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An AOP Language
for Testing Distributed Software

MUGA NISHIZAWA," SHIGERU CHIBAt and MICHIAKI TATSUBORI'

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
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code for distributed software.
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istertUser() 00000000000 OOOODODOO
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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: }

Y 00000 Aspect) 0000000Java 000000000
000000000o00000 DbServer O addUser 0000
00 wasAddUserCalled 0000000000000 O0O0OO
goo0o000D0O000O00D0000O000O000DO00DO
000000000000booooooooOoOoOoO0000a0
gooooooooooo
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11: before(): execution(void 18: void confirmCall() {
12: DbServer.addUser (String, String)) { 19: wasAddUserCalled = true;
13: wasAddUserCalled = true; 20: ¥
14: % 21: }
15: } 22: }

gobooobooboobuooooboobooboo
goooboooobooobooobooboooono
0000000000000 00DO000A0 testReg-
isterUser() 00030000 10000000000
00000000 AuthServer O registerUser() O O
000000000 wasAddUserCalled DO OO0 O
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O before 000000000 trued100000 O11
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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());
7 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 {

" DooOOO0OO0OO0O0O000000O0O0OO0OO0O0O0O0O0O000000
public 000000000 O0OO0OOOCOOOOOOOODOO
oo

23:

24: interface NotificationReceiver
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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2.addUser ()
—

:AuthServer :DBServer

<<poiftcut>>
Hostw |, execution (addUser () )

<<aspect>>
: Notification

1.registerUser ()
MJl 0 Host D

Notification [& Aspect) D7 XRIN TS,
ZOF ARGk DBServer AR THU
TORBHRAVIDYMERBL TS,

:AuthServerTest

4‘ :Receiverlmpl
Host T

01 AspectJ OO0U0OODOODOODO
Fig.1 The testing code in AspectJ
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pointcut setter(int x):

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

}
}
O00000000000000000 setX() OOO
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Table 1 The pointcut designators of DJcutter

ooo

gooooooo

within( TypePattern)
target( Type or Id)

this( Type or Id)

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

hosts(Id, ...)

TypePattern 00 00000000000000O000DO0O0DODO
Type 00000 IdO00O0O00O0O00O0O00ODOOODOOODOO
oooooooooooooooon

Type 00000 Id0000000000O00D0OOOCODOOO
ooooooooooooo

000 Types DO0OO0O Ids 00000000 O0O0OOO0OOOO
Signature 00 0000000000000C0O0O0OOOODOOO
Signature 00 0000000000000 0ODOOODOOO
ooooo0ooo0oobooooOooo0oooooooooo
000oo0o0o0o0ooo0oooooo0oooooooooo
TypePattern 0000000000000

Pointcut 0000000000 00DO0O0OOO0DOO0OOOODO
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Id000000000 Dlecutter 000D0O00D0O0O0O0O0O0DOO
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PointImpl pO = new PointImpl();
Point p = (Point)
UnicastRemoteObject.exportObject(
pO, 40000,
new DJCClientSocketFactory(),
new DJCServerSocketFactory()) ;
O0000000O0OPointimpl DOOOODOOOOO
0000000000000 0000ODJcutter OO
0000000000000 000DJCClientSocket-
Factory 00 DJCServerSocketFactory 0000000
0000000000000 DJeutter 000000
0000000000000 0O0O0D]cutter 000
ooooooo0ooOooOoooooooooooooo
o0o0o0ooooO0oooooooooooooooo
PointImpl p0 = new PointImpl();
Point p = (Point)
DJcutter.exportObject (p0, 40000) ;
3.3 J00O0oO0OO0O0ooooooooo
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0000000oooooooooon:
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 000 O0O0O0DOOODOODOOODOOOOOO
00 displaylog DO0O00O00O0O0000O00O Java O
O00O00oO0OOooO0oOoO0O displaylog DO OO OO
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logger.displayLog();
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pointcut setter(int x):

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

&& args(x, *)
OO0 setter 0000000000 xOOargs OO0
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J0000D000D000D0dThisJoinPoint 000D
goboooboobobobooboobooboooo
gooooboobooobooobooboooono
000000000000 ODJcutter 00O ODODO
goo0oo0oobOoDoooboooboooboooono
000000000000 DJcutter O thisJoinPoint
00o0o0ooobooDoOooDooboDoOoboooono
ooooooooboooooo

