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Smart pointers, Part 2

In my last column, we began an examination of smart pointers by seeing how they are
declared and implemented, focusing on the topics of construction, destruction, assign-
ment, dereferencing, and ownership of what is pointed to. In thisinstallment, we begin
to look more closely at the other operations supported by dumb pointers, and we see
how well we can support those operations in smart pointer classes.

Testing Smart Pointersfor Nullness

With the functions we have discussed so far, we can create, destroy, copy, assign, and
dereference smart pointers. One of the things we cannot do, however, is find out if a
smart pointer isnull:

Smar t Pt r <Tr eeNode> pt n;

if (ptn ==0) ... /1 error!

if (ptn) ... /1 error!
if (!'ptn) ... /'l error!

Thisisaserious limitation.

It would be easy to add an i SNul | member function to our smart pointer classes, but

that would lead to the problem that smart pointers don't act like dumb pointers when
testing for nullness. A different approach is to provide an implicit conversion operator
that allows the tests above to compile. The conversion traditionally employed for this
purpose is tavoi d*:

tenpl at e<cl ass T>
class SmartPtr {

public:

bbérator voi d*(); /1l returns O if the smart
/1l ptr is null, nonzero

}; /'l ot herw se

Smar t Pt r <Tr eeNode> pt n;

if (ptn ==0) ... /1 now fine

if (ptn) ... /1 also fine

if (!'ptn) ... /1 fine

This is similar to a conversion provided by the iostream classes, and it explains why
it's possible to write code like this:

ifstreaminputFile("datafile.dat");



if (inputFile) ... /] test to see if inputFile
/'l was successfully
/1 opened

Like all type conversion functions, this one has the drawback of letting function calls
succeed that most programmers would expect to fail [cite 1]. In particular, it allows
comparisons of smart pointers of completely different types:

Smar t Pt r <Appl e> pa;
Smar t Pt r <Or ange> po;

if (pa ==po) ... /1 this conpil es!

Even if there is no oper at or == taking a Smart Pt r <Appl e> and a
Smar t Pt r <Or ange>, this compiles, because both smart pointers can be implicitly
converted into voi d* pointers, and thereisabuilt-in comparison function for built-in
pointers. Thiskind of behavior makes implicit conversion functions dangerous.

There are variations on the conversion-to-voi d* motif. Some designers advocate
conversion to const voi d*, others embrace conversion to bool . Neither of these
variations eliminates the problem of allowing mixed-type comparisons.

There isamiddle ground that allows you to offer a reasonable syntactic form for test-
ing for nullness while minimizing the chances of accidentally comparing smart point-

ers of different types. It isto overload oper at or ! for your smart pointer classes so
that oper at or! returnst r ue if and only if the smart pointer on which it's invoked
is null:

t enpl at e<cl ass T>
class SmartPtr {
public:

bool operator! () const; /1l returns true iff the
/1l smart ptr is null

H
This lets your clients program like this,

Smar t Pt r <Tr eeNode> pt n;

if ('ptn) { /1 fine
/1 ptnis null
el se {
/1 ptnis not null
}
but not like this:
if (ptn ==0) ... /1 still an error
if (ptn) ... /1 also an error

The only risk for mixed-type comparisons is statements such as these:

Smar t Pt r <Appl e> pa;
Smar t Pt r <Or ange> po;

if ('pa =="1!po) ... /1 alas, this conpiles

Fortunately, programmers don't write code like this very often. Interestingly, iostream
library implementations provide aper at or! in addition to the implicit conver-
sion tovoi d*, but these two functions typically test for slightly different stream



states. (In the C++ library standard, the implicit conversion to voi d* has been re-
placed by an implicit conversion to bool , and oper at or bool always returns the
negation of operator!.)

Converting Smart Pointersto Dumb Pointers

Sometimes you'd like to add smart pointers to an application or library that already
uses dumb pointers. For example, your distributed database system (from my last col-
umn) may not originally have been distributed, so you may have some old library
functions that aren’t designed to use smart pointers:

class Tuple { /1 class for database

public: /1 tuples

H

void normalize(Tuple *pt); /1 put *pt into canonical
/1 form note use of dunb
/'l pointer

Consider what will happen if you try to calbr mal i ze with a smart pointer-td-u-
pl e:

DBPt r <Tupl e> pt;

normal i ze(pt); /1 error!

