C++/ CLI Tutorial

Author: Adam Sawickidam DELETE @asawicki,imfew.asawicki.info
Versionl.0, December 2011

Table of Contents

LI 1o (=30 0] g1 (=] o] £ PP PP PSPPI 1
11 0o (1o 1 o] o F PP PPPPT 2
LAY = L TS O L I PSPPSR 2
AT YA T T O o [ I PRSP 2
LAY = L O O I I S Ao ) PP SPPPPUPPPPPPP 2
HEIIO WOKIO EXAIMPIE. ..ottt e e e e ettt e e e e ettt e e e e e s e s bbb e e e e e e e aansbb e e e e e e e s nannbrnneeeeeans 3
(0 T=T (4 R (0] o= 1= SR UURPPRRPRRRR 3
I E= T 01T 0T Lo S 4
(O P2 TS TY SRR U T [N 0] ] = 3OS 5
AN SN O P TS PP 5.
YT g E= T [T O P T = SO 6
MBNAGEA STTUCTUIES .....eeiiiiiiiiie e ettt e ettt e e e e s st e et e e e s s s bb e e e e e e e s sannnnseeeeeessnnssnneeeesssannnnnnneeessssnnnnnneesl
Managed Class DESITUCIALS..........coeiiiii oot e e e e e e e e e e et eeeeeaaaaaaeaaaaaaaaeaaeaseasssaasaaaaaaanas 7
POINIEIS N0 RETEIENCES ... e e e e e et e e e e e e e e s st bbb et e e e e e aannbbreeaaeeeennnees 9
LU LTS o I OT0T 1 =V 41 o | S 10
AdAItIONAL ClIASS TOPICS. .vutttitiiiiiiiiiiiii ettt ettt b e e e e e e e e e e e e e e e e eeeaeaaaaaaaaaaaaaeaaaaeaaaeas 12
WINAOWS EXAMPLE......eeeieee ittt e e e ettt e e e e e aa ettt e e e e e e s bt e e et e e e e e e nnne et e e e e e e annnnrneeeens 13
Delegates ANU EVENTS ...t e et e e e e e e e et e e e e e e e e e e e e e e e e e e e e e r e e e e e aaan 15
)1 1o TSP 16
N A IS 1] oo PP P PP PPPPPPPPN 16
Y E= T EoToT=To BES] (1 0 To L PP PR T PPPPPPN 16
S ] [ T OT0T 0)Y/=T ¢ T0] o =PRI 17
Conversions to and frOM NUMDEEIS........uuviiiiii ittt e e e e e e e eeeeeeeaaeaaaeens 17
BUIIJING STINGS. ..t eeiiittee ittt e e oo bttt e e e e o ekt e e et e e e e e e e s bbb e et e e e e e e bbb en et e e e e s anbbeneeeeeeaans 18
RV 118 = o] g = 111 Vo TSR 18
(=T o] 0 F= LAY = T £ U= PP U 19
] LU L= = U] PSPPSR 19
LY L = L] 1= T TP UPU PP PTRTPTRR 20
=0 ) (] o o TP PR OPTTPPPP 21
0T 0= [T PP PP PPPPPPPRPPP: 21
Do =T o] 0 o P 22
F (= 1Y ST TPTRTP 23
N A N £ = | T PP PP PPTT R PPPPPPPPPR 23
Vgt T [T N =Y 23
L0001 7= ] 1= £ 24
0Tt (T PP PP 25
O L] o I o] = L= 26
(WS o T = LAY =T T o] =T = S 26


mailto:adam__DELETE__@asawicki.info
http://www.asawicki.info/

(WS To 1Y =g F= o= To B I o] = g =R 27
Native Types in EXPOrted FUNCLIOILS.........uuuuiiiiiiiiiiiieeiee et ier e e s e ee et aeeaeeeaaeaaaa e e s e e s s e s s s s asssssasaaaeanensranreereesseeeees 28
RS 110 = 2SS 29

Introduction
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past 2 years in my previous work. Nbat it was my decision to use this technology, bobw think my boss was

right in choosing C++/CLlI for the kinds of projects we did in the company. C++/CLlI is a nice language and has som
dzy A lj dzS FSI (dzNBa sz & 2This articl sH/NJ TANRPOYA GSANIK Q2 2LONMB/KESD a A 3
practice oriented, based on my experiences in developing quite complex software in C++/CLlI, so | described here
2yfte (GKSasS fFy3da 3S FSIGdNBa GKI G L wHhayshvilablSrithe | y R L
language syntax.
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basics of a programming language, but on the other harali¢vethat to understand C++/Citbu must already

know both native programming in C++ (including subjects such as headers, pointers, aelasssbasNET

(including knowledge abowgarbage collector, Windows FormBIET standard library).

What is C++/CLI?

C++/CLlI is a separate progmainglanguagenhich can be viewed as an extension to C++ syntaxatithe same

timeA G Qa 2yS 2F G(KS s2RNP2A@ND ¥ YRy RGF2NMMBZ a&IG tA1S /1 2N
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compile and debug code, so we have no alternative compilers like gcc or icc available for this language. Good new:
that the language is supported in Visual Studio 2005, 2008 and 2010, includiegpamding versions of the free

Visual C++ Express Edition.

To run programs written in C++/CLlI, just like for other .NET applicatiseismust havappropriate version of the

free Microsoft NET Framework installechis2 A Yy R2 ga ® L RA RiggQiC++3CHr@rogsad i Liku, Nizy
neitherusing Winenor Mono.

Why Use C++/CLI?

Why learn and use such weird hybrid language if we have C# with nice syntax, designed specifically for .NET
platform? C++/CLI has an unique feature among other .NET languagesaryiveely mix managed (.NET) and native
(C++) code in a single project, single source file, even single function code. It makes the language hard to replace i
some applications, like:

1 When you write software that needs to use some native as well asagehlibraries.

1 When you write a library that linksative with managed code, for example exposes an interface of some
native library to .NET code.

1 When you write a program that needs both efficient processing of some binary data (which is best done in
native C++ code using pointers) and has complex graphical interface (which is beasohmywindows
Forms) just like | did in my job.

What C++/CLI is Not?
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¢CKFEGiQa y20 SEFOGte (NHzSd aAONR&2TFG Lizi STFF2NI @nd Y
2



C++ gurusvere involved in its development, like Stanley B. Lippman and Herb Sutter. The language itself is
standardized aECMA-372

| mustalsoclarifythat C++/CLI inot the same as the old language called Microsoft Extensions for C++. That strange
language which extende@++ syntax with ugly keywords likejc or _ value was predecessor of C++/@lod is now
deprecated. Theyntax of C++/CLlI is totally different and much more pleasant, as you will see in the next chapters.

Hello World Example

LGQa GAYS T2 NJ (vkbearfindNiin attachédlarehivé d@io @i Rsbisblirectory.l coded all

examples for this tudrial in Visual C++ 2010 Express. Traditionally first example ailbineple applicatiothat
LINAYyGa a1l Stt2 22NIRé GSEG 2y AG&a 2dzZildzio ¢2 YIF 1S A
CLR Console Application . So it is a projeh C++/CLIthad2 YLIAf Sa (2 Iy 9. 9citheqdir€&sd L G
.NET Framework installed. It shows system console and no windows. Project contains some automatically generate
files, includingassemblyinfo.copp  Where you can fill in some metatéaabout your program like product name and
version. But the main source fileHsllo_world.cpp ~ with following contents:

#include <iostream>

int main(array<System::String > "args)

{
System::Console::WriteLine(L"Managed Hello World");

std::cout << "N  ative Hello World" << std::endl;
return O;

}

This example shows two messages. First one is done using traditional .NEWw@yne static method of

System.Console class. Second is done using method recommended for €d¢::tout  stream from standar€C++

library, which requiredkinclude <iostream> . As you can see, managed and native code are freely mixed here in a
AAYy3AtS FdzyOlA2y O2RS® ¢KIFGQa GKS o0A3IITSAG LIR2oSNI 27F /
seem confusingtoyou, blR2 Y Qi L6 @ININESE LI | Ay (G KSY outpit & Mipragiad:K i y 2 6

Managed Hello World
Native Hello World

Project Properties

LiQa GAYS (2 32 RSSLISNI Ay (Ryowakeddy knBvSGH# dndl/cr sote .NET faggua | Y
and Visual Studio IDE, | hope you know how to get to the Project Properties window. Project properties look totally
different in native C++ and in .NET. The window you see when coding in C++/CLlI is like in native C++ project.

