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An Implementation of Exception Handling by Two Return Values

Method in a Java2C Translator for Embedded Machines

YuJ1 CHIBAt

Code size is one of the most important problems that compiler for embedded machines must
struggle, because embedded machines often have poor memory resource. This paper shows
that exception handling is one of the key points for Java2C translators to make the code size
compact, and presents techniques that implement exception handling using less code by re-
moving redundant tests for thrown exception, downward integration of the tests, and delaying
generation of exception objects. These techniques can be adopted by Java2C translators that
implement exception handling by two return values method. The result of SPECjvm98 shows
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that these techniques improve code size for SH4 platform by 5.21% on average.
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Table 1 Runtime exceptions.
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java.lang.NullPointerException Null
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Arith
Index

java.lang.ArithmeticException
java.lang.ArrayIndexOutOfBoundsException

java.lang.ArrayStoreException Store

java.lang.ClassCastException Cast
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Table 2 Bytecode counts which may cause exceptions.
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_201_compress 10,751 | 2,475(23.0%) | 45(0.42%) 201(1.87%) | 24(0.22%) | 24(0.22%) | 2,544(23.7%)
_202_jess 25,956 | 7,055(27.2%) | 53(0.20%) 442(1.70%) | 42(0.16%) | 99(0.38%) | 7,207(27.8%)
_209.db 12,100 | 2,786(23.0%) | 43(0.36%) 212(1.75%) | 19(0.16%) | 42(0.35%) | 2,871(23.7%)
_213_javac 45,720 | 12,661(27.7%) | 51(0.11%) 499(1.09%) | 79(0.17%) | 332(0.73%) | 13,044(28.4%)
_222 mpegaudio 20,528 | 5,180(25.2%) | 52(0.25%) | 1,307(6.37%) | 49(0.24%) | 31(0.15%) | 5,263(25.6%)
227 mtrt 16,780 | 4,176(24.9%) | 44(0.26%) 469(2.79%) | 39(0.23%) | 28(0.17%) | 4,248(25.3%)
_228_jack 24,861 | 6,501(26.2%) | 57(0.23%) | 1,178(4.74%) | 11(0.04%) | 166(0.67%) | 6,724(27.1%)
oooo (25.7%) (0.26%) (2.90%) (0.18%) (0.38%) (26.0%)

go0oooooooooooooooO0oOooooo
ooO0oooooo0o0oooo 100000

gooocooJirtobooooooooboobooooon
odooooocoooooooooon
oo0oobooooooooJiItooooooooo
goooooobooooooooobooooooooo
0000000000 JwaODODOOOOOOOOO
goooooooboooooboooooooobooon
goooooooooooooboooooboon Jr
gooooooooooooooon
e JI0OOOOODOOOOOOODOOOOOODOO
obooooooooooooo
e JOUOOOOUOOOOOLOODODODOOODOO
oooooooobooooooboooooon
ooopCOO0OOOOOOODOOOOOOO
ooobooooooooboboooboooobooooo
ooooJiITooooooooooooooon
gooooooooooooboboooooon
000000000000 00O0oogOJava2C
gboo00oboo0ooooooooboooooDbooo
gobbooooooobooboobOooboooboOoooaoa
00000000 Jawva2CO0OOO0OO0O0O0O0O COO
gooOoo0o0O00000JavaODO0O0OOOC0OODO
Java2CO 0000000 cOoOoOoOoOoOoooo C
O000o00o0ooooooooodOJava2CO0O0
ooooooooo cooobooooooooon
0000000000000 0Java2CO000000O
goooboboooooboobooboooooboobooo
gooooboooooooooboooooboooDo

0000000 CcO00O000000o00
00000000000000000000000
000000000 Jawva2C0 0000000000
000000000 Java2C00000000000
0000000000000 setjmp 00 20000
0oo0'YooooOoO0oO0O0O02000000000
000000000000 0000O0D0OODOnoO
0000000000000 D0D000000000
00000 200000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
300 200000000000000000000
0000000000000000000000000
000000000000 catch DO OO0ODODODO
000000000 400000000000000
000o0000000000500000000

