X3J16/96-0035

W G21/N0853

Eliminating Con v ersions

‘wherev er necessary’

in Expressions

J. Stephen Adamczyk (jsa@edg.com)

Edison Design Group, Inc.

Jan uary 30, 1996

In tro duction

P aragraph 9 of [expr] in the W orking P ap er reads as follo ws:

User-defined con v ersions of class t yp es to and from fundamen tal t yp es, p oin ters,

and so on, can b e defined ( class.con v ). If unam biguous ( o v er.matc h ), suc h con-

v ersions are applied wherev er a class ob ject app ears as an op erand of an op erator

or as a function argumen t ( expr.call ).

Appro ximately the same thing app ears in the ARM, and it w as necessary there. In the presen t-

da y W orking P ap er, ho w ev er, there are detailed descriptions of the circumstances in whic h

sp ecific con v ersions apply , and this blank et rule is no longer needed. In fact, it’s confusing.

This pap er discusses the remaining cases where the blank et rule migh t apply , and prop oses

remo v al of the rule.

The sp ecific rules

The imp ortan t addition to the WP in this area is 13.6 [o v er.built]. That section defines pseudo-

protot yp es for the built-in op erators. F or example, for the t w o-op erand op erator “ + ” there are

pseudo-protot yp es for

promoted-arithmetic-t yp e + promoted-arithmetic-t yp e

p oin ter-to-ob ject-t yp e + promoted-in tegral-t yp e

promoted-in tegral-t yp e + p oin ter-to-ob ject-t yp e

and they comp ete with an y declared operator+ functions in o v erload resolution on an y “ + ”

op eration that has at least one op erand of class or en umeration t yp e. That giv es meaning to

an example lik e

struct A {

                                                                                operator int();

} a;

main () {

                                                                                int i = a + 2.0;

}

Sp ecifically , in that case a is con v erted to int b y calling the con v ersion function; the result of

that con v ersion is con v erted to double ; 2.0 is added; and the result is con v erted to int .

Clause 4 [con v] defines implicit con v ersion in terms of initialization, and 8.5 [dcl.init] and 8.5.3

[dcl.init.ref ] giv e rules ab out user-defined con v ersions in initializations; those affect expression

op erators defined in terms of initialization, e.g., argumen ts of a function call and man y instances

of static_cast .

Wh y get rid of the blank et rule?

The blank et rule mak es certain cases arguable, e.g.,

struct A {

                                                                                operator int *();

} a;

main () {

                                                                                delete a; // Okay?

                                                                                reinterpret_cast<char *>(a); // Okay?

}

In cases lik e this, some p eople will sa y “of course it’s w ell-formed; the rule sa ys y ou can do a

con v ersion wherev er y ou need to,” and others will sa y “no, that’s silly; it do esn’t mean that

case.”

One can argue ab out those individual issues, and later in this pap er I will mak e sp ecific recom-

mendations, but the imp ortan t p oin t is this: if con v ersions are supp osed to apply in a sp ecific

case, it’s m uc h clearer to sa y so explicitly . If w e w an t “ delete a ” ab o v e to b e w ell-formed,

w e should indicate what it means in the section on the delete op erator. Ha ving a blank et

“wherev er needed” rule is just asking for differen t p eople to dra w differen t conclusions ab out

these cases.

So the imp ortan t part of this prop osal is to delete the blank et rule. It’s not needed an ymore.

If certain op erators need additional w ording to define allo w able con v ersions, w e can deal with

that on a case-b y-case basis.

Easy cases

Of the cases where there’s still some question ab out the allo w abilit y of user-defined con v ersions,

most are easy . All the follo wing are silly , in m y opinion, and shouldn’t allo w an y sp ecial

con v ersions:

struct A {

                                                                                operator int *();

} a;

struct B {

                                                                                int i;

};

struct C {

                                                                                operator B();

} c;

struct D {

                                                                                operator B*();

} d;

main () {

                                                                                delete a; // error (no conversion to int*)

                                                                                reinterpret_cast<char *>(a); // error (no conversion to int*)

                                                                                const_cast<const int *>(a); // error (no conversion to int*)

                                                                                int B::*pm = &B::i;

                                                                                c.*pm; // error (no conversion to B)

                                                                                dynamic_cast<void *>(d); // error (no conversion to B*)

}

(Note that cfron t allo ws the delete case. I do not kno w if it is widely used, though I susp ect

not since EDG has nev er gotten a complain t ab out that.)

