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Aspect-Oriented Programming with Model Checking
NAoYAsU UBAvAsHIt and TETSUO TAMATH

Aspect-Oriented Programming(AOP) is a programming paradigm such that crosscutting
concerns including synchronization policies, resource sharing and performance optimizations
over objects are modularized as aspects that are separated from objects. A compiler, called
weaver, weaves aspects and objects together into a program. In AOP, however, it is not easy
to verify the correctness of a woven program because crucial behaviors are strongly influenced
by aspect descriptions. In order to deal with such problem, this paper proposes an automatic
verification approach using model checking that verifies whether the woven program contains
unexpected behaviors such as deadlocks. AOP-based checking framework is proposed in order
to use model checking tools efficiently. Using this checking framework, checking items that
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crosscut over objects can be described as an aspect and separated from a program body.

1. 0000

00000000000000 (Aspect-Oriented
programming 0 0 AOP)'® 0000000000
000DO00000000000000000000
00000000D0000000000000000
0000000000 00000000000000
0000D0D0000000000000000000
000000000000000000000000
000000000000 D000000000000
000000000000000000000000
000000000000 000000000000

t(0)00 sI000000ono
Systems Integration Technology Center, Toshiba Cor-
poration

++ 0000000 0000
Interfaculty Initiative in Information Studies, Graduate
School, University of Tokyo

goooooooobOooooooooboboDbObbOoo
gooooooooooooooobooDbDbObDbOoo
000000o0oooOoDAOPOOOOOODOOO
gooooooooooooooboOooob0ooooo
goooooooooooooooooobobOboboo
gooooooboooobo0o0oo1ooooobooo
goooooooobbooooboobDoboooo
00000000000000 (weaver) 00000
000000000000 oooAOPOOODOOO
goooooooooooooooooboDbobobbo0oo
gooooobbOoo0ooooooOooooboDbObOon
gooooooooooooooboobooobobDbObDbOoO
goOoooooooooooooooobobDbObDbOoo
goooooooobOo0o0oooooooobDbObbOoo
gooooooooooo0oooboobobobbooo
gooooooooooooooooobobDbObboo
goooobooooooDboo
gooooooooooooboooooobobbOoDDo



2 gooooDoooo

000 (model checking)” 000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000AOPOOD
000000000000000000000000
000000000000000000000000
000000000000 2000000 AOPODO
000000000000000000000000
oooo
(1) 00000000000000000000
(2) AOPOOOODO0O0OOO0OOOOO

()000000000000000000000
000000000000000000000000
000000000000000()0000000
0000000000000000000000AOP
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
afufalaluls

00200 AOPOODOOODOO0DO0OOO0OO0O
000003000000000000000000
0000004000 AOPOOODOODOOO0ODO
000000000000000000000050
00 AOPOO00O0DO0O00O0D0O0000O00
60000000000000000000 7000
oooooo

2. AoOpPOOOOoOoDooOOOd

2.1 AOrO0O0O

ooobooooooooooboooboooooobobo
gboooboobOoo0ooobooooooboon
goboooooooooobOoDOooooobDbDbDb
oooboboooooooooooooooobobDboDb
ooooooooboooooboooboobobobooonoo
goboobooooooooooooooboDbDbDbn
oooooooooboooboooooboooooo
oooobobooooooooooobooooooobobo
gobooooooooobO0o0o0o0o0ooooooboDoon
gobooooooo0o0oooooooooooboDon
gooobooobboooO0o0ooooooooDbobDbn

Jan. 1960

ooooooobooooooobooobooDo
oooooobooooooooooboboDboboboooo
gobobooooo2000000000000000
ooooboooooo0oooooooooooboon
oobooooooooooobooobobbOoomooDon

oobooooboooooooooooooboooooD

000000000000 000000000000
000000000000 000000000000
D00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000 000000000

2.2 AOPOD
AOPOODOODOOOOOOOOOOOOOO
D00000000000000000000000
0000000000 000000®0000000
0000000000000 00000000000
(crosscutting concerns) D0 0000

e DDDODIOODO

e DDOIDODOOD

e ODOODO

e ODOODO

e DDOIDDODOOOO

e 0DOOD
AOPOODOOOOOOOOOOOOOOOOOOO
000000000000000000000000
00000000 (weaver) 100000000 DOO
000000000000000000000000
D00000000000000000000000
D00000000 (00000)00000AOPDO
0000 (join point) 0 0000000000000
0000000000000 000000000000
AOPOODOODDOODOOOOOOO (separa-
tion of crosscutting concerns)J 0 0000000
000000 AOP OO0 OSOP(Subject Oriented
Programming)'? 0 Composition Filter’00 0 O O
0027172329250 Adaptive Programming'® 0 O
000%0000000 (reflection)?® 2 00000
D00000000000000000000000
D00000000000000000000000
000000000000000000000000
D00000000000000000000000
0000000000 00000000000000
000000000000 000000000000
D000000000000000D0000000
OD0AOPOODOODOODOOODOOODOOOO



Vol.1 No. 1

oooooo

ooooog

join point

ooooooooo
O O catch

. 0000
. O O throw

oooooo

01 AspectJOOO0O0O0DDO
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package mypackage;

// 000

class Foo { public void m1() {} }

class Bar extends Foo
public void mi()

{ super.m1(Q); }
private void m2() {}

class Log { void write(Object o) {} }

// 00000
aspect PublicErrorLogging {
static Log log = new Log();

