14 Templates [temp]

A templatedefines a family of types or functions.

template-declaration
export ,,, template < template-parameter-list declaration

template-parameter-list
template-parameter
template-parameter-list template-parameter

Thedeclarationin atemplate-declaratioshall O

— declare or define a function or a class, or O

— define a member function, a member class or a static member of a class template or of a clas8lnested
within a class template, or O

— define a member template of a class or class template. O

A template-declaratioris a declaration A template-declaratioris also a definition if itsdeclaration
defines a function, a class, or a static data member.

A template-declaratiorcan appear only as a namespace scope or class scope declaration. In a function
template declaration, thaeclarator-idshall be a@emplate-naméi.e., not atemplate-ig. [Note:in a class
template declaration, if théeclarator-idis atemplate-id the declaration declares a class template partial
specialization (14.5.4). ]

In atemplate-declarationexplicit specialization, or explicit instantiation timit-declarator-listin the dec-
laration shall contain at most one declarator. When such a declaration is used to declare a class, no declara-
tor is permitted.

A template name may have linkagddsic.link). A template, a template explicit specialization (14.7.3),

or a class template partial specialization shall not have C linkage. If the linkage of one of these is some-
thing other than C or+#€, the behavior is implementation-defined. Template definitions shall obey the one
definition rule ((basic.def.odr).

The name of a class template shall not be declared to refer to any other template, class, function, object,
enumeration, enumerator, namespace, or type in the same sbapie.6cope). Except that a function

template can be overloaded either by (non-template) functions with the same name or by other function
templates with the same name (14.8.3), a template name declared in namespace scope or in class scope
shall be unique in that scope.

A non-inline function template, a non-inline member function template, a non-inline member functiofnlof a
class template or a static data member of a class template is catleplostedtemplate if its definition is
preceded by the keyworkport or if it has been previously declared using the keyvesqbrt in the

same translation unit. Declaring a class template exported is equivalent to declaring all of its non-inline
function members, static data members, member classes, and non-inline member templates which are
defined in that translation unit exported.

Templates defined in an unnamed namespace shall not be exported. A template shall be exported only once
in a program. An implementation is not required to diagnose a violation of this rule. A non-exported tem-
plate that is neither explicitly specialized nor explicitly instantiated must be defined in every translation
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unit in which it is implicitly instantiated (14.7.1) or explicitly instantiated (14.7.2); no diagnostic is
required. An exported template need only be declared (and not necessarily defined) in a translation unit in
which it is instantiated. A template function declared both exported and inline is just inline and not
exported.

[Note: an implementation may require that a translation unit containing the definition of an exported tem-
plate be compiled before any translation unit containing an instantiation of that template. ]

Box 1
O

More work is needed to describe the semantiosxpbrt and exported templates. See core issues
Cand 878.

4
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14.1 Template parameters [temp.param]

The syntax fotemplate-parametsris:

template-parameter:
type-parameter
parameter-declaration

type-parameter:
class identifier,y
class identifier,, = type-id
typename identifier,,
typename identifier,,, = type-id
template < template-parameter-list class identifier,,
template <  template-parameter-list- class identifier,,, = template-name

There is no semantic difference betwedsss andtypename in atemplate-parametertypename
followed by anunqualified-idnames a template type parametigpename followed by aqualified-name
denotes the type in a non-typarameter-declaration A storage class shall not be specified teraplate-
parameterdeclaration. [Note:a template parameter may be a class template. For example,

template<class T> class myarray { /* ... */ };

template<class K, class V, template<class T> class C = myarray>

class Map {
C<K> key;
C<V> value;
...
h
—end not¢

A type-parametedefines itsidentifier to be atype-name(if declared withclass or typename ) or
template-namdif declared withtemplate ) in the scope of the template declaratioNote: because of

the name look up rules, template-parametethat could be interpreted as either a non-tigraplate-
parameteror atype-parametefbecause it&dentifier is the name of an already existing class) is taken as a
type-parameter For example,

classT{/*..*};
inti;

template<class T, T i> void f(T t)

{

Ttl=4i /l template-parameters T and i
©Tt2 =:i; // global namespace members T and i

}

Here, the templaté has atype-parametecalled T, rather than an unnamed non-tytpenplate-parameter
of classT. ]
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A non-typetemplate-parameteshall have one of the following (optionally-qualified types:
— integral type, accepting an integral constant expression as an argument,
— enumeration type, accepting an integral constant expression as an argument,

— pointer to object, accepting an address constant expression designating a hamed object with external
linkage,

— reference to object, accepting an Ivalue expression designating a named object with external linkage,

— pointer to function, accepting an expression of type pointer to function designating a function with
external linkage,

— reference to function, accepting an Ivalue expression designating a function with external linkage,
— pointer to member, accepting an address constant expression designating a named member of a class.

[Note: other types are disallowed either explicitly below or implicitly by the rules governing the form of
template-argumest (14.3). ] The top-levetv-qualifiers on the template-parameteare ignored when
determining its type.

A non-type non-referencemplate-parameteis not an Ivalue. It shall not be assigned to or in any other
way have its value changed. A non-type non-referésimglate-parametetannot have its address taken.
When a non-type non-referenmamplate-parametes used as an initializer for a reference, a temporary is
always used. Hxample:

template<const X& x, int i> void f()

{
i++; /[ error: change of template-parameter value
&x; Il ok
&i; // error: address of non-reference template-parameter
int& ri = i; // error: non-const reference bound to temporary
const int& cri = i; // ok: const reference bound to temporary

}

—end example

A non-typetemplate-parameteshall not be of typ@oid . A non-typetemplate-parameteshall not be of
floating type. Example:

template<double d> class X; Il error
template<double* pd> class Y; // ok
template<double& rd> class Z; // ok

—end example

Any non-typetemplate-parameteof type “array of T" or “function returningT” is adjusted to be of typell
“pointer toT” or “pointer to function returning”, respectively. Example:

template<int a[5]> struct S {/* ... */ };

int v[5];

int* p=v;

S<v> x; // fine

S<p>y; // also fine O

—end example

A default template-argumeris a type, value, or template specified aftein a template-parameter A
defaulttemplate-argumentay be specified for both a type and non-tygmplate-parameter A default
template-argumenhay be specified in a class template declaration or a class template definition. A default
template-argumenghall not be specified in a function template declaration or a function template defini-
tion. The set of defautemplate-argumestavailable for use with a template in a translation unit shall only
be provided by the first declaration of the template in that translation unit.
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If a template-parametenas a defaultemplate-argumengll subsequentemplate-parametsrshall have a
defaulttemplate-argumergupplied. Example:

template<class T1 = int, class T2> class B; // error

—end example a
When parsing alefault template-argumetibr a non-typetemplate-parameterthe first non-nested is 0O
taken as the end of themplate-parameter-lisather than a greater-than operatdxdmple: a
template<inti=3>4 > Il syntax error a
class X { /* ... * }; O
template<inti= (3>4)> // ok a
classY {/*...*}; a
—end example
14.2 Names of template specializations [temp.names]
A template specialization (14.7) can be referred to teyrgolate-id
template-id
template-name< template-argument-ligf, > ad

template-name
identifier

template-argument-list
template-argument
template-argument-list template-argument

template-argument
assignment-expression
type-id
template-name

[Note:the name look up ruleslfasic.lookup) are used to associate the use of a name with a template dec-
laration; that is, to identify a name atemplate-name]

For atemplate-nam#o be explicitly qualified by the template arguments, the name must be known to refer
to a template.

After name look up_(basic.lookup) finds that a name istamplate-nameif this name is followed by 4,
the < is always taken as the beginning ofemplate-argument-lishind never as a name followed by the
less-than operator. When parsintemplate-id the first non-nested” is taken as the end of themplate-
argument-listrather than a greater-than operatdxdmple:

template<int i> class X {/* ... */ };

X< 1>2 > x1; // syntax error
X<(1>2)> x2; I ok

template<class T>class Y {/* ... */ };
Y< X<1> > x3; // ok
Y<X<6>> 1> > x4; Il ok: Y< X< (6>>1) > >

—end example

A > that encloses theype-id of a dynamic_cast , static_cast , reinterpret_cast or const_cast is considered [
nested for the purpose of this description.
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When the name of a member template specialization appears aftet> in a postfix-expressigror after

in a qualified-id that explicitly depends on a template-argument (14.6.2), the member template name
must be prefixed by the keyword template. Otherwise the name is assumed to name a non-template.
[Example:

class X {
public:
template<size_t> X* alloc();
3
void f(X* p)
X* pl = p->alloc<200>();
/l'ill-formed: < means less than
X* p2 = p->template alloc<200>();
/I fine: < starts explicit qualification
}
—end example O
HBox 2 0

]
ore issue 883: Calemplate be used to specify that an unqualified function name refers to a template
rspecialization?
namespace A {

struct B { };
template<class T> void f(T t);

}
void g(A::B b) {

f<3>(b); // Is A::f considered?
}

oes type-dependent (Koenig) lookup apply to the lookup?ofwWithout explicit template arguments, thEE

nswer is currently yes, because the lookup @bther than to determine whether it is a type) can be
rdeferred until after the function arguments have been parsed. But with explicit template arguments, fhére is
Cho way to parse the expression without knowing fthiata template.

HESEHH
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If a name prefixed by the keywotdmplate is not the name of a member template, the program islill-
formed. Note:the keywordtemplate may not be applied to non-template members of class templafes.

]

A template-idthat names a class template specializatiorclass-namé _class).

14.3 Template arguments [temp.arg]

The types of théemplate-argumestspecified in aemplate-idshall match the types specified for the tem-
plate in itstemplate-parameter-list{Example:

template<class T> class Array {
T*v;
int sz;
public:
explicit Array(int);
T& operator[](int);
T& elem(int i) { return v[i]; }
...
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Array<int> v1(20);
typedef complex<double> dcomplex; // complex is a standard
/[ library template
Array<dcomplex> v2(30);
Array<dcomplex> v3(40);

void bar() {
v1[3] =7;
v2[3] = v3.elem(4) = dcomplex(7,8);

OoOooo

}

—end examplelf the use of atemplate-argumengives rise to an ill-formed construct in the implicit
instantiation of a template specialization, the instantiation is ill-formed.