2. J000O0O0oO0oooobooooooon

OoooooOoboob JavaOO0OOO0OOOO
SPECjvm98”’ 0000000000 000000O 1
bobooboboobooobooooboooooooons
gbooooooooooooobb 20000

" 00000000Java 00000 throw 000000000
ooooooooooboOoooobobooooooooooooao
0oo000oO0o0boooooo0d0oOoooooooooooa
0 java.lang.ArrayIndexOutOfBounds 0 00D OO0 OO0



Vol. 43 No. SIG 1(PRO 13)

SPECjvm98 0 javac 00 00O OOOO0OOO
0000000000000000000000000
020000000000000000000000
OO0OO0OSPECjvm980 00000000 -verbose O
0000 00000000000000000000
000000000000000000000000
0000000000 0000SPECjvim980 main()
googbooDboO0 SspecApplication O OOODO
000000000000000000000000
0000000 0000000
0200000000 260% 00000 400 1
00000000000 100050000000
000000000000 00000000000
O000000O00O0JwaODOO0O0O0O0O0O00O0OO
00000000000 D0000D0O0D00000D
000000000000000000000000
NullPointerException 00000 O0OSO 0000
000000 0HOOOOOOOOO00O000000
000000000000000000000000
000 nul 0000000000 nullO0OD000
0000000000 nullD0000O000000
0000000000000 00000000000
00000000 JawaOOOODOOODODOOOOO
gL 000000000000 Jawva2CO 000
O0000O00 null00000000000000
00D000000000000000000
e 000 0OSOOODDODONONOOOOOOOOD
000O00000O00000000

e 0D mll00DDODOONOONOOOOOD
00000000000D0000000OCO0O0
000000 0000000000000000
OO00Oo0OoOoooon

e J00O null 0000 ONullPointerException
00000000000 00000000000
0000000000000000000000
000000000000 0D0O0O0O00D0O00O
Cc00000000000000000D0000
0000000000000000000000
000O0000000000000000000

D00 mull000000000000 000000
nll0000000000000000000000
OooOo?»Y00000000 null00000000
00000000000 0000000000000
0000000000000 D0000

Y 0000000000 00000000000000

Java2CO 0000000000 2000000000000000 87

/* JavaO OO */

vall = objl.field;

val2 = obj2.field;

/x cO000000000 0%/

if (objl == NULL){
throwNullPointerException() ;
goto OO0 O

} else {
vall = objl->field;

}

if (obj2 == NULL){
throwNullPointerException() ;
goto OO0 O

} else {
val2 = obj2->field;

)

/* cO0000000000x/

if (obj1l == NULL){
goto SHARED_FUNC_CALL;

} else {
vall = objl->field;

}

if (obj2 == NULL){

SHARED _FUNCTION_CALL:
throwNullPointerException() ;
goto OO0 O

} else {

11: val2 = obj2->field;

12:  }

e
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Fig.1 Downward common subexpression integration.
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0: /x JavaO OO %/
1: static int sum(List list){
2: int result = 0;
3: try{
4: while(true){
5: result += getValuel(list);
6: list = list.next;
7: }
8: } catch(NullPointerException e){}
9: return (result);
10:  }
11: static int getValuel(List cell){
12: int result = getValue2(cell);
13: return (result);
14: }
15: static int getValue2(List cell){
16: return (cell.value);
17:  }
0: /xCcOO0O@OOO) */
1: int sum(ExecEnv *ee, List *list){
2: int result = 0;
3: Object *atemp;
4: while(true){
5: int itemp = getValuel(ee, list);
6: if (exceptionOccurred(ee))
7: goto CATCH;
8: result += itemp;
9: if (list == NULL){
10: throwNullPointerException() ;
11: goto CATCH;
12: }
13: list = list->next;
14: /* 00000000 =/
15: if (exceptionOccurred(ee))
16: goto CATCH;
17: }
18: CATCH:
19: atmp = catch(ee, NullPointerException) ;
20: return (result);
21:  }
22: int getValuel(ExecEnv *ee, List *cell){
23: int result = 0;
24: int itemp = getValue2(ee, cell);
25: if (exceptionOccurred(ee))
26: goto RETURN;
27: result = itemp;
28: RETURN:
29: return (result);
30: }
31: int getValue2(ExecEnv *ee, List *cell){
32: int itemp;
33: if (cell == NULL)
34: throwNullPointerException() ;
35: else
36: itemp=cell->value;
37: return (itemp);
38: }

