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A Direct Devirtualization Technique with the
Code Patching Mechanism

KAzvuAkI IsHIZAKI,T TOSHIAKI YASUE,! MOTOHIRO KAWAHITO!
and HIDEAKI KOMATSU?

This paper presents a direct devirtualization technique for a language such as Java with
dynamic class loading. The implemetation of this technique is easy. For a given dynamic
method call, a compiler generates the inlined code of the method, together with the code of
making the dynamic call. Only the inlined code is actually executed until our assumption
about the devirtualization becomes invalidated, at which time the compiler performs code
patching to make the code of dynamic call executed subsequently. This technique does not
require complicated implementations such as deoptimization to recompile the method that is
active on the stack. Since this technique prevents some optimizations across the merge point
between the inlined code and the dynamic call, we have furthermore proposed optimization
techniques effectively. We made some experiments to understand the effectiveness and charac-
teristics of the devirtualization techniques in our Java Just-In-Time compiler. To summarize
our result, we improved the execution performance of SPECjvm98 and SPECjbb2000 ranging
from 0% to 181% (with the geometric mean of 24%).
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r0 = <receiver object>
rl = load(r0 + <offset-of-class-in-object>)

if (rl == <address-of-proper-class>) {
<inlined code>

} else {
r2 = load(rl + <offset-of-method-in-class>)
call r2

}

a) VIAFTAMDI— R

Jan. 2002

r0 = <receiver object>
rl = load(r0 + <offset-of-class-in-object>)
r2 = load(rl + <offset-of-method-in-class>)
if (r2 == <address-of-inlined-method>) ({
<inlined code>
} else {
call r2

}

b) AV EFZXRDa—Rf

01 0DO00DOD0O0ODODOOOOOoDoQg?

Fig.1 Examples of class test and method test
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after_inline:

—>

original_call:
1wz rl,
lwz r2,
1wz r3,
mtctr r3
blr ctr
b after _inline

(ob3j)
offset (rl)
offset (r2)
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after_inline:

original_call:
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mtctr
blr

// VS AfEROO— R
/1 Ay RERODO—RK
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/7 BAEAY » RIEHY

rl, (obj)

r2, offset(rl)
r3, offset(r2)
r3

ctr
after_inline
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Fig.2 A directly devirtualized code of a virtual method call.
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12075 XTEELTNBEE 2OULEDISATEELTNBEE
/1 A7 4 yENFI— ROEH > b interface_call R ASYA S
/] A4 ENA—-ROKE /) A >ENLI- FokEE

after_inline: after_inline:

virtual_call virtual call

1wz rl, (obj) 1wz rl, (obj) // O SXEROO— K
1wz r2, offset(rl) 1wz r2, offset(rl) /) XYy RiFRoOo— K
Iwz r3, offset(r2) 1wz r3, offset(r2) // A—FROF7RFLXoOo—R
mtctr r3 mtctr r3
blr ctr blr ctr
b after_inline b after inline
interface_call: interface_call:
mr rl, obj mr rl, obj /] V¥—=Noty b
blr  rt_interface blr  rt_interface /1 A2 Tz—=AAY y RIEHOEST
b after inline b after_inline

03 00 devirtualization 00O OO0 0000000D000O00DO0OOO
Fig.3 A directly devirtualized code of an interface method call.
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Class Bar extends Foo {
int m() { return this.z;}
}
class Foo {
Bar s;

00000000O00O0O00000000000 devirtualization
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int x, y, z;
Foo p() { return this.s;}
int m() { return this.z+1;}
int caller(Foo a, Foo b) {
Foo c;
do {
Sl: c = a.p() // BB3 and 4
sS2 i = c.m() // BB6 and 7
s3 j = a.x; // BBS8
sS4 k = b.y; // BBS8
} while (cond)
}
}
a) YV—AId—R
BBl BBl v
Tl = a.x
T2 = b.y
T3 = a.t
Nullcheck T3
T4 = T3.s
BBi zj\ N BB4 B:i z:l\ N BB4
L L L L
Nullcheck a Nullcheck a Nullcheck a Nullcheck a Nullcheck a Nullcheck a
c = a.s c = a.p() c = a.s c = a.p() c = a.s c = a.p() c = a.p()
T3 = ¢
— B>
BB6 BB BB7
Nullcheck c Nullcheck ¢ Nullcheck c Nullcheck c Nullcheck c Nullcheck ¢
i = e.m() i=-c.z i = e.m() i=c.z i=c.m() i = ec.m()
Tl = a.x
T2 = b.y
BB ¥ B8 i — i —
Nullcheck a Nullcheck a
j = a.x j = a.x j = a.x
nullcheck b nullcheck b nullcheck b
k = b.y k =Db.y k = b.y
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Fig.4 An example of applying optimizations.
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class Foo {

int x, y;:
void m() { this.x++;}
int caller() {
Foo f = new Foo();
f.x = 1;
f.m();
f.y = f.x + 2;

