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Jaroslav Tulach

NetBeans Founder - 20 years ago
NetBeans Initial Architect - up to 2001

Practical APl Design book - published 2008

Java/JavaScript/co. Interop - 2012 - now

Oracle Labs: Graal/Truffle - 2015 - now
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Program Agenda

Short & mostly incorrect history
What is a JIT compiler?
Why write JIT compiler in Java?

Inevitable polyglot destiny




It all begins in MatFyz

* MatFyz 1992-1998 & Xelfi 1995-1997
* NetBeans & Roman Stanék
* IDE vs. Platform
* Sun Microsystems 1999
* Open Source - May 2000
* Oracle 2010
* JDeveloper & OSGi




Safe Harbor Statement

The preceding and following is intended to outline our general product direction. It is
intended for information purposes only, and may not be incorporated into any contract.
It is not a commitment to deliver any material, code, or functionality, and should not be
relied upon in making purchasing decisions. The development, release, and timing of any
features or functionality described for Oracle’s products remains at the sole discretion of
Oracle.
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http://chrisseaton.com/rubytruffle/jokerconf17/
http://chrisseaton.com/rubytruffle/jokerconf17/

$ git clone https://github.com/dmlloyd/openjdk.git

openjdk/hotspot/src/share/vm/opto

ORACLE
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https://www.youtube.com/watch?v=Hqw57GJSrac

Things | won't do again...

* Write a VM in C/C++

- Java plenty fast now
- Mixing OOPS in a non-GC language a total pain
- Forgetting 'this' is an OOP
« Across a GC-allowable call
- Roll-your-own malloc pointless now

ORACLE
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https://www.youtube.com/watch?v=Hqw57GJSrac

Setting up Graal

$ export JAVA_HOME=/bin/jdk-11.0.5/
$ export PATH=$JAVA_HOME/bin:$PATH

$ java -version

java version "11.0.5" 2019-10-15 LTS

git clone https://github.com/graalvm/mx.git
(cd mx; git checkout 5.252.3)
export PATH= pwd /mx:$PATH

A A A

$ git clone https://github.com/oracle/graal.git --branch vm-20.0.0

cd graal/compiler
mx --java-home=$JAVA_HOME build

ORACLE

A A
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Setting up IDE

unzip netbeans-11.3-bin.zip
export PATH= pwd /netbeans/bin:$PATH

A A

cd graal/compiler
mx --java-home=$JAVA_HOME netbeansinit
netbeans -open src/org.graalvm.*

A A A

ORACLE
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Demo

Graal Sources in NetBeans
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class Demo {
public static void main(String[] args) {
while (true) {
workload (14, 2);
}
}

private static int workload(int a, int b) {
return a + b;
}
¥
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$ javac Demo.java
$ java -XX:+PrintCompilation -XX:CompileOnly=Demo: :workload -cp . Demo

78 1 3 Demo: :workload (4 bytes)
78 2 1 Demo: :workload (4 bytes)
78 1 3 Demo: :workload (4 bytes) made not entrant

ORACLE
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$ cd graal/compiler

$ mx build && mx unittest GraalAPITest

Updating/creating ./mxbuild/linux-amd64/graaljdks/jdk11-cmp

$ /mxbuild/linux-amd64/graaljdks/jdk11-cmp/bin/java \
-XX:+UnlockExperimentalVMOptions -XX:+EnableJVMCI \
-XX:+UseJVMCICompiler -XX:-TieredCompilation -XX:+PrintCompilation
-XX:CompileOnly=Demo: :workload \
-agentlib: jdwp=transport=dt_socket,server=y,address=8000, suspend=y \
-cp . Demo

.'é642 17 Demo: :workload (4 bytes)

ORACLE
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The JVM compiler interface




interface JVMCICompiler {
byte[] compileMethod(bytel[] bytecode);
Iy
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interface JVMCICompiler {
void compileMethod(CompilationRequest request);

}

interface CompilationRequest {
JavaMethod getMethod();

}

interface JavaMethod {
byte[] getCode();
int getMaxLocals();
int getMaxStackSize();
ProfilingInfo getProfilingInfo();

m Copyright © 2017, Oracle and/or its affiliates. All rights reserved. |



HotSpot. installCode(targetCode);

ORACLE
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e graal - jdkwm.ci.runtime.JVMCICompiler - Eclipse
=l 0@ Q FG S ® P A, FH @ » Sirdlr Gr - | = §
s JVMCICompiler.class I =0
Z@ * Copyright (c) 2015, Orocle and/or its affiliotes. All rights reserved.[]
£3 packoge jdk.vm.cl.runtime;
24
25 import jdk.wm.ci.code.CompilotionReguest;
i import jdk.vm.cl.code. CompilationRequestResult;

o
28 public interface JWMCICompiler {
Fa int INVOCATION_ENTRY_BCI = -1;
k)
3le FAL
32 ® Services o compilation request. This object should compile the method to machine code ond
33 * install it in the code coche if the compilotion 15 successful.
34 B
k35 CompilaoticnRequestResult compileMethod(CompilationRequest reguest);
i }
7|
Read-Oniy | Smart Insert 3711
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e ®
e

