for Aspect-Oriented Programming Language and Compilers Research

Sable Research Group, McGill, Canada abc-dev(at)comlab.ox.ac.uk

The AspectBench Compiler

Design goals:

language extension: experiment with new language features in the full AspectJ language optimisation: reduce aspect overheads

Architecture

Frontend based on Polyglot [Nystrom et al. ’02] (an extensible Java frontend); backend based on Soot [Vallée-Rai et al. ’00] (an optimisation and analysis framework).

Language extensions

New syntax, extensible type system, new join points, new analyses for fault detection [Avgustinov et al. ’05a]. Example: trace matching with free variables [Allan et al. ’05]. Intercept traces rather than individual join points; track behaviour of individual objects via variable binding. The mechanism for such variable binding is the main innovation over earlier proposals [Douence ’04, Walker ’04]. Trace match to check safe usage of iterators:

// track iterator i on data source ds tracematch (Iterator i, DataSource ds) { // declare alphabet of interest sym create iter after returning(i):

call(Iterator DataSource.iterator()) && target(ds);

sym call next before :

call(Object Iterator.next()) && target(i);

sym update source after:

call(∗ DataSource.update(..)) && target(ds);

// regular pattern that will trigger extra code create iter call next∗

update source+ call next { throw new

ConcurrentModificationException(); } } Third party extensions

abc is used by more than 10 research teams around the world. Examples:

LoopsAJ: loop joinpoints for use in scientific applications [Harbulot and Gurd ’05]. Makes essential use of analysis framework to identify loop structures. SCoPE: static conditional pointcut evaluation [Aotani and Masuhara ’05].

J-LO: dynamic checking of temporal properties [Bodden and Stolz ’05]. Related to trace matches.

Cona: contracts for AspectJ [Skotiniotis and Lorenz ’05]

Optimisation

Two sources of substantial overheads:

• around advice (run instead of intercepted event) • cflow pointcuts (runtime check of call stack) Soot provides an ideal framework for addressing these performance problems.

Huge speed-ups with simple intraprocedural optimisations, which were adopted in ajc 1.2.1. Hence compare three compilers: abc with just intraprocedural optimisations, with interprocedural optimisations, and ajc 1.2.1. The benchmarks are all examples of cflow:[Avgustinov et al. ’05b].

Reweaving

The key to leveraging existing Java analyses on AspectJ. First weave naively producing pure Java; then analyse, and weave again, taking advantage of the analysis results. In abc, this is supported by separating the matcher (which matches pointcuts to shadows) from the weaver (which executes instructions emitted by the matcher):