The call will fail to compile, because there is no way to convEBRt r <Tupl e>to
aTupl e*. You can make it work by doing this,

normal i ze( & pt); /1 gross, but |egal
but | hope you'll agree this is repugnant.

The call can be made to succeed by adding to the smart pointer-to-T template an im-
plicit conversion operator to a dumb pointer-to-T:

t enpl at e<cl ass T> /'l as before
class DBPtr {
public:

bbérator T*() { return pointee; }

};...
DBPt r <Tupl e> pt;

normal i ze(pt); /1 this now works

Addition of this function also eliminates the problem of testing for nullness:

if (pt ==0) ... /1l fine, converts pt to a
/1 Tupl e*

if (pt) ... Il ditto

if ('pt) ... /1 ditto (reprise)

However, there is a dark side to such conversion functions. They make it easy for cli-
ents to program directly with dumb pointers, thus bypassing the smarts your pointer-
like objects are designed to provide:

voi d processTupl e( DBPt r <Tupl e>& pt)

Tupl e *rawTlupl ePtr = pt; /1 converts DBPtr<Tuple>to
/1 Tupl e*



use rawiupl ePtr to nodify the tuple;
}

Usually, the “smart” behavior provided by a smart pointer is an essential component
of your design, so allowing clients to use dumb pointers typically leads to disaster. For
example, ifDBPt r implements reference-counting, allowing clients to manipulate
dumb pointers directly will almost certainly lead to bookkeeping errors that corrupt
the reference-counting data structures.

Even if you provide an implicit conversion operator to go from a smatrt pointer to the
dumb pointer it’s built on, your smart pointer will never be truly interchangeable with

the dumb pointer. That's because the conversion from a smart pointer to a dumb
pointer is a user-defined conversion, and compilers are forbidden from applying more
than one such conversion at a time. For example, suppose you have a class represent-
ing all the clients who have accessed a particular tuple:

cl ass Tupl eAccessors {
public:
Tupl eAccessors(const Tuple *pt); // pt identifies the
- /1 tupl e whose accessors
}; /1 we care about

As usual, Tupl eAccessor s’ single-argument constructor also acts as a type-con-
version operator fronfupl e* to Tupl eAccessor s. Now consider a function for
merging the information in twdupl eAccessor s objects:

Tupl eAccessors merge( const Tupl eAccessorsé& tal,
const Tupl eAccessors& ta2);

Because dupl e* may be implicitly converted to dupl eAccessor s, calling
ner ge with two dumbTupl e* pointers is fine:

Tuple *ptl, *pt2;

nmerge(ptl, pt2); /1 fine, both pointers are converted
/1 to Tupl eAccessors objects

The corresponding call with smddBPt r <Tupl e> pointers, however, fails to com-
pile:

DBPtr <Tupl e> pt1, pt2;

nmerge(ptl, pt2); /1l error! No way to convert ptl and
/1 pt2 to Tupl eAccessors objects

That's because a conversion fr@BPt r <Tupl e>to Tupl eAccessor s calls for

two user-defined conversions (one frd@BPt r <Tupl e>to Tupl e* and one from
Tupl e* to Tupl eAccessor s), and such sequences of conversions are prohibited
by the language.

Smart pointer classes that provide an implicit conversion to a dumb pointer open the
door to a particularly nasty bug. Consider this code:

DBPt r <Tupl e> pt = new Tupl €;

delete pt;
This should not compile. After alht is not a pointer, it's an object, and you can't de-
lete an object. Only pointers can be deleted, right?

Right. But remember that compilers use implicit type conversions to make function
calls succeed whenever they can, and recall that use déthet e operator leads to



calls to a destructor and to oper at or del et e, both of which are functions. Com-
pilers want these function calls to succeed, so in the del et e statement above, they
implicitly convert pt to a Tupl e*, then they delete that. This will almost certainly
break your program.

If pt owns the object it points to, that object is now deleted twice, once at the point
wheredel et e iscalled, asecond timewhen pt 's destructor is invoked. [fit doesn't

own the object, somebody else does. That somebody may be the person who deleted
pt , in which case all is well. If, however, the owner of the object pointed faf big

not the person who delet@d , we can expect the rightful owner to delete that object
again later. The first and last of these scenarios leads to an object being deleted twice,
and deleting an object more than once yields undefined behavior.

