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Application of Aspect-Oriented Programming
to Calculation of Program Slice

TAkAsHI [sHIO,t SHINJI KusuMOTOt and KATSURO INOUE!

Aspect-Oriented Programming (AOP) introduces new software module named aspect for

encapsulating crosscutting concerns, such as logging, synchronization, etc.

Such concern

might be distributed among objects in Object-Oriented Programming, but it can be written
in single aspect. One useful application of AOP is to modularize collecting program’s dy-
namic information for program analysis. Since collection of dynamic infomation affects over
all target program, nobody built this functionality as one module into target program. In
this paper, we develop program sliging system using AspectJ, and describe benefits, usability,
cost effectiveness of the module of dynamic analysis.
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1: a[0] = 0; 01 01000000000000
2: al1] = 1; Table 1 Cache transition of Fig. 1.
3: al2] = 2; 000 |C(al0)|C(a[1)|C(al2])|C(al3])|C(a[4])|C(b)|C(c)
4: al3] = 2; 1 1 _ _ _ _ _ _
5: al[4] = 2; D) 1 2 _ _ _ _ _
6: read(c); 3 1 2 3 B B B B
7: b = alc] + 5; 4 1 2 3 4 - - -
01 0000000000 5 1 5 3 1 5 _ -
Fig.1 Example program using array. 6 1 2 3 4 5 _ 6
7 1 2 3 4 5 7 6
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class Count {

public static void main(String[] args) {
if (args.length == 0) {
System.out.println("java Main [sft|incl");
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; 1<1000; ++i) {
counter.proceed () ; (b)
x = counter.value();
if (x > 1000) break;
System.out.println(x) ;

}

String result;
if (isIncrementCounter) {

(c)

result = "increment counter = "
result = result + Inteder.toString(x);
} else {

result = "shift counter = "
result = result + Integer.toString(x);

}
SysteonutAprintln ; (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; ]

return old 1 (£)
}

}

class ShiftCounter extends Counter {
protected int newValue (int old) {
return old << 1;
}
}

02 00000000000 “nec” 0000000 (d)0D0O
0O bcoooo
Fig.2 Source program and DC slice example
(slice criteria (d), input = “inc”).
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0 2 AspectJ 000000 pointcut 000
Table 2 Pointcut designators (AspectJ).

Join Point oo

call gooooooooooDOoOoooD
execute goooooooooooooo
get gooooooo

set oooooooooD

handler poooooo

aspect LoggingAspect {

pointcut AllMethodCalls() :
!within (LoggingAspect) &&
call(* *.*(..));

pointcut MethodExecs () :
!within (LoggingAspect) &&
execution (* somepackage.*.*(..));

static Stack callStack = new Stack() ;
static JoinPoint lastCall = null;

Object around(): AllMethodCalls()
callStack.push(thisJoinPoint) ;
lastCall = thisJoinPoint;
proceed(); // execute original call
lastCall = callStack.pop() ;

}

before () : MethodExecs ()
if (lastCall != null) {

Logger.logs ("executed",
lastCall.getSignature(),
lastCall.getSourceLlocation(),
thisJoinPoint.getSignature(),
thisJoinPoint.getSourcelLocation()) ;

03 ooooooooooooooo
Fig.3 Aspect which records dynamic bindings.
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public aspect DataDependsAnalysisAspect {

pointcut target () :
lwithin(slice.aspect.*);

pointcut exclude() :
within (somepackage.*) ;

pointcut field set():
target () && l!exclude() &&
(set (* *) || set(static * *));

pointcut field get():
target () && l!exclude() &&
(get (* *) || get(static * *));

FieldDef def = new FieldDef () ;

before() :
def .put (
thisJoinPoint.getTarget (),
thisJoinPoint.getSignature (),
thisJoinPoint.getSourceLocation()) ;

field set () {

}

before(): field get() ({

Sourcelocation setpos =

def.get (thisJoinPoint.getTarget (),
thisJoinPoint.getSignature()) ;

Logger . logDataDepends (
thisJoinPoint.getTarget (),
thisJoinPoint.getSignature (),
setpos,
thisJoinPoint.getSourcelocation()) ;

04 000D00000O00DOOOOOD
Fig.4 A piece of the implementation of dynamic data
dependence analysis.
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Fig.5 Loop occurence by aspect.
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Fig.6 System overview.
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04 0000000 [LOC]
Table 4 Slice size.
gooooo 00 JVM Aspect Aspect/JVM
S1 (P1) 29 36 1.24
S2 (P2) 28 50 1.79
S3 (P3) 708 839 1.19
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Table 5 Execution time [sec.].
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Table 6 Execute time, JIT enabled [sec.].
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