There is one thing about imustemphasize at the beginning: an optiondonfiguration Properties / General

branch calleadCcommon Language Runtime Support . This option decides whether the compiler will treat and compile
your code as it is in native C++ or C++/CLI, but there asadeptions for C++/CLI, all starting fraim . The one

you should choose isir  and NOT thecirpure @ L QY y 20 &dz2NB gKI G GKS& R2 YO
helped me many times fixingpme strange compiler/linker errors, like the hatéidnresolved external symb¢¢ &



Internal_tests Property Pages

Configuration: |Active{Debug}| | Platform: |Acﬁve{'|.ﬂ.|'in32}

V| [anﬁguration Manager... ]

Commeon Language Runtime Support
Whole Program Optimization

[#- Common Properties B
=8 Cpnﬁguraﬁnn Properties Cutput Directory &(SolutionDir)&(Configuration)
General Intermediate Directory S(Configuration)},
Debugging Target Name &{Projectiame)
- VC++ Directories Target Extension BXE
" Cfc++ Extensions to Delete on Clean * cdf;*. cache; *.obj; =.ilk; *.resources; . tb; = ti; *. 1h; *.1
- Link’?r Build Log File E(IntDir)\&{MSBuildProjectiame).log
- Manifest Tool Platform Toolset w100
::ﬂls_nlillj::z;ent N Enable Managed Incremental Build fes
-- Browse Information =
_. Build Evente Configuration Type Application (.exe)
_. Custom Build Step lse of MFC lUse Standard Windows Libraries
Use of ATL Mot Using ATL
Character Set Use Unicode Character Set

Common Language Runtime Support (fclr) ,_*i,

Mo Common Language Funtime Support

i i
Pure M5IL Common Language Runtime Support (fdr:pure)
Safe MSIL Common Language Runtime Support (fdr:safe)

Comman Language Runtime Suppaort, Old Syntax (fdrioldSyntax)

<inherit from parent or project defaults =

Common Language Runtime Support

Spedifies whether this configuration supports the Comman Language Runtime. This is incompatible with
some other settings, e.q. runtime chedks, See help for fdr family of C++ compiler switches for full list of ...

[ ok ][ anuy

Namespaces

Namespaces work similar way in native and managed code. In C++/CLI they have a syntax like in C++ and can be

freely mixed. There is no distinguish between native and managed namespacgeulikil seefor clases. Here is a
small example of defining a namespaegNamespacy, qualifying identifier with a namespace
(MyNamespace::DoEverything ) and importing a namespace withing namespace directive:

#include <iostream>

using namespace System;
using namespace st d;

namespace MyNamespace

{
void DoEverything()

{

Console::WriteLine(L"Managed Hello World"); // System::Console

cout << "Native Hello World" << endl; // std::cout, std::end|

int main(array<System::String > *args)
{
MyNamespace::DoEveything();
return O;



Classes and Pointers

Here comes the biggest piece of knowledge you have to learn to use Ce#i€ldne about classes, objects,
LRAYUGSNEEZ NBEFSNBYyOSasz RSal NHza ivig exiain e@ilytNdy speb stef, atfow S O (0 2
some simple examples astimmarize everything at the end.

First thing you need to know is that there is strict distinction in C++/CLI between native and managed classes and
that some rules apply to some specific types. There are also degaviter/reference operators for these two

types. Pointers to native objects work like in native C++. You have to free them magthajyare not garbage
collected. Objects of managed classes, on the other hand, behave like in C# and the rest tHtfbiETcp/ou have

to allocate them dynamically on the heap and they are automatically freed by the garbage collector. There is a
completely new syntax in C++/CLlI for these managed objects that you will see soon.

Native Classes
[ SGQa &l NI owakdady knp\#, Yafivad B+i yladse® You can define them and use them just like there
was no managed part, only the old good native C++. You can, for example, define a class like this:

class NativeMonster

{

public:
NativeMonster(int HP) :m_HP(HP) {
cout << "NativeMonster Constructor" << endl;

}

~NativeMonster()  {

cout << "NativeMonster Destructor" << endl;
}
void TellHitPoints() {
cout << "NativeMonster has " << m_HP << " HP" << endl;
}
private:
int m_HP;

h

NativeMonster IS a ndive class. It has constructor, destructor, a private fieléirand a public method
TellHitPoints . YOU can use it in some code by creating a local object of this type by value, on the stack, like this:

int main (array<System::String > "args) {
NativeMon ster stack_monster(100);
stack_monster.TellHitPoints();

}
This program prints following output:

NativeMonster Constructor
NativeMonster has 100 HP
NativeMonster Destructor

You can also allocate native objects on the heap, using standard C++ operattiivays remember to free them
with operatordelete when no longer needed because native objects are not garbage colleébegetting to free
them causes memory leaks! Following program priatea output, but here the objeaif type NativeMonster  is
allocated dynamically on the heap and used by pointer, not by value.

int main (array<System::String > "args) {
NativeMonster *monste  r_pointer = new NativeMonster(10 0);
monster_pointer - >TellHitPoints();
delete monster_pointer;

}



As you can see, native skes can be coded in C++/CLI same way as in native C++. You use class keyword, impleme
constructor, destructor, fields and methods (or not, depending on whether you need them) and then you can create
objects of this class in the stack or on the heapcalle them withnew, free them withdelete and reference them

with pointers. You use operator for declaring pointers and pointer dereferene@perator for declaring references

and getting object address (not shown in the example) anoperator to acess object members from a pointer

all exactly like in C++.

bl GABS A0GNHZ2OGdZNBE 221 aAYAtFNIe@ a2 L 62y Qi stakK2g (K
keyword and then use themybvalue or by native pointer.

Managed Classes
NowA 1 Q& G4AYS G2 4SS K2¢ I YIylI3ISR Ofraa t2214a ftA1S A

ref class ManagedMonster

{
public:
ManagedMonster(int HP)  : m_HP(HP) {
cout << "ManagedMo nster Constructor" << endl;

}
void TellHitPoints() {

cout << "ManagedMons ter has " <<m_HP <<" HP" << endl;

}

private:
int m_HP;
5

First thing that strikes the eye here is that a special new keywotthss is used. It tells the compiler that we
define a managed class. Rest is the sgmeu can write constructor and asC++ initialization list inside it, you can
define fields and methods, you can ys®ate , protected andpublic keywords. You can also call native functions
(like usingstd::cout  shown here) or managed function (like printing to console usis@m::Con sole:WriteLine )

no matter if you are inside a body of a native class or managed class method.

Objects of managed classa® nevelONB I 6 SR 2y GKS adGl Ol odzi 2yfca 2y (K¢
reference to a managed object, usesharacterin C+/CLI. It is a managed heap this timedgferent rules apply to
allocation and deallocation of such objects. We allocate them usingy keyword. There is noelete operator

because managed objects are automatically freed by the garbage coli@eteame unspecified future, possibly on
another background thread, but always after such objects is no longer referenced by any pointer. For example:

ManagedMonster “monster_ref = gcnew ManagedMonster(120);
monster_ref - >TellHitPoints();

This example prints faiving output:

ManagedMonster Constructor
ManagedMonster has 120 HP

L¥ @2dz 6lyld G2 OfSIFNI GKS LRAYUGSNE 2dzal I &adimdacyo o dzf f
here. You have to do it with specialiptr  keyword, which is an epty value of type compatible with managed
pointers.

monster_ref = nullptr;

nullptr ~ was introduced as keyword in C++/Cldu can also use it as null value of native pointers. when coding in
C++/CLI. But same keyword is also being introduced to the never@ati+1ktandard(formerly known as C++0x) as
a replacement ob or NULLfor pointers, so you can also use it in native C++.

6



Managed Structures

Difference between classes and structures in native C++ is verycssiraittures have public members and pigbl
inheritance by default unless you explicitly state otherwise, while classes default to private. In C#, on the other hanc
structures are very different they have limited functionality and they are passed by value, not by reference.

