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1 Introduction and motivation

C++11 standardized the unique_ptr and shared_ptr smart pointer templates. One common
use for these smart pointers is to serve as the pointer-to-implementation in the well-known pimpl
idiom. However, when the application’s design calls for deep-copy semantics whenever the pimpl
is copied, rather than moved or shared, neither of these smart pointers is the correct tool.

Similarly, none of the standard smart pointers is appropriate when deep-copying a pointee ob-
ject whose type forms part of an inheritance heirarchy. Sometimes described as the polymorphic
copying problem, its solution seems a viable candidate for standardization.

In these circumstances, among others, what is needed is a smart pointer that applies value
semantics to its pointee. Therefore, this paper proposes a value_ptr smart pointer template
for future C++ standardization. Prior art is discussed in the next section, then a specimen
implementation is presented as a straw man for considering design issues. We conclude with a
short list of open questions.

2 Prior art

The notion and utility of a smart pointer with embedded value semantics has been independently
discovered, implemented, and discussed numerous times over the course of more than a decade.
Representative examples (in publication order) include:

• Alan Griffiths: Ending with the grin, 1999 <http://www.octopull.demon.co.uk/arglib/
TheGrin.html>.

Implements grin_ptr, “A template that looks after an object allocated on the heap, and
ensures it is copied and deleted when appropriate.” Motivated in support of a “Cheshire Cat
technique” (a forerunner of today’s pimpl idiom), grin_ptr delegates copying to a family of
overloaded deep_copy functions.
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• Andrei Alexandrescu: Deep Copy, §7.5.1 in Modern C++ Design, 2001 (ISBN 0-201-70431-
5).

Describes smart pointers with deep copy semantics as “vehicles for transporting polymor-
phic objects safely. You hold a smart pointer to a base class, which might actually point to a
derived class. When you copy the smart pointer, you want to copy its polymorphic behavior,
too. It’s interesting that you don’t exactly know what behavior and state you are dealing
with, but you certainly need to duplicate that behavior and state.” Provides a policy class
implementing such deep copying.

• Herb Sutter: Smart Pointer Members, Part 2: Toward a ValuePtr, Item 31 in More Excep-
tional C++, 2002 (ISBN 0-201-70434-X). Originally published using the name HolderPtr
in Guru of the Week #62, undated (http://www.gotw.ca/gotw/062.htm).

After explaining (in its preceding Item 30) why auto_ptr is unsuitable, derives ValuePtr
as “a smart pointer class designed specifically for class membership.” The ultimate version
provides “full traits-based customizability” for copying/cloning.

• David Maisonave (“Axter”): Clone Smart Pointer (clone_ptr), 2005-09-01 (http://www.codeguru.
com/cpp/cpp/algorithms/general/article.php/c10407).

Provides clone_ptr and copy_ptr, asserting that “it helps solve problems associated with
doing a deep copy of an abstract pointer.”

• Mathias Gaunard: [boost] Proposal: Polymorphic Value Objects, 2007-09-02 (http://lists.
boost.org/Archives/boost/2007/09/126982.php).

Starts a discussion thread. Proposes a non-pointer utility for manipulating dynamically-
typed objects as “quite similar to a smart pointer that does deep-copying . . . .”

• Edd Dawson: value_ptr: giving value semantics to polymorphic types, 2007-11-19 (http:
//www.mr-edd.co.uk/blog/value_semantics_for_polymorphic_types).

Implements value_ptr, a smart pointer with deep copy semantics to support inheritance
heirarchies with value semantics. Uses metaprogramming to detect the presence of a mem-
ber function named clone and employs it if found; else defaults to the copy c’tor.

3 A straw man implementation

While the following code is by no means an industrial-strength implementation, we present it as
a preliminary specification of intent in order to serve as a basis for technical discussion.

1 // ======================================================================
2 //
3 // value_ptr: A pointer treating its pointee as-if contained by value
4 //
5 // This smart pointer template mimics value semantics for its pointee:
6 // - the pointee lifetime matches the pointer lifetime, and
7 // - the pointee is copied whenever the pointer is copied.
8 //
9 // Having such a template provides a standard vocabulary to denote such

10 // pointers, with no need for further comment or other documentation to
11 // describe the semantics involved.
12 //
13 // As a small bonus, this template’s c’tors ensure that all instance
14 // variables are initialized.
15 //
16 // ======================================================================
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18 #include <cstddef> // nullptr_t
19 #include <functional> // less
20 #include <memory> // default_delete
21 #include <type_traits> // add_pointer, ...
22 #include <utility> // move, swap

24 namespace _ {
25 template< class T > struct is_cloneable;

27 template< class Element
28 , bool = std::is_polymorphic<Element>::value
29 && _::is_cloneable<Element>::value
30 >
31 struct default_action;
32 template< class Element >
33 struct default_action<Element, false>;
34 } // _

36 template< class Element > struct default_copy;
37 template< class Element > struct default_clone;

39 template< class Element
40 , class Cloner = _::default_action<Element>
41 , class Deleter = std::default_delete<Element>
42 >
43 class value_ptr;

