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Iloknanyuuk

e ApTyp llmnmnneHko
e /IH>keHep B Azul Systems

* PazpabaTtbiBato BUpTYyasbHblE
MaLUNHbI 1 KOMMUIATOPbI

e [1o Azul paboTtan B Oracle
Hao Java ME VM




O yem ooknan?

e ObLueobpasoBaTenbHbIi gokad npo TEXHOMOr o

e byOoeT MHOIro TeXHN4YeckKmnx getanen!
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SYSTEMS®



[ 1haH

* YTo Takoe Falcon”

e 3a4€eM MuMcaTb HOBbI KOMMUNAATOP?

* Y10 Takoe LLVM?

e Kak caenatb Java komnunatop n3 C++ komnunaropa?

e [lponssogutenbHocTb Falcon npoTtmB Oracle JDK
AZUL
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Zing JVM



Zing: A better JVM

e KoOMMep4yeckasa cepBepHada JVM

e | ow Latency

e C4 GC, ReadyNow!
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Y10 Takoe Falcon?

e Tier2 komnunatop B Zing JVM
e 3ameHa komnunatTopy C2

e [locTpoeH Ha 6aze LLVM

AZUL
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XpOoHoJiorns

pa3paboTKu
. BkAtoumnam no
Hauaao paspaboTku [lepBbin peAmns
YMOAYAHUIO
Aekabpb Anpeab
2013 2016 2017

KomaHpa 4-6 yenoBek,
~20 yenoBeko-neT

38
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3a4yemM nmcatb HOBbIW
KOMMUNATOP?

e Zing - Low Latency Memory Footprint
Y

/' Tradeoff \

Lateny - ughput
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3a4yemM nmcatb HOBbIW
KOMMUNATOP?

e Zing - Low Latency Memory Footprint
Y

/' Tradeoff \

* XOTUM YNYYLUNTb

Laten - ughput
throughput

AZUL
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Througput

MHoroyposHeBas
KOMMNUNALNS

Bpemsa
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MHoroyposHeBas
KOMMNUNALNS

NHTepnpeTaTop

Througput

Bpemsa

AZUL
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MHoOroypoBHeBas
KOMMNUaLlna

NMHTepnpeTtatop = C1 koMmnunaTop

Througput

Bpemsa

AZUL
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MHoroypoHeBas
KOMMNUALMA

UHTepnpetatop = C1 komnunarop = C2 komnunatop

Througput

Bpemsa

AZUL
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MHoroypoHeBas
KOMMNUALMA

UHTepnpetatop = C1 komnunarop = C2 komnunatop

Hapo cpenaTtb C2
obicTpee!

Througput

Bpems AZUL

iy SYSTEMS®



Komnunatop C2

e CTapbin — komnunatopy 6onblue 20 net
e 20 neT Hazaa KoMMbOTEPDLI ObIIN MegJIEHHEE
e Bpems koMmnunsumm ob1y10 BaXKHEE

e CTOMMOCTb abcTpakunn bblna BbiCOKa

AZUL
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Komnunatop C2

e CTapbin — komnunatopy 6onblue 20 net
e 20 neT Hazaa KoMMbOTEPDLI ObIIN MegJIEHHEE
e Bpems koMmnunsumm ob1y10 BaXKHEE
e CTOMMOCTb abcTpakuun bblia BblcOKa

e CNOXXHbIN — MOHOJIUTHbIN AN3anH
AZUL
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oBonouna C2

e HakonneH TeXHNYEeCKNN OONr
e BHeceHne nameHeHun CrioXKHO 1 OoJro

e OyeHb Mano nogen obnagatoT akcnepTnson B C2

AZUL
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AnbTepHaTuBbLI?



AnbTepHaTUBDLI

e [lncartb KOMIMUJTIATOP C HYJIA OO0JIFrO N CJ1I0>KHO

e Oracle Graal - He pacT KOHKYPEHTHOIro
npenmyLlectsa nepen OpendDK

o LLVM?

AZUL
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“The LLVM Project
IS a collection of
modular and
reusable compiler
and toolchain
technologies”

— llvm.org

COMPILER INFRASTRUCTURE


http://llvm.org

[ 0e ncnosb3yercs?

e C/C++/0Objective C
o Swift

e Haskell

e Rust



KTo pa3pabatbiBaeT LLVM?

