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Object-OrientedDesign[2]

Object-orienteddesignisamethodofdesignencompassingtheprocessof
object-orienteddecompositionandanotationfordepictingbothlogicaland
physicalaswellasstaticanddynamicmodelsofthesystemsunderdesign.
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Classification[7]

object−oriented object−basedclass−based

+ classes

+ in
h

eritan
ce
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Object-Based

•impliesthecapabilityofdataabstraction

–methodsprovideaccesstoattributes
–attributesrepresentinstancevariables

•methodsdefinetheobject’sexternalinterface

–similartoanabstractdatatype(ADT)

object

method

attribute

•objectsareuniqueinstances,havingonlyincommontheneedformemory
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Class-Based

•objectsareinstancesofclasses

–aclassdefinesasetofcommonproperties
–propertiesareattributesofaclass
–classesmaybecomparedtotypes

•ameta-descriptionspecifiestheinterface

–describingauniformmanagement
–indicatingfurtherdataabstractions

class

methods

instances

•dependingontheprogramminglanguageemployed,aclassmaybeanADT
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Object-Oriented

•impliesthecompositionofabstractdatatypesonthebasisofinheritance

–newclassesareconstructedbythereuseof(an)existingclass(es)
–propertiesoftheexistingclass(es)areinheritedtothenewclass
–anewclassaddspropertiesand/orredefinesinheritedproperties

•objectsinstantiatedfromclassescomposedinthatwayarepolymorphous

–accordingtotheclasshierarchy,asingleobjectrelatestoseveralclasses
–theobjectwillbetypecompatibletomorethanoneclass

•inheritanceallowsforthespecializationoftheinheritedclass(es)

Operating-SystemEngineering—ObjectOrientation5



ObjectOrientation=Objects+Classes+Inheritance

•anobject-orientedprogramminglanguagemustprovidelinguisticsupport

–itmustenabletheprogrammerstodescribecommonpropertiesofobjects
∗suchalanguageisreferredtoasanobject-basedprogramminglanguage

–itiscalledobject-orientedonlyifclasshierarchiescanbebuiltbyinheritance
∗sothattheobjectscanbeinstancesofclassesthathavebeeninherited

–itallowsthemodelingofanobjectasapolymorphousentity

•objectorientationisunattainableusingimperativeprogramminglanguages
1

1
Notwithstanding,fromtimetotimetherearecommentsstatingthedevelopmentofobject-orientedsystems

usinge.g.theCprogramminglanguage.Thisisincontradictiontotheclassicaldefinitionofobjectorientation[7].
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Synonymsofthe“TheoryofHeredity”

baseclass............derivedclass

superclass............subclass
parentclass............childclass

inheritingclass............inheritedclass
commonclass............specializedclass

“upperclass”............“lowerclass”
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DistinctnessofHeredity

•inheritanceappearsinvariousshapesandisofdifferentconsequences:

–singleinheritance.....................................................9
–multipleinheritance..................................................10
∗multipleinclusion..................................................11
∗sharing............................................................12

•anyofthesekindsservestheconstructionofaclasshierarchy
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SingleInheritance

•aclassisderivablefromonlyonebaseclass

–onlyasinglesetofattributestoinherit
–methodredefinition/overloadingissimple

•theclasshierarchyisnarrowbutmaybedeep

–aderivedclassmayserveasabaseclass

Bar

Foo

Foobar

base class

derived classbase class

derived class

•bringsaboutfairlyefficientimplementationsattheexpenseofreusability

–classreuseimpliescomposition,methodredefinition,andkindofdelegation
–onlytheverybaseclassappearstobereusablewithoutanyadd-to
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MultipleInheritance

•aclassisderivablefrommanybaseclasses

–manysetsofattributestoinherit
–methodredefinition/overloadingiscrucial
–classescanbeinheritedseveraltimes

•theclasshierarchymaybedeepandwide

–aconceptforimplementationunification

Foo

Foobarfop

Foobar

single inheritance path

Fop

Bar

•bringsaboutbetterreusabilityattheexpenseofanefficientimplementation

–classreuseisstilllimitedtotheverybaseclass,buttherearemanyofwhich
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MultipleInheritanceMultipleInclusion

