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RESUMO

Nesta tese o problema de corte de estoque unidimensional multiperiodo com mini-
mizacao dos custos de preparacao nos padroes de corte é estudado. Primeiro propomos
um extenso conjunto de formulagoes pseudo-polinomiais e baseadas em padroes de corte,
principalmente adaptando formulagoes conhecidas para problemas de corte de estoque da
literatura. Reformulacoes baseadas no problema de localizagao de facilidades sao discu-
tidas para melhorar os limitantes inferiores dos modelos propostos. Em seguida, apre-
sentamos uma analise tedrica comparando as varias formulacoes propostas em relacao ao
seu limitante inferior. Apresentamos uma analise computacional a fim de complementar
a analise teodrica e apresentar mais insights com relagao a complexidade e qualidade das
formulagoes na pratica. Os experimentos computacionais foram realizados em dois con-
juntos de instancias sendo o segundo mais dificil de ser resolvido. Ambos os conjuntos de
instancias mostraram que as reformulagoes baseadas no problema de localizacao de facili-
dade propostas melhoram a qualidade dos limitantes inferiores. Contudo, testes adicionais
mostram que a melhoria do limitante é afetada quando maiores custos do objeto em es-
toque sao considerados. Em uma abordagem diferente, um algoritmo genético de chaves
aleatdrias viciadas em que o controle dos parametros é adaptativo é proposto para resolver
o problema. Para a inicializacao da metaheuristica, um procedimento de decodificacao
das chaves aleatérias em termos da solucao (decoder) do problema é necessario. Dois
(decoders) sao propostos e avaliados com base nos resultados de uma heuristica de ger-
acao de colunas integrada a um software de solugao. Uma combinacao da metaheuristica
e da heuristica de geragao de colunas também é apresentada. Os resultados computa-
cionais mostram que ambos os processos de decodificacao obtém um melhor desempenho
que a heuristica de geracao de colunas para instancias com items pequenos cujo custo de
preparacao nos padroes de corte é maior em relacao ao custo do objeto em estoque. Por
fim, sao discutidas as conclusoes finais e propostas de pesquisa futura.

Palavras chave: Problema de Corte de Estoque Multiperiodo. Setup nos Padroes
de Corte. Formulagoes Fortes. Algoritmo Genético Adaptativo com Chaves Aleatérias

Viciadas (ABRKGA).



ABSTRACT

In this thesis, we study the multi-period one dimensional cutting stock problem min-
imizing setup costs on cutting patterns. We first propose an extensive range of pattern-
based and pseudo-polynomial formulations for the problem, primarily adapting known
formulations for cutting stock problems from the literature. Facility location based refor-
mulations are also discussed to improve the lower bounds of the proposed models. We
then present a thorough theoretical analysis to establish the strength of the various pro-
posed formulations in comparison to each other. A computational analysis is presented
to complement the theoretical analysis and present further insights with respect to the
complexity and strength of the formulations in practice. The computational experiments
were performed over two sets of instances where the second set is more difficult to solve.
Both sets of instances have shown that the proposed facility location reformulations signif-
icantly improve the quality of the lower bounds. However, additional computational tests
show that the lower bound improvement is directly affected by the object cost. Then,
a random key genetic algorithm with adaptive parameter control is proposed to solve
the problem. The metaheuristic initialization requires a decoder process which maps the
random keys to feasible solutions of the problem. Two different decoder processes are
proposed and evaluated according to the performance of a column generation heuristic
solved by an optimization software. An experiment combining both the metaheuristic
and the column generation is also presented. Computational experiments show that both
decoders outperform the column generation based heuristic for instances with small items
length and setup cost greater than the object cost. Finally, some final conclusions and
future research are discussed.

Keywords: Multi-Period Cutting Stock Problem. Cutting Pattern Setup. Strong
Formulations. Adaptive Biased Random Keys Genetic Algorithm (ABRKGA).
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CHAPTER 1

INTRODUCTION

Operational Research (OR) is one of the managerial decision science tools used by
profit and non-profit organizations. As the global environment becomes fiercely compet-
itive, OR has gained significance in applications such as green logistic, quality manage-
ment, benchmarking and decision making techniques. The growth of global markets and
the resulting increase in competition have highlighted the need for OR. In order to be
competitive, business must meet the challenges present in a global market by offering
products and services with good value to their costumers (AGRAWAL et al. (2010)). OR
leads to a more efficient use of resources, which is not only cost attractive, but lead to
environment friendly decisions as well, being then an essential management tool to gain

competitiveness in a industrial environment (DEKKER et al. (2012))).

Among the very first ideas to emerge from OR to be applied in practice, the cutting
stock problem (CSP) was one of the problems identified by Kantorovich in his 1939 paper
entitled “Mathematical methods of organizing and planning production” (later published
in KANTOROVICH (1960)) (BEN AMOR and VALERIO DE CARVALHO (2005))). The CSP
is concerned with determining the best way of cutting a set of objects into smaller items,
in order to satisfy a given demand of the items and optimizing an objective function, often
with a large potential of economic savings, such as the minimization of waste and the min-
imization of used objects. A strong characteristic of CSP is that the research direction has
largely been motivated by taking inspiration, or directly solving, problems from industry.
The literature describes a large range of problems that often include specific operational
constraints and objectives, as describes the EURO Special Interest Group on Cutting and

Packing (ESICUP). One of the Group main purposes is to improve communication among
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individuals working in this field. The CSP wide variety of industrial applications includes

paper, steel, wood and glass industries.

The wide range of cutting stock applications motivated DYCKHOFF ((1990) to intro-
duce a typology for the cutting problem. His typology organizes the problem according to
four characteristics, which are the geometric dimensions (1,2, 3,n > 3), type of assignment
(i.e selection of objects and items), assortment of large objects and the characterization
of the assortment of the items. Later, WASCHER et al. (2007) proposed a revised ty-
pology that provided a consistent system of problem types which allows for a complete

categorization of all known cutting problems and the corresponding current literature.

