X3J16/95-0007

W G21/N0607

T emplate Issues and Prop osed Resolutions

Revision 11

John H. Spicer

Edison Design Group, Inc.

jhs@edg.com

Jan uary 31, 1995

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.

V ersion 3 – Septem b er 28, 1993: Distributed in pre-San Jose mailing. Reflects decisions made

in Munic h. No new issues w ere added in this revision.

V ersion 4 – No v em b er 24, 1993: Distributed in p ost-San Jose mailing. Reflects decisions made

in San Jose. Note that issues that ha v e b een closed as a result of formal motions in San Jose

will b e omitted from subsequen t v ersions of this pap er. In San Jose the extensions w orking

group iden tified a n um b er of issues that required additional w ork. These issues ha v e not b een

addressed in this pap er but will b e addressed in the next revision.

V ersion 5 – Jan uary 25, 1994: Distributed in the Pre-San Diego mailing. The 41 closed issues

ha v e b een remo v ed, 20 ha v e b een added, and a few existing ones ha v e b een up dated.

V ersion 6 – Marc h 25, 1994: Distributed in the P ost-San Diego mailing. Reflects decisions

made in San Diego. Note that issues that ha v e b een closed as a result of formal motions in

San Diego will b e omitted from subsequen t v ersions of this pap er. In San Diego the extensions

w orking group iden tified a n um b er of issues that required additional w ork. These issues ha v e

not b een addressed in this pap er but will b e addressed in the next revision.

V ersion 7 – June 1, 1994: Distributed in the Pre-W aterlo o mailing. The 24 issues closed in

v ersion 6 ha v e b een remo v ed and 16 new issues ha v e b een added.

V ersion 8 – No v em b er 3, 1994: Distributed in V alley F orge and in the p ost-V alley F orge mailing.

Reflects decisions made in W aterlo o. This v ersion con tains only issues closed in W aterlo o.

V ersion 9 will b e distributed at the same time as v ersion 8 and will con tain the op en issues and

new issues.

V ersion 9 – No v em b er 5, 1994: Distributed in V alley F orge and in the p ost-V alley F orge mailing.

Issues closed in v ersion 8 ha v e b een remo v ed and new issues ha v e b een added.

V ersion 10 – No v erm b er 25, 1994: Distributed in the p ost-V alley F orge mailing. Reflects

decisions made in V alley F orge. Includes a n um b er of new issues supplied b y Erwin Unruh.

V ersion 11 – Jan uary 31, 1995: Distributed in the pre-Austin mailing. Includes a few new

issues.

In tro duction

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

fined or incompletely sp ecified. In general, this do cumen t addresses smaller issues.

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

find issues in whic h he or she ma y b e in terested. Note that closed issues ha v e b een remo v ed

from the b o dy of the pap er. Please refer to a previous v ersion of the pap er for additional

information on these issues.

T emplate P arameters

1.1 Can template parameters ha v e default argumen ts? (closed in v ersion 4)

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

v ersion 4)

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

(closed in v ersion 4)

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

4)

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

else inside a template definition? (closed in v ersion 4)

1.6 Can the name of a non t yp e parameter b e omitted? (closed in v ersion 4)

1.7 Can the name of a t yp e parameter b e omitted? (closed in v ersion 4)

1.8 Can a t yp edef app ear in a template declaration? (closed in v ersion 4)

1.9 Can a non t yp e parameter ha v e a reference t yp e? (closed in v ersion 4)

1.10 Are qualifiers allo w ed on non t yp e parameters? (closed in v ersion 4)

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

is asso ciated? (closed in v ersion 4)

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? (closed in v ersion 4)

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

inside a class template? (closed in v ersion 4)

2.3 Can a class template ha v e a template parameter as a base class? (closed in v ersion

4)

2.4 Can a lo cal t yp e b e used as a t yp e argumen t of a class template? (closed in v ersion

4)

2.5 Can a c haracter string b e a non t yp e argumen t? (closed in v ersion 4)

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

(closed in v ersion 6)

2.7 What causes a template class to b e instan tiated? (closed in v ersion 4)

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

(closed in v ersion 6)

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? (closed in v ersion 5)

2.10 A t what p oin t are names injected? (closed in v ersion 6)

2.11 Do es an arra y parameter deca y to a p oin ter t yp e? (closed in v ersion 6)

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

in v ersion 4)

2.13 Can template parameters b e used in elab orated t yp e sp ecifiers? (closed in v ersion

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

in v ersion 6)

2.15 Can template argumen ts b e supplied in explicit destructor calls? (closed in v ersion

4)

2.16 What happ ens if the same name is used for a template parameter of an out-of-class

definition of a mem b er of a class template and a mem b er of the class? (closed in

v ersion 6)

2.17 What happ ens if the name of a template parameter of a class template is also the

name of a mem b er of one of its base classes? (closed in v ersion 6)

2.18 When m ust a t yp e used within a template b e completed? (closed in v ersion 6)

2.19 Must a sp ecialization declaration precede the use of a class template in a con text

that requires only an incomplete t yp e? (closed in v ersion 6)

2.20 Prop osal to defer error c hec king for operator -> . (closed in v ersion 6)

2.21 When are names considered kno wn in a template dep enden t base class? (closed in

v ersion 6)

2.22 Prop osed revision to rules for explicit instan tiation of all class mem b ers. (closed in

v ersion 8)

2.23 Ho w do es name injection in teract with the seman tics of friend declarations? (with-

dra wn - last in v ersion 10)

F unction T emplates

3.1 Can function templates ha v e default function parameters? (closed in v ersion 4)

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

t yp es? (closed in v ersion 5)

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

v ersion 4)

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

(closed in v ersion 5)

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? (closed in v ersion 4)

