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UTto ectb Panama®?
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Bbi30B oyHKLMN

CTtapbin-goopbIn

void main() {
var result = bar(1, 20);
I0.printin(result);

}

long bar(int x, long y) {
return x * y;

}

OZONieCh Uto ecTb Panama?
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CTtapbin-goopbIn

void main() {
var result = bar(1, 20);
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Bbi30B oyHKLMN

CTtapbin-goopbIn

void main() {
var result = bar(1, 20);
I0.printin(result);

}

long bar(int x, long y) {
return x * y;

}
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[pyras doyHKUKMS

A BOT 3Ta pyHKUMA HA YEM HanucaHa?

int square(int num) {
return num * num;
}

OZONieCh Yto ecTb Panama?
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[pyraa qyHKUMS

A BOT 3Ta pyHKUMA HA YEM HanucaHa?

int square(int num) {
return num * num;
}

OZON ieCh Yro ecTb Panama?
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[pyraa qyHKUMS

A BOT 3Ta pyHKUMA HA YEM HanucaHa?

// my_square.c

int square(int num) {
return num * num;

}

OZONieCh Yto ecTb Panama?
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[pyraa qyHKUMS

A BOT 3Ta pyHKUMA HA YEM HanucaHa?

// my_square.c
int square(int num) {

return num *_num;
}

OZONieCh Yto ecTb Panama?
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YTO Ham CTOUT BbI3BaTb HATUBHYH (PYHKLINKO?

CMbICHn TO TOT Xe

// my_square.c

int square(int num) {
return num * num;

}

// Main.java

void main() {
var result = square(123);
I0.printin(result);

OZONteCh Uto ecTb Panama?
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YTO HamM CTOUT BbI3BaTb HATUBHYH (PYHKLINIO?

CMbICHn TO TOT Xe

// my_square.c

int square(int num) {
return num * num;

}

// Main.java

void main() {
var result = square(123);
I0.printin(result);

OZONteCh Uto ecTb Panama? 15



EcTtb e JNI!

[JocTaTo4yHO BCcero nuwb Hanucatb hative

// MySquare.java
static native int square(int num);
// OYHKUWA OHa rpe-to Tam

// Main.java
void main() {

var result = MySquare.square(123);
I0.println(result);

OZON teCh Yro ectb Panama?
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J[locTaToO4HO BCEro nuvilib HanmmcaTb native

N HeMHOXeUuKo KneAx...

// my_square_jni.c
#include <jnti.h>
#include "my_square.c"

IJNIEXPORT jint JNICALL
Java_ru_jokerconf_pportnov_jni_MySquare_square(
JNIEnv *env, jclass clazz,
jint num

) 1
}

return square(num);

OZON teCh Yro ectb Panama? 17



1 HEMHOXXeYKo Knes...

MHOXeukKo...

// my_square_jni.c
#include <jni.h>
#include "my_square.c"

IJNIEXPORT jint JNICALL
Java_ru_jokerconf_pportnov_jni_MySquare_square(
JNIEnv *env, jclass clazz,
jint num

) 1
}

return square(num);

ozoNiech Uro ects Panama?
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MHO»XeuKo...

U kak-To B paHTanMe NpuUrIMHKOBaTb 3Ty OUONMOTEKY...

static {
System. loadLibrary("libmysquarejni");
}

OZONieCh Yto ecTb Panama?
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A Kak-To B paHTanme npunnHkoBaTb 3Ty OMOMNOTEKY...
KoTopyro ewe Hago cobpaTh...

$ cc -02 -fPIC -shared \
-I "$JAVA_HOME/include" \
-I "$JAVA_HOME/include/linux" \
'native/my_square_jnit.c' \
-lm \
-0 'libmysquarejnt’

OZONieCh Uto ecTb Panama?
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KoTopyto eLle Hago cobpaTb...
NMoa pa3sHble apXUTEKTYpHbI...

$ cc -02 -fPIC -shared \
-I "$JAVA_HOME/include" \
-T "$JAVA HOME/include/darwin" \
'native/my_square_jni.c' \
-lm \
-0 'libmysquarejnt’

OZON ieCh Uto ecTb Panama?
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[log, pa3Hblie apXUTEKTYpSI. ..

A ewwe...

Cross-koMnunaumsa He Bcerga AOoCTynHa
Hy>XHO ymMeTb denaTb 3TO npu cbopke
Hy>xHo ymeTb genatb 310 B Cl

N npyrmne yBnekaTernbHbl€ HIOAHCHI

OZONieCh Yto ecTb Panama? 29



OObIYHO Mbl NPOCTO
XOTUM MO3BaTb

CYLLECTBYIOLLYIO
PYHKLUIO U3 yXKe

OZON teCh Yro ecTb Panama?



He Ham ogHUM

JEP 412: Foreign Function & Memory API (Incubator)

ozoNiech

Owner
Type

Scope
Status
Release
Component
Discussion
Effort
Duration
Relates to

Reviewed by
Created
Updated
Issue

Summary

Maurizio Cimadamore

Feature

JDK

Closed /Delivered

17

core-libs

panama dash dev at openjdk dot java dot net

M

M

JEP 389: Foreign Linker API (Incubator)

JEP 393: Foreign-Memory Access API (Third Incubator)
JEP 419: Foreign Function & Memory API (Second Incubator)
JEP 424: Foreign Function & Memory API (Preview)
Adam Pocock, Alex Buckley, Paul Sandoz

2021/04/10 21:05

2022/03/02 17:11

8265033

Introduce an API 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.

Yto ectb Panama?
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He Ham ogHUM

ozoNiech

Summary

Introduce an API 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.

Yto ectb Panama?
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TanmnavH FFM API

Java 14
JEP 360: Foreign-Memory Access API

Java 17 (LTS)

JEP 412: Foreign Function & Memory API
(Incubator)

Java 16
JEP 389: Foreign Linker API (Incubator)

Java 21 (LTS)

JEP 442: Foreign Function & Memory API
(Third Preview)

https://openjdk.org/jeps/0

OZON teCh Yro ectb Panama?
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[TIpocTble OUHAOUHIK
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HayHeM ¢ npocToro npumepa

KTo nuwet yncnogpoounkm Ha Java?

CTAHOBMCD JIATA
MUTOHUCTAM | CAEHTHICTOM KAK

MAJIO IIJIATAT...

>N .q

@ !
)
s
N

Y‘f

- ~‘~‘

ThI UE IIEC,
I MATEMATHUK

BYJIELLb PA3PABATBIBATD

HCKYCCTBEHHbII TAK ThI JKE [TPOCTO PAHIOMHO
MHTENEKT 3A 300K/CEK  J§ TIOZIBHPAELD KOSGOHLIHEHTHI
TIOKA KPOCC-BATHAALLHA -
T 1 HE JACT HOPMATIbHbI PEVISTAT f ¢

OZON teCh MpocTbie BUHANHMM



OZON
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N nenaem 310 E '-"-!E
9PPEKTUBHO I
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B[R

® https://s.ozon.ru/a8fFoMq & https://s.ozon.ru/Za1cANw
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UTOo Ham cTouT nocunTatb pow( X, Yy)?

Ha float’ax

OZONieCh MpocTbie BUHANHMM
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UTOo Ham cTouT nocunTatb pow( X, Yy)?

Ha float’ax

static float floatPow(float x, float y) {
return Math.pow(x, y);
5

OZONieCh MpocTbie BUHANHMM
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YTo Ham cTouT nocunTatb pow( X, Vy)?

Ha float’ax

static float floatPow(float x, float y) {
return Math.pow(x, y);

N\

error: incompatible types:
possible lossy converstion
from double to float

OZON teCh MpocTbie BUHANHMM 33



[TpnxoouTtca roundtrip’atb

Yepes double’si

static float floatPow(float x, float y) {
return (float) Math.pow(x, y);
5

OZONteCh MpocTbie BUHANHMM
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[TpnxoouTtca roundtrip’atb

Yepes double’si

// Ecnn aBHO 3anmncatb rnpeobpa3oBaHUs
static float floatPow(float x, float y)

return (float) Math.pow((double) X,
}

OZONteCh MpocTbie BUHANHMM

{
(

double) vy);
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0ZON{ec

TlpoBnema:; BblumcneHns

Ha double'ax owyTnMmo
Oopoxe

h




MIHTEpHETLI rOBOPAT

Y10 MbI NpaBbl!

Stack Overflow
OTBeToB: 8 - 15 neT Ha3apg

double or float, which is faster? [duplicate] - c++
Floats are faster than doubles when you don't need double's precision and you are memory-bandwidth

bound and your hardware doesn't carry a ...

Is using double faster than float? 10 otBeto 6 asr. 2010r.
c# - Float vs Double Performance 5 otBetoB 6 saHB. 20091
Opyrue pesynbrathl ¢ canTa stackoverflow.com

OZON teCh MpocTbie BUHANHMM
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Hy HaBepHska JIT 3ameTtut

Yto Tyt float-apudmerunka

OZONieCh MpocTbie BUHANHMM
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Hy HaBepHska JIT 3ameTut

Yto Tyt float-apudmerunka

@State(Scope.Benchmark)
public static class BenchmarkState {
@Param("1000") public int size;
public float[] floats;
@Setup
public void setup() {
var random = new Random(12345);
floats = new float[2 * size];
for (var index = 0; index < 2 * size; index++)
floats[index] = random.nextFloat( );

}

OZONteCh MpocTbie BUHANHMM

39



Hy HaBepHsaka JIT 3ameTut

Yto Tyt float-apudmerunka

@State(Scope.Benchmark)
public static class BenchmarkState {
@Param("1000") public int size;
public float[] floats;
@Setup
public void setup() {
var random = new Random(12345);
floats = new float[2 * size];
for (var index = 0; index < 2 * size; ulndex++)
floats[index] = random.nextFloat( );

}

OZON teCh MpocTbie BUHANHMM
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Hy HaBepHska JIT 3ameTut

Yto Tyt float-apudmerunka

@Benchmark
public void pow(BenchmarkState state, Blackhole bh) {

var floats = state.floats;
for (var index = 0; index < floats.length; index += 2)

var base = floats[index];
var exponent = floats[index + 1];

bh.consume((float) Math.pow(base, exponent));

OZONieCh MpocTbie BUHANHMM
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Hy HaBepHsaka JIT 3ameTut

Yto Tyt float-apudmerunka

@Benchmark
public void pow(BenchmarkState state, Blackhole bh) {

var floats = state.floats;
for (var index = 0; index < floats.length; index += 2) {

var base = floats[index];
var exponent = floats[index + 1];

bh.consume((float) Math.pow(base, exponent));

OZON teCh MpocTbie BUHANHMM 49



OKpyXeHue
OeH4YMapKoB

ozoNiech

lMpocTble BUHANHIN

x86_64

« CPU:
Intel Xeon Gold 6240R
(96) @ 4.000GHz

 OS:
Ubuntu 22.04.5 LTS
x86_64

» Kernel:
6.8.0-124-generic

ARM

« CPU:
Apple M4 Pro
(8+4) @ 4.51 GHz

 OS:
macOS Tahoe 26.6.2
(25G83) arm64

 Kernel:
Darwin 25.6.0
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Kak oymaete”? 3ameHun
nn JIT BbI3OBLI Ha

