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Introduction

The Boost. TypeErasure library provides runtime polymorphism in C++ that is more flexible than that provided by the core language.

C++ hastwo distinct kinds of polymorphism, virtual functionsand templates, each of which hasits own advantages and disadvantages.

Virtua functions are not resolved until runtime, while templates are always resolved at compile time. If your types can vary at
runtime (for example, if they depend on user input), then static polymorphism with templates doesn't help much.

Virtual functions can be used with separate compilation. The body of atemplate has to be available in every trandation unit in
which it is used, slowing down compiles and increasing rebuilds.

Virtual functions automatically make the requirements on the arguments explicit. Templates are only checked when they're instan-
tiated, requiring extrawork in testing, assertions, and documentation.

The compiler creates a new copy of each function template every timeit isinstantiated. This allows better optimization, because
the compiler knows everything statically, but it also causes a significant increase of binary sizes.

Templates support Value semantics. Objectsthat "behave like an int" and are not shared are easier to reason about. To use virtual
functions, on the other hand, you have to use (smart) pointers or references.

Template libraries can allow third-party types to be adapted non-intrusively for seamless interoperability. With virtual functions,
you have to create awrapper that inherits from the base class.

Templates can handle constraints involving multiple types. For example, std::for_each takes an iterator range and a function that
can be called on the elements of the range. Virtual functions aren't really able to express such constraints.

The Boost. TypeErasure library combines the superior abstraction capabilities of templates, with the runtime flexibility of virtual
functions.

Boost includes several special cases of this kind of polymorphism:

boost : : any for CopyConstructible types.
boost : : functi on for objectsthat can be called like functions.

Boost.Range providesany it erat or.

Boost. TypeErasure generalizes this to support arbitrary requirements and provides a predefined set of common concepts
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How to read this documentation

To avoid excessive verbosity, all the examples assume that afew using directives are in place.

nanmespace npl = boost::npl;
usi ng nanmespace boost::type_erasure;
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Basic Usage

(For the source of the examplesin this section see basic.cpp)

Themain classin thelibrary isany. An any can store objects that meet whatever requirements we specify. These requirements are
passed to any as an MPL sequence.

S Note
The MPL seguence combines multiple concepts. In the rare case when we only want a single concept, it doesn't
need to be wrapped in an MPL sequence.

any<npl : : vect or <copy_constructi bl e<>, typeid_<> relaxed> > x(10);
int i = any_cast<int>(x); // i == 10

copy_constructi bl e isabuiltin concept that allows usto copy and destroy the object. t ypei d_ provides run-time type inform-
ation so that we can use any_cast . r el axed enables various useful defaults. Without r el axed, any supports exactly what you
specify and nothing else. In particular, it allows default construction and assignment of any.

Now, this example doesn't do very much. x is approximately equivalent to a boost::any. We can make it more interesting by adding
some operators, such asoper at or ++ and oper at or <<,

any<
npl : : vector <
copy_constructi bl e<>
typei d_<>
i ncr ement abl e<>
ostreamabl e<>
>
> x(10);
++X;
std::cout << x << std::endl; // prints 11

Thelibrary provides concepts for most C++ operators, but this obviously won't cover all use cases; we often need to define our own
requirements. Let's take the push_back member, defined by several STL containers.

BOOST_TYPE_ERASURE_MEMBER( (has_push_back), push_back, 1)

voi d append_nany(any<has_push_back<void(int)>, _self&> container) {
for(int i =0; i < 10; ++i)
cont ai ner. push_back(i);

We use the macro BOOST_TYPE_ERASURE MEMBERto define a concept called has_push_back. The second parameter isthe name
of the member function and the last macro parameter indicates the number of argumentswhichis1 sincepush_back isunary. When
weusehas_push_back, we haveto tell it the signature of the function, voi d(i nt) . This means that the type we store in the any
has to have a member that looks like:

voi d push_back(int);

Thus, we could call append_many withstd: : vect or<int>,std::list<int> orstd::vector<l ong> (becausei nt iscon-
vertibleto! ong), but notstd: : i st <std::string>orstd::set<int>,
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Also, note that append_nany has to operate directly on its argument. It cannot make a copy. To handle thiswe use _sel f & asthe

second argument of any. _sel f isapl acehol der. By using _sel f & we indicate that the any stores a reference to an external
object instead of allocating its own object.

There's actually another pl acehol der here. The second parameter of has_push_back defaultsto _sel . If we wanted to define
aconst member function, we would have to changeitto const _sel f, as shown below.

BOOST_TYPE_ERASURE_MEMBER( (has_enpty), enpty, O0)

bool is_enpty(any<has_enpty<bool (), const _self> const _self& x) {
return x.enpty();
}

For free functions, we can use the macro BOOST_TYPE_ERASURE_FREE.

BOOST_TYPE_ERASURE_FREE( (has_getline), getline, 2)
std::vector<std::string> read_|ines(any<has_getline<bool (_self&, std::string& > _self&> stream

{
std::vector<std::string> result;
std::string tnp;
whil e(getline(stream tnp))
resul t. push_back(tnp);
return result;

Theuse of has_get | i ne isvery similar to has_push_back above. The difference is that the placeholder _sel f is passed in the
function signature instead of as a separate argument.

Thepl acehol der doesn't have to be the first argument. We could just as easily make it the second argument.

voi d read_line(any<has_getline<bool (std::istrean’ _self&) > _self& str)

{
}

getline(std::cin, str);
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Composing Concepts

(For the source of the examplesin this section see compose.cpp)

Multiple concepts can be composed using an MPL sequence.

tenpl ate<class T = _self>
struct arithnetic :
npl : : vector<
copy_constructi bl e<T>,
addabl e<T>,
subtract abl e<T>,
mul tipliabl e<T>,
di vi dabl e<T>,
equal i ty_conpar abl e<T>,
| ess_t han_conpar abl e<T>

{1

Now, ari t hmet i ¢ isaconcept that can be used just like any of the base concepts.

render
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Functions with Multiple Arguments

(For the source of the examplesin this section see multi.cpp)

Operations can have more than one any argument. Let's use binary addition as an example.

t ypedef any<
npl : : vector<
copy_constructi bl e<>,
typei d_<>,
addabl e<>,
ost reamabl e<>
>
> any_type;
any_type x(10);
any_type y(7);
any_type z(x +y);
std::cout << z << std::endl; // prints 17

Thisis not amultimethod. The underlying types of the arguments of + must be the same or the behavior is undefined. This example
is correct because the arguments both hold i nt 's.

S Note
Adding r el axed leads an exception rather than undefined behavior if the argument types are wrong.

addabl e<> requires the types of the arguments to be exactly the same. This doesn't cover all uses of addition though. For example,
pointer arithmetic takes a pointer and an integer and returns a pointer. We can capture this kind of relationship among several types
by identifying each type involved with a placeholder. We'll |et the placeholder _a represent the pointer and the placeholder _b rep-
resent the integer.

int array[5];

typedef npl::vector<
copy_constructi bl e<_a>,
copy_constructi bl e<_b>,
typei d_<_a>,
addable<_a, b, _a>

> requirenents;

Our new concept, addabl e<_a, _b, _a> capturestherulesof pointer addition: _a + _b -> _a.

Also, we can no longer capture the variables independently.
any<requirements, _a> ptr(&array[O0]); // illegal

This doesn't work because the library needs to know the type that _b binds to when it captures the concept bindings. We need to
specify the bindings of both placeholders when we construct the any.

typedef npl::map<npl::pair<_a, int*> npl::pair<_b, int> > types;
any<requirements, _a> ptr(&array[0], make_bindi ng<types>());
any<requirements, _b> idx(2, make_binding<types>());
any<requirenents, _a> x(ptr + idx);

/'l x now holds array + 2
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Now that the arguments of + aren't the same type, we require that both arguments agreethat _a mapstoi nt * and that _b mapsto
int.

We can also use t upl e to avoid having to write out the map out explicitly. t upl e is just a convenience class that combines the
placeholder bindingsit gets from all its arguments.

tupl e<requirements, _a, _b> t(&array[0], 2);
any<requirements, _a> y(get<0>(t) + get<l>(t));
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Concepts in Depth

Defining Custom Concepts

(For the source of the examplesin this section see custom.cpp)

Earlier, we used BOOST_TYPE_ERASURE_MEMBERto define aconcept for containersthat support push_back. Sometimesthisinterface
isn't flexible enough, however. The library also provides alower level interface that gives full control of the behavior. Let's take a
look at what we would need in order to definehas_push_back. First, weneedto definethehas_push_back template itself. Welll
giveit two template parameters, onefor the container and one for the element type. Thistemplate must have a static member function
called apply which is used to execute the operation.

tenpl ate<class C, class T>
struct has_push_back

{
}

static void apply(C& cont, const T& arg) { cont.push_back(arg); }

Now, we can usethisin an any using cal | to dispatch the operation.

std::vector<int> vec;

any<has_push_back<_self, int> _self&> c(vec);
int i = 10;

cal | (has_push_back<_self, int>(), c, i);

/'l vec is [10].

Our second task is to customize any so that we can call c. push_back(10) . We do this by specializing concept _i nt er f ace.
The first argument is has_push_back, since we want to inject a member into every any that uses the has_push_back concept.
The second argument, Base, is used by the library to chain multiple uses of concept _i nt er f ace together. We have to inherit
from it publicly. Base is aso used to get access to the full any type. The third argument is the placeholder that represents this any.
If someone used push_back<_c, _b>, we only want to insert a push_back member in the container, not the value type. Thus,
the third argument is the container placeholder.

When we define push_back the argument type uses the metafunction as_par am This is just to handle the case where T is a
placeholder. If T is not a placeholder, then the metafunction just returns its argument, const  T&, unchanged.

namespace boost {

nanmespace type_erasure {

tenpl ate<class C, class T, class Base>

struct concept_interface<has_push_back<C, T> Base, C> : Base

{
voi d push_back(typenane as_param<Base, const T&>::type arg)
{ call (has_push_back<C, T>(), *this, arg); }

—— o

Our example now becomes

std::vector<int> vec;
any<has_push_back<_self, int> _self& c(vec);
c. push_back(10);

which is what we want.

10
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Overloading

(For the source of the examplesin this section see overload.cpp)

concept _i nt er f ace allowsustoinject arbitrary declarationsinto an any. Thisisvery flexible, but there are some pitfallsto watch
out for. Sometimes we want to use the same concept severa times with different parameters. Specializing concept _i nterf ace
in away that handles overloads correctly is a bit tricky. Given a concept foo, we'd like the following to work:

any<
npl : : vect or <
foo< self, int>
foo<_sel f, doubl e>
copy_constructi bl e<>
>
> X = L
x.foo(1); /1 calls foo(int)
x.foo(1.0); // calls foo(double)

Becauseconcept _i nt er f ace creates alinear inheritance chain, without some extrawork, one overload of foo will hide the other.
Here are the techniques that | found work reliably.

For member functions | couldn't find away to avoid using two specializations.

tenpl ate<class T, class U>
struct foo

{
b

static void apply(T& t, const U& u) { t.foo(u); }
namespace boost {
namespace type_erasure {

tenmpl ate<class T, class U class Base, class Enable>
struct concept_interface< ::foo<T, U>, Base, T, Enable> : Base

{
typedef void _fun_defined
voi d foo(typenanme as_paranxBase, const U&>::type arg)
{
call (::foo<T, U>(), *this, arg);
}
b

tenpl ate<class T, class U class Base>
struct concept_interface< ::foo<T, U>, Base, T, typenane Base::_fun_defined> : Base

{
usi ng Base: :foo
voi d foo(typenane as_paranxBase, const U&>::type arg)
{
call (::foo<T, U>(), *this, arg);
}
b
}
}

This uses SFINAE to detect whether a using declaration is needed. Note that the fourth argument of concept _i nterface isa
dummy parameter which is always void and is intended to be used for SFINAE. Another solution to the problem that I've used in
the past isto inject adummy declaration of f un and always put in ausing declaration. Thisisan inferior solution for several reasons.

11
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It requires an extrainterface to add the dummy overload. It also means that f un is always overloaded, even if the user only asked
for one overload. This makes it harder to take the address of fun.

Note that while using SFINAE requires some code to be duplicated, the amount of code that hasto be duplicated isrelatively small,
since the implementation of concept _i nt er f ace isusually aone liner. It's a bit annoying, but | believe it's an acceptable cost in
lieu of a better solution.

For free functions you can use inline friends.

tenpl ate<class T, class U>
struct bar_concept

{
I

static void apply(T& t, const U& u) { bar(t, u); }
nanespace boost {
namespace type_erasure {

tenpl ate<class T, class U class Base>
struct concept_interface< ::bar_concept<T, U>, Base, T> : Base

{
friend void bar(typenane derived<Base>::type& t, typenane as_paranm<Base, const U&>::type u)
{
call (::bar_concept<T, U>(), t, u);
}
b

tenpl ate<class T, class U class Base>
struct concept _interface< ::bar_concept<T, U>, Base, U typenane boost::disable_if<is_placehol dO
er<T> >::type> : Base

{
usi ng Base: : bar;
friend void bar(T& t, const typenane derived<Base>::type& u)
{
call (::bar_concept<T, U>(), t, u);
}
b
}
}

Basically we haveto specializeconcept _i nt er f ace once for each argument to make sure that an overload isinjected into thefirst
argument that's a placeholder. As you might have noticed, the argument types are a bit tricky. In the first specialization, the first ar-
gument uses der i ved instead of as_par am The reason for thisisthat if we used as_par am then we could end up violating the
one definition rule by defining the same function twice. Similarly, we use SFINAE in the second specialization to make sure that
bar is only defined once when both arguments are placeholders. It's possible to merge the two specializations with a bit of metapro-
gramming, but unless you have alot of arguments, it's probably not worth while.

Concept Maps

(For the source of the examplesin this section see concept_map.cpp)

Sometimes it is useful to non-intrusively adapt a type to model a concept. For example, suppose that we want to make
std::type_i nfomodel | ess_t han_conpar abl e. To do this, we simply specialize the concept definition.

12
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nanespace boost {
namespace type_erasure {

tenpl at e<>
struct | ess_than_conparabl e<std::type_info>

{
static bool apply(const std::type_info& | hs, const std::type_info& rhs)
{ return I hs. before(rhs) !'=0; }

b

}

}

S Note
Most, but not all of the builtin concepts can be specialized. Constructors, destructors, and RTTI need special treatment
from the library and cannot be specialized. Only primitive concepts can be specialized, so the iterator concepts are

also out.

Associated Types

(For the source of the examplesin this section see associated.cpp)

Associated types are defined using the deduced template. deduced isjust like an ordinary placeholder, except that the type that it
bindsto is determined by calling a metafunction and does not need to be specified explicitly.

For example, we can define a concept for holding any iterator, raw pointer, or smart pointer as follows.

Note the extra trickery to make sure that it is safe to instantiate pointee with a placehol der, because argument dependant lookup can
cause spurious instantiations.

t enpl at e<cl ass T>
struct pointee

{
typedef typenane npl::eval _if<is_placehol der <T>,
npl : :identity<voi d>,
boost : : poi nt ee<T>
> 1type type;
b
tenpl ate<class T = _sel f>

struct pointer
npl : : vector<
copy_constructi bl e<T>,
der ef er enceabl e<deduced<poi nt ee<T> >&, T>

>
{

/'l provide a typedef for convenience

t ypedef deduced<poi ntee<T> > el enent _type,;
¥

Now the Concept of x uses two placeholders, _sel f and poi nt er <>: : el enent _t ype. When we construct x, with an i nt *,
poi nt er <>: : el enent _t ype is deduced as poi nt ee<i nt *>: : t ype which isi nt. Thus, dereferencing x returns an any that
containsani nt .