The cutting process in CSP may be affected by various factors, particularly by the
number of times one has to switch between different cutting patterns, e.g., changing the
positions of the cutting knives (WUTTKE and HEESE (2018)) or the position of lasers.
Such adjustments often interrupt production and/or may impose a setup cost every time
a different cutting pattern is used, often leading to impractical applications due the use of
many different cutting patterns. Therefore, it is desirable to have a cutting plan composed
of fewer cutting patterns. The problem that focuses only on minimizing of the number
of different cutting patterns while satisfying demands is known in the literature as the
Pattern Minimization Problem (PMP) (VANDERBECK (2000))). In the remainder of this
thesis, PMP will be refereed to as the single period problem with setup costs on the
cutting patterns where only the minimization of different cutting patterns is considered
as objective. When additional costs are considered in the objective function (trim loss or
object costs), the problem will be denoted as CSPs. We note that it is important to have
bi-criteria decision problems when setup costs are significant when compared to material
costs (YANASSE and LIMEIRA (2006)). We also remark that even the single period version
of this problem is known to be A"P-hard (McDIARMID (1999)).

Considering the C'SPs with multiple time periods (TOMAT and GRADISAR (2017)) and
TRKMAN and GRADISAR (2007)), there is a strong relevance to the lot-sizing problem,
which has been an area of very active research over the last six decades (BRAHIMI et al.
(2017)), offering significant cost savings to the manufacturing sector by generating the
least costly production plan over a planning horizon with multiple periods as well for the
green manufacturing sector (e.g. when carbon emission constraints are considered (ABSI
et al. (2016))). The lot-sizing problem deals with key decisions such as when and how much
to produce or stock, while respecting limitations such as satisfying demands on time. The
lot-sizing problem can also be characterized by the number of levels in the production

structure (single level or multi-level), time horizon (finite or infinite) and the presence
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of capacity constraints. The research devoted to the topic (and solution methodologies
therein) is extensive, ranging from polyhedral methods such as extended formulations and
valid inequalities (DOOSTMOHAMMADI and AKARTUNALI (2018)), GRUSON et al. (2019),
and ZHAO and ZHANG (2020))) to decomposition and relaxations (AKARTUNALI et al.
(2016), DE ARAUJO et al. (2015)), and VAN VYVE et al. (2014)), and heuristics designed
for real-world problems (ABSI and VAN DEN HEUVEL (2019), FIOROTTO et al. (2017),
and WU et al. (2018)), as well as stochastic and robust approaches to tackle uncertainty
in a broad range of settings (ALEM et al. (2020), ATTILA et al. (2021), and QUEZADA
et al. (2020)). An extensive analysis of lot-sizing problems can be found in the book by
PocHET and WOLSEY (2006)).

Before considering integrated decisions during the production process, the literature
has dealt with the cutting stock and the lot-sizing problems separately and sequentially.
Firstly, the lot-sizing is solved and subsequently, the CSP is solved. However, this ap-
proach may increase the total cost, especially if the cutting process is economically relevant
(GRAMANI et al. (2009) and POLTRONIERE et al. (2008])). The integration of these prob-
lems opens an interesting area for further research. Over the last decades this tendency
was observed for the cutting stock and the lot-sizing. The interest in this problem often
originates from direct practical applications of the integrated environments in various in-
dustries. For example, in the paper industry, large reels are manufactured or purchased
and a decision about the size of the lots must be taken. Next, the large reels are cut into
smaller reels that might correspond to customer requests, and a decision related to the
cutting stock problem is needed (MELEGA et al. (2018)). Another motivation for study-
ing these kind of problems is to explore models that capture the interdependence between
both decisions in order to obtain better solutions. In general, the integrated lot-sizing
and cutting stock problem consists of determining the cutting patterns and multiplicities
of the corresponding cutting patterns (i.e., occurrence frequency) in each period of the
planning horizon to satisfy customer demands while optimizing a given objective function,
such as minimizing the costs associated with cutting pattern setup, inventory holding or

objects consumed.

The integrated lot-sizing and cutting stock problems were reviewed in the extensive
research of MELEGA et al. (2018]), where a deterministic mathematical model, that con-
siders multiple dimensions of integration and comprises several aspects found in practice,
is proposed. This model is used as a framework to classify the current literature in this
field. The authors essentially identify three levels of production, with the first level asso-

ciated to the purchase/manufacture of object(s), the second level to the cutting process
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of objects into pieces, and third level to production of final products from pieces. An
example of the generalized three level integration for two periods is presented in Figure
In their classification scheme, the case that considers exclusively the second level, with
multiple time periods in a planning horizon, the inventory of cut pieces providing the
link between different periods and cutting of objects planned for each period is called the
Multi-Period Cutting Stock Problem (MPCSP). It is also worth noticing that when more
than one level is considered, with multiple time periods in a planning horizon, MELEGA
et al. (2018]) classify the problem as the Integrated Lot-sizing and Cutting Stock Problem.

Figure 1: Integration between three production levels and two time periods. Source
(MELEGA et al. (2018))

Period 1 Period 2
object 1 object 1
»
L& & |
Level 1 » Level 1
object 2 object 2
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piece 3 piece 3
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/ Final Product 1 / Final Product 2 / Final Product 1 / Final Product 2

===9 inventory

/ independent demand

Although integrated decision problems have gained more attention over the last decades,
there are only a small number of papers dealing with setups on cutting patterns with multi-
ple periods in the literature. Moreover, most of this literature uses the multi-period adap-
tation of the well-known CSP formulations of GILMORE and GOMORY (1961} [1963]) and
KANTOROVICH (1960). The cutting stock formulations based on the model of GILMORE
and GOMORY (1961}, |1963) are classified as pattern-based formulations. The generalized
model of MELEGA et al. (2018) is a pattern-based model and it address most of their
literature review papers considering the MPCSP with setups. Even though this type of
formulation avoids linearity issues, the number of variables in pattern-based models is

exponential in the number of items.
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As we note, different types of C'SP models derive different types of MPCSP models.
The arc-flow based models of ALVES and VALERIO DE CARVALHO (2008a), DELORME
(2017)), and VALERIO DE CARVALHO (1999, 2002) are a different branch for modeling the
CSP. The model of VALERIO DE CARVALHO (1999, |2002) was firstly proposed for the
MPCSP by Porpl and DE ARAUJO (2016]) (through without cutting pattern setup min-
imization). The fist MPCSP model considering setups on cutting pattern was proposed,
to the best of our knowledge, by MA et al. (2019) and is based on the PMP arc-flow of
ALVES and VALERIO DE CARVALHO (2008a)). Another types of CSP model formulations
are the One-cut formulation of DYCKHOFF (1981) and the knapsack-based formulation
of KANTOROVICH (1960). A non-linear knapsack-based formulation was presented by
VANDERBECK (2000).

