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Resumo

Longo, Humberto José; Poggi de Aragao, Marcus; Uchoa, Eduardo.
Técnicas para Programacao Inteira e Aplicacoes em Pro-
blemas de Roteamento de Veiculos. Rio de Janeiro, 2004. 123p.
Tese de Doutorado — Departamento de Informética, Pontificia Uni-
versidade Catolica do Rio de Janeiro.

A natureza intrinsicamente combinatorial de muitos problemas advindos
da area de logistica de transportes, em especial aqueles que dizem respeito
ao uso racional de frotas de veiculos, sugere que boa parte dos mesmos
pode ser formulada e resolvida como um problema de programagao linear
inteira. Contudo, a maioria dos algoritmos até o momento disponiveis
nao consegue encontrar, em tempos computacionais aceitéveis, a solugao
Otima para instancias de porte razoavel. O objeto de estudo desta tese é a
exploracao de técnicas mais recentes da area de programacao linear inteira e
suas aplicacgoes a problemas de roteamento de veiculos. A primeira parte da
tese descreve, além das técnicas basicas de decomposicao de problemas de
programacao linear e linear inteira e de geracao de colunas, uma proposta
de reformulacao de problemas de programacao linear inteira alternativa
aquela que gera o tradicional problema mestre de Dantzig- Wolfe, geralmente
utilizados em abordagens por geragao de colunas. A resolugao de problemas
de programacao linear inteira neste contexto é tratada em seguida, com a
descricao do algoritmo branch-and-bound e das variagoes branch-and-cut,
branch-and-price e branch-and-cut-and-price. Na segunda parte da tese,
inicialmente, é apresentada a técnica denominada de Gerag¢ao Projetada
de Colunas e sua aplicagao ao problema de Roteamento de Veiculos com
Restricao de Capacidade. Em seguida é abordada a resolu¢ao do problema
de Roteamento de Veiculos sobre Arcos, através de sua transformacao ao
primeiro problema citado e uso de um algoritmo branch-and-cut-and-price.
Finalmente, ¢ proposto um novo problema na &area de redistribuicao de
veiculos de aluguel, para o qual é proposta uma formulacao segundo uma
abordagem por geracao de colunas. Sao apresentados, ainda, procedimentos
para a geragao de colunas e resultados computacionais obtidos com um

algoritmo branch-and-price para essa formulagao.

Palavras—chave

Programacao inteira, Roteamento de veiculos, Geracao de colunas
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Abstract

Longo, Humberto José; Poggi de Aragao, Marcus; Uchoa, Eduardo.
Integer programming techniques and applications to vehi-
cle routing problems. Rio de Janeiro, 2004. 123p. PhD. Thesis
— Departamento de Informatica, Pontificia Universidade Catolica
do Rio de Janeiro.

Optimization techniques have an important role in Transportation Logis-
tics. The combinatorial nature of the problems related to this area suggests
integer programming as a natural approach to their resolution. Nevertheless
there are many cases where even instances of reasonable size still beyond
the resolution capability of the current known algorithms. The success of
the known algorithms have therefore been limited. This can be justified by
the fact the most of them leave important recent advances in the combi-
natorial optimization field unexplored. Some of these new techniques and
their applications are the main subject of this thesis. In the first part, the
basic decomposition techniques for linear and integer programming pro-
blems as well as the related column generation approach is addressed. This
is followed by the presentation of a reformulation technique for linear and
integer programming which is alternative to the well known Dantzig- Wolfe
master program. The new possibilities coming from this approach are ex-
plored and the resulting consequences to the standard branch-and-bound
algorithm and its variations branch-and-cut, branch-and-price and branch-
and-cut-and-price are presented. The second part of this text addresses the
application of the metodologies described in part one to routing problems
where capacity constraints are considered. First, a techinque named Pro-
jected Column Generation is described in the context of the Capacitated
Vehicle Routing Problem. Then, it is presented a new transformation from
the Capacitated Arc Routing Problem to the Capacitated Vehicle Routing
Problem as well as a tailored branch-and-cut-and-price to solve this pro-
blem. Finally, a new problem in vehicle redistrubution is described together
with a column generation approach for its resolution. Computational results

for all applications are presented.
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Integer programming, Vehicle routing, Column generation
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The shortest routes between any two points in the system
are given and a demand for one or several products is specified
for a number of stations within the distribution system. It is
desired to find a way to assign stations to trucks in such a
manner that station demands are satisfied and total mileage
covered by the fleet is a minimum. A procedure based on a linear
programming formulation is given for obtaining a near optimal
solution. The calculations may be readily performed by hand or
by an automatic digital computing machine.

G. B. Dantzig and J. H. Ramser,
The Truck Dispatching Problem, 1959 [35].
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