13
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int i = 10;
any<
npl : : vector<
poi nter <>
typei d_<poi nter<>::el enent _type>
>
> x(&);

int j = any_cast<int>(*x); // j ==

Sometimes we want to require that the associated type be a specific type. This can be solved using the same_t ype concept. Here
we create an any that can hold any pointer whose element typeisi nt .

int i = 10;
any<
npl : : vector <
poi nt er <>
same_t ype<poi nter<>::el ement _type, int>
>
> x(&);

std::cout << *x << std::endl; // prints 10

Using sane_t ype like this effectively causesthelibrary to replace all uses of poi nt er <>: : el enent _t ype withi nt and validate
that itisaways bound toi nt . Thus, dereferencing x now returnsani nt .

same_t ype can also be used for two placeholders. This allows us to use a simple name instead of writing out an associated type

over and over.
int i = 10;
any<
npl : : vector<
poi nt er <>
same_t ype<poi nter<>::el ement _type, _a>
typeid_<_a>

copy_constructi bl e<_a>
addabl e<_a>,
ostreanabl e<std: : ostream _a>
>
> x(&);
std::cout << (*x + *x) << std::endl; // prints 20
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Using Any

Construction

(For the source of the examplesin this section see construction.cpp)

Thelibrary providestheconst r uct i bl e concept to allow an any to capture constructors. The single template argument should be
afunction signature. The return type must be a placeholder specifying the type to be constructed. The arguments are the arguments
of the constructor.

typedef npl::vector<
copy_constructi bl e<_a>
copy_constructi bl e<_b>
copy_constructi bl e<_c>
constructi bl e<_a(const _b& const _c&) >
> construct;

typedef npl:: map<
npl :: pair<_a, std::vector<double> >
npl::pair<_b, std::size_t>,
npl : : pair<_c, double>

> types;

any<construct, _b> size(std::size_t(10), make_bi ndi ng<types>());
any<construct, _c> val (2.5, nake_bindi ng<types>());
any<construct, _a> v(size, val);

/1 v holds std::vector<doubl e>(10, 2.5);

Now, suppose that we want a default constructor? We can't have the default constructor of any call the default constructor of the
contained type, because it would have no way of knowing what the contained typeis. So, we'll need to pass the placeholder binding
information explicitly.

typedef npl::vector<
copy_constructi bl e<>
constructible< self()>
> construct;

any<construct> x(std::string("Test"));
any<construct> y(binding_of(x)); // y =""

This method is not restricted to the default constructor. If the constructor takes arguments, they can be passed after the bindings.

typedef npl::vector<
copy_constructi bl e<>
constructible<_self(std::size_t, char)>
> construct;

any<construct> x(std::string("Test"));

any<construct > y(binding_of (x), 5 "A")

Conversions

(For the source of the examplesin this section see convert.cpp)

An any can be converted to another any aslong as the conversion is an "upcast.

15
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t ypedef any<
npl : : vector<
copy_constructi bl e<>
typei d_<>
ost r eamabl e<>
>
> any_printable
typedef any<
npl : : vector<
copy_constructi bl e<>
typei d_<>
>
> common_any;
any_printable x(10);
comon_any Yy(X);

Thisconversion is okay because the requirements of conmon_any are asubset of the requirementsof any_pr i nt abl e. Conversion
in the other directionisillegal.

conmon_any x(10);
any_printable y(x); // error

References

(For the source of the examplesin this section see references.cpp)
To capture by reference, we simply add a reference to the pl acehol der .
int i

any<typeid_<> _selfé& x(i);
any_cast<int&(x) =5; // nowi is 5

@ Note
_sel f isthe default pl acehol der, soit iseasiest to use _sel f & We could use another pl acehol der instead.
any<typei d_<_a>, _a&> hasexactly the same behavior.

References cannot be rebound. Just like a built-in C++ reference, once you've initialized it you can't change it to point to something
else.

int i, j;

any<typeid_<> _self& x(i), y(j);
x =y, Il error

S Note
Aswith any other operation, x = y for referencesactsoni andj . Assignment likethisislegal if assi gnabl e<>
isin the Concept, but x would still hold areferencetoi .

A reference can be bound to another any.

16
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typedef npl::vector<
copy_constructi bl e<>
i ncr ement abl e<>

> requirenents

any<requi renents> x(10);
any<requirenments, _selfé& y(x)
++y; [/ x is now 11

If areferenceisused after the underlying object goes out of scope or is reset, the behavior is undefined.

typedef npl::vector<
copy_constructi bl e<>
i ncr enent abl e<>
rel axed
> requirenents
any<requi renent s> x(10);
any<requirements, _selfé& y(x);
X = 1.0;
++y; [/ undefined behavi or

Thisonly applieswhen areferenceis constructed from avalue. If areferenceisconstructed from another reference, the new reference
does not depend on the old one.

any<requi renents> x(10);
boost: : shared_ptr<any<requirenents, _self& > p(

new any<requirements, _self&(x))
any<requirenents, _self& y(*p); // equivalent to y(x)
p.reset();
++y; [/ okay

Both const and non-const references are supported.

int i =0;
any<i ncrenent abl e<>, _sel f&> x(i);
any<i ncrenent abl e<>, const _sel f& y(x);

A reference to non-const can be converted to areference to const, but not the other way around. Naturally, we can't apply mutating
operations to a const reference.

any<i ncrenent abl e<>, _selfé&> z(y); // error
++y; [/ error

Syntax Limitations

In most cases using an any has the same syntax as using the underlying object. However, there are a few cases where this is not
possible to implement. An any reference is proxy and cannot be used in contexts where areal reference is required. In particular,
forward_iterator doesnot create a conforming Forwardlterator (unless the value_type is fixed.) Another difference is that all
operations which do not take at least one any argument have to be passed the type information explicitly. Static member functions
and constructors can fall in this category. All this means that generic algorithms might not work when applied to any arguments.

17
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Examples

A polymorphic range formatter

(For the source of this example see print_sequence.cpp)

Thisexample defines aclass hierarchy that allows a sequence to be formatted in severa different ways. We'd liketo be able to handle
any sequence and any stream type, since the range formatting is independent of the formatting of individual elements. Thus, our in-
terface needs to look something like this:

cl ass abstract _printer {
publi c:
tenpl ate<cl ass CharT, class Traits, class Range>
virtual void print(std::basic_ostream<CharT, Traits>& os, const Range& r) const = 0

Unfortunately, thisisillegal because a virtual function cannot be a template. However, we can define a class with much the same
behavior using Boost. TypeErasure.

#i ncl ude <boost/type_erasure/any. hpp>

#i ncl ude <boost/type_erasure/iterator. hpp>
#i ncl ude <boost/type_erasure/operators. hpp>
#i ncl ude <boost/type_erasure/tuple. hpp>

#i ncl ude <boost/type_erasure/ same_type. hpp>
#i ncl ude <boost/range/ begi n. hpp>

#i ncl ude <boost/range/ end. hpp>

#i ncl ude <boost/range/iterator. hpp>

#i ncl ude <i ostreanr

#i ncl ude <i omani p>

#i ncl ude <vector>

usi ng nanespace boost::type_erasure
struct _t : placehol der {}

struct _iter : placeholder {};
struct _os : placeholder {};

templ ate<class T, class U = _self>
struct base_and _derived
{

static T& apply(U& arg) { return arg; }
s

namespace boost {
nanespace type_erasure {

tenpl ate<class T, class U class Base>
struct concept_interface<base_and_derived<T, U> Base, U> : Base

{
operator typenane rebi nd_any<Base, const T&>::type() const
{
return call (base_and_derived<T, U>(), const_cast<concept_interface&(*this))
}
operator typenane rebi nd_any<Base, T&>: :type()
{
return call (base_and_derived<T, U>(), *this)
}
s

18
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}
}

/1 abstract_printer - An abstract base class for formatti ng sequences.

cl ass abstract_printer {
public:

/1l print - wite a sequence to a std::ostreamin a manner

/1 specific to the derived class
I

/'l Requires: Range nmust be a Forward Range whose el enents can be

/1 printed to os.
tenpl ate<class CharT, class Traits, class Range>

void print(std::basic_ostream<CharT, Traits>& o0s, const

/1 Capture the argunents

typenane boost::range_iterator<const Range>::type
first(boost::begin(r))
| ast (boost::end(r));

Range& r) const {

tupl e<requirements, _0s& _iter, _iter> args(os, first, last)

/1 and forward to the real inplenentation
do_print(get<0>(args), get<l>(args), get<2>(args))
}
virtual ~abstract_printer() {}
prot ected
/1 define the concept requirenents of the argunents of
/1 print and typedef the any types.
t ypedef boost::npl::vector<
base_and_derived<std: :i os_base, _os>
ostreanabl e<_os, _t>
ostreanabl e<_os, const char*>
forward_iterator<_iter, const _t&

same_type<_t, forward_iterator<_iter, const _t&>::value_type>

> requirenents

t ypedef boost::type_erasure::any<requirenents, _os&> ostreamtype;
typedef boost::type_erasure::any<requirenents, _iter> iterator_type
/1 do_print - This method nust be inplenented by derived cl asses

virtual void do_print(

ostreamtype os, iterator_type first, iterator_type |ast) const

};

/| separator_printer - wites the elenents of a sequence
/1 separated by a fixed string. For exanple, if

/1 the separator is ", " separator_printer produces

/1 a comm separated |ist.

cl ass separator_printer : public abstract_printer {
public:

n
e

explicit separator_printer(const std::string& sep) : separator(sep) {}

prot ected
virtual void do_print(

ostreamtype os, iterator_type first, iterator_type last) const {

if(first !'=last) {
os << *first;
++first;
for(; first !'=last; ++first) {
0s << separator.c_str() << *first
}
}
)
private:
std::string separator;
s
/1l colum_separator_printer - |ike separator_printer, but

/1 al so inserts a line break after every n el enents.

19

httpo://www.renderx.com/


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

render

Boost. TypeErasure

cl ass columm_separator_printer : public abstract_printer {
public:
colum_separator_printer(const std::string& sep, std::size_t num.col ums)
separ at or (sep)
col s(num_col umms)
{}
protected
virtual void do_print(
ostreamtype os, iterator_type first, iterator_type last) const {
std::size_t count = 0O

for(; first !'=last; ++first) {
os << *first;
boost::type_erasure::any<requirenents, _iter> tenp = first;
++t enp;
if(temp !'=last) {
0s << separator.c_str()
}
i f(++count %cols == 0) {
0s << "\n";
}
}
o}
private:

std::string separator;
std::size_t cols

};

/1 aligned_colum_printer - formats a sequence in columms
/1 readi ng down. For exanple, given the sequence

/1 {1, 2, 3, 4, 5}, aligned_colum_printer mght print
I 1 4

I 2 5
I 3
class aligned_colum_printer : public abstract_printer {
public:
al igned_colum_printer(std::size_t colum_w dth, std::size_t num.col ums)
wi dt h( col utm_wi dt h)
col s(num_col umms)
{}
protected

virtual void do_print(
ostreamtype os, iterator_type first, iterator_type |ast) const
{

if(first == last) return;
std::vector<iterator_type> colum_iterators

/1 find the tops of the col ums
std::size_t count = 0O

for(iterator_type iter = first; iter !'= last; ++iter) {
++count ;
}
std::size_t rows = (count + cols - 1) / cols
count = 0
for(iterator_type iter = first; iter !'= last; ++iter) {
if(count %rows == 0) {
colum_iterators. push_back(iter)
}
++count ;
}
iterator_type last_col = colum_iterators. back()

/1 print the full rows
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whil e(colum_iterators. back() !'=last) {
for(std::vector<iterator_type>::iterator
iter = colum_iterators. begin(),

end = colum_iterators.end(); iter != end; ++iter)
{

static_cast<std::ios_base&(o0s).w dth(w dth);

0s << **iter;

++*iter;
}
0s << "\n";

}

/1l print the rows that are missing the |ast colum
colum_iterators. pop_back();
if(!lcolum_iterators.empty()) {
whil e(colum_iterators. back() != last_col) {
for(std::vector<iterator_type>::iterator
iter = colum_iterators. begin(),

end = colum_iterators.end(); iter != end; ++iter)

{
static_cast<std::ios_base&(o0s).w dth(w dth);
0s << **iter;
++*iter;

}

0s << "\n";

}
}
)
private:

std::size_t wdth;
std::size_t cols;

I

int main() {
int test[] ={ 1, 2, 3, 4, 5 6, 7, 8 9, 10 };
separator_printer pl(",");
pl.print(std::cout, test);
std::cout << std::endl;
colum_separator_printer p2(",", 4);
p2.print(std::cout, test);
std::cout << std::endl;
al i gned_col um_printer p3(16, 4);
p3.print(std::cout, test);

A type-safe printf
(For the source of this example see printf.cpp)

This example uses the library to implement a type safe printf.

@ Note
This example uses C++11 features. You'll need arecent compiler for it to work.
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#i ncl ude <boost/type_erasure/builtin. hpp>
#i ncl ude <boost/type_erasure/ operators. hpp>
#i ncl ude <boost/type_erasure/ any_cast. hpp>
#i ncl ude <boost/type_erasure/ any. hpp>

#i ncl ude <boost/ npl/vector. hpp>

#i ncl ude <boost/io/ios_state. hpp>

#i ncl ude <i ostreanr

#i ncl ude <sstreanvr

#i ncl ude <i omani p>

#i ncl ude <vector>

#i ncl ude <string>

nanmespace npl = boost::npl;
usi ng nanespace boost::type_erasure
usi ng nanmespace boost::io;

/1 W capture the argunents by reference and require nothing
/'l except that each one nust provide a streaminsertion operator
typedef any<
npl : : vector<
typei d_<>,
ost r eamabl e<>
>1
const _self&
> any_printable
typedef std::vector<any_printable> print_storage

/'l Forward declaration of the inplenentation function

void print_inpl(std::ostream% os, const char * format, const print_storage& args);

/1 print
I
/1 Wites values to a streamlike the classic C printf function.

The

/1 argunents are formatted based on specifiers in the format string

/1 which match the pattern

I

/1l "% [ argunent-nunber '$" ] flags * [ width ] [ '." precision] [ type-code ] format-specifier
I

/1 Qther characters in the format string are witten to the stream unchanged.
/1 I'n addition the sequence, "%46 can be used to print a literal '% character
/1 Each conponent is explained in detail bel ow

I

/' argunent - nunber

/1 The val ue nust be between 1 and sizeof... T. It indicates the

/1 i ndex of the argunent to be formatted. |If no index is specified

/1 the argunents will be processed sequentially. If an index is

/1 specified for one argunent, then it nust be specified for every argunent.
I

/1 flags:

/1 Consi sts of zero or nore of the follow ng

/1 "-': Left justify the argunent

/1 "+': Print a plus sign for positive integers

/1 "0': Use leading 0's to pad instead of filling with spaces.

/1 " ': If the value doesn't begin with a sign, prepend a space

/1 "#': Print Ox or O for hexadeci mal and octal nunbers.

I

/] width:

/1 Indicates the minimnumwi dth to print. This can be either

/1 an integer or a '*'. an asterisk neans to read the next

/1 argunment (which nust have type int) as the w dth.
I
/'l precision

/1 For nurneric argunents, indicates the nunber of digits to print.

