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Abstract

A majorproblemwith ObjectOrientedProgramming(OOP)is that it cannotdeal

ef�ciently with crosscuttingconcerns.AspectOrientedSoftwareDevelopment(AOSD)

is a new methodologythat tries to enabletheextensionof theseparationof con-

cernscapabilitiesin software development.AOSD, which encompassesAspect

OrientedProgramming(AOP),hopesto enablethedeveloperorarchitectto capture

crosscuttingconcernsin amodularfashion.

Theobjectivesof thedissertationincludethedesign,implementationandeval-

uationof atool thatenablesthemodularisationof crosscuttingconcernswithin C#,

thatwe have called“AspectC#”.AspectC#must:

� Allow thedeveloperto useAOPconstructswithin C#.

� Make no explicit languageextensionsto C#.

� Be extensiblefor futuredevelopment.

AspectC#hopesto enablethe developerto modularisecrosscuttingconcerns

within C#.By modularisingcrosscuttingconcernsthiswill leadto aneasierdevel-

opmentandmaintenanceof applications.

The evaluationincludeda small casestudycomparingan exampleusingAs-

pectC#andOOPwith C#.Webelieve thecasestudyandtool supportsthecasefor

the useandpromotionof AOSD.Specialemphasiswasplacedon picking a real

world, easilyunderstoodexampleof theuseof thetool andwe believe this repre-

sentsan excellentintroductionto someof themostwidely usedAOPandAOSD

techniques.
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Chapter 1

Intr oduction

1.1 Intr oduction

Sincetheinventionof thecomputerprogramminglanguageshaveevolvedfrom ba-

sic machinecodeandassemblylanguagesto proceduralandobjectoriented(OO)

languages.Eachprogressionin technologyhasenhancedtheability to makeaclean

separationof concernsin the sourcecode,which in turn allowed easierdevelop-

mentandmaintenance.For thepastdecadethepredominantway of programming

hasbeenusingObject OrientedProgramming(OOP);OOP candealeffectively

with realworld problemsbecausetheobjectmodelcanencapsulaterealworld ob-

jects.

1.2 Addressingthe Problem

Separation of concernsis at the heartof software engineeringand hasbeenat-

tributedto Dijkstra & Parnas[Dij76] [Par72]. Ossher[OT01] describesseparation

of concernsby saying:“In its mostgeneral form, it refers to theability to identify,

encapsulate, andmanipulatethosepartsof software thatare relevantto a particu-

lar concept,goalor purpose.” . Thereforea `concern' canbethoughtof asmodule
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that encapsulatesa particularareaof interest.Concernsare the main reasonfor

decomposingsoftware into smallerpartsor elements.Thereexist many typesof

concernsthatarerelevantto developersatdifferentstagesin thedevelopmentlife-

cycle.With regardto OOP, aclassis theencapsulationof aconcernwithin theOO

paradigm.

As stated,themainconceptof OOis thateverythingis modelledwithin aclass

structure;this techniqueis effective for somereal world situationsas the object

modelprovidesageneral�t to theseproblemdomains.OOPhasmany advantages

but therearealsomany limitations to OOP. Many problemsoccurwith OO tech-

niqueswhenconcernscrosscuteachother. Whenwe statethat concernscrosscut

wemeanthatsomeconcernsarelocalisedwithin asinglesystemelement(e.g.class

or method)andotherspanor crossmultiplesystemelements.They `crosscut' mul-

tiple systemelements.This leadsto problemsidenti�ed by Kiczales[KLM
�

97],

whichare:

1. CodeTangling:Occurswhenmultipleconcernsareimplementedwithin the

samesystemelement.Thishastheaffect thattheelementsaremorecomplex

to understandandmaintenancebecomesmoredif�cult.

2. CodeScattering:Occurswhena concernresultsin the implementationof

duplicatecodeor different codethat is distributed acrossmultiple system

elements.Thismakesmaintenanceharderbecausechangesin thecodemust

bereplicatedacrossall elements,thereforethedevelopermustunderstandall

elementswithin thesystem.This resultsin greaterchanceof inconsistencies

andmistakes.

1.3 Moti vation

In a paperby Kiczaleset al. [KLM
�

97] theterm`aspects'wascoined.An aspect

is a modularunit of a crosscuttingconcern.Theprogrammingtechniquethat ad-

12



dressedthesedesignissueswascalledAspectOrientedProgramming(AOP).

Aspect-OrientedSoftwareDevelopment(AOSD)is anew technologythattries

to enabletheextensionof theseparationof concernscapabilitiesin softwaredevel-

opment.Therehasbeenmuchresearchinto AOSDwith thekey goalbeingbetter

separationof concerns.Aspectsmay appearat any stagewithin the softwarede-

velopmentlifecycle andcommonexamplesof aspectsor concernsare:security,

qualityof service(QoS),transactionsandsynchronisation.

AOSD,which encompassesAOP, hopesto enablethedesigneror architector

developerto capturecrosscuttingconcernsat any stagewithin the development

lifecycle, thiswill leadto amoremodulariseddesignandimplementationandalso

easiermaintenance.

1.4 Goals

The objectives of the dissertationinclude the developmenta tool that we have

calledAspectC#, whichenablesthemodularorganisationof crosscuttingconcerns

within theC#language.Thisshouldalsoincludeaninvestigationandevaluationof

the.NET platformasanAOSDplatform.In creationof this tool a thoroughevalu-

ationof boththe.NET Framework andcurrentlyavailableAOPtoolsis necessary.

Thedissertationgoalsare:

1. To designandimplementatool (AspectC#)thatenablesthedeveloperto use

AOPmechanismswithin C#.

2. Evaluationof AspectC#.

3. Investigateandevaluatethe.NET Framework with regardto thepotentialof

AOSDwithin theFramework.
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4. InvestigatecurrentAOPtechnologies.

If we elaborateon the designand implementationof AspectC#the speci�c

goalswith regardto AspectC#are:

� Enablethedeveloperto useAOPmechanismswithin C#: This goalwill en-

abledevelopersof C# applicationsto modularisecrosscuttingconcernsby

usingour tool.

� Makenolanguageextensionsto C#:By notextendingtheC#languagethere

is no needto develop a compiler for AspectC#,it alsohasthe effect that

developerscanwrite applicationswithin VisualStudio.NET environment.

� Be extensiblefor futuredevelopment:AspectC#is currentlylimited to just

C#,we hopethatin futureversionsother.NET supportedlanguagesmaybe

usedfor crosslanguageaspectweaving. It is alsoa goal that thesemantics

of AspectC#maybeextended.

1.5 ThesisOutline

Chapter 1 Introductionattemptsto introducethe readerto someof the back-

groundon programminglanguages,the motivation for the project,what are the

goalsof theprojectandwhatis theaimsof AspectC#.

Chapter 2 Stateof theArt reviews thestateof theart of AspectOrientedSoft-

ware Development.This includesJava and .NET basedtools that provide AOP

mechanisms.

Chapter 3 RequirementsandDesigngivesa detailedRequirementsSpeci�ca-

tion andgivesanoverview of how componentsof theAspectC#tool interactwith

eachother.

14



Chapter 4 Implementationdescribestheimplementationof AspectC#.It details

how particulardesignfeatureswereimplementedin thesystem.Smallsimplecode

examplesaredescribedto reinforcepoints.

Chapter 5 Evaluationattemptsto provideananalysisof thecurrentlyavailable

tools for AOP. Also an evaluationof AspectC#is performedusinga small case

study.

Chapter 6 Conclusionreviewsthegoalsandhow they weremet,it thensuggests

areasof AspectC#thatwarrantfuturework andresearch.

1.6 Summary

In this chaptera basicintroductioninto reasonsfor AOSD hasbeendiscussed;

how theobjectmodeldoesnot �t all problemsandhow this leadsto theproblems

of codetanglingandscattering.AOSDtechnologyis currentlyin a nascentstage

but therearealreadya largenumberof researchgroupsinvestigatingthepossible

futuredirectionsof AOSD.
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Chapter 2

Stateof the Art

2.1 Intr oduction

In this chapter, we examinethestateof the art of the .NET Framework andlook

at thelatestAOPtechnologiesfor bothJava and.NET languages.Thechapterbe-

gins with an assessmentof the .NET Framework andits encompassingtoolsand

technologies.Next thereis an overview of AOSD.Finally we examinethe latest

approachesin AOPtoolsfor bothJava and.NET languages.

2.2 .NET Framework

The .NET initiative began in 1997whenMicrosoft decidedthat it would be the

successorto WindowsTM . The .NET Framework is the basefor the .NET initia-

tive. In the mostgeneralsensethe framework consistsof a setof types,classes,

servicesand tools that arecombinedto form the new platform. The framework

hasbeendesignedto addressthelimitationsof Windows,which includedcomplex

developmentandcomplex deployment.Thegoalsof the.NET Framework are:

1. New developmentplatform:provide a developmentplatformfor bothInter-

netanddistributedapplications.
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2. Simplify developmentof applications:Enableeasydevelopmentanddeploy-

mentwith bettertools.

3. Improve interoperabilityandintegration:Easierintegrationbetweensystem

andapplications.

4. Supportfor any device “Universal access”.

2.2.1 Ar chitecture

The.Net Framework is composedfrom several layersthatprovide services,tools

andclassesfor thedevelopmentplatform.Figure2.1shows ablockdiagramof the

.NET framework. Theframework consistsof:

� Languagesand developer tools: Visual C# .NET (C#), Visual Basic .Net

(VB.NET) , VisualC++,VisualJ#andother3rdpartylanguages.

� BaseClasslibrary: The baseclasslibrary is a collectionof reusabletypes

that tightly integratewith thecommonlanguageruntime.Thebaseclassli-

brary formsthe.NET framework SoftwareDevelopmentKit (SDK), which

providesaccessto systemfunctionalityandis designedto bethebaseupon

which .NET components,applicationsandcontrolsarebuilt.

� CommonLanguageRuntime(CLR): providesa reliable,secureexecution

environmentandalsomultiple languagesupport.

2.2.2 Languages

Thelanguagescurrentlysupportedby the.NETframework are:C#,VB.NET, C++,

J#,Jscript,Eiffel.NET, Cobol,SmallTalk, Perl,Pascal,Python,Oberon,Haskell,

Mercury, Scheme,CAML, ComponentPascal,Mondrian,Fortran,Mercury, Dya-

log APL, CLispandOZ.
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Figure2.1: .NetFramework Block Diagram.

2.2.3 BaseClassLibrary

The.NETframework providesalargeandextensibleclasslibrary. Theclasslibrary

framework is organisedinto ahierarchicalstructurethatcanbeusedacrossany of

thesupported.NET languages.

Of specialinterestto theprojectis theCodeDocumentObjectModel (Code-

DOM) namespacewhich is partof thebaseclasslibrary. TheCodeDOMnames-

paceprovides interfaces,classesand architectureto representthe structureof a

sourcecodedocumentindependentof languageas an object graphor tree.The

CodeDOMAPI alsoprovidesa setof classesfor compilationof theobjectgraph

into asupportedlanguage.Figure2.2shows thehierarchicalstructureof theCode-

DOM API. Also, we canseein �gure 2.3 whereexactly CodeDOMis positioned

18



within the.NET Framework.

Figure2.2:CodeDOMHierarchy

Hello World exampleusingCodeDOM

This exampleshows how to createa C# classcalledHelloWorld thatprints to the

consoleHelloWorld usingCodeDOM.Thecodeexamplesarewritten in C# using

the CodeDOMAPI. From �gure 2.2 we canseethat �rstly we needto createa

CodeCompileUnit1, then addedto the compile unit is the namespacefollowed

by any import statements.Next is theactualclassand�nally theMain methodis

added.
1The CodeCompileUnitis the only object that can be directly compiledusing the CodeDOM

compiler. TheCodeCompileUnitrepresentsthemainreferencepointof theobjectgraphandelements

suchasnamespacesareaddedto thecompileunit.
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Compile Unit The compileunit referencesa CodeDOMtreethat canbe com-

piled. CodeDOMcompilersprocessthe treereferencedby the compileunit. The

CodeCompileUnit classde�nes the compile unit and source�les alreadyin

thetarget languagecanbede�ned by usingtheCodeSnippetComp il -eU ni t

class.Thefollowing codesnippetcreatesanew compileunit.

CodeCompileUni t compileUnit = new CodeCompileUnit () ;

De�ning and importing a namespace De�ning anamespace with CodeDOM

is doneby creatinga CodeNamespace object.To addnamespaceimportsto the

namespacewe cancall CodeNamespace.I mpor ts. Add method.

CodeNamespace myNamespace = new

CodeNamespace(" Hell oWorl d" );

myNamespace.Im port s. Add(" Syst em");

De�ning a class To declarean interface,class,structor enumerationin Code-

DOM weuseCodeTypeDeclarat io n class.As shown below:

CodeTypeDeclar at io n myClass = new

CodeTypeDeclar at ion (" Hell oWorl d" );

MyNamespace.Ty pes. Add(myCla ss );

Adding classmembersto a class The CodeDOMmodelprovidesa variety of

elementsthatcanbeaddedto aclass.A new membercanbeaddedto aclassusing

CodeTypeDeclara ti on.Member s. Add method,asshown below:

CodeEntryPoint Meth od Main = new CodeEntryPointM et hod( );

CodeMethodInvo ke Expr ess io n expression = new

CodeMethodInvok eExpr es si on (

new CodeTypeRefere nc eExp res si on(" Syste m.Cons ol e") ,

"WriteLine",
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new CodePrimitiveE xp re ss ion (" Hell o World!")

