X3J16/96-0021

W G21/N0839

Eliminating the Class Rv alue

Standard Con v ersion

J. Stephen Adamczyk (jsa@edg.com)

Edison Design Group, Inc.

Jan uary 28, 1996

In tro duction

When I rewrote the standard con v ersions c hapter, I added a standard con v ersion from an rv alue

of a deriv ed class to an rv alue of a base class (4.12). I did so b ecause one of m y review ers felt the

con v ersion w as needed for casts. Later, casts w ere defined in terms of initialization, whic h did

a w a y with the erst while reason for the standard con v ersion. A t the Austin meeting, I explained

the history and ask ed for a v ote on remo ving the standard con v ersion. The stra w v ote w as

inconclusiv e (18 for, 18 against, and 13 abstaining), so I prop osed no formal motion and the

standard con v ersion sta y ed in the WP .

I’m more than ev er con vinced that the standard con v ersion is a bad idea and that it should

b e remo v ed. I b eliev e the supp ort for retaining the standard con v ersion w as based on a desire

to see a certain class of examples “w ork,” so I’m prop osing a differen t c hange to mak e those

acceptable, and once again prop osing remo v al of the standard con v ersion.

Wh y the standard con v ersion is bad

The class rv alue standard con v ersion do esn’t lo ok lik e the other standard con v ersions:

• All of the other standard con v ersions w ork on built-in t yp es. This one w orks on user-

defined t yp es only .

1

• No other standard con v ersion in v olv es calling a function. W orse y et, in this case it ma y

actually tak e o v erload resolution to select the function to b e called (though the WP is

silen t on that coun t).

The fact that a user-defined cop y constructor gets called also brings up the p ossibilit y that this

standard con v ersion op ens a lo ophole in the rule that at most one user-defined con v ersion is

used for an y implicit con v ersion. Or rather, it seems to op en suc h a lo ophole. I think w e’re

actually sa v ed from that

2

b ecause the standard con v ersion do esn’t actually get used in the

cases where y ou w ould think it migh t:

1

en umeration t yp es can b e con v erted to in tegral t yp es, but that’s b ecause w e sometimes w an t them to b e

user-defined t yp es, and sometimes just fancy in tegral t yp es.

2

Though it’s hard to b e p ositiv e; y et another reason to get rid of this standard con v ersion.

struct B {};

struct D : public B {};

D d;

B b = d; // Nope, not here

It only comes up in really obscure cases (see b elo w). And when it do es come up in those

cases, since it calls the cop y constructor, a cop y is made. But the cop y ends up seeming lik e a

sup erfluous step.

In summary: When it seems that it ough t to apply , it do esn’t. When it do es apply , it do es the

wrong thing. And alw a ys, it do esn’t lo ok lik e the rest of the standard con v ersions.

The problem case

The standard con v ersion surviv ed b ecause of an obscure example:

struct X {};

struct Y : public X {};

int operator==(X, X);

struct Z {

                                                                                operator Y();

};

Z z1, z2;

int i = (z1 == z2);

When considering the operator== function with resp ect to z1 == z2 , the initialization of an

argumen t of the function reduces to the initialization

X param = z1;

whic h, b ecause X is not the same class as Z or a base class thereof, b ecomes equiv alen t to

X temp(z1);

follo w ed b y a cop y constructor call to cop y temp to param .

This final initialization can b e made to w ork b y con v erting z1 to an rv alue of t yp e Y b y use

of the con v ersion function, follo w ed b y a deriv ed-to-base standard con v ersion to con v ert that

rv alue to t yp e X . Without the standard con v ersion, it is ill-formed.

Should that example b e v alid? The strongest argumen t on the p ositiv e side is that the example

is w ell-formed if the op erator function is c hanged to tak e its parameters b y reference:

struct X {};

struct Y : public X {};

int operator==(const X&, const X&);

struct Z {

                                                                                operator Y();

};

Z z1, z2;

int i = (z1 == z2);

This seems so similar to the original form ulation that one is inclined to sa y that if one w orks, the

other ough t to as w ell. But are they really the same? In the pass-b y-v alue case, the argumen t

is copied, and therefore sliced, and its p olymorphic b eha vior c hanges. In the reference case,

whether or not a cop y is done is implemen tation-defined, but either w a y the p olymorphic

b eha vior is preserv ed.

