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ABSTRACT

Hardwoodflooring mills transfornrough woodnto several boards of smaller dimensioRgr each piece

of raw material, the system triés selectthe cutting pattern that will generate the greatest value, taking
into account the characteristics of the raw matekwever, it is often necessaty choose less
profitable cutting patterns in order to respect markenstraints This reduces production value, hiuis

the price to pay in order to satigfye market. We proposenaapproacho improve production valueWe

first use simulation on a training set of virtlmards in order to generatedatabase associating cutting
patterns toexpected productiowvalue Then,we usean optimization model to generatea production
schedule maximizing the expected production value while satisfying production constraints. The approach
is evaluated using industrial datBhis allows recovering approximately 30 % of the value lost when
using the original system.

1 INTRODUCTION

Manufacturing hardwood flooring is a constant challenge. The process involpesdemtion(each piece

of roughwood is cut to produce many pieces at the same amg)rany different cutting patterns can be

used As each piece of raw material shows different physical characteristics (wood is a natural product)
we need to carefully select the cutting pattern that will be applied to each piece of raw material in order to
maximize production value.

In industrial practicethesedecisiors aremade in reatime, one piece of raw material after another.
However, other production constraints force the system to dynamically deactivate some cutting
patterns/finished products when it detects thatgiemntitiesof a given producare too high or todow.
Therefore, current productiaystemsused by the industry are said to be reactttiey deactivate some
cutting patterns when they detect thabastraint has beerolated) instead of beingroactive
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In this study, we used simulation and an optimization mtuleValuate @roactiveapproachResults
show it would lead to considerable benefits for the industry

The ramainder of this paper is organized as follows. Section 2 introduces some basic concepts
concerning the hardwood flooring industry as wellresuse of simulation and optimization in fbeest
products sectorSection 3 introduces our proactiapproach, the methodology and the optimization
model developed to support Einally, we apply the methodology to a casedyin order to show the
relevance of our approach (Section 4).

2 PRELIMINARY CONCEPTS

21 Hardwood Flooring Transformation Process

Hardwood flooring mill transforms eagbugh-woodboard (raw material) into several boards (finished
products) of smaller dimensions with variable grade and lengtls @ coproduction process with
divergentproduct flow). The process is detailed Figure 1. For a given production shjfea batchof
boards (1) showing similar characteristics (e.g. specie, thickne$s) processed The bundle is
unstacked?) and eaclindividual board(3) is scannedising cameraand captors. Data is analyzed i@)
order to geta parametricatlescription(quality, measurement, position of the defects, etof.gach
board (5).Finally, the “optimizer” seled (6) the best cutting pattesn(8) among a set of available
standarctutting patterns?) providedby the mill. The board is then cut according. (Similar products
are packed (1Gapgether
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Figure 1: Current hardwood cutting process.
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The system always selects the cutting pattern that will generate the greatest value, taking into account
the real dimensions of the boards as well as defects, their natures, their positions, their dimensions or even
color seen on the board. However, in ttedwood flooring industry, companies must respect different
sets of constraints. As a simple example, each box must contain boards showing an appropriate mix of
lengths.Similar constraints exidor color variations and other characteristics, &gtimizing only the
value of each individual board would not satisfy market and packaging constraints.

Consequently, the “optimizer” is sometimes obliged to chtesseprofitable cuttingatterns in order
to respect production constraints (12) (e.g. if until now X% of the boards are “long”, then cutting patterns
containing this product need to be deactivated for a while). Therefore, the set of available cutting patterns
is dynamically and continuously modified (11) according to recent decisions st&8tics

22 Drawbacks

Adjusting the production in real timeach time a constraiitas beerviolated has a biginfluence on
valudprofits. Ore explanation is that the system is totally blitut what to expect next.

Hereis a simplified casdo picturethis. Let's suppose there atlreedifferentfinished productshat
can be produced (highly profitable), B(profitable) andC (less profitable). Cutting patterns are defined
suchthatfor one giveninput board, we can produegher“A and C”, “B and C” or “only C”. We also
have some market constraints: there shdalsho more than 20% of and 50% of Bin the overall
production. Thus, the system starthe production trying to produce onhA“and C” till the first
constraintis violated(no more than 20%of product A. As a consequencéhe system willthen start
producing B and C” till the next constraint is violatl fio more than 50% of produ&). The system is
then obligedo produce bnly C” till A or B is no longerconstrainedHowever,knowing howthe raw
material looksit would have been much more profitable to produce a miAdarid C" and “B and C”
from the beginning, rather thaometimes thiave to produce “onl¢”.