);

myClass.Member s. Add( exp re ss io n) ;

2.2.4 CommonLanguageRuntime (CLR)

The CLR providesa runtimeexecutionenvironmentfor .NET applications;it is

analogousto the Java RuntimeEnvironment(JRE) from the Java LanguageTM .

Codethat is run underthecontrol of theCLR is calledmanaged code. TheCLR

managesthecodei.e. compilationof thecodeinto native codeandmemoryman-

agement.Codethatrunsoutsidethecontrolof theCLR is calledunmanagedcode,

but it is possibleto integrateunmanagedcodewithin the CLR. The CLR canbe

dividedinto threemaincategories:

� TheTypesystem.

� TheExecutionsystem.

� TheMetadatasystem.

TheTypesystemconsistsof theCommonTypeSystem(CTS)andthe Com-

mon LanguageSpeci�cation (CLS). Typesin the .NET framework canbe either

value typesor referencetypes. Valuetypescaneitherbebuilt-in valuetypessuch

asint or userde�ned valuetypes.Referencetypescanbeeitheruserde�ned ob-

ject, interfaceor pointertypes.Figure2.4shows thehierarchyfor thetypesystem

within the .NET framework. The CTS de�nes the standardvalue and reference

typessupportedby theframework.

TheCLS de�nes rulesthata languagemustobey if it is to executeunderthe

CLR.TheCLSde�nesasubsetof theCTS,thatis thesamerulesapplyto theCTS

asto theCLS. TheCLS alsoestablishesrequirementsfor compliance,thesehelp

to determineif the languageconformsto theCLS. If a languageconformsto the
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Figure2.3:ExecutionModel .NetFramework.

CLS it maybeusedwithin theCLR andalsoby other.NET languages.

Figure2.4: .NetTypeSystem.
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TheExecutionsystemis at theheartof the.NET framework. Sourcecodewrit-

tenin any of thesupported.NET languagesis compiledinto Microsoft Intermedi-

ateLanguage(MSIL). WhentheCLR executesanapplicationtheMSIL is `JustIn

Time' (JIT) compiledinto nativemachinecode.It is theMSIL thatallowsfor cross

languageintegrationof applications.

Figure2.5: .NetCompiling

The Metadatasystemis an integral part of the framework. An assemblyis a

primarybuilding blockof a .NET application.In previousversionsof Windows an

applicationor programwasusuallyinstalledusingaDynamicLink Library (dll) in

.NET amanageddll is calledanassembly. It is analogousto theJava Archive (jar)

�le within theJava Language.An assemblycontains:

� Manifest- Describestheassembly, e.g.assemblyname,versionetc.

� Metadataabouttypes- Typeinformationabouttheclassesis keptwithin the

assembly.

� Modules- ThemodulecontainstheMSIL code,thiscodeis usedby theCLR

andJIT compiledbeforeexecution.

� Resources- Resourcescanbeanythingfrom text �les to images,thisenables

theassemblyto beself contained.
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Figure2.6:AssemblyStructure

Assembliesare fundamentalpart of the developmentin .NET they perform

functionssuchas:

� Containscodeneededfor executionwithin theCLR

� Formsthesecurityboundary, permissionaregrantedor revokedat this level.

� Typeboundary, every typeasanassociatedassembly.

� Referenceboundary, themanifestof anassemblycontainsmetadatausedfor

resolvingcon�icts.

� Versionboundary, an assemblyforms thesmallestversion-ableunit within

theCLR.

� An assemblyis thedeploymentunit within theCLR.

The .NET framework is an improvementon the Windows platform and ad-

dressesmany of the limitations of Windows. But it more than just Windows++,

the.NET initiativeenablessimpli�ed developmentanddeploymentof applications

within theFramework,with greaterinteroperabilityandintegrationandsupportfor

any device.
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2.3 AOSD Technology

Aspect-OrientedSoftwareDevelopment(AOSD)is a new technologythatextends

theseparationof concerns(SoC)in softwaredevelopment.Themethodsof AOSD

facilitatethemodularisationof crosscuttingconcernswithin asystem.

Aspectsmay appearin any stageof the softwaredevelopmentlifecycle (e.g.

requirements,speci�cation,design,implementation,etc.).Crosscuttingconcerns

canrangefrom high-level notionsof securityto low-level notionslikecachingand

from functionalrequirementssuchasbusinessrulesto non-functionalrequirements

like transactions.

As describedontheAOSDwebsite[AOS] themainthrustof researchin AOSD

is into the extensionof separationof concerns(SOC) techniques,but not only

crosscuttingtechniques:“Researchersin AOSD are largely driven by the funda-

mentalgoal of betterseparationof concerns.So while crosscuttingtendsto be

a signi�cant focusof their work, they alsoincorporateotherkinds of SOCtech-

niques,includingsuchwell establishedapproachesasOO andgoodold-fashioned

structuredprogramming.This is re�ectedin theway muchof thework in the�eld

blendssupportfor many differentkinds of modularity including block structure,

objectstructure,inheritanceaswell ascrosscutting.”.

A principal designmodel languagein AOSD is Theme/UML [Cla]. Theme

/UML presentsamethodfor designingsystemsbasedontheobject-orientedmodel

but with addedextensionsor decompositionmechanisms.Eachmodelconsistsof

a theme, which is anindividual requirement;extensionsto Uni�ed ModellingLan-

guage(UML)[Boo98] arerequiredfor thecompositionof thethematicdesignmod-

els.Theme/UMLcontainssupportfor overlappingspeci�cationsandcrosscutting

speci�cations.
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2.4 Java AOP Approaches

In this sectionwe cover theprincipalJava approachesto AOP. Currentlytheprin-

ciple approachesareAspectJ[Tea],Hyper/J[HYP], CompositionFilters [COM]

andDemeterJ[Lie]. AspectJandHyper/Jwill be coveredin detail over the next

two subsections.

2.4.1 AspectJ

AspectJis a simple and practicalaspect-orientedextensionto Java that enables

the modular implementationof crosscuttingconcerns[KHH
�

01]. It is also the

basisfor anempiricalassessmentof aspect-orientedprogramming.Thedesigners

of AspectJwould like to gain a betterunderstandingof how AOSD andan AOP

languagecanbe usein a “real usercommunity”.Thedesignersof AspectJcall a

well modularisedcrosscuttingconcernan`aspect'.

The Language

AspectJextendstheJava LanguageTM with supportfor two typesof crosscutting

implementation.The �rst type enablesthe developerto de�ne additionalimple-

mentationto run at certainwell-de�ned pointsof executionin the program;this

is called“dynamiccrosscutting”. Thesecondtypeenablesthedeveloperto de�ne

new operationson existing types;this is called“static crosscutting”.

Dynamic Crosscutting Thedynamiccrosscuttingin AspectJisbasedonsetcon-

structs.A Join Point is awell-de�ned pointof executionin theprogram.Pointcuts

area mechanismof referringto asetof join pointsandcertainvaluesat thosejoin

points.Adviceis amethodlikeconstructthatenablesadditionalimplementationto

be insertedat join points.An aspectis a modularunit of a crosscuttingconcern;

composedof pointcuts,adviceandJava declarations.
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Static Crosscutting Thestaticcrosscuttingin AspectJis achieved by introduc-

tion. New membervariablesandmethodscanbeintroducedstaticallyfrom aspect

classesinto baseclasses.This is a powerful constructasnot only doesit change

thebehaviour of aclassit canchangetherelationshipbetweenclasses.

Join Point Model

TheJoinPointmodelis a critical elementin thedesignof any AOPlanguage.In

AspectJthe join point modelis de�ned aswell-de�ned pointsof executionin the

program.In this modeljoin pointscanbeconsideredto bewheremethodcallsor

object�eld accessesareexecuted,or onexceptionalhandlingor staticinitialisation

within aclassor method.Table2.1shows thefull list of thedynamicjoin pointsin

AspectJ.

JoinPoint Pointin programexecution.

methodcall amethodor constructorof aclassis

called.

methodcall reception anobjectreceivesamethodor

constructorcall.

methodexecution amethodis invoked.

�eld getor set a �eld of anobjectis accessed.

exceptionhandlingexecution exceptionhandlerinvoked.

classinitialisation any staticinitialiserarerun.

objectinitialisation any staticinitialiserarerunduringobject

creation.

Table2.1:JoinPointModelAspectJ
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Pointcut Designators

A pointcutis asetof join points.AspectJprovidesseveralpointcutdesignatorsfor

associatingadvicewith join points.For examplethe following codematchesany

call to methodsetX() of anobjectof typePoint.Pointcutsmayalsobecombined

using
���

, && and! operators.

receptions(voi d Point.setX());

AspectJallows for adviceto have accessto certainvaluesat join points; in

advicedeclarationsvaluescanbepassedfrom thepointcutdesignatorto theadvice.

In thenext examplethevariablesp andnval areavailablefor usein theadvice

body.

before(Point p, int nval) : receptions(voi d
p.setX(nval)) {
System.out.print ln (" x value of " + p +

" will be set to " + nval);
}

Advice

Advice is a methodlike mechanismusedto declarethat certaincodeshouldbe

executedat join pointsin a pointcut[KHH
�

01]. AspectJsupportsthreetypesof

advice(before,afterandaround).Table2.2explainseachtypeof advice.

AdviceType Description

before Adviceexecutedbefore`base'methodat join point.

after Adviceexecutedafter`base'methodat join point.

around Adviceselectively pre-emptsnormalexecution.

Table2.2:Advice in AspectJ
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Advicedeclarationsde�ne adviceby associatingthetypeof advicewith a join

point (whenit shouldbe executed)andthe codeassociatedwith the advicewith

the basecodeof the method.For examplethe following adviceis associatedthe

methodmove() andit is of typeafter; it associatesthecodeflag = true;

with themethod:

after(): moves() {
flag = true;

}

Aroundadvicedynamicallyaltersthebehaviour of amethodby runninginstead

of themethod.Theoriginalmethodcanbecalledby usingtheproceed keyword.

In thenext exampletheoriginalmethodis calledby usingproceed keywordbut

only positivevaluesarepassedto themethodasMath.max(int, int) returns

thegreaterof thetwo numbers.

around(int nv) returns void:
receptions(void Point.setX(nv)) ||
receptions (void Point.setY(nv))
{

proceed(Math.m ax( 0, nv));
}

Aspects

Aspectsaremodularunitsof crosscuttingimplementation[KHH
�

01]. An aspect

is de�ned by aspectdeclarations,which have a similar form to theclassstructure.

An aspectcanconsistof:

� Pointcutdeclarations

� Advicedeclarations

� Normalclassdeclarations

The following codesegmentis an exampleof a tracingaspect.It associates

advicewith methodsfrom theclassesFigureElement , Line andPoint .
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aspect MoveTracing {
static boolean flag = false;

static boolean testAndClear() {
boolean result = flag;
flag = false;
return result;

}

pointcut moves() :
receptions(voi d FigureElement.i ncr XY(i nt , int) ||
receptions(voi d Line.setP1(Poin t) ||
receptions(voi d Point.setX(int) );

after(): moves() {
flag = true;

}
}

Aspectprecedencerefersto the fact that morethanonepieceof advicemay

applyto a join point.Thereexistscertainrulesthatdeterminewhichadviceshould

rundependingon if anaspectinheritsfrom theother, or if thedominates modi-

�er is used.

Re�ective Accessto Join Point

AspectJprovidesaccessto the currentjoin point by meansof a specialvariable

calledthethisJoinPoint . It is boundto thecurrentobjectandrepresentsthe

join point.

Property Basedcrosscutting

It is possiblewithin AspectJto usewildcardingof pointcutdesignators.Thiscanbe

simplepatternmatchinglikereceptions (* Point.*(..)) ,whichmatches

any methodcall or executionon a Pointobject.More advancedpointcutdesigna-

torsareallowedusingthecflow keyword to selectpointcutsthataredetermined

basedon whetherthe join pointsarein a particularcontrol-�ow relationshipwith

otherjoin points.
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Implementation

The main work of any AOP languageis to ensurethe correct combinationof

aspectandnon-aspectcode.This coordinationprocessis called aspectweaving

[KHH
�

01]. In AspectJthe weaving is bestdescribedasa compile time weaver;

thecompilertransformsthesourceprogramin threeways:

� Advicedeclarationsis compiledinto standardmethods.

� Partsof theprogramwhereadviceis applicablearetransformedcorrespond-

ing to thejoin points

� Any partsof the programwith dynamicdispatchcodeis insertedat those

staticpoints.

Relevanceto AspectC#

AspectJmakessimplelanguageextensionsto Java thatenablesJava to modularise

crosscuttingconcerns.Therearemany featuresof AspectJthat will be useful in

AspectC#,theJoinPointmodelis veryeffectiveandcapturescrosscuttingconcerns

well. The different typesof crosscuttingidenti�ed by AspectJwill alsobe used

within AspectC#(I.e.Staticanddynamic).

2.4.2 Hyper/J

In Tarr et al [TOHS99],they describehow modernlanguagesandmethodologies

suffer from a problemthey call “tyr annyof dominantdecomposition”. Examples

of tyranny areclassesin OO and functionsin Functionallanguages.This prob-

lem leadsto the developerhaving to commit to one of thesedominantdecom-

positionsearly in the designand changesto this decisioncan effect the whole

application.Often the developer is not given a choiceaboutthe decomposition

dimensione.g.in OO it mustbe a class.The multi-dimensionseparationof con-

cernsbreaksthe tyranny of dominantdecompositionby not relying on a single

decompositionmechanism.Hyper/Jis an evolving tool that provideshyperspace
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support.Hyper/JTM supports“AdvancedMulti-DimensionalSeparationof Con-

cerns(MDSOC)in standardJava TM software” [TO00]. Hyper/Jprovidesapower-

ful compositionmodelwhereseparatedconcernscanbeintegratedinto a program

or component.Hyper/Jcanbeusedat any stagein thesoftwaredevelopmentlife-

cycle:design,implementation,or maintenance.