In this thesis, we consider the MPCSP with setup costs on cutting patterns and an one-
dimensional cutting process, which will hereafter refer to it as the MPCSPs. This research
makes important contributions in this domain. First, we present four formulations to
provide a rather complete picture of alternative formulations for the MPCSPs. To the
best of our knowledge three of these MPCSPs formulations are proposed here for the first
time in the literature, the ones inspired by the C'SP models of JOHNSTON and SADINLIJA
(2004)), DELORME and IoRI (2019) and BEN AMOR and VALERIO DE CARVALHO (2005)).
Secondly, we consider strengthening the formulations by using extended reformulations.
More specifically, we use the facility location reformulation of KRARUP and BILDE (1977)).
Although this is an effectively used method in the lot-sizing domain, its application to the
MPCSPs is not trivial due to cutting patterns. Thirdly, we present a thorough theoretical
analysis investigating the strength of various formulations given in the thesis, providing a
comparative ranking with respect to lower bounds to be expected from the formulations.
To complement our theoretical analysis with an understanding of performance in practice,
a computational analysis is provided. Moreover, in order to solve large instances of the
problem, we also propose a solution method based on the Adaptive Biased Random Key
Genetic Algorithm (ABRKGA) presented by CHAVES et al. (2018).

We remark that although the concepts of the cutting-stock and lot-sizing formulations
are used, the formulations proposed are not direct adaptations from the literature of these
individual problems. Considering the point of view of the C'SP, the inclusion of setups on
the single period case is already an area of extensive research (see Section . In this
thesis, some of the proposed formulations are presented for the first time in the literature,
even considering their simplified single period version. From the lot sizing problem point

of view, since we are considering the production of cutting patterns (which contains a
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set of items), the classical production variables of the Uncapacitated Lot Sizing (ULS)
problem had to be modified and the theoretical results for the ULS are no longer valid.
As the adaptations are not direct, an interesting problem arises, which is different from
the classical ULS and has not been fully explored in the literature. It is important to
highlight that, to the best of our knowledge, the facility location reformulation has never

been applied to such a problem, and it presents high quality lower bounds.

It is worth remarking that in the MPCSPs addressed in this study, the setup cost only
reflects the direct or indirect costs related to a setup, for example, when changeovers imply
an unavoidable loss of material (ARBIB and MARINELLI (2007))), or when several workers
are needed to perform the setup, which implies high labor cost (KOLEN and SPIEKSMA
(2000)), or when a setup involves a costly craft-work (BONNEVAY et al. (2016])). The
considered setup costs do not include penalty costs for lost production capacity, since this
should be taken into account via the introduction of setup times, which may impact time-
related parameters or indicators (such as due dates, throughput, production capacity). In
general, when considering practical applications, production capacity and its consequent
constraints must be considered when integrating cutting stock and lot sizing problems.
Since the research developed in this thesis does not consider production capacity, it is
limited to some exceptional practical applications, and it is also relevant as a relaxation

of several real problems, where production capacity is apparent.

The remainder chapters of this thesis are organized as follows: a literature review
with models and methods related to the MPCSPs, as well as a discussion regarding the
impact of setup costs, setup times and production capacity, is presented in Chapter[2 The
formulations and their descriptions are presented in Chapter [3] in the following order: 1)
a multi-period adaptation of the classical C'SP model of GILMORE and GOMORY (1961)
(denoted by AGG), 2) an extension of the C'SP model of JOHNSTON and SADINLIJA (2004))
(denoted by AJS), 3) an arc-flow extension of the ALVES and VALERIO DE CARVALHO
(2008a)) model motivated by the reflect formulation of DELORME and I0ORI (2019) (denoted
by ARE), and 4) an extension of the CSP vehicle routing problem formulation firstly
proposed by BEN AMOR ([1997) (denoted by AVR). Later, on the same chapter, we
strength the formulations using the facility location reformulation and present theoretical
results evaluating the strengths of the different formulations. In Chapter [4, the two
heuristic procedures used in this thesis are presented, namely, the column generation
technique and the ABRKGA. Two applications of the ABRKGA are proposed to solve the
MPCSPs. Then, in Chapter [f]a discussion about the computational experiments regarding

the models considering two sets of instances is presented, next, a sensitivity analysis of
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the lower bounds over the object cost is presented, followed by the computational results
regarding the ABRKGA. The chapter is then concluded with an additional experiment
combining the ABRKGA and the column generation procedure. Finally, in Chapter [6] we

make our concluding remarks and discuss some potential directions for future research.
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CHAPTER 6

CONCLUSION AND FUTURE RESEARCHES

The multi-period cutting stock problem (MPCSP) is studied in this thesis. This
problem addresses multiple periods in a finite planning horizon, the inventory of items
which comprises the link between periods, and the cutting process of objects in each
period. In this way, the decision-making of such processes might occur at different levels
of the supply chain. For instance, the planning managers are usually responsible for the
production planning of the items in order to meet the demand, whereas the machine
manufacturers perform the optimization of the cuts in the cutting process. In this work,
we proposed eight formulations for the MPCSPs, one formulation was adapted from the
literature, while seven others were new formulations proposed for the problem, four of
which were reformulations based on the facility location problem with stronger lower
bounds. A thorough theoretical study regarding lower bound strength was conducted in
order to establish a comparative understanding among these formulations. Except for
the lower bound relationship between the AGG model and the knapsack based facility
location reformulations, a dominance relation could be found for all other models. In
addition, a computational study was performed based on randomly generated instances
to evaluate the formulations in terms of computational performance and so that theoretical

relationships could be better understood.

The computational experiments were performed over two sets of instances. In the first
set, we fix the item length and vary the holding costs and the object length while in the
second, we fix the holding costs and the object length and vary the item length, resulting
in more difficult instances. For both sets of instances the integer solutions were obtained

considering the setup cost as 100 times the object cost. Regarding the upper bound
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achievements of the proposed formulations when using the first data set, the AGGFL
and AREFL* models were able to find the smallest relative gaps on 22 out of 24 classes,
with 1.77% and 2.11% on average, respectively. In addition, the AGGFL and AREFL*
models were in average always faster than their respective original formulations. As
for the second set of instances, the pattern based formulations present slight differences
on overall integer solution while AGGFL showed a better computational performance.
The AJS model obtained the best average of relative gaps for classes with small items,
however, as the instances size increase, the model could not find all feasible solutions,
whereas AV R could find more feasible solutions than AJS for all classes (though with
bigger relative gaps). The arc-flow formulations obtained, in general, the best relative
gaps for instances with medium and high item lengths, whereas AREFL* obtained the
best gaps for classes where feasible solutions could be found. In general, as the item
length becomes smaller in relation to the object length the facility location formulation
presented more difficulties in finding feasible solution for the problem. This observation
is clearer when the knapsack based models were considered, since their facility location
reformulation had difficulties even for obtaining smaller relative gaps than the respective
original formulations. In general, except for the pattern-based formulation, the arc-flow
and knapsack-based models struggle to solve medium-size instances where 6 periods and 20
items are considered. As for the lower bounds, the facility location improvement is highly
affected by the increase of the object cost value. However, all experiments showed that
the facility location reformulations improve the quality of the lower bounds. Considering
the second set of instances, the improvement ranges from 139% to 181%, when the object
cost is considered as 1, down to 0.49% to 1.59% when the cost is considered as 1000. We
highlight that Chapters 1,2,3 and 4 were partially published in SILVA et al. (2023)).

