 1, 3, 8, 5, 10, 6, 7, 2, 11, 4, 12, 13, 9)
{e8,e9,e12,e13,e15,e16} ( 1, 4, 3, 2, 5, 6, 7, 10, 9, 12, 13, 8, 11)
{e8,e9,e12,e13,e15,e17} ( 5, 6, 10, 3, 4, 13, 7, 2, 9, 8, 1, 12, 11)
{e8,e9,e12,e13,e16,e17} ( 5, 6, 2, 3, 8, 13, 7, 10, 9, 4, 1, 12, 11)
{e8,e9,e12,e14,e15,e16} ( 1, 4, 9, 5, 10, 6, 7, 2, 12, 3, 13, 11, 8)
{e8,e9,e12,e14,e15,e17} ( 5, 6, 2, 4, 9, 13, 7, 10, 8, 3, 1, 11, 12)
{e8,e9,e12,e14,e16,e17} ( 5, 6, 10, 8, 9, 13, 7, 2, 4, 3, 1, 11, 12)
{e8,e10,e11,e12,e13,e14} ( 1, 3, 12, 4, 8, 6, 7, 5, 11, 2, 13, 10, 9)
{e8,e10,e11,e12,e13,e15} ( 2, 6, 12, 3, 5, 10, 7, 4, 13, 11, 1, 9, 8)
{e8,e10,e11,e12,e13,e16} ( 4, 6, 5, 3, 12, 13, 7, 8, 9, 2, 1, 10, 11)
{e8,e10,e11,e13,e14,e16} ( 4, 6, 8, 9, 11, 13, 7, 5, 3, 2, 1, 10, 12)
{e8,e10,e11,e13,e14,e17} ( 2, 3, 11, 4, 8, 10, 7, 9, 13, 1, 12, 6, 5)
{e8,e10,e11,e13,e15,e16} ( 4, 6, 3, 5, 11, 13, 7, 9, 8, 2, 1, 10, 12)
{e8,e10,e11,e13,e15,e17} ( 1, 5, 11, 4, 9, 6, 7, 3, 12, 2, 13, 10, 8)
{e8,e10,e11,e13,e16,e17} ( 4, 6, 9, 8, 11, 12, 7, 3, 5, 2, 1, 10, 13)
{e8,e10,e12,e13,e14,e15} ( 1, 3, 5, 2, 4, 6, 7, 11, 8, 10, 12, 9, 13)
{e8,e10,e12,e13,e14,e17} ( 1, 3, 8, 4, 11, 6, 7, 2, 10, 5, 12, 13, 9)
{e8,e10,e12,e13,e15,e16} ( 4, 6, 11, 3, 5, 13, 7, 2, 9, 8, 1, 12, 10)
{e8,e10,e12,e13,e15,e17} ( 1, 5, 3, 2, 4, 6, 7, 11, 9, 12, 13, 8, 10)
{e8,e10,e12,e13,e16,e17} ( 4, 6, 2, 3, 8, 12, 7, 11, 9, 5, 1, 13, 10)
{e8,e10,e13,e14,e15,e16} ( 4, 6, 2, 5, 9, 13, 7, 10, 8, 3, 1, 11, 12)
{e8,e10,e13,e14,e15,e17} ( 1, 5, 9, 4, 10, 6, 7, 2, 12, 3, 13, 11, 8)
{e8,e10,e13,e14,e16,e17} ( 4, 6, 10, 8, 9, 12, 7, 2, 5, 3, 1, 11, 13)
{e8,e11,e12,e13,e14,e16} ( 1, 3, 5, 8, 10, 6, 7, 11, 2, 4, 12, 13, 9)
{e8,e11,e12,e13,e14,e17} ( 1, 3, 4, 8, 11, 6, 7, 10, 2, 5, 12, 13, 9)
{e8,e11,e12,e13,e15,e16} ( 2, 6, 5, 3, 11, 9, 7, 10, 12, 4, 1, 13, 8)
{e8,e11,e12,e13,e15,e17} ( 2, 6, 4, 3, 10, 9, 7, 11, 12, 5, 1, 13, 8)
{e8,e11,e12,e13,e16,e17} ( 1, 2, 3, 10, 11, 6, 7, 8, 13, 12, 9, 4, 5)
{e8,e12,e13,e14,e15,e16} ( 1, 3, 10, 2, 9, 6, 7, 5, 8, 4, 11, 13, 12)
{e8,e12,e13,e14,e15,e17} ( 1, 3, 9, 2, 10, 6, 7, 4, 8, 5, 11, 13, 12)
{e8,e12,e13,e14,e16,e17} ( 1, 3, 2, 9, 10, 6, 7, 8, 4, 5, 11, 13, 12)