The Language

Theapproachtakenby theHyper/Jteamis calledthe`hyperspacesapproach'. Hy-

perspacespermit the identi�cation andencapsulationof any arbitraryconcernat

any stagewith thedevelopmentlifecycle.It is alsopossibleto managetherelation-

shipbetweenconcerns.Figure2.7highlightsthedifferenttermswithin Hyper/J.

Figure2.7:Hyper/Joverview

32



Concern Spaceof Units

A unit can be thoughtof as constructin a language;it may be, for examplea

statement,statechart,class,interfaceor any entitywithin a givenlanguage.There

exists two typesof units: primitive and compoundunits. Primitive units can be

treatedasatomic,while compoundunits aregroupedtogether. A concernspace

encompassesall units in a pieceof software.Thepurposeof theconcernspaceis

to groupall unitsin thesystemsothatit is possibleto separateall concernsandto

describetheinter-relationshipbetweenthoseconcerns.

� Identi�cation: refers to the processof selectingconcernsand populating

themwith unitsthatarerelevantto them.

� Encapsulation:refersto how after identi�cation concernsareencapsulated.

E.g.method,classor package.

� Integration:Onceconcernshave beenidenti�ed andencapsulatedthey must

thenbeintegratedsothesystemaddressesmultipleconcerns.

Identi�cation: Concern Matrix

A hyperspaceis aconcernspacespeciallyconstructedto supportmulti dimensional

separationof concerns.Unitsareorganisedinto amulti-dimensionalmatrixwhere

eachaxisrepresentsadimensionof concernandeachpointonanaxisis aconcern

in thatdimension.Eachdimensioncanbeviewedasasectionof thesetof all units.

A hyperspace�le speci�es the Java classesthat containcodeunits that will

populatethehyperspace.Thefollowing codesegmentshows a pieceof a speci�-

cation�le. Thespeci�cation�le cancontaineitherJava fully quali�ed classnames

or pathnameof �les.

hyperspace Expression_SEE _Hyp er spa ce
class com.ibm.hyperJ.E xp re ss ion SEE. *;
file c:\u\smith\com\ ib m\hy perJ\ ut il \S et .cl as s
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Units Hyperspacescanorganiseandmanipulateunits in any languagebut cur-

rently only Java is supported.In Java, membervariablesandfunctionsaretreated

as primitive units andclasses,interfacesand packagesare treatedas compound

units.

Concern Speci�cations Theconcernspeci�cationservesto identify thedimen-

sionandconcernin theconcernmatrix.A simpleapproachis touseasetof concern

mappings, suchas:

x: dimension.conce rn
e.g.

package com.ibm.hyperJ .Ex pr es si onSSE: Feature.Kernel
operation display : : Feature.Displa y
operation check : : Feature.Check

Wherex if thenameof theunit.

Hyperslices

Theconcernmatrixidenti�es andmanagesunitswithin agivendimensionandcon-

cern.To supporttheencapsulationof concernsHyper/Jusesan additionalmech-

anismcalleda hyperslice; a hypersliceis a setof concernsthat aredeclaratively

complete2.

Thedeclarative completenessmeansthat thereis no couplingbetweenhyper-

slices.Insteadof onehyperslicereferringto another, anabstractdeclarationof what

the hypersliceneedsis declared.This hasthe effect that the hyperslicesareself-

contained,but of coursesomeonewill have to implementtheabstractdeclarations.

2Declaratively completemeansthatanythingaconcernusesmustbedeclaredwithin theconcern.
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Relationshipbetweenconcerns

Units,concernsandhyperslicesmaybeinterrelatedin a numberof ways.Hyper/J

hastwo classi�cationsof relationships:

� Context-insensitivewereconcernsarealwaysrelatedthesameway, aslong

asthey shareunitsin common.

� Context-sensitiverelationshipsdependon the context that the concernsare

beingusedfor.

Hypermodules

Hyperslicesarethebuilding blocksfor systemin Hyper/J.Thebindingrelationship

betweenunitsis calledcorrespondence; correspondenceis acontext-sensitive rela-

tionshipandoccursin theintegrationof thecomponentor system.This integration

context is calledahypermodule.

A hypermoduleconsistsof a setof hyperslicesandtheir integrationrelation-

ships.Integration relationshipsstemfrom the compositionrulesof SubjectOri-

entedProgramming(SOP) [HO93]. In Hyper/J,a compositortool can be used

to associateintegration relationships,thereforeone can think of a hypermodule

asa combinationof hyperslices.Hypermodulescanbeusedto encapsulatemany

typesof softwareartefacts,componentsor wholesystems.Eachhypersliceis self-

containedbut with integrationrulesthesystemcanwork togetherin aco-ordinated

fashion.Thefollowing codeis of a hypermodule;a hypermodulecontainsa setof

hyperslicesandanintegrationrelationshipamongthehyperslices.

hypermodule SEE_With_Displa y_ And_Check
hyperslices: Feature.Kernel , Feature.Display

Feature.Check
relationships: mergeByName

In this hypermoduletherelationshipis “mergeByName”this meansthatunits

in thedifferentconcernsarerelatedif they havethesamename.Theareothertypes
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of relationshipswithin Hyper/Jfor example:merge (merge relationshipbetween

speci�edsetof units),nomerge(oppositeto merge,causesunit whichmatchnot to

merge)andoverride(Indicatesthatoneunit overridesanotherunit).

Implementation

Hyper/Jis a tool that realisesthe hyperspacesapproachfrom Java TM . The units

that are supportedare: packages,interfaces,classesand members.The concern

matrix canwork with theseunitsandthereis theability to make hyperslicesfrom

theseunits. Integrationof the hyperslicesis possibleto form hypermodulesthat

canbegeneratedinto Java class�les.

Relevanceto AspectC#

Hyper/Jusesadifferentapproachbut therearestill lessonsto belearnedfrom it, a

featureof Hyper/Jthatis of particularinterestis thatHyper/Joffersmodularisation

of crosscuttingconcernswithoutexplicit languageextensions.By makingconcerns

declaritively completethey becomeself contained.Hyper/Jdoesnot make any

languageextensions.

2.5 .NET AOP Approaches

In this sectionwe cover the principal .NET approachesto AOP. Although there

exists many Java baseAOP tools, the developmentof .NET tools is still only in

nascentstages.We will cover two of the foremostapproachesCLAW[Lam] and

AOP# [AOP]. Other approachesinclude Aspect.NET[Mica] and IL basedap-

proacheslike “Aspect-OrientedInfrastructurefor aTyped,Stack-based,Intermedi-

ateAssemblyLanguage”[DEC].

2.5.1 CrossLanguageAspectWeaving (CLAW)

CLAW hasmany similaritiesto AspectJascoveredin section2.4.1.CLAW bor-

rows many featuressuchasadvice(before,after)andcontainsasimilar JoinPoint
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model.But they dramaticallydiffer in theprocessof aspectweaving. CLAW con-

tainsanExecutionEngine(EE) thatweavesbaseandaspectcodetogetherat run-

time; the aspectto basecodemappingis achieved throughweavinginstructions

that aregeneratedby a weave compiler. All weaving occursat runtimeandit is

a future goal that the CLAW will be ableto emit `aspectassemblies'. Any CLR

compatiblecompilercanprovide aspectassemblies,which in turn provide theas-

pectcodeto theExecutionEngine.Aspectscanbeweavedwith targetmethodsthat

arenotwrittenin thesamelanguagetherebyperformingtruecrosslanguageaspect

weaving.

Ar chitecture

TheCLAW architectureconsistsof:

� A setof baseassemblies.

� A setof aspectassemblies.

� Weavede�nition �les thatcontainsthemappingof aspectcodeto basecode.

The baseandaspectcodecanbe written in any normal .NET language;it is

thencompiledusingacompliantcompilerinto anassembly. Themappingfrom as-

pectto coremethodsis throughtwo weave de�nition �les: weave.xml andweave-

manifest.xml. The weave.xml de�nition �le containsa setof weaver de�nitions;

eachde�nition describeshow a join point is mappedto anaspect.Theweavemain-

fest.xml�le containstheaspector baseassemblies.Theweave compilercompiles

the weave de�nition �les into a weave instruction�le that is usedby CLAW to

performweaving at runtime.The following codesegmentshows the two weave

de�nition �les.

<weave>
<aspect pointcut="App.Ma in "
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adviceType="befo re "
advice="MyAspect .B ef or e" />

</weave>
weave.xml

<manifest>
<aspects>

<assembly path="c:\temp\ Hell oWorl d\ MyAspect. dl l" />
</aspects>
<targets>

<assembly path="c:\temp\ Hell oWorl d\ App. ex e"/ >
</targets>

</manifest>
weavemanifest.x ml

CLAW operatesby weaving aspectcodeprior to JIT compilationof thetarget

method.CLAW readsthe IL of the targetmethodandconstructsanabstractsyn-

taxtree(AST). It thenweavesin aspectIL andwritesthemodi�ed IL into memory.

The following is a simpleaspectusingCLAW. It prints out “Hello from C#

Aspect” beforethe target methodis executed,the target methodis speci�ed in

the weave.xml �le in this casethe methodis MyAspect.Before.Join Pointsare

speci�edin theweave.xml �le.

public class MyAspect
{

private static MyAspect this_;

static MyAspect() { this_ = new MyAspect(); }

public static MyAspect AspectOf() { return this_; }

public void Before( CodeXP.CallCont ex t c )
{

Console.WriteLi ne( "Hello from C# Aspect" );
}

}
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Summary

CLAW hasnotbeenreleasedyet,but promisesto beanextremelyusefultool from

thestart.A currentlimitation is thesecurityissue.CLAW allowsdevelopersto dy-

namicallyalter thebehaviour of codewithin theCLR. Until a securitypolicy can

be created,this is a major limitation. Also CLAW cannotweave unmanagedand

managedcode,that is, codethat runsoutsidetheCLR. Futurework includessup-

port for intra-methodjoin points,XPathsyntaxfor join pointselectionandsupport

for link-time weaving.

Relevanceto AspectC#

Oneof CLAW'sfeaturesis theability to performcrosslanguageweaving,VB.NET

codecanbe weaved with C# codeandvice vearsa.It wasinteresting�nding out

how CLAW performsthis weaving, CLAW targets IL while AspectC#targets

sourcecodethereforeit is not possibleto gain an advantageherebut the XML

mappingtechniqueis similar to theoneemployedby AspectC#.

2.5.2 AOP#

AOP# hasbeendevelopedby Schupany, Schwanningerand Wuchnerfrom the

SiemensCorporation.It is namedAOP#in accordancewith thelanguageC#.The

requirementsof AOP#are:

1. No languageextensions;theusershouldnothaveto learnany new constructs

andastandardcompileris used.

2. Completeseparationof baseandaspectcode.

3. Easymechanismto join baseandaspectcode;somethingalongthelinesof

theJ2EEEJBcontainermodel.

4. The ability to switch on andoff aspects.This conceptis called“aspectual

polymorphism”.
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A featureof AOP#is thatany languagesupportedby the.NET framework may

beusedaseitherbaseor aspectcode.

Ar chitecture

AOP#architectureconsistsof threeparts:

1. Applicationassemblies- holdstheapplicationor businesscodecalled`core

code'.

2. Aspectassemblies- holdstheaspectcode.

3. CoordinatingcomponentcalledtheXML-Connector. TheAOPenvironment

usetheconnectorto associateaspectswith thecorecode.

Figure2.8:ArchitectureAOP#.

Baseandaspectclassesarecompiledinto MSIL andthencomposedinto as-

semblies,fromtheretheconnectoradvisestheAOPEnvironmentwhichcoreclasses

shouldhaveaspects.TheAOPEnvironmentinterceptsat runtimethecorecodeand

insertstheaspectcode.This interceptionis achievedusingthePro�ling andMeta-

dataAPI of the.NET framework [Micd]. Onerestrictionwith thisapproachis that
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only managedcodemaybeusedandthePro�ling API cannothandleunmanaged

code.An exampleof unmanagedcodeis memoryallocation(pointers)in C++ as

thiscannotbemappedto MSIL.

Aspectsin AOP#areordinary.NET classesthat aredeclaredasabstractand

inherit from a baseclasscalledAspect . Aspectsareorganisedinto assemblies

andtherearenolanguageextensions.Theimplementationof anaspectconsistsof:

� The (abstract)declarationof an interfaceexpectedfrom any coreclassthe

aspectshouldlaterbeweavedinto.

� Theimplementationof theaspectsmethod,thiscorrespondsto the“around”

advicein AspectJ.

The expectedinterfaceof the aspectconsistsof abstractmethodsthat canbe

dividedinto two categoriesmarkedby attributes“isRequired” and“IsExtended”.

� IsRequiredmethodsaimto interactwith `aspectised'coreclasses.It is simi-

lar to thedeclarative completenessof Hyper/J.

� IsExtendedmethodsaim to extendcoreclassmethods.They requirea con-

creteimplementationof the form Extend*, where* is themethodnamein

thecoreclass.

