Wie spezifi

. Was, wenn die Forderung
Ist es mdglich, dann auf eine Standard- urtiickzugreifen?

Bisher:

Hat eine Typ eine Funktion Clone, so kann man diese verwenden.

Hat er sie nicht, gibt es einen statischen Fehler.

Nun: Hat eine Typ eine Funktion Clone, so kann man diese verwenden.
Hat er sie nicht, so will man etwas alternatives tun (z.B. ein Duplikat mit

y-Kostruktor erzeugen new T (*this) ). 35
ystemanalyse
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Szenario: Design eine

template <typename T, bool isPolymorphic>
class NiftyContainer ({

void foo (T* t) { // no wvalid C++:
if (isPolymorphic) // has Clone ©

{ T* pNewObj = t->Clone(); ... }
else // has no Clone ®
{ T* pNewObj = new T(*t); ... }

36
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Hat T kein Clone: Fehler im if-
Hat T Clone aber keinen public Copy-Konstruktor: Fehler im

else-Zweig

Alexandrescu: ,It would be nice if the compiler didn't bother
about compiling code that's dead anyway, but that's not the
case.”

37
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using namespace std;

class Cloneable {
public: virtual Cloneable* Clone() = 0;

};

class Can: public Cloneable {
public:
Can() {}
Can* Clone() { std::cout<<"Cloning via Clone\n"; return this; }

};

class Cannot {
public:

38

gamnot () {}
vstemanalyse:) -
ot (const Cannoté&) { cout<<"Making a copy\n";}
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template <typename T>
class NiftyContainer<T, true>

public:

void foo(T* t) { T* newT = t->Clone(); }
};

template <typename T>
class NiftyContainer<T, false> {

public:
void foo(T* t) { T* newT = new T(*t); }

};

int main() {
NiftyContainer<Can, SUPERSUBCLASS (Cloneable, Can)> cl;

cl.foo(new Can) ;

39

-
yContainer<Cannot, SUPERSUBCLASS (Cloneable, Cannot)> c2;

c2.foo(new Cannot) ;
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template <typename
class NiftyContainer ({
public:

void foo (T* t, ?true? )

{ T* newT = t->Clone(); }

void foo(T* t, ?false? )

{ T* newT = new T(*t); }

void foo (T* t) { foo(t, ?isPoly?); 1}
}; // Uberladung erfolgt anhand von Typen!

40
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1-1-deutige Abb. von

template <int v>
struct Int2Type ({
enum { value = v; }

};

Wert v 2 Typ Int2Type<v>
Typ Int2Type<v> > Wert Int2Type<v>::value

41
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cla
public:
void foo (T*
{ T* newT =
void foo (T*
{ T* newT =
void foo (T*

t, :: rue> )
t->Clone(); }

t, ::Loki::Int2Type<false> )
new T(*t),; }

t)

{ foo(t, ::Loki::Int2Type<isPoly>() ), }

}; // inlining !

42
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Wird dennoch manchmal gebraucht!

template <class U, class X>
U* Create (const X& argqg)
{ return new U(arqg), }

// ein X fiir ein U vormachen ©

43

vstemanalyse:)

Mittwoch, 22. Juni 2011




// Illegal code - don‘

template <class X>

Widget* Create<Widget,X> (const X& arqg)
{ return new Widget(arg, -1); }

template <class X>

Widget* CreateWidget (const X& arg)

{ return new Widget(arg, -1); }

// keine Lésung: kein universelles Interface mehr

44
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template <class
U* Create(const X& arg, U

{ return new U(arg), }
template <class X>
Widget* Create (const X& arg, Widget /* dummy */)

{ return new Widget (arg, -1); }

Ubergabe des dummy-Arguments ist u.U. aufwendig oder unméglich ...
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Stellvertreter-(Typ

1-1-deutige Abb. von Typen auf Typen: einfach & genial

template <typename T>
struct Type2Type ({

typedef T iginalType;

};

vstemanalyse:)
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U*

{ return new

template <class X>
Widget* Create(const X& arg, Type2Type<Widget>)
{ return new Widget(arg, -1); }

// using Create:
String* pStr = Create(“Hello"“, Type2Type<String>() );
Widget* pWid = Create (100, Type2Type<Widget>() );

vstemanalyse:)
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Szenario: Der NiftyContai
std: :vector verwenden !

std: :vector hat value-Semantik, d.h. es werden Kopien der Elemente
verwaltet, ist flir polymorphe Typen ungeeignet:

class Shape {... virtual void draw() = 0;};
class Circle: public Shape { ... } kreis;
class Box: public Shape { ... };

NiftyContainer<Shape> n;

); // back_end.'r.aush_back(Shape—Slice—of—Circle)48
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Stattdessen sollten Obje
(polymorphe) Zeiger aufbewahrt

template <typename T, bool isPoly>
class NiftyContainer ({
// NOT C++:

}

49
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template <typename

class NiftyContainerValueTrai
typedef T* ValueType;

}i

template <typename T>

class NiftyContainerValueTraits<T, false> {
typedef T ValueType;

};

template <typename T, bool isPoly>

class NiftyContainer ({
typedef NiftyContainerValueTraits<T, isPoly> Traits;
typedef typename Traits::ValueType ValueType;
std: :vector<ValueType> back end;

50
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template <bo
struct Select {
typedef T Result; // IF (

};

template <typename T, typename U>
struct Select<false,T,U> {
typedef U Result; // IF (!flaqg)

};

template <typename T, bool isPoly>

class NiftyContainer ({

typedef typename Select<isPoly, T*, T>::Result ValueType;
std: :vector<ValueType> back_end;

51
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namespace
template

struct Int2 // v
template <typename T>

struct Type2Type {... Orig .}; // T
template <bool flag, typename T, typename U>
" struct Select {... Result ...}; // T or
template <typename T, typename U>
X struct IsSameType {... value ...}; // 0 or
template <class T, class U>

struct Conversion {... exists, exist2Way,
sameType ...};

// 0 or

1
template <class T, class U> 52
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#define
: :Loki: : SuperSu

// Deprecated: Use SuperSubclassStrict class t ate instead.