3.6 Can unnamed t yp es b e used as template argumen ts? (closed in v ersion 4)

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? (closed in

v ersion 4)

3.9 A prop osal to allo w con v ersions in function template calls. (closed in v ersion 6)

3.10 What happ ens when the explicit sp ecification of function template argumen ts results

in an in v alid t yp e? (closed in v ersion 6)

3.11 Ho w do default argumen ts w ork when using new explicit sp ecialization declarations?

(closed in v ersion 6)

3.12 Ho w do old st yle sp ecialization declarations in teract with new st yle ones? (closed

in v ersion 6)

3.13 Revisiting default argumen ts.

3.14 What are the rules regarding use of the inline k eyw ord in function template decla-

rations? (closed in v ersion 10)

3.15 Ho w ma y elab orated t yp e sp ecifiers b e used in function template declarations?

(closed in v ersion 8)

3.16 Clarification of template parameter deduction rules. (closed in v ersion 8)

3.17 Ho w ma y an o v erloaded function name b e used as a function template argumen t in

a con text that requires parameter deduction? (closed in v ersion 8)

3.18 Must a function template declaration b e visible when an instance of the template is

called? (closed in v ersion 8) item[3.19] What are the rules regarding the deduction

of template template parameters? (closed in v ersion 8)

3.20 Ho w are t yp e/expression am biguities resolv ed in explicitly qualified function tem-

plate calls? (closed in v ersion 10)

3.21 Ma y template functions with the same signature co exist with one another? Ma y a

template function with a giv en signature co exist with a non template function with

the same signature.

3.22 Prop osed rules for selecting b et w een o v erloaded function templates

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? (closed in v ersion 4)

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

referenced? (closed in v ersion 4)

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

names used in the class definition? (closed in v ersion 4)

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

rations? (closed in v ersion 6)

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

handled? (closed in v ersion 4)

4.6 Can a class template mem b er function b e redeclared outside of the class? (closed

in v ersion 6)

4.7 Can a mem b er function of a class sp ecialization b e instan tiated from a mem b er

function of the class template? (closed in v ersion 8)

4.8 Can a template mem b er function b e declared in a sp ecialization declaration? (closed

in v ersion 8)

4.9 Can a mem b er function defined in a class template definition b e sp ecialized? (closed

in v ersion 8)

4.10 Ho w are mem b ers of class templates declared and defined?

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? (closed in v ersion 4)

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

a class template? (closed in v ersion 4)

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? (closed in v ersion 4)

5.4 Can a sp ecific definition of a class template b e a lo cal class? (closed in v ersion 4)

Other Issues

6.1 Should classes used as template argumen ts ha v e external link age? (closed in v ersion

4)

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

issued? (closed in v ersion 4)

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? (closed in v ersion 4)

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

t yp e? (closed in v ersion 4)

6.5 Ho w should template argumen ts that con tain “ > ” b e parsed? (closed in v ersion 4)

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

in v ersion 4)

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? (closed in v ersion 4)

6.8 Ma y template declarations b e giv en a link age sp ecification other than C++. (closed

in v ersion 6)

6.9 Should there b e a translation limit that sp ecifies a minim um depth of recursiv e

instan tiation that m ust b e supp orted? (closed in v ersion 6)

6.10 Can a single template declaration declare more than one thing? (closed in v ersion

6)

6.11 Can a storage class b e sp ecified in a template parameter declaration? (closed in

v ersion 6)

6.12 Can an incomplete t yp e b e used as a template argumen t? (closed in v ersion 6)

6.13 Can a template non t yp e parameter ha v e a v oid t yp e? (closed in v ersion 6)

6.14 Can a non t yp e parameter b e a floating p oin t t yp e? (closed in v ersion 6)

6.15 What kind of expressions ma y b e used as non t yp e template argumen ts?

6.16 Can a template parameter b e used in an explicit destructor call? (closed in v ersion

6)

6.17 Can p oin ter to mem b er t yp es b e used as non t yp e parameters? (closed in v ersion 8)

6.18 Issues regarding declarations of sp ecializations.

6.19 Clarification of explicit designation of a name as a t yp e. (closed in v ersion 8)

6.20 T emplate compilation mo del prop osal. (withdra wn - last in v ersion 7)

6.21 Ho w is a dep enden t name kno wn to b e a template?

6.22 In teraction of templates and namespaces. (closed in v ersion 10)

6.23 Floating p oin t template parameters revisited. (closed in v ersion 10)

6.24 Ma y function t yp es b e used as template parameters?

6.25 WP clarification: o v erloaded functions as template argumen ts (closed in v ersion 10)

6.26 WP clarification: access c hec king an template argumen ts (closed in v ersion 10)

6.27 Name binding prob ems

Erwin Unruh’s Issues

7.1 T yp e deduction for con v ersion op erators

7.2 Ho w do es t yp e deduction in teract with o v erloading

7.3 Ho w do es t yp e deduction in teract with con v ersions

7.4 What is the p oin t of instan tiation really?

7.5 Short addition to 3.17

7.6 T yp e deduction with sev eral results

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.

(closed in v ersion 4)

F unction T emplates

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

larations?

template <class T> struct A {

struct B {

friend B& operator +(const B&, const B&);

};

};

template <class T> A<T>::B& operator +

(const A<T>::B& b1, const A<T>::B& b2){}

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

int main()

{

A<int> a;

A<int>::B b1;

A<int>::B b2;

A<int>::B b3;

f(a, b1);

b1 = b2 + b3;

}

There are t w o issues in v olv ed here

1. ho w do es one sp ecify that a name lik e A<T>::B is a t yp e?

2. can T in A<T>::B b e deduced?

The first issue is discussed, and a prop osal made in 94-0191/N0578 “Ma jor T emplate Issues,

Revision 0”, and will not b e discussed here.