A metaheuristic based on the Adaptive Biased Random Key Genetic Algorithm
(ABRKGA) is also presented for the problem. A chromosome represented as random
item production in different periods and rules to construct cutting patterns where a de-
coder procedure uses these information to obtain a feasible cutting plan is presented. Two
different processes of encoding and decoding, D; and D5, were proposed based on differ-
ent ways of selecting the production and construct the cutting patterns for each period.
A column generation approach based on the AGG model is also used for comparative
purpose. The solution procedures where tested using the second set of instances. Three
costs Scenarios such that the setup price is 10 times bigger, equal and 10 times smaller
than the object cost, denoted here as Scenarios 1, 2 and 3, respectively, were considered

for test evaluation.
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The computational experiments show that D; and Dy outperforms the column gener-
ation technique for all instances in the classes with small items with cost Scenarios 1 and
2. Dy is the only decoder which obtained comparable results to the column generation
procedure for the classes with small items when considering the third Scenario. Compara-
ble results for the medium and high item length classes were also found for Scenarios 1 and
2 while the column generation outperforms both decoders in these classes when Scenario
3 is considered. D; is almost 3 times faster than D, and slight variation in computational
time is noted from both decoders as the object cost varies. In general, D; works better
than D, for smaller object costs while Dy works better than D; when higher costs were
considered. An additional experiment using D; and the column generation procedure is
conducted for the costs Scenarios 2 and 3. The combined procedure obtained comparable

results in all instances in better computational time for both costs configuration.

An interesting subject for future research is to extend the theoretical insights and
reformulations proposed in this thesis to cutting stock problems considering different
practical aspects, such as: several machines, capacity constraints, sequence-dependent cut
setups (ARBIB and MARINELLI (2007) and WUTTKE and HEESE (2018)), among others.
In addition, other strength strategies from the lot-sizing literature, such as shortest path
reformulation and facet defining inequalities can be extended to enhance formulations
based on cutting stock problems. The column-and-row method addressed by SADYKOV
and VANDERBECK (2013]) may also be used to generate cutting patterns considering the
facility location reformulation. Considering the capacitated case, applying Lagrangian
relaxation to the capacity constraint will result in a sub-problem similar to the one studied
in this thesis. A multi-objective approach can also be applied to analyze the complex

trade-offs present in the objective function.

As for future research regarding the ABRKGA, sequential heuristics such as the one
proposed by HAESSLER (1975)) may be adapted in the decoder since such strategies have
been proven effective to deal with items with high length. Other strategies such as imple-
menting local search and adapting the decoder to consider capacity constraints are inter-
esting topics of research. In addition, the work of CHAVES and LORENA (2021)) proposed
a BRKGA with Q-Learning algorithm (BRKGA — QL), where the BRKGA parame-
ters are set during the evolutionary process using Reinforcement Learning, indicating the
best configuration at each stage. Therefore, testing decoders under the BRKGA — QL

framework is also a research topic.

We also would like to highlight that the feature considered in this thesis, where a

cutting pattern produces several items, can be extended to several process industries,
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where the products are obtained by processes that can produce several types of products
simultaneously. These processes can be a specific mode of configuration of a production
system that can produce several different items simultaneously and in varied quantities. A
recent general discussion about it can be found in VILLAS BOAs et al. (2021)). Examples
of such process industries are: refineries (GOTHE-LUNDGREN et al. (2002) and SHI et
al. (2014))), molded pulp (MARTINEZ et al. (2018, [2019)), electrofused grains (LUCHE
et al. (2009)), foundry (DE ARAUJO et al. (2008)), offset printing industry (BAUMANN
et al. (2015)) industries, among others. In practice, industries define a list of alternative
processes as input data, and the decision is related to the selection of the processes to
be used in each period of the planning horizon. However, according to MARTINEZ et al.
(2019), for some production environments, the number of configurations might be large
and hence the complete enumeration not possible while considering only a subset of them
may lead to sub-optimal solutions. Hence, an integrated approach that considers the
process configuration together with other decisions is also an interesting avenue for future

research.



112

REFERENCES

ABsI, N., DAUZERE-PERES, S., KEDAD-SIDHOUM, S., B., P., & RAPINE, C. (2016). The
single-item green lot-sizing problem with fixed carbon emissions. Furopean Journal
of Operational Research, 248(3), 849-855.

ABsI, N., & vAN DEN HEUVEL, W. (2019). Worst case analysis of relax and fix heuristics
for lot-sizing problems. Furopean Journal of Operational Research, 279(2), 449
458.

AGRAWAL, S., SUBRAMANIAN, KR., & KAPOOR, S. (2010). Operations research - con-
temporany role in managerial decisions. Internation Journal of Recent Researches
and Aplied Studies (IJRRAS), 3(2), 200-208.

AKARTUNALL K., FRAGKOS, 1., MILLER, A. J., & Wu, T. (2016). Local cuts and two-
period convex hull closures for big-bucket lot-sizing problems. INFORMS J Com-
put., 28(4), 766-780.

AKTIN, T., & OzDEMIR, R. G. (2009). An integrated approach to the one-dimensional
cutting stock problem in coronary stent manufacturing. European Journal of Op-
erational Research, 196(2), 737-743.

ALEM, D., & MORABITO, R. (2013). Risk-averse two-stage stochastic programs in furni-
ture plants. OR Spectrum, 35(4), 773-806.

ALEM, D., OLIVEIRA, J. F., & PEINADO, M.C.R. (2020). A practical assessment of
risk-averse approaches in production lot-sizing problems. International Journal of
Production Research, 58, 2581-2603.

Avoisio, A., ArBIB, C., & MARINELLI, F. (2011a). Cutting stock with no three parts per
pattern: Work-in-process and pattern minimization. Discrete Optimization, 8(2),
315-332.



