KpoccA3bIKOBbIE
onobnmnoTeku



Written once, used everywhere

- sqlite
- curl

- libgit
- pcre

- llvm-c



ASM -> ASM



Bbi3oB pyHKUMN Ha ASM

sum:
add %rdi, %rsi # %rsi += rdi
mov %rsi, %rax
ret

_Start:
mov $40, %rdi
mov $2, %rsi
call sum

mov %rax, %rdi



Bbi3oB pyHKUMN Ha ASM

sum:
add %r8, %r9 # %r9 += %r8
mov %r9, %rax
ret
—start: Moxcem au ucnonsgobams
mov $40, %r8 3]
mov $2, %r9 apyme ,beru,cmp/a/?
call sum
mov %rax, %rdi

5 https://godbolt.org/z/Kob75sh9x
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Bbi3oB pyHKUMN Ha ASM

_start:
push
push
call

pop

Moxcem au uen onspobams cmek?

$40
$2
sum

%rdi

sum.

pop %rdi

pop %rsi
add %rsi, %rdi

push %rdi

ret

https://godbolt.ora/z/Gv4EGaf5n



https://godbolt.org/z/Gv4EGaf5n

[lpegBapuTenbHbIN BLIBOA

- Mbl MOXeM ncnonb3oBaTb Nbom cnocod nepegavm aprymeHToB B
doyHKUMIO, ecrnin 3TOT cnocob cornacosaH.

- B 6onbwuHCTBE CriydyaeB HaM He XBaTaeT KOHTEKCTa, YTOObl
n3obpeTtartb HOBbIN CNOCOO Ans Kaxaom dyHKLUUMK.



ASM —> C



Hannwem doyHkumio Ha C

void repeat(char c, int count) {
for (int 1 = 0; 1 < count; ++1) {
printf("%c", c);
}
printf("\n");
}



AMDG64 ABI: Register Usage

%rax [...] 1st return register
%rsi used to pass 2nd argument to functions

%rdi used to pass 1st argument to functions

10



... Bbl30BEM €€ N3 aSM-BCTABKU
void repeat(char c, int count);

// repeat(')', 33);
asm(
"mov $')’, %rdi\n"
"mov $33, %rsi\n"
"call repeat\n"

)

11



... nepernyraem aprymeHTbl

void repeat(char c, int count);

asm(
"mov $33, %rdi\n"
"mov $')’, %rsi\n"
"call repeat\n"

),

12



... nepernyraem aprymeHTbl
void repeat(char c, int count);

// repeat((char)33, (int)')'");
// repeat( ", 41);
asm(

"mov $33, %rdi\n"

"mov $')’, %rsi\n"

"call repeat\n"

),

13 https://godbolt.org/z/Mv4vEe5z4
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HabnogeHus

1.  KomnunaTtop npuaepxmnsaeTtcs onpeaerieHHbIX cornalleHnin Bbi3oBa
dyHKunn — calling conventions.

15



C —> Pascal



Pascal

unit math;
interface
function add(a, b: longInt) : longInt,

implementation
function add(a, b: longInt) : longInt;
begin
add := a + b;
end;
end.

17



dyHKumna math.add B obbekTHOM chbanrne

$ fpc -a math.pas
$ objdump -t math.o

MATH_$$_ADDSLONGINTSLONGINTSSLONGINT

18



main.c

int32_t MATH_$$ ADD$LONGINTSLONGINTSSLONGINT (
int32_t, int32_t);

const 1nt32 t x =
MATH_$$_ADDSLONGINTSLONGINTSSLONGINT(a, b);

19



strlen

// Pascal

function mylen(const x: string):

alias: ‘mylen’;
begin

mylen := length(x);
end;

// C, len == ?
const char* str = "hello";

int32_t len = mylen(str);

20

longInt;



strlen

// Pascal

function mylen(const x: string):

alias: ‘mylen’;
begin

mylen := length(x);
end;

// C, len == 104
const char* str = "hello";

int32_t len = mylen(str);

21

longInt;



HabnogeHus

1.  KomnunaTtop npuaepxmnsaeTtcs onpeaerieHHbIX cornalleHnin Bbi3oBa
dyHKunn — calling conventions.

2. KomnunaTtop onpenensiet crnocob nckaxeHma MMeH yHKLNN
(mangling).

22



C —> Rust



dyHkuma Rust ans sbizoBa n3 C

pub struct IntsRust {
a: 18, b: 116, c: 1i8,
b

#[no_mangle]

pub unsafe extern "C"

fn fill rust(obj: *mut IntsRust) {
(*obj).a = 2;
(*obj).b = 8;
(*obj).c = 16;

