X3J16/94-0143

W G21/N0530

const as a Tie-break er in Ov erload Resolution

J. Stephen Adamczyk

Edison Design Group, Inc.

jsa@edg.com

July 27, 1994

In tro duction

A t the W aterlo o meeting, T om Plum’s core w orking group, and later the full committee, briefly

discussed the role of const et al. as “tie-break ers” in o v erload resolution. It b ecame clear a

short time in to the full-committee discussion that there w as no consensus on the issue and that

additional exp osition and discussion w ere required. The issue w as pulled bac k in to the w orking

group for further study . This pap er is a summary of the issue to assist suc h study .

The ARM text

The concept of a tie-break er in o v erload resolution is in tro duced in ARM 13.2:

Note that functions with argumen ts of t yp e T , const T , volatile T , T& ,

const T& , and volatile T& accept exactly the same set of v alues. Where nec-

essary , const and volatile are used as tie-break ers as describ ed in rule [1] b elo w.

A few lines later, w e find rule [1]:

Exact matc h: Sequences of zero or more trivial con v ersions are b etter than

all other sequences. Of these, those that do not con v ert T* to const T* , T* to

volatile T* , T& to const T& , or T& to volatile T& are b etter than those that

do.

F or example:

struct A {};

void f(A*);

void f(const A*);

main ()

{

                                                                                A a;

                                                                                f(&a); // Calls f(A*)

}

The function f(A*) is called in preference to f(const A*) b ecause the con v ersion of the argu-

men t for the latter in v olv es one of the tie-break er con v ersions.

A couple of p oin ts to note:

• Ev en though this pap er’s title refers to const as a tie-break er, that’s just to ha v e a punc h y

name for the issue. Clearly volatile is also a tie-break er.

• The con v ersions of in terest are ones that add a t yp e qualifier under a p ointer or r efer enc e .

A con v ersion from “p oin ter to int ” to “p oin ter to const int ”, for example, is a tie-

break er, but one from “p oin ter to int ” to “ const p oin ter to int ” is not, nor is one from

“ int ” to “ const int ”.

What do es “tie-break er” mean?

The problem with the ARM w ording is that it do esn’t mak e it clear ho w the tie-break er cases

affect the pro cess of selecting a “b est” function in o v erload resolution. There are t w o common

in terpretations:

1. A matc h on a particular argumen t in v olving a tie-break er con v ersion is w orse than an oth-

erwise equally-rank ed matc h that do es not in v olv e suc h a con v ersion (“early tie-break er”).

2. If t w o function calls are equal on all argumen ts, ignoring an y tie-break ers, the presence

of one of these tie-break er con v ersions

1

can b e used to pic k one function matc h o v er the

other (“late tie-break er”).

An example to illustrate the difference:

struct A {};

void f(const A*, short);

void f(A*, int);

main ()

{

                                                                                A a;

                                                                                f(&a, (short)1); // ?

}

The o v erload resolution analysis giv es:

&a (short)1

f(const A*, short) exact (*) exact

f(A*, int) exact promotion

where the con v ersion mark ed with “(*)” is a tie-break er. Under the “early tie-break er” rule,

the second function is the b est matc h on the first argumen t, and the first function is the b est

matc h on the second argumen t, so the call is am biguous. Under the “late tie-break er” rule,

the t w o functions are equally go o d when tie-break ers are ignored, so the tie-break er is used to

select the second function as the b est one.

1

If there are tie-break ers on sev eral argumen ts, they m ust b e consisten t; otherwise, the t w o function calls

remain equally rank ed.

Existing practice

Unfortunately , existing practice v aries. cfron t, Microsoft Visual C++, Syman tec, g++, EDG,

and the IBM OS/2 compiler seem to implemen t the late tie-break er. Borland, Sun, Lucid,

and T aligen t seem to implemen t the early tie-break er. (I’m doing those from memory for the

compilers I don’t ha v e access to, so forgiv e me if I don’t ha v e it quite righ t; the p oin t is that

existing practice sho ws no consensus.)

