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Abstract

A majorproblemwith ObjectOrientedProgramming OOP)is thatit cannotdeal

ef ciently with crosscuttingoncernsAspectOrientedSoftwareDevelopmen{AOSD)
is a new methodologythattries to enablethe extensionof the separatiorof con-
cernscapabilitiesin software development. AOSD, which encompasseéspect
OrientedProgrammingAOP),hopedo enablehedeveloperor architecto capture
crosscuttingconcernsn amodularfashion.

Theobjectvesof thedissertationncludethedesignimplementatiorandeval-

uationof atool thatenableshe modularisatiorof crosscuttingeoncernsvithin C#,

thatwe have called“AspectC#”. AspectC#must:
Allow thedeveloperto useAOP constructswithin C#.
Make no explicit languageextensiongo C#.
Be extensiblefor future development.

AspectC#hopesto enablethe developerto modularisecrosscuttingconcerns
within C#. By modularisingcrosscuttingconcernghis will leadto aneasierdevel-
opmentandmaintenancef applications.

The evaluationincludeda small casestudy comparingan exampleusing As-
pectC#andOOPwith C#. We believe the casestudyandtool supportghe casefor
the useand promotionof AOSD. Specialemphasisvas placedon picking areal
world, easilyunderstoodxampleof the useof the tool andwe believe this repre-
sentsan excellentintroductionto someof the mostwidely usedAOP and AOSD

techniques.



Contents

1

Intr oduction 11
1.1 Introduction. . . . . .. ... .. ... 11
1.2 AddressingheProblem. . . . .. ... .............. 11
1.3 Motivation. . . . . ... ... 12
14 Goals . ... ... 13
15 ThesisOutline. . . . ... ... ... . . . ... . 14
1.6 Summary . . . . . . e 15
Stateof the Art 16
2.1 Introduction. . . . ... ... ... 16
22 NETFramevork . . .. ... ... ... . . ... ... . .... 16
2.2.1 Architecture. . . . . ... 17
222 Languages. . . . . . ... 17
2.2.3 BaseClassLibrary . . .. ... .............. 18
2.2.4 CommonLanguageRuntime(CLR) . . . . ... ... .. 21
2.3 AOSDTechnology . . .. ... ... ... . .. ... .. .... 25
2.4 JwaAOPApproaches . . . ... ... ... ... ... ..... 26
241 Aspectd. . . . . . ... 26
242 Hyperld. ... . . . . . . e 31
25 .NETAOPApproaches. . . ... ... ...... ... ..... 36
2.5.1 CrossLanguageAspectWeaving (CLAW) . . . ... .. 36



252 AOP#. . . . . e
2.5.3 Other.NETapproaches. ... ... ...........

2.6 Summary . .. .. e e

Requirementsand Design

3.1 Introduction. . .. ... ... ... ... ... . ... ...

3.2 Requirements. . . . ... ... ...
3.2.1 FunctionalRequirements . . . . ... ... .......
3.2.2 Non-FunctionaRequirements. . . . . . ... .... ..

3.3 Design. . . ..

3.3.2 OurApproach. . . ... ... ... ... ... . .....
3.3.3 ProjectArchitecture . . . ... ... ...

34 Summary . ... e

Implementation
4.1 Introduction. . . . . ... .. .. ...
4.2 AOPENgine . .. . . . . . . e
4.3 Parser. . . . ...
4.4 AbstractSyntaxTree . . . . . . . . . . ... . e
45 Aspectwearer. . . . . . . ...
4.5.1 DynamicCrosscuttingmplementation . . . . . ... ..
4.5.2 StaticCrosscuttingmplementation. . . . . ... .. ..
46 Compiler . . .. .. ..
4.7 AspectDeploymentDescriptor. . . . . . .. ... ... ...

4.8 SUMMAIY . . . . . e e

Evaluation

5.1 Introduction. . . . ... ... ... ... ... o

5.2 .NETasanAOSDplatform. . . . .. ... .... ... .....
521 MetaData. . . . ... ... ... . ... ...



5.2.2 Reectionmechanism. . ... ... ........... 72

523 CodeDOM . . . .. ... ... 73
524 MSIL . ... 73
5.3 EvaluationMethodology . . . . ... .. ... .. ... ..... 73
5.4 AspectC#versusTheRest . . . ... ... .. ... ....... 74
5.4.1 HowtheAOPsystenmspeci esaspects . . . .. ... .. 75
5.4.2 Compositionrmechanismghesystenmprovides . . . . . . 75
5.4.3 Implementatiormechanisms . . .. ... ........ 76
54.4 Decoupling. . .. ... ... ... ... . ... 79
5.4.5 SoftmareProcess. . . .. ... ... ... ... ... 79
546 Usability . . ... ... ... ... . . ... ... . ... 80
5.5 AnExampleA BankAccount . . .. ... ... ......... 81
55.1 TheProblem . . ... ... ... . ... ....... 81
55.2 OOSolution . .. ... ... ... ... 81
5.5.3 AspectC#Solution . . . ... ... ... ... ...... 84
554 Results. ... ... .. . ... ... 86
56 Summary . . ... ... 88
Conclusions 89
6.1 Introduction. . .. ... ... . . ... ... 89
6.2 SummaryofObjectves. . . . ... .. ... ... ... ..... 89
6.3 Benets ... ... ... . ... 91
6.4 Limitationsof System. . . . . . ... ... ... ... ... .. 91
6.4.1 ParserLimitations . . ... ... ............. 91
6.4.2 CodeDOMLimitations. . . . ... ... ... ...... 92
6.4.3 Semantidiimitations. . . . ... ... .. ... ... .. 92
6.5 FutureWork . . .. ... ... . . ... ... 92
6.5.1 Parser. .. ... ... . ... 93
6.5.2 CodeDOMGraph. . . .. ... ... ... ...... 93

6.5.3 Semanticef AspectC#. . . .. ... ... ... ..... 93



6.5.4 Testing

6.5.5 Crosslanguageveasing . . . . ... .. ... ... ...



List of Figures

2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8

3.1
3.2
3.3
3.4
3.5

4.1
4.2

5.1
5.2
5.3
5.4

.NetFramevork Block Diagram.. . . . . ... ... ....... 18
CodeDOMHierarchy. . . . . ... ... ... . ... ...... 19
ExecutionModel .NetFramevork. . . . . ... ... ....... 22
.NetTypeSystem. . . . ... ... .. .. ... ......... 22
NetCompiling . . . .. ... ... . ... 23
AssemblyStructure. . . . . ... ... oL 24
Hyper/Jovervievn . . . . . . . . . . .. ... 32
ArchitectureAOP#. . . . . . . . . . . . . 40
DifferentAOPtool approaches. . . . . . ... .. ... ... .. a7
ProjectArchitecture. . . . . . ... ... ... ... . .. 52
AOPENgineArchitecture. . . . . . ... ... ... ... .... 53
ParserClassDiagram. . . . ... .. ... ... ... ...... 54
CompilerClassDiagram. . . . . . . . .. ... ... ... .... 57
Sequenc®iagramof AST representation. . . . . ... ... .. 62
Sequenc®iagramof AspectWeaver . . .. ... ... ..... 64
Bankaccountlassdiagram. . . . . . ... ... .. ... 82
BankaccountAOPclassdiagram. . . . . ... ... ....... 84
Numberof linesof codefrom OOsolution. . . . . ... ... .. 87
Numberof linesof codefrom AOPsolution. . . . ... ... .. 87



List of Tables

2.1 JoinPointModelAspectd . . .. ... ... ... ... .. ... 27
2.2 AdviceinAspectd . ... ... ... .. 28
3.1 DifferentAOPtoolapproaches . . . . ... ... ... ..... 49
3.2 AspectC#approach . . ... ... . ... ... ... ....... 51
5.1 How AOPsystenmspeciesaspects . . . ... ... ....... 76
5.2 Compositiormechanism¢hesystemprovides . . . . .. .. .. 77
5.3 Implementatioomechansims. . . . ... ... .......... 78
54 Decoupling . . ... ... .. 79
5.5 SoftwareProcess. . . ... ... ... ... oo 80
5.6 Usability .. ... ... ... . . ... .. . 81

10



Chapter 1

Intr oduction

1.1 Intr oduction

Sincetheinventionof thecomputeiprogrammindanguagesave evolvedfrom ba-
sic machinecodeandassemblyanguageso procedurabndobjectoriented(OO)
languages=achprogressiotin technologyhasenhancetheability to make aclean
separatiorof concerndn the sourcecode,which in turn allowed easierdevelop-
mentandmaintenancef-or the pastdecadehe predominantvay of programming
hasbeenusing Object OrientedProgramming{OOP); OOP can deal effectively
with realworld problemsbecause¢he objectmodelcanencapsulateealworld ob-

jects.

1.2 Addressingthe Problem

Sepaation of concernsis at the heartof software engineeringand hasbeenat-
tributedto Dijkstra & ParnagDij76] [Par73. Osshe[OTO01] describeseparation
of concerndy saying:“In its mostgeneanl form, it refers to the ability to identify
encapsulateand manipulatethoseparts of softwae that are relevantto a particu-

lar conceptgoal or purpose . Thereforea “concerh canbethoughtof asmodule
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that encapsulatea particularareaof interest.Concernsare the main reasonfor
decomposingoftware into smallerpartsor elements.Thereexist mary typesof
concernghatarerelevantto developersat differentstagesn the developmentife-
cycle.With regardto OOP, aclassis theencapsulationf aconcerrwithin theOO

paradigm.

As statedthemainconcepbf OO is thateverythingis modelledwithin aclass
structure;this techniqueis effective for somereal world situationsasthe object
modelprovidesageneralt to theseproblemdomains OOPhasmary adwantages
but therearealsomary limitationsto OOR Many problemsoccurwith OO tech-
nigueswhenconcernsrosscuteachother Whenwe statethat concernscrosscut
we meanthatsomeconcernsrelocalisedwithin asinglesystemelemenie.g.class
or method)andotherspanor crossmultiple systemelementsThey “crosscut’ mul-
tiple systemelementsThis leadsto problemsidenti ed by Kiczales[KLM 97],

whichare:

1. CodeTangling:Occurswhenmultiple concernsareimplementedwithin the
samesystemelementThis hastheaffectthattheelementaremorecomple

to understanédndmaintenancéecomesnoredif cult.

2. CodeScattering:Occurswhena concernresultsin the implementationof
duplicatecodeor differentcodethatis distributed acrossmultiple system
elementsThis makesmaintenancéardemecausehangesn thecodemust
bereplicatedacrossll elementsthereforeghedevelopermustunderstancll
elementswithin thesystemThisresultsin greaterchanceof inconsistencies

andmistales.

1.3 Motivation

In apaperby Kiczalesetal. [KLM 97] theterm "aspectswascoined.An aspect

is a modularunit of a crosscuttingconcern.The programmingechniquethat ad-

12



dressedhesedesignissuesvascalledAspectOrientedProgramming AOP).

Aspect-Oriente®oftwareDevelopmenf{AOSD)is anew technologythattries
to enablethe extensionof the separatiorof concernsapabilitiedn softwaredevel-
opment.Therehasbeenmuchresearchnto AOSD with thekey goalbeingbetter
separatiorof concernsAspectsmay appearat ary stagewithin the software de-
velopmentlifecycle and commonexamplesof aspector concernsare: security

quality of service(QoS),transactiongandsynchronisation.

AOSD,which encompasse&0R hopesto enablethe designeror architector
developerto capturecrosscuttingconcernsat ary stagewithin the development
lifecycle, thiswill leadto amoremodularisediesignandimplementatiorandalso

easiemaintenance.

1.4 Goals

The objectves of the dissertationinclude the developmenta tool that we have
calledAspectC#which enableghe modularorganisatiorof crosscuttingsoncerns
within the C#languageThis shouldalsoincludeaninvestigatiorandevaluationof
the.NET platformasan AOSD platform.In creationof this tool a thoroughevalu-
ationof boththe .NET Frameavork andcurrentlyavailable AOPtoolsis necessary

Thedissertatiorgoalsare:

1. Todesignandimplementatool (AspectC#}hatenableshedeveloperto use

AOP mechanismsvithin C#.
2. Evaluationof AspectC#.

3. Investigateandevaluatethe NET Framevork with regardto the potentialof

AOSDwithin the Framavork.
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4. InvestigatecurrentAOPtechnologies.

If we elaborateon the designand implementationof AspectC#the specic

goalswith regardto AspectC#are:

Enablethe developerto useAOP mechanismsvithin C#: This goalwill en-
able developersof C# applicationsto modularisecrosscuttingconcernshy

usingourtool.

Make nolanguagesxtensiondo C#: By notextendingthe C#languagehere
is no needto develop a compilerfor AspectC#,it alsohasthe effect that

developerscanwrite applicationswithin Visual Studio.NET ervironment.

Be extensiblefor future development:AspectC#is currentlylimited to just
C#,we hopethatin futureversionsother.NET supportedanguagesnaybe
usedfor crosslanguageaspectweaving. It is alsoa goalthatthe semantics

of AspectC#maybeextended.

1.5 ThesisOutline

Chapter 1 Introductionattemptsto introducethe readerto someof the back-
groundon programminglanguagesthe motivation for the project, what are the

goalsof the projectandwhatis theaimsof AspectC#.

Chapter 2 Stateof the Art reviews the stateof the art of AspectOrientedSoft-
ware Development.This includesJava and .NET basedtools that provide AOP

mechanisms.

Chapter 3 Requiementsand Designgivesa detailedRequirement$peci ca-
tion andgivesan overvien of hov component®f the AspectC#ool interactwith

eachother
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Chapter 4 Implementatiordescribesheimplementatiorof AspectC#It details
how particulardesignfeaturesvereimplementedn thesystem Smallsimplecode

examplesaredescribedo reinforcepoints.