C++/CLI supports ¢hformer withclass andstruct keywords, as well as the latter by introducing the andvalue
keywords. So to define a managed structure in C++/CLI that will be stored by value bketdtveDateTime or
System::Drawing::Color ~ type, usevalue class  Of value struct . For example:

value class Position {
public: float x, vy, z;

h

int main (array<System::String *> "args) {

Position pos;

pos.x = 0.0f;

pos.y = 1.0f;

pos.z = 7.0f;

Console::WriteLine(L"The position is ({0},{1},{2})", pos.x, pos.y, pos. 2);
}

{2 G2 &adzYYFNAT S (GKS I @drAaflotS GeLsa 2F OftlaasSa | yR

Keyword Domain Default Access | Equivalent Used by

class Native private class in C++ Value, native pointer or reference
struct Native public struct in C++ Vdue, native pointer or reference
ref class Managed private classn C# Managed reference

ref struct Managed public classn C# Managed reference

value class Managed private structin C# Value

value struct Managed public structin C# Value

Managed Class Destructors

Despite managed objecteingautomatically freed by garbage collector, they can have destructors. What is more,
there are two kinds of such special methods in C++¢@Ldestructor and a finalizeThey have to be used

whenever:

1 Your clasgeeps some resources that will not be freed by garbage collector but have to be freed manually,
like a native pointer or an object that needs to have sarmee() method called before destruction.

9 Your class keeps some resources that should not stay &cgiair as long as garbage collector wants but
should be freed right after they are no longer needed because they occupy a lot of memory or keep lock of
some system resources, like a bitmap, opened file, network socket or database connection.

Finalizerg declared asclassName(); ¢ is equivalent to overridingbject::Finalize method and to the class
destructor in C#. It is called by garbage collector right before an object is freed from memory. Such call can be mad
in some unspecified future and on a separbackground thread.

Destructor on the other hand declared like C++ destructor aslassName(); ¢ is equivalent to implementing

IDisposable interface and it©ispose method, as well as callingc::SuppressFinalize  at the end. It all happens
automatical® a2 @&2dz R2y Qi KI O Bisptsddle DitahythingdAll §du eedity/dd B dkigiine ® NB Y
destructor.

Remember that this managed destrucipjust likeDispose method you probably know from G#is not guaranteed
to be called. It is availdd for the user of your class if he decides to explicitly order your object to free its resources in



some specifianoment, but if he does not, then you have to do all the necessary cleanup in the finalizer. Here is an
example:

ref class ManagedMonster {
public:
ManagedMonster(int HP);
~ManagedMonster();
IManagedMorster();
void TellHitPoints();
private:
int *m_DynamicHP;

h

Managedonster::ManagedMonster(int HP) : m_DynamicHP(new int(HP))  {
cout << "ManagedMonster Constructor" << endl;

}

ManagdMonster::~ManagedMonster()  {
cout << "ManagedMonster Destructor" << endl;
t hi s->! ManagedMonst er () ;

}

ManagedMonster::!ManagedMonster()  {
cout << "ManagedMonster Finalizer" << endl;
delete m_DynamicHP;

}
void ManagedMonster::TellHitPoints() {

cout << "ManagedMonster has " << *m_DynamicHP << " HP" << endl;
}

The class in this example has constructor, destructor and finalizer. There are multiple ways of using it. Eitseway
one you have already sa goes like this:

int main(array<System::String > *args) {
ManagedMonster “monster_ref = gcnew ManagedMonster(120);
monster_ref - >TellHitPoints();

}

/I Garbage Collector frees allocated object at the end of the program.

Output of this program will be:

ManagedMonster Constructor
ManagedMonster has 120 HP
ManagedMonster Finalizer

l'a @2dz Oy 4SS G(GKS RSaiNH2OG2NI Aa y20G OFff SiREan2 y f &
implementation here. We dynamically allocate the managepcibas usual, use it and let the garbage collector to
call its finalizer and free it at the end.

Next you will see two things that look very strange, so please pay attention to remember this syntax. In C# you orde
an object of a class that implemenbi sposable interface to free its resources by callingpose method. C++/CLI
Slj dzA @I t S ydbleteA agperdio? on dznahaged object, like this:

int main(array<System::String > *args) {
ManagedMonster “monster_ref = gcnew ManagedMonster(120);
monster _ref - >TellHitPoints();
delete monster_ref; /I Call Dispose.

}



The output of this program is:

ManagedMonster Constructor
ManagedMonster has 120 HP
ManagedMonster Destructor

ManagedMonster Fi nal i zer

Using delete operator callsisposable.Dispose  method, implemented in our code &tass destructor. Calling this
destructor automatically suppresses finalizer so the finalizer is not called before garbage collector frees the object
we have to call it manually from destructor, following the practice recommended by Microsoft. Main difference

between this example and the previous example is that here we explicitly specify themharhere we want the
finalizer to be called, while in the previous example garbage collector is free to call finalizer in some distant future,
leaving some possibly heavy resources @kelSyY SR FAE ST RI G161 4SS O02yySOitAz2y
in our case) locked and loaded for a longer time.

Another, more convenient way of callibgpose in C# is thaising keyword. We can enclose construction of an
IDisposable Object in theusing){} section and thedispose method will be automatically d¢ied at the end ofts
a021LS® /bbk/ [ L KIFa SldAagdrtSyld YSOKIyAOa odzi AdQa ae
managed class by value, not by managed pointdike it was constructed on the stack, although managed objects
cannot really be on the stack, they are always dynamically allocated from the managed heap. When an object is
defined like this, its destructor is automatically called when we go out of the current scope.

int main (array<System::String > "args) {
ManagelMonster monster(120);
monster.TellHitPoints();

} /I End of scope calls Dispose.

Output of this program isame asthe previous one.

Pointers and References

As you already seen, we have two tgpe pointers available in C++/CLI. First are native pointers. They look and
behave exactly like in native C++, so you allocate objectshwithperator, you must manually free them with

delete operator and you use operatorsand&. Second type of points are references to managed objects. We
allocate them withycnew2 LIS NI 12 NE R2y Qi KIF @S (2 FTNBS (KSY a (KSE
operator for them is'. The only thing that is missing there is the opposing operator for managedcemitikes for

native pointers that gets object address or defines a reference. There actually is such operator and it looks like this:
% Example:

void AskMonster(ManagedMonster “monster ) {
monster - >TellHitPoints();

}

int main (array<System::String > nargs) |
ManagedMonster “monster_1 = gcnew ManagedMonster (100);
AskMonster(monster_1);
ManagedMonster monster_2(200);
AskMonster(%monster_2);

}
This program prints following output:

ManagedMonster Constructor
ManagedMonster has 100 HP
ManagedMonste Constructor
ManagedMonster has 200 HP



Another application of thecsoperator is to pass a parameter to a function by reference, to be able to return a new
value. It is so called output parameter. For example:

void Add(int %result, int a, int b) {
result =a+b;

}

int main (array<System::String *> "args) {
int result,a=2,b=3 ;
Add(result, a, b);
Console::WriteLine(L"{0} + {1} = {2}, &, b, result);
}

This program prints following output:
2+3=5

¢2 adzYYFNAT S (KA& ©adlbjerétars fér foint@ra and rBf&entes il C+6/CLE 6 A

Operation Native Code Managed Code
Pointer definition * n

Pointer dereference

Reference definition & %

Addressof

Member access -> ->

Allocation new gcnew

Deallocation delete delete (callsDispos e)

Rules of Containment
LQ@S I f NB I rattve anKn2avaged Golde cén be freely mixed in a body of a single function. Unfortunately
there is no such freedom when it comes to defining variables/fields of diffaygeis. Some restrictions apply here.

CANARGEZ 6S Olyyz2i STAyS 3t26lft GFENARAIoOofSa 2F YIyl 3SR

classes.

NativeMonster g_GlobalNativeMonster(100); // OK
ManagedMonster g_GlobalManagedMonster = gcnew ManagedMonster(200); // ERROR

Thecompilation error we get here is:

error C3145: 'g_GlobalManagedMonster' : global or static variable may not have managed type
‘ManagedMonster ' may not declare a global or static variable, or a member of a native type that refers
to objects in the gc hea p

Workaround for this limitation is to define a managed class with public, static member of the managed type we neec
as a global variablelike this:

ref class Globals {
public:

static ManagedMonster ~GlobalManagedMonster = gchew ManagedMonster(200);
2

Second, managed class can have members of native pointer types, but native classes cannot contain managed
202S00ad ¢KIGQa LINRPolofeée 06SOFdzaS AG 62dAd R 06S KFENR ¥
managed pointer if it would be contad in a native data structure.

ref class ManagedDungeonRoom  {
NativeMonster *m_Goblin; // OK

10



ManagedMonster *m_Boss; // OK

b

class NativeDungeonRoom  {
NativeMonster *m_Goblin; // OK
ManagedMonster “m_Boss; // ERROR

)i
The error we get here is:

error C3265: cannot declare a managed 'm_Boss' in an unmanaged 'NativeDungeonRoom' may not declare a
global or static variable, or a member of a native type that refers to objects in the gc heap

Fortunately there is solution to this. You need to useesial smart pointer classiscir:gcroot ~ from
<msclr \ geroot.h> header. Here is an example:

#include <msclr  \ gcroot.h>

class NativeDungeonRoom  {
private:
NativeMonster *m_Goblin; // OK
msclr::gcroot<Mana gedMonster™> m_Boss; // Also OK
public:
NativeD ungeonRoom()
: m_Goblin(new NativeMonster(10))
, m_Boss(gcnew ManagedMonster(1000))  {
}
~NativeDungeonRoom() {
delete m_Goblin;
}
void AskMonsters() {
m_Goblin - >TellHitPoints();
m_Boss >TellHitPoints();
}
i

int main(array<Sy  stem::String > "args) {
NativeDungeonRoom dungeon_room;
dungeon_room.AskMonsters();

}
This program prints following output:

NativeMonster Constructor
ManagedMonster Constructor
NativeMonster has 10 HP
ManagedMonster has 1000 HP
NativeMonster Destructo  r

If you try to define member variables of different types by value, not by pointer, the result will be like this:

ref class ManagedDungeonRoom  {
NativeMonster m_Goblin; // ERROR
ManagedMonster m_Boss; // OK.
Position m_Position; // OK.