For
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/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1

strings (%) the precision indicates the naxi num nunber of characters

to

print. Longer strings wll
this can be either an integer or a '*'.

be truncated

As with width
an asterisk nmeans

to read the next argument (which nust have type int) as
If both the width and the precision are specified
"*'  the width is read first.

the width.
as
type-code

This is ignored, but

format-specifier:
Must be one of the follow ng characters

i i a deci mal integer

an octal integer

a hexadeci mal integer

d,
o:

X
p
f:
e
g,

C:.
S:

i, u: The
The
X: The
The
The
E: The
G The

The
The

t enpl at e<cl ass. .

ar gument
ar gument
ar gument
ar gument
ar gument
ar gument
ar gument

ar gument
ar gument

T>

is formatted as a character

s formatted
formatted
formatted
formatted
formatted
formatted
s formatted

n unu nonon

as
as
as
as
as
in
as

a pointer

provided for conpatibility with C printf.

a fixed point decinal

exponenti a

not ati on

either fixed point or using
scientific notation depending on its nagnitude

is formatted as a string

void print(std::ostream& os, const char * format,
{
/1 capture the argunents
print_storage args = { any_printable(t)... };
/1 and forward to the real inplenentation
print_inpl (os, format, args);
}

const T& .. t)

/1 This overload of print with no explicit streamwites to std::cout.
t enpl at e<cl ass. .

void print(const char * format,

{
}

print(std::cout

T>

format,

t...);

const T&. ..

t)

/1 The inplenmentation fromhere on can be separately conpil ed

/1 utility function to parse an integer
int parse_int(const char *& format) {

}

i nt

case '2': case
case '7': case

* 10 + (ch -

result =0
whil e(char ch = *format) {
switch(ch) {
case '0': case '1':
case '5': case '6'
result = result
br eak;
default: return result;
}
++f or mat ;

}

return result;

[l printf inplene

void print_inpl(std::ostream& os

i nt

i os_flags_saver savef _outer(os,
has_positiona

bool
bool

idx = 0;

ntation

= fal se

has_i ndexed = fal se

'"3': case '4'
'8 : case '9'
'0');

const char * format,

const print_storage& args) {

std::ios_base:: dec)
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whil e(char ch = *format ++) {
if (ch=="%) {
if (*format ==

"%) { os <<

"% ; continue; }

i os_flags_saver savef(o0s);
i 0s_preci sion_saver savep(o0s);

ios_fill_saver savefill (os);
int precision = 0;
bool pad_space = fal se;
bool pad_zero = fal se;
/1 parse argunent index
if (*format !'="0") {
int i = parse_int(format);
if (i '=0) {
if(*format == "'$') {
idx =i - 1;
has_i ndexed = true;
++f or mat ;
} else {
0s << std::setw(i);
has_positional = true;
got o parse_preci sion;
}
} else {
has_positional = true;
}
} else {
has_positional = true;
}
/'l Parse format nodifiers

while((ch = *format)) {

switch(ch) {

case 0s << std::left; break;
case '+': 0s << std::showpos; break;
case '0': pad_zero = true; break;
case ' ': pad_space = true; break;
case '#': o0s << std::showpoint << std::showbase; break;
default: goto parse_wi dth;
}
++f or mat ;

}

par se_wi dt h:

i nt width;

if (*format == "*") {
++f or mat ;

wi dth = any_cast<int>(args.at(idx++));

} else {

width = parse_int(format);

}

0s << std::setw(width);

par se_preci si on
if (*format

++f or mat ;
if (*format
++f or mat ;
preci si on

} else {

preci si on

")

{

) A

any_cast<int>(args. at (i dx++));

parse_int(format);

render
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}

0s << std::setprecision(precision);

}

/'l parse (and ignore) the type nodifier
switch(*format)
case 'h': ++format; if(*format == 'h') ++format; break;
case ' ++format; if(*format == "1"') ++format; break;
case '
case '
case '
case 't':
case 'z':

++f ormat; break;

~a T

}
std::size_t truncate = 0;

/1 parse the format code
switch(*formt++) {

case 'd': case 'i': case 'u': o0s << std::dec; break;

case '0': 0s << std::oct; break;

case 'p': case 'x': os << std::hex; break;

case 'X': 0s << std::uppercase << std::hex; break;

case 'f': os << std::fixed; break;

case 'e': 0s << std::scientific; break;

case 'E': o0s << std::uppercase << std::scientific; break;
case 'g': break;

case 'G: o0s << std::uppercase; break;

case 'c': case 'C: break;

case 's': case 'S': truncate = precision; os << std::setprecision(6); break;
default: assert(!"Bad format string");

}

if (pad_zero && !(os.flags() & std::ios_base::left)) {
0s << std::setfill('0") << std::internal;
pad_space = fal se;

}

if (truncate != 0 || pad_space) {
/1l These can't be handled by std::setw. Wite to a stringstream and
/1 pad/truncate nmanually.
std::ostringstream oss;
oss. copyfnt (o0s);
0SS << args. at (i dx++);
std::string data = oss.str();

if (pad_space) {

if (data.enpty() || (data[0] !'="'+" && data[0] !="'-'" && data[0] !="

0s << '

}
}

if (truncate != 0 && data.size() > truncate) {
data.resize(truncate);
}

0s << data;
} else {

0s << args. at (idx++);
}

/1 we can't have both positional and indexed argunents in
/1 the format string.
assert(has_positional ™ has_i ndexed);

{

25

httpo://www.renderx.com/


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

render -~

Boost. TypeErasure

}

} else {
std::cout << ch;

}

int main() {
int: %\n", 10);
int: %#8X\n", OxA56E);

pri
pri
pri
pri
pri
pri
pri
pri
pri

nt("
nt("
nt("
nt("
nt("
nt("
nt("
nt("
nt("

doubl e:
doubl e:
doubl e:
doubl e:
doubl e:
string:
doubl e:

%g\ n", 3.14159265358979323846) ;

%\ n", 3.14159265358979323846);

%20. 9e\ n", 3.14159265358979323846)

%0+20. 9g\ n", 3.14159265358979323846)

% .*g\n", 20, 5, 3.14159265358979323846);

% 10s\n", "Hello Wrld!");

u@$*.*g int: 94$d\n", 10, 20, 5, 3.14159265358979323846);

Boost.Function with multiple signatures

(For the source of this example see multifunction.cpp)

This example implements an extension of Boost.Function that supports multiple signatures.

K

Note

This example uses C++11 features. You'll need arecent compiler for it to work.
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#i ncl ude <boost/type_erasure/ any. hpp>

#i ncl ude <boost/type_erasure/builtin. hpp>
#i ncl ude <boost/type_erasure/call abl e. hpp>
#i ncl ude <boost/ npl/vector. hpp>

#i ncl ude <boost/vari ant. hpp>

#i ncl ude <boost/ phoeni x/ core. hpp>

#i ncl ude <boost/ phoeni x/ oper at or. hpp>

#i ncl ude <boost/range/ al gorithm hpp>

#i ncl ude <al gorithne

#i ncl ude <vector>

#i ncl ude <string>

#i ncl ude <i ostreanr

nanmespace npl = boost::npl;
usi ng nanmespace boost::type_erasure
nanmespace phoeni x = boost : : phoeni x

/1 First of all we'll declare the nultifunction tenplate
/1 multifunction is |ike Boost.Function but instead of
/1 taking one signature, it takes any nunber of them

tenpl ate<class... Sig>
using nultifunction =
any<

npl : : vector<
copy_constructi bl e<>

typei d_<>
rel axed
cal | abl e<Si g>. .
>
>
/1 Let's use multifunction to process a variant. W'Il| start

/1 by defining a sinple recursive variant to use
t ypedef boost:: nake_recursive_variant<

int,
doubl e,
std::string

std::vector<boost::recursive_variant_> >::type variant_type
typedef std::vector<variant_type> vector_type;

/1 Now we'll define a nultifunction that can operate
/'l on the | eaf nodes of the variant.
typedef nultifunction<void(int), void(double), void(std::string)> function_type

cl ass vari ant _handl er

{
public:
voi d handl e(const variant_type& arg)
{
boost::apply_visitor(inpl, arg);
}
voi d set _handl er (function_type f)
{
inpl.f =f;
}
private:

/1 A class that works with boost::apply_visitor
struct dispatcher : boost::static_visitor<void>
{
/'l used for the | eaves
tenpl at e<cl ass T>
void operator()(const T&t) { f(t); }
/1l For a vector, we recursively operate on the el enents
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voi d operator()(const vector_type& v)

{
}

function_type f;

boost: :for_each(v, boost::apply_visitor(*this))

}
di spatcher inpl;
}s

int main() {
vari ant _handl er x;
x. set _handl er (std:: cout << phoenix::val ("Value: ") << phoeni x:: placeholders:: _1 << std::endl);

.handl e(1);

.handl e(2.718) ;

. handl e("The quick brown fox junps over the lazy dog.");

.handl e(vector_type{ 1.618, "Gallia est omis divisa in partes tres", 42 });

X X X X
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Concept Definitions

A Concept defines a set of constraints on the types that are stored in an any.
There are three kinds of concepts.

1. Thelibrary defines a number of predefined concepts. Most of these are equivalent to user-defined concepts, but a few require
special handling.

2. Users can define their own primitive concepts as described below. The macros BOOST_TYPE ERASURE MEMBER and
BOOST_TYPE_ERASURE_FREE define concepts of thisform.

3. Any MPL Forward Segquence whose elements are concepts is also a concept. This allows concepts to be composed easily.

Each primitive concept defines a single function. A primitive concept must be a speciaization of a class template, with a static
member function called appl y, which will be executed when the functionisdispatched by cal | . Thetemplate can only take template
type parameters. non-type template parameters and template template parameters are not allowed.

The template parameters of the concept may involve placeholders. The following are considered.

 Each template argument may be a cv and/or reference qualified placeholder type.

« If atemplate argument is afunction type, its arguments and return type may be cv/reference qualified placeholders.
Any other placeholders are ignored.

A concept is instantiated by constructing an any from a raw value or by constructing a bi ndi ng. When a concept is instantiated
with a specific set of type bindings, each placeholder is bound to a cv-unqualified non-reference type. After replacing each place-
holder in the template argument list with the type that it binds to, the following must hold.

» The number of arguments of apply in the bound concept must be the same as the number of arguments in the unbound concept.

* The arguments and return type of apply in the bound concept can be derived from the corresponding arguments and the return
type in the unbound concept as follows: If the argument in the unbound concept is a placeholder with optional cv and reference
qudlifiers, then the argument in the bound concept can be found by replacing the placehol der. Otherwise, the argument in the unbound
concept must be the same as the argument in the bound concept.
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/'l Correct.

tenpl ate<class T = _self>

struct fool {

static void apply(const T& t) { t.foo(); }

b

/1 Wong. The signature of apply is different fromthe
/'l primary tenplate

tenpl at e<>

struct fool<int> {

static void apply(int i);

s

/1 Wong. A concept nust be a tenplate
struct foo2 {
static void apply(const _self&);

b

/1 Wong. apply nust be static
tenpl ate<class T = _self>
struct foo3 {

voi d apply(const T&);

b

/1 Wong. apply cannot be overl oaded
tenplate<class T = _self>

struct foo3 {

static void apply(T&);

static void apply(const T&);

s

/1 Wong. Only top |level placeholders are detected
tenpl at e<cl ass T>

struct foo4;

tenpl at e<cl ass T>

struct food<boost::npl::vector<T> > {

static void apply(const T&);

b

/1 Wong. Tenplate tenplate paraneters are not all owed.
t enpl at e<t enpl at e<cl ass> cl ass T>
struct foob5

{
};

static void apply(T<int>&);
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Predefined Concepts

In the following tables, T and U are the types that the operation appliesto, Ris the result type. T always defaultsto _sel f to match
the default behavior of any. These concepts assume normal semantics. Thus, comparison operators alwaysreturn bool, and references
will be added to the arguments and results as appropriate.

Except as otherwise noted, primitive concepts defined by the library can be specialized to provide concept maps. copy_const r uct -
i bl e, and the iterator concepts cannot be specialized because they are composites. const ructi bl e, destructi bl e, typeid_,
and same_t ype cannot be specialized because they require special handling in the library.

Table 1. Special Members

concept notes
constructi bl e<Si g> -
copy_constructi bl e<T> -
destructi bl e<T> -
assi gnabl e<T, U= T> -

typei d_<T> -

Table 2. Unary Operators

oper ator concept notes
oper at or ++ i ncrement abl e<T> There is no separate post-increment
oper at or - - decr ement abl e<T> There is no separate post-decrement
oper at or * der ef erenceabl e<R, T> R should usually be areference
oper at or ~ conpl enent abl e<T, R = T> -
oper at or - negat abl e<T, R = T> -
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Table 3. Binary Operators

operator
oper at or +
oper at or -
operator*
operator/
oper at or %
operator&
oper at or |
operator”
oper at or <<

oper at or >>

operator==and! =
operat or <, >, <=, and >=
oper at or +=
operator-=
operator*=
operator/=
oper at or %
oper at or &=
operator| =
operat or =
oper at or <<=

oper at or >>=

oper at or <<

oper at or >>

concept
addable<T, U=T, R=T>

subtractable<T, U=T, R=T>

T

mul tipliable<T, U=T, R
dividable<T, U=T, R=T>
nodabl e<T, U=T, R=T>
bitandable<T, U=T, R= T>
bitorable<T, U=T, R=T>

bi t xorable<T, U=T, R=T>
left shiftable<T, U=T, R=T>

right_shiftable<T, U= T, R =
™

equal i ty_conparabl e<T, U= T>
| ess_t han_conpar abl e<T, U = T>
add_assi gnabl e<T, U = T>

T

subtract _assi gnabl e<T, U

nmul ti ply_assignable<T, U= T>
di vi de_assi gnabl e<T, U = T>
nod_assi gnabl e<T, U = T>

bi t and_assi gnabl e<T, U = T>
bi tor _assignabl e<T, U = T>

bi t xor _assi gnabl e<T, U = T>

| eft _shift_assignabl e<T, U= T>

right_shift_assignable<T, U =
™

ostreanmabl e<0s = std::ostream
T = self>

i streamabl e<ls = std::istream
T = _self>

notes

I = isimplemented in terms of ==

All are implemented in terms of <
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Table 4. Miscellaneous Operator s
oper ator concept

operator() cal | abl e<Si g,

operator[]

T

subscri pt abl e<R,

std::ptrdiff_t>

Tableb. Iterator Concepts

concept

iterator<Traversal, T, Reference, Difference>

forward iterator<T, Reference, Difference>

bi directional _iterator<T, Reference, Difference>

random access_i terator<T, Reference, Difference>

Table 6. Special Concepts

concept

same_t ype<T>

notes
Si g should be afunction type. T may be
const qualified.
T, N = Rshouldusually beareference. T can be
optionally const qualified.
notes

Usesane_t ype to control the iterator's value type.

notes

Indicates that two types are the same.
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Reference

Header <boost/type erasure/any.hpp>

nanmespace boost {
namespace type_erasure {
t enpl at e<t ypenane Sig> struct constructible
t enpl at e<t ypenanme T> struct destructible
t enpl at e<typenane T, typenane U> struct assignable
t enpl at e<t ypenane Concept, typenane T = _self> class any;
t enpl at e<t ypenane Concept, typenane T> class any<Concept, T &

t enpl at e<t ypenane Concept, typenane T> class any<Concept, const T &>
t enpl at e<t ypenane Concept, typenane T> class any<Concept, T &&

Struct template constructible

boost::type erasure::constructible
Synopsis

/'l I'n header: <boost/type_erasure/any. hpp>
t enpl at e<t ypenane Si g>

struct constructible {

b
Description

The constructible concept enables calling the constructor of atype contained by an any. Si g should be afunction signature. Thereturn
typeisthe placeholder specifying the type to be constructed. The arguments are the argument types of the constructor. The arguments
of Si g may be placeholders.

