O

FFM APl — Hunuyero
obwero ¢ paano

Hacta Jlncuukas

AHpeKc



KTO A

® bonbuwe 8 net B AHAEKCE 3aHUMALOCh java pa3paboTKou

® CeMyac TUMAMA B KOMaHAe pa3paboTKM NPOAYKTUBHOCTU U MEKAYHAPOAHbIX

cueHapues B Anuce

® Y4yacTHUK paboyelt rpynnbl java-KOMbIOHUTU B AHAEKce



O yem necHA

1) 3ayem OHO Ham Hago
2) O6uwan sBogHaa B FFM API

3) Kak nonpobosanu:
® [Tpumepbol

® [Tpobnemsl

4) TMnaHbl/BbIBOADI




YTo Ha BXoAae

1) Ba3oBble cueHapuu B Annce peaansoBaHbl Ha:
® C++

® Kotlin
2) EcTtb ncnonb3osaHue JNI

3) B npoae Ha Java 22



Project Panama: Interconnecting JVM O
and native code

Foreign Function & Memory APl — adds
support for foreign memory access and

foreign function calls

Jextract — a tool which mechanically
generate Java bindings from native library

headers

Vector APl — adds vectorization support
openjdk.org inside.java

in Java through JVM intriniscs


https://openjdk.org/projects/panama/
https://inside.java/tag/panama

JEP 469: Vector API (Eighth
Incubator) — Java 23

https://shedevrum.ai/



JEP 454: Foreign Function & Memory O
API

Release 22

Summary

Introduce an APl by which Java programs can interoperate with code
and data outside of the Java runtime. By efficiently invoking foreign
functions (i.e., code outside the JVM), and by safely accessing foreign
memory (i.e., memory not managed by the JVM), the API enables Java
programs to call native libraries and process native data without the
brittleness and danger of JNI.

openjdk.org



https://openjdk.org/jeps/454

History

® The so-called «Foreign Memory Access API» was presented in the incubator stage back in
March 2020 in Java 14 (JEP 370)

® One year later, the «Foreign Linker API» was introduced in the incubator stage
in Java 16 (JEP 389)

® InJava 17, the two APIs were merged into the «Foreign Function & Memory API», and this
unified APl was presented once again as an incubator version (JEP 412)

® InJava 19, the FFM API was promoted to the preview stage (JEP 424)

® InJava 22, the API was declared ready for production and finalized in March 2024 after
a long development and maturation period (JEP 454)


https://www.happycoders.eu/de/java/java-14-features/
https://openjdk.org/jeps/370
https://www.happycoders.eu/de/java/java-16-features/
https://openjdk.org/jeps/389
https://www.happycoders.eu/de/java/java-17-features/
https://openjdk.org/jeps/412
https://www.happycoders.eu/de/java/java-19-features/
https://openjdk.org/jeps/424
https://www.happycoders.eu/java/java-22-features/
https://openjdk.org/jeps/454

Goals

Productivity — Replace the brittle machinery of native methods and the Java Native

Interface (JNI) with a concise, readable, and pure-Java API.

Performance — Provide access to foreign functions and memory with overhead

comparable to, if not better than, JNI and sun.misc.Unsafe.

Broad platform support — Enable the discovery and invocation of native li

every platform where the JVM runs.

Uniformijty.

MoHaTHOEe API

He xy»ke no neppomaHcy

He Tonbko C/C++

O


https://docs.oracle.com/en/java/javase/21/docs/specs/jni/index.html
https://docs.oracle.com/en/java/javase/21/docs/specs/jni/index.html

Description
The Foreign Function & Memory API (FFM API) defines classes and interfaces so that client code in

libraries and applications can

® Control the allocation and deallocation of foreign memory
(MemorySegment, Arena, and SegmentAllocator)

® Manipulate and access structured foreign memory
(MemoryLayout and VarHandle), and

® Call foreign functions (Linker, SymbolLookup, FunctionDescriptor, and MethodHandle)

