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Debugging Support Environment for Aspect-oriented Program
Using Program Slicing and Call Graph

TAakASHI IsHIO," SHINJI KUSUMOTO' and KATSURO INOUEf

Aspect-Oriented Programming (AOP) introduces new software module named aspect for
encapsulating crosscutting concerns. Although a crosscutting concern is written as aspects
to improve maintainability and modularity, AOP introduces a new factor of complexity. For
example, finding defects caused by an aspect, which modifies or prevents behavior of another
aspect, needs much cost. In this paper, we examine a method to support such issues in de-
veloping aspect-oriented programs. We propose an application of call graph generation and
program slicing to assist debugging. A call graph visualizes control dependencies between
objects and aspects and can detect infinite loops. On the other hand, program slicing shows
changes of dependencies to a user. We implement a program slicing tool for AspectJ and apply
it to certain programs. The experiment shows that our approach is effective for a developer
in finding the influence of aspects in a program.
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aspect ParameterValidationAspect {
before (int x):
args (x) && call(void *.doSomething(..)) {
if ((x < 0)]|(x > Constants.X MAX FOR_SOMETHING)) {
throw new RuntimeException("invalid parameter!");
}
}
}

01 AspectJUOUODD0000DO0O0OOOOOOOO
Fig.1 A parameter checking aspect written in AspectJ.
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‘ Foot#before call (public static int Main.getX(..)) ‘

02 00O000ODO0OO
Fig.2 A call graph.
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before() : call(Foo.fool()); l

before() :
execution (Foo.foo()) ;

after()
execution (Foo.foo()) ;

after() : call(Foo.foo()); l

03 OD0O0O0oooooooooooooooooooo
Fig.3 Before advice call and after advice call at method
call node.

around() : call(Foo.fool());
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advice body

call return value

return value

Foo.foo() body
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Fig.4 Around advice call at method call node.
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class Sample {
private int aField;

public int foo() { activate
int x = bar()}

}

protected int bar() { // never executed
return 0; }

private int baz() {

)
}

call

aspect redirectMethodCall {
int around(Sample sample) :
this (sample) && call (int Sample.bar()) {

return sample.baz ()| }
}

065 00000000000 O0O0O0O00O0O0
Fig.5 A slice including an aspect which replaces a
method call.
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02 000000000000 0OO0O0O0OD

Table 2 Time cost of dynamic analysis (seconds).

oo oooo oooooooo
ChainOfResponsibility 3.76 3.93
Observer 0.32 0.37
Mediator 3.21 5.69
Singleton 0.14 0.32
Strategy 0.18 0.22
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