KpoccA3bIKOBbIE
onobnmnoTeku



B npeabiaywien nekymm



OcCHOBHbIE naeun

- [nst KoppeKTHOro Bbl3oBa (PyHKUMN HYXXHO cobrntogatb ABI
- Ha ABI a3bika C ecTb cTaHaapTt



math-c math

li sum.h l— sum.hpp

(extern "C")? sum math::sum
v _ vy v

main.c sum.cpp sum.cpp

call sum call math::sum


https://app.diagrams.net/?page-id=_VfsSGTrhHZ_QnWZ8xEP&scale=auto#G15JMoX3Ved4VkwgAYL5wHYPbHInLjMPnA

main.c
#include <math-c/sum.h>
#include <stdio.h>
int main() {
int x = sum(40, 2);

printf("x = %d\n", Xx);
¥



math-c/sum.h

#pragma once

#ifdef _ cplusplus
extern "C" {
#endif

int sum(int a, int b);
#ifdef _ cplusplus

}
#endif



math-c/sum.cpp

#include <math-c/sum.h>
#include <math/sum.hpp>
int sum(int a, int b) {

return math::sum(a, b);

}



math/sum.hpp, math/sum.cpp

#pragma once #include <math/sum.hpp>

namespace math { namespace math {

int sum(int a, int b); int sum(int a, int b) {
return a + b;

b b

}



[lepenaya 3K3eMnnapoB CTPYKTYp

- [lpomexyTo4yHas CTpyKTypa
- Ykasatenb

- void*

- Opaque Ptr



Knacc Shape

namespace geometry {

class Shape {
public:

virtual ~Shape() = default;
virtual double area() const = 0;

I
}
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3apaya: caenartb TUN AoCcTynHbIM N3 C

namespace geometry {
class Circle : public Shape {
public:
Circle(Point center, double radius);

double area() const override;
double radius() const;

I
}
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libgeometry-c/Point.h
// Onpeaensiem Point 3a npepgenamm namespace geometry
#pragma once
typedef struct {
double x_;

double y_;
} Point;
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libgeometry-c/Shape.h

#ifdef _ cplusplus
extern "C" {
#endif

typedef void Shape;

#ifdef __ cplusplus

}
#endif
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libgeometry-c/Circle.h

// 06GopaumBaeM KOHCTpPYKTOp Circle
#ifdef _ cplusplus

extern "C" {

#endif

Shape* geometry_circle_new(
Point center, double radius);

#ifdef __ cplusplus
k
#endif
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libgeometry-c/Circle.h

Shape* geometry_circle_new(Point center, double r) {
const geometry::Point pt{center.x_, center.y_};

return static_cast<geometry: :Shape*>(
new geometry::Circle(pt, r));

Peanugauus — kod Ha C++

Om a9bIKA C 90ecs monsKko nurkobka
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libgeometry-c/Shape.h

#ifdef __ _cplusplus
extern "C" {
#endif

typedef void Shape;

double geometry_shape_area(const Shape* self),
void geometry_shape_delete(const Shape* self),

#ifdef __ cplusplus

}
#endif
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libgeometry-c/Shape.cpp

double geometry_shape_area(const Shape* self) {
const auto* shape
= static_cast<const geometry: :Shape*>(self);
return shape->area();

}

void geometry_shape_delete(const Shape* self) {
const auto* shape
= static_cast<const geometry: :Shape*>(self);
delete shape;

}
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testapp/main.c

const Point pt = {0, 0};

const Shape* circle = geometry_circle_new(pt, 2);
const double area = geometry_shape_area(circle);
printf("circle area = %.61f\n", area),

geometry_shape_delete(circle);
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3apaya: caenartb TUN AoCcTynHbIM N3 C

namespace geometry {
class Circle : public Shape {
public:
Circle(Point center, double radius);

double area() const override; // DONE
double radius() const; // ?22?

