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ObjectOrientationvs.ProgramFamily

•atfirstsightitseemsasifprogramfamiliesareby-productofobjectorientation

–inheritanceisameasuretoextend,refine,andspecializeasetofclasses
∗thus,toreuseinterfacesand/orimplementations

–to“extend”,“refine”,and“specialize”arekeyissuesofprogramfamilies

•butnotethatobjectorientationmaybeemployedinquitedifferentways:

functionalemaciation

functionalenrichment

}

fromgeneral-tospecial-purpose

{

implementation
application

•onlythe2
nd

caseisinonelinewiththegoalsoffamily-basedsoftwaredesigns
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FunctionalEmaciation

•customizationofa“defaultimplementation”canbeachievedusinglatebinding

–interfaceinheritanceenablesspecializationtransparentlytoclients
∗problem-awareimplementationscanbeaddedtoaproblem-unawareone
∗lessefficientimplementationscanbereplacedbymoreefficientones

–butthisdoesnotautomaticallycausethe“replaced”functionstodisappear

•latebindingisnotforfreeandmayentailacertainamountofoverhead

–intermsof:(1)wasteofmainmemoryand(2)lossofexecutionperformance

•theproblemcomeswithvirtual-functiontablesandobjectconstruction
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LateBindingRevisitedVirtual-FunctionTables

classFoo{
public:

Foo();

virtualintfoo();

};

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

__vt_3Foo:

.long0

.long0

.longfoo__3Foo

classBar{
public:

Bar();

virtualintbar();

};

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

__vt_3Bar:

.long0

.long0

.longbar__3Bar

classFoobar:publicFoo,publicBar{
intfoo();

intbar();

public:

Foobar();

};

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

__vt_6Foobar:...

.longfoo__6Foobar

__vt_6Foobar.3Bar:...

.long__thunk_4_bar__6Foobar

__thunk_4_bar__6Foobar:...

jmpbar__6Foobar
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LateBindingRevisitedConstructors

__6Foobar:

pushl%ebx

movl8(%esp),%ebx

pushl%ebx

call__3Foo

leal4(%ebx),%eax

pushl%eax

call__3Bar

movl$__vt_6Foobar.3Bar,4(%ebx)

movl$__vt_6Foobar,(%ebx)

addl$8,%esp

movl%ebx,%eax

popl%ebx

ret

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

__3Foo:

movl4(%esp),%eax

movl$__vt_3Foo,(%eax)

ret

__3Bar:

movl4(%esp),%eax

movl$__vt_3Bar,(%eax)

ret
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LateBindingRevisitedObjectConstruction

•thestartingpointofallevilsisobjectconstructionatruntime

–constructorscontaincodesequenceswhichreferencevirtual-functiontables
–virtual-functiontablescontainreferencestoprogramcode

1

•theconstructionofanobjecthappensfrombaseclasstoderivedclass

–constructorsassociatetheobjectwithavirtual-functiontable
–anassociationmadeatbase-classlevelmaybeoverwrittenatderivedlevels
–yetdotheoverwrittenbindingsremainexistentintermsofprogramcode

•the(static)binderaddsallreferencedunitstotheloadmodulebeforeruntime

1
Thatis,thetablescontainreferencestoredefinedmethodsand/orthunksreferencingredefinedmethods.
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ObjectOrientationConsideredHarmful?

•anexplosionofprogramsizemaybetheoutcomeofthesketchedproblem

–atruntimeunusedbut,atgenerationtime,referencedunitsarepresent

Lessdemandinguserswillbeforcedtopay
fortheresourcesconsumedbytheunneededfeatures

–thisisincontradictiontotheconceptoffamily-basedsoftwaredesign[3]

•interfaceinheritanceisatypicalcaseofanon-functionalrequirement

–inafamily-baseddesignitneedstobemodeledasaseparatefeature
–thismodelingcanbeimplementedinanobject-orientedmanner

•objectorientationbecomesefficientbyasupplementingfamily-baseddesign
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Non-FunctionalAspectofInterfaceInheritance

Foo

Fop

Bar

Foobar

Fop

implementation family

aFop

aFoo

aFoobar

aBar

iBar

iFop

iFoo

iFoobar

iFop

interface family

adaptors
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AdaptorPattern

•interfaceandimplementationcanbepatchedupusingtheadaptorpattern[1]

–“converttheinterfaceofaclassintoanotherinterfaceclientsexpect”

•clientsareinterfacedbyanabstractclass

–madeof“purevirtualfunctions”

•awrapperusesmultipleinheritance

–specializingtheabstractclass
–reusingtheimplementationclass

iFopFop
+fop() = 0+fop()

aFop
−fop()fop() {

Fop::fop();
}

•manualimplementationis(mostly)straightforward—andacaseofautomation
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C++AdaptorPatterns
classiFop{
public:

virtualintfop()=0;

};

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

classaFop:publiciFop,publicFop{
intfop(){returnFop::fop();}

};

classiFoo:publiciFop{
public:

virtualintfoo()=0;

};