@ Note
constructible may not be specialized and may not be passed to call as it depends on the implementation details of
any.

Struct template destructible

boost::type_erasure::destructible
Synopsis

/'l I'n header: <boost/type_erasure/any. hpp>

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

}
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Description

The destructible concept enables forwarding to the destructor of the contained type. Thisis required whenever an any is created by
value.

E I Note
The destructible concept rarely needs to be specified explicitly, because it is included in the copy_constructible
concept.

destructible may not be specialized and may not be passed to call as it depends on the implementation details of
any.

Struct template assignable

boost::type erasure::assignable
Synopsis

/'l I'n header: <boost/type_erasure/any. hpp>

tenpl at e<typenane T, typenane U>
struct assignable {

/1 public static functions
static void apply(T & const U &);

b

Description
Enables assignment of any types.

assi gnabl e public static functions

static void apply(T & dst, const U & src);

Class template any

boost::type_erasure::any
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Synopsis

/'l I n header: <boost/type_erasure/any. hpp>

tenpl at e<t ypenane Concept, typenane T = _self>
class any {
publi c:

/'l construct/copy/ destruct

any();

t enpl at e<t ypename U> any(U &&);
tenpl at e<typenane U, typename Map> any(U && const static_binding< Map > &);
any(const any &);
t enpl at e<t ypenane Concept?2, typenanme Tag2>
any(const any< Concept2, Tag2 > &);
t enpl at e<t ypenane Concept?2, typenane Tag2, typenanme Map>
any(const any< Concept2, Tag2 > & const static_binding< Map > &);
t enpl at e<t ypenane Concept?2, typenanme Tag2>
any(const any< Concept2, Tag2 > & const bindi ng< Concept > &);
tenpl ate<class... U> explicit any(U && ..);
tenpl ate<class... U> explicit any(const binding< Concept > & U && ..);
any& operator=(const any &);
t enpl at e<t ypenane U> any& operator=(const U &);
~any();

Description

The class template any can store any object that models a specific Concept. It dispatches all the functions defined by the Concept to
the contained type at runtime.

SeeAlso:
concept_of, placeholder_of, any_cast, is empty, binding_of, typeid of
Template Parameters

L t ypenanme Concept

The Concept that the stored type should model.
typename T = _self

A pl acehol der specifying which typethisis.

any public construct/copy/destruct

any();

Constructs an empty any.

Except as otherwise noted, all operations on an empty any result inabad_f uncti on_cal | exception. The copy-constructor of
an empty any creates another null any. The destructor of an empty any is a no-op. Comparison operators treat all empty anys
asequal. t ypei d_of applied to an empty any returnst ypei d( voi d) .

An any which does not includer el axed in its Concept can never be null.

SeeAlso:
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is_enpty
Requires: relaxed must bein Concept .
Throws: Nothing.

t enpl at e<t ypenanme U> any(U && data);

Constructs an any to hold a copy of dat a. The Concept will beinstantiated with the placeholder T bound to U.

S Note
This constructor never matchesif the argument isan any, bi ndi ng, or st ati ¢_bi ndi ng.

Parameters: data Theobject to storeintheany.
Requires: Uisamode of Concept .

U must be CopyConstructible.

Concept must not refer to any non-deduced placeholder besides T.
Throws: std::bad_alloc or whatever that the copy constructor of U throws.

t enpl at e<typenanme U, typename Map>
any(U && data, const static_binding< Map > & binding);

Constructs an any to hold a copy of dat a with explicitly specified placeholder bindings.

S Note
This constructor never matchesif the argument isan any.

Parameters: bi ndi ng  Specifiesthe typesthat all the placeholders should bind to.
data The object to storeinthe any.
Requires: Uisamode of Concept .

U must be CopyConstructible.
Map isan MPL map with an entry for every non-deduced placeholder referred to by Concept .

T nust maptoUin Map.
Throws: std::bad_alloc or whatever that the copy constructor of U throws.

any(const any & other);

Copies an any.

Parameters: ot her  The object to make a copy of.
Requires: Concept must contain constructible<T(const T&)>. (Thisisincluded in copy_constructible<T>)
Throws: std::bad_alloc or whatever that the copy constructor of the contained type throws.

t enpl at e<t ypenane Concept2, typenane Tag2>
any(const any< Concept2, Tag2 > & other);

Upcasts from an any with stricter requirements to an any with weaker requirements.

Parameters: ot her  The object to make a copy of.
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Requires:

Throws:

Concept must contain constructible<T(const T&)>.
Concept must not refer to any non-deduced placeholder besides T.

After substituting T for Tag2, the requirements of Concept 2 must be asuperset of the requirementsof Concept .
std::bad_alloc or whatever that the copy constructor of the contained type throws.

t enpl at e<t ypenane Concept2, typenane Tag2, typenanme Map>
any(const any< Concept2, Tag2 > & ot her,
const static_binding< Map > & binding);

Constructs an any from another any.

Parameters:

Requires:

Throws:

bi ndi ng  Specifies the mapping between the placeholders used by the two concepts.
ot her The object to make a copy of.
Concept must contain constructible<T(const T&)>.

Map must be an MPL map with keys for all the non-deduced placeholders used by Concept and values for
the corresponding placeholdersin Concept 2.

After substituting placeholders according to Map, the requirements of Concept 2 must be a superset of the re-
quirements of Concept .
std::bad_alloc or whatever that the copy constructor of the contained type throws.

t enpl at e<t ypenane Concept 2, typenanme Tag2>
any(const any< Concept2, Tag2 > & other, const bindi ng< Concept > & binding);

Constructs an any from another any.

o Warning
This constructor is potentially dangerous, asit cannot check at compile time whether the arguments match.

Parameters:

Requires:

Postconditions:
Throws:

bi ndi ng  Specifies the bindings of placeholders to actual types.
ot her The object to make a copy of.
Concept must contain constructible<T(const T&)>.

Thetype stored in ot her must match the type expected by bi ndi ng.
binding_of(*this) == bi ndi ng
std::bad_alloc or whatever that the copy constructor of the contained type throws.

tenpl ate<class... U> explicit any(U && .. arg);

Calls a constructor of the contained type. The bindings will be deduced from the arguments.

Note

@ This constructor is never chosen if any other constructor can be called instead.

Parameters:
Requires:

arg Theargumentsto be passed to the underlying constructor.
Concept must contain an instance of constructible which can be called with these arguments.

At least one of the arguments must by an any with the same Concept asthis.

The bindings of all the arguments that are any's, must be the same.
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Throws: std::bad_alloc or whatever that the constructor of the contained type throws.

tenpl ate<class... U
explicit any(const binding< Concept > & binding, U && .. arg);

Calls a constructor of the contained type.

Parameters: arg The arguments to be passed to the underlying constructor.
bi ndi ng  Specifies the bindings of placeholders to actual types.
Requires: Concept must contain a matching instance of constructible.

The contained type of every argument that is an any, must be the same as that specified by bi ndi ng.
Postconditions: binding_of(*this) == bi ndi ng
Throws: std::bad_alloc or whatever that the constructor of the contained type throws.

10 any& operator=(const any & other);

Assignsto an any.
If an appropriate overload of assi gnabl e isnot available and r el axed isin Concept , falls back on constructing from ot her .

Throws: Whatever the assignment operator of the contained type throws. When falling back on construction, throws
st d: : bad_al | oc or whatever the copy constructor of the contained type throws. In this case assignment provides
the strong exception guarantee. When calling the assignment operator of the contained type, the exception guarantee
is whatever the contained type provides.

t enpl at e<t ypenane U> any& operator=(const U & other);

Assignsto an any.
If an appropriate overload of assi gnabl e isnot availableand r el axed isin Concept , falls back on constructing from ot her .

Throws: Whatever the assignment operator of the contained type throws. When falling back on construction, throws
st d: : bad_al | oc or whatever the copy constructor of the contained type throws. In this case assignment provides
the strong exception guarantee. When calling an assignment operator of the contained type, the exception guarantee
is whatever the contained type provides.

~any();

Requires: Concept includes destructible<T>.
Specializations
 Classtemplate any<Concept, T &>
* Class template any<Concept, const T &>

» Classtemplate any<Concept, T & &>

Class template any<Concept, T &>

boost::type_erasure::any<Concept, T &>
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Synopsis

/'l I n header: <boost/type_erasure/any. hpp>

t enpl at e<t ypename Concept, typenane T>
cl ass any<Concept, T &> {
publi c:
/'l construct/copy/ destruct
tenpl at e<typenane U> any(U &) ;
tenpl at e<typenane U, typename Map> any(U & const static_binding< Map > &);
any(const any &);
any(any< Concept, T > & ;
t enpl at e<t ypenane Concept?2, typenanme Tag2>
any(const any< Concept2, Tag2 & > &);
tenpl at e<t ypenane Concept?2, typename Tag2> any(any< Concept2, Tag2 > &);
t enpl at e<t ypenane Concept?2, typenane Tag2, typenanme Map>
any(const any< Concept2, Tag2 & > & const static_binding< Map > &);
t enpl at e<t ypenane Concept?2, typenane Tag2, typenanme Map>
any(any< Concept2, Tag2 > & const static_binding< Map > &);
t enpl at e<t ypenane Concept?2, typenanme Tag2>
any(const any< Concept2, Tag2 & > & const bindi ng<s Concept > &);
t enpl at e<t ypenane Concept?2, typenanme Tag2>
any(any< Concept2, Tag2 > & const bindi ng< Concept > &);
any& operator=(const any &);
t enpl at e<t ypenane U> any& operator=(U &);
t enpl at e<t ypenane U> any& operator=(const U &);

Description

any public construct/copy/destruct
tenpl at e<typenane U> any(U & arg);

Constructs an any from areference.

Parameters: arg The object to bind the reference to.
Requires: Uisamodel of Concept .

Concept must not refer to any non-deduced placeholder besides T.
Throws: Nothing.

t enpl at e<t ypenane U, typenane Map>
any(U & arg, const static_binding< Map > & bindi ng);

Constructs an any from areference.

Parameters: arg The object to bind the reference to.
bi ndi ng  Specifiesthe actual typesthat all the placeholders should bind to.
Requires: Uisamodel of Concept .

Map isan MPL map with an entry for every non-deduced placeholder referred to by Concept .
Throws: Nothing.

any(const any & other);

Constructs an any from another reference.
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Parameters: ot her  Thereference to copy.
Throws: Nothing.

any(any< Concept, T > & other);

Constructs an any from another any.

Parameters: ot her  Theobject to bind the reference to.
Throws: Nothing.

t enpl at e<t ypenane Concept?2, typenanme Tag2>
any(const any< Concept2, Tag2 & > & other);

Constructs an any from another reference.

Parameters: other  Thereference to copy.
Requires: Concept must not refer to any non-deduced placeholder besides T.

After substituting T for Tag2, the requirements of Concept 2 must be asuperset of the requirements of Concept .
Throws: std::bad_alloc

t enpl at e<t ypenane Concept?2, typenane Tag2> any(any< Concept2, Tag2 > & other);

Constructs an any from another any.

Parameters: ot her  Theobject to bind the reference to.
Requires: Concept must not refer to any non-deduced placeholder besides T.

After substituting T for Tag2, the requirements of Concept 2 must be asuperset of the requirementsof Concept .
Throws: std::bad_alloc

t enpl at e<t ypenane Concept?2, typenane Tag2, typenanme Map>
any(const any< Concept2, Tag2 & > & other,
const static_binding< Map > & binding);

Constructs an any from another reference.

Parameters: bi ndi ng  Specifies the mapping between the two concepts.
ot her The reference to copy.
Requires: Map must be an MPL map with keys for all the non-deduced placeholders used by Concept and values for

the corresponding placeholdersin Concept 2.

After substituting placeholders according to Map, the requirements of Concept 2 must be a superset of the re-
quirements of Concept .
Throws: std::bad_alloc

t enpl at e<t ypenane Concept?2, typenane Tag2, typenanme Map>
any(any< Concept2, Tag2 > & other, const static_binding< Map > & binding);

Constructs an any from another any.

Parameters: bi ndi ng  Specifies the mapping between the two concepts.
ot her The object to bind the reference to.
Requires: Map must be an MPL map with keys for all the non-deduced placeholders used by Concept and values for

the corresponding placeholdersin Concept 2.
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After substituting placeholders according to Map, the requirements of Concept 2 must be a superset of the re-
quirements of Concept .
Throws: std::bad_alloc

t enpl at e<t ypenane Concept 2, typenanme Tag2>
any(const any< Concept2, Tag2 & > & other,
const bi ndi ng< Concept > & binding);

Constructs an any from another reference.

Parameters: bi ndi ng  Specifies the bindings of placeholders to actual types.
ot her The reference to copy.
Requires: Thetype stored in ot her must match the type expected by bi ndi ng.
Postconditions: binding_of(*this) == bi ndi ng
Throws: Nothing.

t enpl at e<t ypenane Concept?2, typenanme Tag2>
any(any< Concept2, Tag2 > & other, const bindi ng< Concept > & binding);

Constructs an any from another any.

Parameters: bi ndi ng  Specifies the bindings of placeholders to actual types.
ot her The object to bind the reference to.
Requires: The type stored in ot her must match the type expected by bi ndi ng.
Postconditions: binding_of(*this) == bi ndi ng
Throws: Nothing.

any& operator=(const any & other);

Assignsto an any.
If an appropriate overload of assi gnabl e ishot available and r el axed isin Concept , falls back on constructing from ot her .

Throws: Whatever the assignment operator of the contained type throws. When falling back on construction, throws
std: : bad_al | oc. In this case assignment provides the strong exception guarantee. When calling the assignment
operator of the contained type, the exception guarantee is whatever the contained type provides.

2 t enpl at e<t ypenane U> any& operator=(U & ot her);

Assignsto an any.
If an appropriate overload of assi gnabl e ishot available and r el axed isin Concept , falls back on constructing from ot her .

Throws: Whatever the assignment operator of the contained type throws. When falling back on construction, throws
st d: : bad_al | oc. In this case assignment provides the strong exception guarantee. When calling the assignment
operator of the contained type, the exception guarantee is whatever the contained type provides.

t enpl at e<t ypenane U> any& operator=(const U & other);

Assignsto an any.
If an appropriate overload of assi gnabl e ishot available and r el axed isin Concept , falls back on constructing from ot her .

Throws: Whatever the assignment operator of the contained type throws. When falling back on construction, throws
st d: : bad_al | oc. In this case assignment provides the strong exception guarantee. When calling the assignment
operator of the contained type, the exception guarantee is whatever the contained type provides.
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Boost. TypeErasure

Class template any<Concept, const T &>

boost::type erasure::any<Concept, const T &>
Synopsis

/'l In header: <boost/type_erasure/any. hpp>

t enpl at e<t ypenanme Concept, typenane T>
cl ass any<Concept, const T & {
public:
/1 construct/copy/ destruct
tenpl at e<typenane U> any(const U &);
t enpl at e<t ypenane U, typenanme Map>
any(const U & const static_binding< Map > &) ;
any(const any &);
any(const any< Concept, T & > &);
any(const any< Concept, T > &);
any(const any< Concept, T && > &);
t enpl at e<t ypenane Concept2, typenane Tag2>
any(const any< Concept2, Tag2 > &);
t enpl at e<t ypenane Concept2, typenane Tag2, typenanme Map>
any(const any< Concept2, Tag2 > & const static_binding< Map > &);
t enpl at e<t ypenane Concept2, typenane Tag2>
any(const any< Concept2, Tag2 > & const bindi ng< Concept > &);
any& operator=(const any &);
tenpl at e<t ypenane U> any& operator=(const U &);

Description

any public construct/copy/destruct
t enpl at e<t ypenane U> any(const U & arg);

Constructs an any from areference.

