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Yongquan Yan, School of Statistics, Shanxi University of Finance and Economics,, Taiyuan, China

ABSTRACT

StudiesofsoftwareagingproblemsareimportantsincetheyarerelatedtoQoS.Previousstudieshave
usedmanymethodstoguaranteeQoS.Inthisarticle,arecurrentself-organizingmapwithmulti-
layerperceptronisproposedtoforecastresourceconsumptioninawebserverwhichsufferedfroma
softwareagingproblem.First,aresourceconsumptionseriesinawebserverissplitintopdimensional
spacevectors.Second,thesplitseriesisclusteredintolocalsetsbyusingarecurrentself-organizing
map.Last,alocalpredictionmethodcalledmulti-layerperceptronisusedtopredictoneachlocalset.
Theresultsindicatedthattherecurrentself-organizingmapwithmulti-layerperceptrongeneratesa
slightlybetterestimationthanmulti-layerperceptronandautoregressiveintegratedmovingaverage
intheresourceconsumptionpredictionsofsystemandapplicationlevelofwebserver.
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INTROdUCTION

Asincreasingsoftwarecomplexity,somephenomena,suchasperformancedegradation,unplanned
downtime,havebeenfoundinmanysystems:operatingsystem(Cotroneo,2010),webserver(Grottke,
2006),communicationsystem(Hoffmann,2007),androidsystem(Huo,2018),streamprocessing
system(Ficco,2018),andsoon.Thesephenomenaarecalledsoftwareagingproblems(Varasteh,
2017),whichareinfluencedbymanyfactors,suchasmemoryleak,unreleasedfileconnection,round-
offerrorduetosoftwarebugs.Softwarebugscanbeclassifiedintotwotypesofbugs,Mandelbug
(Grottke,2007)andBohrbug.SoftwareagingbugismainlyinvolvedinMandelbugwhichcanbe
hardlyreproducedinthesamesituations.So,thetraditionaltolerancetechnologies,suchasmultiple
replicas,cannotsolvethesoftwareagingproblems.Theseproblemscanbesettledbyamethodcalled
softwarerejuvenation,whichreboot thesoftwaresystemsufferedfromsoftwareagingproblems,
cleantheinternalstatesandmakethesoftwaresystementerintoafreshstate.

Themainmotivationforsoftwareagingandrejuvenationresearchisthedesiretofindsoftware
agingphenomenoninadvanceandmakeasoftwaresystementerintoarobuststatewithahighservice
quality.Sinceresourceconsumptionisakeyfactortoinfluencesoftwarestateandsoftwarestate
canberepresentedastimeseries,manystudiesconcentrateonbuildingaseriesprocessingmodelto
forecastthefutureeventsofsoftwarestate.

Aresourceconsumptionseriesiscomposedofanaturalmeasurementorobservationprocess
whichismadesequentiallyintime.Allkindsofmethods,whichcanbeclassifiedintolinearmethods
andnonlinearmethods,areusedtoforecastresourceconsumption.Amongvariouslinearmethods,
autoregressiveandautoregressiveintegratedmovingaverage(inabbreviatedform,ARIMA)(Box,
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1970)modelsarethemostusedapproachesinpractice.Althougharesourceconsumptionseries
ownslinearcharacteristicsinashorttimespan,itshowsnonlinearfeatureinthelongrun.Artificial
neuralnetworkmethods,whicharebiologicallyinspiredmodelsthataretypicallymadeupofsimple
connectedcomputingunitsinsomeways,aremostusednonlinearmethods.

Also,linearandnonlinearmodels(Zhang,2018)canbedividedintoglobalandlocalmodels
bythemodelingprocess.Inglobalmodels,onlyamodelisusedtotrainthecollecteddata,such
asautoregressivemodeland radialbasis functionnetwork.Globalmethodsgive thebest results
with stationary resource consumption series.However,when the resource consumption series is
nonstationary, it isdifficult tofindasuitablemodelandoftensomemethods,suchasdifference
method,canbeusedtomaketheseriesstationary.

In the past years, local methods, such as self-organizing map, have arisen enough interest,
sincetheycansolvesomeproblemsintheglobalmethods(Singer,1992).Inthelocalmethods,the
datasetisdividedintosomesmallerdatasetsandthesedatasetsareexecutedwithsomeclusteringor
quantizationalgorithmssuchask-meansorneuralgas.Afterclusteringthedata,thelocalmethod
isusedtotrainthelocaldata.

Inordertotrainthemodel,awindowmethodisusedtodividetheresourceconsumptionseries
intoinputvectorswhichareusedasinputvariables.Thus,thelengthofthewindowinfluencesthe
modelpredictionprecision.Whentheresourceconsumptionseriesisstationarywithcertaintimelag,
dividingthedatawithawindowcannotlosetoomuchinformation.Whentheseriesisnonstationary,
choosingaproperwindowlengthisverydifficultandthisisaconsiderableproblemforglobalmodels.

In this work, we propose a new method based on recurrent self-organizing map (RSOM)
architectureanduseittoimprovetheprecisionsofresourceconsumptionsufferedfromsoftware
agingproblems.RSOMisappliedtoclusterresourceconsumptiondatatothelocaldatasetsanda
nonlinearmethodisusedtofitthedatabasedonthelocaldatasets.Comparedtotheothermethods,
theproposedmethodinthisworkcantracethepastinputvalueswitharecurrentnetwork,which
meansthatthetemporalcontextcanbesavedandusedinthetrainingprocedure.Therestofthepaper
isorganizedasfollowing.Insectiontwo,relatedworkisdiscussed.Insectionthree,thenewmethod
isproposedandexplained.Insectionfour,theexperimentisintroducedandthepredictionresultsof
theproposedmethodarecomparedwithlinearandnonlinearmethods.Inthelast,conclusionsand
discussionsaremade.

ReLATed wORK

Inordertofindsoftwareaginginadvance,themeasurement-basedapproachesareusedtodetermine
whichpartsofsoftwaresystemsareinagingphenomenabasedonperiodicallycollectingdifferent
typesofsoftwaresystemmetricssuchasmemoryusage,CPUconsumption,responsetime.Timeseries
analysismethodsforsoftwareagingproblemsareusedto:(1)detectthepresenceofadegradation
trend;(2)predictthekeysoftwaresystemmetricstofindsoftwareagingaheadoftime.Sometrend
detectionalgorithms,suchasMann-Kendall(Garg,1968)andSeasonalKendalltest(Sen,1968;Theil,
1992)wereusedtodetectsoftwareagingemergence,whenhypothesistestscanbeaccepted.Since
anydistributionassumptionsonthedataarenotmade,thesemethodsarenon-parametrictestsand
morerobusttooutlierscomparedtoparametrictests.However,Mann-Kendalloftencombinedwith
SeasonalSen’strendestimationalgorithmsufferedfromsomefalsealarms(Zheng,2014;Machida,
2013)andwassuitableforlineartrendsonly,sensitivitytonoiseandhighcomputationalcomplexity.

So,sometime-seriesandmachinelearningalgorithmsareusedtoforecastresourceconsumption,
whichisakeyelementforsoftwareagingoccurrence.Lietal.(2002)usedARMAmodelstopredict
resourceconsumptioninApachewebserver.Magalhaesetal.(2010)proposedaframeworktodetect
abnormalphenomenabyusingARIMAandHot-Winters.Atrun-time,allcollectedrunningparameters
aretrainedandpredictedbyARIMAandHot-Winters.However,thesemethodshaveanassumption
thattimeseriesdataarelinear,whichcanhardlyfindinrealsituations.Machinelearningapproaches
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