B HaAaTUBHBLIU KON
13 YIOTHOro Mmupa Java

[lyremecrBue Tyna u O6parHo

Uban Vrngucrui

I I ii Haawei



UBaH YIVISIHCKUMU

@@ JVM engineer at Excelsior@Huowei

@ JUGNsk co-lead

N ivan.uglionsky@gmail.com

J @dbg_nsk




Kaxko# euie HaGTUBHbIN KO ?



Kaxko# euie HaGTUBHbIN KO ?

public class JavaToNative {
static native void goNative();

static native void goThere(Callback andBackAgain);




Kaxko# euie HaGTUBHbIN KO ?

public class JavaToNative {
static native void goNative();

static native void goThere(Callback andBackAgain);




Kaxko# euie HaGTUBHbIN KO ?

public class JavaToNative {
static native void goNative();

static native void goThere(Callback andBackAgain);

goNative

Java > C/CH++/..




Kaxko# euie HaGTUBHbIN KO ?

public class JavaToNative {
static native void goNative();

static native void goThere(Callback andBackAgain);

Java C/C++/..



Ho 3auemM HaOM HATUBDbI?



Ho 3auemM HaOM HATUBDbI?

Java - managed g3bik



Ho 3aueM HaGM HATUBDbI?

Java - managed 4a3blIk

o aBmoMamuyeckoe ynpaBAeHUe NaMAambro
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Ho 3auemM HaOM HATUBDbI?

Java - managed g3bik

o aBmoMamuyeckoe ynpaBAeHUe NaMAambro

o 6e3onacHble onepauuu
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Ho 3auemM HaOM HATUBDbI?

Java - managed g3bik

o aBmoMamuyeckoe ynpaBAeHUe NaMAambro

o 6e3onacHble onepauuu

Java - amo...
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2 kg

Nows




Ho 3auemM HaOM HATUBDbI?

Java - managed g3bik

o aBmoMamuyeckoe ynpaBAeHUe NaMAambro

o 6e3onacHble onepauuu

A BOM HOMUBHbLIU KOQ - 3MO...

14



A




Ho 3Haere, Kax 3To ObLIBAET...




[IpuyuHbI 3BATL HATUBHLIN KOoA U3 Java

1. Ecmb omauuyHag 6ubAauomekal
(Ho oHa Ha C/C++)
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[IpuyuHbI 3BATL HATUBHLIN KOoA U3 Java

1. Ecmb omauuyHag 6ubAauomekal
(Ho oHa Ha C/C++)

OpenGL, DirectX, Tensorflow, Cuda, OpenCL,
OpenSS|, Vulkan, Kounmozpadus, ...
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[IpuyuHbI 3BATL HATUBHLIN KOoA U3 Java

1. Ecmb omAaudHaga 6ubAuomexal

(Ho oHa Ha C/C++)

2. AQ MHe BCez2o AUWb 0guUH Memog u3 WIinAPI
no3Bambu!
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[IpuyuHbI 3BATL HATUBHLIN KOoA U3 Java

1. Ecmb omauuyHag 6ubAauomekal
(Ho oHa Ha C/C++)

2. AQ MHe BCez2o AUWb 0guUH Memog u3 WIinAPI
no3sambu!

3. Hanuwy oQuH MOQyAb HQ C++,
BCe KQK pa3zzoHumcs!




[IpuyuHbI 3BATL HATUBHLIN KOoA U3 Java

4, Huvez20 U3z amo20 He Hy»XHO, HO JVM caMa

30BEM HOMUBHbLIU KOQ!
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fatal error has been detected by the Java Runtime Environment:
SIGSEGV (0xb) at pc=0x00007f542922359f, pid=25670, tid=0x00007f5444efa700

JRE version: Java(TM) SE Runtime Environment (8.0 151-b12) (build
.8.0_151-b12)

Java VM: Java HotSpot(TM) 64-Bit Server VM (25.151-b12 mixed mode
linux-amd64 compressed oops)

# Problematic frame:

# C [libavutil.so.56+0x1159f] av_strstart+ox1f

A
#
#
#
#
1
#
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fatal
SIGSE

A
#
#
#
# JRE v
1.8.0_1
# Java

linux-a
# Probl
# C [1i

error has been detected by the Java Runtime Environment:

# EXCEPTION_ACCESS_VIOLATION (©xc0000005) at pc=0x0000000180005b00,
pid=13432, tid=13952

#

# JRE version: Java(TM) SE Runtime Environment (12.0.2+10) (build
12.0.2+10)

# Java VM: Java HotSpot(TM) 64-Bit Server VM (12.0.2+10, mixed mode,
sharing, tiered, compressed oops, gl gc, windows-amd64)

# Problematic frame:

# C [rxtxSerial.d11+0x5b00]
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fatal
SIGSE

A
#
#
#
# JRE v
1.8.0_1
# Java

linux-a
# Probl
# C [1i

error has been detected by the Java Runtime Environment:

# EXCEPTION_ACCESS_VIOLATION (©xc0000005) at pc=0x0000000180005b00,

i Y L | e Wa ¥ oo

pid=134
#
# JRE
12.0. 24
# Java
sharing
# Probl
#C [m

# SIGSEGV (Oxb) at pc=0x00007f098dac2618, pid=1720,
tid=0x000071096317a700

#

# JRE version: Open]DK Runtime Environment (8.0 212-b03) (build

1.8.0 212-8u212-b03-0ubuntul.18.04.1-b03)

# Java VM: Open]DK 64-Bit Server VM (25.212-b03 mixed mode linux-amd64
compressed oops)

# Problematic frame:

# C [libopencv_core.so.3.2+0x132618] cv:: InputArray::size(int)
const+0x1d8
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fatal
SIGSE

A
#
#
#
# JRE v
1.8.0_1
# Java

linux-a
# Probl
# C [1i

error has been detected by the Java Runtime Environment:

# EXCEPTION_ACCESS_VIOLATION (©xc0000005) at pc=0x0000000180005b00,

id=1342 it asaca
i # SIGSEGV (@xb) at pc=0x00007fe98dac2618, pid=1720,

tid=0x00007f0963f7a700
# JRE \ ;

#
12.0. 21 .

# JRE versid
# Java

. 1.8.0 212-8

sharing -

# Java VM:
# Probl

compressed ¢
# C [r ]

# Problemat

# C [libope
const+0x1d8
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bynem pasbuparnest
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bynem pasbuparnest

1. NoyeMy mak MHO20 NnpobAaeM ¢ HOMuUBAMU?
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bynem pasbuparnest

1. NoyeMy mak MHO20 NnpobAaeM ¢ HOMuUBAMU?

2. Kok npoumu B Mopgop u He noAydyumb SIGSEGV?
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Kak no3Barb HATUB?
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Kak no3Barb HATUB?

31



Kak no3Barb HATUB?

_ _ Kax paorats ¢

Java n3 HaTnBa?
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Kak no3Barb HATUB?

Kak pafoTaTs ¢
~ Java vz Hatvga?

Kak ce6s nosxeH
Bectn GC?

\
N_7
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HemHoro ucropuu
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Heropus no Haeu spbl
1. JDK 1.0 NMI — Native Method Invocation (Sun JVM)

2. Raw Native Interface (RNI) in Microsoft J++ and J/Direct

3. Netscape's JRI (Java Runtime Interface)

4.

35



Hama spa

JNI - Java Native Interface
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Hama spa

JNI - Java Native Interface

v EQuHbIU uHmepdodedc, umobbl
npoBUMb BCeMU!




Hama spa

JNI - Java Native Interface

v EQuHbIU uHmepdodedc, umobbl
npoBUMb BCeMU!

v AemaoAu peaAu3auuU CKPbimMbl =
JVM HedmpaneH, GC HeUmpaoaaeH




Kax 3TO BBIMISIAUT CO CTOPOHLI Java?

e
»

39



Kax 3TO BBIMISIAUT CO CTOPOHLI Java?

public class JavaToNative {
static native void goNative();

static native void goThere(Callback andBackAgain);
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Kax 3TO BBIMISIAUT CO CTOPOHLI Java?

public class JavaToNative {
static native void goNative();
static native void goThere(Callback andBackAgain);

public static void main(String[] args) {
System. loadLibrary("NativelLib");

41



Kax 3TO BBIMISIAUT CO CTOPOHLI Java?

public class JavaToNative {
static native void goNative();
static native void goThere(Callback andBackAgain);
public static void main(String[] args) {

System. loadLibrary("NativelLib");
goThere(new Callback("Eagles"));

42



Kax 3TO BBIMISIAUT CO CTOPOHLI Java?

public class JavaToNative {

staft
stat
pub]

dq

!

class Callback {
private final String transport;

public Callback(String transport) {
this.transport = transport;

}

public void call() {

System.out.println("Ok, we are in Shire again!

Returned by

+ transport);
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Kaxk 3to BbIrassaut co ctopoHbl C?




Kaxk 3to BbIrassaut co ctopoHbl C?

public class JavaToNative {

static native void goThere(Callback andBackAgain);
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Kaxk 3to BbIrassaut co ctopoHbl C?

public class JavaToNative {

static native void goThere(Callback andBackAgain);

javac JavaToNative.java -h .

V
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Kaxk 3to BbIrassaut co ctopoHbl C?

public class JavaToNative {

static native void goThere(Callback andBackAgain);

javac JavaToNative.java -h .

V

JavaToNative. h

IJNIEXPORT void JINICALL Java_JavaToNative goThere
(INIEnv *, jclass, jobject);
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Kaxk 3to BbIrassaut co ctopoHbl C?

public class JavaToNative {

static native void goThere(Callback andBackAgain);

| javac JavaToNative.java -h .