0ZON{ec

h




JIT komnunnpyet Bbi3oB B dpow

Ha x86_64

ozoNiech

2 Q 0 CPU profile

ru/jokerconf/pportnov/ffm/LibcBenchmark.pow

‘ru/jokerconf/pportnov/ffm/jmh_generated/LibcBenchmark_pow_jmhTest.pow_avgt_jmhStub
ru/jokerconf/pportnov/ffm/jmh_generated/LibcBenchmark_pow_jmhTest.pow_AverageTime

java/lang/invoke/DirectMethodHandle$Holder.invokeSpecial
java/lang/invoke/LambdaForm$MH.0x0000000017061000.invoke
java/lang/invoke/LambdaForm$MH.0x0000000017061400.invokeExact_MT
jdk/internal/reflect/DirectMethodHandleAccessor.invokeImpl
jdk/internal/reflect/DirectMethodHandleAccessor.invoke
java/lang/reflect/Method.invoke
org/openjdk/jmh/runner/BenchmarkHandler$BenchmarkTask.call
org/openjdk/jmh/runner/BenchmarkHandler$BenchmarkTask.call
java/util/concurrent/FutureTask.run
java/util/concurrent/Executors$RunnableAdapter.call
java/util/concurrent/FutureTask.run
java/util/concurrent/ThreadPoolExecutor.runWorker
java/util/concurrent/ThreadPoolExecutor$Worker.run
java/lang/Thread.runWith

java/lang/Thread.run

lMpocTble BUHANHIN

Produced by async-profiler
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JIT komnunumpyet Bbi3oB B SharedRuntime: :dpow

Ha ARM é @ CPU profile Produced by async-profiler

SharedRuntime::d..
ru/jokerconf/pportnov/ff..
ru/jokerconf/pportnov/ff..
ru/jokerconf/pportnov/ff..
java/lang/invoke/DirectM..
java/lang/invoke/LambdaF..
java/lang/invoke/LambdaF..
jdk/internal/reflect/Dir..
jdk/internal/reflect/Dir..
java/lang/reflect/Method..
org/openjdk/jmh/runner/B..
org/openjdk/jmh/runner/B..
java/util/concurrent/Fut..
java/util/concurrent/Exe..
java/util/concurrent/Fut..
java/util/concurrent/Thr..
java/util/concurrent/Thr..
java/lang/Thread.runWith |

SharedRuntime::dpow java/lang/Thread.run |

OZON teCh MpocTbie BUHANHMM

46



Ho Beab ecTb HaTnBHaa ™ qyHKUUA

Ona nopcuéta float-pow

cppreference.com

Page Discussion

C Numerics Common mathematical functions

pow, powf, powl

Defined in header <math.h>

Create account  |Search cppreference.com ‘A

Standard revision: Diff

float powf( float base, float exponent ); (1) (since C99)

double pow( double base, double exponent ); (2)

long double powl( long double base,

Defined in header <tgmath.h>

#define pow( base, exponent )

long double exponent ); | (3) (since C99)

(4) (since C99)

1-3) Computes the value of base raised to the power exponent

OZONteCh MpocTbie BUHANHMM

v

Read View source View history
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Ho Beab ecTb HaTnBHaa ™ qyHKUUA

Ona nopcuéta float-pow

cppreference.com Create account  |Search cppreference.com ‘A

Page Discussion Standard revision: Diff v Read View source View history

C Numerics Common mathematical functions

pow, powf, powl

Defined in header <math.h>

float powf( float base, float exponent ); (1) (since C99)

double pow( ble base, double exponent ); (2)

long double powl( g double base, long double exponent ); | (3) (since C99)

Defined in header <tgmath.h>

#define pow( base, exponent ) (4) (since C99)

1-3) Computes the value of base raised to the power exponent

OZONteCh MpocTbie BUHANHMM



HacTtano Bpemsa FFM API
Cozpgagum MethodHandle gna goctyna Kk hyHKUMM

private static final Linker LINKER = Linker.nativelLinker( );

private static final MethodHandle POWF = LINKER
.downcal lHandle(
LINKER.defaultLookup().findOrThrow("powf"),
FunctionDescriptor.of(
ValuelLayout.JAVA_FLOAT,
ValuelLayout.JAVA_FLOAT.withName( "base" ),
ValuelLayout.JAVA_FLOAT.withName( "exponent")

)3

OZONieCh MpocTbie BUHANHMM 49



Hactano Bpemsa FFM API

Cozpgagum MethodHandle gna goctyna Kk hyHKUMM

private static final Linker LINKER = Linker.nativelLinker( );

private static final MethodHandle POWF = LINKER
.downcallHandle(
LINKER.defaultLookup().findOrThrow( "powf"),
FunctionDescriptor.of(
ValuelLayout.JAVA_FLOAT,
ValuelLayout.JAVA_FLOAT.withName( "base"),
ValuelLayout.JAVA_FLOAT .withName( "exponent")

) ;
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Hactano Bpemsa FFM API

Cozpgagum MethodHandle gna goctyna Kk hyHKUMM

private static final Linker LINKER = Linker.nattivelLinker();

private static final MethodHandle POWF = LINKER
.downcallHandle(
LINKER.defaultLookup().findOrThrow( "powf"),
FunctionDescriptor.of(
ValuelLayout.JAVA_FLOAT,
ValuelLayout.JAVA_FLOAT.withName( "base"),
ValuelLayout.JAVA_FLOAT .withName( "exponent")

) ;
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Hactano Bpemsa FFM API

Cozpgagum MethodHandle gna goctyna Kk hyHKUMM

private static final Linker LINKER = Linker.nattivelLinker();

|
private!static final MethodHandle'POWF = LINKER
.do

LINKER.defaultLookup().findOrThrow( "powf"),
FunctionDescriptor.of(
ValuelLayout.JAVA_FLOAT,
ValuelLayout.JAVA_FLOAT.withName( "base"),
ValuelLayout.JAVA_FLOAT .withName( "exponent")

) ;
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Hactano Bpemsa FFM API

Cozpgagum MethodHandle gna goctyna Kk hyHKUMM

private static final Linker LINKER = Linker.nativelLinker( );

private static final MethodHandle POWF = LINKER
.downcallHandle(
LINKER.defaultLookup().findOrThrow("powf"),
FunctionDescriptor.of(
ValuelLayout.JAVA_FLOAT,
ValuelLayout.JAVA_FLOAT.withName( "base"),
ValuelLayout.JAVA_FLOAT .withName( "exponent")

) ;
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Hactano Bpemsa FFM API

Cozpgagum MethodHandle gna goctyna Kk hyHKUMM

private static final Linker LINKER = Linker.nattivelLinker();

private static final MethodHandle POWF = LINKER
.downcallHandle(
LINKER.defaultLookup().findOrThrow( "powf"),
FunctionDescriptor.of(
ValuelLayout.JAVA_FLOAT,
ValuelLayout.JAVA_FLOAT.withName( "base" ),
ValuelLayout.JAVA_FLOAT.withName( "exponent")

) ;
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Hactano Bpemsa FFM API

Cozpgagum MethodHandle gna goctyna k hyHKUMM

private static final Linker LINKER = Linker.nattivelLinker();

private static final MethodHandle POWF = LINKER
.downcallHandle(
LINKER.defaultLookup().findOrThrow( "powf"),
FunctionDescriptor.of(
ValuelLayout.JAVA_FLOAT,
ValuelLayout.JAVA_FLOAT.withName( "base"),
ValuelLayout.JAVA_FLOAT .withName( "exponent")

) ;
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Hactano Bpemsa FFM API

Cozpgagum MethodHandle gna goctyna Kk hyHKUMM

private static final Linker LINKER = Linker.nattivelLinker();

private static final MethodHandle POWF = LINKER
.downcallHandle(
LINKER.defaultLookup().findOrThrow( "powf"),
FunctionDescriptor.of(
ValuelLayout.JAVA_FLOAT,
ValuelLayout.JAVA_FLOAT.withName( "base" ),
ValuelLayout.JAVA _FLOAT.withName( "exponent")

) ;

OZON teCh MpocTbie BUHANHMM 56



HacTtano Bpemsa FFM API

U coenaem Hag HUM PYHKLNIO-00EPTKY

public static float powf(float base, float exponent) {

try {
return (float) POWF.invokeExact(base, exponent);
} catch (Throwable x) {

throw new RuntimeException("powf fatled", x);

}

OZONteCh MpocTbie BUHANHMM
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Hactano Bpemsa FFM API

U coenaem Hag HUM PYHKLNIO-00EPTKY

public static float powf(float base, float exponent) {

try {
return (float) POWF.invokeExact(base, exponent);
} catch (Throwable x) {

throw new RuntimeException("powf fatled", x);
s

OZON teCh MpocTbie BUHANHMM
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Ho TyT nosiBUnca Kakon-To KacrT...

A Mbl 6oponuck 3a nepd!

public static float powf(float base, float exponent) {

try {
return (float) POWF.invokeExact(base, exponent);

} catch (Throwabl ) {
throw new Runtti

Cep '. ‘ -

}

OZONteCh MpocTbie BUHANHMM
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Polymorphic Signature

310 ocobble pyHKumun B JDK

// MethodHandle.java (JDK)

@IntrinsicCandidate

public final native @PolymorphicStgnature Object invokeExact(
Object... Args

) throws Throwable;

// Libc.java
GETSTATIC ru/jokerconf/pportnov/ffm/Libc.POWF
: Ljava/lang/invoke/MethodHandle;
FLOAD 0
FLOAD 1
INVOKEVIRTUAL java/lang/invoke/MethodHandle. itnvokeExact (FF)F
FRETURN

OZONteCh MpocTbie BUHANHMM
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Polymorphic Signature

310 ocobble pyHKumun B JDK

// MethodHandle.java (JDK)

@IntrinsicCandidate

public final native @PolymorphicSignature Object invokeExact(
Object... Args

) throws Throwable;

// Libc.java
GETSTATIC ru/jokerconf/pportnov/ffm/Libc.POWF
: Ljava/lang/invoke/MethodHandle;
FLOAD 0
FLOAD 1
INVOKEVIRTUAL java/lang/invoke/MethodHandle. itnvokeExact (FF)F
FRETURN

OZON teCh MpocTbie BUHANHMM
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Polymorphic Signature

310 ocobble pyHKumun B JDK

// MethodHandle.java (JDK)

@IntrinsicCandidate

public final native @PolymorphicStignature Object tnvokeExact(
Object... Args

) throws Throwable;

// Libc.java

GETSTATIC ru/jokerconf/pportnov/ffm/Libc.POWF
: Ljava/lang/invoke/MethodHandle;

FLOAD 0

FLOAD 1

INVOKEVIRTUAL java/lang/invoke/MethodHandle.invokeExact (FF)F
FRETURN

OZONteCh MpocTbie BUHANHMM
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Tenepb HY>XHO BCE 3TO 3aMepUTb

BeHumapK y Hac yXe ecTb

@Benchmark
public void powf(BenchmarkState state, Blackhole bh) {
var floats = state.floats;
for (var index = 0; index < floats.length; index += 2) {
var base = floats[index];
var exponent = floats[index + 1];

bh.consume(Libc.powf(base, exponent));

OZON teCh MpocTbie BUHANHMM 63



Tenepb HY>XHO BCE 3TO 3aMepUTb

BeHumapK y Hac yXe ecTb

@Benchmark
public void powf(BenchmarkState state, Blackhole bh) {
var floats = state.floats;
for (var index = 0; index < floats.length; index += 2) {
var base = floats[index];
var exponent = floats[index + 1];

bh.consume(Libc.powf(base, exponent));
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Kakne peaynesraThbl?