I
class NativeDungeonRoom {

NativeMonster m_Goblin; // OK.
ManagedMonster m_Boss; // ERROR
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Position m_Position; // OK.

I
NativeMonster cannot be contained insid@anagedDungeonRoofdecause of error:

error C4368: cannot define 'm_Goblin' as a member of managed ‘ManagedDungeonRoom': mixed types are not
supported

While ManagedMonster cannot be contained insideativeDungeonRoombecause of these errors:

error C3265: cannot declare a managed 'm_Boss' in an unmanaged ‘NativeDungeonRoom' may not declare a
glob al or static variable, or a member of a native type that refers to objects in the gc heap

error C3076: 'NativeDungeonRoom::m_Boss' : you cannot embed an instance of a reference type,
‘ManagedMonster', in a native type

Additional Class Topics

You may be atstomed to this, but in facC++ hagjuite weird syntax for objeetriented concepts. Method is

abstract if defined as purevirtuabg KA f S A G &adAfft Ol y o0dzi R2 yatdmafichl@S G 2
it has some pure virtual methods, @ds overridden in derived class can repgatal { S&@ 2 NR o0dzi R2
G2 GKSNB Aa y2 RAaAGAYOGA2Yy F2NJ OflaasSa |yR AYyGaSNFI
keywords for such OOd@ncepts, likeabstract , override , newetc. To merge theséwo worlds, designers of C++/CLI
provided following syntax:

When a reference type inherits from another reference type, virtual functions in the base class must explicitly be
overridden (withoverride ) or hidden (withhew¢ new slot in vtake). The derived class functions must also be
explicitly marked asirtual

ref class ManagedMonster {
public: virtual int GetMaxHP() { return 0; }

I

ref class Boss : public ManagedMonster {
public: virtual int GetMaxHP() override { return 1000; }

¢

Interfaces can be defined usiigerface  keywords, by typingnterface class  Of interface struct (which mean
the same). Interfaces are not full clasggbey can contain only declarations of public functions, events and
properties. Theyxanalso have stic members.

interface class IMonster {
public: int GetMaxHP();

¢

ref class Boss : public IMonster {
public: virtual int GetMaxHP() { return 1000; }

I

A class that does not implement albstractmethods declared in inherited classes and interfasemutomatically
abstract. A method or whole class can also be forced to be considered abstract bybasing keyword. Abstract
class cannot be instantiated. Abstract method declared usisgact keyword is similar to a pure virtual method
declaredusing=0 syntaxknown from native C++

ref class BaseMonster abstract {
public: virtual void MakeNoise() abstract;

h

12



sealed keyword can be used for classes and methods. For classes it means that no other classes can inherit from tr
one.

ref class Boss OfLevell s ealed : public ManagedMonster {
I

%
For methods thesealed keyword means that the virtual method cannot be further overridden in derived classes.

ref class Boss : public ManagedMonster {
public: virtual int GetMaxHP() sealed { return 10 00; }

I

Static clasg a class that can contain only static members and cannot be instantigtedefined in C++/CLI using
abstract sealed  keywords:

ref class Globals abstract sealed {
public: static ManagedMonster *g_GlobalMonster;

h

Last but not last, managed classes require declaration prior to usage and can have forward declarations, just like
native C++ classes. So for example if you define a member variable ofrsoraged class in another class in your
code:

ref class ManagedDungeonRoom  {
NaiveMonster *m_Goblin;
ManagedMonster *m_Boss;

s
Then you need to eithefinclude header with definition of this class:
#include "ManagedMonster.h"

or forward declare this class, which is a good idea to do wherever possible because it reduces depgndenci
between headerand reduces compilation time

ref class ManagedMonster;

Windows Example

L GKAYl y26 AGQ&a GAYS F2NIIy2iKSNE o0A33SNI SEFYLX So
the source code and compiled EXE inrthen_app subdirectory of attached archive. To credltés project | selected

New Project command in Visual C++ 2010 and selected/ Windows Forms Application

This created a project with some files already filled at start: resources containing defaultsieonylyinfo.cpp ~file,
precompiled headestdafx.h , Form_app.cpp source file withmain() function and, what is most important here, an
initial Windows Famswindow split into two files:Form1.h (intended to be modified in text editor) arfbrm1.resX
(mangedby visual window designer). By rigtiicking on thecorm1.h node inSolution Explorer  and selecting/iew
Designer , you open visual form designer where you can design your window, put controls onto itrasing panel

and change their properties usimgoperties panel. Everything exactly like in C# and other .NET languages. By right
clicking on thecorm1.h and selecting/iew Code, you open the=orm1.h file in text editor. There you can see definition

of Formiclass withnitializeComponent  method enclosd in#pragma region , filled with code that creates and

initializes form controls you have designed.

Visual C++ creates only header file for the form. You could theoretically write all your code there, but what I like to
do is creating correspondingp file and writing definitions of the class methods there, like we usually do in native
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C++. To do it in this project | addeew item of type C++ File (.cpp)  and named iFormi.cpp. | then moved
definition of class constructor and destructor there, leavimdyaleclarations in header file. @bthis stagehe
content of theForm1.cpp file is:

#include "stdafx.h"
#include "Form1.h"

namespace Form_app {

Form1::Formi()
{

InitializeComponent();

}

Form1::~Form1()
{

if (components)
delete components;

}

} /I namespace Form_app

¢KS f23A0 LQ@S Lizi Ayd2 GKA&A | LILX AOI GA2Y aathieve thaisA Y LI
dza SR GKNBS ¢SEl. 2E O2yiNRfta 060362 F2NJ I NHdzySy adiedaii KA
Gl Aad02NRé [A&d0G.2E (2 FTRR AYF2NXIGA2Y | o62dzi SF OK 2LIS
click and performs all these operations contains following code:

System::Void Form1::buttonl_Click(System::Object" sender, System::Eve ntArgs”® e)
{
try {
double a = double::Parse(textBox1 - >Text);
double b = double::Parse(textBox2 - >Text);

doublec=a+ b;
textBox3 - >Text = c.ToString();

System::Text::StringBuilder sb;
sb.AppendFormat(L"{0} + {1} = {2}", &, b, c);
listBox1l ->Items - >Add(sb.ToString());

}

catch (System::Excepti on”ex) {
MessageBox::Show(this, ex - >Message, L"Error”, MessageBoxButtons::OK, MessageBoxIcon::Error);

}
}

Despite its simplicity a lot of things happen here. Many of themcéh y S¢ (2 @& 2 dzadl Qfdeli RELJEOH
of them in following chapters of this tutorial.

14



Form App EHE@

i Calculate

Histony

2+42=4
1+10=11

Delegates and Events

¢CKSNBE Aa 2yS FSIFGdzZNBE 2F | LINPINF YYAYy3I fFy3Idzr IS GKIF G
delegates, events, sometis signals, slots, callbacks pointers to members. It is one of these things thabdern,

high level programming languages have, while native C++ does not. Delphi has it, C# and other languages of .NET
platform also have it. You may say that C++ alsopwanters to class methods in its syntax, but | mean something
completely differentPointers to members in C++ remember just an offsebint to some method of matching
declaration but only inside given patrticular class and do not remember a partihjisat of this class. This make

them not very useful The pointers to members | mean leeshould be able to point to a PARTICULAR method with

Y 0OKAY3 RSOfINYOGA2Y odzi Ay F t!weL/![!w 20628500 27
represening a window and we want to implement some methods that will be called when a button on this form is
pressed, a textbox iseingchanged etc.

