FFI Tutorial



B npownon nekuunm

- ASM -> ASM

- ASM->C

- C -> Pascal

- C ->Rust

- C++->C

- C->C++

- Python -> C++
- Raw FFlI



CerogHs

- C->C++

Ho nomuum npo Acm



Bbi3oB pyHKLUK

UTOobbI BbI3BaTb (PYHKLUNIO, HAM HY>XHO 3HaTb:

- ma dyHKuum
- Cnocob nepenayvn napameTpoB 1 BO3BpaTta pesyrnsrara

Mot moxem bnusme wa fee smo



Calling Convention

GCC x86-64:

- ms_abi
- sysv_abi

https://qodbolt.ora/z/\Wej41dcje

https://gcc.gnu.org/onlinedocs/qgcc/x86-Function-Attributes.html



https://godbolt.org/z/Wej41dcje
https://gcc.gnu.org/onlinedocs/gcc/x86-Function-Attributes.html

Ma yHKL UK

int sum(int a, 1int b);

Kakum 8ydem uma gyukyuu § ASM?



Ma yHKL UK

int sum(int a, 1int b);

Kakum 8ydem uma gyukyuu § ASM?

3alucum om KoMNURSMOP.



call sum

call sum

declare int sum(int a,

|

sum.h

int b)

main.c

v

main.o

!

sum.cpp

v

sum.o

v

Error: Undefined reference to 'sum'

define sum

define _Z3sumii


https://app.diagrams.net/?page-id=R2IzmCMc1aBwpFQ76GZ6&scale=auto#G15JMoX3Ved4VkwgAYL5wHYPbHInLjMPnA

BocnpouasegeHue

$ gcc -c main.c && g++ -c sum.cpp

$ objdump -t main.o | grep sum

. Sum

$ objdump -t sum.o | grep sum

. _Z3sumii

$ gcc main.o sum.o

main.c: (.text+0x17): undefined reference to

10

“sum'



MaHrnuHr

NckaxkeHne nmeH pyHKUNA.

- B C++ paspelueHo MaHrnmpoBaTb MMeHa TUnamum.
- bnarogapsa saTomy cyulecTByeT MHOXXeCTBO BO3MOXHOCTEN A3blKa.
- ...M OTCyTCTBYeT cTaHOapT Ha ABI.

$ c++filt Z3sumii

sum(int, int)
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I'IpmmeHeHvle MaHITIMpoBaHUA

MeToabl Knaccos:
- Point Point::move(Vec2d) -> _ZN5Point4moveE5Vec2d
[leperpy3ka:

- int sum(int, int) -> _Z3sumil
- double sum(double, double) -> _Z3sumdd

MpocTpaHcTBa UMeEH, WabnoHbl, neperpyska onepaTopos. ..

12



MaHrnupoBaHue

OTO nonesHbli MEXaHU3M, KOTOPbIN MELLAET HaLleEN 3agade.
Ham Hy>XeH crnocob OTKI4YNTb €ro.

extern “C” — language linkage

13 Languaqge Linkage



https://en.cppreference.com/w/cpp/language/language_linkage

CwuHTakcuc Linkage specification

extern “C” int sum(int a, int b);
// NNnu

extern “C" {

int sum(int a, int b);
// Elwe ob6bABIeHUS

14



declare extern "C" int sum(int a, int b)

! I

call sum main.c sum.cpp define sum
error: expected identifier or “(’ sum.o define sum

extern "C" int sum(int a, int b);
N~~

15


https://app.diagrams.net/?page-id=V4Hu6XW3axs1GaX0qrrJ&scale=auto#G15JMoX3Ved4VkwgAYL5wHYPbHInLjMPnA

call sum

call sum

declare (extern "C")? int sum(int a, int b)

l' sum.h l
main.c sum.cpp
main.o sSum.o

v

executable

16

extern "C"

define sum

define sum


https://app.diagrams.net/?page-id=Htc4pBGv6qwz0xriXNov&scale=auto#G15JMoX3Ved4VkwgAYL5wHYPbHInLjMPnA

YcnoBHOe npumMeHeHue extern

// sum.h

#ifdef _ cplusplus
extern "C" {
#endif

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

#endif

17

IICII

https://godbolt.org/z/sxEbfEdad



https://godbolt.org/z/sxEbfEda5

[TpOMEXYTOYHbLIN UTOT

- [loka mMbl 06xX0aMNUCb aHHOTUPOBAHMEM CYLLIECTBYHOLLErO Koaa.
- YacTo 3T0ro HegoCcTaTouHO:

- [lpocTpaHcTBa MMEH.

- MeToabl kKnaccos.

- [lleperpyska (He bygem paccmaTtpusaTthb).

18



[1lpocTpaHcTBa MMEH

#ifdef _ cplusplus
extern "C" {
namespace math {
#endif

int sum(int a, int b);

#ifdef __ _cplusplus
} // namespace math
} // extern “C”
#endif

Imo ckomnunupyemcs,

HO kOXeme$ HE 04eHb yaoo?/bw
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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

20


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);
¥
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math-c/sum.h

#pragma once

#ifdef _ cplusplus
extern "C" {
#endif

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

}
#endif
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math-c/sum.cpp

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

return math::sum(a, b);

}
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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

}
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[lepenaya 3K3eMnnapoB CTPYKTYp

- [lpomexyTo4yHas CTpyKTypa
- Ykasatenb

- void*

- Opaque Ptr

25



geom-c geom

li Circle.h l— Circle.hpp

Circle geom::Circle
\ 2 T 2 2 v

main.c Circle.cpp Circle.cpp

sircle_area(Circle) ‘ _geom::area(geom::Clrcle)J

geom::Circle::area()

26


https://app.diagrams.net/?page-id=VQS2G2mRd_pvaIB0g3In&scale=auto#G15JMoX3Ved4VkwgAYL5wHYPbHInLjMPnA

NB

Ha cTblke geom-c/geom Ham BCe paBHO, YTO Bbl3bIBaTb:
meton geom::Circle::area
nnn ceoboaHyto dyHkumo geom::Circle::area(geom::Circle).