The FFM API resides in the java.lang.foreign package of the java.base module

10


https://cr.openjdk.org/~mcimadamore/jdk/FFM_22_PR/javadoc/java.base/java/lang/foreign/MemorySegment.html
https://cr.openjdk.org/~mcimadamore/jdk/FFM_22_PR/javadoc/java.base/java/lang/foreign/Arena.html
https://cr.openjdk.org/~mcimadamore/jdk/FFM_22_PR/javadoc/java.base/java/lang/foreign/SegmentAllocator.html
https://cr.openjdk.org/~mcimadamore/jdk/FFM_22_PR/javadoc/java.base/java/lang/foreign/MemoryLayout.html
https://docs.oracle.com/en/java/javase/21/docs/api/java.base/java/lang/invoke/VarHandle.html
https://cr.openjdk.org/~mcimadamore/jdk/FFM_22_PR/javadoc/java.base/java/lang/foreign/Linker.html
https://cr.openjdk.org/~mcimadamore/jdk/FFM_22_PR/javadoc/java.base/java/lang/foreign/SymbolLookup.html
https://cr.openjdk.org/~mcimadamore/jdk/FFM_22_PR/javadoc/java.base/java/lang/foreign/FunctionDescriptor.html
https://docs.oracle.com/en/java/javase/21/docs/api/java.base/java/lang/invoke/MethodHandle.html
https://cr.openjdk.org/~mcimadamore/jdk/FFM_22_PR/javadoc/java.base/java/lang/foreign/package-summary.html

Hopm goka ot Oracle
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docs.oracle.com

11


https://docs.oracle.com/en/java/javase/22/core/foreign-function-and-memory-api.html

N3 nOKK

try (Arena arena = Arena.ofConfined()) {
// Allocate off-heap memory and copy the argument, a Java string, into off-heap memory
MemorySegment nativeString = arena.allocateUtf8String(s);

// Link and call the C function strlen
// Obtain an instance of the native linker
Linker linker = Linker.nativeLinker();

// Locate the address of the C function signature
SymbolLookup stdLib = linker.defaultLookup();
MemorySegment strlen_addr = stdLib.find( ).get();

// Create a description of the C function
FunctionDescriptor strlen_sig = FunctionDescriptor.of(ValueLayout.JAVA LONG, ValuelLayout.ADDRESS);

// Create a downcall handle for the C function
MethodHandle strlen = linker.downcallHandle(strlen_addr, strlen_sig);

// Call the C function directly from Java
return (long)strlen.invokeExact(nativeString);

12



Hy BCce, Aesio B Paname




[TpocTon Nnpmnmep
(Hopmanusauma Tekcta Ha C++)

#include <library/cpp/langs/langs.h>

namespace nnlu {

std::string NormalizeText(std::string_view text, ELanguage lang);

}// namespace nnlu

14



B Koge BbI30B:

public class Normalizer {

}

static {
System.loadLibrary( );

}

public String normalizeText(String text, Lang lang) {
Objects.requireNonNull(text, );
Objects.requireNonNull(lang, );

return normalizeText(text, lang.getCode());

}

private native String normalizeText(String text, String lang);

15



JNI — .h

/* DO NOT EDIT THIS FILE - it is machine generated */
#include <jni.h>
/* Header for class ru_yandex_alice_libs_normalization_Normalizer */

#ifndef _Included_ru_yandex_alice_libs_normalization_Normalizer
#define _Included_ru_yandex_alice_libs_normalization_Normalizer
#ifdef _ cplusplus
extern {
#endif
/*
* Class: ru_yandex_alice_libs_normalization_Normalizer
* Method: normalizeText
* Signature: (Ljava/lang/String;Ljava/lang/String;)Ljava/lang/String;
k
/
JNIEXPORT jstring JNICALL Java_ru_yandex_alice_libs_normalization_Normalizer _normalizeText
(JNIEnv *, jobject, jstring, jstring);

#ifdef _ cplusplus
}

#endif

#endif



JNI — .cpp

JNIEXPORT jstring JNICALL Java_ru_yandex_alice_nlu_libs_normalization_Normalizer_normalizeText

(JNIEnv *jenv, jobject, jstring text, jstring lang) {

}

const char* k_text = jenv->GetStringUTFChars(text, 0);
const char* k_lang = jenv->GetStringUTFChars(lang, 0);
auto t = std::string(k_text);
auto | = LanguageByName(std::string(k_lang));
auto res = NNIu::NormalizeText(t, |);
if (res.empty()) {

return nullptr;

}

jstring normalized = jenv->NewStringUTF(res.c_str());
jenv->ReleaseStringUTFChars(text, k_text);
jenv->ReleaseStringUTFChars(lang, k_lang);

return normalized;