V

JavaToNative. h

IJNIEXPORT/void JNICALLQJava_JavaToNative_goThere
(INIEnv *, jclass, jobject);
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Kaxk 3to BbIrassaut co ctopoHbl C?

[pmnTVBHbIE

boolean => jboolean  unsigned 8 bits
byte = jbyte signed 8 bits
char = jchar unsigned 16 bits
short => jshort  signed 16 bits
int = jint signed 32 bits
long = jlong signed 64 bits
flbat = jfloat 32 bits

double = jdouble 64 bits

vwid = void N/A




Kaxk 3to BbIrassaut co ctopoHbl C?

[pmnTVBHbIE

boolean => jboolean

byte. = jbyte
char = jchar
short = jshort
int = jint
long => Jlong

float = jfloat

double = jdouble

void = void

unsigned 8 bits
signed 8 bits
unsigned 16 bits
signed 16 bits
signed 32 bits
signed 64 bits
32 bits

64 bits

N/A

Ccol104HbIe

jobject

T

jarray Jclass

jobjectArray
jbooleanArray

jcharArray

jstring  jthrowable
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Kaxk 3to BbIrassaut co ctopoHbl C?

public class JavaToNative {

static native void goThere(Callback andBackAgain);

javac JavaToNative.java -h .

V

JavaToNative. h

IJNIEXPORT void JINICALL Java_JavaToNative goThere

(ANIEnv *|, jclass, jobject);
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Kaxk 3to BbIrassaut co ctopoHbl C?

JNIENnV

52



Kaxk 3to BbIrassaut co ctopoHbl C?

JNIENnV

v Ykaszameab Ha JNINativelnterface (214 ¢pyHkuuU)
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Kaxk 3to BbIrassaut co ctopoHbl C?

JNIENnvV

v  YKaszaomeAb

GetVersion,
DefineClass,
FindClass,
FromReflectedMethod,
FromReflectedField,
ToReflectedMethod,
GetSuperclass,
IsAssignableFrom,
ToReflectedField,
Throw,

ThrowNew,
ExceptionOccurred,
ExceptionDescribe,
ExceptionClear,
FatalError,
PushLocalFrame,
PopLocalFrame,
NewGlobalRef,

DeleteGlobalRef,
DeleteLocalRef,
IsSameObject,
NewLocalRef,

EnsurelocalCapacity,

AllocObject,
NewObject,
NewObjectV,
NewObjectA,
GetObjectClass,
IsInstanceOf,
GetMethodID,
CallObjectMethod,
CallObjectMethod\,
CallObjectMethodA,
CaliBooleanMethod,

CaliByteMethod,
CaliByteMethodyV,
CaliByteMethodA,
CaliCharMethod,
CaliCharMethodV,
CallCharMethodA,
CaliShortMethod,
CaliShortMethodV,
CaliShortMethodA,
CallIntMethod,
CallIntMethodV,
CallIntMethodA,
CaliLongMethod,
CallLongMethody,
CallLongMethodA,
CallFloatMethod,

CaliBooleanMethodV, CallFloatMethodV,
CalBooleanMethodA, CallFloatMethodA,

CaliDoubleMethod,
CaliDoubleMethodV,
CallDoubleMethodA,
CallVoidMethod,
CallVoidMethodV,
CallVoidMethodA,
CalNonvirtualObjectMethod,
CaliNonvirtualObjectMethodV,
CaliNonvirtualObjectMethodA,
CaliNonvirtualBooleanMethod,
CaliNonvirtualBooleanMethodV,

CallNonvirtualBooleanMethodA,

CallNonvirtualByteMethod,
CallNonvirtualByteMethod\,
CallNonvirtualByteMethodA,
CalNonvirtualCharMethod,
CallNonvirtualCharMethodV,
CaliNonvirtualCharMethodA,

CaliNonvirtualShortMethod,
CaliNonvirtualShortMethodV,
CaliNonvirtualShortMethodA,
CaliNonvirtualIntMethod,
CaliNonvirtualIntMethodV,
CaliNonvirtualIntMethodA,
CallNonvirtualLongMethod,
CallNonvirtualLongMethodV,
CaliNonvirtualLongMethodA,
CaliNonvirtualFloatMethod,
CaliNonvirtualFloatMethodV,
CaliNonvirtualFloatMethodA,
CaliNonvirtualDoubleMethod,
CaliNonvirtualDoubleMethodV,
CaliNonvirtualDoubleMethodA,
CaliNonvirtualVoidMethod,
CaliNonvirtualVoidMethod\,
CaliNonvirtualVoidMethodA,

GetFieldID,
GetObjectField,
GetBooleanField,
GetByteField,
GetCharField,
GetShortField,
GetIntField,
GetLongField,
GetFloatField,
GetDoubleField,
SetObjectField,
SetBooleanField,
SetByteField,
SetCharField,
SetShortField,
SetIntField,
SetLongField,
SetFloatField,

Ha JNINativelnterface (214 ¢yHkuuU)

SetDoubleField,
GetStaticMethodID,
CaliStaticObjectMethod,
CaliStaticObjectMethodV,
CaliStaticObjectMethodA,
CaliStaticBooleanMethod,
CaliStaticBooleanMethodV,

CaliStaticBooleanMethodA,

CaliStaticByteMethod,
CaliStaticByteMethodV,
CaliStaticByteMethodA,
CaliStaticCharMethod,
CaliStaticCharMethodV,
CaliStaticCharMethodA,
CaliStaticShortMethod,
CaliStaticShortMethodV,
CaliStaticShortMethodA,
CaliStaticIntMethod,

CaliStaticIntMethod\V,
CaliStaticIntMethodA,
CallStaticLongMethod,
CaliStaticLongMethodV,
CaliStaticLongMethodA,
CaliStaticFloatMethod,
CaliStaticFloatMethodV,
CaliStaticFloatMethodA,
CaliStaticDoubleMethod,
CaliStaticDoubleMethodV,
CaliStaticDoubleMethodA,
CaliStaticVoidMethod,
CaliStaticVoidMethodV,
CaliStaticVoidMethodA,
GetStaticFieldID,
GetStaticObjectField,
GetStaticBooleanField,
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Kaxk 3to BbIrassaut co ctopoHbl C?

JNIENnV

v Ykaszameab Ha JNINativelnterface (214 ¢pyHkuuU)

NewObject,
GetObjectClass,

GetObjectField,
SetObjectField,

Get<PrimType>Field,
Set<PrimType>Field,

CallObjectMethod,
CallStaticObjectMethod

Call<PrimType>Method,
CallStatic<PrimType>Method

Throw,
ThrowNew,

'\

S

OyeHb noxoxe Ha Reflection!

<MeTa>-NporpammnpoBaHmne Ha Java
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Kaxk 3to BbIrassaut co ctopoHbl C?

JNIENnV

v Ykaszameab Ha JNINativelnterface (214 ¢pyHkuuU)

v TOAbKO Yyepe3 HUX MOXHO B3OUMOQ€chmBOBOmb c Java

docs.oracle.com/javase/8/docs/technotes/guides/jni/spec/functions.html

56


https://docs.oracle.com/javase/8/docs/technotes/guides/jni/spec/functions.html

Kaxk 3to BbIrassaut co ctopoHbl C?

JavaToNative.c

/*
* Class: JavaToNative
* Method: goThere
* Signature: (LCallback;)V
*/

JNIEXPORT void INICALL Java JavaToNative goThere(JNIEnv * env, jclass klass,
jobject andBackAgain) {

57




Kaxk 3to BbIrassaut co ctopoHbl C?

JavaToNative.c

/>l<
* Class: JavaToNative
* Method: goThere
* Signature: (LCallback;)V
*/

JNIEXPORT void INICALL Java JavaToNative goThere(JNIEnv * env, jclass klass,
jobject andBackAgain) {
printf("Ok, we are in Mordor now!\n");
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Kaxk 3to BbIrassaut co ctopoHbl C?

JavaToNative.c

/*
* Class: JavaToNative
* Method: goThere
* Signature: (LCallback;)V
*/

JNIEXPORT void INICALL Java JavaToNative goThere(JNIEnv * env, jclass klass,
jobject andBackAgain) {

jclass cls = (*env)->GetObjectClass(env, andBackAgain);
jmethodID method = (*env)->GetMethodID(env, cls, "call", "()V");
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Kaxk 3to BbIrassaut co ctopoHbl C?

JavaToNative.c

/*
* Class: JavaToNative
* Method: goThere
* Signature: (LCallback;)V
*/

JNIEXPORT void INICALL Java JavaToNative goThere(JNIEnv * env, jclass klass,
jobject andBackAgain) {

jclass cls = (*env)->GetObjectClass(env, andBackAgain);
jmethodID method = (*env)->GetMethodID(env, cls, "call", "()V");
(*env)->CallVoidMethod(env, andBackAgain, method);
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CobupaeM!
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CobupaeM!

gcc -Wall -D INI_IMPLEMENTATION_ -W1,--kill-at -I
%JAVA _HOME%/include -I %JAVA HOME%/include/win32 -I. -L

%JAVA HOME%/jre/lib -shared JavaToNative.c -o

lib/Nativelib.dll
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CobupaeM!

gcc -Wall -D_JINI_IMPLEMENTATION  -Wl,--kill-at -I
%JAVA _HOME%/include -I %JAVA HOME%/include/win32 -I. -L
%JAVA _HOME%/jre/lib -shared JavaToNative.c -o|lib/Nativelib.dll

Nokee plugins

v KpoccnaomdpopMeHHoe peweHue

v Ygo6Hoe uchoab3oBaHue Yyepes Gradle
y fnokee
63

nokee.dev


https://nokee.dev/

Cobupaem u 3anyckaem!

gcc -Wall -D_JINI_IMPLEMENTATION  -Wl,--kill-at -I
%JAVA _HOME%/include -I %JAVA HOME%/include/win32 -I. -L
%JAVA _HOME%/jre/lib -shared JavaToNative.c -o|lib/Nativelib.dll

System. LoadLibrary

public class JavaToNative {
static native void goThere(Callback andBackAgain);

public static void main(String[] args) {

"NativelLib"

goThere(new Callback("Eagles"));

)5
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Cobupaem u 3anyckaem!

gcc -Wall -D_JINI_IMPLEMENTATION  -Wl,--kill-at -I
%JAVA _HOME%/include -I %JAVA HOME%/include/win32 -I. -L
%JAVA _HOME%/jre/lib -shared JavaToNative.c -o|lib/Nativelib.dll

public class JavaToNative {
static native void goThere(Callback andBackAgain);

public static void main(String[] args) {
System. LloadLibrary(['NativeLib"|);
goThere(new Callback("Eagles"));
} $ java -Djava.library.path=./L1b JavaToNative

Ok, we are in Mordor now!
Ok, we are in Shire again! Returned by Eagles
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UTO MOMKeT IOUTU He TAK?