Ob6epTka peanuayeTcd NOYTM OANHAKOBO.

27



geom-c/Circle.h

#include <geom-c/Point.h>
extern "C" { // TODO: ifdef/endif

struct Circle {
struct Poilint center_;
double radius_;

3
double circle_area(struct Circle c);

¥

28



geom-c/Circle.cpp

#include <geom-c/Circle.h>
#include <geom/Circle.hpp>

double circle_area(Circle c) {
geom: :Circle circle{
geom: :Point{c.center_.x_, c.center_.y_},
c.radius_};

return circle.area(); // wiu geom::area(circle)

}
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[Tlpobnema pelueHus

Ha kaxgbln BbI30B circle _area cosgaetca BpeMeHHbIn geom::Circle.

- HaknagHo ansa 6onblnX 0ObEKTOB.
- Kaxgbin TMN npuxoguTtcs AybnnpoBaTtb CTPYKTYpOU B c-api

PeweHne — ctupaHune tuna. BmecTo 3epkanupytoLlero tmna
BO3BpaLlaThb yKasaTerb.

30



geom-c/Circle.h
typedef void Circle;

Circle* circle_new(Point center, double radius);
vold circle_free(Circle* circle);

double circle_area(Circle* c);
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geom-c/Circle.cpp

Circle* circle_new(Point center, double radius) {
return new geom: :Circle{
geom: :Point{center.x_, center.y_}, radius};

}

void circle_free(Circle* circle) {
delete static_cast<geom::Circle*>(circle);
b

double circle_area(Circle”* c) {
const auto* circle = static_cast<geom::Circle*>(c);
return circle->area();

}

32



circle_new

rect_new

void*

static_cast<>

—»| circle area

—

circle->area()

triangle _new

» rect area

rect->area()

—»| triangle_area

33

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)

34



geom-c/Circle.h

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

Circle* circle_new(Point center, double radius);
void circle_free(Circle* circle);

double circle_area(Circle”* c);

35



geom-c/Circle.cpp

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

}

volid circle_free(Circle* circle) {
delete reinterpret_cast<geom::Circle*>(circle);

}

double circle_area(Circle”* c) {
const auto* circle = reinterpret_cast<geom::Circle*>(c);
return circle->area();

}
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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 |——>

37

triangle->area()



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

Opaque Ptr

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

onpeneneHus.
/ Ums Yykasamens

typedef struct Circle Circle;

Cmpykmypa. Circle /

Hurde e onpedeneHa

38



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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[lobaBngem HacrnegoBaHUe

Circle

- center: Point
- radius: double

+ area(): double
+ radius(): double

Rect

- top_left: Point
- bottom_right: Point

+ area(): double

40

Triangle

- points: Point][]

+ area(): double



https://app.diagrams.net/?page-id=Z6AYAargsYjzilm4JdlV&scale=auto#G15JMoX3Ved4VkwgAYL5wHYPbHInLjMPnA

[lobaBngem HacrnegoBaHUe

Shape

+ area(): double {abstract}

A

Circle

- center: Point
- radius: double

+ area(): double
+ radius(): double

Rect

- top_left: Point
- bottom_right: Point

+ area(): double

Triangle

- points: Point][]

+ area(): double

41



https://app.diagrams.net/?page-id=BWgZGyi3cit1hyeNF2nY&scale=auto#G15JMoX3Ved4VkwgAYL5wHYPbHInLjMPnA

MeToAabl

Shape::area() — abctpakTHbIU (pure virtual)

Circle::radius() — KOHKPETHbIN
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[onycTumblie npeobpasoBaHus

reinterpret_cast

Shape*

<

Circle*

<

>

geom::Shape*

A

static_cast dynamic_cast

Y

>

geom::Circle*

reinterpret_cast

43


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

c-api

typedef struct Shape Shape;
typedef struct Circle Circle;

Circle* circle_new(Point center, double radius);
double circle_radius(Circle* circle)

double shape_area(Shape* c);

44



c-api

double circle_radius(Circle* circle) {
auto* c = reinterpret_cast<geom::Circle*>(circle);

return c->radius_;

45



c-api

double shape_area(Shape* c) {
const auto* s = reinterpret_cast<geom: :Shape*>(c);

return s->area();

46



Kak nepentu ot Circle*™ k Shape™?

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

47



Kak nepentu ot Circle*™ k Shape™?

reinterpret_cast

Shape*

<

Circle*

<

>

geom::Shape*

A

static_cast dynamic_cast

Y

>

geom::Circle*

reinterpret_cast

48


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);

}

49



[1lpnumep, Kak Bce criomaTb

InBuffer OutBuffer
+ print_in() {abstract} + print_out() {abstract}
InOutBuffer
+ print_in()
+ print_out()

50 https://godbolt.orq/z/7aGYMrfTr



https://app.diagrams.net/?page-id=ywgju29iqVIAvdyS5Utp&scale=auto#G15JMoX3Ved4VkwgAYL5wHYPbHInLjMPnA
https://godbolt.org/z/7aGYMrfTr

STL

std: :vector<Circle> generate_circles();

51



STL

std: :vector<Circle> generate_circles();

// C-api
typedef struct Circles Circles;

Circles™ generate_circles();

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

52



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);

53



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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Bonpock!?
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