Thefollowing is a simpleexampleof anaspectin AOP#.It representsa sim-

plistic boundschecker thatworksongraphicalelementsof acoresystem.

public abstract class BoundsChecker : Aspect
{

private const int MAX_X = 100;
[IsRequired]
public abstract int GetX();
[IsRequired]
public abstract void SetX();
[IsExtended]
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public abstract int ShiftX(int shiftFor);

//Implementatio n of aspect
public void Extends_ShiftX (i nt shiftFor)
{

//before
bool isOutOfBounds ;
if(GetX() + shiftFor > Max_X)
{

SetX(Max_X - shiftFor);
}
//call to core method
ShiftX(xValue) ;
//after
..

}
}

TheXML-connectordescribeshow coreclassesandaspectmethodsshouldbe

mappedtogether.

AspectualPolymorphism

AspectualPolymorphismrelatesto theability of turningonandoff aspectsat run-

time.During thecourseof theapplicationtheaspectcontext (setof aspectsbeing

aspectized)canchange.This is anefeatureandnotseenin any otherAOPtool.

Summary

A �rst prototypeof AOP#is duefor release,but becauseall conceptsare taken

from existing successfulapproachesthe designerexpect it to be useful from the

beginning.AOP#andCLAW arequitesimilar in theirapproachto weaving aspects

andworking on assemblies,a key differenceis theaspectualpolymorphismwere

aspectscanbeturnedonandoff.

Relevanceto AspectC#

Both AOP#andCLAW arevery similar in their approachto AOP, but whatsepa-

ratesthemis theAspectualPolymorphismin AOP#.Thisis interestingtoAspectC#
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andit wouldbeinterestingto seeif this featurecanbeaddedto AspectC#.

2.5.3 Other .NET approaches

As stated.NET toolsarestill in earlystagesof developmentbut two otherpromis-

ing approachesare Aspect.NET[Mica] and MSIL-basedAOP tool by Dechow

[DEC]. Aspect.NETaimsto researchAOPtools that target bothsourcecodeand

MSIL. It aimsto createtoolsthatarebothstaticanddynamic.They alsointendto

investigatelanguageextensionto the C# language(similar to AspectJextensions

to Java). Dechow's tool aimsat weaving on MSIL andcanbedescribeas“source

to-sourcepreprocessorfor theCommonIntermediateLanguage (CIL)” [DEC].

2.6 Summary

In this chapterwe have covereda stateof the art review of the .NET platform

andthe main Java and.NET approachesto AOP. But thereexist many otherap-

proachesto AOPincludingsupportedsystemslike AspectR[ASPb],AspectS[Hir],

DemeterJ[Lie] andresearchprototypeslikeAspectC[Coa] andAspectC++[ASPa].
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Chapter 3

Requirementsand Design

3.1 Intr oduction

In this chapter, �rstly we look at therequirementsfor AspectC#.We thendiscuss

thedesignof thesystemwith regardto otherapproachesmentionedin Chapter2.

3.2 Requirements

Oneof the objectivesof the project is to develop a tool `AspectC#'that enables

AOPconstructswithin theC# language.The systemmustbe developedwithin a

12-weektime frameanda smallexamplemustalsobedevelopedto show a work-

ing prototype.

The major useof the systemwill be to apply AOP constructswithin the C#

language.Developersshouldbe allowed to usea rich setof instructionsthatwill

aid in modularisationof crosscuttingconcerns.AspectC#canbeappliedto a new

projectin developmentor to existing applicationsby refactoringthedesignof the

application.

3.2.1 Functional Requirements

AspectC#mustallow developersto useAOPmechanismswithin C#.It mustallow

developersto specifyaspectandbaseclasses,andto allow the merging of these
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classesandcreate`aspectassemblies',which arenormalassembliesandcanrun

undertheCLR.

1. AspectC#mustallow thedevelopertomodularisecrosscuttingconcernswithin

theC# language.

2. The tool shouldnot make any languageextensionsto the C# speci�cation

[Micb]. The reasoningbehindthis requirementis that the developerdoes

not have to learn new languageconstructsmaking it easierto learn AOP

techniques.Also thefactthatthereareno languageextensionsmeansthata

standardC#compilercanbeused.This reducesthedevelopmenttimeof the

tool andallows theuseof GUI IDEs suchasVisualStudio.NET (VS.NET)

asadevelopmentenvironment.

3. Althoughwe seetheprototypeasa proof of concept;a requirementis that

the systemshouldbe extensibleandmay, in future versionsof the system,

beableto supportmultiple languagesratherthanjust C#.Thesemanticsof

AspectC#shouldalsobeextensibleallowing for new constructsif necessary.

4. Thesystemmustnotpermanentlymodify thebasecode.AspectC#musttake

basesourceclassesasinputsandperformweaving insidethesystem,leaving

thebaseclassesunchanged.Thereasonbehindthis is thatwith AspectC#it

shouldbepossibleto compileandrun baseclasseson their own, andwhen

usingAspectC#thebasecodedevelopercanbeobliviousto theaspectclass

andconcentrateonthefunctionalityof thebaseconcern.A temporarydirec-

tory of intermediateweaved �les shouldbe producedto enabledebugging

purposes.
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5. AspectC#mustbeeasyto useandhave a small learningcurve. It shouldbe

basedonthe`stateof theart' of AOPtoolsandtechnologiesto try andmake

thetool effective from thebeginning.

6. Theevaluationof theprojectis anextremelyimportantrequirement.Firstly

theresultingweavedcodemustbecomparedwith anobjectorientedversion

of the examplesystem;andthe systemmustbe comparedwith otherAOP

toolson: How the systemspeci�esaspects,what compositionmechanisms

thesystemprovides,implementationmechanismsof thesystem,decoupling

issues,softwareprocessandusabilitymustbeevaluated.

3.2.2 Non-Functional Requirements

Thenon-functionalrequirementsarethat the tool shouldbe developedusingMi-

crosoftVisual Studio .NET (ReleaseVersion)and shouldbe able to run on the

Microsoft .NET Framework TM .

RequirementsSummary

In summarytherequirementsof thesystemare:

� Enablethemodularisationof crosscuttingconcernswithin C#.

� No languageextensionsto C#.

� Systemshouldbeextensiblefor futuredevelopment.

� Completeseparationof baseandaspectcode.

� Easeof use.

� Thoroughevaluation.
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3.3 Design

This sectionattemptsto describethe designof the system.Firstly we begin by

comparingand contrastingthe stateof the art approachesin AOP tools both in

Java and.NET. Finally we describein detail theAOPEngine,which satis�esre-

quirementno.1(whichis madeupof modules):Parser, AST Representation,which

satis�esrequirementno.2andno.3,AspectMapping,which satis�esrequirement

no.4,Weaver satis�esrequirementno.4andCompiler.

3.3.1 Different Approaches

Thereexist many approachesto AOP, the principle oneshave beendiscussedin

section2.4. Figure3.1 highlightswhereeachcurrentlyavailable tool appliesits

compositionmechanism.We evaluatedeachapproachbasedon the languagethat

it used,thearchitectureof thesystemandhow thesystemwasimplemented.

Figure3.1:DifferentAOPtool approaches.
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AspectJ[Tea]coveredin section2.4.1workswith sourcecodeandweavesas-

pectsat compiletime; it hasa lot of speci�c constructsandis probablythemost

usedtool in the �eld. Hyper/J[HYP] coveredin section2.4.2stemsfrom subject

orientedprogramminganddoesnot containtheideaof aspectandbasebut rather

a concernandconcerninteraction.Hyper/Jworkson the ideaof declarative com-

pletenesswereeverythinga concernusesis declaredin theclass.Hyper/Jweaves

concernsatabytecodelevel.

CLAW [Lam] coveredin section2.5.1hassimilar syntaxto AspectJandthe

centralideaof anaspect.CLAW weavesbaseandaspectcodeataMSIL level and

thencallstheJIT compiler. CLAW usesa XML mappingof aspectsto basecode.

AOP#[AOP] coveredin section2.5.2againworks on a MSIL level andusesan

XML mappingof aspectto basecode.Table3.1summarieseachapproach.

3.3.2 Our Approach

The approachthat we decidedto take wasto usesimilar semanticsandarchitec-

turesof existing toolsandusethefeaturesfrom theseothertoolsfor ourapproach.

By usingsimilar methodsof existing successfultoolswe caninfer thathopefully

our tool will beusefulfrom thebeginning.But it mustbestatedthat this tool is a

proof of conceptanda goalof furtherresearchis to make it theleadingAOPtool

for the.NET framework.

In ourapproachit wasdecidedto usesimilar semanticsto AspectJ[Tea].That

is,wemakeaclearseparationof whatis base(oftendescribeas`business'or `core'

code)andwhat is aspectcode.The Join Point model is a subsetof the AspectJ

JoinPointmodel.An aspectin AspectC#is thesameasin AspectJbut it mustbe

declaratively completelike concernsin Hyper/J.WeuseanXML basemappingof
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Topic AspectJ Hyper/J CLAW AOP#
Language(s) Workswith Workswith Workswith Workswith
Used theJava theJava any .NET any .NET

Language. Language. compatible compatible
language. language.

Expressive AspectJ Hyper/J CLAW uses AOP#uses
Power contains contains aspectsand aspectsand

constructsfor constructsfor axml axml mapping.
declaring identi�cation mapping.
aspects and
andpointcuts. encapsulation

of concerns.
Composition AspectJhas Hyper/Jhas CLAW hasno AOP#hasno
mechanisms explicit no language language language

language extensions. extensions. extensions.
extensions. Concerns Aspectsare Aspectsare
Aspectsare composed appliedto appliedto
Explicit usingclasses. classes. classes.
appliedto
classes.

Implementation AspectJis Hyper/Jis CLAW is AOP#is
mechanisms appliedto appliedto appliedto appliedto

sourcecode. bytecode. MSIL within MSIL.
Composition Composition theCLR. Compositionis
is staticat is staticat Compositionis dynamicat run
compiletime. compiletime dynamicat run time.

time.
Easeof Use AspectJis Hyper/Jis Currentlyno Currentlyno

extremely morea prototype prototype
userfriendly complex available. available.
with IDE approachbut
developer doeshave
plug-ins GUI support.
alsoavailable.

Aspectual No support No support No support Supportfor
Polymorphism Aspectual

Polymorphism

Table3.1:DifferentAOPtool approaches
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aspectsto coreclasses.

The Language

AspectC#hasasimilarsemanticsto AspectJ,it supportstwo typesof crosscutting

implementation:

� Static: Enablesthedeveloperto addvariablesandmethodsto existing types

� Dynamic: Enablesthedeveloperto de�ne additionalimplementationto run

at well de�ned pointsin theprogram.

AspectMapping (Join Point Model)

AspectC#allows for adviceto be associatedwith basemethodsbeforea method

executionandafteramethodexecution.This is asubsetof theAspectJJoinPoint

Model. As we did not wantany languageextensionwe usean XML mappingof

aspectadviceto basecode,this is insteadof thePointcutdesignatorsin AspectJ.

Aspect

An aspectis amodularunit of crosscuttingconcernsandit containsadvice.Advice

hasthesamemeaningasin AspectJ,but asthereareno languageextensionsto C#

sotheadvicemustbeproperC#code.Aspectsaredeclaratively completetherefore

any variableor methodapieceof adviceusesmustbedeclaredwithin theadviceor

asanabstractmethodor variable.Thereis alsothere�ective accessof a join point

availableto thedeveloper. There�ective accessallows thedeveloperto get infor-

mationaboutthecurrentjoin point andto accessdataaboutthecurrentjoin point

whichmaybeusefulin thedevelopmentof crosscuttingconcerns.In summary, the

semanticsof AspectC#are:

� An Aspectis amodularunit of crosscuttingconcerns,it containsadvicethat

canbeappliedto basecode.Aspectsmustbedeclaratively complete.
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� Advicecanbeof typebefore, afteror around, ascoveredin section2.4.1.It is

a methodlike mechanismusedto insertcodeat certainwell de�ned pointed

in theprogramexecution.

� The Join Point model is a subsetof the AspectJJoin Point model.A �le

calledtheAspectDeploymentDescriptoris usedto hold thesemappings.

� The developerhasre�ective accessto a join point, with useof a special

variablecalledThisJoinPoin .

In Table3.1wesummarisedthedifferentapproachesof themostpopularavail-

abletoolsatpresent;Table3.2summarisesourapproach.

Issue AspectC#
Language(s) AspectC#workswith C#andhopefullyin futureversionsit will
Used extendto all .NET languages.

Composition AspectC#hasasimilar semanticsto AspectJ,it containsthe
Mechanisms constructsfor declaringaspects,implementingadviceand

associatingaspectswith baseclassesin theform of theAspect
DeploymentDescriptor.

Expressive AspectC#containssupportfor constructinganddeclaringaspects.
Power It usesasubsetof theAspectJJoinPointmodelandanXML mapping.

Implementation AspectC#hasno explicit languageextensions.Aspectsare
Mechanisms appliedto classes,with theaidof theAspectDeployment

Descriptor.

Implementation AspectC#is appliedto sourcecode.
Mechanisms Compositionis staticat compiletime.

Easeof Use It is agoalof AspectC#thatit will beeasyto use.It is basedon
currenttechnologyandhopefullywill have a low learningtime.

Aspectual No support.
Polymorphism

Table3.2:AspectC#approach
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Figure3.2:ProjectArchitecture.