// 000000
pointcut publicInterface ():
call(public * *(..)) && target(mypackage..*);

// 000000000
after() returning (Object o): publicInterface() {
System.out.println(thisJoinPoint) ;

after() throwing (Error e): publicInterface() {
log.write(e);
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Table 1 Checking tools
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class Verify {
public static void assert(boolean b) {
if (!b) System.out.println(
y "x*x* assertion broken");

public static void assert(String s,boolean b) {
if (!b) System.out.println(

) "x*x* assertion broken : " + s);

}
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Fig.2 Producer/Consumer problem
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aspect MethodFunctionCheck {
// 000000

pointcut invokeMethodPointcut (Foo o) :
call(public void bar()) && target(o);

before(Foo o) : invokeMethodPointcut (o){
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after (Foo o): invokeMethodPointcut (o){
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Fig. 6 AOP based checking framework with multiple
checkers
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A. Producer/Consumer 0000
Buffer 000

1: class Buffer {

2: static final int SIZE =

3: ObJect[] array = new DbJect[SIZE],
4: int putPtr = 0;

5: int getPtr = 0O;

6:

7: public synchronized void put(Object x){
8: array[putPtr] = x;

9: putPtr = (putPtr + 1) % SIZE;

10:

11:

12:  public synchronized Object get()
13: throws HaltException {
14: Object x = arraylgetPtr];

15: array[getPtr] = null;

16: getPtr = (getPtr + 154 SIZE;

17: return Xx;

18: %}

19: }

Concurrent 00000

1
2
3
4:
5:
6:
7
8
9

10:

: aspect ConcurrentAspect

of eachobject(target(Buffer)) {
int usedSlots =

boolean halted false,

// -—-put0000000 ---
pointcut bufferPut (Buffer b):
call(public * put(..)) && target(b);

before(Buffer b): bufferPut(b){
while (usedSlots == Buffer.SIZE)

try{
b.wait();
}catch(InterruptedExceptlon ex){};
}
after(Buffer b): bufferPut(b){
if (usedSlots == 0) b.notifyAll();
usedSlots++;
// --- getO0OOOO0DOO ---

pointcut bufferGet (Buffer b):
call(public * get(..)) && target(b);

before(Buffer b): bufferGet (b){
while (usedSlots == 0 && 'halted)
try{
b.wait();
}catch(InterruptedException ex){};

if (halted){ /*** BUG!! #*x*x/
HaltException he = new HaltException();
b.throw(he) ;

}

aftergBuffer b): bufferGet(b){
if (usedSlots == Buffer.SIZE) b.notifyAll();
usedSlots--;

// --- haltJ0O0OO0O0O0O0O (Introduction) ---

public synchronized void Buffer.halt() {}
pointcut bufferHalt(Buffer b):

47:

gooo0oo0O0OO0OOO0OO0000oO0OoOOOb0O000o0o0on 11

call(public * halt(..)) && target(b);

before(Buffer b): bufferHalt(b){
halted = true;
b. notlfyAll(),

Trace DO OO0

));

1: aspect TraceAspect {

2: pointcut publicInterface(): call(public * *(..
3:

4: before(): publicInterface(){

5: System.out.println(

6: "[Trace public methods] "

7 + thisJoinPoint.toLongString());
8: }

9: }

Main OO QOO

1: /) —=——==———————

%: // The Main class

4: class Main {

5: public static void main(String[] args) {
6: Buffer b = new Buffer();

7 Producer p = new Producer(b),

8: Consumer ¢ = new Consumer(b);

9:

10: }

11:

12: //

13: // The Attribute class

14: //

15: class Attribute {

16: public int attr;

17: public Attrlbute(lnt attr) {

18: this.attr = attr

19:

20: }

21:

22: class AttrData extends Attribute {

23: public int data;

24: public AttrData(int attr,int data) {
25: super(attr),

26: this.data = data;

27:

28: }

29:

30: //

31: // The Producer class

32: //

33: class Producer extends Thread {

34: static final int COUNT = 6;

gg: private Buffer buffer;

37: public Producer (Buffer b) {

gg: buffer = b; this.start();

40:

41: public void run() {

42 for (int i = 0; i != COUNT; i++) {
43 AttrData ad = new AttrData(i,i*i);
44 buffer.put(ad) ;

45: yield();

46:

a7 buffer.halt();

48:

49: }

50:

51: //

52: // The Consumer class

53: //

54: class Consumer extends Thread {

gg: private Buffer buffer;

57: public Consumer (Buffer b) {

58: buffer = b;

59: this.start();

60:

61:

62: publlc void run() {

63 int count_= 0;

64: AttrDatal[] received = new AttrData[10];
65: try{

66: while (count != {

67: recelved[count] (AttrData)buffer.get();
68: count++;

69: }

70: }catch(HaltException e){};

71:

72: Verify‘assert("count !'= COUNT",
73: c.count == Producer.COUNT);
74: for (int i = 0; i != c.count; i++){
75: %nﬁawﬂHWmn value received",
76: c.received[i].attr == i);
oy

79: }
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1: aspect VerifyAspect {

2: pointcut consumerRun(Consumer c):

3: call(public void run()) && target(c);
4:

5: after(Consumer c): consumerRun(c){

6: Verify.assert("count !'= COUNT",

7 c.count == Producer.COUNT);

8: for (int i = 0; i != c.count; i++){
9: Verify.assert("wrong value received",
10: c.received[i].attr == i);
11: ¥

12: ¥

13: }
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