Chapter 5 Evaluationattemptgo provide ananalysisof the currentlyavailable
tools for AOP. Also an evaluationof AspectC#is performedusinga small case

study

Chapter 6 Conclusiorreviewsthegoalsandhow they weremet,it thensuggests

areaf AspectC#hatwarrantfuturework andresearch.

1.6 Summary

In this chaptera basicintroductioninto reasongor AOSD hasbeendiscussed,;
how the objectmodeldoesnot t all problemsandhow this leadsto the problems
of codetanglingandscattering AOSD technologyis currentlyin a nascenstage
but therearealreadya large numberof researchgroupsinvestigatingthe possible

futuredirectionsof AOSD.
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Chapter 2

Stateof the Art

2.1 Intr oduction

In this chapterwe examinethe stateof the art of the .NET Frameavork andlook
atthelatestAOPtechnologiegor both Java and.NET languagesThe chapterbe-
ginswith an assessmerdf the .NET Frameavork andits encompassingpols and
technologiesNext thereis an overviev of AOSD. Finally we examinethe latest

approaches AOPtoolsfor bothJavaand.NET languages.

2.2 .NET Framework

The .NET initiative beganin 1997 when Microsoft decidedthat it would be the
successoto Windows™. The .NET Framevork is the basefor the .NET initia-
tive. In the mostgeneralsensethe framevork consistsof a setof types,classes,
servicesandtools that are combinedto form the new platform. The framewvork
hasbeendesignedo addresshelimitationsof Windows, which includedcomple

developmentandcomple deployment. Thegoalsof the .NET Framevork are:

1. New developmentplatform: provide a developmentplatformfor both Inter-

netanddistributedapplications.
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2. Simplify developmenbf applicationsEnableeasydevelopmentnddeploy/-

mentwith bettertools.

3. Improve interoperabilityandintegration: Easierintegrationbetweersystem

andapplications.

4. Supportfor ary device “Universal access’

2.2.1 Architecture

The .Net Framavork is composedrom several layersthat provide servicestools
andclassesor thedevelopmentplatform.Figure2.1 shawvs a block diagramof the

.NET framavork. Theframeawvork consistof:

Languagesand developertools: Visual C# .NET (C#), Visual Basic .Net
(VB.NET), VisualC++, VisualJ#andother3rd partylanguages.

BaseClasslibrary: The baseclasslibrary is a collectionof reusabletypes
thattightly integratewith the commonlanguageuntime.The baseclassli-

braryformsthe .NET framewvork Software DevelopmentKit (SDK), which
providesaccesgo systemfunctionalityandis designedo bethe baseupon

which .NET componentsapplicationsandcontrolsarebuilt.

CommonLanguageRuntime (CLR): provides a reliable, secureexecution

ervironmentandalsomultiple languagesupport.

2.2.2 Languages

Thelanguagesurrentlysupportedy the.NET framevork are:C#,VB.NET, C++,
J#,Jscript,Eiffel. NET, Cobol, Small Talk, Perl, Pascal Python,Oberon,Haslell,
Mercury SchemeCAML, ComponenPascal Mondrian,Fortran,Mercury Dya-
log APL, CLispandOZ.
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VB C# C++ JScript Other

Common Language Specification

Class Library and Services

Base Class Library

Figure2.1: NetFramavork Block Diagram.

2.2.3 BaseClassLibrary

The.NET framework providesalargeandextensibleclasdibrary. Theclasdibrary
framework is organisednto a hierarchicalstructurethatcanbe usedacrossary of

thesupportedNET languages.

Of specialinterestto the projectis the CodeDocumentObjectModel (Code-
DOM) namespacwhich is partof the baseclasslibrary. The CodeDOMnames-
paceprovides interfaces,classesand architectureto representhe structureof a
sourcecode documentindependentf languageas an objectgraphor tree. The
CodeDOMAPI alsoprovidesa setof classedgor compilationof the objectgraph
into asupportedanguageFigure2.2 shavsthehierarchicaktructureof the Code-

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

18



within the .NET Framevork.

Figure2.2: CodeDOMHierarchy

Hello World exampleusing CodeDOM

This exampleshawvs how to createa C# classcalledHelloWorld thatprintsto the
consoleHelloWorld usingCodeDOM.The codeexamplesarewrittenin C# using
the CodeDOMAPI. From gure 2.2 we canseethat rstly we needto createa
CodeCompileUnit', then addedto the compile unit is the namespacéollowed
by ary import statementsNext is the actualclassand nally the Main methodis

added.
1The CodeCompileUniis the only objectthat can be directly compiled using the CodeDOM

compiler TheCodeCompileUnitepresentthemainreferencepointof theobjectgraphandelements

suchasnamespaceareaddedo the compileunit.
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Compile Unit  The compileunit referencesa CodeDOMtree that canbe com-
piled. CodeDOMcompilersprocesghe treereferencedy the compileunit. The
CodeCompileUnit  classde nes the compile unit and source les alreadyin
thetamgetlanguagecanbe de ned by usingthe CodeSnippetComp il -eUni t

class.Thefollowing codesnippetcreatesa new compileunit.

CodeCompileUni t compileUnit = new CodeCompileUnit () ;

De ning andimporting anamespace De ning anamespace with CodeDOM
is doneby creatinga CodeNamespace object.To addnamespacenportsto the

namespacee cancall CodeNamespace.l mpor ts. Add method.

CodeNamespace myNamespace = new
CodeNamespace(" Hell oWal d");
myNamespace.Im port s. Add(" Syst ent’);

De ning aclass To declarean interface,class,structor enumeratiorin Code-

DOM we useCodeTypeDeclarat io n class.As shavn below:

CodeTypeDeclar atio n myClass = new
CodeTypeDeclar at ion (" Hell oWworl d");
MyNamespace.Ty pes. Add(myCla ss);

Adding classmembersto a class The CodeDOMmodelprovidesa variety of
elementghatcanbeaddedo aclass A hewv membercanbeaddedo aclassusing

CodeTypeDeclara ti on.Memnber s. Add method,asshavn below:

CodeEntryPoint Meh od Main = new CodeEntryPointM et hod();
CodeMethodinvo ke Expr essio n expression = new
CodeMethodIinvok eExpr essi on (
new CodeTypeRefere nceExpres si on(" Syste m.Consol e") ,

"WriteLine",
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new CodePrimitiveE  xpre ssion (" Hell o World!)

);

myClass.Member s. Add( expre ssio n);

2.2.4 CommonLanguageRuntime (CLR)

The CLR provides a runtime executionenvironmentfor .NET applications;jt is
analogougo the Java Runtime Ervironment(JRE) from the Java Language™.
Codethatis run underthe control of the CLR is calledmanayed code The CLR
manageshe codei.e. compilationof the codeinto native codeandmemoryman-
agementCodethatrunsoutsidethecontrolof the CLR is calledunmanged code
but it is possibleto integrateunmanageaodewithin the CLR. The CLR canbe

dividedinto threemaincateyories:

TheTypesystem.
TheExecutionsystem.

TheMetadatasystem.

The Type systemconsistsof the CommonType System(CTS) andthe Com-
mon LanguageSpeci cation (CLS). Typesin the .NET framevork canbe either
valuetypesor referencetypes Valuetypescaneitherbebuilt-in valuetypessuch
asint or userde ned valuetypes.Referencdypescanbe eitheruserde ned ob-
ject, interfaceor pointertypes.Figure2.4 shavs the hierarchyfor the type system
within the .NET framevork. The CTS de nes the standardvalue and reference
typessupportedy theframework.

The CLS de nesrulesthata languagemustobey if it is to executeunderthe
CLR.TheCLSde nesasubsebf the CTS,thatis thesamerulesapplyto theCTS
asto the CLS. The CLS alsoestablishesequirementgor compliancethesehelp

to determineaf the languageconformsto the CLS. If alanguageconformsto the
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Figure2.3: ExecutionModel .Net Framavork.

CLS it maybeusedwithin the CLR andalsoby other.NET languages.

Figure2.4: .Net Type System.
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TheExecutionsystenis attheheartof the . NET frameavork. Sourcecodewrit-
tenin ary of thesupportedNET languagess compiledinto Microsoft Intermedi-
ateLanguag€MSIL). Whenthe CLR executesanapplicationthe MSIL is “Justin
Time' (JIT) compiledinto natve machinecode.It is the MSIL thatallowsfor cross

languagentegrationof applications.

Figure2.5:.NetCompiling

The Metadatasystemis an integral part of the framavork. An assemblyis a
primarybuilding block of a.NET application.In previousversionsof Windows an
applicationor programwasusuallyinstalledusinga DynamicLink Library (dll) in
.NET amanagedill is calledanassemblylt is analogouso the Jasza Archive (jar)

le within theJava LanguageAn assemblycontains:

Manifest- Describegheassemblye.g.assemblyname yversionetc.

Metadataabouttypes- Typeinformationaboutthe classess keptwithin the

assembly

Modules- Themodulecontainghe MSIL code thiscodeis usedby theCLR

andJIT compiledbeforeexecution.

Resources Resourcesanbearythingfromtext les toimagesthisenables

theassemblyto beself contained.
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Figure2.6: AssemblyStructure

Assembliesare fundamentalpart of the developmentin .NET they perform

functionssuchas:
Containscodeneededor executionwithin the CLR
Formsthe securityboundarypermissioraregrantedor revokedatthis level.
Typeboundaryevery typeasanassociatedssembly

Referencéoundarythemanifestof anassemblyontainametadataisedfor

resolvingcon icts.

Versionboundary an assemblyforms the smallestversion-ableunit within

theCLR.
An assemblys the deploymentunit within the CLR.

The .NET framework is an improvementon the Windows platform and ad-
dressesnary of the limitations of Windows. But it more thanjust Windowvs++,
the.NET initiative enablesimpli ed developmentanddeploymentof applications
within the Framavork, with greateiinteroperabilityandintegrationandsupportfor

ary device.
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2.3 AOSD Technology

Aspect-Oriente@oftware Development{AOSD)is a new technologythatextends
the separatiorof concerngSoC)in softwaredevelopment.The methodsof AOSD

facilitatethe modularisatiorof crosscuttingconcernswithin a system.

Aspectsmay appealtin ary stageof the software developmentlifecycle (e.g.
requirementsspeci cation, design,implementationgtc.). Crosscuttingconcerns
canrangefrom high-level notionsof securityto low-level notionslike cachingand
from functionalrequirementsuchasbusinessulesto non-functionatequirements

like transactions.

As describednthe AOSDwebsitgd AOS themainthrustof researclin AOSD
is into the extensionof separatiorof concerns(SOC) techniqueshut not only
crosscuttingechniques‘Researcherin AOSD arelargely driven by the funda-
mentalgoal of betterseparatiorof concerns.So while crosscuttingtendsto be
a signi cant focusof their work, they alsoincorporateotherkinds of SOCtech-
nigques,ncludingsuchwell establishedpproacheasOO andgoodold-fashioned
structuredorogrammingThisis re ectedin theway muchof thework in the eld
blendssupportfor mary differentkinds of modularityincluding block structure,

objectstructurejnheritanceaswell ascrosscutting.

A principal designmodel languagein AOSD is Theme/UML [Cla]. Theme
/UML presentamethodfor designingsystem$asedntheobject-orientednodel
but with addedextensionsor decompositiommechanismsEachmodelconsistsof
athemewhichis anindividual requirementgxtensiongo Uni ed ModellingLan-
guaggUML)[Bo098] arerequiredfor thecompositiorof thethematicdesignmod-
els. Theme/UML containssupportfor overlappingspeci cationsandcrosscutting

speci cations.
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2.4 Java AOP Approaches

In this sectionwe cover the principal Java approacheso AOP. Currentlythe prin-
ciple approachesire AspectJ[Tea], Hyper/J[HYP], CompositionFilters [COM]
and DemeterJLie]. AspectJand Hyper/Jwill be coveredin detail over the next

two subsections.

2.4.1 Aspectd

AspectJis a simple and practicalaspect-oriente@xtensionto Java that enables
the modularimplementationof crosscuttingconcerngKHH 01]. It is alsothe
basisfor anempiricalassessmermtf aspect-orientegrogrammingThe designers
of Aspectdwould like to gain a betterunderstandingf hov AOSD andan AOP
languagecanbe usein a “real usercommunity”. The designersf AspectJcall a

well modularisectrosscuttingsoncernan "aspect’

The Language

AspectJextendsthe Java LanguagéM with supportfor two typesof crosscutting
implementationThe rst type enableshe developerto de ne additionalimple-
mentationto run at certainwell-de ned points of executionin the program;this
is called“dynamic crosscutting” The secondype enableghe developerto de ne

new operationn existing types;thisis called“static crosscutting’.

Dynamic Crosscutting Thedynamiccrosscuttingn Aspectds basednsetcon-
structs A Join Point is awell-de ned pointof executionin theprogram Pointcuts
area mechanisnof referringto a setof join pointsandcertainvaluesat thosejoin
points.Adviceis amethodlik e constructhatenablesadditionalimplementatiorio
be insertedat join points.An aspectis a modularunit of a crosscuttingconcern;

composef pointcuts,adviceandJava declarations.
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Static Crosscutting The staticcrosscuttingn AspectJis achieved by introduc-
tion. New membervariablesandmethodscanbeintroducedstaticallyfrom aspect
classesnto baseclassesThis is a powerful constructas not only doesit change

thebehaiour of aclassit canchangeherelationshipbetweerclasses.

