X3J16/93-0074

W G21/N0281

T emplate Issues and Prop osed Resolutions

Revision 2

John H. Spicer

Edison Design Group, Inc.

jhs@edg.com

Ma y 28, 1993

Revision History

V ersion 1 – Marc h 5, 1993: Distributed in P ortland and in the p ost-P ortland mailing.

V ersion 2 – Ma y 28, 1993: Distributed in pre-Munic h mailing. Reflects ten tativ e decisions

made in P ortland and additional issues added after the P ortland meeting. In P ortland, the

extensions w orking group review ed most of the issues from 1.1 to 2.8 and also review ed 6.3.

In tro duction

This do cumen t attempts to clarify a n um b er of template issues that are curren tly either un-

defined or incompletely sp ecified. In general, this do cumen t addresses smaller issues and only

touc hes on some of the more global issues suc h as name binding, and a v oids altogether issues

suc h as managing function instan tiations across separate compilation units. Man y of these

issues are discussed in Bjarne Stroustrup’s pap er “Ma jor T emplate Issues” (93-0081/N0288).

Of the issues that are addressed, some are co v ered in far more detail than others. Some of

the resolutions represen t solid prop osals while others are more lik e trial ballo ons. The more

ten tativ e prop osals are so designated in the b o dy of the do cumen t.

Ev en those resolutions that represen t fairly solid prop osals are only prop osals. This do c-

umen t is not in tended as a formal prop osal of an y sp ecific language c hanges. Rather, it is

in tended as to b e used as a framew ork for discussion of these issues. Hop efully this will ulti-

mately result in formal prop osals for language c hanges.

Organization of the Do cumen t

The do cumen t is organized in sections. Eac h section consists of a list of questions. Eac h

question has an answ er, a status, the v ersion n um b er of the first v ersion of this do cumen t that

included the question, and the v ersion n um b er of the last c hange in the question. This allo ws

the reader to skip o v er questions that ha v e not c hanged since the last time he or she read the

do cumen t.

Ac kno wledgemen ts

I w ould lik e to thank Bjarne Stroustrup who con tributed greatly b y pro viding issues, reviewing

and impro ving up on prop osed resolutions, and pro viding insigh ts in to other language c hanges

that ma y impact templates.

Summary of Issues

Because this is a rather long do cumen t this summary is pro vided to allo w the reader to quic kly

fine issues in whic h he or she ma y b e in terested.

T emplate P arameters

1.1 Can template parameters ha v e default argumen ts?

1.2 Where can default argumen ts for template parameters b e sp ecified?

1.3 Can a t yp e parameter b e used in the t yp e declaration of a non t yp e parameter?

1.4 Can a non t yp e parameter as used ab o v e ha v e a default argumen t?

1.5 Should it b e p ossible to redeclare a template parameter name to mean something

else inside a template definition?

1.6 Can the name of a non t yp e parameter b e omitted?

1.7 Can the name of a t yp e parameter b e omitted?

1.8 Can a t yp edef app ear in a template declaration?

1.9 Can a non t yp e parameter ha v e a reference t yp e?

1.10 Are qualifiers allo w ed on non t yp e parameters?

1.11 Ma y a template parameter ha v e the same name as the class template with whic h it

is asso ciated?

Class T emplate References

2.1 Can a non t yp e parameter that is not a reference b e used as an lv alue or ha v e its

address tak en?

2.2 Can the class template name b e used as a synon ym for the curren t instan tiation

inside a class template?

2.3 Can a class template ha v e a template parameter as a base class?

2.4 Can a lo cal t yp e b e used as a t yp e argumen t of a class template?

2.5 Can a c haracter string b e a non t yp e argumen t?

2.6 Can an y con v ersions b e done on non t yp e actual argumen ts of class templates?

2.7 What causes a template class to b e instan tiated?

2.8 Ho w can a class template name b e used within the definition of the template?

2.9 The previous rule mak es p ossible runa w a y recursiv e instan tiations. Ho w should an

implemen tation prev en t this?

2.10 A t what p oin t are names injected?

2.11 Do es an arra y parameter deca y to a p oin ter t yp e?

2.12 What can b e used as an actual argumen t for a parameter that is a reference?

2.13 Can template parameters b e used in elab orated t yp e sp ecifiers?

2.14 Can a class template or function template b e declared as a friend of a class?

2.15 Can template argumen ts b e supplied in explicit destructor calls?

F unction T emplates

3.1 Can function templates ha v e default function parameters?

3.2 Can the parameters with default argumen ts in v olv e template parameters in their

t yp es?

3.3 Can a lo cal t yp e b e used as a t yp e argumen t of a template function?

3.4 Can an y con v ersions b e done when matc hing argumen ts to function templates?

3.5 The WP requires that ev ery template parameter b e used in an argumen t t yp e of

a function template. What constitutes a “use” of a template parameter in an

argumen t t yp e?

3.6 Can unnamed t yp es b e used as template argumen ts?

3.7 Can template parameters b e used in qualified names in function template declara-

tions?

3.8 Can a noninline function template b e instan tiated when referenced?

3.9 A prop osal to allo w Derived<T> to Base<T> con v ersions in function template calls.

Mem b er F unction T emplates

4.1 Are inline mem b er functions that are not used b y a giv en class template instance

instan tiated?

4.2 Can a noninline mem b er function or a static data mem b er b e instan tiated when

referenced?

4.3 Must the template parameter names in a mem b er function definition matc h the

names used in the class definition?

4.4 What are the rules regarding use of the inline k eyw ord in mem b er function decla-

rations?

4.5 Ho w are default argumen ts for parameters of mem b er functions of class templates

handled?

Class T emplate Sp ecific Declarations and Definitions

5.1 Can y ou create a sp ecific definition of a class template for whic h only a declaration

has b een seen?

5.2 Can y ou declare an incompletely defined ob ject t yp e that is a sp ecific definition of

a class template?

5.3 Can the class template name b e used as a synon ym for the curren t sp ecific definition

inside the sp ecific definition?

5.4 Can a sp ecific definition of a class template b e a lo cal class?

Other Issues

6.1 Should classes used as template argumen ts ha v e external link age?

6.2 When m ust errors in template definitions b e issued and when m ust they not b e

issued?

6.3 What kinds of t yp es ma y b e used in a function template declaration while still b eing

able to deduce the template argumen t t yp es?

6.4 Can a static data mem b er of a class template b e declared with an incomplete arra y

t yp e?

6.5 Ho w should template argumen ts that con tain “ > ” b e parsed?

6.6 Can template v ersions of operator new and operator delete b e declared?

6.7 Ho w can a name that is undefined at the p oin t of its use in a template declaration

b e determined to b e a t yp e or non t yp e?

Non t yp e P arameters for F unction T emplates

A prop osal for non t yp e parameters for function templates as required b y the Bitset class.

T emplate P arameters

1.1 Question: Can template parameters ha v e default argumen ts?

template <class T, int I = 1> struct A {}; // OK

template <class T = int> struct B {}; // OK

Answ er: Defaults are allo w ed for parameters of class templates but not function templates.

Rationale: Defaults are allo w ed for non t yp e parameters based on the curren t syn tax. De-

faults are not needed for function templates b ecause the template argumen ts of function

templates are deduced from the t yp es of the argumen ts with whic h the function is called.

Status: Supp ort for default argumen ts for non t yp e parameters w as ten tativ ely appro v ed b y

the extensions w orking group in P ortland. Subsequen tly ob jections w ere raised regarding

the omission of defaults for t yp e parameters. The prop osed resolution has b een mo dified

to include t yp e parameters. This issue will b e revisited b y the extensions w orking group.

