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StaticStatic allocationallocation

•• SimplestSimplest case (incase (in practicepractice usuallyusually allocatedallocated inin heapheap,, butbut withoutwithout
programmerprogrammer interventionsinterventions))

•• VariableVariable isis staticallystatically allocatedallocated to ato a certaincertain locationlocation in thein the memorymemory

intint x;x;

intint ** pointer_to_staticpointer_to_static()()
{{

staticstatic intint y;y;
returnreturn & y;& y;

}}

•• RestrictionsRestrictions regardingregarding e.ge.g.. informationinformation hidinghiding, etc., etc.
•• StringString literalsliterals



StackStack

•• Home forHome for transienttransient objectsobjects
–– AllocationAllocation andand deallocationdeallocation isis automaticautomatic
–– NoNo needneed toto makemake anan explicitexplicit operatingoperating systemsystem callcall forfor

memorymemory
•• ReferencesReferences andand sharingsharing of dataof data problematicproblematic

// THIS IS NEGATIVE EXAMPLE// THIS IS NEGATIVE EXAMPLE
intint ** pointer_to_intpointer_to_int()()
{{

intint y;y;
returnreturn & y;& y;

}}
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HeapHeap

•• Home forHome for longlong--livingliving objectsobjects
–– SharingSharing isis lessless problematicproblematic thanthan withwith stackstack--basedbased variablesvariables,,

butbut errorserrors cancan stillstill occuroccur
–– LargeLarge oror globalglobal objectsobjects/data//data/variablesvariables thatthat areare neededneeded inin allall

phasesphases of theof the programprogram
•• ReferenceReference passingpassing commonlycommonly advocatedadvocated in mobilein mobile

settingsetting
•• Management ofManagement of creationcreation andand deletiondeletion requiredrequired

intint ** pointer_to_intpointer_to_int()()
{{

returnreturn new int(0);new int(0);
}}
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ManagingManaging memorymemory organizationorganization

•• PrinciplePrinciple:: UseUse thethe simplestsimplest datadata
structurestructure thatthat offersoffers thethe necessarynecessary
operationsoperations
–– ConsiderConsider linearlinear datadata structuresstructures

•• ConsiderConsider otherother meansmeans ofof benefittingbenefitting
fromfrom memorymemory layout (layout (somesome basicbasic
principlesprinciples toto followfollow))

•• ConsiderConsider packingpacking



NonNon--linearlinear andand linearlinear datadata
structurestructure

Program’s address spaceProgram’s address space

List-based data structure Linear data structure

Cache window

Cache window



BenefitsBenefits ofof linearlinear datadata structuresstructures

•• LessLess fragmentationfragmentation
•• LessLess searchingsearching overheadoverhead
•• DesignDesign--timetime managementmanagement
•• CacheCache improvementimprovement
•• MonitoringMonitoring
•• IndexIndex useuse lessless memorymemory thanthan referencereference



BasicBasic PrinciplesPrinciples

•• AllocateAllocate allall memorymemory at theat the beginningbeginning of aof a
programprogram

•• AllocateAllocate memorymemory forfor severalseveral itemsitems eveneven ifif youyou
onlyonly needneed oneone

•• UseUse standardstandard allocationallocation sizessizes
•• ReuseReuse objectsobjects ((poolpool ofof freefree objectsobjects))
•• ReleaseRelease earlyearly,, allocateallocate latelate
•• UseUse permanentpermanent storagestorage oror ROMROM whenwhen

applicableapplicable
•• AvoidAvoid recursionrecursion



ConsiderConsider packingpacking

•• UseUse compressioncompression withwith carecare
•• UseUse efficientefficient resourceresource storagestorage formatformat
•• ConsiderConsider wordword alignmentalignment

structstruct S {S { structstruct S {S {
charchar b; //b; // booleanboolean charchar b; //b; // booleanboolean
intint i;i; charchar c;c;
charchar c;c; intint i;i;

}                                      }}                                      }
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MotivationMotivation

public voidpublic void push(Objectpush(Object e) {e) {
ensureCapasityensureCapasity(); // Check slots count(); // Check slots count
elements[sizeelements[size++] = e;++] = e;

}}

public Object pop() {public Object pop() {
if (size == 0) throw newif (size == 0) throw new EmptyStackExceptionEmptyStackException();();
return elements[return elements[----size];size];

}}

•• Ok?Ok?



