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Abstract

Java is an object-oriented programming language with many advantages such as high
productivity, and has been used in many fields. But the performance of Java applications
is not necessarily good, and many studies to improve the performance have been carried
out. One way to [Oimprove performance is to use an optimizing compiler, but its
development has a high cost. Cost-effectiveness is important in the development of
compilers for Java for embedded machines, because embedded machines use many kinds
of operating systems and processors, which we call platforms, and a compiler needs to
be developed for each platform.

One cost-effective way to develop compilers for Java is based on developing a trans-
lator from Java to C language, which we call Java2C translator, and then applying
existing C compilers with many kinds of traditional optimizations. This paper proposes
two implementation techniques for Java2C translator. First, we propose a method to
implement dynamic loading and two optimizing techniques to reduce overheads for the
dynamic loading. Second, we propose an implementation of exception handling.

Dynamic loading is a feature that loads class files at runtime. A class file is an
element of Java application and contains contents of a class in Java source code in a
platform-independent manner. A runtime system of Java dynamically loads class files
and executes methods in them. The body of a method in a class file is represented in
bytecode, which is platform-independent. For the execution of bytecode, the runtime
system can use an interpreter but it results in poor performance. A bytecode compiler
improves performance by compiling bytecode into machine-dependent code, that the
processor can execute directly. A Java2C translator is one type of bytecode compiler.

Problems in the implementation of dynamic loading by a Java2C translator lies in
the fact that dynamic loading must consider invalidated machine code which had been
generated using the Java2C translator. Because a Java2C translator translates bytecode
in class files before execution of the Java application, the generated machine code be-
comes invalid if class files referred in the translation are updated after the translation.
At runtime, the runtime system must confirm validity of the machine code before using

them.
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This paper shows an implementation of a runtime system that checks (or confirms) the
validity of the machine code before using them, and a Java2C translator that generates
information for the validity confirmation. This paper also presents two optimizations
related to the validity confirmation. One optimization implements virtual calls in a
manner that reduces overhead for the validity confirmation, and the other optimization
removes class initialization tests using the validity confirmation. Class initialization test
is code to initialize a class if the class is not initialized, and is inserted in many points of
Java application. The result of applying SPECjvm98 benchmarks showed that removal
of class initialization tests improve performance by 45% on average, and optimization
for virtual calls improve performance up to 9.8%.

This paper also shows an implementation of exception handling in a Java2C [Otrans-
lator. There are two implementation methods for exception handling for a Java2C
translator: one is setjmp method and the other is two-return-values method. This
paper presents optimizations for each method and compares them quantitatively us-
ing SPECjvm98 benchmarks. The result of applying SPECjvm98 benchmarks showed
two-return-values method performs better and its overhead to Oimplement exception

handling is as small as 1.4%.
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1: i = C.field;

(a) JavaO OO O OO

if (!IsInitialized(C)){
Initialize((C);

HwWw N R

D¢ .static fields [FIELD OFFSET].value;
(b DODOOOO

D¢ .static fields [FIELD OFFSET].value;
(¢ DODOODOO

[e
H.
n

REFERENCE:
goto INIT

INIT:
if (!'IsInitialized(C)){

Initialize (C);
}
// overwrite "goto INIT" in line 11
*REFERENCE = "i = D¢ .static fields[FIELD OFFSET].value";
goto REFERENCE;
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1: obj.m(Q);
(a) JavaO OO OO0
1: code = LookUpMethod(obj->class, "m");
2: code(obj);
(b) DOOOOO
1: code = obj->class.dispatch tablel[O,,];
2: code(obj);
(oooooooo
1: class = obj->class;
2: if (class == (C1){
3: // 0000 G,00 C;O0m()O00O0D0OO
4: C1 :: m(obj);
5: } else if (class == C2){
6: // 0000 C,00 Co0m()ODOODOOO
7: Cy :: m(obj);
8: lelse{
9: // 00000000000000
10: code = obj->class.dispatch tablelO,,];
11: code(obj);
12: }
(d) I-call if0O0
022:00000000000000
class A{ —
void kO {...] RIS
J 952% A & | PFLR
EORIAE >«
class B extends A{
void 101{...]
void m0 ] L
] gr5z | |
lass © oxtends B 95R% B BHT | PFLR
class extends Vel
void mQO {...] XIIRR > !
void n() {...] m
] 1
p| BI5R
class DSR4 C Al FELA
BLNE > m
n
Ly—n\eRT T35 DIRERYT T—HEE AIIRR