- graal - org.graalvm.compiler.hotspot/srcforg/graaivm/compilerfhotspot/HotSpotGraaiCompiler.java - Eclipse
¥ Q HE S ™ P L BT @ x Brdl Gy - = &

] HotSpotGraaiCompiler jove B3 ==

i f
78 public class HotSpotGraoltpmpiler implements GraalVMCICospiler {

Fas
£
Bl
B2
CE
B
85
B
87
B3
89
a1
91
92
a3
a4
95
6
a7

private final HotSpot)WMCIRuntimeProvider jwmciBuntime;
private fingl HotSpotGraolRuntimeProvider groalRuntime;
private finol CompilationCounters compilationCounters;
private final BootstropWotchDog bootstropWatchDog;
private List<DebugHondlersFactorys Foctories;

HotSpothroalCompiler{HotSpot WHMCIRumtimeProvider jwmciRuntime, HotSpotGraolRuntimeProvider groolPuntime, OptionValues

F

this, jvmciRuntime = jwmciRuntime;

this.groolRuntime = groalRuntime;

A I s sufficient to hove one compilation counter cbject per Groul compiler object.

this.compilotionfounters = Dptions. CompilotionCountlimi b, getValueloptions) > @ ¥ new CompilotionCounters{options)
this.bootstropWotchDog = groalRuntime,isBootstroppingl) && !DebugOptions.Bogtstrapinitializednly. getVolue{options;

public List<DebugHondlersFoctory> getDebugHondlersFoctories(} {

if (foctories == null) {
factories = Collections.singletonlistCnew GraolDebugHondlersFactory(graoal Runtime. getHostProvidersO) . getinippet

}

return factories;
}
#Bverride

public HotSpotGroalRuntimeProvider getGroolRuntime() {

}

return graglRuntime;

Elverride
public CompilotionRequestResult compileMethod(CompilationReguest reguest) {

| Writable | Smart Insert | 78:27
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e e

- graal - org.graalvm.compiler.hotspot/srcforg/graaivm/compilerfhotspot/HotSpotGraaiCompiler.java - Eclipse

ﬂ\l '.#'r ﬂ-vﬂf mf B & &= q}"lﬁ 1F ’ rd ,{aﬁ &) 11 '@r Y :!}i* {“' e . = :EI
1] HotSpotGraalCompilerjava B2 _ . ==
—— O L T RO ey e e L=y L e e P ==

183 return groolRuntime;

164 1

165

1ihiz Elverride
a1e7 public CompilotionRequestResult chmpileMethod(CospilationRequest reguest) {

188 return compileMethod(request, true);

164 }

118

111% BhuppressWarningsC try")

112 CompilotionRequestResult compileMethod{CompilationRequest reguest, booleon installAsDefoult) |

i13 if CgroolRuntime,isShutdown()) {

114 return HotipotCompilotionRequestResult. foilure(String. format]"Shutdown entered”™), false);

115 }

116

117 ResolvedlovaMethod method = reguest.getMethod(};

118 OptionVolues options. = groolRuntime.getOptions{method);

119

126 if {graolRuntime, isBootstrappingl}) {

121 if (Debuglptions. Boplstrapinitializelnly.getVolueloptions)) {

122 return HotSpotCompilationRequestResult. foilure(String. formabl"5kip compilotion becouse s 15 enabled”, Dek

173 }

124 if (bootstropMatchDog != null) {

125 if (bootstrapWotchDog. hitCriticolCompilationRoteQrTimeout{)) {

126 A Drain the compilotion queue to expedite completion of the bootstrap

127 return HotSpotCompilationRequestResult. foilurel™hit criticol bootstrop compilotion rote or timecuwt”, 1

178 }

129 1

138 }

131 HotSpotCompilotionRequest hsReguest = (HotSpotlompilotionRequest) reguest;

132 try (CompilotiomWotchDog wl = CompilotionWaotchDog.wetch{method, hsReguest,getld(), options};

T3 Ennl--:l-l-mﬂn-l—lp'h_ﬂnn Wl - Mriﬂm‘nl—ﬂi_ll'hﬂ T B B B [ BT TR RIS SRR N o EATRTIE  R N A e A T

| Writable | Smart Insert 107 :38
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class HotSpotGraalCompiler implements JVMCICompiler {
CompilationRequestResult compileMethod(CompilationRequest request) {
System.err.println("Going to compile " + request.getMethod().getName());

m Copyright © 2017, Oracle and/or its affiliates. All rights reserved. |



LN . graal - org.graslvm.compiler.hotspot/src/org/grasivm/compilerfhotspot/HotSpotGraaiCompiler.java - Eclipse