24



KnneHTt Ha C

struct Ints { struct Ints ints_rust;
int8_t a; fill rust(&ints_rust);
intl6_t b; printf(
int8_t c; "Rust layout:\n"
}; "a = %d\n"
"b = %d\n"

"c = %d\n\n",
ints_rust.a,
ints_rust.Db,
ints_rust.c);

25



BbiBO4 npunoXeHugd

pub struct IntsRust { a: 18, b: 116, c: 18, }
Oxngaem 3HadyeHusa 2, 8, 16.

dakTnyeckmmn BbIBOA;

a = 8 Obescrume Epibod
4098

(@p
[

26



BbiBO4 npunoXeHugd

pub struct IntsRust { a: 18, b: 116, c: 18, }
Oxunpaem 3Ha4yeHus 2, 8, 16 (hex: 02, 08, 10).

dakTnyeckmmn BbIBOA;

hex
a =8 08
o = 4098 1002 B hex ropasdo narnsdwee
c=0 0

27



Ctpyktypa B LLVM IR

pub struct IntsRust { a: 18, b: 116, c: 18, }

$ rustc --crate-type=staticlib --emit=1llvm-ir lib.rs
$ cat 1lib.1l1

%IntsRust = type { i16, 18, 18 }

28



Struct Layout

Rust

08

00

02

10

29




C-layout in Rust

#[repr(C)]

pub struct IntsC {
a: 18,
b: 116,
c: 18,

31



HabnogeHus

1.  KomnunaTtop npuaepxmnsaeTtcs onpeaerieHHbIX cornalleHnin Bbi3oBa
dyHKunn — calling conventions.

2. KomnunaTtop onpenensiet crnocob nckaxeHma MMeH yHKLNN
(mangling).

3. Komnunatop otyacTtu onpenensieT npeactaBneHne 0ObLEKTOB B
namsTu.

Bee 3mo monsko

YacmHocmy

32



Application Binary Interface (ABI)

ABI onpegenser:

Aicnonb3oBaHue perncTtpos

Cnocob nepenayn napameTpoB B (PyHKUMN
PackpyTKy cTeka

MHoroe apyroe

https://qgitlab.com/x86-psABIls/x86-64-ABl

33
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Argument Register Overview

Argument Type Registers

Integer/Pointer Arguments 1-6 | RDI, RSI, RDX, RCX, R8, R9

Floating Point Arguments 1-8 | XMMO - XMM7

Excess Arguments Stack

Static chain pointer R10

34




B3anmopgencteue yepes ASM

35



B3anmopgencrteue vyepes ASiv C

36



[lanbHeunwmne gencTtemd

- [pwu BbI3OBE CTOPOHHErO Koaa n3 C Mbl BUuaenu pasdpoa u aTaHus

- an/I Bbl3oBe koaa C n3 APYyrnx A3blKOB Mbl YBUOUM cTabunbHOCTb

37



C++—-—>C



[1pocTon npmumep

// sum.h // main.cpp

#pragma once #include "sum.h"

int sum(int a, int b); #include <iostream>

// sum.c int main() {

#include "sum.h" std: :cout

int sum(int a, int b) { << sum(40, 2) << '\n';
return a + b; }

}

39



Komnunupyem...

$ g++ -c -0 obj/main.o src/main.cpp
$ gcc -c -0 obj/sum.o src/sum.c
$ g++ -0 bin/sum obj/main.o obj/sum.o

40



Komnunupyem...

$ g++ -c -0 obj/main.o src/main.cpp
$ gcc -c -0 obj/sum.o src/sum.c
$ g++ -0 bin/sum obj/main.o obj/sum.o

/usr/bin/1d: obj/main.o: in function "main':
main.cpp: undefined reference to “sum(int, int)'’

41



Paannyus B MaHITnMpoBaHU

$ objdump -t obj/sum.o
sum

$ objdump -t obj/main.o
_Z3sumii

42

sum.h

/N

main.cpp

Sum.cC




MaHrnupoBaHue

- B C++ paspelieHo MaHrmupoBaTb MMeHa Tunamm

- bnarogapsa atomy cyuiectByeT O0SbLUMHCTBO BO3MOXHOCTEN A3blKa
MeToabl, B T.4. KOHCTPYKTOPbI N AECTPYKTOPbI

[Meperpy3ka pyHKUNN

[MpocTpaHcTBa MMEH

LLlaGnoHs.I

$ c++filt _ZN8geometry5Point4moveEdd

geometry: :Point::move(double, double)

