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ABSTRACT

Thisarticledescribestheuseofsimulationtoinvestigateincipientchaoticbehaviourininventory
models. Model structures investigated were either capacity limited or of variable delay time,
implementedindiscreteandcontinuoustransformalgebras.Resultsindicatetheabsenceofchaos
foracontinuoustimemodelbutgavelimitedevidenceforchaosinbothunrestricteddiscretemodels
andthosewithapositiveordersonlylimit.Theresponseswhereinteractionwiththecapacitylimit
occurred did not confirm chaotic behaviour at odds with published results. Using the Liapunov
exponentasameasureofchaoticbehaviour,theresultsindicated,wherethedelayvariesinproportion
toorderrate,alargerfixeddelayreducedtheLiapunovexponentasdidincreasingthedependenceof
delayonorderrate.TheeffectofthemodelstructuresshowedthattheIOBPCSmodel,producedthe
largestLiapunovexponent.ReducingthediscretemodelupdatetimereducedtheLiapunovexponent.
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INTROdUCTION

Inmodernengineering,scienceandmanagementgreatuseismadeofmodelstoenablepredictionsto
bemade.Studiesofthedynamicsofphysicalandhumansystemsareusuallybasedonexperiments
andonthedecisionprocessesusedtocontrolthem.Suchstudiesofthevariationwithtimedepend
ontheinitialconditionsandontheparameterstobedetermined,usuallybyexperimentbutalsoby
theoreticalanalysis.Somedeterministicdynamicsystemshavebeenshowntobesubjecttochaotic
behavior(Drazin,1992).FawcettandWaller(2011)haveshownclearlywhyrigoroustheoretical
analysisofbusinessprocessesisasimportanttoprogressasmorepracticaldiscussions.Theyargue
fordualapproachbutwithrigorousevaluationofallresearch.Thispaperattemptstoanswerthe
questionwhetherevidenceforchaosinsupplychainsisreal.

ChaoshasbeendefinedbyWilding(1998)as“…aperiodic,boundeddynamicsinadeterministic
systemwithsensitivitydependenceoninitialconditions,andhasstructureinphasespace…”Wilding
furtheroutlinesthesetermsas:
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• Aperiodic:Thesamestateisneverrepeatedtwice;
• Bounded: On successive iterations, the state stays within a finite range and does not

approach±infinity;
• Deterministic:Thereisadefiniterulewithnorandomtermsgoverningthedynamics;
• Sensitivity to initial conditions:Twopoints that are initially closewill drift apart as

timeproceeds;
• Structure in phase space:Nonlinearsystemsaredescribedbymulti-dimensionalvectors.The

spaceinwhichthesevectorslieiscalledaphasespaceorstatespace.Thedimensionsofthisphase
spaceareaninteger(Abarbanel1996).Chaoticsystemsdisplaydiscerniblepatternswhenviewed.

Chaosisdefinedasadeterministicbehaviorofasystemgovernedbyfixedrulesinvolvingno
randomelements.Thesensitivitytoinitialconditionsissuchthataminorchangeinanyvariablemay
resultinatotallydifferentresponse.ThompsonandStewart(2002)statethatchaosisunpredictable
overlongtimescalesbecauseanytwophasespacetrajectoriesstartingclosetoachaoticattractor
will separate as they progress in time. The separation rate will depend on the largest Liapunov
exponent(Kapitaniak,1998)thatisrelatedtothesystemeigenvalues.Thephenomenonisreferred
toasDeterministicChaos.

Chaotic behavior has been found in cardiac systems (Garfinkel et al, 1992), stock market
performance(Weis,1992)andmanagementoftelephoneexchanges(ErramilliandForys,1991).

Whenamodeliscreatedofthechosensystemexperimentalmeasurementsmaybeused.The
ultimateaccuracyofexperimentsisnecessarilylimitedbothbytimeandmoneyandbythecharacter
oftheparametersthemselves.Itisthereforeimperativetodeterminewhateffectsmallchangesin
valueofparametershaveontheoverallsystemperformance.Thisnotonlyhasabearingonwhether
thesystemasdescribedbehavesasneededbuttoseeifthemodelisatruerepresentationofthe
realsystemi.e.toseehowsensitivethesystemistoparameterchanges.Areviewofthehistoryand
progressinunderstandingchaosisgivenbyThompsonandStewart(2002).

Insection2areviewispresentedofthepublishedevidencethatchaoticbehaviorexistsinsupply
chains.Theoriginalpurposeofthisresearchwastoexaminewhetherthereallimitsinaninventory
modelwerethecauseofchaosobservedinthebehaviorofinventorysystems.Thisisfollowedbyan
examinationofvariousmodelsofinventoryoftheAPVIOBPCStype(Lalwanietal.,2006)toseeif
theyincurchaoticbehavior.Theresultsofthesesimulationswillshowwhichmodelsaresusceptible
tochaosandsomeofthefeaturesthatallowchaoticstatestoexist.Someoftheobservationsmay
allowapossiblepathmanipulationtoreducetheoccurrenceofchaos.Simulationwaschosenfor
thisworksincetheconditionsarecontrollableandrepeatablewhereasobservingrealsupplychains
havetheproblemofnotbeingabletomeasurealltheparametersinvolvedandsimulatedmodels
maynotincludealltherealrelevantelements.Inthisworkwedonotincludethecostsastheseare
usuallyspecifictodifferentproductsandcompaniesandtheirinclusionwouldintroducearangeof
limitsandconditions.

Inthispaper,weexaminethreespecificareasofinventoryoperationwherenonlinearityexists
ormaybeintroduced:

1. Theapproximationsintroducedintheimplementationofadiscretemodel;
2. Theeffectsofresourcecapacitylimitsinasystem;
3. Theintroductionofvariabletimedelaysthatmaydependonothervariablesinthesystem,such

asorderrate.

SincetheAPVIOBPCSinventorymodelsareexaminedinthispaper,weexcludethepossible
caseofnonlinearinventoryorWIPgains,whicharetobeexaminedelsewhere.

In the restof thepapera review ismadeof reportedchaos in supplychains, followedbya
discussionoftheinventorymodelsusedinthiswork.Thenumericalexperimentsmadearedivided
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