In atemplate-argumentin ambiguity betweentgpe-idand an expression is resolved ttype-id [Exam-
ple:

template<class T> void f();
template<int I> void f();

void g()

f<int()>(); // “int()” is a type-id: call the first f()
}

—end example

A template-argumenfor a non-type non-referencemplate-parameteshall be an integral constantt]
expression of integral or enumeration type, the name of a non-type non-reference template parameter, the
address of an object or a function with external linkage, or a non-overloaded pointer to member. The
address of an object or function shall be expresséd #except wherf is a function or an array in whichQ

case it can be expressedfasor &X::f wheref is the function or object name. In the cas&Hf:f , X

shall be a (possibly qualified) name of a classfatige name of a static memberXf A pointer to mem-

ber shall be expressed &X::m whereX is a (possibly qualified) name of a class ami$ the name of a
non-static member of. In particular, a string literal [ex.string ) is not an acceptabtemplate-argument
because a string literal is an object with internal linkagxaiple:

template<class T, char* p> class X {
...
X(); O
X(const char*q) { /* ... */ }

h

X<int,"Studebaker"> x1; // error: string literal as template-argument

char p[] = "Vivisectionist";
X<int,p> x2; // ok

—end example

Addresses of array elements and of non-static class members shall not be tesedlas-argumest
[Example:

template<int* p> class X { };

int a[10];
struct S { int m; static int s; } s;

X<&a[2]> x3; // error: address of array element
X<&s.m> x4; [/ error: address of non-static member
X<&s.s> x5; [/ error: &S::s must be used

X<&S::s> x6; // ok: address of static member
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—end example

A template-argumerfor a non-typgemplate-parameteahat is a reference shall be the name of an objectbr
function with external linkage. A non-tygemplate-parametethat is a reference shall not be bound to(a
temporary, an unnamed Ivalue, or a named Ivalue that does not have external liBkagepld:

template<const int& CRI> struct B { /* ... */ };
B<1> b2; // error: temporary required for template argument

intc=1;
B<c> bl; // ok

—end example

For a non-typéemplate-parametesf integral or enumeration type, integral promotiors(v.prom) and O
integral conversions ¢onv.integral) are applied to an expression used &naplate-argumertb bring it [0
to the type of its correspondirigmplate-parameter For a non-typgemplate-parameteof pointer type, O
qualification conversions_¢onv.qual), the derived-to-base pointer conversions and the pointer conider-
sions tovoid* (_conv.ptr) are applied to an expression used asnaplate-argumento bring it to the
type of its correspondintemplate-parameter For a non-typgemplate-parameteof pointer to member O
type, qualification conversions ¢onv.qual) and the base-to-derived pointer to member conversidhs
(_conv.mem) are applied to an expression used snglate-argumerto bring it to the type of its corre-0
spondingtemplate-parameterFor a non-typéemplate-parametesf reference type, the expression used @s
a template-argumenshall be reference-compatibled€l.init.ref ) with the type of the corresponding’
template-parameter[Example:

template<const int* pci> struct X { /* ... */ };
int ai[10];
X<ai> xi; [/ array to pointer and qualification conversions

struct Base { /* ... */ };

struct Derived : Base { /* ... */ };

template<Base& b> struct Y {/* ... */ };

Derived d;

Y<d>yd; //template-argument is reference-compatible O
/I with template-parameter ad

—end example

An argument to a non-tygemplate-parametasf pointer to function type shall have exactly the type speci-
fied by thetemplate-parameter[Note: this allows selection from a set of overloaded function&xam-
ple:

void f(char);
void f(int);

template<void (*pf)(int)> struct A { /* ... */ };
A<&f> a; // selects f(int)

—end example

If a declaration acquires a function type througteraplate-argumendf function type and this causes a
declaration that does not use the syntactic form of a function declarator to have function type, the program
is ill-formed. [Example:

template<class T> struct A {
static T t;
3
typedef int function();
A<function> a; // ill-formed: would declare A<function>::t
/I as a static member function
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—end example

9 A local type, a type with no linkage, an unnamed type or a type compounded from any of these typé&s shall
not be used astamplate-argumerfor a templateype-parameter [Example:

template <class T> class X {/* ... */ }; t
void f()
{
struct S {/* ... */ }; O
X<S> x3; [l error: local type used as template-argument O
X<S*> x4; |/ error: pointer to local type used as template-argument O
}
—end example
10 The name of &emplate-argumerghall be accessible at the point where it is usedtemplate-argument O

[Note: if the name of thdemplate-argumenis accessible at the point where it is used dsnaplate- O
argument there is no further access restriction in the resulting instantiation where the correspdnding

template-parametarame is used. Hxample:

template<class T> class X { t
static T t; O
J5 O
class Y {
private:
struct S {/* ... */ };
X<S>x; [/l ok: S is accessible
/I X<Y::S> has a static member of type Y::S t
Il ok: even though Y::S is private ad
2

X<Y::S>y; /] error: S not accessible

—end exampleFor atemplate-argumertf class type, the template definition has no special access rights
to the inaccessible members of the template argument type.

11 When defaultemplate-argumestare used, emplate-argumerlist can be empty. In that case the empty
<> brackets shall still be used as theplate-argument-listfExample:
template<class T = char> class String;

String<>* p; // ok: String<char>
String* q;  // syntax error

—end example
12 An explicit destructor call_(class.dtor) for an object that has a type that is a class template specialization
may explicitly specify théemplate-argumest [Example:
template<class T> struct A {
~A(;
I3
int main() { O
A<int>* p;

p->A<int>::~A(); // ok: destructor call
p->A<int>::~A<int>(); // ok: destructor call

}
—end example
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14.4 Type equivalence [temp.type]

Two template-id refer to the same class or function if their template names are identical, they refer to the
same template, their tygemplate-argumestare the same type and, their non-tigraplate-argumest
have identical values.Ekample:

template<class E, int size> class buffer { /* ... */ };
buffer<char,2*512> x;
buffer<char,1024> vy;

declares< andy to be of the same type, and

template<class T, void(*err_fct)()> class list{ /* ... */ };
list<int,&error_handlerl> x1;
list<int,&error_handler2> x2;
list<int,&error_handler2> x3;
list<char,&error_handler2> x4;

declare2 andx3 to be of the same type. Their type differs from the typed aindx4. ]

14.5 Template declarations [temp.decls]

A template-id that is, theemplate-naméollowed by atemplate-argument-listhall not be specified in the
declaration of a primary template declaratioBExdmple:

template<class T1, class T2, int I> class A<T1, T2, I> {}; // error
template<class T1, int I> void sort<T1, I>(T1 data[l]); /I error

—end examplg Note: however, this syntax is allowed in class template partial specializations (14.5.4). ]

14.5.1 Class templates [temp.class]

A classtemplatedefines the layout and operations for an unbounded set of related tiFpesapje:a sin-
gle class templatkist might provide a common definition for list @ft , list of float , and list of
pointers toShapes. ]

[Example:An array class template might be declared like this:

template<class T> class Array {
T*v;
int sz;

public:
explicit Array(int);
T& operator[](int);
T& elem(int i) { return v[i]; }
...

2
The prefixtemplate <class T> specifies that a template is being declared and thgteanameT will
be used in the declaration. In other worisay is a parameterized type wilhas its parameter. ]

When a member function, a member class, a static data member or a member template of a class template is
defined outside of the class template definition, the member definition is defined as a template definifion in
which thetemplate-parametsrare those of the class template. The names of the template parameters used

in the definition of the member may be different from the template parameter names used in the class tem-
plate definition. The template argument list following the class template name in the member definition
shall name the parameters in the same order as the one used in the template parameter list of thelinember.
[Example:
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template<class T1, class T2> struct A {
void f1();
void f2();

h

template<class T2, class T1> void A<T2,T1>::f1() { } //ok
template<class T2, class T1> void A<T1,T2>::f2() { } //error

—end example O

14.5.1.1 Member functions of class templates [temp.mem.func]

A member function template may be defined outside of the class template definition in which it is de€lared.
[Example:

template<class T> class Array {
T*v;
int sz;

public:
explicit Array(int);
T& operator[](int);
T& elem(int i) { return v[i]; }
...

I3
declares three function templates. The subscript function might be defined like this:

template<class T> T& Array<T>::operator[](int i)

if (<0 || sz<=) error(*Array: range error’);
return v[i];

}
—end example

The template-argument for a member function of a class template are determined byethgate- O
argumens of the type of the object for which the member function is callesarfple:the template-
argumentfor Array<T>::operator[]() will be determined by thArray to which the subscripting
operation is applied.

Array<int> v1(20);
Array<dcomplex> v2(30);

v1[3] =7; Il Array<int>::operator[]()
v2[3] = dcomplex(7,8); /I Array<dcomplex>::operator[]()

—end example

14.5.1.2 Member classes of class templates [temp.mem.class]

A class member of a class template may be defined outside the class template definition in which it is
declared. INote: the class member must be defined before its first use that requires a an instanfiation
(14.7.1). For example,

template<class T> struct A {
class B;
5
A<int>::B* bl; // ok: requires A to be defined but not A::B
template<class T> class A<T>::B { };
A<int>::B b2; // ok: requires A::B to be defined

—end not¢



14.5.1.3 DRAFT: 26 June 1997 Templates 341
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14.5.1.3 Static data members of class templates [temp.static]

A definition for a static data member may be provided in a namespace scope enclosing the definitionlof the
static member’s class templaté&Expmple:

template<class T> class X {
static T s;

h

template<class T> T X<T>:is = 0;

—end example

14.5.2 Member templates [temp.mem]

A template can be declared within a class or class template; such a template is called a member template. A
member template can be defined within or outside its class definition or class template definition. A mem-
ber template of a class template that is defined outside of its class template definition shall be specified with
the template-parametsrof the class template followed by tteamplate-parametsrof the member tem-

plate. Example:

template<class T> class string {

public:
template<class T2> int compare(const T2&);
template<class T2> string(const string<T2>& s) { /* ... */ }
...
2
template<class T> template<class T2> int string<T>::compare(const T2& s)
{
...
}
—end example

A local class shall not have member templates. Access control ralass(acces$ apply to member tem-

plate names. A destructor shall not be a member template. A normal (non-template) member function with

a given name and type and a member function template of the same name, which could be used to generate
a specialization of the same type, can both be declared in a class. When both exist, a reference refers to the
non-template unless an explicit template argument list is supplegniple:

template <class T> struct A {
void f(int);
template <class T2> void f(T2);

h

template <> void A<int>:f(int) {} // non-template member
template <> template <> void A<int>::f<>(int) {} // template member

int main()

{
A<char> ac;
ac.f(1); /I non-template
ac.f(’c); /I template
ac.f<>(1); //template

}
—end example

A member function template shall not be virtuaExgmple: a
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template <class T> struct AA { a

template <class C> virtual void g(C); // error a

virtual void f(); // ok O

I3 0

—end example O

A specialization of a member function template does not override a virtual function from a baseltlass.
[Example:

class B {
virtual void f(int);

h

class D : public B {
template <class T> void f(T); // does not override B::f(int)
void f(int i) { f<>(i); } // overriding function that calls
// the template instantiation

I8
—end example

A specialization of a template conversion operator is referenced in the same way as a non-template conver-
sion operator that converts to the same tygeainple:

struct A {
template <class T> operator T*();
I3
template <class T> A::operator T*(){ return O; }
template <> A::operator char*(){ return 0; } // specialization

template A::operator void*(); Il explicit instantiation
int main()
{

A a;

int* ip;

ip = a.operator int*(); // explicit call to template operator
/I A::operator int*()

}

—end examplig Note: because the explicit template argument list follows the function template namelJand
because conversion member function templates and constructor member function templates are calléd with-
out using a function name, there is no way to provide an explicit template argument list for these furction
templates. |

If more than one conversion template can produce the required type, the partial ordering rules (14.5.5.2) are
used to select thtmost specializeédversion of the template that can produce the required type. As with
other conversion functions, the type of the implibis parameter is not considered\dte: members of

base classes are considered equally with members of the derived class, except that a derived class conver-
sion function hides a base class conversion function that converts to the same-gmpe not¢

14.5.3 Friends [temp.friend]

A friend of a class template can be a template, a specialization of a function template or class template, or
an ordinary (non-template) function or class. For a friend declaration that is not a template declardfion, if
the name of the friend has explitéimplate-argumest the friend declaration refers to the specialization(s)

of a class or function template; otherwise, the friend refers to an ordinary class or furietiamplie:
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template<class T> class task {
...
friend void next_time();

friend void process(task<T>*); 0
friend task<T>* preempt<T>(task<T>*); O
template<class C> friend int func(C); g
friend class task<int>;

template<class P> friend class frd; O

..
h

Here, each specialization of thesk class template has the functioext_time as a friend; because(l
process does not have explictemplate-argument each specialization of thask class template hasl]
an appropriately typed functiggrocess as a friend, and this friend is not a function template specializa-
tion; because the frienmreempt has an explicitemplate-argumertT>, each specialization of thask [
class template has the appropriate specialization of the function teppdatapt as a friend; and eachd
specialization of théask class template has all specializations of the function temfulate as friends. O

Similarly, each specialization of thask class template has the class template specializatstint> O
as a friend, and has all specializations of the class tenfiglatas friends. ] O
EBox 3 aE

O
= ore issue 890: John Spicer believes that if the friend declaration has a declarator that is qualified fien the
rfriend declaration should be able to refer to a previously declared template even though explicit template
Carguments are not specified.