Bawiun BapuaHTbI

oymawn  Bpeun (x86_o4 Bpewn (ARW

pow
powTf
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Kakne peaynesraThbl?

CTabunbHbIN BbIUIPbILW Ha X86 64

oymawn  Bpeun (x86_o4 Bpewn (ARW

pow 21.952 = 0.355 us/op
powTf 15.077 £ 0.001 us/op

I+
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Kakne peaynesraThbl?

PagukanbHbIv Bbiurpbiw Ha ARM

oymawn  Bpeun (x86_o4 Bpewn (ARW

pow 21.952 £ 0.355 wus/op 17.707 = 0.242 us/op
powf 15.077 = 0.001 wus/op 3.442 + 0.013 us/op

I+
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BbiBoabl Obinn 6bl HevyecTHbIMU 6e3 JNI

No6aBMM U ero B cpaBHEeHMe

OZONieCh MpocTbie BUHANHMM
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BbiBoabl Obinn 6bl HevyecTHbiMU 6e3 JNI

No6aBMM U ero B cpaBHEeHMe

// libcjni.c
#include <jnti.h>
#include <math.h>

IJNIEXPORT jfloat JNICALL
Java_ru_jokerconf_pportnov_jni_LibcJdni_powf(
JNIEnv *env, jclass clazz,
jfloat base, jfloat exponent

) 1
}

return powf(base, exponent);
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BbiBoabl Obinn 6bl HevyecTHbiMU 6e3 JNI

No6aBMM U ero B cpaBHEeHMe

// LibcJnti.java
static {

System. loadLibrary("libcjni");
}

public static native float powf(
float base,

float exponent

) 5

OZONteCh MpocTbie BUHANHMM
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BbiBoabl Obinn 6bl HevyecTHbiMU 6e3 JNI

No6aBMM U ero B cpaBHEeHMe

// LibcJnti.java
static {

System. loadLibrary("libcjni");
}

public static native float powf(
float base,

float exponent

) ;

OZONteCh MpocTbie BUHANHMM
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BbiBoabl Obinn 6bl HevyecTHbiMU 6e3 JNI

No6aBMM U ero B cpaBHEeHMe

@Benchmark
public void powflni(BenchmarkState state, Blackhole bh) {

var floats = state.floats;
for (var index = 0; index < floats.length; index += 2) {

var base = floats[index];
var exponent = floats[index + 1];

bh.consume(LibcJnti.powf(base, exponent));
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N nonydum

Bawun BapuaHTbI?

ywawn  Bpows (x86_64 Bpews (ARM)
pow 21.952 £ 0.355 wus/op 17.707 = 0.242 us/op
powf 15.077 = 0.001 wus/op 3.442 + 0.013 us/op

powfJnti
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N nonydum

Bbiurpbiw 6nnskum k powf yepes Panama, HO xyawmn

oymawn  Bpeun (x86_o4 Bpewn (ARW

pow 21.952 £ 0.355 wus/op 17.707 = 0.242 us/op
powf 15.077 = 0.001 wus/op 3.442 + 0.013 us/op
powfJnti 16.054 = 0.050 wus/op 3.847 £ 0.031 us/op
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Kak aT0 BbIrMaanT Ha NpodounIsx

Panama

s Q0O CPU profile Produced by async-profiler
/usr/lib/x86_64-linux-gnu/libm.so.6

ru/jokerconf/pportnov/ffm/jmh_generated/LibcBenchmark_powf_jmhTest.powf_AverageTime
java/lang/invoke/DirectMethodHandle$Holder.invokeSpecial
java/lang/invoke/LambdaForm$MH.0x000000002f061000.invoke
java/lang/invoke/LambdaForm$MH.0x000000002f061400.invokeExact_MT
jdk/internal/reflect/DirectMethodHandleAccessor.invokeImpl
jdk/internal/reflect/DirectMethodHandleAccessor.invoke
java/lang/reflect/Method.invoke
org/openjdk/jmh/runner/BenchmarkHandler$BenchmarkTask.call
org/openjdk/jmh/runner/BenchmarkHandler$BenchmarkTask.call
java/util/concurrent/FutureTask.run
java/util/concurrent/Executors$RunnableAdapter.call
java/util/concurrent/FutureTask.run
java/util/concurrent/ThreadPoolExecutor.runWorker
java/util/concurrent/ThreadPoolExecutor$Worker.run
java/lang/Thread.runWith

java/lang/Thread.run
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Kak aT0 BbIrMaanT Ha NpodounIsx

JNI

s @ 0O CPU profile Produced by async-profiler
/usr/lib/x86_64-linux-gnu/libm.so.6

ru/jokerconf/pportnov/jni/LibcIni.powf
ru/jokerconf/pportnov/ffm/LibcBenchmark.powflni
ru/jokerconf/pportnov/ffm/jmh_generated/LibcBenchmark_powflni_jmhTest.powflni_avgt_jmhStub
ru/jokerconf/pportnov/ffm/jmh_generated/LibcBenchmark_powflni_jmhTest.powflni_AverageTime
java/lang/invoke/DirectMethodHandle$Holder.invokeSpecial
java/lang/invoke/LambdaForm$MH.0x0000000011061000.invoke
java/lang/invoke/LambdaForm$MH.0x0000000011061400.invokeExact_MT
jdk/internal/reflect/DirectMethodHandleAccessor.invokeImpl
jdk/internal/reflect/DirectMethodHandleAccessor.invoke
java/lang/reflect/Method.invoke
org/openjdk/jmh/runner/BenchmarkHandler$BenchmarkTask.call
org/openjdk/jmh/runner/BenchmarkHandler$BenchmarkTask.call
java/util/concurrent/FutureTask.run
java/util/concurrent/Executors$RunnableAdapter.call
java/util/concurrent/FutureTask.run
java/util/concurrent/ThreadPoolExecutor.runWorker
java/util/concurrent/ThreadPoolExecutor$Worker.run
ru/.. java/lang/Thread.runWith
" [un.. java/lang/Thread.run
all
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We need to go deeper: ASM ana Panama

x86_64: noarotoBKa K BbI3OBY

vmovss 0x10(%rdx,%srbp,4),%xmmO
; base
vmovss 0x14(Srdx,%srbp,4),%xmml
; exponent
movabs $0x7d64efd4adef0®,%rsi
movabs $0x101fedfcO,%rdx
; {oop(a 'jdk/internal/foreign/abi/NativeEntryPoint')}
call 0x00007d64d7aledeld
; *lnvokestatic linkToNative
; - Jjdk.internal.foretign.abi.DowncallStub::invoke
; - ru.jokerconf.pportnov.ffm.Libc::powf (line 43)
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We need to go deeper: ASM ana Panama

x86_64: noarotoBKa K BbI3OBY

vmovss 0x10(%rdx,%rbp,4),%xmm0
; base
vmovss 0x14(%rdx,%rbp,4),%xmml
; exponent
movabs $0x7d64efd4adef0®,%rsi
movabs $0x101fedfcO,%rdx
; {oop(a 'jdk/internal/foreign/abi/NativeEntryPoint')}
call 0x00007d64d7aledeld
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We need to go deeper: ASM

x86_64: stub BbI3OBa

mov %rbp,0x490(%ri15)
mov %rsp,0x480(%ri5)

last Java frame
last_Java_sp

mov 1 $0x4,0x52c(%r15) state = _thread_1in_native
call *%rl0 - powf (Llibm)
mov 1 $0x5,0x52c(%ri15) state = _thread_in_native_trans

lock addl $0x0,-0x40(%rsp)
cmp Ox28(%ril5),%rbp

ja slow_path

mov 1 $0x8,0x52c(%ri15)

memory barrier

safepoint/GC-handshake poll <« 37% BCcex uuknos!
(GC nopoxpet? HeT — BbINOJIHAeM handshake)

state = _thread_in_Java

e e Ve ve ve Vve ve ve ‘voe
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We need to go deeper: ASM

x86_64: stub BbI3OBa

mov %rbp,0x490(%ri15)
mov %rsp,0x480(%ri5)

last Java frame
last_Java_sp

mov 1 $0x4,0x52c(%r15) state = _thread_1in_native
call *%ri10 - powf (libm)
mov 1 $0x5,0x52c(%ri15) state = _thread_in_native_trans

lock addl $0x0,-0x40(%rsp)
cmp Ox28(%ril5),%rbp

ja slow_path

mov 1 $0x8,0x52c(%ri15)

memory barrier

safepoint/GC-handshake poll <« 37% BCex uukoB!
(GC nopoxpet? HeT — BbINOJSIHAeM handshake)

state = _thread_in_Java

AV N J oo e oo e - e e wve AV I J
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[1a, MHOroBaTto

U ona aToro ectb peweHue

static Linker.Option critical(boolean allowHeapAccess)
Returns a linker option used to mark a foreign function as critical.

A critical function is a function that has an extremely short running time in all cases (similar to calling an empty function), and does not call back
into Java (e.g. using an upcall stub).

Using this linker option is a hint that some implementations may use to apply optimizations that are only valid for critical functions.
Using this linker option when linking non-critical functions is likely to have adverse effects, such as loss of performance or JVM crashes.

Critical functions can optionally allow access to the Java heap. This allows clients to pass heap memory segments as addresses, where normally
only off-heap memory segments would be allowed. The memory region inside the Java heap is exposed through a temporary native address that is
valid for the duration of the function call. Use of this mechanism is therefore only recommended when a function needs to do short-lived access to
Java heap memory, and copying the relevant data to an off-heap memory segment would be prohibitive in terms of performance.

Parameters:

allowHeapAccess - whether the linked function should allow access to the Java heap.