& Google
. =. Microsoft

AZUL ~ &= e
@ ASYSTEMS ARM Z

Ll:/) hLInaro q:llmaglnahon NVIDIA.
QUALCOMN ey

AZUL
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KTo pa3pabatbiBaeT LLVM?

2 Google
' =! Microsoft

JIP HKAZUL oM~
Linaro ARM <Z

Ttel) ® qzlmdglndhon NVIDIA.
ws QUALCOM .o

bonee 500 pa3paboTynkoB

19

AZUL

SYSTEMS®



LLVM

e PagpabatbiBaeTca ¢ 2000 roaoa
e 3penas n ctabunbHas

e ObecrneymBaeT XopoLUy NMPonN3BoANTENIbHOCTb
nna C/C++ kooa
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MoaoynbHaa apxuTeKkTypa

| VM IR — yHMBepcanbHOe NpoMeXXyTo4yHoe
npeacTaBneHmne

* AHaNn3bI, TPaHcopMaLnm
e Backend-bl AN1g pa3NYHbIX apXUTEKTYP

e [ynbl

AZUL
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LLVM IR

YHuBepcanbHbI BbICOKOYPOBHEBbLIN accemMbrep

int mul add(int x, int y, int z) {
return x * y + 2z;

}

define 132 @mul add(i32 %x, 132 %y, 132 %z) {
entry:

$tmp = mul 132 %x, %y

Ttmp2 = add 132 Stmp, %z

ret 132 Stmp2

'

22



KaK HanumcaTb
KOMMUNATOP?

Clang C/C++/
C ObjectiveC
Frontend

LLVM X86 — X86
Backend

llvm-gcc LLVM PowerPC |_ Power

Fortran — Erontend LLVM Optimizer Backend PC

LLVM IR LLVM IR LLVM ARM

Haskell GHC Frontend — ARM

Backend




KaK HanumcaTb
KOMMUNATOP?

LLVM X86 — X86
Backend

Balu
A3bIK

LLVM PowerPC _»Power

rrontend Backend PC

LLVM Optimizer

LLVM IR

LLVM IR LLVM ARM |, poonn

Backend




Kak ycTpoeH Falcon?

JVM LLVM

. Java
' Bytecode

\
" ’
; "
d
4

LLVM Optimizer

luvmir |
Install Method —

. AZUL

SYSTEMS®
25



Orca

* Haw opk LLVM
e YHMBepcanbHbi Java komnmnatop Ha 6ase LLVM
* Mo>xeT 6bITb Mcnonb3oBaH ¢ fitoboun apyron VM

e /Inn sBoBce BHe VM

AZUL
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JVM

. Java
| Bytecode

_, | Bytecode

 Frontend |

’ 3
4 .Vv /.
] 3 l
¥ ‘, |
‘ f 3 N
4 : |
g g {
J k. B
P\ , s
3 4

$» | PassManager PM;
. IPM.addPass(createLLVMPassA()); |

27

KaK ycTtpoeH Falcon?

LLVM aka Orca

Custom Optimizer

| PM.addPass(createLLVMPassB(); |
| PM.addPass(createAzulPassA(); |
| PM.addPass(createLLVMPassC(); |
| PM.addPass(createAzulPassB(); |
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VM Callbacks

static final Object X = new Integer(42);
bool foo() {
return X instanceof Number;

'

AZUL

SYSTEMS®
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VM Callbacks

static final Object X = new Integer(42);

bool foo() {
return X instanceof Number;

define 11 @foo() {

3X = load 18*, 18** <Xaddress>

3kid = call i32 @get class(%X)

3res = call 11 @is subtype of (<Number>, %kid)
ret 11 %res

}

AZUL
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VM Callbacks

static final Object X = new Integer(42);

bool foo() {
return X instanceof Number;

} VM, 4TO NeXuT no

£} aTomMy appecy?
define il @foo() { "

3X = load 18*, 18** <Xaddress>

3kid = call i32 @get class(%X)

3res = call 11 @is subtype of (<Number>, %kid)
ret 11 %res

AZUL
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VM Callbacks

static final Object X = new Integer(42);

bool foo() {

return X instanceof Number; .
y VM, a kKakony

3TOro oobveKTa
, TMn?
define i1 @foo() { f'

3X = load 18*, 18** <Xaddress>

3kid = call i32 @get class(%X)