Parameters: arg Theobject to bind the reference to.
Requires: Uisamodel of Concept .

Concept must not refer to any non-deduced placeholder besides T.
Throws: Nothing.

tenpl at e<t ypenane U, typenane Map>
any(const U & arg, const static_binding<s Map > & binding);

Constructs an any from areference.

Parameters: arg The object to bind the reference to.
bi ndi ng  Specifiesthe actual typesthat all the placeholders should bind to.
Requires: Uisamodel of Concept .

Map isan MPL map with an entry for every non-deduced placeholder referred to by Concept .
Throws: Nothing.

3. any(const any & other);
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Constructs an any from another any.

Parameters: other  Thereference to copy.
Throws: Nothing.

any(const any< Concept, T & > & other);

Constructs an any from another any.

Parameters: ot her  Thereference to copy.
Throws: Nothing.

any(const any< Concept, T > & other);

Constructs an any from another any.

Parameters: ot her  Theobject to bind the reference to.
Throws: Nothing.

any(const any< Concept, T &% > & other);

Constructs an any from another any.

Parameters: ot her  Theobject to bind the reference to.
Throws: Nothing.

t enpl at e<t ypenane Concept2, typenanme Tag2>
any(const any< Concept2, Tag2 > & other);

Constructs an any from another any.

Parameters: ot her  Theobject to bind the reference to.
Requires: Concept must not refer to any non-deduced placeholder besides T.

After substituting T for Tag2, the requirements of Concept 2 must be asuperset of the requirements of Concept .
Throws: std::bad_alloc

t enpl at e<t ypenane Concept?2, typenane Tag2, typenanme Map>
any(const any< Concept2, Tag2 > & other,
const static_binding< Map > & binding);

Constructs an any from another any.

Parameters: bi ndi ng  Specifies the mapping between the two concepts.
ot her The object to bind the reference to.
Requires: Map must be an MPL map with keys for all the non-deduced placeholders used by Concept and values for

the corresponding placeholdersin Concept 2.

After substituting placeholders according to Map, the requirements of Concept 2 must be a superset of the re-
quirements of Concept .
Throws: std::bad_alloc

t enpl at e<t ypenane Concept?2, typenanme Tag2>
any(const any< Concept2, Tag2 > & other, const bindi ng< Concept > & binding);

Constructs an any from another any.
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Boost. TypeErasure

Parameters: bi ndi ng  Specifies the bindings of placeholders to actual types.
ot her The object to bind the reference to.
Requires: The type stored in ot her must match the type expected by bi ndi ng.
Postconditions: binding_of(*this) == bi ndi ng
Throws: Nothing.
10

any& operator=(const any & other);

Assignsto an any.

Requires: relaxed isin Concept .
Throws: Nothing.

n t enpl at e<t ypenane U> any& operator=(const U & other);

Assignsto an any.

Requires: relaxed isin Concept .
Throws: std::bad_alloc. Provides the strong exception guarantee.

Class template any<Concept, T &&>

boost::type erasure::any<Concept, T & &>
Synopsis

/1 In header: <boost/type_erasure/any. hpp>

t enpl at e<t ypename Concept, typenane T>
cl ass any<Concept, T && {
public:
/'l construct/copy/ destruct
t enpl at e<t ypenane U> any(U &&);
tenpl at e<typenane U, typenanme Map> any(U && const static_binding< Map > &);
any(any< Concept, T > &&);
t enpl at e<t ypenane Concept 2, typenane Tag2> any(any< Concept2, Tag2 && > &&);
t enpl at e<t ypenane Concept 2, typenane Tag2> any(any< Concept2, Tag2 > &&);
t enpl at e<t ypenane Concept 2, typenane Tag2, typenanme Map>
any(const any< Concept2, Tag2 && > & const static_binding< Map > &);
t enpl at e<t ypenane Concept?2, typenane Tag2, typenanme Map>
any(any< Concept2, Tag2 > && const static_binding< Map > &);
t enpl at e<t ypenane Concept 2, typenanme Tag2>
any(const any< Concept2, Tag2 && > & const bindi ng< Concept > &);
t enpl at e<t ypenane Concept 2, typenanme Tag2>
any(any< Concept2, Tag2 > && const bindi ng< Concept > &);
any& operator=(const any &);
t enpl at e<t ypenane U> any& operator=(U &);
t enpl at e<t ypenane U> any& operator=(const U &);

Description

any public construct/copy/destruct

L t enpl at e<t ypenane U> any(U && arg);

Constructs an any from areference.
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Parameters: arg Theobject to bind the reference to.
Requires: Uisamodd of Concept .

Concept must not refer to any non-deduced placeholder besides T.
Throws: Nothing.

tenpl at e<t ypenane U, typenanme Map>
any(U && arg, const static_binding< Map > & binding);

Constructs an any from areference.

Parameters: arg The object to bind the reference to.
bi ndi ng  Specifiesthe actual typesthat all the placeholders should bind to.
Requires: Uisamodd of Concept .

Map isan MPL map with an entry for every non-deduced placeholder referred to by Concept .
Throws: Nothing.

any(any< Concept, T > && other);

Constructs an any from ancther rvalue reference.
Parameters: ot her  Thereference to copy.

The object to bind the reference to.
Throws: Nothing. Constructs an any from another any.

Nothing.

t enpl at e<t ypenane Concept?2, typenanme Tag2>
any(any< Concept?2, Tag2 && > && other);

Constructs an any from ancther rvalue reference.

Parameters: other  Thereference to copy.
Requires: Concept must not refer to any non-deduced placeholder besides T.

After substituting T for Tag2, therequirements of Concept 2 must be asuperset of the requirementsof Concept .
Throws: std::bad_alloc

tenpl at e<t ypenane Concept?2, typenane Tag2> any(any< Concept2, Tag2 > && other);

Constructs an any from another any.

Parameters: ot her  Theobject to bind the reference to.
Requires: Concept must not refer to any non-deduced placeholder besides T.

After substituting T for Tag2, the requirements of Concept 2 must be asuperset of the requirements of Concept .
Throws: std::bad_alloc

t enpl at e<t ypenane Concept?2, typenane Tag2, typenanme Map>
any(const any< Concept2, Tag2 && > & other,
const static_binding< Map > & binding);

Constructs an any from another reference.

Parameters: bi ndi ng  Specifies the mapping between the two concepts.
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ot her The reference to copy.
Requires: Map must be an MPL map with keys for all the non-deduced placeholders used by Concept and values for
the corresponding placeholdersin Concept 2.

After substituting placeholders according to Map, the requirements of Concept 2 must be a superset of the re-

quirements of Concept .
Throws: std::bad_alloc

t enpl at e<t ypenane Concept 2, typenane Tag2, typenanme Map>
any(any< Concept2, Tag2 > && other, const static_binding< Map > & binding);

Constructs an any from another any.

Parameters: bi ndi ng  Specifies the mapping between the two concepts.
ot her The object to bind the reference to.
Requires: Map must be an MPL map with keys for all the non-deduced placeholders used by Concept and values for

the corresponding placeholdersin Concept 2.

After substituting placeholders according to Map, the requirements of Concept 2 must be a superset of the re-
quirements of Concept .
Throws: std::bad_alloc

t enpl at e<t ypenane Concept2, typenane Tag2>
any(const any< Concept2, Tag2 && > & other,
const bi ndi ng< Concept > & binding);

Constructs an any from another rvalue reference.

Parameters: bi ndi ng  Specifies the bindings of placeholders to actual types.
ot her The reference to copy.
Requires: Thetype stored in ot her must match the type expected by bi ndi ng.
Postconditions: binding_of(*this) == bi ndi ng
Throws: Nothing.

t enpl at e<t ypenane Concept 2, typename Tag2>
any(any< Concept2, Tag2 > && other, const bindi ng< Concept > & binding);

Constructs an any from another any.

Parameters: bi ndi ng  Specifies the bindings of placeholders to actual types.
ot her The object to bind the reference to.
Requires: The type stored in ot her must match the type expected by bi ndi ng.
Postconditions: binding_of(*this) == bi ndi ng
Throws: Nothing.
10

any& operator=(const any & other);

Assignsto an any.
If an appropriate overload of assi gnabl e isnhot available and r el axed isin Concept , falls back on constructing from ot her .

Throws: Whatever the assignment operator of the contained type throws. When falling back on construction, throws
st d: : bad_al | oc. In this case assignment provides the strong exception guarantee. When calling the assignment
operator of the contained type, the exception guarantee is whatever the contained type provides.

n t enpl at e<t ypenane U> any& operator=(U & other);

47

render

httpo://www.renderx.com/


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

render

Boost. TypeErasure

Assignsto an any.
If an appropriate overload of assi gnabl e ishot available and r el axed isin Concept , falls back on constructing from ot her .

Throws: Whatever the assignment operator of the contained type throws. When falling back on construction, throws
st d: : bad_al | oc. In this case assignment provides the strong exception guarantee. When calling the assignment
operator of the contained type, the exception guarantee is whatever the contained type provides.

t enpl at e<t ypenane U> any& operator=(const U & other);

Assignsto an any.
If an appropriate overload of assi gnabl e ishot available and r el axed isin Concept , falls back on constructing from ot her .

Throws: Whatever the assignment operator of the contained type throws. When falling back on construction, throws
st d: : bad_al | oc. In this case assignment provides the strong exception guarantee. When calling the assignment
operator of the contained type, the exception guarantee is whatever the contained type provides.

Header <boost/type_erasure/any_cast.hpp>

nanespace boost {
namespace type_erasure {

tenpl at e<typenane T, typenanme Concept, typenanme Tag>
T any_cast (any< Concept, Tag > &);

tenpl at e<typenane T, typenanme Concept, typenanme Tag>
T any_cast (const any< Concept, Tag > &);

tenpl at e<typenane T, typenanme Concept, typenanme Tag>
T any_cast (any< Concept, Tag > *);

tenpl at e<typenane T, typenanme Concept, typenanme Tag>
T any_cast (const any< Concept, Tag > *);

Function any_cast

boost::type erasure::any cast
Synopsis
/'l I'n header: <boost/type_erasure/any_cast. hpp>

t enpl at e<typenane T, typenane Concept, typenane Tag>
T any_cast (any< Concept, Tag > & arg);

t enpl at e<typenane T, typenane Concept, typenane Tag>
T any_cast (const any< Concept, Tag > & arg);

t enpl at e<typenane T, typenane Concept, typenane Tag>
T any_cast (any< Concept, Tag > * arg);

t enpl at e<typenane T, typenane Concept, typenane Tag>
T any_cast (const any< Concept, Tag > * arg);

Description

Attempts to extract the object that ar g holds. If casting to apointer fails, any_cast returnsanull pointer. Casting to voi d* always
succeeds and returns the address of stored object.

Requires: if ar g isapointer, T must be a pointer type.
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Concept must contain typeid <Tag>.
Throws: bad any cast if ar g doesn't contain an object of type T and we're casting to a value or reference.

Header <boost/type_erasure/binding.hpp>

namespace boost {
nanespace type_erasure {
t enpl at e<t ypename Concept > cl ass bi ndi ng

}
}

Class template binding

boost::type_erasure::binding
Synopsis

/1 I n header: <boost/type_erasure/bindi ng. hpp>

t enpl at e<t ypenanme Concept >
class binding {

publi c:
/'l construct/copy/ destruct
bi ndi ng() ;

t enpl at e<t ypenane Map> explicit binding(const Map &);
t enpl at e<t ypenane Map> bi ndi ng(const static_binding< Map > &);
t enpl at e<t ypenane Concept?2, typenane Map>
bi ndi ng(const bi ndi ng< Concept2 > & const Map &);
t enpl at e<t ypenane Concept?2, typenane Map>
bi ndi ng(const bi ndi ng< Concept2 > & const static_binding< Map > &) ;

/1 friend functions

friend bool operator==(const binding & const binding &);
friend bool operator!=(const binding & const binding &);

Description
Stores the binding of aConcept to aset of actual types. Concept isinterpreted in the same way as with any.

bi ndi ng public construct/copy/destruct

bi ndi ng() ;
Requires: relaxed must bein Concept .
Throws: Nothing.

t enpl at e<t ypenane Map> explicit binding(const Map &);

Requires: Map must be an MPL map with an entry for each placeholder referred to by Concept .
Throws: Nothing.

3. t enpl at e<t ypenane Map> bi ndi ng(const static_bi nding< Map > &);
Requires: Map must be an MPL map with an entry for each placeholder referred to by Concept .
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Throws: Nothing.

t enpl at e<t ypenane Concept?2, typenane Map>
bi ndi ng(const bi ndi ng< Concept2 > & other, const Map &)

Converts from another set of bindings.

Requires: Map must be an MPL map with an entry for each placeholder referred to by Concept . The mapped type should
be the corresponding placeholder in Concept2.
Throws: std::bad_alloc

t enpl at e<t ypenane Concept?2, typenane Map>
bi ndi ng(const bi ndi ng< Concept2 > & other, const static_binding< Map > &);

Converts from another set of bindings.

Requires: Map must be an MPL map with an entry for each placeholder referred to by Concept . The mapped type should
be the corresponding placeholder in Concept2.
Throws: std::bad_alloc
bi ndi ng friend functions
L friend bool operator==(const binding & | hs, const binding & rhs);
Returns: true iff the sets of types that the placeholders bind to are the same for both arguments.
Throws: Nothing.
2.

friend bool operator!=(const binding & | hs, const binding & rhs);

Returns: trueiff the arguments do not map to identical sets of types.
Throws: Nothing.

Header <boost/type erasure/binding_of.hpp>

nanespace boost {
namespace type_erasure {
t enpl at e<t ypenane Concept, typenane T>
const bi ndi ng< Concept > & bindi ng_of (const any< Concept, T > &);

Function template binding_of

boost::type erasure::binding_of
Synopsis
/'l In header: <boost/type_erasure/bindi ng_of. hpp>

t enpl at e<t ypenane Concept, typenane T>
const bi ndi ng< Concept > & binding_of (const any< Concept, T > & arg);
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Description

Returns: The type bindings of an any.
Throws: Nothing.

Header <boost/type erasure/builtin.hpp>

namespace boost {
nanmespace type_erasure {
tenpl at e<typenanme T = _self> struct copy_constructible;
tenpl ate<typename T = _self> struct typeid_;

}
}

Struct template copy_constructible

boost::type erasure::copy_constructible
Synopsis

/1 I'n header: <boost/type_erasure/builtin.hpp>

tenpl ate<typenane T = _sel f>

struct copy_constructible : public boost::npl::vector< constructible< T(const T & >, destruct
ible< T > >

{

b

Description

The copy_constructible concept alows objects to be copied and destroyed.

@ Note
This concept is defined to match C++ 2003, [lib.copyconstructible]. It is not equivalent to the concept of the same
namein C++11.