A EE %0 %R B S ® P FEN @ % Brdreay - = &

] *HotSpotGragiCompiler.java 23 o o _ =0

=ik P s e ey = i i i
183 return groolRuntime;
164 1
165
1(hiz Elverride

-y public CompilotionRegquestResult compileMethod(CospilationReguest reguest) {
188 System. err.printlnl"Going to compile " + request.getMethod().getNamel);
169 return complleMethod(request, true);
118 }
111
112& BLuppressWorningsC"try")
113 CompilotionRequestResult compileMethod(CompilationRequest reguest, boolean installAsDefoult) {
114 if CgroolRBuntime. isshutdown()) {
115 return HotSpotCompilationRequestResult. Mot lure(String. format] "Shutdown entered™), Talsel;
116 }
117
118 ResolvedlovoMethod method = request.getMethod();
119 OptionValues options o groalRuntime.getOptions{method);
128
121 if [groalRuntime, isBootstrapping()) {
122 if (Debugdptions. Bootstropinitial izelnly.getVolueloptions)) {
1Z3 return HotSpotCompilotionRequestResult. foilure(String. formatl"Skip compilotion because s is enabled”, Dek
124 ¥}
175 iF (bootstropWatchDog |s null) {
126 if (bootstrapiotchDog. hitCriticolCompilationRatedrTimeout()) {
127 /7 Broin the compilotion queus to expedite completion of the bootstrop
128 return HotSpotCompilotionRequestResult., failure("hit critical bootstrop compilotion rate or timeout", 1
1.9 1
138 }
131 }
132 HotSpotCompilotionReguest hsBeguest = [HotSpotCompilotionRequest) reguest;
T3 * i J"'F‘ml'ln#in_n*n-l-\.ﬂhﬂ.ﬂn ] = f‘ﬂulln+¢nﬂh’ﬁll-ﬂhﬂﬁ.n wwkmlfmokhnd bkoeloasoackd AakTAMN sasbdnesc™s

& | Writabie | Smart Insert 108 : 81
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$ cd graal/compiler

$ mx build && mx unittest GraalAPITest

Updating/creating ./mxbuild/linux-amd64/graaljdks/jdk11-cmp

$ /mxbuild/linux-amd64/graaljdks/jdk11-cmp/bin/java \
-XX:+UnlockExperimentalVMOptions -XX:+EnableJVMCI \
-XX:+UseJVMCICompiler -XX:-TieredCompilation -XX:+PrintCompilation
-XX:CompileOnly=Demo: :workload \
-agentlib: jdwp=transport=dt_socket,server=y,address=8000, suspend=y \
-cp . Demo

Eoing to compile workload
8642 17 Demo: :workload (4 bytes)

ORACLE
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The Graal graph
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X +
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Setting IGV

$ unzip /Downloads/idealgraphvisualizer-20.0.0-all.zip

$ export PATH= pwd /idealgraphvisualizer/bin:$PATH

$ cd graal/compiler

$ idealgraphvisualizer -open . # right click & open project

ORACLE
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https://www.oracle.com/downloads/graalvm-downloads.html

IdealGraphViualizer

ORACLE
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-Dgraal.Dump

$ ./mxbuild/linux-amd64/graaljdks/jdk11-cmp/bin/java \
-XX:+UnlockExperimentalVMOptions \
-XX:+UseJVMCICompiler -XX:-TieredCompilation \
-XX:CompileOnly=Demo: :workload \
-Dgraal.Dump=:1 -Dgraal.PrintGraph=Network \
-cp . Demo

ORACLE
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int average(int a, int b) {
return (a + b) / 2;

}
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i Afver parsing  £3

IdealGraphViualizer

S twy QS Ao o ELE € Q- Search in Nodes @
¥ ) 25:Demo.averagedint, int)
1 0: After parsing leloooo
g, 1: Before phase org.graakm.compl
g_. 27 After high tier
g 3: Alter mid tar
[ 4 After low tier
1P(0)] |2 P(1)
OStart| | 4+ | [5C(2)
6/
INS.
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int average(int[] values) {
int sum = 0;
for (int n = @; n < values.length; n++) {
sum += valuesi[n];
}
return sum / values. length;

}

m Copyright © 2017, Oracle and/or its affiliates. All rights reserved. |



IdealGraphyisualizer
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[ 3 After mid ter
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From bytecode to machine code




Bytecode in...
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int workload(int a, int b) {
return a + b;

}
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class HotSpotGraalCompiler implements JVMCICompiler {
CompilationRequestResult compileMethod(CompilationRequest request) {
System.err.println(request.getMethod().getName() + " bytecode: "
+ Arrays.toString(request.getMethod().getCode()));

workload bytecode: [26, 27, 96, -84]

m Copyright © 2017, Oracle and/or its affiliates. All rights reserved. |



The bytecode parser...