The remainder of this discussion fo cuses on the t yp e deduction issue. This deduction has

deadlo c k ed in the past, partially on the lac k of substan tial justification for this feature.

I ha v e discussed this issue with Alex Stepano v who informed me that not only it it imp or-

tan t for STL, but the curren t implemen tation of STL has had to use mem b er functions

where friend op erator functions are really needed, b ecause the compiler b eing used to

dev elop STL do es not supp ort this feature.

The question really b oils do wn to “can nested t yp es b e used in function template declara-

tions”. The argumen ts for supp orting this kind of usage are the same as the argumen ts for pro viding nested t yp es at all. In m y opinion, it should b e p ossible to tak e just ab out an y

class and con v ert it in to a template. Banning nested t yp es in function template declara-

tions w ould mak e it imp ossible to con v ert man y kinds of classes in to template equiv alen ts.

There are at least t w o compilers (IBM and EDG) that curren tly supp ort this feature.

Note that no w that non t yp e template parameters ma y b e used in function templates, the

same principle applies to non t yp e parameters. F or example,

template <int I> struct A {

struct B {};

};

template <int I> void f(A<I>, A<I>::B){}

One concern that has b een expressed regarding this feature is that in a construct suc h as

T::A , T is the class in whic h A is declared and not strictly a t yp e attribute of A . While this

is true, it do es not c hange the fact that what is b eing deduced is in fact a t yp e (or non t yp e

in the case of non t yp e parameters). The question is whether the class of whic h a t yp e is a

mem b er can b e used as information from whic h t yp e (or non t yp e) information is deduced.

In other w ords, w e are not adding a new kind of deduction, w e are simply expanding the

kind of information that can b e used b y the deduction pro cess.

Answ er: Y es, this kind of deduction is allo w ed.

Note that the t yp e of the actual argumen t m ust b e a nested t yp e (class/struct, union, or

en um). A t yp edef is simply a synon ym for another t yp e and cannot b e used.

This prop osed resolution suggests that a compiler should b e able to determine that names

used in this con text are t yp es. An alternativ e w ould b e to require explicit designation as

a t yp e. The curren t facilit y for suc h designation (using typedef ) is not w ell suited for this

kind of construct, so some c hange to the curren t facilit y w ould probably b e required.

template <class T> struct A {

typedef T::X;

T::X x;

T::X f();

friend void g(T::X);

friend void g(T::X2); // Error

template <class U> void h(U::Y); // OK

};

template <class T> T::X A<T>::f(){} // OK

template <class T> void g(T::X); // OK

Status: Op en

V ersion added: 1

V ersion up dated: 7

3.13 Revisiting default argumen ts.

I w ould lik e to recommend that w e revisit the prop osed rules for default argumen ts to

restrict the w a ys in whic h default argumen ts for function templates ma y b e mo dified.

This is motiv ated b y examples suc h as the follo wing. If it is p ossible to add default

argumen ts to a function template with template parameters that dep end on other template

parameters, then the new default argumen t w ould need to b e t yp e-c hec k ed for eac h of the

instan tiations that ha v e already b een generated – a pro cess whic h has the p oten tial of

yielding new errors for the already generated instan tiations.

While this is p ossible to do, I think it w ould b e more confusing to users than a simpler

restriction on ho w default argumen ts ma y b e mo dified once a tempalte is declared. I w ould

recommend the same for mem b er functions.

template <class T>

void f(T, T, T*); // Default arg information locked here

void g1()

{

int i;

f(i,i,&i);

}

template <class T>

void f(T, T, T* = new T); // Error - default arguments

// modified after the first use

void g2()

{

int i;

f(i,i); // Without this rule, is this legal?

char c;

f(c,c); // How about this?

}

In the follo wing example, a default argumen t is pro vided that is only v alid for certain

instan tiations. Ho w w ould the b eha vior of this program c hange if the default argumen t

declaration (curren tly declared at p oin t #2) w ere mo v ed to either #1 or #3?

If the declaration w ere at p oin t #1, an error w ould b e issued at the call lab eled #4 b ecause

the default argumen t is incompatible with the parameter t yp e.

If the declaration w ere at p oin t #2, should an error b e issued at p oin t #2 b ecause the

default argumen t is in v alid for an existing instan tiation? Or, should the error only b e

issued if the default argumen t v alue is actually used in an in v alid call?

Unless w e adopt a rule that prohibits c hanging the default argumen ts once name binding

has o ccurred (at the latest), w e in tro duce a situation in whic h the legalit y of one call

dep ends on whether or not a previous call of the same function has b een seen. I think this

is undesirable.

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

struct A {};

// template <class T> void f(T, T = 1); // #1
void g1()

{

int i;

A a;

f(i,i);

f(a,a); // #4

}

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

void g2()

{

int i;

A a;

f(i);

f(a,a); // Is this an error?

f(a); // Error: default argument has wrong type

}

// template <class T> void f(T, T = 1); // #3

Answ er: Default argumen ts ma y only b e sp ecified in the initial declaration of a template

function. This means that default argumen ts for mem b er functions of class templates m ust

b e sp ecified in the class definition and not on definition of mem b ers that app ear outside

of the class definition.

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

template <class T>

void f(T, T = 1){} // Error - default not on initial declaration

template <class T> struct A {

void f(int);

void g(int = 0);

};

template <class T> void A<T>::f(int = 0){} // Error

template <class T> void A<T>::g(int){} // OK

Status: T en tativ ely appro v ed b y the Extensions w orking group in V alley F orge.