Join Point Model

The Join Pointmodelis a critical elementin the designof any AOP languageln
AspectXhejoin point modelis de ned aswell-de ned pointsof executionin the
program.In this modeljoin pointscanbe consideredo be wheremethodcalls or
object eld accesseareexecutedpr onexceptionahandlingor staticinitialisation

within a classor method.Table2.1 shavs thefull list of thedynamicjoin pointsin

Aspectd.

JoinPoint Pointin programexecution.

methodcall amethodor constructorof a classis
called.

methodcall reception anobjectrecevesamethodor
constructorcall.

methodexecution amethodis invoked.

eld getor set a eld of anobjectis accessed.

exceptionhandlingexecution | exceptionhandlerinvoked.

classinitialisation ary staticinitialiserarerun.

objectinitialisation ary staticinitialiser arerun duringobject
creation.

Table2.1: JoinPointModel AspectJ
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Pointcut Designators

A pointcutis a setof join points.AspectJorovidessereral pointcutdesignatorsgor
associatingadvicewith join points.For examplethe following codematchesary
callto methodsetX() of anobjectof typePoint.Pointcutamayalsobecombined

using , && and! operators.
receptions(voi d Point.setX());

AspectJallows for adviceto have accesdo certainvaluesat join points;in
advicedeclarationsaluescanbe passedrom thepointcutdesignatoto theadvice.
In the next examplethe variablesp andnval areavailablefor usein the advice

body

before(Point p, int nval) : receptions(voi d
p.setX(nval)) {
System.out.print In (" x value of " + p +
" will be set to " + nval);
}
Advice

Advice is a methodlike mechanisnusedto declarethat certaincodeshouldbe
executedat join pointsin a pointcut[KHH 01]. AspectJsupportsthreetypesof

advice(before,afterandaround).Table2.2 explainseachtype of advice.

Advice Type | Description

before Advice executedbefore’base'methodatjoin point.
after Advice executedafter base'methodatjoin point.
around Advice selectvely pre-emptsiormalexecution.

Table2.2: Advice in AspectJ
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Advice declarationsle ne adviceby associatinghetype of advicewith ajoin
point (whenit shouldbe executed)andthe codeassociatedavith the advicewith

the basecodeof the method.For examplethe following adviceis associatedhe

methodmove() andit is of type after, it associatethecodeflag = true;
with themethod:
after(): moves() {
flag = true;
}

Aroundadvicedynamicallyaltersthebehaiour of amethodby runninginstead
of themethod Theoriginal methodcanbe calledby usingtheproceed keyword.
In the next examplethe original methodis calledby usingproceed keyword but
only positive valuesarepassedo themethodasMath.max(int, int) returns

thegreaterof thetwo numbers.

around(int nv) returns  void:

receptions(void Point.setX(nv)) Il
receptions (void  Point.setY(nv))
{
proceed(Math.m ax( 0, nv));
}
Aspects

Aspectsare modularunits of crosscuttingmplementatiofKHH 01]. An aspect
is de ned by aspecteclarationsyhich have a similar form to the classstructure.

An aspectanconsistof:
Pointcutdeclarations
Advice declarations
Normalclassdeclarations

The following codesegmentis an exampleof a tracing aspectlt associates

advicewith methoddrom theclassed-igureElement ,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 ) |
receptions(voi d Point.setX(int) );
after(): moves() {
flag = true;
}

Aspectprecedenceefersto the fact that more thanone pieceof advicemay
applyto ajoin point. Thereexistscertainrulesthatdeterminewvhich adviceshould
rundependingnif anaspectinheritsfrom theother or if thedominates modi-

er isused.

Re ective Accesso Join Point

AspectJprovides accesdo the currentjoin point by meansof a specialvariable
calledthe thisJoinPoint . It is boundto the currentobjectandrepresentshe

join point.
Property Basedcrosscutting

It is possiblewithin Aspecto usewildcardingof pointcutdesignatorsThis canbe
simplepatterrmatchingik e receptions (* Point.*(..)) ,whichmatches
ary methodcall or executionon a Pointobject. More adwancedpointcutdesigna-
torsareallowedusingthecflow keyword to selectpointcutsthataredetermined
basedon whetherthe join pointsarein a particularcontrol- ow relationshipwith

otherjoin points.
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Implementation

The main work of ary AOP languageis to ensurethe correctcombinationof
aspectand non-aspectode. This coordinationprocesss called aspectweaving
[KHH 01]. In AspectJthe weaving is bestdescribedasa compiletime weaver,;

the compilertransformghe sourceprogramin threeways:
Advice declarationss compiledinto standardnethods.

Partsof the programwhereadviceis applicablearetransformedorrespond-

ing to thejoin points

Any partsof the programwith dynamicdispatchcodeis insertedat those

staticpoints.

Relevanceto AspectC#

Aspectdmakessimplelanguagesxtensiondo Java thatenableslava to modularise
crosscuttingconcernsThereare mary featuresof AspectJthatwill be usefulin

AspectC#theJoinPointmodelis very effective andcapturegrosscuttinggoncerns
well. The differenttypesof crosscuttingdenti ed by AspectJwill alsobe used

within AspectC#(l.e. Staticanddynamic).
2.4.2 Hyper/J

In Tarr etal [TOHS99],they describenov modernlanguagesndmethodologies
suffer from a problemthey call “tyr annyof dominantdecomposition” Examples
of tyranry are classesn OO andfunctionsin FunctionallanguagesThis prob-
lem leadsto the developerhaving to committo one of thesedominantdecom-
positionsearly in the designand changedo this decisioncan effect the whole
application.Often the developeris not given a choice aboutthe decomposition
dimensione.g.in OO it mustbe a class.The multi-dimensionseparatiorof con-
cernsbreaksthe tyranry of dominantdecompositiorby not relying on a single

decompositiormechanismHyper/Jis an evolving tool that provides hyperspace
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support.Hyper/J™ supports‘AdvancedMulti-Dimensional Separatiorof Con-
cerns(MDSOC)n standardlava ™ software” [TO0(. Hyper/Jprovidesa power-
ful compositiormodelwhereseparatedoncernsanbe integratedinto a program
or componentHyper/Jcanbe usedat ary stagein the software developmentlife-

cycle: designjmplementationpr maintenance.

The Language

Theapproachakenby theHyper/Jteamis calledthe "hypespacesapproad’'. Hy-
perspacepermitthe identi cation and encapsulatiorof any arbitrary concernat
ary stagewith thedevelopmentifecycle. It is alsopossibleto manageherelation-

shipbetweerconcernsFigure2.7 highlightsthe differenttermswithin Hyper/J.

Figure2.7: Hyper/Jovervien
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Concem Spaceof Units

A unit can be thoughtof as constructin a language;it may be, for examplea
statementstatechart,class,interfaceor ary entity within a givenlanguageThere
exists two typesof units: primitive and compoundunits. Primitive units can be
treatedas atomic, while compoundunits are groupedtogether A concernspace
encompasseall unitsin a pieceof software. The purposeof the concernspaces
to groupall unitsin the systemsothatit is possibleto separatall concernsandto

describeheinterrelationshipbetweenthoseconcerns.

Identi cation: refersto the processof selectingconcernsand populating

themwith unitsthatarerelevantto them.

Encapsulationrefersto how afteridenti cation concernsareencapsulated.

E.g.methodclassor package.

Integration:Onceconcernsave beenidenti ed andencapsulatethey must

thenbeintegratedsothe systemaddressemultiple concerns.
Identi cation: Concem Matrix

A hypespacds aconcerrspacespeciallyconstructedo supporimulti dimensional
separatiorof concernsUnits areorganisednto a multi-dimensionamatrix where
eachaxisrepresents dimensionof concermrandeachpointonanaxisis aconcern

in thatdimensionEachdimensioncanbeviewedasa sectionof thesetof all units.

A hyperspacele speci esthe Java classeghat containcode units that will
populatethe hyperspaceThe following codesegmentshavs a pieceof a speci -
cation le. Thespeci cation le cancontaineitherJavafully quali ed classnames
or pathnameof les.

hyperspace Expression_SEE _Hyper space

class com.ibm.hyperJ.E  xpre ssion SEE. ¥,
file  c:\u\smith\com\ ib m\hyperd\ util \Set.cl ass
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Units Hyperspacesanorganiseand manipulateunitsin ary languagebut cur
rently only Javais supportedin Java, memberariablesandfunctionsaretreated
as primitive units and classesjnterfacesand packagesare treatedas compound

units.

Concem Speci cations Theconcernspeci cationsenesto identify the dimen-
sionandconcernin theconcermrmatrix. A simpleapproachs to useasetof concern

mappingssuchas:

x: dimension.conce rn

e.g.
package com.ibm.hyperJ .Ex pressi onSSE Feature.Kernel
operation display . Feature.Displa y
operation check . Feature.Check

Wherex if thenameof theunit.

Hyperslices

Theconcermrmatrixidenti es andmanagesinitswithin agivendimensiorandcon-
cern.To supportthe encapsulationf concerndHyper/Jusesan additionalmech-
anismcalleda hypeslice a hypersliceis a setof concernghat are declaatively

complete?.

Thedeclaratre completenesmeanghatthereis no couplingbetweerhyper
slices Insteacbf onehyperslicaeferringto anotheranabstractieclaratiorof what
the hypersliceneedss declared.This hasthe effect that the hyperslicesare self-

containedput of coursesomeonavill have to implementtheabstractdeclarations.

2Declaratvely completemeanghatarnything aconcerrusesmustbedeclaredwithin theconcern.
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Relationship betweenconcemns

Units, concernsandhyperslicesnaybeinterrelatedn a numberof ways.Hyper/J

hastwo classi cationsof relationships:

Contet-insensitivevereconcernsarealwaysrelatedthe sameway, aslong

asthey shareunitsin common.

Contet-sensitiverelationshipsdependon the context thatthe concernsare

beingusedfor.
Hypermodules

Hyperslicesarethebuilding blocksfor systemn Hyper/J.Thebindingrelationship
betweerunitsis calledcorrespondencgecorrespondends a context-sensitve rela-
tionshipandoccursin theintegrationof the componenbr systemThis integration

contet is calleda hypermodule

A hypermoduleconsistsof a setof hyperslicesandtheir integrationrelation-
ships.Integration relationshipsstemfrom the compositionrules of SubjectOri-
entedProgramming(SOP) [HO93]. In Hyper/J,a compositortool can be used
to associatantegration relationshipsthereforeone can think of a hypermodule
asa combinationof hyperslicesHypermodulesanbe usedto encapsulatenary
typesof softwarearteficts,component®r whole systemsEachhyperslices self-
containedut with integrationrulesthe systemcanwork togethelin aco-ordinated
fashion.Thefollowing codeis of a hypermodulea hypermodulecontainsa setof
hyperslicesandanintegrationrelationshipamongthe hyperslices.

hypermodule SEE_With_Displa y_And_Check

hyperslices: Feature.Kernel , Feature.Display
Feature.Check
relationships: mergeByName

In this hypermodulgherelationshipis “mergeByName’this meanghatunits

in thedifferentconcernsarerelatedf they havethesamename.Theareothertypes
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of relationshipswithin Hyper/Jfor example:mege (mege relationshipbetween
speci edsetof units),nomege (oppositeto mege, causesnit which matchnotto

meige)andoverride(Indicateshatoneunit overridesanotherunit).

Implementation

Hyper/Jis a tool that realisesthe hyperspaceapproachirom Java ™. The units
that are supportedare: packagesinterfaces,classesand members.The concern
matrix canwork with theseunitsandthereis the ability to make hyperslicedrom
theseunits. Integration of the hyperslicess possibleto form hypermoduleghat

canbegeneratednto Javaclass les.

Relevanceto AspectC#

Hyper/Jusesa differentapproactbut therearestill lessongo belearnedrom it, a
featureof Hyper/Jthatis of particularinterestis thatHyper/Joffersmodularisation
of crosscuttingoncernsvithoutexplicit languagextensionsBy makingconcerns
declaritvely completethey becomeself contained.Hyper/Jdoesnot make arny

languagesxtensions.

2.5 .NET AOP Approaches

In this sectionwe cover the principal .NET approacheso AOPR Although there
exists mary Java baseAOP tools, the developmentof .NET tools s still only in
nascenstagesWe will cover two of the foremostapproache€LAW[Lam] and
AOP# [AOH. Other approachesnclude Aspect.NET[Mica] and IL basedap-
proachedike“Aspect-Orientednfrastructurdor a Typed,Stack-basedntermedi-
ateAssemblyLanguage’'[DEC].

2.5.1 CrossLanguageAspectWeaving (CLAW)

CLAW hasmary similaritiesto AspectJascoveredin section2.4.1.CLAW bor

rows mary featuressuchasadvice(before,after)andcontainsa similar Join Point
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model.But they dramaticallydiffer in the processf aspeciwveaving. CLAW con-
tainsan ExecutionEngine(EE) thatweavesbaseandaspectodetogetherat run-
time; the aspectto basecode mappingis achiezed throughweavinginstructions
that are generatedy a weave compiler All wearing occursat runtimeandit is
a future goalthatthe CLAW will be ableto emit “aspectassemblies'Any CLR
compatiblecompilercanprovide aspectassembliesyhichin turn provide the as-
pectcodeto the ExecutionEngine Aspectcanbeweavedwith tagetmethodghat
arenotwrittenin thesamdanguageherebyperformingtrue crosslanguageaspect

weaving.

Ar chitecture
The CLAW architectureconsistof:
A setof baseassemblies.
A setof aspectissembilies.
Weavede nition les thatcontainghemappingof aspectodeto basecode.