I
}

19



libgeometry-c/Circle.h

// extern "C"

Shape* geometry_circle_new(
Point center, double radius);

double geometry circle_radius(const Shape* self);

20



libgeometry-c/Circle.cpp
double geometry_circle_radius(const Shape* self) {
const auto* shape

= static_cast<const geometry::Shape*>(self);

const auto* circle
= dynamic_cast<const geometry::Circle*>(shape);

return circle->radius();

}
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Down Cast

Shape* s = new Circle();

auto* c

auto* t

static_cast<Circle*>(s); // 0K

static_cast<Triangle*>(s); // No Error, UB
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Down Cast

Shape* s = new Circle();
auto* c¢ = dynamic_cast<Circle*>(s); // 0K

auto* t = dynamic_cast<Triangle*>(s); // nullptr

c{ghmm'c_ cast boinontsem n,bufeaeHue c

Yuemom duHamuueckoro muna odsekma
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Pestome

B C-Api moryT ObITb TOSBKO:

- Standard-layout Tnnbl
- ®yHkuum c C-linkage

He moxeT ObITh:

- [lpocTpaHcTB MMEH
- WNckntoyenunn
- Bcero octanbHOro, 4Yto Mbl Tak nNOO6UM

24



circle_new

rect_new

void*

static_cast<>

—»| circle area

—

circle->area()

triangle _new

» rect area

rect->area()

—»| triangle_area

25

triangle->area()



https://app.diagrams.net/?page-id=OY4A2A0doStiY0NYwdJJ&scale=auto#G15JMoX3Ved4VkwgAYL5wHYPbHInLjMPnA

[Tpobnemsbl void®

- void* NoNHOCTbLIO CTUPAaET TUN
Circle* ¢ = circle_new(...);
double area = rect_area(c); // Compiles, UB

- BbIHYXO€EHHbIE anfokauum B KOHCTPYKTOpax
(C 9TUM Mbl MOXEM TOSIbKO CMUPUTBLCS)
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Opaque Ptrs



Opaque Ptr

Opaque Ptr («Henpo3payHbliny yKasaTernb) — 9TO yKasaTtesb Ha Tvn 6e3

onpeneneHus.
/ Ums Yykasamens

typedef struct Circle Circle;

Cmpykmypa. Circle /

Hurde e onpedeneHa

28



Opaque Ptr

Rect* r = rect_new(...);
circle_area(r);

error: passing argument 1 of ‘circle_area’ from
incompatible pointer type

-Werror
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geom-c/Circle.h

// 3pecb Ob1 Baes void
typedef struct Circle Circle;

Circle* geometry_circle_new(Polint center,
double radius);

double circle_radius(const Circle* self);
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geom-c/Circle.cpp

Circle* geometry_circle_new(Point center, double radius) {
return reinterpret_cast<Circle*>(new geom::Circle{...});

}

double geometry_circle_radius(const Shape* self) {
const auto* shape

= reinterpret_cast<const geometry::Shape*>(self);

const auto* circle
= dynamic_cast<const geometry::Circle*>(shape);

return circle->radius();

}
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Opaque Ptrs

reinterpret_cast<>

circle->area()

circle_new f——>» Circle*
rect new p—>» Rect*
triangle_new ——>»{ Triangle*

rect->area()

»| circle_ area P—>
»| rect area pP—>
» triangle_area |——>

32

triangle->area()



https://app.diagrams.net/?page-id=aDCpWw4arVMaP9ZHJXuB&scale=auto#G15JMoX3Ved4VkwgAYL5wHYPbHInLjMPnA

Kak nepentu ot Circle*™ k Shape™?
double shape_area(const Shape* c);

Circle* ¢ = circle_new(center, 1),
double area = shape_area(c); // Oops
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Kak nepeuntun ot Circle* k Shape™?

reinterpret_cast

Shape*

<

Circle*

<

>

geom::Shape*

A

static_cast dynamic_cast

Y

>

geom::Circle*

reinterpret_cast

34


https://app.diagrams.net/?page-id=Gayj5TlVcTGtulyf8CuM&scale=auto#G15JMoX3Ved4VkwgAYL5wHYPbHInLjMPnA

Circle* -> Shape*

Circle* ¢ = circle_new(center, 1);
double area = shape_area(circle_to_shape(c));