3res = call 11 @is subtype of (<Number>, %kid)
ret 11 %res

AZUL
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VM Callbacks

static final Object X = new Integer(42);

bool foo() {
return X instanceof Number;

@ java.lang.Integer
define 11 @foo() {

3X = load 18*, 18** <Xaddress>

3kid = <Integer>

3res = call 11 @is subtype of (<Number>, %kid)
ret 11 %res

}

AZUL
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VM Callbacks

static final Object X = new Integer(42);
bool foo() {
return X instanceof Number;

Ve

}

define 11 @foo() {
3res = call 1l
@is subtype of (<Number>, <Integer>)
ret 11 %res

AZUL
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VM Callbacks

static final Object X = new Integer(42);
bool foo() {
return X instanceof Number;

@ VM, a Integer aTo

_noaTun Number?

}

define 11 @foo() {
3res = call 1l
@is subtype of (<Number>, <Integer>)
ret 11 %res

AZUL

SYSTEMS®
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VM Callbacks

static final Object X = new Integer(42);
bool foo() {
return X instanceof Number;

| ¥

define i1 @foo() {
ret 11 true

}

AZUL
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VM Callbacks

e fIBngeTcsa nu A nogknaccom B?
e MO>XXHO N oeBMpTYyann3oBaTb BbI3OB?

 CreHepupyn LLVM IR pnsa Takoro-to metona

AZUL
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JVM

. Java
' Bytecode

Install Method #————|

Bytecode '

 Frontend | |

o - ” _ \
)
"
Kk
‘.‘»1. . 3
/) ? T
f‘ ‘ ' ,l'. k
o & oz _, L oo L s oo o iy ' i
" 7] g
4 .M‘ It
’ |
3 \
\:
, g S S N S ’
[
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e PassManager PM;
. IPM.addPass(createLLVMPassA()); |

- | PM.addPass(createAzulPassB();

Kak ycTpoeH Falcon?

LLVM aka Orca

Custom Optimizer

PM.addPass(createLLVMPassB()); ~;
| PM.addPass(createAzulPassA(); |
t PM.addPass(createLLVMPassC());

SYSTEMS®



Compilation Replay



Debuggability

e OTnaxuBaTb JIT CNoXHO
e YTO ecnun napaeT 4yepes 2 yaca nocne 3anycka?

* .. TO He Bceraa

AZUL
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Compilation Replay

o KOMNUNATOP naonmposaH ot VM

e BXOOHble AAHHbIE OJI9 KOMNUNALUNN onpeneneHsbl

e LLVM IR, VM Query Database

AZUL

SYSTEMS®
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Compilation Replay

o KOMNUNATOP naonmposaH ot VM
e BXOOHble AAHHbIE OJI9 KOMNUNALUNN onpeneneHsbl

e LLVM IR, VM Query Database

e Mo>keM 3anyCctuTb KoMnunnauuto otaenbHo oT VM

AZUL

SYSTEMS®



JVM

. Java
' Bytecode

Bytecode '

 Frontend | |

o - ” _ \
)
"
Kk
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e PassManager PM;
. IPM.addPass(createLLVMPassA()); |

- | PM.addPass(createAzulPassB();

-|' LLVM X86 Backend |

Compilation Replay

LLVM aka Orca

Custom Optimizer

PM.addPass(createLLVMPassB()); ~;
| PM.addPass(createAzulPassA(); |
t PM.addPass(createLLVMPassC());

SYSTEMS®



Compilation Replay

| Initial IR | -

|

!
}
R SRR
H o
PR T
-
!

IR

.obj : —
————1 LLVM X86 Backend |
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- | PM.addPass(createAzulPassB();

LLVM aka Orca

Custom Optimizer

| PassManager PM; |
I PM.addPass(createLLVMPassA());
| PM.addPass(createLLVMPassB()); |
| PM.addPass(createAzulPassA(); |
| PM.addPass(createLLVMPassC(); |
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3ayemM Hy>XeH replay?

* [ecCThl
e Pa3zpaboTka HOBON PYHKLMNOHANTIbHOCTY

e OTnagka KpaLlen

AZUL
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Kak nasneub replay ns VM?

e CoxpaHsem replay N nocnegHnx KoMmnmnsaumn B
NnamMsaTu

e B cnyyae Kpalua nerko ns3snekaeTca n3 core dump

e OKOHOMWT Yachbl gebara

AZUL

SYSTEMS®
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| LVM Bugpoint

* YTO ecnin KOMNUNATOP NagaeT HA O4eHb OOJIbLLIOM
MmeTone”?