3.3.3 Project Ar chitecture

Theprojectarchitecture,asshown in �gure 3.2workswith baseandaspectsource

code.Thereforeit needsa parserto analysethesourcecode.Next it mustmodel

this codein the form of anAbstractSyntaxTree(AST), by usingtheCodeDOM

API [Micc]. The weaver mergesbaseandaspectgraphs� trees.Finally the com-

piler compilesthetreeusinga standardC# compiler. TheAOPengineconsistsof

� ve main areas,as shown in �gure 3.3. The 5 componentsare describedin the

subsequentsections:

� Parser:Parsingof bothbaseandaspectcode.

Satis�esrequirementno.1

� AST: Representationof sourcecode�les asanAST.

Satis�esrequirementno.1,no.2,no.3
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� AspectMapping(Joinpoint):TheJoinpointmodel.

Satis�esrequirementno.1,no.4

� Weaver:Weaving aspectandbasegraphstogether.

Satis�esrequirementno.1,no.4

� Compiler:Compilationof weavedaspectandbasegraph.

Satis�esrequirementno.1

Figure3.3:AOPEngineArchitecture.

Parser

The purposeof a parseris to analysethe phrasestructureof a program.As we

decidedthat theweaving would only occurat well de�ned join points(i.e. within

classandmemberfunctions)this effectedtherequirementsof our parser. We only

neededa subsetof theC# grammarfor theprototype.As shown in �gure 3.4 our

parsercanmodelnamespace,class,function andvariableitems.The classesare

discussedin detailin section4.2.
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Figure3.4:ParserClassDiagram.

AST Representation

Oncethesource�le hasbeenparsedthenext stepis tocreateanAST representation

of the code.By usingthe CodeDOMAPI ascoveredin section2.2.3,we have a

languageneutralAST. We believe that by using the AST in future versionsof

our system,it will be possiblefor crosslanguageaspectweaving becauseother

languagescanbemodelledasaCodeDOMobjectgraphandweaving canoccurat

theobjectgraphlevel.

AspectMapping

TheJoinPointmodelis asigni�cant partof any AOPtool; wedecidedto useasub

setof theAspectJJoin Pointmodel.An XML basedapproachfor mappingswas

used,whereaspectscanbemappedto basemethods.Thefollowing codesegment

is theDocumentTypeDe�nition (DTD) for theAspectDeploymentDescriptor.

1. <!ELEMENT Aspect(TargetB as e, AspectBase, AspectMethod+,
Target+)>

2. <!ELEMENT TargetBase (#PCDATA)>
3. <!ELEMENT AspectBase (#PCDATA)>
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4. <!ELEMENT AspectMethod(N ame, Namespace, Class, AMethod)>
5. <!ELEMENT Target (Namespace, Class, Method+)>
6. <!ELEMENT Name (#PCDATA)>
7. <!ELEMENT Namespace (#PCDATA)>
8. <!ELEMENT Class (#PCDATA)>
9. <!ELEMENT AMethod (#PCDATA)>
10. <!ELEMENT Method (Name, Type, Aspect-Name)>
11. <!ELEMENT Type (#PCDATA)>
12. <!ELEMENT Aspect-Name (#PCDATA)>

Thestructureof theAspectDeploymentDescriptorisquitesimple.An Aspect

elementconsistsof fourmainelements:TargetBase ,AspectBase ,AspectMethod

andTargetMethod .TheTargetBase andAspectBase elementsrepresent

the con�guration information,wherethe baseand aspectsclassesare found, as

shown on lines2 and3. An AspectMethod representsanaspectmethodit con-

sistsof aname,namespaceof theclass,classnameandthemethodname,asshown

on line 4. A TargetMethod representsthe target or baseclassit consistsof

namespace,classnameandmethodname,asshown online 5. A Method element

representsthe target methodit consistsof name,typeof adviceto apply (e.g.be-

fore,afteror around),andtheaspectmethodnamethatcontainstheactualadvice,

asshown on line 10.

AspectWeaver

The weaving involvesmakingsurethat the advicespeci�ed by the XML Aspect

Deployment Descriptoris insertedinto the target methods.The weaving covers

bothstaticcrosscuttingcalled`introduction'anddynamiccrosscutting.

Variablesandmethodscanbe introducedby usingan attribute [introdu-

ction(<string>) ] , where<string> is a list of classesthat thevariableor

methodshouldbeintroducedtoo.

With dynamiccrosscuttingadviceis speci�edby theXML AspectDescriptor.
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Targetmethodsareidenti�ed within theXML �le.

As shown in �gure 3.5,theAOPenginehasexplicit accessto memberfunctions

andvariablesthroughtheCodeIdenti�erclass.

Within theweaving moduleaspectcon�icts areresolved, if morethanoneas-

pect is appliedto a basemethodthen thereneedsto be an orderingof aspects.

Aspectsareappliedto basemethodsdependingon thetypeof advice:

1. Any around adviceis �rstly applied.

2. Before adviceis applied,if morethanonepieceof beforeadviceis applied

to abasemethodthentheorderin whichit appearsin theAspectDeployment

Descriptoris theorderin which it is applied.

3. After adviceis thenapplied,againif morethanonepieceof afteradvice

is appliedto a basemethodthentheorderin which it appearsin theAspect

DeploymentDescriptoris theorderin which it is applied.

With AspectC#aspectscanbetailoredto thedevelopersneeds.An aspectcan

begeneralandaffect all classesin anapplicationor they canbespeci�c andonly

affect a small numberof classes.With runtimebasedapproachesto AOP many

toolshave problemswith thesecurityissueandinjectingcodebeforeJIT compi-

lation,asaspectweaving is performedat compiletime thereareno securityissues

with AspectC#.

Compiler

The�nal job of theAOPengineis thecompilationof weavedsourcecodeinto an

assembly;wecall thecompiledassemblyan`aspectassembly'.HereastandardC#

compilercanbeusedbecausethereis no languageextension.
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Figure3.5:CompilerClassDiagram.

3.4 Summary

In this chapterwe have coveredthe main functionalandnon-functionalrequire-

mentsof thesystem.Theusageof the tool hasbeendescribedand�nally thede-

signof thetool hasbeendiscussed.AspectC#designallows developersto capture

crosscuttingconcernsin a modularway. Thereareno languageextensionsneces-

saryandaspectandbasecodeis kept separatefrom eachother. We believe our

designis modularandextensibleso that in future versionsof the tool it may be

possiblefor crosslanguageaspectweaving.
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Chapter 4

Implementation

4.1 Intr oduction

This chapterdescribesthe implementationof the prototypesystem.We describe

theAOPEngineandits parts:Parser, AST Representation,Weaver, Compilerand

AspectDeployment.Finally thereis a summaryof the implementation.The sys-

tem wasdevelopedusingthe Microsoft VisualStudio.NET releaseversion.The

databaseusedfor theexampleprojectwastheMicrosoftSQL server version8.0.

4.2 AOP Engine

TheAOPEngineformstheheartof AspectC#,asshown in �gure 3.3it consistsof

� ve modules.Eachmoduleis responsiblefor a certainareaof theoverall require-

mentof allowing themodularisationof crosscuttingconcerns.

4.3 Parser

This sectiondescribesthe implementationof the parserof the system.We could

have useda parsingtool like YACC [YAC], LEX [LEX] or Visual Parse[SAN];

but it wasdecidedthat our systemdid not warranttheadditionalcomplexity and

dependencieson 3rd party librariesor softwaresoa simpleparserwasdeveloped

thatparsedthenecessaryconstructsnamely, class,variableandmemberlevel.
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As discussedin section3.3.3,themainfunctionalityof theparseris to lexically

analysethe source�le whetherit is a baseor aspectsource�le. The parsingin-

volvedusingregularexpressionsclassesfromthenamespaceSystem.Text.Regu la rE xp re ssi ons.

Regularexpressionsprovideamechanismfor capturingandmatchinglargeamounts

of text. TheRegularExpress io ns namespaceis baseduponthePERL5[Per]

regularexpressionsyntax.

Theclassesinvolvedin theparsingare,see�gure 3.4:

� CodeIdentifier : representsaparsedsource�eld with referencestoclass,

�eld andmemberinformation.

� ParsedNameSpace : representsaparsednamespace directive.

� ParsedUsing : representsa parsedusing directive.

� ParsedClass : representsa parsedclass directive.

� ParsedField : representsmultipleparsedvariable directive.

� ParsedConstruct or : representsaparsedconstrcutor directive.

� ParsedMethod : representsaparsedmethod directive.

� ParsedParameter : representsaparsedparameter directive.

� ClassRegex : containstheregularexpressions.

As anexampleof parsingthefollowing codesegmentrepresentstheprocessin-

volvedin parsinganamespace directive.Firstly theC#grammarfor anamespace

[Micb] is inspectedto �nd thepossiblecombinations.Thentheregularexpression

is generatedand �nally the codemay be using within the CodeIdentifier

class.We begin by looking at thenamespacegrammarasde�ned in theC# speci-

�cation.
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compilation-uni t:
using-directive so pt global-attribute so pt namespace-
member-declarat io ns opt

namespace-decla ra ti on:
namespace qualified-identi fi er namespace-body ;opt

qualified-ident if ie r:
identifier
qualified-ident if ie r . identifier

namespace-body:
{ using-directive so pt namespace-membe r- decl ara ti onso pt }

using-directive s:
using-directive
using-directive s using-directive

using-directive :
using-alias-dir ec ti ve
using-namespace -d ir ec ti ve

using-alias-dir ec ti ve :
using identifier = namespace-or-t yp e- name ;

using-namespace -d ir ec ti ve:
using namespace-name ;

namespace-membe r- decl ar ati ons:
namespace-membe r- decl ar ati on
namespace-membe r- decl ar ati ons namespace-member -d ec la ra tio n

namespace-membe r- decl ar ati on:
namespace-decla ra ti on
type-declaratio n

type-declaratio n:
class-declarati on
struct-declarat io n
interface-decla ra ti on
enum-declaratio n
delegate-declar at io n
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Thisgrammarsegmentis thefull grammarfor thenamespace declarationin

theC# speci�cation.Thenext codesegmentrepresentstheregularexpressionfor

thenamespacegrammar.

\s?(namespace)( \s \w +) (\u 002E\w +) *

where,
\s? = zero or more whitespace characters.
(namespace) = the text namespace (all lower case).
(\s\w+) = any whitespace character followed by

one or more letters.
(\u002E\w+)* = a fullstop followed by one or more letters,

repeated zero or more times.

E.g. namespace Ie.Tcd.AspectCS harp;

4.4 Abstract SyntaxTree

TheASTrepresentationof thesourcecodeisvital to theproject,arequirementcov-

eredin section3.2is thatthesystemshouldbeextensible.By modellingthesource

codeas a CodeDOMtree we keepit independentfrom a speci�c language;this

will leave thepossibilityof crosslanguageweaving. TheAST representationrelies

heavily on theCodeDOMAPI asdiscussedin section2.2.3.TheCodeDOMAPI

providesinterfaces,classesandarchitectureto representthestructureof a source

codedocumentindependentof a programminglanguage.Theclassesinvolved in

therepresentationof theAST of asourcecode�le are:

� CodeBuilder : The CodeBuilderclassactsa the centrallocationfor the

creationof the AST. It usesthe ParsedNameSpac e, ParsedUsing ,

ParsedClass , ParsedMethod , ParsedField classesfrom thepars-

ing moduleto createthetree.

� ParsedNameSpace ,ParsedUsing ,ParsedClass ,ParsedMethod ,

ParsedField classes:Theseclassesareusedto generatetheinformation

aboutthesource�le.
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The processof representationof sourcecodeasan AST is bestshown in the

form of a sequencediagram.Figure4.1shows theprocessof sourcecodeto AST

representation.

Figure4.1:SequenceDiagramof AST representation

4.5 Aspectweaver

The merging of aspectandnon-aspectcodeis a critical elementin the designof

any aspect-orientedlanguagemechanism.Theaspectweaving is performedontwo

typesof crosscuttingimplementationsasstated:dynamic,adviceandstatic,intr o-

duction. In section3.3.3we discussedthedesignour aspectweaving mechanism,

�gure 3.5illustratesthestructure.Theclassesinvolvedin weaving are:

� CodeBuilder : Modelsthesourcecode�le asanAST, performsweaving

at methodsjoinpoints.

� ClassJoinPoint : Eachsource�le � classcontainsoneClassJoinPoint,

whichcontainstargetclassinformationandaspectinformation.
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� MethodJoinPoint : Eachmethodis checked to seeif it hasassociated

advice,if this is truethena MethodJoinPointobjectis createdthatcontains

advicefor themethod.

� Advice : Conatinsthe type of adviceit is (i.e. before,after, around)and

a referenceto an spectBuilderobject that representsthe aspectcodeto be

wovenat thejoin point.

� AspectBuilder : An AspectBuilderobjectcontainsexplicit accessto the

�elds andmethodsof anaspectclass.An AdviceobjectqueriestheAspect-

Builder to obtaintheadvicecode.

4.5.1 Dynamic CrosscuttingImplementation

Advice from aspectclassesis woven with baseclassesby �rstly identifying the

targetmethods(with AspectDeploymentDescriptor)andtheninsertingtheadvice

into the AST object graph.Figure 4.2 shows the sequencediagramof weaving

aspectadviceinto targetmethods.

The following codesnippetshows the weaving of aspectand basecodefor

beforeandafteradvice.Eachmethodis �rstly checked to seeif hasadviceusing

thehasAdvice method,this methodcontainsaccessto theAspectDeployment

Descriptorinformationandthis in turn canbeusedto identify methodsthathave

advice.If themethodhasadvicethenaMethodJoinpoint objectis createdthat

holdsthespeci�c advicefor thegivenmethod.Finally theweaving is performedat

theobjectgraphlevel.