Struct template typeid_

boost::type erasure::typeid_
Synopsis

/'l I n header: <boost/type_erasure/builtin.hpp>

tenpl ate<typenane T = _sel f>
struct typeid_ {

s

Description

Enables runtime type information. Thisis required if you want to use any_cast or typeid_of.
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S Note
typeid _ cannot be specialized because several library components including any _cast would not work correctly if
its behavior changed. There is no need to specialize it anyway, since it works for all types. typeid _also cannot be
passed to call. To accessit, use typeid of.

Header <boost/type_erasure/call.hpp>

namespace boost {
nanespace type_erasure {
t enpl at e<t ypenane Concept, typenane Op, class... U>
unspeci fied call (const binding< Concept > & const Op & U && ..);
tenpl at e<typenane Op, class... U> unspecified call(const Op & U && ..);

}
}

Function call

boost::type_erasure::call
Synopsis
/1 I'n header: <boost/type_erasure/call.hpp>

t enpl at e<t ypenane Concept, typenane Op, class... U>
unspeci fied call (const bindi ng< Concept > & b| ndi ng, const Op &,
U && .. args);
tenpl at e<typenane Op, class... U> unspecified call(const Op & U && .. args);

Description
Dispatches a type erased function.

Op must be a primitive concept which is present in Concept . Its signature determines how the arguments of cal | are handled. If
theargument isapl acehol der, cal | expectsan any using that pl acehol der . Thisany isunwrapped by cal | . Thetypethat it
stores must be the same type specified by bi ndi ng. Any argumentsthat are not placeholdersin the signature of Op are passed through
unchanged.

If bi ndi ng is not specified, it will be deduced from the arguments. Naturally this requires at least one argument to be an any. In
this case, all any arguments must have the same bi ndi ng.

Example:

t ypedef npl::vector<
copy_constructi bl e<_b>,
addabl e<_a, int, _b> > concept;
any<concept, _a> a = ...;
any<concept, _b> b(call (addabl e<_a, int, _b>(), a, 10));

The signature of addabl e is_b(const _a& const int&)

Returns: The result of the operation. If the result type of the signature of Op is a placeholder, the result will be converted to the
appropriate any type.
Throws: bad function_call if relaxed isin Concept and there is atype mismatch.
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Header <boost/type erasure/callable.hpp>

nanespace boost {
nanmespace type_erasure {
tenpl at e<typenane Sig, typenane F = _self> struct call able;
}
}

Struct template callable

boost::type erasure::callable
Synopsis

/'l In header: <boost/type_erasure/call able. hpp>

t enpl at e<typenane Sig, typenane F = _sel f>
struct callable {

/'l public static functions
static Rapply(F & T...);
b

Description

The callable concept allows an any to hold function objects. Si g is interpreted in the same way as for Boost.Function, except that
the arguments and return type are allowed to be placeholders. F must be a placehol der.

Multiple instances of callable can be used simultaneously. Overload resolution works normally. Note that unlike Boost.Function,
callable does not provide result_type. It does, however, support boost : : resul t _of .

cal | abl e public static functions

L static Rapply(F &f, T... arg);

Ristheresult type of Si g and T isthe argument types of Si g.

Header <boost/type erasure/check _match.hpp>

nanmespace boost {
namespace type_erasure {
t enpl at e<t ypenane Concept, typenanme Op, class... U
bool check_match(const bindi ng< Concept > & const Op & U && ..);
t enpl at e<t ypenanme Op, class... U> bool check_match(const Op & U && ..);
}
}

Function check_match

boost::type erasure::check_match
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Synopsis
/'l 1n header: <boost/type_erasure/check_match. hpp>

t enpl at e<t ypenane Concept, typenane Op, class... U>
bool check_mat ch(const bindi ng< Concept > & binding, const Op & f,
U &&. .. args);
tenpl at e<typenanme Op, class... U> bool check_match(const Op & f, U && .. args)

Description

Ifr el axed isinConcept , checkswhether theargumentstof match thetypesspecified by bi ndi ng. Ifr el axed isnotinConcept ,
returns true. If bi ndi ng is not specified, it will be deduced from the arguments.

Header <boost/type_erasure/concept_interface.npp>

nanespace boost {
namespace type_erasure {
t enpl at e<t ypenane Concept, typenane Base, typenane |D,
typenane Enable = voi d>
struct concept _interface

Struct template concept_interface

boost::type erasure::concept_interface
Synopsis

/1 I'n header: <boost/type_erasure/concept_interface. hpp>

t enpl at e<t ypenane Concept, typenane Base, typenane |ID, typenane Enable = void>
struct concept_interface : public Base {

b

Description

The concept_interface class can be speciaized to add behavior to an any. An any inherits from all the relevant specializations of
concept_interface.

concept_interface can be specialized for either primitive or composite concepts. If a concept C1 contains another concept C2, then
the library guarantees that the specialization of concept_interface for C2 is a base class of the specialization for C1. This means that
C1 can safely override members of C2.

concept_interface may only be specialized for user-defined concepts. Thelibrary owns the specializations of its own built in concepts.

The metafunctions derived, rebind_any, and as_param (which can be applied to Base) are useful for determining the argument and
return types of functions defined in concept_interface.

For dispatching the function use call.
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Template Parameters
typename Concept
The concept that we're specializing concept _i nt er f ace for. One of its placeholders should be | D.
t ypenanme Base

The base of this class. Specializations of concept _i nt er f ace must inherit publicly from this type.

3. typenanme |1 D

The placeholder representing this type.
t ypename Enable = void
A dummy parameter that can be used for SFINAE.

Header <boost/type erasure/concept_of.hpp>

nanespace boost {
nanmespace type_erasure {
t enpl at e<t ypenane Concept, typenane T> cl ass param

tenpl at e<typenane T> struct concept_of;

}
}

Class template param

boost::type erasure::param — A wrapper to help with overload resolution for functions operating on an any.
Synopsis

/'l In header: <boost/type_erasure/ concept_of. hpp>

t enpl at e<t ypenane Concept, typenane T>
cl ass param {
public:
/'l construct/copy/destruct
t enpl at e<t ypenane U> paranm any< Concept, U > &);
tenpl at e<t ypenane U> paran{const any< Concept, U > &);
t enpl at e<t ypenane U> paran{any< Concept, U > &8&);

/1 public nmenber functions
any< Concept, T > get() const;

Description
The template arguments are interpreted in the same way as any.

A parameter of type param can be initialized with an any that has the same Concept and base placeholder when there exists a cor-
responding standard conversion for the placeholder. A conversion sequence from any<C, P> to param<C, P1> is a better conversion
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seguence than any<C, P> to param<C, P2> iff the corresponding placeholder standard conversion sequence from P to P1 is a better
conversion sequence than P to P2.

g Note
Overloading based on cv-qualifiers and rvalue-nessis only supported in C++11. In C++03, all conversion sequences
from any to param have the same rank.

Example:

void f(param<C, _a&>);

void f(paran<C, const _aé&>);
voi d g(param<C, const _a&>);
voi d g(param<C, _a&&>);

any<C, _a> a;
f(any<C, _a>()); /I calls void f(parankC, const _a&);

f(a); /1 calls void f(parankC, _a&>); (anbiguous in C++03)
g(any<C, _a>()); // calls void g(parankC, _a&&>); (anbiguous in C++03)
g(a); /1 calls void g(parankC, const _a&>);

par ampublic construct/copy/destruct

t enpl at e<t ypename U> param any< Concept, U > & a);

2. t enpl at e<t ypenane U> paramconst any< Concept, U > & a);

tenpl at e<t ypenane U> param any< Concept, U > && a);

par ampublic member functions
any< Concept, T > get() const;

Returns the stored any.

Struct template concept_of

boost::type_erasure::concept_of
Synopsis

/1 I'n header: <boost/type_erasure/concept_of. hpp>

t enpl at e<t ypenane T>

struct concept_of {

/'l types

t ypedef unspecified type;
b
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Description

A metafunction returning the concept corresponding to an any. It will also work for all bases of any, so it can be applied to the Base
parameter of concept_interface.

Header <boost/type_erasure/config.hpp>

BOOST_TYPE_ERASURE_MAX_FUNCTI ONS
BOOST_TYPE_ERASURE_MAX_ARI TY
BOOST_TYPE_ERASURE_MAX_TUPLE_SI ZE

Macro BOOST_TYPE_ERASURE_MAX_FUNCTIONS

BOOST_TYPE_ERASURE_MAX_FUNCTIONS
Synopsis

/1 I'n header: <boost/type_erasure/config. hpp>

BOOST_TYPE_ERASURE_MAX_FUNCTI ONS

Description

The maximum number of functions that an any can have.

Macro BOOST _TYPE_ERASURE_MAX_ARITY
BOOST _TYPE_ERASURE_MAX_ARITY

Synopsis

/'l I n header: <boost/type_erasure/config. hpp>

BOOST_TYPE_ERASURE_MAX_ARI TY

Description

The maximum number of arguments that functionsin the library support.

Macro BOOST_TYPE_ERASURE_MAX_TUPLE_SIZE

BOOST TYPE_ERASURE_MAX_TUPLE SIZE
Synopsis

/1 I'n header: <boost/type_erasure/config. hpp>

BOOST_TYPE_ERASURE_MAX_TUPLE_SI ZE
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Description

The maximum number of elementsin atuple.

Header <boost/type_erasure/constructible.npp>

Header <boost/type erasure/deduced.hpp>

namespace boost {
nanespace type_erasure {
t enpl at e<t ypenane Met af uncti on> struct deduced

}
}

Struct template deduced

boost::type erasure::deduced
Synopsis

/'l In header: <boost/type_erasure/ deduced. hpp>

t enpl at e<t ypenane Met af uncti on>

struct deduced : public boost::type_erasure:: placehol der {
/'l types

t ypedef unspecified type;

H

Description

A placeholder for an associated type. The type corresponding to this placehol der is deduced by substituting placeholdersin the argu-
ments of the metafunction and then evaluating it.

When using deduced in a template context, if it is possible for Metafunction to contain no placeholders at al, use the nested type,
to automatically evaluate it early as needed.

Header <boost/type_erasure/derived.hpp>

namespace boost {
nanespace type_erasure {
t enpl at e<t ypenane T> struct derived
}
}

Struct template derived

boost::type erasure::derived
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Synopsis

/'l I n header: <boost/type_erasure/derived. hpp>
t enpl at e<t ypenane T>
struct derived {

/'l types

t ypedef unspecified type;
b

Description

A metafunction which returns the full any type, when given any of its base classes. Thisis primarily intended to be used when im-
plementing concept_interface.

See Also:

rebind_any, as param
Header <boost/type_erasure/exception.hpp>

namespace boost {
nanmespace type_erasure {
class bad function_call;
cl ass bad_any_cast;

}
}

Class bad_function_call

boost::type erasure::bad function_call
Synopsis
/'l 1In header: <boost/type_erasure/exception. hpp>

class bad_function_call : public invalid_argument {
publi c:

/'l construct/copy/ destruct

bad_function_call ();

b

Description

Exception thrown when the arguments to a primitive concept are incorrect.
SeeAlso:

call, require_match

bad_f unction_cal | public construct/copy/destruct

L bad_function_call ();
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Class bad_any cast
boost::type erasure::bad any cast
Synopsis

/'l In header: <boost/type_erasurel/ exception. hpp>

class bad_any cast : public bad_cast {

I

Description

Exception thrown when an any_cast to areference or vauefails.

Header <boost/type_erasure/free.hpp>

BOOST_TYPE_ERASURE_FREE(qual i fi ed_nane, function_nane, N)

Macro BOOST_TYPE_ERASURE_FREE

BOOST_TYPE_ERASURE_FREE — Defines a primitive concept for a free function.
Synopsis

/1 I'n header: <boost/type_erasure/free. hpp>

BOOST_TYPE_ERASURE_FREE( qual i fi ed_nane, function_name, N)

Description

The declaration of the concept is

t enpl at e<cl ass Si g>
struct ::namespacel::namespace2::...::concept_nane;

where Sig is afunction type giving the signature of the function.
This macro can only be used in the global namespace.

Example:
BOOST_TYPE_ERASURE_FREE( (boost) (has_to_string), to_string, 1)

Parameters: N is the number of arguments of the function.
functi on_nane is the name of the function.
qual i fi ed_nane should be a preprocessor sequence
(namespacel)(namespace?)...(concept_name).

of

the

form
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Header <boost/type_erasure/is_empty.hpp>

nanespace boost {
nanmespace type_erasure {
tenpl at e<typenane T> bool is_enpty(const T &)

}
}

Function template is_empty

boost::type erasure::is empty
Synopsis
/'l In header: <boost/type_erasure/is_enpty. hpp>
t enpl at e<t ypenanme T> bool is_enpty(const T & arg)

Description

Returns true for an empty any.

Header <boost/type erasure/is_placeholder.hpp>

namespace boost {
nanespace type_erasure {
tenpl at e<t ypenane T> struct is_pl acehol der

}
}

Struct template is_placeholder
boost::type erasure::is placeholder
Synopsis
/'l In header: <boost/type_erasure/is_placehol der. hpp>

t enpl at e<t ypenane T>

struct is_placeholder : public boost::is_base_and_derived< placehol der

}

Description

A metafunction that indicates whether atype is a placehol der.

T >{
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Header <boost/type erasure/is_subconcept.hpp>

nanespace boost {
nanmespace type_erasure {
t enpl at e<t ypenane Sub, typenane Super, typenanme Pl acehol der Map = voi d>
struct is_subconcept;

Struct template is_subconcept

boost::type erasure::is subconcept
Synopsis

/'l In header: <boost/type_erasure/is_subconcept. hpp>

t enpl at e<t ypenanme Sub, typenane Super, typenane Pl acehol derMap = voi d>
struct is_subconcept {

b

Description

is_subconcept is a boolean metafunction that determines whether one concept is a sub-concept of another.

i s_subconcept <i ncrement abl e<>, increnentabl e<> > -> true
i sS_subconcept <i ncr ement abl e<>, addabl e<> > -> fal se
i s_subconcept <i ncrenment abl e<_a>, forward_iterator<_iter>

npl : : map<npl ::pair<_a, _iter> > > -> true

Template Parameters
t ypename Sub
The sub concept
typename Super
The super concept
3.

t ypenane Pl acehol derMap = void

(optional) An MPL map with keysfor every non-deduced placehol der in Sub. The associated value of each key isthe corresponding
placeholder in Super. If Pl acehol der Map is omitted, Super and Sub are presumed to use the same set of placeholders.
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Header <boost/type erasure/iterator.npp>

nanespace boost {

nanmespace type_erasure {

t enpl at e<t ypenane
t ypenane
t ypenane
t ypenane

struct iterator;

t enpl at e<t ypenane
t ypenane

Traversal, typenane T = _self
Ref erence = ::boost::use_default,
DifferenceType = ::std::ptrdiff_t

Val ueType = typenane deduced<iterator_val ue_type<T> >::type>

T = _self, typenane Reference = boost::use_default,
Di fferenceType = std::ptrdiff_t>

struct forward_iterator

t enpl at e<t ypenane
t ypenane

T = _self, typenane Reference = boost::use_default,
Di fferenceType = std::ptrdiff_t>

struct bidirectional _iterator;

t enpl at e<t ypenane
t ypenane

T = _self, typenane Reference = boost::use_default,
Di fferenceType = std::ptrdiff_t>

struct random access_iterator;

Struct template iterator

boost::type erasure::iterator

Synopsis

/'l In header: <boost/type_erasure/iterator.hpp>

t enpl at e<typenane Traversal, typenane T = _self
typenane Reference = ::boost::use_default,
typenane DifferenceType = ::std::ptrdiff_t

typenane Val ueType = typenane deduced<iterator_val ue_type<T> >::type>

struct iterator {
/'l types
t ypedef unspecified
t ypedef Reference

i

Description

val ue_t ype
ref erence

typedef DifferenceType difference_type

Theiterator concept can be used for any iterator category.