(A realit y c hec k: what do existing compilers do? EDG’s fron t end, g++ 2.6.3, Sun 3.0.1,

Borland 4.5, and Microsoft Visual C + + 4.0 giv e an error. cfron t 3.0.2 and W atcom 10.0 accept

the example.)

A t the discussion in Austin, some said that if getting rid of the standard con v ersion gets rid

of some sneaky cases of implicit slicing, b y disallo wing examples lik e this, then let’s get rid of

the standard con v ersion. Others felt that it w as more imp ortan t that the pass-b y-v alue and

pass-b y-reference cases b e consisten t.

A t the time, I didn’t ha v e an opinion on that issue, but I do no w. Under the principle that C + +

should pro vide mec hanism and not legislate st yle, I b eliev e the example as originally written,

with pass-b y-v alue parameters, should b e allo w ed. The programmer should b e free to write the

op erator function in the most appropriate w a y . If he or she c ho oses the pass-b y-v alue approac h,

w e should assume that he or she do es so with the understanding that slicing can o ccur. P erhaps

the programmer kno ws that slicing will not b e a problem. Whatev er. Slicing of the result of a

con v ersion function is only one of the p ossible kinds of slicing that an op erator function written

with pass-b y-v alue parameters could encoun ter, and b y no means the simplest:

struct X {};

struct Y : public X {};

int operator==(X, X);

Y y1, y2;

int i = (y1 == y2); // Slicing on the argument passing

So w e should lea v e it to the programmer to mak e the righ t decision.

F urther analysis

But do es that mean that the standard con v ersion is necessary? Let’s lo ok more closely at the

example. Here’s what happ ens:

1. The con v ersion function Z::operator Y is called with the argumen t z1 . It returns a

temp orary of t yp e Y .

2. T o do the standard con v ersion, the cop y constructor X::X(const X&) is called to cop y

the temp orary to another temp orary of t yp e X , th us doing the slicing.

3. The cop y constructor X::X(const X&) is called again to cop y that second temp orary in to

the parameter.

The first call of the cop y constructor seems prett y silly . One w ould exp ect that an implemen-

tation w ould use the cop y constructor elision rule to eliminate it.

T o pro duce the list of steps ab o v e, I used the principle that an initialization lik e

3

X param = z1;

is rewritten as

X param(X(z1));

This is em b o died in 8.5 [dcl.init] paragraph 12, fourth bullet, third sub-bullet:

3

Recall that “ = ”-st yle initialization is used for argumen t passing.

Otherwise (i.e., for the remaining cop y-initialization cases), a temp orary of the

destination t yp e is created. User-defined con v ersion sequences that can con v ert

from the source t yp e to the destination t yp e are en umerated ( o v er.matc h.user ),

and the b est one is c hosen through o v erload resolution ( o v er.matc h ). The user-

defined con v ersion so selected is called to con v ert the initializer expression in to the

temp orary . If the con v ersion cannot b e done or is am biguous, the initialization is ill-

formed. The ob ject b eing initialized is then direct-initialized from the temp orary

according to the rules ab o v e. [F o otnote: Because the t yp e of the temp orary is

the same as the t yp e of the ob ject b eing initialized, this direct-initialization, if w ell-

formed, will use a cop y constructor ( class.cop y ) to cop y the temp orary .] In certain

cases, an implemen tation is p ermitted to eliminate the temp orary b y initializing the

ob ject directly; see class.temp orary .

No w, when a cop y constructor is used lik e this, its parameter is a reference to the class b eing

copied, and it is therefore capable of binding to an ob ject of a deriv ed class. So another rewrite

of the “ = ”-form initialization ab o v e that could b e considered is

X param(Y(z1));

That is, y ou con v ert to a temp orary of a deriv ed class, and then cop y (slice) that temp orary

to do the “ = ”-form initialization. This gets the desired result, in the optimized form, without

recourse to a “standard con v ersion.” The deriv ed-to-base shift, and the asso ciated slicing, is

done as a normal consequence of the w a y cop y constructors and reference parameters w ork.

