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2 Im portant
To be able to use containers of movable-only values you will need to use containers supporting move semantics,
like Boost.Container containers

httpo://www.renderx.com/


http://www.boost.org/LICENSE_1_0.txt
http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

Boost.Move

S Note
Tested compilers: MSVC-7.1, 8.0, 9.0, GCC 4.3-MinGW in C++03 and C++0x modes, Intel 10.1
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What is Boost.Move?

Rvalue references are a major C++0x feature, enabling move semantics for C++ values. However, we don't need C++0x compilers
to take advantage of move semanatics. Boost.M ove emulates C++0x move semanticsin C++03 compilersand alowswriting portable
code that works optimally in C++03 and C++0x compilers.
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Introduction

3 Note

Thefirst 3 chapters are the adapted from the article A Brief Introduction to Rval ue References by Howard E. Hinnant,
Bjarne Stroustrup, and Bronek Kozicki

Copying can be expensive. For example, for vectorsv2=v1 typicaly involves afunction call, amemory alocation, and aloop. This
is of course acceptable where we actually need two copies of avector, but in many cases, we don't: We often copy avect or from
one place to another, just to proceed to overwrite the old copy. Consider:

tenpl ate <class T> void swap(T& a, T& b)

{

T tnp(a); /1 now we have two copies of a

a = b; /1 now we have two copies of b

b = tnp; /1 now we have two copies of tnp (aka a)
}

But, we didn't want to have any copies of aor b, we just wanted to swap them. Let's try again:

tenpl ate <class T> void swap(T& a, T& b)

{
T tnp(::boost::nove(a));
a = ::boost::nmove(b);
b = ::boost::nove(tnp);
}

Thisnove() givesitstarget thevalue of itsargument, but isnot obliged to preserve the value of its source. So, for avect or , nove()

could reasonably be expected to leave its argument as a zero-capacity vector to avoid having to copy all the elements. In other words,
moveisa potentially destructive copy.

In this particular case, we could have optimized swap by a specialization. However, we can't specialize every function that copies a
large object just before it deletes or overwritesit. That would be unmanageable.

In C++0x, move semantics are implemented with the introduction of rvalue references. They allow usto implement nove() without
verbosity or runtime overhead. Boost.Move is alibrary that offers tools to implement those move semantics not only in compilers
withrval ue ref erences but aso in compilers conforming to C++03.
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Implementing copyable and movable classes

Copyable and movable classes in C++0x

Consider asimple handle classthat ownsaresource and a so provides copy semantics (copy constructor and assignment). For example
acl one_pt r might own apointer, and call cl one() onit for copying purposes:

tenpl ate <class T>
class clone_ptr
{ .

private:

T ptr;

publi c:
/1 construction
explicit clone ptr(T* p =0) : ptr(p) {}

/1 destruction
~clone_ptr() { delete ptr; }

/1 copy semantics
cl one_ptr(const clone_ptr& p)
ptr(p.ptr ? p.ptr->clone() : 0) {}

cl one_ptr & operator=(const clone_ptré& p)
{
if (this I'= &p)
{
T *p = p.ptr ? p.ptr->clone() : O0;
delete ptr;
ptr = p;
}

return *this;

}

/1l nove semantics
clone_ptr(clone_ptré&& p)

ptr(p.ptr) { p.ptr =0; }

cl one_ptr & operator=(cl one_ptr&& p)
{
if(this !'= &p)
{
std::swap(ptr, p.ptr);
delete p.ptr;
p.ptr =0
}

return *this;

}

/1 COther operations...

cl one_pt r hasexpected copy constructor and assignment semantics, duplicating resources when copying. Notethat copy constructing
or assigning acl one_pt r isarelatively expensive operation:

cl one_ptr<Base> pl(new Derived())
I
clone_ptr<Base> p2 = pl; // p2 and pl each own their own pointer
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cl one_ptr iscode that you might find in today's books on C++, except for the part marked asnove semanti cs. That partisim-
plemented in terms of C++0x rval ue references. You can find some good introduction and tutorials on rvalue referencesin
these papers:

e ABrief Introduction to Rvalue References
* Rvalue References. C++0x Featuresin VC10, Part 2

When the source of the copy isknowntobeanr val ue (e.g.: atemporary object), one can avoid the potentially expensivecl one()
operation by pilfering source's pointer (no one will notice!). The move constructor above does exactly that, leaving the rvaluein a
default constructed state. The move assignment operator simply does the same freeing old resources.

Now when code triesto copy an rvaluecl one_pt r, or if that code explicitly gives permission to consider the source of the copy an
rvalue (using boost : : nove), the operation will execute much faster.

cl one_ptr<Base> pl(new Derived()):;

I

cl one_ptr<Base> p2 = boost::nove(pl); // p2 now owns the pointer instead of pl
p2 = cl one_ptr<Base>(new Derived()); /1 tenmporary is noved to p2

}

Copyable and movable classes in portable syntax for both C++03
and C++0x compilers

Many aspects of move semantics can be emulated for compilers not supporting r val ue r ef er ences and Boost.M ove offerstools
for that purpose. With Boost.M ove we can writecl one_pt r sothat it will work both in compilers with rvalue references and those
who conform to C++03. You just need to follow these simple steps:

 Put the following macro in the private section: BOOST_COPYABLE_AND_MOVABLE( cl assnane)

* Leave copy constructor asis.

» Write acopy assignment taking the parameter as BOOST_COPY_ASSI GN_REF( cl assnane)

» Write amove constructor and a move assignment taking the parameter as BOOST_RV_REF( ¢l assnane)

Let's see how are appliedtocl one_ptr:

httpo://www.renderx.com/


http://www.artima.com/cppsource/rvalue.html
http://blogs.msdn.com/vcblog/archive/2009/02/03/rvalue-references-c-0x-features-in-vc10-part-2.aspx
http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

render

Boost.Move

tenpl ate <class T>
class clone_ptr

{

private:

/1 Mark this class copyable and novabl e
BOOST_COPYABLE_AND _MOVABLE( cl one_ptr)

T ptr;

public:
/] Construction
explicit clone_ptr(T* p =0) : ptr(p) {}

/| Destruction
~clone_ptr() { delete ptr; }

clone_ptr(const clone_ptr& p) // Copy constructor (as usual)
ptr(p.ptr ? p.ptr->clone() : 0) {}

cl one_ptr& operat or =( BOOST_COPY_ASSI GN_REF(cl one_ptr) p) // Copy assi gnnment
{
if (this = &p){
T *tnp_p = p.ptr ? p.ptr->clone() : O;
delete ptr;
ptr = tnp_p;
}

return *this;
}

/' Move senmantics. ..
cl one_ptr (BOOST_RV_REF(cl one_ptr) p) /I Move constructor

ptr(p.ptr) { p.ptr =0; }

cl one_ptré& operator=(BOOST_RV_REF(cl one_ptr) p) //Mve assignment

{
if (this != &p){

delete ptr;
ptr = p.ptr;
p.ptr = 0O;

}

return *this;

Question: What about types that don't own resources? (E.g. st d: : conpl ex?)

