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Interoperabilita



Interoperabilita

» C++ avlastni C moduly
> obj, lib, dll/so
> jak linkovat C a C++ moduly
- jak délat spolecné C/C++ headery

» C++ acizi C knihovny
> jak z C++ volat C knihovny
- callback z C knihoven do C++
- mandlovani, volaci konvence
- dynamicky linkované knihovny

» C++ a .Net/C#/cokoliv#
> jak spojovat moduly
> jak volat metody
- jak sdilet data




Preklad vice modulu




Vytvoreni vlastni knihovny

%{ headery] knihovni headery ]

B




C++ exe / Clib

zdrojovy text /
prekladac C

< — @l —

zdrojovy text / }

preklada¢ C++




C++ exe / Clib

o B
) O

» error LNK2019: unresolved external symbol
> "int __cdecl lib_fnc(int)" ?lib_fnc@@YAHH@2Z)

- referenced in function _main
what the ... ... hell???




Mandlovani

» mangling
- mandlovani, znetvoreni
o name-decoration

int a;

1

» syntakticka a sémanticka informace o symbolu
- overloading / pretézovani m nejednoznacnost

» zjednoznacneni identifikatoru

o

o

o

trida, dalsi atributy (const, volatile, ...)
volaci konvence

o

» format jednotné nedefinovany
- zavisly na platformé, prekladaci, ...
- obecné neprenositelné

proménna / funkce / operator / metoda
typy a typové konstrukce parametru a navratové hodnoty

int a( void);
int a( int, int);
class a {};

in

Compiler void h(int) void h{int, char)

Intel C++ 8.0 far Linux _Zini _Zlhic

HP aC++ A.05.55 1A-64 _Zlhi _Zlhic

IAR EWARM C++ 5.4 ARM _Zlhi _Zlhic

GCC 3.xand 4.x _Zini _Zlhic

GCC 2.9x h_Fi h_Fic

HP aC++ A.03.45 PA-RISC h_Fi h_Fic
Microsoft Visual C++ w610 {mangling details) ?h@@YAXHEZ ?nERYAXHDEZ
Digital Mars C++ hEEYAXHEZ ?hERYAXHDEZ
Borland C++ v3.1 Bhsgi @hé&gizc
OpenVMS C++ V6.5 (ARM mode) H XI H XIC

OpenVMS C++ V6.5 (ANSI mode)
OpenVMS C++ X7.1 1A-64
SunPro CC

Trub4 C++ V6.5 (ARM mode)
Tru64 C++ V6.5 (ANSI mode)
Watcom C++ 10.6

CXX$ 7H FIORRG51T CXX§ TH FIC26CDHT7
CXX§ Z1HIZDSQ26A  |CXX§ Z1HIC2NP3LI4

__1cBhEFi v_ __1cBh6Fic v_
h_Xi h_Xic

__Th Fi __7h_Fic
W?hén(i)v W?hén(ia)v



C++ exe / Clib

/* pureclib.h */

* 1 *
/_ pureclib.c /_ I e

ruzné prekladace
razné jazyky
ruzné konvence

[ _lib_fnc 1 [ ?lib_fnc@e@YAHH@Z 1




extern "C"

symboly C }

_lib_fnc _lib_fnc




extern "C"

symboly C }




Spolecné hlavickové soubory

/* pureclib.h */ symboly C ]

/* pureclib.c */ ' / cppexe.cpp

_lib_fnc CPPC - definované _lib_fnc

b




Volaci konvence

» zpusob implementace volani funkci
> registry vs. zasobnik
- zachovavani registru

- poradi predavani parametru mov eax, 1
- navratova hodnota mov ebx, 2

mov eax, [ebp+08]
mov ebx, [ebp+04]

v J— , ; call ?fQ@@EX
> priprava a uklid zasobniku

» nutna shoda volajici a volané funkce
- deklarace funkce

» konkrétni konvence
> neni soucasti normy - rozsireni

- __cdecl — default for C and C++, varargs
- __stdcall - Win32 API functions

- __fastcall - arguments in registers, faster
- __thiscall ~ this

__cClrcall — C++/CLI, .Net, managed code

B



C++ callback

callback

knihovni kéd vola
klientskou funkci

mov eax, ...
call [edx]

mov eax, [ébp+08]
add eax, 1




C++ callback

extern "C" urcuje i
volaci konvenci

mov—eax;—febp+08+

add eax, 1

mov eax, ...
call [edx]




Dynamicky linkované knihovny

pouziti funkci dodanych az za béhu

v v

v

v

neni soucasti normy

- pouziti na ruznych platformach ideové podobné

- ale neprenositelné

- pomoci preprocesoru lze multiplatformni rozhrani

Windows
o .dll
- chova se jako .exe

- vlastni zasobnik, heap, standardni knihovny

Linux / Unix / POSIX
° .SO

> chova se jako .lib

- balicek .o

more details:

http://www.symantec.com/connect/articles/

...—part-two

dynamic-linking-linux-and-windows-part-one

~

4
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dll - Windows

load dll

“statické"” slinkovani s moje.lib




dil - POSIX

load
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C++/CLI

» Samostatny jazyk standardizovany ECMA
> snaha o maximalni kompatibilitu s C++ (03)