AZUL
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| LVM Bugpoint

* YTO ecnin KOMNUNATOP NagaeT HA O4eHb OOJIbLLIOM
MmeTone”?

e | LVM Bugpoint — Tyn gng aBTtoMmatnyeckoro
VAPOLLEHUNA MPOOBNEMHBIX KOMONNALNK

AZUL
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Kak coenatb JIT
KoMnunaTop Oona Java u3s
Komnunatopa onga C++7?




LLVM n managed A3blKK

e | VM ncnonb3dyeTca B OCHOBHOM O/1 CTaTUYECKUNX
KOMMUNIATOPOB

e Clang — ocHOBHOW nosib3oBaTesib

AZUL

SYSTEMS®
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LLVM n managed A3blKK

e | VM ncnonb3dyeTca B OCHOBHOM O/1 CTaTUYECKUNX
KOMMUNIATOPOB

e Clang — ocHOBHOW nosib3oBaTesib

* MHOro akcnepuMeHTasibHbIX MPOEKTOB NCMNONb3YOLMX B
kKadecTtBe JIT ona managed A3bIKOB

e Shark — akcnepumeHT ¢ LLVM B Open JDK
AZUL

SYSTEMS®
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Java JIT TODO:

* Precise Garbage Collection
e CnekynaTuBHbIE ONMTUMU3ALUUN 1 OeONTUMN3aLNn

e Java ontTnuMmmn3aumnu

AZUL

SYSTEMS®
50



Java JIT TODO:

* Precise Garbage Collection
e CnekynaTuBHbIE ONMTUMU3ALUUN 1N OeONTUMN3aLnn

e Java ontumMmlaumnu

AZUL

SYSTEMS®
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Garbage Collection

e ObxoanT rpad obbeEKTOB N3 KOPHEBBLIX CCbINOK

e [ nobanbl, NnoKasbl, BDEMEHHbIE 3HAYEHNSA Ha
cCTeKe UCMOJIHEHUS

e [locTM>XNMblE OOBEKTbI — XNBble OOBEKTD

AZUL
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Garbage Collection

e ObxoanT rpad obbeEKTOB N3 KOPHEBBLIX CCbINOK

e [ nobanbl, NnoKasbl, BDEMEHHbIE 3HAYEHNSA Ha
cCTeKe UCMOJIHEHUS

e [locTM>XNMblE OOBEKTbI — XNBble OOBEKTD

e OnumoHasnbHO NepemMeLLaeT XnBble OOBbEKTHI
AZUL
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B3anmoneuncTteume ¢ GC

e KaK y3HaTb rAe MMEHHO NneXaT CCbIJIK/A HA CTEKE
NCNOJIHEHNSA?

e CTek, perncrpbl

AZUL

SYSTEMS®
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B3anmoneuncTteume ¢ GC

e KaK y3HaTb rAe MMEHHO NneXaT CCbIJIK/A HA CTEKE
NCNOJIHEHNSA?

e CTek, perncrpbl

e GC safepoints — To4uku B KoTOpbIX GC MOXeET obonTtn
CTeK

e GC moxeT nonpocuTtb thread ocTtaHoBUTbCSA Ha safepoint
AZUL

SYSTEMS®
55



Thread Ha Safepoint

Object foo() {
Object o =
bar(); —.
return o;

) }

VOid bar ( ) {

<<Wait for GC>>

GC pomkeH nmetb BO3MOXXHOCTb O0OOUTU CTeK

AZUL

SYSTEMS®
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GC Relocations

Object foo() {
Object o = ...;
pbar();
return oO;

;

KoMnnnaTop AO/MHKEeH 3HaTb, YTO

O MO)XXeT ObITb nepemelleH
AZUL

SYSTEMS®
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GC Relocations

Object foo() {
Object o = ...;
o = safepoint(bar(), o0);
return o;
'
KoMnnnaTop AO/MHKEeH 3HaTb, YTO

O MO)XXeT ObITb nepemelleH
AZUL

SYSTEMS®
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Statepoint

function args... live pointers...

call gc.statepoint(<target function>)

59

return value relocated pointers...

