X3J16/96-0094

W G21/N0912

T emplate Issues and Prop osed Resolutions

Revision 15

John H. Spicer

Edison Design Group, Inc.

jhs@edg.com

Ma y 28, 1996

Revision History

V ersion 1 (93-0039/N0246) – Marc h 5, 1993: Distributed in P ortland and in the p ost-P ortland

mailing.

V ersion 2 (93-0074/N0281) – 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 (93-0123/N0330) – 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 (93-0183/N0330) – No v em b er 24, 1993: Distributed in p ost-San Jose mailing. Re-

flects 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 (94-0020/N0407) – 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 (94-0068/N0455) – Marc h 25, 1994: Distributed in the P ost-San Diego mailing. Re-

flects 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 (94-0096/N0483) – 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 (94-0125/N0512) – 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 (94-0200/N0587) – 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 (94-0212/N0599) – No v em b er 25, 1994: Distributed in the p ost-V alley F orge mail-

ing. 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 (95-0007/N0607) – Jan uary 31, 1995: Distributed in the pre-Austin mailing. In-

cludes a few new issues.

V ersion 12 (95-0101/N0701) – Ma y 28, 1995: Distributed in the pre-Mon terey mailing. Reflects

decisions made in Austin. 9 issues ha v e b een closed, 12 new issues ha v e b een added.

V ersion 13 (95-0158/N0758) – July 20, 1995: Distributed in the p ost-Mon terey mailing. Re-

flects decisions made in Mon terey .

V ersion 14 (96-0023/N0841) – Jan uary 30, 1996: Distributed in the pre-San ta Cruz mailing.

V ersion 15 (96-0094/N0912) – Ma y 28, 1996: Distributed in the pre-Sto c kholm mailing. Re-

flects decisions made in San ta Cruz and con tains 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. Thank y ou to Erwin Unruh, who has con tributed to man y of

the issues, and who also con tributed the “Erwin Unruh’s Issues” section. Thank y ou to Mik e

Karasic k and Lee Nac kman (and p ossibly others) from IBM who con tributed issues concerning

name binding and mem b er functions of partial sp ecializations of class 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

4)

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)

2.24 Class template partial sp ecialization clarification. (closed in v ersion 13)

2.25 Ma y a nested class within a class template b e defined outside of the template?

(closed in v ersion 13)

2.26 Question: Ma y a class nested within a template b e declared as a template friend?

(closed in v ersion 13)

2.27 Ma y a friend function b e defined in a template friend declaration? (closed in v ersion

13)

2.28 Clarification of sp ecialization rules for nested classes. (closed in v ersion 15)

2.29 Can a non-autonomous nested class b e sp ecialized? (closed in v ersion 15)

2.30 Can nested classes and mem b er template classes b e sp ecialized? (closed in v ersion

15)

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? (closed in v ersion 12)

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. (closed in v ersion 12)

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. (closed in v ersion 12)

3.22 Prop osed rules for selecting b et w een o v erloaded function templates (closed in v er-

sion 12)

3.23 Binding of function and arra y t yp es to template dep enden t reference parameters.

(closed in v ersion 15)

3.24 Clarification regarding non t yp e parameters deduced from arra y b ounds. (closed in

v ersion 13)

3.25 Can a t yp e parameter b e deduced from the t yp e of a non t yp e parameter? (closed

in v ersion 13)

3.26 What is the t yp e of a constan t deduced from an arra y b ound? (closed in v ersion

13)

3.27 Clarification of rules regarding expressions used as non t yp e argumen ts. (closed in

v ersion 13)

3.28 Elab orated t yp e sp ecifiers in function template declarations revisited. (closed in

v ersion 15)

3.29 T emplate argumen t deduction revisited. (closed in v ersion 15)

3.30 Ho w are nondeduced nested class references handled in function template declara-

tions?

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? (closed in v ersion 13)

4.11 Ho w are mem b ers functions of a partial sp ecialization of a class template defined?

(closed in v ersion 13)

Explicit Sp ecialization Issues

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)

5.5 Where can an explicit sp ecialization b e declared?

5.6 Clarification of rules regarding the explicit sp ecialization of class templates.

5.7 Ho w are the mem b ers of an explicitly sp ecialized class defined?

5.8 What syn tax is used to declare a template en tit y to b e a friend?

5.9 What are the rules for exception sp ecifications on explicit sp ecializations?

5.10 What is the link age (in ternal vs. external) of an explicit sp ecialization?

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. (closed in v ersion 12)

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? (closed in v ersion 12)

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? (closed in v ersion 12)

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 problems (closed in v ersion 12)

6.28 Can a user-sp ecialization b e pro vided for an operator -> that cannot b e instan ti-

ated? (closed in v ersion 13)

6.29 Ho w are names from template dep enden t base classes to b e used? (withdra wn, last

in v ersion 12)

6.30 When is a template argumen t list required in a function declaration? (closed in

v ersion 15)

6.31 Is a template argumen t list p ermitted in a function template declaration? (closed

in v ersion 15)

6.32 Can compiler-generated functions b e explicitly sp ecialized or instan tiated? (closed

in v ersion 15)

6.33 When is a nested-name-sp ecifier allo w ed in the declarator in an explicit instan tia-

tion. (closed in v ersion 15)

6.34 Can an explicit instan tiation that refers to a class b e used to instan tiate all the

mem b ers of a nested class? (closed in v ersion 15)

6.35 typename syn tax problems. (closed in v ersion 15)

6.36 Where is typename p ermitted? (closed in v ersion 15)

6.37 Do es typename affect name lo okup? (closed in v ersion 15)

6.38 Clarification of in teraction of namespaces and sp ecialization (closed in v ersion 15)

6.39 Correction of default template argumen t description. (closed in v ersion 15)

6.40 Clarification of access c hec kin in explicit instan tiation directiv es. (closed in v ersion

15)

6.41 Link age consistency rules for sp ecialization and guiding declarations. (closed in

v ersion 15)

6.42 Clarification of rules for template op erator new and delete.

6.43 Clarification of rules for the n um b er of things declared in a template declaration.

6.44 What are the rules for exception sp ecifications on explicit instan tiations?

6.45 A prop osal to eliminate guiding declarations.

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

plate parameters are equiv alen t?

6.47 When are friend functions defined in class templates ev aluated?

6.48 Are template friend declarations p ermitted in lo cal classes?

Erwin Unruh’s Issues

7.1 T yp e deduction for con v ersion op erators (closed in v ersion 12)

7.2 Ho w do es t yp e deduction in teract with o v erloading (closed in v ersion 13)

7.3 Ho w do es t yp e deduction in teract with con v ersions (remo v ed in v ersion 15)

7.4 What is the p oin t of instan tiation really? (closed in v ersion 15)

7.5 Short addition to 3.17 (closed in v ersion 13)

7.6 T yp e deduction with sev eral results (closed in v ersion 13)

Mem b er T emplate Issues

8.1 Can normal mem b ers co exist with mem b er function templates that could generate

the same signature?