V ersion added: 1

V ersion up dated: 2

1.2 Question: Where can default argumen ts for template parameters b e sp ecified?

template <int i, int j, int k = 1> class A; // OK

template <int i, int j = 1, int k> class A { // OK

void f();

};

template <int i = 1, int j, int k> void A<i>::f(){} // OK

Answ er: Default argumen ts for template parameters ma y b e sp ecified in a class template

declaration, definition, and on the definition of a mem b er functions and static data mem-

b ers that are outside of the class definition.

After merging the default argumen t information from the v arious p ossible sources, the last

parameter with a default argumen t ma y not b e follo w ed b y a parameter that has no default

argumen t.

Status: T en tativ ely appro v ed b y the extensions w orking group in P ortland.

V ersion added: 1

V ersion up dated: 2

1.3 Question: Can a t yp e parameter b e used in the t yp e declaration of a non t yp e parameter?

Answ er: Y es.

template <class T, T t> class A {

public:

T a;

A(T init_val = t) { a = init_val; }

};

template <class T, T (*fp)(T)> struct B {

T t;

B() { (*fp)(t); }

};

Remarks: This in tro duces some cases where t yp e c hec king for certain parts of a function

template declaration m ust b e deferred un til a t yp e is created for an instance of the template.

F or example,

template <class T, T t> class A {};

template <class T> A<T, 10> f(T); // 10 cannot be type-checked yet

There are sev eral differen t t yp es of instan tiations that can b e done dep ending on whether

the template actual argumen ts are “normal” t yp es and constan ts or whether they are the

template parameters of another template declaration. F or purp oses of this discussion let

us define an instan tiation in whic h none of the argumen ts are template parameters as a

“real” instan tiation (e.g., A<int, 1> ) and an instan tiation in whic h an y argumen t is a

template parameter as a “nonreal” instan tiation (e.g., A<T,I> ). In a nonreal instan tiation

a non t yp e argumen t whose t yp e is a template parameter cannot b e t yp e c hec k ed un til the

template asso ciated with the parameter (function template f(T) in the example ab o v e) is

instan tiated.

Status: T en tativ ely appro v ed b y the extensions w orking group in P ortland.

V ersion added: 1

V ersion up dated: 2

1.4 Question: Can a non t yp e parameter as used ab o v e ha v e a default argumen t?

Answ er: Y es – for example, this should b e legal:

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

int xyz(int){}

template <class T, T (*fp)(T) = f> struct C {

T t;

C() { (*fp)(t); }

};

C<int> c;

C<int, xyz> c2;

Remarks: This is similar to the previous example; t yp e c hec king for the default argumen t

cannot b e done un til a real instan tiation of class template C is generated.

Status: T en tativ ely appro v ed b y the extensions w orking group in P ortland.

V ersion added: 1

V ersion up dated: 2

1.5 Question: Should it b e p ossible to redeclare a template parameter name to mean something

else inside a template definition?

Answ er: Redeclaration of a template parameter name an ywhere within the scop e of a

class template, function template, or mem b er function of a class template is prohibited.

Redeclaration in a scop e within one of these scop es is also prohibited.

Rationale: The redeclaration rules should b e consisten t so that a giv en usage is either al-

w a ys p ermitted or alw a ys prohibited. The follo wing four cases should b e handled similarly:

1. Class templates and classes nested within class templates should follo w the same rules.

It is no w p ossible to define a nested class outside of the enclosing class and, as with

mem b er functions describ ed b elo w, it is imp ortan t that nested classes declared inside

a class declaration b e handled the same w a y as those declared outside. Redeclaration

of T should b e disallo w ed (or allo w ed) in b oth of the follo wing cases:

template <class T> class A {

                                                                                class B {

int T; // Error

                                                                                };

};

template <class T> class A {

                                                                                class B;

};

template <class T> class A<T>::B {

                                                                                int T; // Error

};

2. Mem b er functions defined in the b o dy of a class template should follo w the same rules

as mem b er functions defined outside of the class template. Redeclaration of T should

b e disallo w ed (or allo w ed) in b oth of the follo wing cases:

template <class T> class A {

                                                                                void f()

                                                                                {

int T; // Error

                                                                                }

};

template <class T> class A {

                                                                                void f();

};

template <class T> void A<T>::f()

{

                                                                                int T; // Error

}

3. F unction templates should follo w the same rules as mem b er functions of class tem-

plates. Redeclaration of T should b e disallo w ed (or allo w ed) in b oth of the follo wing

cases:

template <class T> class A {

                                                                                void f();

};

template <class T> void A<T>::f()

{

                                                                                int T; // Error

}

template <class T> void g(T)

{

                                                                                int T; // Error

}

4. Lo cal classes of function templates and lo cal classes of mem b er functions of class

template classes should follo w the same rules as nested classes of class templates.

Otherwise there is lik ely to b e confusion ab out the difference in handling b et w een

nested classes and lo cal classes.

template <class T> class A {

                                                                                class B {

int T; // Error

                                                                                };

};

template <class T> void f(T)

{

                                                                                class A {

int T; // Error

                                                                                };

}

The result of these “meta-rules” is that redeclarations are prohibited ev erywhere except a

blo c k scop e within a function template or mem b er function. Ev en use in this con text (blo c k

scop es) is lik ely to b e error-prone. So, rather than ha v e a single exception (blo c k scop es) the

prop osed rule is to prohibit redeclaration of template parameter names an ywhere within

the scop e of a class template, function template, or mem b er function of a class template.

This, of course, has the disadv an tage that some “b enign” redeclarations are prohibited.

F or example, inadv erten t use of name that is also a template parameter name in a blo c k

scop e in a macro w ould no w cause an error. There are problems caused b y a decision to

either allo w or disallo w redeclarations in nested scop e. The prop osed resolution pro vides

a simple and consisten t rule that w as considered to b e the b etter of the alternativ es.

template <class T> class A {

                                                                                int T; // Error

                                                                                // Member function

                                                                                void f();

                                                                                class B {

int T; // Error

void f(){}

class C {

int T; // Error

};

                                                                                };

};

template <class T> void A<T>::f()

{

                                                                                int T; // Error

                                                                                {

int T; // Error

                                                                                }

                                                                                class C {

int T; // Error

                                                                                };

}

Status: T en tativ ely appro v ed b y the extensions w orking group in P ortland.

V ersion added: 1

V ersion up dated: 2

1.6 Question: Can the name of a non t yp e parameter b e omitted?

template <class T, int> struct A {};

Answ er: Y es.

Status: T en tativ ely appro v ed b y the extensions w orking group in P ortland.

V ersion added: 1

V ersion up dated: 2

1.7 Question: Can the name of a t yp e parameter b e omitted?

template <class, int T> struct A {};

Answ er: No

Status: T en tativ ely appro v ed b y the extensions w orking group in P ortland.

V ersion added: 1

V ersion up dated: 2

1.8 Question: Can a t yp edef app ear in a template declaration?

template <class T> typedef struct A {} B;

Answ er: No – a t yp edef is used to create a synon ym for a t yp e and a class template name

is not a t yp e name.

Status: Op en

V ersion added: 1

V ersion up dated: 1

1.9 Question: Can a non t yp e parameter ha v e a reference t yp e?

template <int& I> struct A {};

Answ er: Y es (see next section for information ab out actual argumen ts of reference param-

eters).