No work needsto be done in that case. The copy constructor is already optimal.
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Composition or inheritance

For classes made up of other classes (via either composition or inheritance), the move constructor and move assignment can be
easily coded using the boost : : nove function:

cl ass Base

{
BOOST_COPYABLE_AND MOVABLE( Base)

public:
Base() {}

Base(const Base &x) {/**/} /1 Copy ctor
Base( BOOST_RV_REF(Base) x) {/**/} /1 Move ctor

Base& oper at or =( BOOST_RV_REF( Base) x)
{/**] return *this;} /'l Move assign

Base& oper at or =( BOOST_COPY_ASS| GN_REF( Base) x)
{/**] return *this;} /'l Copy assign

virtual Base *clone() const
{ return new Base(*this); }

virtual ~Base()({}

};

cl ass Menber

{
BOOST_COPYABLE_AND_ MOVABLE( Menber )

public:
Menmber () { }

/| Conpil er-generated copy constructor. ..
Menber ( BOOST_RV_REF(Menber)) {/**/} /1 Move ctor

Menber &oper at or =( BOOST_RV_REF( Menber)) /'l Move assign
{/**/ return *this; }

Menber &oper at or =( BOOST_COPY_ASSI GN_REF( Menber ) ) /'l Copy assign
{/**/ return *this; }

};

class Derived : public Base

{
BOOST_COPYABLE_AND MOVABLE( Der i ved)

Menber nem

public:
Derived(){}

/| Conpil er-generated copy constructor. ..
Deri ved( BOOST_RV_REF( Derived) x) /'l Move ctor
Base(boost: : nove(static_cast<Base&>(x))),

mem _( boost:: nmove(x. mem)) { }

Deri ved& oper at or =( BOOST_RV_REF( Derived) x) // Move assign
{
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Base: : oper at or =(boost: : nove(static_cast <Base&>(Xx)));
nmem_ = boost:: nmove(x. mem);
return *this;

}
Deri ved& oper at or =( BOOST_COPY_ASSI| GN_REF(Derived) x) [// Copy assign
{
Base: : operator=(stati c_cast<const Base&>(Xx));
mem_ = X.nem;
return *this;
}
I

2 I mportant
Due to limitations in the emulation code, acast to Base & isheeded before moving the base part in the move con-
structor and call Base's move constructor instead of the copy constructor.

Each subobject will now be treated individually, calling move to bind to the subobject's move constructors and move assignment
operators. Menber hasmove operations coded (just like our earlier cl one_pt r example) which will completely avoid the tremendously
more expensive copy operations:

Derived d;
Derived d2(boost::nove(d));
d2 = boost::nmove(d);

Note above that the argument X is treated as a lvalue reference. That's why it is necessary to say nove(x) instead of just x when
passing down to the base class. Thisis a key safety feature of move semantics designed to prevent accidently moving twice from
some named variable. All moves from |values occur explicitly.
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Movable but Non-Copyable Types

Some types are not amenable to copy semantics but can still be made movable. For example:
e uni que_pt r (non-shared, non-copyable ownership)

» A type representing athread of execution

* A type representing afile descriptor

By making such types movable (though still non-copyable) their utility istremendously increased. Movable but non-copyable types
can be returned by value from factory functions:

file_descriptor create_file(/* ... */);

/...

file_descriptor data_file;

/...

data_file = create_file(/* ... */); /] No copies!

In the above example, the underlying file handle is passed from object to object, as long as the source fi | e_descri ptor isan
rvalue. At all times, thereis still only one underlying file handle, and only onefi | e_descri pt or ownsit a atime.

To write amovable but not copyable type in portable syntax, you need to follow these simple steps:
« Put the following macro in the private section: BOOST_MOVABLE_BUT_NOT_COPYABLE( cl assnane)
» Write amove constructor and a move assignment taking the parameter as BOOST_RV_REF( ¢l assnane)

Here'sthe definition of fi | e descri pt or using portable syntax:

10
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#i ncl ude <boost/nove/utility. hpp>
#i ncl ude <stdexcept >

class file_descriptor

{
int os_descr_;
private:
BOOST_MOVABLE _BUT_NOT_COPYABLE(fil e_descri ptor)
public:
explicit file_descriptor(const char *fil enane) /I Construct or
os_descr_(operating_systemopen_file(filenane))
{ if('os_descr_) throw std::runtime_error("file not found"); }
~file_descriptor() /| Destructor
{ if(os_descr_) operating systemclose file(os_descr_); }
file_descriptor(BOOST_RV_REF(file_descriptor) x) /'l Move ctor
os_descr_(x. os_descr_)
{ x.os_descr_ =0; }
file_descriptor& operator=(BOOST_RV_REF(file_descriptor) x) // Move assign
{
i f(os_descr_) operating_systemclose file(os_descr_);
os_descr _ = X.o0s_descr_;
X.0s_descr_ =0
return *this;
}
bool enpty() const { return os_descr_ == 0; }
s

11
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Containers and move semantics

Movable but non-copyable types can be safely inserted into containers and movabl e and copyabl e types are more efficiently handled
if those containers internally use move semantics instead of copy semantics. If the container needs to "change the location” of an
element internally (e.g. vector reallocation) it will move the element instead of copying it. Boost.Container containers are move-
aware so you can write the following:

#i ncl ude <boost/cont ai ner/vector. hpp>
#i ncl ude <cassert>

/1 Renenber: 'file_descriptor' is NOT copyable, but it

/lcan be returned from functions thanks to nove senmantics
file_descriptor create_file_descriptor(const char *fil enane)
{ return file_descriptor(filenane); }

int main()

{
/1 OQpen a file obtaining its descriptor, the tenporary
/lreturned from'create file_descriptor' is noved to 'fd'
file_descriptor fd = create_file_descriptor("filenane")
assert (! fd.enpty())

/ /' Now nove fd into a vector
boost::container::vector<file_descriptor> v;
v. push_back( boost: : nove(fd));

/I Check ownership has been transferred
assert (fd.enpty());
assert (!v[0].enmpty());

/1 Conpilation error if unconmented since file_descriptor is not copyable
/land vector copy construction requires value_type's copy constructor

/1 boost::container::vector<file_descriptor> v2(v);

return O;

12
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Constructor Forwarding

Consider writing a generic factory function that returns an object for a newly constructed generic type. Factory functions such as
this are valuable for encapsulating and localizing the allocation of resources. Obvioudly, the factory function must accept exactly
the same sets of arguments as the constructors of the type of objects constructed:

tenpl ate<class T> T* factory_new()
{ return new T(); }

tenpl ate<class T> T* factory_new al)
{ return new T(al); }

tenpl ate<class T> T* factory_new(al, a2)
{ return new T(al, a2); }

Unfortunately, in C++03 the much bigger issue with this approach is that the N-argument case would require 2*N overloads, imme-
diately discounting thisasageneral solution. Fortunately, most constructorstake arguments by value, by const-reference or by rvalue
reference. If these limitations are accepted, the forwarding emulation of a N-argument case requires just N overloads. This library
makes this emulation easy with the help of BOOST_FWD_REF and boost : : f or war d:

#i ncl ude <boost/nmove/utility. hpp>
#i ncl ude <i ostreanr

cl ass copyabl e_only_tester

{

public:

copyabl e_only_tester()

{ std::cout << "copyable only tester()" << std::endl; }

copyabl e_only_tester(const copyable_only_tester&)

{ std::cout << "copyable only tester(const copyable only tester& " << std::endl; }

copyabl e_only_tester(int)

{ std::cout << "copyable only tester(int)" << std::endl; }

copyabl e_only_tester(int, double)

{ std::cout << "copyable only tester(int, double)" << std::endl; }
s

cl ass copyabl e_novabl e_t ester

{

/'l nmove semantics
BOOST_COPYABLE_AND_MOVABLE( copyabl e_npvabl e_t ester)
public:

copyabl e_novabl e_tester()
{ std::cout << "copyable novable tester()" << std::endl; }

copyabl e_novabl e_tester(int)
{ std::cout << "copyable novable tester(int)" << std::endl; }

copyabl e_nopvabl e_t est er (BOOST_RV_REF( copyabl e_npvabl e_tester))
{ std::cout << "copyabl e novabl e tester(BOOST_RV_REF(copyabl e novable tester))" << std::endl; O