8.2 Clarification of rules for mem b er templates and virtual functions.

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

op erator?

8.4 Can t w o mem b er templates co exist whose only difference is that one is static and

the other is not? Ho w are template con v ersion functions explicitly called, explicitly

sp ecialized, and explicitly instan tiated.

8.6 Can a template argumen t list b e supplied to an constructor template or con v ersion

template?

8.7 Ho w is a con v ersion function c hosen when the set of con v ersions includes con v ersion

templates functions?

8.8 Clarification of rules for standard con v ersions follo wing template con v ersion func-

tions

8.9 Can a mem b er class template b e declared and then defined later within the class?

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.

Class T emplate References

2.28 Clarification of sp ecialization rules for nested classes.

Status: Appro v ed in San ta Cruz.

The curren t w ording in 7.1.5.3 [dcl.t yp e.elab] do es not p ermit an elab orated t yp e sp ecifier

con taining a qualified name to b e the sole constituen t of a declaration. Unless this is

c hanged, it will not b e p ossible to name a nested class mem b er of a template class in an

explicit instan tiation.

template <class T> struct A {

struct B {};

};

template <> struct A<int>; // okay

template <> struct A<char>::B; // not allowed by 7.1.5.3

Answ er: 7.1.5.3 should b e c hanged to p ermit this usage in explicit instan tiations and

explicit sp ecializations.

V ersion added: 14

V ersion up dated: 14

2.29 Question: Can a non-autonomous nested class b e sp ecialized?

Status: Appro v ed in San ta Cruz

It is p ossible for the definition of a nested class to also b e used to declare mem b ers of

that class t yp e. While it w ould still b e p ossible to p ermit classes defined in suc h “non-

autonomous” declarations to b e sp ecialized, it seems lik e a bad idea. Moreo v er, most suc h

uses w ould require the nested class to b e instan tiated as part of the instan tiation of the

enclosing class an yw a y .

Answ er: Y es, non-autonomous classes can b e sp ecialized (pro vided their use within the

class do es not force their instan tiation, but this is a consequence of the normal rules that

require a sp ecialization to b e declared b efore its first use).

template <class T> struct A {

struct B {int i;} b; // instantiated as part of A<T>

union { int i; float f; }; // instantiated as part of A<T>

struct C { long l; }; // not instantiated as part of A<T>

// so can be specialized

struct D {int i;} *d; // not instantiated as part of A<T>

// so can be specialized

};

V ersion added: 14

V ersion up dated: 15

2.30 Question: Can nested classes and mem b er template classes b e sp ecialized?

Status: Appro v ed in San ta Cruz

In Austin, w e disallo w ed sp ecialization of mem b er classes and mem b er template classes.

This w as done b ecause the rules that w ere then in effect concerning when nested classes w ere instan tiated made suc h sp ecializations imp ossible. In Mon terey , w e c hanged the rules

making suc h sp ecializations once again p ossible.

Answ er: F or consistency with other kinds of mem b ers, it is prop osed that the abilit y to

sp ecialize mem b er classes and mem b er class templates b e restored.

V ersion added: 14

V ersion up dated: 14

F unction T emplates

3.23 Binding of function and arra y t yp es to template dep enden t reference parameters.

Status: Rejected in San ta Cruz

WP 14.10.2 [temp.deduct] sa ys that arra y and function t yp es do not deca y when binding

to a parameter that is a reference. The problem with this is it p ermits arra y t yp es to b e

used in places where the template writer had not in tended them to b e used. F or example,

the HP STL distribution includes a max template that is defined as:

template <class T>

inline const T& max(const T& a, const T& b) {

return a < b ? b : a;

}

This w orks w ell for most t yp es, but fails for arra y t yp es suc h as string literals.

int main()

{

char* x;

x = max("hello", "there"); // T is char[6]

x = max("hi", "there"); // fails because T is char[3]

// and char[6]

}

What is in tended is that the resulting function parameter t yp e for const T& is const

char*& . What happ ens with the curren t WP w ording is that the resulting function pa-

rameter is const char (&)[6] . This causes a problem: the length of the t w o strings

m ust b e iden tical for t yp e deduction to succeed, and the return t yp e will end up b eing a

reference to arra y of the same size.

Answ er: The prop osed solution is to revise the deduction rules to sa y that an arra y or

function t yp e can only bind to a parameter that is declared with a reference to arra y or

function t yp e, as in the example that app ears b elo w.

More sp ecifically , assuming P is the parameter t yp e and A is the argumen t t yp e: If P is a

reference to an arra y t yp e and A is an arra y t yp e, or P is a reference to function t yp e and

A is a function t yp e, and if the v alues of the all of the template parameters referenced b y P

can b e deduced from A , then the original t yp e of A is used for t yp e deduction. Otherwise,

• if A is an arra y t yp e, the result of the arra y to p oin ter deca y is used in place of A for

t yp e deduction; otherwise,

• if A is a function t yp e, the result of the function to p oin ter deca y is used in place of

A for t yp e deduction.

template <class T, int I1, int I2>

T* f(T (&t1)[I1], T (&t2)[I2]);

int main()

{

char* x;

x = f("hello", "there");

}

This still p ermits binding of arra y t yp es, but only in cases where that is explicitly indicated

b y the template writer.

Note that this il lustr ates another clarific ation that ne e ds to b e made. Major arr ay b ounds

ar e p art of the p ar ameter typ e when the p ar ameter is a r efer enc e. Conse quently, nontyp e

template p ar ameters may b e de duc e d fr om a major arr ay b ound in such c ases.

V ersion added: 12

V ersion up dated: 12

3.28 Elab orated t yp e sp ecifiers in function template declarations revisited.

Status: Appro v ed in San ta Cruz

In W aterlo o, w e decided that an elab orated t yp e sp ecifier con taining a template parameter

name could not b e used in a function template declaration.

No w that w e ha v e the partial ordering rules for function templates, this issue should b e

c hec k ed to see if it is still what w e w an t.

With the partial ordering rules, w e can no w select one template o v er another based on

one b eing “more sp ecialized” than another. It seems that these rules could b e applied to

elab orated t yp e sp ecifiers as w ell.