UTO MOKeT IOUTHU He TAK?

v TunoBas uHPOPMaAUUS YMmepPSsHO.
Aobpo noxanoBamsb B JavaScript!




/*

*

Class: JavaToNative
Method: goThere
Signature: (LCallback;)V

*

*

*/
JNIEXPORT void INICALL Java JavaToNative goThere(JNIEnv * env, jclass klass,
jobject andBackAgain) {
printf("Ok, we are in Mordor now!\n");
jclass cls = (*env)->GetObjectClass(env, andBackAgain);
jmethodID method = (*env)->GetMethodID(env, cls, "call", "()V");
(*env)->CallVoidMethod(env, andBackAgain, method);
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/*

*

Class: JavaToNative
Method: goThere
Signature: (LCallback;Ljava/lang/Object)V

*

*

*/

IJNIEXPORT void INICALL Java JavaToNative goThere(JNIEnv * env, jclass klass,
jobject andBackAgain,
jobject luggage) {

printf("0k, we are in Mordor now!\n");

jclass cls = (*env)->GetObjectClass(env, andBackAgain);
jmethodID method = (*env)->GetMethodID(env, cls, "call", "()V");
(*env)->CallVoidMethod(env, luggage, method);

java -Djava.library.path=./L1b JavaToNative

69




/*

* Class: JavaToNative

* Method: goThere

* Signature: (LCallback;Ljava/lang/Object)V
*/

IJNIEXPORT void JINICALL Java_JavaToNative goThere(JNIEnv * env, jclass klass,
jobject andBackAgain,
jobject luggage) {

3 Ok, we are in Mordor now!
A fatal error has been detected by the Java Runtime Environment:

EXCEPTION_ACCESS_VIOLATION (©xc0000005) at pc=0x00007ffb8add70el, pid=14100, tid=12564

JRE version: Open]DK Runtime Environment AdoptOpenJDK (14.0.1+7) (build 14.0.1+7)

Java VM: Open]DK 64-Bit Server VM AdoptOpen]DK (14.0.1+7, mixed mode, sharing, tiered,
compressed oops

>, g1 gc, windows-amd64)

# Problematic frame:

#V [jvm.dl1+0x3970el]

#
#
#
bl
#
#




UTO MOKeT IOUTHU He TAK?

TunoBasg uHPopPMaUUS ymepsHQ.
Aobpo noxanoBamsb B JavaScript!

BoizoB npaBuAbHbix JNI dyHKUUU - BOWAQ
omBEMCMBEHHOCMb




UTO MOKeT IOUTHU He TAK?

v TunoBas UHPOPMAUUSA YMepPSsHQ.
Aobpo noxanoBamsb B JavaScript!

v BbizoB npaBuAbHbix JNI dyHKUUU - BOWAO
omBEMCMBEHHOCMb

v WckaoueHus us Java He npobpacbkiBatomcs
(cM. ExceptionOccurred, ExceptionClear)







/*

*

Class: JavaToNative
Method: goThere
Signature: (LCallback;Ljava/lang/Object)V

*

*

*/

IJNIEXPORT void INICALL Java JavaToNative goThere(JNIEnv * env, jclass klass,
jobject andBackAgain,
jobject luggage) {

printf("0k, we are in Mordor now!\n");

jclass cls = (*env)->GetObjectClass(env, andBackAgain);
jmethodID method = (*env)->GetMethodID(env, cls, "call", "()V");
(*env)->CallVoidMethod(env, luggage, method);

java -Djava.library.path=./L1b JavaToNative
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/*

*

Class: JavaToNative
Method: goThere
Signature: (LCallback;Ljava/lang/Object)V

*

*

*/

IJNIEXPORT void INICALL Java JavaToNative goThere(JNIEnv * env, jclass klass,
jobject andBackAgain,
jobject luggage) {

printf("0k, we are in Mordor now!\n");

jclass cls = (*env)->GetObjectClass(env, andBackAgain);
jmethodID method = (*env)->GetMethodID(env, cls, "call", "()V");
(*env)->CallVoidMethod(env, luggage, method);

java -Xcheck:jni -Djava.library.path=./L1b JavaToNative
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java -Xcheck:jni -Djava.library.path=./L1b JavaToNative

Ok, we are in Mordor now!

FATAL ERROR in native method: Wrong object class or methodID passed to JNI call
at JavaToNative.goThere(Native Method)
at JavaToNative.main(JavaToNative.java:9)
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UTO MOKeT IOUTHU He TAK?

TunoBasg uHPopPMaUUS ymepsHQ.
Aobpo noxanoBamsb B JavaScript!

BoizoB npaBuAbHbix JNI dyHKUUU - BOWAQ
omBEMCMBEHHOCMb

lckaroueHus u3 Java He npobpackiBatoMCS
-Xcheck:ni 3HQUUMEABLHO YAYyHwIaem

QUQO2HOCMUKY NPOCMBbIX CAYYQEB
(HO Mo cmoum gopP020)




Kak no3Barb HATUB?

Kak pafoTaTs ¢
~ Java vz Hatvga?

v

Kak ce6s nojxeH
Bectn GC?

\
N_7
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GC B Java xkoxe

o safe-points, B KOMOPbLIX "NPUNQPEKOBbLIBOKOMCSH NOMOKU
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GC B Java xkoxe

o safe-points, B KOMOPbLIX "NPUNQPEKOBbLIBOKOMCSH NOMOKU

o GC OQem, NOKO hNOMOKU NPUNOQPKYKOMCH

GC request

l
e HEkE
rreads { sle] |8
code —

L — P|ARKING
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GC B Java xkoxe

o safe-points, B KOMOPbLIX "NPUNQPEKOBbLIBOKOMCSH NOMOKU

o GC OQem, NOKO hNOMOKU NPUNOQPKYKOMCH

GC request

(— LI
8

Threads —_»0 @
in Java < »O

code >0

"

P|ARKING

\—VO
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GC B Java xkoxe

o safe-points, B KOMOPbLIX "NPUNQPEKOBbLIBOKOMCSH NOMOKU

o GC OQem, NOKO hNOMOKU NPUNOQPKYKOMCH

GC Threads
GC request
| .
(= —  HEHE
»0 S
Threads — >0 —— @ @
in Java < >0 —
code >0 —
L — P|ARKING
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GC B HATUBHOM KOJ€

o Kakue eule safe-points?

0 HOMUB NPOQOAXaem pabomamsob

PARKING
ANY

TIME
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GC B HATUBHOM KOJ€

o Kakue eule safe-points?

0 HOMUB NPOQOAXaem pabomamsob

GC Threads
GC request
Il .
( ———»0 e
»O —_— I!l:l '
Threads e ——®) E——
in Java < >0 T PARK'NG
code >0 -_— ANY
\ ——© — TIME
e




GC B HATUBHOM KOJ€

o Kakue eule safe-points?

0 HOMUB NPOQOAXaem pabomamsob

GC Threads
GC request
Il .

([ —»0 EE—
»O0 —_—
Threads e ——®) E——
in Java < >0 I
code >0 .
\ —0 —_—

Threads —>0
in native [ —>0 >0 —_—

PARKING
ANY
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GC B HATUBHOM KOJ€

o Kakue eule safe-points?

0 HOMUB NPOQOAXaem pabomamsob

0 HGQ BXOQ€ U BbIXOQ€ U3 HOMUBAO CUHXOQOHU3AQUUA C GC

GC Threads
GC request
Il .
([ ———»O  ——_
»O0  ——_
Threads e ——®) T
in Java < >0 _—
code >0 _—
\ —0  ——_

Threads [—>C >0 >
in native —>0

PARKING
ANY
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Hefb3st TporaTb Java 00bekThi B HaTviBe

B0 Bpems GC!
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GC B HATUBHOM KOJ€

public class JavaToNative {

static native void goThere(Callback andBackAgain);

javac JavaToNative.java -h .