17



[locTapaemcH
FFM AP]

https://shedevrum.ai/

NMOMMATb BOJTHY

18



Hantu cBoto bubamnoTekry O

SymbolLookup symbolLookup = SymbolLookup.loaderLookup();// is dynamic with respect to the
// libraries associated with the class loader, i.e., by System.load(String) or System.loadLibrary(String)

or

SymbolLookup symbolLookup = Linker.nativeLinker().defaultLookup();//for libraries that are
// commonly used on the OS and processor combination supported by that Linker

or

try (Arena arena = Arena.ofConfined()) {
SymbolLookup symbolLookup = SymbolLookup.libraryLookup("libnormalization.so/dylib/dIl",
arena);

}...

19



Hantn meton B bubnmnorteke O

// Returns the address of the symbol with the given name.

MemorySegment memorySegment = symbolLookup.find( ).orElseThrow();

20



MemorySegment

You can access off-heap or on-heap memory with the Foreign Function and Memory (FFM) API

through the MemorySegment interface. Each memory segment is associated with, or backed by,
a contiguous region of memory.

' !
Heap segment Native segment
Use an arena to allocate a memory segment
e ofArray ® Arena.allocate(long, long)
® ofBuffer — direct ByteBuffer ® By mapping a file into a new off-heap

region (FileChannel.map)
e ofBuffer

21



OnuncaTtb CTPYKTYPb! AaHHbIX O
c MemorylLayout

Composite types such as struct and union types are modeled with the GrouplLayout interface, which
is a supertype of StructLayout and UnionLayout.

MemorylLayout
Sequencelayout Grouplayout PaddinglLayout Valuelayout

T A

[ Structlayout J [ UnionLayout ]

[ OfBoolean ][ OfByte ][ OfChar ][ OfShort ][ Oflnt J[ OfFloat J[ Oflong ][ OfDouble J[ AddressLayout J

22




C types mapping in Linux/x64

C type

bool
char
short

int

long
long long
float
double

char*
int**

struct Point {int x; inty; };
union Choice {float a; int b; };

Layout

JAVA_BOOLEAN
JAVA_BYTE
JAVA_SHORT
JAVA_INT
JAVA_LONG
JAVA_LONG
JAVA_FLOAT
JAVA_DOUBLE
ADDRESS

MemorylLayout.structLayout(...)
MemorylLayout.unionLayout(...)

Java carrier

byte

byte
short, char
int

long

long

float
double

MemorySegment

MemorySegment

23



Sequencelayout

A compound layout that denotes

a homogeneous repetition of a

given element layout. The repetition
count is said to be the sequence
layout's element count. A sequence
layout can be thought of as a struct
layout where the sequence layout's
element layout is repeated a number of
times that is equal to the sequence
layout's element count.

Sequencelayout abclayout

= MemoryLayout.sequencelayout(/,

MemorylLayout.structLayout(
Valuelayout.JAVA INT.withName(
Valuelayout.JAVA INT.withName(

Valuelayout.JAVA INT.withName(
);

)
),
)

24



Hy»XHbIK HAM meToA,

std::string NormalizeText(std::string_view text, ELanguage lang);

25



MoxeT npuroanTbcsa obepToyKa
(neyanbka) Normalizer.h

#ifndef _FF_Normalizer
#tdefine _FF_Normalizer
#ifdef _ cplusplus
extern {

#endif

char* NormalizeText(const char* text, const char* lang);

#ifdef _ cplusplus

}

#endif

#tendif //_FF_Normalizer

26



MoxeT npuroanTbcsa obepToyKa
(ABOMHAA neyanbKa) .cpp

#include

char* NormalizeText(const char* text, const char* lang) {
auto | = LanguageByName(lang);
auto res = nnlu::NormalizeText(std::string(text), 1);
return strdup(res.c_str());

}

27



OnuncaTb CUTHATYPY GYHKUUN

char* NormalizeText(const char* text, const char* lang);

The first argument of the FunctionDescriptor::of method is the layout of the native
function's return value.

FunctionDescriptor FUNCTION DESCRIPTOR = FunctionDescriptor.of(
ValueLayout.ADDRESS, // Return type
Valuelayout.ADDRESS, // const char* text
ValuelLayout.ADDRESS // const char* lang

);

ValuelLayout.ADDRESS. This represents the only argument for strlen, a pointer to a string.