45 template< class E, class C, class D >
46 void
47 swap( value_ptr<E,C,D> &, value_ptr<E,C,D> & ) noexcept;

49 template< class E, class C, class D >
50 bool
51 operator == ( value_ptr<E,C,D> const &, value_ptr<E,C,D> const & );
52 template< class E, class C, class D >
53 bool
54 operator != ( value_ptr<E,C,D> const &, value_ptr<E,C,D> const & );

56 template< class E, class C, class D >
57 bool
58 operator == ( value_ptr<E,C,D> const &, std::nullptr_t );
59 template< class E, class C, class D >
60 bool
61 operator != ( value_ptr<E,C,D> const &, std::nullptr_t );

63 template< class E, class C, class D >
64 bool
65 operator == ( std::nullptr_t, value_ptr<E,C,D> const & );
66 template< class E, class C, class D >
67 bool
68 operator != ( std::nullptr_t, value_ptr<E,C,D> const & );

70 template< class E, class C, class D >
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71 bool
72 operator < ( value_ptr<E,C,D> const &, value_ptr<E,C,D> const & );
73 template< class E, class C, class D >
74 bool
75 operator > ( value_ptr<E,C,D> const &, value_ptr<E,C,D> const & );
76 template< class E, class C, class D >
77 bool
78 operator <= ( value_ptr<E,C,D> const &, value_ptr<E,C,D> const & );
79 template< class E, class C, class D >
80 bool
81 operator >= ( value_ptr<E,C,D> const &, value_ptr<E,C,D> const & );

83 // ======================================================================

85 template< class T >
86 struct _::is_cloneable
87 {
88 private:
89 typedef char (& yes_t)[1];
90 typedef char (& no_t )[2];

92 template< class U, U* (U::*)() const = &U::clone > struct cloneable { };

94 template< class U > static yes_t test( cloneable<U>* );
95 template< class > static no_t test( ... );

97 public:
98 static bool const value = sizeof(test<T>(0)) == sizeof(yes_t);
99 }; // is_cloneable<>

101 // -----------------------------------------------

103 template< class Element >
104 struct default_copy
105 {
106 public:
107 Element *
108 operator () ( Element * p ) const { return new Element( *p ); }

110 }; // default_copy<>

112 // -----------------------------------------------

114 template< class Element >
115 struct default_clone
116 {
117 public:
118 Element *
119 operator () ( Element * p ) const { return p->clone(); }

121 }; // default_clone<>

123 // -----------------------------------------------
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125 template< class Element, bool >
126 struct _::default_action
127 : public default_clone<Element>
128 {
129 public:
130 using default_clone<Element>::operator();

132 }; // default_action<>

134 template< class Element >
135 struct _::default_action<Element, false>
136 : public default_copy<Element>
137 {
138 public:
139 using default_copy<Element>::operator();

141 }; // default_action<,false>

143 // -----------------------------------------------

145 template< class Element, class Cloner, class Deleter >
146 class value_ptr
147 {
148 public:
149 // -- publish our template parameters and variations thereof:
150 typedef Element element_type;
151 typedef Cloner cloner_type;
152 typedef Deleter deleter_type;
153 typedef typename std::add_pointer<Element>::type pointer;
154 typedef typename std::add_lvalue_reference<Element>::type reference;

156 private:
157 template< class P >
158 struct is_compatible
159 : public std::is_convertible< typename std::add_pointer<P>::type, pointer >
160 { };

162 public:
163 // default c’tor:
164 constexpr value_ptr( ) noexcept : p( nullptr ) { }

166 // ownership-taking c’tors:
167 constexpr value_ptr( std::nullptr_t ) noexcept : p( nullptr ) { }

169 template< class E2 >
170 explicit
171 value_ptr( E2 * other ) noexcept
172 : p( other )
173 {
174 static_assert( is_compatible<E2>::value
175 , "value_ptr<>’s pointee type is incompatible!"
176 );

178 static_assert( ! std::is_polymorphic<E2>::value
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179 || ! (std::is_same< Cloner
180 , _::default_action<Element,false>
181 >::value)
182 , "value_ptr<>’s pointee type would slice when copying!"
183 );
184 }

186 // copying c’tors:
187 value_ptr( value_ptr const & other )
188 : p( clone_from(other.p) )
189 { }

191 template< class E2 >
192 value_ptr( value_ptr<E2,Cloner,Deleter> const & other
193 , typename std::enable_if< is_compatible<E2>::value
194 >::type * = 0
195 )
196 : p( clone_from(other.p) )
197 { }

199 // moving c’tors:
200 value_ptr( value_ptr && other ) noexcept
201 : p( other.release() )
202 { }

204 template< class E2 >
205 value_ptr( value_ptr<E2,Cloner,Deleter> && other
206 , typename std::enable_if< is_compatible<E2>::value
207 >::type * = 0
208 ) noexcept
209 : p( other.release() )
210 { }