Continua na próxima página . . .
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{e9,e10,e11,e12,e13,e15} ( 2, 6, 13, 4, 5, 10, 7, 3, 12, 11, 1, 9, 8)
{e9,e10,e11,e12,e14,e15} ( 3, 6, 5, 4, 13, 12, 7, 8, 9, 2, 1, 10, 11)
{e9,e10,e11,e12,e15,e16} ( 1, 4, 12, 3, 8, 6, 7, 5, 11, 2, 13, 10, 9)
{e9,e10,e11,e13,e14,e15} ( 3, 6, 4, 5, 13, 12, 7, 9, 8, 2, 1, 10, 11)
{e9,e10,e11,e13,e15,e17} ( 1, 5, 12, 3, 9, 6, 7, 4, 11, 2, 13, 10, 8)
{e9,e10,e11,e14,e15,e16} ( 3, 6, 8, 9, 12, 11, 7, 5, 4, 2, 1, 10, 13)
{e9,e10,e11,e14,e15,e17} ( 3, 6, 9, 8, 12, 11, 7, 4, 5, 2, 1, 10, 13)
{e9,e10,e11,e15,e16,e17} ( 2, 4, 11, 3, 8, 10, 7, 9, 13, 1, 12, 6, 5)
{e9,e10,e12,e13,e14,e15} ( 3, 6, 13, 4, 5, 12, 7, 2, 9, 8, 1, 11, 10)
{e9,e10,e12,e13,e15,e16} ( 1, 4, 5, 2, 3, 6, 7, 12, 8, 10, 13, 9, 11)
{e9,e10,e12,e13,e15,e17} ( 1, 5, 4, 2, 3, 6, 7, 12, 9, 11, 13, 8, 10)
{e9,e10,e12,e14,e15,e17} ( 3, 6, 2, 4, 8, 11, 7, 12, 9, 5, 1, 13, 10)
{e9,e10,e12,e15,e16,e17} ( 1, 4, 8, 3, 11, 6, 7, 2, 10, 5, 12, 13, 9)
{e9,e10,e13,e14,e15,e16} ( 3, 6, 2, 5, 9, 11, 7, 12, 8, 4, 1, 13, 10)
{e9,e10,e13,e15,e16,e17} ( 1, 5, 9, 3, 11, 6, 7, 2, 10, 4, 13, 12, 8)
{e9,e10,e14,e15,e16,e17} ( 3, 6, 11, 8, 9, 10, 7, 2, 5, 4, 1, 12, 13)
{e9,e11,e12,e13,e14,e15} ( 2, 6, 5, 4, 13, 9, 7, 10, 11, 3, 1, 12, 8)
{e9,e11,e12,e13,e15,e17} ( 2, 6, 3, 4, 10, 9, 7, 12, 11, 5, 1, 13, 8)
{e9,e11,e12,e14,e15,e16} ( 1, 4, 5, 8, 10, 6, 7, 12, 2, 3, 13, 11, 9)
{e9,e11,e12,e14,e15,e17} ( 1, 2, 4, 10, 12, 6, 7, 8, 13, 11, 9, 3, 5)
{e9,e11,e12,e15,e16,e17} ( 1, 4, 3, 8, 11, 6, 7, 10, 2, 5, 12, 13, 9)
{e9,e12,e13,e14,e15,e16} ( 1, 4, 12, 2, 9, 6, 7, 5, 8, 3, 13, 11, 10)
{e9,e12,e13,e15,e16,e17} ( 1, 4, 9, 2, 11, 6, 7, 3, 8, 5, 12, 13, 10)
{e9,e12,e14,e15,e16,e17} ( 1, 4, 2, 9, 11, 6, 7, 8, 3, 5, 12, 13, 10)
{e10,e11,e12,e13,e14,e15} ( 2, 6, 4, 5, 13, 9, 7, 11, 10, 3, 1, 12, 8)
{e10,e11,e12,e13,e15,e16} ( 2, 6, 3, 5, 11, 9, 7, 12, 10, 4, 1, 13, 8)
{e10,e11,e13,e14,e15,e16} ( 1, 2, 5, 10, 12, 6, 7, 8, 13, 11, 9, 3, 4)
{e10,e11,e13,e14,e15,e17} ( 1, 5, 4, 8, 10, 6, 7, 12, 2, 3, 13, 11, 9)
{e10,e11,e13,e15,e16,e17} ( 1, 5, 3, 8, 11, 6, 7, 10, 2, 4, 13, 12, 9)
{e10,e12,e13,e14,e15,e17} ( 1, 5, 12, 2, 10, 6, 7, 4, 8, 3, 13, 11, 9)
{e10,e12,e13,e15,e16,e17} ( 1, 5, 10, 2, 11, 6, 7, 3, 8, 4, 13, 12, 9)
{e10,e13,e14,e15,e16,e17} ( 1, 5, 2, 9, 11, 6, 7, 8, 3, 4, 13, 12, 10)
{e11,e12,e13,e14,e15,e16} ( 2, 6, 9, 10, 12, 8, 7, 5, 4, 3, 1, 11, 13)
{e11,e12,e13,e14,e15,e17} ( 2, 6, 10, 9, 12, 8, 7, 4, 5, 3, 1, 11, 13)
{e11,e12,e13,e15,e16,e17} ( 2, 6, 11, 9, 10, 8, 7, 3, 5, 4, 1, 12, 13)
{e12,e13,e14,e15,e16,e17} ( 3, 4, 11, 2, 8, 10, 7, 9, 13, 1, 12, 6, 5)

Continua na próxima página . . .
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{e8,e9,e10,e11,e12,e17} {e8,e9,e10,e11,e13,e16} ( 1, 2, 3, 5, 4, 6, 7, 8, 10, 9, 11, 12, 13)
{e8,e9,e10,e11,e14,e15} ( 1, 2, 4, 5, 3, 6, 7, 9, 10, 8, 11, 13, 12)
{e8,e9,e12,e13,e14,e17} ( 1, 3, 2, 4, 5, 6, 7, 8, 10, 11, 12, 9, 13)
{e8,e9,e12,e15,e16,e17} ( 1, 4, 2, 3, 5, 6, 7, 9, 10, 11, 12, 8, 13)
{e8,e10,e12,e13,e14,e16} ( 1, 3, 2, 5, 4, 6, 7, 8, 11, 10, 12, 9, 13)
{e8,e10,e13,e15,e16,e17} ( 1, 5, 2, 3, 4, 6, 7, 9, 10, 11, 13, 8, 12)
{e8,e11,e12,e13,e14,e15} ( 1, 3, 4, 5, 2, 6, 7, 10, 11, 8, 12, 13, 9)
{e9,e10,e12,e14,e15,e16} ( 1, 4, 2, 5, 3, 6, 7, 8, 12, 10, 13, 9, 11)
{e9,e10,e13,e14,e15,e17} ( 1, 5, 2, 4, 3, 6, 7, 9, 12, 10, 13, 8, 11)
{e9,e11,e12,e13,e15,e16} ( 1, 4, 3, 5, 2, 6, 7, 10, 12, 8, 13, 11, 9)
{e10,e11,e12,e13,e15,e17} ( 1, 5, 3, 4, 2, 6, 7, 11, 12, 8, 13, 10, 9)

{e8,e9,e10,e12,e13,e15} {e8,e9,e10,e12,e14,e16} ( 1, 2, 5, 8, 9, 6, 7, 10, 3, 4, 13, 12, 11)
{e8,e9,e10,e13,e14,e17} ( 1, 2, 4, 8, 10, 6, 7, 9, 3, 5, 13, 12, 11)
{e8,e9,e10,e15,e16,e17} ( 1, 2, 3, 9, 10, 6, 7, 8, 4, 5, 13, 12, 11)
{e8,e9,e11,e12,e13,e16} ( 1, 3, 5, 8, 11, 6, 7, 12, 2, 4, 13, 10, 9)
{e8,e9,e11,e12,e14,e15} ( 1, 4, 5, 9, 11, 6, 7, 13, 2, 3, 12, 10, 8)
{e8,e10,e11,e12,e13,e17} ( 1, 3, 4, 8, 12, 6, 7, 11, 2, 5, 13, 10, 9)
{e8,e10,e11,e13,e14,e15} ( 1, 4, 5, 9, 11, 6, 7, 13, 12, 10, 2, 3, 8)
{e8,e12,e13,e15,e16,e17} ( 1, 2, 3, 9, 10, 6, 7, 8, 13, 12, 4, 5, 11)
{e9,e10,e11,e12,e15,e17} ( 1, 3, 4, 8, 12, 6, 7, 11, 13, 10, 2, 5, 9)
{e9,e10,e11,e13,e15,e16} ( 1, 3, 5, 9, 12, 6, 7, 11, 13, 10, 2, 4, 8)
{e9,e12,e13,e14,e15,e17} ( 1, 2, 4, 9, 12, 6, 7, 8, 13, 11, 3, 5, 10)
{e10,e12,e13,e14,e15,e16} ( 1, 2, 5, 10, 12, 6, 7, 8, 13, 11, 3, 4, 9)