}

copyabl e_novabl e_t est er (const copyabl e_novabl e_tester &)
{ std::cout << "copyabl e novabl e tester(const copyable novable tester & " << std::endl; }

copyabl e_novabl e_t est er (BOOST_RV_REF( copyabl e_novabl e_tester), BOOST_RV_REF(copyabl e_nmovQO
abl e tester))

13
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{ std::cout << "copyabl e_nobvabl e_t est er (BOOST_RV_REF(copyabl e_novabl e_tester), 0O
BOOST_RV_REF( copyabl e_npvabl e_tester))" << std::endl; }

copyabl e_nopvabl e_t ester &oper at or =( BOOST_RV_REF( copyabl e_novabl e_tester))
{ std::cout << "copyabl e_npbvabl e_tester & operator=(BOOST_RV_REF(copyabl e_novabl e_t est 0
er))" << std::endl;
return *this; }

copyabl e_nobvabl e_t ester &oper at or =( BOOST_COPY_ASSI GN_REF( copyabl e_npvabl e_tester))
{ std::cout << "copyabl e_novabl e_tester & operator=(BOOST_COPY_ASSI GN_REF(copyabl e_novabl e_test [
er))" << std::endl;
return *this; }

};

/11 argument

t enpl at e<cl ass MaybeMovabl e, class MaybeRv>

voi d function_construct (BOOST_FWD_REF( MaybeRv) x)
{ MaybeMvabl e nmboost : : f orward<MaybeRv>(Xx)); }

/12 argunment

t enpl at e<cl ass MaybeMovabl e, cl ass MaybeRv, class MaybeRv2>

voi d function_construct (BOOST_FWD_REF(MaybeRv) x, BOOST_FWD _REF( MaybeRv2) x2)

{ MaybeMvabl e n(boost: : forward<MaybeRv>(x), boost::forward<MaybeRv2>(x2)); }

int main()

{
copyabl e_novabl e_tester m
/I nove constructor
function_construct <copyabl e_novabl e_t est er >(boost: : nove(m);
/| copy constructor
function_construct <copyabl e_novabl e_t est er >(copyabl e_novabl e_tester());
//two rval ue constructor
function_construct <copyabl e_novabl e_t est er >(boost: : nove(m , boost::nmove(m);

copyabl e_only_tester nm

/I copy constructor (copyable only tester has no nove ctor.)
function_construct <copyabl e_only_tester>(boost:: nmove(nm);

/| copy constructor

function_construct<copyabl e_only_tester>(nm

/lint constructor

function_construct <copyable_only_tester>(int(0));

/lint, double constructor
function_construct<copyable_only_tester>(int(0), double(0.0));

/1 Qutput is:

/I copyabl e_novabl e_tester()

/ I copyabl e_novabl e_t est er (BOOST_RV_REF( copyabl e_novabl e_tester))
/ I copyabl e_novabl e_tester()

/I copyabl e_novabl e_t est er (const copyabl e_novabl e_tester &)

/I copyabl e_novabl e_t est er (BOOST_RV_REF( copyabl e_novabl e_tester), BOOST_RV_REF(copyabl e_novO
e_tester))

/I copyabl e_only_tester()

/I copyabl e_only_tester(const copyable_only_tester&)

/I copyabl e_only_tester(const copyable_only_tester&)

/I copyabl e_only_tester(int)

// copyabl e_only tester(int, double)

return O;

ab

Constructor forwarding comes in handy to implement placement insertion in containers with just N overloads if the implementor
accepts the limitations of this type of forwarding for C++03 compilers. In compilers with rvalue references perfect forwarding is
achieved.
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Implicit Move when returning a local object

The C++ standard specifies situations where an implicit move operation is safe and the compiler can useit in cases were the (Named)
Return Value Optimization) can't be used. The typical use case is when afunction returns anamed (non-temporary) object by value
and the following code will perfectly compilein C++11:

/1 Even if novable can't be copied

//the conpiler will call the npbve-constructor
//to generate the return val ue

I

/1 The conpiler can also optimze out the nove
//and directly construct the object 'ni

novabl e factory()

{
nmovabl e t np;
m= ...
/1(1) noved instead of copied
return tnp;
b

/llnitialize object
novabl e m(factory());

In compilers without rvalue references and some non-conforming compilers (such as Visual C++ 2010/2012) the line marked with
(1) would trigger acompilation error because novabl e can't be copied. Using aexplicit: : boost : : nove(t np) wouldworkaround
this limitation but it would code suboptimal in C++11 compilers (as the compile could not use (N)RVO to optimize-away the
copy/move).

Boost.M ove offers an additional macro called BOOST_MOVE_RET that can be used to alleviate this problem obtaining portable move-
on-return semantics. Let's use the previously presented movable-only novabl e class with classes copyabl e (copy-only type),
copy_novabl e (can be copied and moved) and non_copy_novabl e (non-copyable and non-movable):
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/I header file "copynovabl e. hpp"
#i ncl ude <boost/ nove/ core. hpp>

/1 A copy_novabl e cl ass
cl ass copy_novabl e

{
BOOST_COPYABLE_AND_MOVABLE( copy_novabl e)
int value_;
public:
copy_novabl e() : value (1){}
/I Move constructor and assi gnnent
copy_novabl e( BOOST_RV_REF(copy_novable) m
{ wvalue_ = mvalue_; mvalue_ = 0; }
copy_novabl e(const copy_novabl e &m
{ wvalue_ = mvalue_; }
copy_novabl e & operat or =( BOOST_RV_REF(copy_novable) m
{ wvalue_ = mvalue_; mvalue_ = 0; return *this; }
copy_novabl e & oper at or =( BOOST_COPY_ASSI GN_REF( copy_nobvable) m
{ wvalue_ = mvalue_; return *this; }
bool noved() const // Cbserver
{ return value_ == 0; }
s

/1 A copyabl e-only cl ass
cl ass copyabl e

{1

/1 A copyabl e-only cl ass
cl ass non_copy_novabl e

{
public:
non_copy_novabl e(){}
private:
non_copy_novabl e(const non_copy_novabl e&)
non_copy_novabl e& oper at or =(const non_copy_novabl e&)
s

and build a generic factory function that returns a newly constructed value or areference to an already constructed object.
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#i ncl ude "novabl e. hpp"
#i ncl ude "copynovabl e. hpp"
#i ncl ude <boost/ nove/ core. hpp>

t enpl at e<cl ass Type>
struct factory_functor

{
typedef Type return_type;
Type operator()() const
{ Type t; return BOOST_MOVE_RET(Type, t); }
s
struct return_reference
{
typedef non_copy_novabl e &return_type;
non_copy_novabl e &operator()() const
{ return ncm }
static non_copy_novabl e ncm
s

non_copy_novabl e return_reference::ncm

/1A wrapper that |ocks a nutex while the

//factory creates a new val ue.