REFERENCES 113

Avorsio, A., ArBIB, C., & MARINELLI, F. (2011b). On Ip relaxations for the pattern
minimization problem. Networks, 57(3), 247-253.

ALvEs, C., CLAUTIAUX, F., VALERIO DE CARVALHO, J. M., & RIETZ, J. (2016). Dual-
feasible functions for integer programming and combinatorial optimization. EURO
Advanced Tutorials on Operational Research (Springer International Publishing).

Arves, C., & VALERIO DE CARVALHO, J. M. (2008a). A branch-and-price-and-cut al-
gorithm for the pattern minimization problem. RAIRO- Operations Research, 42,
435-453.

Arves, C., & VALERIO DE CARVALHO, J. M. (2008b). A stabilized branch-and-price-
and-cut algorithm for the multiple length cutting stock problem. Computers &
Operations Research, 35(4), 1315-1328.

ARrBIB, C., & MARINELLI, F. (2005). Integrating process optimization and inventory
planning in cutting-stock with skiving option: An optimization model and its ap-
plication. European Journal of Operational Research, 163(3), 617-630.

ARBIB, C., & MARINELLI, F. (2014). On cutting stock with due dates. Omega, 46, 11-20.

ARBIB, C., & MARINELLI, F. (2007). An optimization model for trim loss minimization
in an automotive glass plant. European Journal of Operational Research, 183(3),
1421-1432.

AtTiLA, O. N., AGRA, A., AKARTUNALI, K., & ARULSELVAN, A. (2021). Robust formu-
lations for economic lot-sizing problem with remanufacturing. Furopean Journal of
Operational Research, 288(2), 496-510.

BArANY, 1., VAN Rov, T.J., & WOLSEY, L.A. (1984). Strong formulations for multi-
item capacitated lot-sizing. Manag. Sci., 30(10), 1255-1261.

BAUMANN, P.; FORRER, S., & TRAUTMANN, N. (2015). Planning of a make-to-order
production process in the printing industry. Flex. Serv. Manuf. J., 27, 534-560.

BEAN, J. C. (1994). Genetic algorithms and random keys for sequencing and optimization.
ORSA Journal on Computing, 6(2), 154-160.

BEN AMOR, H. (1997). Résolution du probléme de découpe par génération de colonnes
[Doctoral dissertation, Ecole Polytechnique de Montréal].

BEN AMOR, H., & VALERIO DE CARVALHO, J. M. (2005). Cutting stock problems. In
G. DESAULNIERS, J. DESROSIERS, & M. M. SoLoMON (Eds.), Column generation
(pp. 131-161). Springer US.

BLICKLE, T., & THIELE, L. (1996). A comparison of selection schemes used in evolutionary

algorithms. Fvolutionary Computation, 4(4), 361-394.



REFERENCES 114

BONNEVAY, S., GAVIN, G., & AUBERTIN, P. (2016). Comparison of two metaheuristics
to solve a 2-d cutting stock problem with set-up cost in the paper industry. Int. J.
Metaheuristics, 5(1), 31-50.

Braca, N., Awvez, C., MACEDO, R., & VALERIO DE CARVALHO, J. M. (2015).
A model-based heuristic for the combined cutting stock and scheduling problem.
Lecture Notes in Computer Science, 9156, 409-505.

BrauiMi, N., ABst, N., DAUZERE-PERES, S., & NORDLI, A. (2017). Single-item dynamic
lot-sizing problems: An updated survey. European Journal of Operational Research,
203(3), 838-863.

CHAVES, A., GONGALVES, J. F., & LORENA, L. (2018). Adaptive biased random-key
genetic algorithm with local search for the capacitated centered clustering problem.
Computers & Industrial Engineering, 124, 331-346.

CHAVES, A., & LORENA, L. H. N. (2021). An adaptive and near parameter-free brkga using
reinforcement learning (tech. rep.). Universidade Federal de Sao Paulo (UNIFESP).

CHRISTOFOLETTI, M. M., de ARAUJO, S. A., & CHERRI, A. C. (2021). Integrated lot-
sizing and cutting stock problem applied to the mattress industry. Journal of the
Operational Research Society, 72(6), 1279-1293.

COTE, J. F., & Torl, M. (2018). The meet-in-the-middle principle for cutting and packing
problems. INFORMS Journal on Computing, 30(4), 646-661.

Cul, Y., YANG, L., ZHAO, Z., Tang, T., & YIN, M. (2013). Sequential grouping
heuristic for the two-dimensional cutting stock problem with pattern reduction.
International Journal of Production Economics, 144 (2), 432-439.

Cul, Y., ZHONG, C., & YAO, Y. (2015). Pattern-set generation algorithm for the one-
dimensional cutting stock problem with setup cost. European Journal of Opera-
tional Research, 243(2), 540-546.

DE ARAUJO, S. A., ARENALES, M. N., & CLARK, A. R. (2008). Lot sizing and fur-
nace scheduling in small foundries [Part Special Issue: New Trends in Locational
Analysis]. Computers € Operations Research, 35(3), 916-932.

DE ARAUJO, S. A., DE REYCK, B., DEGRAEVE, Z., FRAGKOS, 1., & JaNs, R. (2015).
Period decompositions for the capacitated lot sizing problem with setup times.
INFORMS Journal on Computing, 27(3), 431-448.

DE ARAUJO, S. A., PoLpi, K. C.; & SmiTH, J. (2014). A genetic algorithm for the one-
dimensional cutting stock problem with setups. Pesquisa Operacional, 34, 165—

187.



REFERENCES 115

DEGRAEVE, Z., & JANS, R. (2007). A new dantzig-wolfe reformulation and branch-and-
price algorithm for the capacitated lot-sizing problem with setup times. Operations
Research, 55(5), 909-920.

DEKKER, R., BLOEMHOF, J., & MALLIDIS, I. (2012). Operations research for green
logistics — an overview of aspects, issues, contributions and challenges. Furopean
Journal of Operational Research, 219(3), 671-679.

DELORME, M., & Iorl, M. (2019). Enhanced pseudo-polynomial formulations for bin
packing and cutting stock problems. INFORMS Journal on Computing, 109(3),
1-19.

DELORME, M. (2017). Mathematical models and decomposition algorithms for cutting
and packing problems [Doctoral dissertation, almal. http://amsdottorato.unibo.it/
7828/

DIEGEL, A., MILLER, G., MONTOCCHIO, E., VAN SCHALKWYK, S., & DIEGEL, O. (2006).
Enforcing minimum run length in the cutting stock problem. European Journal of
Operational Research, 171(2), 708-721.