Stack

size

Objects stored in Stack

ObjectObject stackstack



Stack/Vector
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UpgradeUpgrade

public Object pop() {public Object pop() {
if (size == 0)if (size == 0)

throw newthrow new EmptyStackExceptionEmptyStackException();();
Object result = elements[Object result = elements[----size];size];
elements[sizeelements[size] = null;] = null;
return result;return result;

}}



RulesRules ofof ThumbThumb

•• AvoidAvoid smallsmall classesclasses
•• AvoidAvoid dependenciesdependencies
•• SelectSelect sizesize whenwhen relevantrelevant andand managemanage

vectorvector//stringstring usageusage
•• ConsiderConsider usingusing arrayarray vs.vs. usingusing vectorvector
•• UseUse stringBufferstringBuffer whenwhen possiblepossible
•• ManageManage classclass andand objectobject structurestructure
•• GenerateGenerate lessless garbagegarbage
•• ConsiderConsider obfuscationobfuscation
•• HandleHandle arrayarray initializationinitialization



ExampleExample 11

static final int SIZE = 2000;

private void arrayImp() {
numbers = new int[SIZE];
for (int i = 0; i < SIZE; i++) { numbers[i] = i; }

}

private void vectorImp() {
numberV = new Vector(SIZE);
for (int i = 0; i < SIZE; i++) { numberV.addElement(new Integer(i)); }

}

private void vectorImpSimple() {
numberV2 = new Vector(); // Default size
for (int i = 0; i < SIZE; i++) { numberV2.addElement(new Integer(i)); }

}



ResultsResults

•• ArrayImpArrayImp ((minimalminimal overheadoverhead))
–– BytesBytes: 8016: 8016
–– ObjectsObjects: 1: 1

•• VectorImpVectorImp ((integersintegers wrappedwrapped toto objectsobjects))
–– BytesBytes: 40000: 40000
–– ObjectsObjects: 2002: 2002

•• VectorImpSimpleVectorImpSimple ((failuresfailures inin guessingguessing thethe sizesize))
–– BytesBytes: 52000: 52000
–– ObjectsObjects: 2010: 2010
[Hartikainen: Java[Hartikainen: Java applicationapplication andand librarylibrary memorymemory consumptionconsumption, TUT,, TUT,

2005]2005]



ExampleExample 22
staticstatic finalfinal intint AMOUNT = 100;AMOUNT = 100;

public voidpublic void useStringuseString() {() {
String s =String s = “”“”;;
for(intfor(int i = 0; i < AMOUNT; i++) {i = 0; i < AMOUNT; i++) {

s = s +s = s + ““aa””;;
}}

}}

public voidpublic void useStringBufferuseStringBuffer() {() {
String s =String s = “”“”;;
StringBufferStringBuffer sbsb = new= new StringBuffer(AMOUNTStringBuffer(AMOUNT););
for(intfor(int i = 0; i < AMOUNT; i++) {i = 0; i < AMOUNT; i++) {

sbsb == sb.append(sb.append(““aa””););
}}
s =s = sb.toStringsb.toString();();

}}



ResultsResults

•• UseStringUseString ((simplestsimplest))
–– BytesBytes: 39000: 39000
–– ObjectsObjects: 450: 450

•• UseStringBufferUseStringBuffer ((optimizedoptimized))
–– BytesBytes: 304: 304
–– ObjectsObjects: 5: 5