/11t must generically nove the return val ue

/1if possible both in C++03 and C++11

tenpl ate <cl ass Factory>

typenane Factory::return_type | ock_w apper(Factory f)

{
typedef typenane Factory::return_type return_type;
/1 LOCK() ;
return_type r = f();
/1 UNLOCK() ;
/1ln C++03: boost::nove() if Ris not a reference and
/' has nove enul ation enabled. In C++11: just return r.
return BOOST_MOVE_RET(return_type, r);

}

int main()

{
novabl e m = | ock_wrapper (factory_funct or<novabl e> 0O);
copy_novabl e cm = | ock_wr apper (factory_functor<copy_novabl e>());
copyable ¢ = | ock_wr apper (factory_functor<copyabl e> 0O);
non_copy_novabl e &t = | ock_wrapper (return_reference 0O);
return O;

}

Caution: When using this macro in a non-conforming or C++03 compilers, a move will be performed even if the C++11 standard
does not alow it (e.g. returning a static variable). The user is responsible for using this macro only used to return local objects that
met C++11 criteria. E.g.:
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struct foo
{
copy_novabl e operator()() const
{
/1 ERRORI The Standard does not allow inplicit nove returns when the object to be returned
//does not net the criteria for elision of a copy operation (such as returning a static 0O
nenber dat a)
/1ln C++03 conpilers this will MOVE resources fromcm
//ln C++11 conpilers this will COPY resources fromcm
//so DON' T use use BOOST_MOVE_RET wi t hout care.
return BOOST_MOVE_RET(copy_novable, cm
}

static copy_novable cm

Note: When returning a temporary object BOOST _MOVE_REF is not needed as copy ellision rules will work on both C++03 and
C++11 compilers.

// Note: no BOOST _MOVE RET
novabl e get_novabl e()
{ return novable(); }

copy_novabl e get _copy_novabl e()
{ return copy_novable(); }

copyabl e get_copyabl e()
{ return copyable(); }
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Move iterators

tenpl ate<cl ass Iterator>
cl ass nove_iterator

tenpl ate<class It>
nove_iterator<lt> nake_nove iterator(const It &t)

move_i t er at or isaniterator adaptor with the same behavior asthe underlying iterator except that its dereference operator implicitly
converts the value returned by the underlying iterator's dereference operator to an rvalue reference: boost : : nove(*under| y-
i ng_i terator) Itisaread-onceiterator, but can have up to random access traversal characteristics.

nmove_i t er at or isvery useful because some generic algorithms and container insertion functions can be called with move iterators
to replace copying with moving. For example:

/I header file "novable. hpp"
#i ncl ude <boost/ nove/ core. hpp>
#i ncl ude <boost/nove/traits. hpp>

/1 A novabl e cl ass
cl ass novabl e

{
BOOST_MOVABLE_BUT_NOT_COPYABLE( novabl e)

int val ue_;

public:
nmovabl e() : value (1){}

/I Move constructor and assi gnnent
novabl e( BOOST_RV_REF(novable) m
{ wvalue_ = mvalue_; mvalue_ = 0; }

nmovabl e & operat or =( BOOST_RV_REF(novabl e) m
{ wvalue_ = mvalue_; mvalue_ = 0; return *this; }

bool noved() const // Cbserver
{ return !value_; }

int value() const //Cbserver
{ return value_; }

s

namespace boost {

tenpl at e<>

struct has_not hr ow_nove<novabl e>

{
b

static const bool value = true

} I/ /namespace boost {

novabl e objects can be moved from one container to another using move iterators and insertion and assignment operations.w
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#i ncl ude <boost/cont ai ner/vector. hpp>
#i ncl ude "novabl e. hpp"
#i ncl ude <cassert>

i nt

{

mai n()
usi ng nanespace ::boost::container;

//Create a vector with 10 default constructed objects
vect or <novabl e> v(10);
assert (!v[0].noved());

/I Move construct all elenents in v into v2

vect or <novabl e> v2( boost:: nmake_nove_iterator(v. begin())
boost: : make_nove_iterator(v.end()));

assert (v[0].noved());

assert (!v2[0].nmoved());

/I Now nove assign all elenents fromin v2 back into v
v. assi gn( boost:: make_nove_iterator(v2. begin())
boost: : make_nove_iterator(v2.end()));
assert (v2[0].noved())
assert (!v[0].noved());

return O
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Move inserters

Similar to standard insert iterators, it's possible to deal with move insertion in the same way as writing into an array. A special kind
of iterator adaptors, called move insert iterators, are provided with this library. With regular iterator classes,

while (first !'=last) *result++ = *first++,

causes arange [first,last) to be copied into a range starting with result. The same code with result being an move insert iterator will
move insert corresponding elementsinto the container. This device allows al of the copying algorithmsin the library to work in the
move insert mode instead of the regular overwrite mode. This library offers 3 move insert iterators and their helper functions:

/1 Note: C nodels Container
tenpl ate <typenane C>
cl ass back_nove_insert _iterator;

tenpl ate <typenane C>
back_nove_insert_iterator<C> back _nove_inserter(C& x);

tenpl ate <typenane C>
class front_nove_insert_iterator;

tenpl ate <typenane C>
front_nove_insert _iterator<C> front_nove_inserter(C& x);

tenpl ate <typenane C>
cl ass nove_insert _iterator;

tenpl ate <typenane C>
nove_insert_iterator<C> nove_inserter(C& x, typenane C :iterator it);

A moveinsert iterator is constructed from a container and possibly one of itsiterators pointing to where insertion takes placeif it is
neither at the beginning nor at the end of the container. Insert iterators satisfy the requirements of output iterators. oper at or * returns
the moveinsert iterator itself. The assignment oper at or =( T& x) isdefined oninsert iteratorsto allow writing into them, it inserts
x right before where the insert iterator is pointing. In other words, ani nsert it erat or islikeacursor pointing into the container
wheretheinsertion takesplace. back_nove_i t er at or moveinsertselementsat theend of acontainer,f ront _i nsert _i t erat or
moveinserts elementsat the beginning of acontainer, and move_i nsert _i t er at or moveinsertselementswheretheiterator points
to in a container. back_nove_i nserter, front _nove_i nserter, and move_i nsert er are three functions making the insert
iterators out of a container. Here's an example of how to use them:
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#i ncl ude <boost/container/list.hpp>

#i ncl ude "novabl e. hpp"

#i ncl ude <cassert>

#i ncl ude <al gorithne

usi ng nanmespace ::boost::container;

typedef |ist<nmovable> |ist_t;

typedef list_t::iterator | _iterator;

t enpl at e<cl ass Movel nsertlterator>

void test_nove_inserter(list_t & 2, Mvelnsertlterator mt)

{

//Create a list with 10 default constructed objects

| i st<movabl e> | (10);
assert (!l .begin()->noved());
|2.clear();

/I Move insert into |2 containers
std::copy(l.begin(), I.end(), mt)

/| Check size and status
assert(l12.size() == 1.size());
assert (| . begin()->nmoved());
assert (!12. begin()->noved())

}

int main()
{
list_t 12

test _nove_inserter(l2, boost::back_nove_inserter(l2))
test_nove_inserter(l2, boost::front_nove_inserter(12));

test _nove_inserter(l2, boost::nove_inserter(l2,

return O,

12.end())):
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Move algorithms

The standard library offers several copy-based agorithms. Some of them, like st d: : copy or std: : uninitiali zed_copy are
basic building blocks for containers and other data structures. This library offers move-based functions for those purposes:

tenpl at e<typenane |, typename O> O nove(l, |, O;

tenpl at e<typenane |, typename O> O nove_backward(l, |, O;

tenpl at e<typenane |, typename F> F uninitialized_nove(l, |, F);

tenpl at e<typenanme |, typename F> F uninitialized_copy_or_mnove(l, |, F);

The first 3 are move variations of their equivalent copy algorithms, but copy assignment and copy construction are replaced with
move assighment and construction. Thelast one hasthe samebehaviour asst d: : uni ni ti al i zed_copy but since several standand
library implementations don't play very well withnove_i t er at or s, thisversion isaportable version for those willing to use move
iterators.