The baseand aspectcode canbe written in any normal .NET languageijt is
thencompiledusinga compliantcompilerinto anassemblyThe mappingfrom as-
pectto coremethodds throughtwo weave de nition les: weavexmlandweave-
manifest.xmlThe weare.xml de nition le containsa setof weaver de nitions;
eachde nition describesiow ajoin pointis mappedo anaspectTheweaemain-
fest.xml le containgheaspecbr baseassembliesThewease compilercompiles
the weave de nition les into a weave instruction le thatis usedby CLAW to
performweaving at runtime. The following code segmentshaws the two weave

de nition les.

<weave>
<aspect pointcut="App.Ma in"
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adviceType="befo
advice="MyAspect
</weave>
weave.xml

<manifest>

<aspects>

<assembly path="c:\temp\
</aspects>

<targets>

<assembly path="c:\temp\
</targets>
</manifest>

weavemanifest.x ml

re

.Before"

/>

Hell oworl d\ MyAspect. dI I" />

Hell owWorl d\ App. exe"/ >

CLAW operatedy weaving aspectodeprior to JIT compilationof thetarget

method.CLAW readstheIL of the target methodand constructsan abstractsyn-

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

The following is a simple aspectusing CLAW. It prints out “Hello from C#

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

the weavre.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 ext c )
{ Console.WriteLi ne( "Hello from C# Aspect" );

}
}
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Summary

CLAW hasnotbeenreleasedet, but promisedo beanextremelyusefultool from
thestart.A currentlimitation is the securityissue CLAW allows developersto dy-
namicallyalterthe behaiour of codewithin the CLR. Until a securitypolicy can
be createdthis is a major limitation. Also CLAW cannotweare unmanagend
managecaode,thatis, codethatrunsoutsidethe CLR. Futurework includessup-
portfor intra-methodoin points,XPathsyntaxfor join pointselectiorandsupport

for link-time weaving.

Relevanceto AspectC#

Oneof CLAW'sfeaturess theability to performcrosdanguageveaving, VB.NET
codecanbe weaved with C# codeandyvice vearsalt wasinteresting nding out
hov CLAW performsthis weaving, CLAW tamgets IL while AspectC#tamets
sourcecodethereforeit is not possibleto gain an advantageherebut the XML

mappingtechniques similar to theoneemplo/ed by AspectC#.

2.5.2 AOP#

AOP# has beendevelopedby Schupay, Schwanningerand Wuchnerfrom the
Siemen<Corporationlt is namedAOP#in accordancevith thelanguageC#. The

requirementef AOP#are:

1. Nolanguagextensionstheusershouldnothave tolearnary new constructs

anda standarccompileris used.
2. Completeseparatiorof baseandaspectode.

3. Easymechanisnio join baseandaspecttode;somethingalongthelines of

the J2EEEJB containemodel.

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

polymorphism?
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A featureof AOP#is thatary languagesupportedy the .NET framevork may

beusedaseitherbaseor aspectode.

Architecture

AOP#architectureconsistf threeparts:

1. Applicationassemblies holdsthe applicationor businesscodecalled core

code.
2. Aspeciassemblies holdstheaspectode.

3. Coordinatingcomponentalledthe XML-ConnectorThe AOP ervironment

usethe connectoto associat@spectsith the corecode.

Figure2.8: ArchitectureAOP#.

Baseandaspectlassesare compiledinto MSIL andthencomposednto as-
sembliesfrom theretheconnectoadviseshe AOPEwvironmentwhichcoreclasses
shouldhave aspectsThe AOPEvironmentinterceptsatruntimethe corecodeand
insertstheaspectode.This interceptions achieved usingthe Pro ling andMeta-

dataAPI of the.NET framewvork [Micd]. Onerestrictionwith this approachs that
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only managedcodemay be usedandthe Pro ling API cannothandleunmanaged

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

this cannotbe mappedo MSIL.

Aspectsin AOP#areordinary .NET classeghat are declaredasabstractand

inherit from a baseclasscalled Aspect . Aspectsare organisedinto assemblies

andtherearenolanguagextensionsTheimplementatiorof anaspectonsistof:

The (abstract)declarationof aninterfaceexpectedfrom ary coreclassthe

aspecshouldlaterbeweavedinto.

Theimplementatiorof theaspectsnethod this correspondso the“around”

advicein AspectJ.

The expectedinterface of the aspectconsistsof abstractmethodsthat canbe

dividedinto two cateyoriesmarked by attributes“isRequired” and“IsExtended”.

IsRequiredmethodsaim to interactwith “aspectisedtoreclassesilt is simi-

lar to the declaratre completenesesf Hyper/J.

IsExtendednethodsaim to extendcoreclassmethodsThey requirea con-
creteimplementatiorof the form Extend*, where* is the methodnamein

thecoreclass.

Thefollowing is a simpleexampleof anaspectn AOP#.1t representa sim-

plistic boundschecler thatworkson graphicalelementsf a coresystem.

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);

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

//before

bool isOutOfBounds ;
if(GetX() + shiftFor > Max_X)

{

SetX(Max_X - shiftFor);
}
/Icall to core method
ShiftX(xValue) ;
[lafter

}

The XML-connectordescribehiowv coreclassesandaspecmethodsshouldbe

mappedogether
Aspectual Polymorphism

AspectualPolymorphisnrelatesto theability of turningon andoff aspectat run-
time. During the courseof the applicationthe aspectontet (setof aspectdeing

aspectizedyanchangeThisis anefeatureandnot seenn ary otherAOPtool.

Summary

A rst prototypeof AOP#is duefor releaseput becausall conceptsare taken
from existing successfubpproacheshe designerexpectit to be usefulfrom the
beginning. AOP#andCLAW arequitesimilarin theirapproacho weaving aspects
andworking on assembliesa key differenceis the aspectuapolymorphismwere

aspectsanbeturnedon andoff.

Relevanceto AspectC#

Both AOP#andCLAW arevery similar in their approachto AOPR, but what sepa-
rateshemisthe AspectuaPolymorphismin AOP#.Thisis interestingo AspectC#
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andit would beinterestingo seeif thisfeaturecanbeaddedo AspectC#.

2.5.3 Other .NET approaches

As stated NET toolsarestill in early stagef developmentout two otherpromis-
ing approachesre Aspect.NET[Micd and MSIL-basedAOP tool by Dechav
[DEC]. Aspect.NETaimsto researchAOP toolsthattarget both sourcecodeand
MSIL. It aimsto createtoolsthatareboth staticanddynamic.They alsointendto
investigatedanguageextensionto the C# language(similar to AspectJextensions
to Java). Dechav's tool aimsat weaving on MSIL andcanbe describeas“source

to-souce preprocessoifor the Commornintermediate_anguae (CIL)” [DEC].

2.6 Summary

In this chapterwe have covereda stateof the art review of the .NET platform
andthe main Java and .NET approache$o AOPR. But thereexist mary otherap-
proacheso AOPincludingsupportedsystemsike AspectR[ASPb]AspectS[Hit,
DemeterJ[Li¢ andresearclprototypedike AspectC[CoaandAspectC++[ASH].
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Chapter 3

Requirementsand Design

3.1 Intr oduction

In this chapter rstly we look atthe requirementg$or AspectC#We thendiscuss

the designof the systemwith regardto otherapproachementionedn Chapter2.

3.2 Requirements

Oneof the objectives of the projectis to develop a tool "AspectC#'that enables
AOP constructswithin the C# language The systemmustbe developedwithin a
12-weektime frameanda smallexamplemustalsobe developedto shav a work-

ing prototype.

The major useof the systemwill be to apply AOP constructswithin the C#
languageDevelopersshouldbe allowed to usea rich setof instructionsthat will
aid in modularisatiorof crosscuttingconcernsAspectC#canbe appliedto a new
projectin developmentor to existing applicationsby refactoringthe designof the

application.

3.2.1 Functional Requirements

AspectC#mustallow developergo useAOP mechanismsvithin C#. It mustallow

developersto specify aspectandbaseclassesandto allow the meging of these
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classesand create aspectassemblies'which arenormalassembliesind canrun

undertheCLR.

1. AspectC#mustallow thedeveloperto modulariserosscuttinggoncerngvithin

the C#language.

2. Thetool shouldnot malke ary languageextensionsto the C# speci cation
[Micb]. The reasoningbehindthis requirements that the developerdoes
not have to learn nev languageconstructsmakingit easierto learn AOP
techniquesAlso thefactthatthereareno languageextensionsmeanghata
standardC# compilercanbeused.This reduceshedevelopmentime of the
tool andallows theuseof GUI IDEs suchasVisual Studio.NET (VS.NET)

asadevelopmentervironment.

3. Although we seethe prototypeasa proof of concept;a requiremenis that
the systemshouldbe extensibleandmay, in future versionsof the system,
be ableto supportmultiple languagesatherthanjust C#. The semanticof

AspectC#shouldalsobeextensibleallowing for new constructsf necessary

4. Thesystemmustnotpermanentlynodify thebasecode AspectCHmnusttake
basesourceclassessinputsandperformweaving insidethesystem)eaving
the baseclassesinchangedThe reasorbehindthis is thatwith AspectC#it
shouldbe possibleto compileandrun baseclassen their own, andwhen
usingAspectC#the basecodedevelopercanbe obliviousto theaspectlass
andconcentraten thefunctionality of thebaseconcern A temporarydirec-
tory of intermediateveaved les shouldbe producedio enabledelugging

purposes.
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5. AspectC#mustbe easyto useandhave a smalllearningcurve. It shouldbe
basednthe “stateof theart' of AOPtoolsandtechnologiego try andmake

thetool effective from the beginning.

6. Theevaluationof the projectis anextremelyimportantrequirementFirstly
theresultingweaved codemustbe comparedvith anobjectorientedversion
of the examplesystem;andthe systemmustbe comparedwith other AOP
tools on: How the systemspeci esaspectswhat compositionmechanisms
thesystemprovides,implementatiormechanismsf the systemdecoupling

issuessoftwareprocessandusability mustbe evaluated.

3.2.2 Non-Functional Requirements

The non-functionalrequirementsrethat the tool shouldbe developedusing Mi-
crosoft Visual Studio .NET (ReleaseVersion)and shouldbe ableto run on the

Microsoft .NET Framevork ™,

RequirementsSummary

In summarnytherequirement®f thesystemare:
Enablethe modularisatiorof crosscuttingconcernswithin C#.
No languageaxtensiongo C#.
Systemshouldbe extensiblefor future development.
Completeseparatiorof baseandaspectode.
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 approachesn AOP tools bothin
Java and.NET. Finally we describein detailthe AOP Engine,which satis esre-
quiremenno.1l(whichis madeup of modules)Parsey AST Representationyhich
satis esrequiremenno.2andno.3,AspectMapping,which satis esrequirement

no.4,Weaver satis esrequiremento.4andCompiler

3.3.1 Different Approaches

Thereexist mary approacheso AOR, the principle oneshave beendiscussedn
section2.4. Figure 3.1 highlightswhereeachcurrently available tool appliesits
compositionmechanismWe evaluatedeachapproactbasedon the languagehat

it used thearchitectureof the systemandhow the systemwasimplemented.

Figure3.1: DifferentAOPtool approaches.
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AspectJTea]coveredin section2.4.1workswith sourcecodeandweavesas-
pectsat compiletime; it hasa lot of speci ¢ constructsaandis probablythe most
usedtool in the eld. Hyper/J[HYP] coveredin section2.4.2stemsfrom subject
orientedprogramminganddoesnot containthe ideaof aspectandbasebut rather
a concernandconcerninteraction.Hyper/Jworks on the ideaof declaratre com-
pletenessvereeverythinga concernusesis declaredn the class.Hyper/Jweaves

concernsatabyte codelevel.

CLAW [Lam] coveredin section2.5.1 hassimilar syntaxto AspectJandthe
centralideaof anaspectCLAW weavesbaseandaspectodeata MSIL level and
thencallsthe JIT compiler CLAW usesa XML mappingof aspectso basecode.
AOP#[AOP coveredin section2.5.2againworks on a MSIL level andusesan

XML mappingof aspecto basecode.Bble3.1 summariegachapproach.

3.3.2 Our Approach

The approactthat we decidedto take wasto usesimilar semanticsandarchitec-
turesof existing toolsandusethefeaturedrom theseothertoolsfor our approach.
By usingsimilar methodsof existing successfutools we caninfer thathopefully
ourtool will be usefulfrom the beginning. But it mustbe statedthatthis tool is a
proof of conceptanda goal of furtherresearchs to make it the leadingAOP tool

for the NET framework.

In our approacthit wasdecidedo usesimilar semanticso AspectJTea]. That
is, we male aclearseparatioof whatis basgoftendescribeas businessor "core’
code)andwhatis aspectcode.The Join Point modelis a sub setof the AspectJ
Join Pointmodel.An aspecin AspectC#s the sameasin AspectJbut it mustbe

declaratrely completdike concernsn Hyper/J.We usean XML basemappingof
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Topic AspectJ Hyper/J CLAW AOP#
Language(s) Workswith Workswith Workswith Workswith
Used theJava theJava ary .NET ary .NET
Language. Language. compatible compatible
language. language.

Expressie AspectJ Hyper/J CLAW uses AOP#uses

Power contains contains aspectand aspectand
constructdor | constructdor | axml axml mapping.
declaring identi cation | mapping.
aspects and
andpointcuts. | encapsulatior

of concerns.

Composition Aspecthas | Hyper/Jhas | CLAW hasno | AOP#hasno

mechanisms explicit nolanguage | language language
language extensions. | extensions. extensions.
extensions. Concerns Aspectsare Aspectsare
Aspectsare composed appliedto appliedto
Explicit usingclasses.| classes. classes.
appliedto
classes.