28


https://docs.oracle.com/en/java/javase/22/docs/api/java.base/java/lang/foreign/FunctionDescriptor.html
https://docs.oracle.com/en/java/javase/22/docs/api/java.base/java/lang/foreign/ValueLayout.html

KaK o0b6bsaBneH meToa B AOKe

// Lookup the function in the standard native library

MethodHandle strlen = Linker.nativelLinker().downcallHandle(
linker.defaultLookup().find( ).get(),
FunctionDescriptor.of(Valuelayout.JAVA LONG, ValuelLayout.ADDRESS)

29



O6baBMM Hall meToA

// Lookup the custom function in the native library

MethodHandle ffNormalizeText = Linker.nativeLinker().downcallHandle(
SymbolLookup.loaderLookup().find( ").orElseThrow(),
FUNCTION_DESCRIPTOR

30



Kak byaTo noMmaTb BOAHY
CTAHOBUTCA CNOXKHEE

https://shedevrum.ai/

31



Bblaenntb B NamMATU CBOU aprymeHTbl

try (Arena arena = Arena.ofConfined()) {
// Allocate off-heap memory
MemorySegment textSegment = arena.allocateFrom(text); //text:String
MemorySegment langSegment = arena.allocateFrom(langCode); // langCode:String
} // Off-heap memory is deallocated

public java. lang. foreign. MemorySegment allocate( java.lang.foreign.MemoryLayout layout)

O

public java. lang. foreign. MemorySegment allocateFrom(java.lang.foreign.ValuelLayout.OfInt layout, int value )

32



Arena

An arena controls the lifecycle of native
memory segments, providing both flexible
allocation and timely deallocation.

An arena has a scope — the arena scope.

Scope — specifies when the region of memory
that backs the memory segment will be
deallocated and is no longer valid.

33



Arena O

Arena::ofConfined — provides a bounded and deterministic lifetime. Its scope is alive from when it's
created to when it's closed. A confined arena has an owner thread. This is typically the thread that
created it. Only the owner thread can access the memory segments allocated in a confined arena.
You'll get an exception if you try to close a confined arena with a thread other than the owner thread.

Arena::ofShared, has no owner thread. Multiple threads may access the memory segments allocated
in a shared arena. In addition, any thread may close a shared arena, and the closure is guaranteed to
be safe and atomic.

34



UnsupportedOperationException O

try (Arena arena = Arena. ofAuto()){ ... }
// or

try (Arena arena = Arena.global()){ ... }

// or

arena.close();
java.lang.UnsupportedOperationException: Attempted to close a non-closeable session

at java.base/jdk.internal.foreign.MemorySessionimpl.nonCloseable(MemorySessionimpl.java:318)
at java.base/jdk.internal.foreign.GlobalSession.justClose(GlobalSession.java:71)

at java.base/jdk.internal.foreign.MemorySessionimpl.close(MemorySessionimpl.java:232)

at java.base/jdk.internal.foreign.Arenalmpl.close(Arenalmpl.java:50)

35



Arena::ofAuto O

This is an area that's managed, automatically, by the garbage collector. Any thread
can access memory segments allocated by an automatic arena. If you

call Arena::close on an automatic arena, you'll get

a UnsupportedOperationException.

36



Arena::global O

The global arena features an unbounded lifetime. Any thread can access memory
segments allocated with this arena. In addition, the region of memory of these
memory segments is never deallocated; if you call Arena::close on a global arena,
you'll get a UnsupportedOperationException.

37



Custom arenas

class SlicingArena implements Arena {
final Arena arena = Arena.ofConfined();
final SegmentAllocator slicingAllocator;

(long size) {
slicingAllocator =
SegmentAllocator.slicingAllocator(arena.allocate(size));

}

public MemorySegment allocate(long byteSize, long
byteAlignment) {
return slicingAllocator.allocate(byteSize,
byteAlignment);

}

public MemorySegment.Scope scope() {
return arena.scope();

}

public void close() {
arena.close();

}
}

O

try (Arena slicingArena = new SlicingArena( ) {
for (inti=0;i<10;i++) {
MemorySegment s =
slicingArena.allocateFrom(JAVA_INT, 1, 2, 3, 4, 5);
}

}// all memory allocated is released here

38



[lownwn Ao BbI30Ba MeToAa

private final FunctionDescriptor FUNCTION DESCRIPTOR = FunctionDescriptor.of(
Valuelayout.ADDRESS, // Return type
Valuelayout.ADDRESS, // const char®* text

