X3J16/97-0087

W G21/N1125

T emplate Issues and Prop osed Resolutions

Revision 21

John H. Spicer

Edison Design Group, Inc.

jhs@edg.com

Septem b er 30, 1997

Revision History

V ersion 16 (96-0158/N0976) – July 17, 1996: Distributed in the p ost-Sto c kholm mailing. Re-

flects decisions made in Sto c kholm.

V ersion 17 (97-0011/N1049) – Jan uary 28, 1997: Distributed in the pre-Nash ua mailing. Re-

flects decisions made in Kona and con tains new issues.

V ersion 18 (97-0015/N1053) – Marc h 7, 1997: Distributed at the Nash ua meeting and in the

p ost-Nash ua mailing. Con tains additional new issues.

V ersion 19 (97-0045/N1083) – June 3, 1997: Distributed in the pre-London mailing. Reflects

ten tativ e decisions made in Nash ua and at the template meeting in Ma y plus additional new

issues.

V ersion 20 (97-0077/N1115) – Septem b er 29, 1997: Distributed in the pre-Morristo wn mailing.

Reflects decisions made at the London meeting.

V ersion 21 (97-0087/N1125) – Septem b er 30, 1997: Distributed in the pre-Morristo wn mailing.

Con tains the remaining op en issues and new issues.

Summary of Issues

Other Issues

6.60 What are the seman tics of a friend instance declaration?

6.61 T yp es vs. non t yp es in template argumen t lists

6.62 Lo okup of f<...> in friend declaration.

6.63 Lo okup of p->f<... .

6.64 Clarification of explicit template argumen t list ev aluation.

6.65 Clarification of function parameter t yp e adjustmen ts when using explicit function

template argumen ts.

Mem b er T emplate Issues

8.10 What kind of en tit y can app ear in a template friend declaration?

Other Issues

6.60 Question: What are the seman tics of a friend instance declaration?

Status: Op en

Answ er:

A friend instance declaration is a friend declaration that refers to an instance (either

generated or explicitly sp ecialized) of a template.

When a friend declaration refers to an en tit y using an unqualified name, an explicit tem-

plate argumen t list m ust b e supplied to indicate that the declaration refers to the template

and should not b e considered to declare a new function.

template <class T> void f(T);

template <class T> struct A {

friend void f<>(T); // refers to template

friend void f(T*); // declares a new function

};

When the friend declaration refers to an en tit y using a qualified name, an explicit template

argumen t list is only required if the o v erload set that is named con tains b oth a template

and non template function that matc h the sp ecified t yp e (b ecause a declaration that uses

a qualified name alw a ys refers to a previously declared en tit y). F or example,

template <class T> struct A {

template <class T2> void f(T2);

void f(int);

template <class T2> void g(T2);

};

class B {

friend void A<int>::f(int); // nontemplate

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

friend void A<int>::g(int); // template

};

These rules are consisten t with the rules for calling a function, in whic h o v erload resolution

is used to select the b est matc hing function, but an explicit template argumen t list, suc h

as <> , can b e used to exclude non templates from the set of functions that are considered.

A function cannot b e defined in a friend instance declaration. An explicit sp ecialization

m ust b e used for this purp ose.

Default argumen ts ma y not b e sp ecified in a friend instance declaration. An instance do es

not participate in o v erload resolution, so suc h default argumen ts w ould b e useless (whic h

is wh y they are already prohibited in explicit sp ecialization declarations).

The inline sp ecifier ma y not b e used in a friend instance declaration. Whether or not

an instance is inline is determined b y the template declaration, and an y sp ecialization

declaration that ma y apply . It should not b e p ossible to alter this in a friend declaration.

V ersion added: 19

6.61 Question: T yp es vs. non t yp es in template argumen t lists

Status: Op en

14.3 [temp.arg] paragraph 2 indicates that an am biguit y b et w een a t yp e-id and an ex-

pression is resolv ed to a t yp e-id, but it do es not mak e clear when suc h an am biguit y is

considered to exist. F or example, if y ou ha v e a class template declaration that is kno wn

to tak e an in teger argumen t, should int() b e parsed as an expression?

template <class T> struct A {};

template <int I> struct B {};

template <class T> void f(T);

template <int I> void f(T);

A<int()> a;

B<int()> b;

template void f<int()>(int());

On the other hand, am biguities can exist for b oth class and function template references,

as illustrated b y this example in whic h the class template is itself dep enden t on a template

parameter.

template <class T> void f(T)

{

typename T::template X<int()> x;

}

Answ er: The normal disam biguation pro cess is alw a ys used to determine whether a giv en

template argumen t is a t yp e or non t yp e, ev en when the argumen t is used in a con text in

whic h the corresp onding template parameter is kno wn to b e a t yp e or non t yp e.

V ersion added: 19

V ersion up dated: 19

6.62 Lo okup of f<...> in friend declaration.

Status: Op en

Ho w is a name follo w ed b y an explicit template argumen t list lo ok ed up in a friend function

declaration? F or example:

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

struct A {

friend void f<int>(int);

};

The basic question is whether this is considered a reference to a previously declared f , or

a declaration of a new f . The prop osed answ er is that this is a reference to a previously

declared f and as suc h, that it is lo ok ed up using the normal lo okup rules for unqualified

name lo okup sp ecified in 3.4.1.

The seman tics of a reference lik e this differ from the handling of unqualified friend decla-

rations without an explicit argumen t list. A declaration suc h as “ friend void f(int) ” declares a mem b er of the nearest enclosing namespace, and nev er refers to the a mem b er of

the curren t class or a function outside of the nearest enclosing namespace. Suc h differences

are unfortunate, but I think that the differences are sensible and necessary .

These differences are necessary as a result of the fact that when y ou see a name follo w ed

b y a “ < ” y ou need to lo ok up the name to determine whether the < is a less than sign or

the start of a template argumen t list.

This means that, for name lo okup purp oses, the example ab o v e is a reference to the name

f while the example b elo w is a declaration of f In other w ords, the example ab o v e is

ill-formed if the template f w as not previously declared, while the example b elo w is v alid

whether or not the global scop e includes a function or template named f .

struct A {

void f(int);

friend void f(int); // declares ::f

};

Similarly , a name declared in a friend declaration is a mem b er of the nearest enclosing

namespace and the searc h for a previous declaration extends only as far as that names-

pace. In the follo wing example, there is no reason for the “ friend void f<int>(int) ”

declaration not to find the template declared in namespace N . The “ friend void g(int) ”

declaration, on the other hand, declares O::g b ecause the searc h for a previous declaration

do es not extend to namespace N .

namespace N {

template <class T> void f(T);

void g(int);

namespace O {

struct A {

friend void f<int>(int); // N::f

friend void g(int); // declares O::g

};

}

}

The one unfortunate consequence of this rule is that sp ecial care needs to b e tak en when

a friend declaration with an explicit template argumen t list refers to a name that is also

a mem b er of the curren t class. In suc h cases, a qualified name m ust b e used in order to

refer to the template from the outer scop e.

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

struct A {

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

friend void ::f<int>(int);

};

Answ er: An unqualified declarator with an explicit template argumen t list in a friend

declaration is lo ok ed up using the normal lo okup rules for an unqualified name.

V ersion added: 21

6.63 Lo okup of p->f<... .

Status: Op en

Ho w is f lo ok ed up in an expression lik e p->f<... .

In the follo wing example, it is clear that the f should refer to the template A::f .

struct A {

template <class T> void f(T);

void g(A* p) {

p->f<int>(1);

}

};

Similarly , I b eliev e the follo wing usage is curren tly p ermitted b y the w orking pap er. The

w orking pap er sp ecifies sp ecial rules for p->class-name-or-namespace-name::... , and

a template-id is a class-name , so presumably this should w ork.

template <class T> struct f {

struct B {

int i;

};

};

struct A : public f<int>::B {

void g(A* p) {

p->f<int>::B::i = 1;

}

};

In b oth of these examples the compiler sees p->f< , at whic h p oin t it has to decide what to

do with f . It is not reasonable, in m y opinion, to attempt to scan forw ard and determine

whether a >:: exists that matc hes the f< .

The question that this is leading up to, of course, is ho w to handle examples lik e the

follo wing:

template <class T> struct f {

struct B {

int i;

};

};

struct A : public f<int>::B {

template <class T> void f(T);

void g(A* p) {

// Which of the following is permitted?

p->f<int>(1);

p->f<int>::B::i = 1;

}

};

Answ er:

The prop osed resolution is: If the id-expression is of the form p->identifier<... , the

iden tifier is first lo ok ed up in the class of the ob ject expression. If the iden tifier is not

found, it is then lo ok ed up in the con text of the en tire p ostfix-expression. The program is

ill-formed if the name, when lo ok ed up in the con text of the en tire p ostfix expression, do es

not name a class or function template. If the lo okup in the class of the ob ject expression

finds a template, the name is also lo ok ed up in the con text of the en tire p ostfix-expression.

If the name is found in the con text of the en tire p ostfix-expression, and the name found

is a template, it m ust refer to the same en tit y as the one found in the class of the ob ject

expression, otherwise the program is ill-formed.

This differs from the rule for lo oking up A in p->A::B , but a differen t rule is needed for

this case to a v oid breaking co de. F or example, the addition of the global template f w ould

render the co de ill-formed if the lo okup used rules similar to the ones used for p->A::B .

template <int I> void f();

struct A {

int f;

void g(A* p) {

bool b = p->f < 1;

}

};

V ersion added: 21

V ersion up dated: 21

6.64 Clarification of explicit template argumen t list ev aluation.

Status: Op en

The sub clause that describ es the explicit sp ecification of function template argumen ts

(14.8.1 [temp.arg.explicit]) do es not fully describ e the steps in whic h a particular function

template sp ecialization is selected when a set of o v erloaded function templates is in v olv ed.

F or example, the WP do es not sp ecify the status of the follo wing co de. The significan t

issue in this example is that int is not a v alid template argumen t for template #2 b ecause

“ int int::* is not a v alid t yp e.

template <class T> int f(T*); // #1

template <class T> int f(int T::*); // #2

struct A { int i; };

int i1 = f<int>(0);

There are at least t w o p ossible in terpretations of this example:

1. The co de is w ell formed, and template #1 is called b ecause template #2 w ould not

b e v alid.

2. The co de is ill-formed b ecause template #2 w ould not b e v alid.

What if the t yp e of one of the template argumen ts do es not matc h the parameter t yp e?

template <class T, T> int f(int);

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

int i1 = f<int,0>(0); // ambiguous

int i2 = f<int,1>(0); // 1 can’t be converted to int*

What if a non t yp e argumen t has a t yp e that can b e con v erted to the t yp e of the corre-

sp onding parameter, but the v alue is out of range?

template <int> int f(int);

template <char> int f(int);

int i1 = f<1>(0); // ambiguous

int i2 = f<1000>(0); // is this ambiguous?

Answ er:

The prop osed answ er is that the attempt to create an in v alid t yp e while ev aluating the

template argumen ts or the function t yp e result in a giv en function template from b eing

eliminated from the set of templates that are considered for a giv en reference, but v alue-

based errors do not do so.

Sp ecifically , the follo wing conditions disqualify a function template from b eing used:

1. A ttempting to create an arra y with an elemen t t yp e that is void , a function t yp e, or

a reference t yp e, for example:

template <class T> int f(T[5]);

int i = f<int>(0);

int j = f<void>(0);

2. A ttempting to use a t yp e that is not a class t yp e in a qualified name.

template <class T> int f(typename T::B*);

int i = f<int>(0);

3. A ttempting to use a t yp e in the qualifier p ortion of a qualified name that names a

t yp e when the t yp e do es not con tain the sp ecified t yp e mem b er.

template <class T> int f(typename T::B*);

struct A { };

struct C { int B; };

int i = f<A>(0);

int j = f<C>(0);

4. A ttempting to create a p oin ter to a reference t yp e.

5. A ttempting to create a reference to a reference t yp e or to v oid.

6. A ttempting to create a p oin ter to mem b er with a t yp e that is not a class t yp e.

template <class T> int f(int T::*); // #2

int i = f<int>(0);

7. A ttempting to p erform an in v alid con v ersion in either a template argumen t expression,

or an expression used in the function declaration.

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

int i2 = f<int,1>(0); // 1 can’t be converted to int*
template <class T> int f(int[(T)1]);

int i = f<int*>(0); // 1 cannot be converted to int*

Note that these conditions only disqualify a function template if they o ccur in the template

parameter list or the function t yp e. If, after selecting a giv en function template, suc h an

error w ere to o ccur in an exception sp ecification, the program w ould b e ill-formed.

V ersion added: 21

V ersion up dated: 21

6.65 Clarification of function parameter t yp e adjustmen ts when using explicit function template

argumen ts.

Status: Op en

There are sev eral transformations that tak e place on the parameter t yp es of functions. T op

lev el qualifiers are remo v ed, function t yp es deca y to p oin ters to functions, and arra y t yp es

deca y to p oin ters.

When an explicitly sp ecified template argumen t is used as a function parameter t yp e,

the parameter t yp e undergo es the normal parameter transformations. Note that it is the

function parameter t yp e that is transformed, not the template argumen t itself.

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

template <class X> void g(const X x) { x++; }

template <class Z> void h(Z, Z*);

int main()

{

// #1: function type is f(int), t is nonconst

f<int>(1);

// #2: function type is f(int), t is const

f<const int>(1);

// #3: function type is g(int), x is const

g<int>(1);

// #4: function type is g(int), x is const

g<const int>(1);

// #5: function type is h(int, const int*)

h<const int>(1,0);

}

V ersion added: 21

V ersion up dated: 21

Mem b er T emplate Issues

8.10 Question: What kind of en tit y can app ear in a template friend declaration?

Status: Appro v ed b y core-3 in Nash ua. Is this in the WP?

The purp ose of this issue is to clarify the rules regarding the matc hing of a template friend

declaration with a prior declaration of a template.

Answ er: A template friend declaration that refers to a mem b er function template m ust

matc h the previous declaration of the template. It is not p ossible to ha v e a “partial friend”

declaration in whic h some of the template parameters are b ound to sp ecific t yp es.

template <class T> struct A {

template <class T2> void f(T2);

};

template <class U> class B {

template <class T>

template <class T2> friend void A<T>::f(T2); // okay

template <class T>

template <class T2> friend void A<T2>::f(T); // error

template <>

template <class T2> friend void A<U>::f(T2); // error

template <>

template <class T2> friend void A<int>::f(T2); // error

};

V ersion added: 17

V ersion up dated: 17