Status: T en tativ ely appro v ed b y the extensions w orking group in P ortland.

V ersion added: 1

V ersion up dated: 2

1.10 Question: Are qualifiers allo w ed on non t yp e parameters?

template <const int i, volatile int j> struct A {};

Answ er: Qualifiers are allo w ed. Note that b ecause template argumen ts m ust b e con-

stan t v alues or addresses “top lev el” qualifiers ha v e no effect. Other qualifiers, suc h as

const int* in the follo wing example, are useful.

template <const int i> struct A {} // const has no effect

template <const int* i> struct B {} // const does have effect

Status: T en tativ ely appro v ed b y the extensions w orking group in P ortland.

V ersion added: 1

V ersion up dated: 2

1.11 Question: Ma y a template parameter ha v e the same name as the class template with whic h

it is asso ciated?

Answ er: No.

template <class T> class T {}; // Error

template <class T> class T; // Error

Rationale: In a definition this usage w ould b e error prone (b ecause the template parameter

name w ould b e used when the user w an ted to use the class template name. The same danger

do es not exist in a declaration without a definition but is prohibited for consistency .

Status: Op en

V ersion added: 2

V ersion up dated: 2

Class T emplate References

2.1 Question: Can a non t yp e parameter that is not a reference b e used as an lv alue or ha v e

its address tak en?

Answ er: No.

template <int I> struct A {

void f() {I = 1;} // Error

void g() {int* p = &I;} // Error

void h() { const int& j = I;} // OK - temporary created

};

int main()

A<10> a;

a.f();

a.g();

a.h();

}

Remarks: When a reference parameter has its address tak en or is used as an lv alue the

address used is the address of the ob ject b ound to the reference. In the follo wing example

A<x>::f sets x to one while A<x>::g assigns the address of x to p .

template <int& I> struct A {

void f() {I = 1;}

void g() {int* p = &I;}

};

int x;

int main()

A<x> a;

a.f();

a.g();

}

Status: T en tativ ely appro v ed b y the extensions w orking group in P ortland.

V ersion added: 1

V ersion up dated: 2

2.2 Question: Can the class template name b e used as a synon ym for the curren t instan tiation

inside a class template?

Answ er: Y es – the follo wing t w o examples are equiv alen t

Example 1:

template <class T> struct B {

B(){};

~B(){};

int B::* pmi;

B* bp;

B f1(B& b);

B f2(B& b) {B b2 = b;return b2;}

struct C {

int B::C::* pmi;

B::C* bp;

B::C f2(B::C& b) {B::C b2 = b;return b2;}

};

friend B g(B& b);

};

template <class T> B<T> B<T>::f1(B& b) {B b2 = b; return b2;}

Example 2:

template <class T> struct B {

B<T>(){}; // Allowed - change from WP

~B<T>(){}; // Allowed - change from WP

int B<T>::* pmi;

B<T>* bp;

B<T> f1(B<T>& b);

B<T> f2(B<T>& b) {B<T> b2 = b;return b2;}

struct C {

int B<T>::C::* pmi;

B<T>::C* bp;

B<T>::C f2(B<T>::C& b) {B<T>::C b2 = b;return b2;}

};

friend B<T> g(B<T>& b);

};

template <class T> B<T> B<T>::f1(B<T>& b) {B<T> b2 = b; return b2;}

Note that mem b er functions defined in the class b o dy and mem b er functions defined outside

of the class are handled equiv alen tly .

The template argumen ts ma y not b e supplied in the declarator of the class template as

illustrated b elo w.

template <class T> struct A {}; // OK

template <class T> struct A<T> {}; // Error

Status: T en tativ ely appro v ed b y the extensions w orking group in P ortland.

V ersion added: 1

V ersion up dated: 2

2.3 Question: Can a class template ha v e a template parameter as a base class?

template <class T> struct A : public T {};

Answ er: Y es. The actual argumen t used to instan tiate the class m ust, of course, b e a class.

Remarks: See 6.7 for issues regarding explicit designation of t yp e names.

Status: T en tativ ely appro v ed b y the extensions w orking group in P ortland.

V ersion added: 1

V ersion up dated: 2

2.4 Question: Can a lo cal t yp e b e used as a t yp e argumen t of a class template?

template <class T> struct A {};

void f()

{

class B {};

A<B> a; // Legal?

}

Answ er: No. See also 3.3.

Rationale: Class templates and the classes generated from the template are global scop e

en tities and cannot refer to lo cal scop e en tities.

Status: T en tativ ely appro v ed b y the extensions w orking group in P ortland.

V ersion added: 1

V ersion up dated: 2

2.5 Question: Can a c haracter string b e a non t yp e argumen t?

template <char* c> struct A {};

A<"hello"> a;

Answ er: No—a c haracter string do es not ha v e external link age. F urthermore, differen t

instances of the same string in a giv en compilation unit ma y or ma y not refer to the same

address.

Remarks: A similar result ma y b e ac hiev ed as follo ws:

template <char* c> struct A {};

char hello_string[] = "Hello";

A<hello_string> a1;

Status: Appro v ed b y the extensions w orking group in P ortland as an editorial issue.

V ersion added: 1

V ersion up dated: 2

2.6 Question: Can an y con v ersions b e done on non t yp e actual argumen ts of class templates?

Answ er: Y es.

T rivial con v ersions, promotions, and standard con v ersions should b e allo w ed. Narro wing

con v ersions are not p ermitted. The follo wing are examples of allo w ed con v ersions:

template <long I> struct A {};

const short si = 1;

const char ci = 1;

const int ii = 1;

A<si> asi; // short -> long

A<ci> aci; // char -> long

A<ii> aii; // int -> long

template <char* C> struct B {};

char c[10];

B<c> bc; // array to pointer

B<0> bnull; // 0 to null pointer

struct Base {};

struct Derived : public Base {};

template <Base& B> struct C {};

Derived d;

C<d> cd; // Derived to base

template <int Derived::* dpm> struct D {};

D<&Base::i> dbi; // Base to derived pointer-to-member

template <const int I> struct E {};

E<1> e; // int -> const int

Remarks: The curren t rule that no con v ersions are allo w ed is considered to b e to o re-

strictiv e. An y prop osals to allo w o v erloading of class templates w ould need to tak e these

con v ersions in to accoun t.

Status: Op en

V ersion added: 1

V ersion up dated: 1

2.7 Question: What causes a template class to b e instan tiated?

Answ er:

There are t w o imp ortan t consequences of ho w this issue is resolv ed. First, programmers

will w an t to kno w what kinds of usage will cause instan tiations and whic h w on’t. In

this example it is clear that definitions are required for A<int>::i and A<int>::f , but

are definitions required for A<char>::i and A<char>::f ? The programmer m ust supply

sp ecific definitions of i and f for eac h instance of class template A that is instan tiated.

The programmer will need to b e able to predict whic h instances are required.

template <class T> struct A {

static int i;

virtual void f();

};

void main()

{

A<int> ai;

A<char>* ac;

}

void A<int>::f(){}

int A<int>::i = 1;

Second, there are situations whic h, dep ending on the resolution of this issue, can result in

circular instan tiation problems in whic h a set of m utually dep enden t class templates exists.

This example causes problems for some compilers. In terestingly , for those compilers, this

example can b e made to w ork b y remo ving the definition of class template B .

template <class T> class B;

template <class T> class C;

template <class T> class A {

B<T> *b;

};

// Remove this definition and this will work on compilers that

// would otherwise complain of circular template references.

template <class T> class B {

C<T> c;

};

template <class T> class C {

A<T> a;

};

A<int> a;

The resolution of this issue requires that w e distinguish b et w een t w o t yp es of instan tiations:

instan tiations of incompletely defined ob ject t yp es and instan tiations of completely defined

ob ject t yp es.

