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Implementations of Exception Handling in a Java2C Translator

YuJi CHIBAY

One of the problems in the development of Java2C translator is the way to implement
features Java provides but C language does not. One of the features is exception handling,
which not only Java but also C++ provides. Exception handling is a feature for jumping
globally from the point where an exception is thrown to the code which handle the exception,
and it has been implemented by following three methods: table method, setjmp method and
two return values method. Java2C translator can exploit the latter two methods. This paper
shows problems in implementing exception handling for Java by each of the two methods, and
compare the performance of the methods using evaluation of the methods by SPECjvm98.
The result showed that two return values method performs better than setjmp method in
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every benchmark item by 1.53% in average.
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class Example{
void boo(){

try{
this.foo();

}

catch(Exception e){
// 0000

}
}

private synchronized void foo()
throws Exception{
while(true){
this.woo();
¥
}

private void woo() throws Exception{
throw (new Exception());

}
}

01 000000

Fig.1 An example of exception handling.
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struct try_buf{
jmp_buf env;
int monitor_stack_pointer;

struct try_buf *next;

}s

#define enterTry(ee, buf) ( \
(buf)->monitor_stack-pointer = \
(ee)->monitor->stack _pointer, \
(buf)->next = (ee)->try_clause, \
(ee)->try_clause = (buf), \
(J0bject*) (setjmp(buf->env)))

#define exitTry(ee, buf) \
(ee)->try_clause = (buf)->next

void boo(ExecEnv *ee, JObject *this){
JObject *exception;
struct try_buf buf;
/* try 000 */
exception = enterTry(ee, &buf);
if ((int)exception == 0){
/* try 0000 */
foo(ee, this);
/* try0 00000 */
exitTry(ee, &buf);
}else{
/* longjmp 00O O0O0D0DOOOO */
ExitJumpedOverMonitors(ee, &buf);
/* try 000000 */
exitTry(ee, &buf);
/* catch */

if (IsInstanceOf (exception, Exception)){

/* 0000 =/
Jelse{
/x 000 %/
longjmp(ee->try_clause, exception);
}
}
}

Java2CO OO O0OO0O0OO0OOOOOODOOOOO 17

#define pushMonitor(ee, obj) { \
int sp = ee->monitor_stack-pointer; \
if (sp >= ee->mmonitor_stack-size){ \
/00000000 */ \
A
(ee)->monitor_stack[sp] = obj; \
(ee)->monitor_stack_pointer = sp+1; \

}

#define popMonitor(ee) \
(ee)->monitor_stack_pointer--;

void foo(ExecEnv *ee, JObject *this){
JObject *exception;
MonitorEnter(ee, this);
pushMonitor(ee, this);
while(true) {
woo(ee, this);
/» 00000000 =/
if (x*((volatile int *)&ee->exception)){
exception = ee->exception;
ee->exception = NULL;
longjmp(ee—>try_clause, exception);
}
¥

MonitorExit(ee, this);
popMonitor (ee);

}

void woo(ExecEnv *ee, JObject *this){
JObject *exception =
NewObject(ee, Exception);
ExceptionConstructor(ee, exception);
longjmp(ee->try_clause, exception);

}

void ExitJumpedOverMonitors(
ExecEnv *ee, struct try_buf *buf) {
int top = ee->monitor_stack_pointer;
int bot = buf->monitor_stack_pointer;
while(top-- > bot)
MonitorExit (ee->monitor_stack[topl);
ee->monitor_stack_pointer = bot;

}

02 setjmp 00000000

Fig.2 Program converted by setjmp method.
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void boo(ExecEnv *ee, JObject *this){
JObject *exception;
foo(ee, this);
if (exception = ee->exception){
if (IsInstanceOf (exception,
Exception)){
ee->exception = NULL;
/x 0000 =/
}
}
}

void foo(ExecEnv *ee, JObject *this){
MonitorEnter (this);
while (true) {
woo(ee, this);
/* 00000000000 %/
if (ee->exception){
goto EXIT;

}
}

EXIT:
MonitorExit (this);

}

void woo(ExecEnv *ee, JObject *this){
JObject *exception =
NewObject(ee, Exception);
if (ee->exception) return;
ExceptionConstructor(ee, exception);
if (ee->exception) return;

throw(ee, exception);

}

void throw(ExecEnv *ee,
JObject *exception){
LOCK (& (ee->exception));
if (ee->exception != NULL){
ee->exception = exception;

}

UNLOCK (& (ee->exception));

03 200000000000
Fig.3 Program converted by two return values method.
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Fig.4 Effect of minimizing volatile declarations on

performance.
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0 2 enterTry() 0O000O0O0DOOOO0OODO
Table 2 Effect of optimizations against the execution count of enterTry().
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Fig.5 Effect of removing redundant enterTry() and
exitTry().
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boolean invokeWithConversion(:--){

exception = enterTry(ee, &buf);
if ((int)exception == 0){
setjmp 000000000 O0O0O0DOOO;
Jelse{
ExitJumpedOverMonitors(ee, &buf);
ee->exception = exception;

