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Presentation Structure
1. Brief Overview of Lot Sizing (LS)

» Some Reviews
> Variety of models and their features

2. Main Areas of Application
» Manufacturing
Food and Drink
Process Industries
Supply Chain plus innovative example
Sustainability
Agriculture
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» Data, Stability and Human issues
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Some reviews relevant to applications

» Stadtler (2005): Good applied discussion of linkage between supply
chain management (SCM) and advanced planning systems (APS).

» Jans and Degraeve (2008): Still-relevant overview on the single-level
DLSP, focusing on modelling industrial extensions.

» Copil et al. (2017): Very useful review of simultaneous LS and
scheduling problems, with good discussion of applications of GLSP
(small-bucket) & CLSP (big-bucket) and in various industries.

» Brahimi et al. (2017): Comprehensive survey of single-item DLSP
and recent extensions, including integration with other decisions.

» Tomotani and de Mesquita (2018): LSS in Brazilian Industry.

> Survey of 57 professionals.
» Companies want to maximise service level, then inventory reduction.

Scheduling of lots & setups is usually considered alongside lot-sizing.

Desire for reality implies increasingly complex models, ... but often ...
just a [stationary] bottleneck stage is modelled in multistage systems.
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Manufacturing |

Many model variants. Some recent classifications are in:

>

>

Glock et al. (2014)
Table 2 in Copil et al. (2017)

Application Examples:

| 4
>
>
>
>
>
>
>

Textiles - spinning: Camargo et al. (2014)

Textiles - knitting: Pimentel et al. (2010)

Wood floors: Tiacci and Saetta (2012)

Semiconductors: Quadt and Kuhn (2005, 2009); Xiao et al. (2013)
Sandpaper: Gupta and Magnusson (2005)

Car windshield interlay plastic sheets: Lang and Shen (2011)
Automotive breaking equipment: Hu and Hu (2016)

Personal Protection Equipment: Luche and Perhs (2016)



Manufacturing |l

Two stages: Process-type campaign planning at furnaces, then LSS at
mouding machines.

» Glass containers:
Almada-Lobo et al. (2008).
Toledo et al. (2013, 2016).
de Souza Amorim et al. (2018).

» Small metal foundries: Aradjo et al. (2008) .
Hans and van de Velde (2011). Sand mold casting only.
Camargo, Mattiolli and Toledo (2012).
Stawowy and Duda (2017).
Li, Guo, Liu, Du and Wang (2017).

> Tires: Jans and Degraeve (2004). Mould LSS only.
LS integrated with Cutting Stock:
> Paper rolls: Ledo et al. (2017)

» Furniture: Vanzela et al. (2017)
» Review: Melega, de Aradjo and Jans (2018)



Food and Drink |
Camargo, Toledo and Almada-Lobo (2012):

Many real-world problems have (quasi-)continuous production at a
1st stage,

and then a discrete manufacturing at a 2nd stage.
Examples:

Soft-drink syrups, glass, alloys and fibres are non-discrete products
(e.g, litres, tonnes, etc),

but end-products are discrete units (e.g., number of bottles, items,
yarn packages).

» Cider: Clark (2003).
Brewery: Baldo et al. (2014, 2017).

» Soft drinks: Toledo et al. (2009); Ferreira et al. (2009, 2010, 2012);
Maldonado et al. (2014); Toledo et al. (2014)

» Fruit-based beverages: Toscano et al. (2017).
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Food and Drink Il

v

Milk: Touil et al. (2016).

Yoghurt: Perishable with dynamic demand. Marinelli et al. (2007);
Kopanos et al. (2011, 2012b); Sel et al. (2015).

Ice cream: Kopanos et al. (2012a)

v

Cheese: Stefansdottir et al. (2017)

v

Tobacco: Pattloch et al. (2001)

v

Catering (Perishability): Amorim et al. (2013)



Process Industries |

Different from Manufacturing LS:

» Formulation/Recipe-based blending production, rather than of
discrete parts.

» Expensive installed capacity that is often not flexible.
> Frequently very large setup times and costs.

» Sometimes [much] larger value added at a given stage.

So LS can add significant value (Quadt and Kuhn; 2008)



Process Industries 1l

Campaign planning in process industries:
» Suerie (2005), including period-overlapping setups (Suerie; 2006)

» Forestry in Sweden: Carlsson and Rdnnqvist (2005)
(without calling it lot sizing)

Large-scale industrial continuous plants: Shaik et al. (2009)

Shipment planning at oil refineries:

> Persson and Gothe-Lundgren (2005) - seems to use LS - check.

LS and raw materials purchasing/inventory in process industries:
» Cunha et al. (2018)
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Process Industry Examples in Harjunkoski et al. (2014)

Detailed discussion of industrial aspects, including usability, interfacing &
integration, and rescheduling:

Harjunkoski et al. (2014), “Scope for industrial applications of production
scheduling models and solution methods”, Computers and Chemical
Engineering.