T o clarify the terms b eing used, the follo wing example illustrates the declaration of a

incompletely defined ob ject t yp e and a completely defined ob ject t yp e as the terms apply

to non template classes.

struct X; // Incompletely defined object type

struct Y {}; // Completely defined object type

When a template is referenced in a con text that allo ws an incompletely defined ob ject

t yp e, and the template has not y et b een instan tiated, an incompletely defined ob ject t yp e

will b e instan tiated. In other w ords

template <class T> struct A {};

A<char>* ac;

is equiv alen t to

template <class T> struct A;

A<char>* ac;

If ac is later used in a con text that requires a completely defined ob ject t yp e, suc h as

ac->f() , a completely defined ob ject t yp e is instan tiated. Note that the kind of instan ti-

ation that is done (complete or incomplete) is indep enden t of whether or not a complete

definition of the template exists. If only an incomplete instan tiation is required then only

an incomplete instan tiation will b e done ev en if a full instan tiation could b e done. If a

full instan tiation is required and only an incomplete definition of the template has b een

declared then an error will b e issued.

Assuming that the standard defines where completely defined ob ject t yp es and incom-

pletely defined ob ject t yp es can b e used, this allo ws programmers to predict whether or

not template definitions need to b e supplied for certain t yp es.

This also solv es the circular instan tiation problem b ecause, in the example ab o v e, B<T>* b

no longer requires an instan tiation of a completely defined ob ject t yp e. This has the

additional b enefit that the b eha vior of the example is no longer affected b y the remo v al of

the definition of class template B .

There is one instance in whic h a completely defined ob ject t yp e is not required but an

instan tiation of a completely defined ob ject t yp e m ust still b e done if p ossible. When a

p oin ter to a deriv ed class is used as a function argumen t it ma y b e necessary to instan tiate

a completely defined ob ject t yp e for o v erload resolution to w ork prop erly (a deriv ed to base

con v ersion ma y b e required and a completely defined ob ject t yp e is needed to determine

the base classes of a t yp e).

Status: T en tativ ely appro v ed b y the extensions w orking group in P ortland.

V ersion added: 1

V ersion up dated: 2

2.8 Question: Ho w can a class template name b e used within the definition of the template?

Is it p ermitted for a class template to refer to an instance of itself ? F or example:

template <class T> class A {

struct B {};

A* p1; // OK

A<T>* p2; // OK

A<T*>* p3; // OK (infinite instantiation without

// previous rule)

A<int>* p4; // OK

A::* pm1; // OK

A<T>::* pm2; // OK

A<T*>::* pm3; // OK (infinite instantiation without

// previous rule)

A<int>::* pm4; // OK

A mem1; // Error - incomplete type

A<T> mem2; // Error - incomplete type

A<T*> mem3; // OK (possible infinite instantiation)

A<int> mem4; // Error unless specific definition

// exists

A::B* pb1; // OK

A<T>::B* pb2; // OK

A<T*>::B* pb3; // Error - we don’t know if A<T*> refers

// to a generated instance or

// a specific definition

A<int>::B* pb4; // Error unless specific definition

// exists

};

A and A<T> refer to the class template and ma y b e used an ywhere a class name can normally

b e used within its class definition. This is significan t b ecause, using the definitions of “free”

and “b ound” sym b ols from 92-0133/N0209, A is a free sym b ol as is A<T> ev en though it

ma y app ear to b e a b ound sym b ol. A<T> alw a ys refers to an instance of the class template

and consequen tly ma y b e used in w a ys that the b ound sym b ols A<T*> and A<int> cannot,

b ecause they ma y refer to sp ecific definitions of A .

A<T*> refers to a nonreal instan tiation (an instan tiation of a template with an argumen t

that con tains a template parameter t yp e). Nonreal instan tiations can b e used as completely

defined ob ject t yp es in the scanning of a class template but they cannot b e used in a con text

that requires an y kno wledge of the t yp e’s prop erties b ecause it is not p ossible to kno w whic h

definition of A will b e used (i.e., a sp ecific definition could b e supplied later). A<int> refers to a instance of the template (either generated or a sp ecific definition). If A<int> refers to

a generated instance, it ma y only b e used as an incompletely defined ob ject t yp e within the

template definition. If A<int> refers to a sp ecific definition supplied b efore the template

definition then it ma y b e used in the class definition with no restrictions. F or example,

template <class T> class A;

class A<int> {};

template <class T> class A {

A<int> a; // OK

};

This rule is also deriv ed from 92-0133/N0209. Un til the complete class template has b een

defined, the only instan tiations that are p ossible are instan tiations of incompletely defined

ob ject t yp es (b ecause the instan tiation is considered to tak e place immediately follo wing

the class template definition). Consequen tly , generated instances ma y only b e used within

the class template in con texts that p ermit incomplete ob ject t yp es.

Status: Op en

V ersion added: 1

V ersion up dated: 1

2.9 Question: The previous rule mak es p ossible runa w a y recursiv e instan tiations. Ho w should

an implemen tation prev en t this?

Answ er: The standard should sp ecify a that an implemen tation ma y issue an error when

a certain recursion depth has b een reac hed. A programmer could then b e assured that

a program that emplo y ed recursiv e instan tiation (but not infinite) w ould b e standard

conforming (whatev er w e decide that means) as long as it do esn’t mak e use of more than

N lev els of recursiv e instan tiation.

Remarks: I don’t kno w whether or not their are legitimate uses for recursiv e template class

references. But it is p ossible to write a recursiv e reference that do es terminate at some

p oin t, suc h as the follo wing example.

template <int I> struct A {

A<I+1> a;

};

struct A<10> {};

A<0> a;

The abilit y to terminate a recursiv e instan tiation at some p oin t is needed to prev en t simple

program errors from causing infinite instan tiations that migh t otherwise result in compiler

crashes. The follo wing example illustrates ho w a misplaced “*” can result in a recursiv e

instan tiation.

template <class T> struct A {

A<T*> a1; // Oops - recursive instantiation

A<T>* a2; // This is what was intended

};

A<int> a;

Status: Op en

V ersion added: 1

V ersion up dated: 1

2.10 Question: A t what p oin t are names injected?

// Name injection

template <class T> struct A {

friend void f(A<T>){}

friend void f2(struct X* x);

};

void main()

{

void* fp;

X* x; // Error - X is undefined

fp = f; // Error - f is undefined

f2(x); // Error - f2 is undefined

A<int> a;

X* x2; // OK - X defined during instantiation of A<int>

fp = f; // OK - only one instance of f

A<char> ac;

fp = f; // Error - f is now overloaded

}

Answ er: Nothing is injected when the class template is scanned. X , f(A<int>) , and f2 are

injected in to the global scop e when A<int> is instan tiated. When A<char> is instan tiated,

f(A<char>) is injected in to the global scop e. X already exists so nothing else is done with

X .

Status: Op en

V ersion added: 1

V ersion up dated: 1

2.11 Question: Do es an arra y parameter deca y to a p oin ter t yp e?

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

int *p;

S<p> x; // Error

Answ er: No. The deca y of arra ys to p oin ters is largely a carry o v er from C for compatibilit y .

There is no compatibilit y issue when using template parameters so this is not needed.