Returns:

a linker option used to mark a foreign function as critical

https://docs.oracle.com/en/javal/javase/25/docs/api/java.base/java/lang/foreign/Linker.Option.html#critical(boolean)
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Halla yHKUMA — nonagaeT nog KpUtepun KpMTny4eckou

MoxHO noaennTbCA 3TUM 3HaAHUEM C paHTaﬁMOM

https://docs.oracle.com/en/javal/javase/25/docs/api/java.base/javal/lang/foreign/Linker.Option.html#critical(boolean)

A critical function is a function that has an
extremely short running time in all cases
(similar to calling an empty function), and
does not call back into Java (e.g. using an
upcall stub).

ozoNiech
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[apaHTun — BO!

Ho ana Hawero crny4yasa — camoe T10

Using this linker option when linking non-
critical functions is likely to have adverse

effects, such as loss of performance or JVM
crashes.

https://docs.oracle.com/en/javaljavase/25/docs/api/java.base/java/lang/foreign/Linker.Option.html#critical(boolean)
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YkasbiBaewm critical npu cosgaHnm MethodHandle
U... Bcé

private static final MethodHandle POWF = LINKER
.downcallHandle(
LINKER.defaultLookup().findOrThrow( "powf"),
FunctionDescriptor.of(
ValuelLayout.JAVA_FLOAT,
ValuelLayout.JAVA_FLOAT.withName( "base"),
ValuelLayout.JAVA_FLOAT.withName( "exponent")
)

Linker.Option.critical(false)

) ;
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[Oano nn adpdekt?

Bawiun BapuaHTbI?

oymawn  Bpeun (x86_o4 Bpewn (ARW

pow 21.952 £ 0.355 wus/op 17.707 = 0.242 us/op
powf 15.077 = 0.001 wus/op 3.442 + 0.013 us/op
powfJnti 16.054 = 0.050 wus/op 3.847 = 0.031 us/op
powfCritical
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[lano

N ewe kakon!

oymawn  Bpeun (x86_o4 Bpewn (ARW

pow 21.952 £ 0.355 wus/op 17.707 = 0.242 us/op
powf 15.077 = 0.001 wus/op 3.442 + 0.013 us/op
powfJIni 16.054 = 0.050 wus/op 3.847 £ 0.031 us/op
powfCritical 9.436 + 0.011 us/op 2.840 = 0.062 us/op
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Deeper again: ASM

x86_64: stub kpuTnyeckoro BbizoBa

sub $0x10,%rsp
mov  %rsi,%r10
call *%r10
leave

ret

OZONteCh MpocTbie BUHANHMM

, BblpaBHuBaHue nog SysV ABI

; — powf (libm)
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Thrpt-6eHumapku

Kak noarBepxaeHue pesynbrata

thrpt (x86_64) thrpt (ARM)

pow 45988.817 = 1291.359 ops/s 56131.437 + 515.947 ops/s
powf 66178.550 + 224.176 ops/s 289403.474 + 1879.845 ops/s
powfJnti 62376.267 * 116.154 ops/s 257955.689 +* 1105.689 ops/s
powfCritical 105242.096 + 1161.990 ops/s 356140.166 +* 1988.876 ops/s
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Jextract & BuHaouHrm kK hnswilib

03




UTto Takoe hnswilib?

C++-6mndbnumnorteke gna obictporo ANN

nmslib/hnswlib

Header-only C++/python library for fast approximate

nearest neighbors

AL 54 T 9k v 5k % 853
Contributors Used by Stars Forks

https://github.com/nmslib/hnswlib
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HioaHcbkl BHe Hello World’ o

B C++ eCcTb HeMMcnenchbl U neperpysku

// B Kopge
new hnswlib::InnerProductSpace(dim);

// B buHape

$ strings libhnswlib_panama.so | rg InnerProductSpace
_ZN7hnswlibl7InnerProductSpacel3get_data_sizeEv
_ZN7hnswlibl7InnerProductSpacel3get_dist_funcEv
_ZN7hnswlibl7InnerProductSpacel9get_dist_func_paramEv
_ZN7hnswlibl17InnerProductSpaceDOEv
_ZTIN7hnswlibl17InnerProductSpaceE
_ZTSN7hnswlibl17InnerProductSpaceE
_ZTVN7hnswlibl17InnerProductSpaceE
N7hnswlibl7InnerProductSpaceE
_ZTVN7hnswlibl17InnerProductSpaceE
_ZN7hnswlibl7InnerProductSpacel9get_dist_func_paramEv
_ZTIN7hnswlibl17InnerProductSpaceE
_ZTSN7hnswlibl17InnerProductSpaceE
_ZN7hnswlibl7InnerProductSpacel3get_dist_funcEv
_ZN7hnswlibl7InnerProductSpacel3get_data_sizeEv
_ZN7hnswlibl17InnerProductSpaceDOEv
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94



Y C++ HeT HK1 cTabunbHoro ABI

Hu ctabunbHom cxembl mangling’a

ABI (Application Binary Interface) — cornaiueHue o Tom, Kak

KOMNUIIMPOBaHHbIE ODNONMOTEKM B3aUMOOENCTBYIOT APYr C APYrom

Libm. java -
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PewweHne ansg hnswilib

C-kneun gna C++ oOMonunoTekun

// bindings.h
Index *create_new_index(int32_t spaceName, int32_t dimension);

// bindings.cpp

extern "C" DLLEXPORT Index *create new_index(
std::1nt32_t spaceName,
std::1nt32_t dimension

) 4

Index *index;

try {

index = new Index(spaceName, dimension);
} catch (...) {

index = nullptr;
}

return index;
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PewweHne ansg hnswilib

C-kneun gna C++ oOMonunoTekun
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Index *index;
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}
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PewweHne ansg hnswilib

C-kneun gna C++ oOMonunoTekun

// bindings.h
Index *create_new_index(int32_t spaceName, int32_t dimension);

// bindings.cpp

extern "C" DLLEXPORT Index *create_new_index(
std::1nt32_t spaceName,
std::1nt32_t dimension

) 4

Index *index;

try {

index = new Index(spaceName, dimension);
} catch (...) A

index = nullptr;
}

return index;
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[TpuxogmTca cobmpartb Takom Kneu

Ho aTo Bcé ewe nyywe JNI-knes

$ strings libhnswlib_panama.so | rg create_new_index
create _new_ 1i1ndex
create _new_ 1index
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[TpuxogmTca cobmpartb Takom Kneu

Ho aTo Bcé ewe nyywe JNI-knes

[lepecbopka
HaTUBHOIO Kres

; Ve
{7’ i

& A 8%
” ’! "HE 'CMOrAU CMUPUTLCS C1MOPAXEHUEM?
P U KYAA BAC 3TO MPUBEAO?
¥ o CHOBA KO MHE. 1‘
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HioaHcbkl BHe Hello World’ o

Kpome CKansAaApoB, MHOrAa Xo4yeTcCHd nepenaBatb B pa3Hble CTOPOHbI U YKa3aTelnun

Index *create_new_index(int32_t spaceName, int32_t dimension);
nt32_t get_index_length(Index *index);
nt32_t add_titem(Index *index, float *item, int32_t normalized, int32_t label);

int32_t knn_query(
Index *index,
float *input,
int32_t normalized,
int32_t Kk,
int32_t *indices ,
float *coefficients
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HioaHcbkl BHe Hello World' o

Kpome CKansAaApoB, MHOrAa Xo4yeTcCHd nepenaBatb B pa3Hble CTOPOHbI U YKa3aTelnun

Index *create_new_index(int32_t spaceName, int32_t dimension);
int32_t get_index_length(Index *index);
int32_t add_titem(Index *index, float *item, int32_t normalized, int32_t label);

int32_t knn_query(
Index *index,
float *tinput,
int32_t normalized,
int32_t Kk,
int32_t *indices /* output */,
float *coefficients /* output */
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HioaHcbkl BHe Hello World' o

Kpome CKansAaApoB, MHOrAa Xo4yeTcCHd nepenaBatb B pa3Hble CTOPOHbI U YKa3aTelnun

Index *create_new_index(int32_t spaceName, int32_t dimension);
int32_t get_index_length(Index *index);
int32_t add_titem(Index *index, float *item, int32_t normalized, int32_t label);

int32_t knn_query(
Index *index,
float *tinput,
int32_t normalized,
int32_t Kk,
int32_t *indices /* output */,
float *coefficients /* output */
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HioaHcbkl BHe Hello World' o

Kpome CKansAaApoB, MHOrAa Xo4yeTcCHd nepenaBatb B pa3Hble CTOPOHbI U YKa3aTelnun

Index *create_new_index(int32_t spaceName, int32_t dimension);
int32_t get_index_length(Index *index);
int32_t add_item(Index *index, float *item, int32_t normalized, int32_t label);

int32_t knn_query(
Index *index,
float *tinput,
int32_t normalized,
int32_t Kk,
int32_t *indices /* output */,
float *coefficients /* output */
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HioaHcbkl BHe Hello World’ o

Kpome CKansAaApoB, MHOrAa Xo4yeTcCHd nepenaBatb B pa3Hble CTOPOHbI U YKa3aTelnun

Index *create_new_index(int32_t spaceName, int32_t dimension);
nt32_t get_index_length(Index *index);
nt32_t add_titem(Index *index, float *item, int32_t normalized, int32_t label);

int32_t knn_query(
Index *index,
float *input,
int32_t normalized,
int32_t Kk,
int32_t *indices ,
float *coefficients
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HioaHcbkl BHe Hello World' o

Mucatb pykamu GUHOUHIU — MYTOPHOE U error prone’ucToe 3aHsATue
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[ToaTOMYy eCTb cpeacTea aBToMaTu3aLmnm

A nmeHHo Jextract

$ jextract \
--target-package 'org.nmslib.hnswlib.btindings' \
--ltbrary /usr/local/lib/libhnswlib_panama.so \
./src/include/bindings.h

https://idk.java.net/jextract/
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[ToaTOMYy eCTb cpeacTea aBToMaTu3aLmnm

A nmeHHoO Jextract

$ jextract \
--target-package 'org.nmslib.hnswlib.btindings' \
--ltbrary /usr/local/lib/libhnswlib_panama.so \
./src/include/bindings.h

https://idk.java.net/jextract/
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[ToaTOMYy eCTb cpeacTea aBToMaTu3aLmnm

A nmeHHoO Jextract

$ jextract \
--target-package 'org.nmslib.hnswlib.bindings' \
--ltbrary /usr/local/lib/libhnswlib_panama.so \
./src/include/bindings.h

https://idk.java.net/jextract/
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[ToaTOMYy eCTb cpeacTea aBToMaTu3aLmnm

A nmeHHoO Jextract

$ jextract \
--target-package 'org.nmslib.hnswlib.bindings' \
--ltbrary /usr/local/lib/libhnswlib_panama.so \
./src/include/bindings.h

https://idk.java.net/jextract/
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[eHepupyeTca Java-kog OMHAWMHIOB

Moxoxun Ha TO, YTO Mbl NUCANM pykamu

private static class create_new_index {
public static final FunctionDescriptor DESC = FunctionDescriptor.of(
bindings_h.C_POINTER,
bindings_h.C_INT,
bindings_h.C_INT
)3

public static final MemorySegment ADDR
= SYMBOL_LOOKUP.findOrThrow( "create_new_index");

public static final MethodHandle HANDLE
= Linker.nattivelLinker( ).downcallHandle(ADDR, DESC);
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[eHepupyeTca Java-kog OMHAWMHIOB

Moxoxun Ha TO, YTO Mbl NUCANM pykamu

public static MemorySegment create_new_index(
int spaceName, int dimension
) {
var mh$ = create_new_tindex.HANDLE
try {
if (TRACE_DOWNCALLS) A
traceDowncall("create_new_index", spaceName, dimension);
+

return (MemorySegment)mh$.invokeExact(spaceName, dimension);
} catch (Error | RuntimeException ex) {
throw ex;

+ catch (Throwable ex$) {
throw new AssertionError("should not reach here", ex$);
}

}
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Tak YTo Tam C ykasarenamm?