A friend template may be declared within a non-template class. A friend function template may be defined
within a non-template class. In these cases, all specializations of the class or function template are friends
of the class granting friendshipExample:

class A {
template<class T> friend class B; // ok
template<class T> friend void f(T){ /* ... */ } // ok
b
—end example

A template friend declaration specifies that all specializations of that template, whether they are implicitly
instantiated (14.7.1), partially specialized (14.5.4) or explicitly specialized (14.7.3), are friends of thdlclass

containing the template friend declaratioExgmple: O
class X { a
template<class T> friend struct A, O

class Y {} g

2 a
template<class T> struct A { X::Y ab; }; //ok a
template<class T> struct A<T*> { X::Y ab; }; //ok a

—end example O

When a function is defined in a friend function declaration in a class template, the function is definedivhen
the class template is first instantiated. The function is defined even if it is never Nete.if[the func-

tion definition is ill-formed for a given specialization of the enclosing class template, the program is ill-
formed even if the function is never used. ] O

A member of a class template may be declared to be a friend of a non-template class. In this case,ihe cor-
responding member of every specialization of the class template is a friend of the class granting friendship.
[Example:
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template<class T> struct A {

struct B { };
void f();
I3
class C{
template<class T> friend struct A<T>::B;
template<class T> friend void A<T>::f();
I3
—end example

[Note:a friend declaration may first declare a member of an enclosing namespace scope (14.6.5). ]
A friend template shall not be declared in a local class.
Friend declarations shall not declare partial specializatidbsanpple:

template<class T> class A{};
class X {
template<class T> friend class A<T*>; // error

Ooooo o o4

h
—end example

14.5.4 Class template partial specializations [temp.class.spec]

A primary class template declaration is one in which the class template name is an identifier. A template
declaration in which the class template name tsnaplate-id is apartial specializationof the class tem-

plate named in theemplate-id A partial specialization of a class template provides an alternative defini-
tion of the template that is used instead of the primary definition when the arguments in a specialization
match those given in the partial specialization (14.5.4.1). The primary template shall be declared before
any specializations of that template. If a template is partially specialized then that partial specialization
shall be declared before the first use of that partial specialization that would cause an implicit instantiation
to take place, in every translation unit in which such a use occurs. Each class template partial specialization
is a distinct template and definitions shall be provided for the members of a template partial specialization
(14.5.4.3).

[Example:

template<class T1, class T2, int I> class A {}11#1
template<class T, int I> class A<T, T*, I> {}; Il #2
template<class T1, class T2, int I> class A<T1*, T2, I> { }; /[ #3
template<class T> class A<int, T*, 5> { }; I/ #4
template<class T1, class T2, int I> class A<T1, T2*, 1> {}; /[ #5

The first declaration declares the primary (unspecialized) class template. The second and subsequent decla-
rations declare partial specializations of the primary template. ]

The template parameters are specified in the angle bracket enclosed list that immediately follows the key-
wordtemplate . For partial specializations, the template argument list is explicitly written immediately
following the class template name. For primary templates, this list is implicitly described by the template
parameter list. Specifically, the order of the template arguments is the sequence in which they appear in the
template parameter list.Ekample:the template argument list for the primary template in the example
above is<T1, T2, I>. ][Note:the template argument list shall not be specified in the primary template
declaration. For example,

template<class T1, class T2, int I> class A<T1, T2, 1> {}; // error

—end not¢



1454 DRAFT: 26 June 1997 Templates 345
Class template partial specializations

A class template partial specialization shall be declared in the class or namespace containing the [primary
template declaration or in a hamespace of which the class or namespace containing the primary t@mplate

declaration is a memberEfample: O
template<class T> struct A { a
template<class T2> struct B { }; a

2 0
template<class T> template<class T2> a

struct A<T>::B<T2*> {}; // partial specialization of A<T>::B<T2> a
A<short>::B<int*> absip; /I uses partial specialization a

—end example O

A non-type argument is non-specialized if it is the name of a non-type parameter. All other non-typéJargu-
ments are specialized.

Within the argument list of a class template partial specialization, the following restrictions apply:

— A partially specialized non-type argument expression shall not involve a template parameter of thée par-
tial specialization except when the argument expression is a saeptéier. [Example:

template <int I, int J> struct A {}; g
template <int I> struct A<I+5, [*2> {}; // error t

template <int I, int J> struct B {};
template <int I> struct B<lI, 1> {}; Il ok g

—end example

— The type of a specialized nontype argument shall not be dependent on another type parametén of the
specialization. Example:

template <class T, T t> struct C {};
template <class T> struct C<T, 1>; // error

—end example

— The argument list of the specialization shall not be identical to the implicit argument list of the primary
template.

The template parameter list of a specialization shall not contain default template argumeﬁf values. O

14.5.4.1 Matching of class template partial specializations [temp.class.spec.match]

When a class template is used in a context that requires an instantiation of the class, it is necessary to deter-
mine whether the instantiation is to be generated using the primary template or one of the partial specializa-
tions. This is done by matching the template arguments of the class template specialization with the tem-
plate argument lists of the partial specializations.

— If exactly one matching specialization is found, the instantiation is generated from that specialization.

— If more than one matching specialization is found, the partial order rules (14.5.4.2) are used to deter-
mine whether one of the specializations is more specialized than the others. If none of the specializa-
tions is more specialized than all of the other matching specializations, then the use of the class template
is ambiguous and the program is ill-formed.

— If no matches are found, the instantiation is generated from the primary template.

A partial specialization matches a given actual template argument list if the template arguments of the par-
tial specialization can be deduced from the actual template argument list (1&£8&nple:

) There is no way in which they could be used.
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A<int, int, 1> al; //uses#1l

A<int, int*, 1> a2; /luses#2, Tisint, lis1

A<int, char*, 5> a3; // uses #4, T is char

A<int, char*, 1> a4; //uses#5, Tlisint, T2 is char, lis 1
A<int*, int*, 2> a5; // ambiguous: matches #3 and #5

—end example

A non-type template argument can also be deduced from the value of an actual template argument of a
non-type parameter of the primary templatéxgdmpleithe declaration a2 above. ]

In a type name that refers to a class template specialization Aiugt, int, 1> ) the argument list
must match the template parameter list of the primary template. The template arguments of a specialization
are deduced from the arguments of the primary template.

14.5.4.2 Partial ordering of class template specializations [temp.class.order]

For two class template partial specializations, the first is at least as specialized as the second if, given the
following rewrite to two function templates, the first function template is at least as specialized as thHe sec-
ond according to the ordering rules for function templates (14.5.5.2):

— the first function template has the same template parameters as the first partial specialization arndl has a
single function parameter whose type is a class template with the template arguments of the firstpartial
specialization, and

— the second function template has the same template parameters as the second partial specialization and
has a single function parameter whose type is a class template with the template arguments of the sec-
ond template specialization.

[Example: a
template<int I, int J, class T> class X { }; O
template<int I, int J> class X<l, J, int> { }; /] #1 O
template<int I> class X<l, I, int> { }; I/ #2 O
template<int I, int J> void f(X<l, J, int>); // #A O
template<int I> void f(X<l, I, int>); // #B 0

The partial specializatio#2 is more specialized than the partial specializaiénbecause the functiond
template#B is more specialized than the function temp#eaccording to the ordering rules for functiofl
templates. ]

14.5.4.3 Members of class template specializations [temp.class.spec.mfunc]

The template parameter list of a member of a class template partial specialization shall match the template
parameter list of the class template partial specialization. The template argument list of a member of a class
template partial specialization shall match the template argument list of the class template partial special-
ization. A class template specialization is a distinct template. The members of the class template partial
specialization are unrelated to the members of the primary template. Class template partial specialization
members that are used in a way that requires a definition shall be defined; the definitions of members of the
primary template are never used as definitions for members of a class template partial specialization. An
explicit specialization of a member of a class template partial specialization is declared in the same way as
an explicit specialization of the primary templatExample:

/I primary template

template<class T, int I> struct A {
void f();

I3

template<class T, int I> void A<T,I>::f() { }
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/I class template partial specialization
template<class T> struct A<T,2> {
void f();
void g();
void h();
2

/I member of class template partial specialization
template<class T> void A<T,2>::g() { }

Il explicit specialization
template<> void A<char,2>::h() { }

int main()
{
A<char,0> a0;
A<char,2> a2;
a0.f(); // ok, uses definition of primary template’s member
a2.g9(); /1 ok, uses definition of
/I partial specialization’s member
a2.h(); // ok, uses definition of
/I explicit specialization’s member
a2.f(); /l ill-formed, no definition of f for A<T,2>
/I the primary template is not used here

}
—end example O

If a member template of a class template is partially specialized, the member template partial spedializa-
tions are member templates of the enclosing class template; if the enclosing class template is instantiated
(14.7.1, 14.7.2), a declaration for every member template partial specialization is also instantiated adpart of
creating the members of the class template specialization. If the primary member template is explicifly spe-
cialized for a given (implicit) specialization of the enclosing class template, the partial specializations[of the
member template are ignored for this specialization of the enclosing class template. If a partial spelcializa-
tion of the member template is explicitly specialized for a given (implicit) specialization of the enclasing
class template, the primary member template and its other partial specializations are still consideredor this
specialization of the enclosing class templatexample: O

template<class T> struct A {
template<class T2> struct B {}; Il #1
template<class T2> struct B<T2*> {}; // #2

|3
template<> template<class T2> struct A<short>::B {}; // #3
A<char>::B<int*> abcip; // uses #2

A<short>::B<int*> absip; // uses #3
A<char>::B<int> abci; // uses #1

OooOo o gogno

—end example

14.5.5 Function templates [temp.fct]

A function template defines an unbounded set of related functi@heample:a family of sort functions
might be declared like this:

template<class T> class Array { };
template<class T> void sort(Array<T>&);

—end example



14-18 Templates DRAFT: 26 June 1997 14.5.5 Function templates

A function template can be overloaded with other function templates and with normal (non-template) func-
tions. A normal function is not related to a function template (i.e., it is never considered to be a specializa-
tion), even if it has the same name and type as a potentially generated function template speg’l)alization.

14.5.5.1 Function template overloading [temp.over.link]

It is possible to overload function templates so that two different function template specializations have the
same type. Example:

Il filel.c Il file2.c
template<class T> template<class T>
void f(T*); void f(T);
void g(int* p) { void h(int* p) {
f(p); // call f(p); // call
[l f<int>(int*) /I f<int*>(int*)
} }
—end example

Such specializations are distinct functions and do not violate the one definitionbaséec(def.odr).

The signature of a function template specialization consists of the signature of the function template and of
the actual template arguments (whether explicitly specified or deduced).

