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Debugging Support Environment
for Aspect-Oriented Program Using Program Slicing

TAKASHI IsHIO,# 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 an aspect
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
developing aspect-oriented program. We propose an application of program slicing to assist
debugging. Program slicing is one of the promising approaches for fault localization, which an-
alyzes dependencies between program statements to extract a part of program. 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 to find the influence of aspects in a program.
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class SomeClass {
public void foo (int x) {
doSomething (x) ;
}

private void doSomething (int x) {

}
}
aspect LoggingAspect {
before(): call(void SomeClass.doSomething(..)) {
Logger.logs (thisJoinPoint) ;
}
}
aspect ParameterValidationAspect {
before (int x):
args (x) && call(void *.doSomething(..)) {
if ((x < 0)||(x > Constants.X_MAX_FOR_SOMETHING)) {
throw new RuntimeException("invalid parameter!");
}
}
}
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Fig.1 Aspect examples: Logging and parameter checking
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public AnotherCounter()

public Counter()

public Bar() public Foo()

public Object()

‘ Foo#before call(public static int Main.getX(..)) ‘

AnotherCounter#incF()

Counter#fincF()

2 a— )75 7
Fig.2 A call graph
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Table 1 Type and characteristics of slicing methods
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class Count {

public static void main(String[] args) {
if (args.length == 0) {
System.out.println("java Main [sft|inc]l");
return;

}

Counter counter;
boolean isIncrementCounter = false; (a)
if (args[0].equals("inc")) {
counter = new IncrementCounter();
isIncrementCounter = true;

else if (args[0].equals("sft")) {
counter = new ShiftCounter();

} else return;

int x = 0;

for (int i=0; 1i<1000; ++i) {
counter.proceed () ; (b)
x = counter.value();
if (x > 1000) break;
System.out.println(x);

}

String result;
if (isIncrementCounter) {

result = "increment counter = "; (c)
result = result + Integer.toString(x);
} else {
result = "shift counter = ";
result = result + Integer.toString(x);
}
System.out.prlntln; (d)
}
}
abstract class Counter {
private int count = 1;
public Counter() {} (e)
public int value() { return count; }
public void proceed() { count = newValue(count); }

abstract protected int newValue (int old);

}

class IncrementCounter extends Counter {
protected int newValue (int old) {

return old + 1;
} (£)
}

class ShiftCounter extends Counter {
protected int newValue (int old) {
return old << 1;
}
}
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Fig.3 DC slice example
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Table 3 Size of a static and DC slice
BSES B AT A4 A | DC AT 4 A
Singleton 200 173
Strategy 113 60

class Sample {
private int aField;

public int foo() {

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

}

. . —
private int baz() { call

return aField

}

}

aspect redirectMethodCall ({
int around(Sample sample) :-cceeeeesseeneianian.
this (sample) && call(int Sample.bar()) {
S
}
}
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Fig.4 A slice including an aspect which replaces a
method call
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Table 4 Time cost of dynamic analysis

BSES WHILT | BRI S FHUT
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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