To compensate fothe lack of this feature, all GUI libraries for native C++ (like wxWidgets, Qt or MFCepiaird
own solution for such pointers. Thereeaalso some independent librariéar this, likeFastDelegatdy Don Clugston
or The Impossibly Fast C++ DelegdtgSergey Ryazanovhey work this way: each pointer to member holds two
fields: a pointer to some object and afffset to method in its class.

Fortunately C++/CLI provides such mechanisstlike whole .NE@oes in form of delegates and events. You can see
the example usage in the code we talk about here, as methed1::button1_Click  reacting on clickingutton1 .
Documentation says thautton class haglick event of typeevent EventHandler® , whereEventHandler is defined

as following delegate (using C++/CLI syntax):

delegate void EventHandler(Object® sender, EventArgs” e)

After doubleclicking on thenutton1 in form designer, Visual C++ creaths button1_Click method with signature
compatible with thisdelegate and binds it to theutton1.Click ~ event. The syntax for registering method to react on
some event can be found in automaticafjgnerated code insideitializeComponent ~ method and looks like this:

this - >buttonl - >Click += gcnew System::EventHandle r(this, &Form1::buttonl_Click);
As you can see, using events in C++/CLI requires:

1. Creatinga delegate withycnew. It takes two argumentg pointer to some objectiffis ) and pointer to some
method of its class that has signature compatible with the evestn{::button1_Click ).
2. Adding delegate to the event with- operator.
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Strings

There are different ways of handling character strings in C andReagrams written in C usgar* type. Standard
library of C++ definesd::string class.NET library has iswn builtin type for thatg System::String ~ class aliased
in C# aguststring  keyword. We have all of this available in C++/CLI so we have to learn how to deal with such
different kinds of strings and how to convert between them.

Native Strings

First, wecan use old good ndlerminated C strings of typeharr . We can als@include <string>  and use
std::string  class from C++ standard library (STL). Unicode versiamns_(* andstd:wstring  types) are also
available to use. Here are example variable datians and initialization:

constchar *native_sz = "Native ANSI C string";

const wchar_t *native_wsz = L"Native Unicode C string";

std::string native_str = "Native ANSI C++ string";

std::wstring native_wstr = L"Native Unicode C++ string";

Cmsole::WriteLine(L"The length of native_sz is {0}", strlen(native_sz));
Console::WriteLine(L"Comparing two strings returned {0}", wcscmp(native_wsz, native_wstr.c_str()));

This program produces following output:

The length of native_sz is 20
Comparing two strings returned -1

' yAO2RS A0GNAYy3Ia INBE RAFFSNByYyld adzwaSOG FyR L g2yQi S
here is a quick introductiorfraditional string characters of typear are singlebyte and encoded in so call&NSI

code page. It means they contain ASCII characters and the meaning of upper 128 codes (or rather negative codes,
char in C and C++ is really a signed integer number) change meaning depending on the current system codepage.
example, in Poland wease Windowsl250 (CP1250) codepage so there are some values assigned to diacritic letters

$S dzaS Ay 2dzNJ fl y3dz23S: tA1S NI 86X U 00

Unicode, on the other hand, is a standard that allows encoding characters from different languages in a single strin
but requires more bytes per character. There are multiple ways of encoding Unicode strings into bytes,-Bke UTF
widely used in the Web. But what we mean here by Unicode is thel8Brcoding, in which every character is a

16-bit unsigned number (takes two ByS & 0 @ ¢ Kchaiit Qype dnés I(afileast in Windows, in Visual C++

compiler) and also thewd::wstring  class.To write an Unicode string in C++ source code, we have to precede it with

L letter, like you can see in the example abo8ech string is df/pe const wchar_t*

Managed Strings

As | said before, .NET platform has its own, standard way of handling sttimgsSystem::String  classThey must
be used by managed referenceand allocated witlycnew. Characters ofhesestrings are of typevchar_t ¢ 16-bit
Unicode.You can initialize them with Unicode constants as there is an implicit conversion betweefichar_t*
andsystem::String . Initializing managed strings with ANBings also works and the characters are automatically
converted to Urgode.

Managed strings can be concatenated witbperator. You can also call its methods likepper.

using System::String;

String “managed_from_wide = gcnew String(native_wsz);

String “managed_from_ansi = gcnew String(native_sz);

Console::WriteLine(L"'man  aged_from_wide contains: " + managed_from_wide);
Console::WriteLine(L"managed_from_ansi contains: " + managed_from_ansi);
Console::WriteLine(L"ToUpper() returned: " + managed_from_wide - >ToUpper());

The example above prints following output:
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managed_from_wide contains: Native Unicode C string
managed_from_ansi contains: Native ANSI C string
ToUpper() returned: NATIVE UNICODE C STRING

String Conversions

If we have so many different ways of storing strings in C++/CLlI, a question arises about how to coween bet

them. Best solutions is of course nottodgk G Q& | f g &&8 Y2NB SFFAOASYG G2 1S
one that is finally needed. But sometimes conversion is necessary. Here is how | do it:

2dzQ@S | £t NBIF R& &S Sigg Const cax2 yapSnblEcha2ry ) t& iddaged /strings{istem::String ).
LGQa R2syi§ ciags conskustor. To convert STL string:ting ) to managed string, | just retrieve its C
string withc_str() method and then create managed string, likés:

std::string native_str = "Native ANSI C++ string";
String “managed_from_stl = gcnew String(native_str.c_str());

Same effect can be achieved withToStringAnsi  method fromMarshal class. The
System::Runtime::InteropServices::Marshal static class amtains many methods useful for interoperability between
managed and native worlddf pointers, data buffers, strings, errors, COM stuff, memory allocations and more) so |
recommend taking a look at it.

String “managed_from_stl = System::Runtime::InteropSe rvices::Marshal::PtrToStringAnsi(
(IntPtr)(void*)native_str.c_str());

Conversion in the opposite way is a little bit more complicated as it requires to somedlumatea native buffer for
charactersThe way | do it in my code is usingrshal::StringTo  HGlobalAnsi methodthat allocates and fills a native
memory buffer with nulterminated, ANSI string initialized from a managed string. | can then copy these data to
desired place, like into an STL string, before | have to free the buffer with eallstal::FreeHGlobal . My function
for converting managed to native strings is:

static void ClrStringToStdString(std::string &outStr, String ~str) {
IntPtr ansiStr = System::Runtime::InteropServices::Marshal::StringToHGlobalAnsi(str);
outStr = (const char*) ansiStr.ToPointer();
System::Runtime::InteropServices::Marshal::FreeHGlobal(ansiStr);

}

Conversions to and from Numbers

Many programming languages treat atomic types (like a little bit like objects and allows calling methods on

them. In .NET therera even class for it. Basic types like or double are aliases t®ystem:Iint32 and

Sysem:Float ® bl 0A PGS / bb R2SayQi KI @S adz2OK FSIFGdz2NBX o6dzi |
separate types for native and managedbls , ints , floats etc. It means you can call methods on atomic types in
C++/CLlI, like very useftdstring :

inti=1016;

String Mi_str = i.ToString(); /l Method call on atomic type!
String “message = L"The number is: " + i_str;
Console::WriteLine(message); // The number is : 1016

Conversion from string to number is done by static methade or TryParse , existing in all numeric types like ,
short , float , double etc. Difference between them is thatyParse returns false in case of parsing error, whiltese
throws an exeption is such case. Example:

String Mi_str = gcnew String(L"1016");

int i = int::Parse(i_str); // Static method call on atomic type!
Console::WriteLine(L"Parsed number is: {0}", i);

/I Parsed number is: 1016
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Building Strings

Strings in .NET are immutablemeans that once created, a string cannot be changed. Other than native
std::string, there are no methods iaystem::String ~ for inserting or removing characters. Even single characters
accessed witll operator are reaebnly. To change managedstring,you have to create a new one and assign it to
yourstring® @1 NRA I 6 f S dougpdkrhethédaetum&aenew string, it cannot make characters uppercase in
place.

So, how do we construct some complex string, you may ask? Themesaeways.