The value_type of theiterator is deduced. To force it to be a specific type, use the same_type concept.

Example:

npl : : vector<

iterator<boost::forward_traversal _tag>
sane_type<iterator<boost::forward_traversal _tag>: :value_type, int> > int_it

Template Parameters

typename Traversa

render
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must beoneof boost : : i ncrenent abl e_traversal _tag,boost: :single _pass_traversal tag,boost::forward_tra-
versal _tag,boost::bidirectional traversal _tag,andboost::random access_traversal _tag.

typename T = _self

The placeholder representing the iterator.
typenane Reference = ::boost::use_default

Thereferencetype. If it isboost::use_default, then reference will be value_type& .
typenane DifferenceType = ::std::ptrdiff_t

Theiterator's difference type.

typename Val ueType = typenane deduced<iterator_val ue_type<T> >::type

Struct template forward _iterator

boost::type erasure::forward _iterator
Synopsis

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

tenpl ate<typenanme T = _self, typenanme Reference = boost::use_default,

typenane DifferenceType = std::ptrdiff_t>
struct forward_iterator : public boost::type_erasure::iterator< boost::forward_traversal tag, 0O
T, Reference, DifferenceType >

{
I

Struct template bidirectional iterator

boost::type erasure::bidirectional _iterator
Synopsis

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

tenpl ate<typenane T = _self, typenane Reference = boost::use_default,
typenane DifferenceType = std::ptrdiff_t>
struct bidirectional _iterator : public boost::type_erasure::iterator< boost::bidirectional _tral
versal _tag, T, Reference, DifferenceType >
{
b

Struct template random_access_iterator

boost::type erasure::random_access iterator
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Synopsis

/'l I'n header: <boost/type_erasure/iterator.hpp>
tenpl ate<typenane T = _self, typenane Reference = boost::use_default,
typenane DifferenceType = std:: ptrdiff_t>

struct random access_iterator : public boost::type_erasure::iterator< boost::randomaccess_tral
versal _tag, T, Reference, DifferenceType >

{
I

Header <boost/type erasure/member.hpp>

BOOST_TYPE_ERASURE_MEMBER(qual i fi ed_nane, menber, N)

Macro BOOST_TYPE_ERASURE_MEMBER

BOOST_TYPE_ERASURE_MEMBER — Defines a primitive concept for a member function.
Synopsis

/'l I'n header: <boost/type_erasure/ menber. hpp>

BOOST_TYPE_ERASURE_MEMBER(qual i fi ed_nane, nenber, N)

Description

The declaration of the concept is

tenpl ate<class Sig, class T = _self>
struct ::namespacel::nanespace2::...::concept_nane;

where Sig isafunction type giving the signature of the member function, and T isthe object type. T may be const-qualified for const
member functions.

This macro can only be used in the global namespace.

Example:

BOOST_TYPE_ERASURE_MEMBER( ( boost ) (has_push_back), push_back, 1)
t ypedef boost:: has_push_back<void(int), _self> push_back_concept;

S Note
In C++11 the argument N is ignored and may be omitted. BOOST_TYPE_ERASURE _MEMBER will aways
define a variadic concept.

Parameters: N is the number of arguments of the function.
menber is the name of the member function.
qual i fi ed_nane should be a preprocessor sequence  of the form
(namespacel)(namespace?)...(concept_name).
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Header <boost/type erasure/operators.hpp>

nanespace boost {
nanmespace type_erasure {

tenpl ate<typenane T = _self> struct increnentable

tenpl ate<typenane T = _sel f> struct decrenentable

tenpl ate<typenane T = _self, typenane R = T> struct conpl enentable

tenpl ate<typenane T = _self, typenane R = T> struct negatabl e

tenpl ate<typenane R typename T = _self> struct dereferenceable

tenpl ate<typenane T = _self, typenane U = T, typenane R = T> struct addabl e

tenpl ate<typenane T = _self, typenane U= T, typenane R = T>
struct subtractable

tenpl ate<typenane T = _self, typenane U= T, typenane R = T>
struct multipliable;

tenpl ate<typenane T = _self, typenane U= T, typenane R = T>
struct dividable;

tenpl ate<typenane T = _self, typenane U = T, typenane R = T> struct nodabl e

tenpl ate<typenane T = _self, typenane U = T, typenane R = T>
struct left_shiftable

tenpl ate<typenane T = _self, typenane U= T, typenane R = T>
struct right_shiftable;

tenpl ate<typenane T = _self, typenane U= T, typenane R = T>
struct bitandabl e

tenpl ate<typenane T = _self, typenane U= T, typenane R = T>
struct bitorable;

tenpl ate<typenane T = _self, typenane U= T, typenane R = T>

struct bitxorable
t enpl at e<t ypenane
t enpl at e<t ypenane
t enpl at e<t ypenane
t enpl at e<t ypenane
t enpl at e<t ypenane
t enpl at e<t ypenane
t enpl at e<t ypenane
t enpl at e<t ypenane
t enpl at e<t ypenane
t enpl at e<t ypenane

= _self, typenane
_sel f, typenane
_sel f, typenane
_sel f, typenane

U = T> struct add_assignabl e;
U = T> struct subtract_assi gnabl e
U= T> struct nultiply_assignable
U = T> struct divide_assignable
_self, typenane U = T> struct nopd_assi gnabl e;
_self, typenane U = T> struct |eft_shift_assignable
_self, typenanme U = T> struct right_shift_assignable
U
U
U
U
U
f,

_sel f, typenane = T> struct bitand_assignable

_sel f, typenane = T> struct bitor_assignable

_sel f, typenane = T> struct bitxor_assignable

t enpl at e<t ypenane _sel f, typenane = T> struct equality_conparable

t enpl at e<t ypenane _sel f, typenane = T> struct |ess_than_conparable

tenpl ate<typenane R, typenane T = _sel typenane N = std::ptrdiff_t>
struct subscri ptable;

tenpl ate<typenane Os = std::ostream typenane T = _self> struct ostreamable

tenpl ate<typenane |Is = std::istream typenane T = _self> struct istreamable

A4 A A A4 4444

Struct template incrementable

boost::type erasure::incrementable
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Synopsis

/'l In header: <boost/type_erasure/ operators. hpp>

tenpl ate<typenane T = _sel f>
struct incrementable {

/1 public static functions

static void apply(T &
I

Description
The incrementable concept allow pre and post increment on an any. The contained type must provide a pre-increment operator.

i ncrement abl e public static functions

static void apply(T &

Struct template decrementable

boost::type erasure::decrementable
Synopsis

/'l In header: <boost/type_erasure/ operators. hpp>

tenpl ate<typenane T = _sel f>
struct decrenentable {

/1 public static functions
static void apply(T &
i

Description
The decrementable concept allow pre and post decrement on an any. The contained type must provide a pre-decrement operator.

decr ement abl e public static functions

static void apply(T &

Struct template complementable

boost::type_erasure::complementable
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Synopsis

/'l In header: <boost/type_erasure/ operators. hpp>

tenpl ate<typenane T = _self, typenane R = T>
struct conpl ementabl e {

/1 public static functions
static R apply(const T &);

e

Description
The complementable concept allow use of the bitwise complement operator on an any.

conpl enent abl e public static functions

static R apply(const T &);

Struct template negatable

boost::type erasure::negatable
Synopsis

/'l In header: <boost/type_erasure/ operators. hpp>

tenpl ate<typenane T = _self, typename R = T>
struct negatable {

/1 public static functions
static R apply(const T &);

};

Description
The negatable concept allow use of the unary minus operator on an any.

negat abl e public static functions

static R apply(const T &);

Struct template dereferenceable

boost::type_erasure::dereferenceable
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Synopsis

/'l In header: <boost/type_erasure/ operators. hpp>

tenpl ate<typenane R typename T = _self>
struct dereferenceable {

/1 public static functions

static R apply(const T &)
H

Description

der ef er enceabl e public static functions

static R apply(const T & arg);

Struct template addable

boost::type erasure::addable
Synopsis

/'l In header: <boost/type_erasure/ operators. hpp>

tenpl ate<typenane T = _self, typenane U= T, typenane R = T>
struct addable {

/1 public static functions

static R apply(const T & const U &)
b

Description

addabl e public static functions

static R apply(const T & const U &)

Struct template subtractable

boost::type_erasure::subtractable
Synopsis

/'l I'n header: <boost/type_erasure/operators. hpp>

tenpl ate<typenane T = _self, typenane U= T, typenane R = T>
struct subtractable {

/1 public static functions
static R apply(const T & const U &)

b
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Description

subt ract abl e public static functions

static R apply(const T & const U &)

Struct template multipliable

boost::type erasure::multipliable

Synopsis

/'l I'n header: <boost/type_erasure/operators. hpp>

tenpl ate<typenane T = _self, typename U=T

struct multipliable {

/1 public static functions
static R apply(const T & const U &)

b

Description

mul ti pliabl e public static functions

static R apply(const T & const U &)

Struct template dividable

boost::type erasure::dividable

Synopsis

typenane R = T>

/'l 1In header: <boost/type_erasure/ operators. hpp>

tenpl ate<typenanme T = _self, typename U =T

struct dividable {

/'l public static functions
static R apply(const T & const U &)

b

Description

di vi dabl e public static functions

static R apply(const T & const U &)

typenane R = T>
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Struct template modable

boost::type erasure::modable
Synopsis

/'l I'n header: <boost/type_erasure/operators. hpp>

tenpl ate<typenane T = _self, typenane U= T, typenane R = T>
struct nodable {

/1 public static functions
static R apply(const T & const U &)

b
Description

nodabl e public static functions

static R apply(const T & const U &)

Struct template left_shiftable

boost::type erasure::left_shiftable
Synopsis

/'l I'n header: <boost/type_erasure/operators. hpp>

tenpl ate<typenane T = _self, typenane U= T, typenane R = T>
struct left_shiftable {

/1 public static functions
static R apply(const T & const U &)

I

Description

I ef t _shiftabl e public static functions

static R apply(const T & const U &)

Struct template right_shiftable

boost::type erasure::right_shiftable
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Synopsis

/'l In header: <boost/type_erasure/ operators. hpp>

tenpl ate<typenane T = _self, typenane U= T, typenane R = T>
struct right_shiftable {

/1 public static functions

static R apply(const T & const U &)
b

Description

ri ght _shi ftabl e public static functions

static R apply(const T & const U &)

Struct template bitandable

boost::type_erasure::bitandable
Synopsis

/'l In header: <boost/type_erasure/ operators. hpp>

tenpl ate<typenane T = _self, typenane U= T, typenane R = T>
struct bitandabl e {

/1 public static functions

static R apply(const T & const U &)
b

Description

bi t andabl e public static functions

static R apply(const T & const U &)

Struct template bitorable

boost::type_erasure::bitorable
Synopsis

/'l I'n header: <boost/type_erasure/operators. hpp>

tenpl ate<typenane T = _self, typenane U= T, typenane R = T>
struct bitorable {

/1 public static functions
static R apply(const T & const U &)

b
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Description

bi t or abl e public static functions

static R apply(const T & const U &)

Struct template bitxorable

boost::type_erasure::bitxorable
Synopsis

/'l I'n header: <boost/type_erasure/operators. hpp>

tenpl ate<typenane T = _self, typenane U= T, typenane R = T>
struct bitxorable {

/1 public static functions
static R apply(const T & const U &)

b

Description

bi t xor abl e public static functions

static R apply(const T & const U &)

Struct template add_assignable

boost::type erasure::add assignable
Synopsis

/'l 1In header: <boost/type_erasure/ operators. hpp>

tenpl ate<typenanme T = _self, typename U = T>
struct add_assignable {

/'l public static functions
static void apply(T & const U &)

b

Description

add_assi gnabl e public static functions

static void apply(T & const U &)
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Struct template subtract_assignable

boost::type erasure::subtract_assignable
Synopsis

/'l I'n header: <boost/type_erasure/operators. hpp>

tenpl ate<typenane T = _self, typenane U = T>
struct subtract_assignable {

/1 public static functions
static void apply(T & const U &)

b

Description

subt ract _assi gnabl e public static functions

static void apply(T & const U &)

Struct template multiply _assignable

boost::type _erasure::multiply_assignable
Synopsis

/'l I'n header: <boost/type_erasure/operators. hpp>

tenpl ate<typenane T = _self, typenane U = T>
struct multiply_assignable {

/1 public static functions
static void apply(T & const U &)

i

Description

nmul ti pl y_assi gnabl e public static functions

static void apply(T & const U &)

Struct template divide_assignable

boost::type erasure::divide assignable
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Synopsis

/'l In header: <boost/type_erasure/ operators. hpp>

tenpl ate<typenane T = _self, typenane U = T>
struct divide_assignable {

/1 public static functions

static void apply(T & const U &)
H

Description

di vi de_assi gnabl e public static functions

static void apply(T & const U &)

Struct template mod_assignable

boost::type erasure::mod_assignable
Synopsis

/'l In header: <boost/type_erasure/ operators. hpp>

tenpl ate<typenane T = _self, typenane U = T>
struct nod_assi gnable {

/1 public static functions

static void apply(T & const U &)
b

Description

nmod_assi gnabl e public static functions

static void apply(T & const U &)

Struct template left_shift_assignable

boost::type erasure::left_shift_assignable
Synopsis

/'l I'n header: <boost/type_erasure/operators. hpp>

tenpl ate<typenane T = _self, typenane U = T>
struct left_shift_assignable {

/1 public static functions
static void apply(T & const U &)

b
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Description

I ef t _shift_assi gnabl e public static functions

static void apply(T & const U &)

Struct template right_shift_assignable

boost::type erasure::right_shift_assignable
Synopsis

/'l I'n header: <boost/type_erasure/operators. hpp>

tenpl ate<typenane T = _self, typenane U = T>
struct right_shift_assignable {

/1 public static functions
static void apply(T & const U &)

b

Description

ri ght _shift_assi gnabl e public static functions

static void apply(T & const U &)

Struct template bitand_assignable

boost::type erasure::bitand_assignable
Synopsis

/'l 1In header: <boost/type_erasure/ operators. hpp>

tenpl ate<typenanme T = _self, typename U = T>
struct bitand_assignable {

/'l public static functions
static void apply(T & const U &)

b

Description

bi t and_assi gnabl e public static functions

static void apply(T & const U &)
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Struct template bitor_assignable

boost::type erasure::bitor_assignable
Synopsis

/'l I'n header: <boost/type_erasure/operators. hpp>

tenpl ate<typenane T = _self, typenane U = T>
struct bitor_assignable {

/1 public static functions
static void apply(T & const U &)

b

Description

bi t or _assi gnabl e public static functions

static void apply(T & const U &)

Struct template bitxor_assignable

boost::type erasure::bitxor_assignable
Synopsis

/'l I'n header: <boost/type_erasure/operators. hpp>

tenpl ate<typenane T = _self, typenane U = T>
struct bitxor_assignable {

/1 public static functions
static void apply(T & const U &)

i

Description

bi t xor _assi gnabl e public static functions

static void apply(T & const U &)

Struct template equality_comparable

boost::type erasure::equality comparable
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Synopsis