V

JavaToNative. h

IJNIEXPORT void JINICALL Java_JavaToNative goThere

(INIEnv *, jclass, |jobject);

J

g
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GC B HATUBHOM KOJ€

jobject U KOMNAHUS - CNeUUOQAbHbLIE XEHQAbI, QA KOMOPLIX:

1. JVM noggepxuBaem CcBf3b C peaAbHbIMU Java obbekmamu

Native Heap Java Heap

jobject | jl.Object
|
|




GC B HATUBHOM KOJ€

jobject U KOMNAHUS - CNeUUOQAbHbLIE XEHQAbI, QA KOMOPLIX:

1. JVM noggepxuBaem CcBf3b C peaAbHbIMU Java obbekmamu

jobject




GC B HATUBHOM KOJ€

jobject U KOMNAHUS - CNeUUOQAbHbLIE XEHQAbI, QA KOMOPLIX:

1. JVM noggepxuBaem CcBf3b C peaAbHbIMU Java obbekmamu

2. Aocmyn K peaAbHbIM Java o6bekmaM (depes JNI)
CUHXpOHU3upoBaH ¢ GC

Native Heap Java Heap

jobject | jl.Object
|
|




GC B HATUBHOM KOJ€

jobject U KOMNAHUS - CNeUUOQAbHbLIE XEHQAbI, QA KOMOPLIX:

1. JVM noggepxuBaem CcBf3b C peaAbHbIMU Java obbekmamu

2. Aocmyn K peaAbHbIM Java o6bekmaM (depes JNI)
CUHXpOHU3upoBaH ¢ GC

3. Cogepxumoe cyvumaemcs GC-roots!

Native Heap Java Heap

jobject ' jL.Object
|
|




L e
o




[lonBopHble kamHU (GC + Natives)

v ,A,/\ﬂ XeHQAOB PE€AAU30OBOHO OAbMmepHOMUBHAOHA
cucmeMa ynpaBaAeHUA haMAMbO
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[lonBopHble kamHU (GC + Natives)

v ,A,/\ﬂ XeHQAOB PE€AAU30OBOHO OAbMmepHOMUBHAOHA
cucmeMa ynpaBaAeHUA haMAMbO

Tunbl XeHQAOB (B KOQe BCe BblaAdgum, Kak jobject & Co):
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[lonBopHble kamHU (GC + Natives)

v ,A,/\ﬂ XeHQAOB PE€AAU30OBOHO OAbMmepHOMUBHAOHA
cucmeMa ynpaBaAeHUA haMAMbO

Tunbl XeHQAOB (B KOQe BCe BblaAdgum, Kak jobject & Co):

1. Local Reference
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[lonBopHble kamHU (GC + Natives)

Local Reference:

1. CywecmByem He QoAbUle, YEM UCNOAHAEMCH HOMUB

2. Apz2yMeHmMbl HOMUBOB U BO3BPAWOEMOE 3HOQYEHUE
MHo2uX JNI ¢pyHKUUU
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[lonBopHble kamHU (GC + Natives)

Local Reference:

1. CywecmByem He goAbule, YEM UCNOAHSEMCS HOMUB

2. Apz2yMeHmMbl HOMUBOB U BO3BPAWOEMOE 3HQYEHUE
MHo2uX JNI ¢pyHKUUU

3. OmMAUYHbLIU UCMOYHUK ymeyek naMsmul




[lonBopHble kamHU (GC + Natives)

JNIEXPORT void IJINICALL Java_JavaToNative objectsAllocationTest
(INIEnv *env, jclass klass) {
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[lonBopHble kamHU (GC + Natives)

JNIEXPORT void IJINICALL Java_JavaToNative objectsAllocationTest
(INIEnv *env, jclass klass) {
int ready = 0, id = 0;
jclass cls = (*env)->FindClass(env, "BornInNative");
jmethodID init = (*env)->GetMethodID(env, cls, "<init>", "(I)V");
jmethodID check = (*env)->GetMethodID(env, cls, "areYouReady", "()Z");
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[lonBopHble kamHU (GC + Natives)

JNIEXPORT void IJINICALL Java_JavaToNative objectsAllocationTest
(INIEnv *env, jclass klass) {
int ready = 0, id = 0;
jclass cls = (*env)->FindClass(env, "BornInNative");
jmethodID init = (*env)->GetMethodID(env, cls, "<init>", "(I)V");
jmethodID check = (*env)->GetMethodID(env, cls, "areYouReady", "()Z");

while (!ready) {
jobject obj = (*env)->NewObject(env, cls, init, id++);
ready = (*env)->CallBooleanMethod(env, obj, check) == JNI TRUE;

}
printf("finally ready after %d objects created!\n", id);
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[lonBopHble kamHU (GC + Natives)

JNIEXPORT void IJINICALL Java_JavaToNative objectsAllocationTest
(INIEnv *env, jclass klass) {
int ready = 0, id = 0;
jclass cls = (*env)->FindClass(env, "BornInNative");
jmethodID init = (*env)->GetMethodID(env, cls, "<init>", "(I)V");
jmethodID check = (*env)->GetMethodID(env, cls, "areYouReady", "()Z");

while (!ready) {
jobject obj = (*env)->NewObject(env, cls, init, id++);
ready = (*env)->CallBooleanMethod(env, obj, check) == JNI TRUE;

}
printf("finally ready after %d objects created!\n", id);
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[lonBopHble kamHU (GC + Natives)

JNIEXPORT void IJINICALL Java_JavaToNative objectsAllocationTest
(INIEnv *env, jclass klass) {
int ready = 0, id = 0;
jclass cls = (*env)->FindClass(env, "BornInNative");
jmethodID init = (*env)->GetMethodID(env, cls, "<init>", "(I)V");
jmethodID check = (*env)->GetMethodID(env, cls, "areYouReady", "()Z");

while (!ready) {
jobject obj = (*env)->NewObject(env, cls, init, id++);
if (lobj) {

printf("allocation attempt %d failed\n", id);

}
ready = (*env)->CallBooleanMethod(env, obj, check) == JNI TRUE;

}
printf("finally ready after %d objects created!\n", id);

} 103




[lonBopHble kamHU (GC + Natives)

INIEXPORT void JINICALL Java_JavaToNative objectsAllocationTest
(INIEnv *env, jclass klass) {
int ready = 0, id = 0;
jclass cls = (*env)->FindClass(env, "BornInNative");
jmethodID init = (*env)->GetMethodID(env, cls, "<init>", "(I)V");
jmethodID check = (*env)->GetMethodID(env, cls, "areYouReady", "()Z");

while (!ready) {
jobject obj = (*env)->NewObject(env, cls, init, id++);
if (lobj) {
printf("allocation attempt %d failed\n", id);

}
ready = (*env)->CallBooleanMethod(env, obj, check) == INI TRUE;
} . . . i .
printf("finally ready af public static V?ld malw(St?lng[]"ans) {
} System. loadLibrary("NativelLib");

objectsAllocationTest();

java -Xmx1G -Djava.library.path=./L1ib JavaToNative
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[lonBopHble kamHU (GC + Natives)

INIEXPORT void JINICALL Java_JavaToNative objectsAllocationTest
(INIEnv *env, jclass klass) {
int ready = 0, id = 0;
jclass cls = (*env)->FindClass(env, "BornInNative");
jmethodID init = (*env)->GetMethodID(env, cls, "<init>", "(I)V");
jmethodID check = (*env)->GetMethodID(env, cls, "areYouReady", "()Z");

while (!ready) {
jobject obj = (*env)->NewObject(env, cls, init, id++);
if (lobj) {
printf("allocation attempt %d failed\n", id);

}
ready = (*env)->CallBooleanMethod(env, obj, check) == INI TRUE;

;ﬁﬁtf(“ﬁﬁallyr@adyzﬁ public static void main(String[] args) {

} System. loadLibrary("NativelLib");

objectsAllocationTest();

java -Xmx1G -Djava.library.path=./L1ib JavaToNative

allocation
allocation
allocation
allocation
allocation

allocation
allocation
allocation
allocation
allocation

PID
11860

attempt
attempt
attempt
attempt
attempt
attempt
attempt
attempt
attempt
attempt

CPU
69,23

67065480
67065481
67065482
67065483
67065484
67065485
67065486
67065487
67065488
67065489

failed
failed
failed
failed
failed
failed
failed
failed
failed
failed

Private bytes
2,1GB
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[lonBopHble kamHU (GC + Natives)

JNIEXPORT void IJINICALL Java_JavaToNative objectsAllocationTest
(INIEnv *env, jclass klass) {
int ready = 0, id = 0;
jclass cls = (*env)->FindClass(env, "BornInNative");
jmethodID init = (*env)->GetMethodID(env, cls, "<init>", "(I)V");
jmethodID check = (*env)->GetMethodID(env, cls, "areYouReady", "()Z");

while (!ready) {
jobject obj = (*env)->NewObject(env, cls, init, id++);
if (lobj) {

printf("allocation attempt %d failed\n", id);
}
ready = (*env)->CallBooleanMethod(env, obj, check) == JINI TRUE;
(*env)->DeletelLocalRef(env, obj);

}
printf("finally ready after %d objects created!\n", id);

} 106




[lonBopHble kamHU (GC + Natives)

v ,A,/\ﬂ XeHQAOB PE€AAU30OBOHO OAbMmepHOMUBHAOHA
cucmeMa ynpaBaAeHUA haMAMbO

Tunbl XeHQAOB (B KOQe BCe BblaAdgum, Kak jobject & Co):

&L\ XvBYT He Lofiblue 0AHOM
1. Local Reference HATVIBHOTO Bbi30B2
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[lonBopHble kamHU (GC + Natives)

v ,A,/\ﬂ XeHQAOB PE€AAU30OBOHO OAbMmepHOMUBHAOHA
cucmeMa ynpaBaAeHUA haMAMbO

Tunbl XeHQAOB (B KOQe BCe BblaAdgum, Kak jobject & Co):

&L\ XvBYT He Lofblue 0fIHOTO
1. Local Reference HATVIBHOTO Bbi30B2

> 2. Global Reference

XKMBVT, NOKa UX

e ocsobonst 3. Weak Global Reference
XUBYT, NOKA UX SIBHO He
ocBoboasT, Ho GC moxeT

cobpatb Java ofvexT
108



[lonBopHble kamHU (GC + Natives)

v Ocobag cucmemMa ynpaBAeHUS haMambto (B komopod
A€2KO NoAyYumb memory leak/dangling pointer)
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[lonBopHble kamHU (GC + Natives)

v Ocobag cucmemMa ynpaBAeHUS haMambto (B komopod
A€2KO NoAyYumb memory leak/dangling pointer)

v Ocobaa o6pabomka MOCCUBOB U CMPOK: pinNing vs

copying

jint* GetIntArrayElements(JINIEnv* env, jintArray array,

jboolean* isCopy);

