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An AOP Language for Testing Distributed Software

MUGA NISHIZAWA," SHIGERU CHIBAt and MICHIAKI TATSUBORI‘t

This paper presents an AOP language that is suitable for testing distributed software. Some
of these tests are well known as typical crosscutting concerns. However, even if developers
use AspectJ for implementing such a test, the implementation of the test can not be an inde-
pendent module that does not include a distribution concern. Such an implementation shows
low readability and maintainability. To address this problem, we propose DJcutter, which is
an extension to AspectJ for distributed software. It provides a few new language constructs
suitable for modularizing distributed crosscutting concerns. If developers use DJcutter, they
can implement those concerns as simple aspects that does not include a distribution concern.
This paper illustrates the descriptive power of DJcutter by illustrating a few examples of test

July 2005

code for distributed software.
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1: aspect AuthServerTest extends TestCase {
2 boolean wasAddUserCalled;

3 void testRegisterUser() {

4 wasAddUserCalled = false;

5: String userId = "muga";

6 String password = "xxx";

7 AuthServer auth = new AuthServer();

8 auth.registerUser (userId, password);
9: assertTrue (wasAddUserCalled) ;

10:  }

11: before(): execution(void

12: DbServer.addUser (String, String)) {

13: wasAddUserCalled = true;

14: }

15: }
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1: // on host T

2: class AuthServerTest extends TestCase {
3: boolean wasAddUserCalled;

4:  void testRegisterUser() {

5: Naming.rebind("test",

6: new RecieverImpl());
T: wasAddUserCalled = false;

8: String userId = "muga";

9: String password = "xxx";

10: AuthServer auth = (AuthServer)

11: Naming.lookup("auth");

12: auth.registerUser (userId, password);
13: assertTrue (wasAddUserCalled) ;

14: ¥

15: class ReceiverImpl

16: extends UnicastRemoteObject

17: implements NotificationReceiver {
18: void confirmCall() {

19: wasAddUserCalled = true;
20: }
21: }
22: }
23:
24: interface NotificationReceiver

Y 0OoD0O0000000000000000000000000
public 00000000000 OO0OO0DOOOOOOOOOOO
oo
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:Notification
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Fig.1 The testing code in AspectJ.

25: { // on both hosts
26: void confirmCall();

27: }

28:

29: aspect Notification { // on host D
30: before(): execution(void

31: DbServer.addUser (String, String)) {
32: NotificationReceiver test
33: = (NotificationReceiver)
34: Naming.lookup("test");
35: test.confirmCall();

36: }

37: }
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pointcut setter(int x):

args(x) && call(void Point.setX(int));
before(int x): setter(x) {
System.out.println("set x: " + x);

}
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01 Dlcutter 00D0O00O0O00O0OO
Table 1 The pointcut designators of DJcutter.
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within( TypePattern)
target( Type or Id)

TypePattern 00 0000000000000 O00DOOOODO
Type 00000 [dO00ODO0OD0OODOOODOOOOODOOO
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this( Type or Id)

Type 00000 [d000D0O0O0O0D0OO00OODOOOODOO

oooooooooooon

args(Type or Id, ...)
call(Signature)
execution(.Signature)
set( FieldPattern)
get(FieldPattern)
handler( TypePattern)
cflow(Pointcut)

000 Types DOOO0OO Ids 000000000 0OODOOODOO
Signature 00 0000000D00000D00O0O0O0DOOOOO
Signature 100 0000000000000 O0O0OOOOO
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0ooo0ooooooooooooooooooooooo
TypePattern 0000000000000

Pointcut 10 00000000000000000OO00O0OO
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hosts(Id, ...)
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call(void Point.setX(int))
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pointcut sample():
call(void Point.setX(int))
&% hosts(hostIdl, hostId2)
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0000000000000 Peint0DOO0O0O00OO
setX()UOOOODOOOOUDOOUOOUOOUOO
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PointImpl pO = new PointImpl();
Point p = (Point)
UnicastRemoteObject.exportObject(
p0, 40000,
new DJCClientSocketFactory(),
new DJCServerSocketFactory());
00000000 OPointimplDO0O0O0O0OOOO
OO0000D0O0O00000000000DJcutter O
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PointImpl pO = new PointImpl();
Point p = (Point)
DJcutter.exportObject (pO, 40000);
3.3 000000000O0O0O0OOOO
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0 0000OLoggingAspect O O displayLog D 0 OO
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interface Logger extends RemoteAspect {
void displayLog(Point p, int x);
}
aspect LoggingAspect implements Logger {
void displayLog(Point p, int x) {
System.out.println("set x: " + x);

}

Logger 00D ODOODOOOOODOOOODOOOOO
O displayLog O00O0O0O0O0O0O0O0O0O00O JavaOO
00000000000 displayLog0ODO0O0O0OOO
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Logger logger = (Logger)

Aspect.get ("LoggingAspect");
logger.displayLog();
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000000000000 00OooooooOodAs
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O000o0o0o0oO0o0oooooooooooooo
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pointcut setter(int x):

call(void Point.move(int,int))

&% args(x, *)
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String lastCallerHost;

before(): call(void Point.*(..)) {
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lastCallerHost
= thisJoinPoint.getHost();
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4. DO0O0OO0OOO0OODOO
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4.1 0OO00O0OO0O0OO0OCOODOO0
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1: // on host T

2: aspect AuthServerTest extends TestCase {
3: boolean wasAddUserCalled;

4: void testRegisterUser() {

5: wasAddUserCalled = false;

6: String userId = "muga";

7: String password = "xxx";

8: AuthServer auth = (AuthServer)

9: Naming.lookup("auth");

10: auth.registerUser (userId, password);
11: assertTrue(wasAddUserCalled) ;