023000000000
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class A{

void k0 .19 E— 0|

] '\’EZAaﬁanﬂﬁf
class B extends A{ kQ) EHOm
void 10{...] & 0
void m(Q) {...} )

] DSABDTARINYFFR

class C extends B{

void mQ) {...} SN 0 E— EHOm
void n( L..]% ol
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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();
}
}

0O N O WN -

[ R = S =V S ST ST
N N WN R OO

18: private void woo() throws Exception{
19: throw (new Exception());

20: }

21:  }
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C .field;
(a) JavaO OO O OO

1: int val

address = resolveStaticField(ee,

ClassName,
FieldName,
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1: int val = Class.method();
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// Java0O DO O0O0O0O
class B extends A { ... }
class C extends B { ... }

Object obj = tmp;
if (..
((B)obj) .m1();
else
((C)obj) .m2();
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struct singleFrame{
void *previous frame;
unsigned long method_id;
s
#define PushSingleFrame(ee, frame, mid) \\
(frame) .previous frame = \\
(ee)->jpcurrent frame; \\
(frame) .method id = (mid); \\
(ee)->jpcurrent frame = &(frame);
#define PopSingleFrame(ee, frame) \\
(ee)->jpcurrent frame = \\
(frame) .previous frame;
#define DeclareMultiFrame(frame, depth) \\
struct { \\
void *previous frame; \\
unsigned long sp; \\
unsigned long method ids[(depth)]; \\
} (frame)
#define LinkMultiFrame(ee, frame) \\
(frame) .previous frame = \\
(ee)->jpcurrent frame; \\
(ee)->jpcurrent frame = &(frame);
#define UnlinkMultiFrame(ee, frame) \\
(ee)->jpcurrent frame = \\
(frame) .previous frame;
#define PushMultiFrame(frame, depth) \\
(frame).sp = ((((depth) + 1) << 1) | 1);
#define SwapMultiFrame(frame, mid, depth) \\
frame.method ids[(depth)] = (mid);
#define PopMultiFrame (frame, depth) \\
(frame) .sp = (((depth) << 1) | 1);

038 00000b00bbOobon
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1: class C{
2: int valo(){
3: return (this.value);
4: }
5: int val(){
6: return (this.val0());
7: }
8: }
(a) JavaO0 O 0D OO

1: int C_val(ExecEnv *ee, Object *this){
2: struct singleFrame frame;
3: int result;
4: int (*code) (ExecEnv *, Object *)
5: = this->class.dispatch table[ C_val0_offset];
6: PushSingleFrame(ee, frame, C_val id);
7: if (code == C_val0){
8: result = this->value;
9: telse{
10: /* 0000000 #*/
11: result = code(ee, this);
12: }
13: PopSingleFrame (ee, frame);
14: return (result);
15: }

(b)y cOODDOO (QOOOO)
1: int C_val(ExecEnv *ee, Object *this){
2: struct singleFrame frame;
3: int result;
4: int (*code) (ExecEnv *, Object *)
5: = this->class.dispatch table[ C_val0_offset];
6: if (code == C_val0){
7: result = this->value;
8: telse{
9: /# 0000000 =/
10: PushSingleFrame (ee, frame, C_valid);
11: result = code(ee, this);
12: PopSingleFrame (ee, frame);
13: }
14: return (result);
15: }

CEEEEEEERGIEEEED)
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1:  int[] m1Q{

2: int result[] = new int[10];

3: for(int i=0; i<10; i++)

4. result[i] = this.m2();

5: return (result);

6: }

7: final int m2(){return (this.m3());}
8: fimal int m3(){ --- }

(a) JavaO0 O 0D OO

1: Object *ml(ExecEnv *ee, Object *this){
2: DeclareMultiFrame (frame, 2);

3: Object *result; int i, itemp;