O000DJcutter 00000 thisJoinPoint 0000
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00000000000 getHost() DOOODOOODO
0000000 before 0000000 OPoint 000
00o0o0o0ooo0oooooOooooooooooo
o0oooooooooooo:
String lastCallerHost;
before(): call(void Point.*(..)) {

lastCallerHost

= thisJoinPoint.getHost();
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gbooobooooobobooooooooooooo
gooboobobobOo 36000000 0ODOODO
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goobooooooooooooooooooooa
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goboooodooooboobodoboooooooboooboo
goboooooooboboooooooooooboooon 4
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4. JOoogoooooo

go00O000DJeutter 0O0O0DOOOOO0O 300
goooooooboooooooboooooobooboobooo
gooboooooooooooooooooobono
gooogo

4.1 O00O0OO0COO0OOOOOOO0

20000000000000D0CO0O0OODOCGO
gboooooobooobooobobooooobouoboooo
O0ODOOOOOOO0OD0OD0O0 Dleutter 000000
ooooooao

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(): // OD0O0O0OOODODO

14: cflow(call(void

15: AuthServer.registerUser(String,

DJcutter 0000000000000 O0OO0O0OOOODOO
oo0000000o0ooooooOooOOO0O000000O0AO0
00000000000000000000DJcutter 0000
goo0bOO0o000O000000000O00DOO00O00DO
000000000000000O0O0O0O0O0000000O0A0
gOo00oodoooooooooooooooboooOoOoOoOoOOOO
go0o0o0O00000000D0O000O000O000000DO
goooooooooooooO0o0oooon

gboooooooboboooooooooboboooo
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16: String)))
17: && execution(void

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

20: }

21: }

Aspect] D0O0OO0O0O0OO0OOOUODIcutter OO
gbooboooobbooboobooboboboobo
00000000000 200DbServer 00 OOO0O
0 DOO addUser() 000000000 Obefore OO
goboooob 2000000000 00DOO0O0O
00000000 DOO0O0O0O0O testRegisterUser()
gooooooooo Tooobooooooooo
00 before 0000000 wasAddUserCalled 00O O
0000000 tre00O0OOCOOOODOOAd-
dUser() 0000000 TODODOOODOOOOO
gbooooooooboobooboooboobobooo
gooo

2.addUser ()
=

:AuthServer :DBServer

2

/ Host D

1l.registerUser ()
<<remote pointcut>>
execution (addUser ())
<<aspect>>
:AuthServerTest
AuthServerTest [& DJcutter D7 ARV TH B,

SDOT ARG SRR D £ DBServer ~E I+
THUTWDEHRAVMAYPERBL TV,

Host W

Host T

0 2 DlJcutter 00O0O00DO0DODOOD
Fig.2 The testing code in DJcutter

0000000 before 000000 cflow OO0
O0000o0o0oooooooOJavaRMIOOOOO
OO0000DJcutter 0000000 cflow D000
O0oo0ooo0ooooooooooooooon
O000oooo00ooooooooooooooon
addUser() 00D 000000 O00O0ODOOOOOOO
addUser 00 00O registerUser() DO 000000
ogooooooooooooad

4.2 JO000O0OOOOOOOOOO

gooooOoOooooooOooooooooooo
oooooOoOoOoUoooooooooooOooooo
Oaccessor methodOO OO ODOOOOODOOODO
oooopoOoooOooOoOoOoooooooooooo
ooooooOoooooooooOooooooooO
00oooO0ooOoOooOoO0oOoOooooooooooon
0000000D000000000 registerUser() O
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000000000 O00000 addUser() DOOO
Ooooooooooooooooooooooo
O00oooOo0ooo0oooooooooooog
O containsUser 0 DbServer 00000000000
containsUser() 000000000 O0O00ODOOOOO
0000000000000 0000 private 000
00000ooo0o0o0oooooooooo

Dlcutter 00000000 DODOOODODODO
oooooOooOoooo0oooOooooooooog
O00000000OAspectJ OO0DO0OO0OOOOOO
oooooooOoooOooooooooooooog
oooooooo

OO000ODJcutter 0000 DbServer DO OO0
containsUser() 00000000000 O0O00140
000 18 0000 TestRegisterUser() 00000 OO
muga 0000000000000 O0O0OO0OOOO
O0O0100000000000 registerUser 00000
gobddllooboobooooobdl muga O
O0000000000D000000 containsUser()
oooOoooooo120000