V ersion added: 5

V ersion up dated: 10

3.21 Question: Ma y template functions with the same signature co exist with one another? Ma y

a template function with a giv en signature co exist with a non template function with the

same signature.

file1.c:

-------

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

void f1()

{

int *ip;

f(ip); // attempted call of f(int*) generated from #1

}

file2.c:

-------

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

void f2()

{

int *ip;

f(ip); // attempted call of f(int*) generated from #2

}

file3.c:

-------

void f(int*); // #3

void f3()

{

int *ip;

f(ip); // attempted call of nontemplate f(int*)

}

Another w a y to put this is “What is the signature of a template function?” The t w o most

ob vious alternativ es are

1. A template function signature includes the function name and function parameter

information, but only includes information ab out template parameters that cannot

b e deduced from the function parameter information. This mo del w ould not allo w

templates #1 and #2 to co exist. Dep ending on ho w it is defined, it ma y or ma y not

allo w template functions and non template functions (#3) to co exist.

Although it is not really clear in the WP , this is probably what most p eople w ould

consider the status quo.

2. A template function signature includes the function name, function parameter infor-

mation, and information ab out all of the the template parameters. This mo del w ould

allo w all of the functions in the example ab o v e to co exist.

One of the c haracteristics of the newly adopted compilation mo del (and on of its dra wbac ks,

in m y opinion) is that a pro cessor m ust b e able link a reference to a template function with

the b o dy of the asso ciated function template definition at the p oin t at whic h all of the

translation units are brough t together to form a complete program. This requires that w e

either select a mo del in whic h complete information ab out b oth the template and function

parameters is part of the signature, or w e disallo w the co existence of function template

definitions in cases in whic h there is an y o v erlap b et w een the sets of functions that could

b e generated b y the t w o functions. The latter solution is most certainly t w o extreme as

it w ould outla w examples suc h as the follo wing and w ould, b y definition, mak e partial

sp ecialization of function templates imp ossible.

template <class T> void f(T);

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

A third alternativ e w ould b e to require that all template definitions b e supplied at compile

time. This w ould allo w the first mo del to b e used since it w ould no longer b e necessary to

link the reference and definition at “link time”.

Revisiting the t w o mo dels describ ed at the b eginning of this issue, w e can select mo del #1

and c hange the compilation mo del or select mo del #2.

If mo del #2 is used, it m ust b e p ossible to link sp ecialization declarations with the tem-

plates that they sp ecialize. In the follo wing example, the first sp ecialization declaration

is am biguous b ecause it could b e link ed to either of the templates. The second declar-

tion is legal b ecause b y sp ecifying b oth the template and function parameters only one of

the templates matc hes the declaration. Lik ewise, in the third declaration only one of the

templates matc hes the function parameter list, so the call is legal.

template <class T> void f(T);

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

void f<>(int*); // #1 - Ambiguous

void f<int>(int*); // #2 - OK

void f<>(int); // #3 - OK

Answ er: TBD

Status: Op en

V ersion added: 11

V ersion up dated: 11

3.22 Prop osed rules for selecting b et w een o v erloaded function templates

This is a prop osal to p ermit selection b et w een a set of o v erloaded function templates in

cases in whic h the calls are curren tly considered am biguous b ecause the functions are

iden tical as far as o v erload resolution is concerned.

template <class T> struct A {};

template <class T> void f(T, T){} // #1

template <class T> void f(A<T>, A<T>){} // #2

int main()

{

int i1, i2;

A<int> a1, a2;

f(i1, i2); // calls f(T,T)

f(a1, a2); // currently ambiguous --

// should call f(A<T>, A<T>)

}

In the ab o v e example it is desirable for the call f(a1, a2) to call the function template

that accepts an A<T> parameter instead of the one that simply uses a T parameter. The

call is curren tly am biguous, b ecause the t w o p oten tially generated functions ha v e the same signature. What is needed is some additional information in the o v erload resolution pro cess

that can serv e as a tie break er.

In cases where the tie break er is needed, the o v erload resolution pro cess will result in

t w o or more function templates whic h, if instan tiated, w ould pro duce iden tical function

signatures, but w ould do so through the use of differen t templates.

T o decide b et w een the mem b ers of this set, the function parameter lists are compared. If

one of the parameter lists could b e transformed in to the other parameter list b y pro viding

the suppling the appropriate v alues to b e substituted for its template parameters, then

the more sp ecific of the t w o functions should b e used. If the t w o function parameter lists

cannot b e made equiv alen t b y this kind of substitution, then the functions are unordered

relativ e to one another and the function call is am biguous.

Put another w a y , y ou do template argumen t deduction using the more sp ecific function as

the “actual argumen t” t yp es. F or example, y ou try use f(T,T) as the function template,

and f(A<T>, A<T>) as the actual argumen t list from whic h the t yp e A<T> is deduced as

the t yp e of T . If suc h deduction is p ossible, then one call is a sp ecial case of the other.

As with o v erload resolution in general, top lev el references are remo v ed b efore this com-

parison is done, as are an y t yp e qualifiers immediately under top lev el references. In other

w ords, T& and const T& are b oth transformed to T b efore this comparison is done.