To overcome this, we will propose in Section 3 a proacygroach that explasimulation in order
to forecast production, thus allowing optitnig the use of the different cutting patteinsadvance. @er
authorshaveused simulation and optimization for other decision problems in the forest.Jé@ nex
section provide a quick overview cdome of theseontributions

2.3  Combining Simulation and Optimization in the Forest Products Industry

In the forestproductsindustry, simulation is often used to get information whicthen usedo feed
decisionmaking modelsSinclair and Erasmus (199yoposedan approachbasedon simulation and
linear progranming for operationplanning in sawmillsThey use simulation (SIMSAW software) to get
data about different trees/logsitting patterns. Usinghis dataas input in their toohelpsto realize
operational planning.

For a SouthAfrican forestproducts supplghain Wessels et al. (200&)evelogd a package called
“Sawmill Production Planning Systénit combines linear and mixed integer prognaimg techniquesn
order b make operational, tactical or strategic planningooést harvesting and sawmillingperations
using SIMSAW simulation results.

Recently, Wery et al. (2014)proposed a decision-making framework for tactical planning of a
sawmill. This framework is used to decide if a customer demand faw producshould be satisfied
and if so, at what price. When introducing a new product to the normal mix of products, coproduction and
divergent flow make# really hard to know what the new proportion of each prodbould be irthe
new mix of products. The fnaework uses simulatiorOptitek log breakdown simulafpto create data
about the overall production when the new product is introdutleid. datafeeds atactical planning
optimization model which gives the mix of products that should be produced at each period.
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However, these works concern the log breakdown decision problem (transforming trees into rough
pieces of wood) wherea#n our study we are interested in secondary transforméttiansforming each
rough piece of wood intmany boards that can beed for flooring).

Simulationis also used to compare several plan@ipgroachedn Feng, D’Amours, and Beauregard
(2010) simulationis carried on to compare different planning approadbesn Oriented Strand Board
(OSB) company. Different mixed integer progranMiF) are used to generate the plans and they are
compared using simulation.

Simulation can also be used to verify if a plan given by an optimization model is adequate
Jerbi et al. (2012j)irst make a tactical plan using an optimization model for a complex lumber supply
chain Theythenuse simulation to verify the impacts of the tactical planning at the operaliwedl
Marques et al. (2013hvestigate the potential of combining optimization techniquiéis a discrete event
simulator in order to realize the operational planning of forest harvesting and of raw material sawmill
supplies. Tiey generate optimized plans (scenarios) that are then simulated with a discrete event
simulator in order to evaluate the dynamic behaviafrgplanned operations. They ugerformance
indicators to compare scenarios.

Other authors like Todoroki and Ronnqvist (1968)Nessels (2009)se optimization combined with
simulation in the forest products industnAs an example (Todoroki and Rénngvist 20Q2use a
simulation model with dynamic pregmming in order to choose, among a fetrnategiesthe best onéhat
will satisfy a certain demandith as littleraw materialas possiblen order to limit overproduction of
some less needguiofitablefinished products.

Combining multiagent simulatiorwith optimization methods in order to plan production has been
tried in the forest products industag well (Frayret et al. 2007, SarEulalia, D'’Amours, and Frayret
2012, Gaudreault et al. 2010).

Finally, others have used simulatiogsultsto train aneural netwrk and use iaftewardfor decision
making (e.g. Alifantis and Robinson 2001). In the approach proposed in the next section, simulation
results are used to feed an optimization model gbatrate a production schedul&his is a classical
approach to integrate simulation and optimization (see, for example, Liu and Takakuwa 2009).

3 PROPOSED APPROACH BASED ON SIMULATION AND OPTIMIZATION

In this section, we propose the use of simulation ameptimization model to develop groactive
approactfor hardwood cutting decisiomaking. Simulating the cutting decisiomaking process by using
the real systemt‘offline” (this was made easgs the manufacturer of the equipment CRIQ,
http://www.crig.qc.ca/ent gave & access to the source caafetheir machine)we trainour system in
order to be able to foresee the impact of deactivating/activating cutting patterns. With this information
hand, we then estabh a production schedulesing alinear optimization model we developdtiat is
expected toprocess futuréboards in amanner that will maximize production value while satisfying
production constraints.

