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In this thesis we consider different joint production and transportation problems.

We first study the simplest two-level problem, the uncapacitated two-level
production-in-series lot-sizing problem (2L-S/LS-U). We give a new polynomial
dynamic programming algorithm and a new compact extended formulation for the
problem and for an extension with sales. Some computational tests are performed
comparing several reformulations on a NP-Hard problem containing the 2L-S/LS-U
as a relaxation.

We also investigate the one-warehouse multi-retailer problem (OWMR), another
NP-Hard extension of the 2L-S/LS-U. We study possible ways to tackle the problem
effectively using mixed integer programming (MIP) techniques. We analyze the
projection of a multi-commodity reformulation onto the space of the original
variables for two special cases and characterize valid inequalities for the 2L-S/LS-U.
Limited computational experiments are performed to compare several approaches.

We then analyze a more general two-level production and transportation problem
with multiple production sites. Relaxations for the problem for which reformulations
are known are identified in order to improve the linear relaxation bounds. We show
that some uncapacitated instances of the basic problem of reasonable size can
often be solved to optimality. We also show that a hybrid MIP heuristic based on
two different MIP formulations permits us to find solutions guaranteed to be within
10% of optimality for harder instances with limited transportation capacity and/or
with additional sales. For instances with big bucket production or aggregate storage
capacity constraints the gaps can be larger.
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In addition, we study a different type of production and transportation problem
in which cllients place orders with different sizes and delivery dates and the
transportation is performed by a third company. We develop a MIP formulation and
an algorithm with a local search procedure that allows us to solve large instances
effectively.
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