Examples:

1. When called with f(const T) , T can b e replaced with const T — use #2

f(T) // 1

f(const T) // 2

2. When called with f(const T*) , T can b e replaced with const T — use #2

f(T*) // 1

f(const T*) // 2

3. When called with f(T) , am biguous (top lev el references are ignored)

f(T) // 1

f(T&) // 2

4. When called with f(A<int>) , T can b e replaced with A<T> — use #2 (top lev el

references are ignored)

f(T&) // 1

f(A<T>) // 2

5. When called with f(const A<int>) , T can b e replaced with A<T> — use #2 (top

lev el references and asso ciated qualifiers are ignored)

f(const T&) // 1

f(A<T>) // 2

6. When called with f(const A<int>) , pic k #1, #2 is not callable

f(const T&) // 1

f(A<T>&) // 2

7. When called with f(A***) , T can b e replaced with T* , use #2.

f(T*) // 1

f(T**) // 2

8. When called with f(A<B<int>>) , use #3 b ecause T in #1 can b e replaced with

A<B<T>> and T in #2 can b e replaced with B<T> .

f(T) // 1

f(A<T>) // 2

f(A< B<T> >) // 3

9. When called with void(*)(char **, int*) , am biguous

f(void (*)(T, int)) // 1

f(void (*)(int, T)) // 2

Status: Op en

V ersion added: 11

V ersion up dated: 11

Mem b er F unction T emplates

4.10 Question: Ho w are mem b ers of class templates declared and defined?

Answ er:

1. A sp ecialization of a mem b er function of a template class (but not a mem b er template)

is declared or defined using the normal function mem b er function syn tax (i.e., without

use of the <> used in template function sp ecializations). Note that some additional

sp ecialization syn tax suc h as template <> or specialise w ould b e useful in con texts

lik e this to mak e sp ecializations easier to sp ot. Default argumen ts ma y b e added in

these declarations, but previously declared default argumen ts ma y not b e mo dified

or redeclared.

2. A mem b er template is defined outside of the class definition in m uc h the same w a y as

a non template mem b er, but the template parameter list of the class is follo w ed b y a

second template declaration instead of b eing follo w ed b y a normal function declarator.

Default argumen ts ma y not b e supplied in these declarations.

3. A mem b er template of a class template ma y b e sp ecialized for a giv en instance of the

class as indicated in the example b elo w. Default argumen ts ma y not b e supplied in

these declarations.

4. A sp ecific instance of a mem b er template ma y b e sp ecified using the normal template

function sp ecialization syn tax. The <> is required. Default argumen ts ma y not b e

supplied in these declarations.

template <class T> struct A {

void f(T);

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

};

// Specialization - #1

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

// Out of class definition - #2
template <class T> template <class X> void A<T>::g(T,X) {}

// Specialization of member template - #3

template <class X> void A<int>::g(int,X);

// Specialization of an instance of a member template

void A<int>::g<>(int, char);

Default argumen t rationale: It has b een ten tativ ely decided that default argumen ts ma y

only app ear on the initial declaration of a template. This rules out the use of default

argumen ts on the definition or sp ecialization of a mem b er template (#2 and #3 ab o v e).

It has further b een decided that default argumen ts are not p ermitted on sp ecialization of

function templates. This rules out the use of default argumen ts on the declaration of a

sp ecialization of an instance of a mem b er template (#4 ab o v e).

A sp ecialization of a mem b er function of a template class is differen t from either of these

cases. It do esn’t declare a template, nor is a mem b er function of a class template really

a function template (i.e., mem b er functions of class templates do not participate in the

function template matc hing pro cess and in template argumen t deduction).

Status: Op en

V ersion added: 11

V ersion up dated: 11

Other Issues

6.18 Issues regarding declarations of sp ecializations.

The language w as recen tly revised to require that a sp ecialization b e declared b efore it is

used. F or example,

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

void f<>(int); // Declares that a specialization of

// f(int) will be provided

While this usage is clear for normal template functions, it is problematic for mem b ers of

template classes. In the nonmem b er case sho wn ab o v e, the template argumen t list mak es

it clear that the function is a sp ecialization. In the mem b er function, only the argumen t

list of the class is presen t, making the purp ose of the declaration less clear. F or static data

mem b ers the problem is ev en w orse b ecause the syn tax for the sp ecialization is already

used to mean a definition for whic h no sp ecific v alue is pro vided.

template <class T> struct A {

void f();

static int i;

};

void A<int>::f(); // Is this a specialization declaration?

int A<int>::i; // This is a definition, not a declaration

I prop ose that a k eyw ord b e added to designate a declaration as a sp ecialization and that

the curren t syn tax for sp ecializations b e eliminated. The follo wing are some of the p ossible

k eyw ords:

template <class T> struct A {

static int i;

};

specialize int A<int>::i;

specialise int A<int>::i;

specific int A<int>::i;

specialism int A<int>::i; // Yes, specialism is a real word

Of these, I p ersonally prefer specialize b ecause it matc hes the w ording used in the

w orking pap er. If specialize is not acceptable b ecause it is sp elled differen tly in some

coun tries, then specific w ould probably b e m y second c hoice.

Tw o alternativ es ha v e b een prop osed that do not in v olv e the addition of a k eyw ord:

template <> int A<int>::i;

extern int A<int>::i;

Status: Op en

V ersion added: 7

V ersion up dated: 10

6.21 Question: Ho w is a dep enden t name kno wn to b e a template?

This issue w as raised b y Erwin Unruh in c++std-ext-2239 .

In the follo wing example from Erwin’s p osting, the f on the indicated line refers to an

in teger data mem b er in A<B> , and to a function template in A<C> .

template <class T> class A : public T {

void foo(){

T t;

f < 1 > (t,t); // critical line

}

};

class B {

int f;

};

int operator> (B, bool);

A<B> ab;

class C {};

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

A<C> ac;

In another example from Erwin’s p osting, a v ariation of the problem using mem b er tem-

plates is illustrated.

struct A { int x; };

struct B { template<int> void x(int); };

template <class T> struct C : public T {

void foo(){

x < 1 > (2); // critical line #1

}

};

C<A> ca; // #1 is double comparison

C<B> cb; // #1 is template function

Answ er: W e curren tly ha v e a means of designating that a giv en name is a t yp e for use when

a t yp e will b e defined in a template dep enden t base class. I prop ose a similar mec hanism

for templates. A name will b e assumed not to b e a template unless explicitly designated

as one.

template <class T> class A : public T {

template f; // May be placed here

void foo(){

T t;

template f; // or may be placed here

f < 1 > (t,t);

}

};

The second example w ould b e mo dified as follo ws:

struct A { int x; };

struct B { template<int> void x(int); };

template <class T> struct C : public T {

template T::X; // May be placed here

void foo(){

template T::X; // or may be placed here

x < 1 > (2); // critical line #1

}

};

C<A> ca; // #1 is double comparison (now made invalid)

C<B> cb; // #1 is template function

The iden tifier follo wing the template k eyw ord m ust either ha v e no qualifier or ha v e a

qualifier that b egins with either a template parameter or a template class name.

