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An Aspect-oriented Language for Exception Handling

NATSUKO KUMAHARA,* KENICHI KOURAI* and SHIGERU CHIBA't

We must often handle exceptions raised due to a problem of the execution environment.
If the exceptions are not handled, they will cause more serious problems. However, when
developers are writing a main part of their program, they want to focus on the program logic
rather than the exceptions. They may also want to add the code for handling exceptions after
they finish writing the program logic. For example, such late extension will be needed when
they are writing a program for experimenting the execution performance of their software.
To address this problem, we propose an aspect-oriented system named GluonJ/R. GluonJ/R
provides a block pointcut for selecting a code block in a given program. The selected code
block is associated with a recover advice, which can handle an exception raised in the code
block. Developers can thereby describe an exception handler separately from the program
logic and they can add and remove it on demand. This enables the programming style we
mentioned above. Furthermore, a recover advice can call a special method, which re-executes
the code block associated with that advice.
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1 class Sender{
2 public void sendFile(String host,
3 String fileName) throws Exception {
4 int n;
5 int port = 9000;
6 byte[] buff = new byte[1024];
7
8 Socket s = new Socket(host, port);
9 DataOutputStream out
10 = new DataOutputStream(
11 s.getOutputStream());
12 RandomAccessFile file
13 = new RandomAccessFile(fileName, "r");
14
15 while((n = file.read(buff)) > 0){
16 out.write(buff, 0, n);
17 }
18
19 file.close();
20 out.close();
21 s.close();
22 System.out.println(fileName
23 + " has been sent to " + host);
24 ¥
25 }

ooooOoooooooooooooooooooo
oOoooooooOooOooOooooocooooooodg
ocoooooboooooooooboooboobooooboooo
0000000008000 UnknownHostException
0 IOExceptionl] 11 OO0 IOExceptionU 1300
0 FileNotFoundException DO OO OOODOOO
ooooooOooooooooocoooooooboon
sendFile() 000000 ODOO0OOQO sendFile()
0ooo0o0oooooooooooo

oooooOoOoOO00O000ooooOoooooooo
ooooOOoO0oooOoOOoOoOoOoOoooooooood

June 2007

class Sender{
public void sendFile(String host,
String fileName) throws Exception {
int n;
int port = 9000;
byte[] buff = new byte[1024];

| Doooooooog (1)

Socket s = new Socket(host, port);

s.close();

0oDoooooooo (2)

System.out.println(fileName
+ " has been sent to " + host);

01 DOo0obDOooooooo
Fig.1 A control program.
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try{

00000 (2) 0

}catch(IOException e){
e.printStackTrace();
}
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try {
sendFileBody(host, fileName, port,
buff, n);
} catch (IOException e) {
host = getAnotherHost();
try {
sendFileBody(host, fileName, port,
buff, n);
} catch (IOException e) {
e.printStackTrace();
}
}
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Exception e = null;
do {
try{

0oooo(2) o

} catch (IOException err) {
e = err;
host = getAnotherHost();
}

} while (e !'= null);
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import javassist.gluonj.Glue;
import javassist.gluonj.Pcd;
import javassist.gluonj.Pointcut;

import javassist.gluonj.plugin.Block.Recover;

QGlue
class FileSenderRecovery {
@Recover(etype = "java.io.IOException",
advice = "{ $1 = getAnotherHost();"
+ " javassist.gluonj.GluonJR.retry(); }")
Pointcut p = Pcd.block(
Pcd.call("java.net.Socket#new(..)"),
Pcd.call("java.io.PrintStream#println(..)"));

02 0000OODODoOOo
Fig.2 An example of aspect.
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class Sender{
public void sendFile(String host,
String fileName) throws Exception {
int n;
int port = 9000;
byte[] buff = new byte[1024];

again:
try{

Socket s = new Socket(host, port);

s.close();

}catch(IOException e){
host = getAnotherHost();
goto again;

}

System.out.println(fileName
+ " has been sent to " + host);
}
}

O000OcatchO0O0OO0OO0OOO0DOO goto O Java

JgoooooboOooooOooooooo
throw $e;

00000000 catch 000000000000
000000

3.2 00000000
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Yelse {

}
for(O{

}
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if O{
Yelse {

}
@Line (begin)
forO{

}
@Line(end)

gooooooo
@Line (0O DOOODO)

O000Obvplock DO OOOOOO
Pcd.block(Pcd.line("begin"), Pcd.line("end"));
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3.3 GluonJ/ROODO

o000 vlock DOOODOOOO
Pointcut p = Pcd.block(Pcd.call(..), Pcd.call(..))
.and.within(..);

goooboooooooooooooooooooon
UbobO00d0O0within OOOOOOOOOCOOOO

goboog
Pointcut p = Pcd.block(Pcd.call(..).and.within(..),
Pcd.call(..));
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Socket s = ...;
if (1004

s.close();

}
doooooooboooooooobooooo
0 close 0OO0O0O0OOOOOODOOODOOODOO
Socket#new [0 [0 Socket#close 0O OO OOO0O
doooooooooooooooooooooog
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VerifyError "0 00000000OO0O0O0COOOO

gbobooo
public class Sample {
public void m() throws Exception{
aQ);
for(int i = 0; i<3; i++){
cO;
bQO;
}
}
public void a() throws Exception{ ... }
public void b(){}
public void c() throws Exception{
throw new Exception();
}
}

gboboboboboo
Q@Recover (etype = "java.lang.Exception",
advice = "")
Pointcut p = Pcd.block(Pcd.call("Sample#a()"),
Pcd.call("Sample#b()"));
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Fig.3 The algorithm for selecting a region.
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public class Test {
public void m() throws Exception{
aQ);
b0
}

public void a() throws Exception{}
public void b() {}

04 0DO0O0OOOOOOO
Fig.4 A micro benchmark.

QGlue
class InsertTryCatch {
@Recover (etype = "java.lang.Exception",
advice = "")

Pointcut p = Pcd.block(
Pcd.call("test.Test#a(..)")
Pcd.call("test.Test#b(..)"));

05 0000000000
Fig.5 A woven aspect.

01 try-catch 00 GluonJ/ROO000DODOO0O
Table 1 The execution time of try-catch.
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0: aload_0
1: invokevirtual  #20; //Method a:()V
4: goto 8
7: astore_1
8: aload_0
9: invokevirtual  #23; //Method b: )V

12: return

Exception table:

from to target type
0 7 7

06 try-catch O0O000000O0O0O0O0O0O0O0O0OO
0000 O ODOO0OO0OODOOOO
Fig.6 The bytecode of m() with try-catch.

Class java/lang/Exception

: aload_O
: invokevirtual #20; //Method a:()V
: aload_O
: invokevirtual #23; //Method b:()V

: return

© 0 U = O

: astore_1
10: goto 4
Exception table:
from to target type
0 4 9 Class java/lang/Exception
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Fig.7 The bytecode of m() with GluonJ/R.
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QGlue
class InsertTryCatch {
@Recover (etype = "java.lang.Exception",
advice = "")
Pointcut p = Pcd.block(Pcd.line("begin"),
Pcd.line("end"));

08 O00O0DODOO0O00O0ODODOOoOOoOoOobooOoOo
gooooooooooooo
Fig.8 An aspect for exception handling.
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Table 2 The execution time with line annotations.
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