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‘TypeSecript/JavaScript, Swift/Objective-C

2 MeXbs3bIKOBOI B paMKax ofHoro panraima: (C++/C, Kothn JVM/Java,

(morpannunbiii BapuantT), Kotlin JVM/Kotlin Native

> Meskpanraivossiit: JS/C (NAPL), JVM/C (INT), JS/WASM

N S S

N

> Mesmpoueccriit: user/kernel (syscalls), guest/hypervisor, RP

Mesxmaummmsiit: (REST, RMI, DCOM, gRPC)
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- cucrembl ucnondenud (C ABI B C++/C, JVM B Kotlin JVM/Java

- 2 HuskoypoBHeBbIil pethiieKTuBHBIN nHTEepdeiic K cucteme ncnoanenns (JNI,

APl

0-HENTPAILHBIN TUIM3UPOBAHHBIN MOAX0J, C OTOOPAsKEHNUEM THUIIOB U

- cepnamasanpeii (pasmaunbie IDL, gRPC, WSDL
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wrklass Foo {
native int getValue(int arg);

}

struct JNINativeInterface_ {
void xreserved@;
void xreservedl;
void xreserved2;

void *reserved3;
jint (INICALL xGetVersion) (INIEnv xenv);

jclass (INICALL xDefineClass)

JNI (19983

#1fdef _ cplus
extern "C" @
#endif

/ *
* Class:
* Method:
Signature:
%/
JNIEXPORT iigg

p lLus

FOO
getValue
(I)I

JNICALL Java_Foo_getValue

(JNIEnv %, jobject, jint);

(JNIEnv xenv, const char *name, jobject loader, const jbyte

jsize 1len);
jclass (INICALL *FindClass)
(JNIEnv *env, const char xname);

jmethodID (JINICALL *FromReflectedMethod)
(JNIEnv *env, jobject method);

jfieldID (JINICALL *FromReflectedField)
(JNIEnv *env, jobject field);

#ifdef _ cplus
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Napi::Value fooImpl(
const Napi::CallbackInfo& info) {
if (1 '= info.Length()) {

Napi::Error::New(info.Env(), "Error")
. ThrowAsJavaScriptException();
return info.Env().Undefined!();

let nativeModule = require("NativeModule")

console. log(nativeModule.bar(42))

s
if (!'info[@].IsNumber()) { o
Napi::Error::New(info.Env(), "Expected Numbe P
.ThrowAsJavaScriptException(); 54

return 0;

int32_t result =

info[@] .As<Napi::Number>().Int32Value() + 1;
return Napi::Number::New(info.Env(), result);

static Napi::0bject InitModule(Napi::Env env,
Napi::0Object exports) {
exports.Set(Napi::String::New(env, "foo"),
Napi::Function::New(env, fooImpl, "foo"));
return exports;

NODE_API_MODULE|("NativeModulef', InitModule))
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> Pednextusnbiilt uaTepdeiic k JS VM uepes Napi::

Mepnnenubiii

N

yOOHBIN B pa3pabOTKe




JS + WASM

' WebAssembly.instantiateStreaming(fetch("module.wasm"),{})

.then((obj) =>
console. log(obj.instance.exports["fooImpl"](42))

EMSCRIPTEN_KEEPALIVE extern "C" fooImpl(int value) @

return value + 1;

A




P - - . s LA
N AR A R Lo R T SR A A e e, Somtny R N A el TRl S g SR TR
pes: 3 ’ L e ,

DTN AN Ot AN I Y e o Do 20

Nhhnm_ A T R Tt s A Vs I YV e
SR A T SR T
S\ X
NPT X :

- > Bbi3oB JS -> WASM uepes Tabiuiy skcnopra

TlepenatoTcst TOJLKO NPUMUTUBHBIE THUIIbI

L AAMAEL

LV U

b WASM - tunmsupoBaHHBI MaccuB i JS

ripten cosaet 6oiiee y0OHbIE MOCTUKY |

< Nz - S * <




2 ABTOMaTHMUECKUIl U YA0OHLIN nHTepon ¢ Java u gpyrumu JVM

.
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f%ﬁ | protected drawShape(canvas: Canvas, rect: RRect) { -
if (!this.shapePaint) { ng
this.shapePaint = Paint.make() . |
} else { Paint m Canvas - e
this.shapePaint.reset() =