1. First is b concatenate partsvith + operator intoafinal string.

unsigned year = 2011, month = 12, day = 24;
String “date = year.ToString() + L" -" + month.ToString() + L "-"+ day.ToString();
/l date == L"2011  -12- 24"

2. It can be done more conveniently (and alsorenefficiently | believe) witlstring::Format ~ static method, taking
formatting string and variable number of arguments of any type. The formatting string is in special format used by
NET, with places for data referred by index in curly bracesplikdi Q& O2 YLJ S{iSft & RATFTFSNBY
inprintt  from C standard library, which usesign.

unsigned year = 2011, month = 12, day = 24;
String ~date = String::Format(L"{0} -{1} - {2}", year, month, day);
/[ date == L"2011 -12-24"

3. Because stringa iINET are immutable, there is a separate class for building and modifying strings called
stringBuilder . Object of this type holds a mutable buffer of characters and the class defines arletlaids to
manipulate it. You can append and insert data diedént types (atomatically converted to string as well as
remove parts of the string. There is alsgendrFormat method that takes formatting string and variable number of
arguments, likestring::Format  method. Finally you catbstring and get a normabtring object.

unsigned year = 2011, month = 12, day = 24;
System::Text::StringBuilder sb;
sb.Append(year);

sb.Append(L' -");

sb.Append(month);

sb.Append(L' -");

sb.Append(day);

String ~date = sb.ToString();

/l date == L"2011  -12- 24"

Value Formatting

Sometines default way of converting number to string is not enoufiiren we can use special format strings. For
example,'D2" means that a number should be shown as decimal and have at least two digits, padded with zeros if
necessary. This is needed when forntagtidays and months of dates. Such format string can be passed as optional
parameter toTostring method orappended in a bigger format string after a colon, e.g. when usediig::Format

or Console::WriteLine . For example:

unsigned year = 2011, month = 1 , day = 3;

String ~day_bad = day.ToString();  // "3"

String ~day_good = day.ToString(L"D2"); // "03"

String ~date_bad = String::Format(L"{0} -{1} - {2}", year, month, day); // "2011 -1-3"
String ~date_good = String::Format(L"{0:D4} -{1:.D2} -{2:D2} ", year, month, day); // "2011 -01- 03"

Other format string is hexadecimal form. If you want to show the value of a pointer or otHeit Bizntifier, you
would probably want to see it asdgit hexadecimal number with upper letters. This can be achievtéd w
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int variable;

int *pointer = &variable;

unsigned pointer_val = (unsigned)pointer;

String "pointer_str = pointer_val. ToString(L"X8"); // "0012F380" on my machine

hyS Y2NB F2NXIFG adNAy3d LQR fA1S (2 &skerified usifg fduhdstinga A 2
like"F2" , where 2 is a number of digits after decimal mark. For example:

double pi = Math::PI;
Console::WriteLine(pi.ToString());  // 3,14159265358979
Console::WriteLine(pi.ToString(L"F2"); // 3,14

Decimal Mark Issues

Asyou see in the last example, my system converted flogpioigit number to string using comma as decimmelrk

If you expected period instead, you have to know this depends on the current system locale -&vegising

countries use period as decinmabrk (and comma to separate thousands), while we in Poland, like in other

European countries, use comma as decimatkd ¢ K G Qa | NBI fcoiSE B d33 SA Y SIINA DNAS
O2YYSNDAIE az2FGsl NB GKIFIG RARYQUG ¢ 2tiNgsysters @dvided Sumbels & | &
with comma.
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what other APk do. Event functiosfrom standard C librarlfke gcvt or printt produce comma as decahmark, if
setlocale(LC_ALL," polish"); is called before. But .NET automatically selects locale for you so if you want to
2PSNDO2YS (KA& LINRoOofSY>X @2dz KIFI@gS G2 OGA@Ste NBIjdzSai
period as decimahark To parse string as floatiqgpint number using period as decimal mark:

String "pi_str = L"3.14";
double my_pi = double::Parse(
pi_str,
System::Globalization::NumberStyles::Float,
System::Globalization::Culturelnfo::InvariantCulture);
/Imy_pi==3. 14

To convert floatingpoint number to string using invariant cultyrpass the appropriate static culture object to the
ToString method:

double pi = Math::PI;
Console::WriteLine(pi.ToString(
System::Globalization::Culturelnfo::InvariantCulture)); // 3.1 4159265358979

Locale can also be set globally for the current thrigleslin the code below. Pay attention however that locale
currently set for .NET libraries does not affect the native standard Q' G+ library and vice versa. They can be different.

System::Threading::Thread:: CurrentThread ->CurrentCulture =
System::Globalization::Culturelnfo::InvariantCulture ;

Enumerations

Just like with classes, C++/CLI also differentiates native and managed enums. Their syntax is very different becaus
former follow rules of native C++, while latter folloules that apply to enums in C# and the whole .NET. Native
enums are defined usinghumkeyword, while managed enums start withum class keyword. For example:

enum NativeMood {
NativeHappy, NativeSad

b

enum class ManagedMood {
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ManagedHappy, ManagedSal
b
¢tKSasS Gg2 Sydzra R2y Qi 221 @GSNE RAFFSNBYyI NARIKG y20
we can use both types to define variables and store them by value. All in all enum is just a number and the rest is tl
matter of larguage syntax. But to use one of the values defined inside, native enum must be qualified with enum

name followed by: and then value name, while native enum should not be qualified as enums in C++ do not form
scope, values from inside pollute global nam#sOS® [ SGQa 4SS G(KS SEI YLX SY

/I Native enum should be unqualified.

NativeMood native_mood;

/ OK

native_mood = NativeHappy;

/I warning C4482: nonstandard extension used: enum 'NativeMood' used in qualified name
native_mood = NativeMood::NativeHappy;

/l Ma naged enum should be qualified.
ManagedMood managed_mood;

/I error C2065: '"ManagedSad' : undeclared identifier
managed_mood = ManagedSad;

/I OK

managed_mood = ManagedMood::ManagedSad;

Another difference is that value from native enum can be used as integaber because these types can be
AYLIE AOAGE @ O2y@SNISR® 2 A dosmpier pfittsBoRab&uytyims indoingatibility ahdi K
explicit type cast mushe used.

unsigned u;

/I OK

u = native_mood;

/[ error C2440: '=" : cannot convert fr om ‘ManagedMood' to ‘unsigned int'
u = managed_mood;

/I OK

u = (unsigned)managed_mood,;

Type Casts
Casting between data types in native C++ can be done using old C notagigkalue or new C++ operators:
static_cast<Type>(Value) , reinterpret_cast<Type>(V alue) , const_cast<Type>(Value) , dynamic_cast<Type>(Value)

This is all available in C++/CLI too and works as you may expect. But C++/CLI also defines a new castigg operator
safe_cast<Type>(Value) . It works very intuitively, can be applied to convert beem many different kinds of types

and it performs runtime checks so it guarantees safdg/we have lots of types available in C++/CLI language

atomic types, native classes, managed classegétc. 52y Qi O2@SNJ I £ f LJ2 & a AmoteS O a
interestingexamplesnvolving managed types

ref class BaseClass { };
ref class DerivedClass1 : public BaseClass { };
ref class DerivedClass2 : public BaseClass { };

int main(array<System::String > "args)
{
DerivedClass1 ~derived_object_1 = gcne w DerivedClass1();
/I Upcast does not require explicit cast.
BaseClass “base_object = derived_object_1;
// base_object is here really of type DerivedClassl, not DerivedClass2, so...

DerivedClass2 "derived_object_2;
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/I Invalid downcast with safe_ cast throws InvalidCastException with message:
/l "Unable to cast object of type 'DerivedClassl' to type 'DerivedClass2'."
derived_object_2 = safe_cast<DerivedClass2”>(base_object);

/I Invalid downcast with dynamic_cast returns nullptr.

derived_obj ect 2 = dynamic_cast<DerivedClass2*>(base_object);

Boxing

Additional subject connected with type casts is boxing. Boxing is a feature of .NET platform where a value of some
type that should be stored by value, not by managed reference (atomic types dike C# structs, defined in

C++/CLl aglueclass Ofvaluestuct 0 A& &l @SR Ayd2 YIylFI3ISR KSIFL® LGQa
value or collection of such values in a place whasiect* type is expectedobject is a base class for all othiypes

in .NET. Example place where any tdefined object can be stored iag property of every Windows Forms

control. So for example if you want to associate integer number with a button on your form, you can use boxing anc
unboxing in C++/CLlI likeigh

int number = 123;
/I Boxing. Cast is not required.
buttonl ->Tag = number;

/I Unboxing. Use safe_cast operator.
int recovered_number = safe_cast<int>(buttonl ->Tag);
I/l recovered_number == 123

Properties

Property is a class member that can be uskel i field (member variabl€)assigned and retrieved, while inside it
executes some specific code to write or read its value, like there were getter and setter methods. It is another
programming language feature that most modern, highel programming laguages (including .NET) have while
YIGADGS I bb Aa fIO0O1AYy3Id hodA2dzate AGQa y2i ySOSaal Ne

To be compatible with .NET, C++/CLI extends the C++ syntax to support properties inTdassase defined using
property keyword. A property mst have methods inside callgd: andset that use appropriate types (unless you
want to create a writeonly or readonly property, which is also correct).

ref class ManagedMonster {
public:
ManagedMonster(int HP) : m_HP(HP) { }
property int HP {
int get() { return m_HP; }
void set(int val) { m_HP =val; }
}
private:
int m_HP;
it

This property just writes and reads a private field, but any code can be execute in its getter and setter. For example
setter can trigger some additional actioosnnected with changing the parameter, while getter can calculate final
value instead of reading it directly from a field. Regardless of this however, usage of a property looks like direct
access to a class field:

ManagedMonster “monster = gcnew ManagedMon ster(100);
/I HP set is called.

monster - >HP = 200;

/I HP get is called. Prints 200.

