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Efficient Dynamic Memory Management for 
Multiprocessor Cyber-Physical Systems
Ali Ahmadinia, California State University, San Marcos, USA

ABSTRACT

Dynamicdatamanagementformultiprocessorsystemsintheabsenceofanoperatingsystem(OS)
isachallengingareaofresearch.OSsaretypicallyusedtoabstractdevelopersfromtheprocessof
managingdynamicdataat runtime.However,due to themanydifferent typesofmultiprocessor
available,anOSisnotalwaysavailable,makingthemanagementofdynamicdataadifficulttask.
Inthisarticle,wepresentahardwareandsoftwareco-designmethodologyforthemanagementof
dynamicdatainmultiprocessorsystemonchips(MPSoC)developmentenvironmentswithoutan
OS.Wecompareandcontrast themethodofsharingdynamicdatabetweencoreswithstandard
methodsandalsotostaticdatamanagementmethodsandfindthattheproposedmethodologycan
improvetheperformanceofdynamicmemoryoperationsbyupto72.94%withnegligiblepower
andresourceconsumption.
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INTRoDUCTIoN

Multiprocessor system-on-chips (MPSoCs) are popular due to their suitability for multithreaded
applications.MPSoCsarecharacterizedbythenumberofprocessors(cores)theypossess;thebus
interconnectsbetweencoresandmainmemory,and the typesofmemoriesavailable.Thiswork
focusesonMPSoCsthatdonothaveaccesstoanoperatingsystem(OS),asthisisaninterestingand
challengingareaofmemorymanagementthatisapplicabletobothacademiaandindustry.Duetothe
widerangeofMPSoCattributesandplatformsavailable,thereisnoknownOSthatcanbeusedto
manageapplicationsandmemoryforeveryMPSoCconfiguration.Furthermore,thepresenceofan
OSdoesnotalwaysimprovethedevelopmentofapplicationsforMPSoCs(Wolf,Jerraya,&Martin,
2008)andthechoiceofwhetherornottouseoneisdependentontheapplication,developmenttime,
andresources.

Forthesereasons,wefocusourattentionondynamicmemorymanagement(DMM)techniques
that can be used in MPSoCs where cores operate independently w.r.t each other, and no OS is
available.Wecompareandcontrasttheuseofdynamicandstaticdataplacementmethodsandpresent
ahardware/softwareco-designmethodologythatallowsindependentcorestoviewandaccessthe
dynamicallocationsofothercores-aprocessthatwouldnotbepossiblethroughstandardDMM
methodsalone.WedemonstratehowprivateheapscanbecomegloballysharedheapsintheMPSoC
environmentandhowDMMcanbeeasilyimplementedusinglight-weightsoftwareprotocolsand
hardware-baseddirectories.
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Wetestourproposedsolutionsusingadata-intensivefacedetectionalgorithmallowingathorough
evaluationofhowdataplacementandmanagementtechniquescanaffectfacedetectionapplications,
andevaluateperformancebasedontheimprovementofexecutiontimetheyharness.Theremainder
ofthispaperisorganizedasfollows.ThenextsectionIIgivesanoverviewoftherelevantliterature
anddistinguishesourworkfromit.ThethirdsectionformulatestheDMMproblem,andafterward,
theproposedhardware/softwareco-designmethodologyisdescribed.Thentheresultsfromourtests,
aswellasacomparisontotheliteraturearepresented.Weconcludewithfinalremarksandfuture
workinthelastsection.

RELATED woRK

Anagnostopoulos et al. (Anagnostopoulos et al., 2011)performmicrocodeoptimizations for the
DMMofanMPSoCthroughahardware-baseddual-microcodedcontroller.Adynamicmultithreaded
applicationisstaticallyanalyzedtoobtainDMMdecisiontrees,whereexplorationisperformedbased
onaconstraint-orthogonalpartitionmethodology,similarto(Atienza,Mendias,Mamagkakis,Soudris,
&Catthoor,2006;Xydis,Bartzas,Anagnostopoulos,Soudris,&Pekmestzi,2010).Variablesizedand
typesofheaps,withlocalorglobalvisibility(w.r.tothercores),canberefinedfordifferentMPSoC
topologies.However,allocationsmadetolocalorglobalheapsareatmost1500bytesinsizeand
arestoredinSDRAM.Therefore,inorderforanapplicationtomanagelargerdynamicallocations,
alargeamountofSDRAMswouldbeconsumed.

Atienzaetal.(Atienzaetal.,2006)presentamethodologyforthemanagementofmemoryand
thereductionofthefootprintofdynamicmemoryallocationsforembeddedmultimediaandwireless
applications.Fragmentationwasfoundtoimpactthememoryfootprintofsystemsandwasreduced
byapplyingtheirmemorymanagementmethodology,albeitwithanincreaseinexecutiontime.

Koutras,Bartzas,andSoudris(Koutras,Bartzas,&Soudris,2012)investigatetheuseofadaptive
dynamicmemoryallocatorstopredicttheamountofmemoryanapplicationmightwant.Runtime
informationisusedtoascertainthecurrentmemoryrequirementsoftheapplicationandthecurrent
stateofmemoryspace.Agoodnessfactorisusedtopredictfuturememoryaccessesandhowblocks
areallocated.

Xydisetal.(Xydisetal.,2010)defineadesignspaceformultithreadedDMMforMPSoCsand
exploreittofindtheoptimalsolution.Theyextendaprevioussingle-threadedDMMdesignspace
model(Atienzaetal.,2006)andcapturemultiprocessorandmultithreadeddecisions.However,the
workassumesthepresenceofanOStomanageheapsforthreadsandtheMPSoCwhichisquoted
asbeinganIntelQuadCoreMPSoCoperatingat2.66GHz,makingituncertainoftheapplicability
toembeddedsystems.

Theplatformsusedintheaboveworkareamixtureofnetworkonchips(NoCs)(Anagnostopoulos
etal.,2011),commercialdesktopprocessorsnotsuitableforembeddedsystems(Koutrasetal.,2012;
Xydisetal.,2010),andunknownsimulators(Atienzaetal.,2006).Inthiswork,wefocusonMPSoCs
implementedonfieldprogrammablegatearrays(FPGAs)withsoft-coreprocessors-processorsthat
onlyexistonlogicfabricwhenexplicitlyinstantiated.OurDMMschemeonlyfocusesondynamic
memoryoperationstoheapsthatresideinmainmemoryforthetimebeing.Ourproposedscheme
differsfromthefocusof(Bathen,Dutt,Shin,&Lim,2011),wheretheyaimtoprovidedynamic
SPMmemoryallocationsupport.

PRoBLEM FoRMULATIoN

Theproblemofsoft-coreMPSoCswithnoglobalOScanbesummarizedbythefollowingthreepoints:

1. NoOSisavailabletomanage/unifycorestogether.
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