This mak es a lot more sense to me than a deriv ed-to-base standard con v ersion.

And that’s the prop osal: Curren tly , in the definition of cop y-initialization, the temp orary

created alw a ys has the same t yp e as the class ob ject b eing initialized, and only con v ersion

functions that con v ert to that class t yp e are considered. With the prop osed c hange, con v ersion

functions that con v ert to deriv ed classes of the t yp e of the ob ject b eing initialized w ould also

b e considered. If one of those is selected b y o v erload resolution, the temp orary w ould ha v e the

deriv ed class t yp e. That temp orary is then copied to the ob ject b eing initialized b y calling the

cop y constructor.

A related case

Let’s also lo ok at a related case that is co v ered b y a differen t part of the WP:

struct X {};

struct Y : public X {};

int operator==(const X&, const X&);

struct Z {

                                                                                operator Y&();

};

Z z1, z2;

int i = (z1 == z2);

Here, the con v ersion function is capable of creating an lv alue of t yp e Y . Since the parameters

of the operator== function could b e made to bind to suc h an lv alue, one migh t exp ect that

this example is w ell-formed. But the curren t WP disallo ws it. Wh y? 8.5.3 [dcl.init.ref ] sa ys

A reference to t yp e “cv1 T1” is initialized b y an expression of t yp e “cv2 T2” as

follo ws:

• If the initializer expression is an lv alue (but not an lv alue for a bit-field), and

– “cv1 T1” is reference-compatible with “cv2 T2,” or

– the initializer expression can b e implicitly con v erted ( con v ) to an lv alue

of t yp e “cv3 T1,” where cv3 is the same cv-qualification as, or lesser cv-

qualification than, cv1, then

etc.

In this example, this considers only con v ersions to X , not con v ersions to the deriv ed class Y , so

the con v ersion function is not found.

(Another realit y c hec k: g++ 2.6.3, Sun 3.0.1, and Microsoft Visual C + + 4.0 giv e an error. EDG’s

fron t end, cfron t 3.0.2, Borland 4.5, and W atcom 10.0 accept the example.)

Again, I b eliev e this case ough t to b e w ell-formed. The suggested c hange to the WP is to also

consider con v ersions to deriv ed class lv alues for this reference binding case.

WP c hanges

Summary: Delete the standard con v ersion (4.12, [con v.class]) and some references to it; split

13.3.1.3 [o v er.matc h.user] in to three paragraphs, one dealing with user-defined con v ersions for

cop y-initialization of a class, one dealing with initializations of nonclasses from classes b y use

of a con v ersion function, and one dealing with initialization b y con v ersion function for direct

reference binding; c hange 8.5 [dcl.init] and 8.5.3 [dcl.init.ref ] to refer to these new paragraphs.

(These c hanges are relativ e to 95-0185/N0785 except where indicated.)

In 3.8 [basic.life], around paragraph 6, delete the w ords indicated here in italics (they w ere

added for the San ta Cruz WP):

If an lv alue-to-rv alue con v ersion ( con v.lv al ) is applied to suc h a reference, the

program has undefined b eha vior; if the original ob ject will b e or w as of a non-POD

class t yp e, the program has undefined b eha vior if:

• the reference is used to access a non-static data mem b er or call a non-static

mem b er function of the ob ject, or

• the r efer enc e is implicitly c onverte d ( c onv.class ) to a b ase class typ e, or

• the reference is used as the op erand of a static_cast ( expr.static.cast ) (ex-

cept when the con v ersion is to char& ), or

• the reference is used as the op erand of a dynamic_cast ( expr.dynamic.cast )

or as the op erand of typeid .

In 4 [con v], paragraph 1, second bullet, delete the w ords indicated here in italics:

Zero or one con v ersion from the follo wing set: in tegral promotions, floating p oin t

promotion, in tegral con v ersions, floating p oin t con v ersions, floating-in tegral con v er-

sions, p oin ter con v ersions, p oin ter to mem b er con v ersions, b ase class c onversions,

and b o olean con v ersions.

Delete 4.12 [con v.class] in its en tiret y (it defines the standard con v ersion).