MMeHHO 3a HUX Mbl Tak nobum C
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Tak yTo Tam cC ykasarenamm?

MMeHHO 3a HUX Mbl Tak nobum C
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[Tony4deHHbIN n3BHEe MemorySegment

Mo cmbicny — Index*

// bindings.h
Index *create_new_index(int32_t spaceName, int32_t dimension);
nt32_t clear_index(Index *index);

// bindings_h.java
public static MemorySegment create_new_index(int spaceName, int dimension) { ..
public static int clear_index(MemorySegment index) { .. }

// Kon BbiICOKOYPOBHEBOU OBEPTKM

// Hanpumep, B KOHCTPYKToOpe
tndex = bindings_h.create_new_index(spaceName.ordinal(), dimension)

7/ Hanpmmep, B close()
bindings_h.clear_index(index);
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[Tony4deHHbIN n3BHEe MemorySegment

Mo cmbicny — Index*

// bindings.h
Index *create_new_index(int32_t spaceName, int32_t dimension);
nt32_t clear_index(Index *index);

// bindings_h.java
public static MemorySegment create_new_index(int spaceName, int dimension) { ..
public static int clear_index(MemorySegment index) { .. }

// Kon BbICOKOYPOBHEBOU OBEPTKM

// Hanpumep, B KOHCTPYKTOpeE
tndex = bindings_h.create_new_index(spaceName.ordinal(), dimension)

7/ Hanpumep, B close()
bindings_h.clear_index(index);
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[Tony4deHHbIN n3BHEe MemorySegment

Mo cmbicny — Index*

// bindings.h
Index *create_new_index(int32_t spaceName, int32_t dimension);
int32_t clear_index(Index *index);

// bindings_h.java
public static MemorySegment create_new_index(int spaceName, int dimension) { ..
public static int clear_index(MemorySegment index) { .. }

// Kon BbICOKOYPOBHEBOU OBEPTKM

// Hanpumep, B KOHCTPYKTOpeE
tndex = bindings_h.create_new_index(spaceName.ordinal(), dimension)

7/ Hanpumep, B close()
bindings_h.clear_index(index);
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[Tony4deHHbIN n3BHEe MemorySegment

Mo cmbicny — Index*

// bindings.h
Index *create_new_index(int32_t spaceName, int32_t dimension);
int32_t clear_index(Index *index);

// bindings_h.java
public static MemorySegment create_new_index(int spaceName, int dimension) { ..
public static int clear_index(MemorySegment index) { .. }

// Kon BbiICOKOYPOBHEBOU OBEPTKM

// Hanpumep, B KOHCTPYKToOpe
index = bindings_h.create_new_index(spaceName.ordinal(), dimension)

7/ Hanpumep, B close()
bindings_h.clear_index(index);
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A ecnun Hy>XHO caMOMYy BblaenNnTb NaMsATb?

Ha nomowb npuxoaut Arena

// bindings.h
nt32_t get_data(Index *index, int32_t i1d, float *vector, int32_t dim);

// bindings_h.java
public static int get_data(
MemorySegment index, int id, MemorySegment vector, int dim

) { ..}

// Kon BbiICOKOYPOBHEBOU OBEPTKM
try (var arena = Arena.ofConfined()) {
var floatArray = arena.allocate(

MemorylLayout.sequencelLayout(dimension, ValueLayout.JAVA_FLOAT)
)3
bindings_h.get_data(index, i1d, floatArray, dimension);
return floatArray.toArray(ValuelLayout.JAVA_FLOAT);

OZON teCh Jextract & buHauHrn k hnswlib 121



A ecnun Hy>XHO caMOMYy BblaenNnTb NaMsATb?

Ha nomowb npuxoaut Arena

// bindings.h
int32_t get_data(Index *index, int32_t id, float *vector, int32_t dium);

// bindings_h.java
public static int get_data(
MemorySegment index, int id, MemorySegment vector, int dim

) { ..}

// Kon BbICOKOYPOBHEBOU OBEPTKM
try (var arena = Arena.ofConfined()) {
var floatArray = arena.allocate(

MemoryLayout.sequencelLayout(dimension, ValuelLayout.JAVA_ FLOAT)
);

bindings_h.get_data(index, id, floatArray, dimension);
return floatArray.toArray(ValuelLayout.JAVA_FLOAT);
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A ecnun Hy>XHO caMOMYy BblaenNnTb NaMsATb?

Ha nomowb npuxoaut Arena

// bindings.h
int32_t get_data(Index *index, int32_t id, float *vector, int32_t dim);

// bindings_h.java
public static int get_data(
MemorySegment index, int id, MemorySegment vector, int dim

) { .}

// Kon BbiICOKOYPOBHEBOU OBEPTKM
try (var arena = Arena.ofConfined()) {
var floatArray = arena.allocate(

MemorylLayout.sequencelLayout(dimension, ValueLayout.JAVA_FLOAT)
)3
bindings_h.get_data(index, i1d, floatArray, dimension);
return floatArray.toArray(ValuelLayout.JAVA_FLOAT);
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A ecnun Hy>XHO caMOMYy BblaenNnTb NaMsATb?

Ha nomowb npuxoaut Arena

// bindings.h
int32_t get_data(Index *index, int32_t id, float *vector, int32_t dim);

// bindings_h.java
public static int get_data(
MemorySegment index, int id, MemorySegment vector, int dim

) { .}

// Kon BbiICOKOYPOBHEBOU OBEPTKM
try (var arena = Arena.ofConfined()) 1
var floatArray = arena.allocate(

MemorylLayout.sequencelLayout(dimension, ValuelLayout.JAVA_FLOAT)
)3

bindings_h.get_data(index, id, floatArray, dimension);
return floatArray.toArray(ValuelLayout.JAVA_FLOAT);

OZONieCh Jextract & BuHamHMM K hnswlib 124



A ecnun Hy>XHO caMOMYy BblaenNnTb NaMsATb?

Ha nomowb npuxoaut Arena

// bindings.h
int32_t get_data(Index *index, int32_t id, float *vector, int32_t dim);

// bindings_h.java
public static int get_data(
MemorySegment index, int id, MemorySegment vector, int dim

) { .}

// Kon BbICOKOYPOBHEBOU OBEPTKM
try (var arena = Arena.ofConfined()) {
var floatArray = arena.allocate(

MemorylLayout.sequencelLayout(dimension, ValueLayout.JAVA_FLOAT)
)3
bindings_h.get_data(index, id, floatArray, dimension);
return floatArray.toArray(ValuelLayout.JAVA_FLOAT);
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A ecnun Hy>XHO caMOMYy BblaenNnTb NaMsATb?

Ha nomowb npuxoaut Arena

// bindings.h
int32_t get_data(Index *index, int32_t id, float *vector, int32_t dim);

// bindings_h.java
public static int get_data(
MemorySegment index, int id, MemorySegment vector, int dim

) { .}

// Koo BbICOKOYPOBHEBOU OBEPTKM
try (var arena = Arena.ofConfined()) {
var floatArray = arena.allocate(

MemorylLayout.sequencelLayout(dimension, ValuelLayout.JAVA_FLOAT)
);
bindings_h.get_data(index, i1d, floatArray, dimension);
return floatArray.toArray(ValuelLayout.JAVA_FLOAT);
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A ecnun Hy>XHO caMOMYy BblaenNnTb NaMsATb?

Ha nomowb npuxoaut Arena

// bindings.h
int32_t get_data(Index *index, int32_t id, float *vector, int32_t dim);

// bindings_h.java
public static int get_data(
MemorySegment index, int id, MemorySegment vector, int dim

) { .}

// Koo BbICOKOYPOBHEBOU OBEPTKM
try (var arena = Arena.ofConfined()) {
var floatArray = arena.allocate(

MemorylLayout.sequencelLayout(dimension, ValuelLayout.JAVA_FLOAT)
)3
bindings_h.get_data(index, id, floatArray, dimension);
return floatArray.toArray(ValuelLayout.JAVA_FLOAT);
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HioaHcbl Jextract

HeTpVIBI/Iaan bie onpeanerieHnda TUNOB

private static final Map<String, MemorylLayout> CANONICAL _LAYOUTS
= Linker.nativeLinker().canonicallLayouts( );

public static final ValuelLayout.OfBoolean C_BOOL
= (ValueLayout.O0fBoolean) CANONICAL_LAYOUTS.get("bool");

public static final ValuelLayout.OfLong C_LONG_LONG
= (ValuelLayout.OfLong) CANONICAL_LAYOUTS.get("long long");

public static final AddressLayout C_POINTER
= ((AddressLayout) CANONICAL_LAYOUTS.get("void*"))

.withTargetLayout(sequencelLayout(java.lang.Long.MAX_VALUE, C_CHAR));
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HioaHcbl Jextract

HeTpMBMaanble onpegerieHnda TunoB

private static final Map<String, MemorylLayout> CANONICAL _LAYOUTS
= Linker.nativeLinker().canonicallLayouts( );

public static final ValuelLayout.OfBoolean C_BO0OOL
= (ValueLayout.O0fBoolean) CANONICAL_LAYOUTS.get("bool");

public static final ValuelLayout.OfLong C_LONG_LONG
= (ValueLayout.OfLong) CANONICAL_LAYOUTS.get("long long");

public static final AddressLayout C_POINTER
= ((AddressLayout) CANONICAL_LAYOUTS.get("void*"))

.withTargetLayout(sequencelLayout(java.lang.Long.MAX_VALUE, C_CHAR));
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HioaHcbl Jextract

HeTpMBMaanble onpegerieHnda TunoB

private static final Map<String, MemorylLayout> CANONICAL_LAYOUTS
= Linker.nativeLinker().canonicallLayouts();

public static final ValuelLayout.OfBoolean C_BOOL
= (ValueLayout.O0fBoolean) CANONICAL_LAYOUTS.get("bool");

public static final ValuelLayout.OfLong C_LONG_LONG
= (ValueLayout.OfLong) CANONICAL_LAYOUTS.get("long long");

public static final AddressLayout C_POINTER
= ((AddressLayout) CANONICAL_LAYOUTS.get("void*"))