J

void ReleaseIntArrayElements(INIEnv* env, jintArray array, jint* elems,

jint mode));
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[lonBopHble kamHU (GC + Natives)

v Ocobag cucmemMa ynpaBAeHUS haMambto (B komopod
A€2KO NoAyYumb memory leak/dangling pointer)

v Ocobaa o6pabomka MOCCUBOB U CMPOK: pinNing vs

copying

jint* GetIntArrayElements(JINIEnv* env, jintArray array,

jboolean* isCopy);

J

void ReleaseIntArrayElements(INIEnv* env, jintArray array, jint* elems,

Ha Camom Jiefie
KONWMPOBAHNE NPOUCXOANT BCeraa

(mnst GonbwmHcTBa JVM/GC)

jint mode));
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[lonBopHble kamHU (GC + Natives)

v Ocobag cucmemMa ynpaBAeHUS haMambto (B komopod
A€2KO NoAyYumb memory leak/dangling pointer)

v Ocobaa o6pabomka MOCCUBOB U CMPOK: pinNing vs
copying

v OnacHole JNI Memogbl Get*Critical (Moaym CUAbHO
noMewamsb pabome GC Bnaomb go 3aBucaHug JVM)

shipilev.net/jvm/anatomy-quarks/9-jni-critical-gclocker 12


https://shipilev.net/jvm/anatomy-quarks/9-jni-critical-gclocker/

[Ipou3BoaUTEILHOCTL HATUBHLIX BbI30BOB
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[Ipou3BoaUTEILHOCTL HATUBHLIX BbI30BOB

BCE OMEHb
MEIJIEHHO
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[Ipou3BoaUTEILHOCTL HATUBHLIX BbI30BOB

BCE OMEHb
MEIJIEHHO

W3mepsiTb bynem Ha:
Intel Core i7-7700 @ 3.60 GHz 16GB RAM; Linux Ubuntu 18.04
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ops/us

[Ipou3BoaUTEILHOCTL HATUBHLIX BbI30BOB

800
696 Java :> Java

NpsiMon Bbi30B Java meTofa

600 6e3 vHianHa

400

200

Java = Java
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ops/us

[Ipou3BoaUTEILHOCTL HATUBHLIX BbI30BOB

800

600

400

200

696

Java = Java

Java ——> Java

NpsiMon Bbi30B Java meTofa
6e3 urnanHa

Java ——> Native

Bbi30B HATMBHOTO METOAA
(6e3 napameTpos) v3 Java
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ops/us

[Ipou3BoaUTEILHOCTL HATUBHLIX BbI30BOB

OpenJDK 1.8.0_252

800
696 Java :> Java

NpsiMon Bbi30B Java meTofa

600 6e3 vHianHa

400 Java ——> Native

Bbi30B HATMBHOTO METOAA
(6e3 napameTpog) 13 Java

209

200

PasHnua B 3.3 pasa

Ha jdk8u252

Java = Java Java = Native
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ops/us

[Ipou3BoaUTEILHOCTL HATUBHLIX BbI30BOB

OpenJDK 11.0.7
800
NpsiMon Bbi30B Java meTofa
600 6e3 urnanHa
400 Java ——> Native

Bbi30B HATMBHOTO METOAA
(6e3 napameTpos) v3 Java

200

119
Pa3nuua 8 6 pas

Ha jdk-11.0.7

Java = Java Java = Native
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ops/us

[Ipou3BoaUTEILHOCTL HATUBHLIX BbI30BOB

125

100

75

50

25

119

Java = Native

Java ——> Native

Bbi30B HATMBHOTO METOAA
(6e3 napameTpos) 13 Java

Java —> Native —> Java

Bbi308 HaTBHOrO MeToAa
(6e3 napameTpoB) 3 Java, a 13 Hero
Bbi30B Java meToza (6e3 napameTpos)
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ops/us

[Ipou3BoaUTEILHOCTL HATUBHLIX BbI30BOB

125

100

75

50

25

119

Java ——> Native

Bbi30B HATMBHOTO METOAA
(6e3 napameTpos) 13 Java

Java —> Native —> Java

Bbi308 HaTBHOrO MeToAa
(6e3 napameTpoB) 3 Java, a 13 Hero
Bbi30B Java meToza (6e3 napameTpos)

Pasnmua 8 10 pas

Java = Native Java = Native = Java
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[Ipou3BoaUTEILHOCTL HATUBHLIX BbI30BOB

BCE OMEHb
MEIJIEHHO

~no4emy’?




static native void goNative();
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movabs

movabs

movabs

DWORD PTR [rsp- IICEDS
rbp

rbp,rsp

rsp,

ri4,

QWORD PTR [rsp+ 1,ri14
ri4, [rsp+ 1

rsi,ril4

rie,

QWORD PTR [ri5+ 1,r10
QWORD PTR [ri5+ 1,rsp
BYTE PTR [rip+ 1,
rsi

PGSl

rdi,rl5

esp)

rsp,

rsp,

static native void

movabs

rsi
rdi, [r15+
DWORD PTR

DWORD PTR
ecx,rilsd
ecx,

ecx,

rlo,
DWORD PTR
DWORD PTR

DWORD PTR

rsp,

rsi
rdi, [r15+
DWORD PTR

[r15+

[r15+

[r1@+rcx*1],ecx

[rip+

[r15+

[r15+

])

])

1s

])

1,

Vv

movabs

goNative();

DWORD PTR [ri15+ 1,

DWORD PTR
ecx,rlsd
ecx,

[r15+ 1,

ecx,
rle,

DWORD PTR
DWORD PTR

[r10+rcx*1],ecx
[rip+

DWORD PTR [ri5+ 1,
[Feli, [FILS

rl2,rsp

rsp,

rsp,

rsp,ril2
rl2,rl2
DWORD PTR [ri15+ 15
DWORD PTR [r15+ 1,

1,

movabs

BYTE PTR [rip+ 1,
rsi,

rdi,rl5

esp,

rsp,

rsp,

movabs

movabs

rlo,

QWORD PTR [ri5+
rio,

QWORD PTR [ri15+ 1,r1e
rcx,QWORD PTR [r15+ ]
DWORD PTR [rcx+ 1,

1,ri10

QWORD PTR [r15+0x8],

Stub::forward exception



[Ipou3BoaUTEILHOCTL HATUBHLIX BbI30BOB

v State transition (Java -> Native u Native -> Java) oueHb
Qopoz:
1. CunxpoHuzauusga ¢ GC
2. 3aBepmka hapaMempos B Local References
3. O6pabomka pesyabmama + exception check
4. TlepenywuBaoHUEe NOPOMEMPOB
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[Ipou3BoaUTEILHOCTL HATUBHLIX BbI30BOB

v State transition (Java -> Native u Native -> Java) oueHb
Qopoz:
1. CunxpoHuzauusga ¢ GC
2. 3aBepmka hapaMempos B Local References
3. O6pabomka pesyabmama + exception check
4. TlepenywuBaoHUEe NOPOMEMPOB

v Hukakozo uHAQUHUHZ2Q!

v OcobeHHOoCMU peaAusauuu Hotspot (cmabbl gaa nepexoga
Native -> Java)

126



a b~ 0O DN -

Takeaways npo JNI

javac -h gag 2eHepauyuu .h dauaos

nokee.dev gaa c6opKU

-Xcheck:jni gAg omAOBAUBOHUS OWUBOK
OcmopoxkHee ¢ INI References U C IJNI Get*Critical

[Tepexog B HOMUB (U BO3BPpOM B Java) oueHb gopozou
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https://nokee.dev/

NI - xopoLuo, Ho 60/bHO



A MOXET HE HYXHO
MUCATb KO HA
C/C++?



HoBenuiee Bpems
Nges:

v Becb kog nucamb Ha Java, a cBa3b C
HOMUBOM 2eHePUPOBAOMb OBMOMAMUYECKU




Hosenuiee Bpems
Nges:

v Becb kog nucamb Ha Java, a cBa3b C
HOMUBOM 2eHePUPOBAOMb OBMOMAMUYECKU

PeaAusayus: A
R QO
* ‘

v bubauomeku: JNA, JNR, JavaCPP, ...
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JNA

(Java Native Access)

<dependency>
<groupId>net.java.dev.jna</groupIld>
<artifactId>jna</artifactId>
<version>5.5.0</version>
</dependency>




JNA

MyNativelib.c

__declspec(dllexport) void _ stdcall sayHello(const char* name) {

printf("Hello %s from native!\n", name);
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JNA

MyNativelib.c

__declspec(dllexport) void _ stdcall sayHello(const char* name) {

printf("Hello %s from native!\n", name);

TestINA. java

public interface MyNativelibrary extends Library {

MyNativelLibrary INSTANCE = (MyNativelLibrary)
Native.load("MyNativelLib", MyNativelLibrary.class);

void sayHello(String name);

MyNativelibrary.INSTANCE.sayHello("JPoint");
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JNA

MyNativelib.c

__declspec(dllexport) void _ stdcall sayHello(|const char* name

printf("Hello %s from native!\n", name);

TestINA. java

void sayHello(

Native.load("MyNativelLib", MyNativelLibrary.class);

public interface MyNativelibrary extends Library {

MyNativelLibrary INSTANCE = (MyNativelLibrary)

String name

) ;

MyNativelibrary.INSTANCE.sayHello("JPoint");
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JNA

MyNativelib.c

__declspec(dllexport) void _ stdcall sayHellodconst char* nameb {

printf("Hello %s from native!\n", name);

TestINA. java

public interface MyNativelLibrary extends Library {

MyNativelLibrary INSTANCE = (MyNativelLibrary)

Native.load("MyNativelLib", MyNativelLibrary.class);

void sayHello(|String name);

$ java -Djava.library.path=./lib TestINA

MyNativelibrary.INSTANCE.sayHello("JPoint");

136

Hello JPoint from native!