AZUL
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Statepoint Intrinsic

http://llvm.org/docs/Statepoints.html

declare token
@llvm.experimental.gc.statepoint (func type <target>,
i64 <#call args>, ... (call parameters),
i64 <#ideopt args>, ... (deopt parameters),
(gc parameters))

AZUL

SYSTEMS®
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http://llvm.org/docs/Statepoints.html

Statepoint Intrinsic

http://llvm.org/docs/Statepoints.html

declare token
@llvm.experimental.gc.statepoint (func type <target>,
i64 <#call args>, ... (call parameters),
i64 <#ideopt args>, ... (deopt parameters),
. (gc parameters))

KoMmnunupyeTtcs B Bbl30B <target> + Stack Map

GC obxoaunT cTtek ncnonbldya Stack Map
AZUL
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http://llvm.org/docs/Statepoints.html

Safepoints n onTuMmmnsaumu

void foo(Object o) {

if (o i1nstanceof String)
return: OnTumunsarop
o = safepoint(bar(), o); - _. He3Haer, 4To
if (_o instanceof String) 4 Takoe O
return; -
}
AZUL

SYSTEMS®
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Safepoints n onTuMmmnsaumu

void foo(Object o) { void foo(Object o) {
if (o i1nstanceof String) if (o instanceof String)
return; return;
bar(); [{:> bar();
if (o i1nstanceof String) e
return; }
}

He ncnonb3yem siBHOe€

npeacrtaseHue ansa onTtumMmv3auum
AZUL
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GC Pointers

e | | VM MOXET KOHBEPTUMPOBATb pointer <=> Int

e buutoBoe npeacrtasfieHne GC pointer MeHsAeTCA Npun
penokaunn obbeKkToB

AZUL

SYSTEMS®
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GC Pointers

if (obj instanceof String) {
char[] p = ((String)obj).value;

} else 1f (obj instanceof Long) {
long v = ((Long)obj).value;

AZUL
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GC Pointers

1f (%obj instanceof String) {
3p = load 18%, 18* %obj+1Z2

} else 1f (%obj instanceof Long) {
3v = load 164, 164 %obj+12

AZUL

SYSTEMS®
65



GC Pointers

3v = load 164, 164 %obj+12
1f (%0bj instanceof String) {
3p = 1nttoptr 164 %v to 18*

} else 1f (%obj instanceof Long) {

}

AZUL

SYSTEMS®
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GC Pointers

v = load 164, 164 %obj+12

11!1Safepoint!!!

i1f (%obj instanceof String) {
3p = 1nttoptr 164 %v to 18*

} else 1f (%0bj instanceof Long) {

}

AZUL
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Non-integral Pointers

* HoBbI TN yKasaTtenenm — non-integral pointer (aka
strong GC pointer)

* bTOBOE NpeacTaB/eHne He onpenesnieHo

e ONTMM3aLUnN HE MOIYT KOHBEPTUPOBATb NON-
Integral pointer <=> Int
AZUL
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RS4GC

HesiBHOe npeacTtaBneHue penokKauunu,
non-integral pointers

RewriteStatepointsForGC Pass

fIBHOe npeacTaB/ieHne penokKauvnu,

Integral pointers
AZUL
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Optimization Pipeline

OCHOBHbIe onNTUMM3aLUnn Han,
HesiBHbIM npencrtaB/ieHNeEM

RewriteStatepointsForGC Pass

| Hu3KoypoBHeBble ONTUMU3aLMK Hapg, |
' ABHbIM NpencTaBJIeHUEM |

AZUL
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Java JIT TODO:

v Precise Garbage Collection

@ CI'IeKyJ'IFITVIBHbIe orntnMmn3audmm M geonTmMmn3alinif

e Java ontumMmlaumnu

AZUL
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Java JIT TODO:

¢ CI'IeKyJ'IFITI/IBHbIe ornTtnMmn3aumnm M geonTmMmn3alinif

AZUL
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Uncommon Traps

[Tpnmep cnekynatTnBHOM oNnTUMM3aLnn

1f (cond)
foo();

else
pbar();

AZUL
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Uncommon Traps

[ Ipoununpyem...
1f (cond)
foo(); // 0
else
bar(); // 10000

AZUL
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Uncommon Traps

[ Ipoununpyem...
1f (cond)
foo(); // 0
else
bar(); // 10000

foo HUKorga He NcnosiHANCS!
AZUL
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Uncommon Traps

He bynpem komMmnunnpoBaThb foo!