LS/Batching is identified as a major part of Production Scheduling.

Examples (some with LS):

>

>

>

Dairy industry: ice cream manufacturing.

Petrochemical industry, including Copesul /Braskem in Brazil.
Production optimization in a pulp and paper plant

Crude-oil blend scheduling optimization

Scheduling of drumming facility at Dow

Scheduling in an integrated chemical complex

Medium-term scheduling of large-scale chemical plants
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Emerging issues in Process Industries
from Harjunkoski et al. (2014)

Impact of:

>

vV v v v v Yy

Sustainability pressures & climate-change

— energy efficiency in process industries

Energy pricing

Raw-materials pricing

Regulation of emissions

Increasing globalisation (transportation between multiple sites)
Wealth of process/market data provided by automation.

Faster-changing markets
— shorter product lifespans
— flexible production systems

Reconciling model objective(s) with other user concerns
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Other Process Industry Examples

Pulp Processing and Paper Manufacturing

» Multi-stage LSS.
(1) Pulp & “Black liquor”,
(2a) Energy recovery, (2b) LSS in paper/carboard machine.
Santos and Almada-Lobo (2012); Furlan et al. (2015)

> 2-stage integrated LSS of Pulp then Paper: Figueira et al. (2013)
> Single-stage with cutting stock for paper: Ledo et al. (2017)

Also:
> Annealing of Steel coils in China: Tang et al. (2011)

» Petrochemicals:
Kadambur and Kotecha (2016); Ghamari and Sahebi (2017)

» Chemicals: Suerie (2005); Transchel et al. (2011)
» Pharmaceutical ingredients: Stadtler (2011)

» Biopharma: Vieira et al. (2016, 2017): LSS using a complex MIP
continuous-time formulation based on Resource-Task Network.

» Alloy production: Electro-fused grains of aluminium oxide:
Luche et al. (2009)



Supply Chains and Logistics |

Glock (2012) reviews Joint Economic LS models in the context of
integrated supply chains, such as in the car automotive industry.

Moons et al. (2017) reviews Production and Routing jointly.

Examples:

>

Bus Terminals, Seaport cross-docking, Airport check-in,: Bruno
et al. (2014).

Incoming Materials Routing and Production jointly: Hein and
Almeder (2016)

Outsourcing to third-party for processing: Ferretti et al. (2017)
Production and Logistics jointly: Chandra and Fisher (1994).

Integration of Two-stage Production Processes and Distribution of
glass containers, steel alloys, soft drinks, fibre spinning, etc: Wei
et al. (2017).
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Supply Chains and Logistics |l

» Choosing ship sizes to transport calcium carbonate slurry:
Dauzere-Péres et al. (2007)

» Joint production and distribution/routing of perishable products
Amorim et al. (2012); Li et al. (2016); Li, Chu and Chen (2017);
Qiu et al. (2018)

» Joint LS for financial investment collaboration within a SC: Marchi
et al. (2016)

» Humanitarian Logistics:
» Emerging area of research in recent years.

» Alem, Clark and Moreno (2016): 2018 Best EJOR paper award in
Innovative Applications of OR category. See next slides.

> Moreno, Alem, Ferreira and Clark (2018): Amplification and
continuation
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Humanitarian Logistics relief supply network

Relief items Evacuees
Transport resources Transport resources

O*>—<>O<>—><O§O
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Supply Nodes, eg, airport, warehouse

Recipents
sources

in need

bint dint
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Reality: Multiple Sources of Uncertainty

Victims/Recipients:
» Where are they? At which nodes in the network?
» What is their "demand” over time?

Transport:

» What networks links are operational? With what flow capacity?
Some may be partially blocked by fleeing evacuees.

» What transport resources are available, where?

> Lead times may be long, variable, ill-known.
External supplies:

» What relief items will be available when?

» Where? (at which network node?)

» Local procurement possibilities for relief?

16
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Alem, Clark and Moreno (2016) |

Scenario-based 2-stage stochastic network model, adapted from LS, to
quickly supply relief aid.

Decisions:

Stage 1 (Pre-disaster). Strategic, but focusing on prepositioning,
distribution, & fleet decisions, assuming the location of relief centers
& warehouses are well located beforehand:

» Quantity & location of prepositioned emergency aid.

» Overall capacity of each type of vehicle to deliver future aid.

Stage 2 (Post-disaster): Operational, on a rolling-horizon basis with
updated information and scenarios as the impact of the disaster
becomes clearer and fresh resources become available:

> Flow of emergency aid among network arcs.

> Number and type of vehicles required for aid distribution,
procurement issues, inventory and backlogging.
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Alem, Clark and Moreno (2016) Il

Flexible Objective: Minimize unmet needs of victims and/or:
Stage 1: costs of prepositioning emergency aid & vehicles.

Stage 2: ransportation costs & excessive inventory.