,' ® @ -~ graal n.m'_g__.gmal'um.nmﬁmmmwwmmnpﬁwnmwmwﬁmmdﬂaw - Eclipse
M %00 Q B E® P BEE @ s Srdleoer = @
1] AddMode java 5 =0

25# import org.groalvm.compiler.core.common. type ArithmeticOpTable;[]
d0
41 BEModeInfolshortMome = "+
47 public closs AddMode] extends BinaryArithmeticNodecAdd> implements NarrowaobleArithmeticMode, BinaryCommutative<ValueModes {
43
i public static final NodeClasscAddNode> TYPE = NodeClass.create(AddMode.closs);
1L . public Adddode(VolueNode x, ValueMode v {
47 thisCTYPE, x, ¥)
48 }
49
S protected AddNode(NodeClass<? extends AddModes c, VaolueNode x, ValueNode v} {
5l super{c, ArithmeticOpToble::gethdd, =, ¥);
52 }
53
B public stotic VaolueMode create(VolueNode x, VolusMode v) {
55 BinaryOp<Add= op = ArithmeticOpTable. forStome(x.stomp(]). getAdd();
56 Stomp stomp = op.foldStomp(x. stampl), v.s5tomp());
o7 ConstontMode trylonstontFold = trylonstontFoldlop, =, ¥, stompl;
Y. if CtryConstontFold l= mull} {
50 return tryConstontFold;
Eh }
61 if (x.isConstant() && !y.isConstant(}) {
62 return canonical({null, op, ¥, %)
B3 } elze {
b4 return conentcallnull, op, %, ¥)
i }
bk }
LT
Bl private static ValueNode cononical{AddNode addMode, BinaryDp<hdd> op, ValueNode forX, ValueMode forY) {
59 AddNode self = oddNode:
B | Writable | Smart Insert 42 : 21
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;' ® @ - graal - org.graalvm.compiler.nodes/src/org/graalvm/compiler/nodes/calc/AddNode.java - Eclipse

ﬂ\l #Inﬂ'“‘lmf EQIE#’!@ rd @r B w i e B e - E".ﬁll
1) AddNode java I3 Sie
de I
53
G public static ValueMode create(ValueMode x, ValueNode v) {
55 BinaryOp<Add> op = ArithmeticOpTable. forStame(x.stamp()). getAdd();
56 Stomp stomp = op.foldStompCx, stampl), v.s5tomp());
57 ConstontMode trylonstantFold = tryvlonstontFoldlop, %, ¥, stompl:
54 if CtryConstontFold !s null) {
50 return trylonstontFold;
il }
61 if {x.isConstont() && ly. isConstant(}]) {
B réturn canonical{null, op, ¥, x3;
B3 } elze {
&4 return canantcallnull, op, %, ¥);
G5 1
b6 1
a7
68 private static VolueNode camonical{AddNode addbode, BinaryOpefdds op, VolueNode forX, ValueNode for¥) {
&9 AddNode self = addNode;
%o Call Hierarchy Ll T T o Rl =

Members calling "createlValueMode, ValueNode)' - in workspace
" w deoDIMECTEreteT A, VEIDeMNODE, VEILSNGOE] | vihiuenDOYE = Of iy g ol L S iissl it Cave, opaniad il i ono i o

ﬂaadd[h'muaﬂuda, VelueMode) ; Valuehode - grg.grasivm.compilernedes.cale Bineryfoithmetichode

& canonical(MulMode, BinaryDp<Mul>, Stamp, ValueNode, ValuehNode)] : Valughode - arg.gradlem campifarnodes.cale, MulMode [2 matchas]
& fAndSynonymiValuaMode, Valeshodea) | LogicHode - org.groalvm compiiernodes.calc IntegarLessThanModo LessThantp (2 matches)

o genFloatAdd(Valuenode, ValuaMode) @ ValuoMode - anggraabvm complier jova BytocodoParsof

=
|
*
v

& geninttgeradd(ValuoNode, ValuakModae) : ValuaMods - l.:-rg.gl;l.:-'||1.'4:|.l;ljl'rlpilw.i.'j'.'a BytacodaParses
¥ @ genArthmeticOp{Jovaking, int) : vold - org.graalvm.compllerfava BylocodeParsar

P fpruuﬂﬂﬂunduﬂnl, ink} : wald - arg.graalvm.compllenjava. BytecodeParser (4 matchos)
* m genincrement(] : void - ong.gresivm.complier. jeve BylecodeParser

ﬁ org.graalvm.compiler.java. BytecodeParser.ganintege...ode v} : ValuaMode - nrg.gmm.nmmihtjamw i
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ene - gras| - org.graalvm.compiler java/sre/org/grasivm/compileriava/BytecodeParser.java - Eclipse
e %00 RQ FG- 5 V® Pl FEE @  Srdleoey
}j’]MdNndaJnm - i) BytecodeParser.java 1T

A4 Lo gﬂl}mlnuexeu:-nrmyf ndex, King, wme},
ALY }

2418
13419 private void gerArithmeticOp(Jovakind kind, int opcode) {
3428 ValueNode v = FromeState,pop(kind);
3421 Valuehode x = fromeState.poplkind);
3422 ValueNode v;

3423 switch Copcode) {

34 cose JADD:

425 cose LADD:

3425 v = genIntegerAdd{x, vJ;
3d2 7 break;

3428 cose FADD:

4.9 cose DADD:

3438 v = genFloatAdd(x, v);

3431 break;

3432 cose IS0E:

3413 cose LSUE:

3434 v = genIntegerSub(x, v);
3435 break;

3436 case F5UE:

3437 cose O508:

3438 v = genFloat5ub(x, ¥);

3430 break;

2440 cose IMUL:
_3-141 case LMUL:

342 v = genlntegerMulix, vJ;
3443 break;

il cose FMUL:

3445 case DWUL:

3446 v = genFloatMul(x, ¥J;

| Writable Smart Insert 3418: 21

= &
=L
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private void genArithmeticOp(JavaKind kind, int opcode) {
ValueNode y = frameState.pop(kind);
ValueNode x = frameState.pop(kind);
ValueNode v;
switch (opcode) {

case LADD:
v = genlntegerAdd(x, y);
break;

¥
frameState.push(kind, append(v));

ORACLE
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Emitting assembly...
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void generate(Generator gen) {
gen.emitAdd(a, b);

m Copyright © 2017, Oracle and/or its affiliates. All rights reserved. |



int workload(int a) {
return a + 1;

}
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void incl(Register dst) {
int encode = prefixAndEncode(dst.encoding);
emitByte(0xFF);
emitByte(0xC@ | encode);

void emitByte(int b) {
data.put((byte) (b & @OxFF));
hy

ORACLE
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& @&  _ grsal - org.graslvm.compiler.asm.amd@4/src/org/graalvm/compilerfasm/amd64/AMDE4Assembler java - Eclipse
i 0@ QU HFO A ® P AL FEE @ w B ReSeEy - =&
|1} AMDS4Assemblerjava 53 =0
1841
1832& public final woid isull{Register dst, Register srg, int value) {
1833 if (isByte{value)) {
15834 AMDEARMIOp, TMUL_5X. emitCthis, DHORD, dst, sro, wvalue);
1835 ¥} alse {
15836 AMDBRMIOp. TMUL . amitCthis, DWORD, dst, src, waolue);
1837 }
1434 }
13349
1840« protected final void indl{AMDB4Address dst) {
1841 prefix{dstl;
1842 emitByte@xFFl;
1843 emitOperondHelper(d, dst, 8);
P84 }
1845
18462 public void joco(ConditionFlag cc, int jumpTorget, boolean forceDisp3?) {
1847 int shortSize = 2}
18438 int longSize = &;
1840 long disp = jumpTorget - position();
1856 if {|forcelisp32 B& is8yteldisp - shortSized) {
1851 AF 8111 tttp #8-bit disp
1852 emitByte(Bx?@ | cc.getVoluel});
1853 esitBytel{int) ({disp - shortdize) & @xFF));
1854 } elze {
1855 /7 0088 1111 1808 titn #32-bit disp
1R5E ossert TsInb(disp - long5ize) ! "must be 32bit offset (coll4)”;
1857 emitByte(BxdF);
1858 emitByte(Ex88 | cc.getVolue());
i#5a esmitInt{(int) {disp - longSize));
1260 1
1861 1
B | Writable | SmartInsert | 1840:28
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e e == graal - org.graalvm.compiler.asm/src/org/grasivm/compilerfasm/Buffer.java - Eclipse
g 0@ QU HFO A ® P A FEE @ w R ReeEy - =&
| AMDG4Assemblerjava  |J] Assemblerjava | |J] Bufferjava I§ =0

a6 }
a7 }
a8
B5e public void emitBytes(byte[] arr, int off, int len) {
LEd ensureSize(dota.position) + lend;
181 data.putlarr, off, len);
162 }
163
18 public void emitByte(int b) {
145 gssert NumUtil,isUByte(b) || NumUtil.isByte(b);
106 ensureSize(doto.position() + 1);
167 dota.put{(byte) (b & @xFF));
108 }
16D
1104 public void emitShort(int b) {
111 assert Numbitil. isUShort(b) 11 Numbtil.isShort(b);
112 ensureSizeldata.position) + 233
113 data. putShort{(short) b);
114 1
115
116 public void emitInt{int b) {
117 ensureSize(data. position() + 43,
118 data.putInt(b);
119 }
12
1216 public woid emitLong(long bB) {
122 ensuresizeldotao.position) + B);
1723 data.putlonglb);
i24 }
125
1264 public woid emitBytes(byvte[] arr, int pos) {
B | Writable | Smart Insert 104 :21
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Machine code out...
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class HotSpotGraalCompiler implements JVMCICompiler {
CompilationResult compileHelper(...) {

System.err.println(method.getName() + " machine code:

+ Arrays.toString(result.getTargetCode()));
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|' ® @ - graal - m_g,ura'aImmﬂw.msmwmimmﬁmtmwwﬂum Eclipse