DoosSTMOHAMMADI, M., & AKARTUNALI, K. (2018). Valid inequalities for two-period
relaxations of big-bucket lot-sizing problems: Zero setup case. Furopean Journal of
Operational Research, 267(1), 86-95.

DyckHOFF, H. (1981). A new linear programming approach to the cutting stock problem.
Operations Research, 29(6), 1092-1104.

DyckHOFF, H. (1990). Cutting and packing a typology of cutting and packing problems.
European Journal of Operational Research, 44(2), 145-159.

E1BEN, A., MICHALEWICZ, Z., SCHOENAUER, M., & E., S. J. (2007). Parameter control
in evolutionary algorithms. Lobo F.G., Lima C.F., Michalewicz Z. (eds) Parameter
Setting in Fvolutionary Algorithms. Studies in Computational Intelligence, 30, 19—
46.

EPPEN, G. D., & MARTIN, R. K. (1987). Solving multi-item capacitated lot-sizing prob-
lems using variable redefinition. Operations Research, 35(6), 832-848.

FroroTTO, D. J., JANS, R., & DE ARAUJO, S. A. (2017). An analysis of formulations for
the capacitated lot sizing problem with setup crossover. Computers € Industrial
Engineering, 106, 338-350.

FOERSTER, H., & WASCHER, G. (2000). Pattern reduction in one-dimensional cutting
stock problems. International Journal of Production Research, 38(7), 1657-1676.

Gau, T., & WASCHER, G. (1995). Cutgenl: A problem generator for the standard one-
dimensional cutting stock problem [Cutting and Packing|. Furopean Journal of

Operational Research, 84(3), 572-579.


http://amsdottorato.unibo.it/7828/
http://amsdottorato.unibo.it/7828/

REFERENCES 116

GENDREAU, M., & PorviN, J.-Y. (Eds.). (2010). Handbook of metaheuristics (2nd ed.).
Springer.

GHIDINI, C. T. L. S., ALEM, D., & ARENALES, M. N. (2007). Solving a combined cutting
stock and lot-sizing problem in small furniture industries. Proceedings of the 6th
International Conference on Operational Research for Development (VI-ICORD).

GILMORE, P. C.; & GOMORY, R. E. (1961). A linear programming approach to the cutting-
stock problem. Operations Research, 9(6), 849-859.

GILMORE, P. C.; & GOMORY, R. E. (1963). A linear programming approach to the cutting
stock problema - part ii. Operations Research, 11(6), 863-888.

GOLDBERG, D. E. (1989). Genetic algorithms in search, optimization, and machine learn-
ing. Addison-Wesley.

GOLDBERG, D. E.,; & DEB, K. (1991). A comparative analysis of selection schemes used
in genetic algorithms. Foundations of Genetic Algorithms, 69-93.

GOLFETO, R. R., MORETTI, A. C., & DE SALLES NETO, L. L. (2009a). A genetic
symbiotic algorithm applied to the cutting stock problem with multiple objectives.
Advanced Modeling and Optimization, 11(4), 473-501.

GOLFETO, R. R., MORETTI, A. C., & DE SALLES NETO, L. L. (2009b). A genetic sym-
biotic algorithm applied to the one-dimensional cutting stock problem. Pesquisa
Operacional, 29, 365—382.

GONGALVES, J. F., & RESENDE, M. G. C. (2016). Random-key genetic algorithms. Hand-
book of heuristics, 1-13.

GONGALVES, J. F., & RESENDE, M. (2011). Biased random-key genetic algorithms for
combinatorial optimization. J Heuristics, 17, 487-525.

GONGALVES, J. F., & RESENDE, M. G. (2013). A biased random key genetic algorithm for
2d and 3d bin packing problems. International Journal of Production Economics,
145(2), 500-510.

GONGALVES, J. F., & WASCHER, G. (2020). A mip model and a biased random-key genetic
algorithm based approach for a two-dimensional cutting problem with defects.
European Journal of Operational Research, 286(3), 867-882.

GOTHE-LUNDGREN, M., T. LUNDGREN, J., & A. PERSSON, J. (2002). An optimiza-
tion model for refinery production scheduling. International Journal of Production
Economics, 78(3), 255-270.

GRAMANI, M. C. N., & FRANGA, P. M. (2006). The combined cutting stock and lot-sizing
problem in industrial processes. Furopean Journal of Operational Research, 174 (1),
509-521.



REFERENCES 117

GRrAMANI, M. C. N.; FrRANGA, P. M., & ARENALES M. (2009). A lagrangian relaxation
approach to a coupled lot-sizing and cutting stock problem. International Journal
of Production Economics, 119(2), 219-227.

GRUSON, M., BAZRAFSHAN, M., CORDEAU, J.-F., & JAaNs, R. (2019). A comparison of
formulations for a three-level lot sizing and replenishment problem with a distri-
bution structure. Computers & Operations Research, 111, 297-310.

HAESSLER, R. W. (1975). Controlling cutting pattern changes in one-dimensional trim
problems. Operations Research, 23(3), 483-493.

HAESSLER, R. W. (1988). Selection and design of heuristic procedures for solving roll trim
problems. Management Science, 34, 1460-1471.

HeNDRY, L. C., Fok, K. K., & SHEK, K. W. (1996). A cutting stock and scheduling
problem in the copper industry. The Journal of the Operational Research Society,
47(1), 38-47.

HENN, S., & WASCHER, G. (2013). Extensions of cutting problems: Setups. Pesquisa
Operacional, 33, 133-162.

HERNANDEZ, W., & SUER, G. (1999). Genetic algorithms in lot sizing decisions. Pro-
ceedings of the 1999 Congress on FEvolutionary Computation-CEC99 (Cat. No.
99TH8406), 3, 2280-2286.

HorLAND, J. H. (1975). Adaptation in natural and artificial systems. University of Michi-
gan Press, Ann Arbor.

JOHNSTON, R. E., & SADINL1IIA, E. (2004). A new model for complete solutions to one-
dimensional cutting stock problems. Furopean Journal of Operational Research,
153(3), 176-183.

KANTOROVICH, L. V. (1960). Mathematical methods of organizing and planning produc-
tion. Management Science, 6(4), 366-422.

KOLEN, A. W. J., & SPIEKSMA, F. C. R. (2000). Solving a bi-criterion cutting stock prob-
lem with open-ended demand: A case study. Journal of the Operational Research
Society, 51(11), 1238-1247.