MethodJoinPoint methodJP = hasAdvice(c.ge tN ameAndPar amet ers () );
if(methodJP.has Advi ce () )
{

if(before)
{

foreach(Advice beforeAdvice in beforeList)
{

AspectBuilder aspectAdvice =
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Figure4.2:SequenceDiagramof AspectWeaver

beforeAdvice.GS _Aspe ct ;
string codeBefore = aspectAdvice.

getAspectCode( bef or eAdv ic e.G S_meth odName) ;

CodeExpressionS ta tement expressionBefor e = new
CodeExpressionSt at ement(

new CodeSnippetExpr es sio n( co deBefor e) );

method.Statemen ts .Ad d( ex pr es sio nBef or e) ;
}

}

string code = c.getFinalText () ;
CodeExpressionS ta te ment expression = new

CodeExpressionSt at ement(
new CodeSnippetExpr es sio n( co de)) ;

method.Statemen ts .A dd(ex pr es si on);

if(after)
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{
foreach(Advice afterAdvice in afterList)
{

AspectBuilder aspectAdvice = afterAdvice.GS_ Aspect ;
string codeAfter= aspectAdvice.ge tA sp ec tCo de(

afterAdvice.GS _met hodName);
CodeExpressionS ta tement expressionAfter = new

CodeExpressionSt at ement(
new CodeSnippetExp re ssi on(c odeAfte r) );

method.Statemen ts .Ad d( ex pr es sio nAft er );
}

}

Class.Members.A dd(met hod );
}

4.5.2 Static CrosscuttingImplementation

In orderfor introductionto beenabledwithin AspectC#it wasnecessaryto usethe

attribute mechanismof the C# language.An attribute is an objectthat represents

datathatyouwould like to associatewith anelementwithin yourprogram[Lib01].

We createda customattribute calledintroduction . The following codeseg-

mentshows thecodeof thecreationof theattribute.

[AttributeUsage ( AttributeTarget s. Fie ld |
AttributeTarget s. Method) ]

public class IntroductionAtt ri bute : System.Attribut e
{

private string Name;

public IntroductionAttr ib ut e( st rin g Name)
{

this.Name = Name;
}

public string getName()
{

return this.Name;
}

}
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Oncethe introduction attribute was createdwe could associatethe at-

tributewith elementswithin theprogram.Thenext codesegmentdemonstratesthe

usageof Introductionby addingthemethodsayHello into theclassHelloWorld.

On line 1 we canseeby usingthe[Introduction]attributewe canspecifywe want

thefollowing methodto beaddedto thetargetclass.

1. [Introduction(" Hell oWorl d" )]
2. public void sayHello()
3. {
4. Console.WriteLi ne("H el lo Howard!");
5. }

Within theAOPEnginetheCodeBuilderclassanalysestheaspectclassfor any

instancesof introduction.If any arefoundthenthevariableor methodis addedinto

theCodeDOMobjectgraph.Thefollowing codeshows theprocedureinvolvedfor

introduction.

foreach(Aspect Buil der aspect in getAspects())
{

foreach(CodeMet hod c in
aspect.getIntr oduc ti onMet hods (C las s. Name))

{
introductionMeth ods. Add( c);

}

foreach(CodeFie ld cf in
aspect.getIntr oduc ti onFie ld s( Cl ass .N ame) )

{
introductionFiel ds .A dd(c f);

}
}

//Add in CodeMethod and CodeField into CodeDOMobject
//graph
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4.6 Compiler

TheSystem.CodeDom .C ompi ler namespacecontainsclassesthatcanbeused

tomanagecompilationof sourcecodefromCodeDOMobjectgraphs.TheICodeCompiler

canbeusedby developersof generatorsandcompilers.TheMicrosoft.CSha rp .C sha rp CodePr ovi der

classprovidesanimplementationof theC#compiler. TheSystem.CodeDom .C ompi ler .C ompi le rRe su lt s

classgivesaccessto any errorsor warningsgeneratedduringthecompilationpro-

cess.The follow codesegmentshows the internalcompilationprocesswithin the

AOPEngine.

Microsoft.CShar p. CSharp CodePro vi der csharp = new
Microsoft.CSha rp .C Sharp CodePr ov ide r( );

ICodeCompiler cscompiler = csharp.CreateC ompi ler () ;
CodeCompileUnit [] units = getCompileUnits (l is t);
CompilerResults compresult =

cscompiler.Com pi leA ss embl yFromDomBat ch (co mppara ms,
units);

if ( compresult == null || compresult.Err or s. Count > 0 )
{

string errors = "";
foreach (CompilerError err in compresult.Error s)
{

errors += err.ToString() + "\n";
}

Console.WriteLi ne(" Er ror s: " + compresult.Erro rs .C ount );
Environment.Exi t( 1) ;

}

Currentlytheuseronly hasaccessto a commandline compilertool. Theuser

canspecifyanumberof options:

� Output�les.

/out:� �le � Outputassemblyname,mustbefully quali�ed.

/target:exe Build aconsoleexecutable.

/target:dll Build a library.
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� Input �les.

/add:� �le � AspectDeploymentDescriptor, XML aspect�le.

/main:� Main Class� Main class(Entrypointof application)if exe.

With thiscompilerthedevelopercancreateeitherexecutablesor librariesandspec-

ify wheretheAspectDeploymentDescriptor�le is located.

4.7 AspectDeploymentDescriptor

TheAspectDeploymentDescriptoris thenamegivento theaspectmappingmech-

anism.TheSystem.XML namespaceprovidessupportfor processingXML �les.

TheSystem.XML namespaceis partof thebaseclasslibrary. TheDocumentOb-

ject Model (DOM) is what is usedto modeltheXML �les. A singleXML �le is

readinto AspectC#,whichcontainsthemappingsof aspectsto targetsandthebase

andaspectcodedirectories.

TheAspectDeploymentDescriptoractsasthemaincon�guration �le for the

application.In the�le theaspectandtargetdirectoriesarespeci�edaswell asthe

aspectto basecodemapping.Theaspectandtarget directoriescontaintheactual

C# �les usedin the merging of aspectandbasecode.Theclassesinvolved in the

AspectDeploymentDescriptorare:

� CompilerManager : Main entrypoint of application,handlescon�gura-

tion of aspectandtarget�les, aswell ascompilation.

� XMLAspectReader : Helperclassfor readingthe aspectdeploymentde-

scriptor.

Thefollowing is anexampleAspectDeploymentDescriptor:

1. <?xml version="1.0" encoding="utf-8" ?>
2. <Aspect>
3. <TargetBase>D: \P roj ec t\ Test </T ar getB as e>
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4. <AspectBase>D: \P roj ec t\ Test </A sp ec tB as e>
5.
6. <Aspect-Method>
7. <Name>AspectTes t< /N ame>
8. <Namespace>Test< /N ames pac e>
9. <Class>Test2</Cl as s>
10. <AMethod>before () </ AMeth od>
11. </Aspect-Method >
12.
13. <Aspect-Method >
14. <Name>AspectTes t2 </ Name>
15. <Namespace>Test </ Namespa ce >
16. <Class>Test2</C la ss >
17. <AMethod>after( )< /A Metho d>
18. </Aspect-Metho d>
19.
20. <Target>
21. <Namespace>Test </ Namespa ce >
22. <Class>HelloWor ld </ Cl ass >
23. <Method>
24. <Name>SayHello () </N ame>
25. <Type>before</ Type>
26. <Aspect-Name>A sp ect Test </ Aspec t- Name>
27. </Method>
28. <Method>
29. <Name>SayHello () </N ame>
30. <Type>after</T yp e>
31. <Aspect-Name>A sp ect Test 2</A spe ct -N ame>
32. </Method>
33. </Target>
34. </Aspect>

In this codelisting lines3-4 containthecon�gurationof theaspectandtarget

directories.Lines 6-18 containinformationaboutthe aspectclassessuchas the

nameandactualC# classcontainingtheaspect.Lines20-33containinformation

aboutthetargetclassesandmethods.

4.8 Summary

In thischapterwehave lookedat theimplementationof AspectC#.Wehaveexam-

ined the implementationof the � ve main areasof the AOP Engine:Parser, AST,
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AspectDeploymentDescriptor, WeaverandCompiler, collectively they enablethe

modularisationof crosscuttingconcerns.Thedesignandimplementationhasbeen

completedsothatit is extensibleandthereareno languageextensionto C#.
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Chapter 5

Evaluation

5.1 Intr oduction

In this chapter, we will evaluateboth .NET platform as an AOSD platform and

our tool AspectC#.Firstly we evaluate.NET asAOSDplatform,next we describe

our methodsin the evaluation,andthenwe will evaluateit againstthe currently

availableAOP tools andmethodologies.Finally thereis an evaluationof a small

exampleusingAspectC#.

The main goal of AspectC#is the modularisationof crosscuttingconcerns.

In thefollowing sectionswewill evaluateAspectC#andotherAOPtoolsbasedon

how they specifyaspects,thelanguagethesystemused,how is it wasimplemented,

theusabilityof thetool andtheactualsoftwareprocess.

5.2 .NET asan AOSDplatform

“A platformis anybaseof technologieson which othertechnologiesor processes

are built. In computers, a platform is an underlyingcomputersystemon which

applicationprogramscanrun.” [is.]. AOSDis a new technologythatenablesthe

separationof concernsin softwaredevelopment.The questionwe would like to

answeris: Doesthe.NET platformenableAOSDmethodsor techniques?We be-

lieve that the .NET platform doesenableAOSD,we have built a tool AspectC#
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that enablesthe modularisationof crosscuttingconcernswithin C# without any

languageextensions.We believe the .NET platform canoffer AOSD more than

otherprevious platformsespeciallyin the following areas:MetaData,Re�ection,

CodeGenerationandCrossLanguageAspectDevelopment.

5.2.1 Meta Data

Metadatais informationaboutdata,informationaboutcode,types,assemblies,etc.

thatis storedwith theprogramme.In .NET or C#metadatacanbeaddedusingat-

tributes. Attributescaneitherbeintrinsicorcustom;examplesof intrinsicattributes

are:[WebMethod] or [Serializable] .Customattributesarecreatedby the

developer, in AspectC#weuseacustomattribute[introduction( <str ing >) ]

to enablethe staticcrosscuttingof methodsandvariableswithin baseclasses.In

CLAW it is themetadatainformationthatenablesCLAW to identify methodsbe-

fore JIT compilationand then it may perform the aspectweaving. Metadata,in

particularcustomattributesis an enormousadvantagethe .NET framework gives

thedeveloper.

5.2.2 Re�ection mechanism

Re�ection is closelylinkedto metadata.Re�ection is theprocessby which a pro-

grammecanreadits own metadata[Lib01]. In Javathere�ection mechanismviews

data,hastype discovery or dynamicinvocationwerepropertiesandmethodscan

be invoked at runtime,but with C# thereis morepowerful supportfor re�ection.

C# allows the ultimategoal of re�ection, which is the creationof typesat run-

time this is calledre�ection emit. Many of thecurrentlyavailableAOPtoolshave

their origins in re�ection-basedapproachesmoreinvestigationis necessaryto see

if the improvedre�ection mechanismof the.NET framework would enablemore

re�ection basedAOPtools.
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5.2.3 CodeDOM

The ability to modela sourcecode�le asa languageneutralabstractsyntaxtree

wasof greatbene�t to ourproject.SomeAOPapproachestargetsourcecodeweav-

ing, suchasAspectJ.By modellingsourcecodeasanAST thereis thepossibility

of crosslanguageaspectweaving. If a languagecanbemodelledasa CodeDOM

objectgraphthencrosslanguageaspectweaving would berelative easyasall the

codeis at the object graphlevel. But thereneedsto be more supportfrom the

CodeDOMAPI for expressionsandstatementsto enablefull AST modellingfrom

any language.The CodeDOMAPI currentlydoesnot supportthe full Common

LanguageSpeci�cation.

5.2.4 MSIL

TargetingtheMSIL codefor weaving aspectsis usedby mostof thecurrentlyin

developmentapproachesto AOP within the .NET framework. The fact that C#,

VB.NET andothersupportedlanguagesarecompiledinto IL enablescrosslan-

guageweaving of aspectsto basecode.Also becausethe CLR JIT compilesIL

beforeexecution,this leavesthepossibilityof aspectweaving at runtime.

5.3 Evaluation Methodology

In thepaperDoesAspect-OrientedProgrammingWork?[MWB
�

01] Murphyetal.

describehow to evaluatetheusefulnessof AOP. They did this by gettingmultiple

organisationsto implementproductswith andwithout AOP, thenevaluate.They

describetwo basictechniquesto evaluatingprogrammingtechnology:experiments

andcasestudies.

Experimentsareusuallyperformedundercontrolledcircumstanceswith anum-

ber of developersand test programs.Walker et al. [WBM99] performedexper-

imentsusing AspectJand threeparticipants.The participantswere asked to do

two tasks:Debug anexisting applicationandchangeanexisting application.Case
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studiesareof particularusein investigatingthe usefulnessof an AOP language;

examplesinclude Atlas [MLWR01]. Larger casestudiesexaminehow the AOP

technologyaffectsmultiple issuesconcerningthewholedevelopmentof anappli-

cation.Smallercasestudiesinvestigatespeci�c developmentissues.

We decidedthatdueto time restrictionsthat it would beonly possibleto per-

form asmallcasestudy, but thiswouldhelpwith evaluatingspeci�c issuesrelating

to developmentwith AspectC#.