4. LinkMultiFrame(ee, frame) ;

5: PushMultiFrame (frame, 0);

6: SwapMultiFrame(frame, 0, mI_id);
7: result = AllocIntArray(ee, 10);

8: if (exceptionOccurred(ee)) goto RETURN;
9: for(i=0; i<10; i++){

10: PushMultiFrame (frame, 1);

11: SwapMultiFrame (frame, 1, m2_id);
12: {/*m2000 =/

13: itemp = m3(ee, this);

14: if (exceptionDccurred(ee)){
15: PopMultiFrame (frame, 1);

16: goto RETURN;

17: 1}

18: PopMultiFrame (frame, 1);

19: result[i] = itemp;
20: }
21: RETURN :
22: PopMultiFrame (frame, 0);
23: UnlinkMultiFrame(ee, frame) ;
24: return (result);
25:  }

(b)y cOODDOO (QOOOO)

1: void ml(ExecEnv *ee, Object *this){
2: DeclareMultiFrame (2) ;

3: Object *result; int i, itemp;

4. LinkMultiFrame(ee, frame) ;

5: SwapMultiFrame(frame, 0, mI_id);
6: result = AllocIntArray(ee, 10);

7: if (exceptionOccurred(ee)) goto RETURN;
8: PushMultiFrame (frame, 1);

9: SwapMultiFrame(frame, 1, m2_id);
10: for(i=0; i<10; i++){

11: itemp = m3(ee, this); /* m20 00 =*/
12: if (exceptionOccurred(ee)) goto RETURN;
13: result[i] = itemp;

14: }

15: RETURN :

16: UnlinkMultiFrame(ee, frame) ;

17: return (result);

18: }
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for(int i=0; i<array.length; i++)
sum += array[i];
(a) JavaO OO O OO
1: int i=0;
2: LOOP:
3: if (array == NULL)
4: goto THROW NullPointerException;
5: if (!(i<array->length))
6: goto EXIT;
7: if (array == NULL)
8: goto THROW NullPointerException;
9: unsigned int len = array->length;
10: if ((unsigned int)i >= len)
11: goto THROW_ArrayIndexOutOfBounds;
12: sum += array[i];
13: i=1i+1;
14: goto LOOP;
156: EXIT:
(b cOOODDOOO (OOOO)

1: int i=0;
2: PEEL:
3: if (array == NULL)
4: goto THROW NullPointerException;
5: if (!(i<array->length))
6: goto EXIT;
7: sum += array[i];
8: i=1i+1;
9: LOOP:
10: if (!(i<array->length))
11: goto EXIT;
12: sum += array[i];
13: i=1i+1;
14: goto LOOP;
156: EXIT:

(c) cO0ODDDDOD (OOOOO)

0 311: 000000000000 ndlODODCOOOODOOOO
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O51l:lcalif 00000

oo goooooobooooo gooooooooooo
klass = obj->class; klass = obj->class;
if (klass == &Dg,){ if (klass == &Dg,){
C1 ::m(obj); Ch1 :: m(obj);
Yelse if (klass == &D¢,){ Yelse if (klass == &D¢,){
gooooogooo :
coooooo Yelse if (klass == &Dg,){ Jelse{
Cr :: m(obj) Cr ::m(obj);
Jelse{ }
code=obj->class.dispatch table[0;,];
code(obj);
}

0000 nQ)O0O SnFSnUP(Co) SnFSnUP(Cl)U“~UP(Ck)
gooooooo Nn + Np+ [C1 ::m,C2 :m, - Cg ::m] Nn + Np+[C1 :m,C2 im, - C it m]
oo goooOooOoooooooo goooOooobDoooog

code=obj->class.dispatch table[On,]; code=obj->class.dispatch table[On,];
if (code == &(C| :: m)){ if (code == &(C] :: m)){
C| ::m(obj); C| ::m(obj);
Yelse if (code == &(C} :: m)){ Yelse if (code == &(Cj :: m)){
gooooogooo .
coooooo Yelse if (code == &(C} ::m)){ Jelse{
C} ::m(obj); C} ::m(obj);
Jelse{ }
code(obj);
}
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goobooobobobooboboboooo

