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 Semi-automated concern assignment
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My research

 I’m a 4th year PhD student under Prof. Aho

 Understand the crosscutting concern problem

 Look at how features, requirements, etc. are actually

implemented

 Often, a feature’s implementation crosscutsmany classes, 

methods, etc.

 Many negative consequences: harder to understand, harder to 

change, more defects

 Propose solutions

 Management of CCCs

 Prevention/reduction of CCCs
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Tomcat: XML parsing

 XML parsing is modularized
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Tomcat: Logging
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 Logging is notmodularized

Marc Eaddy



Static analysis



Semi-automated concern assignment

Problem: How to identify all the code related to a 

concern?

 First define “related to”

 Hard: Code affected by changesto the concern

 Easy: Code affected by removalof the concern

 Code is affected if it must be removedor alteredwhen the 

concern is removed

 Software pruning scenario

 Static analysis to determine change impact of removing 

code

 Code dependent on removed code must be altered
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Eclipse Java Development Kit (JDT)

 IJavaElement hierarchy

 Aka Java Model

 No method bodies

 ASTNode hierarchy

 Has method bodies

 Visitor pattern

 Java Search API

 See “Static Analysis for Java in Eclipse”
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IType type = (IType) element;

ITypeHierarchy typeHierarchy = type.newTypeHierarchy(null);

// Removing a type also removes its unused supertypes

for(IType superType : typeHierarchy.getAllSupertypes(type))

{

// Is the class abstract?  If so then we know itõs safe to remove it

// since removing the current type means no one can call 'new' anymore.

if (isTypeCreateable(superType))

continue; // We only want interfaces and abstract base classes

// At least one subtype is linked to a different (or no) concern

if (isTypeStillImplemented(superType, concern))

continue; 

concern.link(superType, EdgeKind.REMOVE_PREDICATE);

}

Dependency analysis using IJavaElement
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ASTParser parser = ASTParser.newParser(AST.JLS3);
parser.setSource(iCompilationUnit);
parser.setResolveBindings (true);

ASTNode root = parser.createAST(null);
CompilationUnit cu = (CompilationUnit) root;
cu.accept(new AllElementsAreAssignedVisitor ());

class Verify AllElementsAreAssignedVisitor extends ASTVisitor
{

public boolean visit(TypeDeclaration typeDecl)
{

IJavaElement typeElement = typeDecl.resolveBinding().getJavaElement();

Component typeComponent = concernModelProvider.getModel().getComponent(
typeElement.getHandleIdentifier());

// Don't traverse types that are not in the code model imported by
// ConcernTagger
return typeComponent != null;

}

public void endVisit(TypeDeclaration typeDecl)
{

IJavaElement typeElement = typeDecl.resolveBinding().getJavaElement();

// Verify that the type is assigned to at least one concern
…

}
…

}

Assignment checking using AST Visitor
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Dependency analysis using Java Search
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IJavaModel javaModel = JavaCore.create( ResourcesPlugin.getWorkspace().getRoot() );
IJavaSearchScope scope = SearchEngine.createJavaSearchScope( javaModel.getJavaProjects(),

IJavaSearchScope.SOURCES );

SearchPattern pattern = SearchPattern.createPattern( element,  IJavaSearchConstants.REFERENCES );

SearchEngine searchEngine = new SearchEngine();
searchEngine.search(

pattern, 
new SearchParticipant[] { SearchEngine.getDefaultSearchParticipant() }, 
scope, 
new SearchRequestor() // Anonymous type
{

public void acceptSearchMatch(SearchMatch match) throws CoreException {
if (match.isInsideDocComment())

return;

int rule = match.getRule();

int ALL_GENERIC_FLAVORS = SearchPattern.R_FULL_MATCH |
SearchPattern.R_EQUIVALENT_MATCH | 
SearchPattern.R_ERASURE_MATCH;

if (rule != ALL_GENERIC_FLAVORS &&
rule & ~ALL_GENERIC_FLAVORS == PatternLocator.SUPER_INVOCATION_FLAVOR) {

// We ignore matches to method calls to the super type (e.g., 
// Shape.moveBy() instead of Point.moveBy()), because there is no type
// error: the method could be implemented by another shape subclass.
return;

}
System.out.writeln(“Matched: “ + match);

}
},
null);
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Refactoring to improve reusability

Problem: Client only needs to reuse subset of a library

Client
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Refactoring to improve reusability

 Dependency closure includes more dependencies

Client
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Client constraints

 Some clients can’t afford to pay for
unused functionality or may have
other constraints
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Client constraints (2)

Globalization,

Remoting,

Reflection, etc.

 Devices

 e.g., “Smart” phones, PDAs, watches

 Libraries must be as

small as possible
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Client constraints (3)

Native libraries,

Registry, etc.

Globalization,

Remoting,

Reflection, etc.