Constraints:

» Lot-Sizing: Balance the inventory and flow of relief and transport
resources over consecutive periods at each network node (supply
points, warehouses, victim locations)

» Limited amount of emergency aid that can be procured across the
relief center nodes.

» Determine the type and number of vehicles required to transport
emergency aid through the network, restricting Stage 2 use to the
fleet contracted in Stage 1.

» Keep within budget, etc.

18
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Alem, Clark and Moreno (2016) Il

Data Requirements:

» Deterministic: types of aid, location of relief centers and warehouses,
network arcs, fleet availability, capacities, lead times, unit costs, etc.

» Stochastic:

Identification of a representative set of scenarios, requiring
knowledge and experience of past or similar disasters.

For each scenario, over time: victim demand, arc availability
(damage), budget (donations, federal funding, etc.), undamaged
prepositioned supplies, incoming supplies.

Probabilities (often guestimates) of the scenarios.

Climate change may cause new scenarios to occur, for example,
flooding on a scale not seen before in many regions.
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Overview

Inputs: parameters

Characteristics (type,
size, volume,
usability)

Prepositioning costs
and capacities

Procurement costs
and capacities

Holding and
shortage costs

Supply and demand )
{  Vehicles: type,

availability, capacity,
rental costs

Routes: distances,
lead time, damage

Vehicles and routes:

lead time, shipping

Alem, Clark and Moreno (2016) IV

Stage 1: Pre-
disaster decisions

: -------- > Emergency aid flows

i
robustly over |

]

Y

:’ Stage 2: Post-
——> Transport resources flows | disaster decisions for
1 each scenario
4= |nformation flows | — s

Procurement:
Purchase
emergency aid

Distribution:
Allocate vehicles to
routes and perform
distribution

Preposition:
Amounts and
locations

Budgeting for:
Transportation and
procurement

Fleet-sizing:
Allocate/contract
vehicle capacity

Inventory and/or
backlogging of
emergency aid

Transport networks

Outputs: first and second-stage decisions



Alem, Clark and Moreno (2016) V

Research Question:
Can risk-averse models improve humanitarian operations optimized
with the risk-neutral model?

Investigated via:

Classical minimax-regret approach (MinMax): seeks to avoid
worst-case outcomes; stable, robust, but conservative.
Useful when scenario probablities are hard to estimate.

Two state-of-art risk risk measures that allow to search for
stochastically non-dominated solutions:

> Conditional Value-at-Risk (CVaR)

» Semideviation (SD)

> Both CVaR and SD use a weight ¢ € [0, 1] to trade off expected
value and risk.
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Alem, Clark and Moreno (2016) VI

Conditional value-at-risk (CVaR)
> Uses the expected cost of exceeding VaR at confidence level u (e.g.,
95%).
» VaR is the maximum possible loss if one excludes worse scenarios
whose probability is less than (1 — u) (e.g., 5%) over the horizon.

» As u increases, fewer worse scenarios are taken into account.
Semideviation (SD) measures fluctuations below the mean.

Both CVaR and SD are mean-risk models whose objective function
produce risk-neutral solutions for ¢ = 0, solutions that are totally
risk-averse for ¢= 1, or in between for 0 < ¢ < 1.
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Alem, Clark and Moreno (2016) VII

Tested with 40 scenarios and 17 instances/cases, generated with
world-wide historical data and from the 2011 floods and landslides in the
Serrana region of Rio de Janeiro state, Brazil.

Risk-Neutral Results:

> Increasing the prepositioned capacity also helps to improve the fleet
usage via contracting a smaller fleet of vehicles in Stage 1, but using
the overall vehicle capacity more efficiently in Stage 2.

Risk-Averse Results:

» SD model presents the lowest price of risk aversion, but its average
and best performances across all instances are clearly dominated by
the CVaR model in terms of unmet demand and second-stage costs.

» CVaR provides the best improvement in unmet demand and
second-stage costs in most instances.

» Minimax-regret model produces higher increase in objective values,
and fails more often in improving both unmet demand and costs,
providing the worst overall performance.
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Alem, Clark and Moreno (2016) VIII

Overall Conclusion:

But ...

Compared to the risk-neutral results, the overall trend of the
risk-averse models is twofold:

1. increasing first-stage costs

2. decreasing the standard deviation of the second-stage costs

Model can help plan and organise relief to provide good service
levels in most scenarios.

Insight into how this depends on the type of disaster and resources.

Tests provided further insights and pointers to the impact of
single-factor changes, for example, levels of pre-positioning.

Model can improve equity (fairness) in distribution by enforcing risk
aversion.

still to be used in practice in a disaster situation.
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Sustainability

>

Considering carbon emissions: Absi et al. (2013); Wang and Choi
(2016); He et al. (2015); Zouadi et al. (2017)

Energy constraints: Rapine et al. (2017)
Clean Biofuel production: Kantas et al. (2015)

Bicycle manufacturing balancing energy use with production costs:
Schenker et al. (2015)

Rest time of workers: Battini et al. (2017)

Remanufacturing: Golany et al. (2001); Teunter et al. (2006);
Retel Helmrich et al. (2014); Kilic et al. (2018).