#i ncl ude "novabl e. hpp"

#i ncl ude <boost/ nove/ al gorithm hpp>
#i ncl ude <cassert>

#i ncl ude <boost/al i gned_storage. hpp>

int main()
{
const std::size_t ArraySize = 10;
nmovabl e novabl e_array[ ArraySi ze] ;
nmovabl e novabl e_array2[ ArraySi ze] ;
/I move
boost: : move( &ovabl e_array2[ 0], &nmovabl e_array2[ ArraySi ze], &novabl e_array[0]);
assert (novabl e_array2[ 0] . noved());
assert (! novabl e_array[ O] . noved());

/I move backward

boost : : nove_backwar d( &rovabl e_array[ 0], &nmrovabl e_array[ ArraySi ze], &mrovabl e_array2[ ArraySi ze] ) ;
assert (novabl e_array[ 0] . moved());

assert (! movabl e_array2[ 0] . moved());

/luninitialized nove
boost: : aligned_storage< sizeof (novabl e) *ArraySi ze
boost: : al i gnnment _of <novabl e>: : val ue>: : type storage;
nmovabl e *raw_novabl e = static_cast <npvabl e*>(static_cast<voi d*>(&storage));
boost: :uninitialized_nove(&mvable_array2[ 0], &nmrovable_array2[ ArraySi ze], raw_novable);
assert (novabl e_array2[ 0] . noved());
assert (! raw novabl e[ O] . noved());
return O;
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Emulation limitations

Likeany emulation effort, the library has some limitations users should take in care to achieve portabl e and efficient code when using
the library with C++03 conformant compilers:

Initializing base classes

When initializing base classesin move constructors, users must cast the reference to abase classreference before moving it. Example:

/1 Portable and efficient

Deri ved( BOOST_RV_REF( Deri ved) x) /'l Move ctor
Base(boost: : nmove(static_cast<Base&>(x))),
mem (boost: : move(x. mem)) { }

If casting is not performed the emulation will not move construct the base class, because no conversion is available from
BOOST_RV_REF( Deri ved) to BOOST_RV_REF( Base) . Without the cast we might obtain a compilation error (for non-copyable
types) or aless-efficient move constructor (for copyable types):

/1Nf Derived is copyable, then Base is copy-constructed.
/11f not, a conpilation error is issued
Deri ved( BOOST_RV_REF( Deri ved) x) /1l NMove ctor
Base(boost: : move(x)),
mem (boost::move(x.mem)) { }

Template parameters for perfect forwarding

The emulation can't deal with C++0x reference collapsing rules that allow perfect forwarding:

/| C++0x

t enpl at e<cl ass T>

void forward function(T &&t)

{ inner_function(std::forward<T>(t); }

/1 Wong C++03 enul ati on

t enpl at e<cl ass T>

void forward function(BOOST _RV_REF<T> t)
{ inner_function(boost::forward<T>(t); }

In C++03 emulation BOOST_RV_REF doesn't catch any const rlvalues. For more detail s on forwarding see Constructor Forwarding
chapter.

Binding of rvalue references to Ivalues

Thefirst rvalue reference proposal allowed the binding of rvalue referencesto Ivalues:

func(Type &&t);
I

Type t; // Al owed
func(t)

Later, asexplained in Fixing a Safety Problem with Rvalue References this behaviour was considered dangerous and eliminated this
binding so that rvalue references adhere to the principle of type-safe overloading: Every function must be type-safe in isolation,
without regard to how it has been overloaded
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Boost.M ove can't emulate this type-safe overloading principle for C++03 compilers:

/1A'l owed by nove enul ation
novabl e m
BOOST_RV_REF(novable) r = m

Assignment operator in classes derived from or holding copyable
and movable types

The macro BOOST_COPYABLE_AND MOVABLE needsto define a copy constructor for copyabl e_and_novabl e taking anon-const
parameter in C++03 compilers:

/' Generat ed by BOOST_COPYABLE_AND MOVABLE
copyabl e_and_novabl e &oper at or =( copyabl e_and_novabl e&) {/ **/}

Since the non-const overload of the copy constructor is generated, compiler-generated assignment operators for classes containing
copyabl e_and_rnovabl e will get the non-const copy constructor overload, which will surely surprise users:

cl ass hol der

{
copyabl e_and_novabl e c;
b
voi d func(const hol der & h)
{
hol der copy_h(h); //<--- ERROR can't convert 'const holder& to 'hol deré&
/] Conpi | er-generated copy constructor i s non-const:
/1 hol der & oper at or (hol der &)
INARE!
}

This limitation forces the user to define a const version of the copy assignment, in all classes holding copyable and movable classes
which might annoying in some cases.

An dternativeisto implement asingle oper at or =() for copyable and movable classes using "pass by value" semantics:

T& operator=(T x) /1 x is a copy of the source; hard work al ready done

{

swap(*this, x); [/ trade our resources for x's
return *this; /1 our (old) resources get destroyed with x

However, "pass by value' is not optimal for classes (like containers, strings, etc.) that reuse resources (like previously allocated
memory) when x is assigned from alvalue.
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How the library works

Boost.Move is based on macros that are expanded to true rvalue references in C++0x compilers and emulated rvalue reference
classes and conversion operators in C++03 compilers.

In C++03 compilers Boost.M ove defines aclass named : : boost : : rv:

tenpl ate <class T>
class rv : public T

{
rv();
~rv();
rv(rv const&);
voi d operator=(rv const&);

which is convertible to the movable base class (usual C++ derived to base conversion). When users mark their classes as
BOOST_MOVABLE BUT_NOT_COPYABLE or BOOST_COPYABLE_AND_MOVABL E, these macros define conversion operatorsto references
to::boost::rv:

#def i ne BOOST_MOVABLE_BUT_NOT_COPYABLE( TYPE) \
public:\
operator ::boost::rv<TYPE>&() \
{ return *static_cast< ::boost::rv<TYPE>* >(this); }\
operator const ::boost::rv<TYPE>&() const \
{ return static_cast<const ::boost::rv<TYPE>* >(this); }\
private:\
/I More stuff...

BOOST_MOVABLE_BUT_NOT_COPYABLE also declaresaprivate copy constructor and assignment. BOOST_COPYABLE_AND MOVABLE
defines a non-const copy constructor TYPE &oper at or =( TYPE&) that forwardsto a const version:

#def i ne BOOST_COPYABLE_AND MOVABLE( TYPE) \
public:\
TYPE& operator=(TYPE &t )\
{ this->operator=(static_cast<const ::boost::rv<TYPE> &>(const_cast<const TYPE &>(t))); relQd

turn *this;}\
/I More stuff...

In C++0x compilers BOOST_COPYABLE_AND MOVABLE expands to nothing and BOOST_MOVABLE_BUT_NOT_COPYABLE declares
copy constructor and assigment operator private.

When users define the BOOST_RV_REF overload of a copy constructor/assignment, in C++0x compilersit is expanded to a rvalue
reference (T&&) overload and in C++03 compilersitisexpandedto a: : boost : : r v<T> & overload:

#define BOOST_RV_REF(TYPE) ::boost::rv< TYPE >& \

When users define the BOOST_COPY_ASSI GN_REF overload, it is expanded to a usual copy assignment (const T &) overload in
C++0x compilersandto aconst ::boost::rv & overload in C++03 compilers:

#defi ne BOOST_COPY_ASS| GN_REF(TYPE) const ::boost::rv< TYPE >&

As seen, in Boost.M ove generates efficient and clean code for C++0x move semantics, without modifying any resolution overload.
For C++03 compilers when overload resolution is performed these are the bindings:

* @) non-const rvalues (e.g.: temporaries), bindto: : boost: : rv< TYPE >&
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 b) const rvalue and lvalues, bindto const : : boost::rv< TYPE >&
* ) non-const lvalues (e.g. non-const references) bind to TYPE&

The library does not define the equivalent of BOOST_COPY_ASSI GN_REF for copy construction (say, BOOST_COPY_CTOR_REF)
because nearly all modern compilers implement RVO and this is much more efficient than any move emulation. nove just casts
TYPE &into: : boost:: rv<TYPE> &.