CLI Common Language Infrastructure standard ECMA
- virtual machine
- framework (libraries)

CLR Common Language Runtime implementace VM

CIL Common Intermediate Language jazyk interpretovany VM

MSIL MSIL :-) konkrétni MS implementace CIL
CTS Common Type System jednotny typovy systém CLI

.Net Framework MS implementace nadmnoziny CLI
Mono multiplatformni implementace CLI

http://www.mono-project.com

» managed code
> spravovany .Net frameworkem
» pristup k .Net (CLI) knihovham

» snadna interoperabilita
C#, F#, VisualBasic, ... COBOL, Eiffel, Mercury ...




Architektura CLI

code -
Unmanaged
' ' ' ' ' '
Managed [:5E3150 Assembly Assembly
code IL Code IL Code IL Code

Common Language Runtime

———

Native Code

Operating System Services




Common Type System

[ Type }
Value Types Reference Types

(T )

N Built-In Value v v
Types ihi
{ o y [ Self Describing ][ Pointer Types ][ Interface Types
Types

4 )\
—» | Enumerations |

< 7 A 4 \ 4

- N
User-Defined Class Types Arrays
/| Value Types
(structs)
& 4

A\ 4 A 4 \ 4

User-Defined Boxed Value Delegates
Classes Types




Typovy systém C++/CLI

» Ve skutecnosti dva nezavislé typove systémy

° native
- original ISO C++
> managed
- fuj - manazovany - rizeny
- CTS
o string vs. String, vector vs. array

» Garbage collection
pouze CTS
managed heap
handle
neni to ukazatel
mulze se ménit
nove operatory: gcnew A %
reference vs. value type

o

o}

(e]

o

native
heap

class Native {...};
ref class Manage .}
{

Native* n = new N;
ManagedA m = gcnew Managed;
delete

}

handle managed )

heap




Referencni a hodnotové typy

primitivni typy, malé kolekce
primo v pameéti (zasobnik)

pfirazeni, hodnotou
parametry
e

default stack
sémantika heap s.: boxing

TYPy

vvvvvv

vzdy na [managed| heapu
pres [tracking] handle
odkazem

jednoducha (vice interfaces)
ne

heap
stack s.: autoalokace

value struct B { int x; };
int main() {

B b;

b.x = 0;

ref class A { int £(); };
int main() {

A” a = gcnew A;

a->f () ;

pr



Agregované typy

4

ref class, ref struct

- nesmi obsahovat nemanaged struktury

> jednoducha dédicnost, vicenasobna dedicnost interface

value class, value struct

> nepodporuji dédicnost !

enum class

> rozsSireni enumu o nékolik metod - ToString

> value type

interface class

> abstract class bez dat

> moznost vicenasobné dédicnosti

array

> typované vicerozmerné pole - jagged array

- kovariance - pokud existuje konverze z Ana B
- array<A> aa; array<B> bb; bb = aa;

generic




Dalsi vlastnosti

v

String #+ std::string (!!)

String” ms;
string s = (char*) Runtime::InteropServices: :Marshal::
StringToHGlobalAnsi (ms) . ToPointer () ;

templates vs. generics
> compile- vs. run- time
» CLI kolekce

> ArrayList BitArray DictionaryBase Hashtable SortedList Stack Dictionary HashSet LinkedList
List Queue SortedDictionary SortedList SortedSet Stack SynchronizedCollection

atributy, reflexe, 1/0, ..., ...

v

v




Interoperabilita

» C++/CLI S5 C++
> jak spojovat moduly a volat metody
- © jen std:: C++ data
- jak sdilet managed a native data
- ® nedélejte to - striktni rozhrani
- specialni Sablony
- nedélejte to!

» C++/CLI S C#, *# ...
> jak spojovat moduly

- © class library / add reference (.d/l)
> jak volat metody

- © class library
- jak sdilet data

- © CTS
ne std:;: C++

C#
.Net

—mO0O~+ +0

C++




Zhodnoceni

» © Klady
> interoperabilita - .Net, C#, CTS
> témer plna kompatibilita s C++03
> managed code
» ® Zapory
> dva jazyky v jednom
- odliSné typové systémy
- podivna syntaxe a hlavné sémantika
- mnoho divnych variant definovanych vyctem
- nekompatibilni s C++11/14/17

» ¥ Use cases
- C++ project, tenké C++/CLI rozhrani
- .Net sluzby
- interoperabilita s C#, VB, F#, *#
- ? first-choice language
* no!




C++/CLI a C#

[ Project: C++ CLR Class Library ]
\

namespace clilib ({
public ref class A {
public:
A() : x_(0) {}
int £() {...};
}i

}

Project: C# Console App ]

namespace App [ Add Reference:

t clilib.dll

class Program ({
static void Main(string[] args) {
clilib.A a = new clilib.A();
int x = c.£();
}
}

}