5.4 AspectC#versusThe Rest

We decidedto evaluateAspectC#againstfour “state of the art” tools: AspectJ,

Hyper/J,CLAW andAOP#.It was decidedthat evaluationwould be performed

undersix issues(issues1 - 5 weretaken from Elradsarticle DiscussingAspects

of AOP [EFB01], issue6 wasaddedinto theevaluationbecausetheusabilityof a

programmingtool is very important.):

1. How theAOPsystemspeci�esaspects.

2. Whatcompositionmechanismsthesystemprovides.

3. Implementationmechanisms.

4. Decoupling.

5. Softwareprocess.

6. Usability.

Before the evaluationbegins, it must be statedthat the Java solutionshave

beenin developmentfor a longerperiodof time andshow thegreaterprogression

in AOSD.Mostof the.NETsolutionsborrow ideasfrom theJavabasedAOPtools.

But the.NETapproachesbringexperiencewith crosslanguageaspectweaving and

aspectualpolymorphismwhichareverypromisingideasin AOSD.
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5.4.1 How the AOP systemspeci�esaspects

Table5.1evaluateshow eachapproachspeci�esaspects;this issuerelatesto:

1. How the tool de�nes join points(placesin the programwerebaseor core

codeinteractswith theaspectcode).

2. What is theactualsourcecoderequirement,canaspectsbeappliedto vari-

able,methodor classlevel?Probablynot toousefulif just classlevel.

3. Theextent to which anaspectmaybecustomisedto a certainusagewithin

thesystem.Canaspectsbegeneralor speci�c?A systemwhichallows both

wouldbeof greatervalueto thedeveloper.

5.4.2 Compositionmechanismsthe systemprovides

Table5.2show eachcompositionmechanismfor eachapproach,this issuerelates

to:

1. Whetherthereexistsa dominantdecompositionwithin thelanguage.Is one

decompositionappliedto aspectsor areall concernstreatedasequals.

2. Doesthesystemcontainexplicit languageextensionsfor aspects?If thetool

makesexplicit languageextensionthenit forcesthedeveloperto learnthese

extensionsand makes sourcecodethat doesnot conformto the language

speci�cation.

3. What is therelationship,visibility betweenaspects?In orderfor reusability

of aspectstherelationshipbetweenaspectsmustbefully described.

4. Canaspectsin�uencebehaviour andis thereamechanismfor resolvingcon-

�icts betweenaspects?
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Tool How AOPsystemspeci�esaspects
AspectJ AspectJconsistsof aJoinPointmodel,were:

(i) A join point is awell-de�ned pointof executionin theprogram,
asdiscussedin table2.1.
(ii) Pointcutsareasetof join points.
An aspectis amodularunit of a crosscuttingconcern.Aspectscan
becustomisedto speci�c requirementsor begeneralandeffect
multipleareasof thesystem.

Hyper/J In Hyper/Jjoin pointsarede�ned by relationshipsbetween
concerns.Joiningoccursatmethodlevel.
Eachconcernor artefactwithin adimensionis encapsulated.
Concernsarespeci�c within thedimension.

CLAW CLAW usesasimilar syntaxto AspectJ;it employs thesamejoin
pointmodelbut it is asubsetof AspectJwith join pointsonly at
themethodlevel. Themappingof baseto aspectcodeis achieved
througha XML weave de�nition �le.
An aspectin CLAW hasthesamemeaningasin AspectJ.Aspects
canbecustomisedto speci�c usagesor general.

AOP# AOP#usesasimilar syntaxto AspectJ.A subsetof thejoin point
modelof AspectJis used.Themappingof coreto aspectcodeis
achievedthroughanXML connector�le.
An aspectin AOP#hasthesamemeaningasin AspectJ.Aspects
canbecustomisedto speci�c usagesor general.

AspectC# AspectC#usesa similarsyntaxto AspectJ.A join point is awell-
de�ned pointof execution:amethodexecution.
In AspectC#anaspectis a modularunit of crosscutting
implementation.Aspectscanbedesignedto beeithergeneralor
speci�c.

Table5.1:How AOPsystemspeci�esaspects

5.4.3 Implementation mechanisms

Table5.3 discussesthe implementationmechanismsof eachtool. This issuein-

cludesall aspectsof theimplementationfrom:

1. Whenthecompositionis determined.Staticis whencompositionsaredeter-

minedatcompiletimeanddynamicis whencompositionsaredeterminedat

run time.

2. Is therea cleanseparationof aspectandbasecode,canthecompilationoc-
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Tool Compositionmechanismsthesystemprovides
AspectJ Thedominantdecompositionwithin Java is OO,asAspectJis

appliedto Java all aspectsareappliedto classstructures.
AspectJextendsJava with explicit languageextensions.
Aspectswithin AspectJcanin�uence thebehaviour of themain
programnamelywith theproceed keyword.AspectJincludes
rulesfor resolvingcon�icts amongaspects.

Hyper/J Hyper/Jstemsfrom SOPandis animplementationof Multi-Dimensional
Separationof Concerns(MDSOC)thatsupportsarbitraryconcerns
in theform of ahyperslice;thereforethereis no dominant
decompositionanddifferentdecompositionsof asystemmaycoexist.
Hyper/Jdoesnothave any languageextensions.
It is possiblefor hyperslicesto interactbetweendimensionsand
for hyperslicesto in�uence thebehaviour of asystem.

CLAW TheCLR currentlyonly supportsOOlanguages,thismeansthat
CLAW affectsonly OOlanguagesalthoughthereis thepossibility
of supportfor otherdecompositionmechanisms.
CLAW doesnot imposeany languageextensions.

AOP# AOP#alsoworkswithin theCLR; thereforeAOP#affectsonly
OOlanguagesalthoughthereis thepossibilityof supportfor other
decompositionmechanisms.
AOP#doesnot imposeany languageextensions.
AOP#usestheconceptof `aspectualpolymorphism'were
aspectscanbeturnedonandoff dynamicallyat runtime.

AspectC# AspectC#doesnotextendtheC# language.Thedominant
decompositionis OOasaspectsareappliedto classes.
AspectC#doesnotmake any languageextensionsto C#.
AspectC#hassimilarconstructsto AspectJandcandynamicalter
thebehaviour of methodsusingtheproceed keyword.

Table5.2:Compositionmechanismsthesystemprovides

cur separately?Doesthetool make invasive changesto thebaseleaving the

actualbasecode�le changedafterthetool.

3. What is the target codeof the system?If the target sourcecodethen the

developermusthaveaccessto thebasesource�les, if thetargetis bytecode

or anintermediatelanguagethenthedevelopermayonly needthebytecode

or intermediateclass�le.

4. Canthesystembeappliedto existingapplications?
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5. Is thereawayof verifying compositions?Is it possibleto tell if theaspectto

basecompositionis correct?

6. Doessystemcontainsupportfor AspectualPolymorphism?Canaspectsbe

turnedon andoff?

Tool Implementationmechanisms
AspectJ In AspectJcompositionsaredeterminedstaticallyat compiletime.

Thereis aclearseparationof aspectandbasecode;but it is
possibleto compileandrunbasecodeseparately.AspectJmay
work onnew or existingsystems.
AspectJtargetssourcecodeandit possibleto verify compositions
usingthecompiler.
No supportfor AspectualPolymorphism.

Hyper/J Hyper/Jperformscompositionsarecompiletime.Hyperslicescan
becompiledseparatelyor asawholesystem.Hyper/Jcanbe
appliedto new or existingsystems.
Hyper/Jtargetsbytecodeandit is notpossibleto verify
compositions.
No supportfor AspectualPolymorphism.

CLAW CLAW performscompositiondynamicallyat runtime.Thereis a
clearseparationof aspectandbasecode.CLAW canwork on new
or existing systems.
CLAW targetsMSIL beforeJIT compilationandthereis no
compositionveri�cation mechanism.
No supportfor AspectualPolymorphism.

AOP# AOP#performscompositiondynamicallyat runtime.Thereis a
clearseparationof aspectandcorecode.AOP#canwork onnew
or existing systems.
AOP#targetsMSIL, andcurrentlyno supportfor verifying
compositions.
Supportsfor AspectualPolymorphism.

AspectC# Compositionsin AspectC#areperformedstaticallyat compile
time.Thereis aclearseparationof aspectandbasecode.
AspectC#canbeappliedto new or existingsystems.
AspectC#targetssourcecode,currentlyit is notpossibleto verify
compositions.

Table5.3: Implementationmechansims
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5.4.4 Decoupling

Decouplingrelatesto whetherthedeveloperof thebasecodeis awareof theaspect

codeanddoesthedeveloperhave to makeadjustmentsto preparefor aspectcode?

This is calledobliviousness[EAK
�

01], thebasecodedeveloperis obliviousof the

aspectcode.Following from this is it possiblefor the developerto apply aspects

globally, locally or both?It would be betterif the developerwas left the option

of applyingaspecteitherglobally or locally. Table5.4describeseachapproachto

decouplingin detail.

Tool Decoupling
AspectJ AspectJleavestheoptionof obliviousnessto thedeveloper. The

developermayhave to preparefor aspectsasin thecaseof
transactions.Aspectscanaffect theprogramlocally or globally.

Hyper/J Concernsin Hyper/Jareself containedanddo notknow aboutother
concerns.Thedevelopermusthave intimateknowledgeof thesystem,
but if Hyper/Jis appliedto anexistingapplication.Concerns
canaffect theprogramlocally or globally.

CLAW CLAW hasasimilarsyntaxto AspectJ,theoptionof obliviousness
is left to thedeveloper. Aspectscanaffect theprogramlocally
or globally.

AOP# AOP#hasasimilarsyntaxto AspectJ,theoptionof obliviousness
is left to thedeveloper. Aspectscanaffect theprogramlocally
or globally. Thereis alsotheability to switchonandoff aspects.

AspectC# Theoptionof obliviousnessis left to thedeveloper. In somecases
it is necessaryfor thebasecodeto `prepare'for aspectadvice,
while in othercasesit is notnecessary. Aspectscanbeeither
globalor local.

Table5.4:Decoupling

5.4.5 Software Process

This issueincludestheoverall softwareprocess:

1. Whatmethodologyor framework thesystemuses?

2. Whataspectmechanismsenablereuse?
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3. Is it possibleto analysetheperformanceof theaspectsystem.

4. Is thereadebuggingmechanism?

Eachsoftwareprocessis discussedin Table5.5.

Tool SoftwareProcess
AspectJ AspectJusesAOPwith aclearseparationof basecodeand

aspectcode.
An aspectin AspectJis amodularunit of crosscuttingconcern;
thisstructureenablesreuse.Aspectscanbeeithergeneralor speci�c.
Currentlythereis no debuggerfor AspectJ.

Hyper/J Hyper/JusesMDSOCmethodologythatcandealwith arbitrary
concerns.
A hypersliceenablesreusewithin Hyper/J.Concerns
usuallyaregeneralbut canbespeci�c.
Hyper/Jis anon goingprojectandcurrentlythereis nodebugger.

CLAW CLAW usesAOPwith aclearseparationof basecodeandaspect
code.
An aspectin CLAW enablesreuse.Aspectscanbeeither
generalor speci�c.
Currentlythereis no debuggerfor CLAW.

AOP# AOP#usesAOPwith aclearseparationof basecodeandaspect
code.
An aspectin AOP#enablesreuse.Aspectscanbeeither
generalor speci�c.
Currentlythereis no debuggerfor AOP#.

AspectC# AspectC#usesAOPwith aclearseparationbaseandaspect
code.
An aspectis amodularunit of a crosscuttingconcernand
thisstructureenablesreuse.
Currentlythereis no debuggerfor AspectC#.

Table5.5:SoftwareProcess

5.4.6 Usability

The usability issuerelatesto the up take of the language,how easyit is to pro-

grammewith the system.Is thereany developersupportor communitymailing

lists?Table5.6discussestheusabilityof eachtool.
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Tool Usability
AspectJ AspectJis userfriendly with IDE developerplug-insalsoavailable.

Thereis a lot of researchinto thedevelopmentwith
AspectJandthereexist a largeusercommunitygroup.

Hyper/J Hyper/Jis moreacomplex approachbut doeshave GUI support.
Thereis alsoamediumsizecommunitygroup.

CLAW Currentlyno prototypeavailable.
AOP# Currentlyno prototypeavailable.But becauseAOP#usessimilar

semanticsandconstructsto existingAOPtoolsit is hopedthatit
will beusablefrom thestart.

AspectC# Thealphaversionof AspectC#hasjustbeenreleased.Wehope
to gaina lot of interestandfeedbackfrom its release.Thefactthat
it usessimilar syntaxto AspectJwehopewill enablegreater
usability.

Table5.6:Usability

5.5 An Example: A Bank Account

In this examplewe demonstratetheuseof AspectC#from designto implementa-

tion. Wewill show anexampleof developmentwith AspectC#.

5.5.1 The Problem

Theproblemis asimpleBankaccountscenario:whenauserdepositsor withdraws

money from their accountwe would like the entiretaskto work or noneof it to

work, i.e. transactions.TransactionsarebasedupontheACID principle [Cou01].

Transactionsareacrosscuttingconcernasthey resultin non-modularcode.

5.5.2 OO Solution

The designis simple and consistsof four classes:A superclassthat represents

a bank accountand threesub classesthat representtypesof accounts:current,

savingsandbusinessaccounts.Figure5.1shows aclassdiagramof thesolution.