Status: Op en

V ersion added: 1

V ersion up dated: 1

2.12 Question: What can b e used as an actual argumen t for a parameter that is a reference?

Answ er: A reference parameter references the address of the actual argumen t. The actual

argumen t ma y only b e an ob ject or function with external link age as already defined in

WP 14.2. A temp orary cannot b e generated for a reference argumen t.

template <int& I> struct A {};

int x;

static int y;

A<x> a1; // OK

A<1> a2; // Error - temporary required

A<y> a3; // Error - y does not have external linkage

Status: Op en

V ersion added: 1

V ersion up dated: 1

2.13 Question: Can template parameters b e used in elab orated t yp e sp ecifiers?

Answ er: Y es. This is needed to supp ort usage suc h as:

template <class T> class A1 {

friend class T;

};

template <class T> class A2 {

friend union T;

};

struct B {};

union C {};

A1<B> a1; // OK

A2<C> a2; // OK

A1<C> a3; // Error - C is not a struct/class

A1<int> a4; // Error - int is not a struct/class

F or consistency , template parameter names ma y b e used in elab orated t yp e sp ecifiers in

the declarations of class templates, function templates, and mem b er functions of class

templates.

Status: Op en

V ersion added: 2

V ersion up dated: 2

2.14 Question: Can a class template or function template b e declared as a friend of a class?

Answ er: Y es. In this example all instances, b oth generated and user supplied sp ecific

definitions, of class template B and of void f(T) are friends of class A . Class A ma y itself

b e a class template.

class A {

template <class T> friend class B;

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

};

Status: Op en

V ersion added: 2

V ersion up dated: 2

2.15 Question: Can template argumen ts b e supplied in explicit destructor calls?

Answ er: Y es. This example illustrates the w a ys in whic h a destructor ma y b e explicitly

called. See also 2.2 and 5.3.

template <class T> struct A {

~A();

};

void main()

{

A<int>* p;

p->~A();

p->A<int>::~A();

p->A<int>::~A<int>();

}

Status: Op en

V ersion added: 2

V ersion up dated: 2

F unction T emplates

3.1 Question: Can function templates ha v e default function parameters?

Answ er: Y es.

template <class T> void f(T, int i = 1){} // OK

Status: Op en

V ersion added: 1

V ersion up dated: 1

3.2 Question: Can the parameters with default argumen ts in v olv e template parameters in their

t yp es?

template <class T> void f(T, T* = new T){}

Answ er: Y es.

If a template parameter is only used in function template parameters that ha v e default

argumen ts there ma y b e instances in whic h it is not p ossible to deduce the template

parameter t yp es from a giv en function call. F or example,

template <class T> void f(int, T* = new T){}

void main()

{

int i;

f(i); // Error - what is type of T?

}

The call m ust supply enough of the function argumen ts to infer the complete list of tem-

plate parameters. This could b e affected b y the prop osal to allo w explicit qualification of

template function argumen ts.

An alternativ e w ould b e to require that ev ery template parameter b e used in the argumen t

t yp e of at least one function parameter that has no default argumen t. Using this rule the

example ab o v e w ould cause an error w ould b e issued on the declaration of function template

f b ecause T is only used in the t yp e of a function argumen t with a default argumen t. This

rule w ould eliminate the p ossibilit y of encoun tering a call in whic h it is not p ossible to

deduce a template parameter.

Status: Op en

V ersion added: 1

V ersion up dated: 1

3.3 Question: Can a lo cal t yp e b e used as a t yp e argumen t of a template function?

Answ er: No. See also 2.4.

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

void main()

{

class A {};

A a;

enum E {e1, e2};

E e;

f(a); // Error

f(e); // Error

}

Status: Op en

V ersion added: 1

V ersion up dated: 1

3.4 Question: Can an y con v ersions b e done when matc hing argumen ts to function templates?

Answ er: Y es. T rivial con v ersions can b e done on all argumen ts. On argumen ts that don’t

in v olv e template t yp es, base to deriv ed con v ersions can b e done.

It w ould also b e p ossible to allo w the complete set of con v ersions for argumen ts whose

t yp es do not in v olv e template argumen ts. Should this b e allo w ed?

This sub ject requires further in v estigation.

Status: Op en

V ersion added: 1

V ersion up dated: 1

3.5 Question: The WP requires that ev ery template parameter b e used in an argumen t t yp e

of a function template. What constitutes a “use” of a template parameter in an argumen t

t yp e?

Answ er: Ev ery template parameter m ust b e used in the argumen t t yp es of a function

template in a con text in whic h, for an y giv en actual argumen t the resulting function will b e distinguishable for o v erload resolution purp oses from the function generated for other

actual argumen ts.

A template parameter used only in a default argumen t, a sizeof, or in the arra y b ounds of

the first arra y dimension are not considered to b e used in the t yp e. A t yp e used in the

return v alue of a function template is not considered to b e used, but a t yp e used as the

return t yp e of a function p oin ter argumen t is considered to b e used.

template <class T> void f(int a[sizeof(T)]){} // Not used

template <class T> T f(){} // Not used

template <class T> void f(T* (*fp)()){} // Used

Status: Clarification of WP—not y et review ed

V ersion added: 1

V ersion up dated: 1

3.6 Question: Can unnamed t yp es b e used as template argumen ts?

struct {} a;

static union {} b;

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

void main()

{

f(a); // Error

f(b); // Error

}

Answ er: No.

Status: Op en

V ersion added: 1

V ersion up dated: 1

3.7 Question: Can template parameters b e used in qualified names in function template dec-

larations?

template <class T> void f(T::A, T::B){}

Answ er: Y es—but names that are t yp es m ust b e explicitly designated as t yp es b y whatev er

mec hanism is in v en ted to accomplish this (see 6.7).

Status: Op en

V ersion added: 1

V ersion up dated: 1

3.8 Question: Can a noninline function template b e instan tiated when referenced?

Answ er: No. A sp ecific definition of the function ma y b e supplied in a separate file or ev en

in a library supplied at link time. F urthermore, the template v ersion of the function ma y

not b e able to b e instan tiated with a giv en set of actual template argumen ts.

This requires a more detailed description. In some en vironmen ts it ma y b e p ossible for

a compiler to instan tiate an instance of a function template and flag it in suc h a w a y that the link er will ignore the template definition in fa v or of a sp ecific definition when the

program is link ed. As long as the compiler can suppress errors for instances that cannot b e

successfully generated, then suc h an en vironmen t w ould b eha v e as if the required template

instances w ere generated at link time.

Status: Clarification of WP—not y et review ed (sp ecialization issues are still under discus-

sion).

V ersion added: 1

V ersion up dated: 1

3.9 A prop osal to allo w Derived<T> to Base<T> con v ersions in function template calls.

This example attempts to implicitly con v ert a D<T> to a B<T> :

template <class T> struct B { };

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

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

void main() {

B<int> b;

D<int> d;

func(b);

func(d); // OK? -- requires D<T> -> B<T> conversion

}

This is prohibited b y the curren t WP but is required to supp ort p olymorphic template

functions. The imp ortance of this feature is demonstrated b y the fact that is has b een

implemen ted b y man y compilers. Of the compilers to whic h I ha v e access that supp ort

templates, three of four implemen t this feature (of course no t w o implemen t it in exactly

the same w a y).

Allo wing this sort of con v ersion requires that the o v erload resolution rules for template

functions and other functions of the same name (WP 14.4) b e revised. Recall that the

curren t rules are:

1. Lo ok for an exact matc h (WP 13.2) on functions; if found, call it.

2. Lo ok for a function template from whic h a function that can b e called with an exact

matc h can b e generated; if found call it.

