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Debugging Support Environment for Aspect-Oriented Program

Using Program Slicing and Call Graph

TAKASHI IsHIO,t SHINJI KUuSUMOTO! and KATSURO INOUE

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
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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 AspectJOO0000D0OOO0O0O0ODODOOOOO
Fig.1 A parameter checking aspect written in AspectJ.
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public AnotherCounter()
public Counter()

public Object()

‘ Foo#before call (public static int MaingetX(.)) ‘

AnotherCounter#incF()
Counter#incF()

02 00DO0O0OoOo
Fig.2 A call graph.
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before() : call(Foo.fool()); ‘

execution(Foo.foo());

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

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

03 OD00O0OO0OO0O00O0oOoOOOoO0oO0ooooooboobooo

Fig.3 Before advice call and after advice call at method

call node.

E around () : call(Foo.foo()):E

call

advice body

call return value

return value

Foo.foo () body

04 00D0000OO0O0O0O0O0D0O0O0O around 0000000

ooo
Fig.4 Around advice call at method call node.
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Strategy 465
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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() { ——+--"

[Fetuzn arield} )
}

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

return sample.baz ()| }

}

05 0000O0OO0O0O0O0OOOOO0OO0OOO
Fig.5 A slice including an aspect which replaces a
method call.
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02 00D0O0ODOO0ODOOOOD (OoO:0)
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

050000000000000000000000
00000000000 000000000000O
00000000000 000000000000O
00000000000 000000000000O
00000000000 000000000000O
00000000000 000000000000O
ooo
5.4 0000DOOD
00000000000 D000000Do0O0o0ong
00000000D0000o00
000000 D0000000000000000
ooooooooo
0000000 00000000000O0O000O0
00000000000 000000000OO
oooooo
000000000 OO0OO0OO0O0O0O0OOO0OOO0OO
00000000000 00000000000
Doooooooo?o
000000000000 00D00Aspect 00
00000000000 0000000000000
00000000000 0000000000000
00000000000 000000000000O
00000000000 000000000000O
00000000000 0000000O000O0
00000000000 D0000000000ono
00000000000 00000000000OnO
00000000000 0000000000000
00000000000 2000000000000
00000000000 0000000000000
00000000000 0000000000000
00%®000000000000000000000
00000000000 000000000000O
00000000000 000000000000O
00000000000 000D000000n
000000000000 000000000nO
0000000000000000000000000
0000000000000 00000000000
0000000000000 1000000000000



1530 goooooogoo

gooooooo2oMBOODDOOOOOOOOO
gbooobooobooooobooboboooboobogo
gboooboooboooooboooboboooboobogo
gooooooooOoOooDooOoo 1wobbooooo
gooooboooooooooooooooooooboo
ooooooooooooooooo 1o000000
000000000000000o0ooo00 100MB
gooooobooocooooooooooooooboo
000000000000 Aspect)J OO0OOOOOO
0000000000000% 0000000000
gboobooooobooooooo
5.5 DO0OOO0OO0OODOOODO
goboobooobooboooboooboobooboooog
gboooooboooooboooboboooboobogon
gooooobooooooooooooooooooboo
gooooooo
goooooooobooooboo 12000000
Oo000o0O00O0O00o000oo0oooo00g Java
gooooobooocooooooobooooooooboo
000000000 AspectJ DOOOOOOOOO
gbooobooobooooobooboboooboogo
goooooooooObooDOoOoDJava0ooooo
OO0 Eclipse 000000000 DOOOOOOODOO
Java 00 O0O0O0O0O00O0O0OCOOOOOOOOOOO
oooooobooooooooooboooooooboo
oooooobooooooooooboooooooboo
oooooobooooooooooboooooooboo
gooooobooocoooooooocoooooo
0000000000 D0000Aspect) DOOOO
gboooboooboooooboooboboooboobogon
gboooboooboooooboooboboooboobogon
gboooboooboooooboooboboooboobogon
gbooboooboooooooooboo
e JIODODODOOOOOODODOODOOOOODOD
ooooooooooooooooooooo
e J0IOOOCOOOOOOOOOOOOOOODO
oooooooood
e J0IOOOCOOOOOOOOOOOOOOODO
gooobooooo
e JIODODODOOOOOODODOODOOOOODOD
goboooooobooooboooobooooboooo
gbooboooboobooobooobooboobooooboog
goooboooooooobobooooboooooboboo
gboooooooboobooooooooooooooo
goooooboooooooooobooooooobo
goooooboooooooooobooooooobo

June 2004
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Table 3 Time required to debugging task (minutes).
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