Valuelayout.ADDRESS // const char* lang

);

System.loadLibrary( );
// Allocate memory and call the function
try (Arena arena = Arena.ofConfined()) {

// Lookup the function in the native library
MethodHandle normalizeText = Linker.nativeLinker().downcallHandle(

SymbolLookup.loaderLookup().find( ).orElseThrow(),
FUNCTION _DESCRIPTOR

);

// YPA, nenaem BbI30B:
MemorySegment segment = (MemorySegment) normalizeText.invokeExact(arena.allocateFrom(text),

arena.allocateFrom(langCode));

39



B KOHCO/1bKe 0O

WARNING: A restricted method in java.lang.foreign.Linker has been called

WARNING: java.lang.foreign.Linker::downcallHandle has been called by

ru.yandex.alice.nlu.libs.normalization.NormalizerSNormalizerSettings in an unnamed
module

WARNING: Use --enable-native-access=ALL-UNNAMED to avoid a warning for callers in this
module

WARNING: Restricted methods will be blocked in a future release unless native access
is enabled

40



--enable-native-access™

--enable-native-access=M
--enable-native-access=M1,M2,M3

--enable-native-access=ALL-UNNAMED

41



JEP 472: Prepare to Restrict the Useof O
JNI (Release 24)

When the --enable-native-access option is present, any use of
unsafe methods from outside the list of specified modules
causes an lllegalCallerException to be thrown, rather than a
warning to be issued.

Elﬁﬁlil

openjdk.org

42


https://openjdk.org/jeps/472

YTO Yy Hac Tam BEPHYNOCh... O

arena =
textSegment = "MemorySegment{ address: 0x6000026¢c5240, byteSize: 24 }"
langSegment = "MemorySegment{ address: 0x60000248d380, byteSize: 4 }"
segment = {NativeMemorySegmentimpl@2569} "MemorySegment{ address: 0x60000263b300, byteSize: 0 }"

min = 105553156354816
length =0

readOnly = false

scope =

43



KaK noay4ynTb 3HavyeHue String
MO CCbl/IKe



https://docs.oracle.com/en/java/javase/22/core/foreign-functions-that-return-pointers.html
https://stackoverflow.com/questions/78592574/what-is-the-correct-way-to-obtain-a-string-from-a-foreign-function-that-returns

MemorySegment::reinterpret O

MemorySegment::reinterpret method enables you to work with zero length
memory segments so that you can safely access them and attach them to an
existing arena so that the lifetime of the region of memory backing the segment

can be managed automatically.

45



MemorySegment::reinterpret

1) reinterpret(long)

2) reinterpret(Arena, Consumer)

3) reinterpret(long, Arena, Consumer)

Params:
® newSize — the size of the returned segment
® arena — the arena to be associated with the returned segment

® cleanup — the cleanup action that should be executed when the provided arena is closed (can be
null)

Returns: a new segment that has the same address as this segment, but with the new size and its
scope set to that of the provided arena.

46


https://docs.oracle.com/en/java/javase/21/docs/api/java.base/java/lang/foreign/MemorySegment.html
https://docs.oracle.com/en/java/javase/21/docs/api/java.base/java/lang/foreign/MemorySegment.html
https://docs.oracle.com/en/java/javase/21/docs/api/java.base/java/lang/foreign/MemorySegment.html

[Topumep OYUCTKU U3 AOKWU

// Locate the address of free()
var free_addr = Linker.nativelLinker().defaultLookup().find ( ).orElseThrow();

// Create a downcall handle for free()

MethodHandle free = linker.downcallHandle(
free_addr,
FunctionDescriptor.ofVoid(ValueLayout.ADDRESS)

);

// This reintepret method:

// 1. Resizes the memory segment so that it's equal to byteSize

// 2. Associates it with an existing arena

// 3. Invokes free() to deallocate the memory allocated previously
// when its arena is closed

Consumer<MemorySegment> cleanup = s -> {
try {
free.invokeExact(s);
} catch (Throwable e) {
throw new RuntimeException(e);