System.out.println(f.y):

a) Y—AX3d—R

goooooooo

Jan. 2002

class Foo {

}

int x, y;
void m() { this.x++; }
int caller() {
Foo £;
Boolean heap_allocated =
int tl1 = 1;
if (!is code patched) {
tl++; -
} else {
if (!'heap_allocated) {
f = new Fool();
heap_allocated =

false;

true;

tl;

X =
Ly = t2;
.m()

t t Hh

()z
1 = f.x;
2 = f.y;
}
t2 = tl + 2;
System.out.println(t2);
if (heap allocated) {
f.x = t1;
f.y = t2;
}
}

b) BHEHZEDOI—R

05 00000000
Fig.5 An example of applying escape analysis.
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Devirtualization Fi%
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Fig.6 Venn diagram of applicable categories of devirtualization techniques.
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01 00O0O0OO0OOOOODOOOODOOOoOOoOooobodg
Table 1  Characteristics of static and dynamic method calls.

Program Static Call | Virtual Call Monomorphic Interface Monomorphic
Virtual Call % Call Interface Call %
Lib. App. Lib. App.
compress 225,978,320 12,461 47.0% 24.8% 480 43.3% 56.2%
jess 78,377,418 | 36,871,886 0.2% 83.8% 706,539 0.0% 0.7%
db 30,487,129 | 52,529,637 0.1% 97.1% | 14,931,573 0.0% 100.0%
javac 56,771,254 | 48,356,179 51% 62.3% | 3,381,214 0.0% 99.8%
mpegaudio 98,393,731 9,853,928 0.2% 33.2% 182,254 0.1% 99.9%
mtrt 17,336,758 | 269,740,831 0.3% 90.6% 436 48.6% 51.4%
jack 24,273,005 | 25,219,317 20.3% 59.5% | 4,155,349 0.0% 55.0%
ibb 118,207,158 | 170,208,179 15.4% 81.0% | 3,949,449 0.1% 99.9%
iy 74.2% 49.7%
Static Call: FRIIAY v RIFH OB FETEIEK.
Virtual Call: RAEAY v BIEHORETEE.
Monomorphic Virtual Call: H—XYy REBIFERA >F T —AAY Yy RIEHNEfTFIN-EE.
Interface Call: A2F T —AAY v RIEHORETEIE.
Monomorphic Interface Call: H—XYy REESA F T —AAY Y RIEHNEFIN-EE.
Lib.: AV RIEHA Java 51 75U 7 5 ANTEITINZEIE.
App.: AV RIEHRT TV r—3 a7 I ANTETINZEE.
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Fig.7 Breakdown of call sites optimized by each devirtualization technique (in ex-
ecution counts). without (0): before applying devirtualization techniques,
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Table 2 Effectiveness of devirtualization techniques (in execution counts).
Program N 225 MCTP TOH|JEER M5 MCTP T®D MC 725 MCTP TD MCT 725 MCTP T®
Hill 2R Hil R HlJ6 2
RIEAY | A2FTx—R | WH AV RFZAMZLST O— REHZITEST O—REHZICEST
v RIEH AV RIEEH TANELTETTES | TAMELTEFTTES FANELTEIFTES
a—Fk a—Fk a—F
compress 43.8% 0.6% 42.2% 100.0% 19.4% 23.4%
jess 82.0% 0.7% 80.4% 100.0% 6.5% 26.0%
db 97.1% 99.9% 97.7% 100.0% 0% 0%
javac 47.2% 8.7% 44.7% 91.0% 10.0% 27.1%
mpegaudio 32.8% 99.8% 34.0% 100.0% 4.5% 93.1%
mtrt 98.6% 0.7% 98.6% 100.0% 6.4% 31.1%
jack 74.0% 39.8% 69.1% 100.0% 3.0% 22.8%
iy 63.0% 7.2% 43.0% 98.7% 2.2% 11.8%
N: devirtualization # A% L .
M: AV RFA b,
MC: AV RFA L, O—REMZ.
MCT: Ay RFAN, O—RNEMRZ, KT 5 A
MCTP: AV RFRAL, a—REHRZ, R T AT, preexistence AT
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Table 3 Characteristics of directly devirtualized call sites.

Program T A MMELUICETRIRES OI—REMANBE Ba>nNtiank
J— FOEFTEIE BRI A Y » RIEH LY MK AV oy F#

compress 96.5% 11 4
jess 100% 13 4
db 100% 1 4
javac 99.8% 14 15
mpegaudio 99.9% 11
mtrt 100% 11
jack 99.5% 15
jbb 100% 12

iy 99.5% 12.2 43
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Fig.8 Performance improvement for SPECjvm98 and SPECjbb2000.
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