Water Capture and Distribution: Toledo et al. (2008).

Sustainability and Recycling - Molded pulp packaging: Martinez
et al. (2016).

Section 9.5 of Brahimi et al. (2017) has a brief review.



Agriculture

Examples:

>

>

Tomato processing: Rocco and Morabito (2014, 2016a,b)

Dairy farming: Gameiro et al. (2016), with lot sizing not explicitly
identified as such.

Sugar cane:

Harvesting & Milling of Sugar and Ethanol fuel: Paiva and Morabito
(2009).

Harvesting: Junqueira and Morabito (2017)

Hen eggs: Boonmee and Sethanan (2016)

Poultry: Taube-Netto (1996).
Runner-up in 1994 Franz Edelman Prize from INFORMS.

Animal feed with non-triangular setups: Menezes et al. (2011); Clark
et al. (2014).
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Practical Issues and Implementation of Lot-Sizing

Data
> Availability
» Accuracy
» Updating — Rolling horizon?

Level of detail
> Near-term: Lot Sizing and Detailed Scheduling
» Mid-term: Lot-size Planning, maybe in Aggregate
» Long-term: Resource Allocation and Investment

So ... Operational Use? ... or Policy/Practice Insights?

Operational Use: must be more than an aid to human judgement /
intuition, so that the user finds the model to be actually useful over time
in quite different situations.



Questions for Reflection

1. What industries or applications are there for LS that were not
mentioned above? For example, can we project/adapt LS models to,
say, accounting & finance, or the health sector?

2. What value has actually been added that can be explicitly attributed
to LS?

28 /36



References |

Absi, N., Dauzere-Péres, S., Kedad-Sidhoum, S., Penz, B. and Rapine, C. (2013). Lot sizing with carbon emission constraints, European
Journal of Operational Research 227(1): 55 — 61.

Alem, D., Clark, A. and Moreno, A. (2016). Stochastic network models for logistics planning in disaster relief, European Journal of
Operational Research 255(1): 187-206.

Almada-Lobo, B., Oliveira, J. F. and Carravilla, M. A. (2008). Production planning and scheduling in the glass container industry: A VNS
approach, International Journal of Production Economics 114(1): 363-375.

Amorim, P., Belo-Filho, M., Toledo, F., Almeder, C. and Almada-Lobo, B. (2013). Lot sizing versus batching in the production and
distribution planning of perishable goods, International Journal of Production Economics 146(1): 208 — 218.

Amorim, P., Gnther, H.-O. and Almada-Lobo, B. (2012). Multi-objective integrated production and distribution planning of perishable
products, International Journal of Production Economics 138(1): 89 — 101.

Aratjo, S. A., Arenales, M. N. and Clark, A. R. (2008). Lot-sizing and furnace scheduling in small foundries, Computers and Operations
Research 35: 916-932.

Baldo, T. A., dos Santos, M. O., Almada-Lobo, B. and Morabito, R. (2014). An optimization approach for the lot sizing and scheduling
problem in the brewery industry, Computers & Industrial Engineering 72: 58-71.

Baldo, T. A., Morabito, R., Santos, M. O. and Guimar3es, L. (2017). Alternative mathematical models and solution approaches for
lot-sizing and scheduling problems in the brewery industry: Analyzing two different situations, Mathematical Problems in Engineering
2017.

Battini, D., Glock, C. H., Grosse, E. H., Persona, A. and Sgarbossa, F. (2017). Ergo-lot-sizing: An approach to integrate ergonomic and
economic objectives in manual materials handling, International Journal of Production Economics 185: 230-239.

Boonmee, A. and Sethanan, K. (2016). A GLNPSO for multi-level capacitated lot-sizing and scheduling problem in the poultry industry,
European Journal of Operational Research 250(2): 652 — 665.

Brahimi, N., Absi, N., Dauzére-Péres, S. and Nordli, A. (2017). Single-item dynamic lot-sizing problems: An updated survey, European
Journal of Operational Research 263(3): 838 — 863.

Bruno, G., Genovese, A. and Piccolo, C. (2014). The capacitated lot sizing model: A powerful tool for logistics decision making,
International Journal of Production Economics 155: 380 — 390.

Camargo, V. C., Mattiolli, L. and Toledo, F. M. (2012). A knapsack problem as a tool to solve the production planning problem in small
foundries, Computers & Operations Research 39(1): 86-92.

Camargo, V. C., Toledo, F. M. and Almada-Lobo, B. (2014). Hops hamming-oriented partition search for production planning in the
spinning industry, European Journal of Operational Research 234(1): 266 — 277.




References |l

Camargo, V. C., Toledo, F. M. B. and Almada-Lobo, B. (2012). Three time-based scale formulations for the two-stage lot sizing and
scheduling in process industries, Journal of the Operational Research Society 63(11): 1613-1630.