02 200000000000000

Fig.2 Implementation of exception handling by two

return values method.
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/* Java O OO */
if (condition)
this.boo();
else
this.foo();
/* COO0000000 Ox%/
if (condition){
boo(ee, this);
if (exceptionOccurred(ee))
goto 0OO DO ;
} else {
foo(ee, this);
if (exceptionOccurred(ee))
goto OO0 O ;
}
/* cCO000000000Ox/
if (condition)
boo(ee, this);
else
foo(ee, this);
if (exceptionOccurred(ee))
goto OO0 DO ;

03 J0oooooooooo
Fig.3 Downward thrown exception test integration.
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ee->exceptionKind.detail.sync =

EXCKIND_NullPointerException;

0 4 NullPointerException 00000000

Fig.4 Code to generate NullPointerException.
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/*
*»>* 0000 0000000o0oooooogo
*/

struct execenv {

/*
*»>* 00000000000000
x> J00000000000000000
*»x JO000000000O00000000
«** 00000000000000
** exceptionKind:
*»* 0000000
** exception:
*»> J0000000000000
** async_exception:
»>* 00000000000000O0
*/
union{

struct{

char sync;
char async;

} detail;

volatile short summary;

} exceptionKind;
JHandle *exception;
JHandle *async_exception;

5
typedef struct execenv ExecEnv;

/*

«» JO00000000000000

*x ExecEnv [ exceptionKind 00000 O

x> 000000000000

*%/

#define EXCKIND NONE O

#define EXCKIND_THROW 1

#define EXCKIND NullPointerException 3

#define EXCKIND_ArrayIndexOutOfBounds 4

#define EXCKIND_ArrayStoreException 5

#define EXCKIND ArithmeticException 6

#define EXCKIND_ClassCastException 7

/*

*»* 000000000000000

*/

#define exceptionOccurred(ee) \
((ee)->exceptionKind.summary !'= 0)

0565 O000000000000000B00O0OO0O

Fig.5 Definition of execution environment.
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Table 3 Abbreviations for optimizations.
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Downward
Drain
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Table 4 Effect of optimizations on code size.

(a) SHAOODDDOOD

Java2CO 0000000000 2000000000000000
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EEEDDD SEDDE oooo 0o0O0000000O
0o Async Downward Drain Delay ooo
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_ 497,358 | 498,140 | 499,150 | 511,934 | 506,568 | 533,884
-213-javac 101,606 1 489%) | (0.16%) | (0.36%) | (2.85%) | (1.82%) | (6.84%)
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nooon N N N N N N
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' (510%) | (0.10%) | (0.86%) | (2.53%) | (-0.41%) | (3.90%)
nooon N N N N N N
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Table 5 Effect of optimizations on counts of test for thrown exceptions in C code.

oooooo oooooooo O0ooo00oooOooboOoooOooooon

ooo oooooooo Async Downward Drain ooo
_201_compress 1,714 30(1.75%) 137( 7.99%) 127( 7.41%) 391(22.8%)
_202_jess 5,107 | 142(2.78%) 400( 7.83%) 405( 7.93%) 1,327(26.0%)
_209_db 2,086 33(1.58%) 155( 7.43%) 176( 8.44%) 508(24.4%)
_213_javac 7,049 78(1.11%) 744(10.55%) 1,320(18.73%) 3,116(44.2%)
_222 mpegaudio 2,502 74(2.96%) 200( 7.99%) 156( 6.24%) 634(25.3%)
227 mtrt 2,814 16(0.57%) 186( 6.61%) 190( 6.75%) 656(23.3%)
-228_jack 3,941 27(0.69%) 208( 5.28%) 587(14.89%) 1,140(28.9%)
oooo (1.63%) (7.67%) (10.05%) (27.9%)
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Fig.6 Optimized code of getValuel() by two return
values method aware flow optimization.
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Fig.7 Exmaples of assembly codes to generate NullPointerException.
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Table 6 Specifications of PCs for evaluation.
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Fig.8 Effect of optimizations on performance.
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