KRrARuP, J., & BILDE, O. (1977). Plant location, set covering and economic lot size: An
0 (mn) - algorithm for structured problems. In L. COLLATZ, G. MEINARDUS, &
W. WETTERLING (Eds.), Numerische methoden bei optimierungsaufgaben band 3
(pp. 155-180, Vol. 36). Birkhduser Basel.

LucHE, J., MORABITO, R., & PUREZA, V. (2009). Combining process selection and lot
sizing models for production scheduling of electrofused grains. Asia-Pacific Journal
of Operational Research, 26(3), 421-443.



REFERENCES 118

Ma, N, Liu, Y., & ZHou, Z. (2019). Two heuristics for the capacitated multi-period
cutting stock problem with pattern setup cost. Computers & Operations Research,
109(3), 218-229.

Ma, N., Bar, X., & Dong, X. (2021). Hybrid heuristic for the production replanning
problem under varying demands in manufacturing industries. Engineering Opti-
mization, 0(0), 1-18.

Ma, N., Liu, Y., ZHOU, Z., & CHu, C. (2018). Combined cutting stock and lot-sizing
problem with pattern setup. Computers € Operations Research, 95, 44-55.
MARTIN, M., YANASSE, H. H., & SALLES-NETO, L. L. (2022). Pattern-based ilp models
for the one-dimensional cutting stock problem with setup cost. Journal of Combi-

natorial Optimization.

MARTINEZ, K. P., MORABITO, R., & T0s0, E. A. V. (2018). A coupled process configu-
ration, lot-sizing and scheduling model for production planning in the molded pulp
industry. International Journal of Production Economics, 204, 227-243.

MARTINEZ, K., ADULYASAK, Y., JANS, R., MORABITO, R., & Toso, E. (2019). An
exact optimization approach for an integrated process configuration, lot-sizing,
and scheduling problem. Computers and Operations Research, 103, 310-323.

McDi1ArRMID, C. (1999). Pattern minimisation in cutting stock problems. Discrete Applied
Mathematics, 98(1-2), 121-130.

MELEGA, G. M., DE ARAUJO, S. A., & JANS, R. (2018). Classification and literature
review of integrated lot-sizing and cutting stock problems. Furopean Journal of
Operational Research, 271(1), 1-19.

MELEGA, G. M., DE ARAUJO, S. A., & MoORABITO, R. (2020). Mathematical model
and solution approaches for integrated lot-sizing, scheduling and cutting stock
problems. Annals of Operations Research, 295(1), 695-736.

MELEGA, G. M., de ARAUJO, S. A., JANS, R., & MORABITO, R. (2022). Formulations
and exact solution approaches for a coupled bin-packing and lot-sizing problem
with sequence-dependent setups. Flexible Services and Manufacturing Journal.

MEeLLouLl, A., MELLOULL, R., & Masmoubr, F. (2019). An innovative genetic algorithm
for a multi-objective optimization of two-dimensional cutting-stock problem. Ap-
plied Artificial Intelligence, 33(6), 531-547.

MOBASHER, A., & EKici, A. (2013). Solution approaches for the cutting stock problem
with setup cost. Computers Operations Research, 40(1), 225-235.

MoreTTI, A. C., & de SALLES NETO, L. L. (2008). Nonlinear cutting stock problem
model to minimize the number of different patterns and objects. Comput. Appl.

Math, 27, 61-78.



REFERENCES 119

NEMHAUSER, G., & WOLSEY, L. A. (1988). Integer and combinatorial optimization. New
York: Wiley.

NoONAS, S. L., & THORSTENSON, A. (2000). A combined cutting-stock and lot-sizing
problem. Furopean Journal of Operational Research, 120(2), 327-342.

NoNAs, S. L., & THORSTENSON, A. (2008). Solving a combined cutting-stock and
lot-sizing problem with a column generating procedure. Computers € Operations
Research, 35(10), 3371-3392.

OLIVEIRA, W. A., FIOROTTO, D. J., SONG, X., & JONES, D. F. (2021). An extended goal
programming model for the multiobjective integrated lot-sizing and cutting stock
problem. European Journal of Operational Research, 295(3), 996-1007.

PocHET, Y., & WOLSEY, L. (2006). Production planning by mized integer programming.
Springer Science & Business Media.

Porpi, K. C.; & DE ArRAUJO, S. A. (2016). Mathematical models and a heuristic method
for the multiperiod one-dimensional cutting stock problem. Annals of Operations
Research, 238(1), 497-520.

Porpi, K. C. & ARENALES, M. N. (2010). O problema de corte de estoque unidimen-
sional multiperiodo. Pesquisa Operacional, 30, 153-174.

POLTRONIERE, S. C., PoLpi, K. C., ToLEDO, F. M. B., & ARENALES, M. N. (2008).
A coupling cutting stock-lot sizing problem in the paper industry. Annals of Op-
erations Research, 157(1), 91-104.

QUEZADA, F., GIcQUEL, C., KEDAD-SIDHOUM, S., & VU, D. Q. (2020). A multi-stage
stochastic integer programming approach for a multi-echelon lot-sizing problem
with returns and lost sales. Computers € Operations Research, 116, 104865.

REINERTSEN, H., & VOsseN, T. W. M. (2010). The one-dimensional cutting stock prob-
lem with due dates. European Journal of Operational Research, 201(3), 701-711.

SADYKOV, R., & VANDERBECK, F. (2013). Column generation for extended formulations.
EURO Journal on Computational Optimization, 1(1), 81-115.

SANTOS, S. G., DE ARAUJO, S. A., & RANGEL, M. S. N. (2011). Integrated cutting
machine programming and lot sizing in furniture industry. Pesquisa Operacional
para o Desenvolvimento, 3(1), 1-17.

SHI, L., JIANG, Y., WANG, L., & HUANG, D. (2014). Refinery production scheduling in-
volving operational transitions of mode switching under predictive control system.
Ind. Eng. Chem. Res., 53, 8155-8170.

SIGNORINI, C. d. A. (2021). One-dimensional cutting stock problems with multiple period-
sapplied to the precast slab industry [Doctoral dissertation, Universidade Estadual

Paulista].



REFERENCES 120

SIGNORINI, C. d. A., de ARAUJO, S. A., POLTRONIERE, S., & MELEGA, G. M. (2022).
One-dimensional multi-period cutting stock problem with two stages applied to
lattice slab production. Journal of the Operational Research Society, -.