.withTargetLayout(sequencelLayout(java.lang.Long.MAX_VALUE, C_CHAR));
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HioaHcbl Jextract

HeTpMBMaanble onpegerieHnda TunoB

private static final Map<String, MemorylLayout> CANONICAL_LAYOUTS
= Linker.nativeLinker().canonicallLayouts();

public static final ValuelLayout.OfBoolean C_BO0OOL
= (ValueLayout.O0fBoolean) CANONICAL_LAYOUTS.get("bool");

public static final ValuelLayout.OfLong C_LONG_LONG
= (ValuelLayout.OfLong) CANONICAL_LAYOUTS.get("long long");

public static final AddressLayout C_POINTER
= ((AddressLayout) CANONICAL_LAYOUTS.get("void*"))

.withTargetLayout(sequencelLayout(java.lang.Long.MAX_VALUE, C_CHAR));
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HioaHcbl Jextract

HeTpMBMaanble onpegerieHnda TunoB

private static final Map<String, MemorylLayout> CANONICAL_LAYOUTS
= Linker.nativeLinker().canonicallLayouts();

public static final ValuelLayout.O0OfBoolean C_B0OOL
= (ValueLayout.O0fBoolean) CANONICAL_LAYOUTS.get("bool");

public static final ValuelLayout.OfLong C_LONG_LONG
= (ValueLayout.OfLong) CANONICAL_LAYOUTS.get("long long");

public static final AddressLayout C_POINTER
= ((AddressLayout) CANONICAL_LAYOUTS.get("void*"))

.withTargetLayout(sequencelLayout(java.lang.Long.MAX_VALUE, C_CHAR));
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HioaHcbl Jextract

Jextract He ymeeT pacctaBnatb Linker.Option’sl no HacTponkam nonb3oBaTtens

Linker options. It is currently not possible to tell jextract to use linker options to
link a particular function. Code will have to be edited manually to add them.

(for instance, if the function sets errno, the
Linker.0Option.captureCallState option has to be added manually).

https://github.com/openjdk/jextract/blob/master/doc/GUIDE.md#unsupported-features
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HioaHcbl Jextract

Apyrue orpaHnyeHus

HekoTopble C-Tunbl >64 6uT
DyHKUME-NOA0OHbIE MaKPOCHI

buTtoBble nong

Jextract
unsupported
features

Opaque-Tunbl

ATpunOyThI, ynpaBnsoLme nopaaKkom rnosien
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ApeHbl & buHanHrn k CatBoost

05



Yto ectb CatBoost?

HaTtnBHaa 6mbnuoteka Ana rpagueHTHOro OycTuHra

* Aicnonb3yeTca Hamu ong paHXUpoBaHUS TOBapOB
» OnepupyeT AepeBbsiMN peLLEHNN
* YMeeT paboTtaTb C NPSAMbIM (CTPOYKN-OOKYMEHTbI) U TPAHCMOHUPOBAHHbLIM (KOFOHKU-OUYN) OaHHBIMA

OAHHBIE OOWH BOPKEP - T AEPEBbEB noarPaa BbiIXona
( N
docq: fur o fann 1 BOpKEp
dOCQ: fw,z fM,z
Z Ckop
docj: i, j ... fy, i -> OfIHOrO JOKYMeHTa
noT
score = ¥, leaf,
docn: fin oo fpn
[Oepeo 1 [epeso 2 Oepeso T CyMMa NUCTbeB
N goKymMeHTOB

\_X M uuncnosbix puven __/

https://catboost.ai/
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PacueT CatBoost-mogenen — a1o goporo

Ans Hac — KPUTUYHO goporo

Model evaluate time p99 A\

50 ms
40 ms

30ms

Os

15:45 16:00 16115 16:30 16:45 17:00 17115 17:30 17:4

== m_1753960023_osrch_68247_search_I2_rel_click_rh
m_1765190748_osrch_78263_catalog_l2_conv

== m_1765190763_osrch_78263_catalog_buterbrod_calib_with_rules

== m_1768752886_osrch_80716_search_|2_price_component
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Model evaluate time p90 /A

30 ms
25 ms
20 ms

15 ms

10 ms

5ms

Os

15:45 16:00 16:15 16:30 16:45 17:00 17115 17:30

== m_1753960023_osrch_68247_search_I2_rel_click_rh
m_1765190748_osrch_78263_catalog_l2_conv

== m_1765190763_osrch_78263_catalog_buterbrod_calib_with_rules

== m_1768752886_osrch_80716_search_I2_price_component

17:4

Model evaluate time p50 A\

8 ms
7 ms
6 ms

NSl < TN

T A S S

o i T A BV WW TN

4 ms

3msw~'—’*"\a—\w\_‘

2ms e
(= s PR S ot e s O o WL e
Tms = £ \/ <
Os
15:45 16:00 16:15 16:30 16:45 17:00 17:15 17:30 17:4

== m_1753960023_osrch_68247_search_I2_rel_click_rh
m_1765190748_osrch_78263_catalog_l2_conv

== m_1765190763_osrch_78263_catalog_buterbrod_calib_with_rules

== m_1768752886_osrch_80716_search_I2_price_component
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CatBoost npenocraBnser craHgapTHble OMHOUHIN

Home » ai.catboost » catboost-prediction

“ CatBoost Model Applier

Java module to apply CatBoost models

NMoBepx JNI, CUHXPOHHLbIE

Overview Versions (32) Used By (5) Badges Books (5)

LICENSE Apache 2.0

TAGS ai
RANKING #45653 in MvnRepository
HOMEPAGE https://catboost.ai & Inspect URL
LINKS ©
Latest Versions 32 versions -
Central (32)
VERSION VULNERABILITIES ~ USAGES DATE
1.2.10 0 Feb 18, 2026
1.2.x 1.2.8 0 Apr 13, 2025
1.2.7 1 Sep 07, 2024

https://mvnrepository.com/artifact/ai.catboost/catboost-prediction
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Kak Mbl Tenepb ymeem peLuartb 3Ty npobnemy?

C nomowibro FFM API!
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Kak Mbl Tenepb ymeem peLuartb 3Ty npobnemy?

C nomowibro FFM API!

e seeons peccoun e

us/op
1 PANAMA 100 03.943 =+ 7.489 wus/op
1 INI 1000 903.652 =+ 1.961 wus/op
1 PANAMA 1000 896.479 + 40.342 us/op
16 INI 100 269.416 + 92.590 us/op
16 PANAMA 100 250.234 + 35.095 us/op
16 INI 1000 2346.441 + 407.353 us/op
16 PANAMA 1000 2277 .543 = 428.600 us/op
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Kak Mbl Tenepb ymeem peLuartb 3Ty npobnemy?

C nomowibro FFM API!

ozoNiech

“Backend  Doccount __Score

JNI
PANAMA

ApeHbl & BuHanHrn k CatBoost

1000
1000

1251.4
1231.1

+
+

9.5
17.5

us/op
us/op
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[Touemy Tak?

NMoTomy 4YTO HAapoO cMOTpPETb Ha npodpunu!

cGen
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ApeHbl

Kakue oHu ecTb?

ApeHa OcBoboxaeHune HdocTtyn K cermeHTam U3 | MOXHO nu BbI3bIBaTb 3ayem?
namsTu APYrnx nNoToKoB close()?

Arena.global() C 3aBeplueHnem JVM Oa BeyHoXuByLLME OBBLEKTHI

Arena.ofAuto() B momeHT GC [a Het YKN3HEHHbIN uuKn
HeTpuBManeH

Arena.ofConfined() [Mpu sakpbiTum HeTt [a KopoTkoxuByLune

JTOKalibHbl€ arnjiokauunu

Arena.ofShared() Mpw 3aKpbITUK Oa Oa OrpaHuyeHHbIE, HO
LUapSALLMECcs annokauum
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Confined Ham nogxoauT naearibHO

OrpaHn4YeHHbIN CKoyn

try (var arena = Arena.ofConfined())

var numericFeatureMatrixRows = arena
.allocate(ValueLayout.ADDRESS, featureCount);

var predictions = arena
.allocate(ValueLayout.JAVA_DOUBLE, predictionsSize);

calcModelPredictionFlatTransposed(
size,
numericFeatureMatrixRows, featureCount,
predictions, predictionsSize

)3

return unwrapPredictions(Math.toIntExact(documentCount), predictions);

OZONieCh ApeHbl & BuHanHrn k CatBoost
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Confined HamMm noaoxoOouT naeanbHO

OrpaHn4YeHHbIN CKoyn

try (var arena = Arena.ofConfined()) {

var numericFeatureMatrixRows = arena
.allocate(ValueLayout.ADDRESS, featureCount);

var predictions = arena
.allocate(ValueLayout.JAVA_DOUBLE, predictionsSize);

calcModelPredictionFlatTransposed(
size,
numericFeatureMatrixRows, featureCount,
predictions, predictionsSize

)3

return unwrapPredictions(Math.toIntExact(documentCount), predictions);
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Confined HamMm noaoxoOouT naeanbHO

OrpaHn4YeHHbIN CKoyn

try (var arena = Arena.ofConfined()) {

var numericFeatureMatrixRows = arena
.allocate(ValueLayout.ADDRESS, featureCount);

var predictions = arena
.allocate(ValueLayout.JAVA_DOUBLE, predictionsSize);

calcModelPredictionFlatTransposed(
size,
numericFeatureMatrixRows, featureCount,
predictions, predictionsSize

);

return unwrapPredictions(Math.toIntExact(documentCount), predictions);
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Confined HamMm noaoxoOouT naeanbHO

OrpaHn4YeHHbIN CKoyn

try (var arena = Arena.ofConfined()) {

var numericFeatureMatrixRows = arena
.allocate(ValueLayout.ADDRESS, featureCount);

var predictions = arena
.allocate(ValueLayout.JAVA_DOUBLE, predictionsSize);

calcModelPredictionFlatTransposed(
size,
numericFeatureMatrixRows, featureCount,
predictions, predictionsSize

)3

return unwrapPredictions(Math.toIntExact(documentCount), predictions);
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Confined HamMm noaoxoOouT naeanbHO

OrpaHn4YeHHbIN CKoyn

try (var arena = Arena.ofConfined()) {
var numericFeatureMatrixRows = arena
.allocate(ValueLayout.ADDRESS, featureCount);

var predictions = arena
.allocate(ValueLayout.JAVA_DOUBLE, predictionsSize);

calcModelPredictionFlatTransposed(
size,
numericFeatureMatrixRows, featureCount,
predictions, predictionsSize

);

return unwrapPredictions(Math.toIntExact(documentCount), predictions);
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Slicing Allocator

MoXHO cpa3y BblaennTb NaMATb HY>KHOro pa3Mmepa n géleBo Hape3aTb €€

var rowLayout = MemorylLayout
.sequencelLayout(documentCount, ValuelLayout.JAVA_FLOAT);

var rowsAllocator = SegmentAllocator.slicingAllocator(
arena.allocate(rowLayout, featureCount)