Carlsson, D. and Rénnqvist, M. (2005). Supply chain management in forestry-case studies at Sédra Cell AB, European Journal of
Operational Research 163(3): 589 — 616. Supply Chain Management and Advanced Planning.

Chandra, P. and Fisher, M. L. (1994). Coordination of production and distribution planning, European Journal of Operational Research
72(3): 503 - 517.

Clark, A., Mahdieh, M. and Rangel, S. (2014). Production lot sizing and scheduling with non-triangular sequence-dependent setup times,
International Journal of Production Research 52(8): 2490-2503.

Clark, A. R. (2003). Hybrid heuristics for planning lot setups and sizes, Computers and Industrial Engineering 45(4): 545-562.

Copil, K., Wérbelauer, M., Meyr, H. and Tempelmeier, H. (2017). Simul lotsizing and scheduling probl : a classification and
review of models, OR spectrum 39(1): 1-64.

Cunha, A. L., Santos, M. O., Morabito, R. and Barbosa-Pévoa, A. (2018). An integrated approach for production lot sizing and raw
material purchasing, European Journal of Operational Research pp. —.

Dauzere-Péres, S., Nordli, A., Olstad, A., Haugen, K., Koester, U., Olav, M. P., Teistklub, G. and Reistad, A. (2007). Omya
Hustadmarmor optimizes its supply chain for delivering calcium carbonate slurry to European paper manufacturers, Interfaces
37(1): 39-51.

de Souza Amorim, F. M., da Silva Arantes, M., Toledo, C. F. M. and Almada-Lobo, B. (2018). A mathematical model and heuristic
approach for the production planning in the glass container industry, Proceeding Series of the Brazilian Society of Computational and
Applied Mathematics 6(1).

Ferreira, D., Clark, A. R., Almada-Lobo, B. and Morabito, R. (2012). Single-stage formulations for synchronised two-stage lot sizing and
scheduling in soft drink production, International Journal of Production Economics 136(2): 255-265.

Ferreira, D., Morabito, R. and Rangel, S. (2009). Solution approaches for the soft drink integrated production lot sizing and scheduling
problem, European Journal of Operational Research 196: 697-706.

Ferreira, D., Morabito, R. and Rangel, S. (2010). Relax and fix heuristics to solve one-stage one-machine lot-scheduling models for
small-scale soft drink plants, Computers & Operations Research 37(4): 684-691.

Ferretti, I., Mazzoldi, L., Zanoni, S. and Zavanella, L. E. (2017). A joint economic lot size model with third-party processing, Computers
& Industrial Engineering 106: 222 — 235.

Figueira, G., Santos, M. O. and Almada-Lobo, B. (2013). A hybrid vns approach for the short-term production planning and scheduling:
A case study in the pulp and paper industry, Computers & Operations Research 40(7): 1804-1818.




References Il|

Furlan, M., Almada-Lobo, B., Santos, M. and Morabito, R. (2015). Unequal individual genetic algorithm with intelligent diversification for
the lot-scheduling problem in integrated mills using multiple-paper machines, Computers & Operations Research 59: 33-50.

Gameiro, A. H., Rocco, C. D. and Caixeta Filho, J. V. (2016). Linear programming in the economic estimate of livestock-crop integration:
application to a brazilian dairy farm, Revista Brasileira de Zootecnia 45(4): 181-189.

Ghamari, A. and Sahebi, H. (2017). The stochastic lot-sizing problem with lost sales: A chemical-petrochemical case study, Journal of
Manufacturing Systems 44: 53-64.

Glock, C. H. (2012). The joint economic lot size problem: A review, International Journal of Production Economics 135(2): 671 — 686.
Green Manufacturing and Distribution in the Fashion and Apparel Industries.

Glock, C. H., Grosse, E. H. and Ries, J. M. (2014). The lot sizing problem: A tertiary study, International Journal of Production
Economics 155: 39 — 51.

Golany, B., Yang, J. and Yu, G. (2001). Economic lot-sizing with remanufacturing options, lie Transactions 33(11): 995-1003.

Gupta, D. and Magnusson, T. (2005). The capacitated lot-sizing and scheduling problem with sequence-dependent setup costs and setup
times, Computers & Operations Research 32(4): 727-747.

Hans, E. and van de Velde, S. (2011). The lot sizing and scheduling of sand casting operations, International Journal of Production
Research 49(9): 2481-2499.

Harjunkoski, I., Maravelias, C. T., Bongers, P., Castro, P. M., Engell, S., Grossmann, I. E., Hooker, J., Méndez, C., Sand, G. and Wassick,
J. (2014). Scope for industrial applications of production scheduling models and solution methods, Computers & Chemical
Engineering 62: 161 — 103.