 Operating Systems

 e.g., Windows CE, Unix, Mac, 64-bit

 Parts of the library might 

not be supported



Per-client library extraction

 Extract the parts of the library needed by the client

 Start from the client’s main() method

 Compute the dependency closure

 Create trimmedsource files

 Simple: Copy line ranges from original source files

 Problematic: Macros, const fields, synthesized elements
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Class-level dependencies analysis

class Foo {

int a;

static int b;

void foo(Bar b) {

this.a = b.c;

}

}

class Bar {

int c;

int baz() {

return Foo.b;

}

}

Foo Bar

Cycle!
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Fine-grained dependency analysis

 Start with the primitive dependencies

 They form an acyclic graph

Foo Bar

Cycle!
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Open/partial classes

 Partial classes
 Can split a class definition into multiple source files

 Supported by C#

 Open classes
 Can split a class definition into multiple source files or assemblies

 Each open class is cohesive

 Can override and extend methods

 Benefits
 Separate generated code from hand-written code

 Conditionally include/exclude a feature or implementation

 Layering functionality around a common core

 Less invasive than subtyping
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Eliminate cycles

 For each type involved in a cycle, create:

 An open class for the type reference (e.g., forward declaration)

 An open class for the member decls (e.g., header file)

 An open class for the member defs (e.g., implementation file)

 Classes are easy to understand

 Produces 2-3 times more classes



Marc Eaddy23

Visualization

Implementation

RefGraph

CCI

Sing# Compiler

CCI

Source

XML

CCI

Dependency

XML
Assembly

Source

Code

DepViewer

New

Source

Code

Glee
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Other possibilities: Maximize sharing

 Use partial classes or open classes to factor source base

 Clustering guided by shared subsets

Client 1

Client 2

Class

Extensions for

Client 1

Client 1

Core Class

Extensions for

Client 2

Client 2

Unused



Program transformation



Aspect-oriented programming

Problem: How can we reduce crosscutting concerns?

 Our approach: Phx.Morph

 Supports AOP

 Built on top of Phoenix –Microsoft’s

production-grade compiler, analysis and

tools infrastructure

 Available from

http://www.cs.columbia.edu/~eaddy/wicca
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Phx.Morph transformation pipeline
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C#

Compiler
Phx.Morph

Deltas

Aspect

Assemblies

Compiled

Program
C#

Files

Woven

Program

Break

Points



Example: Logging API usage

class LogReflectionAspect {

[Advice(AdviceType.before, "call(* System.Reflection.*.*(..))")]

static public void LogReflection([Signature] string signature,

[SourceLocationAttribute.WithinSignature] string withinSignature,

[SourceLocationAttribute.FilePath] string filePath,

[SourceLocationAttribute.Line] uint line) {

System.Console.WriteLine("Called {0}()", signature);

System.Console.WriteLine("   inside {0}()", withinSignature);

System.Console.WriteLine("   [File: {0}, Line: {1}]“, 

Path.GetFileName(filePath), line);

}

}
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Using Phoenix to inject method calls
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1. Clone type and method references (e.g., so they are 

imported into the transformed program)

2. Build call stack

1. Load instructions for each argument

 Based on parameter attributes (e.g., [Signature])

 Create constant symbols (ConstSym) for strings, ints, etc.

2. Call instruction



Marc Eaddy30

Before transformation (weaving)

IL_0065:  ldarg.0

IL_0066:  call class System.Reflection.Assembly

System.Reflection.Assembly::Load(string)
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After transformation

IL_0065:  ldarg.0

IL_0066:  ldstr "System.Reflection.Assembly.Load"

IL_006b:  ldstr "Phx.Morph.ReflectionHelpers.LoadAssembly"

IL_0070:  ldstr
“c:\\samples\\Morpher\\Phx.Morph\\ReflectionHelpers.cs"

IL_0075:  ldc.i4     0xfb

IL_007a:  call void LogReflectionAspect::LogReflection( string,

string,

string,

uint32)

IL_007f:  call class System.Reflection.Assembly
System.Reflection.Assembly::Load(string)

Injected code



Explicit advising using statement 

annotations
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public void transferFundsTo (float amount,

BankAccount destination)

{

[Trace] AuthorizationRequest ar = new

AuthorizationRequest (this, destination);

...

[Trace] destination.deposit (amount);

...

[Log("Obtaining authorization. This could 

take awhile...")]

bool result = 

ar.authorizeTransferOfFunds (amount);

...



Explicit advising using statement 

annotations
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Problem: Statement annotations not supported by C#

 Don’t want to write C# compiler

 Solution

 Source-to-source transformation using ANTLR

 Use standard C# compiler



Legalized statement annotations
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[Statement ("Trace", 267)]

[Statement( " Trace " , 302)]

[Statement( " Log" , 340, " Obtainingé" )]

public void transferFundsTo (float amount,
BankAccount destination)

{

AuthorizationRequest ar = new

AuthorizationRequest (this, destination);

...

destination.deposit (amount);

...

bool result = 
ar.authorizeTransferOfFunds (amount);

...



Conclusion
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 Many tools for static analysis and program transformation

 Phoenix

 Eclipse

 ANTLR

 …

 Many possible applications

 Semi-automated concern assignment

 Refactoring

 Aspect-oriented programming

 Contracts/invariants

 Optimization

 …