3.1  Description of the Proposed Approach

Figure 2 describes the simulation/training proce¥¢e assume we dispose afdatdase of board

images (17)previously processedithin the real production system. Themhile offling the systenis

usedto process the boards from the database (the system has no idea it is not processing real boards)
Then, vwe process all the boards anottiare, this time deactivating production constraints (i.e. allowing

all cutting patterns at any time). Tralows measuing the value that is lost when one needs to satisfy
production constraints. Furthermome can process the database again and again, each time allowing the
system to use a different set of cutting patterdss Rllows us to measutbe impact ofdeactivating

some specific produst(that is, the expected productitm be obtaired when a givenset of cutting

patterns is available].hese expected product®are recorded io a database (13).
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Figure 2: Using the system offline to create an expected production database.

With this information learned from the training datahase then tryto establish a production
schedule that is expected poocessnew boards (boards im testingdatabasein a manner that will
maximize production value while satisfying production constraints. This production schedule will specify
the percentage of production time during which each set of cutting patterns should be activated.

Figure 3 illustrates this process. Solving a linear optimization probléid), we can make a
production schedule (15) which maximizes the expected production value accordhgexpected
production (13)and production constraints (12). The production schedule (15) considers the production
shift as separated in time slots. For each time slot, the schedule specifies the set of cutting patterns (7) that
should be activated (1df. the production constraints database (12) is empty, the generated schedule will
contain only one time slot for which all cutting patterns are activated &ma#f. If some production
constraints need to be satisfied (actuatatis always the case) tteehedule specifies how much time
we should produce with all cutting patterns activated, as the following cutting patterns
activations/deactivations temporal sequence.
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Figure 3: Executing the production schedulestablished usingnformation learned during the
training/simulation phase.
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3.2  Optimization Model
The model (14) used to generate the schedyeeiented in this section.

Sets:
A Set of available cutting patteras
P, Set of products f which constraint apply

PP»¢  Set of products p used as a base for the computation of proportion in constraint c

cunt Set of constraints which are based on number of produced units

C"™  Set of constraints which are based on length of produced units

C™" " Set of constraints which are based on proportion (in units) of production
C¥end et of constraints which are based on proportion (in length) of production

Parameters:

n Number of boards available as raw material input
ly Length of product p

Vp Price of product p

g™  Minimal value for constraint ¢

g™ Maximal value for constraint c

Op.a Quantity of product p produced when applying cutting pattern a to one board of raw material
Variables:
E, Number of times cutting patterniaused

Objective function:

Maximize > Y E, o, .V,

acA psP

Constraints:
Constraint on raw material availability:

Y E,<n

acA

Constraint on the produced quantities if the constraint type is based on number of produced units:

g:’nin SZZ gqp’a < g:uax Y Ce Cnnit

acA peR
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Constraint on the produced length if the constraint type is based on length produced:

0" <D D BGals g Ve O

acA psR

Constraint on the produced quantities if the constraint type is based on proportion of produced units:

g?‘”(Z 2 anp,ajézz E . < g;w(z Y E q,a] I

acApe F%base acA peR acApe F,Cbase

Constraint on the produced length if the constraint type is based on proportion of length produced:

g?m(z Z anp,alplszz E-lqp,alpS g:ax{z z Eg. |DJ V ce Cllength

ac A pe pPase acA peR ac A pepPase

4 EXPERIMENTS

We had access to a database containing 389 boarddivitled the database into two sets: a training set
(1/3 of the boards) and a testing set (2/3 of the boards). The training set was used to feed our simulation
setup described ifection3 and Figure 2.

Each board of th#aining set was processeadingeach of the 39 differerstets of cutting patternse
were provided with. This allowed us to generate the expected production database (see 13 on Figure 2

We used this databage feedthe mathematical programing model We an the model using Cplex
in order to generate a schedule that was expected to negleicpon constraistof the company while
maximizing the expected production value. We then simulated the execution of this scheekilgute
3). Boards from the teistg set areused as raw material ltlge system which activatieeactivategutting
patterns according to the schedule.