0020 Java2CO00000000000000000O0 De, 0O0OOO0OOOO
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// 000000000

LDW 4(0,%r25) ,%r29 ;%r29 < obj->class

LDW T’Dc1 (0,%r19) ,%r31 ;HTr31 &Dc1

COMBF,=,n %r29,%r31,NEXT_CANDIDATE ;if (%r29 !'= %r31) goto NEXT CANDIDATE

// 0000000CCO

LDW 4(0,%r25) ,%r22 ;%r22 < obj->class.dispatch_table
LDW -52(0,%r22),%r1 ;%rl < dispatch table[O,,]

LDW T>$sdp(0,%r19) ,%r31 ;4r31 « 00 O00D0O0Ooooo

LDW C] :: m(0,%r31) ,%r20 shrl — &(C| ::m)

COMBF,=,n %r1,%r20,NEXT CANDIDATE ;if (%r1 '= %r20) goto NEXT_CANDIDATE
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0000000000000 Ical if 0000000 I,eal ifO0O0DOOOOO

5.2.1 0O0O0O0O4UOO vs. OO 0ogo
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goboobood2000b0oooboboboouobooobooooooobogon
ggod

213 _javac [ 228 _jackU OO UOUOUOO 213 javacU 228 jackUO U OO O OOOO
goobobboooboboobooboobgboboooboboboobuobobooo
0000000000000000 213_javacO O 9.8%0 228 _jack OO 1.6%0 00
goooobooooboogoboooobooobooooooooooboooboooooo
goobobooboobbobboboobobooooboooooDobobbDoobDboooDo
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gobobobooooboobobooboboodoobooobooobogoobooooo
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oobooboooboobobooobobbuobboboobbbbooboboobooboooLoO
oooboobboobobbobobboobbobobobobbooobbuobboDb 213 javac
0228 jackJOOODODDOOO B200000 520000000000000 100
oooooobboboboobboooboboooobobb400b0obbooobbDOon
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Us2.0000000000000000000OOO0

goooob (0odgo good

gd gd 100 20000
C 334.983 292.167

_213_javac H 330.973 292.443
M 304.990 292.664
C 317.040 309.858

_228_jack H 316.932 310.213
M 312.038 309.875

gooboooobooobod
googoooobobocorgMbODbOooooooooon
c:upoogoooboboba
H:0000000000oo0boooboboobobobn
M:goooooooobooo

gs3:000000000000000000000

oooooo ooo oooo ooooo
oo 00 oo0no 0 1 200 00
c 247.250 1,620( 70.6%) 571(24.9%) 102(4.4%) 2,293
201 _compress H 247.730 1,730( 75.4%) 461(20.1%) 102(4.4%) 2,293
H 247.638 1,730( 75.4%) 461(20.1%) 102(4.4%) 2,293
c 392.862 20,123,738( 74.8%) 6,771,720(25.2%) 294(0.0%) 26,895,752
202_jess H 395.106 26,892,016(100.0%) 3,442( 0.0%) 294(0.0%) 26,895,752
H 394.909 26,892,294(100.0%) 3,452( 0.0%) 294(0.0%) 26,896,040
c 734.172 14,946,416(100.0%) 3,786( 0.0%) 594(0.0%) 14,950,796
209_db H 737.286 14,947,417(100.0%) 2,785( 0.0%) 594(0.0%) 14,950,796
H 732.726 14,947,418(100.0%) 2,786( 0.0%) 594(0.0%) 14,950,798
c 334.983 14,834,421( 66.5%) 6,211,718(27.8%) 1,268,556(5.7%) 22,314,695
213_javac H 330.973 17,797,120( 77.2%) 5,223,730(22.7%) 39,553(0.2%) 23,060,403
H 304.990 21,225,152( 79.3%) 5,486,978(20.5%) 42,511(0.2%) 26,754,641
c 277.168 440,265( 12.4%) 3,101,643(87.0%) 21,431(0.6%) 3,563,339
222 _mpegaudio H 274.814 3,493,138( 98.0%) 70,196( 2.0%) 16(0.0%) 3,563,350
H 275.558 3,493,139( 98.0%) 70,196( 2.0%) 17(0.0%) 3,563,352
c 402.205 168,541,406( 97.5%) 2,875,063( 1.7%) 1,390,708(0.8%) 172,807,177
227 _mtrt H 404.065 171,642,879( 99.3%) 1,164,040( 0.7%) 258(0.0%) 172,807,177
H 402.533 171,642,886( 99.3%) 1,164,042( 0.7%) 258(0.0%) 172,807,186
c 317.040 10,389,602( 94.0%) 653,960( 5.9%) 8,840(0.1%) 11,052,402
228_jack H 316.932 10,548,147 ( 95.4%) 495,415( 4.5%) 8,840(0.1%) 11,052,402
H 312.038 10,665,710( 94.8%) 572,026( 5.1%) 8,840(0.1%) 11,246,576

