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



https://godbolt.org/z/Kob75sh9x

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

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

)
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... nepernyraem aprymeHTbl

void repeat(char c, int count);

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

),
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... 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



https://godbolt.org/z/Mv4vEe5z4

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
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main.c

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

const 1nt32 t x =
MATH_$$_ADDSLONGINTSLONGINTSSLONGINT(a, b);
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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).
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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);
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BbiBO4 npunoXeHugd

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

dakTnyeckmmn BbIBOA;

a = 8 Obescrume Epibod
4098

(@p
[
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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
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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 }
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Struct Layout

Rust

08

00

02

10
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C-layout in Rust

#[repr(C)]

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


https://gitlab.com/x86-psABIs/x86-64-ABI

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
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B3anmopgencteue yepes ASM
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B3anmopgencrteue vyepes ASiv C
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[lanbHeunwmne gencTtemd

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

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

}
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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)'’
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call sum

call sum

declare int sum(int a, int b)

l |

main.c sum.cpp
main.o sum.o

v

Error: Undefined reference to 'sum'

42

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

43

“sum'



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)

44



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. ..

45



MaHrnupoBaHue

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

extern “C” — language linkage

46 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

47



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~~

48


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

49

extern "C"

define sum

define sum


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

Obwmn 3aronoBoYHbIn doann ans C n C++

#pragma once

#ifdef _ cplusplus
extern "C" {

#endif

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

}

#endif
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[ 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++

51






C++ ABI

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

Hanwuuune virtual-metogos
Ccblnku
NcknroueHunsa
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[TpOMEXYTOYHbLIN UTOT

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

- [lpocTpaHcTBa MMEH.

- MeToabl kKnaccos.

- [lleperpyska (He bygem paccmaTtpusaTthb).
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[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

56


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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B cnenywoulen cepumn
- Kak nepenaBaTb TUMbl Yepes rpaHnLy S3bIKOB

- Kak BbI3blBaTb BUPTYalibHble N HEBUPTYarbHbIe METOAbI
- Kak BblI3blBaTb CULLHbIE YHKUMK 13 python/go/java/whatever
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[lpooomnmxeHue criegyet



PS



Raw FFI



Bocnonbayemcs libffi Hanpsmyto

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

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

66 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

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



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

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()

69 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

Q&A