Foo

FopFop

Bar

Foobar

fop

fop
bar

foobar

foo

fragments

objectF
op

F
oo

F
op

B
ar

F
oobar

•theattributesofclassesinheritedseveraltimesareincludedseveraltimes

•thefinalobjectcontainscopiesofobjectfragmentsofthesameclass
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MultipleInheritanceSharing

Foo

FopFop

Bar

Foobar

fop*
bar

foobar

foo

object

fop*

fop

fragments

F
oo

B
ar

F
op

F
oobar

•theattributesofclassesinheritedseveraltimesareincludedonceonly

•thefinalobjectcontainscopiesofpointerstothesharedobjectfragment(s)
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ObjectLayout

•amethodappliedtoanobjectisimplicitlysuppliedwiththeobject’saddress

–withinthesingleinheritancepath,this
2

isidenticalforalltheclasses
–takingmultipleinheritancebranchesintoaccount,thisbecomesvariable

•multipleinheritancemayentailpointermanipulationuponmethodinvocation

–fromderivedtobaseclass:addingsomedelta
–frombasetoderivedclass:subtractingsomedelta→p.16

2
InC++,thepointertotheinstanceofaclass(i.e.,object)theinvokedmethodisactuallyappliedto.
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ObjectLayoutthis-Polymorphism

Foo

FopFop

Bar

Foobar

fop

fop
bar

foobar

foo

F
o
p
*

F
o
o
*

F
o
o
b
a
r
*

B
a
r
*

F
o
p
*

object

this

N−1

0

•fromFoobartoFoo::Fop⇒thisremainsunchanged

•fromFoobartoBar::Fop⇒this+=sizeof(Foo)
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ObjectLayoutthis-Adjustment

classFoobar:publicFoo,publicBar{
intfoo(){
returnFoo::foo()+4711;

}

intbar(){
returnBar::bar()+42;

}
};

...................................

foo__6Foobar:

pushl4(%esp)

callfoo__3Foo

addl$4711,%eax

addl$4,%esp

ret

bar__6Foobar:

movl4(%esp),%eax

testl%eax,%eax

jne.L4

xorl%eax,%eax

jmp.L5

.p2align4,,7

.L4:

addl$4,%eax

.L5:

pushl%eax

callbar__3Bar

addl$42,%eax

addl$4,%esp

ret

•Fooisonthesingleinheritancepath:thispassthrough

•Barisamultipleinheritancebranch:(cond.)adjustment
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LateBinding

•theassociationatruntimeofwhichmethodisgoingtobeappliedtoanobject

–theobject’smethodsareboundatthepointintimeofobjectinstantiation

•formethodstobecapableoflatebinding,threepreconditionsmusthold:

1.theymusthavebeendefinedin(theexternalinterfaceof)abaseclass,
2.themethod’sbaseclass(es)mustbeinheritedbysomederivedclass(es),
3.andtheymustberedefinedbythederivedclass(es)

•alsocalleddynamicbinding—butmustnotbemixedupwithdynamicloading
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LateBindingC++CaseStudy

classFoo{
public:

virtualintfoo()=0;

};

classBar{
public:

virtualintbar()=0;

};

classFoobar:publicFoo,publicBar{
intfoo(){

return4711;

}

intbar(){
return42;

}
};

intfoobar(Foo*fp,Bar*bp){
returnfp->foo()+bp->bar();

};Foobarfb;
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LateBindingC++→x86

•thecompilerimplementsthecommonmodel

–treatsallvirtualmethodsidentical

Foobarfb;
3
..................................................

fb:

.zero8

..

.

movl$_vt$6Foobar$3Bar,fb+4

movl$_vt$6Foobar,fb
..
.

fb:

.zero8

..

.

movl$__vt_6Foobar,fb

movl$__vt_6Foobar.3Bar,fb+4
..
.