}

Q?% . this.shapePaint.color = this.style.color.value
this.style.gradient?.applyToPaint(this.shapePaint, rect) P
canvas.drawRRecd(rect, this.shapePaint) . E
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;
yHHBepcaanblﬁ KNativePointer impl_skoala_ImageFilter_MakeBlur( 4\
KFloat sigmaX, KFloat sigma¥Y, KInt tileModelnt, {
MOCT K C++ KNativePointer inputPtr, KIntx cropRectInts) { .
auto input = ptr<SkImageFilter>(inputPtr); %?5
auto crop = skoala::IRect::toSkIRect(cropRectInts); =
auto result = SkImageFilters::Blur(sigmaX, sigmay, e
’ CH@HI/IqDI/I‘IHbeI static_cast<SkTileMode>(tileModeInt), sk_ref_sp(input), crop.get()) f
.release(); E
return nativePtr(result); | ;{f
KOALA_INTEROP_5(skoala_ImageFilter_MakeBlur, KNativePointer, ~
KFloat, KFloat, KInt, KNativePointer, KIntx)
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[Tepexogauk (NAPI)

#define KOALA_INTEROP_6(name, Ret, PO, P1, P2, P3, P4, P5) \
Napi::Value Node_##name(const Napi::CallbackInfo& info) { \
KOALA_MAYBE_LOG(name) \
PO = getArgument<P@>(1info, ;
P1 = getArgument<P1l>(info, ;
P2 = getArgument<P2>(1info, -

o = getArgument<P4>(info, ;

P5 = getArgument<P5>(info, 5);

return makeResult<Ret>(info, impl_ ##name(p@, pl, p2, p3, p4, p5)); \
P\
MAKE_NODE_EXPORT (name)

( \

( \\

( \

P3 = getArgument<P3>(info, p o\
( \

( \\

=




Pernctpauus nepexoguuka (NAPI) &

#define MAKE NODE EXPORT(name) \
__attribute__ ((constructor)) \
static void init ##name() { \

Exports::getInstance()->addImpl("_"#name, Node_##name); \

static Napi::Object InitModule(ﬁggé::Env env, Napi::Object exports) @
for (const auto& impl: Exports::getInstance()->getImpls()) {
exports.Set(Napi::String::New(env, impl.first.c_str()),
Napi::Function::New(env, impl.second, impl.first.c_str()));

}

return exports,

)

NODE_API_MODULE(INTEROP_LIBRARY_NAME, InitModule)
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KOHBepTop aprymeHToB (NAPI

getArgument<P0>(info, 0); \ template <typename Type>
getArgument<P1>(info, 1); \ inline Type getArgument(const Napi::CallbackInfo& info, int index)
\

getArgument<P2>(1nfo 2);

temp late <>
inline KInt getArgument<int32_t>(const Napi::CallbackInfo& info, int index) {
NAPI_ASSERT_INDEX(info, index, 0);
Napi::Value value = info[index]
if (!value.IsNumber()) @
Napi::Error::New(env, "Expected Number")

. ThrowAsJavaScriptException();
return 0;

i

return value.As<Napi::Number>().Int32Value();

= delete;




& #define KOALA_INTEROP_6(name, Ret, P@, P1, P2, P3, P4, P5) \
B  KOALA_JNI_CALL(Ret) Java_org_##name(INIEnvx env, jclass instance, \

Tlepexomuuk (JNI

InteropTypeConverter<P0>::InteropType
InteropTypeConverter<Pl>::InteropType
InteropTypeConverter<P2>::InteropType

PO
P1
P2
P3
P4
P5
Ret rv

InteropTypeConverter<P3>::InteropType
InteropTypeConverter<P4>::InteropType
InteropTypeConverter<P5>::InteropType _

KOALA_MAYBE_LOG(name) \

getArgument<P0=>(env,
getArgument<P1>(env,
getArgument<P2>(env,
getArgument<P3>(env,
getArgument<P4>(env,
getArgument<P5>(env, _

makeResult<Ret>(env, impl ##name(p@, pl, p2, p3, p4, p5)); \

releaseArgument(env, _p@, po);
releaseArgument(env, pl, pl);
releaseArgument(env, _p2, p2);

releaseArgument(env, p4, p4);

(

(
releaseArgument(env, _p3, p3);

(

(

releaseArgument(env, _p5, p5);
return rv; \

#define KOALA_INI_CALL(type) extern "C" JNIEXPORT type JNICALL

- o
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KonsepTop aprymenTon (JNI

template <typename Type> ‘ Eg
inline Type getArgument(JNIEnvx env, ?f
ypename InteropTypeConverter<Type>::InteropType arg) { » ﬁi,n
return InteropTypeConverter<Type>::convertFrom(env, arg); ng
R o

o temp late<> §

template <typename Type> struct InteropTypeConverter<KIntx> { ,
< inline void releaseArgumenthNIEnv* env, using InteropType = jintArray; ?;r
B ypename InteropTypeConverter<Type>::InteropType arg, Type data { static KIntx convertFrom(IJNIEnvx env, InteropType value) { | ,
InteropTypeConverter<Type>::release(env, arg, data); return value 7 reinterpret_cast<KInt#>
env->GetIntArrayElements(value, nullptr)) : nullptr; ggﬂi
} e

static void release(JINIEnvx env, InteropType value, KInt* converted) { 25
env—>Re1easeIntArrayElementsicg{Ggswxww ‘%{g

template <typename Type> |reinterpret_cast<J\Ai£|$*>(converted), 0;

