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We propose new solution approaches for three
problems: the cutting stock problem, the integrated
cutting stock and lot sizing problem, and the bin
packing problem. In all cases, we consider two
dimensional problems.

Cutting stock

In a two-dimensional cutting stocRICS) problem, it

is intended to cut a set of rectangular items feoset of
rectangular plates in such a way that the numbesed
plates is minimized. The plates are available in (a
virtually) infinite number and all have the same
dimensions, i.e., the same width and height.

A set of items to be cut, grouped by types accaordin
their dimensions (width and height), is given. Eéeim
type is defined by a width, a height and a demand
(corresponding to the number of items of the typbd
cut). This problem is equivalent to the two-dimensil

bin packing problem, in which it is intended toqaahe

set of items in the plate (bin) with the same goal.

The 2DCS problem and its variants arise in differen
industrial processes, such as the textile, thénézathe
paper, the furniture and the sheet metal. This Iprob
has been extensively studied in the last fifty gedue
to its wide industrial applicability, however theaee not
general and efficient methods to solve it due ® it
computational complexity (NP-hard).

The motivation behind this work lies in the woodcut
industry where plates of wood must be cut in pieces
(items) to satisfy customer orders. In this indystiue

to technological constraints, usually only cutsafiat to

the sides of the plate (orthogonal cuts) and frame o

border to the opposite one (guillotine cuts) atevedd.

Furthermore, the number of stages (set of cuts thi¢h
same orientation horizontal or vertical) in whiclplate

can be cut is also frequently limited to two oretiar

An approach to obtain optimal solutions to diffdren
variants of the 2DCS problems, such as the existefc
constraints on the type and number of cuts (twgesta
and three-stage exact and non-exact) which is asgd
on column generation, is proposed.

The model is an extension of the one-cut modetHer
one-dimensional cutting stock problem proposed by
Dyckhoff (1981). The approach is based on an imege
programming model that can be solved by a general
integer programming solver, taking advantage of the
efficiency and robustness that (mixed-) integer
programming solvers have achieved in recent years.
Although pseudo-polynomial in size, the model
optimized by a general-purpose integer programming
solver (Cplex 11.0) solved a large number of “real-
world” instances in a very reasonable amount oétim

Integrated cutting stock and lot sizing

The 2DCS consists in the minimization of the number
of plates used to cut a set of items. In indugyically,

an instance of this problem is considered at the
beginning of each planning period, what may result
solutions of poor quality, i.e, excessive wastegmwla
set of planning periods is considered. In ordedéal
with this issue, we propose the integrated probliem,
which the 2DCSP is extended from the solution ity on
a single production planning period to a solutioriset

of production planning periods.
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The main difference of the approach in this workl an
the ones in the literature is to allow sufficientarge
residual plates (leftovers) to be stored and cutain
subsequent period of the planning horizon, whicly ma
further help in the minimization of the waste.

We propose two integrated integer programming nwodel
to optimize the combined two dimensional cuttinockt
and lot-sizing problem, minimizing the waste, the
storage costs and the number of plates used.

Two new exact models were presented, based on
different decision variables, that allow to stotems
and leftovers (and also complete plates), and so
leftovers can be used in a subsequent period moa t
stage non-exact cutting pattern.

The two integer programming models proposed are
quite similar regarding the computational results
obtained. The real instances were solved optimially
acceptable computational time and comparing these
solutions with the heuristic ones, it is observédtt
when the number of periods increases the gainsnaiota

by the optimal solutions also increase.

The proposed models are developed for a variathteof
2CS-LSP in which both the anticipation of the
production of the items and the storage of lefteae
allowed, with the objective of minimizing produatio
and storage costs. In the literature this issueneaer
been addressed, but there are some similar problems
Besides presenting an approach that may providerbet
solutions in terms of the use of the raw mateitais
important to notice that we were able to obtaincéxa
solutions for our model, while in the previous werk
only heuristic results were obtained for instanoés
similar size.

Bin packing

The two dimensional bin packing probler@BP) is
quite similar with the 2DCS problem, the main
difference is the assortment of the items, which is
strongly heterogeneous, meaning that all items are
different and the demand is equal to one. A general
framework amenable for decomposition approaches
“SearchCol”, which combines column generation with
metaheuristic search, is used to solve2iBe.

SearchCol is a general approach to obtain apprdgima
solutions for combinatorial optimization problenis.
this framework a solution of a problem is a combora
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of solutions of smaller (sub)problems SPs which are
generated by column generatioBQ). The search is
conducted in restricted search spaces, definedhby t
solutions of the SPs generated@3.

Each iteration of SearchCol has three phasedlyfitse

CG, secondly the metaheuristic search and thirdéy t
perturbation. A decomposition model and new CG
algorithm were proposed for the application of
SearchCol in the 28P) problem. Interesting results
were obtained with SearchCol, in particular wherPMI
is used in the search phase. The computationad test
were performed in a set of 500 instances from the
literature.
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