Here's an example that demostrates how different rlvalue objectsbindto: : boost : : r v referencesin the presence of three overloads
and the conversion operators in C++03 compilers:

#i ncl ude <boost/ nove/ core. hpp>
#i ncl ude <i ostreanr

class sink_tester

{
public: //conversions provided by BOOST_COPYABLE_AND MOVABLE
operator ::boost::rv<sink_tester>&()
{ return *static_cast< ::boost::rv<sink_tester>* >(this); }
operator const ::boost::rv<sink_tester>& ) const
{ return *static_cast<const ::boost::rv<sink tester>* >(this); }
H
/I Functions returning different r/lvalue types
sink_tester rval ue() { return sink_tester(); }
const sink_tester const _rvalue() { return sink_tester(); }
sink_tester & |value() { static sink_tester lv; return lv; }

const sink_tester & const_lvalue() { static const sink_tester clv = sink_tester(); returnclv; }

/1 BOOST_RV_REF overl oad

void sink(::boost::rv<sink_tester> &) { std::cout << "non-const rvalue [J
catched" << std::endl; }

/ | BOOST_COPY_ASSI GN_REF over| oad

voi d sink(const ::boost::rv<sink_tester> & { std::cout << "const (r-l)value O
catched" << std::endl; }

// Overl oad provided by BOOST_COPYABLE_AND MOVABLE

voi d sink(sink_ tester &) { std::cout << "non-const |value [
catched" << std::endl; }

int main()

{
si nk(const _rval ue()); //"const (r-1)value catched"
si nk(const _I val ue()); //"const (r-1)value catched"
sink(lvalue()); /1" non-const |val ue catched"
sink(rvalue()); /1" non-const rval ue catched"
return O;

}

27

render

s httpo://www.renderx.com/


http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

Boost.Move

Thanks and credits

Thanks to all that developed ideas for move emulation: the first emulation was based on Howard Hinnant emulation code for
uni que_pt r, David Abrahams suggested the use of cl ass rv, and Klaus Triendl discovered how to bind const rlvalues using
class rv.

Many thanksto all boosters that have tested, reviewed and improved the library.
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Release Notes

Boost 1.56 Release

« Added BOOST MOVE_RET.

« Fixed bug #9482: "MSVC macros not undefined in boost/move/detail/config_end.hpp”, #9045: "Wrong macro name on docs',
#38420: "move'sis_convertible does not compile with aligned data”.

Boost 1.55 Release

* Fixed bugs #7952, #8764, #8765, #8842, #8979.

Boost 1.54 Release

 Fixed bugs #7969, #8231, #8765.

Boost 1.53 Release

* Better header segregation (bug #6524).

» Small documentation fixes

* Replaced deprecated BOOST_NO_XXXX with newer BOOST_NO_CXX11_XXX macros.
 Fixed #7830, #7832.

Boost 1.51 Release

* Fixed bugs #7095, #7031.

Boost 1.49 Release

* Fixed bugs #6417, #6183, #6185, #6395, #6396,
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Reference

Header <boost/move/algorithm.hpp>

nanmespace boost {

tenpl at e<typenane |, typename O> O nove(l, |, O;

t enpl at e<typenane |, typename O> O nove_backward(l, |, O;

tenpl at e<typenane |, typename F> F uninitialized_nove(l, |, F);

t enpl at e<typenane |, typename F> F uninitialized_copy_or_nove(l, |, F);
t enpl at e<typenane |, typename F> F copy_or_nove(l, |, F);

Function template move

boost::move
Synopsis
/'l I'n header: <boost/nove/al gorithm hpp>

tenpl at e<typenane |, typename OG> O nove(l f, | |, Oresult);

Description

Effects: Moves elementsin the range [first,last) into the range [result,result + (last - first)) starting from first and proceeding to last.
For each non-negative integer n < (last-first), performs * (result + n) = boost::move (*(first + n)).

Effects: result + (last - first).
Requires: result shall not be in the range [first,last).

Complexity: Exactly last - first move assignments.

Function template move_backward

boost::move_backward
Synopsis
/'l 1In header: <boost/nove/al gorithm hpp>

t enpl at e<typenane |, typename O> O nove_backward(l f, | |, Oresult);

Description

Effects: Moves elements in the range [first,last) into the range [result - (last-first),result) starting from last - 1 and proceeding to
first. For each positive integer n <= (last - first), performs * (result - n) = boost::move(* (last - n)).

Requires: result shall not be in the range [first,last).

Returns: result - (last - first).
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Complexity: Exactly last - first assignments.

Function template uninitialized _move
boost::uninitialized_move — defined(BOOST _MOVE_USE _STANDARD_LIBRARY_MOVE)

Synopsis

/'l I'n header: <boost/nove/al gorithm hpp>

tenpl ate<typenane |, typename F> F uninitialized_nove(l f, I |, Fr);
Description

Effects:

for (; first !'=1last; ++result, ++first)

new (static_cast<void*>(&result))
typenane iterator_traits<Forwardlterator>::val ue_type(boost::nove(*first));

Returns: result

Function template uninitialized _copy_or_move
boost::uninitialized_copy_or_move

Synopsis

/1 I'n header: <boost/nove/al gorithm hpp>

tenpl ate<typenane |, typenane F> F uninitialized_copy_or_nove(l f, I |, Fr);
Description

Effects:

for (; first !'=1last; ++result, ++first)

new (static_cast<void*>(&result))
typenane iterator_traits<Forwardlterator>::value_type(*first);

Returns: result

Note: This function is provided because std::uninitialized copy from some STL implementations is not compatible with
nove_i terator

Function template copy_or_move

boost::copy_or_move
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Synopsis

/'l I n header: <boost/nove/al gorithm hpp>

tenpl at e<typenane |, typename F> F copy_or_nove(l f, | I, Fr);
Description

Effects:

for (; first !=last; ++result, ++first)

*result = *first;

Returns: result

Note: This function is provided because std::uninitialized copy from some STL implementations is not compatible with
nove_i terator

Header <boost/move/core.hpp>

This header implements macros to define movable classes and move-aware functions

BOOST_MOVE_| MPL_NO_COPY_CTOR_OR_ASSI GN( TYPE)
BOOST_MOVABLE_BUT_NOT_COPYABLE( TYPE)
BOOST_COPYABLE_AND_MOVABLE( TYPE)
BOOST_RV_REF( TYPE)

BOOST_RV_REF_BEG

BOOST_RV_REF_END

BOOST_COPY_ASS| GN_REF( TYPE)

BOOST_FWD_REF( TYPE)

BOOST_MOVE_RET(RET_TYPE, REF)

namespace boost {
tenpl at e<t ypenane T> struct has_nove_emnul ati on_enabl ed;

}

Struct template has_move_emulation_enabled

boost::has move emulation_enabled
Synopsis

/1 I'n header: <boost/nove/core. hpp>

t enpl at e<t ypenane T>
struct has_nove_emnul ati on_enabl ed {

/1 public data nenbers
static const bool val ue;

}
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Description

This trait yields to a compile-time true boolean if T was marked as BOOST_MOVABLE_BUT_NOT_COPYABLE or
BOOST_COPYABLE_AND_MOVABLE and rvalue references are not available on the platform. False otherwise.