[Hartikainen: Java[Hartikainen: Java applicationapplication andand librarylibrary memorymemory
consumptionconsumption, TUT, 2005], TUT, 2005]
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NamingNaming ConventionsConventions

•• ClassClass namesnames startstart withwith CC
•• KernelKernel classclass namesnames startstart withwith DD
•• TypeType namesnames startstart withwith TT
•• MixinMixin classclass namesnames startstart withwith MM
•• EnumeratedEnumerated classclass namesnames startstart withwith EE
•• ResourceResource namesnames startstart withwith RR
•• MethodMethod namesnames startstart withwith a capitala capital letterletter
•• NamesNames ofof methodsmethods thatthat cancan throwthrow anan exceptionexception endend withwith L (L (oror

LC)LC)
•• SimpleSimple gettersgetters andand setterssetters reflectreflect thethe namename of theof the variablevariable
•• InstanceInstance variablevariable namesnames beginbegin withwith ii
•• ArgumentArgument namesnames beginbegin withwith aa
•• ConstantConstant namesnames beginbegin withwith KK
•• AutomaticAutomatic variablevariable namesnames beginbegin withwith lowerlower--casecase lettersletters



DescriptorsDescriptors
•• SymbianSymbian wayway ofof usingusing stringsstrings

__L("HelloL("Hello");"); ((depreciateddepreciated exceptexcept inin demosdemos andand debuggingdebugging))
__LIT(KHelloRomLIT(KHelloRom, "Hello");, "Hello");
// String in program binary.// String in program binary.

TBufCTBufC<5><5> HelloStack(KHelloRomHelloStack(KHelloRom);   // Data in thread stack.);   // Data in thread stack.

HBufCHBufC** helloHeaphelloHeap == KHelloRom.AllocLCKHelloRom.AllocLC();  // Data in heap.();  // Data in heap.

•• GuardsGuards againstagainst overflowsoverflows

charchar userid[8]; //userid[8]; // VanillaVanilla C++C++
strcpy(useridstrcpy(userid, ", "santa.claus@northpole.orgsanta.claus@northpole.org");");

TBuf<8>TBuf<8> useriduserid; //; // SymbianSymbian
useriduserid = _= _L("santa.claus@northpole.orgL("santa.claus@northpole.org");");

mailto:santa.claus@northpole.org")
mailto:santa.claus@northpole.org")
mailto:_L("santa.claus@northpole.org")
mailto:_L("santa.claus@northpole.org")


SomeSome memorymemory layoutslayouts
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UsingUsing DescriptorsDescriptors

•• Use descriptors rather than degenerate toUse descriptors rather than degenerate to TtextTtext**
formatformat

•• UseUse TDesCTDesC& for arguments& for arguments
–– LightLight--weightweight
–– Safe (noSafe (no accidentialaccidential modifictionmodifiction))
–– Any descriptor can be passedAny descriptor can be passed

•• UseUse newnew only withonly with HBufCHBufC
–– Reserve others from stackReserve others from stack

•• Type casting is possibleType casting is possible
–– HBufC::DesHBufC::Des
–– TPtrTPtr,, TDesC::AllocTDesC::Alloc
–– HBufCHBufC **



ExceptionsExceptions

TRAPD(errorTRAPD(error,, BehaveLBehaveL()); //()); // trytry

//// ExceptionException handlerhandler
ifif ((errorerror !=!= KErrNoneKErrNone))

{ //{ // catchcatch
ifif ((errorerror ==== KErrNotSupportedKErrNotSupported) {...}) {...}
ifif ((errorerror ==== KErrUnknownKErrUnknown) {...}) {...}
}}

User::Leave(KOutOfMemoryUser::Leave(KOutOfMemory); //); // throwthrow



ExceptionsExceptions andand AllocationAllocation

•• AllAll memorymemory allocationsallocations useuse anan overriddenoverridden
version ofversion of newnew operatoroperator

c = new (c = new (ELeaveELeave)) CMyClassCMyClass();();

•• CorrespondingCorresponding methodmethod

c = newc = new CMyClassCMyClass();();
ifif (!c)(!c) User::Leave(KOutOfMemoryUser::Leave(KOutOfMemory););
returnreturn c;c;



ProblemProblem:: WhatWhat happenshappens toto automaticautomatic
heapheap--basedbased variablesvariables in anin an exceptionexception??