{e8,e9,e11,e13,e14,e15} {e8,e9,e11,e13,e14,e16} ( 1, 2, 9, 8, 5, 6, 7, 4, 3, 10, 12, 11, 13)
{e8,e9,e11,e13,e14,e17} ( 1, 3, 11, 8, 4, 6, 7, 5, 2, 12, 10, 9, 13)
{e8,e9,e11,e13,e15,e16} ( 1, 2, 4, 3, 5, 6, 7, 9, 8, 10, 12, 13, 11)
{e8,e9,e11,e13,e15,e17} ( 2, 8, 11, 3, 4, 10, 7, 5, 1, 12, 6, 9, 13)
{e8,e9,e11,e13,e16,e17} ( 1, 4, 11, 8, 3, 6, 7, 10, 13, 12, 5, 9, 2)
{e8,e9,e11,e14,e15,e16} ( 1, 2, 8, 9, 5, 6, 7, 3, 4, 10, 13, 12, 11)
{e8,e9,e11,e14,e15,e17} ( 1, 3, 12, 9, 4, 6, 7, 10, 13, 11, 5, 8, 2)
{e8,e9,e11,e14,e16,e17} ( 2, 3, 12, 8, 9, 10, 7, 5, 1, 11, 6, 4, 13)
{e8,e9,e11,e15,e16,e17} ( 1, 4, 11, 9, 3, 6, 7, 5, 2, 12, 10, 8, 13)
{e8,e9,e13,e14,e15,e16} ( 3, 8, 9, 2, 5, 11, 7, 4, 1, 12, 6, 10, 13)
{e8,e9,e13,e14,e15,e17} ( 1, 3, 5, 2, 4, 6, 7, 10, 8, 11, 12, 13, 9)
{e8,e9,e13,e14,e16,e17} ( 1, 5, 9, 8, 2, 6, 7, 11, 12, 13, 4, 10, 3)
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{e8,e9,e13,e15,e16,e17} ( 1, 4, 5, 2, 3, 6, 7, 11, 9, 12, 10, 13, 8)
{e8,e9,e14,e15,e16,e17} ( 1, 5, 8, 9, 2, 6, 7, 12, 10, 13, 3, 11, 4)
{e8,e10,e11,e12,e14,e15} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 11, 12, 13)
{e8,e10,e11,e12,e14,e16} ( 1, 3, 11, 8, 5, 6, 7, 4, 2, 12, 10, 9, 13)
{e8,e10,e11,e12,e14,e17} ( 1, 2, 9, 8, 4, 6, 7, 5, 3, 10, 12, 11, 13)
{e8,e10,e11,e12,e15,e16} ( 2, 8, 11, 3, 5, 10, 7, 4, 1, 12, 6, 9, 13)
{e8,e10,e11,e12,e15,e17} ( 1, 2, 5, 3, 4, 6, 7, 9, 8, 10, 12, 13, 11)
{e8,e10,e11,e12,e16,e17} ( 1, 5, 11, 8, 3, 6, 7, 10, 12, 13, 4, 9, 2)
{e8,e10,e11,e14,e15,e16} ( 1, 3, 12, 9, 5, 6, 7, 10, 13, 11, 4, 8, 2)
{e8,e10,e11,e14,e15,e17} ( 1, 2, 8, 9, 4, 6, 7, 3, 5, 10, 13, 12, 11)
{e8,e10,e11,e14,e16,e17} ( 2, 3, 13, 8, 9, 10, 7, 4, 1, 11, 6, 5, 12)
{e8,e10,e11,e15,e16,e17} ( 1, 5, 11, 9, 3, 6, 7, 4, 2, 13, 10, 8, 12)
{e8,e10,e12,e14,e15,e16} ( 1, 3, 4, 2, 5, 6, 7, 10, 8, 11, 12, 13, 9)
{e8,e10,e12,e14,e15,e17} ( 3, 8, 9, 2, 4, 11, 7, 5, 1, 12, 6, 10, 13)
{e8,e10,e12,e14,e16,e17} ( 1, 4, 9, 8, 2, 6, 7, 11, 13, 12, 5, 10, 3)
{e8,e10,e12,e15,e16,e17} ( 1, 4, 5, 3, 2, 6, 7, 11, 10, 12, 9, 13, 8)
{e8,e10,e14,e15,e16,e17} ( 1, 4, 8, 9, 2, 6, 7, 13, 10, 12, 3, 11, 5)
{e8,e11,e12,e14,e15,e16} ( 1, 3, 8, 10, 5, 6, 7, 2, 4, 11, 13, 12, 9)
{e8,e11,e12,e14,e15,e17} ( 1, 2, 12, 10, 4, 6, 7, 11, 13, 9, 5, 8, 3)
{e8,e11,e12,e14,e16,e17} ( 2, 3, 5, 8, 10, 9, 7, 12, 1, 11, 6, 13, 4)
{e8,e11,e12,e15,e16,e17} ( 1, 5, 8, 10, 3, 6, 7, 12, 9, 13, 2, 11, 4)
{e8,e11,e13,e14,e15,e16} ( 1, 2, 12, 10, 5, 6, 7, 11, 13, 9, 4, 8, 3)
{e8,e11,e13,e14,e15,e17} ( 1, 3, 8, 10, 4, 6, 7, 2, 5, 11, 13, 12, 9)
{e8,e11,e13,e14,e16,e17} ( 2, 3, 4, 8, 10, 9, 7, 13, 1, 11, 6, 12, 5)
{e8,e11,e13,e15,e16,e17} ( 1, 4, 8, 10, 3, 6, 7, 13, 9, 12, 2, 11, 5)
{e8,e12,e14,e15,e16,e17} ( 1, 4, 11, 9, 2, 6, 7, 5, 3, 12, 10, 8, 13)
{e8,e13,e14,e15,e16,e17} ( 1, 5, 11, 9, 2, 6, 7, 4, 3, 13, 10, 8, 12)
{e9,e10,e11,e12,e13,e14} ( 2, 8, 11, 4, 5, 10, 7, 3, 1, 12, 6, 9, 13)
{e9,e10,e11,e12,e13,e16} ( 1, 2, 4, 5, 3, 6, 7, 8, 9, 10, 11, 13, 12)
{e9,e10,e11,e12,e13,e17} ( 1, 2, 5, 4, 3, 6, 7, 9, 8, 10, 12, 13, 11)
{e9,e10,e11,e12,e14,e16} ( 1, 4, 11, 8, 5, 6, 7, 3, 2, 13, 10, 9, 12)
{e9,e10,e11,e12,e14,e17} ( 1, 5, 11, 8, 4, 6, 7, 10, 12, 13, 3, 9, 2)
{e9,e10,e11,e12,e16,e17} ( 1, 2, 9, 8, 3, 6, 7, 5, 4, 10, 12, 11, 13)
{e9,e10,e11,e13,e14,e16} ( 1, 4, 11, 9, 5, 6, 7, 10, 12, 13, 3, 8, 2)
{e9,e10,e11,e13,e14,e17} ( 1, 5, 11, 9, 4, 6, 7, 3, 2, 13, 10, 8, 12)
{e9,e10,e11,e13,e16,e17} ( 1, 2, 8, 9, 3, 6, 7, 4, 5, 10, 13, 11, 12)
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{e9,e10,e11,e14,e16,e17} ( 2, 4, 13, 8, 9, 10, 7, 3, 1, 12, 6, 5, 11)
{e9,e10,e12,e13,e14,e16} ( 1, 3, 4, 5, 2, 6, 7, 10, 11, 12, 8, 13, 9)
{e9,e10,e12,e13,e14,e17} ( 1, 3, 5, 4, 2, 6, 7, 11, 10, 12, 9, 13, 8)
{e9,e10,e12,e13,e16,e17} ( 4, 8, 9, 2, 3, 12, 7, 5, 1, 11, 6, 10, 13)
{e9,e10,e12,e14,e16,e17} ( 1, 3, 9, 8, 2, 6, 7, 12, 13, 11, 5, 10, 4)
{e9,e10,e13,e14,e16,e17} ( 1, 3, 8, 9, 2, 6, 7, 13, 12, 11, 4, 10, 5)
{e9,e11,e12,e13,e14,e16} ( 1, 4, 8, 10, 5, 6, 7, 2, 3, 13, 12, 11, 9)
{e9,e11,e12,e13,e14,e17} ( 1, 5, 8, 10, 4, 6, 7, 12, 9, 13, 2, 11, 3)
{e9,e11,e12,e13,e16,e17} ( 1, 2, 11, 10, 3, 6, 7, 12, 13, 9, 5, 8, 4)
{e9,e11,e12,e14,e16,e17} ( 2, 4, 5, 8, 10, 9, 7, 11, 1, 12, 6, 13, 3)
{e9,e11,e13,e14,e15,e16} ( 1, 2, 10, 12, 5, 6, 7, 13, 11, 9, 3, 8, 4)
{e9,e11,e13,e14,e15,e17} ( 1, 3, 8, 12, 4, 6, 7, 13, 9, 11, 2, 10, 5)
{e9,e11,e13,e15,e16,e17} ( 1, 4, 8, 11, 3, 6, 7, 2, 5, 12, 13, 10, 9)
{e9,e11,e14,e15,e16,e17} ( 2, 3, 4, 11, 8, 9, 7, 13, 6, 10, 1, 12, 5)
{e9,e12,e13,e14,e16,e17} ( 1, 3, 10, 9, 2, 6, 7, 5, 4, 11, 12, 8, 13)
{e9,e13,e14,e15,e16,e17} ( 1, 5, 9, 11, 2, 6, 7, 3, 4, 13, 12, 8, 10)
{e10,e11,e12,e13,e14,e16} ( 1, 4, 8, 11, 5, 6, 7, 12, 9, 13, 2, 10, 3)
{e10,e11,e12,e13,e14,e17} ( 1, 5, 8, 11, 4, 6, 7, 2, 3, 13, 12, 10, 9)
{e10,e11,e12,e13,e16,e17} ( 1, 2, 10, 11, 3, 6, 7, 13, 12, 9, 4, 8, 5)
{e10,e11,e12,e14,e15,e16} ( 1, 3, 8, 12, 5, 6, 7, 13, 9, 11, 2, 10, 4)
{e10,e11,e12,e14,e15,e17} ( 1, 2, 10, 12, 4, 6, 7, 13, 11, 9, 3, 8, 5)
{e10,e11,e12,e15,e16,e17} ( 1, 5, 8, 11, 3, 6, 7, 2, 4, 13, 12, 10, 9)
{e10,e11,e13,e14,e16,e17} ( 2, 4, 5, 10, 8, 9, 7, 11, 6, 12, 1, 13, 3)
{e10,e11,e14,e15,e16,e17} ( 2, 3, 5, 11, 8, 9, 7, 12, 6, 10, 1, 13, 4)
{e10,e12,e13,e14,e16,e17} ( 1, 3, 9, 10, 2, 6, 7, 4, 5, 11, 13, 8, 12)
{e10,e12,e14,e15,e16,e17} ( 1, 4, 9, 11, 2, 6, 7, 3, 5, 12, 13, 8, 10)
{e11,e12,e13,e14,e16,e17} ( 2, 4, 13, 10, 9, 8, 7, 3, 6, 12, 1, 5, 11)
{e11,e12,e14,e15,e16,e17} ( 2, 3, 13, 11, 9, 8, 7, 4, 6, 10, 1, 5, 12)
{e11,e13,e14,e15,e16,e17} ( 2, 3, 12, 11, 9, 8, 7, 5, 6, 10, 1, 4, 13)