3. T ry ordinary o v erloading resolution (WP 13.2) for the functions; if a function is found,

call it.

The curren t rules for o v erload resolution require that argumen ts to template functions ex-

actly matc h the corresp onding parameter t yp es. Not ev en trivial con v ersions are allo w ed.

Most implemen tations ha v e decided that the restriction on trivial con v ersions is to o strict

and ha v e extended the searc h for a matc hing template function to include trivial con v er-

sions. The existing rules can b e adapted to include trivial con v ersions of template function

argumen ts with acceptable results.

In con trast, adding the Derived<T> to Base<T> con v ersion requires, for the first time,

that template functions and non template functions b e considered side b y side for o v erload resolution purp oses. Rule #3 m ust b e mo dified to consider b oth template functions and

non template functions where it previously w as only required to deal with non template

functions.

The prop osal is to eliminate the existing rules describ ed in WP 14.4 and to extend the

general o v erload resolution in WP 13.2 to handle template functions. The new rules, in

essence, include template functions in the normal o v erload resolution pro cess (although

they allo w only a subset of the normal con v ersion op erations) and use the fact that a

function is or is not a template function as a tie-break er to prefer non template functions

if all other conditions are equal.

In more precise terms, the prop osed o v erload resolution algorithm is:

1. Determine ho w w ell the actual argumen ts matc h eac h function. F or template func-

tions, eac h argumen t matc h is rated as usual but no matc hes other than exact matc hes

and standard con v ersions in v olving a con v ersion from a deriv ed class to a base class

are considered.

2. Find the in tersection of the sets of functions that b est matc h on eac h argumen t.

3. Added step: If the b est-matc h set con tains b oth template functions and non template

functions, eliminate the function templates. That is, all other things b eing equal, a

function template is considered a w orse matc h than a non template function.

4. If the b est-matc h set con tains more than one function, the call is am biguous. If it con-

tains no functions, the call is illegal. If it con tains exactly one function, the function

m ust b e a strictly b etter matc h for at least one argumen t than ev ery other p ossible

function (but not necessarily the same argumen t for eac h function). Otherwise, the

call is illegal.

The follo wing examples ma y b e helpful to illustrate wh y the rules are required and ho w

they w ould w ork:

struct B { };

struct D : public B { };

struct F : public D { };

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

template <class T> void g(T, D*) {}

void f(int, D*);

void g(int, B*);

void m () {

F *p = new F;

f(0, p); // Nontemplate f chosen

g(0, p); // Template g chosen

}

The non template f should b e c hosen b ecause on the second argumen t (whic h do es not

in v olv e a template parameter t yp e) the template f requires a standard con v ersion ( F* ⇒

B* ) that is less desirable than the one for the non template f ( F* ⇒ D* ). Lik ewise, the

template g should b e c hosen b ecause on the second argumen t the non template g requires

a standard con v ersion ( F* ⇒ B* ) that is less desirable than the one for the template g ( F*

⇒ D* ).

template <class T> struct B { };

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

struct F : public D<int> { };

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

void f(D<int>&) {}

template <class T> void g(D<T>&) {}

void g(B<int>&) {}

void m() {

F x;

f(x); // Nontemplate f chosen

g(x); // Template g chosen

}

The non template f should b e c hosen b ecause on the argumen t (whic h do es in v olv e a

template parameter t yp e) the template f requires a standard con v ersion ( F* ⇒ B<int>* )

that is less desirable than the one for the non template f ( F* ⇒ D<int>* ). Lik ewise, the

template g should b e c hosen b ecause non template g requires a standard con v ersion ( F* ⇒

B<int>* ) that is less desirable than the one for the template g ( F* ⇒ D<int>* ).

The prop osed rules do in tro duce a case that ma y b e handled differen tly b y the new rules

than it is b y existing implemen tations. I sa y “ma y” b ecause it dep ends on whether the

implemen tation extends exact matc hes of template functions to include trivial con v ersions.

In the follo wing example existing implemen tations diagnose this call of f as am biguous.

Under the new rules the algorithm w ould consider the con v ersion from int to const int&

to b e one of the “less desirable” exact matc hes and w ould therefore select the other tem-

plate. This is the only case kno wn where the generalized algorithm w ould yield a differen t

result than the WP algorithm extended to allo w trivial con v ersions, but it seems that ev en

this c hange is desirable b ecause it mak es the template o v erloading rules more consisten t

with the non template rules.

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

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

int main()

{

int i;

f(i);

}

Mem b er F unction T emplates

4.1 Question: Are inline mem b er functions that are not used b y a giv en class template instance

instan tiated?

Answ er: No—inline mem b er functions are instan tiated when they are first used.

Status: Op en

V ersion added: 1

V ersion up dated: 1

4.2 Question: Can a noninline mem b er function or a static data mem b er b e instan tiated when

referenced?

Answ er: No. A sp ecific definition of the mem b er function or static data mem b er ma y b e

supplied in a separate file or ev en in a library supplied at link time. F urthermore, the

template v ersion of the mem b er function or static data mem b er ma y not b e able to b e

instan tiated with a giv en set of actual template argumen ts.

This requires a more detailed description. See the note regarding instan tiation of noninline

function templates (3.8) ab o v e.

Status: Clarification of WP—not y et review ed

V ersion added: 1

V ersion up dated: 1

4.3 Question: Must the template parameter names in a mem b er function definition matc h the

names used in the class definition?

template <class T1, class T2> struct A {

void f1();

void f2();

};

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

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

Answ er: No—differen t names ma y b e used but the template parameters m ust b e used in

the template argumen t list of the function declarator in the same sequence in whic h they

w ere declared in the template parameter list.

Status: Op en

V ersion added: 1

V ersion up dated: 1

4.4 Question: What are the rules regarding use of the inline k eyw ord in mem b er function

declarations?

Answ er: If a mem b er function is declared inline in the class template then the template

definition and an y sp ecific definitions will also b e inline (ev en if the inline k eyw ord is

not presen t in the template definition or sp ecific definition). If the mem b er function is

not declared inline in the class template then the template definition and an y sp ecific

definitions ma y or ma y not b e declared inline. This is simply an extension of the curren t

rules for inline functions of classes extended to address class templates.

It should b e noted that if the template definition is declared inline outside of the class

template and a noninline sp ecific definition is pro vided, the noninline sp ecific definition

cannot b e called from a file that includes the inline template definition. In example B,

there is no w a y to indicate that a sp ecific definition of A<int>::f has b een supplied in

another file and that the inline v ersion should not b e generated.

example A:

template <class T> struct A {

                                                                                void f();

};

A<int> a;

template <class T> inline void A<T>::f(){}

void A<int>::f(){} // Not inline

example B:

template <class T> struct A {

                                                                                void f();

};

template <class T> inline void A<T>::f(){}

void x()

{

A<int> a;

a.f(); // Calls template version not specific definition

}

Status: Op en

V ersion added: 1

V ersion up dated: 1

4.5 Question: Ho w are default argumen ts for parameters of mem b er functions of class tem-

plates handled?

Answ er: They are handled similarly to the non template case. Additional default argumen ts

can b e supplied on subsequen t declarations and definitions of the functions.