The signature of a function template consists of its function signature, its return type and its template
parameter list. The names of the template parameters are significant only for establishing the relationship
between the template parameters and the rest of the signdtiate: tjvo distinct function templates mayl

have identical function return types and function parameter lists, even if overload resolution alone Cannot

distinguish them. 0
template<class T> void f(); a
template<int 1> void f(); //ok: overloads the first template a

—end not¢

14.5.5.2 Partial ordering of function templates [temp.func.order]

If a function template is overloaded, the use of a function template specialization might be ambiguous
because template argument deduction (14.8.2) may associate the function template specialization with more
than one function template declaratioRartial ordering of overloaded function template declarations is$

used in the following contexts to select the function template to which a function template specialization

refers: O
— during overload resolution for a call to a function template specializatime. match.besj; a
— when the address of a function template specialization is taken; a

— when a placement operator delete that is a template function specialization is selected to match @ place-
ment operator new basic.stc.dynamic.deallocatign expr.new); a

— when a friend function declaration (14.5.3), an explicit instantiation (14.7.2) or an explicit specialiZzation
(14.7.3) refers to a function template specialization. a

Given two overloaded function templates, whether one is more specialized than another can be detérmined
by transforming each template in turn and using argument deduction (14.8.2) to compare it to the other.

The transformation used is:

— For each type template parameter, synthesize a unique type and substitute that for each occurrence of

3) That is, declarations of non-template functions do not merely guide overload resolution of template functions with the same name.
If such a non-template function is used in a program, it must be defined; it will not be implicitly instantiated using the function tem-
plate definition.
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that parameter in the function parameter list.

— For each non-type template parameter, synthesize a unique value of the appropriate type and substitute
that for each occurrence of that parameter in the function parameter list. O

ox 4 B 0
CErwin mentioned the need to describe the transformation above for template template parameters. [T

[Box 5 h
O

O
rhe rules above need to be augmented to provide partial ordering rules for conversion function templates.
[114.5.2 refers to the rules in this paragraph to select the most specialized conversion function templaie.

Using the transformed function parameter list, perform argument deduction against the other function tem-
plate. The transformed template is at least as specialized as the other if, and only if, the deduction succeeds
and the deduced parameter types are an exact match (so the deduction does not rely on implicit conver-
sions).

A template is more specialized than another if, and only if, it is at least as specialized as the other template
and that template is not at least as specialized as the Essimple:

template<class T> struct A { A(); };

template<class T> void f(T);
template<class T> void f(T*);
template<class T> void f(const T*);

template<class T> void g(T);
template<class T> void g(T&);

template<class T> void h(const T&);
template<class T> void h(A<T>&);

void m() {
const int *p;
f(p); // f(const T*) is more specialized than f(T) or f(T*)
float x;
g(x); // Ambiguous: g(T) or g(T&)
A<int> z;
h(z); // Ambiguous: h(A<T>&) and h(const T&) are not comparable
const A<int> z2;
h(z2); // h(const T&) is called because h(A<T>&) is not callable
}

—end example a

The presence of unused ellipsis and default arguments has no effect on the partial ordering of functidn tem-
plates. Example:

O

template<class T> void f(T); Il #1
template<class T> void f(T*, int=1); // #2
template<class T> void g(T); Il #3
template<class T> void g(T*, ...); // #4

OoOoOono

int main() {
int* ip;
f(ip); // calls #2
g(ip); // calls #4

OooOood

—end example
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14.6 Name resolution [temp.res]

Three kinds of names can be used within a template definition: O
— The name of the template itself, and names declared within the template itself. O
— Names dependent ontemplate-argumer(tL4.6.2). O
— Names from scopes which are visible within the template definition. O

A name used in a template declaration or definition and that is dependenteamplate-argumenis [
assumed not to hame a type unless the applicable name lookup finds a type name or the name is qualified
by the keywordypename . [Example:

/I no B declared here
class X;

template<class T> class Y {
class Z; // forward declaration of member class

void f() {
X* al; // declare pointer to X
T* az; I/l declare pointerto T
Y* a3; /I declare pointer to Y<T>
Z* a4; // declare pointer to Z
typedef typename T::A TA,
TA* a5; // declare pointerto T's A
typename T::A* a6; // declare pointerto T's A
T::A* a7,/ T::Ais not a type name:
/I multiply T::A by a7; ill-formed, ad
/I no visible declaration of a7 O
B* a8; /I B is not a type name:
/I multiply B by a8; ill-formed,
/I no visible declarations of B and a8 ad

h
—end example

A qualified-namehat refers to a type and that depends ¢engplate-argumentl4.6.2) shall be prefixed
by the keywordypename to indicate that thgualified-namedenotes a type, forming an elaborated-type-
specifier (dcl.type.elab).

elaborated-type-specifier:

typename 1, nested-name-specifier identifier
typename ::  ,; nested-name-specifier identifies template-argument-list-

If a specialization of a template is instantiated for a setraplate-argumestsuch that thqualified-name
prefixed bytypename does not denote a type, the specialization is ill-formed. The usual qualified name
lookup (_basic.lookup.qua) is used to find thequalified-nameeven in the presence éfpename .
[Example:

struct A {
struct X { };
int X;
I3
template<class T> void f(T t) {
typename T::X x; // ill-formed: finds the data member X
/I not the member type X
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—end example

The keywordypename shall only be used in template declarations and definitions, including in the réfurn
type of a function template or member function template, in the return type for the definition of a mémber
function of a class template or of a class nested within a class template, antyjre thgecifiefor the def- O
inition of a static member of a class template or of a class nested within a class template. The keyword
typename shall only be applied to qualified names, but those names need not be dependent. The kidyword
typename is not permitted in dase-specifieor in ameme-initializer in these contexts gualified-name O

that depends ontamplate-argumer(tL4.6.2) is implicitly assumed to be a type name. O

Within the definition of a class template or within the definition of a member of a class template, thélkey-
word typename is not required when referring to the unqualified name of a previously declared melmhber
of the class template that declares a type. The keytypghame shall always be specified when thél
member is referred to using a qualified name, even if the qualifier is simply the class template [hame.

[Example: O
template<class T> struct A { a

typedef int B; a

A::B b; I'ill-formed: typename required before A::B O

void f(A<T>::B); // ill-formed: typename required before A<T>::B a

typename A::B g(); // ok a

2 O

The keywordypename is required whether the qualified nameisr A<T> becausé\ or A<T> are syn- [
onyms within a class template with the parametexiist. ] O

Knowing which names are type names allows the syntax of every template definition to be checked. No
diagnostic shall be issued for a template definition for which a valid specialization can be generated. If no
valid specialization can be generated for a template definition, and that template is not instantiated, the tem-
plate definition is ill-formed, no diagnostic requiredNofe:if a template is instantiated, errors will be diag-
nosed according to the other rules in this Standard. Exactly when these errors are diagnosed is a quality of
implementation issue. Example:
int j;
template<class T> class X {
...
void f(T t, int i, char* p)
{

t=1i; // diagnosed if X::f is instantiated
/l and the assignment to t is an error

p =i; // may be diagnosed even if X::fis
/I not instantiated
p=j; // may be diagnosed even if X::f is

/I not instantiated

}
void g(T t) {
+; /I may be diagnosed even if X::g is
/I not instantiated

h
—end example
When looking for the declaration of a name used in a template definition, the usual lookup (tules
(_basic.lookup.unqual _basic.lookup.koenig are used for nondependent names. The lookup of names

dependent on the template arguments is postponed until the actual template argument is known (14.6.2).
[Example:
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#include <iostream>
using namespace std;

template<class T> class Set {

T* p;
int cnt

public:
Set();
Set<T>(const Set<T>&);
void printall()

for (inti = 0; i<cnt; i++)
cout << p[i] << "\n’;

}
...

I3

in the examplej, is the local variablé declared irprintall , cnt is the membecnt declared irSet ,

andcout is the standard output stream declareibgtream . However, not every declaration can be
found this way; the resolution of some names must be postponed until thetacipkte-argumestare
known. For example, even though the namgerator<< is known within the definition of
printall() and a declaration of it can be found #iostream> |, the actual declaration of
operator<< needed to prinp[i] cannot be known until it is known what types (14.6.2). ]

If a name does not depend oteaplate-argumenfas defined in 14.6.2), a declaration (or set of declara-
tions) for that name shall be in scope at the point where the name appears in the template definition; the
name is bound to the declaration (or declarations) found at that point and this binding is not affected by
declarations that are visible at the point of instantiati&@xample: O

void f(char);

template<class T> void g(T t)

{
f(1); /[ f(char)
f(T(1)); // dependent
f(t); // dependent
dd++; /I not dependent
/I error: declaration for dd not found
}
void f(int);
double dd;
void h()
{
9(2); /' will cause one call of f(char) followed
/I by two calls of f(int)
g('a’); /1 will cause three calls of f(char)
—end example
14.6.1 Locally declared names [temp.local]

Within the scope of a class template, the unqualified name of the template, when not followed byl
equivalent to the name of the template followed bytémeplate-parameterenclosed irk>. [Note:the [
equivalence within the scope of a class template between the name of the template and the corre§ponding
template-iddoes not apply when the name of the template is qualifieixdrfiple:the constructor foSet

can be referred to &et() or Set<T>() . ] Other specializations (14.7.3) of the class can be referred to

by explicitly qualifying the template name with the appropriateplate-argumest [Example:
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template<class T> class X {

X* p; /l meaning X<T>
X<T>* p2,
X<int>* p3;
b
—end example

Within the scope of a class template specialization, the name of the specialization, when not followed by
is equivalent to the name of the specialization followed byeimplate-argumestenclosed irk>. [Exam-
ple:

template<class T> class Y;

template<> class Y<int> {
Y* p; /I meaning Y<int>
Y<char>* q; /I meaning Y<char> O
2
—end example

The scope of #&emplate-parameteextends from its point of declaration until the end of its template. A
template-parametehnides any entity with the same name in the enclosing scofie:this implies that a
template-parametecan be used in the declaration of subseqtemiplate-parametsrand their default
arguments but cannot be used in preceténgplate-parametsror their default arguments. For example,

template<class T, T* p, class U = T>class X { /* ... */ };
template<class T> void f(T* p = new T);

This also implies that #@mplate-parameteran be used in the specification of base classes. For example,

template<class T> class X : public Array<T>{/* ... */ };
template<class T>class Y : public T {/* ... */ };

The use of demplate-parametesis a base class implies that a class usedeas@ate-argumennust be
defined and not just declared when the class template is instantiated. ]

A template-parameteshall not be redeclared within its scope (including nested scopesgmplate-
parametershall not have the same name as the template n&wrample:

template<class T, inti> class Y {
int T; // error: template-parameter redeclared
void f() {

}

char T; // error: template-parameter redeclared

b
template<class X> class X; // error: template-parameter redeclared

—end example

In the definition of a member of a class template that appears outside of the class template definition, the
name of a member of this template hides the nhameeofiplate-parameter[Example:

template<class T> struct A {
struct B { /* ... */ };

void f();

2

template<class B> void A<B>::f() { t
B b; /I A’s B, not the template parameter

}

—end example O
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In the definition of a member of a class template that appears outside of the namespace containing the class
template definition, the name oftamplate-parametehides the name of a member of this namespale.

[Example: O
namespace N { a

class C{}; a

template<class T> class B { a

void f(T); a

h O

} 0
template<class C> void N::B<C>::f(C) { O

C b; /I Cis the template parameter, not N::C O

} a

—end example a

In the definition of a class template or in the definition of a member of such a template that appears [Qutside
of the template definition, the name of a base class and, if the base class does not depenmplatea
argument the name of a base class member hides the namewiptate-parametewith the same name.
[Example:

struct A {
struct B {/* ... */ };
int a;
inty;
h
template<class B, class a> struct X : A {
Bb; //AsB
ab; /lerror: A's aisn’t a type name
2
—end example
14.6.2 Dependent names [temp.dep]

Inside a template, some constructs have semantics which may differ from one instantiation to another.
Such a construaependon the template arguments. In particular, types and expressions may depdnd on
the type and or value of template arguments and this determines the context for name lookup for(tertain
names. Expressions may type-depender(bn the type of a template argument)vatue-depender(on

the value of a non-type template argument). In an expression of the form:

postfix-expression( expression-ligf, )

where thepostfix-expressiors anidentifier, theidentifier denotes alependent namié and only if any of [

the expressions in thexpression-lists a type-dependent expression (14.6.2.2). If an operand of an opera-

tor is a type-dependent expression, the operator also denotes a dependent name. Such names are unbound
and are looked up at the point of the template instantiation (14.6.4.1) in both the context of the template
definition and the context of the point of instantiation.