Console::WriteLine(monster ->HP);
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Such properties can be defined only in managed classes, not inside natives ones.

Exceptions

Both native C++ and .NET support error handliaghe concept of exceptions. Of course they differ in details. In
practice of nativeC++programmingexceptions are often not used at all and when they are, there is no widespread
standard of what to throw. Language allows throwing and catching valugsyatype, like ints, bools, dgts of
userdefined classesr pointers. .NET platform, on the other hand, establishes a standard that only objects of class
Exception or derived classes can be thrown as exceptions.

Good news is that both native and maragexceptions can be handled in C++/CLI using same syntax and freely
mixed, even inside singleoui Abloék SiQa asSsS 'y SEFYLE So

using namespace System;
#include <exception> /I for native std::exception

void NativeErroneousFunction() {
throw std::  exception("A native error!");

}

void ManagedErroneousFunction() {
throw gcnew System::Exception(L"A managed error!");

}

int main(array<S  ystem::String > *args) {
try {
/INativeErroneousFunction();
/IManagedErroneousFunction();

}
catch (co nst std::exception &ex) {
Console::WriteLine(L" Native e rror! " + gcnew String(ex.what()));
}
catch (System::Exception ex) {
Console::WriteLine(L" Managed error! " + ex - >Message);
}
finally {
Console::WriteLine(L"Finalization.");
}
return O;

}

Two types of exceptions are used hexetiveErroneousFunction  throws a native exception of typed::exception

¢ a class defined in standard C++ librangeitveption> header, intended to be usear subclassed to handle errors

in native C++who uses it? :) Object of this class keeps pointer to a externalhed nultterminated string with

error message, which can be retrieved usimgt method. We throw this exception by value. Second type of

exception is an object of managed clagsiem::E xception , allocated on the heap withcnew operator. It holds

managed string with error message, accessed througlage property. By uncommenting call to first or second
GSNNRyYyS2dzaé¢ FdzyOUuAzys @2dz Oy (GSad GKNRBgAYy3I FANBRO 2

Excepions are catched i O U A A bloékiwhich has common syntax for native as well as managed code. As you can
see, both types of exceptions are caught hemative one by a reference to const object and managed one by a
managed pointer.
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There is alson ally sectiong another very useful feature that most modern programming laages have, while
native C++ does not assume you already know how it works. As it is also used in .NET platform, Microsoft added
support forfinally to C++/CLI so we can usénitry section, no matter if we intend to handle native or managed
exceptions. Ary can have onlyinally  section, onlyatch sections or both.

There is one more thing you have to know about the order of handiifgrent types of exceptions itatch blocks.

As you know from native C++, all types of exceptions can be caughtasing.) . In .NET, on the other hand, all
exceptions are subclassessyktem::Exception  class, s@atch (Exception®)  Wwill handle all possible cases. Question

is how these geeral classes relate to each other? Surprisingly all native exceptions, no matter what type they have,
are also handled byatch (Exception®) , because a native exception is implicitly converted to an object of type
System::Runtime::InteropServices::SEHExcep ton AGK YSaalrasS a9EGSNYyIE O2YLRYS
¢ KI GQa cagrKsictiah Kn&t handlesystem::Exception  type, if exists, is absolutely most general so it must be

the lastcatch section in the block, even relative to any native exceptigesc like in the example above.

Arrays
Array is undoubtedly the simplest and most fundamental type of container. Both C++ and .NET support arrays, so v
also have them in C++/CLI, with clear distinction between native and managed jus¢sike it wa for classes.

Native Arrays
Native arrays look like in standard C++. You can define and use a static array like this:

int native_array_static[10];

for (size_t i = 0; i < _countof(native_array_static); ++i)
native_array_static[i] = i;

/I native_array_sta tic:0,1,2,3,4,5,6,7,8,9

Or you can dynamically allocate arrays on the native heap with operat@r. Of course you must not forget to free
them with operatordelete]] when no longer needed.

size_t count = 10;

int *native_array_dynamic = new int [count];

for (size_ti=0; i< count; ++i)
native_array_dynamicl[i] = i;

/I native_array_dynamic: 0, 1, 2, 3,4,5,6,7, 8,9

delete [] native_array_dynamic;

Exceeding range of a native array causes undefined behavior, so you can end up with proghawithraccess
violation or an error posted by some runtime check telling about the corruption of the heap or stack (in best case),
reading some random data or overwriting some other variables.

Managed Arrays

Array in .NET is a buiti type that must be Bocated on the managed heap, has some properties and methods,
includingLength that returns the number of elements. In C# we @séo define arrays, but in C++/CLI the syntax for
managed arrays is very different. It usesy keyword that behaves like@f I 44 GSYLX I 6So® [ S Q¢

array<int> “managed_array = gcnew array<int>(10);

for (inti = 0; i < managed_array - >Length; ++i)
managed_array[i] = i;

/I managed_array: 0, 1, 2, 3,4,5,6,7,8,9

hF¥ O2dzZNES YI yI 3SR kddhhndallyRegaraie cfliSchRwilliiekase i m@mddy when the
array is no longer referenced from any place in your code.
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Exceeding range of a managed array throws an exception ofstgpen:: IndexOutOfRangeException

foreach lo0Op ¢ a construct presenin many programming language but not in Gisralso available in C++/CLI in
form of afor each keyword (it is so called whitespace keyword, Microsoft patented\ithith it you can iterate
through many differehkinds of containers, including managedays. For example:

for each (int i in managed_array)
Console::Write(L"{0}, ", i);
/[ Output: 0, 1, 2,3,4,5,6,7,8,9,

Another nice language feature is array initialization during construction. C++ supports this for static arrays only, not
for dynamically allocated ones. Fortunately we can do it in C++/CLI during construction of managed arrays. Here is .
bunch of examples:

/I OK
int native_array_static_1[10] = {
0,1,2,3,4,5,6,7,8,9,

2

/I Also OK

int native_array_static_2[] = {
0,1, 2, 3,4,56,7,8,9,

2

/l ERROR! There is no way to do it :(

int *native_array_dynamic = new int[10] {
0,1,23,4,56,7,8,9,

if

/I OK
array<int> “managed_array_1 = gcnew array<int>(10) {
0,1,2,3,4,5,6,7,8,9,

2

/I Also OK

array<int> “managed_array_2 = gcnew array<int> {
0,1,2,3,4,5,6,7,8,9,

¥

Containers

Every higHevel programming language, &8low coding complex programs, needs to provide some containers that
hold a collection of objects. C++ standard libra§TLlg hassome template classes for that, lik@::vector

std:list , std:set ,std:map , std::istack  etc. Microsoft added in Visual C++ some additional containers that are
very useful but notlefinedby STL standard, likelext::hash_map . You can use all of thein C++/CLI to hold native
objects, like this:

#include <map>
#include <string>
#include <iostream>

typedef std::map<std::string, NativeMonster*> MonsterMap;
MonsterMap native_map;

native_map.insert(MonsterMap::value_type("Goblin", new NativeMonste r(10)));
native_map.insert(MonsterMap::value_type("Boss", nhew NativeMonster(1000)));

for (MonsterMap::iterator it = native_map.begin() ; it I= native_map.end(); ++it) {
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std::cout << "Monster: " << it - >first << std::endl;
it - >second- >TellHitPoints();

}

for (MonsterMap::iterator it = native_map.begin(); it = native_map.end(); ++it)
delete it ->second;

This program prints following output:

NativeMonster Constructor
NativeMonster Constructor
Monster: Boss
NativeMonster has 1000 HP
Monster: Goblin