/'l In header: <boost/type_erasure/ operators. hpp>

tenpl ate<typenane T = _self, typenane U = T>
struct equality_conparable {

/1 public static functions

static bool apply(const T & const U &)
b

Description

equal i ty_conpar abl e public static functions

static bool apply(const T & lhs, const U & rhs);

Struct template less_than_comparable

boost::type erasure::less than_comparable
Synopsis

/'l In header: <boost/type_erasure/ operators. hpp>

tenpl ate<typenane T = _self, typenane U = T>
struct |ess_than_conparable {

/1 public static functions
static bool apply(const T & const U &)
b
Description

| ess_t han_conpar abl e public static functions

static bool apply(const T & lhs, const U & rhs);

Struct template subscriptable

boost::type_erasure::subscriptable
Synopsis

/'l I'n header: <boost/type_erasure/operators. hpp>

tenpl ate<typenane R typename T = _self, typenane N = std::ptrdiff_t>
struct subscriptable {

/1 public static functions
static R apply(T & const N &)

b
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Description

subscri pt abl e public static functions

static R apply(T & arg, const N & index);

Struct template ostreamable

boost::type erasure::ostreamable
Synopsis

/'l I'n header: <boost/type_erasure/operators. hpp>

tenpl ate<typenane Os = std::ostream typenane T = _self>
struct ostreamable {

/1 public static functions

static void apply(OGs & const T &);
¥

Description
The ostreamabl e concept allows an any to be writtento ast d: : ost r eam

ost reamabl e public static functions

static void apply(Os & out, const T & arg);

Struct template istreamable

boost::type_erasure::istreamable
Synopsis

/'l In header: <boost/type_erasure/ operators. hpp>

tenpl ate<typenane |Is = std::istream typename T = _self>
struct istreamable {

/1 public static functions

static void apply(ls & T &;
i

Description
Theistreamable concept allows an any to beread fromast d: : i stream

i st reamabl e public static functions

static void apply(ls & out, T & arg);
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Header <boost/type_erasure/param.hpp>

nanespace boost {
nanmespace type_erasure {
tenpl at e<t ypenane Any, typenanme T> struct as_param
}
}

Struct template as_param

boost::type erasure::as param — Metafunction that creates a param.
Synopsis

/'l In header: <boost/type_erasurel/ param hpp>

t enpl at e<t ypenane Any, typenane T>
struct as_param {

/'l types

t ypedef unspecified type;

b

Description

If Tisa(cv/reference qualifed) placeholder, returns param<concept_of<Any>::type, T>, otherwise, returns T. This metafunction is
intended to be used for function arguments in specializations of concept_interface.

See Also:

derived, rebind_any
Header <boost/type_erasure/placeholder.hpp>

nanmespace boost {
nanespace type_erasure {
struct pl acehol der
struct _a;
struct _b
struct _c;
struct _d;
struct _e;
struct _f
struct _g
struct _self;

Struct placeholder

boost::type_erasure::placeholder
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Synopsis
/1 I'n header: <boost/type_erasure/pl acehol der. hpp>

struct pl acehol der {

I

Description

Placeholders are used heavily throughout the library. Every placeholder must derive from placeholder. Thelibrary providesanumber
of placeholders, out of the box, but you are welcome to define your own, if you want more descriptive names. The placeholder _self
isspecia inthat it is used asthe default wherever possible.

What exactly isaplaceholder? Placehol ders act as a substitute for template parametersin concepts. Thelibrary automatically replaces
all the placeholders used in a concept with the actual types involved when it stores an object in an any.

For example, in the following,
any<copy_constructible<_a> _a> x(1);

The library sees that we're constructing an any that uses the _a placeholder with ani nt . Thus it binds _ato int and instantiates
copy_constructible<int>.

When there are multiple placeholders involved, you will have to use tuple, or pass the bindings explicitly, but the substitution still
works the same way.

Struct _a
boost::type erasure::_a
Synopsis
/1 I n header: <boost/type_erasure/placehol der. hpp>

struct _a : public boost::type_erasure:: placehol der {

I

Struct b
boost::type erasure:: b
Synopsis

/1 I'n header: <boost/type_erasure/pl acehol der. hpp>

struct _b : public boost::type_erasure::placehol der {

b
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Struct _c

boost::type erasure::_c
Synopsis
/'l I'n header: <boost/type_erasure/pl acehol der. hpp>

struct _c : public boost::type_erasure::placehol der {

b
Struct _d
boost::type erasure::_d
Synopsis
/1 I'n header: <boost/type_erasure/pl acehol der. hpp>

struct _d : public boost::type_erasure::placehol der {

s
Struct _e
boost::type erasure::_e
Synopsis
/'l In header: <boost/type_erasure/placehol der. hpp>

struct _e : public boost::type_erasure::placehol der {

}

Struct _f

boost::type erasure::_f
Synopsis
/1 I'n header: <boost/type_erasure/placehol der. hpp>

struct _f : public boost::type_erasure::placehol der {

b

Struct _g

boost::type erasure::_g
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Synopsis
/1 I'n header: <boost/type_erasure/pl acehol der. hpp>

struct _g : public boost::type_erasure::placehol der {

I

Struct _self

boost::type erasure::_self — The default placeholder.
Synopsis
/'l 1n header: <boost/type_erasure/pl acehol der. hpp>

struct _self : public boost::type_erasure:: placehol der {
b
Description

_self isthe default placeholder used by any. It should be used as adefault by most concepts, so using concepts with no explicit argu-
ments will "just work" as much as possible.

Header <boost/type erasure/placeholder_of.hpp>

namespace boost {
nanespace type_erasure {
tenpl at e<t ypenane T> struct pl acehol der_of;
}
}

Struct template placeholder_of

boost::type_erasure::placeholder_of
Synopsis

/'l In header: <boost/type_erasure/pl acehol der _of. hpp>

t enpl at e<t ypenane T>

struct pl acehol der _of {

/'l types

t ypedef unspecified type;
b

Description

A metafunction returning the (const/reference qualified) placeholder corresponding to an any. It will also work for all bases of any,
so it can be applied to the Base parameter of concept_interface.
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Header <boost/type erasure/rebind _any.hpp>

nanespace boost {
nanmespace type_erasure {
tenpl at e<t ypenane Any, typenane T> struct rebind_any;

}
}

Struct template rebind_any

boost::type erasure::rebind any
Synopsis

/'l 1n header: <boost/type_erasure/rebind_any. hpp>

t enpl at e<t ypenane Any, typenane T>
struct rebind_any {

/'l types

t ypedef unspecified type;

b

Description

A metafunction that changes the placeholder of an any. If T is not a placeholder, returns T unchanged. This class is intended to be
used in concept_interface to deduce the argument types from the arguments of the concept.

rebi nd_any<any<Concept >, _a>::type -> any<Concept, _a>
rebi nd_any<any<Concept >, _b&>::type -> any<Concept, _b&>
rebi nd_any<any<Concept >, int>: :type -> int

See Also:

derived, as_param
Header <boost/type erasure/relaxed.hpp>

namespace boost {
nanespace type_erasure {
t enpl at e<t ypenanme T> struct is_rel axed;
struct rel axed;

}
}

Struct template is_relaxed

boost::type erasure::is relaxed
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Synopsis

/'l I n header: <boost/type_erasure/rel axed. hpp>

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

b
Description

A metafunction indicating whether Concept includes relaxed.

Struct relaxed

boost::type erasure::relaxed
Synopsis
/1 I'n header: <boost/type_erasure/rel axed. hpp>

struct relaxed : public boost::npl::vector0<> {

I

Description

This special concept enables various useful default behavior that makes any act like an ordinary object. By default any forwards all

operations to the underlying type, and provides only the operations that are specified in its Concept .

In detail, relaxed enables the following:

» A raw value can be assigned to an any. Thiswill replace the value stored by the any. (But note that if assignableis present, it takes

priority.)

 copy assignment of any uses the copy constructor if it can't use assignable (either because assignable is missing, or because the

stored types do not match).
« default construction of any is allowed and creates anull any.

» equality_comparable: If the types do not match, it will return false.

* less than comparable: If the types do not match, the ordering will be according to st d: : t ype_i nf o: : bef ore.

« if the arguments to any other function do not match, it will throw abad_function call exception instead of having undefined be-

havior.

Header <boost/type erasure/require_match.hpp>

namespace boost {
nanespace type_erasure {
t enpl at e<t ypenane Concept, typenane Op, class... U>

voi d require_mat ch(const binding<s Concept > & const Op & U && ..);
tenpl at e<typenane Op, class... U> void require_match(const Op & U && ..);

}
}
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Function require_match

boost::type erasure::require_match
Synopsis
/'l I n header: <boost/type_erasure/require_match. hpp>

t enpl at e<t ypenane Concept, typenane Op, class... U>
voi d requi re_match(const bindi ng< Concept > & binding, const Op & f
U && .. args);
tenpl at e<typenane Op, class... U>
void require_match(const Op & f, U && .. args)

Description

Checks that the actual types stored in all the any arguments match the types specified by bi ndi ng. If they do not match then,
» If rel axed isinConcept , throwsbad function_cal |

* Otherwise the behavior is undefined.

If bi ndi ng isnot specified, it will be deduced from the arguments.

Postconditions: cal(binding, f, args...) isvalid.
Header <boost/type erasure/same_type.hpp>

nanespace boost {
nanmespace type_erasure {
tenpl at e<typenane T, typenane U> struct sane_type;
}
}

Struct template same_type

boost::type erasure::same_type
Synopsis

/'l I'n header: <boost/type_erasure/sane_type. hpp>
t enpl at e<typenane T, typenane U>

struct sanme_type {

3

Description

A built in concept that indicates that two types are the same. Either T or U or both can be placeholders.
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O Warning
Any number of instances of deduced can be connected with same type, but there should be at most one regular
placeholder inthe group. same _type<_a, b>isnot allowed. Thereason for thisisthat thelibrary needsto normalize

all the placeholders, and in this context there is no way to decide whether touse _aor _b.

Header <boost/type_erasure/static_binding.hpp>

namespace boost {
nanespace type_erasure {
t enpl at e<t ypenane Map> struct static_binding;
t enpl at e<t ypenane Map> stati c_bi ndi ng< Map > make_bi ndi ng();
}
}

Struct template static_binding
boost::type_erasure::static_binding
Synopsis

/'l 1In header: <boost/type_erasure/static_binding. hpp>

t enpl at e<t ypenane Map>
struct static_binding {

b
Description

Represents a mapping from placeholders to the actua types that they bind to.

Function template make binding

boost::type erasure::make_hinding
Synopsis
/'l I'n header: <boost/type_erasure/static_bindi ng. hpp>
t enpl at e<t ypenane Map> stati c_bi ndi ng< Map > make_bi ndi ng() ;

Description

A convenience function to prevent constructor calls from being parsed as function declarations.
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Header <boost/type_erasure/tuple.hpp>

nanespace boost {
nanmespace type_erasure {

t enpl at e<t ypenane Concept, class... T> class tuple
tenpl ate<int N, typenane Concept, class... T>

any< Concept, TN > & get(tuple< Concept, T...> &)
tenpl ate<int N, typenane Concept, class... T>

const any< Concept, TN > & get(const tuple< Concept, T...> &)

Class template tuple

boost::type erasure::tuple
Synopsis

/'l I'n header: <boost/type_erasure/tuple.hpp>
t enpl at e<t ypenane Concept, class... T>

class tuple {

public:

/'l construct/copy/destruct
tenpl ate<class... U> explicit tuple(U && ..);

b

Description

tuple is a Boost.Fusion Random Access Sequence containing anys. Concept specifies the Concept for each of the elements. The
remaining arguments must be (possibly const and/or reference qualified) placeholders, which are the placeholders of the elements.

t upl e public construct/copy/destruct
tenpl ate<class... U> explicit tuple(U && .. args)

Constructs a tuple. Each element of ar gs will be used to initialize the corresponding any member. The bi ndi ng for the tuple
elementsis determined by mapping the placeholdersin T to the corresponding typesin U.

Function get
boost::type erasure::get

Synopsis

/1 I'n header: <boost/type_erasure/tuple.hpp>

tenpl ate<int N, typenane Concept, class... T>
any< Concept, TN > & get(tuple< Concept, T...> & arg)
tenpl ate<int N, typenane Concept, class... T>

const any< Concept, TN > & get(const tuple< Concept, T...> & arg)
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Description

Returns the Nth any in the tuple.
Header <boost/type_erasure/typeid_of.hpp>

namespace boost {
namespace type_erasure {
tenpl at e<t ypenanme Concept, typenane T>
const std::type_info & typeid_of (const any< Concept, T > &)
tenpl at e<t ypenanme T, typenane Concept >
const std::type_info & typeid_of (const bindi ng< Concept > &)

Function typeid_of

boost::type erasure::typeid_of
Synopsis
/1 I'n header: <boost/type_erasure/typeid_of. hpp>

t enpl at e<t ypenane Concept, typenane T>

const std::type_info & typeid_of (const any< Concept, T > & arg)
tenpl at e<typenane T, typenane Concept >

const std::type_info & typeid_of (const binding< Concept > & binding)

Description

Thefirst form returns the type currently stored in an any.

The second form returns the type corresponding to a placeholder in bi ndi ng.
Requires: Concept includestypeid <T>.

T isanon-reference, CV-ungualified placeholder.
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Rationale

Why do | have to specify the presence of a destructor explicitly?

When using references the destructor isn't needed. By not assuming it implicitly, we allow capturing types with private or protected
destructors by reference. For the sake of consistency, it must be specified when capturing by value as well.

Why non-member functions?

Themembersof any can be customized. By using free functions, we guarantee that we don't interfere with anything that auser might
want.

Why are the placeholders called _a, » and not 1 >

An earlier version of thelibrary usedthenames_1, 2, etc. instead of _a, _b, etc. Thiscaused a certain amount of confusion because
the numbered placeholders are already used with a somewhat different meaning by several other libraries including Boost/Std Bind,
Boost.Phoenix, and Boost.MPL. | eventually decided that since the placeholders represented named parametersinstead of positional
parameters, |etters were more appropriate than numbers.

Why not use voost::rer for references?

Boost.Function allowsyoutouseboost : : r ef to storeareferenceto afunction object. However, in the general casetreating references
and values in the same way causes inconsistent behavior that is difficult to reason about. If Boost. TypeErasure handled references
like this, then, when you copy an any, you would have no idea whether the new object isarea copy or just a new reference to the
same underlying object. Boost.Function can get away with it, becauseit doesn't expose any mutating operations on the stored function
object.

Another method that has been proposed is only to keep areference the first time.

int i = 2;
any x = ref(i);
any y = x; // makes a copy

Unfortunately, this doesn't handle all use cases, asthere is no reliable way to return such a reference from a function. In addition it
adds overhead whether it's needed or not, aswewould have to add aflag to any to keep track of whether or not it isstoring areference.
(The alternate method of storing thisin the "cl one" method in the vtable isimpossibly complex to implement given the decoupled
vtables that Boost. TypeErasure uses and it still adds overhead.).
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Future Work

These are just some ideas. There is absolutely no guarantee that any of them will ever be implemented.

Use SBO.
Allow more control over vtable layout.

Attempt to reuse sub-tables in conversions.

Allow "dynamic_cast". This requires creating a global registry of concept mappings.

Optimize the compile-time cost.
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Related Work

There are anumber of similar librariesin existence. I'm aware of at |east three.
» Boost.Interfaces by Jonathan Turkanis
» Adobe Poly

» Boost.dynamic_any by Alexander Nasonov
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