[Example:

template<class T> struct X : B<T> {
typename T::A* pa;
void f(B<T>* pb) {
static int i = B<T>::i;
pb->j++;

2
the base class nanB<T>, the type namd::A , the name®8B<T>:i , pa, pb andpb-> explicity O
depend on theemplate-argumentThis shows a typical dependent operator call:
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class Horse {/* ... */ };
ostreamé& operator<<(ostreamé&,const Horse&);

void hh(Set<Horse>& h)

{
h.printall();
}
In the call ofSet<Horse>::printall() , the meaning of the< operator used to primg[i] in the
definition of Set<T>::printall() (14.6), is

operator<<(ostream&,const Horse&);

This function takes an argument of tyigerse and is called from a template withemplate-parametef
for which thetemplate-argumenis Horse . Because this function depends otemplate-argumenthe
call is well-formed. Some calls that depend daraplate-argumertypeT are:

1) The function called has a parameter that dependsamtording to the type deduction rules (14.8.2).
For examplef(T) , f(Array<T>) , andf(const T%*) .

2) The type of the actual argument depend$.ofror examplef(T(1)) ,f(t) , f(g(t) , andf(&t)
assuming that has the typd. a

[Box 6 ml
O

O
[[Josee: | would like to remove this bullet. Erwin indicated that this bullet is not needed anymorel}The
Cexample below is also wrong: it does not show an example of bullet 3). Any objections to removiridithis

Chullet? ] oo
O O
[B) A callis resolved by the use of a conversiom tathout either an argument or a parameter of the calldd
g function being of a type that dependsToas specified in (1) and (2). For example, a E
O struct B { }; O
0 struct T: B{}; aQg
0 struct X { operator T(); }; oo
O M
O void f(B); 0o
O O
U void g(X x 0d
0 9(Xx) oo
O f(x); // meaning f( B( x.operator T() ) ) ou
E I/ so the call f(x) depends on T [l E
0 ’ Ho

This ill-formed template instantiation uses a function that does not depend on a template-argument:

template<class T> class Z {

public:
void f() const
{
g(2); // g() not found in Z’s context.

I/l ill-formed, even if g is declared at
// the point of instantiation. This
/I could be diagnosed either here or
/Il at the point of instantiation.

}
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void g(int);
void h(const Z<Horse>& x)

x.f(); / error: g(int) called by g(1) does not depend
[/l on template-argument “Horse”

}

The callx.f()  gives rise to the specialization:
void Z<Horse>::f() { g(1); }

The callg(1) would callg(int) , but since that call does not depend ontémeplate-argumeritiorse
and becausg(int)  wasn't in scope at the point of the definition of the template, thexdgll s ill-
formed. ] O

In the definition of a class template or in the definition of a member of such template that appears outside
of the template definition, if a base class of this template dependseomptate-argumenthe base class
scope is not examined during name look up until the class template is instantai@aple: O

typedef double A,
template<class T> B {
typedef int A;

I3
template<class T> struct X : B<T> {

A a; // a has type double ad
2

The type nam@ in the definition ofX<T> binds to the typedef name defined in the global nhamespace
scope, not to the typedef name defined in the baseRiass |

If a base class is a dependent type, a member of that class cannot hide a name declared within a template, or
a name from the template’s enclosing scop&sainple:

struct A {
struct B { /* ... */ };
int a;
int;

b

int a;

template<class T> struct Y : T {
struct B {/* ... */ };

B b; /l The B defined in Y
void f(inti) {a=1i;}// :a
Y* p; 11 Y<T>

J5

Y<A>ya;

The memberd\::B , A::a , andA::Y of the template argumertdo not affect the binding of names in
Y<A>, ]

14.6.2.1 Dependent types [temp.dep.type]
A type is dependent if it is

— atemplate parameter,

— aqualified-idwhosenested-name-specifieontains alass-namehat names a dependent type or whose
unqualified-idnames a dependent type,

— a cv-qualified type where the cv-unqualified type is dependent, a

— a compound type constructed from any dependent type,
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— an array type constructed from any dependent type or whose size is specified by a constant expression
that is value-dependent,

— atemplate-idin which either the template name is a template parameter or any of the template argu-
ments is a dependent type or an expression that is type-dependent or value-dependent.

14.6.2.2 Type-dependent expressions [temp.dep.expr]
Except as described below, an expression is type-dependent if any subexpression is type-dependent.
this is type-dependent if the class type of the enclosing member function is dependent (14.6.2.1).
An id-expressions type-dependent if it contains:

— anidentifierthat was declared with a dependent type,

— atemplate-idhat is dependent,

— aconversion-function-ithat specifies a dependent type,

— anested-name-specifidrat contains alass-naméhat names a dependent type.

Expressions of the following forms are type-dependent only if the type specified byp#ir simple-
type-specifieor new-type-ids dependent, even if any subexpression is type-dependent:

simple-type-specifie expression-ligf, )

I opt New new-placemegy; new-type-id new-initializgg
L opt New new-placemegt, ( type-id ) new-initializeg,,
dynamic_cast < type-id > ( expression)

static_cast < type-id > (  expression)
const_cast < type-id > ( expression)
reinterpret_cast < type-id > ( expression)

( type-id ) cast-expression

Expressions of the following forms are never type-dependent (because the type of the expression cannot be
dependent):
literal
postfix-expression pseudo-destructor-name
postfix-expression> pseudo-destructor-name
sizeof  unary-expression
sizeof ( type-id )
typeid ( expression)
typeid ( type-id )
I ot delete  cast-expression
Ioopt delete[] cast-expression
throw assignment-expressigp

14.6.2.3 Value-dependent expressions [temp.dep.constexpr]

Except as described below, a constant expression is value-dependent if any subexpression is value-
dependent.

An identifieris value-dependent if it is:
— a name declared with a dependent type,
— the name of a non-type template parameter,

— a constant with integral or enumeration type and is initialized with an expression that is value-
dependent.
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Expressions of the following form are value-dependent ifuthary-expressions type-dependent or the
type-idis dependent (evensizeof unary-expressioandsizeof ( type-id) are not type-dependent):

sizeof  unary-expression

sizeof ( type-id )
Expressions of the following form are value-dependent if eithernytbe-id or simple-type-specifiets
dependent or thexpressioror cast-expressiois value-dependent:

simple-type-specifie expression-ligf, )

static_cast < type-id > (  expression)
const_cast < type-id > (  expression)
reinterpret_cast < type-id > ( expression)

( type-id ) cast-expression

14.6.2.4 Dependent template arguments [temp.dep.temp]

A template template argument is dependent if it names a template argumengoeisied-id where the
nested-name-specifieontains alass-naméhat names a dependent type.

A non-integral non-type template argument is dependent if it has either of the following forms

qualified-id
& qualified-id

and thenested-name-specifispecifies alass-naméhat names a dependent type.

A type template argument is dependent if the type it specifies is dependent.

An integral non-type template argument is dependent if the constant expression it specifies is value-
dependent.

14.6.3 Non-dependent names [temp.nondep]

Non-dependent names used in a template definition are found using the usual name lookup and bound at the
point they are used.Ekample:

void g(double);

void h();
template<class T> class Z {
public:
void f() {
g(1); // calls g(double)
h++; //ill-formed: cannot increment function; O
/I this could be diagnosed either here or O
/Il at the point of instantiation O
}
b

void g(int); // not in scope at the point of the template
/I definition, not considered for the call g(1)

—end example

14.6.4 Dependent name resolution [temp.dep.res]
In resolving dependent names, names from the following sources are considered:
— Declarations that are visible at the point of definition of the template.

— Declarations from namespaces associated with the types of the function arguments both from the instan-
tiation context (14.6.4.1) and from the definition context.



14.6.4.1 Point of instantiation DRAFT: 26 June 1997 Templates 129

14.6.4.1 Point of instantiation [temp.point]

For a function template specialization, a member function template specialization, or a specialization for a
member function or static data member of a class template, if the specialization is implicitly instarifiated
because it is referenced from within another template specialization and the context from which it isrefer-
enced depends on a template argument, the point of instantiation of the specialization is the point ofinstan-
tiation of the enclosing specialization. Otherwise, the point of instantiation for such a specialization ihme-
diately follows the namespace scope declaration or definition that refers to the specialization.

For a class template specialization, a class member template specialization, or a specialization forfa class
member of a class template, if the specialization is implicitly instantiated because it is referencedl from
within another template specialization, if the context from which the specialization is referenced dépends
on a template argument, and if the specialization is not instantiated previous to the instantiation[of the
enclosing template, the point of instantiation is immediately before the point of instantiation of the enclos-
ing template. Otherwise, the point of instantiation for such a specialization immediately precedes the
namespace scope declaration or definition that refers to the specialization.

If a virtual function is implicitly instantiated, its point of instantiation is immediately following the pointbf
instantiation of its enclosing class template specialization.

The instantiation context of an expression that depends on the template arguments is the set of dedlarations
with external linkage visible at the point of instantiation of the template specialization. O

A specialization for a function template, a member function template, or of a member function or statié¢ data
member of a class template may have multiple points of instantiations within a translation unit. A spécial-
ization for a class template has at most one point of instantiation within a translation unit. A specialiZation
for any template may have points of instantiation in multiple translation units. If two different poinf$ of
instantiation give a template specialization different meanings according to the one definitiori]rule
(_basic.def.odr), the program is ill-formed, no diagnostic required.

14.6.4.2 Candidate Functions [temp.dep.candidate]

For a function call that depends on a template argument, if the function nameniguatified-id the can-
didate functions are found using the usual lookup ruleagic.lookup.unqual _basic.lookup.koenig
except that:

— For the part of the lookup using unqualified hame lookdgagic.lookup.unquaj), only function decla-
rations with external linkage from the template definition context are found.

— For the part of the lookup using associated namespalasi¢.lookup.koenig, only function declara-
tions with external linkage found in either the template definition context or the template instantiation
context are found.

If the call would be ill-formed or would find a better match had the lookup within the associated name-
spaces considered all the function declarations with external linkage introduced in those namespaces in all
translation units, not just considered those declarations found in the template definition and template instan-
tiation contexts, then the program has undefined behavior. O

14.6.4.3 Conversions [temp.dep.conv]

Any standard conversion sequencever.ics.scs) may be applied to an argument in a function call that
depends on a template argument. A user-defined conversion sequarereids.user may be applied to

an argument in a function call that depends on a template argument, but the user-defined conversion in this
sequence shall either be a conversion function that is a member function of the class type of the argument,
or shall be a constructor of the class type that is the target type of the user-defined conversion sequence.
The user-defined conversion function thus selected shall be found either in the template definition context
or in the template instantiation contexiNdte: The set of candidate functions is formed first, before con-
versions are considered, so the possible conversions do not affect the set of candidate functions. |
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14.6.5 Friend names declared within a class template [temp.inject]

Friend classes or functions can be declared within a class template. When a template is instantiated, the
names of its friends are treated as if the specialization had been explicitly declared at its point of instantia-
tion.

The names of friend functions of a class template specialization are found by the usual lookup rules, includ-
ing the rules for associated namespagbasﬂc.lookup.koenig.4) [Example:

template<typename T> class number {
/...
friend number<T> gcd(const number<T>& X,
const number<T>& y){ ... }
/...