43



Obwmn 3aronoBoYHbIn doann ans C n C++

#pragma once

#ifdef _ cplusplus
extern "C" {

#endif

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

}

#endif

44



[ POMEXYTOHHbIE BbIBOAbI

- Mpbl moxem Bbi3biBaThb C ns C++
- 3aberas Bnepen: Mbl MOXXeM Bbl3biBaTb C 13 f0bOOro A3bika

- Ho mbl xoTenu 6el nucaTb OMONMoOTEKN Ha bonee yaqobHom C++

45






C++ ABI

Ha C++ ABI HeT cTaHgapTa
YUTto moxeT BnuaTtb Ha ABI:

Hanwuuune virtual-metogos
Ccblnku
NcknroueHunsa

47



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
}

48



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

double y_;
} Point;

49



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

51



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

52



3a4yeM HY>KEH KacT K 6ba3oBOMY Kriaccy

[Stream OStream

N\ /

IOStream

53



3a4yeM HY>KEH KacT K 6ba3oBOMY Kriaccy

I0OStream* 10s = new IOStream();
IStream* 1s = jos;
OStream* os = 10S;

fmt::print(
"1ios: {}\n" // 10s: 0x1935eb0
"is: {}\n" // 1s: 0x1935eb0
"os: {}\n", // os: 0x1935eb4
static_cast<void*>(ios),
static_cast<void*>(1is),
static_cast<void*>(0s));

54 https://godbolt.org/z/hYM9sKs90



https://godbolt.org/z/hYM9sKs9o

CxemMmaTn4yHoe CTpoeHme obbeKTa

I0Stream

I0OStream™

IStream* IStream
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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

56



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;

}

57



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
}
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libgeometry-c/Circle.h

// extern "C"

Shape* geometry_circle_new(
Point center, double radius);

double geometry circle_radius(const Shape* self);
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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

64



Opaque Ptrs



HexxenatenbHbin void™®

#ifdef _ cplusplus

extern "C" {

#endif

typedef void Shape;

double geometry_shape_area(const Shape* self);
#ifdef __ _cplusplus

¥
#endif
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Opaque Ptr

#ifdef _ cplusplus

extern "C" {

#endif

typedef struct Shape Shape;

double geometry_shape_area(const Shape* self);
#ifdef _ cplusplus

¥
#endif
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static_cast bonblue He paboTaeTt

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

}
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Python —> 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.

70



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)

76
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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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Raw FFI



Bocnonbayemcs libffi Hanpsmyto

// LIBM_SO == "libm.so.6"
void* handle = dlopen(LIBM_SO, RTLD_LAZY);

void* pow_ptr = dlsym(handle, "pow"),

80 https://linux.die.net/man/3/dlopen



https://linux.die.net/man/3/dlopen

Bbi3oB pyHKLUMKM NO yKasaTeno

using PowFn = double (*)(double, double);

auto pow_fn reinterpret_cast<PowFn>(pow_ptr);

auto result pow_fn(2, 4);

Jakoe npubedetue muna

BogmoxHO moNbKE Ha SmAne KOMNUNIYUUU

81 https://linux.die.net/man/3/dlopen
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Bbi3oB yepes FFI

- FFl lNo3BonseT Bbi3BaTb PYHKLNIO C HEU3BECTHOW Ha 3Tane
KOMMUIIALMN CUTHaTYPOU

- na atoro cHa4vana HY>XHO CO34aTb CMNMNCOK TUMOB NMNapaMeTpoB

std::vector<ffi_type*> arg_types {&ffi_type_double,
&ffi_type_double};
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Bbi3oB yepes FFI

- 3artem nogrotosutkb CIF (Call InterFace)
ffi_cif cif;

ffi_prep_cif(&cif, FFI_DEFAULT_ABI,
arg_types.size(),
&ffi_type_double, // rtype
arg_types.data()

83 https://linux.die.net/man/3/ffi prep cif



https://linux.die.net/man/3/ffi_prep_cif

Bbi3oB yepes FFI
- CospgaTb maccuB 13 void* ons nepegadn aprymeHToB
- Bbl3BaTb OYHKLMIO

double result = 0, base = 2, power = 4;

std::vector<void*> arg_ptrs = {&base, &power};

using VoidFn = void (*)();
ffi_call(&cif, reinterpret_cast<VoidFn>(pow_ptr),
&result, arg_ptrs.data());
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Bbi3oB yepes FFI

ffi_call BbibepeT cnocob BbIzoBa OYHKLUM B COOTBETCTBUN C
nepenaHHoIM ABI.

Hanpumep: ffi_call_unix64
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https://github.com/libffi/libffi/blob/master/src/x86/unix64.S#L62