He, P., Zhang, W., Xu, X. and Bian, Y. (2015). Production lot-sizing and carbon emissions under cap-and-trade and carbon tax
regulations, Journal of Cleaner Production 103: 241 — 248. Carbon Emissions Reduction: Policies, Technologies, Monitoring,
Assessment and Modeling.

Hein, F. and Almeder, C. (2016). Quantitative insights into the integrated supply vehicle routing and production planning problem,
International Journal of Production Economics 177: 66 — 76.

Hu, Z. and Hu, G. (2016). A two-stage stochastic programming model for lot-sizing and scheduling under uncertainty, International
Journal of Production Economics 180: 198 — 207.

Jans, R. and Degraeve, Z. (2004). An industrial extension of the discrete lot-sizing and scheduling problem, IIE Transactions 36(1): 47-58.

Jans, R. and Degraeve, Z. (2008). Modeling industrial lot sizing problems: a review, International Journal of Production Research
46(6): 1619-1643.

Junqueira, R. d. A. R. and Morabito, R. (2017). Programming and scheduling sugarcane harvesting fronts: model and solution methods
for large-scale problems, Gestdo e Producdo . Ahead of print. English PDF at https://dx.doi.org/10.1590/0104-530X2647-16.




References IV

Kadambur, R. and Kotecha, P. (2016). Optimal production planning in a petrochemical industry using multiple levels, Computers &
Industrial Engineering 100: 133-143.

Kantas, A. B., Cobuloglu, H. I. and Buyuktahtakn, 1. E. (2015). Multi-source itated lot-sizing for ically viable and clean
biofuel production, Journal of Cleaner Production 94: 116 — 129.

Kilic, O. A., Tunc, H. and Tarim, S. A. (2018). Heuristic policies for the stochastic economic lot sizing problem with remanufacturing
under service level constraints, European Journal of Operational Research 267(3): 1102 — 1109.

Kopanos, G. M., Puigjaner, L. and Georgiadis, M. C. (2011). Resource-constrained production planning in semicontinuous food industries,
Computers & Chemical Engineering 35(12): 2929 — 2944.

Kopanos, G. M., Puigjaner, L. and Georgiadis, M. C. (2012a). Efficient mathematical frameworks for detailed production scheduling in
food processing industries, Computers & Chemical Engineering 42: 206 — 216. European Symposium of Computer Aided Process
Engineering - 21.

Kopanos, G. M., Puigjaner, L. and Georgiadis, M. C. (2012b). Simultaneous production and logistics operations planning in
semicontinuous food industries, Omega 40(5): 634 — 650.

Lang, J. C. and Shen, Z.-J. M. (2011). Fix-and-optimize heuristics for capacitated lot-sizing with sequence-depend setups and

substitutions, European Journal of Operational Research 214(3): 595-605.

Ledo, A. A, Furlan, M. M. and Toledo, F. M. (2017). Decomposition methods for the lot-sizing and cutting-stock problems in paper
industries, Applied Mathematical Modelling 48: 250 — 268.

Li, X., Guo, S., Liu, Y., Du, B. and Wang, L. (2017). A production planning model for make-to-order foundry flow shop with capacity
constraint, Mathematical Problems in Engineering 2017.

Li, Y., Chu, F. and Chen, K. (2017). Coordinated production inventory routing planning for perishable food, IFAC-PapersOnLine
50(1): 4246-4251.

Li, Y., Chu, F., Yang, Z. and Calvo, R. W. (2016). A production inventory routing planning for perishable food with quality consideration,
IFAC-PapersOnLine 49(3): 407-412.

Luche, J. R. D., Morabito, R. and Pureza, V. (2009). Combining process selection and lot sizing models for production scheduling of
electrofused grains, Asia-Pacific Journal of Operational Research 26(03): 421-443.

Luche, J. R. D. and Perhs, R. E. (2016). Lot sizing in production scheduling at a personal protection equipment company, American
Journal of Operations Research 6(05): 378.

Maldonado, M., Rangel, S. and Ferreira, D. (2014). A study of different subsequence elimination strategies for the soft drink production
planning, Journal of applied research and technology 12(4): 631-641.




References V

Marchi, B., Ries, J., Zanoni, S. and Glock, C. (2016). A joint economic lot size model with financial collaboration and uncertain
investment opportunity, International Journal of Production Economics 176: 170 — 182.

Marinelli, ., Nenni, M. E. and Sforza, A. (2007). Capacitated lot sizing and scheduling with parallel machines and shared buffers: A case
study in a packaging company, Annals of Operations Research 150(1): 177-192.

Martinez, K. Y., Toso, E. A. and Morabito, R. (2016). Production planning in the molded pulp packaging industry, Computers &
Industrial Engineering 98: 554-566.

Melega, G. M., de Aratijo, S. A. and Jans, R. (2018). Classification and literature review of integrated lot-sizing and cutting stock
problems, European Journal of Operational Research .

Menezes, A., Clark, A. and Almada-Lobo, B. (2011). Capacitated lot-sizing and scheduling with sequence-dependent, period-overlapping
and non-triangular setups, Journal of Scheduling 14(2): 209-219.