•thecompilerimplementsthethunkmodel

–givesprioritytothesingleinheritancepath
–handicapsmultipleinheritancebranches

3
gcc-O6-S-fno-rtti-fno-exceptions-fomit-frame-pointer
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LateBindingMethodRedefinition

intFoobar::foo(){
return4711;

}
........................................................

foo__6Foobar:

movl$4711,%eax

ret

intFoobar::bar(){
return42;

};
........................................................

bar__6Foobar:

movl$42,%eax

ret

•thegeneratedcodeisthesameforthecommonmodelandthethunkmodel

•thatamethodissubjectedtolatebindingistransparenttothemethoditself
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LateBindingCommonModel(1)

•everyclasscontainingavirtualfunctionhasa
virtual-functiontableof“calldescriptors”

–atripleofoffset,?,andfunctionpointer

classFoobar:publicFoo,publicBar{
intfoo();

intbar();

};

..............................

_vt$6Foobar:

.value0

.value0

.long0

.value0

.value0

.longfoo__6Foobar

_vt$6Foobar$3Bar:

.value-4

.value0

.long0

.value-4

.value0

.longbar__6Foobar

•thecalleradjuststheobjectpointer(this)

–nomatterwhichpath/branchwillbetaken
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LateBindingThunkModel(1)

•everyclasscontainingavirtualfunctionhasavirtual-functiontable

–offunctionpointers

classFoobar:publicFoo,publicBar{
intfoo();

intbar();

};

....................

__vt_6Foobar:

.long0

.long0

.longfoo__6Foobar

__vt_6Foobar.3Bar:

.long-4

.long0

.long__thunk_4_bar__6Foobar

__thunk_4_bar__6Foobar:

addl$-4,4(%esp)

jmpbar__6Foobar

•thunksrelatetomultipleinheritancebranches

–everyvirtualmethodinithassuchathunk
–thethunkadjuststheobjectpointer(this)
–afterthat,itjumpstotheredefinedmethod
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LateBindingThunkModel(2)

•overheadatthecaller’ssite:

–locationofthevirtual-functiontablepointer
–locationoftheredefinedmethod

intfoobar(Foo*fp,Bar*bp){
returnfp->foo()+bp->bar();

};
..........................................

foobar__FP3FooP3Bar:

pushl%esi

pushl%ebx

movl12(%esp),%eax

movl16(%esp),%ebx

movl(%eax),%edx

pushl%eax

movl8(%edx),%eax

call*%eax

movl%eax,%esi

movl(%ebx),%eax

pushl%ebx

movl8(%eax),%eax

call*%eax

addl%esi,%eax

addl$8,%esp

popl%ebx

popl%esi

ret

•adjustmentofthiswherereallyrequired

•indirectfunctioncall
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InheritanceAmbiguity

•redefinitionofamultipleinheritedmethod

–unproblematicusingsingleinheritance
–problematicusingmultipleinheritance

•thesubclassneedstorenamethemethods

–i.e.,associatethemwithuniquenames
–linguisticsupportwouldbenicetohave
∗asprovidesEiffel,butnotC++

•theconflictcan’tberesolvedautomatically

FooBar

FopFop

fop

...

fop

...

fop

...

fop

...

Foobar

fop

...

??

ok ok
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InheritancediffersfromSubtyping

subtyping

•asupertypedefinesthefundamentalpropertiesofanentity
•asubtypeservestherefinementoftheseproperties
•supertypeoperationsmustberedefinedbythesubtypetobevisible
•asaconsequence,identicaloperationsatbothtypelevelsleadtoredundancy

inheritance

•atfirstsight,a{super,sub}classisverysimilartoa{super,sub}type
–butsuperclassmethodsarenotobligedtoberedefinedbythesubclass

•superclasspropertiesare“passedthrough”tosubclassesandbeyound
•thiscorrespondstohierarchicalstructuringofincrementalmachinedesign
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VarietiesofInheritance

implementationinheritancei.e.classinheritance

•isalsoknownassubclassingandconsideredpromotingsoftwarereuse
•issubjectedtotheriskofmakingderivedclassesmorefragile[6]