Implementation| Aspectds Hyper/Jis CLAW s AOP#is

mechanisms | appliedto appliedto appliedto appliedto
sourcecode. | bytecode. MSIL within MSIL.
Composition | Composition | theCLR. Compositionis
is staticat is staticat Compositionis | dynamicatrun
compiletime. | compiletime | dynamicatrun | time.

time.

Easeof Use Aspectds Hyper/Jis Currentlyno Currentlyno
extremely morea prototype prototype
userfriendly | comple available. available.
with IDE approactbut
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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aspectso coreclasses.

The Language

AspectC#hasa similar semanticdo AspectJjt supportdwo typesof crosscutting

implementation:
Static: Enableghedeveloperto addvariablesandmethoddo existing types

Dynamic: Enableghe developerto de ne additionalimplementatiorto run

atwell de ned pointsin theprogram.

AspectMapping (Join Point Model)

AspectC#allows for adviceto be associatedavith basemethodsbeforea method
executionandaftera methodexecution.Thisis a subsetof the AspectdJoin Point
Model. As we did not wantary languageaxtensionwe usean XML mappingof

aspeciudviceto basecode thisis insteadof the Pointcutdesignatorén AspectJ.

Aspect

An aspects amodularunit of crosscuttingoncernsandit containsadvice Advice
hasthe samemeaningasin AspectJbut asthereareno languagesxtensiondo C#
sotheadvicemustbeproperC# code. Aspectsaaredeclaratrely completetherefore
ary variableor methoda pieceof adviceuseanustbedeclaredvithin theadviceor
asanabstracmethodor variable.Thereis alsothere ective acces®f ajoin point
availableto the developer There ective accessallows the developerto getinfor-
mationaboutthe currentjoin point andto accesslataaboutthe currentjoin point
which maybeusefulin thedevelopmenbf crosscuttingoncernsin summarythe

semanticof AspectC#are:

An Aspectis amodularunit of crosscuttingsoncernsit containsadvicethat

canbeappliedto basecode.Aspectanustbedeclaratrely complete.
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Advicecanbeof typebefole, afteroraround ascoveredin section2.4.1.1t is

amethodlike mechanisnusedto insertcodeat certainwell de ned pointed

in theprogramexecution.

The Join Point modelis a subsetof the AspectJJoin Point model. A le

calledthe AspectDeploymenDescriptoris usedto hold thesemappings.

The developerhasre ective accesgo a join point, with use of a special

variablecalledThisJoinPoin

In Table3.1we summarisethedifferentapproachesf themostpopularavail-

abletoolsat presentTable3.2 summarisesur approach.

Issue AspectC#

Language(s) AspectC#wvorkswith C#andhopefullyin future versionst will

Used extendto all .NET languages.

Composition AspectC#hasa similar semantic$o AspectJjt containghe

Mechanisms | constructdor declaringaspectsimplementingadviceand
associating@spectsvith baseclassesn theform of the Aspect
DeploymentDescriptor

Expressie AspectC#Hcontainssupportfor constructinganddeclaringaspects.

Pawer It usesasubsebf the Aspectdioin Pointmodelandan XML mapping.

Implementation
Mechanisms

AspectC#hasno explicit languageextensionsAspectsare
appliedto classeswith theaid of the AspectDeployment
Descriptor

Implementation

AspectCHis appliedto sourcecode.

Mechanisms | Compositionis staticatcompiletime.

Easeof Use It is agoalof AspectC#hatit will be easyto use.lt is basedon
currenttechnologyandhopefullywill have alow learningtime.

Aspectual No support.

Polymorphism

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

3.3.3 Project Architecture

Theprojectarchitectureasshovn in gure 3.2workswith baseandaspecsource
code.Thereforeit needsa parserto analysethe sourcecode.Next it mustmodel
this codein the form of an AbstractSyntaxTree (AST), by usingthe CodeDOM
API [Micc]. The weaver melgesbaseandaspecigraphs trees.Finally the com-
piler compilesthetreeusinga standardC# compiler The AOP engineconsistsof

ve main areasasshavn in gure 3.3. The 5 componentsare describedn the

subsequerdections:

Parser:Parsingof bothbaseandaspectode.
Satis esrequiremento.l
AST: Representationf sourcecode les asanAST.

Satis esrequiremento.1,n0.2,n0.3
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AspectMapping(Joinpoint): The Joinpoint model.

Satis esrequirementio.1,n0.4

Weaver: Weaving aspectindbasegraphgogether

Satis esrequiremento.1,n0.4

Compiler:Compilationof weared aspectandbasegraph.

Satis esrequiremento.l

Figure3.3: AOP EngineArchitecture.

Parser

The purposeof a parseris to analysethe phrasestructureof a program.As we
decidedthatthe weaving would only occurat well de ned join points(i.e. within

classandmemberfunctions)this effectedthe requirement®f our parserWe only
needed subsef the C# grammarfor the prototype.As shavn in gure 3.4 our
parsercan model namespacsg;lass,function and variableitems. The classesare

discussedh detailin sectior4.2.
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Figure3.4: ParserClassDiagram.

AST Representation

Oncethesourcele hasbeenparsedhenext stepisto createanAST representation
of the code.By usingthe CodeDOMAPI ascoveredin section2.2.3,we have a
languageneutral AST. We believe that by using the AST in future versionsof
our system,it will be possiblefor crosslanguageaspectweaving becausether
languagesanbe modelledasa CodeDOMobjectgraphandweaving canoccurat

the objectgraphlevel.
AspectMapping

TheJoinPointmodelis asigni cant partof ary AOPtool; we decidedo useasub
setof the AspectJJoin Pointmodel. An XML basedapproachor mappingswas
usedwhereaspectzanbe mappedo basemethodsThefollowing codesegment

is theDocumentTypeDe nition (DTD) for the AspectDeploymentDescriptor

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

2. <IELEMENT TargetBase (#PCDATA)>

3. <IELEMENT AspectBase (#PCDATA)>
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4. <IELEMENT AspectMethod(N ame, Namespace, Class, AMethod)>
5. <IELEMENT Target (Namespace, Class, Method+)>

6. <!ELEMENT Name (#PCDATA)>

7 <IELEMENT Namespace (#PCDATA)>

8 <IELEMENT Class (#PCDATA)>

9. <IELEMENT AMethod (#PCDATA)>

10. <!ELEMENT Method (Name, Type, Aspect-Name)>

11. <!ELEMENT Type (#PCDATA)>

12. <!ELEMENT Aspect-Name (#PCDATA)>

Thestructureof theAspectDeploymentDescriptotis quitesimple.An Aspect
elementonsistof four mainelementsTargetBase ,AspectBase ,AspectMethod
andTargetMethod .TheTargetBase andAspectBase elementgepresent
the con guration information, wherethe baseand aspectsclassesare found, as
shavn onlines2 and3. An AspectMethod representanaspecimethodit con-
sistsof aname namespacef theclass classnameandthemethodname asshavn
on line 4. A TargetMethod representshe target or baseclassit consistsof
namespacelassnameandmethodnameasshavn online 5. A Method element
representshe taget methodit consistsof name,type of adviceto apply (e.g.be-
fore, afteror around),andthe aspectmethodnamethatcontainsthe actualadvice,

asshavn online 10.

AspectWeaver

The weaving involves making surethat the advicespeci ed by the XML Aspect
Deployment Descriptoris insertedinto the target methods.The weaving covers

bothstaticcrosscuttingcalled introduction' anddynamiccrosscutting.

Variablesand methodscan be introducedby usingan attribute [introdu-
ction(<string>) ] , where<string> s alist of classeghatthe variableor

methodshouldbeintroducedoo.

With dynamiccrosscuttingadviceis speci ed by the XML AspectDescriptor
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Tamgetmethodsareidenti ed within the XML le.

Asshavnin gure 3.5,the AOPenginehasexplicit acces$o membeifunctions
andvariableshroughthe Codeldenti erclass.

Within thewearing moduleaspecton icts areresolhed,if morethanoneas-
pectis appliedto a basemethodthenthere needsto be an orderingof aspects.

Aspectsareappliedto basemethodslependingn thetype of advice:
1. Any around adviceis rstly applied.

2. Before adviceis applied,if morethanonepieceof beforeadviceis applied
to abasemethodthentheorderin whichit appearsn theAspectDeployment

Descriptoris the orderin whichit is applied.

3. After adviceis thenapplied,againif morethanonepieceof afteradvice
is appliedto a basemethodthenthe orderin whichit appearsn the Aspect

DeploymentDescriptoris the orderin whichit is applied.

With AspectC#aspectEanbetailoredto the developersneedsAn aspectan
be generalandaffect all classesn anapplicationor they canbe speci ¢ andonly
affect a small numberof classesWith runtime basedapproacheso AOP mary
tools have problemswith the securityissueandinjecting codebeforeJIT compi-
lation, asaspeciveaving is performedat compiletime thereareno securityissues

with AspectC#.

Compiler

The nal job of the AOP engineis the compilationof weared sourcecodeinto an
assemblywe call thecompiledassemblyan aspecassembly' Herea standardC#

compilercanbeusedbecauséhereis no languagesxtension.
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Figure3.5: CompilerClassDiagram.

3.4 Summary

In this chapterwe have coveredthe main functionaland non-functionalrequire-
mentsof the system.The usageof thetool hasbeendescribedand nally thede-
signof thetool hasbeendiscussedAspectC#designallows developersto capture
crosscuttingconcernsn a modularway. Thereareno languagesxtensionsneces-
sary and aspectand basecodeis kept separatdrom eachother We believe our
designis modularand extensibleso thatin future versionsof the tool it may be

possiblefor crosslanguageaspeciveaving.
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Chapter 4

Implementation

4.1 Intr oduction

This chapterdescribeghe implementatiorof the prototypesystem.We describe
the AOP Engineandits parts:Parsey AST Representation)eaver, Compilerand
AspectDeployment. Finally thereis a summaryof the implementationThe sys-
temwasdevelopedusingthe Microsoft Visual Studio .NET releaseversion.The

databaseisedfor the exampleprojectwasthe Microsoft SQL sener version8.0.

4.2 AOP Engine

The AOP Engineformsthe heartof AspectC#asshavnin gure 3.3it consistf
ve modules Eachmoduleis responsibldor a certainareaof the overall require-

mentof allowing the modularisatiorof crosscuttingeoncerns.

4.3 Parser

This sectiondescribeghe implementatiorof the parserof the system.We could
have useda parsingtool like YACC [YAC], LEX [LEX] or Visual Parse[SAN];

but it wasdecidedthat our systemdid not warrantthe additionalcompleity and
dependenciesn 3rd party librariesor software so a simple parsemwasdeveloped

thatparsedhe necessargonstructsiamely class,variableandmemberevel.
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As discussedh section3.3.3,themainfunctionalityof theparseiis to lexically
analysethe source le whetherit is a baseor aspectsource le. The parsingin-
volvedusingregularexpressionglasse$romthenamespac8ystem.Text.Regu la rExpre ssi ons.
Regularexpressionprovide amechanisnfior capturingandmatchingargeamounts
of text. TheRegularExpress i0 ns namespace baseduponthe PERL5[Per]

regularexpressiorsyntax.

Theclassesnvolvedin the parsingare,see gure 3.4:

Codeldentifier :representaparsedsourceeld with referencesoclass,

eld andmemberinformation.

ParsedNameSpace :represents parsechamespace directive.
ParsedUsing :representaparsedising directve.

ParsedClass :representaparsedlass directve.

ParsedField :representsultiple parsedvariable  directve.
ParsedConstruct  or : represents parsedconstrcutor directve.
ParsedMethod :representaparsednethod directve.
ParsedParameter :representsparsedparameter directive.
ClassRegex : containgheregularexpressions.

As anexampleof parsingthefollowing codesegmentrepresenttheprocessn-
volvedin parsinganamespace directie. Firstly theC#grammairfor anamespace
[Micb] is inspectedo nd the possiblecombinationsThentheregularexpression
is generatedand nally the codemay be using within the Codeldentifier
class.We bagin by looking at the namespacgrammarasde ned in the C# speci-

cation.
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compilation-uni

t:

using-directive sopt global-attribute sopt namespace-
member-declarat  io nsopt

namespace-decla rati on:

namespace qualified-identi fi er namespace-body ;opt
qualified-ident if ier:

identifier

qualified-ident if ier . identifier

namespace-body:
{ using-directive

using-directive
using-directive
using-directive

using-directive

sopt namespace-membe r- decl arati onsopt }

s using-directive

ecti ve
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using-namespace -dir ecti ve

using-alias-dir ecti ve:
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using-namespace -dir ecti 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 ecla ra tio

namespace-membe r- decl ar ati on:

namespace-decla
type-declaratio

type-declaratio
class-declarati
struct-declarat
interface-decla
enum-declaratio
delegate-declar

rati on
n

n:
on

ion
rati on
n
ation
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This grammarsggmentis thefull grammarfor thenamespace declaratiorin
the C# speci cation. The next codesegmentrepresentshe regular expressiorfor

thenamespacgrammar

\s?(hamespace)( \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.

(\WO02E\wW+)* = a fullstop followed by one or more letters,

repeated zero or more times.

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

4.4 Abstract SyntaxTree

TheAST representationf thesourcecodeis vital to theproject,arequirementov-
eredin section3.2is thatthe systemshouldbeextensible By modellingthesource
codeasa CodeDOMree we keepit independenfrom a speci ¢ languagethis
will leave thepossibilityof crosslanguageveaving. The AST representatiorelies
heaiily onthe CodeDOMAPI asdiscussedn section2.2.3.The CodeDOMAPI
providesinterfaces,classesandarchitecturdo representhe structureof a source
codedocumenindependenbf a programminganguage The classesnvolved in

therepresentationf the AST of asourcecode le are:

CodeBuilder : The CodeBuilderclassactsa the centrallocationfor the
creationof the AST. It usesthe ParsedNameSpac e, ParsedUsing
ParsedClass , ParsedMethod ,ParsedField classesrom thepars-

ing moduleto createthetree.