Macro BOOST_MOVE_IMPL_NO_COPY_CTOR_OR_ASSIGN
BOOST_MOVE_IMPL_NO _COPY_CTOR_OR_ASSIGN
Synopsis

/1 I'n header: <boost/nove/core. hpp>

BOOST_MOVE_| MPL_NO_COPY_CTOR_OR_ASS| G\( TYPE)

Macro BOOST_MOVABLE_BUT_NOT_COPYABLE
BOOST_MOVABLE_BUT_NOT_COPYABLE
Synopsis

/'l I'n header: <boost/nove/core. hpp>

BOOST_MOVABLE_BUT_NOT_COPYABLE( TYPE)

Description

This macro marks a type as movable but not copyable, disabling copy construction and assignment. The user will need to write a
move constructor/assignment as explained in the documentation to fully write a movable but not copyable class.

Macro BOOST_COPYABLE_AND_MOVABLE
BOOST_COPYABLE_AND_MOVABLE

Synopsis

/'l I'n header: <boost/nove/core. hpp>

BOOST_COPYABLE_AND_MOVABLE( TYPE)

Description

Thismacro marks atype as copyable and movable. The user will need to write amove constructor/assignment and a copy assignment
as explained in the documentation to fully write a copyable and movable class.

Macro BOOST_RV_REF

BOOST_RV_REF
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Synopsis

/1 I'n header: <boost/nove/core. hpp>

BOOST_RV_REF( TYPE)

Description

This macro is used to achieve portable syntax in move constructors and assignments for classes marked as BOOST _COPY-
ABLE_AND_MOVABLE or BOOST MOVABLE BUT _NOT_COPYABLE

Macro BOOST RV_REF_BEG

BOOST _RV_REF BEG
Synopsis

/1 I'n header: <boost/nove/core.hpp>

BOOST_RV_REF_BEG

Description

This macro is used to achieve portable syntax in move constructors and assignments for template classes marked as
BOOST_COPYABLE_AND_MOVABLE or BOOST_MOVABLE_BUT_NOT_COPYABLE. As macros have problems with
comma-separated template arguments, the template argument must be preceded with BOOST_RV_REF BEG and ended with
BOOST_RV_REF_END

Macro BOOST _RV_REF_END

BOOST_RV_REF END
Synopsis

/'l I'n header: <boost/nove/core. hpp>

BOOST_RV_REF_END

Description

This macro is used to achieve portable syntax in move constructors and assignments for template classes marked as
BOOST_COPYABLE _AND_MOVABLE or BOOST_MOVABLE BUT _NOT_COPYABLE. As macros have problems with
comma-separated template arguments, the template argument must be preceded with BOOST _RV_REF BEG and ended with
BOOST_RV_REF_END

Macro BOOST_COPY_ASSIGN_REF

BOOST_COPY_ASSIGN_REF
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Synopsis

/1 I'n header: <boost/nove/core. hpp>

BOOST_COPY_ASSI GN_REF( TYPE)

Description

This macro is used to achieve portable syntax in copy assignment for classes marked as BOOST_COPYABLE_AND_MOVABLE.

Macro BOOST FWD_REF

BOOST_FWD_REF
Synopsis

/1 I'n header: <boost/nove/core.hpp>

BOOST_FWD_REF( TYPE)

Description

Thismacro is used to implement portable perfect forwarding as explained in the documentation.

Macro BOOST_MOVE_RET

BOOST _MOVE_RET
Synopsis

/'l I'n header: <boost/nove/core. hpp>

BOOST _MOVE_RET(RET_TYPE, REF)

Description

Thismacro is used to achieve portable move return semantics. The Standard alowsimplicit move returns when the object to be returned
is designated by an Ivalue and:

» Thecriteriafor elision of acopy operation are met OR
» The criteriawould be met save for the fact that the source object is afunction parameter

For C++11 conforming compilers this macros only yields to REF: r et urn BOOST_MOVE_RET(RET_TYPE, REF); ->return
REF;

For compilers without rvalue references this macro does an explicit move if the move emulation is activated and the return type
(RET_TYPE) is not areference.

For non-conforming compilers with rvalue references like Visual 2010 & 2012, an explicit moveis performed if RET_TYPE is not
areference.
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Caution: When using this macro in a non-conforming or C++03 compilers, a move will be performed even if the C++11 standard
does not alow it (e.g. returning a static variable). The user is responsible for using this macro only used to return local objects that
met C++11 criteria

Header <boost/movef/iterator.npp>

namespace boost {
tenpl at e<t ypenane C> cl ass back_nove_insert_iterator;
tenpl at e<typenane C> class front_nove_insert_iterator;
tenpl at e<t ypenane C> cl ass nove_insert _iterator;
t enpl at e<t ypenane It> cl ass nove_iterator;
tenpl ate<typenane It> nove_iterator< It > make_nove_iterator(const It &);
t enpl at e<t ypename C> back_nove_insert_iterator< C > back_nove_inserter(C &);
t enpl at e<t ypenane C>
front _nove_insert_iterator< C > front_nove_inserter(C &);
t enpl at e<t ypenane C>
nove_insert_iterator< C > nove_inserter(C & typenanme C :iterator);

Class template back_move_insert_iterator

boost::back_move insert_iterator
Synopsis

/1 I'n header: <boost/nove/iterator.hpp>

t enpl at e<t ypenane C>
cl ass back_nove_insert_iterator
public std::iterator< std::output_iterator_tag, void, void, void, void >
{
public:
/'l types
typedef C cont ai ner _type;
typedef C. :value_type val ue_type;
typedef C. :reference reference;

/'l construct/copy/ destruct

explicit back_nove_insert _iterator(C &);
back_nove_insert_iterator & operator=(reference);
back_nove_insert_iterator & operator=(BOOST_RV_REF(val ue_type));

/1 public nmenber functions
back_rnove_insert _iterator & operator*();

back_nove_insert_iterator & operator++();
back_nove_insert_iterator & operator++(int);

Description
A moveinsert iterator that move constructs el ements at the back of a container

back_nove_insert _iterator public construct/copy/destruct

L explicit back_nove_insert_iterator(C & x);
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back_nove_insert_iterator & operator=(reference x);

back_nove_insert_iterator & operator=(BOOST_RV_REF(val ue_type) x);

back_nove_insert _iterator public member functions

L back_nove_insert_iterator & operator*();

back_nove_insert_iterator & operator++();

back_nove_insert_iterator & operator++(int);

Class template front_move_insert_iterator

boost::front_move_insert_iterator
Synopsis

/'l I'n header: <boost/nove/iterator. hpp>

t enpl at e<t ypenane C
class front_nove_insert_iterator
public std::iterator< std::output_iterator_tag, void, void, void, void >
{
public:
/'l types
typedef C cont ai ner _type;
typedef C. :value_type val ue_type;
typedef C :reference reference;

/'l construct/copy/ destruct

explicit front_nove_ insert_iterator(C &);

front _nove_insert _iterator & operator=(reference);
front_nove_insert_iterator & operator=(BOOST_RV_REF(val ue_type));
/1 public nmenber functions

front_nove_insert_iterator & operator*();

front _nove_insert_iterator & operator++();
front_nove_insert_iterator & operator++(int);

Description
A move insert iterator that move constructs e ements int the front of a container

front _nove_i nsert_iterator public construct/copy/destruct

explicit front_nove_insert_iterator(C & x);
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front _nove_insert_iterator & operator=(reference x);

front_nove_insert_iterator & operator=(BOOST_RV_REF(val ue_type) x);

front_nove_insert _iterator public member functions

front _nove_insert_iterator & operator*();

front _nove_insert_iterator & operator++();

3. front_nove_insert_iterator & operator++(int);