{e8,e11,e14,e15,e16,e17} {e9,e11,e13,e14,e16,e17} ( 1, 2, 4, 3, 5, 6, 7, 8, 9, 12, 10, 11, 13)
{e10,e11,e12,e14,e16,e17} ( 1, 2, 5, 3, 4, 6, 7, 8, 9, 13, 10, 11, 12)
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Tabela C.6: Extensões Binárias da MatróideM(B) obtida acrescentando-
se 7 elementos deL .

X X′ ϕ(1 2 3 4 5 6 7 8 9 10 11 12 13 14)

{e8,e9,e10,e11,e12,e13,e14} {e8,e9,e10,e11,e12,e13,e15} ( 2, 1, 8, 4, 5, 11, 7, 3, 9, 10, 6, 12, 13, 14)
{e8,e9,e10,e11,e12,e13,e16} ( 12, 1, 4, 5, 8, 10, 7, 3, 11, 9, 6, 13, 2, 14)
{e8,e9,e10,e11,e12,e13,e17} ( 13, 1, 5, 4, 8, 9, 7, 3, 11, 10, 6, 12, 2, 14)
{e8,e9,e10,e11,e12,e14,e15} ( 12, 1, 3, 5, 9, 10, 7, 4, 11, 8, 6, 14, 2, 13)
{e8,e9,e10,e11,e12,e14,e16} ( 2, 1, 3, 5, 9, 11, 7, 8, 10, 4, 6, 14, 12, 13)
{e8,e9,e10,e11,e12,e14,e17} ( 13, 1, 5, 4, 8, 3, 7, 9, 10, 11, 6, 2, 12, 14)
{e8,e9,e10,e11,e12,e15,e16} ( 1, 2, 4, 3, 5, 6, 7, 9, 8, 10, 11, 12, 13, 14)
{e8,e9,e10,e11,e12,e15,e17} ( 13, 1, 5, 3, 9, 8, 7, 4, 11, 10, 6, 12, 2, 14)
{e8,e9,e10,e11,e12,e16,e17} ( 13, 1, 5, 3, 9, 4, 7, 8, 10, 11, 6, 2, 12, 14)
{e8,e9,e10,e11,e13,e14,e15} ( 12, 1, 3, 4, 10, 9, 7, 5, 11, 8, 6, 14, 2, 13)
{e8,e9,e10,e11,e13,e14,e16} ( 13, 1, 4, 5, 8, 3, 7, 10, 9, 11, 6, 2, 12, 14)
{e8,e9,e10,e11,e13,e14,e17} ( 2, 1, 3, 4, 10, 11, 7, 8, 9, 5, 6, 14, 12, 13)
{e8,e9,e10,e11,e13,e15,e16} ( 13, 1, 4, 3, 10, 8, 7, 5, 11, 9, 6, 12, 2, 14)
{e8,e9,e10,e11,e13,e15,e17} ( 1, 2, 5, 3, 4, 6, 7, 10, 8, 9, 11, 12, 13, 14)
{e8,e9,e10,e11,e13,e16,e17} ( 14, 1, 4, 3, 10, 5, 7, 8, 9, 11, 6, 2, 12, 13)
{e8,e9,e10,e11,e14,e15,e16} ( 14, 1, 3, 5, 9, 4, 7, 10, 8, 11, 6, 2, 13, 12)
{e8,e9,e10,e11,e14,e15,e17} ( 14, 1, 3, 4, 10, 5, 7, 9, 8, 11, 6, 2, 13, 12)
{e8,e9,e10,e11,e14,e16,e17} ( 1, 2, 3, 9, 10, 6, 7, 8, 4, 5, 11, 14, 13, 12)
{e8,e9,e10,e11,e15,e16,e17} ( 2, 1, 4, 3, 10, 11, 7, 9, 8, 5, 6, 14, 12, 13)
{e8,e9,e10,e12,e13,e14,e15} ( 3, 1, 8, 4, 5, 13, 7, 2, 11, 12, 6, 9, 10, 14)
{e8,e9,e10,e12,e13,e14,e16} ( 9, 1, 4, 5, 8, 12, 7, 2, 13, 11, 6, 10, 3, 14)
{e8,e9,e10,e12,e13,e14,e17} ( 10, 1, 5, 4, 8, 11, 7, 2, 13, 12, 6, 9, 3, 14)
{e8,e9,e10,e12,e13,e15,e16} ( 4, 1, 9, 3, 5, 14, 7, 2, 11, 13, 6, 8, 10, 12)
{e8,e9,e10,e12,e13,e15,e17} ( 5, 1, 10, 3, 4, 14, 7, 2, 12, 13, 6, 8, 9, 11)
{e8,e9,e10,e12,e13,e16,e17} ( 6, 4, 5, 2, 3, 1, 7, 8, 12, 10, 13, 11, 9, 14)
{e8,e9,e10,e12,e14,e15,e16} ( 8, 1, 3, 5, 9, 13, 7, 2, 14, 11, 6, 10, 4, 12)
{e8,e9,e10,e12,e14,e15,e17} ( 6, 3, 5, 2, 4, 1, 7, 9, 13, 10, 12, 11, 8, 14)
{e8,e9,e10,e12,e14,e16,e17} ( 5, 1, 10, 8, 9, 14, 7, 2, 13, 12, 6, 3, 4, 11)
{e8,e9,e10,e12,e15,e16,e17} ( 10, 1, 5, 3, 9, 11, 7, 2, 13, 12, 6, 8, 4, 14)
{e8,e9,e10,e13,e14,e15,e16} ( 6, 3, 4, 2, 5, 1, 7, 10, 13, 9, 12, 11, 8, 14)
{e8,e9,e10,e13,e14,e15,e17} ( 8, 1, 3, 4, 10, 13, 7, 2, 14, 11, 6, 9, 5, 12)

Continua na próxima página . . .