ooooooooo

COHOROOOOO 5.20000

213 _javac 228 jack U OO OO OOODOO
gobobobbooooboboobobobbbooooos3guoonooobbonon
gooogoboogooooboooboooooobboboobooobooobobooboo
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gbooobo20b0000b0boo0ooooooobooobboonob

e final 000000000 ODOOODOODODOOOUDODODODDOODODODOOO
380 68% 00000 0O 5.400

67



O 54: final000000O0O0ODOOODOOODOOO

oooooo 0000 |final O0OOO
ooo ooo gooooo

_201_compress 1,157 711(61%)
202_jess 3,317 2,128(64%)
_209_db 1,341 780(58%)
213_javac 5,620 3,203(57%)
_222 mpegaudio 1,615 1,106(68%)
227 mtrt 2,129 806(38%)
_228_jack 2,268 1,242(55%)

finalJOO0OO0O0O0ODOODOOO0ODOO0O0OD Iecalif000ODOODOODOOOOO
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gobobobooooboon

SPECjvm98 0 00000000 Java2CO OO OO0OD0O0OOOO0OOOODOODOO
000 eallif 000000000000 0ODOOOODOOOODOODOOOOOOODOOO
cOo00Db00O000O00Uo0oobDOobObOOobOO000oUOgbUooooogDboOoo
goo

00000000000 CO00OO0oDO Icallif000000O0ODOOOODODOOO
510 COOO00O0OOOOSG1I0000000O00O00OODOODOCOODOOODODODOO
00000000 OSSO HI-UX/WE20000 CO0O0OO000O00O0 5100000000
0000 cCcOO0DOOobbOO0bOs40000000000DDODDODOODODOODOOOO
O0000000O00o0oobOOoo coooonooooOsl10bObObObOOoOobOOoboooOoO
5400000005100000 000000000000 120000000000
00000000000 goobbOOobO s400Db0000D0DOCOODDOODOODOOO
goooooopobooobbboboooooobobbbds4anis1IbOODOOOO
00D00000C0ODOOO0O000O00ODODOOOO0O0OD 4000 OSODOOODODOODLO
gobooobopooobobobooobooooobbbbbobooobsilnnn
gobooobbobboboobboboboooboobooboboobboboogoo
oOSOO0D0O0ODObOObODbOOOObOOsl10000000DOOUODOODOODODOOO
O0000O00ooooooooSoOboboboOouooboobbooDboobobboOooo

Java2CO OO 0OO0OOD0ODODODOOOJava0D0OO0O0O0ODOOOODODOOODO 10O

68



LDWS 4(0,%r26),%r25
LDWS -52(0,%r25) ,%r26
LDIL LP°Cy ::m,Y%r24
LDO RP’CY :: m(%r24),%r31
EXTRU,= %r31,31,1,%r23
LDW -4(0,%r27),%23
COPY %r26,%r21
ADD %r31,%r23,%r23
BB,>=,T %r26,30,L1
BL $$sh func_adrs,¥%r3i
WoP
COPY %r29,%r21
L1
COPY %r23,%r29
BB,>=,T %r23,30,L2
COPY %r23,%r26
BL $$sh func_adrs,¥%r3i
WoP
L2
COMBF,=,N  %r21,%r29,NEXT CANDIDATE

;%r25 < obj->class.dispatch_table

;%r26 « dispatch table[O,,]