Class template move_insert_iterator

boost::move _insert_iterator
Synopsis

/'l I'n header: <boost/nove/iterator. hpp>

t enpl at e<t ypenane C
cl ass nove_insert _iterator
public std::iterator< std::output_iterator_tag, void, void, void, void >
{
public:
/'l types
typedef C cont ai ner _type;
typedef C. :value_type val ue_type;
typedef C :reference reference;

/'l construct/copy/ destruct

explicit nove_insert _iterator(C & typenane C :iterator);
nove_insert _iterator & operator=(reference);

nove_insert _iterator & operator=(BOOST_RV_REF(val ue_type));

/1 public nmenber functions
nove_insert _iterator & operator*();
nove_insert _iterator & operator++();
nove_insert _iterator & operator++(int);

I

Description

nmove_i nsert _iterator public construct/copy/destruct

explicit nove_insert_iterator(C & x, typenanme C :iterator pos);

nove_insert _iterator & operator=(reference Xx);
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nove_insert _iterator & operator=(BOOST_RV_REF(val ue_type) x);

nove_i nsert _iterator public member functions

nove_insert _iterator & operator*();
nove_insert _iterator & operator++();

nove_insert _iterator & operator++(int);

Class template move_iterator

boost::move iterator
Synopsis

/1 In header: <boost/nove/iterator.hpp>

tenpl at e<typenane |t>
cl ass nove_iterator {

publi c:
/'l types
typedef It iterator_type;
typedef std::iterator_traits< iterator_type >::value_type val ue_type;
typedef val ue_type && ref erence;
typedef It poi nter;

typedef std::iterator_traits< iterator_type >::difference_type di fference_type;
typedef std::iterator_traits< iterator_type >::iterator_category iterator_category;

/'l construct/copy/ destruct

nove_iterator();

explicit nove_iterator(lt);

tenpl at e<t ypenane U> nove_iterator(const nove_iterator< U > &);

/1 public nmenber functions

iterator_type base() const;

ref erence operator*() const;

poi nter operator->() const;

nove_iterator & operator++();

nove_iterator< iterator_type > operator++(int);

nove_iterator & operator--();

nove_iterator< iterator_type > operator--(int);

nove_iterator< iterator_type > operator+(difference_type) const;
nove_iterator & operator+=(difference_type);

nove_iterator< iterator_type > operator-(difference_type) const;
nove_iterator & operator-=(difference_type);

ref erence operator[](difference_type) const;
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Description

Class template move iterator is an iterator adaptor with the same behavior as the underlying iterator except that its dereference op-
erator implicitly converts the value returned by the underlying iterator's dereference operator to an rvalue reference. Some generic
algorithms can be called with move iterators to replace copying with moving.

nove_i t erat or public construct/copy/destruct

L nove_iterator();

explicit nove_iterator(It i);

tenpl at e<typenane U> nove_iterator(const nove_iterator< U > & u);

nove_i t erat or public member functions

L iterator_type base() const;
2. . .
ref erence operator*() const;
3. i )
poi nter operator->() const;
4, . .
nove_iterator & operator++();
5. . . . )
nove_iterator< iterator_type > operator++(int);
6. . )
nove_iterator & operator--();
7. . . . )
nove_iterator< iterator_type > operator--(int);
8. . . . ]
nove_iterator< iterator_type > operator+(difference_type n) const;
9. . o )
nove_iterator & operator+=(difference_type n);
10 . . . ]
nove_iterator< iterator_type > operator-(difference_type n) const;
1

nove_iterator & operator-=(difference_type n);
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reference operator|[](difference_type n) const;

Function template make_move_iterator

boost::make move iterator
Synopsis

/1 I'n header: <boost/nove/iterator.hpp>

tenpl ate<typenane It> nove_iterator< It > nmake_nove_iterator(const It & it);
Description

Returns: move_iterator<It>(i).

Function template back_move_inserter

boost::back_move_inserter
Synopsis
/'l I'n header: <boost/nove/iterator.hpp>

t enpl at e<t ypenane C> back_nove_insert_iterator< C > back_nove_inserter(C & x);

Description

Returns: back_move_insert_iterator<C>(x).

Function template front_move_inserter

boost::front_move inserter
Synopsis
/'l I'n header: <boost/nove/iterator. hpp>

t enpl at e<t ypenane C
front_nove_insert _iterator< C > front_nove_inserter(C & x);

Description

Returns: front_move_insert_iterator<C>(x).

Function template move_inserter

boost::move_inserter
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Synopsis
/1 In header: <boost/nove/iterator.hpp>

t enpl at e<t ypenane C>
nove_insert _iterator< C > nove_inserter(C & x, typenane C :iterator it)

Description

Returns: move_insert_iterator<C>(x, it).

Header <boost/move/move.hpp>

A general library header that includes the rest of top-level headers.

Header <boost/move/traits.hpp>

nanmespace boost {
tenpl at e<t ypenane T> struct has_not hrow_nove;
tenpl at e<typenane T> struct has_trivial_destructor_after_nove;

}

Struct template has_nothrow_move

boost::has_nothrow_move
Synopsis

/1 I'n header: <boost/nove/traits. hpp>
t enpl at e<t ypenane T>
struct has_not hrow _nove {
b
Description

By default this traits returns
<preformatted>boost::is_nothrow_move constructible<T>::value& & boost::is nothrow_move assignable<T>::value </preformatted>
. Classes with non-throwing move constructor and assignment can specialize this trait to obtain some performance improvements.

Struct template has_trivial_destructor_after_move

boost::has trivial _destructor_after_ move
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Synopsis

/'l In header: <boost/nove/traits.hpp>
t enpl at e<t ypenane T>

struct has_trivial _destructor_after_nove
public boost::has_trivial _destructor< T >

{
I

Description

If this trait yields to true (has_trivial_destructor_after_move <T>::value == true) means that if T is used as argument of a move
construction/assignment, thereis no need to call T'sdestructor. This optimizationtipically isused to improve containers performance.

By default thistrait istrueif the type hastrivial destructor, every class should speciaizethistrait if it wantsto improve performance
when inserted in containers.

Header <boost/move/utility.hpp>

nanmespace boost {
t enpl at e<t ypename T> struct enable_nove_utility_enul ation;
t enpl at e<t ypenane T> rval ue_reference nove(input_reference);
tenpl at e<t ypenane T> out put _reference forward(input_reference);

}

Struct template enable_move_utility _emulation

boost::enable_move_utility_emulation
Synopsis

/1 I'n header: <boost/nove/utility.hpp>

t enpl at e<t ypenane T>
struct enable_nove_utility_enulation {

/1 public data nenbers
static const bool value

i

Description
Thistrait'sinternal boolean val ue isfase in compilers with rvalue references and true in compilers without rvalue references.

A user can specialize thistrait for atype T to false to SFINAE out nove and f or war d so that the user can define a different move
emulation for that type in namespace boost (e.g. another Boost library for its types) and avoid any overload ambiguity.

Function template move

boost::move
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Synopsis
/1 1In header: <boost/move/utility.hpp>

tenpl at e<typenane T> rval ue_reference nove(i nput_reference);

Description

This function provides away to convert areference into arvalue reference in compilers with rvalue references. For other compilers
converts T & into ::boost::rv< T> & so that move emulation is activated.

Function template forward

boost::forward
Synopsis
/1 1In header: <boost/nove/utility.hpp>

t enpl at e<t ypenane T> out put _reference forward(input_reference);

Description

This function provides limited form of forwarding that is usually enough for in-place construction and avoids the exponentia over-
loading for achieve the limited forwarding in C++03.

For compilers with rvalue references this function provides perfect forwarding.
Otherwise:
* If input_reference bindsto const ::boost::rv<T> & then it output_referenceis ::boost::rv<T> &

 Else, output_referenceis equal to input_reference.
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