JNA

[ToggepxuBaemcs:

[Tepegauq, BO3BOPOM NO 3HAYEHUIO
Ykazameau, C-like maccuBsbl, C-like cmpoku
YKa3zameAu Ha yHKUUU

Struct & Union

vVarargs

SN N NSNS
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JNA

CaMoe BKYCHOE:

v 3020moBAEHbI Java onucaHUS gAS MHO2UX
nonyAapHbix C bubAauomek
o LibC, X1, udey, ...
o Kernel32, Pdh, Psapi, ..

github.com/java-native-access/jna#jna-platform

138


https://github.com/java-native-access/jna#jna-platform

JNA

WinBase.SYSTEMTIME systemTime = new WinBase.SYSTEMTIME();
Kernel32.INSTANCE.GetSystemTime(systemTime);

System.out.println("System time: " + systemTime);

System time: 24 maa 2020 r., 14:08:03




JNA

WinBase.SYSTEMTIME systemTime = new WinBase.SYSTEMTIME();
Kernel32.INSTANCE.GetSystemTime(systemTime);

System.out.println("System time: + systemTime);

System time: 24 maa 2020 r., 14:08:03

Psapi.PERFORMANCE INFORMATION info = new Psapi.PERFORMANCE_INFORMATION();
Psapi.INSTANCE.GetPerformanceInfo(info, 104);

System.out.println("commited mem + info.CommitTotal);

System.out.println("physical mem + info.PhysicalTotal);

commited mem = 3357974

physical mem = 2069169




JNA - noaBoaHbIE KOMHHU
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JNA - noaBoaHbIe KOMHU

BCE ELLE MEOJIEHHEE




JNA - noaBoaHbIe KOMHU

ops/us

OpenJDK 11.0.7
800

600

400

200

696

Java = Java

119

Java = Native

Java = Java - npsimon Bbi30B Java
meTona 6e3 nHnanta

Java = Native - Bbi308 HaTMBHOMO
meTona (6e3 napameTpos) 13 Java

Pa3snuLa B 6 pas
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ops/us

JNA - noaBoaHbIe KOMHU

195 119

100
75
50

25

Java = Native (JNI)

Java = Native (INI) - Bbi308
HaTWMBHOrO MeToAa (e3
napameTpos) 13 Java

Java = Native (JNA) - Bbi308
HaTMBHOrO meToAa Ype3 JNA
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ops/us

JNA - noaBoaHbIe KOMHU

_— 119
100
Java = Native (INI) - Bbi308
75 HAaTVBHOTO MeTofa (0e3
napameTpos) 13 Java
50 Java = Native (JNA) - Bbi308
HaTMBHOrO meToAa Ype3 JNA
25 14 Pa3nmua 8 85 pas
(8 50 pas ot Bbi30Ba Java Bepcum)
0

Java = Native (JNI) Java = Native (JNA)
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[IpoussogurenbHOCTL JNA

v Bce 6a3upyemcs Ha JNI, noamomy 6eicmpee Bbimob
MOYHO HE MOXem
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Kak no3Barb HATUB?

Kak pafoTaTs ¢
~ Java vz Hatvga?

Kak cefst poyxen K
Bectn GC? ~ " _~
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Kak no3Barb HATUB?

Kak pafoTaTs ¢

,=~_,’  Javawswatvsa?
/ [
| p ;r‘
Y
F ne B3SITh /
|
? I
, _}ia’TMBbl ' Kak cefst nojxeH K

N / Bectn GC? ~ "~ _~
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[IpoussogurenbHOCTL JNA

v Bce 6a3upyemcs Ha JNI, noamomy 6eicmpee Bbimob
MOYHO He MOoXem

v Ha cmopoHe Java - Reflection, HO cmopoHe HomuBAa
02pOMHbIU dispatch

[ 4
MyNativelLibrary.INSTANCE.sayHello("JPoint"); i’.

rd

I

com.sun.jna.Function.invoke(...) Y

l
com.sun.jna.Natives.invokeVoid(...)

I

void _ stdcall sayHello(const char* name) 149



JNA - noaBoaHbIE KOMHHU

v JNA mycopum Java obepmkaMu BoKpPy2 HOMUBbIX
cywHocmeu (Pointer, Memory, ByReference)

o Hazpyska Ha GC,
o YXygweHue npousBoguMeAbHOCMU,
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JNA - noaBoaHbIE KOMHHU

v JNA mycopum Java obepmkaMu BoKpPy2 HOMUBbIX
cywHocmeu (Pointer, Memory, ByReference)

o Hazpyska Ha GC,
o YXygweHue npousBoguMeAbHOCMU,
o W garke HekoppekmHoe noBegeHuel
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com.sun.jna
public class Memory
extends Pointer

A Pointer to memory obtained from the native heap via a call to malloc.
In some cases it might be necessary to use memory obtained from malloc.
For example, Memory helps accomplish the following idiom:

void *buf = malloc(BUF_LEN * sizeof(char));

call_some_function(buf);
free(buf);

The|finalize|method will free allocated memory when this object is no
longer referenced.

See Also: Pointer

~Jna
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(Memory

[ finalize()
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noJ1b30BaTe/IbCKNA KOL, )

(StringByReference [Memory
1

[ finalize() J [ finalize()
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noJ1b30BaTe/IbCK KoL, )

(StringByReference [Memory
[ finalize() ] [ finalize()
if (addr != null) { free(addr);
GlobalFree(addr.getPointer(9)); addr = null;

¥
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noJ1b30BaTe/IbCKNA KOL, )

(StringByReference [Memory
[ finalize() ] [ finalize()
if (addr != null) { free(addr);
GlobalFree(addr.getPointer(9)); addr = null;

¥

Hen p1HAIM3aTOp BbI30BETCS NEpBbiM?
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noJ1b30BaTe/IbCK KoL, )

(StrlngByReference Memory\

[ finalize() J flnallze()
if (addr != null) { free(addr);
GlobalFree(addr.getPointer(9)); addr = null;
}

J

U1YMMICS NepBbim
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noJ1b30BaTe/IbCK KoL, )

(StrlngByReference Memoryl

[ finalize() J flnallze()
if (addr != null) { free(addr);
GlobalFree(addr.getPointer(9)); addr = null;
}

J

t yTeyka namatvl CIYSWCS NepBbiM

158



noJ1b30BaTe/IbCK KoL, )

(StrlngByReference Memory\

[ finalize() J flnallze()
if (addr != null) { free(addr);
GlobalFree(addr.getPointer(9)); addr = null;
}

t

Qiyamncst nepsoim U 8 addr iexwt mycop..
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noJ1b30BaTe/IbCK KoL, )

(StrlngByReference Memory\

[ finalize() J flnallze()
if (addr != null) { free(addr);
GlobalFree(addr.getPointer(9)); addr = null;
}

t

Qyamncst nepsoim 1 8 addr iexwt mycop...

nojly4aem CnopaamyHbi pa3Ba v3-3a Bbi30Ba
GlobalFree ot 6uTon namstv!
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JNA - noaBoaHbIe KOMHU

v JNA mycopum Java o6epmkaMu BOKpY2 HOMUBbLIX
cywHocmeu (Pointer, Memory, ByReference)

o Haezpyska Ha GC,
o YXyguweHue Npou3BOgQUMEAbHOCMU,
o W goxke HekoppekmHoe noBegeHuel

v HegemepMuHUPOBOHHOE NOBegQeHUE
U CNOPOQUUHble PO3BOALI JVM
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Uto ke BbIOpPATL?
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Uto ke BbIOpPATL?
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JNR

(Java Native Runtime)

<dependency>
<groupId>com.github.jnr</groupId>
<artifactId>jnr-ffi</artifactId>
<version>2.1.14</version>
</dependency>




JNR

MyNativelib.c

__attribute((visibility("default”))) void sayHello(const char* name) {

printf("Hello %s from native!\n", name);
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JNR

MyNativelib.c

__attribute((visibility("default”))) void sayHello(const char* name) {

printf("Hello %s from native!\n", name);

TestINR. java

public static interface MyNativelib {
void sayHello(String s);

MyNativelLib myLib = LibrarylLoader.create(MyNativelib.class).load("MyNativelLib");
myLib.sayHello("JPoint");
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JNR

MyNativelib.c

__attribute((visibility("default”))) void sayHello(const char* name) {

printf("Hello %s from native!\n", name);

TestINR. java

public static interface MyNativelib {
void sayHello(String s);

MyNativelLib myLib = LibrarylLoader.create(MyNativelib.class).load("MyNativelib");
myLib.sayHello("JPoint"); $ java -Djava.library.path=./Lib TestINR

Hello JPoint from native!