F or all these cases, I recommend no c hange to the WP , and therefore after the remo v al of the

blank et rule these cases w ould b e ill-formed.

The harder case

The only difficult case is the “ ? ” op erator.

struct A {

                                                                                operator int();

} a;

struct B : public A { } b;

struct C {

                                                                                C(int);

                                                                                operator int();

} c(1);

struct E;

struct D {

                                                                                D();

                                                                                D(E);

} d;

struct E {

                                                                                E();

                                                                                E(D);

} e;

main () {

                                                                                int x = 1;

                                                                                x ? a : a; // Definitely okay (same type) (1)

                                                                                x ? a : b; // Definitely okay (inheritance-related classes) (2)

                                                                                x ? a : x; // a.operator int() : int ?? (3)

                                                                                x ? c : x; // c.operator int() : int ?? (4)

// c : C(int) ??

                                                                                x ? d : e; // E(d) : e ?? (5)

// d : D(e) ??

}

The first t w o cases are co v ered b y existing w ording in 5.16 [expr.cond]. The others, if w ell-

formed, dep end on the blank et con v ersion rule.

Most existing implemen tations allo w case 3, but the consensus breaks do wn on case 4, where

man y implemen tations find the con v ersion function but not the constructor, one finds (only) the

constructor, and one finds b oth and calls the case am biguous. Most implemen tations rejected

an y case that in v olv ed t w o op erands of unrelated class t yp es, lik e case 5, ev en if the am biguit y

is remo v ed b y eliminating the con v ersion in one direction.

I think that the only reasonable c hoices are to allo w no user-defined con v ersions (i.e., disallo w

3–5), or to consider all p ossible user-defined con v ersions (i.e., allo w 3, find am biguit y on 4–

5). That w ould rule out the p opular existing practice result of accepting case 4 without an

am biguit y (b ecause the solution using the constructor is not considered).

Giv en that, and giv en the otherwise div ergen t existing practice, m y recommendation is to allo w

no user-defined con v ersions in this case, i.e., mak e no c hange to the WP . Cases 3–5 w ould b e

ill-formed. One can alw a ys put in an explicit cast if one w an ts to write something lik e that.

If the w orking group c ho oses to go in the other direction, I b eliev e that should b e accommo dated

b y adding after the follo wing existing w ording in 5.16 [expr.cond] paragraph 2

If the second and the third op erands are lv alues and ha v e the same t yp e (b efore

an y implicit con v ersions), the result is an lv alue of that t yp e. Otherwise, if the

second and the third op erands are lv alues of inheritance-related class t yp es, the

op erands are implicitly con v erted to a common t yp e (whic h shall b e a cv-qualified

or cv-unqualified v ersion of the t yp e of either the second or third op erand) as if b y

a static_cast to a reference to the common t yp e ( expr.static.cast ). [Note: this

con v ersion will b e ill-formed if the base class is inaccessible or am biguous.] The

result is an lv alue of the common t yp e.

the follo wing new w ording

Otherwise, if at least one of the second and third expressions has a class t yp e,

then if the second expression can b e con v erted to the t yp e of the third expression,

the con v ersion is done and the result has the t yp e of the third expression; if the third

expression can b e con v erted to the t yp e of the second expression, the con v ersion is

done and the result has the t yp e of the second expression; if the con v ersion can b e

done in b oth directions, the program is ill-formed.

W orking P ap er c hanges

Delete [expr] paragraph 9, whic h reads

User-defined con v ersions of class t yp es to and from fundamen tal t yp es, p oin ters,

and so on, can b e defined ( class.con v ). If unam biguous ( o v er.matc h ), suc h con-

v ersions are applied wherev er a class ob ject app ears as an op erand of an op erator

or as a function argumen t ( expr.call ).