®line typename InteropTypeConverter<Type>::InteropType
makeResult (JNIEnvx env, Type value) { .
return InteropTypeConverter<Type>::convertTo(env, value); - _ f‘égé
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export function withString<R>(data: string | undefined, exec: Exec<number, R>): R {

| template<class T>
if (data === undefined) return exec(nullptr)

struct InteropTypeConverter {
let array = encoder.encode(data, true) using InteropType = T;
AU LR LG RIAVACIARY, Lt tann (3 static T convertFrom(InteropType value) { return value; }
static InteropType convertTo(T value) { return value; }

function withArray<C extends TypedArray, R>(
data: C | undefined,
access: Access
. template<>
exec: ExecWithLength<number, R>,

bytesPerElement: int32, struct InteropTypeConverter<KStringPtr> {

ctor: (ptr: number, length: number) => C using InteropType = const uint8_tx;

): R { static KStringPtr convertFrom(InteropType value) {
if (data === undefined || data.length === 0) {

KStringPtr result;
return exec(nullptr, 0)
) if (value == nullptr) {

let ptr = _malloc(data.length * bytesPerElement) return KStringPtr();
let wasmArray = ctor(ptr, data.length) 1 else {

if (isRead(access)) { .
wasmArray.set (data) int len = value[@] | (valuell] << 8) | (value[2]

y || (value[3] << 24)!:

let result = exec(ptr, data.length) return KStringPtr((const charx)(value + 4), len);
if (isWrite(access)) {

data.set(wasmArray) |

) }

_free[(ptr))] static InteropType convertTo(KStringPtr value) = delete;

return result
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i Peer 00bEeKTHI

finalizer: pointer KNativePointer impl_skoala_Paint_Make(){

cleaner?: NativeThunk = undefined .
managed: boolean return new SkPaint();

constructor(public ptr: pointer, finalizer: pointer, managed: boolean) { }
fhis.tinatizer = finalizer KOALA_INTEROP_@(skoala_Paint_Make, KNativePointer)
this.managed = managed
const handle = this.createHandleE]
if (this.managed) {
const thunk = this.makeNativeThunk(ptr, finalizer, handle)
finalizerRegister(this, thunk)
this.cleaner = thunk

s
export class Paint extends Finalizable {

. . , ) static void deletePaint(SkPaint* paint) {
constructor(ptr: pointer) { super(ptr, Paint.getFinalizer()) }

delete paint;

public static getFinalizer(): KNativePointer @

,@ return Module. skoala Paint IGetFinalizer!() KNativePointer impl_skoala_Paint_GetFinalizer(){

E return fnPtr<SkPaint>(&deletePaint):

@

| | | KOALA_INTEROP_@|(skoala_Paint [GetFinalizer, KNativePointer])
publlc Statlc make( ) : Palnt { | AN T AN e a,-\. ANANANANTE A ,1/\‘/\/~/\.‘/\_W,,,_, ’

const ptr = Module._skoala_Paint_Make()
return new Paint(ptr)




YpaBleHHE ITaMSATBIO

declare const FinalizationRegistry: FinalizationRegistryConstructor

=% clean() {
const registry = new FinalizationRegistry((thunk: Thunk) => { if (!isNullPtr(this.obj)) El

S thunk.clean() this.destroyNative(this.obj, this.finalizer)
& ) y

o ’ this.obj nullptr
B export function finalizerRegister(target: object, thunk: object) {

registry.register(target, thunk)

class NativeThunkImpl extends NativeThunk {
export function finalizerUnregister(target: object) { constructor(obj: pointer, finalizer: pointer, name: string|undefined) {
registry.unregister(target) super(obj, finalizer, name)
}
destroyNative(ptr: pointer, finalizer: pointer): void @
L Module. InvokeFinalizer(ptr, finalizer)
B}
E\void impl_InvokeFinalizer(KNativePointer obj, KNativePointer final___., .
auto finalizer_f = reinterpret_cast<void (x*)(KNativePointer)>(finalizer);
finalizer_f(obj);
-
;‘KOALA_INTEROP_VZ(InvokeFinalizer, KNativePointer, KNativePointer)
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¢ Peammzanus oOpaTHBIX BbI30BOB (BM
- crietuuyHasl .