ParsedNameSpace ,ParsedUsing ,ParsedClass ,ParsedMethod |,
ParsedField classesTheseclasseareusedto generateheinformation

aboutthesourcele.
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The procesof representationf sourcecodeasan AST is bestshavn in the
form of asequenceliagram.Figure4.1 shavs the processof sourcecodeto AST

representation.

Figure4.1: Sequenc®iagramof AST representation

4.5 Aspectweaver

The meging of aspectandnon-aspectodeis a critical elementin the designof
ary aspect-orientelhnguagenechanismTheaspectveaving is performedontwo
typesof crosscuttingmplementationgasstated dynamic,advice andstatic,intr o-
duction. In section3.3.3we discussedhe designour aspeciveaving mechanism,

gure 3.5illustratesthe structure Theclassesnvolvedin weaving are:

CodeBuilder : Modelsthesourcecode le asanAST, performsweaving

atmethodgoinpoints.

ClassJoinPoint : Eachsource le classcontainsone ClassJoinPoint,

which containgamgetclassinformationandaspecinformation.
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MethodJoinPoint  : Eachmethodis checled to seeif it hasassociated
advice,if thisis truethena MethodJoinPoinbbjectis createdhatcontains

advicefor themethod.

Advice : Conatinsthe type of adviceit is (i.e. before,after around)and
a referenceto an spectBuilderobjectthat representshe aspectcodeto be

wovenatthejoin point.

AspectBuilder  : An AspectBuildembjectcontainsexplicit accesso the
elds andmethodsf anaspectlass.An Advice objectqueriesthe Aspect-

Builderto obtaintheadvicecode.

4.5.1 Dynamic Crosscuttinglmplementation

Advice from aspeciclasseds woven with baseclassedy rstly identifying the
tamgetmethodgwith AspectDeploymentDescriptorjandtheninsertingtheadvice
into the AST objectgraph.Figure 4.2 shaws the sequencealiagramof weaving
aspectdviceinto targetmethods.

The following code snippetshavs the wearing of aspectand basecodefor
beforeandafter advice.Eachmethodis rstly checledto seeif hasadviceusing
thehasAdvice method,this methodcontainsaccesgo the AspectDeployment
Descriptorinformationandthis in turn canbe usedto identify methodshat have
advice If themethodhasadvicethenaMethodJoinpoint objectis createdhat
holdsthespeci c advicefor thegivenmethod Finally theweaving is performedat

the objectgraphlevel.

MethodJoinPoint methodJP = hasAdvice(c.ge tNameAndPar anet ers () );
if(methodJP.has  Advi ce() )

{
if(before)

{

foreach(Advice beforeAdvice in beforeList)

{

AspectBuilder aspectAdvice =
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Figure4.2: Sequenc®iagramof AspectWeaver

beforeAdvice.GS  _Aspect ;
string  codeBefore = aspectAdvice.
getAspectCode( bef or eAdvic e.GS_meh odNane) ;

CodeExpressionS ta tement expressionBefor e = new
CodeExpressionSt  at ement(
new CodeSnippetExpr essio n( codeBefor e));

method.Statemen ts .Ad d( expr essio nBef or e) ;

}
}

string code = c.getFinalText 0 ;
CodeExpressionS ta te ment expression = new
CodeExpressionSt  at ement(
new CodeSnippetExpr essio n( code)) ;

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

if(after)
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{

foreach(Advice afterAdvice in afterList)

{
AspectBuilder aspectAdvice = afterAdvice.GS_  Aspect ;

string  codeAfter=  aspectAdvice.ge tA spectCo 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( expr essio nAft er);

}
}

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

4.5.2 Static Crosscuttinglmplementation

In orderfor introductionto beenabledvithin AspectC#t wasnecessaryo usethe
attribute mechanisnof the C# language An attribute is an objectthat represents
datathatyouwould lik e to associatavith anelementwithin your program[Lib01].
We createda customattribute calledintroduction . The following codeseay-

mentshavs the codeof the creationof theattribute.

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

public  class IntroductionAtt r 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 associatehe at-
tribute with elementavithin the program.Thenext codesggmentdemonstratethe
usageof Introductionby addingthemethodsayHello into theclassHelloWorld.
Online 1 we canseeby usingthe [Introduction]attribute we canspecifywe want

thefollowing methodto beaddedo thetametclass.

1. [Introduction(" Hell oWal d")]

2. public void sayHello()

3. {

4, Console.WriteLi ne("H el lo Howard!);
5 }

Within the AOPEnginethe CodeBuilderclassanalysesheaspectlassfor ary
instance®f introduction.If ary arefoundthenthevariableor methods addednto
the CodeDOMobjectgraph.Thefollowing codeshavs the procedurenvolved for

introduction.

foreach(Aspect  Buil der aspect in getAspects())

{
foreach(CodeMet hod c in
aspect.getintr oducti onMet hods(Clas s. Name))
{
introductionMeth ods. Add( c);
}
foreach(CodeFie Id cf in
aspect.getintr oducti onFie Id s( Class.Narme))
{
introductionFiel ds.Add(c f);
}

}

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

TheSystem.CodeDom .C onpi ler namespaceontainslasseshatcanbeused

tomanageompilationof sourcecodefrom CodeDOMobjectgraphsThelCodeCompiler

canbeusedby developersof generatorandcompilersTheMicrosoft. CSha  rp .C sharp CodeProvi der
classprovidesanimplementatiorof the C#compiler TheSystem.CodeDom .C onpi ler .C onpi le rRe sult
classgivesaccesdo ary errorsor warningsgeneratediuringthe compilationpro-

cess.Thefollow codesggmentshawvs the internalcompilationprocesswithin the

AOPEnNgine.

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

ICodeCompiler ~ cscompiler = csharp.CreateC onpi ler () ;
CodeCompileUnit [] units = getCompileUnits (I is t);
CompilerResults compresult =
cscompiler.Com pi leA ssenbl yFromDomBat ch(co mppara ms,
units);
if ( compresult == null || compresult.Err ors. Count > 0 )
{
string  errors = ™,
foreach  (CompilerError err in compresult.Error )
{
errors  += err.ToString() + "\n";
}
Console.WriteLi ne(" Error s: " + compresult.Erro rs .Count);
Environment.Exi  t( 1);
}

Currentlythe useronly hasaccesto a commandine compilertool. The user

canspecifya numberof options:

Output les.
fout: le Outputassemblyname mustbefully quali ed.
ftarget:exe Build aconsoleexecutable.

/taget:dll Build alibrary.
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Input les.
fadd: le AspectDeploymentDescriptoy XML aspectle.

/main: Main Class Main class(Entry pointof application)if exe.

With thiscompilerthedevelopercancreatesitherexecutablesr librariesandspec-

ify wherethe AspectDeploymentDescriptor le is located.

4.7 AspectDeploymentDescriptor

TheAspectDeploymentDescriptoiis thenamegivento theaspecmappingmech-
anism.The System.XML namespacprovidessupportfor processingKML les.

TheSystem. XML namespaces partof thebaseclasslibrary. The DocumeniOb-
ject Model (DOM) is whatis usedto modelthe XML les. A singleXML le is
readinto AspectC#which containghemappingsf aspectso tagetsandthebase

andaspectodedirectories.

The AspectDeploymentDescriptoractsasthe maincon guration le for the
application.n the le theaspectndtargetdirectoriesarespeci edaswell asthe
aspecto basecodemapping.The aspectandtamet directoriescontainthe actual
C# les usedin the meging of aspectandbasecode.Theclassesnvolved in the

AspectDeploymentDescriptorare:

CompilerManager : Main entry point of application,handlescon gura-

tion of aspectandtaget les, aswell ascompilation.

XMLAspectReader : Helperclassfor readingthe aspectdeploymentde-

scriptor

Thefollowing is anexampleAspectDeploymentDescriptor:

1. <?xml version="1.0" encoding="utf-8" ?>
2. <Aspect>
3. <TargetBase>D: \Proj ect\ Test </T ar getB ase>
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4 <AspectBase>D: \Proj ect\ Test </AspectB ase>
5.

6. <Aspect-Method>

7 <Name>AspectTes t< /N ame>

8. <Namespace>Test< /N anmespac e>

9. <Class>Test2</Cl  ass>

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 M&ho d>

18. </Aspect-Metho  d>

19.

20. <Target>

21. <Namespace>Test </ Namespace>

22. <Class>Hellowor Id </ Cl ass >

23. <Method>

24. <Name>SayHello () </Nanme>

25. <Type>before</ Type>

26. <Aspect-Name>A spect Test </ Aspect- Name>
27. </Method>

28. <Method>

29. <Name>SayHello () </N ame>

30. <Type>after</T ype>

31. <Aspect-Name>A spect Test 2</A spe ct -N anme>
32. </Method>

33. </Target>

34. </Aspect>

In this codelisting lines 3-4 containthe con guration of the aspectandtamet
directories.Lines 6-18 containinformation aboutthe aspectclassessuchasthe
nameandactualC# classcontainingthe aspectLines 20-33 containinformation

aboutthetamget classeandmethods.

4.8 Summary

In this chaptemwe have looked attheimplementatiorof AspectC#We have exam-

ined the implementatiorof the ve main areasof the AOP Engine:Parsey AST,
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AspectDeploymentDescriptoy Weaver andCompiler collectively they enablethe
modularisatiorof crosscuttinggoncernsThe designandimplementatiorhasbeen

completedsothatit is extensibleandthereareno languagesxtensionto C#.
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Chapter 5

Evaluation

5.1 Intr oduction

In this chapter we will evaluateboth .NET platform asan AOSD platform and
our tool AspectC#Firstly we evaluate.NET asAOSD platform, next we describe
our methodsin the evaluation,andthenwe will evaluateit againstthe currently
available AOP tools and methodologiesFinally thereis an evaluationof a small

exampleusingAspectC#.

The main goal of AspectC#is the modularisationof crosscuttingconcerns.
In thefollowing sectionsve will evaluateAspectC#andotherAOPtoolsbasedn
how they specifyaspectsthelanguagehesystenusedhow is it wasimplemented,

theusability of thetool andthe actualsoftwareprocess.

5.2 .NET asan AOSD platform

“A platformis any baseof tednolayieson which othertechnolagiesor processes
are built. In computes, a platform is an underlyingcomputersystemon which
applicationprogramscanrun’ [is.]. AOSDis a new technologythat enableghe
separatiorof concernsn software development.The questionwe would like to
answetis: Doesthe .NET platformenableAOSD methodsor techniques®e be-

lieve that the .NET platform doesenableAOSD, we have built a tool AspectC#
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that enablesthe modularisationof crosscuttingconcernswithin C# without ary
languageextensions.We believe the .NET platform can offer AOSD more than
otherprevious platformsespeciallyin the following areasMetaDataRe ection,

CodeGeneratiorandCrossLanguageAspectDevelopment.

5.2.1 Meta Data

Metadatais informationaboutdata,informationaboutcode types,assembliestc.
thatis storedwith theprogrammeln .NET or C# metadatacanbe addedusingat-
tributes Attributescaneitherbeintrinsicor customgexampleof intrinsicattributes
are:[WebMethod] or [Serializable] . Customattributesarecreatedyy the
developerin AspectC#ve useacustomattribute[introduction( <str ing >) |
to enablethe static crosscuttingof methodsandvariableswithin baseclassesin
CLAW it is the metadatanformationthatenable<CLAW to identify methodsbe-
fore JIT compilationandthenit may performthe aspectweaving. Metadata,n
particularcustomattributesis an enormousadwantagethe .NET framewvork gives

thedeveloper

5.2.2 Re ection mechanism

Re ectionis closelylinked to metadataRe ection is the procesdy which a pro-
grammecanreadits own metadatdLib01]. In Javathere ection mechanisnviews
data,hastype discovery or dynamicinvocationwere propertiesand methodscan
be invoked at runtime, but with C# thereis more powerful supportfor re ection.
C# allows the ultimate goal of re ection, which is the creationof typesat run-
time thisis calledre ection emit Many of the currentlyavailable AOP tools have
their originsin re ection-basedapproachesnoreinvestigationis necessaryo see
if theimprovedre ection mechanisnof the .NET framevork would enablemore

re ection basedAOPtools.

72



5.2.3 CodeDOM

The ability to modela sourcecode le asalanguageneutralabstractsyntaxtree
wasof greatbene tto our project.SomeAOPapproachetamgetsourcecodewear-

ing, suchasAspectJBy modellingsourcecodeasan AST thereis the possibility
of crosslanguageaspectveaving. If alanguagecanbe modelledasa CodeDOM
objectgraphthencrosslanguageaspectweaving would be relative easyasall the
codeis at the objectgraphlevel. But there needsto be more supportfrom the
CodeDOMAPI for expressionandstatementso enablefull AST modellingfrom

ary language The CodeDOMAPI currently doesnot supportthe full Common

LanguageSpeci cation.
5.2.4 MSIL

Tametingthe MSIL codefor wearing aspectss usedby mostof the currentlyin
developmentapproacheso AOP within the .NET framework. The fact that C#,
VB.NET and othersupportedanguagesare compiledinto IL enablescrosslan-
guageweaving of aspectdo basecode.Also becausdghe CLR JIT compilesiL

beforeexecution,this leavesthe possibility of aspecivearing atruntime.