If this prop osal is adopted, I b eliev e w e should mo dify one of the existing uses of the

k eyw ord template . It is curren tly used for template declarations and for explicit instan ti-

ation requests. I b eliev e that using it for b oth explicit instan tiation requests and for explicit

template designation w ould b e confusing. I prop ose that a new k eyw ord instantiate b e

added for use in explicit instan tiation requests and that the k eyw ord template no longer

b e supp orted in that con text.

Status: Op en

V ersion added: 7

V ersion up dated: 7

6.22 In teraction b et w een templates and namespaces

The Septem b er 20, 1994 W orking P ap er con tains a new section (with an editorial b o x) that

sp ecifies that an instan tiation caused b y a template reference within a namespace is done

within the namespace that con tains the reference. Prior to this c hange the WP sp ecified

that the instan tiation w as done at the global scop e.

The new WP description do es not address what happ ens if the template itself w as defined

in a namespace.

namespace N {

void g(int);

template <class T> void h(T);

void i(int);

template <class T> void f(T t)

{

g(t);

h(t);

i(t);

}

};

namespace X {

void g(int);

void h(int);

// Effective instantiation point of f(int)

void m()

{

f(1); // which g(int) should be called when f(int)

// is instantiated? Which version of h(int)?

}

};

In the example ab o v e, the new WP w ording w ould tend to suggest that the instan tiation is

done at the p oin t indicated, suggesting that X::g(int) and X::h(int) should b e called.

Selecting that instan tiation p oin t w ould also suggest that the call of i(int) w ould b e

in v alid b ecause there is no function i in scop e at the sp ecified p oin t.

If the indicated p oin t is truly the effectiv e instan tiation p oin t, w e need additional name

lo okup rules so that names from the namespace in whic h the template w as defined can b e

a v ailable when the instan tiation is done.

There seem to b e four p ossible alternativ es:

1. Lo ok first in the template definition namespace, then in the referencing namespace.

In the example ab o v e, lo ok first in namespace N , then in namespace X .

2. Lo ok first in the referncing namespace, then in the template definition namespace. In

the example ab o v e, lo ok first in namespace X , then in namespace N .

3. Lo ok in b oth namespaces and allo w o v erloading of names b et w een the t w o namespaces.

4. Lo ok in b oth namespaces, if the name is found in b oth namespaces the program is ill

formed.

Answ er: Alternativ e n um b er 3 appro v ed in V alley F orge.

Status: Op en

V ersion added: 9

V ersion up dated: 9

6.24 Question: Ma y function t yp es b e used as template parameters?

The use of function t yp es as template parameters is problematic. It can result in something

that lo oks lik e an ob ject c hanging in to a function declaration. Note that it is not p ossible

to define a mem b er suc h that it could b e instan tiated as either an ob ject or a function.

template <class T> struct A {

static T t;

};

A<int()> a1; // Oops! A<int()>::t is now a function!

Lik ewise, a function t yp e inherited from a template dep enden t base class can create the

same problem.

template <class X> struct A : public X {

typename X::T;

static X::T t;

};

struct B {

typedef int(T)();

};

A<B> a1; // Oops! A<B>::t is now a function!

Answ er: Declaring a function or mem b er function with a t yp e that dep ends on a tempalte

parameter ma y only b e done using the syn tactic form of a function declarator.

Status: T en tativ ely appro vded b y the Extensions w orking group in V alley F orge.

V ersion added: 9

V ersion up dated: 10

6.27 Name binding problems.

As the name binding rules are curren tly written, ob ject and t yp e names are alw a ys b ound

at template definition time. Ho w ev er, this assumes that function names are not visible as

the names of other en tities at the time the initial name binding is done.

Example 1 illustrates ho w this problem can o ccur if a dep enden t function name happ ens

to ha v e the same name as an already declared t yp e. Example 2 illustrates a more serious

problem where a name from the defining namespace is used when a dep enden t name from

the reference namespace is in tended to b e used.

Example 1:

struct X {};

template <class T> void f(T t)

{

// X(t) is intended to be a dependent function

// call but instead

// it is interpreted as an object declaration.

X(t);

}

void X(int){}

int main()

{

f(1);

}

Example 2:

int X;

template <class T> void f(T t)

{

// X(t) is intended to be a dependent function

// call but instead

// it is interpreted as a syntax error.

X(t);

}

namespace Y {

void X(int){}

void z()

{

f(1);

}

};

Answ er: Unkno wn

Status: Op en

V ersion added: 11

V ersion up dated: 11

Erwin Unruh’s Issues

Man y thanks to Erwin Unruh who pro vided the follo wing issues in finished Latex form! These

issues w ere added to this do cumen t in v ersion 10.

7.1 T yp e deduction for con v ersion op erators (ext-2434, Erwin Unruh)

Since w e added mem b er templates, implicit t yp e con v ersions can in v olv e template func-

tions. They can b e constructors or t yp e con v ersions.

Constructors are in v olv ed if the target t yp e is a class. Then the source of the con v ersion is

the argumen t of the constructor call and the normal rules of t yp e deduction can b e used

(including some implicit con v ersions).