2
void g()
number<double> a, b;
} Z.; gcd(a,b);  // looks inside number<double> for gcd

—end example

14.7 Template specialization [temp.spec]

A function instantiated from a function template is called an instantiated function. A class instantiatedlfrom

a class template is called an instantiated class. A member function, a member class, or a static datalmember
of a class template instantiated from the member definition of the class template is called, respectivély, an
instantiated member function, member class or static data member. A member function instantiatedfrom a
member function template is called an instantiated member function. A member class instantiatedfrom a
member class template is called an instantiated member class. The act of instantiating a function, dtlass, a
member of a class template or a member template is referred to as template instantiation. An expligit spe-
cialization may be declared for a function template, a class template, a member of a class template or a
member template. An explicit specialization declaration is introducegroplate<> . In an explicit O
specialization declaration for a class template, a member of a class template or a class member template, the
name of the class that is explicitly specialized shall tergplate-id In the explicit specialization declarat]

tion for a function template or a member function template, the name of the function or member fuliction
explicitly specialized may betamplate-id [Example: O

template<class T = int> struct A

{

I3
template<class U> void g(U) { }

static int x;

template<> struct A<double> {}; // specialize for T == double
template<> struct A<> { }; // specialize for T == int
template<> void g(char) { } I specialize for U == char
/I'U is deduced from the parameter type
template<> void g<int>(int) {}  // specialize for U == int

template<> int A<char>::x = 0; I specialize for T == char
template<> int A<>::x = 1; I specialize for T == int
—end example

) Friend declarations do not introduce new names into any scope, either when the template is declared or when it is instantiated.
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An instantiated template specialization can be either implicitly instantiated (14.7.1) for a given argument
list or be explicitly instantiated (14.7.2). A specialization is a class, function, or class member that iseither
instantiated or explicitly specialized (14.7.3). A template that has been used in a way that requires a spe-
cialization of its definition causes the specialization to be implicitly instantiated unless a declaration fdr the
explicit specialization appears before the specialization is used.

No program shall explicitly instantiate any template more than once, both explicitly instantiate and explic-
itly specialize a template, or specialize a template more than once for a giverieseplate-argumest
An implementation is not required to diagnose a violation of this rule.

Each class template specialization instantiated from a template has its own copy of any static members.
[Example:

template<class T> class X {

static T s;
...
3
template<class T> T X<T>:s = 0;
X<int> aa;
X<char*> bb;
X<int> has a static memberof typeint andX<char*> has a static memberof typechar* . ] O
EBox 7 El]
[core issue 881: What class-key can be used in the declarations of explicit instantatiations, explicitrgpecial-
[izations and partial specializations? Especially writhien class-key. N
14.7.1 Implicit instantiation [temp.inst]

Unless a class template specialization has been explicitly instantiated (14.7.2) or explicitly specialized
(14.7.3), the class template specialization is implicitly instantiated when the specialization is referenced in a
context that requires a completely-defined object type or when the completeness of the class type affects the
semantics of the program. The implicit instantiation of a class template specialization does not callse the
implicit instantiation of the definitions of the class member functions, member classes, static data mémbers
or member templates. Unless a member of a class template or a member template has been éxplicitly
instantiated or explicitly specialized, the specialization of the member is implicitly instantiated when the
specialization is referenced in a context that requires the member definition to exist; in particulat, the
initialization (and any associated side-effects) of a static data member does not occur until the stafic data
member is itself used in a way that requires the definition of the static data member to exist. Unless a func-
tion template specialization has been explicitly instantiated or explicitly specialized, the function teriiplate
specialization is implicitly instantiated when the specialization is referenced in a context that requires a
function definition to exist.

[Example:
template<class T> class Z {
public:
void f();
void g();
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void h()
{
Z<int> a; / instantiation of class Z<int> required
Z<char>* p; // instantiation of class Z<char> not
/l required
Z<double>* q; // instantiation of class Z<double>
/I not required
a.f(); // instantiation of Z<int>::f() required
p->g(); // instantiation of class Z<char> required, and
/I instantiation of Z<char>::g() required
}
Nothing in this example requiredass Z<double> , Z<int>::g() , or Z<char>::f() to be

implicitly instantiated. ]

A class template specialization is implicitly instantiated if the class type is used in a context that requires a
completely-defined object type or if the completeness of the class type affects the semantics of the prbgram;
in particular, if an expression whose type is a class template specialization is involved in overload résolu-
tion, pointer conversion, pointer to member conversion or is used as the operand of a delete exprestion, the
class template specialization is implicitly instantiateexgmple:

template<class T>class B { /* ... */ };
template<class T> class D : public B<T> {/* ... */ };

void f(void*);
void f(B<int>*);

void g(D<int>* p, D<char>* pp, D<double> ppp) g
f(p); /I instantiation of D<int> required: call f(B<int>*)

B<char>* g = pp; // instantiation of D<char> required:
/I convert D<char>* to B<char>*

delete ppp; // instantiation of D<double> required O

}
—end example

If the overload resolution process can determine the correct function to call without instantiating dlclass
template definition, it is unspecified whether that instantiation actually takes pa@mple:

template <class T> struct S {
operator int();
2

void f(int);
void f(S<int>&);
void f(S<float>);

void g(S<int>& sr) {
f(sr); // instantiation of S<int> allowed but not required
/l instantiation of S<float> allowed but not required

h
—end example

If an implicit instantiation of a class template specialization is required and the template is declared but not
defined, the program is ill-formedExample:
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template<class T> class X;

X<char> ch; // error: definition of X required
—end example

If a function template or a member function template specialization is used in a way that involves ovérload
resolution, a declaration of the specialization is implicitly instantiated (14.8.3).

An implementation shall not implicitly instantiate a function template, a member template, a non-vittual
member function, a member class or a static data member of a class template that does not require instantia-
tion. It is unspecified whether or not an implementation implicitly instantiates a virtual member functidn of

a class template that does not require specialization.

Implicitly instantiated class and function template specializations are placed in the namespace whére the
template is defined. Implicitly instantiated specializations for members of a class template are placedlin the
namespace where the enclosing class template is defined. Implicitly instantiated member templaies are
placed in the namespace where the enclosing class or class template is dekaetpld:

namespace N {
template<class T> class List {

public:
T* get();
...
b
}
template<class K, class V> class Map {
N::List<V> It;

V get(K);
I
2

void g(Map<char*,int>& m)

inti = m.get("Nicholas");
...
}

a call of lt.get() from Map<char*,int>::get() would placeLlist<int>::get() in the
namespacsl rather than in the global namespace. |

[Note:14.6.4.1 defines the point of instantiation of a template specialization. ] O

There is an implementation-defined quantity that specifies the limit on the total depth of recursive instantia-
tions, which could involve more than one template. The result of an infinite recursion in instantiation is
undefined. Example:

template<class T> class X {
X<T>*p; /] ok
X<T*> a; // implicit generation of X<T> requires
/I the implicit instantiation of X<T*> which requires
/I the implicit instantiation of X<T**> which ...

h
—end example
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14.7.2 Explicit instantiation [temp.explicit]

A class, a function or member template specialization can be explicitly instantiated from its templaté]l The
member function, member class or static data member of a class template can be explicitly instantiated
from the member definition associated with its class template.

The syntax for explicit instantiation is:

explicit-instantiation
template  declaration O

If the explicit instantiation is for a class, a function or a member template specializationgtiadified-id [0

in the declaration shall be either aemplate-idor, where all template arguments can be deduced, a
template-name [Note: the declaration may declaregaalified-id in which case thenqualified-idof the
qualified-id must be aemplate-id ] If the explicit instantiation is for a member function, a member class

or a static data member of a class template specialization, the name of the class template specialization in
thequalified-idfor the membedeclaratorshall be aemplate-id [Example:

template<class T> class Array { void mf(); }; O
template class Array<char>;
template void Array<int>:mf(); t

template<class T> void sort(Array<T>& v) { /* ... */ }
template void sort(Array<char>&); // argument is deduced here

namespace N {
template<class T> void f(T&) { }
}

template void N::f<int>(int&);
—end example

A declaration of a function template shall be in scope at the point of the explicit instantiation of the fuhiction
template. A definition of the class or class template containing a member function template shalllbe in
scope at the point of the explicit instantiation of the member function template. A definition of a clas§ltem-
plate or class member template shall be in scope at the point of the explicit instantiation of the clags tem-
plate or class member template. A definition of a class template shall be in scope at the point of an Explicit
instantiation of a member function or a static data member of the class template. A definition of a mémber
class of a class template shall be in scope at the point of an explicit instantiation of the member class. If the
declarationof the explicit instantiation names an implicitly-declared special member funcipedial), O

the program is ill-formed.

The definition of a non-exported function template, a non-exported member function template, or &l non-
exported member function or static data member of a class template shall be present in every trafslation
unit in which it is explicitly instantiated.

An explicit instantiation of a class or function template specialization is placed in the namespace inQivhich
the template is defined. An explicit instantiation for a member of a class template is placed in the lame-
space where the enclosing class template is defined. An explicit instantiation for a member template is
placed in the namespace where the enclosing class or class template is dekaetpld:
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namespace N {
template<class T> class Y { void mf() { } }; O
}

template class Y<int>; // error: class template Y not visible
/' in the global namespace

using N::Y;
template class Y<int>; // ok: explicit instantiation in namespace N

template class N::Y<char*>; // ok: explicit instantiation in namespace N
template void N::Y<double>::mf(); // ok: explicit instantiation O
1 in namespace N ad

—end example

A trailing template-argumentan be left unspecified in an explicit instantiation of a function template $pe-
cialization or of a member function template specialization provided it can be deduced from the type of a
function argument (14.8.2) Ekample:

template<class T> class Array { /* ... */ };
template<class T> void sort(Array<T>& v);

/l instantiate sort(Array<int>&) - template-argument deduced
template void sort<>(Array<int>&);

—end example

The explicit instantiation of a class template specialization implies the instantiation of all of its members
not previously explicitly specialized in the translation unit containing the explicit instantiation. O

The usual access checking rules do not apply to explicit instantiatiNioge: [n particular, the template
arguments and names used in the function declarator (including parameter types, return types and exception
specifications) may be private types or objects which would normally not be accessible and the template
may be a member template or member function which would not normally be accessible. ]

14.7.3 Explicit specialization [temp.expl.spec]

An explicit specialization of any of the following:

— function template

— class template

— member function of a class template

— static data member of a class template

— member class of a class template

— member class template of a class template

— member function template of a class template

can be declared by a declaration introducetebyplate<> ; that is:

explicit-specialization
template < > declaration

[Example:

template<class T> class stream;

template<> class stream<char> { /* ... */ };
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template<class T> class Array { /* ... */ };
template<class T> void sort(Array<T>& v) { /* ... */ }

template<> void sort<char*>(Array<char*>&) ;

Given these declarationsfream<char>  will be used as the definition of streams affar s; other
streams will be handled by class template specializations instantiated from the class template. Similarly,
sort<char*>  will be used as the sort function for arguments of tp@ay<char*> ; otherArray

types will be sorted by functions generated from the template. ]

An explicit specialization shall be declared in the namespace of which the template is a member,[or, for
member templates, in the namespace of which the enclosing class or enclosing class template is a lthember.
An explicit specialization of a member function, member class or static data member of a class tdmplate
shall be declared in the namespace of which the class template is a member. Such a declaration may also
be a definition. If the declaration is not a definition, the specialization may be defined later in the name-
space in which the explicit specialization was declared, or in a namespace that encloses the one in which
the explicit specialization was declared.

A declaration of a function template or class template being explicitly specialized shall be in scopelat the
point of declaration of an explicit specializatiomNofe: a declaration, but not a definition of the template is
required. ] The definition of a class or class template shall be in scope at the point of declaratiofilof an
explicit specialization for a member template of the class or class temdasmgle:

template<> class X<int> { /* ... */ }; /] error: X not a template
template<class T> class X;

template<> class X<char*> { /* ... */ }; // fine: X is a template
—end example

A member function, a member class or a static data member of a class template may be explicitly §pecial-
ized for a class specialization that is implicitly instantiated; in this case, the definition of the class template

shall be in scope at the point of declaration of the explicit specialization for the member of the clads tem-

plate. If such an explicit specialization for the member of a class template names an implicitly-dedlared

special member function¢pecial), the program is ill-formed. a

A member of an explicitly specialized class is not implicitly instantiated from the member declaratign of
the class template; instead, the member of the class template specialization shall itself be explicitly de&fined.
In this case, the definition of the class template explicit specialization shall be in scope at the point of Hecla-
ration of the explicit specialization of the member. The definition of an explicitly specialized class is inre-
lated to the definition of a generated specialization. That is, its members need not have the same_hames,
types, etc. as the members of the a generated specialization. Definitions of members of an explicifly spe-
cialized class are defined in the same manner as members of normal classes, and not using the explicit spe-
cialization syntax. EExample:

template<class T> struct A { ad
void f(T) { /* ... */ } ad
h O
template<> struct A<int> { ad
void f(int); g
3 O
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void h() ad

{ 0

A<int> a; O

a.f(16); /I A<int>::f must be defined somewhere a

} O

Il explicit specialization syntax not used for a member of ad

/I explicitly specialized class template specialization ad

void A<int>:f() {/* ... */} a

—end example O

If a template, a member template or the member of a class template is explicitly specialized then tiat spe-
cialization shall be declared before the first use of that specialization that would cause an implicit instantia-
tion to take place, in every translation unit in which such a use occurs. If the program does not pravide a
definition for an explicit specialization, the program is ill-formed, no diagnostic required; an implicit
instantiation is never generated for an explicit specialization that is declared but not dé&fieadpl§: O

template<class T> class Array { /* ... */ };
template<class T> void sort(Array<T>& v) { /* ... */ }

void f(Array<String>& v)
{

sort(v); // use primary template
/I sort(Array<T>&), T is String

}

template<> void sort<String>(Array<String>& v); // error: specialization
/I after use of primary template
template<> void sort<>(Array<char*>& v); // fine sort<char*> not yet used

—end examplg[Note: if the implicit instantiation of an exported template refers to an explicit specializa-
tion, a declaration for this explicit specialization shall appear in the translation unit where the exported tem-
plate is defined, before the definition of the exported template. a

/I translation unit #1
template<class T> struct A { };
export template<class T> void f(T) { A<T> a; }

Oo0Ood

/I translation unit #2
template<class T> struct A { };

/I not visible during instantiation of f(int)

/l'ill-formed program: f<int>(int) used the implicit instantiation of
/I A<int> and an explicit specialization exists

template<> struct A<int>{};

template<class T> void f(T);
void g() { f(1); }

oo ogoogo oo

]

A template explicit specialization is in the scope of the namespace in which the template was defined.
[Example:
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namespace N {
template<class T> class X {/* ... */ };
template<class T>class Y {/* ... */ };

template<> class X<int> { /* ... */ }; /] ok: specialization

I in same namespace
template<> class Y<double>; / forward declare intent to
I specialize for double
}
template<> class N::Y<double> { /* ... */ }; /] ok: specialization

1 in same namespace

—end example

A template-idthat names a class template explicit specialization that has been declared but not defined can
be used exactly like the names of other incompletely-defined clagsesic(types). [Example:

template<class T> class X; // X is a class template

template<> class X<int>;

X<int>* p; // ok: pointer to declared class X<int>
X<int> x; // error: object of incomplete class X<int>

—end example

A trailing template-argumentan be left unspecified in thtemplate-idnaming an explicit function tem-0
plate specialization provided it can be deduced from the function argumentExaenle:

template<class T> class Array { /* ... */ };
template<class T> void sort(Array<T>& v);

/I explicit specialization for sort(Array<int>&)
/l with deduces template-argument of type int
template<> void sort(Array<int>&);

—end example

It is possible for a specialization with a given function signature to be instantiated from more than one func-
tion template. In such cases, explicit specification of the template arguments must be used to uniquely
identify the function template specialization being specializEdarnple:

template <class T> void f(T);
template <class T> void f(T*);

template <> void f(int*); /I Ambiguous

template <> void f<int>(int*);  // OK

template <> void f(int); /I OK
—end example

A function with the same name as a template and a type that exactly matches that of a template specializa-
tion is not an explicit specialization (14.5.5).

An explicit specialization of a function template is inline only if it is explicitly declared to be, and indepen-
dently of whether its function template i€xpmple:

template<class T> void f(T) { /* ... */ }
template<class T> inline T g(T) {/* ... */ }

template<> inline void f<>(int) { /* ... */ } // ok: inline
template<> int g<>(int) { /* ... */ } // ok: not inline

—end example
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An explicit specialization of a static data member of a template is a definition if the declaration includés an

initializer; otherwise, it is a declarationN¢te: there is no syntax for the definition of a static data member
of a template that requires default initialization.

template<> X Q<int>::x;

This is a declaration regardless of whether X can be default initialidetiit ). ]

A member or a member template of a class template may be explicitly specialized for a given implicit

instantiation of the class template, even if the member or member template is defined in the class teEmplate
definition. An explicit specialization of a member or member template is specified using the template spe-
cialization syntax. EExample: a

template<class T> struct A {
void f(T);
template<class X> void g(T,X);
void h(T) {}

2

/I specialization
template<> void A<int>::f(int);

/I out of class member template definition
template<class T> template<class X> void A<T>::g(T,X) { }

/I member template partial specialization
template<> template<class X> void A<int>::g(int,X);

/I member template specialization
template<> template<>

void A<int>::g(int,char); /I X deduced as char
template<> template<>

void A<int>::g<char>(int,char); // X specified as char

/I member specialization even if defined in class definition
template<> void A<int>:h(int) { }

—end example

A member or a member template may be nested within many enclosing class templates. If the dedlaration
of an explicit specialization for such a member appears in namespace scope, the member declaration shall
be preceded bytemplate<> for each enclosing class template that is explicitly specialiZéxaniple:

template<class T1> class A { g
template<class T2> class B { t

void mf(); O

2 O

I3 O
template<> template<> A<int>::B<double> { }; ad
template<> template<> void A<char>::B<char>::mf() { }; g

—end example O

In an explicit specialization declaration for a member of a class template or a member template that Bppears
in namespace scope, the member template or some of the enclosing class templates may remain unspecial-
ized; in such cases, the keywamplate followed by atemplate-parameter-lisshall be provided O
instead of theemplate<> preceding the explicit specialization declaration of the member. The typds of

the template-parameteris thetemplate-parameter-listhall be the same as those specified in the primary
template definition. EExample:
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template<class T1> class A { t

template<class T2> class B { O

void mf(); 0

I3 O

I3 O

template<> template<class X> A<int>::B<X> { }; g

template<class Y> template<> void A<Y>::B<double>::mf() { }; O

—end example O
A specialization of a member function template or member class template of a non-specialized cla8s tem-

plate is itself a template. O

An explicit specialization declaration shall not be a friend declaration. ad

Default function arguments shall not be specified in a declaration or a definition for one of the follawing

explicit specializations: O

— the explicit specialization of a function template; O

— the explicit specialization of a member function template; O

— the explicit specialization of a member function of a class template where the class template spedializa-
tion to which the member function specialization belongs is implicitly instantiabéate:[default func- O
tion arguments may be specified in the declaration or definition of a member function of a clas§ltem-
plate specialization that is explicitly specialized. ]

14.8 Function template specializations [temp.fct.spec]

A function instantiated from a function template is called a function template specialization; so is an

explicit specialization of a function template. Template arguments can either be explicitly specifiediivhen

naming the function template specialization or be deduced (14.8.2) from the function arguments in atall to
the function template specialization.

Each function template instantiated from a template has its own copy of any static vaEahtaplg:

template<class T> void f(T* p) g

{

static T s;
...

h

void g(int a, char* b)
{
f(&a); [/ call f<int>(int*)
f(&b); /I call f<char*>(char**)
}

Heref<int>(int*) has a static variabk of typeint andf<char*>(char**) has a static variable
s of typechar* . ]

14.8.1 Explicit template argument specification [temp.arg.explicit]

Template arguments can be specified when referring to a function template specialization by qualifying the
function template specialization name by the listenfiplate-argumentexactly asemplate-argumestare
specified in uses of a class template specializatigrarhple:

template<class T> void sort(Array<T>& v);

void f(Array<dcomplex>& cv, Array<int>& ci)

{
sort<dcomplex>(cv); // sort(Array<dcomplex>&)
sort<int>(ci); /I sort(Array<int>&)
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Explicit template argument specification

and
template<class U, class V> U convert(V v);

void g(double d)
{

int i = convert<int,double>(d); // int convert(double)
char ¢ = convert<char,double>(d); // char convert(double)

}

—end example
Trailing arguments that can be deduced (14.8.2) may be omitted from the list of egolipiate-

argumens. [Example:
template<class X, class Y> X f(Y);

void g()
{
inti = f<int>(5.6); // Y is deduced to be double
intj = f(5.6); [ ill-formed: X cannot be deduced
}
—end example

Implicit conversions (conv ) will be performed on a function argument to bring it to the type of the corre-
sponding function parameter if the parameter type is fixed by an explicit specificatiotenfphate-
argument [Example:

template<class T> void f(T);

class Complex {
...
Complex(double);

void g()
f<Complex>(1); // ok, means f<Complex>(Complex(1))
}

—end example

[Note: because the explicit template argument list follows the function template name, and because conver-
sion member function templates and constructor member function templates are called without using a
function name, there is no way to provide an explicit template argument list for these function templates. ]
14.8.2 Template argument deduction [temp.deduct]
Template arguments that can be deduced from the function arguments of a call need not be explicitly speci-

fied. [Example:
void f(Array<dcomplex>& cv, Array<int>& ci)

{

sort(cv); /I call sort(Array<dcomplex>&)
sort(ci);  // call sort(Array<int>&)

and
void g(double d)

/I call convert<int,double>(double)

int i = convert<int>(d);
/I call convert<char,double>(double)

int ¢ = convert<char>(d);

}
—end examplg Note:if a template-parametds only used to represent a function template return type, its
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correspondingemplate-argumentannot be deduced and tteenplate-argumentust be explicitly speci-
fied. ]

Type deduction is done for each function template argument that is not explicitly specified. The type of the
parameter of the function template (calPjtis compared to the type of the corresponding argument of the

call (call itA), and an attempt is made to find a type for the template type argument, a template for the tem-
plate template argument or a value for the template non-type argument, that wilP rafi&e substitution

of the deduced type or value (call that the dedégembmpatible with the call argument. Type deduction is

done independently for each parameter/argument pair, and the deduced template argument types, templates
and values are then combined. If type deduction cannot be done for any parameter/argument pair, or if for
any parameter/argument pair the deduction leads to more than one possible set of deduced types, templates
or values, or if different parameter/argument pairs yield different deduced types, templates or values for a
given template argument, or if any template argument remains neither deduced nor explicitly specified,
template argument deduction fails.

If Pis not a reference type:

— if A is an array type, the pointer type produced by the array-to-pointer standard conversion
(_conv.array) is used in place @ for type deduction; otherwise,

— if Ais a function type, the pointer type produced by the function-to-pointer standard conversion
(_conv.func) is used in place @k for type deduction; otherwise,

— if Ais a cv-qualified type, the top level cv-qualifiersfis type are ignored for type deduction.

If Pis a cv-qualified type, the top level cv-qualifiersRi$ type are ignored for type deduction. Rfis a
reference type, the type referred tofbig used in place d® for type deduction.

In general, the deduction process attempts to find template argument values that will make theAdeduced
identical toA (after the typeA is transformed as described above). However, there are three cases that
allow a difference:

— If the original P is a reference type, the deduckdi.e., the type referred to by the reference) can be
more cv-qualified thai.

— If Pis a pointer or pointer to member tygecan be another pointer or pointer to member type that can
be converted to the deducAdia a qualification conversion ¢onv.qual).

— If Pis a class, ané has the fornclass-template-nam@rguments, A can be a derived class of the
deducedA. Likewise, ifP is a pointer to a class of the fonfass-template-nam@rguments, A can be
a pointer to a derived class pointed to by the dedaced

These alternatives are considered only if type deduction cannot be done otherwise. If they yield more than
one possible deducel the type deduction fails. When deducing arguments in the context of taking the
address of an overloaded functiolwyer.over), these inexact deductions are not considered.

[Example:here is an example in which different parameter/argument pairs produce inconsistent template
argument deductions:

template<class T> void f(T x, Ty) {/*... */ }
struct A{/*...*};

structB: A{/*...*};

intg(A a, B b)

{

f(a,b); // error: T could be A or B
f(b,a); // error: T could be A or B
f(a,a); //ok: Tis A
f(b,b); //ok: TisB
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Here is an example where two template arguments are deduced from a single function parameter/argument
pair. This can lead to conflicts that cause type deduction to fail:

template <class T, class U> void f( T (*)(T,U,U) );
int g1( int, float, float);

char g2(int, float, float);
int g3( int, char, float);

void r()

{
f(gl); /l ok: Tis intand U is float
f(g2); Il error: T could be char or int
f(g3); I error: U could be char or float

}

Here is an example where a qualification conversion applies between the argument type on the function call
and the deduced template argument type:

template<class T> void f(const T*) {}
int *p;
void s()

f(p); // f(constint *)
}

Here is an example where the template argument is used to instantiate a derived class type of the corre-
sponding function parameter type:

template <class T> struct B { };

template <class T> struct D : public B<T> {};
struct D2 : public B<int> {};

template <class T> void f(B<T>&){}

void t()
{
D<int> d;
D2 dz;
f(d); /I calls f(B<int>&)
f(d2); // calls f(B<int>&)
}
—end example

A template type argumefit, a template template argumént or a template non-type argumentan be
deduced ifP andA have one of the following forms:
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T
cv-list T

T*

T&

T[ integer-constarjt
class-template-namd >
type(*)(T)

T(90

T)(T)

type T::*

T type:*

T ( type)()

type (T:%)()

type (type:*)(T)

typdi]
class-template-namé>
TT<T>

TT<i>

TT<>

where(T) represents argument lists where at least one argument type confgirs@() represents
argument lists where no parameter contaifis &imilarly, <T> represents template argument lists where
at least one argument containg a<i> represents template argument lists where at least one argument
contains am and<> represents template argument lists where no argument confaorsaai .

In a type which containsraested-name-specifisiemplate argument values cannot be deduced for template
parameters used within thested-name-specifiefExample:

template<int i, typename T>

T deduce(typename A<T>::X X, /l T is not deduced here t
T t, /I but T is deduced here ad
typename B<i>:Y y); I/l iis not deduced here O
A<int> a;
B<77> b;

int X = deduce<77>(a.xm, 62, y.ym);

/I T is deduced to be int, a.xm must be convertible to

/I A<int>::X

Il'iis explicitly specified to be 77, y.ym must be convertible
/l to B<77>:Y

—end examplewWhen a template parameter is used in this context, an argument value that has been explic-
itly specified, or deduced from other arguments is used. If the value cannot be deduced elsewhere, and is
not explicitly specified, the program is ill-formed. Conversionsofv ) will be performed on a function
argument that corresponds with a function parameter that contains only non-deducible template parameters
and explicitly specified template parameters (14.8.1). These forms can be used in the samE iwégrad’]
further composition of types Ekample:

X<int> (*)(char[6])
is of the form

class-template-namd> (*)(  typdi])
which is a variant of

type (*)(T)
where type iX<int> andTischar[6] . ]

Template arguments cannot be deduced from function arguments involving constructs other than the ones
specified above.
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A template type argument cannot be deduced from the type of a nomyplate-argument[Example:

12
template<class T, T i> void f(double a[10][i]);
int v[10][20];
f(v); /I error: argument for template-parameter T cannot be deduced
—end example
13 [Note: except for reference and pointer types, a major array bound is not part of a function parameter type
and cannot be deduced from an argument:
template<int i> void f1(int a[10][i]);
template<int i> void f2(int a[i][20]);
template<int i> void f3(int (&a)[i][20]);
void g()
{
int v[10][20];
f1(v); Il ok: i deduced to be 20
f1<20>(v); // ok
f2(v); [l error: cannot deduce template-argument i
f2<10>(v); // ok
f3(v); I/l ok: i deduced to be 10
}
—end not¢
14 If, in the declaration of a function template with a non-tygmplate-parameterthe non-typeemplate-
parameteris used in an expression in the function parameter-list, the correspdediptate-argument
shall always be explicitly specified because type deduction would otherwise always fail for such a
template-argument[Example:
template<int i> class A { /* ... */ };
template<short s> void g(A<s+1>);
void k() {
A<1> a;
g(a); I/ error: deduction fails for expression s+1
g<0>(a); /I ok
—end example
15 If, in the declaration of a function template with a non-tygmplate-parameteithe non-typetemplate-
parameteris used in an expression in the function parameter-list and, if the correspdedipiate-

argumentis deduced, theemplate-argumertlype shall match the type of themplate-parameteexactly,
except that semplate-argumerdeduced from an array bound may be of any integral ample:

template<int i> class A {/* ... */ };
template<short s> void f(A<s>);
void k1() {

A<1> a;
f(a); /I error: deduction fails for conversion from int to short

f<1>(a); Il ok
}

°) Although thetemplate-argumentorresponding to g&emplate-parameteof typebool may be deduced from an array bound, the
resulting value will always beue because the array bound will be non-zero.
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template<const short cs> class B { };
template<short s> void h(B<s>);
void k2() {

B<1> b;
a(b); /I ok: cv-qualifiers are ignored on template parameter types

—end example
A template-argumentan be deduced from a pointer to function or pointer to member function argument if

16
the set of overloaded functions does not contain function templates and at most one of a set of overloaded
functions provides a unique matchexpmple:
template<class T> void f(void(*)(T,int));
template<class T> void foo(T,int);
void g(int,int);
void g(char,int);
void h(int,int,int);
void h(char,int);
int m()
f(&Q9); /I error: ambiguous
f(&h); /I ok: void h(char,int) is a unique match
f(&foo); // error: type deduction fails because foo is a template
}
—end example
17 If function template-argumentare explicitly specified in a call, they shall be specified in declaration order
of their correspondingemplate-parametsr Trailing arguments can be left out of a list of explicit
template-arguments[Example:
template<class X, class Y, class Z> X f(Y,2);
void g()
f<int,char*,double>("aa",3.0);
f<int,char*>("aa",3.0); // Z is deduced to be double
f<int>("aa",3.0); /1'Y is deduced to be char*, and
/I Z is deduced to be double
f("aa",3.0); I error: X cannot be deduced
}
—end example
18 A templatetype-parametecannot be deduced from the type of a function default argumExanple:
template <class T> void f(T =5, T =7);
void g()
{
f(1); /I ok: call f<int>(1,7)
fQ); /l error: cannot deduce T
f<int>(); // ok: call f<int>(5,7)
}
—end example
19 The template-argumentorresponding to a templatemplate-parameteis deduced from the type of the

template-argumentf a class template specialization used in the argument list of a functionEcample:
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template <template X<class T> > struct A{};
template <template X<class T> > void f(A<X>) { }
template<class T> struct B { };

A<B> ab;

f(ab); // calls f(A<B>)

—end example

If trailing template-argumestare left unspecified in a function template explicit instantiation or explicit
specialization (14.7.2, 14.7.3), the template arguments can be deduced from the function parameters accord-
ing to the rules specified in this subclausblote: a defaulttemplate-argumentannot be specified in a
function template declaration or definition; therefore deftartiplate-argumestcannot be used to influ-

ence template argument deduction. ] a

%ox 8 g 0
[tore issue 842: Template argument deduction rules for template conversion functions are missing. 11

14.8.3 Overload resolution [temp.over]

A function template can be overloaded either by (non-template) functions of its name or by (other) function
templates of the same name. When a call to that name is written (explicitly, or implicitly using the operator
notation), template argument deduction (14.8.2) is performed for each function template to find the tem-
plate argument values (if any) that can be used with that function template to instantiate a function template
specialization that can be invoked with the call arguments. For each function template, if the argument
deduction succeeds, the dedutemiplate-argumentare used to instantiate a single function template spe-
cialization which is added to the candidate functions set to be used in overload resolution. If, for a given
function template, argument deduction fails, no such function is added to the set of candidate functions for
that template. The complete set of candidate functions includes all the function templates instantiated in
this way and all of the non-template overloaded functions of the same name. The function template special-
izatioré)s are treated like any other functions in the remainder of overload resolution, except as explicitly
noted.

[Example:

template<class T> T max(T a, T b) { return a>b?a:b; } O

void f(int a, int b, char c, char d)

{
int m1 = max(a,b); // max(int a, int b)
char m2 = max(c,d); // max(char a, char b)
int m3 = max(a,c); // error: cannot generate max(int,char)
}
Adding the non-template function a

int max(int,int);

to the example above would resolve the third call, by providing a function that could be called for
max(a,c) after using the standard conversiorcoér toint forc.

) The parameters of function template specializations contain no template parameter types. The set of conversions allowed on
deduced arguments is limited, because the argument deduction process produces function templates with parameters that either match
the call arguments exactly or differ only in ways that can be bridged by the allowed limited conversions. Non-deduced arguments
allow the full range of conversions. Note also thater.match.bestimplies that a non-template function will be given preference

over a template instantiation with the same parameter types.
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Here is an example involving conversions on a function argument involvethjplate-argumenteduc-

tion:
template<class T> struct B { /* ... */ };
template<class T> struct D : public B<T>{/* ... */ };

template<class T> void f(B<T>&);
void g(B<int>& bi, D<int>& di)
f(bi); /I f(bi)
f(di); // f( (B<int>&)di)

}
Here is an example involving conversions on a function argument not involviethplate-parameter

deduction:

template<class T> void f(T*,int);
template<class T> void f(T,char);

11 #1
I #2

void h(int* pi, int i, char c)
{

f(pi,i); /1 #1: f<int>(pi,i)
f(pi,c); /I #2: f<int*>(pi,c)

f(i,c); M #2: f<int>(i,c);
f(i,i); /I #2: f<int>(i,char(i))

—end example
Only the signature of a function template specialization is needed to enter the specialization in a set of can-

didate functions. Therefore only the function template declaration is needed to resolve a call for which a

template specialization is a candidatExdmple:

template<class T> void f(T); // declaration

void g()
{
f("Annemarie"); // call of f<const char*>

}

The call off is well-formed even if the templafeis only declared and not defined at the point of the call.
The program will be ill-formed unless a specializationffmonst char*> , either implicitly or explic-

itly generated, is present in some translation unit. ]