–theimplementationbecomesmorelikelytodependonbaseclassdetails
–theclasshierarchycorrespondstotheopen/closeprinciple[4]

•canbemade“stable”bydesigningbaseclassestobe“semi-abstract”!

interfaceinheritance

•correspondstosubtypingifasuperclasswasdesignedasabstractbaseclass
–methodsneedtoberedefinedinsubclassestoenableobjectinstantiation

•implieslatebinding,thusprovidesoverhead-pronehighflexibility/dynamics
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Open/ClosePrinciple

•insidethehierarchyofheredityisallaccesstoattributesunrestricted

–e.g.instancevariablesmayberead/writtenbyanysubclass
–thetypicalcaseofimplementationinheritance

•fromoutsideisallattributeaccessrestricted,itmustbeenabledexplicitly

–e.g.byspecificallyprovidingaccessfunctionstoinstancevariables
–the“closedclasses”togethercanbeconsideredanADT

•baseclassesareopentothederivedclassesbutclosedtotheclients
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“Semi-AbstractClasses”

•classattributesaredirectlyvisiblebutnotdirectlyaccessible

–clientsareawareoftheinternal(data)structureofaclass
–attributeaccesshappensonlythroughmethods

4
(i.e.,accessfunctions)

–changesmadeatbase-classlevelwillnotimpairderivedclasses

•proximitytoanabstractdatatype(ADT)isgiven

–baseclasseshaveastableinterface,syntacticallyandsemantically
–abase-classimplementationmaybefragilewithoutaffectingderivedclasses

•attributeswillbeclosedtoanykindofpublic,exceptto“their”methods

4
Methodcalloptimizationislefttothecompiler,e.g.byinliningofthemethodimplementation.The

interrelationshipbetweenbaseclassandderivedclass(es)isdefinedbyafunctionalhierarchy.
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“Semi-AbstractClasses”C++
2.96
−→x86

classFop{
int_fop;

public:

Fop(){_fop=0;}
intfop()const{return_fop;}

};

classFoo:publicFop{
int_foo;

public:

Foo(inti){_foo=i;}
intfoo()const{returnfop()-_foo;}

};

classBar:publicFop{
int_bar;

public:

Bar(inti){_bar=i;}
intbar()const{returnfop()+_bar;}

};

classFoobar:publicFoo,publicBar{
public:

Foobar(intf,intb):Foo(f),Bar(b){}
intfoobar(){returnfoo()+bar();}

};

intfoobar(){
returnFoobar(4711,42).foobar();

}

foobar__Fv:

movl$-4669,%eax

ret
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“Semi-AbstractClasses”C++
2.91
−→x86

classFop{
...

};

classFoo:publicFop{
...

};

classBar:publicFop{
...

};

classFoobar:publicFoo,publicBar{
...

};

intfoobar(){
returnFoobar(4711,42).foobar();

}

...................................................

foobar__Fv:

subl$16,%esp

movl$0,(%esp)

movl$4711,4(%esp)

movl$0,8(%esp)

movl$42,12(%esp)

movl4(%esp),%eax

movl(%esp),%edx

subl%eax,%edx

movl8(%esp),%eax

addl$42,%eax

addl%edx,%eax

addl$16,%esp

ret
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Polymorphism

...attypelevel

•objectsofderivedclassesaretypecompatibletothebaseclass(es)
•thatistosay,subclassobjectsarealsosuperclassobjects

–thereverseisnottrue,i.e.,superclassobjectsarenosubclassobjects
–asuperclassobjectiskindofafragmentofasubclassobject

...atfunctionlevel

•methodsofbaseclassesareapplicabletoobjectsofthederivedclasses
•subclassmethodsredefinesuperclassmethodssubjectedtolatebinding

5

–thefinalredefinition(i.e.,specialization)becomeseffective

5
Noteverymethodmustbenecessarilysubjectedtolatebinding,ase.g.isthecaseofEiffel.Incontrast,inC++

latebindingmustbeexplicitlyenabledbyspecifyingamethodtobevirtual.
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InheritanceisInclinedtoBreakEncapsulation[5]