i 0@ QU HFO A ® P AL FEE @ % R ReSey - =l
|1} HotSpotGraaiCompilerjava EZ =0
Liod
174 Suites suiltes = getSuites{providers, options);
175 LIRSuites lirSuites = getLIRSuites{providers, options);
176 ProfilingInfo profilinglnfo = wuseProfilinglnfo 7 sethod.getProfilinglnfoll is058, is058) @ DefaultProfilinglnfo. get
177 DotimisticOptimizotions optimisticOpts = getOptimisticOpts(profilinglnfo, options);
178
]:.llll llfi
188 * Cut off never executed code profiles if there is code, ®.g. after the gsr loop, that 1s never
141 * exwocuteod.
182 il
183 if [is05R B& |OnStackReplocementPhose.Options. DeoptAfterO3R. getValuefoptions)) {
154 optimisticOpts., remove(Optimi zation, RemoveNeverExecutedlode])
145 1
186
187 result, setEntryBCICentryBCID;
188 boolean shouldDebughonSafepoints = providers.getCodeCachel ). shaul ughonsafepoints);
189 PhoseSuite«HighTierlontext> grophBuilderSuite = configGrophBuildeg@uitelproviders. getSuites() . gethefaul throphBuilc
158 GroalCompiler, compileGraph(groph, method, providers, bockend, BuilderSuite, optimisticOpks, profilinglnfo, su
191
192 if Clis058 Bk useProfilingInfol) {
193 ProfilingInfo profile = profilingInfo;
194 profile. setCompilerIRSizeStructuredGroph. claoss, ar
195 1
196
197 System. err.printin{method. getome() + “ mochine code: * + Arrays. toString(result.getTargetCode()));
156
159 return result;
26 1
2u1
2B2e public CompilationResult compile(ResolvedlovoMethod method, int entryBLI, booleen useProfilinglnfo, Compilotionldentid
283 StructuredGraph groph = createGrophimethod, entryBCI, useProfilinglnfo, compilationld, options, debug);
E . ! Writabie | EI'I'I-H.ET Insart 187 ¢ 65 * Bullding workspace: (99%) = i
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$ ./mxbuild/linux-amd64/graaljdks/jdk11-cmp/bin/java \
-XX:+UnlockExperimentalVMOptions \
-XX:+UnlockDiagnosticVMOptions \
-XX:+UseJVMCICompiler -XX:-TieredCompilation \
-XX:CompileOnly=Demo: :workload -XX:+PrintAssembly \
-cp . Demo

ORACLE
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workload machine code: [15, 31, 68, @, @, 3, -14, -117, -58, -123, 5, ...]

i e Em

Ix000000010f71cdad:
Ax0000000108T71cdas:

0x000000010f71cda7:

0x000000010f71cda9:

Ax000000010f71cdaf:
Bx000000010f71cdb2;

ORACLE

nopl @x@(%rax,%rax,1)
add %edx,%esi ;*iadd {reexecute=0 rethrow=@ return_oop=0}
; — Demo::workload@2 (line 10)

mov %esi,%eax ;kireturn {reexecute=0 rethrow=0 return_oop=0}
; — Demo::workload@3 (line 10)

test %eax,-@xcbaB8da9(%rip) # 0x0000000102b74006
; {poll_return}

VZero IJ;]FIE r

retq
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) - graal - org.graalvm.compiler.nodes/src/org/graalvm/compiler/nodes/calc/AddNode.java - Eclipse

i 0L QU HFO A ® P AL FEE @ w R ReeEy - =&
1] AddNode jave I3 = g
114 if Cret = this)
115 return ret;
116 }
117
118 if (ferk.isConstant() BE IforY.isConstant()) {
119 ff we try to swop ond Canonicalize
128 VolueNode improvement = canonicol{tocol, for¥, Fork);
171 if (improvement 1= this) {
122 return improvesent;
123 }
124 ff iF this foils we only swap
125 return new AddModelForY, fork);
126 }
127 BinaryOp<idds op = getDp(fork, forY);
128 return cononical{this, op, fork, forY);
173 }
138
131s Elverride
13 public void generate(NodelIRBuilderTool nodeValueMaph® ArithmeticLIRGeneratorTool gen) {
133 Value opl = nodeVolueMap.operandCgetX{)];
134 assert opl |= null ; getX(} + ", this=" + thj
135 Value opl = nodeValueMop, operand(getY()];
136 if CshouldSwaplnputs(nodeValueMap)) {
137 Valuwe tmp = opl:
138 opl = opd:
139 op2 = tmp;
14@ 1
141 nodeValueMap . setResult{this, gen.emithdd{opl, opZ, false));
142 1
143 }
144
B | Writable | Smart Insert  132:20
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workload mechine code: [15, 31, 68, @, @, 43, -14, -117, -58, -123, 5, ...l

0x0000000107f451a@: nopl  @x@(%rax,%rax,1)

ex000R000107T451a5: sub %edx,%esi ;*¥iadd {reexecute=0 rethrow=0 return_oop=0}
; — Demo::workload@2 (line 10)

Bx0000000107f451a7: mov %esi,%seax i¥ireturn {reexecute=0 rethrow=0 return_oop=0}
i — Demo::workload@3 (line 10)

Px0000000107f451a9: test  %eax,-0x1db81a9(%rip) # Bx000000010618d006

i {poll_return}
0x0000000107f451af: vzeroupper

0x0000000107f451b2: retqg

ORACLE

Copyright © 2017, Oracle and/or its affiliates. All rights reserved. |



(26, 27, 96, -84] - [15, 31, 68, @0, @, 43, -14, -117, -58, -123, 5, ...]
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Optimisations
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Canonicalisation




interface Phase {
void run(Graph graph);
¥
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interface Node {
Node canonical():