If this is p ermitted in the partial ordering of function templates, it should also b e p ermitted

in the partial ordering used for class template partial sp ecializations.

template <class T> class List {};

template <class T> void f(List<struct T> l){} // #1

template <class T> void f(List<union T> l){} // #2

template <class T> void f(List<enum T> l){} // #3

template <class T> void f(List<T> l){} // #3

union U {};

struct S {};

class C {};

enum E {};

int main()

{

List<U> u;

List<S> s;

List<C> c;

List<E> e;

List<int> i;

f(u); // calls #2

f(s); // calls #1

f(c); // calls #1

f(e); // calls #3

f(i); // calls #4

}

Answ er: Core-3 decided that the curren t rule banning use of template parameters in

elab orated t yp e sp ecifiers only in function template declarations w as not sufficien t (b ecause

of things lik e partial sp ecializations of classes), and that a simple prohibition against the

use of template parameters in elab orated t yp e sp ecifiers w as more desirable than a more

complicated rule.

Consequen tly , template parameters cannot b e used in elab orated t yp e sp ecifiers.

V ersion added: 14

V ersion up dated: 15

3.29 T emplate argumen t deduction revisited.

Status: P art 1 appro v ed in San ta Cruz, parts 2 and 3 rejected in San ta Cruz.

In T oky o a n um b er of template argumen t deduction cases w ere discussed. As a result, I

w as ask ed to reop en the issue of template argumen t deduction so that the follo wing cases

could b e b e reexamined:

template <template <class T1> struct X, class T2> void f(X<T2>); // #1

template <class T> void f(A<T>::B); // #2

template <class T> void f(T::B); // #3

1. It w as p oin ted out that it is not curren tly p ossible to deduce a template template

parameter from an actual argumen t whose t yp e is a template instance, that this kind

of deduction can readily b e done, and that doing so pro vides significan t functionalit y .

F or example, it p ermits writing of a function that op erates on an y of a n um b er of

differen t con tainers. F or example,

template <class T struct List {};

template <class T struct Vector {};

template <template <class T1> struct Container, class Type>

void print(Container<Type>);

2. The second case is whether a template argumen t can b e deduced from the paren t

class of a nested class or nested en umeration. This case is imp ortan t to main tain the

general rule that a non template class can b e con v erted to a template class. Without

this deduction, nested classes within templates are sev erely limited. F urthermore, without this rule mem b er template classes are ev en more limited. The follo wing

example illustrates the kind of usage that is common for normal nested classes that

cannot curren tly b e done with nested classes and mem b er templates of class templates.

template <class T> struct A {

class B {};

template <class T> class C {};

};

template <class T> A<T>::B operator+(A<T>::B, A<T>::B);

template <class T1> template <class T2>

A<T1>::B<T2> operator+(A<T1>::B<T2>, A<T2>::B<T2>);

A mem b er t yp edef is just a synon ym for another t yp e and so, of course, there is no

w a y that the class con taining the t yp edef can b e deduced from an actual argumen t

whose t yp e w as sp ecified using the t yp edef.

3. The third case is a generalization of the second. This has b een separated out b ecause

it w as p oin ted out that some of the original ob jections to this issue when it w as

previously raised w ere primarily based on this more general form, whic h actually

pro vides v ery little additional functionalit y o v er the more restricted v ersion in #2.

V ersion added: 14

V ersion up dated: 15

3.30 Question: Ho w are nondeduced nested class references handled in function template dec-

larations?

Status: Op en

Core-3 has confirmed that a template parameter cannot b e deduced from con texts suc h as

the ones sho wn in the follo wing example:

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

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

But what ab out the usage lik e this:

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

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

W e kno w that T cannot b e deduced from the second parameter of eac h function, but can

the second parameter use the T deduced elsewhere in the parameter list? The alternativ es

are to mak e suc h usage ill-formed, or to sp ecify that when a template parameter is used in

a con text in whic h its v alue cannot b e deduced, the v alues deduced from elsewhere in the

declaration are used. Relying on the v alues deduced elsewhere is consisten t with the curren t

handling of template parameters in function return t yp es and exception sp ecifications.

Angelik a Langer, of Rogue W a v e has a prop osal in the pre-Sto c kholm mailing to sim-

plify the in terface of some of the STL routines using iterator traits. Her prop osal is that

in terfaces of the form

template <class InputIterator, class T>

InputIterator find(InputIterator first,

InputIterator last,

const T& value);

b e replaced with

template <class InputIterator>

InputIterator find(InputIterator first,

InputIterator last,

const typename iterator_traits<InputIterator>::value_type& value);

Angelik a p oin ts out that the new in terface is less error prone (b ecause of the abilit y to

ensure that the v alue t yp e matc hes the iterator b eing used), results in the generation of

few er template instances (b ecause of the abilit y to p erform con v ersions on the argumen ts

asso ciated with nondeduced parameters), and simplicit y .

Answ er: When a template parameter is used in a t yp e in a con text in whic h its v alue cannot

b e deduced, and the v alue has not b een explicitly sp ecified, the v alue deduced elsewhere

in the declaration is used. If the v alue cannot b e deduced elsewhere and is not explicitly

sp ecified, the program is ill-formed. A function parameter con taining only nondeducible

parameter t yp es is considered a nondedicible parameter for o v erload resolution purp oses,

meaning that the full set of con v ersions can b e p erformed on argumen ts passed to that

parameter.

V ersion added: 15

V ersion up dated: 15

Explicit Sp ecialization Issues

5.5 Question: Where can an explicit sp ecialization b e declared?

Status: Op en

namespace N {

class A {

template <class T> void f(T);

template <> void f(int){} // error -- specialization not

// allowed in class scope

};

template <> void A::f(short); // okay

template <> void A::f(short){} // okay

template <> void A::f(char); // okay

}

template <>

void N::A::f(float); // error -- specialization cannot be

// declared outside of its namespace

template <>

void N::A::f(char); // error -- specialization cannot be

// redeclared outside of its namespace

template <> void N::A::f(char){} // okay

Answ er: An explicit sp ecialization m ust b e declared in the namespace in whic h the tem-

plate w as declared. If the template is a mem b er template, the sp ecialization m ust b e

declared in the namespace con taining the enclosing class (see also issue 6.38). An explicit

sp ecialization ma y b e defined (but not redeclared) later outside of the namespace of whic h

it is a mem b er.

Note: The difference b et w een this and issue 6.38 is that this clarifies that an explicit

sp ecialization is not p ermitted in a class scop e, and that an explicit sp ecialization cannot

b e redeclared in an enclosing namespace scop e.