)5

for (var index = 0; index < featureCount; index++) {
var inMemoryRow = numericFeaturesTransposed| index];
var row = rowsAllocator
.allocateFrom(ValueLayout.JAVA_FLOAT, inMemoryRow);
numericFeatureMatrixRows
.setAtIndex(ValueLayout.ADDRESS, index, row);
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Slicing Allocator

MoXHO cpa3y BblaennTb NaMATb HY>KHOro pa3Mmepa n géleBo Hape3aTb €€

var rowLayout = MemoryLayout
.sequencelLayout(documentCount, ValuelLayout.JAVA_FLOAT);

var rowsAllocator = SegmentAllocator.slicingAllocator(
arena.allocate(rowLayout, featureCount)

)5

for (var index = 0; index < featureCount; index++) A
var inMemoryRow = numericFeaturesTransposed[ index];
var row = rowsAllocator
.allocateFrom(ValuelLayout.JAVA_FLOAT, inMemoryRow);
numericFeatureMatrixRows
.setAtIndex(ValueLayout.ADDRESS, index, row);
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Slicing Allocator

MoXHO cpa3y BblaennTb NaMATb HY>KHOro pa3Mmepa n géleBo Hape3aTb €€

var rowLayout = MemorylLayout

.sequencelLayout(documentCount, ValuelLayout.JAVA_FLOAT);

var rowsAllocator = SegmentAllocator.slicingAllocator(
arena.allocate(rowLayout, featureCount)

)5

for (var index = 0; index < featureCount; index++) A{
var inMemoryRow = numericFeaturesTransposed[ index];
var row = rowsAllocator

.allocateFrom(ValueLayout.JAVA_FLOAT, inMemoryRow);

numericFeatureMatrixRows
.setAtIndex(ValueLayout.ADDRESS, index, row);
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Slicing Allocator

MoXHO cpa3y BblaennTb NaMATb HY>KHOro pa3Mmepa n géleBo Hape3aTb €€

var rowLayout = MemorylLayout
.sequencelLayout(documentCount, ValuelLayout.JAVA_FLOAT);

var rowsAllocator = SegmentAllocator.slicingAllocator(
arena.allocate(rowLayout, featureCount)

)5

for (var index = 0; index < featureCount; index++) {
var inMemoryRow = numericFeaturesTransposed| index];
var row = rowsAllocator
.allocateFrom(ValueLayout.JAVA_FLOAT, inMemoryRow);
numericFeatureMatrixRows
.setAtIndex(ValueLayout.ADDRESS, index, row);
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Slicing Allocator

MoXHO cpa3y BblaennTb NaMATb HY>KHOro pa3Mmepa n géleBo Hape3aTb €€

var rowLayout = MemorylLayout

.sequencelLayout(documentCount, ValuelLayout.JAVA_FLOAT);

var rowsAllocator = SegmentAllocator.slicingAllocator(
arena.allocate(rowLayout, featureCount)

)5

for (var index = 0; index < featureCount; index++) A{
var inMemoryRow = numericFeaturesTransposed[ index];
var row = rowsAllocator

.allocateFrom(ValueLayout.JAVA_FLOAT, inMemoryRow);

numericFeatureMatrixRows
.setAtIndex(ValuelLayout.ADDRESS, index, row);
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I HEMHOXKKO 3KOHOMUU Ha cnmn4ykax

YépHoun marmen genaem uninit-annokauum

var numericFeatureMatrixRows = UninitAllocations
.allocateUninit(arena, ValuelLayout.ADDRESS, featureCount);

var rowsAllocator = SegmentAllocator.slicingAllocator(
UninttAllocations.allocateUninit(arena, rowLayout, featureCount)

)5

var predictions = UninitAllocattions
.allocateUninit(arena, ValuelLayout.JAVA_DOUBLE, predictionsSize);
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I HEMHOXKKO 3KOHOMUU Ha cnmn4ykax

YépHoun marmen genaem uninit-annokauum

var numericFeatureMatrixRows = UninitAllocations
.allocateUninit(arena, ValuelLayout.ADDRESS, featureCount);

var rowsAllocator = SegmentAllocator.slicingAllocator(
UninitAllocations.allocateUninit(arena, rowLayout, featureCount)

)5

var predictions = UninitAllocations
.allocateUninit(arena, ValuelLayout.JAVA_DOUBLE, predictionsSize);
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I HEMHOXKKO 3KOHOMUU Ha cnmn4ykax

YépHoun marmen genaem uninit-annokauum

var numericFeatureMatrixRows

= UninitAllocations

HENHNLUMANN3NpPoOBaHHOW

namatun — 3to UB Bewa['e
of moving

var predictions = UninitAllocations
.allocateUninit(arena, ValuelLayout.JAVA DOUBLE, p parts
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[Tapannennsm ypoBHA OOKYMEHTOB

3apava KpacuBo pa3buBaeTcs Ha noa3aaavn

« MoxHo naparnnenbHo 3anyckatb CatBoost Ana ananasoHOB JOKYMEHTOB
« 3Ha4yeHnsa comnyen Mbl B NOOOM criyvae rnepeknanbiBaem
* Hapgo ckneuBatb pesynbraThl Nogsagad, mbo gasatb MM NUcaTb B OOLLMW MaccuB

OATACET - N AOKYMEHTOB x M ®UYEN BOPKEPbDI (MAPANJNE/IbHO) CBOPKA

y
) 4 A

- Bopkep 1
OOKYMEHTbI 1...i

aHcambnb gepeBbeB Ha AOKYMeHTax 1...i
docq: fi,1 fa1 v fpin
docy: fi,2 f2,2 ... fmy2 / é( >b é )b fg )b fg %
- - —> CKopbl 1.4
(.

doci: fy,; 2 ... Ty

> Bopkepy 1
- J

( N
AOKYMEHTbI i+1...N Bopkep 2

aHcambnb fepeBbeB Ha AoKyMeHTax i+1...N
dociy1: fuper Fayper e Fitpen Aep Aoky

doCiy2: fuez fa ez oo fMipee / é% é% é% é% @
> »

dOCNZ f1,n fz,n fM,n

|

> Bopkepy 2
- J
\_ Pa3pe3 0 LORYMERTAM J [

CKOpbl AOKYMEHTOB
KOHKaTeHauusa 6e3 CYyMMb
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I BOT nocrne onTtumMnsauum allfOPUTMNKU

Ctano KkpacuBo (O4YeHb)

ozoNiech

____ Backend ______ ____Score

JNI

PANAMA
PANAMA_BLOCK512
PANAMA_BLOCK256
PANAMA_BLOCK128

ApeHbl & BuHanHrn k CatBoost

1223.7 + 4.8
1212.2 + 24.0
608.1 + 7.1
325.1 + 1.6
200.6 = 1.2

us/op
us/op
us/op
us/op
us/op
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A npuyem TyT naHama?

" , "

res—avx512-default-avgt-PANAMA-sequential_24-b24.json
res—avx512-default—thrpt-INI-sequential_12-b12.json
res—avx512-default-thrpt-INI-sequential_24-b24.json
res—avx512-default—thrpt-PANAMA_BLOCK128-parallel-b12.json
res—avx512-default—thrpt-PANAMA_BLOCK128-parallel-b24.json
res—avx512-default-thrpt-PANAMA_BLOCK256-parallel-b12.json
res—avx512-default—thrpt-PANAMA_BLOCK256-parallel-b24.json
res—avx512-default-thrpt-PANAMA_BLOCK512-parallel-b12.json
res—avx512-default—thrpt-PANAMA_BLOCK512-parallel-b24.json
res—avx512-default-thrpt-PANAMA-sequential_12-b12.json
res—avx512-default—thrpt-PANAMA-sequential_24-b24.json
res-before-avgt-INI-BIG-t12.json
res-before-avgt-INI-BIG-t1.json
res-before-avgt-INI-BIG-t24.json
res-before-avgt-INI-BIG-t48.json
res-before-avgt-INI-BIG-t96.json
res-before-avgt-PANAMA-BIG-t12.json
res-before-avgt-PANAMA-BIG-t1.json
res-before-avgt-PANAMA-BIG-t24.json
res-before-avgt-PANAMA-BIG-t48.json
res-before-avgt-PANAMA-BIG-t96.json
res-before-avgt-PANAMA_BLOCK128-BIG-t12.json
res—before-avgt-PANAMA_BLOCK128-BIG-t1.json
res-before-avgt-PANAMA_BLOCK128-BIG-t24.json
res-before-avgt-PANAMA_BLOCK128-BIG-t48.json
res-before-avgt-PANAMA_BLOCK128-BIG-t96.json
res-before-avgt-PANAMA_BLOCK128-SMALL-t12.json
res-before-avgt-PANAMA_BLOCK128-SMALL-t1.json
res-before-avgt-PANAMA_BLOCK128-SMALL-t24.json
res—before—-avgt—PANAMA_BLOCK128-SMALL-t48.json
res-before-avgt-PANAMA_BLOCK128-SMALL-t96.json
res—before-avgt—PANAMA_BLOCK256-BIG-t12.json
res—before-avgt-PANAMA_BLOCK256-BIG-t1.json
res-before-avgt-PANAMA_BLOCK256-BIG-t24.json
res—before-avgt-PANAMA_BLOCK256-BIG-t48.json
res—before-avgt-PANAMA_BLOCK256-BIG-t96.json
res-before-avgt-PANAMA_BLOCK256-SMALL-t12.json
res—before-avgt-PANAMA_BLOCK256-SMALL-t1.json
res—before-avgt-PANAMA_BLOCK256-SMALL-t24.json
res-before-avgt-PANAMA_BLOCK256-SMALL-t48.json
res—before-avgt—PANAMA_BLOCK256—-SMALL-t96.json
res-before-avgt-PANAMA_BLOCK512-BIG-t12.json
res-before-avgt-PANAMA_BLOCK512-BIG-t1.json
res-before-avgt-PANAMA_BLOCK512-BIG-t24.json
res-before-avgt-PANAMA_BLOCK512-BIG-t48.json
res-before-avgt-PANAMA_BLOCK512-BIG-t96.json
res-before-avgt-PANAMA_BLOCK512-SMALL-t12.json
res—before-avgt-PANAMA_BLOCK512-SMALL-t1.json
res-before-avgt-PANAMA_BLOCK512-SMALL-t24.json
res-before-avgt-PANAMA_BLOCK512-SMALL-t48.json
res-before-avgt-PANAMA_BLOCK512-SMALL-t96.json
res—-before-thrpt-INI-BIG-t12.json
res-before-thrpt-INI-BIG-t1.json
res-before-thrpt-INI-BIG-t24.json
res-before-thrpt-INI-BIG-t48.json
res-before-thrpt-INI-BIG-t96.json

res-tl

results.csv

run-align-percore.sh
run-align-user-percore.sh
run-asyncprof-alignu-collapsed.sh
run-asyncprof-alignu.sh
run-asyncprof-alignu-v2.sh
run-asyncprof-avx512.sh
run-asyncprof.log
run-asyncprof-padlé6.sh
run-avx512-final.log
run-avx512-final.sh
run-avx512.1og
run-avx512-percore.sh
run-blocksize-sweep.sh

