abc: The AspectBench Compiler for AspectJ — a workbench

http://aspectbench.org Programming Tools Group, Oxford, UK

What is AspectJ?

Seamless extension of Java for expressing program features that crosscut Java’s abstraction mechanisms [Kiczales et al. ’97].

The key concepts:

• aspect: new kind of class that observes program execution • joinpoint: event that aspects can intercept • pointcut: pattern to define set of intercepted joinpoints • advice: extra code executed when pointcut matches

Example Aspect

Game playing application: body of inner loop (the method play) should not make new allocations. Aspect verifies this.

aspect NoNewInRound { // local state of aspect private int allocations;

// advice: before play starts, init allocations before() : // when to run the extra code call(* World.play(..)) // pointcut { // extra code allocations = 0; } // before a constructor call within the // control flow of play, not in this aspect before() :

cflow(call(* World.play(..))) && call(*.new(..))

&& !within(NoNewInRound) { System.err.println(”allocation during play!”); allocations++ ; } // after playing, report allocations after() returning(): call(* World.play(..)) { if (allocations > 0) System.err.println(”allocations per game ” +allocations); } }

How is it compiled?

Produce pure Java bytecode. Match pointcuts (=patterns) at compile-time, to program fragments that generate corresponding joinpoints (=events) at runtime. Sometimes matching cannot be completed at compile-time: insert runtime tests where necessary. [Masuhara et al. 2003, Hilsdale et al. 2004].

Example compilation (simplified)

Aspect becomes singleton class with methods for advice bodies:

class NoNewInRound { public static NoNewInRound instance() { . . . } private int allocations; public final void before$0() { allocations = 0; } . . . similarly for two other advice bodies: . . . before$1() and after$2() . . .

// number of enclosing invocations of play private int playcount = 0; public final void beforeplay() { playcount++; } public final void afterplay() { playcount–; } public final boolean inplay() { return playcount > 0; } } Replace each call of play() with: NoNewInRound.instance().before$0(); NoNewInRound.instance().beforeplay(); play();

NoNewInRound.instance().afterplay(); NoNewInRound.instance().after$2();

Replace each constructor call (say new A()) with if (NoNewInRound.instance().inplay()) NoNewInRound.instance().before$1(); new A();

The ajc compiler

Originally developed at Xerox Parc; evolved into a production compiler. Design goals:

• Compile-time speed.

• Careful integration with other tools. • An Eclipse project.

Consequences of these goals:

• 119 changes to Eclipse source • customised BCEL for backend • no analysis/optimisation framework

Overheads of aspects

Built new version of *J dynamic metrics tool:

Results [Dufour et al. ’04]: