X3J16/97-0015

W G21/N1053

T emplate Issues and Prop osed Resolutions

Revision 18

John H. Spicer

Edison Design Group, Inc.

jhs@edg.com

Marc h 7, 1996

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.

Summary of Issues

Other Issues

6.46 What are the rules used to determine whether expressions in v olving non t yp e tem-

plate parameters are equiv alen t?

6.47 When are friend functions defined in class templates ev aluated? (closed in v ersion

16)

6.48 Are template friend declarations p ermitted in lo cal classes? (closed in v ersion 16)

6.49 Where are partial sp ecializations allo w ed?

6.50 Clarification of the in teraction of friend declarations and partial sp ecializations.

6.52 Clarification of ordering rules for non t yp e argumen ts in partial sp ecializations.

6.53 Clarification of rules for partial sp ecializations of mem b er class templates.

6.54 Arra y/function deca y in template parameter/argumen t lists.

6.55 In teraction of partial ordering and default argumen ts and ellipsis parameters.

6.56 In whic h con texts should partial ordering of function templates b e p erforme?

6.57 En umeration t yp es as non t yp e parameters.

6.58 Clarification of the in teraction of partial sp ecializations and using-declarations.

Mem b er T emplate Issues

8.3 Can a mem b er function template b e used as a cop y constructor or cop y assignmen t

op erator? (closed in v ersion 17)

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

8.11 Clarification of con v ersion template instance names and using-declarations.

Other Issues

6.46 Question: What are the rules used to determine whether expressions in v olving non t yp e

template parameters are equiv alen t?

Status: Op en

A template ma y b e declared in one (or more) translation unit(s) and defined in still another.

Because suc h declarations ma y in v olv e expressions con taining non t yp e parameters, rules

are needed to determine when one suc h declaration in one translation unit is considered

to matc h another declaration in a differen t translation unit.

Non t yp e template parameters cannot b e deduced from function parameters in whic h they

are used in expressions, but they can b e used in nondeduced con texts (suc h as return

t yp es) and when explicitly sp ecified.

file1.c:

template <int I> struct A {};

template <int I, int J> A<I+J> operator +(A<I>, A<J>);

template <int I, int J, class T>

void f(A<I>, A<I*2>, A<(I + J + sizeof(T));

int main()

{

A<1> a1; A<2> a2; A<3> a3; A<7> a7;

a3 = a1 + a2;

f<1,2,int>(a1, a2, a7);

}

file2.c:

template <int I> struct A {};

template <int I, int J> A<J+I> operator +(A<I>, A<J>); // error

template <int I, int J, class T>

void f(A<I>, A<I*2>, A<(sizeof(T) + (I + J)); // error

Answ er: Expressions in v olving non t yp e template parameters are compared using an ODR-

lik e rule (can the ODR w ording b e extended to co v er this case?). That is, the tok ens that

mak e up the expression m ust b e iden tical, and the names of en tities m ust refer to the

same en tities in eac h translation unit. If t w o templates are considered to “p oten tially

equiv alen t”, but violate this rule, the results are undefined (or should it b e ill-formed with no diagnostic required?) Tw o templates of a giv en name in a giv en scop e are considered

“p oten tially equiv alen t” if they ha v e iden tical template parameter lists and if, for ev ery

giv en set of template argumen ts, they result in the generation of functions with the same

t yp e.

In other w ords, function templates that are ODR-iden tical are guaran teed to refer to the

same en tit y . F unction templates that are not “p oten tially equiv alen t” are guaran teed to

refer to differen t en tities. And function templates that are p oten tially equiv alen t render a

program undefined (ill-formed, no diagnostic required?)

// Guaranteed to be the same

template <int I> void f(A<I>, A<I+10>);

template <int I> void f(A<I>, A<I+10>);

// Guaranteed to be the different

template <int I> void f(A<I>, A<I+10>);

template <int I> void f(A<I>, A<I+11>);

// Undefined whether these two declarations refer to the same template

template <int I> void f(A<I>, A<I+10>);

template <int I> void f(A<I>, A<I+1+2+3+4>);

V ersion added: 15

V ersion up dated: 15

6.49 Question: Where are partial sp ecializations allo w ed?

Status: Op en

Answ er: A partial sp ecialization m ust b e declared in the class or namespace in whic h it is

a mem b er. Once declared, it ma y later b e defined outside of the class or namespace.

V ersion added: 17

V ersion up dated: 17

6.50 Question: Clarification of the in teraction of friend declarations and partial sp ecializations

Status: Op en

Answ er: A template friend class declaration indicates that all instances of that template

are friends of the giv en class regardless of whether those instances are generated from the

primary template, a partial sp ecialization, or a full sp ecialization (i.e., explicit sp ecializa-

tion).

class X {

template <class T> friend struct A;

class Y {};

};

template <class T> struct A { X::Y ab; }; // okay

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

Consequen tly , a friend declaration is not allo w ed to declare a partial sp ecialization:

template <class T> struct A {};

template <class T> struct A<T*> {};

class X {

template <class T> friend struct A<T*>; // not allowed

};

V ersion added: 17

V ersion up dated: 17

6.51 Clarification of non t yp e dep endency rule in partial sp ecializations

Status: Op en

14.5.4 [temp.class.sp ec] paragraph 5, bullet 2 w as editorially c hanged from

• The t yp e of a sp ecialized non t yp e argumen t shall not dep end on another t yp e param-

eter of the sp ecialization.

to

• The t yp e of a sp ecialized argumen t shall not dep end on another t yp e parameter of

the sp ecialization.

This rule w as in tended to prohibit examples suc h as:

template <class T, T t> struct A;

template <class T> struct A<T, 1>;

There are t w o problems with the c hange that w as made. The first problem is that the

“sp ecialized” vs. “nonsp ecialized” distinction only exists for non t yp e argumen ts, not for

t yp e argumen ts, so it is imp ossible to kno w what a “sp ecialized” t yp e argumen t migh t b e.

But, assuming that a “sp ecialized” t yp e argumen t is an ything other than a t yp e parameter

name, the w ording c hange prohibits a large class of partial sp ecializations that should b e

p ermitted, suc h as:

template <class T1, class T2> struct A {};

template <class T1> struct A<T1, T1*> {};

Answ er: The original w ording should b e restored.

V ersion added: 17

V ersion up dated: 17

6.52 Clarification of ordering rules for non t yp e argumen ts in partial sp ecializations.

Status: Op en

A mistak e in the original description of the partial ordering rules for non t yp e argumen ts

has resulted in an unnecessary complication of the partial ordering rules, a gratuitous

difference in the partial ordering rules for classes and functions, and a needless restriction

in the kinds of partial sp ecialization that can b e done.

The fundamen tal mec hanism used to determine ordering of partial sp ecializations is the

template argumen t deduction mec hanism. All of the other rules relating to partial sp ecial-

izations are really clarifications of the implications of the argumen t deduction pro cess. F or example, the restriction that non t yp e argumen ts cannot b e used in expressions in partial

sp ecializations is deriv ed from the fact that it is not generally p ossible to deduce v alues

from expressions.

Recall that the original example, whic h is prohibited b y the WP rules, is:

template<int I, int J, class T> class X {}; // #1

template<int I, int J> class X<I, J, int> {}; // #2

template<int I> class X<I, I, int> {}; // #3

But the same example rewritten as a set of o v erloaded function templates is p ermitted,

and calls made using this set of templates will select the appropriate template.

template <int I, int J, class T> void f(X<I, J, T>); // #1

template <int I, int J> void f(X<I, J, int>); // #2

template <int I> void f(X<I, I, int>); // #3

Answ er:

The WP should b e mo dified as suggested b y F ergus Henderson in c++std-core-7283 :

In

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

| specializations

replace

| 1 For two class template partial specializations, the first is at least

| as specialized as the second if:

|

| --the type arguments of the first template’s argument list are at

| least as specialized as those of the second template’s argument list

| using the ordering rules for function templates (_temp.func.order_),

| and

|

| --each non-type argument of the first template’s argument list is at

| least as specialized as that of the second template’s argument list.

|

| 2 A non-type argument is at least as specialized as another non-type

| argument if:

|

| --both are formal arguments, or

|

| --the first is a value and the second is a formal argument, or

|

| --both are the same value.

with

| 1 For two class template partial specializations, the first is at

| least as specialized as the second if the arguments of the first

| template’s argument list are at least as specialized as those of

| the second template’s argument list using the ordering rules for

| function templates (_temp.func.order_).

V ersion added: 17

V ersion up dated: 17

6.53 Clarification of rules for partial sp ecializations of mem b er class templates.

Status: Op en

1. When a mem b er template of a class template is partially sp ecialized, the partial

sp ecializations apply to all instances generated from the enclosing class template.

2. When the primary template is sp ecialized for a giv en instance of the enclosing class,

none of the partial sp ecializations of the original primary template are carried o v er.

template <class T> struct A {

template <class T2> struct B {}; // #1

template <class T2> struct B<T2*> {}; // #2

};

template <> template <class T2> struct A<short>::B {}; // #3

A<char>::B<int*> abcip; // uses #2

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

3. When the primary template is not sp ecialized, the individual partial sp ecializations

of the primary template ma y b e sp ecialized (but additional partial sp ecializations

cannot b e added).

template <class T> struct A {

template <class T2> struct B {}; // #1

template <class T2> struct B<T2*> {}; // #2

};

template <> template <class T2> struct A<short>::B<T2*> {}; // #3

A<short>::B<int> absi; // uses #1

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

V ersion added: 17

V ersion up dated: 17

6.54 Arra y/function deca y in template parameter/argumen t lists.

Status: Op en

Sean Corfield, in c++std-ext-3734 raised the issue of whether the handling of non t yp e

arra y parameters in the WP is correct.

The WP sp ecifies that t yp e deca y (arra y to p oin ter and function to p oin ter) do es not

o ccur for template non t yp e parameters (this w as sp ecified b y issue 2.12 in revision 6 of

this pap er), but seems to suggest that the deca y tak es place on the template argumen t

side.

The deca y should either tak e place on b oth sides or on neither side. As things no w stand,

y ou can declare a non t yp e parameter of arra y t yp e, but y ou can’t actually supply an arra y

argumen t.

After in v estigating what a n um b er of existing compilers do in this situation, m y recommen-

dation is that they deca y should o ccur on b oth the parameter and argumen t side. EDG,

g++, Microsoft, Sun, and W atcom all do the deca y on b oth sides. Borland do es the deca y

on the argumen t side, but only when the template parameter is a p oin ter t yp e. cfron t do es

the deca y on the argumen t side, but do es not allo w template parameters of arra y t yp e.

T o summarize, all of the compilers to whic h I ha v e access do the deca y on the argumen t

side in some or all cases. Most also do the deca y on the parameter side.

Answ er:

V ersion added: 17

V ersion up dated: 17

6.55 In teraction of partial ordering and default argumen ts and ellipsis parameters.

Status: Op en

The WP do es not describ e ho w default argumen ts and ellipsis parameters should b e han-

dled with resp ect to partial ordering of function templates.

Answ er: P artial ordering comes in to pla y when t w o templates are equiv alen t as far as

o v erload resolution is concerned. This is the case when c ho osing b et w een templates 1 and

2 for the call of f() and 3 and 4 for the call of g() in the example b elo w.

When partial ordering of function templates con taining a differen t n um b er of parameters

is done, only the common parameters are considered.

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

template <class T> void f(T*, int=1); // #2

template <class T> void g(T); // #3

template <class T> void g(T*, ...); // #4

int main()

{

int* ip;

f(ip); // calls #2

g(ip); // calls #4

}

V ersion added: 18

V ersion up dated: 18

6.56 Question: In whic h con texts should partial ordering of function templates b e p erformed?

Status: Op en

The only con text in whic h the WP curren tly sp ecies that the partial ordering rules should

b e applied is as part of o v erload resolution in an ordinary call. The WP do es not commen t

one w a y or the other on the other con texts in whic h partial ordering could b e applied:

1. T aking the address of a template function instance.

2. Naming a template function instance as a friend.

3. An explicit sp ecialization.

4. An explicit instan tiation.

5. Selecting a placemen t delete function that matc hes a placemen t new op eration.

The purp ose of p ermitting templates to b e sp ecialized is to allo w a sp ecial v ersion of a class

or function to b e pro vided without ha ving to mo dify the co de that uses the sp ecialization,

or ev en kno w that a sp ecial v ersion is b eing used. This requires that partial ordering b e

done in declaration con texts as w ell as expression con texts.

Consider the follo wing example:

template <class T> struct X {};

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

template <class T> void f(X<T>, X<T>);

template <class T> struct A {

friend void f<>(T,T);

};

A<int> a;

A<X<int> > ax;

In this example, class template A w an ts to mak e the f function that op erates on its template

parameter t yp e a friend of the class. The friend declaration cannot b e disam biguated using

explicit sp ecification of function template argumen ts b ecause that w ould only let instances

of the unsp ecialized template b ecome friends. In cases lik e this y ou w an t the friendship to

b e extended to the instance that will actually b e called. This can only b e accomplished

b y using the partial ordering rules.

Answ er: P artial ordering should b e done in all of the con texts describ ed ab o v e.

V ersion added: 18

V ersion up dated: 18

6.57 En umeration t yp es as non t yp e parameters.

Status: Op en

When clause 14 w as reorganized a y ear ago, a c hange w as made that inadv ertan tly made

en umeration t yp es in v alid as non t yp e argumen ts.

enum E {e1};

template <E e> struct A {};

Before the c hange the WP said (in [temp.arg]):

A non-typ e non-r efer enc e template-ar gument shal l b e a c onstant- expr ession of non-

flo ating typ e, ...

After the reorganization it said:

A template-ar gument for a non-typ e non-r efer enc e template-p ar ameter shal l b e an

inte gr al c onstant-expr ession of inte gr al typ e ...

Answ er: T o restore en umaration t yp es this should b e c hanged to:

A template-ar gument for a non-typ e non-r efer enc e template-p ar ameter shal l b e an

inte gr al c onstant-expr ession of inte gr al or enumer ation typ e ...

V ersion added: 18

V ersion up dated: 18

6.58 Clarification of the in teraction of partial sp ecializations and using-declarations.

Status: Op en

If a using-declaration refers to a class template, and a partial sp ecialization of that class

template is declared after the using-declaration has b een seen, is that partial sp ecialization

used in the scop e con taining the using-declaration?

Answ er: Y es. A using-declaration mak es a named en tit y from one scop e visible in another

scop e. A partial sp ecialization declares additional attributes of a class template, it do es

not declare an o v erloaded template of that name. Consequen tly , an y partial sp ecializations

or full sp ecializations that are declared also apply to the template when it is referenced via

a using-declaration, ev en if the using-declaration app eared b efore the sp ecialization w as

declared.

namespace N {

template <class T> struct A {}; // #1

}

using N::A;

namespace N {

template <class T> struct A<T*> {}; // #2

template <> struct A<double> {}; // #3

}

A<int*> ap; // uses #2

A<double> ad; // uses #3

V ersion added: 18

V ersion up dated: 18

Mem b er T emplate Issues

8.3 Question: Can a mem b er function template b e used as a cop y constructor or cop y assign-

men t op erator?

Status: Appro v ed in Kona struct A {

A();

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

template <class T> operator =(const T&);

};

int main()

{

A a1;

A a2(a1); // Implicitly generated copy or template?

a1 = a2; // Implicitly generated assignment or template?

}

Answ er: No, a mem b er function template cannot b e used as a cop y constructor or cop y

assignmen t op erator. The cop y constructor and cop y assignmen t are sp ecial op erations,

and the existence of a template that could p oten tially generate suc h a function should

not b e tak en to mean that the user w an ts the template v ersion to b e used in place of the

implicitly generated function.

If the user w an ts the template to b e used, an explicitly written function that calls the

template v ersion m ust b e written.

If w e w ere to decide that the templates could b e used for this purp ose, there w ould b e no

w a y for a user to request that the implicitly generated function should b e used in place of

the template.

V ersion added: 15

V ersion up dated: 15

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

Status: Op en

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

8.11 Clarification of con v ersion template instance names and using-declarations.

Status: Op en

Answ er: The purp ose of this issue is to clarify that, although an instance of a con v ersion

template can b e named in a call, an explicit instan tiation, and an explicit sp ecialization,

that suc h usage is not p ermitted in a using-declaration.

7.3.3 [namespace.udecl] paragraph 4 sa ys:

A using-de clar ation use d as a memb er-de clar ation shal l r efer to a memb er of a b ase

class of the class b eing define d ...

In the example b elo w, class A has no mem b er operator int , so the declaration is ill-

formed.

struct A {

template <class T> operator T();

};

A a;

int j = a.operator int(); // okay

struct B : public A {

using A::operator int; // ill-formed

};

V ersion added: 18

V ersion up dated: 18