5.3 Evaluation Methodology

In thepaperDoesAspect-Oriente@rogrammingWork? [MWB  01] Murphyetal.
describehow to evaluatethe usefulnes®f AOP. They did this by gettingmultiple
organisationgo implementproductswith andwithout AOP, thenevaluate.They
describdwo basictechniqueso evaluatingprogrammingechnologyexperiments

andcasestudies.

Experimentsareusuallyperformedundercontrolledcircumstancewith anum-
ber of developersand test programs.Walker et al. [WBM99] performedexper
imentsusing AspectJand three participants.The participantswere asled to do

two tasks:Delug an existing applicationandchangean existing application.Case
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studiesare of particularusein investigatingthe usefulnesof an AOP language;
examplesinclude Atlas [MLWRO01]. Larger casestudiesexamine how the AOP
technologyaffectsmultiple issuesconcerninghe whole developmentof anappli-

cation.Smallercasestudiesinvestigatespeci ¢ developmentssues.

We decidedthatdueto time restrictionsthatit would be only possibleto per
form asmallcasestudy but thiswould helpwith evaluatingspeci c issuegelating

to developmentwith AspectC#.

5.4 AspectC#versusThe Rest

We decidedto evaluate AspectC#againstfour “state of the art” tools: AspectJ,
Hyper/J,CLAW and AOP#. It was decidedthat evaluationwould be performed
undersix issues(issuesl - 5 weretaken from Elradsarticle DiscussingAspects
of AOP [EFBO01], issue6 wasaddedinto the evaluationbecausehe usability of a

programmingool is very important.):
1. How the AOP systemspeci esaspects.
2. Whatcompositiormechanismshe systemprovides.
3. Implementatiormechanisms.
4. Decoupling.
5. Softwareprocess.

6. Usability.

Before the evaluationbegins, it must be statedthat the Java solutionshave
beenin developmentfor alongerperiodof time andshav the greatemprogression
in AOSD.Mostof the.NET solutionsborron ideasfrom the JavabasedAOPtools.
Butthe.NET approachebring experiencewith crossdanguagespectveasing and

aspectuapolymorphismwhich arevery promisingideasin AOSD.
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5.4.1 How the AOP systemspeci esaspects

Table5.1 evaluateshow eachapproactspeci esaspectsthisissuerelatego:

1. How thetool de nes join points (placesin the programwere baseor core

codeinteractswith theaspectode).

2. Whatis the actualsourcecoderequirementcanaspectde appliedto vari-

able,methodor classlevel? Probablynottoo usefulif justclasslevel.

3. The extentto which anaspectmay be customisedo a certainusagewithin
the system.Canaspectde generalor speci c? A systemwhich allows both

would be of greatevalueto thedeveloper

5.4.2 Composition mechanismsthe systemprovides

Table5.2 shav eachcompositionmechanisnior eachapproachthisissuerelates

to:

1. Whetherthereexists a dominantdecompositiorwithin thelanguagels one

decompositiorappliedto aspect®r areall concerndreatedasequals.

2. Doesthe systemcontainexplicit languagextensiondor aspects® thetool
makesexplicit languagextensionthenit forcesthe developerto learnthese
extensionsand makes sourcecodethat doesnot conformto the language

speci cation.

3. Whatis therelationshipyvisibility betweernaspects™ orderfor reusability

of aspectsherelationshipbetweermspectsnustbefully described.

4. Canaspectsn uence behaiour andis thereamechanisnifor resolvingcon-

icts betweeraspects?
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Tool

How AOP systenspeci esaspects

AspectJ

AspectJonsistof a JoinPointmodel,were:

() A join pointis awell-de ned point of executionin theprogram,
asdiscussedn table2.1.

(if) Pointcutsarea setof join points.

An aspecis amodularunit of acrosscuttingconcern Aspectscan
be customisedo speci c requirement®r begeneralndeffect
multiple areasof thesystem.

Hyper/J

In Hyper/Jjoin pointsarede ned by relationshipbetween
concernsJoiningoccursat methodlevel.

Eachconcernor artefictwithin adimensions encapsulated.
Concernsarespeci ¢ within thedimension.

CLAW

CLAW usesa similar syntaxto AspectJjt emplg/s the sameoin
pointmodelbut it is a subsebf Aspectdwith join pointsonly at
themethodlevel. The mappingof baseto aspectodeis achieved
througha XML weave de nition le.

An aspecin CLAW hasthe samemeaningasin AspectJAspects
canbecustomisedo speci c usage®r general.

AOP#

AOP#usesa similar syntaxto AspectJ A subsebf thejoin point
modelof Aspectds used.Themappingof coreto aspectodeis
achievedthroughan XML connectorle.

An aspecin AOP#hasthe samemeaningasin AspectJAspects
canbecustomisedo speci c usage®r general.

AspectC#

AspectCHusesa similar syntaxto AspectJA join pointis awell-
de ned point of execution:a methodexecution.

In AspectC#anaspecis a modularunit of crosscutting
implementationAspectscanbe designedo be eithergeneralbor
speci c.

Table5.1: How AOP systemspeci esaspects

5.4.3 Implementation mechanisms

Table 5.3 discusseshe implementatiormechanism®f eachtool. This issuein-

cludesall aspect®f theimplementatiorfrom:

1. Whenthecompositionis determinedStaticis whencompositionsaredeter

minedat compiletime anddynamicis whencompositionsaredeterminechat

runtime.

2. Is therea cleanseparatiorof aspectandbasecode,canthe compilationoc-
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Tool

Compositiormechanismshe systemprovides

AspectJ

Thedominantdecompositiowithin Javais OO, asAspectJds
appliedto Java all aspectareappliedto classstructures.
AspectlextendsJava with explicit languageextensions.
Aspectswithin AspectJcanin uence the behaiour of themain
programnamelywith theproceed keyword. Aspectdncludes
rulesfor resolvingcon icts amongaspects.

Hyper/J

Hyper/Jstemsfrom SOPandis animplementatiorof Multi-Dimensional
Separatiorof ConcerngMDSOC)thatsupportsarbitraryconcerns

in theform of ahyperslicethereforethereis no dominant
decompositioranddifferentdecompositionsf a systemmay coexist.
Hyper/Jdoesnot have ary languagesxtensions.

It is possiblefor hyperslicego interactbetweerdimensionsand

for hyperslicego in uence the behaiour of asystem.

CLAW

The CLR currentlyonly support900 languagesthis meanghat
CLAW affectsonly OO languageslthoughthereis the possibility
of supportfor otherdecompositioomechanisms.

CLAW doesnotimposeary languageextensions.

AOP#

AOP#alsoworkswithin the CLR; thereforeAOP#affectsonly
OO languageslthoughthereis the possibilityof supportfor other
decompositiomechanisms.

AOP#doesnotimposeary languagesxtensions.
AOP#usegheconcepbf "aspectuapolymorphismwere
aspectsanbeturnedon andoff dynamicallyatruntime.

AspectC#

AspectC#doesnot extendthe C#languageThe dominant
decompositioris OO asaspectareappliedto classes.
AspectC#doesnot malke ary languagesxtensiongo C#.
AspectC#hassimilar constructdo AspectJandcandynamicalter
thebehaiour of methodausingtheproceed keyword.

Table5.2: Compositionmechanismghe systemprovides

cur separatelyPoesthetool make invasive changedo the baseleaving the

actualbasecode le changedfterthetool.

3. What

is the tamget code of the system?f the tamget sourcecodethenthe

developermusthave accesdo the basesourceles, if thetametis bytecode

orani

ntermediatdanguagdehenthe developermayonly needthe bytecode

or intermediateclass le.

4. Canthesystembeappliedto existing applications?
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5. Isthereaway of verifying compositions?s it possibleto tell if theaspecto

basecompositionis correct?

6. Doessystemcontainsupportfor AspectualPolymorphismZanaspectde

turnedon andoff?

Tool Implementatiormechanisms

Aspectd | In Aspectlcompositionsaaredeterminedstaticallyat compiletime.
Thereis aclearseparatiorof aspecandbasecode;but it is
possibleto compileandrun basecodeseparatelspectimay
work on new or existing systems.
AspectXametssourcecodeandit possibleto verify compositions
usingthecompiler

No supportfor AspectualPolymorphism.

Hyper/J | Hyper/Jperformscompositionsarecompiletime. Hyperslicesan
be compiledseparatelyr asawhole systemHyper/Jcanbe
appliedto new or existing systems.

Hyper/Jtamgetsbyte codeandit is not possibleto verify
compoaositions.

No supportfor AspectualPolymorphism.

CLAW CLAW performscompositiondynamicallyatruntime.Thereis a
clearseparatiorof aspectandbasecode.CLAW canwork on new
or existing systems.

CLAW tamgetsMSIL beforeJIT compilationandthereis no
compositionveri cation mechanism.

No supportfor AspectualPolymorphism.

AOP# AOP#performscompositiondynamicallyat runtime.Thereis a
clearseparatiorof aspectandcorecode AOP#canwork on new
or existing systems.

AOP#targetsMSIL, andcurrentlyno supportfor verifying
compoaositions.

Supportdor AspectualPolymorphism.

AspectC#| Compositionsn AspectC#areperformedstaticallyatcompile
time. Thereis a clearseparatiorof aspecandbasecode.
AspectC#canbeappliedto new or existing systems.
AspectC#ametssourcecode,currentlyit is not possibleto verify
compoaositions.

Table5.3: Implementatiormechansims
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5.4.4 Decoupling

Decouplingrelateso whetherthedeveloperof the basecodeis awareof theaspect

codeanddoesthedeveloperhave to make adjustmentso prepareor aspectode?

Thisis calledobliviousnesgEAK 01], thebasecodedeveloperis oblivious of the

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

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

of applyingaspectitherglobally or locally. Table5.4 describegachapproacho

decouplingn detail.

Tool

Decoupling

Aspect]

Aspectdeavestheoptionof obliviousnesgto the developer The
developermayhave to preparefor aspectsasin the caseof
transactionsAspectscanaffect the programlocally or globally.

Hyper/J

Concernsn Hyper/Jareself containecanddo notknow aboutother
concernsThe developermusthave intimateknowvledgeof the system,
but if Hyper/Jis appliedto anexisting application.Concerns
canaffectthe programlocally or globally.

CLAW

CLAW hasassimilar syntaxto AspectJtheoptionof obliviousness
is left to thedeveloper Aspectscanaffectthe programlocally
or globally.

AOP#

AOP#hasa similar syntaxto AspectJthe optionof obliviousness
is left to thedeveloper Aspectscanaffectthe programlocally
or globally Thereis alsotheability to switchon andoff aspects.

AspectC#

Theoptionof obliviousnesss left to the developer In somecases
it is necessarjor thebasecodeto “prepare'for aspectdvice,
while in othercasest is not necessaryAspectscanbeeither
globalor local.

Table5.4: Decoupling

5.4.5 Software Process

Thisissueincludestheoverall softwareprocess:

1. Whatmethodologyor frameavork the systemuses?

2. Whataspecmechanismgnablereuse?
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3. Isit possibleto analysethe performancef theaspecsystem.

4. |s thereadeluggingmechanism?

Eachsoftwareprocesss discussedn Table5.5.

Tool SoftwareProcess

Aspect] | AspectusesAOPwith aclearseparatiorof basecodeand
aspectode.
An aspecin AspectJs a modularunit of crosscuttingconcern;
this structureenableseuse Aspectscanbe eithergeneralbr speci c.
Currentlythereis no deluggerfor AspectJ.

Hyper/J | Hyper/JusesMDSOC methodologythatcandealwith arbitrary
concerns.
A hypersliceenableseusewithin Hyper/J.Concerns
usuallyaregenerabut canbe speci c.
Hyper/Jis anon going projectandcurrentlythereis no detugger

CLAW CLAW usesAOPwith aclearseparatiorof basecodeandaspect
code.
An aspecin CLAW enableseuse Aspectscanbeeither
generabr speci c.
Currentlythereis no dehuggerfor CLAW.

AOP# AOP#usesAOPwith aclearseparatiorof basecodeandaspect
code.
An aspecin AOP#enableseuse Aspectscanbeeither
generabr speci c.
Currentlythereis no deluggerfor AOP#.

AspectC#| AspectCHusesAOPwith aclearseparatiorbaseandaspect
code.
An aspecis amodularunit of a crosscuttingconcerrnand
this structureenableseuse.
Currentlythereis no deluggerfor AspectC#.

Table5.5: SoftwareProcess
5.4.6 Usability

The usability issuerelatesto the up take of the languagehow easyit is to pro-

grammewith the system.Is thereary developersupportor community mailing

lists?Table5.6 discusseshe usability of eachtool.
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Tool Usability

Aspectd | Aspectds userfriendly with IDE developerplug-insalsoavailable.
Thereis alot of researclhinto the developmentwith
Aspectdandthereexist alarge usercommunitygroup.

Hyper/J | Hyper/Jis moreacomple approachut doeshave GUI support.
Thereis alsoa mediumsizecommunitygroup.

CLAW Currentlyno prototypeavailable.

AOP# Currentlyno prototypeavailable.But becauséOP#usessimilar
semanticsandconstructdo existing AOPtoolsit is hopedthatit
will beusablefrom the start.

AspectC#| Thealphaversionof AspectC#hasjustbeenreleasedWe hope

to gainalot of interestandfeedbackrom its releaseThefactthat
it usessimilar syntaxto Aspectdwe hopewill enablegreater
usability

Table5.6: Usability

5.5 An Example: A Bank Account

In this examplewe demonstrat¢he useof AspectC#rom designto implementa-

tion. We will shav anexampleof developmentwith AspectC#.