V ersion added: 15

V ersion up dated: 15

5.6 Clarification of rules regarding the explicit sp ecialization of class templates.

Status: Op en

The explicit sp ecialization of a template m ust b e declared b efore the first “use” of a

template. What constitutes the “use” of a class template?

template <class T> struct A {

template <class T2> struct B {};

};

A<char>::B<int> acbi; // Generated from template

A<int>::B<int>* aibi; // Complete instantiation not yet done

template <>

struct A<int>::B<char> {}; // Explicit specialization

// of instance of A<int>::B

A<int>::B<char> aibc; // Uses specialization declared above

template <> template <class T>

struct A<int>::B {}; // Explicit specialization of template

Answ er: A class template is “used” when an instance of the class is generated from the

template. Consequen tly , a use of the template in suc h a w a y that do es not require a full

instan tiation, or the explicit sp ecialization of an instance of the template ma y precede the

declaration of an explicit sp ecialization of the template.

V ersion added: 15

V ersion up dated: 15

5.7 Question: Ho w are the mem b ers of an explicitly sp ecialized class defined?

Status: Op en

template <class T> struct A {

template <class T2> void f(T2);

void g(int);

};

template <class T> template <class T2> void A<T>::f(T2){}

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

template <> struct A<int> {

template <class T2> void f(T2);

void g(int);

};

template <class T2> void A<int>::f(T2){}

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

template <> void A<int>::g(int){} // error - not something that

// can be specialized

Answ er: Mem b ers of explicitly sp ecialized classes are unrelated to the mem b ers of the

template that has b een sp ecialized (they need to ha v e the same names, t yp es, etc.). Defi-

nitions of suc h mem b ers use the same syn tax, and follo w the same rules, as the definitions

of mem b ers of non template classes.

V ersion added: 15

V ersion up dated: 15

5.8 Question: What syn tax is used to declare a template en tit y to b e a friend?

Status: Op en

A friend declaration suc h as friend void f(int) do es t w o things: it declares the function

void f(int) if not previously declared, and it mak es that function a friend.

Note: R emoval of friend inje ction fr om templates is stil l under discussion, but this is a

sep ar ate issue as it involves friends in nontemplate c ontexts to o.

template <class T> void f(T);

struct X {

friend void f(int);

friend void g(int);

};

This declares a guiding function f(int) and a normal function g(int) .

But what if y ou w an t to declare the template instance f(int) to b e a friend without

creating a guiding declaration? My prop osed means of doing this is the follo wing:

template ¡class T¿ v oid f(T); struct X friend v oid f¡¿(in t); ;

The presence of a template argumen t list indicates that only function templates named

”f” are to b e considered. The argumen t list could, of course, include template argumen t

v alues.

Sp ecialization declarations w ould not b e p ermitted in friend declarations, but template

friend declarations w ould still b e p ermitted:

template ¡class T¿ v oid f(T); struct X template ¡¿ friend v oid f(in t); // error template

¡class T2¿ friend v oid f(T2); // ok a y ;

Actually , friend void f<>(int) is already p ermitted as far as I can tell, so the main

purp ose of this prop osal w ould b e to mak e clear that template <> friend void f(int)

is not p ermitted.

Answ er: A function or function template is made a friend using the normal declaration

syn tax (i.e., not the explicit sp ecialization syn tax).

Note: This prop osal w ould remain unc hanged ev en if guiding declarations w ere eliminated.

The declarations that are no w describ ed as guiding declarations w ould b ecome declarations

of unrelated functions. In order to mak e a template instance a friend, one w ould ha v e to

use the <> syn tax when naming the function to b e made a friend.

V ersion added: 15

V ersion up dated: 15

5.9 Question: What are the rules for exception sp ecifications on explicit sp ecializations? (see

also 6.44)

Status: Op en

A sp ecialization is in tended to pro vide an alternate definition for a template but should

not affect the in terface. Consequen tly , a sp ecialization m ust ha v e the same exception

sp ecification as the generated instance w ould. This w ould indicate that one of t w o rules

could b e adopted:

1. No exception sp ecification is p ermitted on a sp ecialization declaration. The exception

sp ecifications are determined b y the template.

2. The exception sp ecification m ust matc h the one sp ecified b y the template.

My prop osed resolution is that the exception sp ecification m ust matc h the one sp ecified

b y the template. One minor adv an tage of this is that it mak es it easier to construct co de

that can b e compiled using either the new or old sp ecialization rules (with ap ologies to

those who don’t lik e macros):

#ifdef USE_NEW_SPECIALIZATION

#define specialize template <>

#else

#define specialize /* nothing */

#endif

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

specialize void f(int) throw(int){}

This is also the closes appro ximation to the curren t WP rule that requires that the excep-

tion sp ecification of all declarations of a function b e the same.

Answ er: The exception sp ecification in an explicit sp ecialization m ust matc h the exception

sp ecification of the template.

V ersion added: 15

V ersion up dated: 15

5.10 Question: What is the link age (in ternal vs. external) of an explicit sp ecialization?

Status: Op en

The WP curren tly sa ys (14.10.5p3):

A n explicit sp e cialization of a function template shal l b e inline or static only if it is

explicitly de clar e d to b e, and indep endently of whether its function template is.

This ma y mak e sense for the inline k eyw ord, but do es not seem to mak e sense for static .

P erhaps this is a v estigial feature from b efore the existence of explicit sp ecializations.

An instance of a template, whether generated or explicitly sp ecialized, should ha v e the

same link age as the template itself.

Answ er: The link age (in ternal vs. external) of an explicit sp ecialization is the same as the

link age of the template with whic h it is asso ciated.

V ersion added: 15

V ersion up dated: 15

Other Issues

6.30 Question: When is a template argumen t list required in a function declaration?

Status: Appro v ed in San ta Cruz

When the requiremen t that sp ecializations b e declared b efore use w as added, a new sp e-

cialization syn tax w as added for use in explicit sp ecializations and explicit instan tiations.

The new syn tax w as:

void f<>(int); // explicit specialization

template f<>(int); // explicit instantiation

In this syn tax, the <> w as needed to distinguish a sp ecialization from a normal function

declaration. Recen tly , the explicit sp ecialization syn tax w as c hanged to

template <> void f(int); // explicit specialization

whic h no longer requires the <> in the declarator.

Answ er: A template argumen t list is p ermitted, but not required, in an explicit sp ecial-

ization and an explicit instan tiation.

V ersion added: 14

V ersion up dated: 14

6.31 Question: Is a template argumen t list p ermitted in a function template declaration?

Status: Appro v ed in San ta Cruz

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

template <class T> void f<T>(T); // is this permitted?

Answ er: No.

V ersion added: 14

V ersion up dated: 14

6.32 Question: Can compiler-generated functions b e explicitly sp ecialized or instan tiated?

Status: Appro v ed in San ta Cruz

Answ er: No. Only user-declared functions can b e explicitly sp ecialized or instan tiated.