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{e8,e9,e10,e13,e14,e16,e17} ( 4, 1, 9, 8, 10, 13, 7, 2, 14, 12, 6, 3, 5, 11)
{e8,e9,e10,e13,e15,e16,e17} ( 9, 1, 4, 3, 10, 11, 7, 2, 14, 12, 6, 8, 5, 13)
{e8,e9,e10,e14,e15,e16,e17} ( 3, 1, 8, 9, 10, 11, 7, 2, 14, 13, 6, 4, 5, 12)
{e8,e9,e11,e12,e13,e14,e15} ( 9, 1, 2, 5, 11, 12, 7, 4, 13, 8, 6, 14, 3, 10)
{e8,e9,e11,e12,e13,e14,e16} ( 3, 1, 2, 5, 11, 13, 7, 8, 12, 4, 6, 14, 9, 10)
{e8,e9,e11,e12,e13,e14,e17} ( 10, 1, 5, 4, 8, 2, 7, 11, 12, 13, 6, 3, 9, 14)
{e8,e9,e11,e12,e13,e15,e16} ( 8, 1, 2, 5, 11, 13, 7, 3, 14, 9, 6, 12, 4, 10)
{e8,e9,e11,e12,e13,e15,e17} ( 6, 2, 5, 3, 4, 1, 7, 11, 13, 12, 10, 9, 8, 14)
{e8,e9,e11,e12,e13,e16,e17} ( 5, 1, 10, 3, 8, 14, 7, 11, 12, 13, 6, 4, 9, 2)
{e8,e9,e11,e12,e14,e15,e16} ( 4, 1, 2, 5, 11, 14, 7, 9, 13, 3, 6, 12, 8, 10)
{e8,e9,e11,e12,e14,e15,e17} ( 5, 1, 10, 4, 9, 14, 7, 11, 13, 12, 6, 3, 8, 2)
{e8,e9,e11,e12,e14,e16,e17} ( 6, 2, 5, 8, 9, 1, 7, 11, 12, 13, 10, 4, 3, 14)
{e8,e9,e11,e12,e15,e16,e17} ( 10, 1, 5, 3, 9, 2, 7, 11, 12, 13, 6, 4, 8, 14)
{e8,e9,e12,e13,e14,e15,e16} ( 1, 3, 4, 2, 5, 6, 7, 10, 8, 11, 12, 9, 13, 14)
{e8,e9,e12,e13,e14,e15,e17} ( 13, 1, 5, 2, 10, 8, 7, 4, 12, 11, 6, 9, 3, 14)
{e8,e9,e12,e13,e14,e16,e17} ( 13, 1, 5, 2, 10, 4, 7, 8, 11, 12, 6, 3, 9, 14)
{e8,e9,e12,e13,e15,e16,e17} ( 11, 1, 5, 2, 10, 9, 7, 3, 13, 12, 6, 8, 4, 14)
{e8,e9,e12,e14,e15,e16,e17} ( 11, 1, 5, 2, 10, 3, 7, 9, 12, 13, 6, 4, 8, 14)
{e8,e10,e11,e12,e13,e14,e15} ( 9, 1, 2, 4, 12, 11, 7, 5, 13, 8, 6, 14, 3, 10)
{e8,e10,e11,e12,e13,e14,e16} ( 10, 1, 4, 5, 8, 2, 7, 12, 11, 13, 6, 3, 9, 14)
{e8,e10,e11,e12,e13,e14,e17} ( 3, 1, 2, 4, 12, 13, 7, 8, 11, 5, 6, 14, 9, 10)
{e8,e10,e11,e12,e13,e15,e16} ( 6, 2, 4, 3, 5, 1, 7, 12, 13, 11, 10, 9, 8, 14)
{e8,e10,e11,e12,e13,e15,e17} ( 8, 1, 2, 4, 12, 13, 7, 3, 14, 9, 6, 11, 5, 10)
{e8,e10,e11,e12,e13,e16,e17} ( 4, 1, 10, 3, 8, 13, 7, 12, 11, 14, 6, 5, 9, 2)
{e8,e10,e11,e13,e14,e15,e16} ( 4, 1, 10, 5, 9, 14, 7, 11, 13, 12, 6, 3, 8, 2)
{e8,e10,e11,e13,e14,e15,e17} ( 5, 1, 2, 4, 11, 14, 7, 9, 13, 3, 6, 12, 8, 10)
{e8,e10,e11,e13,e14,e16,e17} ( 6, 2, 4, 8, 9, 1, 7, 11, 12, 14, 10, 5, 3, 13)
{e8,e10,e11,e13,e15,e16,e17} ( 10, 1, 4, 3, 9, 2, 7, 11, 12, 14, 6, 5, 8, 13)
{e8,e10,e12,e13,e14,e15,e16} ( 13, 1, 4, 2, 11, 8, 7, 5, 12, 10, 6, 9, 3, 14)
{e8,e10,e12,e13,e14,e15,e17} ( 1, 3, 5, 2, 4, 6, 7, 11, 8, 10, 12, 9, 13, 14)
{e8,e10,e12,e13,e14,e16,e17} ( 14, 1, 4, 2, 11, 5, 7, 8, 10, 12, 6, 3, 9, 13)
{e8,e10,e12,e13,e15,e16,e17} ( 10, 1, 4, 2, 11, 9, 7, 3, 14, 12, 6, 8, 5, 13)
{e8,e10,e13,e14,e15,e16,e17} ( 11, 1, 4, 2, 10, 3, 7, 9, 12, 14, 6, 5, 8, 13)
{e8,e11,e12,e13,e14,e15,e16} ( 14, 1, 2, 5, 10, 4, 7, 11, 8, 12, 6, 3, 13, 9)
{e8,e11,e12,e13,e14,e15,e17} ( 14, 1, 2, 4, 11, 5, 7, 10, 8, 12, 6, 3, 13, 9)
{e8,e11,e12,e13,e14,e16,e17} ( 1, 2, 3, 10, 11, 6, 7, 8, 14, 13, 9, 4, 5, 12)