•baseclassdependancymaylimitflexibilityand,ultimately,reusability
6

–baseclassesdefineatleastpartoftheirderived-classes’“physics”
–derivedclassesmaybecomeboundupwithbaseclassimplementations
–changesmadeinabaseclassmayaffectthederivedclass

•awayoutofthisdilemmaistoconsequentlyemployinterfaceinheritance

–thatistosay,toinheritonlyfrom(semi-)abstractclasses

•thealternativeistofavorobjectcompositionoverimplementationinheritance

6
Afurtherdisadvantageofimplementationinheritancemaybethatonecan’tchangetheimplementations

inheritedfrombasesclassesatruntime,becauseinheritanceisdefinedonlyatcompile-time.
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ObjectComposition

•objectcompositionisdefineddynamicallyatruntimethroughobjectinterfaces

–compositionrequiresobjectstorespecteachothers’interfaces
–objectsareaccessedsolelythroughtheirinterfaces,ensuringencapsulation
–anyobjectcanbereplacedbyanotherobjectofthesametype

•aneffectonsystemdesignisthatclassesandclasshierarchiesremainsmall

–theywillbelesslikelytogrowinto“unmanageablemonsters”
–attheexpenseofalargernumberofobjects!

•thesystembehaviordependsonobjectinter-relationships,notonclasses
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Delegation

•awayofmakingcompositionaspowerfulforreuseasinheritance

–twoobjectsareinvolved:areceivingobjectforwardsrequeststoitsdelegate

–analogoustoderivedclassesdeferringrequeststobaseclasses
7

•behaviorscanbecomposedatruntime,justastomakechanges

–dynamicandhighlyparameterizedsoftwareistheoutcome
–softwarethatisnoteasytounderstandandpronetoruntimeinefficiencies

•worksbestwhenusedinhighlystylizedways—i.e.,in“standardpatterns”

7
Withinheritance,aninheritedoperationimplicitlyreferstothereceivingobjectthrough,e.g.,thethismember

variable.Withdelegation,thesameeffectisachievedbyhavingthereceiverinchargeofpassingitselftothedelegate

toletthedelegatedoperationrefertothereceiver.
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ReusingFunctionalityinObject-OrientedSystems

white-boxreusei.e.,reusebysubclassing

•definestheimplementationofoneclassintermsof(an)otherclass(es)
–implementationorclassinheritance

•referstovisibility,i.e.baseclassinternalsarevisibletoderivedclasses

black-bloxreusei.e.,reusebycomposition

•newfunctionalityisobtainedbyassemblingobjectstoamorecomplexone
–requireswell-definedobjectinterfaces

•nointernaldetailsofobjectsarevisibletotheoutside
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DesignPatterns

•descriptionofan“importantandrecurringdesigninobject-orientedsystems”[3]

nameahandle,describesadesignproblem,itssolutions,andconsequencesin
awordortwo.

problemdescribeswhentoapplythepattern,explainstheproblemandits
context.

solutiondescribestheelementsthatmakeupthedesign,theirrelationships,
responsibilities,andcollaborations.

consequencesaretheresultsandtrade-offsofapplyingthepattern.

•patternscapturedesignexperienceinaformthatpeoplecanuseeffectively
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Object-OrientedDesignvs.BuildingsandTowns

Eachpatterndescribesaproblemwhichoccursoverandoveragaininour
environment,andthendescribesthecoreofthesolutiontothatproblem,
insuchawaythatyoucanusethissolutionamillionstimesover,without
everdoingitthesamewaytwice.[1]
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Summary

•trytocomplywiththe“principlesof(reusable)object-orienteddesign”[3]:

1.programtoaninterface,notanimplementation
2.favorobjectcompositionoverclassinheritance

•interfaceinheritanceshouldnotonlybeputonalevelwithabstractclasses

–latebindingabstractsfromimplementationandfromvariance
–varianceatruntimeisnotalwayswhatneedstobeprovided
–abstractionfromimplementationiswhatremainsasamust

•object-orientedsystemsprogramminglargelydependsoncompilerquality
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