V ersion added: 14

6.33 Question: When is a nested-name-sp ecifier allo w ed in the declarator in an explicit instan-

tiation.

Status: Appro v ed in San ta Cruz

namespace N {

                                                                                template <class T> class A {

void f();

                                                                                };

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

                                                                                template A<int>::f(); // okay

                                                                                template N::A<int>::f(); // not allowed

                                                                                template N::f(int); // not allowed

}

template N::A<int>::f(); // okay

template N::f(int); // okay

Answ er: A nested-name-sp ecifier is allo w ed in the declarator in a explicit instan tiation

directiv e for a class mem b er or a namespace mem b er outside of its namespace. These are

the same rules as when a nested-name-sp ecifier is allo w ed in a normal function definition.

V ersion added: 14

V ersion up dated: 14

6.34 Question: Can an explicit instan tiation that refers to a class b e used to instan tiate all the

mem b ers of a nested class?

Status: Appro v ed in San ta Cruz

In the follo wing example, it it p ossible to use an explicit instan tiation directiv e to instan ti-

ate all the mem b ers of A<int>::B , or m ust the class referred to in an explicit instan tiation

refer to a “top lev el” template en tit y lik e A<int> ?

template <class T> struct A {

class B {

void f();

};

};

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

template class A<int>::B;

Answ er: Y es, an explicit instan tiation directiv e ma y name a nested class within a template

class.

V ersion added: 14

V ersion up dated: 14

6.35 typename syn tax problems.

Status: Option 2 appro v ed in San ta Cruz.

There are a few problems with the curren t typename syn tax.

First, there is no w a y to use typename in a using-declaration.

template <class T> struct A : public T {

typename T::X x; // Declares a member "x" of type T::X

using T::X; // Introduces X as a nontype

using typename T::X; // Not permitted by the syntax

};

Second, b ecause typename can also b e used as an alternativ e to class in a template

parameter list, w e ha v e a new am biguit y b et w een a template t yp e parameter declaration

and a template non t yp e parameter declaration:

template <class T, typename T::X x> struct B {};

Note that the presence of the parameter name follo wing T::X cannot b e used to disam-

biguate, b ecause unnamed parameters are p ermitted.

Option 1: Both of these problems can b e solv ed, using a suggestion made b y Sean Corfield,

that typename b e c hanged to w ork the w a y that template do es when used for disam bigua-

tion. The first example ab o v e w ould then b e rewritten as:

template <class T> struct A : public T {

using T::typename X;

};

The second example w ould no longer b e am biguous.

Option 2: If option 1 is to o extreme at this p oin t in the pro cess, an alternate solution

w ould b e:

• Mo dify the syn tax to allo w typename in using-declarations.

• Distinguish the t w o uses of typename in a template parameter list b y seeing whether

the name that follo ws typename is qualified or not. When typename is used to sp ecify

that a name is a t yp e, it m ust b e follo w ed b y a qualified name. A t yp e parameter

declaration cannot use a qualified name.

Option 3: A third alternativ e, whic h eliminates the need to disam biguate template param-

eter declarations w ould b e:

• Mo dify the syn tax to allo w typename in using-declarations (same as option 2).

• Disallo w typename as a synon ym for class in a template parameter declaration.

V ersion added: 14

V ersion up dated: 14

6.36 Question: Where is typename p ermitted?

Status: Appro v ed in San ta Cruz

The WP places constrain ts on where the t yp ename sp ecifier can b e used, as sho wn in the

follo wing text from the WP:

14.2 Name R esolution

...

2 In a template, any use of a qualifie d-name wher e the qualifier dep ends on a template-

p ar ameter c an b e pr efixe d by the keywor d typ ename to indic ate that the qualifie d-name

denotes a typ e.

3 ... The qualifie d-name shal l include a qualifier c ontaining a template p ar ameter or

a template class name.

The difference in w ording b et w een the t w o paragraph leads to questions suc h as whether

the qualifier m ust truly dep end on a template parameter or whether an y template class

name (including ones that refer to user sp ecializations) is p ermitted.

I think the w ording should b e relaxed to allo w t yp ename to b e used b efore an y qualified

name. T o illustrate wh y , consider the follo wing example:

template <class T> struct A {

struct B {};

};

struct AA {

struct B {};

};

template <class T> struct C {

typedef A<T> my_a;

typename my_a::B b;

};

This is already questionable, b ecause it is not clear whether my_a meets the requiremen t of

paragraph #2 that the qualifier dep end on the template parameter. Lik ewise, paragraph

#3 requires that the qualified-name con tain a template parameter or template class name.

A t the v ery least, these paragraphs w ould need to b e c hanged to refer to the t yp e sp ecified

b y the qualifier and not the qualifier itself.

But what if class C is c hanged to the follo wing?

template <class T> struct C {

typedef AA my_a;

typename my_a::B b;

};

It should b e p ossible to write co de using the t yp edef my_a without kno wing whether or

not it refers to a template parameter dep enden t class. Y ou w ould, of course, need to use

t yp ename if my_a might refer to a template dep enden t class. But requiring it only when

my_a refers to a template dep enden t class seems unnecessary .

I’m assuming that t yp ename w ould still only b e p ermitted in template con texts. This could

b e relaxed further b y p ermitting t yp ename to b e used an ywhere (i.e, ev en in non template

classes and functions).

Answ er: typename ma y b e used b efore an y qualified name within the scop e of a template

declaration.

V ersion added: 14

V ersion up dated: 14

6.37 Question: Do es typename affect name lo okup?

Status: Appro v ed in San ta Cruz

I ran in to some co de that used typename that exp ected it to restrict the lo okup to only

include t yp es. That is, in the follo wing example, they exp ect the lo okup of T::X to find

the struct and not the in t.

struct A {

struct X {};

int X;

};

template <class T> class B {

typename T::X ta1; // allowed?

};

B<A> b;

Answ er: No. typename is used to p ermit syn tax analysis of template definitions, and acts

as an assertion that during an actual instan tiation the named en tit y m ust b e a t yp e. It

do es not affect the w a y that names are lo ok ed up, ho w ev er.

V ersion added: 14

V ersion up dated: 14

6.38 Question: Clarification of in teraction of namespaces and sp ecialization

Status: Appro v ed in San ta Cruz

If a template is declared in a namespace, but its sp ecializations also b e declared in the

namespace b efore b eing defined outside of the namespace? What ab out guiding declara-

tions?

namespace N {

template <class T> void f(T);

template <> void f(char);

}

template <> void N::f(char); // error - redeclaration outside

// of namespace

template <> void N::f(char){} // okay

template <> void N::f(int); // error - must be declared in namespace

void N::f(char); // error - must be declared in namespace

Answ er: A sp ecialization m ust b e declared in the namespace of whic h it is a mem b er.