;%r24 + &(C] =m) 000 bis

;%31 «— &(C| =m)

sif (1 (%r23 « %r31 & 0x80000000)) D OOOODO
;0%:31 00 00000000%23 « 00000
s%r21 «— %r2e

;%r23 « %r31 + %r23

;if (Yr26000000000000) goto L1

; 00000: %29 « OOOOOOOO

;%hr21 +— Y%r29
;%r29 +— %r23
;if (%r23000000000000) goto L2

; 000000: Y%r26 « %r23
; 00000: %29 « OOOOOOOO

;if (%21 != %r29) goto NEXT_CANDIDATE

0 bs4: 0000 DODODOO0OO0O0ODOODODODO

o0DOO00oDOO0o0OOO0O00o00obOoODOODODO CchoOobOoOobOood
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gooboooooood
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el UUooond
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6.1 setjmp[

O00000O0setjmpU0 JavaDUO OO UOODODOOODOODOODOOO setjmp OO
goobobooooooboodgd

6.1.1 setimp0 0000000000

setjmpUUO0O 00 Javal 0D ODDOO0O0ODOO0ODOOODODODODDODOOOOOODO
gobooooood

e try[ catch[] throw [ setjmp() 0 longjmp() 0D OO
e 00 00OO volatile O
e J00DUDODOODO

e JOUOODOODDODDOO

tryd catch throw 0 setjmp()0 longjmp() OO OO

throw ([ longjmp() D000 D+sryODODODOOOODOOO

e setjmp() D000 Olongjmp() DD IO DO0OO catch 00D OO0 OOODOO
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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)->tryclause, \
(ee)->try clanse = (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;
/* txy OO0 */
exception = enterTry(ee, &buf);
if ((int)exception == 0){
/* txy0 00O */
foo(ee, this);
/* szy000000 */
exitTry(ee, &buf);
Jelse{
/* longjmp 0 00 000000000 %/
ExitJumpedOverMonitors(ee, &buf);
/* szy000000 */
exitTry(ee, &buf);
/* catch */
if (IsInstanceOf(exception, Exception)){
/# 0000 %/
Jelse{
/* 00000 =/

longjmp(ee->try clause, exception);

#define pushMonitor(ee, obj) { \
int sp = ee->monitorstackpointer; \
if (sp >= ee->mmonitor stack size){ \
/00000000 */\
A

(ee) ->monitor stack[sp] = obj; \

(ee) ->monitor stack pointer = sp+1; \

}

#define poplonitor(ee) \
(ee)->monitor stack pointer--;

void foo(ExecEnv *ee, JObject *this){
JObject *exception;
MonitorEnter(ee, this);
pushlonitor(ee, this);
while(true){
woo(ee, this);
/* 00000000 =/

if (*((volatile int *)&ee->async_exception)){

exception = ee->async_exception;
ee->async_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 trybuf *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;

O 6.1: setimpU00 000000
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boolean invokeWithConversion(---){

exception = enterTry(ee, &buf);
if ((int)exception == 0){
setjmp O OODOOOODODCOOOO;
telse{
ExitJumpedOverMonitors(ee, &buf);
ee—>exception = exception;
}

exitTry(ee);

O W0 ~N®»” U WN
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1: void boo(ExecEnv *ee, JObject *this){
2: foo(ee, this);

3: if (exceptionOccurred(ee)){

4: JObject *exception = getException(ee);
5: if (IsInstanceOf(exception, Exception)){
6: clearException(ee);

7: /* 0000 =/

8: }

9: }

10: }

11:

12: void foo(ExecEnv *ee, JObject *this){
13: MonitorEnter (this) ;

14: while (true){

15: woo (ee, this);

16: /00000000000 %/

17: if (exceptionDccurred(ee)){

18: goto EXIT;

19: }

20: }

21: EXIT:

22: MonitorExit (this) ;

23: }

24:

25: void woo(ExecEnv *ee, JObject *this){
26: JObject *exception = NewObject(ee, Exception);
27: if (exceptionOccurred(ee)) return;
28: ExceptionConstructor(ee, exception);
29: if (exceptionKind(ee)) return;