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 00000000

0ooooooooooooooooooooo
Ooooooooooooooooooooood
O0O0O0OOmock object 00O OODODODOOOO
AuthServer O registerUser D 0000000000
OO0 DbServer 00O O0OOOODOOODOOOODO
00000000 ODbServer 0O0O0DOOOOOOO
O000oooo0ooooooooo
DJcutter OOO OO around DOOOOODOOO

ooooooooo
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oooooooooooboooooooooobooooo
000000000000 AuthServer 0O DbServer
oooooooooooooooboOboOooooooo
0000000000 0O00ODbServer 000000
0oooooooooooooooooooe O
: // on host T
: local aspect MockDbServer {
pointcut replacingMock():

within(AuthServer)

&& call(void

DbServer.addUser (String,String)) ;

void around(): replacingMock() {

// 0000

© 00 N O O W N =

-
o

1}
00000000000 AuthServer 000 DbServer
0000000 around 000000 OO0OOCOOOOO
Around D000 O0D0OD0ODOOOOODOODOOOO
oooooooooad
JO0000D0DODOO00000O0D0 DJcutter O
Joo0o0ooooooooooooooDbDoOaround
000000 AuthServer 0O OO0OOOOOOOO
gooooobobooooooooogooogooo
goooooooboooboboooboboooo

5. O U

51 JO00O0ODOODOODOODOoDOobOOobOOoo

gobooooooOooooobooooooogoo
O JavaRMIOOODODO AspectJ OO0OOO000O DJ-
cutter 000 0000000000000 Java RMI
O Aspect]J OO0 OOOODO0OD0 2200000000
O00O00O0DJcutter 0000 410000000
000000000000 00OAuthServer O regis-
terUser 0 00 0O DbServer O addUser() 0000
gboobooooobooboooboobboboobooo
00000000 testRegisterUser() 0000000
0000000000000 000OdAuthServer O
AuthServerTest D 00000 Sun Fire V480°® OO
OO0O0D0OODbServer 000000 Sun Blade 1000777
OO00000d00O0O0Java00OOO0O0O Sun JDK

Y D00 O0OMockServlet O MockEJB 00D ODOOOOOODO
0000000000000000000000000000
00000DbServer 0000000000000 O0O0OOO
0000000000000o0

B0 UltraSPARC III Cu 900 MHz x4 with 16 GB of mem-
ory and Solaris 9
900 Dual UltraSPARC IIT 750 MHz with 1 GB of memory
and Solaris 8
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0 2 testRegisterUser() 0000000000 (msec.)
Table 2 The elapsed time (msec.) of testRegisterUser()

Pointcut parameters 0 (String) (String,String)
Java 4+ Java RMI 5.2 5.3 5.4
AspectJ + 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

1.4.0.010 AspectJ 0 1.2 000000

02000000000000000000ODJcut-
ter 000000 AspectJ OOODOOOOODOOOO
00000000 Dlecutter 00000000000
O00oo00ooO0oooooooooOo2.200 Aspectd
O00000O0OOObefore0000000OOOOOO
00000000000 test O confirmCall() 0 OO
0000000000000 0O0O0O0oOO Dlcutter
0000000000000 00ODJcutter 0000
0000o0DooO0o0oooooogooooooooon
gobod00O0Java RMIOODODOODOOOOODOODO
ooooooOOoOooooooOoUOooooogooo
00oooDOoO00Java RMI ODOOO0O Aspectd O
00000000000 Dleutter 0O00OOODOOO
1 msec OO 0O

2200 41 0000000000000000O0O
00ooOoooO0o0ooooooooooooooon
O000000O000O000OOo0ooOoooooO DJ-
cutter O before 00000 addUser() DOOODO
0000D0000oooooooooooooooo
000000000 Aspect] O confirmCall() D OO
O00000O00oooooooogoon String O
oooU2000000oU0ooooogoooog
0000o0oooooooooooooooooo

00000000oouoDooogg cflow O0O0ODO
000000000000 Dleutter 0000000
O00000000OAspectJ 0ODOOOOOOODO
Ocflow O0OOO0O0O0O0O0O0 2000000 cflow
000o0o00o0ooooooDOoooooooooooa
oooogd

5.2 thisJoinPoint 000000000 OODO

DJcutter 00 O0O0D0OO0O thisJoinPoint 0 00O
O0000000000000000000 thisJoin-
Point 00000 OOOOOOOOOOOOODOOOO
00000oUooooooooooooooooooo
0000000 DJeutter 00000000 OOODO
O0000000000000000 thisJoinPoint O
000000o0ooooooooooooooooon
00000o0o0O0o0oooooooooooooo o2
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msecUO0O00000O0O0O0O0O0O0O0O0OO0O0O0OO
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