Moons, S., Ramaekers, K., Caris, A. and Arda, Y. (2017). Integrating production scheduling and vehicle routing decisions at the
operational decision level: A review and discussion, Computers & Industrial Engineering 104: 224 — 245,

Moreno, A., Alem, D., Ferreira, D. and Clark, A. (2018). An effective two-stage stochastic multi-trip location-transportation model with
social concerns in relief supply chains, European Journal of Operational Research 269(3): 1050-1071.

Paiva, R. P. and Morabito, R. (2009). An optimization model for the aggregate production planning of a brazilian sugar and ethanol
milling company, Annals of Operations Research 169(1): 117.

Pattloch, M., Schmidt, G. and Kovalyov, M. Y. (2001). Heuristic algorithms for lotsize scheduling with application in the tobacco
industry, Computers & Industrial Engineering 39(3-4): 235-253.

Persson, J. A. and Géthe-Lundgren, M. (2005). Shipment planning at oil refineries using column generation and valid inequalities,
European Journal of Operational Research 163(3): 631 — 652. Supply Chain Management and Advanced Planning.

Pimentel, C., Alvelos, F., Carvalho, J. M. V. and Duarte, A. (2010). A fast heuristic for a lot splitting and scheduling problem of a textile
industry, IFAC Proceedings Volumes 43(17): 120 — 125. 5th IFAC Conference on Management and Control of Production Logistics.

Qiu, Y., Qiao, J. and Pardalos, P. M. (2018). Optimal production, replenishment, delivery, routing and inventory management policies for
products with perishable inventory, Omega .

Quadt, D. and Kuhn, H. (2005). Conceptual framework for lot-sizing and scheduling of flexible flow lines, International Journal of
Production Research 43(11): 2291-2308.

Quadt, D. and Kuhn, H. (2008). Capacitated lot-sizing with extensions: a review, 40R 6(1): 61-83.

Quadt, D. and Kuhn, H. (2009). Capacitated lot-sizing and scheduling with parallel machines, back-orders, and setup carry-over, Naval

Research Logistics (NRL) 56(4): 366-384.



References VI

Rapine, C., Penz, B., Gicquel, C. and Akbalik, A. (2017). Capacity acquisition for the single-item lot sizing problem under energy
constraints, Omega .

Retel Helmrich, M. J., Jans, R., van den Heuvel, W. and Wagelmans, A. P. (2014). Economic lot-sizing with remanufacturing: complexity
and efficient formulations, IIE Transactions 46(1): 67-86.

Rocco, C. D. and Morabito, R. (2014). Scheduling of production and logistics operations of steam production systems in food industries:
a case study of the tomato processing industry, Journal of the Operational Research Society 65(12): 1896-1904.

Rocco, C. D. and Morabito, R. (2016a). Production and logistics planning in the tomato processing industry: A conceptual scheme and
mathematical model, Computers and Electronics in Agriculture 127: 763-774.

Rocco, C. D. and Morabito, R. (2016b). Robust optimisation approach applied to the analysis of production/logistics and crop planning in
the tomato processing industry, International Journal of Production Research 54(19): 5842-5861.

Santos, M. O. and Almada-Lobo, B. (2012). Integrated pulp and paper mill planning and scheduling, Computers & Industrial Engineering
63(1): 1-12.

Schenker, S., Steingrmsson, J. G., Borndrfer, R. and Seliger, G. (2015). Modelling of bicycle manufacturing via multi-criteria mixed
integer programming, Procedia CIRP 26: 276 — 280. 12th Global Conference on Sustainable Manufacturing Emerging Potentials.

Sel, C., Bilgen, B., Bloemhof-Ruwaard, J. and van der Vorst, J. (2015). Multi-bucket optimization for integrated planning and scheduling
in the perishable dairy supply chain, Computers & Chemical Engineering 77: 59 — 73.

Shaik, M. A., Floudas, C. A., Kallrath, J. and Pitz, H.-J. (2009). Production scheduling of a large-scale industrial continuous plant:
Short-term and medium-term scheduling, Computers & Chemical Engineering 33(3): 670-686.

Stadtler, H. (2005). Supply chain 1t and advanced pl; basics, overview and ¢
Research 163(3): 575 — 588. Supply Chain Management and Advanced Planning.

European Journal of Operational

Stadtler, H. (2011). Multi-level single machine lot-sizing and scheduling with zero lead times, European Journal of Operational Research
209(3): 241 - 252.

Stawowy, A. and Duda, J. (2017). Coordinated production planning and scheduling problem in a foundry, Archives of Foundry Engineering
17(3): 133-138.

Stefansdottir, B., Grunow, M. and Akkerman, R. (2017). Classifying and modeling setups and cleanings in lot sizing and scheduling,
European Journal of Operational Research 261(3): 849 — 865.