1f (cond)
foo();

else
bar();

AZUL
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Uncommon Traps

He bynpem komMmnunnpoBaThb foo!

1f (cond) 1f (cond)

foo(); Et> <uncommon trap=>
else

bar(); bar();

AZUL
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Uncommon Traps

Ecnn ycnoBue

Cny4mnTCcs, if (cond)

<uncommon trap-~
NCMNOJIHEHWNE —
NPOOOJIKNTCH B bar();
NMHTEPNPETATOPE

AZUL
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Uncommon Traps

Kak Bblpa3ntb uncommon trap B LLVM?



Uncommon Traps

Kak Bblpa3ntb uncommon trap B LLVM?

declare type
@llvm.experimental .deoptimize(...)

AZUL
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IleonTMmmnlaumm

final int £ = 5;
boolean foo() ({
int £ = £f;
pbar();
return £ == f£;

} _



IleonTMmmnlaumm

final int £ = 5;
boolean foo() ({

. MpeanonoXxvm
int £ = f; Pear ’
bar )— yTto final none

! He N3aMeHsieTcs
return == f

/8



IleonTMmmnlaumm

final int £ = 5;
boolean foo() ({

. IMpeanonoXXmum
int £ = f; Dear ’
— yTto final none
pbar();
He N3MeHs1eTcs
return £ == f£;

79



final int £ = 5;
boolean foo() ({
int £ = £f;

pbar();
return true;

}

80

IleonTMmmnlaumm

[lpeanonoXxum,
yTto final none
He N3MeHsIeTCH



HeonTtnmmnsaumm

final int £ = 5;

boolean foo() {
int £ = £; -
bar(); —
return true; }

q vVOolid bar() {

/ // abuse field
// finality!

f = 1;

}

Kyaa Bo3Bpawatbca?

81



HeonTtnmmnsaumm

final int £ = 5;

boolean foo() {
int £ = £; -
bar(); —
return true; }

q vVOolid bar() {

/ // abuse field
// finality!

f = 1;

}

B nHtepnpetaTtop!

82



Bo3BpaT U3 Bbl30Ba

Y ntoboro BblI30Ba €CTb [ABa NPOoaO/IKEHUS

Bo3BpaT B
UHTepnpeTaTop

call foo()

HopmanbHbIn
BO3BparT
AZUL
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Bo3BpaT U3 Bbl30Ba

Y ntoboro BblI30Ba €CTb [ABa NPOoaO/IKEHUS

call foo()

1f (deoptimize) Bo3spart B
<uncommon trap> WHTEepnpeTaTrop

HopmanbHbIn
BO3BparT
AZUL
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Interpreter State

boolean foo() {
int £ = f;
bar();
if (deoptimize)
<uncommon_ trap>
return true;

9

85

~N O W NN BREFPR O

12:
15:
16:

iconst 1
1store 1
aload 0

invokevirtual bar()

iconst 1
1load 1

1f icmpne 15
iconst 1
goto 16
iconst O
lreturn

AZUL
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Interpreter State

boolean foo() {
int £ = f;
bar();
if (deoptimize)
<uncommon trap>
[bci=6, local 1=f ]
return true;

36

~N O W NN BREFPR O

12:
15:
16:

iconst 1
1store 1
aload 0

invokevirtual bar()

iconst 1
1load 1

1f icmpne 15
iconst 1
goto 16
iconst O
lreturn

AZUL
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Interpreter State

iconst 1
istore 1
aload 0

0
1
boolean foo() { 5 .
3: 1nvokevirtual bar()
6
7

int f_ = f;

bar();

if (deoptimize) B
<uncomm0n_trz-,,__w/-
[bci=6,”"6dal_1=f_]

return true;

: iconst 1
iload 1
8: if_ icmpne 15
11: iconst 1
12: goto 16
15: iconst 0
16: ireturn
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Interpreter State

boolean foo() {
int £ = f;
bar();

if (deoptimize)
<uncommon_ trap>

[bci=6, local 1=f " f

} return true; .
15:

16:

38

iconst 1
1store 1
aload 0

invokevirtual bar()

iconst 1
iload_1
1f icmpne 15
iconst 1
goto 16
iconst O
lreturn
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Interpreter State

e CocTosAHME NHTEepnpeTarTopa:
e BCI, nokanbl, CTEK, MOHUTOPbI

e Runtime noon)keH 3HaTb, rae nexxart
COOTBETCTBYOLLNE 3HAYEHNS
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Interpreter State

Kak Bblpa3unTtb B LLVM IR?