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

classaFoo:publiciFoo,publicFoo{
intfop(){returnFoo::fop();}
intfoo(){returnFoo::foo();}

};

classiBar:publiciFop{
public:

virtualintbar()=0;

};

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

classaBar:publiciBar,publicBar{
intfop(){returnBar::fop();}
intbar(){returnBar::bar();}

};

classiFoobar:publiciFoo,publiciBar{
public:

virtualintfoobar()=0;

virtualintfop(int)=0;

};

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

classaFoobar:publiciFoobar,publicFoobar{
intfop(){returnFoobar::Foo::fop();}
intfop(int){returnFoobar::Bar::fop();}
intfoo(){returnFoobar::foo();}
intbar(){returnFoobar::bar();}
intfoobar(){returnFoobar::foobar();}

};
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BewareoftheDesign!
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AdaptorPatterns(veryoverhead-prone)C++
2.91
−→x86

__vt_7aFoobar.4iBar:

.long-4

.long0

.long__thunk_4_fop__7aFoobar

.long__thunk_4_bar__7aFoobar

__vt_7aFoobar:

.long0

.long0

.longfop__7aFoobar

.longfoo__7aFoobar

.longfoobar__7aFoobar

.longfop__7aFoobari

...

movl$__vt_4iFoo,(%eax)

movl$__vt_4iBar,4(%eax)

movl$__vt_7iFoobar,(%eax)

movl$__vt_7aFoobar.4iBar,4(%eax)

movl$__vt_7aFoobar,(%eax)

...

foobar__7aFoobar:

movl4(%esp),%eax

testl%eax,%eax

jne.L34

xorl%eax,%eax

jmp.L35

.p2align4,,7

.L34:

addl$8,%eax

.L35:

pushl%eax

callfoobar__6Foobar

addl$4,%esp

ret

aFoobartablesaFoobarconstructionadaptor/wrapper
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AdaptorPatterns(lessoverhead-prone)C++
2.96
−→x86

__vt_7aFoobar.4iBar:

.long-4

.long__pure_virtual

.long__thunk_4_fop__7aFoobar

.long__thunk_4_bar__7aFoobar

__vt_7aFoobar:

.long0

.long__pure_virtual

.longfop__7aFoobar

.longfoo__7aFoobar

.longfoobar__7aFoobar

.longfop__7aFoobari

...

movl$__vt_7aFoobar,(%eax)

movl$__vt_7aFoobar.4iBar,4(%eax)

...

fop__7aFoobar:

addl$8,4(%esp)

jmpfop__3Fop

foo__7aFoobar:

addl$8,4(%esp)

jmpfoo__3Foo

bar__7aFoobar:

addl$9,4(%esp)

jmpbar__3Bar

foobar__7aFoobar:

addl$8,4(%esp)

jmpfoobar__6Foobar

fop__7aFoobari:

addl$9,4(%esp)

jmpfop__3Fop

aFoobartablesaFoobarconstructionadaptor/wrapper
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PatternsConsideredHarmful?

•caremustbetakenabouttheconsequencesapatternmighthave

–sometimesapatternimplementationrequireslatebinding
–someothertimelatebindingmaybeleftuptotheprogrammer
–nexttimelate-bindingoverheadisunacceptableduetothecompiler

•designpatternsdefineatrade-offofmaintenanceandperformance

–softwaremaintenanceisimproved,developmenttimescanbereduced
–allattheexpenseofperformance,asmanypatternsimplylatebinding

•nothingisforfree—butsystemdesignersmustbeawareoftheeffectivecosts
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PatternsasAspectsofDesign

•thedesigndecisionforlatebindingistobepostponedasfaraspossible

–exploitlatebindingonlywhenitbecomesafunctionalrequirement
–leaveitofffromthe(hand-made)implementationotherwise

•non-functionalandfunctionalfeaturesofadesignmustneverbemixedup

–designpatternsaredifferentfromimplementationpatterns
–theformermaybestreamlinedandthelattermaybeaddedautomatically

•designpatternsmustnotalwayshavecounterpartsintheimplementation

–“itisthesystemdesignwhichishierachical,notitsimplementation”[2]
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ProgramFamilyConsideredObject-Oriented[4]

base class

derived class

W
eg

ne
r P

arnas

program familyobject orientation

inheritance functional enrichment

system functions
minimal subset of

minimal
system extensions
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Summary

•extensibleand/orcontractiblesystem-softwaredesignshouldbefamily-based

–startfromaminimalsubsetofsystemfunctions

–performincrementalmachinedesignbystepwisefunctionalenrichment
–functionalenrichmentgoeshandinhandwithminimalsystemextensions

•objectorientationsupportsanefficientimplementationoffamily-baseddesigns

–encapsulatetheminimalsubsetofsystemfunctionsbybaseclasses
–exploitinheritancetoachievefunctionalenrichment,notemaciation
–encapsulatetheminimalsystemextensionsbyderivedclasses

•encapsulate“componentizedbranches”ofthefamliyusingabstractclasses
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