12: }

13:  before(): // OOOODOCOOOO

14: cflow(call(void

15: AuthServer.registerUser (String,
16: String)))
17: && execution(void

18: DbServer.addUser (String,String))){
19: wasAddUserCalled = true;
20: }
21: }

AspectJO0OOOOOOOOOOOD cutter000O
000000000 0000ooooooooooog
0000000000 200DbServer 0000000 D

Y DJcutter 0000000000000 000000OODOO0
g00ooO0oooooooooooOoOoOoOoOoOOoOOOO00O0
00000000000000000000DJcutter 0000
gooooooooooooooooooooboooooooo
g0o0ooooooooooooooooOoOoOoOOOOOOOO
gooboO0oo0o0ooo0o0oO0o00OO0O0O000b0O0000OO0
gooooooooooooooOoOOO0O0O0O0O0O0O0O0O0O0
gooo0o0oOoooooooOoooooo
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2.addUser ()
=

:AuthServer :DBServer

9]

Host W / Host D

1l.registerUser ()
<<remote pointcut>>
execution (addUser () )
<<aspect>>
:AuthServerTe
AuthServerTest |4 DJcutter D7 A2 b TH 5,

ZOT AT b AR D Lo DBServer Nl
Host T THETVEHAHES > by PEERL TV A,

0 2 Dlcutter 0000O0DO0DODOODO
Fig.2 The testing code in DJcutter.

00 addUser() 00000000 OObefore 0000
gbO13g0ob 200000ooooooooooon
000000 DODOOOOO testRegisterUser() O O
oooooooo rooooobooboooogoooo
before 0 0 00 O O O wasAddUserCalled D 000 O
00000 tue000000D0DO00O0ODOOAddUser()
oooooobo rToooooboobooooooboobooo
ooboooboooobooooooobooboooooag

0000000 before 000000 cflow OO0
Oo0O0O0000000000JavaRMIOOOOO
OO0000DJcutter 0000000 cflowODDODOO
gboooooobOoobooooobooboooonn
ooooobooooobooooboobooooobo
addUser() D00 00O0OO00O0ODOOOOOOOOO
addUser 00000 registerUser() DOO0O0O0O0O0DO
ooooooboooooogoo

4.2 O0O00O0O0O0OO0OOOO0OOO0OO0

goboooooodooooooobooooooo
goooobooooooooocoooooboooboo

Oaccessor methodOO O OO OOOOOOOOOO

00000000 000ooooooooooooog
000D0000o0oooooOooooooooood
00000000000000000D000000d
00000000000000000 registerUser()
000000000000000 addUser()00 OO
gd0oooooUooodooooooooooodg
o00o0O000o0o0oooooooooooooood
O containsUser 0 DbServer 00O O0O0OODODOOO
containsUser() 000000000000 ODOOOOO
O0000000ooooooOoOd privated OO
O0000o0o0oooooooooooog

Dlcutter 00 O0D0OOOOODOOOQCODOOODOO
0000000000000 00g0ooooooog
O00000000D0AspectJ 0000000000
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goooboooboobooboooooboooboo
gboobooooo

OO0 00DJcutter 0 00O DbServer 000 O Ocon-
tainsUser() 00000000000 DOOO014000
0 1700 [ TestRegisterUser() 0 00 0 0 00 muga
goooopbooobobbobbboooooooogogo
OO0MOO0O000 registertUser 00000000
i1 o0@moboobobobdbd mugad OO
00000000000 000 containsUser() 00O
gbobobi12000m

1: // on host T

2: aspect AuthServerTest extends TestCase {
3: void testRegisterUser() {

4: String userId = "muga";

5: String password = "xxx";

6: AuthServer auth = (AuthServer)

7: Naming.lookup("auth") ;

8: DbServer db = (DbServer)

9: Naming.lookup("db") ;
10: assertTrue(!db.containsUser (userId));
11: auth.registerUser (userId, password);
12: assertTrue(db.containsUser (userId));
13: %}
14: boolean DbServer.containsUser (
15: String userId) {
16:
17: %}
18: }

4.3 Around DOOD0OOOO

go0o0o00o0o0oooooboooooooooo
goo0ooo0o0ooooobooooooooooon
OO0O00OOOmock object000O0O0ODOOODOODOO
AuthServer O registerUser 000000000000
OO DbServer 0000000000 OODODOOOO
000O0D0O000ODbServer OO0 OO ODOOOOO
goboboooboboobobooga

DJcutter 00000 around 00O DO0OOOOO0O
gooboobooobobobooboboobooobooo
00000000000 AuthServer 00O DbServer O
go0oooDo0obOo0obooboooooooooo
00000000000 O0ODbServer0 OO OOOO
gooDbOooooboooooooooono

1: // on host T
2: local aspect MockDbServer {

oooooooooobooooooooooooboboo
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3:  pointcut replacingMock():
4: within(AuthServer)
5: && call(void
6: DbServer.addUser (String,String));
7: void around(): replacingMock() {
8: // 0000
9: }
10: }
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Around 00000000 DODOOOOODODOO
gooboooboobog
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J0o0bO0o0o0ooOoOoOoooooooooon

5. O O
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012000000
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000000000000000002.200 Aspectd
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0 2 testRegisterUser() 00000000000 msec.O
Table 2 The elapsed time (msec.) of testRegisterUser().

Pointcut parameters 0 (String)  (String,String)
Java + Java RMI 5.2 5.3 5.4
AspectJ 4+ Java RMI 5.3 5.3 5.4
DJcutter 4.4 4.5 4.5
DJcutter without cflow 4.2 4.2 4.3
DJcutter sending thisJoinPoint 4.9 4.9 5.1
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