Suerie, C. (2005). Campaign planning in time-indexed model formulations, International Journal of Production Research 43(1): 49-66.

Suerie, C. (2006). Modeling of period overlapping setup times, European Journal of Operational Research 174(2): 874-886.




References VII

Tang, L., Meng, Y. and Liu, J. (2011). An improved lagrangean relaxation algorithm for the dynamic batching decision problem,
International Journal of Production Research 49(9): 2501-2517.

Taube-Netto, M. (1996). Integrated planning for poultry production at Sadia, Interfaces 26(1): 38-53.

Teunter, R. H., Bayindir, Z. P. and Heuvel, W. V. D. (2006). Dynamic lot sizing with product returns and remanufacturing, International
Journal of Production Research 44(20): 4377-4400.

Tiacci, L. and Saetta, S. (2012). Demand forecasting, lot sizing and schedulmg ona rong honzon basis, International Journal of
Production Economics 140(2): 803 — 814. Sixteenth internationalworkingser p ti ics, Innsbruck, 2010.

Toledo, C. F. M., da Silva Arantes, M., de Oliveira, R. R. R. and Almada-Lobo, B. (2013). Glass container production scheduling through
hybrid multi-population based evolutionary algorithm, Applied Soft Computing 13(3): 1352-1364.

Toledo, C. F. M., da Silva Arantes, M., Hossomi, M. Y. B. and Almada-Lobo, B. (2016). Mathematical programming-based approaches
for multi-facility glass container production planning, Computers & Operations Research 74: 92 — 107.

Toledo, C. F. M., de Oliveira, L., de Freitas Pereira, R., Franca, P. M. and Morabito, R. (2014). A genetic algorithm/mathematical
programming approach to solve a two-level soft drink production problem, Computers & Operations Research 48: 40-52.

Toledo, C. F. M., Franca, P. M., Morabito, R. and Kimms, A. (2009). A multi-population genetic algorithm to solve the synchronized and
integrated two-level lot-sizing and scheduling problem, International Journal of Production Research 47(11): 3097-3119.

Toledo, F., dos Santos, M. O., Arenales, M. N. and Seleghim Jdnior, P. (2008). Logistica de distribuicdo de dgua em redes urbanas:
racionalizacio energética, Pesquisa Operacional 28(1): 75-91.

Tomotani, J. V. and de Mesquita, M. A. (2018). Lot sizing and scheduling: a survey of practices in Brazilian companies, Production
Planning & Control 29(3): 236-246.

Toscano, A., Ferreira, D. and Morabito, R. (2017). A decomposition heuristic to solve the two-stage lot sizing and scheduling problem
with temporal cleaning, Flexible Services and Manufacturing Journal .

Touil, A., Echchatbi, A. and Charkaoui, A. (2016). An milp model for scheduling multistage, multiproducts milk processing,
IFAC-PapersOnLine 49(12): 869 — 874. 8th IFAC Conference on Manufacturing Modelling, Management and Control MIM 2016.

Transchel, S., Minner, S., Kallrath, J., Léhndorf, N. and Eberhard, U. (2011). A hybrid general lot-sizing and scheduling formulation for a
production process with a two-stage product structure, International Journal of Production Research 49(9): 2463-2480.

Vanzela, M., Melega, G. M., Rangel, S. and 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.

Vieira, M., Pinto-Varela, T. and Barbosa-Pévoa, A. P. (2017). Production and maintenance planning optimisation in biopharmaceutical
processes under performance decay using a continuous-time formulation: A multi-objective approach, Computers & Chemical
Engineering 107: 111 — 139.



References VIII

Vieira, M., Pinto-Varela, T., Moniz, S., Barbosa-Pévoa, A. P. and Papageorgiou, L. G. (2016). Optimal planning and campaign scheduling
of biopharmaceutical processes using a continuous-time formulation, Computers & Chemical Engineering 91: 422 — 444. 12th
International Symposium on Process Systems Engineering & 25th European Symposium of Computer Aided Process Engineering
(PSE-2015/ESCAPE-25), 31 May - 4 June 2015, Copenhagen, Denmark.

Wang, X. and Choi, S. (2016). Impacts of carbon emission reduction mechanisms on uncertain make-to-order manufacturing,
International Journal of Production Research 54(11): 3311-3328.

Wei, W., Guimares, L., Amorim, P. and Almada-Lobo, B. (2017). Tactical production and distribution planning with dependency issues
on the production process, Omega 67: 99 — 114.

Xiao, J., Zhang, C., Zheng, L. and Gupta, J. N. (2013). Mip-based fix-and-optimise algorithms for the parallel machine capacitated
lot-sizing and scheduling problem, International Journal of Production Research 51(16): 5011-5028.

Zouadi, T., Yalaoui, A. and Reghioui, M. (2017). Hybrid manufacturing/remanufacturing lot-sizing and supplier selection with returns,
under carbon emission constraint, International Journal of Production Research pp. 1-16.

36