NativeM onster has 10 HP
NativeMonster Destructor
NativeMonster Destructor

.NET platform has many container classes in its standard library. Old ones, which hold object®btypeso they

need casting or boxing your real data typare inSystem::Collecions hamespace. New one&sgeneric classes
parameterized with your real data typeare inSystem::Collections::Generic namespace. C++/CLI supports

defining as well as using generica .NET equivalent of C++templates dzi L 62y Qi RSAaAONAGS
Ly aid S HuktSee hdBviv@céan use a manageshtainerto hold object of a managed class.

typedef System::Collections::Generic::Dictionary<String”, ManagedMonster"> DictionaryType;
typedef System::Collections::Generic::KeyValuePair<String”, Managed Monster*> KeyValuePairType;
DictionaryType “managed_dictionary = gcnew DictionaryType();

managed_dictionary ->Add(L"Goblin", gcnew ManagedMonster(10));
managed_dictionary ->Add(L"Boss", gcnew ManagedMonster(1000));

for each (KeyValuePairType it in managed_ dictionary) {
Console::WriteLine(L"Monster: {0}", it.Key);
it.Value ->TellHitPoints();

}
This program prints following output:

ManagedMonster Constructor
ManagedMonster Constructor
Monster: Goblin
ManagedMonster has 10 HP
Monster: Boss
ManagedMonster has 1000 HP

Locking

Many things exist in .NET platform to support parallel (multithreaded) programming. Probably the simplest way of
synchronizing access to an object so it is mutually exclusive between threads is locking. You can just lock any obje
forming a critical section around some code, so then you can be sure that no more than one thread executes this
code at time. C# has a language construct for that:(object) { code }. In C++/CLI you can achieve the same by
including<msclr \ lock.h> header andusing anmscir:lock  class. It is RAdlit creates lock in constructor and frees i

in destructor, so it is best used as a local object inside some scope, created on theliadhis:

#include <msclr  \ lock.h>

Object “m_SyncObj;
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{/I A scope f or critical section
msclr::lock(m_SyncObj);
... I Critical section code

Using Libraries

One of the biggest strengths of C++/CLlI is that you can not only freely mix managed and native code in your projec
but also directly use native C and C++ lilmsnext to .NET libraries. Way of referencthg@m is of course different,
natural to the particular type.

Using Native Libraries

To prepare for using a native C or C++ library, you have to follow same steps as if you coded a native C++ progran
First, @en thepProperty Manage r panel. Then seleaticrosoft.Cpp.Win32.user  property sheet right-click on it and
selectProperties . In theProperty Pages dialog window selectC++ Directories  item in the tree on the left. Then

from the list on the right editnc lude Directories ~ and thenLibrary Directories item, adding appropriate path®

handlib files of the library, respectively.

ti2] CPP_CLI Console Test - Microsoft Visual C+= 2010 Bxpress o [=[@] = ]
File Edit View Project Build Debug —
- e —
. .| . | MicrosoftCpp.Win32.user Property Pages ™ — ‘ 2 2.3
TRl T Ak —_ e s aa
P R an | =gl . N/A N/A Configuration Manager..
|l Property Manager - Microsoft.Cpp.Win3... = 4 Common Properties 4 -
Egl i ?uél ¥ | H General Executable Directories S(WCInstallDinbin: S(Windows5dkDir)bin\NETFX 4.0 Teols: 54 i |}
a ;’:] CPP_CLI_Console_Test User Macros Include Directories cADXSDK_Jun2010\Include;C:ALIB\FMO D\apiling;$ (Includ +
4 [ Debug | Win32 VC++ Directories Reference Directories $(VCInstallDir)atimfc\lib; S(VCInstalIDir) lib
=] Microsoft.Cpp.Win32.user > CfCes Library Directories cADXSDK_Jun2010\Lib\x86;C:\Lib\FMOD\apilib; $(Library
55 C++ Common Language Runti} » Linker Source Directories S(VCInstallDir)atimfc\src\mfe;S(VCInstallDirjatimfc\srcmfcy
2 Application > Manifest Tool Exclude Directories S(VCInstzlIDirjinclude; SV CInstaliDir)atimfe\include S (Windd
!ﬂ Unicode Suppert » Resources , .
» [ Release | Win32 » XML Document Generator R EEEEEEEEEE—E——N——————————
> Browse Information x|+ +
> Build Events
c\DHSDK_Jun2010\Include ~

» Custom Build Step C:\Lib\FMOD\apitinc |
> Managed Resources
= Custom Build Tool < m

> XML Data Generator Tool

Inherited values:

S(VCInstallDir)include
S(VCInstallDir)atimfchinclude
S[WindowsSdkDir)include
S(FramewerkSDKDir\include

Include Directories

r
Inherit from parent or project defaults
a mm Path to use when se; ariable .
| I —— INCLUDE.
‘i__ Solution E.. BB Class View ‘l Propert]

Cancel

B Output B Find Results1 %a Find Symby
Ready

astosuj

To use such library in your projeggu also have to fulfill all that is required to use a library in native C++. First,
include necessary header in yotyp file, like this:

#include <fmod.h >

This allows you to compile a code that uses the library without errors. But to be also able to link your program
successfully and build the finale file, withoutd dzy NB & 2 f S R Sirtker &riddy likd thisi & Y 6 2

error LNK2019: unresolved external symbol "extern "C" enum FMOD_RESULT __stdcall

FMOD_System_Create(struct FMOD_SYSTEM * *)"
(?FMOD_System_Create@@%$$J14YG?AWAFMOD_RESULT@@PAPAUFMOD_SYSTEM@@@2Z) referenced in function "int 1l_clrca
main(cli::array<class System::String * >")" (?main@ @$$HYMHP$01APSAAVString@System@ @ @Z)

You also have to tell the linker to link withia file corresponding to the header used. You can do it in two ways.
First is to open project properties, navigatedonfiguration Properties / Linker / Input and add names of
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requirediib files to theAdditional Dependencies  item.Wdza i R2y QU ¥F 2 NBEbSgéndreiRaseR2 A
configurations!

(oo cttcome.

Configuration: [Active(Debug] vl Platform: [ActivetWinBl) V] [ Configuration Manager... l
> Common Properties Additional Dependencies fmodex_vclib
4 Configuration Properties Ignore All Default Libraries

General Ignore Specific Default Libraries
Debugging Module Definition File
VC++ Directories Add Module to A{ Additional Dependencies
b G/ Embed Managed
4 Linker Force Symbol Ref fmode velib
General Delay Loaded Dils
Inqu . Assembly Link Re
Manifest File
Debugging
Systemn 1
Optimization Inherited values:
Embedded IDL
Advanced kernel32.lib

Comrmand Line ;:?;ELI}

 Manifest Tool winspool.lib

- Resources comdig32.lib
[» XML Document Generator

-

[» Browse Information

& Build Events [CInherit frem parent or project defaults

[» Custormn Build Step

OK H Cancel l

Additional Depende!
Specifies additional items to add to the link command line [i.e. kernel32.1ib]

4 1 | v

[ 0]4 ] [ Anuluyj Zastosuj
I!— = )

Alternative way is to put a special, Microssfiecificdirectiveanywhere in your project code:

#pragma comment(lib, "fmodex_vc.lib")

Using Managed Libraries

To referenceexternalmanaged librarg a one written in C# or any other .NET languagéso open project
properties, but then seleatommon Properties / Framework  and References in the tree on the leftThen clickadd
New Reference button, in the newAdd Reference dialog window selectrowse tab, navigate to the directory where
the library is located and select appropriate file.
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Now you can start use classesrh that library. Different than in native C++, there is no need for additional including
or linking.

This reference list in project properties is also useful for other purposes. From there you cadchiel Reference
button again, but in thexdd Refer ence window go to theNET tab this time. On the list that appears you can select
and add to your project references additional components of .NET library that are not referenced by default, like
System.Windows.Forms.DataVisualization ~ , which containg vely powerful control for displaying charts, introduced

in .NET version 4.

Same way you can establish dependencies between projects in your Visual C++ solution. You just need to switch t
the Projects tab and select some project that the project you curremitiit should depend on.

Native Types in Exported Functions

There is one issue with coding libraries in C++/CLI that appears when you export some functions that use external,
native types. | will explain in stdpy-step using an example. Imagine you wanttale a separate library that
implements a logger to be able to print different types of messages on the system console. The library is written in
C++/CLI and its header file looks like this:

#pragma once

#include <exception>
#include <string>

using name space System;
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