Interpreter State

Kak Bblpa3unTtb B LLVM IR?

call void (@f (132 %arqg)
[ “deopt” (132 0, 18* %a, 132* null) ]
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Operand Bundles

http://llvm.org/docs/LangRef.html#operand-bundles

e MexaHn3m asig nobaBrieHnsa Npon3BOSIbHOMO
Habopa 3Ha4YeHNN K BbI3OBY

* /lcnonb3dyem Deopt Bundle ona onncaHmns
Interpreter state
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http://llvm.org/docs/LangRef.html#operand-bundles

Deopt Bundle Lowering

Kak runtime y3HaeT, rge nexxart 3HadyeHuna"?

call void (@f (132 %argqg)
[ “"deopt” (132 0, 18* %a, 132* null) ]
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Deopt Bundle Lowering

call void (@f (132 %arqg)
[ “"deopt” (132 0, 18* %a, 132* null) ]

RewriteStatepointsForGC

call token
@llvm.experimental.gc.statepoint (void @f(132),
164 1, 132 %argqg,
164 3, 132 0, 18* %Sa, 132* null,
(gc parameters))
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Deopt Bundle Lowering

call token
@llvm.experimental.gc.statepoint (void Q£ (i32),
164 1, 132 %argqg,
i6d4d 3, i32 0, 18* %Sa, 132* null,
(gc parameters))

[ eHepupyeTcsa Stack Map

Runtime ncnonbayet Stack Map, 4Tobbl n3Bneyvb 3Ha4YEHNS
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Java JIT TODO:

Vv’ ChekynsiTsHble onTuMmn3auumy 1 4eonTUMU3aLnmy
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Java JIT TODO:

Vv Precise Garbage Collection
V' ChekynatmBHble oNTUMN3aumMn 1N eonTUMN3aLmmn

e Java onTtuMmlaummn
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Java cemaHTukKa

* BbICOKOYPOBHEBAA CeMaHTMKa Hy>KHa ans
onTMn3aun

* HanpumMep, aesnpTyanm3ayns
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Java cemaHTukKa

* BbICOKOYPOBHEBAA CeMaHTMKa Hy>KHa ans
onTMn3aun

* HanpumMep, aesnpTyanm3ayns
| |VM IR — HMN3KOYypOBHEBOE NpencTaB/ieHNE

e | | VM Hmn4yero He 3HaeT npo Java ceMaHTUKY
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High Level Embedded IR

* BbICOKOYPOBHEBOE npepcTaBsieHne nosepx LLVM
IR

e ATpnbyTbl/MeTagaHHble A9 aHHOTaLUMN TUMOB
e AbcTpakunn — high level nHTprHCUKK

e DYyHKUUN C CEMAHTUKON N3BECTHOW ONTUMMN3AaTOoOPY
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High Level Embedded IR
[ lpnmep

int foo(Object o) {
if (o instanceof Integer)
if (o instanceof Number)
return o.hashCode();
return 0;

}
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High Level Embedded IR
[ lpnmep

int foo(18* “java-type-class”=“0Object” o) {
O class = @get class(o0);
if (€is subtype of(Integer, o class))
if (fis subtype of(Number, o class)) {
target =

@resolve virtual(o, hashCode);
return target(o);

}

return 0O;

}
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High Level Embedded IR
[ lpnmep

int foo(18* “java-type-class”=“0Object” o) {

O class = @get class(o0);
if (fis subtype of(Integer, o class))
ATp"6yTbl if (€is subtype of (Number, o class)) {
target =

@resolve virtual(o, hashCode);
return target(o);

}

return 0;
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High Level Embedded IR
[ lpnmep

int foo(18* “java-type-class”=“0Object” o) {
o class = (@get class(0);
if (@is subtype of(Integer, o class))
A6CTpaKLWW| if (@is subtype of (Number, o class)) {
target =

@resolve virtual (o, hashCode);
return target(o);

}

return 0;
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High Level Embedded IR

OnTummsaumn
int foo(18* “java-type-class”=“0Object” o) {
O class = @get class(o0);
~if (@is_subtype_of(Integer, o _class))
N if (di1s subtype of (Number, o class)) {
, target =
o class @resolve virtual(o, hashCode) ;
nocJie NpoBepKn return target(o);
Integer! }
return 0O;