Continua na próxima página . . .
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{e8,e11,e12,e13,e15,e16,e17} ( 2, 1, 8, 10, 11, 9, 7, 3, 14, 13, 6, 4, 5, 12)
{e8,e12,e13,e14,e15,e16,e17} ( 3, 1, 4, 2, 10, 11, 7, 9, 8, 5, 6, 14, 12, 13)
{e9,e10,e11,e12,e13,e14,e15} ( 6, 2, 3, 4, 5, 1, 7, 14, 12, 11, 10, 9, 8, 13)
{e9,e10,e11,e12,e13,e15,e16} ( 9, 1, 2, 3, 13, 11, 7, 5, 14, 8, 6, 12, 4, 10)
{e9,e10,e11,e12,e13,e15,e17} ( 8, 1, 2, 3, 13, 12, 7, 4, 14, 9, 6, 11, 5, 10)
{e9,e10,e11,e12,e14,e15,e16} ( 10, 1, 3, 5, 8, 2, 7, 13, 11, 14, 6, 4, 9, 12)
{e9,e10,e11,e12,e14,e15,e17} ( 3, 1, 10, 4, 8, 12, 7, 13, 11, 14, 6, 5, 9, 2)
{e9,e10,e11,e12,e15,e16,e17} ( 4, 1, 2, 3, 12, 13, 7, 8, 11, 5, 6, 14, 9, 10)
{e9,e10,e11,e13,e14,e15,e16} ( 3, 1, 10, 5, 9, 12, 7, 13, 11, 14, 6, 4, 8, 2)
{e9,e10,e11,e13,e14,e15,e17} ( 10, 1, 3, 4, 9, 2, 7, 13, 11, 14, 6, 5, 8, 12)
{e9,e10,e11,e13,e15,e16,e17} ( 5, 1, 2, 3, 12, 14, 7, 9, 11, 4, 6, 13, 8, 10)
{e9,e10,e11,e14,e15,e16,e17} ( 6, 2, 3, 8, 9, 1, 7, 12, 13, 14, 10, 5, 4, 11)
{e9,e10,e12,e13,e14,e15,e16} ( 11, 1, 3, 2, 13, 8, 7, 5, 14, 10, 6, 9, 4, 12)
{e9,e10,e12,e13,e14,e15,e17} ( 10, 1, 3, 2, 13, 9, 7, 4, 14, 11, 6, 8, 5, 12)
{e9,e10,e12,e13,e15,e16,e17} ( 1, 4, 5, 2, 3, 6, 7, 12, 8, 10, 13, 9, 11, 14)
{e9,e10,e12,e14,e15,e16,e17} ( 14, 1, 3, 2, 12, 5, 7, 8, 10, 13, 6, 4, 9, 11)
{e9,e10,e13,e14,e15,e16,e17} ( 13, 1, 3, 2, 12, 4, 7, 9, 10, 14, 6, 5, 8, 11)
{e9,e11,e12,e13,e14,e15,e16} ( 12, 1, 2, 5, 10, 3, 7, 13, 8, 14, 6, 4, 11, 9)
{e9,e11,e12,e13,e14,e15,e17} ( 2, 1, 8, 10, 13, 9, 7, 4, 14, 12, 6, 3, 5, 11)
{e9,e11,e12,e13,e15,e16,e17} ( 14, 1, 2, 3, 12, 5, 7, 10, 8, 13, 6, 4, 11, 9)
{e9,e11,e12,e14,e15,e16,e17} ( 1, 2, 4, 10, 12, 6, 7, 8, 14, 11, 9, 3, 5, 13)
{e9,e12,e13,e14,e15,e16,e17} ( 4, 1, 3, 2, 12, 13, 7, 9, 8, 5, 6, 14, 10, 11)
{e10,e11,e12,e13,e14,e15,e16} ( 2, 1, 8, 11, 13, 9, 7, 5, 14, 12, 6, 3, 4, 10)
{e10,e11,e12,e13,e14,e15,e17} ( 12, 1, 2, 4, 11, 3, 7, 13, 8, 14, 6, 5, 10, 9)
{e10,e11,e12,e13,e15,e16,e17} ( 13, 1, 2, 3, 12, 4, 7, 11, 8, 14, 6, 5, 10, 9)
{e10,e11,e13,e14,e15,e16,e17} ( 1, 2, 5, 10, 12, 6, 7, 8, 13, 11, 9, 3, 4, 14)
{e10,e12,e13,e14,e15,e16,e17} ( 5, 1, 3, 2, 12, 14, 7, 10, 8, 4, 6, 13, 9, 11)
{e11,e12,e13,e14,e15,e16,e17} ( 6, 2, 3, 9, 10, 1, 7, 12, 5, 4, 8, 13, 14, 11)

