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Optimization of Virtual Method Calls by a Static Compiler for Java

YuJi CHIBA'

A static compiler for Java can accelerate performance of Java applications by many kinds
of optimizations. But inter-class optimizations can delay linkage of statically compiled code
until the classes referred in the static compilation to be initialized at runtime. Therefore, a
static compiler for Java should consider not only the execution speed of the code but also the
delay of the linkage in making use of inter-class optimizations.This paper describes consider-
ation on implementating I-call if conversion, which is an inter-class optimization for virtual
method calls, in a static compiler for Java. The result of SPECjvm98 show that method-check
conversion and limited I-call if conversion accelarate performance the most, and method-check
conversion improve the performance by up to 9.83% in comparison with class-check conversion.
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// JavaO 0O 0O

obj.mQ);

// 000000

code = LookUpMethod(obj->class, ‘‘m’’);
code(obj);

// 00000000

code = obj->dispatch_table[O,,];

code (obj) ;

01 0000ooooooooooood
Fig.1 A virtual method call and its implementations.
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void n()

{

obj.mQ);
}

02 0O0oOoooooo
Fig.2 An example of source code.
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class = obj->class;
if (class == C71){
// 0000 C, 00 Ci 0O mOOO0OO0OOO
C1 :: m(obj);
} else if (class == C2){
// 0000 Co 00 Co 0 mOOOOOOO
C2 :: m(obj);
telse{
// 000000000000 00
code = obj->dispatch_table[On,];
code (obj) ;

}

03 I-callif00O0O
Fig.3 An example of I-call if conversion.
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class = obj->class;
if (class == &Dc;){
C1 :: m(obj);
telse if (class == &D¢;){

gooooDoog
0 JeanPaul 00O Yelse if (class == &Dc, ){
ooooooo Ck :: m(obj)
Jelse{
code = obj->dispatch_table[O;,];
code(obj) ;
)i

class = obj->class;
if (class == &Dc;){
C1 ::m(obj);
telse if (class == &D¢,){

telse{
Cj :: m(obj);
}
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Fig.4 Classification of I-call if conversions.
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// 000000000

LDW 4(0,%r25) ,%r29

LDW T’ D¢, (0,%r19) ,%r31
COMBF,=,n  %r29,%r31,NEXT_CANDIDATE

;%r29 «— obj->class
;%r31 — &Dg,
;if (%r29 != %r31) goto NEXT_CANDIDATE

// 0000 O0Ooooo

LDW 4(0,%r25),%r22

LDW -52(0,%r22) ,%r1

LDW T’$sdp(0,%r19),%r31

LDW C1 :: m(0,%r31) ,%r20
COMBF,=,n  Y%rl,%r20,NEXT_CANDIDATE

;%r22 <« obj->dispatch_table

;%hrl «— dispatch_table[O,,]

;%r31 — 0000000000

;4rl — &(C] = m)

;if (Y%rl != %r20) goto NEXT_CANDIDATE

05 0000000000 0000000000

Fig.5 Code for class- and method- check conversion.
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Fig.6 Comparison of class- and method- check
conversions by performance.
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Table 1 Execution time solely by statically compiled
codes.
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Fig.7 Comparison of class- and method- check
conversions by JIT compilation time.
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Table 2 Distribution of misprediction count in virtual method calls.
oooooog ooo oooo ooooo
ooo oo ooo 0 1 200 oo
C 0.426 3,388( 83.8%) 579(14.3%) 74(1.8%) 4,041
-200_check H 0.427 3,542( 87.7%) 425(10.5%) 74(1.8%) 4,041
M 0.424 3,691( 87.7%) 439(10.4%) 80(1.9%) 4,210
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
M 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
M 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
M 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
M 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
M 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
M 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
M 312.038 10,665,710( 94.8%) 572,026( 5.1%) 8,840(0.1%) 11,246,576
C 28.616 238,256 ( 80.6%) 653,960(18.6%) 2,246(0.8%) 295,462
_999_checkit H 28.645 277,501( 93.9%) 15,717( 5.3%) 2,246(0.8%) 295,462
M 28.610 277,501 ( 93.9%) 15,716( 5.3%) 2,246(0.8%) 295,462
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Table 3 Static counts of call-sites for final methods.
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-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%)
999 _checkit 1,490 838(60%)
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LDWS 4(0,%r26) ,%r25 ;/hr25 «— obj->dispatch_table
LDWS -52(0,%r25) ,%r26 ;%r26 «— dispatch_table[O,,]
LDIL LP’CY : m,%r24 ;%24 — &(C1::m) 000 bit
LDO RP’CY :: m(%r24) ,%r31 ;%31 — &(C1::m)000%r24 + &(Cp =m) 000 bit
EXTRU,= %r31,31,1,%r23 ;if ((%r23 «— %r31 & 0x80000000) == 0) OO OOOO
LDW -4(0,%r27) ,%r23 ;0%31 000000000 0%23 «— 00000
COPY %r26,%r21 shr21 «— %r26
ADD %r31,%r23,%r23 ;hr23 «— %r31 + %r23
BB,>=,N %r26,30,L1 ;if (yr26 00 0000000000O) goto L1
BL $$sh_func_adrs,%r31 ;, 0000000%29 « O000O0OOO0ODO
NOP
COPY %r29,%r21 shr21 «— %r29
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COPY %r23,%r29 ;hr29 «— %r23
BB,>=,N %r23,30,L2 ;if (%r23000000000000) goto L2
COPY %r23,%r26 ; 000000 0%r26 «— %r23
BL $$sh_func_adrs, %r31 ; 0000000%29 «— OOOOOOOO
NOP
L2
COMBF,=,N %r21,%r29,NEXT_CANDIDATE ;if (%r21 != %r29) goto NEXT_CANDIDATE

09 0O0O0O0DOO0OOO0OOOOODOOO 20
Fig.9 Code for method-check conversion (2).
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