F or con v ersion op erators the case is differen t: Here the source is a class and the con v ersion

op erators of the class (and its bases) are considerd. Non-template con v ersions build a finite

list and w e can c hec k them all. T emplate-con v ersions ho w ev er m ust b e sorted out b efore

w e can c hec k them.

Ho w do w e determine the template argumen ts for the con v ersion op erator? All w e ha v e as

information is the target t yp e of the con v ersion.

If there is an exact (really exact) matc h that set of argumen ts should build one viable

con v ersion. Ho w ab out an y other (standard) con v ersions whic h could b e done after the

con v ersion op erator? I consider the con v ersion allo w ed for normal t yp e deduction:

• function . . . to p oin ter to function . . . : This should not happ en, since a return t yp e

cannot b e a function.

• arra y of T to p oin ter of T : This should not happ en, since a return t yp e cannot b e

an arra y .

• p oin ter to more qualified p oin ter : This ma y follo w the same rules as for normal

functions. Unless the added (or remo v ed) qualifications do not in v olv e the deduced

t yp e, those con v ersion ma y b e done.

• p oin ter to deriv ed to p oin ter to base, restricted form: F or normal functions this

con v ersion is allo w ed if it leads to an B<something> . This is safe b ecause there is a

finite set of bases for eac h class and w e start at the deriv ed end. A similar con v ersion

in this place w ould b e a con v ersion from a D<something> to a B . This is more difficult,

since w e start at the B and are trying to find a deriv ed class. The deriv ed class ma y

ev en b e forced to b e generated b y that con v ersion. Because of this differences I w ould

disallo w this sort of con v ersion.

• p oin ter to mem b er: As this is in v erted from the normal deduction, it w ould w ork.

Ho w ev er, it w ould b e easier to teac h and understand to sta y with the simple rule

stated b elo w.

See the follo wing example:

template<class T> struct B { };

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

template<class T> int foo( int B<T> );

struct A {

template<class T> operator D<T>();

};

A a;

int i = foo(a);

A t this call, no instance of D exists. T o c hec k whether w e can call function fo o w e m ust

instan tiate some classes to c hec k, whic h of them will ha v e base B<int> . The ob vious

shortcut of c hosing the same template argumen ts w on’t w ork.

It is alw a ys a bad idea to searc h for deriv ed classes and this w ould b e suc h a case. W e

should not allo w this!

A first try of a form ulation w ould b e:

In a con v ersion sequence con taining a con v ersion template, for whic h the template param-

eters are deduced, the second standard con v ersion should only con tain lv alue con v ersions,

rv alue con v ersions or qualification con v ersions.

This excludes promotions and con v ersions of the category ’standard’. (the categories are

from the new c hapter 13, 94-0080)

Status: Op en

V ersion added: 10

V ersion up dated: 10

7.2 Ho w do es t yp e deduction in teract with o v erloading (ext-2320, Erwin Unruh)

After determining the candidate functions, for eac h template function t yp e deduction tak es

place. That t yp e deduction can ha v e differen t results:

1. A single function is c hosen.

In this case that function is the candidate replacing the template (It will also b e a

viable function).

2. No matc h is found.

In this case there is no viable function instance.

3. Sev eral functions (finite n um b er) ma y b e c hosen.

template<class T> class A{};

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

class B : public A<char>, public A<int> {};

B b;

int i = f(b);

In this example, b oth bases pro duce eac h a viable function from the template. The

result is that this call is am bigous.

There ma y b e situations where t w o viable functions ma y b e generated from a template,

one of them b etter than the other. (One p ossibilit y ma y b e a sp ecialization whic h

is deriv ed from another sp ecialisation of the same template). Another sensible case

w ould b e where b oth functions are w orse than a non-template function (add f(B) to

the example).

Resolution: All viable functions are considered for o v erloading.

Alternativ e 1: No function pro duced from this template is considered for o v erloading.

Alternativ e 2: The call is ill-formed.

4. The t yp e deduction fails.

This can b e the case when an infinite n um b er of viable functions is generated, a

template argumen t cannot b e deduced or a conflict b et w een deductions arises (3.16).

In theses cases no reasonable function can b e c hosen from that template. (See also

7.6)

Resolution: The call is ill-formed.

Alternativ e 1: No function pro duced from this template is considered for o v erloading.

After this step of t yp e deduction the normal o v erload resolution tak es place. A template

function should not b e in disadv an tage at normal o v erloading (remo v e b o x 59 together

with the preference of non-template functions).

Comment fr om John Spic er: The original template overlo ad r esolution rules fr om the ARM

favor e d a nontemplate exact match over a template exact match (the only kind of match

al lowe d for templates in the ARM). When I pr op ose d a r evise d set of overlo ading rules that

al low c onversions in template function c al ls I r etaine d the bias for nontemplate functions).

In other wor ds, the bias has always b e en ther e and I don ’t think we should eliminate it

without a go o d r e ason to do so.

Status: Op en

V ersion added: 10

V ersion up dated: 10

7.3 Ho w do es t yp e deduction in teract with con v ersions (ext-2320, Erwin Unruh)

A t the momen t I see the follo wing problems, where templates en ter the discussion of

con v ersions.

1. Con v ersion from p oin ter to deriv ed to p oin ter to base:

Both the deriv ed and the base class could b e template classes. A t this p oin t there

should b e no big problem. Both classes m ust b e complete to allo w suc h a con v ersion.

The base class m ust b e instan tiated for the deriv ed class to b e defined. The deriv ed

class m ust b e instan tiated whenev er a p oin ter to it is sub ject to a con v ersion. (see

p oin t 2.7)

2. Con v ersion of p oin ters to mem b er

When solving the con v ersion of template argumen ts w e left out mem b er p oin ter. So

p oin ter to mem b er con v ersions cannot in terfere with template t yp e deduction. So source and target of suc h a con v ersion are fixed and it can b e c hec k ed whether the

t yp es are completely defined.

