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Viiehivauen e iDireci Deviitualrzation

m Vlethed sizeisfialrly smallfin Java programs
> Narrow compilier eptimizatien SCope

m \/rtual call isfirequently used
> Prevent a compiler firom perfoerming optimizations

m Guarded devirtualization Is not so much effiective
like dynamically-typed language
» Usually use dispatch table in statically-typed language

Example of a dynamic method call with a dispatch table in Java
rO = <receiver object>

load rl, offset class in object(rO0) // load nethod table

|load r2, offset nethod in class(rl) // |oad nethod bl ock

|l oad r3, offset code in_nethod(r2) /1l |l oad native code address
call r3




Previels Glarded Devirtualizaen

m Class Tiest [Calder94], Miethod Tiest [Detliefsag)
> Simplify Implementation :-)

> [ncur additional overihead By arecever test With memerny,
ACCEesses

Class Test - Method Test

r0O = <receiver object> ' r0 = <receiver object>
| oad rl, offset class in _object(r0) i | oad rl, offset _class _in _object(rO0)
i f (rl1l == #address_of paticular_class) { i | oad r2, offset nmethod in class(rl)
<inlined code> . 1 f (r2 == #address_of inlined nethod) {
} el se { i <i nlined code>
| oad r2, offset nmethod in class(rl) i } else {
| oad r3, offset _code_ in_nethod(r?2) : | oad r3, offset code_ in_nethod(r?2)
call r3 i call r3




PlrevieusSiDIrecirDeviitaliizaieniED)

m Use cllass hierarcny analysis and reepiimizaon
1Selii93;, IH et Spoeioo)

> Difficult telimplement on-stack replacement completely.
— Replace methoeds while therels an active context on stack

voi d foo()

{

a = this.o: - r0 = <receiver object>

. _ oD mrecel
Single implementation of receiver = "' %% ©°%¢7
of ax() at ainvocation.

a.x();

}




PlrevieusSiDIrecirDeviitaliizaieniED)

m Use cllass hierarcny analysis and reepiimizaon
1Selii93;, IH et Spoeioo)

> Difficult telimplement on-stack replacement completely.

— Replace methoeds while therels an active context on stack
L ots of works needed (Tue AM)

voi d foo()

{

a =this.o; - ro = <r * obj ect >
<i nline

a. x() If the assumption isinvalid,
recompilatiopyalways occurs.

, offset class in _object(r0)
, offset nethod in class(rl)
, offset code in_nmethod(r?2)




PlrevieuSIDIrecHDeviistialiiz2ilenNZ)

B e Analysis|Palspeergoi]
> [ypeinfermation helpsether eptimizations:-)
> Difficult teapply inrawide range

voi d foo()

{

a = new A(): o= r0 = <receiver object>

. o Sl eog
All classinstantiationsthat reach =~ o

a. x(); receiver of a.x() have the same definition.
}




PrevieusiDIrecirDeviiFtaliiz2ilenNs)

B Preexisience | Detlers99]

> Aveld en-stack replacement :-)
> Difficult teapply inrawide range

voi d foo(A a)
{

— r0 = <recei ver object>

Single implementation of receiver of = "' Ned code>
a.X() during the invocation of foo().

2. ()

}




PrevieusiDIrecirDeviiFtaliiz2ilenNs)

B Preexisience | Detlers99]

> Aveld en-stack replacement :-)
> Difficult teapply inrawide range

voi d foo(A a)
{

ro = <r " obj ect>
<i nl i ne

If the assumption isinvalid,
recompilation occursat next invocation.

, offset class in _object(r0)
, offset nethod in class(rl)
, offset code in_method(r?2)




U DeviitalizanerNEchnIgues

B [Direct deviirtualization With the code palchiing
mMecnaniism

> Generate devirtualized code using CHA and thelndirect
calllw/e conditionall branch

— Noitest overhead at method call :-)
— |mpact on some compiler optimizations

> [nvalidate devirtualized code by patching an instruction
when a method s overridden

— No recompilation :-)




DeviFttialliz2leRWItNtecer P aleH

m \/ethod x I Class/A IS not everridden

» Generate devirtualized code and theindirect call w/o

conditional branch
Class A

Cass A { X
void x() {this.o = 1;} |

}

void foo(A a) {

a.x(); // x is not
overri dden

store offset _o(r0),
after _inline:
r et

dynam c_cal |l :
| oad rl, offset _class in_object(r0)
| oad r2, offset nethod in_class(rl)

| oad r3, offset_code_in_nethod(r?2) a backup path
cal | r3

j nmp after _inline




DeviFttialliz2leRWItNtecer P aleH

m \\/hen methoedhx i Class A'Ils everridden

> Apply code patening With' care ofi cacne conerence and

atemicity.
Class A
Cass A { X
void x() {this.o = 1;} |

} Class B Class C ClassE
void foo(A a) { X

a.x(); [/l x is overridden |

dynam c_cal |
after _inline:

r et |nvalidates devirtualized code

dynam c_cal | :
| oad rl, offset _class in_object(r0)
| oad r2, offset nmethod in_class(rl)
| oad r3, offset code in _nethod(r?2)
oF-1N r3
j np after _inline