}
|5

47



HenpaBuabHbIN size B reinterpret O

java.lang.IndexOutOfBoundsException: Out of bound access on segment MemorySegment{ address: 0x6000030b2820, byteSize: 24 }; new
offset = 24; new length =1

at java.base/jdk.internal.foreign.AbstractMemorySegmentimpl.outOfBoundException(AbstractMemorySegmentimpl.java:434)
at java.base/jdk.internal.foreign.AbstractMemorySegmentimpl.apply(AbstractMemorySegmentimpl.java:415)

at java.base/jdk.internal.foreign.AbstractMemorySegmentimpl.apply(AbstractMemorySegmentimpl.java:70)

at java.base/jdk.internal.util.Preconditions.outOfBounds(Preconditions.java:98)

at java.base/jdk.internal.util.Preconditions.outOfBoundsCheckindex(Preconditions.java:124)

at java.base/jdk.internal.util.Preconditions.checkIndex(Preconditions.java:448)

at java.base/jdk.internal.foreign.AbstractMemorySegmentimpl.checkBounds(AbstractMemorySegmentimpl.java:404)
at java.base/jdk.internal.foreign.AbstractMemorySegmentimpl.checkAccess(AbstractMemorySegmentimpl.java:364)
at java.base/java.lang.invoke VarHandleSegmentAsBytes.checkAddress(VarHandleSegmentAsBytes.java:81)

at java.base/java.lang.invoke VarHandleSegmentAsBytes.get(VarHandleSegmentAsBytes.java:107)

at java.base/jdk.internal.foreign.AbstractMemorySegmentimpl.get(AbstractMemorySegmentimpl.java:728)

at java.base/jdk.internal.foreign.StringSupport.strlenByte (StringSupport.java: 197)

at java.base/jdk.internal.foreign.StringSupport.chunkedStrlenByte(StringSupport.java:152)

48



O

Note: MemorySegment: : reinterpret is a restricted method, which, if used incorrectly, might crash
the JVM or silently result in memory corruption. See Restricted Methods for more information.

49



Restricted Methods

Some methods in the Foreign Function and Memory (FFM) API

are unsafe and therefore restricted. If used incorrectly, restricted

methods can crash the JVM and may silently result in memory

corruption.

MemorySegment .reinterpret (1
ong)

MemorySegment .reinterpret (1
ong, Arena, Consumer)

MemorySegment .reinterpret (A
rena, Consumer)

These methods allows you to change the size and lifetime of an existing segment by creating a
new alias to the same region of memory. See Foreign Functions That Return Pointers for more
information.

The spatial or temporal bounds associated with the memory segment alias returned by these
methods might be incorrect. For example, consider a region of memory that's 10 bytes long
that's backing a zero-length memory segment. An application might overestimate the size of
the region and use MemorySegment : : reinterpret to obtain a segment that's 100 bytes
long. Later, this might result in attempts to dereference memory outside the bounds of the
region, which might cause a JVM crash or, even worse, result in silent memory corruption.

docs.oracle.com

50


https://docs.oracle.com/en/java/javase/22/core/restricted-methods.html

Y10 nonyvymnnochb

private final FunctionDescriptor FUNCTION_ DESCRIPTOR = FunctionDescriptor.of(
Valuelayout.ADDRESS, // Return type

ValueLayout.ADDRESS, //const char* text
ValuelLayout.ADDRESS // const char* lang
);

try (Arena arena = Arena.ofConfined()) {
// Lookup the function in the native library
MethodHandle normalizeText = Linker.nativeLinker().downcall[Handle(

SymbollLookup.loaderLookup().find(" ").orElseThrow(),
FUNCTION_DESCRIPTOR

)
MemorySegment segment = (MemorySegment)
normalizeText.invokeExact(arena.allocateFrom(text), arena.allocateFrom(langCode));

MemorySegment reinterpret = segment.reinterpret(Long.MAX_VALUE);
return reinterpret.getString(0);

} // Off-heap memory is deallocated

51



KaK-To BCe CNOXKHO... HO ecTb jextract O

)
The jextract tool parses header (.h) files of native
libraries, and generates Java code, called bindings,
which use the Foreign Function and Memory API (FFM
API1) under the hood, that can be used by a client to
access the native library.

github.com

52


https://github.com/openjdk/jextract/blob/master/doc/GUIDE.md

YyTb-4yTb NpoO jextract
S jextract

--include-dir /path/to/mylib/include
--output src

--target-package org.jextract.mylib

--library mylib
/path/to/mylib/include/mylib.h

53



Other Languages

As noted in the introduction, jextract currently only supports C header files, but many other languages also support

C interop, and jextract/FFM can still be used to talk to libraries written in those language through an intermediate C
layer. The table below describes how to do this for various different langauges:

Language Method of access

C++ C++ allows declaring C methods using extern "C", and many C++ libraries have a C interface to go
with them. Jextract can consume such a C interface, which can then be used to access the library
in question.