Change 8.5 [dcl.init], paragraph 12, fourth bullet, third sub-bullet, to the follo wing:

Otherwise (i.e., for the remaining cop y-initialization cases), a temp orary is cre-

ated. User-defined con v ersion sequences that can con v ert from the source t yp e to

the destination t yp e or a deriv ed t yp e thereof are en umerated ( o v er.matc h.cop y ),

and the b est one is c hosen through o v erload resolution ( o v er.matc h ). The user-

defined con v ersion so selected is called to con v ert the initializer expression in to a

temp orary , whose t yp e is the t yp e returned b y the call of the user-defined con v ersion

function, with the cv-qualifiers of the destination t yp e. If the con v ersion cannot b e

done or is am biguous, the initialization is ill-formed. The ob ject b eing initialized is

then direct-initialized from the temp orary according to the rules ab o v e. [F o otnote:

Because the t yp e of the temp orary is the same as the t yp e of the ob ject b eing

initialized, or a deriv ed class thereof, this direct-initialization, if w ell-formed, will

use a cop y constructor ( class.cop y ) to cop y the temp orary .] In certain cases, an

implemen tation is p ermitted to eliminate the temp orary b y initializing the ob ject

directly; see class.temp orary .

In 8.5 [dcl.init], paragraph 12, fifth bullet, c hange the second sen tence as indicated here in

b oldface:

Otherwise, if the source t yp e is a (p ossibly cv-qualified) class t yp e, con v er-

sion functions are considered. The applicable con v ersion functions are en umer-

ated ( o v er.matc h.con v ) , and the b est one is c hosen through o v erload resolution

( o v er.matc h ). The user-defined con v ersion so selected is called to con v ert the ini-

tializer expression in to the ob ject b eing initialized. If the con v ersion cannot b e done

or is am biguous, the initialization is ill-formed.

In 8.5.1 [dcl.init.aggr], paragraph 11, c hange the first sen tence as indicated here in b oldface:

All implicit t yp e con v ersions ( con v ) are considered when initializing the

aggregate mem b er with an initializer from an initializer-list.

Change 8.5.3 [dcl.init.ref ], paragraph 6, second sub-bullet, to the follo wing:

T2 is a class t yp e, and the initializer expression can b e implicitly con v erted to

an lv alue of t yp e “cv3 T3,” where T3 is the same t yp e as T2, or is a deriv ed t yp e

thereof, and cv3 is the same cv-qualification as, or lesser cv-qualification than, cv1

[F o otnote: This requires a con v ersion function ( class.con v.fct ) returning a refer-

ence t yp e.] (this con v ersion is selected b y en umerating the applicable con v ersion

functions ( o v er.matc h.ref ) and c ho osing the b est one through o v erload resolution

( o v er.matc h )), then

In 13.3 [o v er.matc h], paragraph 3, replace the last t w o bullets with the follo wing and c hange

“fiv e” to “sev en” in the first line:

Ov erload resolution selects the function to call in sev en con texts within the

language:

• ...

• in v o cation of a constructor for direct-initialization ( dcl.init ) of a class ob ject

( o v er.matc h.ctor );

• in v o cation of a user-defined con v ersion for cop y-initialization ( dcl.init ) of a

class ob ject ( o v er.matc h.cop y );

• in v o cation of a con v ersion function for initialization of an ob ject of a nonclass

t yp e from an expression of class t yp e ( o v er.matc h.con v ); and

• in v o cation of a con v ersion function for initialization of a temp orary to whic h

a reference ( dcl.init.ref ) will b e directly b ound ( o v er.matc h.ref ).

In T able 9, in 13.3.3.1.1 [o v er.ics.scs], delete the line for base class con v ersion.

Delete 13.3.1.3 [o v er.matc h.user] and replace it with the follo wing (inserted after 13.3.1.4

[o v er.matc h.ctor] b ecause the order is b etter that w a y):

13.3.1.4 Cop y-initialization of class b y user-defined con v ersion [o v er.matc h.cop y]

Under the conditions sp ecified in dcl.init , as part of a cop y-initialization of

an ob ject of class t yp e, a user-defined con v ersion can b e in v ok ed to con v ert an

initializer expression to the t yp e of the ob ject b eing initialized. Ov erload resolution

is used to select the user-defined con v ersion to b e in v ok ed. Assuming that “cv1

T” is the t yp e of the ob ject b eing initialized, with T a class t yp e, the candidate

functions are selected as follo ws:

• The con v erting constructors ( class.con v.ctor ) of T are candidate functions.