CeEPACHING IR PoWERE
Wirite only: eneword (2601t relative | mp)

B Atemic
> \Wirite oneword asan atemic memnory operation

m Cache coherence

» Split cache for data and instruction
— Synchronize data and instruction cache explicitly

m Decode
» Flush instruction prefetch queue explicitly




CerEPaACHINGICNNASZ

Wirite twoior five pyie(saort or leng reative]mp)

m Atomic

> \Write a singleitem as an atomic memory operation If
aligned within a cacheline

m Cache coherence
> Synchronize data and instruction cache automatically.

m Decode
» Flush instruction prefetch queue automatically
> Adjust the lengths of old and new instructions




CerEPaACHINGICNNASZ

B Example (Within a cacheline)
Paichi 5hytes

Paich 2pytes

mop XX

Ic write (2byte)

moy

atomi f write (2byte)

el f

|mp

non—at%mi C write

el f

jmp

rest

te| m||3

Df Sby

atomi E write (2byte)

Jmy

) XXX

xxx*x (SPyte]




ACVaNagES GiFcotEPACHINTECTANIST

B | deesnet pay: any overnead By explicit memorny.
ACCESSEs, compares, and [Unmps

B [ does not reguire recompilation (alse en-siack
lreplacement)




ImMpaci e complieepilniZzanens

B | deesnet pay: any overnead By explicit memorny.
ACCESSEs, compares, and!jump

B [ does not reguire recompilation (alse en-siack
lreplacement)

m [{ (and guarded devirtualization) requires to
prepare twoe versions of the code

» Generate the merge point of the control flow. It prevents
some compiler optimizations

— Further, a backup path usually includesindirect call

- Try to optimize devirtualized code with a backup path




AllExamplepregiam

Source IR |

cl ass Foo {
int x, vy, z;
int f() { return this.z; }

int caller(Foo a, Foo b) { 'l nvoke' in a backup path
do {

| a. f(); affects some optimizations

] a. X;

Kk b.vy;
} while (cond);
return i+ +k;




NUBpeIRTESCHECKI P LINIZAWGNNEL)

chneEck: 1LE0" out eI a1eoP




NUlpeIRtERCHIECKEOPUINIZALBNNZ)

Ellminate-nuififcheck: IL@OF (lenwvarad)




Feiptlel peeltplelzigleys flpglipleielens (5)
Generate compensation codetermoeve the
refer ences over side effect

LI 5=LQ0, <z>
LI 3=LQ0, <x>

Frequently-executed paths / .

—;

getfleld LI 5=LQ0, <z>
getfield LI3=LQO, <x>
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NISErt a copy. o & leep PeAV, PEere the neal
o aloop




N U PEIRIEFCHECKIGPLIIZAWEN

‘V i 7 Y " v, r 14 Y. \
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> Because L O lsalieep Invariant variable

‘
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AppIN devirtializaien teciRigues

B Gluarded Devirtualization
» Classitest |Caldero4]

= For limited cases

» M ethod/test [Detlefsog]
= For pelymoerphic method calls

m Direct Devirtualization

» Code patch mechanismi [I'snizaki00]
— | nstead of recompilation with on-stack replacement

> Type analysis [Palspoerg91]

— Without backup paths

> Preexistence [Detlefs99]
— Without backup paths




Statlistiics

B Dynamic meihodcallsaredevirtualized y:
> Code patehing (80%:))
> [[ype analysisiand preexisience (24%)
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Preexistence(direct dev) M Code patch(direct dev) Method test(guarded dev) B Virtual call
B Type analysis(direct dev) I Class test(guarded dev) I Interface call




Performance

B Perfermancelmprovement by devirtualizatiens

» Geometric mean ofi 179 228 233
14

compress  |ess db javac mpegaudio  mitrt jack job

+Method&class tests(guarded dev) I +Type analysis(direct dev) +Preexistence(direct dev)
B +Code patch(direct dev) 7 e Base is not applied any devirtualization




SUmImearRy.

B [Dirfect devirtualization with the cede patching
MEChanism Ras twoadvantages

> No overhead by guarad statements
> No recompilation

B Direct devirtualization with the code patching
mechanism achieves fairly good perfiormance
though itsimplementation issimple

m Known technigues can optimize further in our
technique

> Generate compensation code and loop peeling