Rust The Rust ecosystem has a tool called cbindgen which can be used to generate a C interface for a

Rust library. Such a generated C interface can then be consumed by jextract, and be used to
access the library in question.

FATAL: Unexpected exception java.lang.RuntimeException: Unsupported language: C++ occurred
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MeHAem Ha Bbl30BbI jextract

System.loadLibrary( );

try (Arena arena = Arena.ofConfined()) {
MemorySegment segment = FF_Normalizer_h.ffaNormalizeText(
arena.allocateFrom(text),
arena.allocateFrom(langCode));

MemorySegment reinterpret = segment.reinterpret(Long.MAX_VALUE);

return reinterpret.getString(0);
} // Off-heap memory is deallocated
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beH4Y Ha NPOCTEHbKUX TecTax

Benchmark

NormalizeWithBenchTest.normalizeUsingFF
NormalizeWithBenchTest.normalizeUsing/NI

NormalizeWithBenchTest.normalizeUsinglextract

NormalizeWithBenchTest.turnOn10PercentUsingFF

NormalizeWithBenchTest.turnOnl10PercentUsingJNI

NormalizeWithBenchTest.turnOn10PercentUsinglextract

avgt

avgt

avgt

avgt

avgt

avgt

10

10

10

10

10

10

58.778 £

5197+

5227 t

8.952

5.205 %

5.165 %

0.185

0.011

0.075

0.264

0.028

0.218

us/op
us/op

us/op

us/op

us/op

us/op
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BAOXHOBUBLLUUCH jextractom

private static class NormalizerSettings {
private static final SymbolLookup SYMBOL LOOKUP = SymbolLookup.loaderLookup();
public static final MemorySegment ADDR = SYMBOL_LOOKUP.find( ).orElseThrow();
private static final FunctionDescriptor FUNCTION_DESCRIPTOR = FunctionDescriptor.of(
Valuelayout. ADDRESS, // Return type
Valuelayout. ADDRESS, // const char* text
Valuelayout.ADDRESS // const char* lang );
public static final MethodHandle HANDLE = Linker.nativeLinker().downcallHandle(ADDR, FUNCTION_DESCRIPTOR);

} .

// Allocate memory and call the function
try (Arena arena = Arena.ofConfined()) {

// Allocate off-heap memory
MemorySegment textSegment = arena.allocateFrom(text);
MemorySegment langSegment = arena.allocateFrom(langCode);

MemorySegment segment = (MemorySegment) NormalizerSettings. HANDLE.invokeExact(textSegment, langSegment);
MemorySegment reinterpret = segment.reinterpret(Long.MAX VALUE);

return reinterpret.getString(0);
} // Off-heap memory is deallocated
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Co cTaTU4eCcKou MHUUManmn3aumneu

Benchmark

NormalizeWithBenchTest.normalizeUsingFF
NormalizeWithBenchTest.normalizeUsing/NI

NormalizeWithBenchTest.normalizeUsinglextract

NormalizeWithBenchTest.turnOn10PercentUsingFF

NormalizeWithBenchTest.turnOnl10PercentUsingJNI

NormalizeWithBenchTest.turnOn10PercentUsinglextract

avgt

avgt

avgt

avgt

avgt

avgt

10

10

10

10

10

10

5.086

5.306

5213 %

4.854 +

5345 %

4737

0.168

0.170

0.262

0.193

0.065

0.067

us/op
us/op

us/op

us/op

us/op

us/op
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ATTENTION



https://bugs.openjdk.org/browse/JDK-8254693
https://bugs.openjdk.org/browse/JDK-8318645

ByteBuffer byteBufferText = ByteBuffer.wrap(text.getBytes());
MemorySegment textSegment = MemorySegment.ofBuffer(byteBufferText);