#define SUPERSUBCLASS STRICT(T, U) \
: :Loki: :SuperSubclassStrict<T,U>: :value

53
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18.5.1 Class type info [lib.type.info]

namespace std {
class type info {
public:
virtual ~type info();
bool operator==(const type info& rhs) const;
bool operator!=(const type info& rhs) const;
bool before(const type info& rhs) const;
const char* name() const;
private:
type info(const type info& rhs);
type_info& operator=(const type info& rhs);
}i
}

The class type info describes type information generated by the implementation. Objects of this class
effectively store a pomter to a name for the type, and an encoded value suitable for companng two types for
equality or collating order. The names, encoding rule, and collating sequence for types are all unspecified
and may differ between programs.

54
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Kopien sind nic
speichern (z.B. in Containern

e Zeiger auf type infos kann man speichern, aber Vergleiche
sind problematisch:

std: :type info * infol = & typeid (SomeType);
std::type info * info2 = & typeid (SomeType);
// *infol == *info2 aber u.U.

// infol != info2 !'!!

55
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allen Me
. Wert-Semantik (public
. Vergleiche

namespace Loki { // #include “LokiTypeInfo.h"“
class TypeInfo {
public:
// Constructors
TypeInfo(); // needed for containers
TypeInfo (const std::type info&); // non-explicit
// Access for the wrapped std::type info
const std::type info& Get() const;
// Compatibility functions
bool before (const TypeInfo& rhs) const;
const char* name() const;
private:
const std::type_ info* pInfo_ ;

56
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Beispiel:

class WidgetFactory {

public:
virtual Window* CreateWindow() = O;
virtual Button* CreateButton() = 0;
virtual ScrollBar* CreateScrollBar() = 0;
};

Ist es moglich eine solche konkrete Factory aus einer generischen
abstract factory zu erstellen, a la

57
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template <class T>
T* MakeRedWidget (WidgetFactoryé&
T* pW = factory.Create<T>() ;
pW->SetColor (RED) ;

return pW;

Leider ist das NICHT madglich, weil:

1. Templates konnen KEINE variable Anzahl von Parametern haben
(in C++98, in C++0x gibt es sog. variadic templates!)

2. Virtuelle Funktionen NICHT Templates sein konnen !

58
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template <c
struct Typelist {

typedef T Head;
typedef U Tail;

};

/] +

namespace TL { // local to Loki !
Typelist algorithms

};

2 Typen --- Typlisten ???

59
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Typelist<s
> Charlist;

Probleme:
Typlisten bestehend aus nur einem Typ (Rekursionsanfang?)
Erkennung des letzten Typs (Rekursionsende?)

Losung: wo immer ein Typ (ohne Semantik) vorkommt:

class NullType {}; // a ,non“ type

60
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typedef
char,
Typelist<
signed char,
Typelist<
unsigned char,
NullType
>
>
> AllCharTypes;

Alexandrescu: ,Let's see now how we can manipulate typelists. (Again, this means
Typellst types, not Typelist objects.) Prepare for an interesting Journey From here

. he under_ground of C++, a world with strange, new rules —the world |61
OIS INRE-Droc
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Typelists a
great for LISP prog

typedef Typelist<signed char,
Typelist<short int,
Typelist<int, Typelist<long int, NullType> > > >
SignedIntegrals;

Makros helfen:

#define TYPELIST 1(T1l) Typelist<Tl, NullType>

#define TYPELIST_2 (T1l, T2) Typelist<T1l, TYPELIST 1 (T2) >
// etc. in loki bis

#define TYPELIST 50(...)

EYPSae L LY P
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Wir brauchen Algorithmen u

Was einfaches zu Beginn: Ermittle die Lange einer Typ Compile-Zeit!

template <class TList> struct Length;
template <>

struct Length<NullType> ({
enum { value = 0 };
};
template <class T, class U>
struct Length<Typelist<T,U> > {
enum { value = 1 + Length<U>::value };

. 63
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NEIN: Alle Compile-Zeit-
Zuweisung.

Alexandrescu: ,Although C++ is mostly an imperative language,
an¥ compile-time computation must rely on techniques that
definitely are reminiscent of pure functional languages — languages
that cannot mutate values. Be prepared to recurse heavily."

Indizierter Zugriff:

template <class TList, unsigned int index>
struct TypeAt;

64
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template <c
struct TypeAt;

TypeAt
Inputs: Typelist TList, index i
Outputs: Inner type Result

If TList is non-null and 1 is zero
Then Result is the head of TList.
Else
If TList is non-null and index i1 1s nonzero

Then Result is obtained by applying TypeAt to the tail of
TList and 1-1.

Else out-of-bound access produce compile time error

65
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struct Type

{
typedef Head Result;

};

template <class Head, class Tail, unsigned int i>
struct TypeAt<Typelist<Head, Tail>, i>

{
typedef typename TypeAt<Tail, i-1>::Result Result;

};
// Wow !

Out-of-bound access: No specialization
for TypeAt<NullType, x> wenn man um x daneben greift 66
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