export function wrapCallback@callback: (args: Int32Array) => number, e
® autoDisposable: boolean = true: int32 { | \
return CallbackRegistry.instance.wrap(callback, autoDisposable) -14}5

static Napi::Reference<Napi::Function> g_koalaNapiCallbackDispatcher; RS

AT AT AT A A

id 3 | ::0bject di &
== expo rt function disposeCallback( id: lnt32) { vo1d }h@}n\/sve}fgakkga&kyf!}gp\iigbe/\,r:(N\le' : Ob] ect %%QE\QDS\C) :{\ | w-
7 . . : : g_koalaNapiCallbackDispatcher = Nap1::Reference<Nap1::Funct10n>::NewI e
CallbackRegistry.instance.dispose(id) , , . | ERee
hlspatcher.As<Nap1::Funct10n>(), II; oo
} iz =
KOALA_INTEROP_V1(SetCallbackDispatcher, Napi::Object) .

let callbackId = wrapCallback((args: Int32Array) =>

| return this.peer.customizationCallback(args) |
}, false) - B
Moduld. _SetCallbackDispatcher(callKoalaCallback)

AV AYA A AV AN

number

Int32Array):

export function callKoalaCallback(1id: int32, args:
return CallbackRegistry.instance.call(id, args)
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ACHHXPOHHBbIE OOpPaTHbIE BbI3OBHI U
OUKJI 00padOTKU COOOIIEHUN

. | function waitForVSync(devicelId: KInt): Promise<void> {
while lﬂt rue return new Promise((resolve, reject) => @

processEvents () Module.LSetMCallback(deviceId,
e T wrapCallback((args: Int32Array) => {
drawUI() if (args([@] !'= 0)

awalt waitForVSync() resolve()
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reject(new Error("vsync failed"))
return 0
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/0id impl_skoala_Font_TextToGlyphs(KNativePointer fontPtr,
const KStringPtr& text, KInt maxGlyphsCount, KUShortx resultGlyphs) {
ptr<SkFont>(fontPtr)—>textToG1yphsItext.c_str(), text.length(),
kaextEncoding::kUTFS, resultGlyphs, maxGlyphsCountI;

temp late<>
struct InteropTypeConverter<KStringPtr> {

VAN AT A TATATATAYAY AT AT AV AV LW NN NN

using InteropType = jstring;

AT AT AT AV Wl

static KStringPtr convertFrom(JNIEnvx env, InteropType value) {

NN, WANAAAANAANAN

if (value == nullptr) return KStringPtr();
KStringPtr result;

FAV AV AV LoV o VAV NN

int len = env—>GetStringLength(value);
result.resize(len);

env—>GetStringUTFRegiod(value, 0, len, result.data());
return result;

s
static InteropType convertTo(JNIEnvkx env, KStringPtr value) = delete;

NN WA NANIANAAAANN

static void release(IJNIEnvx env, InteropType value,

NNAAAANANANAN

const KStringPtr& converted) {}

NANAANINAAAN



HECUAS

Yxkazarerm (JS VM

‘ oooBasm Uint32Array|2) u biging
- 2 bigint 6sictpee, Ho Ha JSCore - Henb3s co3narh bigint

TOPOHDbI

-2 B WASM - nocrarouno int32

O>KHO acCOUMMPOBAaTh yKa3aTesb ¢ JS 00beKTOM, HO HEeYJOOHO!

HUIYJIAPOBAThL HAa JS cTOpOHE




1 '

- 2 Peanm3oBaH NpakTUUYECCKUM MEXAHU3M OOECII€UEHUS] MYJbTUILIIAT(OPMEHHOIO

MHTEPOIA, OTACSIOIINIA UHTEPOIl OT OU3HEC-JIOTMKHU

MpoeKTa

o [lomepkuBaeTcst 60JBILON (M pacuMpsieMblil) Habop map managed/

- unmanaged: V8, JSCore, JVM, Browser JS/C++,WASM

OXOf] MO3BOJISIET THOKO AO0ABJISITH HOBbIE MHTEPOITHBIE THII

KaCTOMU3MPOBAHHBLIMI KOHBEPTOPaMI
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- llepcnekTuBbl

- > Komobunauus ¢ [D1. ninsg aBToMaTrueckoil reHepauuy YHUBEPCAIBbHBIX

1

‘MexaHu3mamu apyrux BM

BTOMATUYECKOE OTPaKEHUE TUIMOBOU CUCTEMbI HA HATUBHOU CTOPOHE

BTOMAaTHUYECKAsl CEpUAIM3ALMS CJIOKHbBIX TUMOB PACIUMPEHUSIMUA

.
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