// OR
// MemorySegment textSegment = MemorySegment.ofArray(text.getBytes());

try (Arena arena = Arena.ofConfined()) {
MemorySegment langSegment = arena.allocateFrom(langCode);
MemorySegment segment = (MemorySegment)
FFNormalizerSettings. HANDLE.invokeExact(textSegment, langSegment);
MemorySegment reinterpret = segment.reinterpret(Long.MAX VALUE);
return reinterpret.getString(0, StandardCharsets.UTF 8);

java.lang.lllegalArgumentException: Heap segment not allowed: MemorySegment{ heapBase:
[B@3a7442c7, address: 0x0, byteSize: 24 }
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static Option (boolean allowHeapAccess) {
return allowHeapAccess
? LinkerOptions.Critical. ALLOW_HEAP
: LinkerOptions.Critica. DONT_ALLOW_HEAP;}

github.com
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https://github.com/openjdk/jdk/blob/9c98270737cd2019f230e9359bb9298f8df2ca35/src/java.base/share/classes/java/lang/foreign/Linker.java

JNI & critical

If possible, the VM returns a pointer to the primitive array;
otherwise, a copy is made. However, there are significant
restrictions on how these functions can be used.

... Inside a critical region, native code must not call other JNI
functions, or any system call that may cause the current thread
to block and wait for another Java thread. (For example, the
current thread must not call read on a stream being written by
another Java thread.)

CcblnKka Ha CcTaTbio
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HANDLE CRITICAL

public static final MethodHandle HANDLE_CRITICAL;
static {
Linker linker = Linker.nativeLinker();
HANDLE_CRITICAL = linker.downcallHandle(
ADDR,
FUNCTION_DESCRIPTOR,
// allow access to the Java heap
Linker.Option.critical(true)
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HANDLE CRITICAL o

ByteBuffer byteBufferText = ByteBuffer.wrap(text.getBytes());
MemorySegment textSegment = MemorySegment.ofBuffer(byteBufferText);

// OR
// MemorySegment textSegment = MemorySegment.ofArray(text.getBytes());

try (Arena arena = Arena.ofConfined()) {
MemorySegment langSegment = arena.allocateFrom(langCode);

MemorySegment segment = (MemorySegment)
FFNormalizerSettings. HANDLE CRITICAL.invokeExact(textSegment, langSegment);

MemorySegment reinterpret = segment.reinterpret(Long.MAX_VALUE);

return reinterpret.getString(0);
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Ewe oanH 6eHy

Benchmark Mode Cnt Score Error Units
NormalizeWithBenchTest.longTextUsingJNI avgt 10 64.043 + 2.519 us/op
NormalizeWithBenchTest.longTextUsinglextract avgt 10 63.324 + 2.055 us/op
NormalizeWithBenchTest.longTextUsingFF avgt 10 63.849 + 2.736 us/op
NormalizeWithBenchTest.longTextUsingFFCritical avgt 10 64.286 + 3.517 us/op
NormalizeWithBenchTest.testDuckMultilinguaJNI avgt 10 4944 + 0.094 us/op
NormalizeWithBenchTest.testDuckMultilinguallextract avgt 10 4831 + 0473 us/op
NormalizeWithBenchTest.testDuckMultilingual FF avgt 10 4.782 0.166 us/op
NormalizeWithBenchTest.test DuckMultilingual FFCritical avgt 10 4357 0.155 us/op
NormalizeWithBenchTest.turnOnl10PercentUsingJNI avgt 10 5345+ 0.065 us/op
NormalizeWithBenchTest.turnOnl10PercentUsinglextract avgt 10 4.737 0.067 us/op
NormalizeWithBenchTest.turnOnl10PercentUsingFF avgt 10 4.854 + 0.193 us/op

NormalizeWithBenchTest.turnOnl10PercentUsingFFCritical avgt 10 4,588 + 0.127 us/op



HeynoBumoe nageHue B TecTe

uncaught exception:
address -> 0x600000276370

what() -> "util/charset/wide.h:366: failed to decode UTF-8 string at pos 26 in string
"\xDO\x9C\xDO\xBE\xD1\x91 \xDO\xB2\xD1\x81\xD1\x91 123 \xD0\x90\xD0\23092\tv\x82\x8A\x15""

type -> yexception

Disconnected from the target VM, address: '127.0.0.1:51106', transport: 'socket'
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Ha noyunTaTb:



https://openjdk.org/jeps/454
https://docs.oracle.com/en/java/javase/22/core/foreign-function-and-memory-api.html
https://github.com/openjdk/jextract/blob/master/doc/GUIDE.md

O

Cnacubo!
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