Once so declared, it ma y b e defined either in the namespace in whic h the template is

declared, or in an enclosing namespace (i.e., wherev er a definition of a template declared

in a namespace is allo w ed).

A guiding declaration ma y only app ear within the namespace in whic h the template is

declared, b ecause it actually adds a declaration to the namespace.

V ersion added: 14

V ersion up dated: 15

6.39 Correction of default template argumen t description.

Status: Appro v ed in San ta Cruz

The WP curren tly sa ys (14.7 [temp.param]): The set of default template-argumen ts shall

b e pro vided b y the first declaration of the template in that unit.

This is incorrect. It app ears that a previous issue from this list w as incorp orated in to the

WP incorrectly .

The correct rules are (from issues 1.1 and 1.2 of this pap er):

1. Default template argumen ts are p ermitted on class template declarations and defini-

tion.

2. The defaults need not b e sp ecified on the initial declaration.

3. After merging the default argumen ts from m ultiple declarations, the last parameter

with a default argumen t ma y not b e follo w ed b y a parameter without a default.

4. Default template argumen ts are not allo w ed on function template declarations, or

declarations of mem b ers of class templates.

The rule ab out pro viding defaults on the initial declaration of a template actually applies

to function parameter default argumen ts not template parameter default argumen ts. The

rule, from issue 3.13 is: Default function 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 func-

tions 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.

Answ er: Core-3 decided to adopt the simpler rule that w as inadv erten tly incorp orated in to

the w orking pap er. Consequen tly , the set of default template-argumen ts shall b e pro vided

b y the first declaration of the template in that unit and default template argumen ts are not

allo w ed on function template declarations or declarations of mem b ers of class templates.

V ersion added: 14

V ersion up dated: 15

6.40 Clarification of access c hec king in explicit instan tiation directiv es.

This issue and its resolution are from Bill Gibb ons’ reflector p osting c++std-ext-3258 .

Status: Appro v ed in San ta Cruz

Bill Gibb ons raised the issue that it is not p ossible to explicitly instan tiate templates

where the template argumen ts or other comp onen ts of the explicit instan tiation directiv e

reference t yp es that are not accessible.

namespace N {

template <class T> void f(T);

}

namespace M {

class A {

class B {};

void f() {

B b;

N::f(b);

}

};

}

template void N::f(M::A::B); // should be allowed

Answ er: The follo wing is the w ording suggested b y Bill Gibb ons to correct this problem,

to b e added at the end of 14.4 [temp.explicit]. I ha v e mo dified Bill’s suggested w ording

somewhat. My additions are sho wn in italics.

The usual access c hec king rules do not apply to explicit instan tiations. In particular,

the template argumen ts, and names use d in the function de clar ator (e.g., including

p ar ameter typ es, r eturn typ es, and exc eption sp e cific ations) ma y b e priv ate t yp es or

ob jects whic h w ould normally not b e accessible and the template ma y b e a mem b er

template or mem b er function whic h w ould not normally b e accessible.

V ersion added: 14

V ersion up dated: 14

6.41 Link age consistency rules for sp ecialization and guiding declarations.

Status: Appro v ed in San ta Cruz

Answ er: Core-3 decided that a sp ecialization or guiding declaration ma y ha v e differen t

link age than the template with whic h it is asso ciated, but cannot ha v e C link age. As with

all other cases, link age other than C and C++ is implemen tation defined.

template <class T> void f(T);

extern "C" {

template <> void f(int); // not allowed

}

extern "C" void f(double); // not allowed

V ersion added: 14

V ersion up dated: 14

6.42 Clarification of rules for template op erator new and delete.

Status: Op en

In issue 6.6 (from v ersion 4) it w as decided that only the m ultiple parameter v ersion of

op erator new could b e a template. Since then w e ha v e added placemen t op erator delete

and mem b er templates.

example

Answ er: Only the m ultiple parameter op erator new and op erator delete routines ma y b e

declared as templates. In op erator new templates the first parameter m ust b e of t yp e

size_t , and the return t yp e m ust b e void* . In op erator delete templates the first param-

eter m ust b e void* and the return t yp e m ust b e void .

V ersion added: 15

V ersion up dated: 15

6.43 Clarification of rules for the n um b er of things declared in a template declaration.

Status: Op en

Issue 6.10 (from v ersion 6) sp ecified that a template declaration could not declare more

than one thing. The purp ose of this issue is to indicate that this also applies to explicit

sp ecializations and instan tiations.

template <class T> void f(T), g(T); // Error (from 6.10)

template <class T> struct A {};

template <class T> T f(T);

template <> class A<char>; // okay

template <> void f(int), f(char); // Error

template void f(int*), f(char*); // Error

template <>

class A<int> f(class A<int>); // okay -- unneeded use of

// elaborated type specifier

template <> class A<int> *p; // error -- "p" is not something that can

// be specialized

Answ er: In a template declaration, explicit sp ecialization, or explicit instan tiation, at

most one declarator ma y b e presen t. When suc h declarations are used to declare a class,

no declarator is p ermitted. In other w ords, the only forms p ermitted to declare a class are:

“ class class-name ; ” and “ class class-name {}; ”.

V ersion added: 15

V ersion up dated: 15

6.44 Question: What are the rules for exception sp ecifications on explicit instan tiations? (see

also 5.9)

Status: Op en

An explicit instan tiation is more lik e a reference than a declaration, so it seems undesirable

to p ermit or require exception sp ecifications to b e pro vided.

F urthermore, it is desirable to ensure that explicit instan tiation directiv es can b e easily

created b y to ols from information suc h as a list of undefined sym b ols pro duced b y the

link er.

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

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

template <> void f(int) throw(); // error

Answ er: Exception sp ecifications are not p ermitted on explicit instan tiation directiv es.

V ersion added: 15

V ersion up dated: 15

6.45 A prop osal to eliminate guiding declarations.

Status: Op en

There is an existing problem with guiding declarations. The problem has b een discussed

frequen tly on the reflector.

The problem is that an y “normal” function that has a t yp e that happ ens to map on to an

instance of a function template is considered a guiding declaration. The rules for guiding

declarations state that a definition cannot b e pro vided for suc h a function. So, if y ou

acciden tally happ en to declare suc h a function, y ou are out of luc k.

template <class T> T max(T,T);

int max(int,int); // guiding declaration

Some historical information ab out ho w this situation came ab out migh t b e helpful. Under

the ARM description of templates, the follo wing program is w ell formed:

file1.c:

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

int main()

{

f(1);

}

file2.c:

void f(int){}

The call of f(1) in file1.c w ould call f(int) defined in file2.c.