212 // d’tor:
213 ~value_ptr( ) noexcept { reset(); }

215 // copying assignments:
216 value_ptr &
217 operator = ( std::nullptr_t ) noexcept
218 { reset( nullptr ); return *this; }

220 value_ptr &
221 operator = ( value_ptr const & other )
222 { value_ptr tmp(other); swap(tmp); return *this; }

224 template< class E2 >
225 typename std::enable_if< is_compatible<E2>::value, value_ptr & >::type
226 operator = ( value_ptr<E2,Cloner,Deleter> const & other )
227 { value_ptr tmp(other); swap(tmp); return *this; }

229 // moving assignments:
230 value_ptr &
231 operator = ( value_ptr && other )
232 { value_ptr tmp( std::move(other) ); swap(tmp); return *this; }
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234 template< class E2 >
235 typename std::enable_if< is_compatible<E2>::value, value_ptr & >::type
236 operator = ( value_ptr<E2,Cloner,Deleter> && other )
237 { value_ptr tmp( std::move(other) ); swap(tmp); return *this; }

239 // observers:
240 reference
241 operator * ( ) const { return *get(); }

243 pointer
244 operator -> ( ) const noexcept { return get(); }

246 pointer
247 get( ) const noexcept { return p; }

249 explicit
250 operator bool ( ) const noexcept { return get(); }

252 // modifiers:
253 pointer
254 release( ) noexcept { pointer old = p; p = nullptr; return old; }

256 void
257 reset( pointer t = pointer() ) noexcept { std::swap(p, t); Deleter()(t); }

259 void
260 swap( value_ptr & other ) noexcept { std::swap(p, other.p); }

262 private:
263 pointer p;

265 template< class P >
266 pointer
267 clone_from( P const p ) const { return p ? Cloner()(p) : nullptr; }

269 }; // value_ptr<>

271 // ======================================================================
272 // non-member functions:

274 // -----------------------------------------------
275 // non-member swap:

277 template< class E, class C, class D >
278 void
279 swap( value_ptr<E,C,D> & x, value_ptr<E,C,D> & y ) noexcept
280 { x.swap(y); }

282 // -----------------------------------------------
283 // non-member (in)equality comparison:

285 template< class E, class C, class D >
286 bool
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287 operator == ( value_ptr<E,C,D> const & x, value_ptr<E,C,D> const & y )
288 { return x.get() == y.get(); }

290 template< class E, class C, class D >
291 bool
292 operator != ( value_ptr<E,C,D> const & x, value_ptr<E,C,D> const & y )
293 { return ! operator == (x, y); }

295 template< class E, class C, class D >
296 bool
297 operator == ( value_ptr<E,C,D> const & x, std::nullptr_t y )
298 { return x.get() == y; }

300 template< class E, class C, class D >
301 bool
302 operator != ( value_ptr<E,C,D> const & x, std::nullptr_t y )
303 { return ! operator == (x, y); }

305 template< class E, class C, class D >
306 bool
307 operator == ( std::nullptr_t x, value_ptr<E,C,D> const & y )
308 { return x == y.get(); }

310 template< class E, class C, class D >
311 bool
312 operator != ( std::nullptr_t x, value_ptr<E,C,D> const & y )
313 { return ! operator == (x, y); }

315 // -----------------------------------------------
316 // non-member ordering:

318 template< class E, class C, class D >
319 bool
320 operator < ( value_ptr<E,C,D> const & x, value_ptr<E,C,D> const & y )
321 {
322 typedef typename std::common_type< typename value_ptr<E,C,D>::pointer
323 , typename value_ptr<E,C,D>::pointer
324 >::type
325 CT;
326 return std::less<CT>()( x.get(), y.get() );
327 }

329 template< class E, class C, class D >
330 bool
331 operator > ( value_ptr<E,C,D> const & x, value_ptr<E,C,D> const & y )
332 { return y < x; }

334 template< class E, class C, class D >
335 bool
336 operator <= ( value_ptr<E,C,D> const & x, value_ptr<E,C,D> const & y )
337 { return ! (y < x); }

339 template< class E, class C, class D >
340 bool
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341 operator >= ( value_ptr<E,C,D> const & x, value_ptr<E,C,D> const & y )
342 { return ! (x < y); }

4 Some open design questions

1. Should value_ptr be specialized to work with array types à la unique_ptr?

2. Should value_ptr take an allocator argument in addition to a cloner and a deleter? (Only
the cloner would use the allocator.)

3. This implementation assumes that the cloner and deleter types are stateless; are these
viable assumptions? If not, what policies should apply when they are being copied during a
value_ptr copy?

4. With which, if any, standard smart pointers should this template innately interoperate, and
to what degree?

5. What color should the bicycle shed be painted?

• clone_ptr
• cloned_ptr
• cloning_ptr
• copycat_ptr

• copied_ptr
• copying_ptr
• deep_ptr
• dup_ptr

• duplicate_ptr
• duplicating_ptr
• matched_ptr
• matching_ptr

• replicating_ptr
• twin_ptr
• twinning_ptr
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