We performed 10 different replicatigresach timetestingthe approaches using different training and
testing sets of board3able 1 presents the results. All numerical results are scalptesentyearly
results (supposing an average mill having an annual capacity of 60 million lingar feet

In order to provide a base case, we also processed the boards from each test set using the original
reactive system. We can see in Table 1 that our approach increases value by $ 116 805 ®%2 213
confidence interval) in comparison with the base case (the dekigmr case study conformsith the
criteria of Common Random Numbers).

We also processed the boards of each testing set in a setup where all the cutting patterns were always
available (i.e. without having to respect production constraints). Thus, weabkrdo establishhat
meeting production costs $ 235 630 + 54 48#f year ¢ompared tothe kase case). This miin
perspective the performance of our proposed approach: it allows capturing around 32 % of the maximum
theoretical gain (Improvement [Maximum theoretical gain- generated value of originakactive
system])

The relative gainlmprovemenfOriginal systerh can seem to be modes$t,3%) but one neesito
consider that profit margin in this industry may be quite small (less than 4d%@chievig such an
improvement without investment inew machinesor reorganization of the plaris a significant
improvement.
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Tablel: Results of the experiments.

N Mandatory to meeting production constraints
ot
mandatoryto
ron;ﬁg»:ion Origir_lal Proposed approach
Dataset # (E)onstraints, Si?g\r;e Percintage
: 0
gevr;irjaeted gevr;?lrjzted G?/r;?l:gted Improvemen{ maximum
($ / year) $/year) | ($/year) ($/ year) theg;cierflcal
captured
1 40 622 620| 40 293 681 | 40 524 459 230 777 70 %
2 40 179 358| 39967 074 | 40 064 673 97 599 46 %
3 41084 440, 40868 634 | 40 984 682 116 048 54 %
4 40 114 124| 39 922 665 | 40 080 639 157 974 83 %
5 41332189 41107 996 | 41 259 215 151 220 67 %
6 40 887 980| 40569 717 | 40 753 353 183 635 58 %
7 41 087 800| 40858 004 | 40 967 532 109 528 48 %
8 41390447 41321092 | 41 197 421 -123 670 -178 %
9 40 098 913| 39 788 523 | 40 052 801 264 279 85 %
10 41114 095| 40858 276 | 40 838 934 -19 342 -8 %
Average 40791197 | 40555566 |40672371 116 805 32 %
Half width 360 041 382 740 334 192 82 213

When we lookd at the production schedule generdbgdhe mathematical model, we ndthat the
expected value&nticipated by the mathematical mgdate quite similar to the result®btained when
executing the schedu(e difference of more or les&Bon average)lhis leads us to beliewbatthe size
of our training set issufficient to anticipate whahe productiorwill be with another set of boardghe
test sets)However, fotwo datasets (#8 and #1@)e value generated by the original reactive system was
better tharfor the proposed approachhisis explained by the fact that, for these replications, the original
systemapplied to the test sefomecutting patternshat wee not available to us when we processed the
training set (we trained using @nB9 sets of cutting patterns)herefore, we believe that training with
more than 39 sstof cutting patterns (e.doy extracting cutting patterns from historical data of the
company) could improve the results.

Finally, although experimenting with the 389-board database allowedching significant
improvementsthe extrapolation to estimate an annual valueuld be intgreted carefullyWe cannot
be surethose389 boardsare really representative of the real raw material supply of the compamy.
evaluation of the systemith a larger database would be needed.
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5 CONCLUSION AND FUTURE WORK

Cutting decisions for processiewolving coproduction are almost always done in real time, one piece of
raw material after anotheBome cutting patterns need to be activateactivatedn real time to meet
market/production constraints. This reduces productadne but it is the pgce the industry is willing to
pay in order to satisfy market/production constraints.

Our case study showed that making use of simulation to gain a better knowledge of the raw
materialcutting pattern productioyield, and using that information in production scheduling may lead to
an improvement (in produced value) in the order &fi 805 + 82 213yearfor an average hardwood
flooring factory. This represents approximately 32 % of maximum theoretical gain

In order to further improve the performance of our scheduler, we would like to increase the number of
cutting patterns considered in the training phasmvever, the number of such potential sets of cutting
patterndgs very large and it is numerically impossible to consider them atlf@ure work vill provide a
methodology to find the sets of cutting patterns that should best meet the production constraints without
having to simulat all ofthe possible sets.

Other experiments witlarger boardlatabases will beonductedhs well.
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