run-c2c.sh

run-compare-highthr.sh
run-compare.sh

run-docprof.sh

run-opt2.sh

run-padlé

run-percore.sh

run-poolcmp.sh

run-prof-cpu.sh
run-sharedfeats.sh
run-simd-cmp.sh
run-staged-percore.log
run-staged-percore.sh

run-thrp.sh

run-tl.log

run-tl-percore.sh

run-verify.sh

sharedfeats.log
simd-catboost-panama—aligned-percore-B128-b12.txt
simd-catboost-panama-baseline-percore-B128-b12.txt
src

staged-percore2.log
staged-percore.log
stat—-PANAMA_BLOCK64-parallel-bl2.err
stat-PANAMA_BLOCK64-parallel-b12.1log
stat-PANAMA-sequential_12-bl12.err
stat-PANAMA-sequential_12-b12.log
thrp-INI-t12.json
thrp-JINI-t1.json
thrp-INI-t24.json
thrp-INI-t48.json
thrp-INI-t96.json

thrp.log
thrp-PANAMA_BLOCK256-t12. json
thrp-PANAMA_BLOCK256-t1.json
thrp-PANAMA_BLOCK256-t24. json
thrp-PANAMA_BLOCK256-t48.json
thrp-PANAMA_BLOCK256-t96.json
verify-avgt.json

verify.log

verify-thrpt.json

OZONieCh ApeHbl & BUHAMHIM k CatBoost

v [ opt-log

M! 00-cTeHg.md

M! 02-baseline.md

M! 03-summary.md

M 04-throughput.md

M! 05-compare-before-after.md

M! 06-per-core-comparison.md

M! 07-staged-trees-comparison.md

M. 08-parallel-profiling-root-cause.md

M 09-sharedfeats-comparison.md

M! 10-blocksize-sweep.md

M! 11-opt2-arena-reuse.md

M! 12-perf-c2c-stat.md

M! 13-docprof-cpu-work.md

M. 14-per-thread-handles-experiment.md
M! 15-data-alignment-experiment.md

M. 16-aligned-via-layout-and-frame-profile.md
M. 17-aligned-size-pad16.md

M! 18-avx512-binary.md

M! 19-avx512-proper-cpu-profiles.md

v [ opt-log-opencode

M! 00-cTeHa.md

M. 01-first-benchmark.md
M! 02-baseline.md

M¢ 03-summary.md

() measure-idle-cpu.sh
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A npuyem TyT naHama?

FJP — merayno6eH

@RequiredArgsConstructor(access = AccesslLevel .PRIVATE)
private final class EvaluationTask extends RecursiveAction {
private final float[ ][] features;
private final int docs;
private final int blockSize;

private final float[] receiver;
private final int start;
private final int end;

@Override
protected void compute() {

}
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I HEMHOXKKO 3KOHOMUU Ha cnmn4ykax

FJP — merayno6eH

@Override
protected void compute() {
if (end - start < blockSize) {
evalTransposedInto(features, docs, receiver, start, end);

}+ else {
var mid = (start + end) >>> 1;
tnvokeAll(
new EvaluationTask(features, docs, blockSize, receiver, start, mid),
new EvaluationTask(features, docs, blockSize, receiver, mid, end)
)3
}
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beH4YyMapKu HUYTO

NMokaxuTte Ham prod
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beH4YyMapKu HUYTO

NMokaxuTte Ham prod

Model evaluate time p99

200 ms
1775 ms
150 ms
125 ms
100 ms
75 ms
50 ms
25ms
0s ==

17:45 18:00 18:15

A

18:30

18:45 19:00 19:15  19:30 19:4

== m_1753960023_osrch_68247_search_I2_rel_click_rh
== m_1765190748_osrch_78263_catalog_I2_conv
== m_1765190763_osrch_78263_catalog_buterbrod_calib_with_rules

== m_1768752886_osrch_80716_search_|2_price_component

BbluncneHue CatBoost-mopenen ®

300000

200000

100000

0
17:45 17:50 17:55

18:00 18:05 18110 18:15 18:20

Model evaluate time p90 A\

140 ms
120 ms
100 ms
80 ms
60 ms
40 ms

OS = — e s
17:45 18:00 18:15 18:30 18:45 19:00 19115 19:30
== m_1753960023_osrch_68247_search_|2_rel_click_rh

== m_1765190748_osrch_78263_catalog_I2_conv

== m_1765190763_osrch_78263_catalog_buterbrod_calib_with_rules
== m_1768752886_osrch_80716_search_I2_price_component

19:4

18:25 18:30 18:35 18:40 18:45 18:50 18:55 19:00

== jni == panama_parallel == panama_sequential == panama_sequential_on_cpu_load

ozoniech
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Model evaluate time p50 A\

9ms

8 ms
7 ms
6 ms
5ms
4 ms
3ms
2ms
Tms

Os

19:05

17:45 18:00 18:15 18:30 18:45 19:00 19115  19:30

m_1753960023_osrch_68247_search_I2_rel_click_rh
m_1765190748_osrch_78263_catalog_l2_conv
m_1765190763_osrch_78263_catalog_buterbrod_calib_with_rules
m_1768752886_osrch_80716_search_I2_price_component

19110 19115 19:20 19:25 19:30 19:35 19:40

19:4

19:4
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Panama in the wild
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-jni

zstd

HepasHo cTtanu ucnonb3oBaTtb FFM API
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https://github.com/luben/zstd-jni#foreign-function--memory-api

Panama in the wild

ozoniech


https://github.com/luben/zstd-jni
https://github.com/luben/zstd-jni
https://github.com/luben/zstd-jni
https://github.com/luben/zstd-jni
https://github.com/luben/zstd-jni
https://github.com/luben/zstd-jni
https://github.com/luben/zstd-jni
https://github.com/luben/zstd-jni
https://github.com/luben/zstd-jni
https://github.com/luben/zstd-jni
https://github.com/luben/zstd-jni
https://github.com/luben/zstd-jni
https://github.com/luben/zstd-jni
https://github.com/luben/zstd-jni

Lucene

HaBHo ucnonb3syet FFM APl ana mmap

This class will use the modern MemorySegment API available since Java 21
which allows to safely unmap previously mmapped files after closing the
IndexInputs. There is no need to enable the "preview feature" of your Java
version; it works out of box with some compilation tricks. For more information
about the foreign memory API| read documentation of the
java. lang.foreign package.

https://lucene.apache.org/core/10 5 2/core/org/apache/lucene/store/MMapDirectory.html
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https://lucene.apache.org/core/10_5_2/core/org/apache/lucene/store/MMapDirectory.html
https://lucene.apache.org/core/10_5_2/core/org/apache/lucene/store/MMapDirectory.html
https://lucene.apache.org/core/10_5_2/core/org/apache/lucene/store/MMapDirectory.html

EcTb xopowune Jextract-nnarvHbl Anst cmctem cOopok

Hanpumep, gradle-jextract

jextract {
librarties {
val cApl = register("c_apit") {
header = layout.projectDirectory
.file("src/matn/public/catboost/c_apti.h")
headerClassName = "CatBoostCAptl"
targetPackage = "ru.ozon.oZ2models.catboost.panama.ffi1"

}

sourceSets.main {
jextract.libraries.addLater(cApti)
g

https://infolektuell.qithub.io/gradle-jextract/
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JPassport

MHTepeCHbIN NPOEKT No onucaHnio ouHanHroB Java-mHtepdencam

public interface Linked extends Passport {
// char* in C is equivalent to a Java String
int string_Llength(String s);
// Java does not have pointers like the C function, so we use arrays.
double sumArrD(double[] arr, int count);

// Get JPassport to create the native bindings for you.
Linked L = PassportFactory.link("libforetign", Linked.class);

//These are the calls into native code.
int n = L.string_length("hello");
double sum = L.sumArrD(new double[] {1, 2, 3}, 3);

https://github.com/boulder-on/JPassport
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JPassport

MHTepeCHbIN NPOEKT No onucaHnio ouHanHroB Java-mHtepdencam

public interface Linked extends Passport {
// char* in C is equivalent to a Java String
int string_Llength(String s);
// Java does not have pointers like the C function, so we use arrays.
double sumArrD(double[] arr, int count);

// Get JPassport to create the native bindings for you.
Linked L = PassportFactory.link("libforeign", Linked.class);

//These are the calls into native code.
int n = L.string_Llength("hello");
double sum = L.sumArrD(new double[] {1, 2, 3}, 3);

https://github.com/boulder-on/JPassport
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JPassport

MHTepeCHbIN NPOEKT No onucaHnio ouHanHroB Java-mHtepdencam

public interface Linked extends Passport {
// char* in C is equivalent to a Java String
int string_length(String s);
// Java does not have pointers like the C function, so we use arrays.
double sumArrD(double[] arr, int count);

// Get JPassport to create the native bindings for you.
Linked L = PassportFactory.link("libforetign", Linked.class);

//These are the calls into native code.
int n = L.string_length("hello");
double sum = L.sumArrD(new double[] {1, 2, 3}, 3);

https://github.com/boulder-on/JPassport
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Mbl He oTcTaem!

U nunum obGyro 6ubnmnoteky ¢ omHanHramm K libm

"name": "powf",
"description": [ "Calculates "x raised to the exponent 'y ." ,
b

"IT 'x and 'y are both "0, the result is 1 ." ],
"returns": "the calculated value, or "HUGE_VAL"

when the argument values would produce overflow",
"return_type": "float",
"parameters": [

{ "name": "x", "type": "float", "description": "base value" },
{ "name": "y", "type": "float", "description": "exponent value”
1,
"critical" : true

https://github.com/ozontech
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Mbl He oTcTaem!

U nunum obGyro 6ubnmnoteky ¢ omHanHramm K libm

/// Calculates x raised to the exponent 'y .

///

/// If 'x and 'y are both 0 , the result is 1 .
///

/// @param x base value

/// @param y exponent value

/// @return the calculated value,

/// or HUGE_VAL  when the argument values would produce overflow
public static float powf(float x, float y) {
try {

return (float) MH_powf.invokeExact(x, y);
} catch (Throwable throwable) {
throw LibcFactories.invocationFailure(
throwable, "powf(x=%f, y=%f)", X, y

)3

} https://github.com/ozontech
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BbiBOObI
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OZON

L4

s, Foreign Function and Memory API

https://s.ozon.ru/D4Y6m6Q

Cnacnbo 3a BHumMmaHue!

MeéTp MNMopTHOB

39 pportnov@ozon.ru

° github.com/JarvisCraft

OO
Oz

s Java FFl benchmark
** https://s.ozon.ru/6IHWvsP

-

v State of foreign memory support (2023)

Q'

** https://s.ozon.ru/jZUNAFC

° github.com/ozontech
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