Prop osal: When a p oin ter to a mem b er of a template class ma y b e the target of a

con v ersion, that class will b e instan tiated.

3. Constructor templates

This do es ha v e a v ery neat solution after the prop osal for the section 13 is accepted

(94-0080). Here the o v erload reolution go es bac k to itself whenev er a user defined

con v ersion comes in to pla y . So the con v ersions itself are describ ed using o v erload

resolution. In this con text it is relativ ely easy to incorp orate constructor templates

in to that sc heme.

4. Con v ersion templates

The usage of con v ersion templates is discussed in P oin t 7.1. There is ho w ev er an

additional problem in the declaration matc hing. Consider the follo wing example:

class A {

operator int();

};

class B : public A {

template <class T> operator T ();

};

class C : public B {

operator char ();

};

The question is whether the template hides the con v ersion in the base class and

whether a declaration in the deriv ed class ma y hide (an instance of ) the template.

The problem arises since the return t yp e of the con v ersion op erator is considered his

name.

Prop osal: The template con v ersion do es hide only the con v ersions whic h ha v e an

exact matc h. A program is ill-formed, if a con v ersion template is p oten tially hiding

(or b eing hidden b y) a con v ersion for whic h the t yp e deduction can not b e done.

T o elab orate that rule: If there is a p oten tial hiding b et w een a template and a normal

con v ersion, try t yp e deduction. If that results in a matc h, fine. If the result is that

there is definitly no matc h ( int visa T* ), fine. Otherwise, there is a problem!

Hiding b et w een t w o template con v ersions should b e discussed when the topic of partial

sp ecialization is resolv ed. Is it allo w ed to ha v e t w o template con v ersions in the same

class ?

Status: Op en

V ersion added: 10

V ersion up dated: 10

7.4 What is the p oin t of instan tiation really? (ext-2547, Erwin Unruh)

The presen t rules for the template name binding ha v e a uncomfortable bit. Consider the

follo wing example:

template<class T> void f(T t)

{
g(t);

}

void h()

{

extern void g(char);

f(’a’); // error

}

// \#1

void g(int i)

{

f(i); // error ??

}

With the presen t rules b oth instan tiations fail. The first f<char> should fail, since no g is

in (global) scop e at the p oin t of instan tiation and the lo cal one is ignored (with v ery go o d

reason).

The second ho w ev er is not so clear cut. The WP sa ys the p oin t of instan tiation is #1 and

there is no g in scop e. On the other hand one could argue that the function g is kno wn at

the call as it is not lo cal.

This topic is curren tly (No v. 1994) still under discussion and should b e review ed in a later

v ersion. It also in teracts with the problem of name injection.

Status: Op en

V ersion added: 10

V ersion up dated: 10

7.5 Short addition to 3.17 (ext-2455, Erwin Unruh)

I w an t to add a new p oin t to the example: It reads no w

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

void g(int, int); // g1

void g(int, char); // g2

template <class T> void h(int, T);

int main()

{

f(g); // O.k. chooses g1

f(h); // ??

}

The call with g is no problem. The function g2 can b e no matc h, since its second parameter

do es not matc h the second parameter of the function p oin ter.

The call with h lo oks similar. Here is only one function, whic h can b e the argumen t to

the call. This is the case since the template parameters in v olv e differen t parameters of the

function p oin ter. But to solv e this problem w e ha v e to do t yp e deduction on b oth f and h

in parallel. This lo oks v ery strange.

So I prop ose to add a new rule (or a v arian t of the one in spicer’s list):

If a template argumen t is deduced from a function parameter of a p oin ter to function t yp e,

the function argumen t m ust b e an expression of a single t yp e, or a name of an o v erloaded

function whic h do es not con tain template functions.

There is a short note in 3.17 whic h supp orts this view. It reads: ” . . . (i.e., in whic h no

t yp e deduction is required).”

Status: Op en

V ersion added: 10

V ersion up dated: 10

7.6 T yp e deduction with sev eral results (ext-2436, Erwin Unruh)

After the adopton of 3.9 (con v ersion of template argumen ts) and 3.16 (deducing from

sev eral argumen ts) w e ha v e a strange situation whic h is not handled b y the rules.

See the follo wing example:

template <class T> class B {};

class D : public B<int>, public B<float> {};

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

template <class T> int g ( B<T> , B<T> );

D d;

int i = f(d);

int j = g(d,d);

Let’s first lo ok at f. The argumen t is a class whic h do es not matc h. It has t w o base classes

whic h can b e reac hed and whic h w ould matc h. So there are t w o instances of the template

whic h can b e used for o v erload resolution. (In this case they are am biguous, but another

parameter could ha v e solv ed the am biguit y).

The function g gets more in teresting. F or b oth parameters w e can deduce the argumen t

t yp e for the template. Coun ting all tuples they colud b e:

1. in t and in t

2. in t and float

3. float and in t

4. float and float

Only the first and last p ossibilities really lead to correct functions.

If w e are going to allo w sev eral functions, w e ha v e to describ e a complete algorithm of ho w

to find the viable functions.

I prop ose to ha v e a simple rule, whic h ma y b e differen t from ordinary functions. The rule

is: T yp e deduction from a single argumen t m ust lead to at most one c hoice of a template

argumen t. If t w o differen t argumen t v alues can b e deduced, the call is ill-formed. (See

also 7.2)

I am not v ery firm on this conclusion and w ould lik e to hear more argumen ts!

Status: Op en

V ersion added: 10

V ersion up dated: 10