}

Copyright © 2017, Oracle and/or its affiliates. All rights reserved. |



class NegateNode implements Node {
Node canonical() {
if (value instanceof NegateNode) {
return ((NegateNode) value).getValue();
} else {
return this;
}
}
}
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i' LN - greal - org.graalvm.compiler.nedes/src/org/graalvm/compiler/nodes/calc/NegateNode.java - Eclipse

=l 50 @R FG S ® P . FiH @ w Srdrvay -
|1] NegateNode jova 53
58 }
g0
= Blverride
il public ValueNode cononical{CononicalizerTool tool, ValueNode forValue) {
T ValueMode synonym = FiadSymomel forValue, getOplfor¥alue));
B3 if Csynonym 1= null) {
a4 return synonym;
b5 }
bh return this;
b }
il
B9 protected static ValueNode FihdSynomym(ValueNode forValue) {
Fi' ArithmeticOpToble.UnaryOp<Neg> neglp = ArithmeticOpToble. forStampl forValue.stompd 3. getiegll;
1 VolueNode synonym = UnaryArithmeticMode. findSynome FforValue, negOpl;
72 if Csynomym 1= null) {
3 raturn Synonym;
74 }
o if {forVolue instonceof MegoteMode) {
7B return ({HegoteNode) ForValue). getValueld;
77 }
78 if [forVolue instonceof SubMode B& |(ForVolue.stomp() instanceof FloatStomp)) {
g SubMode sub = (SubMode) ForVaolue;
4] return SubNode. create(sub.get¥ (), sub.getX0));
Bl }
EE return null;
B3 }
B
BSE éverride
F.8.10 public void genergtelNodelIRBuilderTool nodeValusMop, ArithmeticlLIRGeneratorTool gend {
EF nodevalueMop . setfResult{this, gen.emitMegatelnodeVolueMap.operand(getValueld)) )
A 1
B = || Writable | SmartInsert  B8:34
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Global value numbering




int workload(int a, int b) {
return (a + b) % (a + b);

}
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i' ® @ . graal - org.graalvm.compiler.phases.commony/src/org/graaivin/compiler/phases/commen/CanonicalizerPhase java - Eclipse

=l 0 QU FG S ® P AL FEE @ % LrheEr = &
|1} CanonicalizerPhase. java B | =0

274 }

P valueNade, usages( ). forEach{workList: tadd);

276 }

ard 1

V8 return false;

Zm }

288

i81s public boolean tryGlobalValueNumbering(Node node, ModeClass<?> nodeClass) {

282 if {podeCloss.valueMumberablel()) {

283 Mode newlode = node.graph(). FindDuplicatelnode]);

284 if (newbode '= mull) {

285 assert [{node instonceof FixedMode || newbode instanceof FixedWode);

286 node . replaceAtUsagesandDe Letelnewode]) ;

287 COUNTER_GLOBAL_WALUE_NUMBERING_HITS. increment{debug);

288 debug.log{"GVN opplied ond new node 15 %15, newNode);

285 return true,

29¢ }

291 }

202 return folse;

293 1

254

2058 privote AutoCloseable getCanonicalizeobleContractAssertion(Node node) {

206 booleon needsAssertion = false;

297 ossert (needsAssertion = true) == true;

298 if (needshssertion] {

259 Mork mark = node.groph().getMark(};

1) return ) => {

a1 ossert mork.equals{node.graphl).getMark()) : "new node created while cononicalizing ® + node.getCloss(

302 node. graph() . getNewNodes(mark). snapshot();

303 H

26 } elzs {

&

=5 || Writabie | Smartinsert | 281:28
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int workload() {
return (getA() + getB()) * (getA() + getB());

}
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0 Start| [2 MethodCallTarget

e

3 Invoke#Demo.getA | [5 MethodCallTarget

e

B Invoke#Demo.getB | |9 MethodCallTarget

T

10 Invoke#Demo.getA 12 MethodCallTarget

e et
A

13 Inmk&#hamu.getﬂ

1 5!1- 8+
e
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Lock coarsening
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void workload() A
synchronized (monitor) {
counter++;
}
synchronized (monitor) {
counter++;

}
}
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void workload() {
monitor.enter();
counter++;
monitor.exit():
monitor.enter();
counter++;
monitor.exit();

ORACLE
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void workload() {
monitor.enter();
counter++;
counter++;
monitor.exit();
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void run(StructuredGraph graph) {
for (monitorExitNode monitorExitNode : graph.getNodes(monitorExitNode.class)) {
FixedNode next = monitorExitNode.next();
if (next instanceof monitorEnterNode) {
AccessmonitorNode monitorEnterNode = (AccessmonitorNode) next;
if (monitorEnterNode.object() == monitorExitNode.object()) {
monitorExitNode. remove();
monitorEnterNode. remove();
}
¥
}
}

ORACLE
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i' ® @ . graal - org.graalvm.compiler.phases.commony/src/org/graaivi/compiler/phases/commen/LockEfliminationPhase.java - Eclipse.