Stack Heap

Before an exception

Stack Heap

Memory garbaging
after an exception



CleanupCleanup StackStack –– AnAn AuxiliaryAuxiliary
DataData StructureStructure

Stack Heap Cleanup Stack

Cleanup stack enables deallocation during an exception



UsingUsing CleanupCleanup StackStack
•• AA programmerprogrammer responsiblityresponsiblity
•• OnlyOnly forfor automaticautomatic variablesvariables,, nevernever forfor othersothers

CMyClassCMyClass * c = new* c = new CMyClassCMyClass();();
CleanupStack::PushL(cCleanupStack::PushL(c))
cc-->DoSomethingL>DoSomethingL(); //... c is(); //... c is usedused
CleanupStack::PopCleanupStack::Pop(); // c(); // c
deletedelete c;c;
c = 0;c = 0;

•• ClassesClasses derivedderived fromfrom CBaseCBase getget theirtheir destructordestructor calledcalled, for, for
othersothers onlyonly memorymemory isis deallocateddeallocated

•• AlsoAlso otherother actionsactions ((e.ge.g.. CleanupStack::ClosePushL(fileCleanupStack::ClosePushL(file);));)



TwoTwo--PhasePhase ConstructionConstruction

•• CleanupCleanup stackstack cannotcannot help in thehelp in the creationcreation ofof
objectsobjects

•• ThereforeTherefore,, actualactual constructorconstructor shouldshould nevernever
failfail, and, and problematicproblematic aspectsaspects shouldshould bebe
executedexecuted onlyonly afterafter aa referencereference to theto the objectobject
hashas beenbeen pushedpushed to theto the cleanupcleanup stackstack

CDataCData * id = new (* id = new (ELeaveELeave) CData(256);) CData(256);
CleanupStack::PushL(idCleanupStack::PushL(id););
idid-->ConstructL>ConstructL();();



ShorthandsShorthands

CItem::NewLCItem::NewL() {() {
CItemCItem ** selfself = new (= new (ELeaveELeave)) CItemCItem;;
CleanupStack::PushL(selfCleanupStack::PushL(self););
selfself-->ConstructL>ConstructL();();
CleanupStack::PopCleanupStack::Pop(); //(); // selfself
returnreturn selfself;;

}}

CItem::NewLCCItem::NewLC() {() {
CItemCItem ** selfself = new (= new (ELeaveELeave)) CItemCItem;;
CleanupStack::PushL(selfCleanupStack::PushL(self););
selfself-->ConstructL>ConstructL();();

returnreturn selfself;;
}}
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SummarySummary

•• MemoryMemory relatedrelated considerationsconsiderations areare aa practicalpractical
necessitynecessity
–– EvenEven virtualvirtual machinesmachines requirerequire programmerprogrammer toto

considerconsider allocationallocation ofof variablesvariables and theand the useuse ofof
datadata structuresstructures

•• DesignDesign idiomsidioms andand patternspatterns havehave beenbeen
introducedintroduced thatthat givegive generalgeneral guidelinesguidelines
–– PreallocationPreallocation andand staticstatic allocationallocation simplifysimplify memorymemory

managementmanagement
–– LinearLinear datadata structuresstructures offeroffer severalseveral benefitsbenefits
–– DataData packingpacking as theas the lastlast resortresort

•• MobileMobile developmentdevelopment platformsplatforms assumeassume thatthat
thethe developersdevelopers areare awareaware of theof the mostmost
commoncommon pitfallspitfalls