}

exitTry(ee);

06 000OO0O0ODODODO
Fig.6 Conversion of exception handling method.
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Fig.7 Effect of removing redundant conversion of

exception handling method.
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Table 3 Execution counts of test for thrown exceptions.
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int sum(int[] array){
int result = 0;
for(int i=0; i<array.length; i++)
result += arrayl[il;
return (result);

}
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Fig.11 A micro benchmark.
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Table 4 Result of the micro benchmark.

gooooooooo 00000 msO

oo 14.855
oo 10.862
goooo 136.76%

goooo 1000000

goboooooooboooboooo
gobooooooboooobooobooooboooon
gooooooocoobobooobboboob 1nigooon
00036.76%0 00 00 0 40 00 OSPECjvm98
gobooboooooboooobooooooobooo
3.15%000 0000000000000 0000O 100
goobooocoooooooooobobooboboOoo
gbooooooooboooooboooobooooo
SPECjvm98 00 000000DOCOOOODOOOO
gooooooooobooboboobobOOoOoboboobo



24 goooooooooooooooo

goooooooobooooboboOoboooooooooo
5. 0 Oooad

00000000 AdaD C++00000000
0000000000000000000000®90
setjmp 0Y020000% 00000000000
00D0000D00Java2C000000000000O0O
Proebsting 00 setjmp 000000000 O0O00OO
000O00®02000000000000000

JavaD DO 0OOOD00O0O00000O0DDO0O OKrall
00 2000000000000000000%00
0000000000 Java2CO0O0000D0O0O00
000 setjmp 00 200000000000000
0000000000000000 setjmpO0000
000000000000000000000000
0000000000000 0D0000000000
00000D000000000000000

6. O O

Java2CO 00000000000 O0O0OO0O0OO
goo0bo0o0 setjmp 00 200000000000
0000 JavaOOOOOOOOOOOOODOOODO
gbooooobooooooooboooboobooobooo
ooooo0oo0oo0O0o000 200000 setjmp OO0
0000000000000 o00O0 1.53%00000
gooooooooo2000000D0D00O0000
gooooboo0oooooooboooboooooDoo
000 3.15% 00000000000000000OO

o o o o

1) Cameron, D., Faust, P., Lenkov, D. and
Mehta, M.: A Portable Implementation of C++
Exception Handling, USENIX C++ Technical
Conference, pp.225-243 (1992).

2) Standard Performance Evaluation Corpora-
tion: SPEC JVM98 Benchmarks (1998).
http://www.spec.org/osg/jvm98/

3) Howard, R.: Developing and Deploying
Server-hosted Applications with Java (1997).

Nov. 2001

http://www.twr.com/java/white-paper.html

4) Krall, A. and Grafl, R.:. CACAO — A 64-
bit just-in-time compiler, Concurrency: Prac-
tice and Fxperience, Vol.9, No.11l, pp.1017—
1030 (1997).

5) Krall, A. and Probst, M.: Monitors and ex-
ceptions: How to implement Java efficiently,
Concurrency: Practice and Ezxperience, Vol.10,
No.11-13, pp.837-850 (1998).

6) Lindholm, T. and Yellin, F.: The Java Virtual
Machine Specification, Addison Wesley, Read-
ing, Mass. (1996).

7) Muller, G., Moura, B., Bellard, F. and Con-
sel, C.: Harrisa: A Flexible and Efficient Java
Environment Mixing Bytecode and Compiled
Code, USENIX Conference on Object-Oriented
Technologies and Systems, pp.1-20 (1997).

8) Proebsting, T., Townsend, G., Bridges, P.,
Hartman, J., Newsham, T. and Watterson, S.:
Toba: Java For Applications A Way Ahead of
Time (WAT) Compiler, USENIX Conference
on Object-Oriented Technologies and Systems,
pp-41-53 (1997).

9) Schilling, J.L.: Optimizing Away C++ Ex-
ception Handling, ACM SIGPLAN Notices,
Vol.33, No.8, pp.40-47 (1998).

10) J000O0JawvaO0OOO0OOOOODOOOODO
0d00oo00oooooDooooooooooao
000000Vol42, No.SIG2 (PRO9Y), pp.37-47
(2001).

(00 13030 12000)
(0013060 21000)

o0 0ooboooooboo

19720001997 0000000
goooooooooooooon
gooooobobooooooobooo
gooboooooooocooooa
ooooooboooooo2o01d

‘-h
gooo0oOOoogoooobooooooobooooooo
gooodg