5.5.1 The Problem

Theproblemis asimpleBankaccounscenariowhena userdepositor withdravs
moneg from their accountwe would like the entiretaskto work or noneof it to
work, i.e. transactionsTransactiongrebaseduponthe ACID principle [CouQ]].

Transactiongrea crosscuttingconcernasthey resultin non-modularcode.

5.5.2 OO Solution

The designis simple and consistsof four classesA superclassthat represents
a bank accountand three sub classeghat representypes of accounts:current,
savingsandbusinessaccountsFigure5.1 shavs a classdiagramof the solution.

Thesolutionconsistof four classes:

1. Account Superclassfor anaccountholdsdetailsaboutaindividual client.
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Figure5.1: Bankaccountlassdiagram.

2. CurrentAccountRepresentacurrentaccounfor theclientandhasthefunc-

tions of depositwithdrawal, payhbill, etc.

3. SavingsAccountRepresenta savings accountfor the client and hasthe

functionsof depositwithdrawal, calculateinterestetc.

4. BusinessAccounRepresents businessaccountfor the client and hasthe

functionsof depositwithdrawal, paybill, invoices,etc.

Thefollowing codesegmentis taken from CurrentAccount it represents
the procedurdor depositdnto theaccountTransactiorstartwith abegin transac-
tion commandandeitherendsuccessfullyvith a commitcommandor unsuccess-
fully with arollbadk command.

1. SglConnection connection = new SqglConnection(

2. Connection_Sou rce);
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22.

28.

30.
31.

connection.Ope  n();
SqlTransaction tx = connection.Begin Transacti on() ;
string message = "

try
{
string CommandText = "Update Account " +
" Set Balance = Balance + " + Amount +
" Where CustomerID = " + base.getiD() + "+
" And Type =" + ACCOUNT_TYPE ™"

SglCommand command = new SglCommand();
command.Commandlext = CommandText;
command.Connect ion = connection;
command.Transac tio n = tx;
command.Execute NonQuer y( );

tx.Commit();
message = "Update suceeded!";
}
catch(Exceptio n e
{
tx.Rollback();
message = "Record not written to the database!";
}
finally
{
connection.Clo se();
}

Fromthe codeseggmentdlines 1-4 dealexplicitly with the openingof the con-

nectionandstartingof the transactionLines 16 and 19 dealwith associatinghe

transactiorwith the SQL updateandcommittingthe transactionif it wassuccess-

ful.

Finally Lines22 - 31 dealwith thesituationif anerroroccurredandtheclosing

of the transactionlf we examinethe updatingof the recordto the databasenly

lines9 - 14 dealexplicitly with the updatingof the recordthe restareneededor

openingtheconnectiono thedatabasandthetransactiorcode.In theOO solution

similar codein eachclassis necessarfor the applicationto handletransactions.
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5.5.3 AspectC#Solution

TheAspectC#solutionis similarto the OO solutionasshavn in gure 5.1,but the
transactionhasbeentaken out from theseclassesandput into an Aspect class
called AspectTransacti on. In this classall the connectionand transaction

managemerns handled AspectTransacti on consistof two aspecinethods:
1. beforeTransacti on: Handlesconnectiorandtransactiorsetup.

2. afterTransactio n: Handlescommit rollbackof transactiorandclos-

ing of connection.

Figure5.2: BankaccountAOP classdiagram.

The following code sggmentshavs the two methodsbeforeTansactionand

afterTransactiorfrom AspectTansaction.

public void BeforeTransactio n()
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connection = new SqlConnection( Connect io n_Sourc e) ;

connection.Ope  n();
tx = connection.Begi nTr ansact io n()
command.Transa ctio n = tx;

}
public  void AfterTransaction 0
{
if(message.Equ al s("Erro "))
{
tx.Rollback();
}
else
{
tx.Commit();
}
connection.Clo  se() ;
}

Thenext codesggmentshavs how the baseclassmethodis affectedby theas-

pectclass We canseethatonly the necessargQL is containedwithin themethod

thereforemakingthe codeeasierto understancandmoremodularisedBut in the

basecodeit is necessaryo move the connectiorvariableout of the methodand

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

resultingcodeafterapplyingAspectC#s well modularised.

try
{
string CommandText = "Update Account " +
" Set Balance = Balance + " + Amount +
" Where CustomerlID = " + base.getlD()
" And Type = ™ + ACCOUNT_TYPE ™
command.Commandlext = CommandText;
command.Connect i0 n = connection;
command.Execute NonQuer y( );
message = "Balance updated successfully”;
}
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catch(Exceptio n e

{

Console.WriteLi ne(e. StackTrace) ;
message = "Error";

}

return message,

5.5.4 Results

We will basethe evaluationof the resultof the developmentwith AspectC#on

threecriteria:

1. Numberof Lines of codeversusOOP solution:the lessnumberof lines of
codemeanghelessthe developerhasto write andalsofor maintenancehe

lessthe better

2. How modulararethe crosscuttingconcernsafter AspectC#:By modularis-
ing crosscuttingconcernsave do not have problemdike codescatteringand

tangling,this alsoaidsdevelopmentandmaintenance.

3. Usability of AspectC#AspectC#s a programmingool, thelessusablat is

thelesslikelihoodit will be usefulto developers.

Lines of Code

From gure 5.3we canseein the OO solutionthaton averageeachclassconsists
of approximately200- 250linesof codein the OO solution.Thetransactiorcode
is highlightedin eachclass,we canseethatit is scatterecandtangledwithin the

classstructure.
From gure 5.4we canseein the AOP solutionthatthe averageclasscontains

approximately170- 200linesof codein the AOP solutionbut thereis theaddition

of anotherclassthe aspectclass.But whatwe nd is thatif moretransactiorare
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Figure5.3: Numberof linesof codefrom OO solution.

necessaryhenthereis no needto tanglecodewithin the baseclassesll thatis

neededs anadditionalentryin the AspectDeploymentDescriptor

Figure5.4: Numberof linesof codefrom AOP solution.
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Modularisation of crosscuttingconcemns

From gure 5.4 we canseehow the tangledand scatteredcode associatedvith
transactionss takenout from thebaseclassesandmodularisednto a singleaspect
class.Thisresultsin the codebeingeasierto maintainandloweringthelikelihood

of errorsbeingintroducedwvhenchangedo theapplicationarenecessary

Usability of AspectC#

It is quitedif cult to evaluatetheusabilityof AspectC#it is only aresearctproto-
type andwe would needa large usercommunityto properlyevaluatethe usability
of thetool. But whatwe cansayis that AspectC#is baseduponAspectJandits
semanticareuserfriendly. The developmenternvironmentof AspectC#is the Vi-
sualStudio.NET IDE, whichis extremelyuserfriendly andis thedefactolDE for
.NET development.

5.6 Summary

In this chapterwe have evaluated.NET as an AOSD platform and our tool As-
pectC# Firstly we discussedvhata platformis andhow .NET ts into the AOSD
schemeThenwe comparedur tool with otherleadingAOP toolsfrom both Java
basedsolutionsto .NET basedsolutions.We have also covereda small example
of usingAspectC#in a developmentervironmentcomparingit againstOOP with
C#.
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Chapter 6

Conclusions

6.1 Intr oduction

In this chapterwe discussthe conclusionsof the project. Firstly we begin with a
discussiorof the objectvesof thedissertatiorandhow well theseobjectveswere
met.Next thereis anoutlineof thebene tsof AspectC#overthecompetitionThen
the limitations of the systemareconsideredand nally thefuture developmentof

AspectCHs discussed.

6.2 Summary of Objectives

In chapterl we discussedhe goalsor objectives of the dissertationWe believe
thatwe have meet,if notexceedecachgoalof thedissertationWe will now look

ateachobjective in turn:

1. Designandimplementatiorof AspectC#
Chapters3 and 4 dealtwith the designand implementationof AspectC#.
We believe we have createda tool that meetsall requirementssetour in
the requirement®f out system.The modulardesignof the systemhasleft
the possibility of extendingthe systemto enablecrosslanguageveaving. A

thoroughdiscussioron theimplementationssuesvasalsodescribed.

2. Evaluationof AspectC#
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In chapter5 we discussedhe evaluationof AspectC#.This evaluationcov-
eredbut acomparisoragainsicurrentlyavailabletools methodologiesand
a simple exampleusing AspectC#We shaved how AspectC#reduceshe
numberof line of codefor crosscuttingconcernsandhon modularthe code

becomesfterrunningAspectC#.

. Investigationof AOPtechnologies

In chapter2 we investigatedhe stateof theartof AOSDtool supportA full
evaluationof eachAOP approachwas carriedout this included:composi-
tion mechanismsmplementatiormechanismsarchitectureandsemantics.

In summary:

AspectJis probablythe leadingAOP tool currentlyavailable. AspectJ
hasa large usergroup and a lot of tool supportwith IDE plug-ins.
AspectXanbestbedescribedisa sourceprecompilerthatweasesas-
pectsatcompiletime. Aspectds currentlyonreleasel.0andits seman-
tics arequite stableat presentAlot of othertools basetheir semantics

aroundAspectdncludingour own tool AspectC#.

Hyper/Jis more comple than AspectJ.The Hyper/Jcommunity is
growing steadily Hyper/Jis the only tool to basetheir semanticon

Multi DimensionalSeparatiorof ConcerngMDSOC).

CLAW is still notreleasedanduntil its securityproblemsarehandled
it will not be releasedBut it promisesto be a usefultool from the
beginning, the crosslanguageweaving featureis a major advantage
andthefactit taigetstheentire.NET platformit is sureto attractmore

usersinto the AOSD community

AOP#is soonto be releasedandis quite similar to CLAW in its ap-
proachto weaving and AspectJin its approachto the semanticcon-
structs. The aspectualpolymorphismis somethingthat no tool cur

rently has.
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4. AOSDwithin the .NET Platform
The .NET framewnork wasdevelopedto be the successoto Windows plat-
form, amongone of its mary goalsis easierdevelopmentof applications.
But doesthe .NET platformoffer anything morethanthe currentlyavailable
platformsto AOSD?In Chapters we discusse@reasof the NET platform
thatwe think canoffer or supportaddedAOSDtechniques.

6.3 Benets

We believe we have createda tool thatenableghe modularisatiorof crosscutting
concernawithin C# without explicit languageextensionsandis easyto use.The
systemwas designedto enableextensibility and hopefully with full CodeDOM
supportcrosslanguageaspectwearing will be available in later versionsof the

system.

To our knowledge AspectC#is one of the rstly available tool that enables
AOPmechanismwvithin the . NET platform(Both AOP#andCLAW aresoonto be
released)Hopefullythistoolwill enablehe . NET communityto getmoreinvolved

with AOSD,therebyincreasinghe understandingf AOSD.

6.4 Limitations of System

AspectCH#s only aresearclprototypeandthereexist mary limitationsto the sys-
tem. We have identi ed areasof the systemthatwe think limit the systemin the
performancef applyingAOSDwithin C#. Theareasarecoveredin thefollowing

subsections.

6.4.1 Parser Limitations
Currentlytheimplementearsercannothandle:

Innerclasses.
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structs.

DelggatesandEvents.

Attributes.
Expressionsindstatementsvithin methods.

6.4.2 CodeDOM Limitations

CodeDOMLimitations The CodeDOMAPI is partof the .NET baseclasslibrary.
Currently the elementsarenot supportecdby CodeDOMAPI are:

Variablelistse.g.int  i,j,k;
Parameter&eyword: params

Lack of supportfor expressiongandstatements
Attributetargets

6.4.3 SemanticLimitations

AspectC#semanticsare a subsebf the Aspectlsemanticsthe semanticof As-

pectlthatarenot supportedy AspectC#are:

JoinPointModel: AspectC#only supportgoin pointsat methodexecution.
Thereneeddo befull supportat methodcall, exceptionhandlingandstatic

initialisationwithin classes.
AspectC#cannotsupportthe c o w keyword from AspectJ.

6.5 Future Work

We believe that AspectC#hasachieved it main objectve of modularisationof
crosscuttingconcernsBut for AspectC#o becomethe leading.NET basedAOP

tool we haveidenti ed ve areaghatwe think meritfutureresearch.
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6.5.1 Parser

The parserthatwasimplementedor the projectwasa simpleandquickly devel-
opedparserFor the progressiorof AspectC#thereneeddo be a betterparser Of

the currentlyavailableparsingtoolsthe mostpromisingare:

C#grammarfor Flex Bison[BIS]: Thisascriptthatenablese x bisonto

parseC# les.

jb2csharpThisis portof JB ParserandLexer Generatiorior Java (currently

in alphaversion).

Mono project: The mono project are implementingan opensource.NET

platform,whichincludesa C# parser

6.5.2 CodeDOM Graph

The CodeDOMAPI is of greatadwantageto us, but thereneedsto be more sup-
port for modellingcodeconstructsespeciallywithin methodsand particularlyfor

expression@ndstatements.

6.5.3 Semanticsof AspectC#

AspectCHuseghesamesemanticasAspectJthisis ne for theprototypeversion.
But thereneedgo be moreinvestigationinto the developmentof othersemantics

for AspectC#andespeciallythe .NET framework.

6.5.4 Testing

The only true way of evaluatinga programmingtechniques to develop systems
with thattechnique Clearly onesmall casestudyis not enoughthereneedgo be
morecasestudiesandexperimentswith AspectC#o fully evaluatethe usefulness

of thetool.

93



6.5.5 Crosslanguageweaving

If thereexists full parsingsupportfor all languagesandfull CodeDOMsupport

thiswill enablecrosslanguageaspeciveaving atthe sourcecodelevel.
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