The argumen t for eac h approac h

Argumen ts for an early tie-break er:

• It’s the simplest rule to describ e and teac h.

• It mak es the bizarre cases where this matters am biguous, whic h is probably a fa v or to

the programmer.

• With the recen t rewrite of Clause 13, it’s the status quo in the W orking P ap er.

Argumen ts for a late tie-break er:

• It’s what cfron t implemen ts, and there are kno wn to b e large libraries out there that

w ould b e “brok en” b y a c hange to an early tie-break er. (There ma y also b e libraries

that w ould b e brok en b y a c hange in the other direction; I can commen t only on the bug

rep orts I’v e seen.)

• According to Bjarne Stroustrup, it’s what he in tended when he wrote the ARM.

• Programmers are lik ely to think of the difference b et w een const and non- const v ersions

of a mem b er function as related to applicabilit y rather than as a “cost.” That is, the

programmer thinks “ok a y , if I w an t to b e able to handle const ob jects, I need a const

v ersion of the mem b er function. If I need to do differen t things for const and non- const

ob jects, I need t w o v ersions of the mem b er function. But what ab out if I can do the

same thing in b oth cases, and I don’t need to mo dify the ob ject? I just need a const

v ersion, righ t?” The problem with that reasoning when an early tie-break er is used b y

the compiler is that an y call of that mem b er function with a non- const ob ject has a

sligh t additional cost, whic h can cause am biguities. Consider

struct B {

                                                                                B(int);

};

struct A {

                                                                                void f(int) const;

                                                                                void f(B);

};

main () {

                                                                                A a;

                                                                                a.f(1); // ?

}

The o v erload resolution analysis giv es:

a 1

f(int) const exact (*) exact

f(B) exact user-defined con v

With an early tie-break er, this example is am biguous. The programmer ma y b e surprised

that the “ob viously” c heap er f(int) const is not c hosen.

Asp ects that aren’t con ten tious

Sev eral asp ects that migh t not b e en tirely clear in the ARM w ording nev ertheless seem not to

b e con ten tious:

• The rules for p oin ters and references are the same:

struct A {};

void f(const A&, short);

void f(A&, int);

main ()

{

                                                                                A a;

                                                                                f(a, (short)1); // Same as simple pointer case

}

This is true in spite of the fact that tie-break er con v ersions to reference t yp es m ust no w

b e describ ed as reference initializations that add t yp e qualifiers (that’s just a difference

in description).

• Whatev er rule applies to p oin ter and reference argumen ts also applies when binding the

ob ject on whic h a mem b er function is called:

struct A {

                                                                                void f(short) const;

                                                                                void f(int);

};

main ()

{

                                                                                A a;

                                                                                a.f((short)1); // Same as simple pointer case

}

• Whatev er rule applies for exact matc hes also applies for other kinds of matc hes:

struct A {};

struct B : public A {};

void f(const A*, short);

void f(A*, int);

main ()

{

                                                                                B b;

                                                                                f(&b, (short)1); // Same as simple pointer case

}

(In this case, the con v ersion on the first argumen t is a standard con v ersion, with addition

of a const for one of the functions.)

• The tie-break er con v ersions should actually include all con v ersions (or reference bind-

ings) that add t yp e qualifiers, not just the ones listed in the ARM text. F or example,

const int* to const volatile int* should b e a tie-break er con v ersion. Lik ewise, con-

v ersions that add t yp e qualifiers at lev els other than the first for m ulti-lev el p oin ters (using

the recen t extension in that area) should also b e considered tie-break er con v ersions (e.g.,

int ** to const int *const * ).

• The con v ersions that add t yp e qualifiers under p oin ters-to-mem b ers (e.g., int A::* to

const A::* ) should also b e considered tie-break ers.

Summary

I think b oth the early and late tie-break er approac hes ha v e merit; w e should just pic k one and

b e done with it.

I also recommend that w e affirm the resolutions on the “non-con ten tious” issues and incorp orate

those in to the WP , assuming there is in fact consensus on them.