When a class template mem b er function is defined outside of the class an y additional

default argumen ts are added to the class template and are also added to the generated

instan tiations that ha v e b een created so far.

template <class T> struct A {

void f(int i, int j);

};

A<float> af;

A<int> ai;

void A<int>::f(int i, int j = 1){}

// The next line updates the default argument information for

// A<T>::f, A<float>::f, and A<int>::f. An error will be

// issued because A<int>::f already has a default argument

// for argument j.

template <class T> void A<T>::f(int i = 1, int j = 0){}

void A<char>::f(int i, int j = 1){} // Redeclaration of default?

void main()

{

af.f(1); // OK

}

Status: Op en

V ersion added: 1

V ersion up dated: 1

Class T emplate Sp ecific Declarations and Definitions

5.1 Question: Can y ou create a sp ecific definition of a class template for whic h only a decla-

ration has b een seen?

Answ er: Y es.

Remarks: This ma y b e affected b y the outcome of the discussions of the rules for creating

sp ecific definitions of class templates. F or example, there ma y b e a requiremen t that a

complete template definition b e a v ailable so that the sp ecific definition ma y b e compared

with the template to ensure that it conforms to certain consistency requiremen ts.

template <class T> struct A;

struct A<int> {}; // OK

Status: Op en

V ersion added: 2

V ersion up dated: 2

5.2 Question: Can y ou declare an incompletely defined ob ject t yp e that is a sp ecific definition

of a class template?

Answ er: Y es. In this example struct A<int>; declares an incompletely defined ob ject

t yp e called A<int> . It do es not cause an instan tiation to b e generated from class template

A .

template <class T> struct A {};

struct A<int>;

A<int> a; // Error - A<int> is an incomplete type

Status: Op en

V ersion added: 2

V ersion up dated: 2

5.3 Question: Can the class template name b e used as a synon ym for the curren t sp ecific

definition inside the sp ecific definition?

Answ er: Y es—the follo wing t w o examples are equiv alen t. See also 2.2.

Example 1:

struct B<int> {

B<int>(){}; // Allowed - change from WP

~B<int>(){}; // Allowed - change from WP

int B<int>::* pmi;

B<int>* bp;

B<int> f1(B<int>& b);

B<int> f2(B<int>& b) {B<int> b2 = b;return b2;}

struct C {

int B<int>::C::* pmi;

B<int>::C* bp;

B<int>::C f2(B<int>::C& b)

{

B<int>::C b2 = b;return b2;

}

};

friend B<int> g(B<int>& b);

};

B<int> B<int>::f1(B<int>& b) {B<int> b2 = b; return b2;}

Example 2:

struct B<int> {

B(){};

~B(){};

int B::* pmi;

B* bp;

B f1(B& b);

B f2(B& b) {B b2 = b;return b2;}

struct C {

int B::C::* pmi;

B::C* bp;

B::C f2(B::C& b)

{

B::C b2 = b;return b2;

}

};

friend B g(B& b);

};

B<int> B<int>::f1(B& b) {B b2 = b; return b2;}

Note that mem b er functions defined in the class b o dy and mem b er functions defined outside

of the class are handled equiv alen tly .

Status: Op en

V ersion added: 2

V ersion up dated: 2

5.4 Question: Can a sp ecific definition of a class template b e a lo cal class?

Answ er: No. A class template declaration declares a set of global scop e classes. Sp ecific

definitions of mem b ers of that set of classes m ust also b e declared and defined at global scop e.

template <class T> struct A {};

int main()

{

struct A<int> {}; // Error

}

Status: Op en

V ersion added: 2

V ersion up dated: 2

Other Issues

6.1 Question: Should classes used as template argumen ts ha v e external link age?

Answ er: Y es – b y inference from the prohibition against using the address of an ob ject

or function with in ternal link age as a template argumen t (14.2), it w ould seem that “used

as a template argumen t” should b e added to the list of attributes that force a class to b e

externally link ed (3.3).

Status: Op en

V ersion added: 1

V ersion up dated: 1

6.2 Question: When m ust errors in template definitions b e issued and when m ust they not b e

issued?

Answ er: If a template con tains errors that mak e it imp ossible for an y v alid instance to b e

generated an error ma y b e issued when the template definition is pro cessed. An imple-

men tation is not required to issue errors at this p oin t, ho w ev er. Errors ma y b e deferred

un til an instan tiation is required.

When pro cessing a template that can b e instan tiated with certain argumen ts but not with

others, an error m ust not b e issued unless the offending instan tiation is required.

template <class T> struct A {

int a;

char a; // Always an error -- may be issued when the

// template is scanned or at instantiation

};

A<int> a; // Previous error may be issued here

template <class T> struct B {

T a[10];

void f() { T a[10]; }

};

B<int&> b; // Error instantiating class B -- array of reference

B<char&>* b2; // No error - does not cause complete

// instantiation of B<char&>

void main()

{

b.f(); // Error instantiating B<int&>::f

// array of reference

}

If the call of b.f() w ere eliminated, the error m ust not b e issued. What if only the b2 is

declared? This do es not require an instan tiation of a completely defined ob ject t yp e and

so an error should not b e generated.

Remarks: There are those that w ould lik e the draft to sp ecify that certain errors m ust b e

diagnosed in a template ev en in the absence of an y instan tiations of that template. W e

cannot curren tly require compilers to parse arbitrary template definitions in the absence of

an instan tiation b ecause some templates cannot b e parsed without additional information

ab out whic h names are or are not t yp es. This is one of the template issues that m ust b e

resolv ed—but without a resolution of this issue w e cannot require compilers to p erform a

certain lev el of analysis of unreferenced templates.

Ev en when the t yp e/non t yp e issue is solv ed pro viding a sp ecification of whic h errors m ust

b e diagnosed while scanning unreferenced templates is an extremely difficult job. Doing

so w ould require that w e

• sp ecify whic h errors are required to b e issued in an unreferenced template and whic h

errors are not;

• sp ecify the conditions under whic h certain errors are or are not required to cause

errors to b e issued (certain errors can only b e detected in con texts that do not in v olv e

template parameters or names from a base class that is sp ecified using a template

parameter).

This information is not y et sp ecified for the language as a whole, so w e are certainly not

in a p osition to attempt to sp ecify this for template definitions.

I w ould prop ose that the recommendation made ab o v e b e adopted and that the issue not

b e revisited un til w e ha v e some implemen tation exp erience with whatev er mec hanism is

used to sp ecify whether a name is a t yp e or non t yp e.

Status: Op en

V ersion added: 1

V ersion up dated: 2

6.3 Question: What kinds of t yp es ma y b e used in a function template declaration while still

b eing able to deduce the template argumen t t yp es?

When a call to an instance of a function template is scanned the compiler is required to

infer the t yp es of the template argumen ts from the t yp es of the function argumen ts.

In this example the compiler m ust infer from the call of function f that the t yp e of T1 is

char* and the t yp e of T2 is int .

template <class T> struct A {};

template <class T1, class T2> void f(A<T1>, void (*f)(T2)) {}

void xyz(int){}

void main()

{

A<char*> a;

f(a, xyz);

}

Answ er: Eac h function template parameter t yp e ma y comprise an y com bination of the

follo wing elemen ts:

T

cv-list T

T*

T&

T:: memb er-typ e-name // Must be explicitly designated as a type

T[ inte ger-c onstant ]

class-template-name <T>

typ e (*)(T)

T class-name ::*

typ e T::*

Status: T en tativ ely appro v ed b y the extensions w orking group in P ortland.

V ersion added: 1

V ersion up dated: 2

6.4 Question: Can a static data mem b er of a class template b e declared with an incomplete

arra y t yp e?