JNR

MyNativelib.c

__attribute((visibility("default”))) void sayHello(const char* name) {

printf("Hello %s from native!\n", name);

TestINR. java

public static interface MyNativelib {
void sayHello(String s);

MyNativelLib myLib = LibrarylLoader.c
myLib.sayHello("JPoint");

yet another
JNA?




ops/us

JNR - npousBoauTe/1LHOCTD

119

125

100

75

50

25 14

Java = Native (JNI) Java = Native (JNA)

174



ops/us

JNR - npousBoauTe/1LHOCTD

OpenJDK 11.07
125 119

100
75
50

25

Java = Native (JNI) Java = Native (JNR)
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JNR - npousBoauTe/1LHOCTD

TestJINR. java

public static interface MyNativelib {

@IgnoreError

void sayHello(String s);
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JNR - npousBoauTe/1LHOCTD

OpenJDK 11.0.7
125

119
112

100

81

75

ops/us

50

25

Java = Native (JNI) Java = Native (UNR) Java = Native (UNR + IE)

177



Kak no3Barb HATUB?

Kak pafoTaTs ¢

,=~_,’  Javawswatvsa?
/ [
| p ;r‘
Y
F ne B3SITh /
|
? I
, _}ia’TMBbl ' Kak cefst nojxeH K

N / Bectn GC? ~ "~ _~
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[IponsBomuTessbHOCTL JNR

v Bce 6a3upyemcs Ha JNI, noamomy 6eicmpee Bbimob
MOYHO He MOoXem
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[IponsBomuTessbHOCTL JNR

v Bce 6a3upyemcs Ha JNI, noamomy 6eicmpee Bbimob
MOYHO He MOoXem

v Ha cmopoHe Java - czeHepupoBaHHLIU 6aUmMKogQ, HO
CMOPOHE HOMUBQO C2eHePUPOBAHHbLIU QCM!

myLib.sayHello("JPoint");
I
bytecode wrapper (inlined)

I

asm wrapper (super lightweight)

|
Vv
void sayHello(const char* name)
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JNR:

v ucnhoabdyemcs B JRuby u akmuBHO pa3BUBQEMCH

v ecmb 2o0moBaa 06BA3KA gAa pOsiX, unisocket, signal...
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JNR:

v ucnoaAbsyemcs B JRuby u akmuBHO pasBuBaemcH

v ecmb 2o0moBaa 06BA3KA gAa pOsiX, unisocket, signal...

[lonBogHbIE KOAMHHU:

v/ QCM 30BEPMKU 2eHepupytomcs He
oAa Bcex naamoopM. Ha Windows
ux Hem Boobule

v QOKyMeHMmauuu no4Yymu Hem
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UYTo Xe BbIOpATbL?
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JavaCPP

<dependency>
<groupId>org.bytedeco</groupIld>
<artifactId>javacpp</artifactId>
<version>1.5.3</version>
</dependency>




JavaCPP

MyCPPLib.cpp

#include <iostream>
inline void sayHelloFromCPP(std::string name) {

std::cout << "Hello " << name << " from cpp code!" << std::endl;
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JavaCPP

MyCPPLib.cpp

#include <iostream>
inline void sayHelloFromCPP(std::string name) {

std::cout << "Hello " << name << " from cpp code!" << std::endl;

JavaCppTest. java

@Platform(include = "MyCPPLib.cpp")
public static class MyCPPLib {

static { Loader.load(); }

static native void sayHelloFromCPP(@StdString String name);
}

MyCPPLib.sayHelloFromCPP("JPoint");

187




JavaCPP

MyCPPLib.cpp

#include <iostream>
inline void sayHelloFromCPP(std::string name) {

std::cout << "Hello " << name << " from cpp code!" << std::endl;

JavaCppTest. java

@Platform(include = "MyCPPLib.cpp")
public static class MyCPPLib {

static { Loader.load(); }

static native void sayHelloFromgiisii i ;
} $ java -Djava.library.path=./lib JavaCppTest

MyCPPLib.sayHelloFromCPP("JPoint" ) GIXRReI =lRNek i aatel M als) MM alele =2




JavaCPP

@Platform(include = "MyCPPLib.cpp")
public static class MyCPPLib {

#include <iostream>

inline void sayHelloFromCPP(std::string name) { static { Loader.load(); }

std::cout << "Hello " << name static native void sayHelloFromCPP
<< " from cpp code!"™ << std::endl; (@StdString String name);

) }

\Q

MyCPPLib.sayHelloFromCPP("JPoint");

7,

INIEXPORT void JINICALL Java_MyCPPLib_sayHelloFromCPP
(INIEnv *, jclass, jstring);

creHeprpoBaHHble NI ananTepb KOMIWNPYHOTCA B OTAESIbHYH)
HaTVBHY OrbMOTEKY npu
cbopke 189




JavaCPP

v [lo3Boagem u3 Java pabomamb ¢ C++ cyuwHoCcmMaMuU:
o BUPMYQAbHbIE PYHKUUU U NEPE2PYKEHHbIE
onepamopb.l
o string, vector, map
O YKQ30MEeAU, B M.4. HO GYyHKUUU
o  QecmpPyKMOoOpPbLl U KOHCMPYKMOP®LI
o smart-pointers

o WAaBAOHDLI!

190




JavaCPP

v Tlossoagem u3 Java pabomamb ¢ C++ cyuwHocmamu

v [ubkasg zeHepayuda Java obepmok no C++ bubAauomeke
v O2pOMHOE KOAUYECMBO 3020MOBAEHHbLIX 06EePMOK gAS

NONYASPHbLIX BubAUOMEK

github.com/bytedeco/javacpp-presets
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https://github.com/bytedeco/javacpp-presets

JavaCPP

v Tlossoagem u3 Java pabomamb ¢ C++ cyuwHocmamu

v [ubkasg zeHepayuda Java obepmok no C++ bubAauomeke
v O2pOMHOE KOAUYECMBO 3Q20MOBAEHHbLIX 06EPMOK gAS

NONYASPHbLIX BubAUOMEK

github.com/bytedeco/javacpp-presets

v Cb6opka vepes Maven uau Gradle,

BrkAlovasa C/C++ yacmb!
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https://github.com/bytedeco/javacpp-presets

JavaCPP - noaBoaHble KOAMHU

A 4TO Tam C
NPOV3BOLANTE/IbHOCTHH?



JavaCPP - noaBoaHble KOAMHU

v Bce 6a3upyemcsa Ha JNI, noamomy 6eicmpee Bbimb
MOYHO He MOoXem

194



JavaCPP - noaBoaHble KOAMHU

OpenJDK 11.07
125

119 119
112

100

75

ops/us

50

25

JNI JNR + IE JavaCPP
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JavaCPP - noaBoaHble KOAMHU

OpenJDK 11.07
125 119 119
112
HO CTOWUT
100 87 3aMcnob3oBaTb C++
00beKTbl B Java Koge..
75 ’
g ’ ’ ‘.
50
25
0

JNI JNR + |[E JavaCPP JavaCPP + Object
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JavaCPP - noaBoaHble KOAMHU

v Mcnoab3zoBaHue Java Bepcul C++ obbekmos

NEOoCaXXuBaem NPOoU3BOgUMEABbHOCMb

197



JavaCPP - noaBoaHble KOAMHU

v VlcnoavsoBaHue Java Bepcul C++ 06bekmoB

NnEOoCcaXXuBaem NPOU3BOgUMEAbHOCMb

v BmMecmo gecmpykmopoB u smart pointers -
PhantomReference + ReferenceQueue

I
HegemepMeHUPOBAOHHOCMb
UCNOAHEHUS U BeceAble 6azaul

(hpusem, JNA)
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Takeaways npo bubauorexu

INI JNA JNR  JavaCPP

O,
©
©
©

YRoOBCTBO MCMO/b30BaHMS

O,
®
O,
©

PafoTaeT ¢ C++




4YT0 OeHb roTOoBUT
Ham rPSAYLLNAY



Project Panama




Project Panama

v

“Umo: meza-npoekm B JDK (since 2014)

3Q4yeM: Ae2KOCMb UchoAb3oBaHusa C/C++
bubAuOMEK U HOMUBHO20 KOQa U3 Java

Kak: BMecmo HanucaHusa koga Ha C/C++
pacwupuUMb BO3MOXHOCMU Java

203



Project Panama
v Memory Access API (JEP 370, JEP 383)

o Hobll APl gaga pabomeobl ¢ HomuBHOU NOMAMbBIO
o [lomeHuyuaAabHOs 3aMeHa ByteBuffer

o Incubator-mogyas B Java 14

204


https://openjdk.java.net/jeps/370
https://openjdk.java.net/jeps/383

Project Panama
v Memory Access API (JEP 370, JEP 383)

v Hosbll Foreign Function Interface (JEP 191)
o Native Method Handles
o MemorySegment from Memory Access API

o jextract gas ceHepauuu UHMepdeUcos
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https://openjdk.java.net/jeps/370
https://openjdk.java.net/jeps/383
https://openjdk.java.net/jeps/191

Project Panama

panamatest. c

void test(void) {

printf("Hello from Panama!\n");

void testUpcall(void (*upcall)(void)) {
upcall();

panamatest.h

void test(void);

void testUpcall(void (*upcall)(void));
206




Project Panama

panamatest. c

void test(void) {

printf("Hello from Panama!\n");

void testUpcall(void (*upcall)(void)) {
upcall();

panamatest.h

void test(void);

void testUpcall(void (*upcall)(void));

jextract

—>

C_bool.class

Cchar.class

Cdouble.class

Cfloat.class

Cint.class

Clong.class

Clong_double.class

Clong long.class

Cpointer.class

Cshort.class

Cstring.class
panamatest_hgtestUpcall$upcall.clas
RuntimeHelper.class
RuntimeHelper$VvarargsInvoker.class
panamatest_h$constants.class
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Project Panama

panamatest _h.java

public static

}

public static
try {
}

package org.sample;

MethodHandle

void|test ()

public final class panamatest_h {

test$MH() {

return panamatest h$constants.test$MH();

{

panamatest _h$constants.test$MH().invokeExact();
} catch (Throwable ex) {
throw new AssertionError(ex);

208



Project Panama

A 4TO Tam C
NpPOV3BOLANTE/IbHOCTHH?