This made it difficult to supp ort certain kinds of instan tiation mec hanisms, so the com-

mittee added the requiremen t that a sp ecialization b e declared b efore it is used in a giv en

translation unit. The committee also added a new syn tax for declaring and defining sp e-

cializations.

With this c hange, he call of f(1) in file1.c w ould call f(int) generated from the template.

The definition of f(int) in file2.c is no w ill-formed. It is only ill-formed if f(int) is

instan tiated or explicitly sp ecialized somewhere in the program.

If w e mo dify this example to add a third file whic h calls f(int) in file2.c, w e end up with

the follo wing:

file1.c:

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

void f(int);

int main()

{

f(’c’);

}

file2.c:

void f(iint){}

file3.c:

void f(int);

void g()

{

f(1);

}

This program is w ell-formed, but

• there is no w a y to call f(in t) in file2.c from file1.c. An y attempt to do so w ould

result in a call of f(in t) generated from the template and w ould render the program

ill-formed.

• An y call of a the template-based f(in t) in file1.c or an ywhere else in the program

w ould render the program ill-formed.

As bad as this is for normal functions, it is m uc h w orse for op erator functions. Consider

the impact of adding a declaration suc h as

template <class T> T operator+(T,T);

This c hanges an y existing declarations of op erator+ functions in to guiding declarations,

so a class that sa ys

friend X operator+(X,X);

has no w declared a guiding function. The function m ust ha v e b een defined somewhere else,

so that program is no w ill-formed.

No w, with mem b er templates, w e ha v e to decide whether to

1. extend this feature to include mem b er templates

2. ha v e mem b er templates and nonmem b ers w ork differen tly

3. c hange ho w guiding functions w ork for nonmem b ers

Issues 8.1, 8.2, and 8.3 pro vide some reasons wh y w e should not ha v e guiding declarations

for mem b er templates.

So, I w ould lik e to prop ose w e do #3. Sp ecifically , I w ould lik e to prop ose that w e get

rid of guiding functions altogether, and simply state that it is p ermitted to ha v e normal

functions with the same t yp e as a p oten tial (or actual) template instance. If y ou w an t to

ha v e a guiding function, y ou can simply write a normal function that calls the template.

F or example:

inline int max(int i1, int i2) { return max<>(i1,i2); }

This has the additional b enefit that it lets y ou write a general template, but still lets y ou

use sp ecific functions written in C or assem bler for sp ecific v ersions. F or example, the

follo wing w ould b e p ermitted:

template <class T> T sqrt(T){ /* ... */ }

extern "C" double sqrt(double);

Answ er: A normal function can ha v e the same t yp e as a p oten tial or actual template

instance. Suc h a function has no relationship to the template.

V ersion added: 15

V ersion up dated: 15

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

template parameters are equiv alen t?

Status: Op en

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

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

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

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

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

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

t yp es) and when explicitly sp ecified.

file1.c:

template <int I> struct A {};

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

template <int I, int J, class T>

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

int main()

{

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

a3 = a1 + a2;

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

}

file2.c:

template <int I> struct A {};

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

template <int I, int J, class T>

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

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

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

mak e up the expression m ust b e iden tical, and the names of en tities, except for the template

parameters of the template declaration, m ust refer to the same en tities in eac h translation

unit. If t w o templates are in tended to declare the same en tit y , but violate this rule, the

results are undefined.

V ersion added: 15

V ersion up dated: 15

6.47 Question: When are friend functions defined in class templates ev aluated?

Status: Op en

Mem b er functions of class templates are only instan tiated if they are used. This p ermits

the user to supply a template b o dy that w ould b e ill-formed if instan tiated for a particular

template argumen t, but w ell formed for other template argumen ts.

F riend functions defined within a class template do not receiv e this sp ecial treatmen t. F or

example, A<void*>::f w ould b e in v alid if instan tiated. But b ecause it is not used, it is not instan tiated. f(A<void*>) causes the program to b e ill-formed ev en though it is not

used.

Of the compilers I tried this on (EDG, Sun, cfron t, g++, Borland, W atcom, Microsoft),

Sun did not ev aluate f(A¡v oid*), all the others did ev aluate it and issue an error (except

that one of the compilers ga v e an in ternal error).

template <class T> struct A {

T t;

int f() { return t * 2; }

friend int g(A<T> at) { return at.t * 2; }

};

int main()

{

A<int> ai;

A<void*> av;

ai.f();

g(ai);

}

Answ er:

Options:

1. Status quo: friend functions are alw a ys ev aluated during the instan tiation of a class

template.

2. F riend functions defined within a class template are only ev aluated if the function is

used.

V ersion added: 15

V ersion up dated: 15

6.48 Question: Are template friend declarations p ermitted in lo cal classes?

Status: Op en

Answ er: No. They are p oin tless, so there is no reason to p ermit them. No other template

declarations are p ermitted in lo cal classes, it w ould b e a simplification to ban all template

declarations (i.e., including friend templates) from lo cal classes.

V ersion added: 15

V ersion up dated: 15

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.

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

Status: Appro v ed in T oky o

Answ er: The p oin t of instan tiation is the p oin t of use, except that lo cal scop es are not

considered for name lo okup and name injection.

Discussion: 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.

V ersion added: 10

V ersion up dated: 10

Mem b er T emplate Issues

8.1 Question: Can normal mem b ers co exist with mem b er function templates that could gen-

erate the same signature?

Status: Op en

Issues 8.2 and 8.3 illustrate cases in whic h it is desirable (or p ossibly necessary , dep ending

on the resolution of those issues) to b e able to ha v e suc h co existence. If a p oten tial instance

is allo w ed to co exist with a normal mem b er function, can an actual instance do so?

template <class T> struct A {

void f(int);

template <class T2> void f(T);

};

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

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

Answ er: Y es, a normal mem b er can co exist with a mem b er function template that could

generate the same signature. It ma y also co exist with an actual instance of that template.

The template can still b e used b y supplying the <> used to pro vide an explicit template

argumen t list to the template. If the <> is not pro vided, the non template mem b er is used.

This implies that there is no suc h thing as a mem b er guiding declaration.

V ersion added: 15

V ersion up dated: 15

8.2 Clarification of rules for mem b er templates and virtual functions.

Status: Op en

The WP sa ys that a mem b er function template cannot b e virtual. But can it o v erride a

virtual function from a base class?