Shape* circle_to_shape(Circle* c) {
auto* circle = reinterpret_cast<geom::Circle*>(c);
auto* shape = static_cast<geom: :Shape*>(circle);
return reinterpret_cast<Shape*>(shape);

}
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STL

std: :vector<Circle> generate_circles();
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STL

std: :vector<Circle> generate_circles();

// C-api
typedef struct Circles Circles;

Circles™ generate_circles();

Circle* circles_get(Circles* circles, size_t 1idx);
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STL

Circles* generate_circles() {
auto geom_circles = geom::generate_circles();

auto* circles
= new std::vector<geom::Circle>(

std: :move(geom_circles));

return reinterpret_cast<Circles*>(circles);
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STL

Circle* circles_get(Circles* circles, size_t 1idx) {
auto* geom_circles
= relnterpret_cast<
std::vector<geom::Circle>*>(circles);

auto* geom_circle = &geom_circles->at(idx);,

return reinterpret_cast<Circle*>(geom_circle);
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Python -> C -> C++



BCcnoMHMM, 4TO y Hac ecTb

- bunbnnorteka geometry Ha C++
- bubnuorteka geometry-c Ha C++ n nuutepdgencom c C-linkage

XOoTuM mcnonb3oBartb TUNbl U3 geometry B Python.
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Foreign Function Interface (FFI)

MexaHn3m Bbi3oBa PYHKLUNW N3 OPYrUX S3bIKOB.

B Python npeacrasneH mogynem ctypes.
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client/geometry.py: onpeneneHne CTpykTypbl
import ctypes

geometry_1lib = \
ctypes.cdll.LoadLibrary('libgeometry-c.so')

class Point(ctypes.Structure):
_fields_ = [

('x', ctypes.c_double),

('y', ctypes.c_double)
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client/geometry.py: onpenenexHne doyHKUUN

circle_new = geometry_lib.geometry_circle_new
circle_new.argtypes = [Point, ctypes.c_double]
circle_new.restype = ctypes.c_void_p

shape_area = geometry_lib.geometry_shape_area
shape_area.argtypes = [ctypes.c_void_p]
shape_area.restype = ctypes.c_double
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client/main.py

import geometry

circle = geometry.circle_new(geometry.Point(0, 0), 2)
print(geometry.shape_area(circle))
geometry.shape_delete(circle)

Ham xouemes donee namubrore UHmeppedca
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client/geometry.py

class Shape:
def _ _init_ (self, obj):
self._obj = obj

def _ _del_ (self):
shape_delete(self._obj)

def area(self):
return shape_area(self._obj)
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client/geometry.py

class Circle(Shape):

def _ _init_ (self, center: Point, radius:

obj = circle_new(center, radius)
super(Circle, self)._ _init__ (obj)

@property

def radius(self):
return circle_radius(self._obj)

47

float):



client/main.py

Cc = geometry.Circle(geometry.Point(0, 0), 2)
print(c.area())

print(c.radius)
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Pestome

-  FFlI — yHunBepcanbHbin MeEXaHN3M.
- YpobctBo C++ BHYTpU bMbnmnortekn
- [oCTynHOCTb Al BCEX A3bIKOB CHaPYXWu

-  TpebyeT MHOro py4yHon paboTbi:
- O06epTka Hag C++-kogom
- Ob6epTka Hag C-API
- HartmnBHaga obepTka Ans ueneBoro A3bika
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Java -> C++



Java class

public class Geometry {
static { System.loadLibrary("libgeometry-c"); }

public class Point { ... }

public native Object geometry_circle_new(
Point center, double radius);
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By hand

$ javac -h . Geometry.java
$ 1s
'Geometry$Point.class' Geometry.class Geometry.h
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Geometry.h
// extern "C"
IJNIEXPORT jobject JNICALL

Java_Geometry_geometry_1circle_1new(
JNIEnv *, jobject, jobject, jdouble);
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CMake + Java

https://cmake.org/cmake/help/latest/module/Usedava.html

54


https://cmake.org/cmake/help/latest/module/UseJava.html
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