{e8,e9,e11,e13,e14,e15,e16} {e8,e9,e11,e13,e14,e15,e17} ( 1, 3, 2, 5, 4, 6, 7, 8, 11, 12, 9, 10, 13, 14)
{e8,e9,e11,e13,e14,e16,e17} ( 1, 9, 2, 5, 8, 6, 7, 4, 12, 11, 3, 10, 13, 14)
{e8,e9,e11,e13,e15,e16,e17} ( 1, 4, 2, 5, 3, 6, 7, 9, 12, 13, 8, 10, 11, 14)
{e8,e9,e11,e14,e15,e16,e17} ( 1, 8, 2, 5, 9, 6, 7, 3, 13, 12, 4, 10, 11, 14)
{e8,e9,e13,e14,e15,e16,e17} ( 1, 5, 3, 4, 2, 6, 7, 10, 12, 14, 8, 11, 9, 13)
{e8,e10,e11,e12,e14,e15,e16} ( 1, 3, 2, 4, 5, 6, 7, 8, 11, 12, 9, 10, 13, 14)
{e8,e10,e11,e12,e14,e15,e17} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 11, 12, 13, 14)
{e8,e10,e11,e12,e14,e16,e17} ( 1, 9, 2, 4, 8, 6, 7, 5, 12, 11, 3, 10, 14, 13)

Continua na próxima página . . .
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{e8,e10,e11,e12,e15,e16,e17} ( 1, 5, 2, 4, 3, 6, 7, 9, 12, 14, 8, 10, 11, 13)
{e8,e10,e11,e14,e15,e16,e17} ( 1, 8, 2, 4, 9, 6, 7, 3, 14, 12, 5, 10, 11, 13)
{e8,e10,e12,e14,e15,e16,e17} ( 1, 4, 3, 5, 2, 6, 7, 10, 12, 13, 8, 11, 9, 14)
{e8,e11,e12,e14,e15,e16,e17} ( 1, 8, 2, 13, 10, 6, 7, 3, 5, 12, 14, 9, 11, 4)
{e8,e11,e13,e14,e15,e16,e17} ( 1, 8, 2, 14, 10, 6, 7, 3, 4, 12, 13, 9, 11, 5)
{e9,e10,e11,e12,e13,e14,e16} ( 1, 4, 2, 3, 5, 6, 7, 8, 11, 14, 9, 10, 12, 13)
{e9,e10,e11,e12,e13,e14,e17} ( 1, 5, 2, 3, 4, 6, 7, 9, 12, 14, 8, 10, 11, 13)
{e9,e10,e11,e12,e13,e16,e17} ( 1, 2, 4, 5, 3, 6, 7, 8, 9, 10, 11, 13, 12, 14)
{e9,e10,e11,e12,e14,e16,e17} ( 1, 9, 2, 3, 8, 6, 7, 5, 13, 11, 4, 10, 14, 12)
{e9,e10,e11,e13,e14,e16,e17} ( 1, 8, 2, 3, 9, 6, 7, 4, 14, 11, 5, 10, 13, 12)
{e9,e10,e12,e13,e14,e16,e17} ( 1, 3, 4, 5, 2, 6, 7, 10, 11, 12, 8, 13, 9, 14)
{e9,e11,e12,e13,e14,e16,e17} ( 1, 8, 2, 12, 10, 6, 7, 4, 5, 11, 14, 9, 13, 3)
{e9,e11,e13,e14,e15,e16,e17} ( 1, 8, 2, 14, 12, 6, 7, 4, 3, 10, 11, 9, 13, 5)
{e10,e11,e12,e13,e14,e16,e17} ( 1, 8, 2, 12, 11, 6, 7, 5, 4, 10, 13, 9, 14, 3)
{e10,e11,e12,e14,e15,e16,e17} ( 1, 8, 2, 13, 12, 6, 7, 5, 3, 10, 11, 9, 14, 4)
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Tabela C.7: Extensões Binárias da MatróideM(B) obtida acrescentando-
se 8 elementos deL .

X X′ ϕ(1 2 3 4 5 6 7 8 9 10 11 12 13 14)

{e8,e9,e10,e11,e12,e13,e14,e15} {e8,e9,e10,e11,e12,e13,e14,e16} ( 1, 2, 9, 5, 8, 6, 7, 4, 10, 3, 11, 14, 12, 13, 15)
{e8,e9,e10,e11,e12,e13,e14,e17} ( 1, 2, 10, 4, 8, 6, 7, 5, 9, 3, 11, 14, 13, 12, 15)
{e8,e9,e10,e11,e12,e13,e15,e16} ( 1, 2, 4, 3, 5, 6, 7, 9, 8, 10, 11, 12, 14, 15, 13)
{e8,e9,e10,e11,e12,e13,e15,e17} ( 1, 2, 5, 3, 4, 6, 7, 10, 8, 9, 11, 13, 14, 15, 12)
{e8,e9,e10,e11,e12,e13,e16,e17} ( 1, 4, 13, 3, 8, 6, 7, 11, 12, 15, 14, 5, 10, 9, 2)
{e8,e9,e10,e11,e12,e14,e15,e16} ( 1, 2, 8, 5, 9, 6, 7, 3, 10, 4, 11, 15, 12, 14, 13)
{e8,e9,e10,e11,e12,e14,e15,e17} ( 1, 3, 14, 4, 9, 6, 7, 11, 12, 15, 13, 5, 10, 8, 2)
{e8,e9,e10,e11,e12,e14,e16,e17} ( 1, 2, 5, 8, 9, 6, 7, 10, 3, 4, 11, 14, 13, 15, 12)
{e8,e9,e10,e11,e12,e15,e16,e17} ( 1, 2, 10, 3, 9, 6, 7, 5, 8, 4, 11, 14, 13, 12, 15)
{e8,e9,e10,e11,e13,e14,e15,e16} ( 1, 3, 14, 5, 10, 6, 7, 11, 12, 15, 13, 4, 9, 8, 2)
{e8,e9,e10,e11,e13,e14,e15,e17} ( 1, 2, 8, 4, 10, 6, 7, 3, 9, 5, 11, 15, 12, 14, 13)
{e8,e9,e10,e11,e13,e14,e16,e17} ( 1, 2, 4, 8, 10, 6, 7, 9, 3, 5, 11, 15, 13, 14, 12)
{e8,e9,e10,e11,e13,e15,e16,e17} ( 1, 2, 9, 3, 10, 6, 7, 4, 8, 5, 11, 15, 13, 12, 14)
{e8,e9,e10,e11,e14,e15,e16,e17} ( 1, 2, 3, 9, 10, 6, 7, 8, 4, 5, 11, 15, 14, 12, 13)
{e8,e9,e10,e12,e13,e14,e15,e16} ( 1, 3, 4, 2, 5, 6, 7, 11, 8, 12, 13, 9, 14, 15, 10)
{e8,e9,e10,e12,e13,e14,e15,e17} ( 1, 3, 5, 2, 4, 6, 7, 12, 8, 11, 13, 10, 14, 15, 9)
{e8,e9,e10,e12,e13,e14,e16,e17} ( 1, 4, 10, 2, 8, 6, 7, 13, 9, 15, 14, 5, 12, 11, 3)
{e8,e9,e10,e12,e13,e15,e16,e17} ( 1, 4, 5, 2, 3, 6, 7, 13, 9, 11, 14, 10, 12, 15, 8)
{e8,e9,e10,e12,e14,e15,e16,e17} ( 1, 3, 10, 2, 9, 6, 7, 14, 8, 15, 12, 5, 13, 11, 4)
{e8,e9,e10,e13,e14,e15,e16,e17} ( 1, 3, 9, 2, 10, 6, 7, 15, 8, 14, 12, 4, 13, 11, 5)
{e8,e9,e11,e12,e13,e14,e15,e16} ( 1, 3, 8, 5, 11, 6, 7, 2, 12, 4, 13, 15, 9, 14, 10)
{e8,e9,e11,e12,e13,e14,e15,e17} ( 1, 2, 14, 4, 11, 6, 7, 13, 9, 15, 10, 5, 12, 8, 3)
{e8,e9,e11,e12,e13,e14,e16,e17} ( 1, 2, 14, 8, 11, 6, 7, 12, 3, 15, 10, 5, 13, 4, 9)
{e8,e9,e11,e12,e13,e15,e16,e17} ( 1, 2, 12, 3, 11, 6, 7, 14, 8, 15, 10, 5, 13, 9, 4)
{e8,e9,e11,e12,e14,e15,e16,e17} ( 1, 2, 12, 9, 11, 6, 7, 13, 4, 15, 10, 5, 14, 3, 8)
{e8,e9,e12,e13,e14,e15,e16,e17} ( 1, 3, 11, 2, 10, 6, 7, 5, 8, 4, 12, 14, 13, 9, 15)
{e8,e10,e11,e12,e13,e14,e15,e16} ( 1, 2, 14, 5, 12, 6, 7, 13, 9, 15, 10, 4, 11, 8, 3)
{e8,e10,e11,e12,e13,e14,e15,e17} ( 1, 3, 8, 4, 12, 6, 7, 2, 11, 5, 13, 15, 9, 14, 10)
{e8,e10,e11,e12,e13,e14,e16,e17} ( 1, 2, 15, 8, 12, 6, 7, 11, 3, 14, 10, 4, 13, 5, 9)
{e8,e10,e11,e12,e13,e15,e16,e17} ( 1, 2, 11, 3, 12, 6, 7, 15, 8, 14, 10, 4, 13, 9, 5)
{e8,e10,e11,e13,e14,e15,e16,e17} ( 1, 2, 12, 9, 11, 6, 7, 13, 5, 14, 10, 4, 15, 3, 8)