• When the t yp e of the initializer expression is a class t yp e “cv S”, the con v ersion

functions of S and its base classes are considered. Those that are not hidden

within S and yield t yp e “cv2 T2”, where T2 is the same t yp e as T or is a

deriv ed class thereof, and where cv2 is the same cv-qualification as, or lesser

cv-qualification than, cv1, are candidate functions. Con v ersions functions that

return “reference to T” return lv alues of t yp e T and are therefore considered

to yield T for this pro cess of selecting candidate functions.

In b oth cases, the argumen t list has one argumen t, whic h is the initializer ex-

pression. [Note: this argumen t will b e compared against the first parameter of the

constructors and against the implicit ob ject parameter of the con v ersion functions.]

13.3.1.5 Initialization b y con v ersion function [o v er.matc h.con v]

Under the conditions sp ecified in dcl.init , as part of an initialization of an ob-

ject of nonclass t yp e, a con v ersion function can b e in v ok ed to con v ert an initializer

expression of class t yp e to the t yp e of the ob ject b eing initialized. Ov erload resolu-

tion is used to select the con v ersion function to b e in v ok ed. Assuming that “cv1 T”

is the t yp e of the ob ject b eing initialized, and “cv S” is the t yp e of the initializer

expression, with S a class t yp e, the candidate functions are selected as follo ws:

• The con v ersion functions of S and its base classes are considered. Those that

are not hidden within S and yield t yp e “cv2 T” or a t yp e that can b e con v erted

to t yp e “cv2 T” via a standard con v ersion sequence ( o v er.ics.scs ), for an y

cv2 that is the same cv-qualification as, or lesser cv-qualification than, cv1,

are candidate functions. Con v ersion functions that return a nonclass t yp e

“cv2 T” are considered to yield cv-unqualified T for this pro cess of selecting

candidate functions. Con v ersions functions that return “reference to T” return

lv alues of t yp e T and are therefore considered to yield T for this pro cess of

selecting candidate functions.

The argumen t list has one argumen t, whic h is the initializer expression. [Note:

this argumen t will b e compared against the implicit ob ject parameter of the con-

v ersion functions.]

13.3.1.6 Initialization b y con v ersion function for direct reference binding [o v er.matc h.ref ]

Under the conditions sp ecified in dcl.init.ref , a reference can b e b ound directly

to an lv alue that is the result of applying a con v ersion function to an initializer

expression. Ov erload resolution is used to select the con v ersion function to b e

in v ok ed. Assuming that “cv1 T” is the underlying t yp e of the reference b eing

initialized, and “cv S” is the t yp e of the initializer expression, with S a class t yp e,

the candidate functions are selected as follo ws:

• The con v ersion functions of S and its base classes are considered. Those that

are not hidden within S and yield t yp e “reference to cv2 T2”, where T2 is

the same t yp e as T or is a deriv ed class thereof, and where cv2 is the same

cv-qualification as, or lesser cv-qualification than, cv1, are candidate functions.

The argumen t list has one argumen t, whic h is the initializer expression. [Note:

this argumen t will b e compared against the implicit ob ject parameter of the con-

v ersion functions.]

The follo wing text from the end of the old 13.3.1.3 [o v er.matc h.user] is mo v ed to after paragraph

5 of 13.3.1 [o v er.matc h.funcs]:

Because only one user-defined con v ersion is allo w ed in an implicit con v er-

sion sequence, sp ecial rules apply when selecting the b est user-defined con v ersion

( o v er.matc h.b est , o v er.b est.ics ). [Example:

class T {

public:

T();

// ...

};

class C : T {

public:

C(int);

// ...

};

T a = 1; // ill-formed: T(C(1)) not tried

–end example]

In 13.3.3.2, paragraph 4, remo v e the follo wing bullets (they describ e cases of the deriv ed-to-base

standard con v ersion and are therefore no longer needed):

con v ersion of C to B is b etter than con v ersion of C to A,

con v ersion of B to A is b etter than con v ersion of C to A.