This bug is especially pernicious because the whole idea behind smart pointers is to
make them look and feel as much like dumb pointers as possible. The closer you get
to this ideal, the more likely your clients are to forget they are using smart pointers. If
they do, who can blame them if they continue to think that in order to avoid resource
leaks, they must catlel et e if they callednew?

The bottom line is simple: don't provide implicit conversion operators to dumb point-
ers unless there is a compelling reason to do so.

Smart Pointersand Inheritance-Based Type Conversions

Suppose we have a public inheritance hierarchy modeling consumer products for stor-

MusicProduct

ing music:

cl ass Misi cProduct {

public:
Musi cProduct (const string& title);
virtual void play() const = O;
virtual void displayTitle() const = 0;

b

class Cassette: public MisicProduct {
public:
Cassette(const string& title);
virtual void play() const;
virtual void displayTitle() const;

H
class CD. public MusicProduct {
public:

CD(const string& title);

virtual void play() const;

virtual void displayTitle() const;

b

Further suppose we have a function that, giv&vliai cPr oduct object, displays
the title of the product and then plays it:



voi d di spl ayAndPl ay(const Misi cProduct* pnp, int nunTi mes)

for (int i =1; i <= nunimes; ++i) {
pnp- >di spl ayTi tl e();
| prp->pl ay();

}
Such a function might be used like this:

Cassette *funMisi c = new Cassette("A apal ooza");
CD *ni ght rareMisi ¢ = new CD("Di sco Hts of the 70s");

di spl ayAndP ay(funMusic, 10);
di spl ayAndP ay( ni ght mareMusi c, 0);

There are no surprises here, but look what happens if we replace the dumb pointers
with their allegedly smart counterparts:

voi d di spl ayAndPl ay(const Smart Pt r<Misi cProduct >& pnp,
i nt nunTi mes) ;

Smart Pt r<Cassett e> funMisi c(new Cassette("A apal ooza"));
Svart Ptr <> ni ght nar eMusi c(new AX("Di sco Hts of the 70s"));

di spl ayAndP ay(funMusic, 10); /1 error!
di spl ayAndP ay( ni ght mareMusi c, 0); /1 error!

If smart pointers are so brainy, why won't these compile?

They won’t compile because there is no conversion frdamar t Pt r <CD> or a

Smart Pt r<Cassett e>to aSnart Pt r <Musi cPr oduct >. As far as compilers

are concerned, these are three separate classes — they have no relationship to one an-
other. Why should compilers think otherwise? After all, it's not Skeaar t Pt r <CD>

or Smar t Pt r <Casset t e> inherits from Smart Pt r <Misi cPr oduct >. With

no inheritance relationship between these classes, we can hardly expect compilers to
run around converting objects of one type to objects of other types.

Fortunately, there is a way to get around this limitation, and the idea (if not the prac-
tice) is simple: give each smart pointer class an implicit type conversion operator for
each smart pointer class to which it should be implicitly convertible. For example, in
the music hierarchy, you'd add agper at or Smart Pt r <Musi cPr oduct > to

the smart pointer classes féasset t e andCD:.

class Smart Ptr<Cassette> {
public:
oper at or Smart Pt r<Misi cPr oduct >()
{ return SmartPtr<Misi cProduct>(pointee); }

private:
Cassette *pointee;
H
class Smart Ptr<CD>> {
public:

oper at or Smart Pt r<Misi cPr oduct >()

{ return SmartPtr<Misi cProduct >(pointee); }

private:

CD *poi nt ee;
H
The drawbacks to this approach are twofold. First, you must manually specialize the
Smart Pt r class instantiations so you can add the necessary implicit type conversion
operators, but that pretty much defeats the purpose of templates. Second, you may



have to add many such conversion operators, because your pointed-to object may be

deep in an inheritance hierarchy, and you must provide a conversion operator for each

base class from which that object directly or indirectly inherits. (If you think you can

get around this by providing only an implicit type conversion operator for each direct

base class, think again. Because compilers are prohibited from employing more than

one user-defined type conversion function at a time, they can’t convert a smart pointer-
to-T to a smart pointer-to-indirect-base-classtoftnless they can do it in a single
step.)

It would be quite the time-saver if you could somehow get compilers to write all these

implicit type conversion functions for you. Thanks to a recent language extension

(member templates), you can. We’'ll examine member templates and how they solve
this problemalmost perfectly in my next column, where we’ll finish our examination

of smart pointers.
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