In the follo wing example when is the size of the static data mem b er i kno wn?

template <class T> struct A {

enum { xxx = sizeof(T) };

static int i[]; // Error

};

template <class T> int A<T>::i[xxx] = {1};

int A<double>::i[xxx] = {1};

int main()

{

A<int> a;

A<double> a;

int i = sizeof A<int>::i; // Error - size unknown

int j = sizeof A<double>::i; // OK

}

Answ er: No—A static data mem b er in a class template ma y not ha v e an incomplete arra y

size.

Rationale: In the example ab o v e the size of A<int>::i cannot b e kno wn b ecause a sp ecific

definition ma y b e pro vided in another file. The size of A<double>::i is kno wn after its

sp ecific definition has b een seen. Users are lik ely to b e confused b y the difference in the

w a y these t w o examples w ould ha v e to b e handled. Rather than in tro duce a confusing rule

the suggestion is to sp ecify that a static data mem b er in a class template ma y not ha v e an

incomplete arra y size.

The alternativ e is to sp ecify that the size of a static data mem b er whose arra y size is

incompletely defined b y its class definition is only kno wn if a sp ecific definition of the

static data mem b er has b een seen in the compilation b eing pro cessed.

This w ould mak e implemen tation more complex. When an implemen tation instan tiates

A<int>::i , it ma y do so as part of a pro cess that includes the instan tiation of other

functions. If one of the other functions references the size of A<int>::i it should cause an

error to b e issued indicating that the size of A<int>::i is unkno wn ev en though at that

p oin t the size migh t actually b e kno wn. This error w ould need to b e issued to ensure that

a program is handled equiv alen tly regardless of the sequence in whic h its templates are

instan tiated.

This is related to the issue of requiring a certain lev el of consistency b et w een a class

template and its sp ecific definitions.

Status: Op en

V ersion added: 2

V ersion up dated: 2

6.5 Question: Ho w should template argumen ts that con tain “ > ” b e parsed?

Answ er: The first > in a template argumen t terminates the template argumen t list. T o

use a > in a template argumen t the argumen t m ust b e in paren theses (or other nested

construct). This is equiv alen t to the handling of comma op erators in the con text of a

function argumen t list.

template <int I> struct A {};

int main()

{

A< 1 > 2 > a1; // Error

A< (1>2) > a2; // OK

}

Nesting of template references is allo w ed as illustrated in this example:

template <int I> struct A {};

template <class T> struct B {};

int main()

{

B< A<1> > a1; // OK

}

Status: Op en

V ersion added: 2

V ersion up dated: 2

6.6 Question: Can template v ersions of operator new and operator delete b e declared?

Answ er: Only the m ultiple argumen t v ersion of operator new ma y b e declared.

template <class T> void* operator new(T); // Error

template <class T> void operator delete(T); // Error

template <class T> void* operator new(size_t, T); // OK

Rationale: Defining the single op erand v ersion of new or delete with a template is p oin tless

b ecause there is only one v alid signature. F urthermore, unless the template definition w ere

declared inline there is no w a y that the template v ersion w ould ev er b e used—the library

supplied v ersion w ould b e view ed as a sp ecific definition that w ould b e used in preference

to the template defined v ersion.

Status: Op en

V ersion added: 2

V ersion up dated: 2

6.7 Question: Ho w can a name that is undefined at the p oin t of its use in a template declaration

b e determined to b e a t yp e or non t yp e?

Answ er: An unkno wn name is considered to b e a non t yp e unless explicitly designated as

a t yp e (as has previously b een prop osed b y Bjarne and others).

There are t w o p ossible means of explicit designation. The first is to use the k eyw ord class

and the second is to add a new k eyw ord suc h as typename .

Using the class k eyw ord to distinguish t yp es from non t yp es create an am biguit y b et w een

an explicit t yp e designation and a forw ard declaration of a nested or lo cal class as illustrated

in the follo wing example:

template <class T> struct A : public T {

xyz a; // Error - xyz is not a type

T::xyz a; // Error - xyz is not a type

class B; // Ambiguous

class T::abc; // OK - T::abc is a type

};

The am biguit y can b e a v oided b y constraining the kinds of names that ma y b e used in an

explicit t yp e designation. W e could require that the name in an explicit t yp e designation b e

a qualified name, suc h as T::abc in the example ab o v e. A consequence of this requiremen t

w ould b e that global names could not b e explicitly designated using this mec hanism.

template <class T> struct A : public T {

class B; // Forward decl. of nested class

class T::abc; // OK - T::abc is a type

// No way to designate a global name as a type

};

Another p oten tial problem with using the class k eyw ord is the p oten tial for confusion

b et w een the use of class to mean “t yp e” and use of class as an elab orated t yp e sp ecifier.

The alternativ e is to use a new k eyw ord suc h as typename . The example w ould then b e

rewritten as:

template <class T> struct A : public T {

class B; // Forward decl. of nested class

typename T::abc; // OK - T::abc is a type

typename ::X; // OK - ::X is a type

};

The disadv an tage of this approac h is, of course, that it requires a new k eyw ord whic h has

the p oten tial of affecting existing programs that use the k eyw ord as an iden tifier.

Status: Op en

V ersion added: 1

V ersion up dated: 2

Non t yp e P arameters for F unction T emplates

In P ortland the Bitset class w as v oted in to the draft. The Bitset class requires that function

templates b e allo w ed to ha v e non t yp e parameters.

This is a prop osal of a minimal set of facilities required to pro vide the necessary supp ort for

non t yp e parameters. Non t yp e parameters of function templates differ from non t yp e parameters

of class templates b ecause they m ust b e deduced from the actual argumen ts of the functions

where class template parameters are explicitly sp ecified. The minimal set of facilities is designed

to a v oid situations in whic h it is difficult or imp ossible to deduce the appropriate v alue for a

non t yp e parameter.

Non t yp e parameters of a function template ma y only b e used to sp ecify the non t yp e ar-

gumen ts of a class template or as an arra y b ound. As with t yp e parameters, ev ery non t yp e

parameter m ust b e used in at least one function parameter t yp e declaration. F or example,

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

template <int I> A<I> f(); // Error - I not used in a parameter type

template <int I> A<I> f(B<I>); // OK

template <int I> void f(int array[10][I]); // OK

template <int I> void f(int array[I][10]); // Error - major array bound

// not part of parameter type

Non t yp e parameters ma y not b e used in expressions in the function declaration. The t yp e

of the function template parameter m ust matc h the t yp e of the class template parameter.

template <int I> void f(A<I+1>); // Error - expressions not allowed

template <char C> class A {};

template <int I> void f(A<I>); // Error - conversion not allowed

Non t yp e parameters ma y not ha v e default argumen ts. Because function template param-

eters are deduced from the function argumen ts there is no need to allo w defaults on b oth the function parameters and the template parameters. The name of a non t yp e parameter ma y not

b e omitted b ecause there w ould b e no w a y of deducing the v alue of the omitted parameter.

Status: Op en

V ersion added: 2

V ersion up dated: 2

Other Issues—Without Resolutions

These are, in general, some of the larger and more in tractable of the template issues. Most of

these are discussed in Bjarne Stroustrup’s pap er “Ma jor T emplate Issues” (93-0081/N0288).

1. Constrain ts on actual argumen ts.

2. Name binding—including op erators

3. Instan tiation of noninline template functions, mem b er functions of template classes and

static data mem b ers of template classes

4. T emplate o v erloading

5. Explicit qualification of template function calls

6. Sp ecializations.