30: throw(ee, exception);

31: }
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/*
o JO0 00 0000D0000D0O0000O00O0d
*/

struct execenv {

/*
« JO0000000000000
« 0000000000 00000000
« 0000000000 00000D00O0
«» 000000000000000D0
** exceptionKind:
*»x 0000000
** exception:
«» 0000000000000
** async_exception:
« 000000000000D0D0OO
*/
union{

struct{

volatile char sync;
volatile char async;

} detail;

volatile short summary;
} exceptionKind;
JHandle *exception;
JHandle *async_exception;

}s
typedef struct execenv ExecEnv;

/*

*»* 0 00000000000000

** ExecEnv[] exceptionKindJ OO OO O
*»* 000000000000

*%/

#define EXCKIND NONE O

#define EXCKIND_THROW 1

/*
+» 0000000000000 000O0000O00DUOOO0OBDOoOD
*/
#define exceptionOccurred(ee) \
((ee)->exceptionKind.summary != 0)

#define throw(ee, exception) \
ee->exception = exception; \
ee->exceptionKind.detail.sync = EXCKIND_THROW;

064 00000DO0DODOOOOOO0ODOODODOO
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1: int alpha(bool condition){

2: int result;

3: if (condition)

4. ClassA.beta();

5: else

6: ClassA.gamma() ;

7: result += ClassA.delta();

8: return (result);

9: }

(a) JavaO0 O 0D OO

1: int alpha(ExecEnv *ee, bool condition){
2: int result, tmp;

3: if (condition){

4. ClassA boo(ee, this);

5: if (exceptionOccurred(ee))
6: goto EXIT;

7: } else {

8: ClassA foo(ee, this);

9: if (exceptionOccurred(ee))
10: goto EXIT;

11: }

12: tmp = Classh delta();

13: if (exceptionOccurred(ee))
14: goto EXIT;

15: }

16: result = tmp;

17: EXIT:

18: return (result);

19: }

(b)y cOODDOO (QOOOO)

1: int alpha(ExecEnv *ee, bool condition){
2: int result, tmp;

3: if (condition){

4. ClassA boo(ee, this);

5: } else {

6: ClassA foo(ee, this);

7: }

8: if (exceptionOccurred(ee))
9: goto EXIT;
10: tmp = Classh delta();
11: result = tmp;
12: EXIT:
13: return (result);
14: }

CEEEEEEERGIEEEED)
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O 6.2: volatile OO OO OOOOO voelatileO O OO OO

try volatile J O [
oooboo ooogd oooQ 000
oo ooogd 0o aln 0o
_201_compress 5,632 97 | 1,012 70
_202_jess 10,100 121 | 1,276 86
-209_db 6,095 106 | 1,193 84
_213_javac 13,873 180 | 2,094 150
-222_mpegaudio 9,088 97 | 1,155 86
_227 mtrt 6,524 105 | 1,235 74
_228_jack 9,347 168 | 1,817 96

O 6.3: enterTry() 000000 ODOOOOO

oo enterTry()
oooooo 0o gooo od throw
ooo (sec) stry 000000 ooooooooo od oo
goooo gooooooooo goooo gooooooooo od
201_compress 253.8 1,959 1,882( 3.93%) 1,644 882(46.35%) 11 0
202_joss 401.2 | 1,240,804 30,599(97.53%) 707,879 705,674( 0.31%) | 1,835 0
209_db 737.0 | 61,438,533 32,154(99.95%) 28,5355 283,097( 0.79%) 428 0
213_javac 315.7 1,609,073 952,535(40.80%) 2,628,947 2,192,371(16.61%) 9,960 21,373
222_mpegaudio | 280.6 2,146 2,136( 0.47%) 18,532 17,794( 3.98%) 71 0
227_mtrt 403.0 4,909 4,772( 2.79%) 349,625 189,835(45.70%) 483 0
228_jack 312.6 7,385,349 4,371,780(40.80%) 634,660 499,353(21.32%) | 15,581 241,876
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int sum(int[] array){
int result = 0;

result += arrayl[il;
return (result);

}

for(int i=0; i<array.length; i++)
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