=l 0 QU FE S ® P AL FUE @ % LrbeEr = &
7] LockEliminationPhase.jave 5% = M
L
3 public closs LockEliminationPhasd extends Phase {
ir
35 Blverride
£a30 protected void runlStructuredGraph graph) {
4 for (MonitorExitMode monitorExitNode § groph.getNodes(MonitorExitNode. TYPEY)
41 FixedNode next = monitorExitNode.next():
42 if {{next instanceot MomitorEnterNode || next instonceof RowkonitorEnterHode)) {
43 A7 should never hoppen, gsr monitor enters are olways diréct successors of the graph
ik £ start
45 assert Cnext instanceof QSRMonitorEnterNode):
46 AccessMonitorNode monitorEnterNode = (AccessMonitorNode) next,;
47 if Coraphitil . unproxi AvfmonitorEnterdode.object()) == Graphiltil. umoroxi HimonitorExitNode.object (373 {
48 g
49 * We've coorsened the lock 50 use the some monitor id for the whole region,
5@ * ptherwise the monitor operotions appear to be unreloted.
51 '
52 MonitorIdiode enterld = monitorEnterNode.getMonitorId();
53 Monitorldiode exitld = monitorExithode, getMonitorIdi];
54 if (enterld = exitId) {
55 enterld, replocesndDeletelexitId);
56 3
57 GraphUtil . removeF i xedWi thiinusedInputs{moni torEnteriode);
58 Graphitil. resoveF { xedWi thiinusedInputs{monitorExitode);
549 }
G& }
bl }
b2 }
63 }
il
B =5 || Writabie | Smartinsert | 36:34
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void workload() {
monitor.enter();
counter += 2;
monitor.exit();

}

ORACLE
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32 Write#Demo.counter
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A final tier compiler




-XX:+UseJVMCICompiler

ORACLE



LR [ = cropenidk. fava.net . O O .:lu bl

Fromr. John Roaa
To: discusaBopanidk . java.net
Supjoct::Call for Discussion: How Frojoct: Hotropolis

I'would like to invite discussion on a proposal for & pew COpend DK Projeci] 1], to be ntled
“Project Metropelis”, an incubator for experimenting with advanced WM
implemeniation technigues. Specifically, we wash to re-implement significant parts of
Hitspot's C++ muntime in Java itself, a move we call Sove-on-Jovae. The key experiments
will center arownd investigating Granl| 2] as a eode generator for the FYM in two modes:
a5 an online compiler replacing one or more of Hospot's exisiing JITs, amd as an offline
compiler for Java code intended 1o replace existing C++ code in Hotspot. In the latter
role, we will experiment with siatic compilation technigues {such as the Subsirale
VM[3]) 1o compile Java into statically restricted formats that con easily integrase with
4= as used in Hotspol.

The Project will be an experimental technology incubator, similar o the Lambdn,
Panama, Valhalla, and Amber progects. Such meubator projects ahserb changes from the
current Java release, but do not directly push 1o Juva releases, Instend, they nccumulnte
prototype changes which are sometimes discarded and sometimes merged by hand (after
nppropriate review) into o Jeva releases.

{In this mexdel, prototype changes accumulnte quickly, since they ure not subject to the
relutively stringent rules governing JIXK change-scts. These rules imvolving review, bug
tracking, regression iests, and pre-integration builds. The Metropolis project will have
similar nules, of coarse; but they are likely to be more relaxed.)

Implementing the Java runtime in the Java-on-Jave style has numerous advanisges,
mgding:
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http://cr.openjdk.java.net/~jrose/metropolis/Metropolis-Proposal.html

Your own specific optimisations




Ahead of time compilation




$ javac Hello.java

$ graalvm-8.28.2/bin/native-image Hello
classlist: 966.44 ms
(cap): 804.46 ms
setup: 1,514.31 ms
(typeflow): 2,580.70 ms

(objects): 719.04 ms
(features): 16.27 ms
analysis: 3,422.58 ms
universe: 262.09 ms
(parse): 528.44 ms

(inline): 1,259.94 ms
(compile): 6,716.20 ms
compile: 8,817.97 ms
image: 1,07@.29 ms
debuginfo: 672.64 ms
write: 1,797.45 ms
[totall: 17,9@07.56 ms

ORACLE
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$ 1s -1h hello
—rwxr-xr-x 1 chrisseaton staff 6.6M 4 Oct 18:35 hello

$ file ./hello
./hellojava: Mach-0 64-bit executable x86_64

$ time ./hello
Hello!

real Pm@.0810s
user Pm@.0803s
sys @m@.003s

ORACLE
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Truffle

Copyright © 2017, Oracle and/or its affiliates. All rights reserved. |




Summary
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Safe Harbor Statement

The preceding is intended to provide some insight into a line of research in Oracle Labs. It
is intended for information purposes only, and may not be incorporated into any
contract. It is not a commitment to deliver any material, code, or functionality, and
should not be relied upon in making purchasing decisions. Oracle reserves the right to
alter its development plans and practices at any time, and the development, release, and
timing of any features or functionality described in connection with any Oracle product or
service remains at the sole discretion of Oracle. Any views expressed in this presentation
are my own and do not necessarily reflect the views of Oracle.
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