SiLvA, E., VIAES, C., OLIVEIRA, J. F., & CARRAVILLA, M. A. (2015). Integrated cutting
and production planning: A case study in a home textile manufacturing company.
In A. P. F. D. B. P6voa & J. L. de MIRANDA (Eds.), Operations research and big
data (pp. 213-220, Vol. 15). Springer International Publishing.

SiLvA, E., MELEGA, G. M., AKARTUNALIL, K., & DE ARAUJO, S. A. (2023). Formulations
and theoretical analysis of the one-dimensional multi-period cutting stock problem
with setup cost. Furopean Journal of Operational Research, 304 (2), 443-460.

SONG, X., & BENNELL, J. A. (2014). Column generation and sequential heuristic pro-
cedure for solving an irregular shape cutting stock problem. Journal of the Oper-
ational Research Society, 65(7), 1037-1052.

SPEARS, W. M., & DE Jong, K. A. (1991). On the virtues of parametrized uniform
crossover. Proc. 4th Int. Conf. Genetic Algorithms, R. Belew and L. Booker, Eds.
San Mateo, CA: Morgan Kaufmann, 230-236.

SULIMAN, S. M. A. (2012). An algorithm for solving lot sizing and cutting stock prob-
lem within aluminum fabrication industry. International Conference on Industrial
Engineering and Operations Management, 2012.

ToMAT, L., & GRADISAR, M. (2017). One-dimensional stock cutting: Optimization of
usable leftovers in consecutive orders. Cent Fur J Oper Res, 25, 473-489.

TRKMAN, P., & GRADISAR, M. (2007). One-dimensional cutting stock optimization in
consecutive time periods. Furopean Journal of Operational Research, 179(2), 291
301.

UMETANI, S., YAGIURA, M., & IBARAKI, T. (2003). One-dimensional cutting stock
problem to minimize the number of different patterns. European Journal of Oper-
ational Research, 146(2), 388-402.

VALERIO DE CARVALHO, J. M. (1999). Exact solution of bin-packing problems using
column generation and branch-and-bound. Annals of Operations Research, 86(0),
629-659.

VALERIO DE CARVALHO, J. M. (2002). Lp models for bin packing and cutting stock
problems. European Journal of Operational Research, 141(2), 253-273.

VAN VYVE, M., WOLSEY, L., & YAMAN, H. (2014). Relaxations for two-level multi-item
lot-sizing problems. Math. Program., 146(1-2), 495-523.

VANDERBECK, F. (2000). Exact algorithm for minimising the number of setups in the

one-dimensional cutting stock problem. Operations Research, 48(6), 915-926.



REFERENCES 121

VANDERBECK, F., & WOLSEY, L. A. (2010). Reformulation and decomposition of integer
programs (M. JUNGER, T. M. LIEBLING, D. NADDEF, G. L. NEMHAUSER, W. R.
PULLEYBLANK, G. REINELT, G. RINALDI, & L. A. WOLSEY, Eds.). Springer Berlin
Heidelberg.

VANZELA, M., MELEGA, G. M., RANGEL, S., & de ARAUJO, S. A. (2017). The integrated
lot sizing and cutting stock problem with saw cycle constraints applied to furniture
production. Computers & Operations Research, 79, 148-160.

ViLLAs Boas, B. E., CamArGo, V. C. B., & MoraBITO, R. (2021). Modeling and
mip-heuristics for the general lotsizing and scheduling problem with process con-
figuration selection. Pesquisa Operacional, 41(e200000), 1-29.

WASCHER, G., HAUSSNER, H., & SCHUMANN, H. (2007). An improved typology of
cutting and packing problems. Furopean Journal of Operational Research, 183(3),
1109-1130.

WOLSEY, L. A. (1977). Valid inequalities, covering problems and discrete dynamic pro-
grams. Annals of Discrete Mathematics, 1, 527-538.

WOLSEY, L. (1998). Integer programming. Wiley. https: //books.google.com.br/books?
id=x7TRvQgAACAA]

Wu, T., LIANG, Z., & ZHANG, C. (2018). Analytics branching and selection for the
capacitated multi-item lot sizing problem with nonidentical machines. INFORMS
Journal on Computing, 30(2), 236-258.

WUTTKE, D. A., & HEESE, S. H. (2018). Two-dimensional cutting stock problem with se-
quence dependent setup times. European Journal of Operational Research, 265(1),
303-315.

YANASSE, H. H., & LIMEIRA, M. S. (2006). A hybrid heuristic to reduce the number of
different patterns in cutting stock problems. Computers € Operations Research,
33(9), 2744-2756.

Yu, X., & GEN, M. (2010). Introduction to evolutionary algorithms. Springer London
Dordrecht Heidelberg New York.

ZHAO, M., & ZHANG, M. (2020). Multiechelon lot sizing: New complexities and inequali-
ties. Operations Research, 68(2), 534-551.


https://books.google.com.br/books?id=x7RvQgAACAAJ
https://books.google.com.br/books?id=x7RvQgAACAAJ

	Introduction
	Literature Review
	Setup costs, setup times and production capacity
	Single period cutting stock problem with setups on cutting patterns
	Multiple period cutting stock problem with setups on cutting patterns

	Problem definition and mathematical formulations 
	Adapted Gilmore and Gomory formulation (AGG)
	Adapted Johnston and Sadinlija formulation (AJS) 
	Adapted Reflect formulation (ARE)
	Adapted Vehicle Routing formulation (AVR)
	Facility Location Reformulation
	Adapted Gilmore and Gomory Facility Location reformulation (AGGFL)
	Adapted Johnston and Sadinlija Facility Location reformulation (AJSFL)
	Adapted Reflect Facility Location reformulation (AREFL)
	An alternative AREFL reformulation

	Adapted Vehicle Routing Facility Location reformulation (AVRFL)

	Theoretical strengths of formulations
	Dantzig-Wolfe decomposition for the flow MPCSPs formulation


	Solution Methods
	Column Generation
	An evolutionary algorithm for the MPCSPs
	Genetic Algorithms overview
	Randon Key Genetic Algorithm (RKGA)
	Biased RKGA (BRKGA)
	Adaptive BRKGA (ABRKGA)

	An ABRKGA for the MPCSPs
	General Overview
	Decoder 1 (D1)
	Decoder 2 (D2)



	Computational study
	Computational results for the exact solution approaches
	Computational results for the exact and heuristic solution approaches
	Lower bounds and object cost
	Computational experiments for the ABRKGA
	Additional experiment


	Conclusion and Future Researches
	References