Answ er: A mem b er template do es not o v erride a virtual function from a base class. The

template is can b e used to generate a function whose t yp e matc hes the virtual function

from the base class, but it is not virtual, and do es not o v erride the virtual function from

the base class. An o v erriding function with a t yp e that matc hes an instance of the template

can b e written in the deriv ed class (and that function can explicitly call the template, if

that is what is desired).

class B {

virtual void f(int);

};

class D : public B {

template <class T> void f(T); // does not override B::f(int)

void f(int i) { f<>(i); } // overriding function

// that calls template

};

V ersion added: 15

V ersion up dated: 15

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

men t op erator?

Status: Op en

struct A {

A();

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

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

};

int main()

{

A a1;

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

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

}

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

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

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

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

implicitly generated function.

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

template v ersion m ust b e written.

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

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

the template.

V ersion added: 15

V ersion up dated: 15

8.4 Question: Can t w o mem b er templates co exist whose only difference is that one is static

and the other is not?

Status: Op en

F or non template mem b ers, a static function with a giv en signature is not p ermitted to

co exist with a nonstatic function with the same signature (ignoring the qualifiers on the

implicit this parameter).

On the other hand, am biguities b et w een templates are, in general, deferred un til use instead

of b eing diagnosed on the declaration. F urthermore, if w e w an ted to apply the “existing

rule” to templates, it w ould ha v e to b e mo dified to p ermit the declaration of g while

disallo wing the declaration of f .

struct A {

template <class T2> void f(T2);

template <class T2> static void f(T2);

template <class T2> void g(T2);

template <class T2, class T3> static void g(T2);

};

int main()

{

void (*fp)(int) = &A::f; // static function

void (A::* mfp)(int) = &A::f; // nonstatic function

}

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

Answ er: Memebr template functions that only differ b ecause one is static and the other is

nonstatic ma y co exist, ev en though man y uses of suc h functions will result in an am biguit y .

V ersion added: 15

V ersion up dated: 15

8.5 Question: Ho w are template con v ersion functions explicitly called, explicitly sp ecialized,

and explicitly instan tiated.

Status: Op en

struct A {

template <class T> operator T*();

};

template <class T> A::operator T*(){ return 0; }

template <> A::operator char*(){ return 0; } // specialization

template A::operator void*(); // instantiation

int main()

{

A a;

int* ip;

char* cp;

void* vp;

ip = a.operator int*(); // explicit call

cp = a;

vp = a;

}

Answ er: T emplate con v ersions functions are explicitly called, explicitly sp ecialized, and

explicitly instan tiated b y supplying the actual destination t yp e as is done with non template

con v ersions.

V ersion added: 15

V ersion up dated: 15

8.6 Question: Can an explicit template argumen t list b e supplied to an constructor template

or con v ersion template?

Status: Op en

Constructors and con v ersion op erators do not ha v e names. Giv en that they ha v e no names,

it follo ws that an explicit template argumen t list cannot b e supplied b ecause there is no

name to whic h to attac h the argumen t list.

It migh t b e p ossible to come up with some set of rules that w ould p ermit suc h usage, but

unless there is a comp elling need for this functionalit y , I w ould recommend that w e simply

sa y that template argumen t lists cannot b e supplied for unnamed en tities.

template <class T> struct X {};

template <class T> struct A {

template <class U, class T> operator T*();

template <class U, class T> A(T*);

};

int main()

{

A<int> ai;

int* ip;

X* xp;

ip = ai.operator int<char>();

ip = ai.operator X<char>(); // ??

A<int> a2(1); // can a template arg list go somewhere?

}

Answ er: T emplate argumen t lists cannot b e supplied for unnamed en tities. This means

that explicit template argumen t lists cannot b e supplied for constructor templates and

con v ersion templates.

V ersion added: 15

V ersion up dated: 15

8.7 Question: Ho w is a con v ersion function c hosen when the set of con v ersions includes con-

v ersion templates functions?

Status: Op en

The curren t o v erload resolution rules seem to adequately address the selection of a con-

v ersion function when con v ersion templates are included. The only piece missing is a

description of what happ ens when more than one con v ersion template can pro duce the

required t yp e.

template <class T> struct X{};

struct A {

template <class T> operator T*();

};

struct B : public A {

template <class T> operator T();

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

};

int main()

{

B b;

X<int> xi = b; // B::operator X<T>
int* ip = b; // A::operator T*

}

Answ er: If more than one con v ersion template can pro duce the required t yp e, the partial

ordering rules are used to select the “most sp ecialized” v ersion of the template that can

pro duce the required t yp e.

Note that, as with other con v ersion functions, the t yp e of the implicit this parameter is

not considered (i.e., mem b ers of base classes are considered equally with mem b ers of the

deriv ed class, except that a deriv ed class con v ersion function hides a base class con v ersion

function that con v erts to the same t yp e).

V ersion added: 15

V ersion up dated: 15

8.8 Clarification of rules for standard con v ersions follo wing template con v ersion functions

Status: Op en

The w orking pap er curren tly p ermits the “second standard con v ersion sequence” to b e an y

of the ones of rank “exact matc h”:

• No con v ersion

• Lv alue-to-rv alue con v ersion

• Arra y-to-p oin ter con v ersion

• F unction-to-p oin ter con v ersion

• Qualification con v ersion

I b eliev e that this should b e further restricted to only p ermit the lv alue-to-rv alue con v ersion

(and, of course, no con v ersion).

My understanding of the original restriction w as to disallo w an y con v ersions after the

template-based user-defined con v ersion. There do esn’t seem to b e an y sp ecial reason wh y

the qualification con v ersion should b e p ermitted when others w ere disallo w ed.

It is useless to include the arra y-to-p oin ter and function-to-p oin ter con v ersions b ecause the

syn tax do es not p ermit suc h a con v ersion function to b e written.

Answ er: 13.3.3.1.2 [o v er.ics.user] paragraph 3 should b e replaced with: If the user-defined

con v ersion is sp ecified b y a template con v ersion function, the second standard con v ersion

sequence m ust b e either “No con v ersions required” or “Lv alue-to-rv alue con v ersion”.

V ersion added: 15

V ersion up dated: 15

8.9 Question: Can a mem b er class template b e declared and then defined later within the

class?

Status: Op en

struct A {

struct B;

struct B {};

template <class T> struct C;

template <class T> struct C {};

};

Answ er: Y es, as with normal nested class, mem b er class templates can b e declared and

defined later within the class (or later, outside of the class).

V ersion added: 15

V ersion up dated: 15

Editorial Issues

99.1 The b eginning of clause 14 do es not sufficien tly describ e the kind of template declarations

that are p ermitted. F or example, the term “template mem b er” is not defined, and could

b e construed to include data mem b ers, t yp edefs, etc.

99.2 Non t yp e con v ersions (from issue 2.6) are not describ ed in the WP .

99.3 T emplate syn tax do es not supp ort an empt y template argumen t list ( <> ).