Project Panama

v YAyuvweHus npoussogumeabHocmu Java = Native u

Native = Java BbizoBoB yepe3 MethodHandles

WORK IN PROGRESS!
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Project Panama

125 119

Java = Native (INI) -
Bbl30B HATWMBHOIO MeToa

100
(6e3 napameTpos) 13 Java

75
(2]
=
2
o

50

25

0

Java = Native (JNI)

211



Project Panama

125 119

Java = Native (INI) -
Bbl30B HATWMBHOIO MeToa

100

(6e3 napameTpos) 13 Java

75 ,

Java = Native (Panama) -
| Bbi30B HATUBHOMO METOAA
()

g (6e3 napameTpos) u3 Java
50 yepe3 MethodHandie
25
0

Java = Native (JNI)
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Project Panama

124
125 119

Java = Native (INI) -
Bbl30B HATWMBHOIO MeToa

100

(6e3 napameTpos) 13 Java

75 :

Java = Native (Panama) -
| Bbi30B HATUBHOMO METOAA
2 (6e3 napameTpog) u3 Java

50 yepe3 MethodHandle
o
+47%
25
0

Java = Native (JNI) Java = Native (Panama)

213

OpenJDK 16-internal+0-adhoc.userpanama-foreign-CallIntrinsicsFinal2



Project Panama

v YAyuvweHus npoussogumeabHocmu Java = Native u

Native = Java BbizoBoB yepe3 MethodHandles
WORK IN PROGRESS!

v Unsafe HomuBHble MemoQbl,
6e3 cuHxpoHu3ayuu ¢ GC

WORK IN PROGRESS!
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Project Panama (nopBogHble KAMHM)

e GC Threads
rEquest
([ ———»0 -
>0 _— :
Threads —_—»0 I"]
in Java 3 >0 — PARKING
code .o ANY

T — TIME
Threads —>0 o ﬁ
in native [ —>0 >0 ) —e
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Project Panama (nopBogHble KAMHM)

GC request GC Threads
u
11q
([ ———»0 .

Threads —_—»0 "[1

in Java < - — PARKING
code .o ANY
| —— — TIME

Threads ([ —>o© >0 > ﬁ

in native L —o >0 :

Threads in [ —=>——>—>0°
unsafe native - > >—>0
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Project Panama (nopBogHble KAMHM)

GC request GC Threads
u
11q
( .
>0 -
Threads —_— 0 m
in Java ¢ - ——  [PaRKING
code .o ANY
\ T *° — TIME
Threads ([ —© >0 > ,
in native L —o >0 . e’
Threads in [ —=———>—>0° |
unsafe native - > >—>0
- J
~

34ecb He MoXeT

nponsonTtn STW! 217




Project Panama

124
125 119

Java = Native (INI) -
Bbl30B HATWMBHOIO MeToa

100

(6e3 napameTpos) 13 Java

75 :

Java = Native (Panama) -
| Bbi30B HATUBHOMO METOAA
2 (6e3 napameTpog) u3 Java

50 yepe3 MethodHandle
o
+47%
25
0

Java = Native (JNI) Java = Native (Panama)

218
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Project Panama

ops/us

300

200

100

251

124

Java = Native (JNI) Java = Native (Panama)  Java = Native (Panama U)

OpenJDK 16-internal+0-adhoc.userpanama-foreign-CallIntrinsicsFinal2

Java = Native (Panama) -

BbI30B HATWBHOMO METOAA
(6e3 napameTpos) 13 Java
yepe3 MethodHandle 6e3
cvHxpoHm3aLin ¢ GC




Project Panama

v Unsafe natives - onacHbIU MEXOQHU3M, HO gaem

YHUKOABHYIKO NOOU3BOQUMEABbHOCMb

v Tlo YMOAYQHUKO BbI30OBbI 6e3onacHble

v OuyeHb akchepuMeHmaAbHos puyal

(3o0Mepbl Ha Bepcuu om 25.06.20)




Project Panama

JUG

Bnagumup MeaHoB
Oracle

Project Panama: kak cgenaTb _‘
Java “Gnuxe k xxenesy”?

youtu.be/4vHMmLgFO9Y

Q&{; COMMUNIIY-DEIVEN

SNOW JAVA-KOHOEPEHUMA
ONE b Cvsmem

ECTb 1WA GYZIYWLEE Y BYTEBUFFER 081

BAAZVMYP UBAHOB
ORACLE

youtu.be/0Qy6 RDga-fk

«PABOTA C MAMATBIO BHE JAVA-KY4u:

221


http://youtu.be/4vHMmLqF09Y
http://youtu.be/0y6_RDga-fk
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Uto ke BbIOpPATL?

YRoOBCTBO MCMO/b30BaHMS

PafoTaeT ¢ C++
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A MOXeT nojileTmm
[I0p Ha op/iax?

224




GraalVM.



GraalVM.

=

Truffle Framework



=

Truffle Framework

S

GraalVM LLVM Runtime

‘\T/

Sulong



GraalVM LLVM Runtime

v C/C++ kog koMnuAupyemcs B LLVM bitcode

228



GraalVM LLVM Runtime

v C/C++ kog koMnuAupyemcs B LLVM bitcode

native.c

void goNative() {
printf("Hello from LLVM!\n");

V

native.bc

$LLVM TOOLCHAIN/clang -c native.c -o native.bc
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GraalVM LLVM Runtime

v C/C++ kog koMnuAupyemcs B LLVM bitcode

v LLVM bitcode uHmepnpemupyemcs

C Q2peccuBHOU cneuyuaAusauyueu

230



TestPolyglot. java

import org.graalvm.polyglot.*;

Context polyglot = Context.newBuilder().allowAllAccess(true).build();

File file = new File("native.bc");

Source source = Source.newBuilder(["11lvm"|, file).build();

Value cpart = polyglot.eval(source);

cpart./getMember("goNative")|.executeVoid();
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TestPolyglot. java

Value

cpart.

import org.graalvm.polyglot.*;

Context polyglot = Context.newBuilder().allowAllAccess(true).build();

File file = new File("native.bc");

Source source = Source.newBuilder(["11lvm"|, file).build();

cpart = polyglot.eval(source);

getMember("goNative™)

.executeVvoid();

$ $GRAAL_VM_HOME/javac TestPolyglot. java
$ $GRAAL VM HOME/java TestPolyglot

Hello from LLVM!
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GraalVM LLVM Runtime

v C/C++ kog koMmnuaupyemcs B LLVM bitcode

v LLVM bitcode uHmepnpemupyemcs

C oapeccusl—lod cneu,u0/\u3ou,uefj

v EQUHOG BHymMmpeHHee hpegCmaBAEHUE

oAf native u Java Koga

v Native kog nog HOWUM KOHMpPoAeM!



GraalVM LLVM Runtime

A 4TO Tam C
NpPOV3BOLANTE/IbHOCTHH?



GraalVM LLVM Runtime

200 Java = Native - Bbi308
NyCTOr0 HAaTMBHOM MeToAa
(6e3 napameTpos) v3 Java

150
119

=

= 100
Qo
(@)

50

0

Java = Native
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GraalVM LLVM Runtime

ops/us

200 Java = Native - Bbi30B
177 NyCcTOro HaTMBHOIO METOAA
(6e3 napameTpos) v3 Java

150
o Sulong - BbI30B NyCTOMO
meToza Ha C (6e3
napameTpos) Yepe3 Sulong
100
50
0

Java = Native Sulong
236
OpenJDK GraalVM CE 2010 (build 11.07+10~jvmci~201-b02)



GraalVM LLVM Runtime

native.c

int nativeWithSomeWork(int k) {

int prev

9;
1;

int curr
for (int i = 0; i < k; i++) {

int summ = prev + curr; ___> native.bc
prev = curr;

curr summ; $LLVM TOOLCHAIN/clang -c native.c -o native.bc

}

return curr;
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GraalVM LLVM Runtime

ops/us

200 Java = Native - Bbi30B
177 NyCcTOro HaTMBHOIO METOAA
(6e3 napameTpos) v3 Java

150
o Sulong - BbI30B NyCTOMO
meToza Ha C (6e3
napameTpos) Yepe3 Sulong
100
50
0

Java = Native Sulong
238
OpenJDK GraalVM CE 2010 (build 11.07+10~jvmci~201-b02)



GraalVM LLVM Runtime

ops/us

200

177

150

119

100

45

50

Java = Native Java = Native (fib100) Sulong

OpenJDK GraalVM CE 2010 (build 11.07+10~jvmci~201-b02)

Java = Native - Bbi308
NyCTOr0 HAaTMBHOM MeToAa
(6e3 napameTpos) v3 Java

Sulong - BbI30B NyCTOMO
meToza Ha C (6e3
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GraalVM LLVM Runtime

v YeM 60AbWIE HOMUBHOZ20 KOQQ, MEM XY>KE

NEOU3BOQUMEABHOCMb
v Sulong - work in progress

v Sulong HY»XHO O4YeHb QOA20 ‘Npoz2peBamMb”
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(PuHanbHOE cpaBHEHUE

JNA~ UNR  JavaCPP | Panama Sulong
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YnoBcTBO MCro/b30BaHKS
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PaboTaeT ¢ C++




3AaKJIIOUeCHU e

v Cmapalimecb He nucamb HOMUBHbIU KOQ

(MaM 20pHbIE MPOAAU)

v 3Haume cBoU AyroB-Mepgep dpelMBOPK

OA4 BblI3OBO HOMUBHOZ2O KOQQ

v Native ® managed nepexogbl B Java -

BCE ew,e OMKpPbIMblU BONpPOC!
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