}
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High Level Embedded IR
OnTummsaumn

int foo(18* “java-type-class”=“0Object” o) {

o class = @get class(0);

if (€is subtype of(Integer, o class))

., 1f (@is subtype of (Number, o class)) {
“7  target =

@resolve virtual(o, hashCode) ;
return target(o);

Integer 31O
noakKknacc

Number ;
return 0O;

}
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High Level Embedded IR
OnTummsaumn

int foo(18* “java-type-class”="0Object” o) {

o class = @get _class(0);
if (€is subtype of(Integer, o class)) {
target =

@resolve virtual (o, hashCode);
return target(o);

}

return 0;
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High Level Embedded IR
OnTummsaumn

int foo(18* “java-type-class”="0Object” o) {
O class = @get class(o0);
if (€is subtype of(Integer, o class)) {

resolve_virtual ~ target =
anga Integer @resolve virtual(o, hashCode);
Integer::hashCode return target(o);
'
return 0;

}
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High Level Embedded IR
OnTummsaumn

int foo(18* “java-type-class”=“0Object” o) {
O class = @get class(o0);
if (€is subtype of(Integer, o class))
return Integer::hashCode(0);
return 0;

}
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Abstraction Lowering

* /M npepocTaBngaeT peannsaunn abcTpaxkumnin

e Peannsaumm NHNaNHATCSA NOCE BbICOKOYPOBHEBDIX
onTMMn3aun

e [locnie aToro BO3mMo)kHbl 60s51ee HU3KOYPOBHEBbLIE

onTUMM3aunn
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Java JIT TODO:

v Precise Garbage Collection
V' ChekynatmBHble oNTUMN3aumMn 1N eonTUMN3aLmmn

Vv Java ontuMmmnsaumm
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LLVM Upstream



LLVM Upstream

 bonbLada YacTb HaAWMX M3MEHEHUN B upstream
e ITHbpacTpykTypa ons GC

* /IHppacTpyKTypa Ana CNekynAaTuBHbIX
onTMMn3aun

e YydlweHmna ontTnmMmmaaunin
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LLVM Upstream

e PaboTasa ¢ LLVM upstream mbl nony4yaem
e Design/Code Review
e [lonoNHNTENIbHOE TECTUPOBAHNE
* Halla MHPPAaCTPYKTYpPa NCNONb3YEeTCa B OPYrmnx

KOMMNUNATOpax
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LLVM Upstream

* PerynapHbii merge n3 upstream
e /Icnonb3yem lol upstream

* PerynapHo nosiydyaem 6ar@ukcol, HOBbIe
onTtuMmnaaummn, Hosble CPU apXuUTekTypbl
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[ lpnmep

public int intsMin() {
int min = Integer.MAX VALUE;
for (int 1 = 0; 1 < a I.length; 1++) {
min = min > a I[1] ? a I[1] : min;

}

return min;

}

3a cyeT BeKTopu3auvu B 4 pa3a
obicTpee, yem OpendDK

115
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Falcon vs C2



Zing 17.08 vs Oracle 8u121

200 %
175 %
150 %
125 %
100 %
. W

50 %

25 %

0 %

SPECjvm + Dacapo + application benchmarks

skylake + haswell
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Zing 17.08 vs Oracle 8u121

200 %
175 %
150 %
125 %
100 %

. W

50 %

25 %

0 %

119% geomean, 57% win rate
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Falcon vs C2
CtabunnbHOCTb

* MyTaumoHHoe TectnpoBaHumne, Ha 100 000 TecToB

e Falcon — 1-2 napeHne

e OpendDK C2 — ~10 napeHun
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3aKJ1rouyeHume

e C2 CcNOXHO pasBuMBaTb U Noagep>XmeBaTtb

e Pelnniv NOCTPOUTb HOBbIN KOMMUAATOP Ha 6base
LLVM

e [Ipogenann MHOIro MHPPaCTPYKTYypHOU paboTbl B
LLVM upstream
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3akJiroueHune
Y10 Mbl nony4ynnn?

e CTabunnbHOCTb
* [ lpon3BOONTENIBHOCTDL
* PacLUNPSAEMOCTb

e YNOOCTBO OT/IadKu
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Bonpochbl?

Kak nonpoboBaTtb?
http://www.azul.com/zingtrial/


http://www.azul.com/zingtrial/