Continua na próxima página . . .
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{e8,e10,e12,e13,e14,e15,e16,e17} ( 1, 3, 10, 2, 11, 6, 7, 4, 8, 5, 12, 15, 13, 9, 14)
{e8,e11,e12,e13,e14,e15,e16,e17} ( 1, 2, 3, 10, 11, 6, 7, 8, 15, 14, 9, 4, 5, 12, 13)
{e9,e10,e11,e12,e13,e14,e15,e16} ( 1, 2, 12, 5, 14, 6, 7, 15, 9, 13, 10, 3, 11, 8, 4)
{e9,e10,e11,e12,e13,e14,e15,e17} ( 1, 2, 11, 4, 14, 6, 7, 15, 8, 13, 10, 3, 12, 9, 5)
{e9,e10,e11,e12,e13,e15,e16,e17} ( 1, 4, 8, 3, 13, 6, 7, 2, 11, 5, 14, 15, 9, 12, 10)
{e9,e10,e11,e12,e14,e15,e16,e17} ( 1, 2, 15, 8, 13, 6, 7, 11, 4, 12, 10, 3, 14, 5, 9)
{e9,e10,e11,e13,e14,e15,e16,e17} ( 1, 2, 14, 9, 13, 6, 7, 11, 5, 12, 10, 3, 15, 4, 8)
{e9,e10,e12,e13,e14,e15,e16,e17} ( 1, 4, 10, 2, 13, 6, 7, 3, 8, 5, 14, 15, 11, 9, 12)
{e9,e11,e12,e13,e14,e15,e16,e17} ( 1, 2, 4, 10, 13, 6, 7, 8, 15, 12, 9, 3, 5, 14, 11)
{e10,e11,e12,e13,e14,e15,e16,e17} ( 1, 2, 5, 11, 13, 6, 7, 8, 14, 12, 9, 3, 4, 15, 10)

{e8,e9,e11,e13,e14,e15,e16,e17} {e8,e10,e11,e12,e14,e15,e16,e17} ( 1, 2, 3, 5, 4, 6, 7, 8, 9, 10, 11, 12, 13, 15, 14)
{e9,e10,e11,e12,e13,e14,e16,e17} ( 1, 2, 4, 5, 3, 6, 7, 8, 9, 10, 11, 14, 12, 15, 13)
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Tabela C.8: Extensões Binárias da MatróideM(B) obtida acrescentando-
se 9 elementos deL .

X X′ ϕ(1 2 3 4 5 6 7 8 9 10 11 12 13 14)

{e8,e9,e10,e11,e12,e13,e14,e15,e16} {e8,e9,e10,e11,e12,e13,e14,e15,e17} ( 1, 2, 3, 5, 4, 6, 7, 8, 10, 9, 11, 13, 12, 14, 15, 16)
{e8,e9,e10,e11,e12,e13,e14,e16,e17} ( 1, 2, 4, 10, 8, 6, 7, 9, 5, 3, 11, 14, 16, 15, 13, 12)
{e8,e9,e10,e11,e12,e13,e15,e16,e17} ( 1, 2, 4, 5, 3, 6, 7, 9, 10, 8, 11, 14, 12, 15, 13, 16)
{e8,e9,e10,e11,e12,e14,e15,e16,e17} ( 1, 2, 3, 10, 9, 6, 7, 8, 5, 4, 11, 15, 16, 13, 14, 12)
{e8,e9,e10,e11,e13,e14,e15,e16,e17} ( 1, 2, 3, 9, 10, 6, 7, 8, 4, 5, 11, 16, 15, 13, 14, 12)
{e8,e9,e10,e12,e13,e14,e15,e16,e17} ( 1, 3, 4, 5, 2, 6, 7, 11, 12, 8, 13, 14, 9, 15, 10, 16)
{e8,e9,e11,e12,e13,e14,e15,e16,e17} ( 1, 2, 3, 12, 11, 6, 7, 8, 15, 16, 10, 5, 4, 13, 14, 9)
{e8,e10,e11,e12,e13,e14,e15,e16,e17} ( 1, 2, 3, 11, 12, 6, 7, 8, 16, 15, 10, 4, 5, 13, 14, 9)
{e9,e10,e11,e12,e13,e14,e15,e16,e17} ( 1, 2, 4, 11, 14, 6, 7, 8, 16, 13, 10, 3, 5, 15, 12, 9)
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