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ABSTRACT

Thisarticlepresentsanewmodelandanefficientsolutionalgorithmforabi-objective
one-dimensionalcutting-stockproblem.Inthecutting-stock—ortrim-loss—problem,
customerordersofdifferentsmalleritemsizesaresatisfiedbycuttinganumberof
largerstandard-sizeobjects.Aftercuttinglargerobjectstosatisfyordersforsmaller
items,theremainingpartsareconsideredasuselessorwastedmaterial,whichiscalled
“trim-loss.”Thetwoobjectivesoftheproposedmodel,intheorderofpriority,areto
minimizethetotaltrimloss,andthenumberofpartiallycutlargeobjects.Toproduce
near-optimumsolutions,atwo-stageleast-lossalgorithm(LLA)isusedtodetermine
thecombinationsofsmallitemsizesthatminimizethetrimlossquantity.Solvinga
real-lifeindustrialproblemaswellasseveralbenchmarkproblemsfromtheliterature,
thealgorithmdemonstratedconsiderableeffectivenessintermsofbothobjectives,in
additiontohighcomputationalefficiency.
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1. INTRODUCTION

Thetrim-lossorcuttingstockproblem(CSP) isan importantappliedoptimization
problem. CSP assumes a given a number of standard sizes of large objects, and
customerdemandsfordifferentquantitiesofsmallerpieces.ACSPsolutionspecifies
the number of smaller pieces cut from each large standard-size object. Of course,
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many smaller-piece cut combinations may not consume the full size of the larger
objects,resultinginsmaller,unusedremainderscalledtrimloss.Themainobjective
ofCSPistominimizethetotaltrimloss(wastedmaterial)leftoveraftercuttingall
largerobjectsnecessarytosatisfycustomerorders.Ingeneral,optimumsolutionsare
difficultforpractical,industrial-sizeCSPproblems.AccordingtoGareyandJohnson
(1979),CSPisacomplex,NP-completeoptimizationproblem.Therefore,heuristic
techniquesareusuallyusedtosolvereal-world,appliedtrim-lossproblems.

Cuttingstockproblems(CSP)areclassifiedaccordingtoseveralcriteria,butmainly
according to the dimension of the problem. One-dimensional problems (1D-CSP)
involveone-dimensional(i.e.,length)cutdecisions,asinthecuttingofpaper,fabric,
andcablerollsthathavethesamewidth.Two-dimensionalproblems(2D-CSP)involve
two-dimensional (i.e., length and width) cut decisions, as in the cutting of wood
andglass.Three-dimensionalproblems(3D-CSP)haveverylimitedapplicationsin
industryandintheliterature.However,therearefewrecentexceptions,suchasthe
3-DknapsackproblemconsideredbyBaldietal.(2012).Thispaperisconcernedwith
abi-objectiveone-dimensionalcuttingstockproblem(1D-CSP).

Dyckhoff(1990)presentsafour-criteriontypologyofcuttingandpackingproblems,
considering them as two types of “geometric combinatorics” problems related by
material-space duality. Wäscher et al. (2007) enhance Dyckhoff’s classification
and propose a five-criterion typology. According to the four-criterion topology of
Dyckhoff(1990),the1D-CSPproblemconsideredinthispapercanbeclassifiedasa
classicalcuttingstockproblemdenotedby(1/V/I/R).Here,(1)denotes1dimension,
(V)indicatesallsmallitemsmustbecutfromaselectionoflargeobjects,(I)denotes
identical(single)sizeoflargeobjects,and(R)denotesmanysmallitemsofthesame
shape.However,theclassicalcuttingstockproblemhasasingleobjective(minimizing
trimloss),whileourproblemhastwoobjectives.

One-dimensionalproblems(1D-CSP)modelsmayconsidereitherasinglegiven
sizeorafewgivenstandardsizesforallavailablelargeobjects.Mostprevious1D-CSP
modelsfocusononlyminimizingthetotaltrimlossquantity.Thispaperpresentsabi-
objective1D-CSPmodelwithonegivenlarge-objectsize,wheretheprimaryobjective
istominimizethetotalamountoftrimloss.Thesecondobjectiveistominimizethe
numberofpartiallycutlargeobjects.Minimizingthenumberofpartiallycutlarge
objectsisareal-lifeobjectiveformanycompanies,becausepartiallycutobjectsare
generallymoredifficulttoreuseorcutagain.Moreover,partiallycutstocksarenot
aseasyorprofitabletosellasuncutobjects.

An integer linear programming (ILP) model of the problem is formulated to
determine the optimum number of used large objects, and the cutting pattern for
eachlargeobject.AstheoptimumsolutionofthisILPmodelisdifficulttoobtain,
a two-stageheuristic least-lossalgorithm(LLA)isdevelopedtosolve theproblem
effectivelyandefficiently.Inthefirststage,adecreasingorderofsizeisusedtoassign
small items tocuttingpatterns inorder tominimize trim loss. If thesolutiondoes
notsatisfyaspecificperformancecriterion,thenasecondstageisrequiredinwhich
adifferentinitialorderofsmallitemsisused.Thealgorithmiseffectivelyapplied
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