Thesolutionconsistsof four classes:

1. Account: Superclassfor anaccount,holdsdetailsabouta individual client.
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Figure5.1:Bankaccountclassdiagram.

2. CurrentAccount: Representsacurrentaccountfor theclientandhasthefunc-

tionsof deposit,withdrawal, paybill, etc.

3. SavingsAccount: Representsa savings accountfor the client and has the

functionsof deposit,withdrawal, calculateinterest,etc.

4. BusinessAccount: Representsa businessaccountfor the client andhasthe

functionsof deposit,withdrawal, paybill, invoices,etc.

Thefollowing codesegmentis taken from CurrentAccount , it represents

theprocedurefor depositsinto theaccount.Transactionstartwith abegin transac-

tion commandandeitherendsuccessfullywith a commitcommandor unsuccess-

fully with a rollback command.

1. SqlConnection connection = new SqlConnection(
2. Connection_Sou rc e) ;
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3. connection.Ope n( );
4. SqlTransaction tx = connection.Begin Tr ansa cti on() ;
5. string message = "";
6.
7. try
8. {
9. string CommandText = "Update Account " +
10. " Set Balance = Balance + " + Amount +
11. " Where CustomerID = '" + base.getID() + "'" +
12. " And Type = '" + ACCOUNT_TYPE+ "'";
13. SqlCommand command = new SqlCommand();
14. command.CommandTex t = CommandText;
15. command.Connect ion = connection;
16. command.Transac tio n = tx;
17. command.Execute NonQuer y( );
18.
19. tx.Commit();
20. message = "Update suceeded!";
21. }
22. catch(Exceptio n e)
23. {
24. tx.Rollback();
25. message = "Record not written to the database!";
26.
27. }
28. finally
29. {
30. connection.Clo se ();
31. }

Fromthecodesegmentslines1-4 dealexplicitly with theopeningof thecon-

nectionandstartingof the transaction.Lines16 and19 dealwith associatingthe

transactionwith theSQL updateandcommittingthetransactionif it wassuccess-

ful. Finally Lines22- 31dealwith thesituationif anerroroccurredandtheclosing

of the transaction.If we examinethe updatingof the recordto the databaseonly

lines9 - 14 dealexplicitly with theupdatingof therecordtherestareneededfor

openingtheconnectionto thedatabaseandthetransactioncode.In theOOsolution

similarcodein eachclassis necessaryfor theapplicationto handletransactions.
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5.5.3 AspectC#Solution

TheAspectC#solutionis similar to theOOsolutionasshown in �gure 5.1,but the

transactionshasbeentaken out from theseclassesandput into anAspect class

called AspectTransacti on. In this classall the connectionand transaction

managementis handled.AspectTransacti on consistsof two aspectmethods:

1. beforeTransacti on: Handlesconnectionandtransactionsetup.

2. afterTransactio n: Handlescommit
�

rollbackof transactionandclos-

ing of connection.

Figure5.2:BankaccountAOPclassdiagram.

The following codesegmentshows the two methodsbeforeTransactionand

afterTransactionfrom AspectTransaction.

public void BeforeTransactio n( )
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{
connection = new SqlConnection( Connect io n_Sourc e) ;
connection.Ope n( );
tx = connection.Begi nTr ansa ct io n() ;
command.Transa ct io n = tx;

}

public void AfterTransaction ()
{

if(message.Equ al s( "E rro r" ))
{

tx.Rollback();
}
else
{

tx.Commit();
}

connection.Clo se () ;
}

Thenext codesegmentshows how thebaseclassmethodis affectedby theas-

pectclass.Wecanseethatonly thenecessarySQL is containedwithin themethod

thereforemakingthecodeeasierto understandandmoremodularised.But in the

basecodeit is necessaryto move the connectionvariableout of the methodand

prepareof the aspectcode.We do not seethis astoo muchof a limitation asthe

resultingcodeafterapplyingAspectC#is well modularised.

try
{

string CommandText = "Update Account " +
" Set Balance = Balance + " + Amount +
" Where CustomerID = '" + base.getID() + "'" +
" And Type = '" + ACCOUNT_TYPE+ "'";

command.CommandText = CommandText;
command.Connect io n = connection;
command.Execute NonQuer y( );
message = "Balance updated successfully";

}
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catch(Exceptio n e)
{

Console.WriteLi ne(e. St ac kTra ce) ;
message = "Error";

}

return message;

5.5.4 Results

We will basethe evaluationof the result of the developmentwith AspectC#on

threecriteria:

1. Numberof Linesof codeversusOOPsolution:the lessnumberof linesof

codemeansthelessthedeveloperhasto write andalsofor maintenancethe

lessthebetter.

2. How modulararethecrosscuttingconcernsafterAspectC#:By modularis-

ing crosscuttingconcernswe do not have problemslike codescatteringand

tangling,thisalsoaidsdevelopmentandmaintenance.

3. Usabilityof AspectC#:AspectC#is aprogrammingtool, thelessusableit is

thelesslikelihoodit will beusefulto developers.

Lines of Code

From�gure 5.3we canseein theOO solutionthaton averageeachclassconsists

of approximately200- 250linesof codein theOOsolution.Thetransactioncode

is highlightedin eachclass,we canseethat it is scatteredandtangledwithin the

classstructure.

From�gure 5.4we canseein theAOPsolutionthattheaverageclasscontains

approximately170- 200linesof codein theAOPsolutionbut thereis theaddition

of anotherclasstheaspectclass.But whatwe �nd is that if moretransactionare
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Figure5.3:Numberof linesof codefrom OOsolution.

necessarythenthereis no needto tanglecodewithin the baseclassesall that is

neededis anadditionalentryin theAspectDeploymentDescriptor.

Figure5.4:Numberof linesof codefrom AOPsolution.
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Modularisation of crosscuttingconcerns

From �gure 5.4 we canseehow the tangledandscatteredcodeassociatedwith

transactionsis takenout from thebaseclassesandmodularisedinto asingleaspect

class.This resultsin thecodebeingeasierto maintainandloweringthelikelihood

of errorsbeingintroducedwhenchangesto theapplicationarenecessary.

Usability of AspectC#

It is quitedif�cult to evaluatetheusabilityof AspectC#,it is only a researchproto-

typeandwe would needa largeusercommunityto properlyevaluatetheusability

of the tool. But what we cansayis that AspectC#is baseduponAspectJandits

semanticsareuserfriendly. Thedevelopmentenvironmentof AspectC#is theVi-

sualStudio.NET IDE, which is extremelyuserfriendly andis thedefactoIDE for

.NET development.

5.6 Summary

In this chapterwe have evaluated.NET as an AOSD platform andour tool As-

pectC#.Firstly we discussedwhata platformis andhow .NET �ts into theAOSD

scheme.Thenwe comparedour tool with otherleadingAOPtoolsfrom bothJava

basedsolutionsto .NET basedsolutions.We have alsocovereda small example

of usingAspectC#in a developmentenvironmentcomparingit againstOOPwith

C#.
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Chapter 6

Conclusions

6.1 Intr oduction

In this chapterwe discusstheconclusionsof the project.Firstly we begin with a

discussionof theobjectivesof thedissertationandhow well theseobjectiveswere

met.Next thereis anoutlineof thebene�tsof AspectC#overthecompetition.Then

the limitationsof thesystemareconsideredand�nally thefuturedevelopmentof

AspectC#is discussed.

6.2 Summary of Objectives

In chapter1 we discussedthe goalsor objectives of the dissertation.We believe

thatwe have meet,if notexceededeachgoalof thedissertation.Wewill now look

ateachobjective in turn:

1. DesignandImplementationof AspectC#

Chapters3 and 4 dealt with the designand implementationof AspectC#.

We believe we have createda tool that meetsall requirementsset our in

the requirementsof out system.The modulardesignof the systemhasleft

thepossibilityof extendingthesystemto enablecrosslanguageweaving. A

thoroughdiscussionon theimplementationissueswasalsodescribed.

2. Evaluationof AspectC#
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In chapter5 we discussedtheevaluationof AspectC#.This evaluationcov-

eredbut acomparisonagainstcurrentlyavailabletools
�

methodologiesand

a simpleexampleusingAspectC#.We showed how AspectC#reducesthe

numberof line of codefor crosscuttingconcernsandhow modularthecode

becomesafterrunningAspectC#.

3. Investigationof AOPtechnologies

In chapter2 we investigatedthestateof theartof AOSDtool support.A full

evaluationof eachAOP approachwascarriedout this included:composi-

tion mechanisms,implementationmechanisms,architectureandsemantics.

In summary:

� AspectJis probablythe leadingAOPtool currentlyavailable.AspectJ

hasa large usergroup and a lot of tool supportwith IDE plug-ins.

AspectJcanbestbedescribedasasourceprecompilerthatweavesas-

pectsatcompiletime.AspectJis currentlyonrelease1.0andits seman-

tics arequitestableat present.Alot of othertoolsbasetheir semantics

aroundAspectJincludingourown tool AspectC#.

� Hyper/J is more complex than AspectJ.The Hyper/Jcommunity is

growing steadily. Hyper/Jis the only tool to basetheir semanticson

Multi DimensionalSeparationof Concerns(MDSOC).

� CLAW is still not releasedanduntil its securityproblemsarehandled

it will not be released.But it promisesto be a useful tool from the

beginning, the crosslanguageweaving featureis a major advantage

andthefactit targetstheentire.NET platformit is sureto attractmore

usersinto theAOSDcommunity.

� AOP#is soonto be releasedandis quite similar to CLAW in its ap-

proachto weaving andAspectJin its approachto the semanticcon-

structs.The aspectualpolymorphismis somethingthat no tool cur-

rentlyhas.
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4. AOSDwithin the.NET Platform

The .NET framework wasdevelopedto be the successorto Windows plat-

form, amongoneof its many goalsis easierdevelopmentof applications.

But doesthe.NET platformoffer anythingmorethanthecurrentlyavailable

platformsto AOSD?In Chapter5 we discussedareasof the.NET platform

thatwe think canoffer or supportaddedAOSDtechniques.

6.3 Bene�ts

We believe we have createda tool thatenablesthemodularisationof crosscutting

concernswithin C# without explicit languageextensionsandis easyto use.The

systemwas designedto enableextensibility and hopefully with full CodeDOM

supportcrosslanguageaspectweaving will be available in later versionsof the

system.

To our knowledgeAspectC#is one of the �rstly available tool that enables

AOPmechanismswithin the.NETplatform(BothAOP#andCLAW aresoonto be

released).Hopefullythistoolwill enablethe.NETcommunityto getmoreinvolved

with AOSD,therebyincreasingtheunderstandingof AOSD.

6.4 Limitations of System

AspectC#is only a researchprototypeandthereexist many limitationsto thesys-

tem.We have identi�ed areasof thesystemthat we think limit thesystemin the

performanceof applyingAOSDwithin C#.Theareasarecoveredin thefollowing

subsections.

6.4.1 Parser Limitations

Currentlytheimplementedparsercannothandle:

� Innerclasses.
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� structs.

� DelegatesandEvents.

� Attributes.

� Expressionsandstatementswithin methods.

6.4.2 CodeDOM Limitations

CodeDOMLimitationsTheCodeDOMAPI is partof the.NET baseclasslibrary.

Currently, theelementsarenotsupportedby CodeDOMAPI are:

� Variablelistse.g.int i,j,k;

� Parameterskeyword: params

� Lackof supportfor expressionsandstatements

� Attributetargets

6.4.3 SemanticLimitations

AspectC#semanticsarea subsetof the AspectJsemantics,the semanticsof As-

pectJthatarenotsupportedby AspectC#are:

� JoinPointModel: AspectC#only supportsjoin pointsat methodexecution.

Thereneedsto befull supportat methodcall, exceptionhandlingandstatic

initialisationwithin classes.

� AspectC#cannotsupportthec�o w keyword from AspectJ.

6.5 Futur e Work

We believe that AspectC#hasachieved it main objective of modularisationof

crosscuttingconcerns.But for AspectC#to becomethe leading.NET basedAOP

tool we have identi�ed � veareasthatwe think merit futureresearch.
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6.5.1 Parser

Theparserthatwasimplementedfor theprojectwasa simpleandquickly devel-

opedparser. For theprogressionof AspectC#thereneedsto bea betterparser. Of

thecurrentlyavailableparsingtoolsthemostpromisingare:

� C#grammarfor Flex
�

Bison[BIS]: Thisascriptthatenables�e x
�

bisonto

parseC# �les.

� jb2csharp:This is portof JBParserandLexerGenerationfor Java(currently

in alphaversion).

� Mono project: The mono project are implementingan opensource.NET

platform,which includesaC#parser.

6.5.2 CodeDOM Graph

The CodeDOMAPI is of greatadvantageto us,but thereneedsto be moresup-

port for modellingcodeconstructsespeciallywithin methodsandparticularlyfor

expressionsandstatements.

6.5.3 Semanticsof AspectC#

AspectC#usesthesamesemanticsasAspectJ,this is �ne for theprototypeversion.

But thereneedsto bemoreinvestigationinto thedevelopmentof othersemantics

for AspectC#andespeciallythe.NET framework.

6.5.4 Testing

The only true way of evaluatinga programmingtechniqueis to develop systems

with thattechnique.Clearlyonesmallcasestudyis not enough,thereneedsto be

morecasestudiesandexperimentswith AspectC#to fully evaluatetheusefulness

of thetool.
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6.5.5 Crosslanguageweaving

If thereexists full parsingsupportfor all languagesandfull CodeDOMsupport

thiswill enablecrosslanguageaspectweaving at thesourcecodelevel.
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